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18 Abstract

19 Background: In past number of web-based resources has been developed in the field of
20 Bioinformatics. These resources are heavily used by scientific community to provide solution
21 for chalenges faced by experimental researchers particularly in the field of biomedical
22  sciences. There are number of challenges in utilizing full potential of these services that
23  includes internet speed, limits on computing power, and security of data. In order to enhance
24 utilities of these web-based assets, we developed a docker-based container that integrates
25 large number resources availablein literature.

26  Results: This paper describes GPSRdocker a docker-based container developed for providing
27  wide-range of computational tools in the field of bioinformatics particularly in genomics,
28  proteomics and system biology. Majority of tools integrated in GPSRdocker are based on
29  web services developed at Raghava's group in last two decades. Broadly, these tools can be
30 categorized in three categories; i) general scripts, ii) supporting software and iii) magor
31 standalone software. In order to facilitate students or developers working in the field of
32 bioinformatics, we developed general scripts in Perl and Python. These general-purpose
33 scripts serve as building block for any bioinformatics tools like computing
34  features/descriptors of a protein. Supporting software packages includes SCIKIT, WEKA,
35 SVM""™ and PSI-BLAST; these software packages allow one to develop/implement
36  bioinformatics software. Mgor Standalone software is core of this container which alows
37  predicting function/class of biomolecules. These tools can be classified broadly in following
38 categories; protein annotation, epitope-based vaccines, prediction of interaction and drug
39 discovery.

40 Conclusion: A docker-based container has been developed which can be easily run on any
41  operating system as well as it can be directly ported on cloud. Scripts can be run to build

42  pipelines for addressing problems at system level like prediction of vaccine candidate for a
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43 pathogen. GPSRdocker including manua is avalable free for academic use from

44  https://webs.iiitd.edu.in/gpsrdocker.



https://doi.org/10.1101/827766
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/827766; this version posted November 4, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available
under aCC-BY 4.0 International license.

45 1. Introduction

46  Numerous software packages, libraries and web based services have been developed by
47  bioinformaticians or computational biologist over the years. Only standalone software or
48  libraries has been developed in pre-internet era, most of them were free for public use;
49 mainly called domain software. Following archival sites have been created to maintain these
50 software packages; EMBL File Serve [1], IUBIO archive [2], BioCatalog [3] and PDSB [4].
51 Our group developed, first scientific program ELISAeq [5] in 1990, for computing
52  antigen/antibody concentration from ELISA datain GW-BASIC [6]. All these programs were
53 standalone programs, developed for DOS/Windows using programming various languages
54  like FORTRAN, PASCAL, C. These programs were distributed free for academic users via
55 floppy, CD or via email-server. Though these programs were user-friendly, but one needs to
56  have a hardware/software compatibility and knowledge of installation, in order to run these
57  programs. In the era of Internet (1995 onwards), most of developers start to develop web
58 based services. These webservers overcome limitations of standalone software packages
59  where user only need to have a computer with browser and access to internet.

60 In last two decades, a wide range of web based services have been developed by scientific
61 community particularly in the field of biology. Despite, numerous advantages of web based
62 technology it hasits own limitations. One of the major limitation of in the era of genomicsis
63  to predict function of all proteins or genes at genome level; transfer of huge data over internet
64 is time consuming and costly. In addition, service provides cannot meet the computation
65 requirement of user. Another concern is security of data, user do not wish to transfer
66 confidential data over Internet. In order to provide service to community one need to use old
67 technology of standalone software. There are number of challenges that include
68 compatibilities of codes, dependencies, versions of libraries, compilers. This is nearly

69 impossible for a user to install these software on their local machines. In order to overcome
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70 above limitations, number of projects have been initiated to develop customize operating
71  system for free software in bioinformatics. These projects include BioLinux, VigyaanCD,
72  DNAlinux, NEBC Bio-Linux, Vlinux. These operating systems are mainly flavors of
73 Unix/Linux, like Ubuntu, Red Hat, Debian. A wide range of bioinformatics software
74  packages have been integrated in these packages. Despite numerous advantages of customize
75  operating systems, it consumes lot of computational resources.

76  In order to provide alternate to VMS, docker based and singularity based containers which
77 are light weight and requires minimum resources became popular. Using these available
78  container numbers of Bioinformatics pipelines have been developed (Eg. DNAp, NGSeasy,
79  LncPipe etc.). In this manuscript, we have developed GPSRdocker (docker based container)
80 that integrates bioinformatics software to perform various tasks. Most of the software in this
81 package are unique and not integrated in any container or VMS so far. These software’s has
82  been developed at Raghava's group over the years and their webservers are available on the

83 webpage (https.//webs.iiitd.edu.in/gpsrdocker/). This software would be useful for

84  researchersfor developing various pipelines on their local machines.
85

86

87

88 2. Implementation

89 Docker provides a platform to perform operating system level virtualization or
90 containerization. In brief, it provides a platform to develop, employ and run applications
91 within a flexible and lightweight container. Containers are basically a software package,
92  which areisolated from each other and pack their own configuration files, tools and libraries.

93 All the containers can be interconnected for ease communication through well-defined
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94  channels and are actually run by a single operating system kernel. Containers are launched
95 by running an image, which specify their precise contents. An image is basicaly the
96 executable package constituting essentials needed to run a software i.e. code, libraries,
97  configuration files and environment variables. GPSRdocker is a docker-based container that
98 provides aresource on Genomics, Proteomics and System Biology. Concisely, GPSRdocker,
99 isbased on docker suite where customized container of al our webservers are available. User

100  can run GPSRdocker on their machine using following steps

101 1. Install the docker into your system and create account at docker hub.

102 2. Make sure the docker is running before installing GPSRdocker.

103 3. Typefollowing command install: docker pull raghavagps/gpsr docker

104 4. Rundocker on your machine using command: docker run -i -t raghavagps/gpsr docker
105 5. Above step alow to work in docker image, now user can install software packages using
106 command “/gpsr/gpsr_install.pl”. This will allow to users to install packages and
107 provides instruction to run these software packages.

108 Complete manua on  GPSRdocker is avalable from its web site

109  https.//webs.iiitd.edu.in/gpsrdocker/ , user may read manua to install and run software

110  packages.
111

112 2.1. General Scripts

113  Inthissection, we have described small programs developed at our group to generate features
114 which can be used as building block to develop complex prediction modules. These programs
115 are different from existing software libraries or modules like BioPERL, BioPython, as user
116  should have programming skills in order to use these modules/subroutines. In GPSR 2.0

117  package we have developed small programs, which can be run by any person with minimal
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118 knowledge of programming skills. Following are important programs included in this
119 package used to generate features for developing prediction models from protein and
120 DNA/RNA sequences. These programs are developed in PERL and Python following the set
121 standards. In order to run these codes, user needs to have Python 3.0 or above version
122  instaled in their system.
123
124  Tablel: List of the scriptsalong with their purposeincorporated in the GPSRdocker.
Program Pur pose Program Pur pose
Amino Acid
pro2aac pro2dpc Dipeptide composition
compoasition
pro2tpc Tripeptide composition | fasta2sfasta FASTA to single fasta format
Binary input from the
blast_similarity | To perform BLAST motif2bin
multifasta motif file
Add columns of two Generate SVM"9™ input format
add cols col2svm
files file
Multiply each column of Multiply selective columns
col_mult col_mult_sel
input file with a number with a number
Average column of two Extract selective columns from
col_avg col_ext
files afile
Correlation co-efficient Remove selective columns
col_corr perl col_rem
between two column from afile
Compute PSSM matrix in
Significance of columns
col_sig segz2pssm _imp | column format without any
in two column files
normalization
pssm_nl To normalize pssm pssm_n2 Normalize pssm profile based
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profile based on Egn: on Egn: (numb -min)/(max -

1/(1+e-x) min)

Normalize pssm profile
Normalize pssm profile based
pssm_n3 based on Egn: (numb - pssm _n4
on Egn: 1/(1+e-(x/100)
min)*100/(max -min)

Compute PSSM Design smooth pssm profile for
pssm_comp pssm_smooth
compoasition (400) plot
Create motifs by sliding
To generate patterns of
window of user defined length
pssm2pat given size from PSSM seg2motif
with option of adding terminal
matrix

X

125

126  2.2. Supporting Software

127

128  We utilized service of various software for developing and implementing our software. These
129  supporting software include PSI-BLAST [7], CD-HIT [8], LPC [9], PSIPRED [10], machine
130 learning packages like scikit-learn [11], SYM"9™ [12], SNNS [13], WEKA [14]. These
131  software were used for data processing, developing dataset, performing alignment, removing
132  redundancy among sequences, developing machine learning models and implementing them.
133

134  2.3. Standalone Packages

135
136 In this section, we are describing various standalone prediction packages developed in our

137  group. For the ease of user we have classified this section into broad six categories such as 1)
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Protein Structure Prediction; 2) Functional annotation of proteins; 3) Vaccinomics, 4)
Genomics. Genome annotation and application; 5) BioDrugs: Biomolecules based
therapeutics; 6) Interactome: Biomolecular based therapeutics. We have categorized our

prediction packages in these classes.

1. VitaPred Interactome Protein Structure Prediction

GPSRDocker

BioDrugs
esinm SENOIINCS // . vacCnonmes Eg: abepred, cbtope, btupred.

Eg: ALPHApred, BhairPred,

Eg: AntiCP, AntiBP, ToxinPred. Functional annotation of proteins

Fig 1: Thisfigure shows various types of standalone packagesin GPSRDocker .

2.3.1. Protein Structure Prediction:

Protein structure is traditionally determined using X-Ray crystallography, NMR spectroscopy
and Cryo-electron microscopy. These methods are accurate but have certain limitations such
as labor intensive, higher cost, etc. In order to bridge this gap, computational biologist have
come up with in silico methods. In silico protein structure prediction is usually done by three
methods (i) Homology Modelling; (ii) Threading based and (iii) ab initio method. In this
section, we have described various methods developed by our group to predict 2D and 3D
protein structure based on above principles. Described below are servers which can predict
alphaturn, beta turns, gammaturns, phi-psi angle in protein, tertiary structure of proteins and

peptides, etc.

Table 2: List of Protein Structure Prediction software incor porated in the GPSRdocker .

S Server Name Description Category
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No. S

Neural network based method for predicting

1| ALPHApred [15] 1
alpha-turn in aprotein.

2 Identification of aromatic-backbone NH

Ar_NHpred [16] 1
interaction in protein residues.

Statistical-based method for predicting Beta
3 | BetaTPred? [17] 1
Turnsin aprotein.

Prediction of beta hairpinsin proteins using ANN
4 | BhairPred [18] 1
and SVM techniques.

A neural network based method predicts the real
5 | SARpred [19] 1
value of surface accessibility.

A webserver for the prediction of transmembrane

6 | TBBpred [20] 1
Betabarrel regionsin a given protein sequence.

158 # 1. Protein Structure Prediction; 2: Functional annotation of proteins; 3: Vaccinomics; 4:
159  Genomics; 5: BioDrugs; 6: Interactome.

160

161 2.3.2. Functional annotation of proteins:

162

163  Proteins are key components in various biological processes. Protein interactions with other
164 molecules in abiological system are responsible for signaling pathways, up regulation/down
165 regulation of processes etc. Alteration or mutation in a protein sequence can lead to altered
166  protein function, growth of various diseases, etc. Due to advancement in next generation
167  sequencing techniques, large number of genome projects has been sequenced providing pool
168  of protein sequences. However, functional annotation of these proteins is yet to be unfolded.

169  Our group has developed number of tools to predict the function of proteins.

10
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annotation software incorporated in the

GPSRdocker.
Sr.
Server Name Description Category”
No.
Prediction of allergenic proteins and mapping of
1| ALGpred [21] 2;3
IgE epitopes in antigens.
2 | ChemoPred [22] | A server to predict chemokines and their receptor 2
Subcellular localization of the eukaryotic proteins
3 | ESLpred [23] 2
using
Advanced method for subcellular locdization of
4 | ESLpred2 [24] eukaryotic proteins. 2
Prediction of families and superfamilies’ of G-
5 | GPCRpred [25] 2
protein coupled receptors (GPCR).
This webserver predicts amine type of G-protein
6 | GPCRsclass [26] 2
coupled receptors
SVM-based method for predicting Glutathione S-
7 | GSTpred [27] 2
transferase protein.
Prediction of subcellular localization of human
8 | HSL pred [28] 2
proteins with high accuracy
Prediction of mitochondrial proteinsusing SVM
9 | MitPred [29] 2
and hidden Markov model.
A webserver for the prediction of nuclear
10 | Nppred [30] 2
proteins.

11
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A SVM based method for the classification of
11 | Nrpred [31] 2
nuclear receptors

Predicting mitochondrial proteins of malaria
12 | PFMpred [32] 2
parasite Plasmodium falciparum.

Prediction of Plasmodium Secretory and Infected

13 | PSEApred [33] 2
Erythrocyte Associated Proteins.
Predict subcellular localization of prokaryotic

14 | PSLpred [34] 2
proteins.

A webserver for the prediction of RNA binding
15 | RNApred [35] 2
proteins.

A method for the subcellular localization
16 | RSLpred [36] 2
prediction of rice proteins.

A method for the classification of protein

17 | SRTpred [37] 2
sequence as Secretory or Non-secretory protein.

A webserver that predicts four subcellular
18 | Thpred [38] 2
localization of mycobacterial proteins.

Prediction of post transcriptional modificationsin
19 | tRNAmod [39] 2
transfer-RNA (tRNA) sequence.

173 # 1. Protein Structure Prediction; 2: Functional annotation of proteins, 3: Vaccinomics; 4:
174  Genomics; 5: BioDrugs; 6: Interactome.

175

176  2.3.3. Vaccinomics

177

178 Vaccinomics combines immunogentics and immunogenomics with systems biology and

179  immune profiling, to aid in understanding personalized or precision medicine. Vaccinomicsis

12
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to comprehend biological immune system response towards vaccine-induced immunity of an

individual. This paves the way for scientific community to design effective vaccines against

hypervariable or resistant pathogens. Below are the tools developed by our group, which

helps in development, administration and monitorization of potential vaccines.

Table 4: List of Vaccinomics softwar e incor porated in the GPSRdocker .

Sr.
Server Name Description Category”
No.
Mapping of B-cell epitope(s) in an antigen
1 | abcpred [40] 3
sequence, using artificial neural network.
Prediction of linear B-cell epitopes, using
2 | bcepred [40] 3
Physico-chemical properties.
3 | btxpred [41] Prediction of bacterial toxins. 3
4 | cbtope [42] Conformational B-cell Epitope prediction. 3
Prediction and designing interferon-gamma
5 | ifnepitope [43] 3
inducing epitopes.
6 | igpred [44] Prediction of antibody specific B-cell epitope. 3
7 | i110pred [45] Prediction of Interleukin-10 inducing peptides. 3
In silico platform for designing and discovering
8 | il4pred [46] 3
of Interleukin-4 inducing peptides.
9 | Ibtope [47] Prediction of linear B-cell epitopes. 3
Identification of protesosomal cleavage sitesina
10 | pcleavage [48] 3
protein sequence.
Prediction of MHC Class-I1 binding regionsin an
11 | propred [49] 3
antigen sequence.

13
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12 | propredl [50] Prediction of promiscuous MHC Class-I binders. 3
Prediction of binding affinity of peptidestoward

13 | tappred [51] 3
the TAP transporter.

14 | vaxinpad [52] Designing of peptide based vaccine adjuvant. 3

15 | cancer_pred [53] | Prediction of the cancer lectins. 3

Prediction of Protein Interacting Nucleotides
16 | rnapin [54] 3;6
(PINs) in RNA sequences.

186 # 1. Protein Structure Prediction; 2: Functional annotation of proteins, 3: Vaccinomics; 4:
187  Genomics; 5: BioDrugs; 6: Interactome.

188

189 2.3.4. Genomics. Genome annotation and application

190

191 With the advent of genomics era and next generation sequencing technologies,
192  bioinformaticians have developed various tools for sequencing, assembling, structural and
193 functional annotation of genomes. The sequencing data is increasing exponentialy, and is
194  availablein public domain for analysis. Therefore, there is a need to develop tools which can
195 effectively search, analyze and infer genomic information. In this direction, our group has
196 developed many tools listed below:

197

198 Tableb5: List of Genomics softwareincor porated in the GPSRdocker .

Sr.
Server Name Description Category#
No.

Gene expression-based biomarkers for
1 | cancercsp [55] discriminating early and late stage of clear cell 4,3

renal cancer.

14
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Prediction and analysis of primary and metastatic
2 | cancerspp [56] tumor of SKCM using signature genes expression 4,3

data

Gene expression-based biomarkers for
3 | cancertsp [57] discriminating early and late stage of Papillary 3

Thyroid Carcinoma (PTC).

Designing of highly efficient SSRNA with
4 | desirm [58] 4,3
minimum mutation approach.

199 # 1: Protein Structure Prediction; 2: Functional annotation of proteins; 3: Vaccinomics; 4:
200 Genomics; 5: BioDrugs; 6: Interactome.

201

202  2.3.5. BioDrugs: Biomolecules based ther apeutics

203

204  BioDrugs aso known as “bioactive drugs’ are released in gastrointestinal tract by living
205 orally administered recombinant microorganisms. These microorganisms are responsible for
206  bioconversion or biosynthesis in the digestive environment. Bioactive drugs in model
207  organisms like bacteria, yeasts etc. is a tedious and cost intensive experimental design.
208 Chemoinformatics is the study of chemicals using various chemical databases, quantitative-
209  structure activity relationship (QSAR), prediction of chemical properties or spectral. It plays
210 a significant role in efficient drug discovery and development process. It has become an
211 integral part of research in various fields like biochemistry, molecular biology, chemical
212  genomics, bioinformatics etc. To facilitate this various bioinformatics tools have been
213  developed which integrate experimentally validated data and used them to design new drugs.
214 Our group has developed number of software’ sto screen potential biodrugsin silico.

215

15
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216 Table6: List of Biodrugs softwar e incor porated in the GPSRdocker .

Sr.
Server Name Description Category”
No.

1| AntiCP[59] Prediction and design of anticancer peptides. 5

Designing and virtual screening of

2 | AHTpin [60] 5
antihypertensive peptides.

Mapping of antibacterial peptidesin aprotein
3| AntiBP [61] 5
sequence.

Advanced server for predicting antibacterial
4 | AntiBP2 [62] 5
peptides with high precision.

Computer-aided Designing of efficient cell
5 | CellPPD [63] 5
penetrating peptides.

Server dedicated for designing tumor homing

6 | TumorHPD [64] 5
peptides.
Prediction and virtual screening of hemolytic

7 | HemoPI [65] 5
peptides.

An in silico method, which is developed to
8 | ToxinPred [66] 523
predict and design toxic/non-toxic peptides.

Prediction of Virulence factors, Information
9 | VICMPpred [67] | molecule, Cellular process and Metabolism 5,2

molecule in the Bacterial proteins.

NeuroPlpred Predict peptide as a neuropeptide or non neuro-
10 5
[68] peptide.

To predict peptides with bactericidal activity
11 | AntiTbPred [69] 5
against Mycobacterium species.

16
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# 1. Protein Structure Prediction; 2: Functional annotation of proteins; 3: Vaccinomics; 4:

Genomics; 5: BioDrugs; 6: Interactome.

2.3.6. Interactome: Biomolecular based therapeutics

Molecular interactions among biomolecules inside a cell are known as “Interactome”.
Interactomics is the study of molecular interactions among proteins or small molecules and
their consequences in the cell. These Bio-molecules could be proteins, nucleic acids,
carbohydrates and lipid molecules. Interactomics could ad in identifying disease
development and alteration in molecular mechanism of disease state. Below are few tools

developed in our group to study interaction among biomolecules.

Table7: List of I nteractome softwar e incor porated in the GPSRdocker .

Sr.
Server Name Description Category”
No.
Identification of ATP binding sitesin ATP-
1| ATPRint [70] 6
binding proteins.
Prediction of C-, N- and O-glycosylation sitein
2 | GlycoEP[71] 6,2
eukaryotic proteins.
Prediction of potential N-and O-glycositesin
3 | GlycoPP[72] 6,2
prokaryotic proteins.
Identification of GTP binding residue in protein
4 | GTPbinder [73] 6,2
sequences.
Prediction of NAD binding proteins and their
5 | NADbinder [74] 6,2
interacting residues.

17
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ANN based method for identification of RNA-
6 | Pprint [75] 6

interacting residues in a protein.

Identification of mannose interacting residues
7 | PreMieR [76] 6
(MIRSs) in protein sequences.

Identification of different class of vitamin
8 | VitaPred [77] 6
interacting residues in a protein.

A webserver for predict SAM interacting residue
9 | SAMbinder [78] 6
in a given protein sequence.

230 # 1: Protein Srructure Prediction; 2: Functional annotation of proteins; 3: Vaccinomics; 4:
231  Genomics; 5: BioDrugs; 6: Interactome.
232

233 3. Applications of GPSRDocker

234

235 In this paper, we have launched GPSRdocker, which brings together various standalone
236  versions of webservers developed by our group in various fields of bioinformatics. In this
237  package we have tried to bring various open source software’s to serve scientific community
238 inauser friendly manner. GPSRdocker provides number of applicationsin our scientific filed
239  and these applications are discussed below in detail.

240

241 (i) Development of Novel Therapeutic Pipelines: This is one of the biggest advantage of
242  this docker container which provides an option to the user for developing new therapeutic
243  pipelines. In the past decades, number of viruses and bacterial strains have been evolved
244 which required immediate treatment to prevent their outbreak. User can implement different
245  software present in the package for designing novel vaccine and drugs. User can utilize the

246  genome of the new strains to identify the various epitopes (B-cell, T-cell and A-cell) which
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247  can be used as potential vaccine candidates. ZikaVR [79], EbolaVCR [80] and VacTarBac
248  [81] are few examples of such type of pipelines.

249

250 (ii) Cancer Risk stage prediction: The suite also comprises of packages like CancerCSP
251  [55] which provides user to identify the potential biomarkers using gene expression data and
252  predict the possible risk stage of a cancer patient. This will help user to start treatment faster.

253

254  (iii) Annotating large amount of protein sequences: The image provides number of
255 methods developed for predicting small molecule binding site in the protein sequence. The
256 ligand includes ATP, GTP, NAD, FAD and SAM. These are important ligands used
257 previously for designing drugs. User can annotate the protein function for its protein
258  sequences by predicting the interacting site of these small ligands. Also, user can predict
259  whether the protein sequence of their interest in nucleic acid binding (DNA & RNA),
260  whether they are allergen proteins, etc. Packages like ESLpred2 [24], PSLpred [34] alows
261  user to predict the subcellular localization of their proteins sequence.

262

263  (iv) Designing novel therapeutic peptides: Number of packages have been incorporated
264  into this docker image for designing various types of peptide therapeutics. User can design
265 novel antimicrobial peptides such as antibacteria peptides, antifungal peptides, cell
266 penetrating peptides, hemolytic peptides, antiangiogenic peptides, anticancer peptides,
267  toxicity predicting peptides, chemicaly modified cell penetrating peptides, chemically
268 modified antimicrobia peptide, etc.

269

270  (v) Easy to use on large dataset: One of the main problems with the web-based services is

271  that they are not able to process after a certain limit and size of the dataset. GPSRdocker
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272  adlows user to implement and use the same service on the large dataset without any issue of
273 file size and space. User needs to check the space availability of its local machine and
274  thereafter can use the package the way he wants too.

275

276  (vi) Data security: Data security is one of the majors concerned nowadays. User can use the
277  standalone service for securing its data and without providing any personal details. Also user
278  can store any amount of data in the image without any loss of information by following the
279  standard protocols while working in the docker container. User can also keep the data safe by
280  saving the datain another image.

281

282  (vii) No internet requirement: internet availability is prerequisite for accessing the web
283  based service. However, in case of docker standalone package, there is no requirement of the
284  internet once the image is pulled on the loca machine. User can work anywhere in the
285  container without the internet presence.

286

287  (viii) Comprehensive resource of software: GPSRdocker provides a comprehensive
288  resource of software related to different field of science such as immunoinformatic, protein
289  structure and function annotation, cheminformatics, bio drugs, vaccine designing, genomics,
290 etc. Tothe best of author’s knowledge there is no such platform developed previously which
291  comprises of more than 60 standalone version of the software. Therefore, this package will be
292  very useful to the researchers both working in the wet |ab as well as in dry lab. The package
293 could be useful to various pharmaceutical companies as well as to the students who are
294  starting their career in the area of bioinformatics.

295

296 4. Conclusion
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297  GPSRdocker is a user friendly docker based container developed by our group which can be
298 used to run standalone versions of various web servers. At present, GPSRdocker contains
299 around 65 standalone software of the webservers developed by our group which are highly
300 cited in the literature. Each server included in this container is used to address various
301 questions in the field of computational biology. Aim of developing GPSRdocker is to
302 integrate various freely available resources on a platform which is compatible with all type of
303  operating systems. With the rapid advancement in the field of bioinformatics, there is a need
304 toimplement cloud based technologies such as Docker to make resources easily accessible to
305 the users. The only limitation of this work is that it includes software developed specifically
306 in our group only. However, there are various other useful bioinformatics containers
307 available in market. We are working to include all the possible general bioinformatics
308 modulesas well as other new bioinformatics webservers in GPSRdocker version2.

309
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