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Abstract: Background: Next-generation sequencing (NGS) technologies are being continuously
used for high-throughput sequencing data generation that requires easy-to-use GUI-based data anal-
ysis software. These kinds of software could be used in-parallel with sequencing for the automatic
data analysis. At present, very few software are available for use and most of them are commercial,
thus creating a gap between data generation and data analysis.

Methods: GAAP is developed on the NodelS platform that uses HTML, JavaScript as the fron-
t-end for communication with users. We have implemented FastQC and trimmomatic tool for quali-
ty checking and control. Velvet and Prodigal are integrated for genome assembly and gene predic-
tion. The annotation will be done with the help of remote NCBI Blast and IPR-Scan. In the back-
end, we have used PERL and JavaScript for the processing of data. To evaluate the performance of
GAAP, we have assembled a viral (SRR11621811), bacterial (SRR17153353) and human genome
(SRR16845439).
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Results: We have used GAAP software to assemble, and annotate a COVID-19 genome on a desk-
top computer that resulted in a single contig of 27994bp with 99.57% reference genome coverage.
This assembly predicted 11 genes, of which 10 were annotated using annotation module of GAAP.
We have also assembled a bacterial and human genome 138 and 194281 contigs with N50 value
100399 and 610, respectively.

Conclusion: In this study, we have developed freely available, platform-independent genome as-
sembly and annotation (GAAP) software (www.deepaklab.com/gaap). The software itself acts as a
complete data analysis package with quality check, quality control, de-novo genome assembly,
gene prediction and annotation (Blast, PFAM, GO-Term, pathway and enzyme mapping) modules.

Keywords: NGS, software, GUI, genome assembly, gene prediction, annotation.

1. INTRODUCTION

High-throughput next-generation sequencing technolo-
gies result in the exponential growth of the whole genome
and transcriptome level projects [1-3]. Continuous decline in
the cost of next-generation sequencing and emergence of
highly efficient sequencing technologies transformed data
analysis from single gene/protein to genome/pan-genome
level [4-6]. In the past, numerous tools have been developed
varying from genome assembly (de-novo and reference), an-
notation, variant calling, efc. to analyse the high-throughput
sequencing data [7, 8]. Most of these tools are developed for
Linux-based command-line systems that need bioinformat-
ics expertise to execute them.

To overcome this problem, few platform independent
tools such as CLC-GWB (https://digitalinsights.qiagen.-
com/products-overview/discovery-insights-portfolio/analy-
sis-and-visualization/qiagen-clc-genomics-workbench/),
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Blast2GO (https://www.blast2go.com/), VAGUE (http-
s://bioinformaticshome.com/tools/wga/descriptions/VAG-
UE.html), Strand NGS (https://www.strand-ngs.com/), etc.
have been developed, but most of them required a licence.
For example, Blast2GO, a commercial software has gained
popularity due to its graphical-user interface, but it can only
be used for genome or transcriptome annotation purposes [9,
10]. Similarly, CLC-GWB, OmicsBox, and Strand NGS
have been developed for genome/transcriptome analysis, but
the major limitation is that they are also not free for academ-
ic use. In 2013, a graphical user interface of velvet i.e.
VAGUE has been developed for the de-novo genome assem-
bly purpose [11]. But, the major pitfall is that it can only be
run on a Linux-based system and can only be used for assem-
bly, not for the annotation purpose.

Therefore, the present situation demands a cross-plat-
form, GUI-based, comprehensive genome assembly and an-
notation package that could be used without any restrictions.
Here, we described “GAAP?”, a fast, automated, memory effi-
cient, open source software package that could be freely
used for genome assembly and annotation purposes without
the requirement of installation of any kind of dependencies.

© 2022 Bentham Science Publishers
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2. METHODS

GAAP basically has four different modules that are re-
quired for complete genome assembly and annotation pro-
cess (Fig. 1). Here, we briefly describe each module.

2.1. Data Pre-processing

In this section, we have provided the facility to down-
load fastq files from NCBI-SRA by providing the SRA-ID
in the input [3, 12]. Quality check and quality control are the
two preliminary steps before any kind of NGS data analysis.
In this case, we have implemented the FastQC
(http://www.bioinformatics.babraham.ac.uk/projects/fastqc)
for quality check and Trimmomatic software for filtering the
low quality contaminated and adapter containing reads [13].
Further, we have provided the facility to generate an in-
ter-leaved fastq file from two separate (forward and reverse)
paired-end fastq files using in-house PERL script.

2.2. Genome Assembly

For de-novo assembly, the command-line Velvet tool is
implemented in the GAAP software [14]. The window bi-
naries of Velvet are taken from Applied Math (http-
s://'www.applied-maths.com/velvet-1104-windows-executa-
bles-zip). We have provided the different options to users
such as hash value (K-mer), minimum contig length, expect-
ed coverage and unused reads file. Finally, the software will
create a contig fasta file in the result directory.

2.3. Gene Prediction

Once the assembly is completed, the next step is to find
the genes in the assembled genome. For this, we have imple-
mented prodigal software in which users have to select the
assembly fasta file [15]. The software will generate a fasta
file for predicted genes, proteins as well as pseudogenes.

2.4. Annotation

Genome annotation is one of the most crucial steps to
find the function of a gene/protein based on different kinds
of analysis. In this case, we have used the remote Blast facili-
ty of NCBI in which the query sequence is directly submitt-
ed to NCBI Blast server without the need to maintain any lo-
cal copy of databases [16]. We have provided the options to
select the e-value, percent identity and query coverage cuf-
f-off to get meaningful results. Furthermore, we have also
provided the facility to run remote IPR-Scan to assign the do-
mains and families as well as gene ontology (GO) terms [17,
18]. In addition to that, facility to map the KEGG enzymes
and pathways [19, 20] has also been provided based on the
GO-term [21, 22].

2.5. Results

Finally, the entire results file will be compiled and visual-
ized in the form of HTML table. Users can also sort the re-
sults in ascending or descending order by clicking on any of
the selected columns.
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3. RESULTS & DISCUSSION

In this study, we have downloaded a viral genome da-
taset from NCBI SRA (SRR11621811) using GAAP soft-
ware. The SRA data represented single-end sequencing of
COVID-19 genome using Illumina NextSeq500 platform
that contained 383155 reads of size 31-75bp length. The raw
dataset was processed for quality checking and control using
fastQC and trimmomatics, respectively (http://ncbi.github.
io/sra-tools/). We obtained 369407, 366054 and 380289
high-quality reads from GAAP, CLC-GWB and OmicsBox,
which were subsequently used for de-novo genome assemb-
ly. As shown in Table 1, the performance of GAAP software
in-term of N50, total assembly length is nearly similar to
OmicsBox and better than CLC-GWB. Furthermore, GAAP
is able to identify a single long contig of 29774bp, which
covers 99.57% of the reference genome (Table 1). Further-
more, we were able to predict 11, 18, and 11 genes using
GAAP, CLC-GWB and OmicsBox, respectively. Further, re-
mote-blast is able to annotate 8 genes using CLC-GWB, 10
genes from OmicsBox as well as GAAP software. We have
also extracted the associated protein domains, GO-term, en-
zyme and pathways associated with the predicted genes. We
have analysed this dataset and compared it with other exist-
ing software such as CLC-GWB, OmicsBox using QUAST
webserver [23]. Similarly, we have performed the de-novo
genome assembly on a bacterial and human genome with
about 1.4 GB paired-ends and 102GB single-end reads, re-
spectively. As mentioned in Table 1, for bacterial genome (S-
RR17153353) assembly GAAP resulted in 138 contigs with
N50 value 100399. However, CLC-GWB resulted in 304
contigs with N50 value 215940. Likewise, in case of human
genome (SRR16845439), CLCGWB and GAAP resulted in
3494959 contigs with 842 N50 value and 194281 contigs
with 610 N50 value. As shown in Fig. (2) and Table 2,
GAAP has several advantages over other existing software
that could help the researchers to analyse their data on a sim-
ple desktop computer. In comparison to VAUGE, GAAP of-
fers QC and genome annotation to analyse the genome. Simi-
larly, except remote blast, CLC-GWB does not offer remote
protein domains, GO-term, enzyme and pathway analysis.
However, OmicsBox (recently upgraded from Blast2GO) of-
fers all these services, but it is a licenced software. Thus, as
compared to these, we offer a platform independent genome
assembly and analysis tool that can perform all the analysis
steps without any dependency on the bioinformatics experts.

4. IMPLEMENTATION, REQUIREMENTS AND
AVAILABILITY

GAAP is developed on the NodeJS platform that uses
the HTML, JavaScript as the front-end for communication
with users. In the back-end, PERL and JavaScript were used
for processing the user data. GAAP is available for all three
major platforms i.e. Windows, Linux and MacOS. As shown
in Fig. (1), GAAP basically has four independent (Quality
control, Genome assembly, Gene Prediction, and Annota-
tion) modules that could be used for the complete analysis
of a dataset independently. GAAP can be run on any OS
with PERL, JAVA already installed. We recommend a mini-
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mum of 8GB RAM for small genomes and un-interrupted in-
ternet connection, particularly during SRA fastq data down-
load as well as in the annotation process. Furthermore, de-
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pending upon the complexity of genome and data size, the
software might require higher computational power. GAAP
software is freely available at www.deepaklab.com/gaap.
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Annotation

Fig. (1). Depicting different module of the GAAP software.

Genome Assembly and Annotation Pipeline

Genome Assembly and Annotation software For:Linux, Windows, Mac

Due to the small genome size of microbes, it can be possible to assemble and annotate their
genomes on a small size computers. Despite the availability of number of genome assembly
software, their utility is mostly restricted due to their use on only linux based platform. We accept
the difficulties in running the command line software's.

Thus, we have developed Genome Assembly and Annotation Pipeline (GAAP) for the assembly
and annotation of genomes. Although, we have set default values for the parameters to make the
software completely automatic, still the experience users can change the options accordingly.

GAAP has following features:

fastQ data download from NCBI SRA
NGS data Quality Checking

NGS data Quality control

Genome Assembly

Gene Prediction

Blast Annotation

Protein Domain and Family Prediction
Enzyme Mapping

Pathway Mapping

Data Visualization
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Fig. (2). Homepage of the GAAP software. (4 higher resolution / colour version of this figure is available in the electronic copy of the arti-

cle).
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Table 1. Comparative statistics of genome assembly using CLC-GWB, OmicsBox and GAAP.
CLC-GWB OmicBox GAAP
COVID Genome (SRR11621811)
Total Reads 383155
Quality Reads 366054 380289 369407
No. of Assembled Contigs 2 2 1
N50 25659 29928 29774
Length of Largest Contig (bp) 25659 29928 29774
Length of Smallest Contig (bp) 4000 56 -
Total Assembly Length (bp) 29659 29984 29774
Genome Fraction (%) 99.04 99.83 99.57
GC Content (%) 37.96 37.99 37.98
Bacterial Genome (SRR17153353)
Total Reads 9796952
Quality Reads 9452768 - 8049822
No. of Assembled Contigs 304 - 138
N50 215940 - 100399
Length of Largest Contig (bp) 474481 - 320965
Length of Smallest Contig (bp) 151 - 200
Total Assembly Length (bp) 6461008 - 6398876
GC Content (%) 66.46 - 66.44
Human Genome (SRR16845439)
Total Reads 540730909
Quality Reads 486776483 - 472635344
No. of Assembled Contigs 3494959 - 194281
N50 842 - 610
Length of Largest Contig (bp) 8220 - 1812
Length of Smallest Contig (bp) 154 - 200
Total Assembly Length (bp) 1673103862 - 46572102
GC Content (%) 41.16 - 38.06
Table 2. Comparison of GAAP with other genome assembly and annotation software.
Software GAAP VAUGE CLC GWB Galaxy OmicsBox
Licence Free Free Licenced Free Licenced
Standalone Yes Yes Yes No Yes
Quality Control Yes No Yes Yes Yes
Assembly Yes Yes Yes Yes Yes
Gene Prediction Yes No Yes Yes Yes
Blast Annotation Yes No Yes Yes* Yes
Domain & Family Annotation Yes No Yes* Yes* Yes
GO Annotation Yes No No No Yes
Pathway Mapping Yes No No Yes Yes
Enzyme Mapping Yes No No No Yes

Note: *Need locally installed database.
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CONCLUSION

Exponential growth in the sequencing data required
GUI-based tools that could simplify the process of data han-
dling and analysis. These kinds of tools will benefit the sci-
entific community working on genome/transcriptome se-
quencing projects with little knowledge of programming and
executing command-line tools. Presently, GAAP software
only supports de-novo based genome assembly, which is
helpful in the absence of a reference genome. However, if
the reference genome is available, researchers more often fo-
cus on reference-based assembly, which is quite fast and
more helpful in analysing the re-sequencing data. Therefore,
in the future we will overcome this limitation by adding a se-
parate module for reference-based assembly. Also, current
blast based search does not support local databases, which is
most of the times required for some specific analysis. In the
future, we will also provide support for a custom database us-
ing local blast. These facilities will help the users in fast da-
ta analysis in the absence of any powerful computer re-
sources. In a nutshell, GAAP acts as a unique kind of open
source, platform independent software package that will
serve as a backbone in the field of genomics.
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