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[bookmark: _Toc464769270]Introduction
The development of Next Generation Sequencing (NGS) technologies enable the usage of genomic information as everyday practice in several fields, but the growing volume of data generated becomes a serious obstacle for a wide diffusion. The lack of an appropriate representation and efficient compression of genomic data is widely recognized as a critical element limiting its application potential [1] [2]. Beside compression which is at the base of any efficient processing of genomic information, there are several other requirements that the current data formats for raw and aligned data do not fulfill (see document N16323 [3]).
ISO/TC 276 works on standardization in the field of biotechnology processes that include analytical methods (Working Group 3) and data processing and integration (Working Group 5).
ISO/IEC JTC 1/SC 29/WG 11 (MPEG) has the mission to develop standards for coded representation and compression of digital audio and video and related data. In its 28 years of activity MPEG has developed many generations of video and audio compression standards.

ISO/TC 276/WG5 (Data Processing and Integration) and MPEG have combined their respective expertise and missions and are jointly working to develop a new compression standard capable of providing new effective solutions for genomic information processing applications.
ISO/IEC is providing the framework for the development of an open genome compression standard based on the following steps:
· An open public call to collect relevant technologies satisfying all or a subset of identified requirements. The call has been jointly issued in June 2016 [4].
· The assessment of the performance of the submitted technologies. The activity has started in October 2016 and is currently ongoing.
· The selection and integration of the best performing technologies into a platform, called “General Model” for the evaluation and verification of performance and the validation of requirement fulfillment. 
· The progressive improvement of the integrated technologies by a process of open experiments (“core experiments”).
· The approval of the standard by progressive stages as established by the official ISO/IEC procedure[footnoteRef:1]. [1:  http://www.iso.org/iso/home/standards_development/resources-for-technical-work/support-for-developing-standards.htm] 

· The publication of a normative and informative specification in the form of text and reference software providing the appropriate support for an open standard on which build interoperable genomic information processing applications. 
[bookmark: _Toc464769271]Identification of Requirements for an efficient Genomic Information Representation 
Since July 2014 [5] a work analyzing the main stages of typical genomic processing pipelines and the identification of requirements for a data compression and storage effective at each stage has been carried out. The work identified requirements for raw reads and aligned/mapped reads produced at the initial stages of genomic information processing pipelines as well as requirements for the efficient transport of the compressed genomic data.
An increasing consensus is rising in the scientific community around the notion of quasi-lossless compression of the metadata generated by sequencing machines [6] [7] and additional metadata recorded to describe the source and context of the biological material the sequence information refers to. Requirements for solutions addressing both lossless and quasi-lossless compression of genomic metadata have been investigated and identified. In this process experts in several domains including bioinformatics, biology, information theory, telecommunication, data compression, data storage and information security have participated. The requirements identified so far are listed in detail in the public document N16323/N97 [3].
[bookmark: _Toc464769272]Objectives of the joint ISO TC 276/WG 5 and ISO/IEC JTC 1/SC 29/WG 11 (MPEG) standardization work
The challenge of providing appropriate compression technology for the problem of efficient genomic data processing requires the know-how of different scientific domains ranging from telecommunications to biotechnology, disciplines belonging to traditionally disjoint scientific communities. This is the reason for which ISO/IEC JTC 1/SC 29/WG11 (MPEG) and ISO/TC 276/WG 5 (together with experts from ISO/TC 276/WG 3) have joined their efforts in the development of a standard employing leading edge technologies belonging to such diverse fields. ISO/IEC JTC 1/SC 29/WG11 is focusing on the technical work, selecting and integrating the most valuable IT technologies submitted as answers to the jointly issued Call for Proposals (CfP) [4] into a single compression solution. ISO/TC 276/WG 5 is contributing to the development and further validation of the standard under development providing feedback on how the new standard satisfies relevant use cases and includes established quality practice and standards for data and biological.
A joint ad-hoc group has been established since February 2016 between ISO/IEC JTC 1/SC 29/WG 11 (MPEG) and ISO/TC 276/WG 5 (Data Processing and Integration) to provide an effective collaboration between the two ISO committee. The ad-hoc group is jointly chaired by members of MPEG and the convenor of ISO/TC 276/WG 5. In addition, mutual attendance of representatives of the two committees at the meetings of the respective collaborating committee helps to coordinate the work.
[bookmark: _Toc464769273]Call for Proposals on Genomic Information Representation
A CfP on Genomic Information Representation has been jointly issued in June 2016 [4] soliciting responses that propose technologies covering at least one of these three topics:
1. The compression of genomic data generated by sequencing processes (FASTA and FASTQ). 
2. The compression of aligned genomic data generated by alignment/mapping tools (BAM).
3. The definition of a data format for a Genomic Information Transport Layer (GITL) that is capable of carrying and integrating in compressed form genomic data and metadata generated during the "genomic information life cycle".

The CfP defined a number of criteria for the evaluation of proposals:
· Compression performance
· Separate assessment of performance for each class of data in the compressed bitstream: Reads headers/identifiers, Sequence Reads, Quality Values and Any other metadata 
· Realistic computational complexity in terms of encoding, decoding time, peak and average memory usage.
· Support of a minimal set of functionalities such as non-sequential access, extended nucleotide alphabets, encoding of additional metadata (extensibility), quasi-lossless compression of metadata (quality values, reads identifiers).
[bookmark: _Toc464769274]Assessment of technology submitted as answers to the CfP
Ten responses reporting twelve technologies have been submitted and evaluated. An initial assessment of the performance of the best solutions for the different categories and data items is provided in the table:
  
	Data type
	Compression factor (approx.)

	Reads identifiers
	10

	Quality Values (Lossless)
	3.7

	Quality Values (Quasi-Lossless)
	12.5 (with less than 3% F-Score degradation)

	Unaligned Reads (Constant and Variable Length)
	25 up to 58 (low to high coverage samples)

	Aligned Reads (Constant Length)
	12

	Aligned Reads (Variable Length)
	8



Further improvements of the technologies under consideration are expected with the first phase of core experiments that has been defined at the 116th MPEG meeting held in Chengdu (China) in October 2016. The core experiments process addresses multiple, independent, directly comparable rigorous experiments to be performed by independent entities to determine the specific merit of each technology and their mutual integration. 
The inclusion of submitted technologies into the standard is based on the experimental comparison of performance, as well as on the validation of requirements and inclusion of essential metadata describing the context of the sequence data, and will be reached by consensus within and across both committees.

[bookmark: _Toc464769275][bookmark: _Toc433317015]Standardization Workplan 

· Draft CfP Issued - San Diego, U.S.A., 18th March 2016
· CfP Issued - Geneva, Switzerland, 3rd June 2016
· CfP Responses: Deadline for Submissions 12th October 2016.
· Technology identification and definition of Core Experiments - Chengdu, China, 21st October, 2016
· General Model 0 and preliminary Working Draft – January 2017
· Committee Draft – October 2017
· Draft International Standard – July 2018
· Final Draft International Standard – January 2019
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