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GATK Variant Calling Pipeline Best Practices. Source: Broad Institute



Needs for genomic data management in the Made of Genes case

Long-term storage of raw data per user (and per sequencing experiment)

• Efficiency / Compression (ratio rather than speed)

• Redundancy / Backups

• Privacy / Encryption

Efficient (real-time) position-based queries to processed data per user

Different roles have different access permissions to the data and may have a time constraint (views)

Flexible metadata description and relationship with no genomic data



Roles and uses of genomic data in the Made of Genes case

Role Raw data Processed data Interpreted data

Actions Affectation Actions Affectation Actions Affectation
Owner Read, Share, 

Purpose-share
Part, All Read, Share,

Purpose-share
Part, All Read All

Analyst Read* Part, All Generates* All

HealthCare
Profesional

Read All

Worker Read* All Generates* All
Researcher Read*,** Part, All Read*,**,

Generates*,**
Part, All Generates*,

**
All

(*) When granted permission by the owner for an specific purpose (and time) and specific experiment

(**) If shared by the owner anonymously or traceably for a given experiment



Use cases examples in the Made of Genes case

1. An individual shares the raw/processed data of specific genomic regions and experiment with an analyst, so that

he/she performs a bioinformatics/downstream genetic analysis.

2. An analyst accesses the raw/processed data of specific genomic regions from a given individual and experiment

3. An analyst shares with a healthcare professional the outcome of a genetic analysis

4. A healthcare professional accesses the genetic analysis of an individual. 

5. An individual shares his raw/processed data with a researcher for a given project. He/she wants to be 

recontacted back if necessary

6. A researcher asks an individual for more experiments to be used in a research study



Computationally inefficient: 

• designed as an ASCII format -> redundant information, bulky

Error-prone metadata:

• Either inexistent as in FASTQ, even GATK Best Practices recommend uBAM instead

• Not straightforward to extract even with “standard” samtools/bamtools:  lot of parsing

Privacy / access permissions not considered

…BUT all the tools are designed on the top of them

Problems with De facto standard genomic formats:
fastq, sam, bam, bed, vcf,…



Computationally efficient:

• Compact, takes advantage of genomic features

• Implements compression

Different types of access: streaming, per position

• Ideally, block-based integrated encryption and compression

Integration with bioinformatic software: critical

• Efficient converters and “tools” 

• Parsing modules for main pieces of software

What a (standard) format for genomic data should be for us



Consider different compression strategies:

• Long-term storage

• Temporal storage (pipeline processing)

Flexible and easy-to access metadata

• Possibility to add and access user-defined fields

Definition and transparent access control based on roles 

• Ideally also being able to define regions inside a file

Further wishes for a (standard) format



Pure genomic storage and processing: we use de facto standard formats

A) Long-term storage of the raw data as chromosome chunked  BAMs 

à would benefit most from a high quality standard, critical the interoperation with current tools

Rest of requirements: usage of external tools

• Data encryption with per owner key using AES256

• Development of a flexible framework to describe any kind of omics data (Genomcore Biomed)

• Informed consents and blockchain to control and track access permissions to the genomic data

Current approach
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