
Making Discoveries with Kids First Variant Tools

Introduction
The Gabriella Miller Kids First Pediatric Research Program (Kids First) aims at facilitating 
researchers to uncover new insights into the biology of childhood cancer (CC) and 
structural birth defects (SBD), including the discovery of shared genetic pathways between 
these disorders. Kids First has two initiatives, which are whole genome sequencing (WGS) 
of biospecimens from families with CC/SBD, and establishing Kids First Data Resource. Kids 
First Data Resource Center (KFDRC) developed Kids First Data Resource Portal (KFDRP; 
https://portal.kidsfirstdrc.org/), which is a centralized platform to search, view, analyze, 
and identify currently accessible data from both Kids First and collaborative cohorts, 
incorporating omics and phenotypic information of 27 studies and 22,241 participants. 
Recently KFDRC released two new KFDRP components named Variant DataBase (VDB) and 
Variant WorkBench (VWB), enabling users to query, mangle, analyze and visualize germline 
genomic variants. The current study aims at making discoveries with those variant tools.

Methods
Sequencing data, phenotypes and family information from Kids First and collaborative
cohorts were imported into VDB for quick variant lookup (Figure 1), and indexed into VWB
for in-depth analyses with programming languages such as Python, Spark, R, and SQL
enabled by Apache Zeppelin notebooks. In addition to variant calls and phenotypic
information such as Human Phenotype Ontology (HPO) terms and Mondo IDs, we also
loaded into VWB rich external variant annotations from the public domain, such as Cancer
Hotspots, ClinVar, COSMIC, dbNSFP, gnomAD, TOPMed, as well as gene-phenotype links
provided by OMIM, HPO, Orphanet, and the Deciphering Developmental Disorders Project
(Figure 2). Additionally, users can visualize results in multiple chart styles, display local
figures, import custom datasets as temporary query tables, and export analysis results to
local drives.
As an example, we screened fibroblast growth factor receptor (FGFR) genes for deleterious
variants in a Kids First cohort of Kidney and Urinary Tract Defects using a combination of
SQL and PySpark scripts in a Zeppelin Notebook. We joined multiple tables looking for
variants that are both

• falling in genes of symbol beginning with ‘FGFR’, and
• with ‘DamagePredCount’ value in dbNSFP between 19.20 and 20.20.
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Results
Using gene symbol prefix “FGFR” and a stringent 
criterium for number of “damaging” predictions in 
the dbNSFP database, we were able to identify a 
nonsynonymous variant in FGFR3 in a patient within 
the cohort of “Kidney and Urinary Tract Defects” 
(Figure 3). We confirmed that this variant is highly 
deleterious (Figure 4A and 4B), and is absent from 
many public databases for human genomic 
variation, such as gnomAD (Figure 4C1-4C3), 
TOPMed (Figure 4D) and ClinVar (Figure 4E).
We also showed that FGFR3 is well documented in 
human diseases with an involvement of congenital 
genitourinary system problems (Figure 5).
The entire analysis took less than 30 min.

Conclusion and Discussion
We implemented Variant Tools (VDB and VWB) in
the Kids Frist Data Resource Portal using state-of-
the-art big data technologies and with the support
of various analytical tools we identified, within half
an hour, a previously unknown FGFR3 variant in a
patient of kidney and urinary tract defects from the
Kids First program.
Ultra-fast query of big genomic/phenotypic
information with huge amount of data will
accelerate disease related research, and specifically
in the Kids First program a new wave of discoveries
will be achieved with the application of tools like
variant database and workbench.
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Data Release # (Date) # Studies # Participants # Unique Variants # Occurrences

1 (January 21st, 2021) 6 5,053 215,916,345 26,551,906,240

2 (September 24th, 2021) 19 11,577 309,671,410 61,262,521,669

Table 1. Summary of the first two data releases in the Kids First Variant DataBase. 

Figure 1. Screenshot of the Variant DataBase. 

Figure 2. Auto-loaded tables 
in Variant WorkBench. 

Figure 3. Screenshot of 
a PySpark paragraph in 
Zeppelin Notebook for 
variant look up using 
multiple tables in the 
Variant WorkBench. 

Figure 4 (Above). Checking the FGFR3 variant against 
multiple databases, i.e. A) dbNSFP, a database for 
functional prediction and annotation of nonsynonymous 
SNVs; B) consequences, a similar table combining 
sources for functional annotation of coding variants; C1) 
- C3) gnomAD databases; D) TOPMed; and E) ClinVar.
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Figure 5 (Left). Screenshot of PySpark scripts to 
generate a web link to OMIM (upper part) and the 
returned OMIM page (lower part) containing clinical 
synopses for diseases linked to gene FGFR3. Diseases 
without genitourinary involvement and problems in 
other systems are hidden.
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