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You should be familiar with...

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



Wait a minute!

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

Look! Right there!

6:00pm - 7:00pm: DINNER
7:00pm - 8:00pm: “Variant interpretation” lecture (Alex Wagner)
8:00pm - 9:00pm: Variant interpretation lab (Alex Wagner)



Domain-Specific Applications of Genomic Data Standards

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



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!



Domain-Specific Applications of Genomic Data Standards

High-throughput computing

How do we represent sequencing
instrument data for a sample?

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



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

(a) VCF example
¢ ##fileformat=VCFv4.1

##fileDate=20110413
##source=VCFtools
##reference=file:///refs/human_NCBI36.fasta
##contig=<ID=1, length=249250621,md5=1b22b98cdeb4a9304cb5d48026a85128, species="Homo Sapiens">
##contig=<ID=X, length=155270560,md5=7e0e2e580297b7764e31dbc80c2540dd, species="Homo Sapiens">
o ##INFO=<ID=AA,Number=1,Type=String,Description="Ancestral Allele">
E< ##INFO=<ID=H2,Number=0, Type=Flag,Description="HapMap2 membership">
£ ##FORMAT=<ID=GT,Number=1, Type=String,Description="Genotype">
##FORMAT=<ID=GQ,Number=1,Type=Integer,Description="Genotype Quality">
##FORMAT=<ID=DP,Number=1, Type=Integer,Description="Read Depth">
##ALT=<ID=DEL,Description="Deletion">
##INFO=<ID=SVTYPE,Number=1,Type=String,Description="Type of structural variant">
##INFO=<ID=END,Number=1,Type=Integer,Description="End position of the variant">
\ #CHROM POS ID REF ALT QUAL FILTER INFO FORMAT SAMPLE1 SAMPLE2
w1 1 - ACG A,AT 40 PASS : GT:DP 1/1:13 2/2:29
e 1 2 u C T,CT 2 PASS H2; AA=T GT 01 2/2
(] 1. 5 rsl2 A G 67 PASS : GT:DP 1/0:16  2/2:20
X 100 . T <DEL> . PASS SVTYPE=DEL;END=299  GT:GQ:DP  1:12:. 0/0:20:36
(b) SNP (c) Insertion (d) Deletion (e) Replacement
Alignment VCF representation
1234 POS REF ALT 12345  POS REF ALT 1234  POS REF ALT 1234 POS REF ALT
ACGT 2 € T AC-GT 2 C (T ACGT 1 ACG A ACGT 1 ACG AT
ATGT ACTGT A--T A-TT

(f) Large structural variant

Alignment VCF representation

100 110 120 290 300 POS REF ALT INFO
ACGTACGTACGTACGTACGTACGTACGT( . . . JACGTACGTACGTAC 160 T  <DEL> SVTYPE=DEL;END=299
ACGT----mmmmmm e | GTAC
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https://doi.org/10.1093/bioinformatics/btr330

Variant Call Format - Header

(a) VCF example
¢ ##fileformat=VCFv4.1

##fileDate=20110413
##source=VCFtools
##reference=file:///refs/human_NCBI36.fasta
##contig=<ID=1, length=249250621,md5=1b22b98cdeb4a9304cb5d48026a85128, species="Homo Sapiens">
##contig=<ID=X, length=155270560,md5=7e0e2e580297b7764e31dbc80c2540dd, species="Homo Sapiens">
o ##INFO=<ID=AA,Number=1,Type=String,Description="Ancestral Allele">
§< ##INFO=<ID=H2,Number=0, Type=Flag,Description="HapMap2 membership">
£ ##FORMAT=<ID=GT,Number=1, Type=String,Description="Genotype">
##FORMAT=<ID=GQ,Number=1,Type=Integer,Description="Genotype Quality">
##FORMAT=<ID=DP,Number=1, Type=Integer,Description="Read Depth">
##ALT=<ID=DEL,Description="Deletion">
##INFO=<ID=SVTYPE,Number=1,Type=String,Description="Type of structural variant">
##INFO=<ID=END,Number=1,Type=Integer,Description="End position of the variant">
\ #CHROM POS ID REF ALT QUAL FILTER INFO FORMAT SAMPLE1 SAMPLE2
w1 1 - ACG A,AT 40 PASS : GT:DP 1/1:13 2/2:29
e 1 2 u C T,CT 2 PASS H2; AA=T GT 01 2/2
(-] 1 5 rsl2 A G 67 PASS : GT:DP 1/0:16  2/2:20
X 100 . T <DEL> . PASS SVTYPE=DEL;END=299  GT:GQ:DP  1:12:. 0/0:20:36
(b) SNP (c) Insertion (d) Deletion (e) Replacement
Alignment VCF representation
1234 POS REF ALT 12345  POS REF ALT 1234  POS REF ALT 1234 POS REF ALT
ACGT 2 € T AC-GT 2 C (T ACGT 1 ACG A ACGT 1 ACG AT
ATGT ACTGT A--T A-TT

(f) Large structural variant

Alignment VCF representation

100 110 120 290 300 POS REF ALT INFO
ACGTACGTACGTACGTACGTACGTACGT( . . . JACGTACGTACGTAC 100 T  <DEL> SVTYPE=DEL;END=299
ACGT----mmmmmm e | GTAC
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Variant Call Format - Columns

(a) VCF example

¢ ##fileformat=VCFv4.1

##fileDate=20110413

##source=VCFtools

##reference=file:///refs/human_NCBI36.fasta

##contig=<ID=1, length=249250621,md5=1b22b98cdeb4a9304cb5d48026a85128, species="Homo Sapiens">
##contig=<ID=X, length=155270560,md5=7e0e2e580297b7764e31dbc80c2540dd, species="Homo Sapiens">
##INFO=<ID=AA,Number=1,Type=String,Description="Ancestral Allele">

{ ##INFO=<ID=H2,Number=0,Type=Flag,Description="HapMap2 membership">

##FORMAT=<ID=GT,Number=1, Type=String,Description="Genotype">
##FORMAT=<ID=GQ,Number=1,Type=Integer,Description="Genotype Quality">
##FORMAT=<ID=DP,Number=1, Type=Integer,Description="Read Depth">
##ALT=<ID=DEL,Description="Deletion">
##INFO=<ID=SVTYPE,Number=1,Type=String,Description="Type of structural variant">
##INFO=<ID=END,Number=1,Type=Integer,Description="End position of the variant">

Body Vv Header
¥

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT SAMPLE1 SAMPLE2

1 1 ACG A,AT 40 PASS : GT:DP 1/1:13 2/2:29

1 2 u C T,CT : PASS H2; AA=T GT 0]1 2/2

1 5 rsl2 A G 67 PASS i GT:DP 1/0:16  2/2:20

X 100 . T <DEL> s PASS SVTYPE=DEL;END=299  GT:GQ:DP  1:12:. 0/0:20:36

(b) SNP (c) Insertion (d) Deletion (e) Replacement

Alignment VCF representation
1234 POS REF ALT 12345 POS REF ALT 1234  POS REF ALT 1234 POS REF ALT
ACGT 2 € T AC-GT 2 C (T ACGT 1 ACG A ACGT 1 ACG AT
ATGT ACTGT A--T A-TT

(f) Large structural variant

Alignment VCF representation

100 110 120 290 300 POS REF ALT INFO
ACGTACGTACGTACGTACGTACGTACGT( . ..]ACGTACGTACGTAC 100 T  <DEL> SVTYPE=DEL;END=299
ACGT---mmmmm e e - | I R GTAC
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Variant Call Format - Columns

Name Brief description (see the specification for details).

1| cHROM The name of the sequence (typically a chromosome) on which the variation is being called. This sequence is usually known
as 'the reference sequence’, i.e. the sequence against which the given sample varies.

2| POS The 1-based position of the variation on the given sequence.

3! iD The identifier of the variation, e.g. a dbSNP rs identifier, or if unknown a ".". Multiple identifiers should be separated by semi-
colons without white-space.

4 | REF The reference base (or bases in the case of an indel) at the given position on the given reference sequence.

5| ALT The list of alternative alleles at this position.

6 | QUAL A quality score associated with the inference of the given alleles.

7 | FILTER A flag indicating which of a given set of filters the variation has passed.

8 | INFO An extensible list of key-value pairs (fields) describing the variation. See below for some common fields. Multiple fields are
separated by semicolons with optional values in the format: <key>=<data>[,data] .

9 | FORMAT | An (optional) extensible list of fields for describing the samples.

+ | SAMPLEs | For each (optional) sample described in the file, values are given for the fields listed in FORMAT




Variant Call Format - Info

Name Brief description (see the specification for details).

1| cHROM The name of the sequence (typically a chromosome) on which the variation is being called. This sequence is usually known
as 'the reference sequence’, i.e. the sequence against which the given sample varies.

2| POS The 1-based position of the variation on the given sequence.

3! iD The identifier of the variation, e.g. a dbSNP rs identifier, or if unknown a ".". Multiple identifiers should be separated by semi-
colons without white-space.

4 | REF The reference base (or bases in the case of an indel) at the given position on the given reference sequence.

5| ALT The list of alternative alleles at this position.

6 | QUAL A quality score associated with the inference of the given alleles.

7 | FILTER A flag indicating which of a given set of filters the variation has passed.

8 | INFO An extensible list of key-value pairs (fields) describing the variation. See below for some common fields. Multiple fields are
separated by semicolons with optional values in the format: <key>=<data>[,data] .

9 | FORMAT | An (optional) extensible list of fields for describing the samples.

+ | SAMPLEs | For each (optional) sample described in the file, values are given for the fields listed in FORMAT




VCF - Info fields

Brief description

AA ancestral allele

AC allele count in genotypes, for each ALT allele, in the same order as listed

AF allele frequency for each ALT allele in the same order as listed (use this when estimated from primary
data, not called genotypes)

AN total number of alleles in called genotypes

BQ RMS base quality at this position

CIGAR cigar string describing how to align an alternate allele to the reference allele

DB dbSNP membership

DP combined depth across samples, e.g. DP=154

END end position of the variant described in this record (for use with symbolic alleles)

H2 membership in hapmap2

H3 membership in hapmap3

MQ RMS mapping quality, e.g. MQ=52

MQO Number of MAPQ == 0 reads covering this record

NS Number of samples with data

SB strand bias at this position

SOMATIC | indicates that the record is a somatic mutation, for cancer genomics

VALIDATED | validated by follow-up experiment

1000G membership in 1000 Genomes




VCF - Info fields

Brief description

AA ancestral allele

AC allele count in genotypes, for each ALT allele, in the same order as listed

AF allele frequency for each ALT allele in the same order as listed (use this when estimated from primary
data, not called genotypes)

AN total number of alleles in called genotypes

BQ RMS base quality at this position

CIGAR cigar string describing how to align an alternate allele to the reference allele

DB dbSNP membership

DP combined depth across samples, e.g. DP=154

END end position of the variant described in this record (for use with symbolic alleles)

H2 membership in hapmap2

H3 membership in hapmap3

MQ RMS mapping quality, e.g. MQ=52

MQO Number of MAPQ == 0 reads covering this record

NS Number of samples with data

SB strand bias at this position

SOMATIC | indicates that the record is a somatic mutation, for cancer genomics

VALIDATED | validated by follow-up experiment

1000G membership in 1000 Genomes




Variant Call Format - Info Field: END

(a) VCF example
¢ ##fileformat=VCFv4.1

##fileDate=20110413
##source=VCFtools
##reference=file:///refs/human_NCBI36.fasta
##contig=<ID=1, length=249250621,md5=1b22b98cdeb4a9304cb5d48026a85128, species="Homo Sapiens">
##contig=<ID=X, length=155270560,md5=7e0e2e580297b7764e31dbc80c2540dd, species="Homo Sapiens">
o ##INFO=<ID=AA,Number=1,Type=String,Description="Ancestral Allele">
§< ##INFO=<ID=H2,Number=0, Type=Flag,Description="HapMap2 membership">
£ ##FORMAT=<ID=GT,Number=1, Type=String,Description="Genotype">
##FORMAT=<ID=GQ,Number=1,Type=Integer,Description="Genotype Quality">
##FORMAT=<ID=DP,Number=1, Type=Integer,Description="Read th">
##ALT=<ID=DEL,Description="Deletion">
##INFO=<ID=SVTYPE,Number=1,Type=String,Description="Typ structural variant">
##INFO=<ID=END,Number=1,Type=Integer,Description="End p ion of the variant">
\ #CHROM POS ID REF ALT QUAL FILTER INFO FORMAT SAMPLE1 SAMPLE2
w1 1 - ACG A,AT 40 PASS : GT:DP 1/1:13 2/2:29
e 1 2 u C T,CT 2 PASS H2; AA=T GT 01 2/2
(-] 1 5 rsl2 A G 67 PASS : GT:DP 1/0:16  2/2:20
X 100 . T <DEL> . PASS SVTYPE=DEL;END=299  GT:GQ:DP  1:12:. 0/0:20:36
(b) SNP (c) Insertion (d) Deletion (e) Replacement
Alignment VCF representation
1234 POS REF ALT 12345  POS REF ALT 1234  POS REF ALT 1234 POS REF ALT
ACGT 2 € T AC-GT 2 C (T ACGT 1 ACG A ACGT 1 ACG AT
ATGT ACTGT A--T A-TT

(f) Large structural variant

Alignment VCF representation

100 110 120 290 300 POS REF ALT INFO
ACGTACGTACGTACGTACGTACGTACGT( . ..]ACGTACGTACGTAC 100 T  <DEL> SVTYPE=DEL;END=299
ACGT---mmmmm e e - | I R GTAC
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https://doi.org/10.1093/bioinformatics/btr330

Variant Call Format - Format and Samples

Name Brief description (see the specification for details).

1 | cHROM The name of the sequence (typically a chromosome) on which the variation is being called. This sequence is usually known

as 'the reference sequence’, i.e. the sequence against which the given sample varies.
| 2| POS The 1-based position of the variation on the given sequence.

3l The identifier of the variation, e.g. a dbSNP rs identifier, or if unknown a ".". Multiple identifiers should be separated by semi-
colons without white-space.

4 | REF The reference base (or bases in the case of an indel) at the given position on the given reference sequence.

5| ALT The list of alternative alleles at this position.

6 | QUAL A quality score associated with the inference of the given alleles.

7 FILTER | Aflag indicating which of a given set of filters the variation has passed.

8 | INFO An extensible list of key-value pairs (fields) describing the variation. See below for some common fields. Multiple fields are
separated by semicolons with optional values in the format: <key>=<data>[,data] .

9 | FORMAT | An (optional) extensible list of fields for describing the samples.
For each (optional) sample described in the file, values are given for the fields listed in FORMAT

SAMPLEs




Variant Call Format - Info Field: END

(a) VCF example
¢ ##fileformat=VCFv4.1

##fileDate=20110413
##source=VCFtools
##reference=file:///refs/human_NCBI36.fasta
##contig=<ID=1, length=249250621,md5=1b22b98cdeb4a9304cb5d48026a85128, species="Homo Sapiens">
##contig=<ID=X, length=155270560,md5=7e0e2e580297b7764e31dbc80c2540dd, species="Homo Sapiens">
o ##INFO=<ID=AA,Number=1,Type=String,Description="Ancestral Allele"
§< ##INFO=<ID=H2,Number=0, Type=Flag,Description="HapMap2 membership"
£ ##FORMAT=<ID=GT,Number=1, Type=String,Description="Genotype">
##FORMAT=<ID=GQ,Number=1,Type=Integer,Description="Genotype Quali >
##FORMAT=<ID=DP,Number=1, Type=Integer,Description="Read Depth">
##ALT=<ID=DEL,Description="Deletion">
##INFO=<ID=SVTYPE,Number=1,Type=String,Description="Type of str vari
##INFO=<ID=END,Number=1,Type=Integer,Description="End position o e varian
\ #CHROM POS ID REF ALT QUAL FILTER INFO FORMAT SAMPLE1 SAMPLE2
w1 1 - ACG A,AT 40 PASS : GT:DP 1/1:13 2/2:29
e 1 2 u C T,CT 2 PASS H2; AA=T GT 01 2/2
(-] 1 5 rsl2 A G 67 PASS : GT:DP 110:16  2/2:20
X 100 . T <DEL> : PASS SVTYPE=DEL;END=299  GT:GQ:DP  1:12:. 0/0:20:36
(b) SNP (c) Insertion (d) Deletion (e) Replacement
Alignment VCF representation
1234 POS REF ALT 12345  POS REF ALT 1234  POS REF ALT 1234 POS REF ALT
ACGT 2 € T AC-GT 2 C (T ACGT 1 ACG A ACGT 1 ACG AT
ATGT ACTGT A--T A-TT

AN AN

(f) Large structural variant

Alignment VCF representation

100 110 120 290 300 POS REF ALT INFO
ACGTACGTACGTACGTACGTACGTACGT( . . . JACGTACGTACGTAC 100 T  <DEL> SVTYPE=DEL;END=299
ACGT----mmmmmm e | GTAC
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Name Brief description

VCF = Format F|e|dS AD Read depth for each allele

ADF | Read depth for each allele on the forward strand

ADR | Read depth for each allele on the reverse strand

DP | Read depth

EC Expected alternate allele counts

FT Filter indicating if this genotype was “called”

GL Genotype likelihoods

GP Genotype posterior probabilities

GQ Conditional genotype quality

GT Genotype

HQ Haplotype quality

MQ RMS mapping quality

PL Phred-scaled genotype likelihoods rounded to the closest integer

PQ Phasing quality

PS Phase set




Name Brief description

VCF = Format F|e|dS AD Read depth for each allele

ADF | Read depth for each allele on the forward strand

ADR | Read depth for each allele on the reverse strand

DP | Read depth

EC Expected alternate allele counts

FT Filter indicating if this genotype was “called”

GL Genotype likelihoods

GP Genotype posterior probabilities

GQ Conditional genotype quality

GT Genotype

HQ Haplotype quality

MQ RMS mapping quality

PL Phred-scaled genotype likelihoods rounded to the closest integer

PQ Phasing quality

PS Phase set




Variant Call Format - Format Field: GT

(a) VCF example
¢ ##fileformat=VCFv4.1

##fileDate=20110413
##source=VCFtools
##reference=file:///refs/human_NCBI36.fasta
##contig=<ID=1, length=249250621,md5=1b22b98cdeb4a9304cb5d48026a85128, species="Homo Sapiens">
##contig=<ID=X, length=155270560,md5=7e0e2e580297b7764e31dbc80c2540dd, species="Homo Sapiens">
o ##INFO=<ID=AA,Number=1,Type=String,Description="Ancestral Allele">
§< ##INFO=<ID=H2,Number=0, Type=Flag,Description="HapMap2 membership">
£ ##FORMAT=<ID=GT,Number=1, Type=String,Description="Genotype">
##FORMAT=<ID=GQ,Number=1,Type=Integer,Description="Genotype Quality">
##FORMAT=<ID=DP,Number=1, Type=Integer,Description="Read Depth">
##ALT=<ID=DEL,Description="Deletion">
##INFO=<ID=SVTYPE,Number=1,Type=String,Description="Type of structural variant">
##INFO=<ID=END,Number=1,Type=Integer,Description="End position of the variant">
\ #CHROM POS ID REF ALT QUAL FILTER INFO FORMAT SAMPLE1 SAMPLE2
w1 1 - ACG A,AT 40 PASS : GT[DP 2/2t29
e 1 2 u C T,CT 2 PASS H2; AA=T GT 2/2
(-] 1 5 rsl2 A G 67 PASS : GT[DP 2/2}t20
X 100 . T <DEL> : PASS SVTYPE=DEL;END=299 [GT}GQ:DP 0/0£20:36
(b) SNP (c) Insertion (d) Deletion (e) Replacement
Alignment VCF representation
1234 POS REF ALT 12345  POS REF ALT 1234  POS REF ALT 1234 POS REF ALT
ACGT 2 € T AC-GT 2 C (T ACGT 1 ACG A ACGT 1 ACG AT
ATGT ACTGT A--T A-TT
(f) Large structural variant
Alignment VCF representation
100 110 120 290 300 POS REF ALT INFO
ACGTACGTACGTACGTACGTACGTACGT( . . . JACGTACGTACGTAC 100 T  <DEL> SVTYPE=DEL;END=299
ACGT----mmmmmm e | GTAC
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VCF - Format Fields

e GT (String): Genotype, encoded as allele values separated by either of / or |. The allele values are 0 for the
reference allele (what is in the REF field), 1 for the first allele listed in ALT, 2 for the second allele list in
ALT and so on. For diploid calls examples could be 0/1, 1 | 0, or 1/2, etc. Haploid calls, e.g. on Y, male
non-pseudoautosomal X, or mitochondrion, are indicated by having only one allele value. A triploid call might
look like 0/0/1. If a call cannot be made for a sample at a given locus, .” must be specified for each missing
allele in the GT field (for example ‘./.” for a diploid genotype and ‘.” for haploid genotype). The meanings of
the separators are as follows (see the PS field below for more details on incorporating phasing information into
the genotypes):

o / : genotype unphased
o | : genotype phased



Variant Call Format - Format Field: GT

(a) VCF example
¢ ##fileformat=VCFv4.1

##fileDate=20110413
##source=VCFtools
##reference=file:///refs/human_NCBI36.fasta
##contig=<ID=1, length=249250621,md5=1b22b98cdeb4a9304cb5d48026a85128, species="Homo Sapiens">
##contig=<ID=X, length=155270560,md5=7e0e2e580297b7764e31dbc80c2540dd, species="Homo Sapiens">
o ##INFO=<ID=AA,Number=1,Type=String,Description="Ancestral Allele">
§< ##INFO=<ID=H2,Number=0, Type=Flag,Description="HapMap2 membership">
£ ##FORMAT=<ID=GT,Number=1, Type=String,Description="Genotype">
##FORMAT=<ID=GQ,Number=1,Type=Integer,Description="Genotype Quality">
##FORMAT=<ID=DP,Number=1, Type=Integer,Description="Read Depth"> Ref = C
##ALT=<ID=DEL,Description="Deletion">
##INFO=<ID=SVTYPE,Number=1,Type=String,Description="Type of structural variant"> A|t1 = T
##INFO=<ID=END,Number=1,Type=Integer,Description="End position of the variant">
\ #CHROM POS ID REF ALT  QUAL FILTER INFO FORMAT SAMPLE1 SAMPLE2 Alt2=CT
5. [ 1 1 ACG A,AT 40 PASS : GT|:DP 1/1{13 |2/2}29
e 1 2 u C T,CT 2 PASS H2; AA=T GT 0]1 2/2 |
(] i 5 rsi2 A G 67 PASS . GT|DP 1T0{16 [2/2}20
L X 100 . T  <DEL> . PASS  SVTYPE=DEL;END=299 [GT}GQ:DP I:T2:. |0/0}20:36 Sample 1: C | T
Sample 2: CT/CT
(b) SNP (c) Insertion (d) Deletion (e) Replacement
Alignment VCF representation
1234 POS REF ALT 12345  POS REF ALT 1234  POS REF ALT 1234 POS REF ALT
ACGT 2 € T AC-GT 2 C (T ACGT 1 ACG A ACGT 1 ACG AT
ATGT ACTGT A--T A-TT

(f) Large structural variant

Alignment VCF representation

100 110 120 290 300 POS REF ALT INFO
ACGTACGTACGTACGTACGTACGTACGT( . ..]ACGTACGTACGTAC 100 T  <DEL> SVTYPE=DEL;END=299
ACGT---mmmmm e e - | I R GTAC

Y OXFORD

UNIVERSITY PRESS



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

Why is phasing important for variant interpretation?

Father Mother Father Mother

|
| X |
| ]

Tyl iy

Child Child

Both copies affected -) Disease Only one copy affected -) No disease

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

23


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

Variant Call Format - Format Field: GT

(a) VCF example
¢ ##fileformat=VCFv4.1

##fileDate=20110413
##source=VCFtools
##reference=file:///refs/human_NCBI36.fasta
##contig=<ID=1, length=249250621,md5=1b22b98cdeb4a9304cb5d48026a85128, species="Homo Sapiens">
##contig=<ID=X, length=155270560,md5=7e0e2e580297b7764e31dbc80c2540dd, species="Homo Sapiens">
o ##INFO=<ID=AA,Number=1,Type=String,Description="Ancestral Allele">
§< ##INFO=<ID=H2,Number=0, Type=Flag,Description="HapMap2 membership">
£ ##FORMAT=<ID=GT,Number=1, Type=String,Description="Genotype">
##FORMAT=<ID=GQ,Number=1,Type=Integer,Description="Genotype Quality">
##FORMAT=<ID=DP,Number=1, Type=Integer,Description="Read Depth"> .
##ALT=<ID=DEL,Description="Deletion"> Sample 1:
##INFO=<ID=SVTYPE,Number=1,Type=String,Description="Type of structural variant"> 1
##INFO=<ID=END,Number=1,Type=Integer,Description="End position of the variant"> 2 C phased Wlth 5 G
\ #CHROM POS ID REF ALT  QUAL FILTER INFO FORMAT SAMPLE1 SAMPLE2 2T phased with 5 A
w1 1 - ACG A,AT 40 PASS : :DP 1/1:13  2/2:29
e 1 2 u C T,CT 2 PASS H2; AA=T GT 01 2/2
(] 1. 5 rsl2 A G 67 PASS " GT|:DP 1|0{16 2/2:20
X 100 . T <DEL> . PASS SVTYPE=DEL ; END=299 :GQ:DP 20 0/0:20:36
(b) SNP (c) Insertion (d) Deletion (e) Replacement
Alignment VCF representation
1234 POS REF ALT 12345  POS REF ALT 1234  POS REF ALT 1234 POS REF ALT
ACGT 2 € T AC-GT 2 C (T ACGT 1 ACG A ACGT 1 ACG AT
ATGT ACTGT A--T A-TT
(f) Large structural variant
Alignment VCF representation
100 110 120 290 300 POS REF ALT INFO
ACGTACGTACGTACGTACGTACGTACGT( . . . JACGTACGTACGTAC 100 T  <DEL> SVTYPE=DEL;END=299
ACGT----mmmmmm e | GTAC
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Domain-Specific Applications of Genomic Data Standards

High-throughput computing

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

([ ]
([ ]
([ ]
e Computational emphasis

25



Domain-Specific Applications of Genomic Data Standards

Clinical / biomedical reporting

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?

26



Variant Nomenclature



Variant Nomenclature

...In the news!



Genomic Data Cracks Cold Case

WORLD EXCLUSIVE: Jack the Ripper
unmasked: How amateur sleuth used
DNA breakthrough to identify Britain's
most notorious criminal 126 years
after string of terrible murders

- DNA evidence on a shawl found at Ripper murder scene nails killer
. By testing descendants of victim and suspect, identifications were made
. Jack the Ripper has been identified as Polish-born Aaron Kosminski

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

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?

Jack the Ripper: Scientist who claims
to have identified notorious Killer has
'made serious DNA error’

'Error of nomenclature' undermines case against Polish immigrant barber accused of carrying out the
atrocities in 1888

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

Genomic Data Cracks Cold Case... or does it?

What happened?

'Error of nomenclature' undermines case against Polish immigrant barber accused of carrying out the
atrocities in 1888

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

Methodology

1. DNA sample including killer’s blood includes mitochondrial variation
2. Aninsertion 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. Aninsertion 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.



Methodology

1. DNA sample including killer’s blood includes mitochondrial variation
2. Aninsertion 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!



An error of nomenclature!

That private, familial variation: 314.1C

Reported frequency of 314.1C in forensics database: absent

| |
| 308| 309| 310 311| 312| 313| 314| 315| 316| 317
cllel|Tllellellelllcllc] @] |G

|

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

An error of nomenclature!

That private, familial variation: 314.1C

Reported frequency of 314.1C in forensics database: absent

| |
| 308| 309| 310 311| 312| 313| 314| 315 316 317|
C C T C C C C C G C
Inserted cytosine... somewhere
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

ISFG Mitochondrial Variant Nomenclature (ca. 2000)

Insertions are described by first noting the site immediately 5’ to the insertion
followed by a decimal point and a ‘1’ (for the first insertion), a ‘2’ (if there is a second
insertion), and so on, and then by the nucleotide that is inserted. In the case of
homopolymeric tracts, where the exact position at which the insertion has occurred is
unknown, the assumption is always made that the insertion has occurred at the highest
numbered end of the homopolymeric region. For example, a homopolymeric region, at
which insertions are common, occurs between nucleotide positions 311 and 315
(inclusive). The polymorphism, a C insertion, is assumed to occur after site 315, so the
nomenclature used is 315.1C.

DNA Commission of the International Society for Forensic
Genetics: guidelines for mitochondrial DNA typing. Forensic
Science International. (2000)
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ISFG Mitochondrial Variant Nomenclature (ca. 2000)

Insertions are described by first noting the site immediately 5’ to the insertion
followed by a decimal point and a ‘1’ (for the first insertion), a ‘2’ (if there is a second
insertion), and so on, and then by the nucleotide that is inserted. In the case of
homopolymeric tracts, where the exact position at which the insertion has occurred is
unknown, the assumption is always made that the insertion has occurred at the highest
numbered end of the homopolymeric region. For example, a homopolymeric region, at
which insertions are common, occurs between nucleotide positions 311 and 315
(inclusive). The polymorphism, a C insertion, is assumed to occur after site 315, so the
nomenclature used is 315.1C.

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

| |
| 308| 309| 310 311| 312| 313| 314| 315| 316| 317

C C T C C C C C G C
AN
o1

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

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

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

HGVE]

HUMAN GENOME
VARIATION SOCIETY

ABOUT HGVS GUIDELINES MEMBERSHIP DATABASES MEETINGS CONTACT US

FORTHCOMING

ABOUT THE SOCIETY EVENTS

Human Mutation

The Society aims to foster discovery and characterization of genomic variations
including population distribution and phenotypic associations. Promote collection,
documentation and free distribution of genomic variation information and
associated clinical variations. Endeavor to foster the development of the
necessary methodology and informatics.

The Society is an Affiliate of the International Federation of Human Genetics
Societies (IFHGS) and also the Human Genome Organisation (HUGO). NEWS & EVENTS

hgvs.org landing page
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HGVS Variant Nomenclature

Table 1. Nomenclature Definitions with Example Variant Descriptions

Substitution (>) g.1318G>T A change where one nucleotide is replaced by one other nucleotide

Deletionl (del) 8.3661_3706del A change where one or more nucleotides are not present (deleted)

Inversion (inv) g.495_499inv A change where more than one nucleotide replaces the original sequence and is the
reverse-complement of the original sequence (e.g., CTCGA to TCGAG)

Duplication (dup) 8.3661_3706dup A change where a copy of one or more nucleotides are inserted directly 3 of the original copy of that
sequence

Insertion (ins) 8.7339_7340insTAGG A change where one or more nucleotides are inserted in a sequence and where the insertion is not a
copy of a sequence immediately 5’

Conversion (con) £.333.590con1844_2101 A specific type of deletion-insertion where a range of nucleotides replacing the original sequence are a
copy of a sequence from another site in the genome

Deletion-insertion (delins/indel) g.112_117delinsTG A change where one or more nucleotides are replaced by one or more other nucleotides and which is

not a substitution, inversion, or conversion

>

Read “a change where” as “a change where in a specific sequence compared to the reference sequence. ..’

YW @handlerwagne go.osu.edu/wagner-review 44
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Version 20.05 Q

Sequence Variant Nomenclature ~ Recommendations v Background Materials v RecentAdditions ~ Contact Us

Sequence Variant Nomenclature

This site covers HGVS nomenclature, the recommendations for the description of sequence variants in DNA, RNA and
protein sequences. It is used to report and exchange information of such variants and serves as an international standard.
When using the recommendations please cite: Den Dunnen et al. 2016, Hum.Mutat. 37:564-569. HGVS-nomenclature is
authorised by the Human Genome Organization (HUGO), under the responsibility of the HGVS Variant Nomenclature
Committee (HVNC).

Current Recommendations

https://varnomen.hgvs.org/
Y @handlerwagne
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ClinVar

& NCBI  Resources ¥ How To ¥ Sign in to NCBI
ClinVar ClinVar s [Search ClinVar for gene symbols, HGVS expressions, conditions, and more |
Advanced Help
Home About v  Access ¥ Help ¥  Submit ¥ Statistics ¥ FTP =

ACTGATGGTATGGGGCCAAGAGATATATCT
CAGGTACGGCTGTCATCACTTAGACCTCAC
CAGGGCTGGGCATAAAAGTCAGGGCAGAGC
CCATGGTGCATCTGACTCCTGAGGAGAAGT
GCAGGTTGGTATCAAGGTTACAAGACAGGT
GGCACTGACTCTCTCTGCCTATTGGTCTAT

Using ClinVar
About ClinVar

Data Dictionary
Downloads/FTP site
EAQ

Contact Us

RSS feed/What's new?

Factsheet

ClinVar

ClinVar aggregates information about genomic variation and its relationship to human health.

Tools Related Sites

ACMG Recommendations for Reporting of Incidental Findings ClinGen

ClinVar Submission Portal GeneReviews ®

Submissions GTR®

Variation Viewer MedGen
Clinical Remapping_- Between assemblies and RefSeqGenes OMIM ®
RefSeqGene/LRG Variation

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

& NCBI  Resources ¥ How To ¥ Sign in to NCBI
ClinVar ClinVar s [Search ClinVar for gene symbols, HGVS expressions, conditions, and more |
Advanced Help

Home About v  Access ¥ Help ¥  Submit ¥ Statistics ¥ FTP =

ACTGATGGTATGGGGCCAAGAGATATATCT ClinVar
CAGGTACGGCTGTCATCACTTAGACCTCAC
CAGGGCTGGGCATAAAAGTCAGGGCAGAGC ClinVar aggregates information about genomic variation and its relationship to human health.

CCATGGTGCATCTGACTCCTGAGGAGAAGT
GCAGGTTGGTATCAAGGTTACAAGACAGGT
GGCACTGACTCTCTCTGCCTATTGGTCTAT

Using ClinVar Tools Related Sites
About ClinVar ACMG Recommendations for Reporting of Incidental Findings ClinGen

Data Dictionary ClinVar Submission Portal GeneReviews ®
Downloads/FTP site Submissions GTIR®

EFAQ Variation Viewer MedGen

Contact Us Clinical Remapping_- Between assemblies and RefSeqGenes OMIM ®

RSS feed/What's new? RefSeqGene/LRG Variation
Factsheet

https://www.ncbi.nlm.nih.gov/clinvar/
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FDA-Recognized ClinGen Classifications

Search results

Items: 1 to 100 of 299 Page 1 of3 Next> Last>>

0 Filters activated: Pathogenic, Expert panel. Clear all to show 2796 items.

et . Clinical
Vanat!on Gene(s) e Condition(s) significance Review status Accession
Location change
(Last reviewed)
1 NM _004700.4(KCNQ4):c.853G>A (p.Gly KCNQ4 G285S DFNA 2 Nonsyndromic Hearing Pathogenic  reviewed by expert panel VCV000006241
1. 285Ser) Loss, Nonsyndromic hearing loss ~ (Aug 20, 2015)
GRCh37: Chr1:41285565 and deafness
GRCh38: Chr1:40819893
1 NM_206933.3(USH2A):c.11241C>A (p.T |USH2A Y3747* Usher syndrome, Usher syndrome, Pathogenic  reviewed by expert panel VCV000506273
2 waraTien oo 24 RESHEN 01 Rocoonized Daiabase
GRCh37: Chr1:215932085
GRCh38: Chr1:215758743
1 NM_206933.3(USH2A):c.8682-9A>G USH2A Usher syndrome, type 2A, Retinitis Pathogenic  reviewed by expert panel VCV000197510
3. GRCh37: Chr1:216040521 pigmentosa 39, not provided, (May 7, 2015)
GRCh38: Chr1:215867179 Usher syndrome, type 2A, Usher
syndrome
1 NM_206933.3(USH2A).c.8559-2A>G USH2A Usher syndrome, Retinitis Pathogenic  reviewed by expert panel VCV000048604
4, GRCh37: Chr1:216051224 pigmentosa 39, Usher syndrome,  (Oct9, 2018)
GRCh38: Chr1:215877882 type 2A,

not provided, Retinitis pigmentosa,
Usher syndrome, type 2A

@handlerwagner



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

607008.0001

985A>G

985A>G (K304E)
985A>G (K329E)
AS85G

ACADM, LYS304GLU
K304E

K304E (985 A->G)
K304E (K329E)

K304E only

K32SE

K329E(985A>G)
LYS304GLU

Mutation c.985A>G (p.K304E)
c.985A>G

Cc.985A>G (p.K304E)
Cc.985A>G (p.Lys304Glu

NC_000001.11:g.75761161A>G
NC_000001.10:g.76226846A>G
NG_007045.1:g.41804A>G
NM_000016.4:c.985A>G
NP_000007.1:p.Lys329Glu
NM_000016.5(ACADM):c.985A>G
(p-Lys329Glu)

c985A>G Multiplicity in assemblies,
includes: K304E (985A>G) transcripts' Iegacy

p.K304E .

p.Lys329Glu conventions for

previously known as p.Lys329Glu

num bering systems,
Analysis of ACADM 985A>G mutation

abbreviations for amino
acids, formats

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

Variant De-duplication Problem

Sinqular Concept Multiple human names
<§§§ NP_004406.2:p.Ser2843 Arg2846del

LRG_423pl:p.Ser2843 Arg2846del
P15924:p.Ser2843 Arg2846del
ENSP00000369129.3:p.Ser2843 Arg2846del

NM_004415.2:c.8472_8483del
, ég NM_004415.2:c.8472_8483delGTCCCGCTCCGG

«
protein
variation

translation

ENSTOO000379802.3:C.8472_8483delGTCCCGCTCCGG
LRG_423t1:c.8472_8483del
CCDS4501.1:c.8472_8483del

"4
transcript
variation

projection

< NC_000006.11:g.7585967_7585978del
NC_000006.11:g.7585967 7585978de1GTCCCGCTCCGG

v
genomic
variation

< NC_000006.12:g.7585734_7585745del
NC_000006.12:g.7585734_7585745de1GTCCCGCTCCGG

(o) i | 3 @handlerwagne go.osu.edu/wagner-review 50
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Single concept, multiple non-overlapping representations

ERBB2 (NP_004439.2) reference protein sequence

E770 Y772 A775

Non-standard HGVS: ERBB2 p.E770delinsEAYVM

B . o HENEEREI » ¥ v M A G V G IR

Standard HGVS: NP_004439.2:p.Y772_A775dup

S0 e A v v M A REREUENS - VG e

Wagner AH, et al. Nat Genet. 2020

YW @handlerwagne go.osu.edu/wagner-review 51
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Single concept, multiple non-overlapping representations

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

Wagner AH, et al. Nat Genet. 2020

Y @handlerwagne go.osu.edu/wagner-review 52
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Fully-Justified Normalization Captures Region of Shuffling Ambiguity

Normalization Example: In sequence TCAGCAGCT, replace CA at bases 5-6 with CAGCA
Actual location of variation is ambiguous due to the sequence context

left shuffle ¢
(a la VCF)

T [zc] CAGCAGCT

| |
[ I

over-precise

YW @handlerwagne

TCAG | &iéeq] GCT

U fully-justified
(a la SPDI & GA4GH VRS)

CAGCAGC
r [CAGCAGCAGC] r

precise region of 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

(HGVS format: S:g.5_6delinsCAGCA)

Y right shuffle
(@ la HGVS)

TCAGCAGC [1z=]T

over-precise

Slide prepared by Reece Hart
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The NCBI Sequence Position Deletion Insertion (SPDI) format

Fig. 1. For rs756655831, a representation of the alignments between various sequences, and the resulting SPDIs.
NC_000001.10:235612031:G:A

NC_000001.11:235448716:G:A

NW_014040927.1:92308:G:A

+

NG 009230.1:86304:G:A Current RefSeq
Transcripts

NM_003193.4:1714:G:A

NG 033219.2:60764:C:T

NM_152490.4:3220:C:T

NM_003193.3:1661:G:A

NM_152490.3:3220:C:T

NM_001079515.2:1762:G:A

RefSeq Assembly

NM_001079515.1:1709:G:A

Bioinformatics, Volume 36, Issue 6, 15 March 2020, Pages 1902—-1907, https://doi.org/10.1093/bioinformatics/btz856

RefSeq Genomic

NM 001287801.1:1867:G:A Current RefSeq Transcript

Previous Versions

NM_001287802.1:1685:G:A

Cg OXFORD
The content of this slide may be subject to copyright: please see the slide notes for details.


https://doi.org/10.1093/bioinformatics/btz856

The SPDI Canonical Allele

The Canonical Allele extends identification across related, or congruent sequences, taking into account
sequence changes (see Section 2.5). For the purposes of producing a reference catalog, all Contextual
Alleles that are placed together in a canonical set are considered the same allele because they result in
the same local sequence in a congruent region by alignment. That is, the Canonical Allele represents a
set of congruent Contextual Alleles. One contextual representation is chosen as a Canonical Allele
Representative and we use its Contextual SPDI as the identifier for the Canonical Allele.

Holmes JB, et al. Bioinformatics 2019
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HGVS and the SPDI Canonical Allele in ClinVar

NM_004333.6(BRAF):c.2125C>G (p.GIn709Glu)

Allele ID: 1200728
Variant type: single nucleotide variant
Variant length: 1bp
Cytogenetic location: 7q34
Genomic location: 7: 140739814 (GRCh38) GRCh38 UCSC
7:140439614 (GRCh37) GRCh37 UCSC
HGVS: Nucleotide Protein Molecular
consequence
NM_004333.6:¢.2125C>GC [IEEEG80O | NP_004324.2:p.GIn709Glu missense
NM_001354609.2:c.2125C>G NP_001341538.1:p.GIn709Glu | missense
NM_001374244.1:c.2245C>G NP_001361173.1:p.GIn749Glu | missense
... more HGVS
Protein change: Q621E, Q657E, Q672E, Q675E, Q687E, Q709E, Q712E, Q749E

Other names: -
Canonical SPDI: © NC_000007.14:140739813:G:C <:|

Functional consequence:
Global minor allele -
frequency (GMAF):

Allele frequency: -

Links: VarSome

YW @handlerwagne go.osu.edu/wagner-review 56
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Coordinate Systems: Residue Coordinates

What is the meaning of coordinates Sequence: 6-77

Insertion between AG in Sequence
Sequence

Residue

These residue coordinates are interpreted to exclude associated sequence for an insertion event

Deletion/Substitution of AG in Sequence

Sequence

Residue 1 2 3 4 5 6 7 8 9 10 11 12

The same residue coordinates are interpreted to include associated sequence for a deletion or substitution eveni

W AH, et al. Cell ics. 2021.
Y @handlerwagne agner ’So?os%?eé;tje/\z\cl’%%ser-(r)eV|ew
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Coordinate Systems: Inter-residue Coordinates

How can coordinate concepts be described unambiguously? (SPDI, VRS)
Sequence: 6-6

Insertion between AG in Sequence

Sequence A (¢]
Residue 1 2 3 + 5 6 7 8 9 10 11 12
Inter-residue | O 1 < 3 4 5 6 F§ 8 9 10 11 12

These residue coordinates are interpreted to exclude associated sequence for an insertion event; inter-residue coordinates are unambiguous

Deletion/Substitution of AG in Sequence

Sequence A G
Residue 1 2 3 4 5 6 7 8 9 10 11 12
Inter-residue | O 1 2 3 4 5] 6 7 8 9 10 11 12

The same residue coordinates are interpreted to include associated sequence for a deletion or substitution event; inter-residue coordinates remain unambiguous

Sequence:5-7

Wagner AH, et al. Cell é;e/wmics. 2021.
go.osu.edu/wagner-review
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ClinGen Allele Regqistry

Gene

Types of queries accepted by ClinGen Allele Registry

HGVS Expressions | | Variant [dentifiers Trgz; ot
VCF File (e.g. dbSNP rsID) Toce
2. % ra
4 =\
« Validation Alleles Database
« Normalization ; « variants
* Mapping to GRCh38

v * identifiers

* Mapping to known:

- genome assemblies
W—> - gene regions
— - transcripts
References Database | Calculation of amino acid
« reference sequences sequence effects

* mappings

« Generation of HGVS expressions
+ metadata )

Genomic
Canonical
Allele
[ )|
Genomic Transcript Protein
Contextual | | Contextual Contextual
Allele Allele Allele
L )
[ Chromosome ) ? )
Nucleotide Amino Acid
Gene Region Reference Reference
Sequence Sequence
Transcript
L

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

I J
ClinGen Allele Registry v

JSON-LD documents
via RESTful API

Web Ul

Canonical Allele Identifier: CA321211

Gene: NDUFS8 [wonc@ |[weoie |

Identifiers and link-outs to other resources
ClinVar Variation Id: 214835 =

RCV000389629 2
gnomAD: 1167799758 C/ T2
chr11:9.68032291C>T (hg38) (2

JSONAD @ Cakulator @

Current Core

registry-hosted
B2 Lo ]
-
~
gnomAD
o =
e
— — COSMIC
=
., MyVariant
.info
o
— Allelic
External link Epigenome
added via API

ClinVar RCV Id: RCV000156794 (# RCVDO0276295 7

MyVariant Identifiers: chr11:g 67799758C>T (hg19)(2

dbSNP Id: rs369602258 (7
EXAC: 1167799758 C/ T
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Canonical Allele Identifier: CA16602730

Gene: EGFR

Linked Data
ClinVar Variation Id: 376282 ClinVar RCV Id: RCV000425876 & dbSNP Id: rs1057519848 &
COSMIC: COSM12429 = PubMed: PMID:25157968 &
JSON-LD [3

Genomic Alleles
HGVS Genome Assembly
NC_000007.14:9.55191822_55191823delinsGT , CM000669.2:9.55191822_55191823delinsGT [ GRChas )
NC_000007.13:9.55259515_55259516delinsGT , CM000669.1:9.55259515_55259516delinsGT
NC_000007.12:9.55227009_55227010delinsGT [ 'NCBI36

NG_007726.3:9.177791_177792delinsGT , LRG_304:9.177791_177792delinsGT

Transcript Alleles
HGVS Amino-acid change
ENST00000275493.7:c.2573_2574delinsGT <:| <:|

ENST00000275493.6:c.2573_2574delinsGT
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Domain-Specific Applications of Genomic Data Standards

Yy @handlerwagne

Clinical / biomedical reporting

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
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Domain-Specific Applications of Genomic Data Standards

Yy @handlerwagne

Computer-driven discovery

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

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

62


https://twitter.com/HandlerWagner

o, :
Human Evaluation Creates Bottleneck 9 clobal Alllance

-

Data Generation Final results reported in
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P CIViC
Preliminary

Variation Report

Knowledgebases




Biomarker

Interrogate genome
enotyping for small differences
from reference

Assay .
High-throughput
Technology Sequencing short read
sequencing
Variation Algorithmically
Calling SNV/Delins generated variant
Methodology —— calls from

sequencing reads

*non-exhaustive

Y

" VCF file

gadgh.org



Biomarkers*

RNA DNA Structural Copy
dal Expression ethylatio Variation Number
1
Assay
Technologies* Histochemistry PCR Sequencing Microarrays
. .. —1
va"?t’on Human Expert Expression Sequence SNV/Dellns Methylated Copy
Calllng Classification Estimation Junction Callin DNA Number
Methodologies* and Scoring Detection 9 Calling Estimation
*non-exhaustive *
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Observed Variation
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#A GA4GH Variation Representation
Specification

Global Alliance
for Genomics & Health

Collaborate. Innovate. Accelerate

Search docs

Introduction

Terminology & Information Model
Schema

Implementation Guide

Releases

Appendices

Docs » GA4GH Variation Representation Specification ©) Edit on GitHub

GA4GH Variation Representation Specification

The Variation Representation Specification (VRS, pronounced “verse”) is a standard developed by
the Global Alliance for Genomic Health to facilitate and improve sharing of genetic information. The
Specification consists of a JSON Schema for representing many classes of genetic variation,
conventions to maximize the utility of the schema, and a Python implementation that promotes
adoption of the standard.

O Citation

The GA4GH Variation Representation Specification (VRS): a computational framework for
variation representation and federated identification. Wagner AH, Babb L, Alterovitz G, Baudis
M, Brush M, Cameron DL, ..., Hart RK. Cell Genomics. Volume 1 (2021).
doi:10.1016/j.xgen.2021.100027

https://vrs.gadgh.org

gadgh.org
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Computable Standards to Alleviate Bottleneck >“< clobal Allance

Human-readable
report export in
HGVS / ISCN / Other

Results
D databased =
with VRS m
Validate

Report / Study -
Database Clinical Rc?ports
& Studies

Data Generation

VCF / MAF / BED
Caller-specific CSV/TSV

Machine-interpreted

Translated resources

to machine
semantics (VRS)

ClinVar Others
Preliminary CIViC

Variation Report Knowledgebases




(] (] (] (] L
< Vg
Converting Value Objects into Identifiers L
P
VRS Allele | Identify ) HGVS Descriptions
“_id”: None, ng
“}zzzti.o:’:!leslzq’uenceLocation {5 [ it el 3 'E e
e ("-sequence"' == ==y \ ) - _ %‘6’ LRG_423p1:p.2827_2830SGSR[4]
i L B Namespace Digest String o s P15924:p.2827 2830SGSR[4]
Compute digests for nested Base64url .‘g- = NM_004415.4:c.8472_8483del
VRS objects, remove attributes . encoding 0w )
starting with * * Digest BLOB | 28 LRG_423t1:¢.8472_8483del
8 CCDS4501.1:¢.8472_8483del
d7 31 cd 69 a4 06 b1 68 -

“_id”: None-
“type”: “Allele”,

“location”: “vOKOmcjQV...”,
“state”: {“sequence”: “C”,

“type”: “LiteralSequence”}

Remove unnecessary whitespace,
sory by UTF-8 code, format as JSON

l I— UTF-8 Encoding ——p

{’location”: “vO9KOmcjQV...”,"state”:.. .}

80 ce 35 f3 20 50 7d aa
09 d7 70 da cO 32 6e 09

SHA-512 Digest,
keep first 24 bytes

Input BLOB

010101100101001001010011
001000000110100101110011
0010000001100011011011110
11011110110110000100001

Genomic Variation

GRCh38

GRCh37

NC_000006.11:9.7585967_7585978del
CMO000668.1:9.7585967_7585978del

NC_000006.12:9.7585734_7585745del
CM000668.2:9.7585734_7585745del

A Global Alliance
for Genomics & Health

VRS ldentifiers

Computed Identifier
Algorithm

ga4gh:VA.9BtZ7Je...

gad4gh:VA.Yj1zrmM...

ga4gh:VA.iUvVOws...

gadgh:VA.EWPHTiX...

Wagner AH, et al. Cell Genomics. 2021

gadgh.org
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About Participate Community Help FAQ [CERNGthelcOS

CIViC

CLINICAL INTERPRETATIONS OF

VARIANTS IN CANCER
o | o~

@\

Discover supported clinical \. Participate with colleagues to

interpretations of mutations
related to cancer.

add variants and support for
cancer-related mutations.

‘\

https://civicdb.org


https://civicdb.org/

Variants /| BRAF V600OE / Summary V60OE Parent: =R\

(P V60OE RsS113488022, VAL60OGLU, V640E, VAL640GLU

&= Summary &3 Comments Revisions ® Flags ® Events Curators: @ PEDOEP Editors: @ 'm
Description Gene @ BRAF
BRAF V600E has been shown to be recurrent in many cancer types. It is one Allele Registry ID & CA123643

of the most widely studied variants in cancer. This variant is correlated with ’ N x
L . X . CIViC Variant Evidence Score 1,353.5
poor prognosis in certain cancer types, including colorectal cancer and
papillary thyroid cancer. The targeted therapeutic dabrafenib has been shown Clinvar IDs @ 13961 & 376069

to be effective in clinical trials with an array of BRAF mutations and cancer

types. Dabrafenib has also shown to be effective when combined with the Representative Variant Coordinates
MEK inhibitor trametinib in colorectal cancer and melanoma. However, in
patients with TP53, CDKN2A and KRAS mutations, dabrafenib resistance has Ref. Build GRCH37 Ensembl Version 75
been reported. Ipilimumab, regorafenib, vemurafenib, and a number of Coordinates
combination therapies have been successful in treating V600OE mutations.
However, cetuximab and panitumumab have been largely shown to be ol B
ineffective without supplementary treatment. Start 140453136
Sources Stop 140453136
None specified Ref. Bases A
Aliases RS113488022  VAL60OGLU | VG40E  VAL64oGLU ~ var Bases i
i 2
oA D e Transcript & ENST00000288602.6

NM_004333.4:c.1799T>A
HGVS NP_004324.2:p.Val600Glu
Descriptions NC_000007.13:9.140453136A>T

MyVariantinfo
Overview Clinvar gnomAD (2.1.1) EXAC (0.3.1) CADI -

@handlerwagner https://civicdb.org/events/genes/5/summary/variants/12/summary#tvariant



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

Data and Knowledge Production

Millions of raw
sequence reads are
produced for a
patient tumor.

TMC(},CA Tc"rAAcccg, (AAC(:?
3, GGAT

e

Sequences are
aligned to the refer-
ence genome and
tumor-specific
events predicted.

Data are reviewed
and validation experi-
ments performed to
identify high quality
events.

Events are annotated and scored
in an effort to predict events of
functional significance.

_|

@handlerwagner

=

CIViC Curation

Crowdsourced curation
efforts, moderated by
experts in oncology and
bioinformatics, help to
build a knowledge-

base of clinical inter-
pretations of vari-

ants in cancer,

describing the

therapeutic, prog-

nostic, diagnostic,

and predisposing
relevance of inherited

and somatic variants

of all types. Anyone may
sign up to be a curator, add
evidence, suggest changes
to records, and discuss
ongoing curation efforts.

Add New Evidence

Research Gene, Variant, & Evidence Summaries

CIViC

WWW.CIVICDB.ORG

Curation Cycle

Review and Discuss Edits

Pathologists and
oncologists review
analysts’ reports to
help evaluate the
significance of
potentially clinically
actionable events
and incorporate into
patient care.

https://docs.civicdb.org/en/latest/about/figures.html
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Level 1
FDA-approved
20 Genes

595

Genes

Level 2
Standard care
10 Genes

OnceKB

4472 38

Alterations Tumor Types

Search Gene / Alteration

Level 3 Level 4
Clinical evidence Biological evidence
25 Genes 14 Genes

79

Drugs

Level R1
Standard care
4 Genes

Clinical evidence

https://oncokb.org/
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Onc KB Levels of Evidence  Actionable Genes  Cancer Genes Data Access About Team News Terms

2 (®)

BRAF V600E

Oncogenic * Gain-of-function & , Level 1

BRAF, an intracellular kinase, is frequently mutated in melanoma, thyroid and lung
cancers among others. The BRAF V600E mutation is known to be oncogenic.
See additional BRAF information @ 30

20

10

Mutation Frequency (%)

N3/ R 2 "‘lc 2 C es y
’77 on, //(

"9

Annotated Mutation Distribution in MSK-IMPACT Clinical Sequencing Cohort (Zehir et al., Nature Medicine, 2017)

V600E
.

N
©

5

# Mutations

Hegy Coto S U, Pon A Gl Ute Moy, Oy M
”5» e/ % ’776,1,0 e, 00‘3,';77& AN ’0177 i, e/::a, bsr,e%‘,,ﬁ?& Ssp

6
Str

Cancer Types with BRAF V600E Mutations ®

8,

e"“o/;, hy,

'?7;,/7007
]

0
RBD C1_1 Pkinase_Tyr

T

0 ‘ 200 400 600
A Alteration Cancer Type Drug(s) ~ Level
V600E Anaplastic Thyroid Cancer Dabrafenib + Trametinib 1

V600E Non-Small Cell Lung Cancer Dabrafenib + Trametinib 1

@handlerwagner

1
766 aa

Search:

Citations
1 reference

2 references

https://oncokb.org/gene/BRAF/\VV600E



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

BRAF Oncogenic Mutations

A Alteration
V600R
F247L
1599dup

R462E

A728V
PAPSS1-BRAF Fusion

SND1-BRAF Fusion

1 £E4 A\

~ Oncogenic
Yes
Likely
Yes
Likely
Likely
Yes
Yes
Likely
Likely
Yes
Likely
Likely

Yes

Mutation Effect
Gain-of-function
Likely Gain-of-function
Gain-of-function
Likely Gain-of-function
Gain-of-function
Gain-of-function
Gain-of-function
Gain-of-function
Likely Gain-of-function
Gain-of-function
Gain-of-function
Gain-of-function

Gain-of-function

Search:

Citations

12 references

2 references

4 references

1 reference

6 references

9 references

2 references

1 reference

1 reference

9 references

1 reference

2 references

4 references

@handlerwagner

https://oncokb.org/gene/BRAF/Oncogenic%20Mutations
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Molecular Oncology Almanac API Browser Extension Portal About © Help~ 24 Recommend entry

Molecular Oncology Almanac

Browser

A collection of putative alteration/action relationships identified in clinical, preclinical, and inferential studies.

Search 145 molecular features associated with 865 assertions.

Multiple search terms may be combined. Click here for search help.

Or browse alterations by:

Cancer Type Predictive Implication Therapy
Select from 64 cancer types: Level Select from 149 therapies:
Select from 6 predictive implication levels
Select cancer type v Select therapy v

Select predictive implication level v

Database version: 1.0.0
Content release: 2022-10-06



Molecular Oncology Almanac Search Results

Click on any alteration below to view more details about the alteration-actionability relationship.

Show entries

x Gene:ALK

Multiple search terms may be combined. Click here for search help.

Feature type Feature Therapy Response Cancer Type Predictive Level v

Rearrangement ALK Fusion Alectinib Sensitivity Non-Small Cell Lung Cancer FDA-Approved ]
Rearrangement ALK Fusion Crizotinib Sensitivity Non-Small Cell Lung Cancer FDA-Approved ]
Rearrangement ALK Fusion Lorlatinib Sensitivity Non-Small Cell Lung Cancer FDA-Approved [
Rearrangement ALK Ceritinib Sensitivity Non-Small Cell Lung Cancer FDA-Approved [
Rearrangement ALK--EML4 Fusion Crizotinib Sensitivity Inflammatory Myofibroblastic Tumor FDA-Approved ]
Rearrangement ALK Fusion Alectinib Sensitivity Non-Small Cell Lung Cancer Guideline []
Rearrangement ALK Translocation Crizotinib Sensitivity Inflammatory Myofibroblastic Tumor Guideline ]
Rearrangement ALK Translocation Ceritinib Sensitivity Inflammatory Myofibroblastic Tumor Guideline [
Rearrangement EML4--ALK Fusion Crizotinib Sensitivity Non-Small Cell Lung Cancer Guideline [
Rearrangement ALK Ceritinib Sensitivity Non-Small Cell Lung Cancer Clinical trial [
Showing 1 to 10 of 17 entries Previous 1 2 Next



The Clinical Knowledgebase (CKB)

Powered by The Jackson Laboratory

CKB is a dynamic digital resource for interpreting complex cancer genomic profiles in the context of protein impact,
therapies, and clinical trials. CKB CORE is the public access version we have been providing to the community since 2016.
CKB CORE contains all the content associated with 85 genes that are commonly found on cancer hotspot panels. New
and updated content is pushed out daily and viewable genes are available on a quarterly rotating schedule.

Not finding the content you need? Need more advanced searching?

Check out the _ subscription version for content extending to 1,000+ genes.

Basic Search News
Explore by Gene Aug 6, 2019 - Meet the CKB Team and tour a live demo
in Nashville!
Explore by Variant
Explore by DrugClass - Available in CKB BOOST Jul 1, 2019 - CKB BOOST now has AMP/CAP/ASCO

evidence level coding!

Explore by Drug - Available in CKB BOOST

Explore by Indication/Tumor Type - Available in CKB BOOST Jun 28, 2019 - CKB CORE brings back EGFR, PIK3CA,
removes BRCA1, BRCA2, KRAS, and offers new content

@handlerwagner https://ckb.jax.orq/
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Molecular Profile Detail

Profile Name BRAF V600E
Gene Variant Detail BRAF VB00E (gain of function)
Relevant Treatment Approaches BRAF Inhibitor ~ MEK inhibitor (Pan) ~ MEK1 Inhibitor ~ MEK2 Inhibitor ~ RAF Inhibitor (Pan)

Variant Level Evidence €EB) Complex Molecular Profile Evidence @) Gene Level Evidence @B Treatment Approach Evidence Variant Associated Clinical Trials &)

Gene Associated Clinical Trials @)

Filtering and Sorting @

Filter rows:
Showing 1 to 232 of 232 entries
Relevant
Molecular  *  Indication/Tumor Response Treatment Approval 4 Evidence
Profile Type Type Approaches Therapy Name Status Type Efficacy Evidence References
BRAF — predicted - RAF Inhibitor (Pan) b Case Actionable In a clinical case study, a patient with metastatic renal 26918217
V600E carcinomma sensitive Reports/Case cell carcinoma harboring BRAF V600E demonstrated a
Series partial response following treatment with Zelboraf
(vemurafenib) (PMID: 26918217).
colon predicted - BRAF Inhibitor Yabrafenib Case Actionable In a clinical case study, Tafinlar (dabrafinib) treatment of 30181415
neuroendocrine sensitive Reports/Case a patient with recurrent neuroendocrine carcinoma of
Series the colon harboring a BRAF V600E mutation resulted in

neoplasm . ) g
stable disease for 6 months before disease progression

(PMID: 30181415).

@handlerwagner https://ckb.jax.org/molecularProfile/showMolecularProfileByVariant?geneVariantid=49
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Molecular Profile Detail

Profile Name BRAF V600E
Gene Variant Detail BRAF V00E (gain of function)
Relevant Treatment Approaches BRAF Inhibitor ~ MEK inhibsitor (Pan)

Variant Level Evidence @

Gene Associated Clinical Trials

Showing 1 to 200 of 200 entries

Complex Molecular Profile Evidence @

MEK?1 Inhibitor

Gene Level Evidence @

MEK?2 Inhibitor RAF Inhibitor (Pan)

Treatment Approach Evidence @ Variant Associated Clinical Trials m

Filtering and Sorting @

Relevant
Molecular *  Indication/Tumor Response Treatment Therapy Approval 4 Evidence
Profile Type Type Approaches Name Status Type Efficacy Evidence References
BRAF amp colarecialicancar resistant RAF Inhibitor (Pan) GermabE Case Actionable In a clinical case study, a patient with BRAF V600E 28951457
BRAF V600E erraranib Reports/Case colorectal cancer developed progressive disease after a
Series partial response lasting 16 weeks to Erbitux (cetuximab)
and Zelboraf (vemurafenib) combination treatment,
amplification of BRAF V600E was identified as an
acquired alteration at the time of progression (PMID:
28951457).
colorectal eanear predicted - RAF Inhibitor (Pan) Eanrma Case Actionable In a clinical case study, a patient with BRAF V600E 28951457
BRAF V600E resistant - Reports/Case colorectal cancer developed progressive disease after a

@handlerwagner

Series partial response lasting 24 weeks to Vectibix
(panitumumab) and Zelboraf (vemurafenib) combination
treatment, amplification of BRAF V600E was identified

Vemurafenib

https://ckb.jax.org/molecularProfile/showMolecularProfileByVariant?geneVariantld=49
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Molecular Profile Detail

Profile Name BRAF V600E
GeneVafiant Detail BRAF V00E (gain of function)
Relevant Treatment Approaches BRAF Inhibitor ~ MEK inhibitor (Pan)  MEK1 Inhibitor ~ MEK2 Inhibitor ‘ RAF Inhibitor (Pan)

Variant Level Evidence @ Complex Molecular Profile Evidence @ Gene Level Evidence @ Treatment Approach Evidence @ Variant Associated Clinical Trials m

Gene Associated Clinical Trials @B

Filtering and Sorting @

Filter rows:
Showing 1 to 49 of 49 entries
& Recruitment
Clinical Trial Phase Therapies Title Status
NCTO01336634 Phase Il : ‘ Far I o Study of Selective BRAF Kinase Inhibitor Dabrafenib Monotherapy Twice Daily and in Active, not
Combination With Dabrafenib Twice Daily and Trametinib Once Daily in Combination recruiting

Therapy in Subjects With BRAF V600E Mutation Positive Metastatic (Stage IV) Non-small Cell
Lung Cancer.

NCTO01709292 Phase Il : : Vemurafenib Neoadjuvant Trial in Locally Advanced Thyroid Cancer Activ‘et not
recruiting

NCTO01711632 Phase Il ! enil BRAF Inhibitor, Vemurafenib, in Patients With Relapsed or Refractory Hairy Cell Leukemia Active, not
recruiting

NCTO01740648 Phase | - Trametinib, Fluorouracil, and Radiation Therapy Before Surgery in Treating Patients With Active, not
Stage II-Ill Rectal Cancer recruiting

@handlerwagner https://ckb.jax.org/molecularProfile/showMolecularProfileByVariant?geneVariantid=49
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Germline and Specialized Interpretation
Resources



Gene Focus: BRCA1 and BRCA2

) BRCA EXChange [ Detail View | HOME VARIANTS COMMUNITY HELP  MORE ~

search for "c.1105G>A", "brcail" or "IVS7+1037T>C" Q

The BRCA Exchange aims to advance our understanding of the genetic basis of breast cancer, ovarian cancer and other diseases by
pooling data on BRCA1/2 genetic variants and corresponding clinical data from around the world. Search for BRCA1 or BRCA2
variants above.

This website is supported by the BRCA Challenge project, a driver project of the Global Alliance for Genomics and Health.

@® Video Overview

@handlerwagner https://brcaexchange.orqg/
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Variant Details

Variant Names

Protein Identifier

Abbreviated AA Change

Genomic Nomenclature
(GRCh38)

Genomic Nomenclature
(GRCh37)

@handlerwagner

NM_007294.3(BRCA1):c.839C>G p.(Ala280Gly)

BRCA1
c.839C>G

NM 007294.3

p.(Ala280Gly)
NP_009225.1
A280G
958C>G

chr17:9.43094692:G>C

chr17:9.41246709:G>C

chr17:9.43094692:G>C

Clinical Significance

IARC Class

Comment on Clinical
Significance

Clinical Significance
Citations

Supporting Evidence
URL(s)

Date Last Evaluated
Assertion Method
Assertion Method Citation
Allele Origin

ClinVar Accession

Hide Empty Items

Clinical Significance (ENIGMA)

Benign / Little Clinical Significance
Benign

IARC class based on posterior probability from
multifactorial likelihood analysis, thresholds for class
as per Plon et al. 2008 (PMID: 18951446). Class 1
based on posterior probability = 0.0000767

PMID: 21990134

link to multifactorial analysis

10 August 2015

ENIGMA BRCAT1/2 Classification Criteria (2015)
Enigma Rules version Mar 26, 2015

Germline

SCV000244413.1

https://brcaexchange.org/variant/230931
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Disease Focus: Pediatric Cancers

DATA TOOLS  VISUALIZATIONS

& | st.JudeCloud PeCan

# Home 2 ProteinPaint [l Studies @ Pie @ About

PCGP TARGET

TOP GENES FOR DIAGNOSIS GROUPS

[ Clinical Pilot | B2 Pan-TARGET | [ DKFZ pan-j

Origins @ Somatic @ Germline @ Relapse
https://pecan.stjude.cloud

@handlerwagner
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Disease Focus: Pediatric Cancers

- D G weenat cony® A .
BRAF V600E $ $ se  ¢1799T>A pVal600Glu . =

Gene Information: BRAF

Entrez Description: This gene encodes a protein belonging to the RAF family of serine/threonine protein kinases. This protein plays a role in regulating
the MAP kinase/ERK signaling pathway, which affects cell division, differentiation, and secretion. Mutations in this gene, most commonly the V60OE

mutation, are the most frequently identified cancer-causing mutatio... (imported on 2018-09-27)
ProteinPaint

Zoomout | 100 200 300 400 500 600 700
Pediatric
63 mutations

16 cancer subtypes

3 datasets
¢ ? *® oo « ¢
BRAF o e ! : : T N | i : CONFIG
{1100 i 200 1300 | : | 50 i i 600 | |70
drag to resize

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

ClinVar & PecanPIE

OnceKB @& CORE
< =

7 BRCA Exchange

¥ CIViC

More Less
Permissive Permissive
PUBLIC Attribution Only Non-commercial / Non-commercial Paid-Access Only

iy Research Only and Share-Alike

Custom Licensing

@handlerwagner



General Questions



