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The article provides the insights of omics based big-data 

approaches in precision medicine. 

 

_______________________________ 

 
 

 
 ABSTRACT 

 
 

 

 

 
 

Unprecedented advances have been witnessed during the 

past decade in our understanding of the genetic 

architectures of complex traits and phenotypes (e.g., 

disease risks, drug response). Genome-wide association 

studies (GWAS) have identified thousands of complex trait-

associated loci, especially genetic variants in the form of 

single nucleotide polymorphisms (SNPs), on hundreds of 

complex human traits including risks for a variety of 

cardiovascular traits and disorders. Future precision and 

personalized medicine, however, must rely on our ability to 

comprehensively elucidate the complex relationships across 

all likely cellular players and environmental factors involving 

the pathogenesis and drug response processes. Omics and 

big data approaches are key tools that can facilitate the 

realization of precision medicine in the future. 
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EXPERT OPINION 
 

Complex traits including risks for cardiovascular diseases and response to treatments are influenced by 

multiple genetic and non-genetic factors as well as gene-gene and gene-environment interactions. During 

the past decade, genome-wide association studies (GWAS) and candidate gene-based approaches have 

identified thousands of genetic variants, especially those common single nucleotide polymorphisms 

(SNPs), associated with complex human diseases and traits [1], including a variety of cardiovascular 

diseases and traits, such as coronary artery disease [2,3], hypertension [4], myocardial infarction [5], and 

coronary calcification [6]. However, the current GWAS loci can only explain part of the heritability of those 

complex traits, often in the range of up to 20-30% in well-studied cases and 50% in a few exceptions, with 

the heritability of most traits still unexplained. Besides individual genetic variants, it is believed that 

underinvestigated mechanisms such as gene-gene interactions may help solve the mystery of missing 

heritability [7]. To achieve precision medicine, it is necessary to not only investigate the dynamic and 

interactive relationships of all genes, but also use systems biology approaches to integrate all likely 

cellular players and environmental factors involving the complex pathogenesis and drug response 

processes. 

 

In particular, epigenetic systems, such as DNA methylation at CpG dinucleotides (modified cytosines), 

histon modifications, microRNAs, and more recently long non-coding RNAs have been demonstrated to be 

important gene regulators [8] that may reflect the genetic background (i.e., DNA sequence context) as well 

as mediate environmental factors in the development of complex phenotypes [9]. As a matter of fact, 

environmental factors, such as air pollution and life style, have been known to be critical risk factors for 

many cardiovascular diseases and traits [10]. Therefore, systematically integrating epigenetics in genetics 

will significantly enhance our knowledge of the underlying genetic/epigenetic mechanisms of complex 

traits by improving our ability of interpreting trait variability (e.g., drug response) [11].  Future precision 

medicine will be greatly benefited from these integrative analyses and modeling across genetic and 

epigenetic factors.  

 

In terms of analytical approaches, the research community has largely relied on linear modeling to identify 

association relationships between individual factors, e.g., genetic variants, CpG sites, histone 

modifications, and complex phenotypes. Given the advances of high-throughput profiling technologies, it is 

now technically feasible and often quite cost-efficient to generate various whole-genome ‘omics’ data in 

the same cohort of individuals. Notably, both genetic and epigenetic factors, at least DNA methylation, can 

be profiled conveniently using numerous commercial microarray and next-generation sequencing 

platforms.  Considering the complex nature of these genomic features, it is time to develop and apply more 

sophisticated methodology to elucidate the networks, interactive relationships, and mediation pathways 

that reflect more about the dynamic situation in a living cell, a tissue, an organ, and an individual. We 

expect that the knowledge gained from these new analytical approaches will shed unprecedented new 

insights into complex human traits, thus laying the foundation for future precision medicine. 

  

Furthermore, though biological mechanisms, including genetic variants and epigenetic systems are critical 

for understanding the development and pathogenesis of complex traits and diseases, these complex 

phenotypes can not be completely understood by investigating biological processes only. To achieve 

precision medicine, it will also be important to integrate biology (i.e., epignetics/genetics) into other ‘big 

data”, such as various life style, behavioral and socioeconomic parameters. For example, it is well 

established that greater physical activity, less sedentary time, and improved cardiorespiratory fitness are 

associated with reductions in heart failure risk [12]. Interestingly, a recent GWAS study on academic 

attainment demonstrated an example for the link between social science and biology [13]. Given the 

intrinsic noise of these non-biological parameters, likely obtained from questionnaires and medical 

records, however, there can be grand challenges to comprehensively and effectively evaluate their effects 

on the development and pathogenesis of complex diseases including cardiovascular diseases. It is 

possible that we may need a large sample size to identify those life style factors with minor to moderate 

effects on a disease, letting alone that there will be more complicated life style-genetics/epigenetics 

relationships that influence disease risks. With the hope of realizing precision medicine in cardiovascular 

diseases, novel analytical paradigms may need to be proposed to effectively extract meaningful 

information from these omics and non-biological big data. The research community has witnessed the 

explosion of advances in complex disease research during the past decade by using tools like GWAS and 

EWAS (epigenome-wide association studies). Equipped with technological and analytical innovations that 

are currently available and will be developed, the research community should be confident for a more 

fruitful decade of complex trait research, which will make precision medicine not just a dream but an 

achievable milestone in the not too far future. 
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