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            Key Points

                	
                  Genomics has already begun to enter clinical practice, diagnosing patients with rare disease and informing cancer treatments. As other high-throughput technologies are developing, multiple omics technologies will be used in a similar fashion. Here, we describe the use of integrative omics for rare and common germline diseases, as well as cancers, and describe the challenges therein.

                
	
                  Exome and genome sequencing have already been successful in aiding the diagnosis of patients with Mendelian diseases. Recently, RNA sequencing (RNA-seq) has been used to supplement such analyses by identifying transcriptomic aberrations that led to the identification of previously missed causal variants.

                
	
                  Identifying risk factors for common germline diseases remains a considerable challenge: omics technologies have been instrumental in elucidating molecular mechanisms of disease. Recently, the first examples of longitudinal integrative omics profiles in a single individual have been performed, which have suggested personalized therapies.

                
	
                  Integrative omics has been a useful process for identifying driver genes, as well as molecular signatures of cancers. In particular, such analyses have indicated prognoses, as well as targeted therapies.

                
	
                  Multiple analytical, technical and interpretational challenges remain in the path to clinical adoption of integrative omics. Large reference panels of such data sets, as well as clinical guidelines, will be necessary to complete this transition.

                


              

Abstract
Advances in omics technologies â€” such as genomics, transcriptomics, proteomics and metabolomics â€” have begun to enable personalized medicine at an extraordinarily detailed molecular level. Individually, these technologies have contributed medical advances that have begun to enter clinical practice. However, each technology individually cannot capture the entire biological complexity of most human diseases. Integration of multiple technologies has emerged as an approach to provide a more comprehensive view of biology and disease. In this Review, we discuss the potential for combining diverse types of data and the utility of this approach in human health and disease. We provide examples of data integration to understand, diagnose and inform treatment of diseases, including rare and common diseases as well as cancer and transplant biology. Finally, we discuss technical and other challenges to clinical implementation of integrative omics.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 /Â 30Â days
cancel any time

Learn more


Subscribe to this journal
Receive 12 print issues and online access
$189.00 per year
only $15.75 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: Identifying a causal variant to diagnose a patient with a rare disease.[image: ]


Figure 2: From genome-wide association studies to mechanism.[image: ]


Figure 3: Finding the relevant tissue.[image: ]
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Glossary
	Actionability
	
                  The property of a molecular finding that would result in a specific medical recommendation that is expected to improve a disease outcome.

                
	Mendelian diseases
	
                  Diseases caused by a single locus or gene and that follow Mendelian patterns of inheritance (for example, dominant or recessive).

                
	Genetic aetiology
	
                  The genetic factors that cause a particular disease.

                
	Expression quantitative trait loci
	
                  (eQTLs). Genetic variants that are statistically associated with gene expression.

                
	Heritability
	
                  The fraction of phenotypic variability of a trait that can be attributed to additive genetic variation.

                
	DNase hypersensitivity
	
                  A measure of openness of chromatin, as measured by its sensitivity to cleavage by DNase I.

                
	Structural variants
	
                  A class of genetic variation that is typically 1 kb or larger, which includes copy number duplications, insertions or deletions, as well as translocations and inversions.

                



Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Karczewski, K., Snyder, M. Integrative omics for health and disease.
                    Nat Rev Genet 19, 299â€“310 (2018). https://doi.org/10.1038/nrg.2018.4
Download citation
	Published: 26 February 2018

	Issue Date: May 2018

	DOI: https://doi.org/10.1038/nrg.2018.4


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Results from omic approaches in rat or mouse models exposed to inhaled crystalline silica: a systematic review
                                    
                                

                            
                                
                                    	Laura Morin
	ValÃ©rie Lecureur
	Alain Lescoat


                                
                                Particle and Fibre Toxicology (2024)

                            
	
                            
                                
                                    
                                        Multiple reaction monitoring assays for large-scale quantitation of proteins from 20 mouse organs and tissues
                                    
                                

                            
                                
                                    	Sarah A. Michaud
	Helena PÄ›troÅ¡ovÃ¡
	Christoph H. Borchers


                                
                                Communications Biology (2024)

                            
	
                            
                                
                                    
                                        Rare disease research workflow using multilayer networks elucidates the molecular determinants of severity in Congenital Myasthenic Syndromes
                                    
                                

                            
                                
                                    	Iker NÃºÃ±ez-Carpintero
	Maria Rigau
	Alfonso Valencia


                                
                                Nature Communications (2024)

                            
	
                            
                                
                                    
                                        Construction and optimization of multi-platform precision pathways for precision medicine
                                    
                                

                            
                                
                                    	Andy Tran
	Andy Wang
	Jean Yee Hwa Yang


                                
                                Scientific Reports (2024)

                            
	
                            
                                
                                    
                                        Artificial intelligence assisted patient blood and urine droplet pattern analysis for non-invasive and accurate diagnosis of bladder cancer
                                    
                                

                            
                                
                                    	Ramiz Demir
	Soner Koc
	Devrim Gozuacik


                                
                                Scientific Reports (2024)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                        
                            
                                Collection

                                
                                    Cancer genomics
                                

                            
                        

                    
                        
                            
                                Collection

                                
                                    Overcoming challenges in rare genetic diseases
                                

                            
                        

                    
                        
                            
                                Series

                                
                                    Disease mechanisms
                                

                            
                        

                    
                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Credits
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Publishing model
                                
                            
	
                                
                                    Editorial input and checks
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    Webcasts
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Calendars
                                
                            
	
                                
                                    Conferences
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Reviews Genetics (Nat Rev Genet)
                
                
    
    
        ISSN 1471-0064 (online)
    
    


                
    
    
        ISSN 1471-0056 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	protocols.io
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
