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Background

A lingering and difficult problem in modern ‘Omics-enabled research is the major bottleneck at the point of 

integration of data generated by multiple proteomics and transcriptomics approaches. In this work we have 

identified and compared suitable bioinformatics tools that promise varying degrees of solutions to this problem. We 

have tools chosen from the currently available pool of open source and proprietary software.

• We compared the bioinformatics tools: STRING, Cytoscape and Ingenuity Pathway Analysis (IPA, from Qiagen) for 

their quality of pathway description and data integration. 

• This review will provide a stress test for the most commonly used bioinformatics tools, derived by mining the 

current scientific literature. The purpose of this study/survey was to determine the most comprehensive 

bioinformatics tool(s) for the functionalities such as data integration and co-visualization of peptides/proteins 

(proteomics) derived from liquid chromatography–tandem mass spectrometry (LC/MS-MS) studies along with 

transcripts derived from whole transcriptome RNA sequencing (RNA-seq).

• The RNA-seq and proteomics data used for this study was previously published by other researchers and was 

downloaded from public repository, PRIDE (the PRoteomics IDEntifications database).

• The ability to perform pathway analysis is one of the most important tool requirements, as it plays an important 

role in understanding the biological impact of gene regulation and protein–protein interactions.

Conclusions

• STRING and CYTOSCAPE which are both open source software, 

providing less information than IPA.

• IPA has many additional features with regard to data integration.

• We found no open source tools currently provide a good data 

integration capability so there appears to be a need for bioinformatics 

tools to be developed in order to bridge this gap.

• There is a need for continuous development of algorithms and tools to 

translate multidimensional ‘omics data into knowledge that will lead to 

new discoveries.
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Introduction

• Proteins are key functional molecules in cells and serve as the main link between genotype and phenotype.

• Advances in RNA-seq and mass spectrometry-based proteomics has dramatically improved quality of 

transcriptomic and proteomic data in recent years.

• Proteomics provides an orthogonal approach to genomic and transcriptomics approaches and can be used to 

identify and quantify most of the proteins expressed.

• Peptide identification and assignment of protein identifications is carried out by searching databases with peptide 

mass fingerprinting algorithms; e.g: SEQUEST, Mascot, X!Tandem or OMSSA. 

• The advantage of integrating multiple data from genomics, transcriptomics, and proteomics is to increase the 

coverage and, therefore, the confidence in identification of changes in molecular targets, such as biomarkers.

• This integrative approach allows the identification of peptides derived from novel protein coding genes, splice 

variants and sequence variations leading to comprehensive characterization of samples.

Challenges

• As noted in Peng (2009) and Fernandez (2009), difficult to connect gene changes to peptide/protein changes since 

connection is not direct. 

• Technical challenges such as: dynamic range of detection of proteins, differences in pH, low solubility, 

hydrophobicity, post-transcriptional modification (PTM) of RNA are not picked up by RNA-Seq. 

• Novel alternative splicing events based on the RNA-seq data, are not always easy to confirm using proteomics.

• Integrating data from disparate technologies is risky since data simplification introduces biological biases.

• Many-to-many mapping of genes’ identifiers from multiple platforms complicates the integration.

• A single gene loci can produce multiple transcript and protein isoforms through alternative splicing.
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