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Motivations 

  The possibility to replicate scientific findings using independent 
investigators, methods, data, equipment and protocols is the standard 
approach by which scientific claims are evaluated. 

  In many fields, including bio-medicine and genomics, some studies 
cannot be fully replicated because of a lack of time or resources (and 
also since journals often do not publish replicated studies). 

  In such cases, it is important to be able to inspect and reproduce the 
entire analysis carried out in a given paper.  

  Unfortunately, the description of the data analysis is often lacking of 
important (technical) details.  

  Moreover, the analyses of NGS “multi-omic” data are also very 
complex.   

  Therefore, it becomes often very hard to reproduce the results.    



Research Pipeline 

Peng, R., and S. Eckel, “Distributed Reproducible Research Using Cached Computations,” 
Computing in Science & Engineering, pp. 28-34, (2009). 



Reproducible Research 

  The idea of RR is to make analytic data 
and code (and its documentation) 
avai lable so that others may 
reproduce the findings. 

  From a computational point of view RR 
is similar to regard data analysis as 
an “experimental protocol”. 

Institute of Medicine 
Reports 2012 

•  Data/metadata used to develop test should be made 
publicly available 

•  The computer code and fully specified computational 
procedures used for development of the omics- data 
analysis should be made sustainably available 

•  All aspects of the analysis need to be transparently 
reported. 



Reproducible Research and NGS 

  NGS analyses are quite complex and require the use of several tools 
  Tools are often regularly updated, technology changes continuously 
  NGS analyses are time-consuming and have to handle “Big-data” 



Developing computational tools in the spirit of RR 

  Several instruments and have been developed to facilitate 
RR in different programming languages 

  R is an open source language, particularly designed for RR. 
Bioconductor contains several hundreds of packages for the 
analysis of NGS 

One of the goals of modern bioinformatics should be to develop 
computational tools that support reproducible research  

Key ingredients for RR are 
•  Literate statistical programming 
•  Caching (for handling big data)  
•  Versioning control 
•  Suitable result reporting tools and data 

repositories 



Big Data Challenges & Chaching 

  Cache is a module to store data in order to retrieve that data faster. 

  This helps in RR serving stored data resulting from time consuming chunk of code. 
-  In this way it avoids repetition of time consuming computation when they are 

computed again. 

  Additionally permits to share cached data through the web.  
-  In this way it is possible to reproduce the same computations using the same data 

or to verify the results of a third part computations. 



What about GUI? 

  Many tools for omics data analysis have a graphical user interfaces 
(GUIs) 

  GUIs are convenient and very intuitive for biologists. 

  GUIs are also interactive, so that the user can decide what kind of 
analysis to perform (point-and click approach) on the basis of the 
intermediate results 

  Tools with web-interface have similar features (and share similar issues) 

  However, GUIs do not facilitate RR, since results are obtained after 
clicking several buttons  difficult to keep track of all performed 
steps 

Our Aim: To develop user friendly computational tools for NGS 
data analysis in the spirit of “Reproducible Research”, i.e., we want 
combine GUI with tools for RR available in R. 



RNASeqGUI 

RNASeqGUI can be downloaded from 
http://bioinfo.na.iac.cnr.it/RNASeqGUI/ 

  RNASeqGUI is implemented in R.  
   It requires the RGTK2 graphical 
Library to run 
  It uses BiocParallel to speed up the 
computations. 
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Bam Exploration 
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Differential gene expression 

Inspecting data and results 

GO/Pathway Analysis 

Biological Interpretation 
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Recent update includes  
  It handles technical and biological 
replicates 
 Complex experimental designs in 
differential gene expression section 
 Filtering and Conversion 
 Pathway analysis using Gage and 
Graphite  
  F a n c y  r e p o r t i n g  u s i n g 
Reportingtools  
 Advanced RR using R markdown 
and knitr 
 Caching using filehash 



RNASeqGUI Main Interface 

The GUI is divided into several sections. 
Each section is dedicated to a 
particular step of the data analysis 
process. 
 
The analysis starts by creating a 
project or opening an existing project.  
 
Then, the user can access any of 
RNASeqGUI sections.  
 
Data Analysis Section is the core of 
RNASeqGUI and contains several 
methods to identify differentially 
expressed genes (DE). 



Navigating RNASeqGUI 

  By clicking to any specific section a new interface, that contains more 
specific functions, will open.  

 
 

  The “how to use” button in each interface will guide the 
user in the choice of the best options and parameters. 



Analyzing data with RNASeqGUI 

  BAM Exploration Section 
  Count Section 

  Pre-Analysis Section 

  Data Analysis Section 

  Post-Analysis Section 

  GeneSet/pathway Section 
  Report and Utility Section 

  Results are given in terms of tab-
delimited-files, user friendly html-
pages, summary tables, and figures  
Folder Result 

  F igures are in pdf, and are 
customizable (in terms of colors and 
scale)   Folder Plots 

 
  All actions are stored in a html report 
and Rmd re-executble code  Folder 
Logs 

 Moreover, thanks to caching, data, 
intermediate and final results are 
directly connected  with databases. 

 
  Reporting tools provide navigable 
results directly linked to Ensembl 



RR in RNASeqGUI (1) 

The spirit of RR is now fully incorporated in RNASeqGUI. 
  Thanks to the use of R markdown language, RNASeqGUI 
automatically generates a dynamic report of all analysis carried 
out on a given Project. The report includes both the R code, the 
figures and the summary of the results. The report can be executed 
and results are being updated automatically, if changes occur. The 
report also includes all versions of the R packages used, all steps, 
input/output parameters, file names and so on.  

  The report can be exported as HTML 

  Caching is used to  speed up repetitive and computational expensive 
function calls by using results stored in pre-computed data-bases 

  The report and the cached database are suitable for being 
submitted as documentary R file of data analysis for RR publication 



RR in RNASeqGUI (2) 

The Report contains “live” R code. 
Therefore, exper t u ser s can use 
RNASeqGUI to build the skeleton of their 
pipeline, then they can modify the code, or 
add their favorite method. 

The limit of such 
approach is that each 
time the report is 
generated, the R code 
is executed and results 
are updated.  time 
consuming for NGS 
data 



Caching in RNASeqGUI 
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Conclusions 

  RR is very important for producing good Science, and it is expected that in 
the near future it will be mandatory. 

  Editors have to encourage and promote RR. 

  For those who develop computational tools it is important to provide novel 
software able to meet the need of RR.  

  RNAseqGUI is one example in such directions, that combine the GUIs with the 
tools in R for RR. Therefore, for each project RNAseqGUI generates a report 
that keep track of all actions the user carried out. Moreover all data, 
intermediate and final results are cached to speed up computation, reporting 
layout is ameliorated and connected to database and webserver. 

Take home message: As potential authors, try the best to 
produce RR, regardless to tool you are using. As potential 
developer, try the best to release tools that support  RR. 
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Questions? 

Thanks to all members of   Supporting Projects 
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Bioinformatics and Biostatistics 
 

CNR Research Area “Napoli 1”, Naples, Italy 
September 10-12, 2015 

http://bioinfo.na.iac.cnr.it/cibb2015/ 
cibb2015@gmail.com 

CIBB (Computational Intelligence methods for Bioinformatics and Biostatistics) is a 
meeting with more than 10-year of history. Its main goal is to provide a forum open 
to researchers from different disciplines to present problems concerning 
computational techniques in bioinformatics, systems biology and medical 
informatics, to discuss cutting edge methodologies and accelerate life science 
discoveries.  
Following this tradition and roots, this year's meeting will bring together researchers 
from the international scientific community interested in this field to discuss the 
advancements and the future perspectives in bioinformatics and biostatistics. 
  
Topics addressed by CIBB 2015 include, but are not limited to: 

 High dimensional statistical analysis of omic data; 
 Next generation sequencing bioinformatics; 
 Multi-omic data integration; 
 Methods for supervised and unsupervised learning; 
 Prediction of protein structures; 
 Methods for comparative genomics; 
 Algorithms for molecular evolution and phylogenetic analysis; 
 Mathematical modelling and simulation of biological systems; 
 Systems and synthetic biology; 
 Bio-molecular databases and data mining; 
 Bio-medical text mining and imaging; 
 Statistical methods for the analysis of clinical data; 
 Methods for visualization of high dimensional complex omic data; 
 Software for bioinformatics. 

 
 The scientific programs of CIBB 2015 will include Keynote Speakers, contributed 

papers, tutorial and special sessions. The contributed papers will be presented in 
plenary oral sessions, special sessions, or poster sessions. 
 
Publications 

 Accepted papers will be published on a flash drive with a specific ISBN number for 
the conference proceedings. A selection of papers presented at CIBB 2015 will 
appear in a post-conference monograph. We are in contact with Springer to have 
them published in the Springer series of Lecture Notes in Bioinformatics (LNBI) as 
usual for CIBB. Moreover, we are planning to publish the best papers in an extended 
form in a special issue of an international scientific journal. 
 
Important Dates (First call for papers) 

 Tutorial and Special Session Proposal:   April 3, 2015 
 Paper submission deadline:                  April 10, 2015 
 Notification of acceptance:                   June 12, 2015 
 Final paper due:                                    July 10, 2015 
 Conference:                                       September 10-12, 2015 
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Adriano Decarli, University of Milan, Italy 
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Biostatistics Technical Chair 
Paola MV Rancoita, Vita-Salute San Raffaele University, Italy 
 
Bioinformatics Technical Chair 
Stefano Rovetta, University of Genova, Italy 
 
Special Session and Tutorial Chairs 
Franck Picard, CNRS LBBE, Lyon 1, France 
 
Local Organizing Committee 
Valerio Costa, Institute of Genetics and Biophysics, Italy 
Italia De Feis, Istituto per le Applicazioni del Calcolo, Italy 
Angelo Facchiano, Istituto di Scienze dell'Alimentazione, Italy 
 
Publicity Chair 
Francesco Masulli, University of Genova, Italy & Temple University, USA 
 
Publication Chair 
Riccardo Rizzo, Istituto di Calcolo e Reti ad Alte Prestazioni, Italy 
 
Steering Committee 
Pierre Baldi, University of California, Irvine, CA, USA 
Elia Biganzoli, University of Milan, Italy 
Mariaclelia Di Serio, Vita-Salute San Raffaele University, Italy 
Alexandru Floares, Oncological Institute Cluj-Napoca, Romania 
Jon Garibaldi, University of Nottingham, United Kingdom 
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Francesco Masulli, University of Genova, Italy & Temple University, USA 
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Roberto Tagliaferri, University of Salerno, Italy  


