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            Key Points

                	
                  Cloud computing is a paradigm whereby computational resources such as computers, storage and bandwidth can be rented on a pay-for-what-you-use basis.

                
	
                  The cloud's chief advantages are elasticity and convenience. Elasticity refers to the ability to rent and pay for the exact resources needed, and convenience refers to the fact that the user need not deal with the disadvantages of owning or maintaining the resources.

                
	
                  Archives of sequencing data are vast and rapidly growing. Cloud computing is an important enabler for recent efforts to reanalyse large cross-sections of archived sequencing data.

                
	
                  The cloud is becoming a popular venue for hosting large international collaborations, which benefit from the ability to hold data securely in a single location and proximate to the computational infrastructure that will be used to analyse it.

                
	
                  Funders of genomics research are increasingly aware of the cloud and its advantages and are beginning to allocate funds and create cloud-based resources accordingly.

                
	
                  Cloud clusters can be configured with security measures needed to adhere to privacy standards, such as those from the Database of Genotypes and Phenotypes (dbGaP).

                


              

Abstract
Next-generation sequencing has made major strides in the past decade. Studies based on large sequencing data sets are growing in number, and public archives for raw sequencing data have been doubling in size every 18 months. Leveraging these data requires researchers to use large-scale computational resources. Cloud computing, a model whereby users rent computers and storage from large data centres, is a solution that is gaining traction in genomics research. Here, we describe how cloud computing is used in genomics for research and large-scale collaborations, and argue that its elasticity, reproducibility and privacy features make it ideally suited for the large-scale reanalysis of publicly available archived data, including privacy-protected data.
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                    Figure 1: Increase in storage of next-generation sequencing data.[image: ]


Figure 2: Cloud elasticity.[image: ]


Figure 3: Cloud reproducibility.[image: ]


Figure 4: Models for distributed collaboration.[image: ]
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The above article originally stated â€œFireCloud and CGC rely on AWS and the Google Cloud Platform for computing and data storage. In addition to charges for these commercial services, users pay convenience surcharges.â€� The second sentence was incorrect, as pointed out to and independently verified by the authors, and has been removed. Also, an incorrect citation was given for reference 66. The citation should have been: Bray, N. L., Pimentel, H., Melsted, P. & Pachter, L. Near-optimal probabilistic RNA-seq quantification. Nat. Biotech. 34, 525â€“527 (2016). Finally, reference 67 referred to an older version of the CWL specification and has been updated. The article has been corrected online. The authors apologize for these errors.
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Glossary
	Sequencing reads
	
                  Snippets of DNA sequence as reported by a DNA sequencer.

                
	Storage
	
                  A component of a computer that stores data.

                
	Processors
	
                  A central component of a computer in which the computation takes place.

                
	Computer cluster
	
                  A collection of connected computers that are able to work in a coordinated fashion to analyse data.

                
	Metadata
	
                  Information about a data set, often pertaining to how and from where it was collected. For example, for a human data set, metadata might include sex, age, cause of death and sequencing protocol used.

                
	Containers
	
                  Similar to 'virtual machines', containers are 'virtual computers' that enable the use of multiple, isolated services on a single platform. They can run in the context of another computer, using a portion of the host computer's resources. Docker and Singularity are two container management systems.

                
	Firewalls
	
                  Barriers that prevent unwanted, perhaps insecure network traffic from reaching a protected network.

                
	Application programming interfaces
	
                  (APIs). Formal specifications of the ways in which a user or program can interface with a system, for example, a cloud.
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