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Figure 2: SeqTailor webserver interface: (A) the homepage, (B) the page for DNA sequence 
extraction, and (C) the page for protein sequence extraction. 
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Figure 3: SeqTailor webserver scheme to demonstrate the framework of the application. 
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For DNA sequence extraction, SeqTailor supports use of the hg19/GRCh37 and hg38/GRCh38 

human reference genomes from the UCSC genome database (Karolchik et al. 2004), 1/0-based 

genomic coordinate indexing, and the choice of the both/forward/reverse strand(s). It accepts both 

genomic variants in VCF and genomic ranges in BED. For input in the form of genomic variants 

in VCF, it outputs the wild-type reference (ref) and mutated alternative (alt) DNA sequences, with 

user-defined up/downstream window sizes (in bp), on the selected strand(s). For input in the form 

of genomic ranges in BED, it outputs the DNA sequences within the intervals on the selected 

strand(s). SeqTailor provides the DNA sequences exactly from the START position to the END 

position, whereas the UCSC Genome Browser always provides an overlap between the input 

genomic intervals and certain genomic regions (exons, introns, UTRs, etc.), and outputs the desired 

DNA sequence intervals segregated into different regions.  

 

For protein sequence extraction, SeqTailor first conducts built-in SnpEff variant annotation 

(Cingolani et al. 2012) for the input variants, retains the missense, stop-gained, and synonymous 

variants, and extracts the annotated gene symbols, transcript IDs, and amino-acid changes. Only 

the annotations on canonical transcripts are retained, by matching against the canonical transcripts 

collected from the UCSC Genome Browser and the GENCODE database (Harrow et al. 2012). 

SeqTailor provides options for extracting the entire protein sequence, or the sequence within a 

window of customized size (in aa). Finally, it outputs the canonical and altered protein sequences. 

As the extraction of protein sequences from genomic ranges is already well-handled by UCSC 

Genome Browser, we did not develop this function in SeqTailor. 
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Four case studies are presented in the Supplementary Document, including two examples of 

DNA sequence extraction for a SNV and an indel from the MSH2 and BRCA2 genes, respectively, 

followed by splicing prediction; one example of protein sequence extraction for a stop-gained SNV 

in the CFTR gene; and one example of protein sequence extraction for a SNV in the BRAF gene, 

followed by protein domain search and functional prediction. These examples demonstrate the 

practical power of SeqTailor to bridge the gap between genome variant data and sequence-based 

tools for downstream analysis and prediction. SeqTailor will make it efficient to investigate 

genomic variant data further and will render sequence-based software more accessible. 

 

SeqTailor is designed for the rapid computational extraction of DNA and protein sequences from 

genetic variant data. For DNA sequence extraction, it takes about 6, 12, 13 and 14 seconds to 

extract the sequences of 10, 100, 1,000, and 10,000 genomic variants, respectively, from VCF files. 

For protein sequence extraction, all the input variants are first passed through the build-in SnpEff 

annotator, and only the missense, stop-gained, and synonymous variants annotated on canonical 

transcripts are retained for the extraction of protein sequences. It takes approximately 50, 60, 90, 

100 seconds to complete the variant annotation/filtering and the protein sequence extraction for 

10, 100, 1,000, and 10,000 variants, respectively. The SeqTailor runtime performance is shown in 

Figure 4. 
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Figure 4: Runtime performance of SeqTailor for extracting DNA or protein sequences from 
varying sizes of input VCF data (10, 100, 1,000, and 10,000 genomic variants) 
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DISCUSSION 

Two major sequence extraction methods currently available, BEDTools and GATK, provide a 

script-based option for DNA sequence extraction, and require significant bioinformatics expertise, 

and they do not support the extraction of protein sequences around genomic variants. Alternatively, 

IGV software can be used to locate the position of the variant in the reference genome, with 

manually copying and pasting to extract the desired DNA sequences or the corresponding protein 

sequences, one at a time, which would be very time-consuming, error-prone, and impractical in 

high-throughput data applications. The UCSC Genome Browser provides a web interface for 

converting genomic ranges in BED/position format to DNA/protein sequences, but users need to 

go through several steps and define a range of parameters (annotation track, gene table, field table, 

retrieval region, etc.) to get the result. Importantly, the UCSC Genome Browser does not support 

sequence extraction from genomic variant data in VCF. The popular GALAXY platform (Afgan 

et al. 2018) and biopython library (Cock et al. 2009) do not offer options for DNA and protein 

sequence extraction. A comparison of these approaches with SeqTailor is presented in Table 1. 
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Tool Method 
Input Parameters 

Output Reference 
Genome 

Coordinate 
Indexing 

Strand 
(+/-) 

Window 
Size 

Genomic 
Variants 

SeqTailor webserver hg19 and 
hg38 

1-based, or 
0-based Both Scalable 

Paste or 
upload the 
variants in 
VCF 
format 

Outputs ref/alt DNA 
in forward/reverse 
strand or protein 
sequences, with 
user-defined 
window size (bp or 
aa), in browser and 
to a file 

*UCSC 
genome 

table 
browser 

webserver 
hg19, 
hg38, and 
more 

BED format 
as 0-based, 

position 
format as 1-

based  

Both Scalable 

Only 
accepts 
genomic 
ranges, 
not 
variants 

Outputs DNA or 
protein sequences 
overlapped with 
defined regions, in 
the browser and to a 
file 

^bedtools script User- 
provided - Both - 

Specify 
VCF file 
in script 

Outputs DNA 
sequences to a file 

^GATK script User-
provided - - Fixed  

(-1/+50 bp) 

Specify 
VCF file 
in script 

Outputs DNA 
sequences to a file 

IGV software 
hg19, 
hg38, and 
more 

0-based only Both Scalable 

Enter to 
locate the 
position 
of the 
variant 

Copy-paste to 
extract DNA or 
protein sequence 
from IGV software, 
one at a time 

 
Table 1: Existing approaches to the extraction of DNA/protein sequences from genomic variants 
in VCF (* UCSC genome table browser does not accept variants in VCF, but does accept genomic 
ranges in BED/position format; ^ bedtools and GATK support only DNA sequence extraction, not 
protein sequence extraction) 
 

SeqTailor webserver is the first online tool for the extraction of DNA and protein sequences from 

genomic variants in VCF. It presents an efficient and customizable approach for this purpose, 

requiring only succinct input parameters and no knowledge of script programming. It will be of 

benefit to scientists studying human genetics, genomics, and molecular biology, enabling them to 

perform further analyses of their variants with DNA or protein sequence-based tools more rapidly 

and efficiently than is currently possible. 
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METHODS 

Webserver 

The SeqTailor webserver is run by Apache HTTP (version 2.2.15), on a Red Hat Enterprise Linux 

Server (version 6.9), with 8 Intel CPU processors @ 2.4GHz and 48GB RAM. The website 

interface is design and presented in HTML, PHP, CSS, and JavaScript. The data are stored in 

MySQL tables and plain text files. The sequence extraction programs are coded in Python. 

 

Reference Genome 

The human reference genome sequences (GRCh37/hg19 assembly, and GRCh38/hg38 assembly) 

are obtained from UCSC Genome Browser, and stored by genome and by chromosome, to 

accelerate data processing. Once SeqTailor receives the variants for DNA sequence extraction, it 

firstly groups the variants by chromosome, and then extracts all the DNA sequences from the same 

chromosome only once, thus enhancing the efficiency of sequence extraction. 

 

Canonical Transcript 

The canonical transcript IDs were retrieved from UCSC Genome Browser, and the protein-coding 

transcript translated sequences were downloaded from the GENCODE database. Merging these 

two resources of data, we obtained a collection of amino-acid sequences for 17,675 human 

canonical transcripts. 

 

Built-in Variant Annotation 

SnpEff is built in for variant annotation and effect prediction within SeqTailor, with the installed 

GRCh37.75 and GRCh38.85 databases. Its speed is maximized by a multi-thread configuration, 
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annotating the canonical transcript only, and excluding the upstream, downstream, intergenic, and 

intron regions. The input variants are then filtered by annotated effect, for retention of the missense, 

stop-gained, and synonymous variants only. The remaining transcripts are matched against the 

canonical transcript sequences collected from UCSC genome browser and GENCODE. The 

annotated amino-acid changes are then reflected in the canonical protein sequences. 

 

Runtime Evaluation 

The runtime evaluation was performed by applying four input data sizes (10, 100, 1,000, and 

10,000 genetic variants). We generated 50 VCF files for each input size, by randomly selected 

variants from the gnomAD database (Lek et al. 2016), and retaining only the first five columns of 

information (CHROM, POS, ID, REF, and ALT). We therefore used a total of 200 VCF files with 

different numbers of variants to evaluate the runtime performance of SeqTailor for DNA and 

protein sequence extraction. 
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