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Current Dosage Sensitivity Curation (DSC) Process

Group Consensus, Finalize for Public Website

Assign Dosage Sensitivity Ratings (3-0, DSU)
Haploinsufficiency (HI) score Triplosensitivity (TS) score

Evaluate Evidence 

# of reports
Consistency of 

phenotype
Pattern of 

inheritance
Pathogenic mechanism of 

variant

Collect Evidence

Case reports Case series Clinical databases Control databases

➢Does loss or gain of a copy of this gene or genomic region result in a clinical phenotype?



C (1 del + 1 SV) 

B only

A, B and C

Focal (HI score)

Non-focal (document only)

Genes
A B C

B only, 5’ region (NMD)

B only

Bi-allelic (AR risk)

C (2-copy)

SV (NMD)

B and C

Create a region?

➢ HI Evaluation

Breakpoint in B

Balanced rearrangement (document only)



B only

A (breakpoint), B (duplicated), and C (breakpoint)

Focal (TS score)

Non-focal (document only)

Breakpoint in B

B duplicated, Breakpoint in C

B only

Bi-allelic (triplication)

C (4-copies)

Genes
A B C

➢ TS Evaluation

Create a region?

Document in HI Evaluation?



Dosage Sensitivity Ratings

Modified from Riggs et al., Clin Genet (2012)

Score Strength of Evidence Potential Clinical Classification

3 Sufficient Evidence Pathogenic

2 Emerging/Some Evidence Likely Pathogenic or Uncertain

1 Little/Limited Evidence Uncertain

0 No/Insufficient Evidence Uncertain or Likely Benign

40 (DSU) Dosage Sensitivity Unlikely Benign

30 (AR) Autosomal Recessive Autosomal Recessive



*New* Single Genes DSC Metric Preview
Evidence Type Evidence Suggested Points/Case

Individual Case Evidence: 

de novo occurrences

A. The reported phenotype is highly specific and relatively unique to the gene. Confirmed de novo: 0.45 points each

Assumed de novo: 0.30 points each

(Range: 0.15-0.45 each)

B. The reported phenotype is consistent, specific, but not necessarily unique to the gene. Confirmed de novo: 0.30 points each

Assumed de novo: 0.15 points each

(Range: 0-0.45 each)

C. The reported phenotype is consistent, but not highly specific and/or has high genetic heterogeneity. Confirmed de novo: 0.15 points each

Assumed de novo: 0.10 points each

(Range: 0-0.30 each)

D. The reported phenotype is NOT consistent. 0 points each

(Range: 0 to -0.30 each)

Individual Case Evidence: 

Unknown Inheritance

E. Reported proband has a highly specific phenotype consistent with what is expected for the gene, but 

inheritance of the variant is unknown.

0.10 points each

(Range: 0-0.15 each)

Individual Case Evidence: 

Segregation Among 

Similarly Affected Family 

Members

F. 3-4 observed segregations 0.15 points

G. 5-6 observed segregations 0.30 points

H. 7 or more observed segregations 0.45 points

Individual Case Evidence: 

Apparent Non-

Segregations

I. Variant is NOT found in another individual in the proband’s family AFFECTED with a consistent, 

specific, well-defined phenotype (no known phenocopies).

-0.45 points per family

(Range: 0 to -0.45)

J. Variant IS found in another individual in the proband’s family UNAFFECTED with the specific, well-

defined phenotype observed in the proband.

-0.30 points per family

(Range: 0 to -0.30)

K. Variant IS found in another individual in the proband’s family UNAFFECTED with the non-specific 

phenotype observed in the proband.

-0.15 points per family

(Range: 0 to -0.15)



*New* Regions (Recurrent CNVs) DSC Metric Preview

Suggested Points
Evidence Type Evidence Default Range

1) Number of unrelated probands. Variant is 
rare (never or rarely observed in controls).

More than 2 families reported? 
(yes =1, no=0). If "no," SKIP to 4 1 or 0 -

2) Phenotype 
(SKIP to 4 if <two unrelated probands)

a) Specific, well-defined OR 4 3->5
b) Non-specific (0=phenotypes lack consistency) 1 0->2

3) Inheritance/ segregation

a) CNV is most often de novo OR 4 3->5
b) CNV is most often inherited, from an affected parent/ 
CNV segregates with phenotype OR 2 1->2
c) Inheritance is unknown OR 0 -
d) CNV is most often inherited, from an unaffected parent/ CNV does not segregate with 
phenotype -2 -2->0

4) Ethnic stratification and/or ascertainment 
bias

If present, accounted for or corrected?
If "no," SKIP sections 5 and 6 - -

5) p-value 
p-value <0.05?
(yes=1, no=0). If infinite LR, but below 1/2000 1 or 0 -

6) Effect Size

a) LR or OR: Lower 95% CI is greater than 1.00 (+1), 2.00 (+2), or 5.00 (+3)? OR 3, 2, 1, or 0 -
b) Control frequency exceeds 0.1% OR the case frequency? 
Yes (-1) -1 -
Bonus point: LR or OR: Exceeds 5 and lower 95% CI does not include 1? 
(yes= 1, no= 0) 1 or 0 -

7) Contains an established haploinsufficient/ 
triplosensitive gene 

Dosage sensitivity scoring has found that an individual gene within the region is either 
haploinsufficient or triplosensitive 1 or 0 -

8) Gene count Loss: 25-34 genes (+1); 35+ genes (+2); Gain: 35-49 genes (+1); 50+ genes (+2) 0, 1 or 2 -

9) Control Frequency (DGV GS and gnomAD) >0.1% (-1); >1% (-2) 0, -1, or -2 -



ncbi.nlm.nih.gov/projects/dbvar/clingen/

➢Updates are coming!

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




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%



ncbi.nlm.nih.gov/projects/dbvar/clingen/

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


ncbi.nlm.nih.gov/projects/dbvar/clingen/clingen_gene.cgi?sym=SHANK3&subject=

https://www.ncbi.nlm.nih.gov/projects/dbvar/clingen/clingen_gene.cgi?sym=SHANK3&subject=






ncbi.nlm.nih.gov/projects/dbvar/clingen/

chr22:50239255-51248495

Example: arr[GRCh37] 22q13.33(50239255_51248495)x1

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


Sort by…
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ftp://ftp.ncbi.nlm.nih.gov/pub/dbVar/clingen

ftp://ftp.ncbi.nlm.nih.gov/pub/dbVar/clingen
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Got feedback/questions? Let us know!

https://www.ncbi.nlm.nih.gov/projects/dbvar/clingen/contact.shtml

https://www.ncbi.nlm.nih.gov/projects/dbvar/clingen/contact.shtml
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Section 2: Overlap with Established DS Genes/Genomic Regions

DS

DS

DS

DS

DS

• “Established dosage sensitive” (DS) genes or genomic regions are those with sufficient evidence for HI 

and/or TS (i.e., a score of 3)

• A list of genes and regions that have been evaluated using these criteria is updated daily and can be 

accessed at https://www.ncbi.nlm.nih.gov/projects/dbvar/clingen/

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


➢ LOSS

Section 2:

(HI)

Points Proposed Classification

0.99 or more Pathogenic

0.90 to 0.98 Likely Pathogenic

0.89 to -0.89 Uncertain

-0.90 to -0.98 Likely Benign

-0.99 or less Benign

Pts

1
1
1
0

Established HI Region



➢ GAIN

Section 2:

Pts

1
1
0
0

Points Proposed Classification

0.99 or more Pathogenic

0.90 to 0.98 Likely Pathogenic

0.89 to -0.89 Uncertain

-0.90 to -0.98 Likely Benign

-0.99 or less Benign

Established TS Region



➢ GENE-LEVEL

Section 2:



Section 2: Overlap with Established BENIGN Genes/Genomic Regions

• “Established benign” genes or genomic regions are those classified as “dosage sensitivity unlikely” 

per the ClinGen Dosage Sensitivity Map

• In general, these are CNVs that occur at high frequency in the general population (1% or higher), are 

not known to be more frequent in cases compared to controls, and are not associated with any 

consistent phenotype



➢ LOSS

Section 2:

Pts

-1
-1
0
0

Points Proposed Classification

0.99 or more Pathogenic

0.90 to 0.98 Likely Pathogenic

0.89 to -0.89 Uncertain

-0.90 to -0.98 Likely Benign

-0.99 or less Benign

Established BENIGN Region



Section 2: Overlap with Established BENIGN Genes/Genomic Regions



➢ GAIN

Section 2:

Points Proposed Classification

0.99 or more Pathogenic

0.90 to 0.98 Likely Pathogenic

0.89 to -0.89 Uncertain

-0.90 to -0.98 Likely Benign

-0.99 or less Benign

Pts

-1
-1
0

-1*
0

*(range: 0 to -1.00)

Established BENIGN Region



CNVs overlapping “established” genes/regions…

• In general, if a CNV reaches a 1 or -1 score due to complete overlap 
with an established dosage sensitive gene or region, users of these 
metrics may not need to proceed further

• However, for some CNVs, particularly those with incomplete 
penetrance and/or variability expressivity, additional evaluation may 
be necessary, and caution is recommended before interpreting a CNV 
based on this information alone

• When reviewing ClinGen DS scores, it is important to note the date of 
last evaluation, as curations reflect a temporally static assessment. 
New evidence may have emerged since the date of last evaluation, 
either supporting or refuting the original assessment
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Case V
arr[GRCh37] Xp22.11(23223505_23660309)x1 mat

3 year-old female referred for genomic microarray testing due to 
postnatal growth deficiency, VSD, scoliosis, hand anomalies, hearing 

loss, craniofacial dysmorphism

CNV is maternally inherited











Our Patient (Case V)
? 3 year-old 
? Female 
X Postnatal growth 

deficiency 
X VSD
X Scoliosis 
X Hand anomalies
X Hearing loss
? Craniofacial 

dysmorphism





• 23 individuals (16 families) with a 

truncating mutation or deletion

• PTCHD1 disruptions in males are 

associated with 

neurodevelopmental disorders of 

varying severity, with a 

prominence of ASD and other 

behavioral characteristics

• “We did not have detailed 

information on female carriers 

(mothers, sisters and 

grandmothers of the probands) 

but they were reported to have no 

major problems with intellect and 

daily functioning.”

• More studies are needed in 

females to clarify whether carrier 

status and X-inactivation pattern 

may have subtle effects on 

phenotype

Case V 
deletion



“The single female subject in our study (K1) 

has a history of speech delay and a 

subsequent diagnosis of high-functioning 

ASD; her unaffected mother also carried the 

PTCHD1 deletion. X-inactivation studies in 

mother and daughter were uninformative. 

Thus we cannot rule out subtle 

neurodevelopmental phenotype in carrier 

females, and more in-depth studies are 

needed.”



Classification: Pathogenic

Evidence Score Notes

1A Protein-coding gene? 0 Yes

2A
Complete overlap with established HI 
gene?

1 Yes, an XLR gene (can stop here)

3A Gene count: 0-24 genes 0 1 protein-coding gene

4C
Individual case evidence: “de novo”
inheritance**, phenotype non-specific

0.9
>10 cases 
(0.1 points for each, 0.90 points max)

2H HI predictors (%HI AND pLI) 
0.1**

PTCHD1 (X-linked gene)

4L-O Case-control, population evidence Limited data available (X CNV)

5B
Maternal inheritance (unaffected), 
proband with specific phenotype

0 XLR, inheritance not informative 

Total points 1

**Modified for X-linked gene (more guidance coming from the ClinGen DSC)

OR

➢ Classification of losses involving X-linked recessive genes in females should be based on the 

predicted impact in a male



• Given the significant reproductive risk to female carriers of X-linked conditions, we 
recommend reporting these variants because it provides the opportunity for the 
patient and relevant family members to pursue additional testing/counseling as 
needed. 

• Additionally, females may manifest symptoms in many X-linked disorders; these 
variants may ultimately have an impact on their medical management.

Clinical Significance?



Patient Name: Jane Doe
DOB: 01/01/2010
Laboratory ID: 1234567
Test ordered: Chromosomal Microarray

Example Report 6: X-linked finding in a female

Reason For Referral (RFR): Jane Doe is 9 year old female referred for hearing loss.

Report Summary: This test did not identify any variants that can explain the patient’s reported clinical 
features at this time.  However, a maternally inherited, PATHOGENIC 124 kb deletion of Xq21.1 (involving the 
ATP7A gene) was identified.  Hemizygous loss of function variants in this gene have been associated with 
Menkes disease in MALES; as Jane Doe is a FEMALE, this finding likely represents CARRIER STATUS for Menkes 
disease.  Female carriers of pathogenic ATP7A variants are typically asymptomatic, though unfavorably skewed 
X-inactivation could result in clinical findings related to this disorder.  Genetic counseling and clinical 
correlation are recommended to discuss the potential reproductive implications of this finding and to 
determine if additional testing is warranted to identify a genetic etiology for Jane Doe’s hearing loss.

ISCN Type Size Inheritance Zygosity Classification

arr [GRCh37] Xq21.1 
(77226076-77350000) x 1

Deletion 124 kb Maternal Heterozygous Pathogenic

Relevant Genomic Content:
This deletion includes a single gene relevant to this report:

ATP7A
Include a more detailed description of ATP7A, Menkes disease,  and the evidence supporting this classification, 
including any appropriate references.

Include any other relevant report information, such as methods, quality metrics, disclaimers, resources, etc.

Include any other important header information, 
such as: relevant dates, additional patient 
demographics, ordering provider information, 
sample information, etc. 

Copy Number Variant (CNV): 124 kb Xq21.1 Deletion

Gene Disease Mode of 
Inheritance

Relevance 
Category

Notes

ATP7A Menkes disease X-linked Carrier Status Female heterozygous carriers of 
pathogenic variants in ATP7A TYPICALLY 
DO NOT display overt clinical features of 
Menkes syndrome, an X-linked condition 
affecting predominantly males. This 
finding DOES NOT explain the patient’s 
reported clinical features. Clinical 
correlation is recommended to 
determine if additional testing is 
warranted.

Supp Material 4, Example Report 6 

Don’t stop here



Questions?
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