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Agenda

• ClinGen Dosage Sensitivity

• Utilizing CNVs/Dosage Information in Gene-
Disease Validity Classifications

• Locating CNVs in ClinVar



Evolution of the Dosage Sensitivity Map

• Dosage Sensitivity (DS) curation has been ongoing 
since 2011 (ISCA)
– Chromosomal microarray (CMA) coming in to wide 

clinical use

• Many of the copy number variants (CNVs) being 
identified were unique and not well described in 
the clinical literature

• How to interpret these?
– Assess genomic content and correlate with established 

clinical literature

• DS curation process developed to facilitate this 
process and promote classification consistency



ClinGen Dosage Map can inform the 
process of CNV classification
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ClinGen Dosage Map can inform the 
process of CNV classification
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Curation Focus
• Initial focus: genes with targeted coverage on ISCA 180K 

array design
– Similar to the approach today’s GCEPs take with evaluating multi-

gene panels in their disease areas

• Transition into focus on neurodevelopmental disorders, as 
these are common reasons for CMA referral

• Current efforts:
– Neurodevelopmental subgroup

• Evaluating dosage sensitivity of genes implicated in 
neurodevelopmental disorders (NDDs), such as ID, autism, seizures, etc.

– Recurrent regions subgroup
• Developing additional considerations for the evaluation of recurrent 

CNVs, including regions associated with low penetrance

– Hereditary Cancer subgroup
• Evaluating dosage sensitivity of genes implicated in hereditary cancer



Dosage Sensitivity Evaluations

• 2 types of dosage sensitivity “records”

– Single Gene

– Genomic Region

• Typically recurrent regions (such as those mediated by 
segmental duplications) or other commonly observed, 
clinically relevant regions

• Each record is evaluated for BOTH 
haploinsufficiency and triplosensitivity

– Separate scores are assigned for each



Current Progress

• 76 region issues complete

• 1398 single gene issues complete

Haploinsufficiency Scores

48.6%

23.7%

16.1%

6.2%

4.7%

0.7%

Triplosensitivity Scores

76.3%

Sufficient Evidence

Emerging Evidence

Little Evidence

No Evidence

Dosage Sensitivity 
Unlikely

Autosomal Recessive

Not Yet Evaluated

18.3%
1.1%

1.7%
0.8%

1.8%



Transitional Period for Dosage Sensitivity

• The types of evidence available to us and the 
ways in which we evaluate and apply that 
evidence has changed since we first started 
curating for Dosage Sensitivity in 2011.

• Currently in the process of updating our scoring 
procedures to be more consistent with those put 
forth in the new ACMG/ClinGen CNV technical 
standards (Riggs et al. 2019)
– New single-gene scoring procedures in place since 

February 2019



Each gene or region gets both a haploinsufficiency 
(HI) and triplosensitivity (TS) “score”

Riggs et al. Clin Genet 2012

Score Meaning ORIGINAL Clinical 
Interpretation/Comments

(2011 – February 2019)

PROPOSED NEW Clinical 
Interpretation/Comments 
(February 2019 - present)

3 Sufficient 
Evidence

Pathogenic Pathogenic

2 Emerging 
Evidence

Likely Pathogenic OR Uncertain Likely Pathogenic

1 Little Evidence Uncertain Uncertain

0 No Evidence Uncertain OR Likely Benign Uncertain

40
Dosage 
Sensitivity 
Unlikely

Likely Benign OR Benign Likely Benign OR Benign

30
Gene Associated 
with AR 
Condition

Gene Associated with AR Condition Gene Associated with AR Condition

-1
Will not evaluate Programmatically applied to genes we 

will not evaluate, such as pseudogenes
Programmatically applied to genes we 
will not evaluate, such as pseudogenes



Dosage Sensitivity Questions

• When this [gene or genomic region] is LOST, 
does it result in a consistent phenotype? 
(Haploinsufficiency score)

• When there is an EXTRA COPY of this [gene or 
genomic region], does it result in a consistent 
phenotype? (Triplosensitivity score)



Assigning Haploinsufficiency (HI) and 
Triplosensitivity (TS) Scores

• Primary evidence = case data from humans

• Haploinsufficiency
– Looking for evidence of loss of function (LOF), including:

• Single gene deletions

• Exonic deletions within a single gene 

• Putative LOF sequence variants (for example, nonsense) believed to 
undergo nonsense-mediated decay

• Other sequence variants may be considered IF there is strong 
functional evidence suggesting loss of function

• Triplosensitivity
– Whole gene duplications ONLY



Assigning HI and TS Scores

• IN GENERAL, we take a conservative approach:
– For gene evaluations, only evidence involving that 

gene ALONE is considered
– The following are typically considered supporting 

evidence, not primary evidence*
• Smallest region of overlap as sufficient evidence that a gene 

is a “causative” gene
• Evidence from translocation cases (unless both breakpoints 

have been mapped, functional evidence suggests no effect 
of second breakpoint)

• Unpublished evidence

– Functional evidence, such as evidence from animal 
models, may be used to upgrade a particular evidence 
score

*These data are still useful pieces of information, and are noted in the gene record, but do 
not contribute to the overall score(s).



Original Scoring Guidelines
• 3: There are at least 3 documented variants 

demonstrating LOF (HI score) or duplications of a single 
whole gene (TS score) from at least 2 independent 
publications
– If all of the variants are coming from a single group, the 

score is typically 2, exceptions may apply

• Score of 2 = 2 probands, 1= 1 proband, 0 = no 
evidence, etc.

• Score “Dosage Sensitivity Unlikely” ONLY if there is 
valid evidence against dosage sensitivity 

• Score “Gene Associated with AR disorder” in the HI 
score section when applicable, comment on the 
mechanism of the disorder if known
The main change to this approach removing the concept of a specific, set 

number of probands driving the score.  The other concepts still apply!



New Single Gene Process: Consistent with 
Category 4 of CNV Technical Standards

Genet Med. 2019 Nov 6. doi: 10.1038/s41436-019-0686-8. [Epub ahead of print]



New Single Gene Process: Consistent with 
Category 4 of CNV Technical Standards



New Single Gene Process: Consistent with 
Category 4 of CNV Technical Standards
• Points are still awarded per proband, but the amount differs 

based on:
– Inheritance

• De novo
• Unknown inheritance
• Segregation among similarly affected family members
• Apparent non-segregations

– Phenotype
• Highly specific, relatively unique
• Consistent, specific, but not necessarily unique
• Consistent, but not highly specific and/or with high genetic heterogeneity

• A suggested number of points is provided for each category
– A range is also provided to give you the ability to upgrade for 

compelling pieces of evidence, and downgrade for evidence of 
lesser quality



Points for each piece of evidence will 
be tallied to reach the final HI/TS Score

Evidence Points HI/TS Score Suggested Clinical 
Classification

0.99 or higher 3 Pathogenic

0.90-0.98 2 Likely Pathogenic

0.10-0.89 1 VUS

0 0 VUS

No evidence to 
evaluate

0 VUS

0 to -0.89 0 VUS

-0.90 to -0.98 Dosage Sensitivity 
Unlikely

Likely Benign

Fewer than -0.99 Dosage Sensitivity 
Unlikely

Benign



De novo probands

• Highly specific, relatively unique:
• Fixed, dilated pupils 

(Gillespie syndrome)
• Fetal adrenocortical 

cytomegaly (Beckwith-
Wiedemann)

• Highly specific, not necessarily 
unique
• Early infantile epileptic 

encephalopathy (68 entries 
in OMIM)

• Spastic paraplegia (68 
entries in OMIM)

• Not highly specific, and/or with 
high genetic heterogeneity
• Developmental 

delay/intellectual disability
• Autism



What if the phenotype isn’t consistent (D)?

• Need to consider whether this actually represents “anti” 
evidence

• Negative point values could be considered with increasing 
evidence of inconsistency.

• Example 1: De novo deletion of a particular gene reported 
twice in the literature - once in a 7yo with developmental 
delay, and once in a newborn with a congenital anomaly  (0 
points)

• Example 2: De novo deletion reported 5 times in the 
literature - all in well-phenotyped, older individuals - 1 with 
intellectual disability, 1 with a history of cardiac defect and 
normal development, 1 with a history of genitourinary 
anomalies and normal development, and 2 in general 
population individuals (-0.30 points)



Unknown Inheritance

• Use ONLY when the phenotype is specific
– Do NOT use in non-specific phenotypes such as 

ID/Autism

• Example: use when evaluating a relatively 
specific, adult-onset condition where getting 
parental samples is particularly difficult



Segregation In Affected Family Members

• For simplicity, count only genotype 
+/phenotype + individuals, and/or 
obligate carriers

* = tested

= genotype+/phenotype +

*



Case evidence, apparent non-
segregation

= affected, specific 
phenotype

= genotype +

= affected, non-
specific 
phenotype

genotype -

4I 4J 4K

phenotype - phenotype -



Other factors to consider…

• HI predictors
– gnomAD pLI score is >0.90 AND DECIPHER HI index is 

<10%
– This information can be use to bump up (or bump 

down!) genes that are “on the fence”
– Use judgement to decide if this is appropriate

• Genes associated with adult-onset conditions may have 
lower pLI scores as reproductive fitness is not impacted

• LOF variants observed in the general population may be in a 
different area of the gene than the LOF variants in affected 
individuals

• Potential false positives, etc.



Other factors to consider…

• Common variation

– Frequency of 1% or greater – could consider 
awarding up to -0.90 points

– Observed at a lower frequency but still relatively 
common?  Could consider downgrading.

• Case-control data

– Consider the quality of the study before awarding 
a score - methods, potential sources of 
bias/confounding, etc.



Proposed Recurrent Region Process



Single Gene Example: ZNF462

• Weiss et al. 2017 (PMID:28513610):
– Describe probands from 6 families (8 total individuals) 

with predicted LOF variants in ZNF462
– Per the authors: “Shared features include metopic 

ridging or lambdoid craniosynostosis (5/8), dysgenesis 
of the corpus callosum (3/8), ptosis (7/8), and 
developmental delay with or without autistic features 
(4/8). In addition, we identified overlapping 
dysmorphic features in most subjects such as arched 
eyebrows, down slanting palpebral fissures, epicanthal 
folds, wide philtrum, and a short upturned nose with 
a bulbous tip.”



Weiss et al. 2017
Proband/Family Variant Method 

of 
Detection

Key Features Other variants? Comments

Family 1 
(proband, sister, 
father, pat GM; 
variable 
expressivity)

c.3787C>T (p.Arg1263*) WES Metopic ridge, ptosis, +/-
dysmorphic features, normal 
development

“No rare variants in genes 
previously associated 
with craniosynostosis or 
ACC.”

Proband 2 c.2979_2980delinsA 
(p.Val994Trpfs*147) de novo

Trio WES Metopic ridge, ptosis, 
dysmorphic features; ASD

None reported.

Proband 3 c.4263delA p.(Glu1422Serfs*6) 
de novo

WES Lambdoid synostosis/metopic 
ridge; hypotonia; ptosis; 
dysmorphic features; 
transposition of the great 
arteries; developmental delay

Pat VUS in FOXP2 (c.776-
5T>G, NM_014491.3); 
mito VUS (m.14787T>C 
p.(I14T), NC_012920.1) in 
MT-CYB at 30% 
heteroplasmy

Consider not counting.  
Effects of other 
variants cannot be 
ruled out.

Proband 4 Chr9:108940763-110561397x 
1(hg19) de novo

CMA Hypotonia; dysgenesis of the 
corpus callosum; ptosis; 
dysmorphic features; normal 
development

Includes RAD23B and 
KLF4

Looking for evidence of 
ZNF462 HI – effects of 
losing other genes 
cannot be ruled out

Proband 5 Chr9:108464368-110362345 x1 
(hg19) de novo

CMA Mild ID; ASD; ADD; OCD; hx of 
ventricular septal defect; no 
evidence of craniosynostosis; no 
metopic ridge; no ptosis

Includes TMEM38B, 
RAD23B and KLF4; pat 
inherited 374 kb dup at 
6q22.31 (classified as 
VUS)

Looking for evidence of 
ZNF462 HI – effects of 
losing other genes 
cannot be ruled out

Proband 6 c.5145delC p.(Tyr1716Thrfs*28) 
de novo

Trio WES Developmental delay; 
hypotonia; facial asymmetry; 
dysmorphic features.

None reported.

https://www.ncbi.nlm.nih.gov/nuccore/NM_014491.3
https://www.ncbi.nlm.nih.gov/nuccore/NC_012920.1


What type of phenotype is this?

• Based on the first paper: the first 6 probands reported 
had a variable phenotype including a number of 
nonspecific features (ID, dev delay, ASD, hypotonia) 
and some slightly more specific (but not unique) 
features (ptosis, metopic ridge)
– Unclear if this is a consistent but variable constellation of 

findings, or unrelated
– Additional cases may help clarify

• Conservative approach:
– 1 3-segregation family (0.15 points thus far)
– 2 de novo LOF variants, parental relationships confirmed 

(trio-based WES) (0.15 points x 2 = 0.30 points)

Total: 0.45 points



Cosemans et al. 2018 (PMID: 29427787)

• De novo balanced translocation (t(9; 13)(q31.2; q22.1)) in a patient 
with ID, ASD, metopic craniosynostosis, dysgenesis of the corpus 
callosum, and ptosis

• Translocation breakpoints were mapped to KLF12 on chr13 and 
ZNF462 on chr9
– HI of ZNF462 was assumed (due to previous clinical reports) but not 

functionally demonstrated
– No functional studies of KLF12 → cannot rule out effect of this gene

• Of note, another translocation case was reported by Talisetti et al.
in 2003; features overlap with those reported here plus those 
associated with the other gene involved

• While compelling, this type of evidence should not scored
– These and the unused cases from Weiss et al. could be used as an 

argument for upgrading if on the border between 2 classifications at 
the end.

Total: 0.45 points



Kruszka et al. 2019 (PMID:31361404)

• Describes 14 additional individuals with LOF variants in 
ZNF462
– Total of 24 individuals including those from Weiss and the 

translocation cases

• Sheds additional light on phenotypic spectrum:
– Developmental delay: 79%
– ASD: 33%
– Ptosis: 83%
– Down-slanting palpebral fissures 58%
– Metopic ridging or craniosynostosis: ~33%
– Dysgenesis of the corpus callosum: ~25%
– Structural heart defects: 21%



Summary of variants in Kruszka et al.

• 13/14 detected by exome sequencing; 1/14 by 
genome sequencing
– All putative LOF

– 10 de novo; no comment on confirmation of 
parental relationships (trio-based WES vs. WES on 
proband with Sanger confirmation in parents)

– 2 unknown inheritance

– 1 paternally inherited with + paternal family hx 
(father with ptosis requiring surgery)

– 1 maternally inherited, mosaic



Putting everything together…

• Even if we were being extremely conservative…
– …and counting this as a non-specific phenotype
– …and assuming parental relationships were not 

confirmed if not explicitly stated
– …and not using cases where other variants were 

identified/effects of other genes were not ruled out
– …we’d still have:

• Category 4C: De novo LOF variant, non-specific phenotype
– Parental relationships confirmed – 2 cases (Weiss) → 0.15 x 2 = 

0.30
– Parental relationships assumed – 10 cases (Kruszka) → 0.10 x 10 = 

1.0

• Category 4F: 4 total observed segregations (1 family in Weiss, 
1 family in Kruszka)→ 0.15 points

Total: >1.0 points



Sufficient evidence to suggest ZNF462 
is a haploinsufficient gene

Evidence Points HI/TS Score Suggested Clinical 
Classification

0.99 or higher 3 Pathogenic

0.90-0.98 2 Likely Pathogenic

0.10-0.89 1 VUS

0 0 VUS

No evidence to 
evaluate

0 VUS

0 to -0.89 0 VUS

-0.90 to -0.98 Dosage Sensitivity 
Unlikely

Likely Benign

Fewer than -0.99 Dosage Sensitivity 
Unlikely

Benign



How do I access Dosage Sensitivity 
Curations?

• Available through the Dosage Sensitivity Map website
– Includes single genes, recurrent regions
– Ability to search by gene name or coordinates
– Current URL: 

https://www.ncbi.nlm.nih.gov/projects/dbvar/clingen/
– Will be redirecting at the end of the month to a ClinGen-

controlled server

• Single gene information currently available on 
www.clinicalgenome.org
– Regions and coordinate search will be available in the future

• Genes/regions with scores of 3 or 40 are added to the 
NCBI study “nstd45” on a quarterly basis
– Populates tracks in both UCSC and NCBI’s Variation Viewer

https://www.ncbi.nlm.nih.gov/projects/dbvar/clingen/
http://www.clinicalgenome.org/


http://www.ncbi.nlm.nih.gov/projects/dbvar/clingen/



Using the Dosage Sensitivity Map Site



Search Results







Other Resources

• The results of our curation efforts can be bulk 
downloaded by anyone, anytime

– File updated daily

ftp://ftp.ncbi.nlm.nih.gov/pub/dbVar/clingen





Other Resources

Genes/regions with scores of “3” are added to our 
curated study in dbVar (nstd45) on a quarterly basis



Utilizing CNVs/Dosage Information in 
Gene-Disease Validity Classifications



Dosage and other ClinGen Curations

• Dosage evaluations can be used as a starting 
point for any other ClinGen curation activity 
that may find this type of information useful

• Example: Gene-Disease Validity

– Dosage information may be a good source of case 
data → direct the curators to useful articles

– May help establish mechanism of disease (loss of 
function or triplosensitivity)



Using CNVs as Evidence

• As in the dosage evaluations, only intragenic 
CNVs (or those otherwise involving only a 
single gene) can be considered “countable” 
evidence

– If you cannot rule out the possibility that other 
involved genes may affect the observed 
phenotype, do not count

– May still be useful to note large events as 
supporting evidence without scoring



Entering CNVs into Curation Interfaces

• To enter any variant into either the Gene or 
Variant Curation databases, an ID is required
– If your CNV is in ClinVar – great!  Use this ID.

– If your CNV is NOT in ClinVar:
• Will need to obtain an identifier from the ClinGen Allele 

Registry

• Previously: Allele registry would not accept variants over 
10kb in size.

• Currently: Allele registry working on supporting real-time 
registration of CNVs, GCI/VCI working on be able to 
accept new Allele Registry CNV IDs.



What if I want to count a CNV as part 
of my gene curation NOW?

• If there is enough evidence to reach Definitive 
without the CNV(s), there may not be a need to 
include them
– If they are a frequent variant type, may want to 

mention this in the free text evidence summary.

• If the CNVs are required to maximize scoring:
– Describe in the free text evidence blurb

– Keep a mental note of the points each is worth

– Adjust the final classification at the end (if warranted); 
provide rationale behind the change.





ClinVar and 
Copy Number Variants (CNVs)



Yes, ClinVar accepts and displays CNVs!

• There are currently >51,000 CNVs in ClinVar

• These include CNVs previously submitted via the 
International Standards for Cytogenomic Arrays 
(ISCA) Consortium

– Legacy cases

– Submitters often designated as “ISCA Site 1,” 
“ISCA Site 2,” etc.

• Also includes direct submissions to ClinVar



Identifying CNVs in ClinVar: 
Genomic Coordinates

• Searching for a CNV in ClinVar IS NOT THE SAME as 
searching in UCSC or other genome browsers

• Entering genomic coordinates alone into the ClinVar
search box will only search for EXACT MATCHES

• Must use structured language or advanced search to 
return overlapping results



• Search syntax for genomic coordinates:

– Information specific to your search in red

– Syntax in blue

• Chromosome Number [chr] AND Genomic 
Coordinate 1:Genomic Coordinate 2 [chrpos37]

Identifying CNVs in ClinVar: 
Genomic Coordinates

This represents the assembly – edit the number 
depending on the assembly you are looking for 

(using the GRCh numbering system)



Example: Searching for 
chr2:136000000-147000000 (GRCh37)

• Searching with traditional syntax yields no results

• ClinVar does not recognize the coordinates without the 
proper syntax!



• Using the proper syntax, our search has yielded 912 results

– Doesn’t matter if you put spaces between your info and the bracketed items, or 
after the colon, but you must put a space before and after “AND”

• Note that this method will also include sequence variants in this interval–
you can exclude many of these by using the filters on the left hand side 
of the screen

Example: Searching for chr2:136000000-
147000000 (GRCh37)



Results

You can narrow your search using 
filters on the left.



Filtering for CNVs: By Size

Filtering can be used to separate CNVs 
from SNVs, if desired.



Filtering for CNVs: By Size

• Select the size bins you are interested in 
(typically, anything 1kb or greater)

• This reduced the results of our original query 
to 41



Filtering for CNVs: 
Variant-Gene Relationship

• Allows you to filter by the following categories:

– Single gene: variant is contained within a single gene
• Consider using this (in conjunction with other filters) if looking for CNVs 

involving a single gene

– In overlapping genes: variant is within the region of overlap 
between genes that are known to overlap (ex: MYH7 and MHRT)

– Spans multiple genes: variant spans multiple genes
• Consider using this if looking for larger CNVs

– Multiple genes: In general, the combination of the “In Overlapping 
Genes” and “Spans Multiple Genes” categories

• Note: selecting “spans multiple genes” will filter out intragenic events, and 
selecting “single gene” will exclude larger, multi-gene CNVs



Filtering for CNVs: Variation Type
• The filter “variation type” can be used to narrow your search to 

common variation types, including:

– Deletion

– Duplication

– Indel

– Insertion

– Single nucleotide

• Additional options are available through advanced search, such as:

– Copy Number Loss

– Copy Number Gain



Filtering for CNVs: Variation Type

• The “variation type” of a particular ClinVar variant is chosen by 
the submitter

• When submitting variants detected by chromosomal microarray 
(CMA) with fuzzy end points, ClinVar recommends the use of 
“copy number gain” and “copy number loss”

• HOWEVER, some submitters still select “deletion” or “duplication”

– These terms also apply to sequence-level variation



Filtering for CNVs: Variation Type

• When using this filter, keep in mind that selecting “deletion” or 
“duplication” from the commonly used filters on the left may 
result in some sequence variants remaining in your query



Example: Using Multiple Filters

• Example use case: Are there any other deletions overlapping a 
gene of interest?

– Let’s use SCN1A



Enter Gene of Interest

1745 results



Filter: Variant Type



Filter: Variant Type

Filter narrows search to 228 variants.



Additional Filters Would 
Narrow the Search



Viewing CNVs in Genomic Context

• While many CNVs are cataloged in ClinVar, it is 
often preferable to view them in genomic 
context

• This can be done using genome browsers

• Both UCSC and NCBI’s Variation Viewer have 
tracks displaying structural variation in ClinVar
– In UCSC: “ClinVar Variants” track

– In Variation Viewer: “dbVar Clinical Structural 
Variants” (nstd102)
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