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Abstract 

Background and Objective: To facilitate routine analysis and to improve the 

reproducibility of the results, next-generation sequencing (NGS) analysis requires 

intuitive, efficient and integrated data processing pipelines. Methods: We have 

selected well-established software to construct a suite of automated and parallelized 

workflows to analyse NGS data for DNA-seq (single- nucleotide variants (SNVs) and 

indels), CNA-seq, bisulfite-seq and ChIP-seq experiments. Results: Here, we present 

RUbioSeq+, an updated and extended version of RUbioSeq (ref), a multiplatform 

application that incorporates a suite of automated and parallelized workflows to 

analyse NGS data. This new version , that now includes: (i) an interactive graphical 

user interface (GUI) that facilitates its use by both biomedical researchers and 

bioinformaticians, (ii) a new pipeline for ChIP-seq experiments, (iii) pair-wise 

comparisons (case-control analyses) for DNA-seq experiments, (iv) and improvements 

in the parallelized and multithreaded execution options.   novel and multiplatform 

application that incorporates a suite of automated and parallelized workflows to 

analyse NGS data. The software supports DNA-seq (single-nucleotide and copy 

number alteration analyses) for panels, and for exome and whole genome sequencing 

experiments, as well as for bisulfite-seq and ChIP-seq workflows. RUbioSeq+ supports 

parallelized and multithreaded execution, and its interactive graphical user interface 



(GUI) facilitates its use by both biomedical researchers and bioinformaticians. Results 

generated by our software have been experimentally validated and accepted for 

publication. Conclusions: RUbioSeq+ is free and open to all users at 

http://rubioseq.bioinfo.cnio.es/. 

Keywords: NGS analysis, parallelized workflows, whole-genome, variant calling, 

ChIPSeq, Bisulfite-Seq, CNV, HPC, SGE. 

1. Introduction 

The increasing use of next-generation sequencing (NGS) studies has revealed the 

need for integrated and reliable pipelines to analyse deep-sequencing experiments in 

a reproducible way. This issue is especially relevant in hospitals and research institutes 

where regular analyses accentuates the demand for intuitive and automated workflows 

that accelerate the delivery of final results, minimizing human technical error, and 

ensuring the reproducibility and fidelity of the data obtained (1). 

NGS data is usually analysed in a set of successive stages that are executed routinely. 

Highly specific software exists to carry out each of these particular steps, constituting 

a growing and diverse catalogue that includes quality control utilities, read aligners, 

variant callers, peak finders, functional annotators, mutational impact predictors, etc. 

(2, 3). In such a diverse scenario, the quality of those NGS tools is very heterogeneous 

in terms of implementation and documentation, and in many cases the applications are 

complicated for non-specialist users to employ, requiring a solid expertise in 

bioinformatics to manage them properly. 

In the light of this situation, a number of initiatives have been proposed to provide 

effective solutions that facilitate the systematic analysis of NGS experiments. For 

example, HugeSeq (4), Bcbio-nextgen (5) and Omics-pipe (6) are recent open-source 

pipelines available to analyse NGS data in an automated and proficient manner. These 

reflect the remarkable effort to provide powerful specialized computational frameworks 

to analyse NGS data. However, they usually lack an adequate Graphic User Interface 

(GUI) and thus, they are complicated for researchers without computational or 



bioinformatics skills to use. Besides, the current versions of HugeSeq and Bcbio-

nextgen do not support the analysis of several seq-based experiments, such as copy-

number alteration sequencing (CNA-seq), bisulfite-seq or ChIPseq. Galaxy (7) 

represents a large and flexible web-based platform that provides support for NGS 

experiments (e.g. ChIPseq, variant analysis, etc.) and although it may be installed as 

a local server, its set up requires advanced technical skills. Despite its potential, 

Galaxy’s NGS toolbox is still in beta state and it does not support either CNA-seq or 

bisulfite-seq analysis. Moreover, using it online demands high bandwidth capacities 

due to the size of the NGS files. Other interesting proposals such as GeneProf (8) or 

CisGenome (9) provide ChIPseq analysis through an interactive GUI, but they do not 

provide support for other types of NGS techniques. 

Here we present RUbioSeq+, a multi-platform application for the integrated analysis of 

NGS data. This software uses well-established tools to implement pipelines for DNA-

seq, CNA-seq, bisulfite-seq and ChIP-seq experiments. RUbioSeq+ is free and it 

includes the entire core functionalities implemented in the original release of RUbioSeq 

(10), while expanding the capability of RUbioSeq by supporting parallelized analysis 

of full genomes in computing farms. Moreover, we have included two novel pipelines 

for ChIPseq analysis covering sample quality control, read alignments, assessment of 

biological replicates, and peak calling for the detection of histone marks and 

transcription factors binding sites. RUbioSeq+ also incorporates a new and accessible 

GUI, designed for interdisciplinary research groups where bioinformaticians and 

biomedical researchers work together. Thus, the GUI supports two types of profiles: a) 

a basic user profile through which users with limited skills in bioinformatics can execute 

all the NGS analysis tasks offered by the software; and b) an administration mode 

where bioinformaticians and advanced users can manage and configure all the 

technical parameters in the application (Figure 1). To our knowledge there is currently 

no other application with similar characteristics, as well as such a large number of 

automated workflows and utilities for NGS data analysis (Table 1). 



 

 

 

 

Table 1. RUbioSeq+ functionalities compared with state-of-the-art NGS tools. 
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Bcbio-nextgen 
(2013) 

         

HugeSeq (2012)          
MutationTaster 
(2014) 
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(2011) 

         

SeqGene (2011)          
SHORE (2008)          
GeneProf (2014)          
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m-HMM (2014)          
HMMCopy 
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(2014) 
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GotCloud (2015)          



 

Figure 1. RubioSeq+’s main interface. Standard users may easily access all the analyses 

supported by RUbioSeq+ through its main interface. Alternatively, the advanced administrator 

profile provides access to the technical configuration and user’s administration. 

2. Materials and methods 

RUbioSeq+ is written in Perl language. It is designed to run on ordinary UNIX 

workstations and it has been successfully tested in Linux and Mac OS X, as well as on 

HPC systems with SGE or PBS as cluster job schedulers. Windows users may also 

run RUbioSeq using the Docker client (http://www.docker.com). Its modular 

programming design provides a high degree of flexibility to facilitate the creation of 

shared libraries and functions through the distinct execution branches (e.g., the cluster 

job management module) that stabilizes the code, helps with software maintenance 

and avoids code redundancy. This facet will also facilitate the inclusion of additional 

functionalities and extensions in future versions of the tool. 

2.1 Third-party software integration 

In light of the overwhelming list of applications currently available for NGS data 

analysis, we have selected well-established software to construct pipelines for DNA-

seq, CNA-seq, bisulfite-seq and ChIP-seq experiments (Table 2). 

Table 2. Software included in RUbioSeq+. All the tools included in RUbioSeq have been 

upgraded in RUbioSeq+. 



  RUbioSeq+ RUbioSeq 

Shared 
Software 

Java 1.7 1.6 
Samtools 0.1.19 0.1.16 
PicardTools 1.107 1.6 
FastQC 0.10.1 0.10.1 
BWA 0.7.10 0.6.2 
Bfast-bwa 0.7.0b 0.7.0a 
VCFtools Not used 0.1.19 
BEDTools 2.16.2 2.16.1 
GATK 3.1-1 2.3.9 

SNV VEP 73 66 

CNV CONTRA 2.0.3 2.0.3 

ChipSeq 
MACS2 2.0.10 Not used 
CCAT 3 Not used 
IDR 1.0 Not used 

Methylation 

Bismark 0.10.1 0.7.7 
Bowtie 0.12.7 0.12.7 
Fastx 
Toolkit 

0.0.13.2 0.0.13.2 

FiloTools 1.1.0 Not used 

The current release of RUbioSeq+ integrates more than 20 tools and utilities that can 

be used for NGS data analysis. Each tool included follows the open-source initiative 

and has been described previously in the scientific literature. RUbioSeq+ saves user’s 

time by providing a quick and easy installation toolkit. The full set of tools integrated in 

RUbioSeq+ may be installed in 3 ways. First, through a LiveCD that contains both the 

whole RUbioSeq+ suite and its GUI, along with all the documentation and 

dependencies. This LiveCD has been built from scratch, taking as a base system the 

latest stable Ubuntu x86_64 release (14.04.1 at the time of writing), and it also contains 

the LXDE graphics desktop (from the Lubuntu release). The RUbioSeq+ LiveCD can 

also be used to install RUbioSeq+ plus Ubuntu on any x86_64 machine that fulfils the 

RUbioSeq+ memory requirements, either real or virtual. Second, a Docker image 

(ubio/rubioseq:latest) stored in the public Docker Hub. This option permits users to 

deploy the container on Unix-based or Windows systems, on desktops, physical 

servers, virtual machines, in data centres, and even via public and private clouds. 

Third, a simple script provided along with the software allows the user to easily install 

the software and the dependencies (only for UNIX-based systems). Additionally, our 

software admits multithreading and parallelized processing in computational farms, 



which allows multiple samples to be analysed simultaneously, allowing the rapid and 

efficient generation of results. 

RUbioSeq+ has two branches at the level of the source code: (a) the RUbioSeq+ 

source code itself, which is publicly available in SourceForge 

(http://rubioseq.sourceforge.net); and (b) RUbioSeq+GUI, a project for the logic web 

application and a further development for the persistence storage, which is publicly 

available in GitHub (https://github.com/hlfernandez/rubioseq-gui-webapp). 

2.2 Level-based design 

Workflows involve operative modules acting at different functional levels, each level 

representing an independent stage of the analysis (e.g. alignment level, calling level). 

The level-based design allows users to launch the workflows in their entirety or 

partially, depending on the laboratory requirements, thereby providing the greatest 

flexibility and speed when running the analyses using different parameters. 

For example, the ChIPseq workflow could be executed at four levels depending on the 

input stage: 1) alignment phase and FastQC analysis if the user starts with unaligned 

reads; 2) duplicate markings if the reads have been aligned but the user wants to check 

the level of library duplication; 3) normalization steps if the libraries to be compared 

have to be balanced; and/or 4) straightforward ChIPseq calling, peak annotation and 

IDR control if allowed by the input data. Once the workflow has been fully executed, 

the users might want to modify the parameters of the peak caller and rerun the analysis 

from step 3, without having to execute the full workflow. Each round of execution will 

generate the associated result files, together with their corresponding process logs for 

identification. 

Moreover, to adapt RUbioSeq+ to the analysis of whole genomes, we reimplemented 

the alignment step using a parallelized design. Thus, starting from the fragmented raw 

data files supplied by sequencers, RUbioSeq+ processes the fragments side-by-side 

to generate a single alignment file that can be used as an input in the next stage. This 



implementation saves time and computational demands, performing the analysis of 

whole genomes in an efficient manner.  

2.3 Graphical User Interface 

The RUbioSeq+ GUI is implemented as an AJAX-enabled web application 

programmed in Java 1.7. The ZK development framework was used to construct a rich 

web user interface with many features of a desktop application, and a HSQLDB 

(HyperSQL DataBase) is used to store the application data (users, configurations, 

experiments, etc.). Since the user interface has been developed using web 

technologies, the RUbioSeq+GUI can be used in two different modes: (a) as stand-

alone application using Jetty Runner 8.1; or (b) as a web front-end that is installed in 

a dedicated web server. The second option is especially useful for users of a 

bioinformatics unit that have at their disposal a computer cluster or dedicated server. 

In such a scenario, RUbioSeq+ can be installed into the head node of the cluster so 

that users can access RubioSeq+GUI via the server, configuring their experiments 

there and launching analyses that will be executed by the cluster machines.  

The RUbioSeq pipeline and RUbioSeq+ GUI has been integrated as follows. First, 

RUbioSeq+ GUI provides an interface to visually configure experiments, avoiding the 

need for users to manually write the XML RUbioSeq experiment configuration files. 

The XML files generated then feed a new external background process in RUbioSeq 

that has been installed and configured previously. Finally, the progress of the 

experiments running is monitored by reading the standard RUbioSeq log files. In 

summary, the integration of the two modules is achieved in a file-based and loosely 

coupled architecture (Figure 2). 



  

Figure 2. Integration between the RUbioSeq pipeline and RUbioSeq+GUI. (1) The GUI allows 

the user to visually create experiments that are then represented in XML files and passed to 

the pipeline for execution (2). The pipeline is launched when requested by the user via the GUI 

(3) and as the experiment is executed, log files are created by the pipeline. The GUI monitors 

these files in real time in order to present the user a progress meter. Finally, the GUI can also 

be used to configure the pipeline. 

3. Results and discussion 

We present here RUbioSeq+, a novel and improved version of the RUbioSeq suite for 

the analysis of NGS data. Our application consists of a multiplatform collection of 

automated and parallelized pipelines to analyse DNA-seq, CNA-seq and bisulfite-seq 

experiments. Additionally, RUbioSeq+ includes two new ChIP-seq workflows based on 

MACS2 and CCAT tools for peak calling. The software can provide an intuitive GUI 

that can be implemented to support integrated workflows for bioinformaticians and 



biomedical researchers, and it is being used extensively at our institute for both 

research and clinical purposes. 

3.1 Workflows 

RUbioSeq+ workflows are divided into distinct analytical branches that may be 

executed independently to analyse distinct NGS experiments. Moreover, the default 

parameters have been tweaked based on developer’s recommendations and on our 

daily experience performing routine NGS analyses for biomedical researchers.  

Our application automates the NGS analysis, reducing human errors and improving 

the reproducibility of deep-sequencing studies. To this aim, the software generates an 

XML configuration file that is associated to every execution and may be imported to 

reproduce the same technical conditions of any particular implementation. Additionally, 

RUbioSeq+ provides an intuitive framework in which each pipeline can be checked 

and controlled. Thus, quality control of the sample is addressed in every workflow, and 

all the processes are monitored through log files to trail the progress and errors at both 

the sample and data analysis levels. The complete results of RUbioSeq+ are saved in 

a project directory tree that maintains a structured organization for the output files. 

Our software employs standard formats of input and output files, supporting both single 

and paired-end experiments. The execution of each pipeline with our software starts 

from either raw data files (FASTQ and ABI SOLiD formats) or aligments (BAM, see 

Figure 3), after which RUbioSeq+ is very flexible and adjustable, allowing the users to 

customize the parameters employed at each stage of the workflow. 

In order to assure the reproducibility of the workflows employed, the software 

automatically exports the full technical configuration of the pipeline into a .XML file. 

When required, this configuration file can be reloaded into RUbioSeq+, replicating the 

technical conditions used in the original execution. By reusing configuration files, every 

analysis performed by RUbioSeq+ may be controlled, evaluated and reproduced 

systematically. 



 

Figure 3. Schematic RUbioSeq+ flow diagram. The dark gray boxes correspond to the main 

steps in the pipelines, while the light gray boxes indicate the optional steps. 

23.21.1 ChIPseq  

RUbioSeq+ provides two novel workflows to analyze ChIPseq experiments. Using 

FASTQ or BAM files as primary input, RUbioSeq+ can apply MACS2 (11) and CCAT 

(12) to detect sharp or broad peaks, respectively. 

The main steps in the workflows available include: a) Quality control through FastQC 

(13); b) short-read alignment with BWA (14); c) duplicate marking with Picard tools 

(15); d) normalization performed with SAMtools (16) in which the files are equilibrated 

in terms of size to make the experiments comparable; e) peak calling with MACS2 or 

CCAT; f) an optional step to assess the reproducibility of biological replicates using 

IDR (17); and f) peak annotation with PeakAnnotator (18). 

In both the MACS2 and CCAT workflows, peak calling steps are performed on each 

sample. This strategy allows experiments to be analysed in parallel, making the 



protocol adaptable to support a variety of experimental ChIPseq designs (e.g. 

case+input, case vs control, case+input vs control+input, etc.).  

The output of this workflow includes a standard BED file containing the coordinates 

and annotation of the significant peaks detected, and a bigWig file to upload and 

display the results in a genome browser. 

23.21.2 DNA-seq 

This workflow accepts FASTQ, ABI SOLID raw data or BAM files as the primary input 

to analyse single-nucleotide variantsSNVs and indels in full genomes and exomes. 

The pipeline is divided into four main modules: (a) short-read alignment with a 

combination of BWA and +BFAST aligners(19), and a quality control analysis using 

FastQC; (b) duplicate marking using Picard tools, realignment and recalibration using 

GATK (20, 21); (c) GATK variant calling (variant standard database annotation) and 

advanced filtering permitting the user to choose between Hard Filtering using GATK’s 

VariantFiltration walker or GATK's variant quality score recalibrator (VQSR); and (d) 

Pair-wise comparisons to detect variants (e.g. case vs control). Variant impact is 

calculated using Ensembl Variant Effect Predictor (VEP, 22). All the output files are 

generated in standard formats, such as BAM and VCF. 

23.21.3 CNA-seq 

RUbioSeq+ performs CNV detection for exome sequencing experiments using FASTQ 

and BAM as the input files. This workflow uses: (a) BWA and BFAST aligners 

combination to generate BAM files; (b) GATK to mark duplicates and for alignment 

recalibration; and (c) CONTRA software (23) to estimate case-control log ratios for 

each region targeted, and to evaluate the false discovery rate (FDR) of the gains and 

losses detected, generating the output files in standard VCF format. 

23.21.4 Bisulfite-seq 

RUbioSeq+ integrates a bisulfite-seq workflow that supports the analysis of full 

genomes from FASTQ files. The workflow extracts methylation calls for each 



independent sample included in a particular experiment, but it can also construct a 

unique file with the whole calling information from the full set of samples included in 

such experiments. The pipeline includes: (a) quality control, sequence alignment and 

methylation calling with Bismark (24); (b) methylation call extraction in standard VCF 

format; and (c) an optional calculation of the percentage methylation in specific 

intervals. 

3.2 Using RUbioSeq+ 

Since legal requirements impede many laboratory computers holding sensitive data 

from being connected to the internet, RUbioSeq+ can also be run on a computer that 

is offline. In this particular case, some of the online functionalities required by 

RUbioSeq+ (e.g., VEP) must be installed locally onto the computer. Accordingly, 

RUbioSeq+’s administrator would have to set up VEP to run on the local installation. 

The RUbioSeq+ GUI also facilitates the administration of the tasks it carries out and 

thus, managing the technical configuration of RUbioSeq+ is straightforward when 

handled through the administrator’s profile. Similarly, the specific parameters of each 

pipeline may be easily set up by standard users using intuitive menus (Figure 4). 



 

Figure 4. RUbioSeq+ uses automated pipelines to detect genomic single nucleotide 

variantsSNVs, indels, copy number variations, methylated positions and ChIPseq peak signals. 

Each workflow is displayed in a graphic menu, where the mandatory and optional parameters 

are accessed, along with a comprehensive help section. 

Finally, despite depending on more than 20 different software packages, some of them 

difficult to install and setup, the installation of RUbioSeq+ is a straightforward process. 

The software is easy to configure and examples of its use are provided as step-by-

step video tutorials. In addition, three installation options are provided: 1) a customized 

64-bit LiveDVD based on Ubuntu 14.04.1 on which RUbioSeq+ and all its 

dependencies are bundled, ready to be used on any computer; 2) A Docker image 

(ubio/rubioseq:latest) stored in the public Docker Hub; and 3) Manual installation 

through a simple script provided with the software. 

4. Conclusions 

RUbioSeq+ is a multiplatform application for the integrated analysis of NGS data. Our 

software implements pipelines for the analysis of SNVssingle nucleotide, indels, copy-



number variation, bisulfite-seq and ChIP-seq experiments using well-established tools 

to perform these common tasks. The results obtained by RUbioSeq+ have already 

been validated and published (25, 26). Moreover, RUbioSeq+ comes with a new and 

accessible GUI enabling researchers without advanced bioinformatics skills to 

straightforwardly manage complex NGS workflows. 

5. Mode of availability 

The RUbioSeq+ GUI developed by the SING group is licensed under a GNU GPL 3.0 

License (http://www.gnu.org/copyleft/gpl.html). Furthermore, the RUbioSeq+ software 

and full documentation are free and publicly available under Creative Commons 

License at http://rubioseq.bioinfo.cnio.es. 
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