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jzook/genome-data-integration/tree/master/StructuralVariants/NISTv0.6.). For each genetic disease selected for inclusion in Genome-to-
Treatment, we indexed the full text of all MEDLINE/PubMed referencesthat mentioned a drug, device, diet or surgery used to treat the 
disease using three artificial-intelligence based search engines(Mastermind, Genomenon; Rancho Biosciences, Epam Systems). Resultant, 
manually curated datasetsand linksto the information resource were integrated into acustom Research Electronic DataCapture (REDCap, 
Vanderbilt University, https://redcap.radygenomiclab.com/redcap_v10.6.3/ProjectSetup/ index.php?pid=62) survey for expert review. 
Following review, the retained interventionsand qualifyingstatementswere incorporated into the GTRx information resource (http:// 
gtrx.rbsapp.net).

All data associated with thisstudy are present in the paper, Supplementary Materials, or are available at the Longitudinal Pediatric Data Resource under amaterial 
transfer agreement or data use agreement, asappropriate, and subject to the limitationsof the informed consent documents for each subject (Accession Number 
nbs000003.v1.p, https:/ /www.nbstrn.org/research-tools/longitudinal-pediatric-data-resource). The GTRx interface isavailable asa research use only version here 
http://gtrx.rbsapp.net/. InterVar isavailable at Github (https://github.com/WGLab/InterVar). CLIXEnrich isavailable from CliniThink (info@clinithink.com). Moon is 
available from Diploid (info@diploid.com). The DRAGEN Platform and the Illumina TruSight Software Suite are available from Illumina (Shyamal Mehtalia, 
smehtalia@illumina.com, www.illumina.com). OPALand GEMSare available from Fabric Genomics(info@fabricgenomics.com). The RCIGM portal, Axolotl pipeline 
and REDCap instance are available from Christian Hansen (chansen@rchsd.org). The KNIMEpipeline isavailable from Sebastien Lefebvre 
(sebastien.lefebvre@alexion.com).

The implementation science study design wasadaptive and iterative. We have previously published increasingly rapid and automated 
diagnostic whole genome sequencing methods in 2012, 2016 and 2019 (referenced in the manuscript). These studies informed sample size to 
demonstrate analytic performance and diagnostic performance of these new methods. We also determined sample size in accordance with 
typical validation experimentsfor new stepsor methods in diagnostic testsdeveloped according to the Clinical Laboratory Improvement 
AmendmentsAct (CLIA) and guidelinesof the American College of Medical Genetics (AMCG), College of American Pathologists(CAP) and the 
Statesof New York and California.

We have established diagnostic quality standardsfor acceptance of whole genome sequencing runs, lanes, reads, variantsand other metadata 
in accordance with the Clinical Laboratory Improvement AmendmentsAct (CLIA) and guidelinesof the American College of Medical Genetics 
(AMCG), College of American Pathologists(CAP) and the Statesof New York and California. These standardsguided reportingof dataherein. 
For example, runs, lanes, and sequence readsthat failed to passquality metricswere excluded. We have reported the proportion of reads 
passing those filters(%Readswith Quality Score >30, Error rate (%), %ReadsMapped, %Duplicate Reads) in Table 1. The reported data 
represent all of the final results from methodsat the end of 18 monthsof development. We have not reported data from the methods 
development phase.

All sampleswere tested at least once by both the novel methods & standard, CLIA-accredited diagnostic methods. Where availa
ble, we used National Institute of Standards & Technology reference samples & "gold standard" reference data to compare  
performance of novel methods with standard methods. All replications were successful. 

Randomization wasnot appropriate for thisquality improvement study. All sampleswere tested both the the novel methods, described 
herein, and standard, previously published methods, and resultswere compared. 

Blinding wasnot appropriate for thisquality improvement study. For retrospective and prospective case analysiswe wished to determine 
whether automated methodsrecapitulated manually ascertained diagnoses. The operator (laboratory director) needed to review both data 
sets. For retrospective cases, comparison of novel methodsalwaysfollowed manual, standard methods. For prospective cases, comparison of 
standard methodsalwaysfollowed novel methods. 

For manuscriptsutilizing custom algorithmsor software that are central to the research but not yet described in published literature, software must be made available to editorsand
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelinesfor submitting code & software for further information.
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Indications for rapid diagnostic genome sequencing were age 018 years, male or female, any race/ethnicity,   
who were critically ill, receiving care in regional intensive care units, and with diseases of unknown 
etiology, and in whom a single locus genetic disease with an effective treatment was on the differential diagnosis. 
The 4 retrospective blood samples were from such patients, and had received standard rapid genome sequencing  
previously that had diagnosed a genetic disease that we sought to recapitulate with faster turnaround time using   
the novel methods, and 3 prospective patients, who received standard tests and novel methods in parallel. This st
udy was performed as a quality improvement and received an IRB waiver as human subjects research. 

Retrospective sampleswere selected on the basisof availability of remainingblood samplesfrom newborns, infantsand 
children (male or female, of any race or ethnicity), who were critically ill and receivingcare in regional intensive care units, 
who had diseasesof unknown etiology, had received adiagnosisof asingle locusgenetic disease with an effective treatment, 
by standard, diagnostic whole genome sequencingmethods. Prospective sampleswere selected on the basisof being from 
newborns, infantsand children (male or female, of any race or ethnicity), who were critically ill and receivingcare in regional 
intensive care units, who had diseasesof unknown etiology, and in whom there wasthe likelihood of havingasingle locus 
genetic disease with an effective treatment and in whom a delay in instituting that treatment was likely to result in additional 
morbidity or risk of mortality. Prospective samplesalso had to be of sufficient volume to permit standard diagnostic testing 
and the prototypic methods. 

Testingof reference samples, retrospective blood samplesand prospective blood sampleswasperformed asa quality 
improvement project in accordance with standardsfor laboratory developed testsestablished by the Clinical Laboratory 
Improvement AmendmentsAct (CLIA) and guidelinesof the American College of Medical Genetics(AMCG), College of 
American Pathologists(CAP) and the Statesof New York and California. Testingwasperformed under the oversight of the 
patient safety and regulatory compliance bodiesof Rady Children'sHospital, San Diego. These methodshad previously been 
reviewed by the Food and DrugAdministration in a presubmission enquiry for an investigational device exemption and had 
been determined to be non-significant risk. In particular, in each of the prospective cases, the medical director of Rady 
Children's Institute for Genomic Medicine, made aconsidered determination that the benefitsof accelerated diagnosisof a 
treatable, rapidly progressive genetic disease outweighed the risk of potential patient privacy. Standard, diagnostic, CLIA/ 
CAP-compliant, ultra-rapid whole genome sequencingwasperformed asquickly aspossible in parallel. Questionnaireswere 
administered to physiciansrelated to the Genome-to-Treatment web resource under a research protocol approved by the 
Institutional Review Board of Rady Children'sHospital / University of California - San Diego. 

Thismanuscript describesdevelopment of methodsfor diagnosisand acute management of children with suspected single locus 
genetic diseasesfor which effective treatmentswere available. The clinical dataand clinical study component of thismanuscript was 
performed asan implementation science, quality improvement study. It involved retrospective comparison of diagnostic results 
obtained with standard established methods(diagnostic whole genome sequencingasa CLIA/CAPcompliant laboratory developed 
test) with novel, prototypicmethodsby retesting four blood samples. Secondly, it involved comparison of diagnostic resultsobtained 
with standard established methods(diagnostic whole genome sequencingasa CLIA/CAPcompliant laboratory developed test) with 
novel, prototypic methodsby parallel testingof three blood samples. The ICMJEguidelineswith regard to clinical trial registration 
and CONSORTchecklists relate to clinical research and not to quality improvement studies. The manuscript conformsto SQUIRE2.0
guidelines(SQUIRE-EDU(Standards for QUality Improvement ReportingExcellence in Education): Publication Guidelinesfor
Educational Improvement. Ogrinc G, Armstrong GE, Dolansky MA, Singh MK, DaviesL. Acad Med. 2019 Oct;94(10):1461-1470).

The manuscript containsall of the detailsof the adaptive, iterative methodsdevelopment and their prototypic use in an 
implementation science, quality improvement study.

Clinical datawascollected at Rady Children's Institute for Genomic Medicine and Rady Children'sHospital, San Diego between
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