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You should be familiar with...

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



Wait a minute!

Our schedule didn’t mention Variation Representation. 
Why do we care about that?

Look! Right there!
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Domain-Specific Applications of Genomic Data Standards

High-throughput computing Clinical / biomedical reporting Computer-driven discovery
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Domain-Specific Applications of Genomic Data Standards

High-throughput computing Clinical / biomedical reporting Computer-driven discovery

These different applications play complementary roles in variant interpretation!
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Domain-Specific Applications of Genomic Data Standards

How do we represent sequencing 
instrument data for a sample?

How do we represent all of the 
data across multiple samples?

High-throughput computing



Bioinformatics, Volume 27, Issue 15, 1 August 2011, Pages 2156–2158, https://doi.org/10.1093/bioinformatics/btr330
The content of this slide may be subject to copyright: please see the slide notes for details.

Fig. 1. (a) Example of valid VCF. 

https://doi.org/10.1093/bioinformatics/btr330


Bioinformatics, Volume 27, Issue 15, 1 August 2011, Pages 2156–2158, https://doi.org/10.1093/bioinformatics/btr330
The content of this slide may be subject to copyright: please see the slide notes for details.

Variant Call Format - Header

https://doi.org/10.1093/bioinformatics/btr330


Bioinformatics, Volume 27, Issue 15, 1 August 2011, Pages 2156–2158, https://doi.org/10.1093/bioinformatics/btr330
The content of this slide may be subject to copyright: please see the slide notes for details.

Variant Call Format - Columns

https://doi.org/10.1093/bioinformatics/btr330


Variant Call Format - Columns



Variant Call Format - Info



VCF - Info fields



VCF - Info fields



Bioinformatics, Volume 27, Issue 15, 1 August 2011, Pages 2156–2158, https://doi.org/10.1093/bioinformatics/btr330
The content of this slide may be subject to copyright: please see the slide notes for details.

Variant Call Format - Info Field: END

https://doi.org/10.1093/bioinformatics/btr330


Variant Call Format - Format and Samples



Bioinformatics, Volume 27, Issue 15, 1 August 2011, Pages 2156–2158, https://doi.org/10.1093/bioinformatics/btr330
The content of this slide may be subject to copyright: please see the slide notes for details.

Variant Call Format - Info Field: END

https://doi.org/10.1093/bioinformatics/btr330


VCF - Format Fields



VCF - Format Fields



Bioinformatics, Volume 27, Issue 15, 1 August 2011, Pages 2156–2158, https://doi.org/10.1093/bioinformatics/btr330
The content of this slide may be subject to copyright: please see the slide notes for details.

Variant Call Format - Format Field: GT

https://doi.org/10.1093/bioinformatics/btr330


VCF - Format Fields



Bioinformatics, Volume 27, Issue 15, 1 August 2011, Pages 2156–2158, https://doi.org/10.1093/bioinformatics/btr330
The content of this slide may be subject to copyright: please see the slide notes for details.

Variant Call Format - Format Field: GT

Ref = C
Alt1 = T
Alt2 = CT

Sample 1: C | T
Sample 2: CT / CT

https://doi.org/10.1093/bioinformatics/btr330
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Why is phasing important for variant interpretation?

https://gnomad.broadinstitute.org/news/2021-07-variant-co-occurrence-phasing-information-in-gnomad/

https://gnomad.broadinstitute.org/news/2021-07-variant-co-occurrence-phasing-information-in-gnomad/


Bioinformatics, Volume 27, Issue 15, 1 August 2011, Pages 2156–2158, https://doi.org/10.1093/bioinformatics/btr330
The content of this slide may be subject to copyright: please see the slide notes for details.

Variant Call Format - Format Field: GT

Sample 1:
2 C phased with 5 G
2 T phased with 5 A

https://doi.org/10.1093/bioinformatics/btr330
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Domain-Specific Applications of Genomic Data Standards

How do we represent sequencing 
instrument data for a sample?

How do we represent all of the 
data across multiple samples?

● “Foundational standards”
● Focus on file formats
● Most widespread adoption
● Computational emphasis

High-throughput computing
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Domain-Specific Applications of Genomic Data Standards

How do we compactly describe 
genomic variation in a way that 
humans readily understand it?

How do we encode sufficient 
information to do this accurately?

Clinical / biomedical reporting



Variant Nomenclature



Variant Nomenclature

…in the news!



Genomic Data Cracks Cold Case

Daily Mail, September 6, 2014

https://www.dailymail.co.uk/news/article-2746321/Jack-Ripper-unmasked-How-amateur-sleuth-used-DNA-breakthrough-identify-Britains-notorious-criminal-126-years-string-terrible-murders.html
https://www.dailymail.co.uk/news/article-2746321/Jack-Ripper-unmasked-How-amateur-sleuth-used-DNA-breakthrough-identify-Britains-notorious-criminal-126-years-string-terrible-murders.html


Daily Mail, September 9, 2014

six weeks later…

https://www.dailymail.co.uk/news/article-2746321/Jack-Ripper-unmasked-How-amateur-sleuth-used-DNA-breakthrough-identify-Britains-notorious-criminal-126-years-string-terrible-murders.html
https://www.dailymail.co.uk/news/article-2746321/Jack-Ripper-unmasked-How-amateur-sleuth-used-DNA-breakthrough-identify-Britains-notorious-criminal-126-years-string-terrible-murders.html


Genomic Data Cracks Cold Case… or does it?

The Independent, October 20, 2014

https://www.independent.co.uk/news/science/jack-the-ripper-id-hinges-on-a-decimal-point-as-scientists-flag-up-dna-error-in-book-that-claims-to-identify-the-whitechapel-killer-9804325.html
https://www.independent.co.uk/news/science/jack-the-ripper-id-hinges-on-a-decimal-point-as-scientists-flag-up-dna-error-in-book-that-claims-to-identify-the-whitechapel-killer-9804325.html


The Independent, October 20, 2014

What happened?

Genomic Data Cracks Cold Case… or does it?

https://www.independent.co.uk/news/science/jack-the-ripper-id-hinges-on-a-decimal-point-as-scientists-flag-up-dna-error-in-book-that-claims-to-identify-the-whitechapel-killer-9804325.html
https://www.independent.co.uk/news/science/jack-the-ripper-id-hinges-on-a-decimal-point-as-scientists-flag-up-dna-error-in-book-that-claims-to-identify-the-whitechapel-killer-9804325.html


Methodology

1. DNA sample including killer’s blood includes mitochondrial variation
2. An insertion in the sample not found in large mitochondrial variation database;

a private familial variant!
3. Descendant of suspect Kosminski’s sister also has familial variation
4. Conclusion: must be Kosminski!



There are several shortfalls in the conclusions drawn here.

1. DNA sample including killer’s blood includes mitochondrial variation
2. An insertion in the sample not found in large mitochondrial variation database;

a private familial variant!
3. Descendant of suspect Kosminski’s sister also has familial variation
4. Conclusion: must be Kosminski!

Methodology



1. DNA sample including killer’s blood includes mitochondrial variation
2. An insertion in the sample not found in large mitochondrial variation database;

a private familial variant!
3. Descendant of suspect Kosminski’s sister also has familial variation
4. Conclusion: must be Kosminski!

There are several shortfalls in the conclusions drawn here.
But the key piece of evidence was misidentified!

Methodology



An error of nomenclature!

That private, familial variation: 314.1C

Reported frequency of 314.1C in forensics database: absent

Inserted cytosine

UCSC Genome Browser

https://genome.ucsc.edu/cgi-bin/hgTracks?db=hg38&lastVirtModeType=default&lastVirtModeExtraState=&virtModeType=default&virtMode=0&nonVirtPosition=&position=chrM%3A298%2D327&hgsid=1253125511_l7IcZCfYBTEHPFPxLR6LKslmjIQh


That private, familial variation: 314.1C

Reported frequency of 314.1C in forensics database: absent

Inserted cytosine… somewhere
UCSC Genome Browser

An error of nomenclature!

https://genome.ucsc.edu/cgi-bin/hgTracks?db=hg38&lastVirtModeType=default&lastVirtModeExtraState=&virtModeType=default&virtMode=0&nonVirtPosition=&position=chrM%3A298%2D327&hgsid=1253125511_l7IcZCfYBTEHPFPxLR6LKslmjIQh


ISFG Mitochondrial Variant Nomenclature (ca. 2000)

DNA Commission of the International Society for Forensic 
Genetics: guidelines for mitochondrial DNA typing. Forensic 
Science International. (2000)



DNA Commission of the International Society for Forensic 
Genetics: guidelines for mitochondrial DNA typing. Forensic 
Science International. (2000)

ISFG Mitochondrial Variant Nomenclature (ca. 2000)



DNA Commission of the International Society for Forensic 
Genetics: guidelines for mitochondrial DNA typing. Forensic 
Science International. (2000)

ISFG Mitochondrial Variant Nomenclature (ca. 2000)



The (Nomenclature) Culprit

That private, familial variation: 315.1C

Reported frequency of 314.1C in forensics database: absent
Reported frequency of 315.1C: >99% among European Descent

Inserted cytosine

UCSC Genome Browser

https://genome.ucsc.edu/cgi-bin/hgTracks?db=hg38&lastVirtModeType=default&lastVirtModeExtraState=&virtModeType=default&virtMode=0&nonVirtPosition=&position=chrM%3A298%2D327&hgsid=1253125511_l7IcZCfYBTEHPFPxLR6LKslmjIQh


The (Nomenclature) Culprit

That private, familial variation: 315.1C

Reported frequency of 314.1C in forensics database: absent
Reported frequency of 315.1C: >99% among European Descent

Inserted cytosine

UCSC Genome Browser

This type of error is an example consequence of the
Variant Overprecision problem (we will get back to this)

https://genome.ucsc.edu/cgi-bin/hgTracks?db=hg38&lastVirtModeType=default&lastVirtModeExtraState=&virtModeType=default&virtMode=0&nonVirtPosition=&position=chrM%3A298%2D327&hgsid=1253125511_l7IcZCfYBTEHPFPxLR6LKslmjIQh


@handlerwagne
r

go.osu.edu/wagner-review 43

hgvs.org landing page

https://twitter.com/HandlerWagner
https://www.hgvs.org/


@handlerwagne
r

go.osu.edu/wagner-review

HGVS Variant Nomenclature
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https://twitter.com/HandlerWagner


@handlerwagne
r

go.osu.edu/wagner-review

https://varnomen.hgvs.org/

https://twitter.com/HandlerWagner
https://varnomen.hgvs.org/


ClinVar

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

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


ClinVar

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

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


FDA-Recognized ClinGen Classifications



@handlerwagne
r

go.osu.edu/wagner-review

The following is a list of all names submitted to ClinVar for a single 
variant:

Source: Maglott, D. “The Variant Rosetta Stone [Powerpoint slides]” NCBI, 08 May 2015.
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https://twitter.com/HandlerWagner
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r

go.osu.edu/wagner-review

Variant De-duplication Problem
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Singular Concept Multiple human names

NC_000006.11:g.7585967_7585978del
NC_000006.11:g.7585967_7585978delGTCCCGCTCCGG
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NM_004415.2:c.8472_8483del
NM_004415.2:c.8472_8483delGTCCCGCTCCGG

LRG_423t1:c.8472_8483del
CCDS4501.1:c.8472_8483del

ENST00000379802.3:c.8472_8483delGTCCCGCTCCGG

NP_004406.2:p.Ser2843_Arg2846del
LRG_423p1:p.Ser2843_Arg2846del
P15924:p.Ser2843_Arg2846del
ENSP00000369129.3:p.Ser2843_Arg2846del

NC_000006.12:g.7585734_7585745delGTCCCGCTCCGG
NC_000006.12:g.7585734_7585745del

https://twitter.com/HandlerWagner


@handlerwagne
r

go.osu.edu/wagner-review

Single concept, multiple non-overlapping representations

51

Wagner AH, et al. Nat Genet. 2020

https://twitter.com/HandlerWagner


@handlerwagne
r

go.osu.edu/wagner-review

Single concept, multiple non-overlapping representations
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Wagner AH, et al. Nat Genet. 2020

This is another instance of the Variant Overprecision problem, a key 
challenge for interoperability between standards.

https://twitter.com/HandlerWagner


@handlerwagne
r
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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

Slide prepared by Reece Hart

https://twitter.com/HandlerWagner


Bioinformatics, Volume 36, Issue 6, 15 March 2020, Pages 1902–1907, https://doi.org/10.1093/bioinformatics/btz856
The content of this slide may be subject to copyright: please see the slide notes for details.

Fig. 1. For rs756655831, a representation of the alignments between various sequences, and the resulting SPDIs.

The NCBI Sequence Position Deletion Insertion (SPDI) format

https://doi.org/10.1093/bioinformatics/btz856
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go.osu.edu/wagner-review

The SPDI Canonical Allele

Holmes JB, et al. Bioinformatics 2019

https://twitter.com/HandlerWagner
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HGVS and the SPDI Canonical Allele in ClinVar

https://twitter.com/HandlerWagner


@handlerwagne
r

go.osu.edu/wagner-review

Coordinate Systems: Residue Coordinates
What is the meaning of coordinates Sequence:6-7?

Wagner AH, et al. Cell Genomics. 2021

https://twitter.com/HandlerWagner
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r

go.osu.edu/wagner-review

Coordinate Systems: Inter-residue Coordinates
How can coordinate concepts be described unambiguously? (SPDI, VRS)

Sequence:6-6

Sequence:5-7

Wagner AH, et al. Cell Genomics. 2021

https://twitter.com/HandlerWagner
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go.osu.edu/wagner-review

ClinGen Allele Registry

59

Figures from Pawliczek P, et al. Hum. Mut. 2018

https://twitter.com/HandlerWagner
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r

go.osu.edu/wagner-review

https://twitter.com/HandlerWagner


@handlerwagne
r
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Domain-Specific Applications of Genomic Data Standards

How do we compactly describe 
genomic variation in a way that 
humans readily understand it?

How do we encode sufficient 
information to do this accurately?

● “Nomenclature standards”
● Focus on text representation
● Many community-specific 

standards
● Readability emphasis

Clinical / biomedical reporting

https://twitter.com/HandlerWagner


@handlerwagne
r
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Domain-Specific Applications of Genomic Data Standards

How do we unambiguously and 
computationally define genomic 
data concepts for AI-readiness?

How do we unify diverse 
variation concepts and embed 
them in complex computable 
documents?

Computer-driven discovery

https://twitter.com/HandlerWagner


ga4gh.org

Human Evaluation Creates Bottleneck

Clinical Reports
& Studies

Knowledgebases

Annotated with
HGVS / ISCN / other

Human-interpreted
resources

Final results reported in
HGVS / ISCN / other

Others

2
3

4

ClinVar
CIViC

Data Generation

Preliminary
Variation Report

VCF / MAF / BED
Caller-specific CSV/TSV 1



ga4gh.org



ga4gh.org



ga4gh.org

https://vrs.ga4gh.org

https://vrs.ga4gh.org


ga4gh.org

Computable Standards to Alleviate Bottleneck

Data Generation

Preliminary
Variation Report

VCF / MAF / BED
Caller-specific CSV/TSV 1

4

Knowledgebases

OthersClinVar
CIViC

VRS

Report / Study
Database

Documents

2 Translated
to machine

semantics (VRS)

Machine-interpreted
resources3

4

Results
databased
with VRS

5

Human-readable
report export in

HGVS / ISCN / Other

Validate

6 Clinical Reports
& Studies



ga4gh.org

Converting Value Objects into Identifiers

Wagner AH, et al. Cell Genomics. 2021



Questions?



Practical: Be the Curator!



Bonus Content



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


https://docs.civicdb.org/en/latest/about/figures.html

https://docs.civicdb.org/en/latest/about/figures.html


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://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



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

Attribution Only Non-commercial 
and Share-Alike

Non-commercial / 
Research Only

Custom Licensing

Cancer Biomarkers 
Database

More 
Permissive

Less 
Permissive

Paid-Access Only



General Questions


