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You should be familiar with...

● NGS File Formats
● Fundamentals of sequence alignment
● Variant calling



Variant Representation

● How a variant is represented varies depending on use case

● Some standard variant representation formats:
○ Variant Call Format (VCF)
○ Human Genome Variation Society (HGVS) Variant Nomenclature
○ National Center for Biotechnology Information (NCBI)

Sequence Position Deletion Insertion (SPDI) specification
○ Global Alliance for Genomics and Health (GA4GH)

Variation Representation Specification (VRS)



Variant Call Format

● Compact representation of many genomic variants over many samples

● Useful for large-scale genomic sequencing projects, such as the 1000 
Genomes Project

● Predominant output format for variant calling in bioinformatics pipelines

● Optimized for short / non-complex variants on a genomic reference



Variant Call Format - Header



Variant Call Format - Columns



Variant Call Format - Columns



Variant Call Format - Info



VCF - Info fields



VCF - Info fields



Variant Call Format - Format and Samples



VCF - Format Fields



VCF - Format Fields



VCF - Format Fields



Variant Call Format - Format and Samples



Variant Call Format - Genotype

Ref (0): A
Alt (1, 2): G, T

NA00001: 1|2 (G phased on haplotype 1, T phased on haplotype 2)
NA00002: 2|1 (T phased on haplotype 1, G phased on haplotype 2)
NA00003: 2/2 (Homozygous T)



Variant Call Format - Genotype

Ref (0): A
Alt (1, 2): G, T



Variant Call Format - Genotype

Ref (0): A
Alt (1, 2): G, T

NA00001: 1|2 (G phased on haplotype 1, T phased on haplotype 2)
NA00002: 2|1 (T phased on haplotype 1, G phased on haplotype 2)
NA00003: 2/2 (Homozygous T)



Questions about VCF?



HGVS Variant nomenclature

● Compact format for human-parsable variant description

● Useful for variant reporting in documents

● Predominant format in biomedical literature and human-readable UIs

● Emphasis on readability and reference sequence design

● Describes variants on any sequence (i.e. genome, transcript, protein)



HGVS Varnomen Resource

Interactive component. Follow along at: http://varnomen.hgvs.org/

http://varnomen.hgvs.org/


Questions about HGVS?



SPDI variant format

● Simple format for sequence variants

● Useful for variant reporting in documents

● Mostly seen in NCBI resources (e.g. ClinVar and dbSNP)

● Emphasis on readability and computation

● Limited scope to simple variants



SPDI Format

Sequence : Position : Deletion : Insertion



SPDI Format

NC_00001.1:12345:0:ATAA

Sequence : Position : Deletion : Insertion



SPDI - Orientation and Indels

Holmes, et al. Bioinformatics. (2020)
doi: 10.1093/bioinformatics/btz856.



Questions about SPDI?



GA4GH Variation Representation Specification

● Computable format for all forms of biomolecular variation

● Useful for association with Real World Evidence

● New format, natively supported in a handful of resources

● Emphasis on computability and value-object design

● Broadest scope; covers variation across multiple coordinate systems



VRS Provides Mechanism for Scalability



The Global Alliance for Genomics and Health

https://www.ga4gh.org/



The GA4GH Working Model

https://www.ga4gh.org/how-we-work/

“GA4GH Driver Projects are real-world genomic 
data initiatives that provide input on the 
standards most needed for the international 
genomics community to share data.”



https://vrs.ga4gh.org

https://vrs.ga4gh.org


Components of VRS



Extensible Information Model (v 1.2 and going)



VRS objects are value objects

VRS objects are intentionally designed to be value objects.

Value objects represent entities whose equality is based on the values of its 
attributes, not an identity1.

1 Value Objects, Wikipedia, https://en.wikipedia.org/wiki/Value_object



Value objects are defined by attributes
GA4GH headquarters address as a 
location identity:

661 University Avenue, Suite 510
Toronto, Ontario
Canada

GA4GH headquarters coordinates as a 
location value object:

Latitude: 43.6595
Longitude: -79.3897

Address is registered by 
city of Toronto

Coordinates are a 
definitional property



VRS provides unique variation identifiers



All of these are the same variant. Or not.

NC_000001.10:g.103471457_103471459delCAT
= NC_000001.10:g.103471486_103471488delTCA
Right shifted per HGVS Nomenclature guidelines (ClinVar Id 93966)

NM_001166478.1:c.30_31insT
= NM_001166478.1:c.35dupT
Normalized and rewritten

NM_080588.2:c.139C>G (rs4073458)
= ENST00000367279:c.139C>G
Has identical CDS and exon structure, including UTR

NP_003768.2:p.(Arg4412Alafs*2)
= NP_003768.2:p.(Arg4412Alafs)
= NP_003768.2:p.(Arg4412AlaTrpTer)
Same protein truncation (rs72658833; + wo/parens and 1-letter forms!)

https://www.ncbi.nlm.nih.gov/projects/sviewer/?id=NM_080588.2&search=NM_080588.2:c.139C%3EG&v=1:100&content=5
https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=4073458
https://www.ncbi.nlm.nih.gov/projects/sviewer/?id=NM_080588.2&search=NM_080588.2:c.139C%3EG&v=1:100&content=5
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Fully-Justified Normalization
Captures Region of Shuffling Ambiguity

Holmes, J.B., Moyer, E., Phan, L., Maglott, D. & Kattman, B. L.
SPDI: Data Model for Variants and Applications at NCBI.
bioRxiv 537449 (2019). doi:10.1101/537449



Design decision: inter-residue coordinates



Design decision: inter-residue coordinates



Design decision: inter-residue coordinates



Design decision: inter-residue coordinates



Design decision: inter-residue coordinates



SPDI - Orientation and Indels

Holmes, et al. Bioinformatics. (2020)
doi: 10.1093/bioinformatics/btz856.
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Fully-Justified Normalization
Captures Region of Shuffling Ambiguity

Holmes, J.B., Moyer, E., Phan, L., Maglott, D. & Kattman, B. L.
SPDI: Data Model for Variants and Applications at NCBI.
bioRxiv 537449 (2019). doi:10.1101/537449



VRS provides unique variation identifiers



Questions about VRS?



VRS Provides Mechanism for Scalability



Somatic Clinical Interpretation Resources



https://civicdb.org

https://civicdb.org/


https://civicdb.org/events/genes/5/summary/variants/12/summary#variant

https://civicdb.org/events/genes/5/summary/variants/12/summary#variant


https://civicdb.org/graphics

https://civicdb.org/graphics


https://oncokb.org/

https://oncokb.org/


https://oncokb.org/gene/BRAF/V600E

https://oncokb.org/gene/BRAF/V600E


https://oncokb.org/gene/BRAF/Oncogenic%20Mutations

https://oncokb.org/gene/BRAF/Oncogenic%20Mutations


https://www.cancergenomeinterpreter.org/biomarkers

https://www.cancergenomeinterpreter.org/biomarkers


https://www.cancergenomeinterpreter.org/biomarkers

https://www.cancergenomeinterpreter.org/biomarkers






https://ckb.jax.org/

https://ckb.jax.org/


https://ckb.jax.org/molecularProfile/showMolecularProfileByVariant?geneVariantId=49

https://ckb.jax.org/molecularProfile/showMolecularProfileByVariant?geneVariantId=49


https://ckb.jax.org/molecularProfile/showMolecularProfileByVariant?geneVariantId=49

https://ckb.jax.org/molecularProfile/showMolecularProfileByVariant?geneVariantId=49


https://ckb.jax.org/molecularProfile/showMolecularProfileByVariant?geneVariantId=49

https://ckb.jax.org/molecularProfile/showMolecularProfileByVariant?geneVariantId=49


Germline and Specialized Interpretation 
Resources



ClinVar

https://www.ncbi.nlm.nih.gov/clinvar/

https://www.ncbi.nlm.nih.gov/clinvar/


FDA-Recognized ClinGen Classifications



Gene Focus: BRCA1 and BRCA2

https://brcaexchange.org/

https://brcaexchange.org/


https://brcaexchange.org/variant/230931

https://brcaexchange.org/variant/230931


Disease Focus: Pediatric Cancers

https://pecan.stjude.cloud

https://pecan.stjude.cloud/


Disease Focus: Pediatric Cancers

https://pecan.stjude.cloud/variant/74

https://pecan.stjude.cloud/variant/74


Licensing
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General Questions


