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Abstract
Assimilation and integration of “omics” technologies, including genomics, epigenomics, 
proteomics, and metabolomics has readily altered the landscape of medical research in the 
last decade. The vast and complex nature of omics data can only be interpreted by linking 
molecular information at the organismic level, forming the foundation of systems biology. 
Research in pulmonary biology/medicine has necessitated integration of omics, network, 
systems and computational biology data to differentially diagnose, interpret, and prognosticate 
pulmonary diseases, facilitating improvement in therapy and treatment modalities. This review 
describes how to leverage this emerging technology in understanding pulmonary diseases at 
the systems level –called a “systomic” approach.  Considering the operational wholeness of 
cellular and organ systems, diseased genome, proteome, and the metabolome needs to be 
conceptualized at the systems level to understand disease pathogenesis and progression. 

less user friendly for the pulmonary biologist and clinicians. Herein, we discuss the various 

systems level for biomedical scientists and clinical researchers.  
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IntroductionBiological systems function as a network of interconnected and mutually dependent reinforced this idea and signaled a paradigm shift in analyzing biological phenomena, introducing a holistic approach of systems biology a decade ago [1-6technology provides omic scale data, while systems-level models and measurements predict and validate biological phenomena [3, 7molecular diagnostics, genetic and proteomic mapping of diseases is well recognized [7Systems biology integrates data from multiple sources into predictive molecular models analogous to the study of organ pathophysiology, including the lung [8highly complex diseases with overlapping pathologies associated with lung remodeling and metabolomics are thus used to ascertain the molecular mechanisms underlying these technologies using a systems biology approach in pulmonary medicine [8-10present review, we summarize and provide guidelines to integrate the different omics based analyzing data obtained from omics approaches provide an easy access and understanding 
Genomics & Epigenomics in Pulmonary Biology

Genomicsshifting approaches to understanding human diseases, including pulmonary disorders, as phenotypes have contributed towards a better understanding of the molecular mechanisms and pulmonary hypertension [11-18experiments involve data generation, analysis and more recently systems level analysis 
Microarray technology in pulmonary biology. wide signatures of smoking and smoking cessation on bronchial and nasal epithelium [ ], identifying novel molecules that serve as diagnostic markers in smokers with clinical suspicion of lung cancer [ , , , are similarly obtained from transcriptomic data on critical lung cancer genes [detailed account of genomics driven understanding of lung disorders has been published [has successfully predicted pharmacogenetic factors associated with diseases like asthma and response to bronchodilators [33-37

38, 39
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download, analyze and compare existing microarray datasets from public repositories like , [ ] to strengthen hypothesis and avoid redundant experimentation as shown by Sirota et 
as critical players in the development, progression and status of multiple lung pathologies [ , ] and smokers lung [

66

Fig. 1.

genome-wide interrogation of biological phenomena, as well as detect expression approaches deal exclusively with changes 
functional characteristics of proteins in addition to detecting changes in the global 
metabolites that are central to living systems using metabolomic approaches is vital for a systems level 
the processes they analyze, integration of one or more of these technologies is the cornerstone of systems 
Fig. 2.

publications featuring these key words 
number of publications with similar key dramatic increase can be attributed to the availability of cheaper technologies, highly developed databases and analysis 
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67-69hypertension [biology driving traditional experimental approaches [73
of pulmonary disorders [9, 10, 

Fig. 3. -
-

information generated from the data analysis step, users can derive additional details about the alterations in biological pathways, networks and diseases that can be correlated to the biological phenomena being 
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97added a new dimension to genomics analysis [98
and modulate their regulatory role via physical interactions [99 100 101, 

Table 1.

Table 2. 
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sensitivity [103
to asthma, indicating differences in biological processes in the airways of asthma patients [108 ] and Bioconductor [109110 111], [

Epigenomicsreceived considerable attention [ , 
potential biomarkers for lung cancer was recently published [is associated with decreased gene expression, acetylation of histones results in relaxation of paramount to understand regulation of pulmonary diseases, as elegantly demonstrated 
[comprehensive summary of the latest experimental and translational epigenetic studies in pulmonary disorders can be found elsewhere [
across promoters in relation to gene expression context, detection of regions of differential Bio-conductor package performs integrative analysis for gene expression and histone 
used to enrich  [

Table 3.
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functionalities for the analysis including calculation of differential coverage between groups 
bisulphite treatment of  [130 131a genome of interest and perform methylation calls in a single step, with output that can be ] are tools for visualization and 

38, 39
curated resource for whole-genome epigenetic data sets that processes raw data maps to genomic coordinates that can be visualized using genome browsers or downloaded for local analysis [133, 

Proteomics & Metabolomics in Pulmonary Biology

ProteomicsSince most biological activities are driven by alterations in protein function proteomic approaches are increasingly used to understand pulmonary disorders [
role of proteins   in translational regulation [  for their biological functions [

Fig. 4.and analyzing epigenomics number of technologies and applications with genomics and proteomics, which allows users 
initial steps of data retrieval and processing are highly similar to microarrays, there are additional steps like using genome browsers for alignment and annotations (similar to after data processing comprise of data clustering, pathway mining and network analysis to 
in early stages of development, users need to select different tools from different sources to put together 
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diseases, providing clues to developing therapies [
proteomic analysis have many pitfalls [ ] 

, , , ] are online 

Table 4. 

Fig. 5. -ches and data analysis analysis can be broadly divided into gel-based and shotgun-based approa-from either of these two methods can be analyzed in different ways depen-ding on the biological 
-to be integrated by the user to customize data 

is the preliminary step for -rying known databases, analyzing and calculating the masses of peptides and analyzing known posttransla-
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databases and rank the results according to a scoring algorithm [ ], open 163, including protein database generation, spectral reduction, peptide false discovery rate 
software pipeline for high-throughput analysis of proteomics data, designed around the 

166167 168], provide a repository of proteomics data with varying options [169 170-173
, ], is focused 176 177, 178] represent 

proteins with high sensitivity  [179 180, 181  which is a compendium of targeted proteomics assays 
peptides [elsewhere [and development of sophisticated data analysis tools will greatly accelerate research in 

Metabolomics

186-191from these consists of metabolic intermediates, secondary metabolites, hormones, and other 
metabolome 193

metabonomics ], which aims 196
a priori knowledge, while global approach 190
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197 198, 199[remain challenging [metabolic state of cells and aid in identifying disease genes where no apparent phenotype phenotype [193, 197, , 
omicsas biomarkers that associate with asthma risk alleles [networks [

previously [ , ] are the tools used to process raw data obtained by 

Fig. 6.
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analysis and annotation of datasets from metabolomics experiments [ ], while software 
functional modules - data processing, functional enrichment, statistical and metabolic pathway analysis [

Table 5. Software tools for epigenomics data processing and analyses

Table 6. Software tools for analyzing and interpreting metabolomics data
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metabolite entries including both water-soluble and lipid soluble metabolites as well as 

Conclusion

 approaches attempt to unravel the high degree of complexity in biological systems and explain the onset and progression of diseases, revealing mechanisms that can 
the use of systems biology approach that integrates results obtained from high throughput technologies is fast becoming a central theme in medical research, especially in context of personalized medicine [ “systomics” approach would combine data obtained from 

Fig. 7.
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the different omics platforms would allow the users to better understand the cause and 
identifying novel drug targets and biomarkers that could pave the way for personalized medical treatment of pulmonary disorders based on individual genetics, age, environment 
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