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Single Ventricle SOURCE – Sequencing and Genomic Data Processing  
 
1. Data Preparation and Sequencing.  Whole-genome sequencing for SOURCE participants is performed 
by Gene by Gene using the Complete Genomics T7+ platform with DNBSEQ™ chemistry. Libraries are 
prepared using the Twist EF 2.0 Kit and sequenced as 2×150 bp paired-end reads, targeting 30× mean 
coverage and ≥90% of bases covered at ≥15×. Following sequencing, paired FASTQ files are securely 
transferred from Gene by Gene to Gencove via AWS S3 for downstream genomic processing.  

 
Sequencing Platform: Complete Genomics T7+ 
Sequencing chemistry: DNBSEQ™  
Library preparation: Twist EF 2.0 Kit 
Read configuration: 2×150 bp paired-end 
Target depth: 30× mean coverage 
Coverage target: ≥90% of bases at ≥15× 
 

Library Preparation 
Genomic DNA is extracted using a magnetic bead-based method and prepared for sequencing using the 
Twist EF 2.0 Kit. Library preparation includes fragmentation, end repair and A-tailing, adapter ligation, 
PCR amplification, and circularization to support DNA nanoball generation for DNBSEQ sequencing. 
 
Library Quality Control 
Quality-control checks are performed throughout library preparation and sequencing to assess sample 
suitability and sequencing performance. Gene by Gene applies the following current QC thresholds for 
its WGS 30× workflow. The minimum DNA input for the WGS 30× workflow is 20ng. 

 
QC measure Threshold / interpretation 

Library preparation >10 ng/µL passes; <10 ng/µL fails 

Human genome mapping >90% mapped passes; <90% mapped fails 

Mean coverage — Pass >29× 
Mean coverage — Warning 27×–28× 

Mean coverage — Fail <27×; sample may be re-queued or a new collection requested 

 
 
2. Genomic Data Processing.  Once FASTQ files are uploaded, Gencove assigns them to the appropriate 
project, automatically triggering the analysis pipeline. The Gencove analysis pipeline is Human WGS 
GRCh38 v2.0. The pipeline performs automated quality control, alignment to the GRCh38 human 
reference genome, sample-level small-variant calling, generation of BAM, VCF, and gVCF deliverables, 
coverage and QC analyses, and ancestry estimation. 
 
Cohort-Level Joint Calling 
Ahead of each reSOURCE data release, samples included in the frozen release cohort undergo additional 
release-level quality review and cohort-level joint calling to generate a release-specific joint-called VCF. 
Per-sample gVCFs are used as input for cohort-level joint genotyping, and joint calling is rerun for each 
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reSOURCE release. Joint genotyping is performed using Sentieon, with no additional filtering applied to 
the joint-called VCF.  
 
Joint-called VCFs are generated for chromosomes 1–22, X, Y, and mitochondrial DNA (M). 
 
Ancestry Estimation 
Gencove estimates global genetic ancestry directly from sequence reads using a proprietary supervised 
adaptation of the admixture model described by Pritchard et al. (2000). Using a reference panel of 
individuals with known population ancestry and each participant’s sequence reads, the method 
estimates ancestry proportions relative to the reference populations. 
 
 
3. Quality Control.  Following sequencing and transfer to Gencove, the Human WGS GRCh38 v2.0 
pipeline performs additional automated quality control checks to assess FASTQ integrity, sequencing 
data volume, and contamination before downstream genomic analyses. Samples that do not meet 
required QC criteria are reviewed and may undergo resequencing or additional sample processing 
before inclusion in a reSOURCE data release. Current QC measures include: 
 

QC measure Current assessment / threshold 
FASTQ integrity Input FASTQ format validation using fqtools to assess whether files are 

properly formatted and not corrupted or truncated 

Minimum bases 
sequenced 

32,000,000,000 

Maximum bases 
sequenced 

200,000,000,000 

Maximum 
contamination 

6.0% 

Coverage evenness Mean E >0.75 passes 

 
 
4. Alignment, Variant Calling, and Filtering.  Sequencing reads are aligned to the GRCh38 human 
reference genome, and variant calling is performed to identify single-nucleotide variants (SNPs) and 
small insertions/deletions (indels).  
 
Gencove’s Human WGS GRCh38 v2.0 pipeline currently incorporates established genomic analysis tools 
including the following. Specific software versions are maintained within the Gencove pipeline 
documentation and may evolve as the pipeline is updated. 

- Sentieon  
- BBMap  
- Bedtools  
- BWA  
- Seqtk  
- Samtools  

 
Variant Filtering 
Both filtered and unfiltered sample-level VCFs are generated. The unfiltered VCF contains all variants 
identified by the variant-calling pipeline, while the filtered VCF applies bcftools-based quality filters to 
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flag lower-quality SNP and indel calls. Filtered and unfiltered VCFs are both retained as reSOURCE 
genomic deliverables, allowing researchers to work with either the complete set of called variants or 
variants annotated with these quality filters. 
 

Indels are flagged as low quality when any of the following criteria are met: 
- QD < 2.0  
- FS > 200.0  
- ReadPosRankSum < -20.0  
- SOR > 10.0  

SNPs are flagged as low quality when any of the following criteria are met: 
- QD < 2.0  
- FS > 60.0  
- MQ < 40.0  
- MQRankSum < -12.5  
- ReadPosRankSum < -8.0  
 

 
5. Available Genomic Deliverables.  Approved reSOURCE researchers can access genomic data through 
Gencove Explorer and supported Gencove data-access tools. 
 
Sample-Level Genomic Deliverables 
 

Data product Description 

FASTQ (R1 and R2) Paired-end raw sequencing reads 

BAM + index Whole-genome sequencing reads aligned to the GRCh38 reference genome 
Unfiltered VCF + index Sample-level variant calls prior to quality filtering 

Filtered VCF + index Sample-level variant calls with SNP- and indel-specific quality filters applied 

gVCF + index Genomic VCF containing information on variant and non-variant regions 

Coverage / evenness 
metrics 

Summary metrics describing genome-wide sequencing coverage and 
coverage evenness, including the sample-level Mean E metric 

QC data Sample-level sequencing and quality-control metrics 

Ancestry outputs Sample-level global ancestry estimates and supporting outputs generated 
directly from sequence reads 

Sample metadata Sequencing- and sample-level metadata 

 
Cohort-Level Release Deliverables 
In addition to sample-level genomic outputs, reSOURCE releases may include cohort-level genomic 
products generated following cohort finalization: 
 

Data product Description 

Joint-called cohort 
VCF 

Cohort-level variant calls generated by joint genotyping of per-sample gVCFs 
using Sentieon across participants included in each reSOURCE release 

Variant annotation 
files 

Coding and noncoding variant scores and functional annotations generated 
across relevant biological models, with prioritization outputs to support 
variant interpretation 
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6. Data Release Quality Review.  Before inclusion in a reSOURCE cohort release, samples and 
participant records undergo additional release-level quality review beyond the automated sequencing 
pipeline. These checks are performed upstream so that the released dataset represents a verified, 
analysis-ready cohort. Following this review, the release cohort is frozen, and downstream release 
summaries and analyses are generated from that verified subset. Release-level review includes: 
 

- Sample identity reconciliation, including resolution of duplicate or repeated samples and 
distinction of confirmed monozygotic twin relationships from technical duplicates.  

- Genetic sex concordance review, comparing genetically inferred sex with reported sex at birth 
and resolving discrepancies prior to release.  

- Coverage-evenness review, confirming that samples meet release-level expectations for 
genome-wide coverage uniformity. Coverage evenness is assessed using the sample-level Mean 
E metric generated by Gencove. Samples with Mean E >0.75 pass the release-level coverage 
evenness criterion; samples with Mean E ≤0.75 are flagged for additional review before release. 

- Genetic relatedness review, using KING-based kinship and identity-by-descent (IBD) metrics to 
evaluate expected family relationships and identify unexpected or ambiguous relationships. 
Parent-offspring and sibling relationships are evaluated using patterns of IBD1 and IBD2 sharing 
in addition to kinship estimates. Samples with discordant or ambiguous relatedness results are 
flagged for further review before release. 

- Pedigree and family structure adjudication, including reconciliation of genetically inferred 
relationships with reported family relationships, parent–offspring directionality, complete and 
partial family structures, and review of biologically implausible or unresolved relationship 
assignments.  

- Cohort eligibility and completeness review, confirming that each participant included in the 
release is either an affected single ventricle proband or a first-degree biological relative of an 
affected single ventricle proband; that reported family relationships are consistent with available 
genetic relatedness data; and that required participant-level data are available or any permitted 
exceptions are documented.  

- Clinical data completeness review, including assessment of required EMR-derived phenotype 
data for single ventricle participants and identification of participants released under 
documented exceptions.  

- Ancestry data completeness review, confirming availability of ancestry outputs for released 
genomic samples.  
 

 
7. References and Technical Documentation 
 

Gencove Docs  
Gencove Explorer Docs  
Gencove API Docs  
Gencove Resource Hub  

 

https://docs.gencove.com/base/getting-started/
https://docs.gencove.com/explorer/introduction/
https://docs.gencove.com/base/api-reference/
https://resources.gencove.com/hc/en-us

