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Abstract 

As genomics advances swiftly and its applications extend to diverse fields, bioinformatics tools must enable researchers and clinicians to work 
with genomic data irrespective of their programming expertise. We developed SCI-VCF, a Shiny-based comprehensive analysis utility to summa- 
rize, compare, inspect, analyse and design interactive visualizations of the genetic variants from the variant call format. With an intuitive graphical 
user interface, SCI-VCF aims to bridge the approachability gap in genomics that arises from the existing predominantly command-line utilities. 
SCI-VCF is written in R and is freely a v ailable at https:// doi.org/ 10.5281/ zenodo.11453080 . For installation-free access, users can a v ail themselv es 
of an online version at https:// ibse.shinyapps.io/ sci- vcf- online . 
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ntroduction 

enomics is a rapidly evolving field that has profoundly im-
acted biomedical and public health research. With the advent
f next-generation sequencing (NGS), an increasing number
f genomes from various species are being sequenced, enabling
he applications of genomics to proliferate into diverse disci-
lines such as medicine ( 1 ), agriculture ( 2 ), microbiology ( 3 ),
cology ( 4 ), evolutionary biology ( 5 ), psychology ( 6 ) and an-
hropology ( 7 ). This is accelerated further by combining ge-
omics with advancements in data science and artificial intel-
igence ( 8 ). Such interoperability is facilitated by well-defined
ata formats that represent diverse biological entities. One
uch data structure is the variant call format (VCF). 

VCF is a standard file format to store the sequence varia-
ions in a genome such as single nucleotide polymorphisms
SNPs), insertions, deletions (INDELs), structural variants
SVs) and other assorted variants ( 9 ). It is a tab-delimited text
le, with each row comprising information about a genomic
ariant site and metadata of these variants presented at the be-
inning of the file. The first eight columns of the headers are
xed and are named CHROM, POS, ID, REF, ALT, QUAL,
ILTER and INFO. Figure 1 A depicts the structure and con-
ents of a generic VCF file. It is a widely adopted file format
sed in many bioinformatics tools that analyse genomic data.
hile the VCF has many advantages for storing and sharing

enomic variants efficiently, it can be complex and arduous to
nderstand, particularly for those unaccustomed to bioinfor-
atics and genomic data analysis. 
Several tools allow users to examine, analyse and interpret

CF files. However, they are predominantly command-line
tilities and require significant programming expertise from
he user. Data visualization is a ubiquitous method for quickly
nderstanding complex information, but tools that visualize a
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VCF file are scarce. VIVA ( 10 ), vcfR ( 11 ) and vcflib ( 12 ) are
some existing frameworks that allow the visualization of a
VCF file. However, effectively using these variant visualization
tools also requires proficiency in programming by the user. 

As the applications of genomics burgeon into diverse fields,
it calls for tools and software that empower clinicians and re-
searchers to work with genomic data formats irrespective of
their programming expertise. Here, we introduce SCI-VCF, a
comprehensive toolkit with an intuitive graphical user inter-
face (GUI) that lets users summarize, interpret and compare
genomic variants from VCF files. It also equips users to design
interactive visualizations of the VCF file in numerous ways.
SCI-VCF is platform-agnostic and works seamlessly across
any operating system. A web version of the tool is also made
available for enhanced accessibility. While it is not feasible for
a single GUI-based tool to support the wide-spanning ana-
lytical capabilities of the VCF file, SCI-VCF provides a well-
founded framework that simplifies the core components of
VCF analyses, thus increasing the approachability of genomics
to novices. 

Materials and methods 

SCI-VCF is written in R, a free and open-source programming
language for statistical computing, data analysis and visual-
ization. The user interface and the routines are designed and
developed in Shiny, an R framework to build interactive ap-
plications. VCF files are parsed in SCI-VCF using the vcfR
library and are processed using the tidyv er se packages. The
static visualizations of the VCF files are developed with gg-
plot2 ( 13 ), which operates on a grammatical theory of graph-
ics. The static plots are then transformed into interactive
4. Accepted: July 1, 2024 
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Figure 1. VCF analysis workflow in SCI-VCF. ( A ) Composition of the standard VCF file. Metadata and the information of variants in the first eight columns 
are mandatory. Genotype information is optional and can be present across multiple columns. ( B ) The workflow methodology of SCI-VCF describes the 
core functionalities offered by the tool. Created with Biorender.com 
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visualizations using Plotly for R. The area-proportional Venn
diagrams are made with the eulerr package, and the interac-
tive data tables enabling detailed inspection of VCF files are
created using the reactable library. 

SCI-VCF has three major workflows separated into respec-
tive modules in the navigation bar: Summarize, Compare and
Interface. Submodules capturing the result of individual anal-
yses are assembled under the major module’s sidebars. Fig-
ure 1 B elucidates the major workflows of the tool. Both com- 
pressed and uncompressed VCF files are accepted as valid in- 
puts in all three major modules. A module to inspect comma- 
separated values (CSV) files has also been added to provide 
a tabular variant-level analysis system. Every plot generated 

can be customized to equip the user to change various aspects 
of the visualization. All the data and visualizations generated 

by the tool are downloadable for further examination. Sam- 
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le VCF files are provided to get started with the tool from
he ground up. 

esults 

CI-VCF provides summary statistics of a VCF file in
 graphical format 

he first four columns of a VCF file can be used to identify the
ariants present in a normalized VCF file uniquely. Normal-
zing is achieved by breaking down comma-separated multi-
llelic sites into individual entries and removing duplicates.
he nature of REF and ALT entries enabled the classifica-

ion of variants into different variant types: SNPs, transitions,
ransversions, INDELs, insertions and deletions individually,
nd other multinucleotide polymorphisms, multiallelic sites
nd assorted variants that do not fit the other categories. The
ummary of a VCF file was generated by classifying variants
nd summing up unique entries in each category. 

Statistics derived from this summary, such as the ratio of
ransitions to transversions (Ts / Tv), are generally used as
uality control metrics to assess the confidence in the variants
aptured by the variant calling algorithm ( 14 ). The occurrence
f variants throughout the genome is presented as an interac-
ive histogram to recognize regions that are depleted or en-
iched with genetic variations. Such a plot aids in identifying
he highly polymorphic and invariant sections of the genome,
ossibilities of selection pressures and genomic loci linked to
undamental biological functions and salient clinical features.

ith the distribution of INDEL sizes captured by SCI-VCF,
t is possible to gauge the prevalence of frameshift mutations
nd structural variants. The spread of each variant type across
ifferent chromosomes is represented in diverse plots. By illus-
rating the synopsis and distribution of specific variant types
cross the genome, SCI-VCF helps researchers gain valuable
nsights into the genetic diversity, evolutionary history and dis-
ase susceptibility of an individual, a population or a species.

omparison of a pair of VCF files to understand 

enetic di ver sity 

wo VCF files were compared by interpreting the first eight
olumns of the files as two-dimensional heterogeneous tabular
atasets. The area-proportional Venn diagram created assists
n a quick overview of the commonalities, dissimilarities and
elationships between the two variant calls. The shared and
nique variant sets between the two files are summarized and
isualized in multiple ways to advance further investigation by
he user. Comparing VCF files and recapitulating the resulting
ariant sets enables the comprehension of the genetic diversity
cross individuals and populations, and aids in gaining crucial
nsights about them. For example, novel variants with poten-
ial clinical and biological significance could be uncovered by
omparing the VCF files of an individual or population with a
eference database such as the 1000 Genomes project (1KGP)
 15 ) or the gnomAD dataset ( 16 ). Variant calling pipelines
ould be validated for consistency and accuracy by compar-
ng their results with available high-confidence variant sets for
horoughly studied samples such as the Genome In A Bottle
GIAB) benchmark sets ( 17 ). 

The genetic basis of various diseases is understood by jux-
aposing the variants in individuals with and without a partic-
lar disease. This procedure helps identify the mutations asso-
iated with the condition. A similar approach is also used to
study genotype–phenotype association and pin down genetic
markers for phenotypic traits. SCI-VCF equips users with the
framework to effortlessly compare VCF files and summarize
the overlapping and dissimilar variants between individuals
and populations. These comparisons and summaries are piv-
otal for understanding genetics, unravelling disease mecha-
nisms, developing targeted interventions and advancing ge-
nomic research. 

SCI-VCF provides in-depth visualization of the 

contents of a VCF file 

SCI-VCF offers a framework to view, search, sort, identify
and filter the contents of a VCF file. Entries in a file are fil-
terable in terms of keywords, variant sites, quality scores and
variant types. Variant sorting and quality filtering are stan-
dard analyses when dealing with VCF files, with quality fil-
tering aiding in removing the low-quality variants that might
have resulted from sequencing errors or mapping artefacts.
The variant site and type filtering enable the prioritization of
variants and help focus the analysis on specific regions of in-
terest, such as genes, exons or regulatory elements. The key-
word search was extended to each VCF column, enabling so-
phisticated filtration capabilities, including annotation-based
variant extraction. These variant inspections can be beneficial
when studying variants in candidate genes or genomic regions
associated with a particular phenotype or disease. 

The meta-information from VCF files is extracted and dis-
played in a searchable fashion to provide additional con-
text about the variants, such as the reference genome used,
databases used for variant annotation, descriptions of those
annotations and possible pre-processing steps done with the
VCF file. The filtered variants and the meta-information can
be downloaded by the user for further study. While the results
obtained in the VCF file type can then be summarized and
compared using the respective modules in SCI-VCF, the re-
sults downloaded in a CSV file type can be inspected in-depth
in the ‘View CSV Files’ module. 

All data visualizations in SCI-VCF are presented as inter-
active plots to enhance exploratory data analysis with VCF
files. With the help of features such as input selection, zoom-
ing, panning and tooltips, researchers can explore different as-
pects and dive deeper into specific areas of interest to uncover
patterns, outliers and relationships that may not be apparent
in static plots. All graphics made with the tool are supple-
mented with plot customization features to improve the effec-
tiveness, clarity and visual impact of the data visualizations.
As points of interest from the displayed interactive plots can
be customized and saved locally, users can extract publication-
ready visualizations from SCI-VCF. 

Use case for SCI-VCF application 

To demonstrate its utility, we performed a case study only
using SCI-VCF. Figure 2 displays the visualizations taken di-
rectly from SCI-VCF at various stages of this analysis. The
input for the study contained variants captured by the BWA-
GATK pipeline in the whole-genome sequence (WGS) of the
GIAB sample HG002. A total of ∼4.78 million variants were
present in the file. Figure 2 A shows the summary of the entries
present in the file. Nearly 80% of the variants in the file were
SNPs, with a Ts / Tv of 2.02, which was the expected value for
the human WGS variants. By examining the INDEL size dis-
tribution plot, it was evident that no structural variants were
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Figure 2. Analyses of variants in HG002 using SCI-VCF. ( A ) Distribution of variant types; ( B ) size distribution of INDELs; ( C ) comparison of HG002 
variants with the GIAB high-confidence variants; ( D ) distribution of variants in chrY; ( E ) distribution of variants in chr6; ( F ) comparison of variants in the 
HLA region with the same from the 10 0 0 genomes project. 
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present in the file. This result was anticipated as the variant
calling workflow was not explicitly designed to capture struc-
tural variants. The maximum size of an insertion was 456 bp,
and deletion was 339 bp, with most INDELs biased towards
smaller sizes. The functionalities to interact with the visual-
izations were seamlessly integrated within SCI-VCF, and the
same was used to zoom in on the INDEL size distribution plot
to limit the sizes to 50 bp on both axes in Figure 2 B. 

To validate the variant calling pipeline used to create the
VCF file, we benchmarked its output with the high-confidence
VCF file provided by the GIAB consortium. For this task, we
used the ‘Compare’ workflow, and the results in the form of
a Venn diagram are depicted in Figure 2 C. The pipeline cap-
tured nearly 96.6% of the high-confidence variants released
by GIAB, ensuring its credibility. Further study of the position-
level distribution of variants revealed that chrY had a large ge-
nomic region, nearly 30 Mbp, with no variants. Meanwhile,
the 32–33 Mbp genomic locus in chr6 contained > 15 000
variants, the maximum observed value for any 1 Mbp genomic
window. Figure 2 D and E depicted the distribution of vari-
ants in chrY and chr6, respectively. Upon cross-referencing
with the literature, we found that the outlier 1 Mbp window 

in chr6 lay in the human leukocyte antigen (HLA), a super- 
locus responsible for regulating the immune system, previ- 
ously known to be highly polymorphic ( 18 ). 

The HLA region in the human genome spanned from ge- 
nomic coordinates 29602228 to 33410226 on chr6 of the 
human genome reference assembly GRCh38. Using the ‘In- 
terface’ module, we confirmed from the meta-information of 
the VCF file that the variants were called concerning GRCh38 

and proceeded to filter the variants in the HLA region. Sum- 
marizing the filtered variants, we observed that 29 336 vari- 
ants were present in the HLA region. We analysed further 
to identify if these variants were previously known by com- 
paring the filtered VCF file with the 1KGP variants. To this 
end, we filtered the HLA variants from the entries in chr6 of 
the 1KGP variants and compared them with the HLA vari- 
ants in HG002. Of the 4.86 million 1KGP variants reported 

in chr6, 120 482 variants corresponded to the HLA region.
From Figure 2 F, we observe that 35.6% of the variants called 

in the HLA region in HG002 were novel to the 1KGP vari- 
ants. Further analyses using other bioinformatics methods and 
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Table 1. Comparison of features of VCF analysis tools 

Features SCI-VCF VIVA vcflib vcfR CuteVariant re-Searcher 
VCF- 
Miner VCFtools GEMINI 

TECHNICAL 

Language R Julia C++ R Python Python Java C++, Perl Python 

Environment (OS) Windows, 
Mac, 
Linux 

Windows, 
Mac, 
Linux 

Windows, 
Mac, 
Linux 

Windows, 
Mac, 
Linux 

Windows, 
Mac, 
Linux 

Windows, 
Mac, 
Linux 

Windows Windows, 
Mac, 
Linux 

Windows, 
Mac, 
Linux 

Graphical user 
interface 

� � � � 

Online version � � � 

SUMMARIZE 

Variant level 
summary 

� � � * � 

Sample level 
summary 

� � � * � * 

COMPARE 

Variant level 
comparison 

� � � * � 

Unique / 
intersection set 
summary 

� � * � * � * 

INSPECT 

Variant-based 
filtering 

� � � � � � � � � 

Sample-based 
filtering 

� � � � � � � � 

VISUALIZE 

Interactive plots � � � * 

Visualize genomic 
regions 

� � � * 

OUTPUT 

Publication 
quality graphics 

� � � � * 

Export results as 
tabular data 

� � � * � * � � * � � � 

* Multistep process involving other tools / libraries 
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ools are required to understand the significance of these novel
ariants. 

CI-VCF adds features to the existing suite of 
pen-source tools 

e compared the main features in SCI-VCF with the exist-
ng open-source tools VIVA ( 10 ), vcfR ( 11 ), vcflib ( 12 ), Cute-
ariant ( 19 ), re-Searcher ( 20 ), VCF-Miner ( 21 ), VCFtools ( 9 )
nd GEMINI ( 22 ). The results are detailed in Table 1 . Apart
rom SCI-VCF, CuteVariant, VCF-Miner and re-Searcher pro-
ided GUIs, while only re-Searcher and GEMINI provided
nstallation-free online access. Visualization of genetic vari-
ants could be handled effectively by only SCI-VCF and VIVA.
SCI-VCF is the only tool equipped with a GUI that can sum-
marize, compare and visualize genetic variants in a single plat-
form. We have designed SCI-VCF to make genomic data anal-
yses more open and accessible to all researchers, irrespective of
their programming expertise, by simplifying the essential com-
ponents for VCF-based genetic variant studies. In tasks such
as sample filtering and variant annotations where SCI-VCF
cannot perform optimally, other existing tools execute well,
and the resulting VCF files are back-compatible, making their
analysis within SCI-VCF feasible. So, SCI-VCF is a valuable
augmentation to the current suite of tools rather than a substi-
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tute. It complements and enhances existing tools, making ge-
nomics more accessible and beneficial for non-programmers. 

Discussion 

We have developed SCI-VCF as a cross-platform application
to summarize, compare, inspect and visualize the genetic vari-
ants from the widely accepted VCF files. Researchers and clin-
icians can use the guided GUI setting of SCI-VCF to perform
exploratory genomic data analysis on VCF files, irrespective
of their programming expertise. The user-friendly and intu-
itive design of SCI-VCF will increase the approachability of
genomics to newcomers and introduce genomic data analysis
expeditiously. We show a case study to illustrate the utility of
SCI-VCF. While the use cases pertained to the human genome,
the tool is not specific and can be generalized to variants in any
organism. We also compared the features in SCI-VCF with
other existing VCF analysis software. 

Ongoing developments are in progress to enhance the util-
ity of the current version of SCI-VCF. While SCI-VCF offers a
wide range of functionalities, we seek to refine its capacity for
advanced variant annotation analyses and allele frequency-
based filtering. Despite its capability to seamlessly handle VCF
files with multiple samples, SCI-VCF does not incorporate a
merge function to combine variants from multiple samples.
These advanced tasks are resource-intensive, and their incor-
poration would make maintaining the online version of SCI-
VCF expensive. In future versions of SCI-VCF, we aim to
expand the framework of SCI-VCF to support the resource-
efficient pre-processing of VCF files to add these advanced fea-
tures successfully. We also intend to parse VCF files parallelly
instead of sequentially to handle exceptionally large VCF files
efficiently. 

Software and code availability 

The versatility of SCI-VCF makes it suitable for local installa-
tion, allowing personal use and server deployment permitting
communal use. SCI-VCF can be used without any installation
as an online tool at https:// ibse.shinyapps.io/ sci- vcf- online/. It
can also be installed in diverse ways according to the user’s re-
quirements. As the online version of the tool has resource con-
straints, the maximum file upload size is limited to 10 MB. A
local installation is preferable to work with larger VCF files.
With R (version ≥ 4.2.1) installed, local installation of SCI-
VCF is practicable as the compatible dependencies are down-
loaded automatically upon first use. By default, the offline ver-
sion can handle files up to 1 GB, but this limit can be altered
if required. 

For better package management, a Conda virtual environ-
ment with the dependencies of SCI-VCF was created, which
can be reproduced easily for improved environment han-
dling. A containerized form of the application is available
as a Docker image that helps run SCI-VCF irrespective of
platforms, making it straightforward to port the tool to re-
mote HPC clusters. Users can download and install SCI-
VCF using the code available on Zenodo ( https://doi.org/
10.5281/zenodo.11453080 ) and GitHub ( https://github.com/
HimanshuLab/SCI-VCF ). A well-documented guide is avail-
able at https:// himanshulab.github.io/ SCI- VCF- docs/ for im-
proved user support and understanding of the system. 

All the analysis in the case study section of the manuscript
was done using a system with an Apple M1 processor and 8
GB of RAM. The VCF files used in this section are available at 
https:// doi.org/ 10.5281/ zenodo.10780916 . The variants were 
called in the GIAB HG002 sample using the BWA-GATK 

pipeline at https:// github.com/ IBSE-IITM/ genome-analysis- 
pipeline . 
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