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Supplementary Fig. 1: A complete map of Isabl DB relational model and fields. Each endpoint in Isabl API includes filters that can traverse these relationships.
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Supplementary Fig. 2: A user friendly identifier to represent individuals, samples, and experiments. a The Isabl ID implementation aims to provide a representation of the data generation process while providing a glimpse on key metadata attributes, such as the individual species, the sample category, and the technique used to generate the experimental data. b The first component of the identifier is a customisable instance ID, it is used to differentiate identifiers generated by different Isabl instances potentially running in the same institute. c Metadata modifiers are embedded in the ID and can be extended. For example, H100_T01_02_WG01 identifies the first whole genome experiment generated from the second aliquot (i.e. biological replicate) of patient 100’s first tumor sample. The counters (i.e. T01, WG02, etc.) are automatically added and reflect prior samples registration as well as key metadata characteristics. d Some fields are expected to be unique together across all instances within the infrastructure (see https://docs.djangoproject.com/en/2.1/ref/models/options/#unique-together). For example, two individuals coming from the same center and having the same species and identifier, are considered as the same individual. These constraints prevent duplicates and enable system wide associations between individuals, samples, aliquots, and experiments (i.e. across projects).
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Supplementary Fig. 3: Isabl applications standardize the deployment of tools and pipelines given available experimental metadata. Application results are stored as analyses. The analysis panel informs about the application version, current status, run time, and storage usage. Additionally, users can directly access a list of selected results with support for multiple formats. The uniqueness of an analysis is determined by the list of target and reference experiments used (e.g. tumor-normal pairs). Applications can compute on previously generated results, these are also linked and displayed in the analysis panel. Linked analyses and experiments are displayed using dynamic tables, interactive data frames directly wired to Isabl API with support for searching, sorting, and column-specific filtering. Detail views are retrieved by clicking on any linked identifier within these tables. Dynamic tables are used throughout the entire web application.
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Supplementary Fig. 4: The project panel offers direct access to all assets related to a given study, from individuals, samples, experiments, analyses, metadata batch submissions, and metadata, all available in one place. Stakeholders, particularly the principal investigator, project owner (e.g. postdoc), an analyst, and if required, a project manager or coordinator, are displayed. Isabl projects can be integrated with JIRA (http://jira.com), a tasks management tool popular across software development and data science teams.
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Supplementary Fig. 5: Isabl is an individual-centric infrastructure. a Isabl's samples panel provides a birds-eye view of all available assets for a given individual. The top card provides key highlights of relevant metadata for the currently selected instance. For example, the figure illustrates the detail view of a Whole Genome Sequencing experiment conducted on the second tumor of a patient. The GRCh37 BAM button gives users the ability to access aligned data in real time using IGV.js (https://github.com/igvteam/igv.js). Custom highlights can be added, for example here we display the last date when metadata was synced from a clinical database (REDCap). The samples card, or Tree View, enables navigation across all instances generated on a given individual. b Several tabs are provided with dynamic tables with access to linked analyses, projects, samples and experiments, as well as a full list of all metadata attributes available in Isabl DB.
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Supplementary Fig. 6: Isabl Web includes interactive dashboards to explore metadata and access results. a The samples dashboard describes individuals by age and gender, samples by category and disease, and experiments by data linkage, analyte, sequencing method, and technique name. b The analysis dashboard allows filtering across status, applications, created and execution dates, and distributions of runtime and storage usage.
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Supplementary Fig. 7: Isabl CLI supports automated data import from data deposition directories. To do so, the client explores these directories recursively matching digital assets (e.g. genomic, imaging) with identifiers registered in the database. For example, given a directory (a Source Data), the client can be instructed to explore the non-Isabl /projects directory, retrieving only samples from Project 393, and match files using Sample Identifiers (b Import Operation). Upon commit, Isabl CLI proceeds to move (or symlink) matched files into scalable directory structures (c Import Results). The experiment's data path is created by hashing the four last digits of its primary key. For instance, data for Experiment 57395 will be stored at {data-directory}/experiments/73/95/57395/. This hashing approach is also used to store analyses outputs and ensures a maximum of 1000 subdirectories in any folder at a worst case scenario of 10 million instances.
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Supplementary Fig. 8: Isabl applications are configured using python classes, inheriting from an abstract application which already solves most of the heavy lifting. Developers have to implement a set of methods and attributes in order to wrap data processing pipelines and tools into an application. Note that the ultimate objective is to build and validate commands given metadata stored in Isabl DB that will be deployed to a computing environment (e.g. HPC, Cloud, Local). The example in the figure presents a hello world application that simply echoes some attributes of the experiment linked to the analysis (i.e. the sample identifier and associated raw data). By setting cli_options (i.e. command line options), Isabl facilitates the execution of this command across any experiment in the database, storing results in their own analysis output directory. A full guide on writing Isabl applications can be found at https://docs.isabl.io/writing-applications. 
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Supplementary Fig. 9: Isabl is built for automation and autonomy. a Users can define signals (i.e. events) —python functions that will be executed upon data import or analyses status change. These signals encode logic for operational automations, such as alignment, quality control, dependency graphs, and any other required action. Beyond signals, Isabl applications can produce auto-merge analyses at a project and individual level. For example, users may want to merge variants whenever new results are available for a given project, or update quality control reports when a new sample is added to an individual. b An example of a project-level quality control report generated using MultiQC (http://multiqc.info) after merging independently generated metrics for each experiment in the project, rendered in Isabl Web.
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Supplementary Fig. 10: a Cookiecutter Toil (https://github.com/papaemmelab/cookiecutter-toil) is a templating utility that creates tools with built-in software development best practices: 1. a version-controlled Toil pipeline template with 100% test coverage (click is supported for simpler tools; http://click.pocoo.org); 2. a base Docker configuration with Singularity usage documentation; 3. a cloud testing configuration that guarantees correct containerization and coding standards; and 4. automated deployment to the python package index and Docker Hub (https://hub.docker.com) upon new github releases. Cookiecutter Toil pipelines include extensive contributing guidelines and a code of conduct (https://www.contributor-covenant.org). An example of a project generated with the latest version of Cookiecutter Toil is available at https://github.com/papaemmelab/toil_example. b Toil Container enables Toil class-based pipelines, i.e. Direct Acyclic Graphs (DAGs; https://github.com/DataBiosphere/toil), to perform containerized system calls with both Docker and Singularity without source code changes. Toil Container pipelines can be executed in single-machine mode inside the container, which is simple but limited in computational resources. c Alternatively, pipelines can be installed within HPC environments to achieve massive parallelization across multiple computing nodes. In this way, the execution graph is deployed by Toil in batch-system mode, while each job performs containerized system calls. c An example of best-practice badges that will be included in repositories initialized with Cookiecutter Toil (https://github.com/badges/shields).
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Supplementary Video 1: More than 60 users generating meta(data) across projects showcases the complexity of information governance and provenance. The tree-like graph generated in the video has 4 levels: (1) group (i.e. department) to which a given project belongs to; (2) project identifier; (3) center from which the individual was referred from; (4) individual gender; and (5) one node per experiment generated on each individual.
[bookmark: _vd2eanf4fji7]Supplementary Notes 1: Platforms Comparison
The following five sections highlight differences in design paradigms between Isabl and the frameworks listed in Table 1.
[bookmark: _9x6wie4rnxxc]Metadata capabilities
All platforms are built with relational databases. Isabl and SeqWare include a RESTful API, and only Isabl provides a searchable single-page swagger documentation. Isabl and SeqWare offer the most mechanisms for metadata ingestion and integration with web forms, excel batch submissions, CLI methods, and RESTful API operations. Isabl, GMS, and SeqWare all share an individual-centric relational model with support for individuals, samples, and experiments. In contrast, QuickNGS and HTS-flow follow a denormalized approach for experiments annotation.
[bookmark: _cgweugv19dfn]Assets management
Isabl provides automated import logic of experimental data into a scalable directory structure limited to the CLI. SeqWare has web and CLI data import mechanisms with AWS support. QuickNGS relies on manually created symbolic links, while HTS-flow features LIMS integration and supports external data. Data can be imported into the GMS on a one by one basis using the CLI. Additionally, Isabl and GMS have built-in protocols to import and database auxiliary reference data into the system.
[bookmark: _wpp0qurgpvz]Data processing
Isabl is agnostic to pipeline implementation, compute environments, and importantly does not dictate workflow management specifications. Conversely, other platforms require adherence to specific workflow management systems and pipeline development paradigms1–3. While Isabl does not come with pre-built tools, we have developed and deployed a framework for end-users to easily incorporate and share applications. This design makes Isabl lightweight while providing end-users complete autonomy with regard to their operational workflows, implementation of analysis tools, and choice of compute infrastructure.
[bookmark: _stwe2yf1v63c]Results and metadata accessibility
Both Isabl and GMS offer comprehensive Software Development Kits (SDKs). QuickNGS limits data provisioning to web downloads, while the rest of the platforms also provide CLI tools and direct file system access. Although having a web portal for status monitoring, results retrieval, and metadata management is common across the systems, only Isabl offers a SPA.
[bookmark: _qaza7pepmphh]Codebase status and availability
Isabl is available on an academic licence in a plug-and-play and light-weight configuration powered by Docker Compose and the Python Package Index (PyPi), and has extensive online documentation which is version controlled. To showcase this functionality we developed “10 Minutes to Isabl” (https://docs.isabl.io/quick-start), a tutorial that guides end-users with a personal computer through platform installation, project registration, data import, application execution, and results retrieval. Other platforms, however, come with pre-built applications1,2,4 and pre-installed external software2,4 resulting in heavy installation bundles and virtual machines.
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hello_world/apps.py

from isabl_cli import AbstractApplication
from isabl_cli import options

class HelloWorldApp(AbstractApplication):

NAME = "HELLO WORLD"
VERSION = "1.0.0"
cli_options = [options.TARGETS]

def get_command(self, analysis):
experiment = analysis.targets[o]
return fecho {experiment.sample.identifier} {experiment.raw_data} "
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