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Reminder: Questions

• Type your questions into the “Q&A” box

• Monitored by committee members
• Will verbally answer as many as time allows (at the end)

• May receive a typed answer through the Q&A box from a committee member

• Unanswered questions will be saved for consideration during the March 12 
Q&A webinar



Today’s Focus



Where to begin?

• If you’ve reached this point, you know that the CNV under evaluation:
• Contains protein-coding elements (Section 1)
• Is not known to overlap with any established dosage sensitive or benign 

genes/genomic regions (Section 2)

• Assess whether there is any evidence to suggest that the region itself 
(or at least one gene therein) causes disease in a dosage-dependent 
manner
• For LOSSES: Is there evidence that loss of this gene/genomic region causes a

consistent phenotype?
• Note: Remember that intragenic duplications can act as LOF

• For whole gene or multi-genic GAINS: Is there evidence that extra copies of
this gene/genomic region causes a consistent phenotype?



Start by assessing evidence for the CNV 
region as a whole

• Quick literature search by cytoband information
• Start specific, move towards more general if no information is uncovered
• Example: Start with “10q11.22q11.23,” move toward “10q11.22” and “10q11.23,” 

then “10q11” to ensure any relevant information is found

• “ClinGen Recurrent CNV” track (available through Dosage site) can also be 
a useful resource here – alerts you that a review exists, even if it is not 
scored at a “3” or “Dosage Sensitivity Unlikely.”

A review is 
available, even 
if it does not 
meet criteria for 
inclusion here.



Assessing Evidence for the CNV as a Whole

• Recognize that searching by cytoband may bring you irrelevant results
• Reported CNVs may have little or no overlap with yours

• If your CNV is within the same cytoband as a well-studied region (but is not 
that region), it may be difficult to hone in on relevant evidence

• However, this is an important first step to ensure that your focus isn’t 
too narrow
• In some cases, large, multi-genic losses or gains are reported before the gene 

of interest is identified (or while evidence supporting that gene is 
accumulating)



Which other CNVs are appropriate to consider?

Gene 1

Gene 2
Gene 3

Gene 4
Gene 5

Gene 6

CNV 2: No*
CNV 3: Yes

CNV 4: Possibly

CNV 6: Possibly
CNV 5: Possibly

CNV 8: No*

Gene 7

Gene 8

Gene 9

Your CNV

CNV 7: Possibly

* Exceptions may apply



What if Gene 2 was the gene of interest?

Gene 1

Gene 2
Gene 3

Gene 4
Gene 5

Gene 6

CNV 3: Yes

CNV 4: Possibly NO*

CNV 6: Possibly NO*
CNV 5: Possibly YES

Gene 7

Gene 8

Gene 9

Your CNV

CNV 7: Possibly 
YES

* Exceptions may apply



What if Gene 4 was the gene of interest?

Gene 1

Gene 2
Gene 3

Gene 4
Gene 5

Gene 6

CNV 3: Yes

CNV 4: Possibly YES

CNV 6: Possibly YES
CNV 5: Possibly NO*

Gene 7

Gene 8

Gene 9

Your CNV

CNV 7: Possibly 
NO*

* Exceptions may apply



Next step: Assessing the genes within the CNV

• If there is no compelling region-level evidence, or the region-level evidence 
alone isn’t enough to lead you to a classification of Pathogenic, evaluate 
the individual genes within the CNV

• Where to begin?
• Did your region search point you toward a gene of interest?  If so, consider starting 

there.
• If not:

• Are there are genes evaluated by Dosage Sensitivity, but not given a score of 3?
• Are there any OMIM Morbid genes?
• Are there any genes with compelling HI predictor data (for loss) (Section 2H)?
• Are there any OMIM genes?
• Is there any relevant clinical literature for any of these genes?

• Walk through this thought process, assuming you are evaluating a deletion of the 
following region:
• Chr22:31012191-32389946 (GRCh37)



DECIPHER is a good resource for visualizing this information





OMIM Morbid Genes – Assess Mode of Inheritance

• “When selecting the gene(s) to take through 
the scoring metric, give precedence to the 
genes in the region that are associated with 
dominantly inherited disorders caused by an 
appropriate mutational mechanism.”

• May choose to comment on the potential 
carrier status for transcobalamin II 
deficiency on the report (more on March 5)

• 2 genes in the interval associated with disease
inherited in an autosomal dominant manner

• Check disease mechanism



OMIM Morbid Genes – Assess Mechanism



Also…



Start with DEPDC5, but also look further into the mechanisms associated with 
both MORC2 and TCN2.  If there is reason to suspect HI, consider commenting
on this in the clinical report, in addition to the classification driven by DEPDC5.  

Reporting considerations will be discussed further on March 5.



What if the region has no OMIM Morbid 
Genes?
• Quick literature review of predicted HI genes (if applicable), OMIM genes

• Start broad, provide specifics if results too numerous to assess

• Example:  Search PubMed for “Gene X” (gene name only)
• Returns 10 results.  Review titles/abstracts to determine if any are relevant. OR
• Returns 100 results.  Consider amending search to include terms like:

• “GeneX AND loss of function” and/or 

• “GeneX AND haploinsufficiency” and/or 
• “GeneX AND deletion” and/or

• “GeneX AND Disease Y” (if applicable)

• “GeneX AND duplication” (know that you may get some small/intragenic duplications that may 
actually be acting as LOF – read carefully) and/or

• “GeneX AND triplosensitivity”

• Review titles/abstracts within reason to identify any relevant information
• Repeat as needed

When evaluating losses

When 
evaluating 
gains



Once you have identified your gene of 
interest, start collecting evidence
• For losses: looking for evidence that LOF of this gene results in disease

• Whole gene deletions (including only that gene or similar in gene content to your 
CNV, as appropriate)

• Intragenic deletions predicted to undergo nonsense-mediated decay
• Other putative LOF sequence variants (nonsense, frameshift, canonical +/- 1 or 2 

splice site variants) predicted to undergo nonsense-mediated decay
• Missense sequence variants may be considered ONLY if there is STRONG 

FUNCTIONAL EVIDENCE indicating LOF

• For gains: looking for evidence that an extra copy of this gene 
(triplosensitivity) results in disease
• Duplications of this entire gene (or similar in gene content to your CNV, as 

appropriate)
• Do not count intragenic duplications here – may be acting as LOF
• Do not count gain of function missense variants here – different mechanism



Where to find case-level data

• Primary source should be peer-reviewed scientific literature
• Typically provides a narrative with sufficient evidence to independently assess 

the case
• Others can access this information and verify your assessment

• Other sources may include:
• Public databases

• May not provide enough information to independently assess the case- use with caution
• If used, provide clear description of exactly which cases are being counted

• Internal laboratory databases
• Others cannot access this information to verify your assessment – describe thoroughly, 

consider submitting to public database
• Consider possible sources of bias: platform-specific artifacts, population sampling bias, 

etc. 



Case-Level Scoring Differs by Phenotype, 
Inheritance
• Phenotype: Highly specific, well-defined phenotypes > nonspecific 

phenotypes > disparate phenotypes
• The more non-specific your phenotype, the less you can be certain that it is caused 

by your gene of interest and not other genes/factors

• Inheritance: De novo +/- strong supportive segregation > unknown 
inheritance
• Knowing how a variant segregates (or doesn’t) in a family can provide valuable

information when trying to assess its potential role in disease

• In general, more weight should be given to cases where you can be more 
certain that a given phenotype is truly associated with your gene or 
genomic region of interest, and the extent to which other possible causes 
can be ruled out.



How to use the scoring ranges
• Some pieces of evidence are stronger than others, even within the same 

categories
• Ranges offer flexibility to accommodate for this

• Consider an upgrade if:
• Functional evidence demonstrates that a variant is acting as LOF/triplosensitive (as 

opposed to just assumed)
• Other potential causes of the phenotype have been effectively ruled out

• Consider a downgrade (or even not scoring) if:
• Other potential causes of the phenotype HAVE NOT effectively been ruled out (e.g., 

single-gene sequencing)
• There is some reason to believe the variant is NOT acting as LOF/triplosensitive (e.g., 

a nonsense variant in the last exon not expected to undergo NMD)
• The variant is present at a frequency inconsistent with disease in the general 

population
• The variant type is common in the general population



gnomad.broadinstitute.org



A note about variants in the general 
population…
• Always check variants you are considering counting from the

literature in databases of population variation (such as gnomAD), 
particularly if the paper is older

• Keep your phenotype in mind when assessing this information – does 
this make sense in the context of my phenotype?
• Does the observed frequency make sense in terms of the prevalence of the 

disorder?
• Is your phenotype adult-onset or childhood-onset?
• Is it severe, or could it be something easily missed?
• Would it make sense for someone with this phenotype to potentially be

recruited (as a case or a control) for a study focused on a common condition, 
like diabetes, high blood pressure, etc.?



http://cardiodb.org/allelefrequencyapp/

http://cardiodb.org/allelefrequencyapp/


Section 4: Detailed Evaluation of Genomic Content Using 
Published Literature, Public Databases, and/or Internal Lab Data

• Highly specific, relatively unique:
• Fixed, dilated pupils (Gillespie syndrome)
• Fetal adrenocortical cytomegaly 

(Beckwith-Wiedemann)
• Conditions associated with biochemical

abnormalities clearly tying them back to
the gene under evaluation

• Highly specific, not necessarily unique
• Leukodystrophy (47 clinical synopses in 

OMIM)
• Metopic ridging (64 clinical synopses in 

OMIM)
• Not highly specific, and/or with high genetic 

heterogeneity
• Developmental delay/intellectual 

disability
• Autism

• When in doubt, go with the most conservative 
option



Confirmed vs. Assumed De Novo

• Confirmed vs. assumed refers to PARENTAL RELATIONSHIPS, not the 
de novo status of the variant
• Parental relationships are confirmed when additional testing is done to 

confirm that BOTH the reported mother and father are indeed the biological 
parents

• When assessing X-linked variants in XY males, only maternity needs to be
confirmed

• If the variant was identified by trio-based exome/genome, parental
relationships can be considered confirmed
• If variant identified in proband by exome/genome, then Sanger only for parents to 

confirm de novo status – parental relationships are assumed

• When in doubt, go with the more conservative option.



What if the phenotype isn’t consistent (4D)?

• 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

• This category is most appropriate for highly specific phenotypes
• Do not use in the setting of nonspecific phenotypes, such as intellectual 

disability/autism

• Example: Consider utilizing this category in the setting of an adult-
onset disorder where obtaining parental samples is particularly 
difficult, and testing has been otherwise comprehensive



Segregation In Affected Family Members

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

* = tested

= genotype+/phenotype +

*



Segregation Example: AD Hypertrophic Cardiomyopathy

• In general, # of segregations = (# of affected individuals)-1

• To be conservative, count only genotype+/phenotype+ individuals and obligate carriers (such as II-2)

• This phenotype is known to have reduced/age-dependent penetrance – the 2 genotype+/phenotype-
individuals (III-2, III-5) are not necessarily unusual.  If this were a phenotype known to have complete 
penetrance, these individuals might cause you to not count this entire pedigree.  

• CONSIDER YOUR PHENOTYPE!
Example from ClinGen Gene Curation SOP v7



Segregation Example: X-linked ID

• X-linked pedigrees (with 
large numbers of 
genotype+ females) have 
the potential for inflated 
scoring

• Consider only counting 
those females directly 
linking the affected males.

= genotype+

1

2

34

5

6



Apparent non-segregation

= affected, specific 
phenotype

= genotype +

= affected, non-
specific phenotype

genotype -

4I 4J 4K

phenotype - phenotype -



Non-Segregation: Negative vs. Zero points

• KNOW YOUR PHENOTYPE

• Is there a plausible explanation why the phenotype may not be
present/observed/reported?
• Known reduced penetrance
• Known age-related penetrance
• Not readily observable
• Not properly evaluated
• Variable expressivity

• If yes: consider zero points

• If no: consider negative points



How do I account for the presentation of the
case under evaluation?



In general…

• The case under evaluation (Category 5) should be treated just as any 
other case you encounter in the literature (Category 4)
• If your case is de novo, assign the same number of points you would in the de

novo section of Category 4

• If your case is inherited
• Assign positive points as you would in Category 4 if the variant segregates with 

phenotype

• Carefully consider whether or not to assign negative points if apparent non-segregation



Inheritance information is unavailable or 
uninformative
• Inheritance information uninformative –what does this mean?

• Example: Parental testing is only available on one parent, and they do not 
carry the variant.

• In this instance, it may be appropriate to assign positive points to
your case if their reported phenotype is consistent with what has 
been described in similar cases (Categories 5G-5H)
• Use with caution in setting of non-specific phenotype

• May choose not to assign any points if the situation warrants

• Consider assigning more points for more specific phenotypes

• Will review further in example cases
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Case W
arr[GRCh37] 5q23.2 

(125989631_126295396) x 3
45-year-old male with gait abnormalities



Clinical Information

• arr[GRCh37] 5q23.2 (125989631_126295396) x 3

• 45-year-old male referred for gait abnormalities

• Inheritance is unknown, parents are deceased. Patient reports father
with history of ataxia and tremor.

• Use the GAIN scoring metric



Section 1: Initial Assessment of Genomic Content

Case W

Genes 
contained

• Would apply category 1A (contains protein-coding or other known functionally 
important elements), as this duplication includes protein-coding genes.

• 0 points; continue evaluation
Total: 0 points



• This duplication does include an established TS gene.  In a typical evaluation, this could lead you to a 
classification of Pathogenic.

• However, for the sake of this example, we will be ignoring this in order to focus on how to evaluate the case-
level data in the event this gene had not already been curated by ClinGen Dosage Sensitivity.

Section 2: Overlap with Established TS, HI, or 
Benign Genes/Genomic Regions

Established TS Gene

Total: 0 points



Section 3: Evaluation of Gene Number

c

• There are only 2 protein-coding genes in the interval (category 3A, 0 points).

Total: 0 points



• Where to start?
• LMNB1 is an OMIM Morbid gene associated with autosomal dominant 

leukodystrophy (ADLD), so this is a logical first place to start.

Section 4: Detailed Evaluation of Genomic Content



Autosomal Dominant Leukodystrophy

From GeneReviews – Nahas et al. “Autosomal Dominant Leukodystrophy with Autonomic Disease” https://www.ncbi.nlm.nih.gov/books/NBK338165/

https://www.ncbi.nlm.nih.gov/books/NBK338165/






Giorgio et al. 2013 (PMID:23649844)

• Describes detailed molecular analysis of the largest collection of ADLD 
families studied to date (31 individuals from 20 independent families)
• Families from countries around the world: USA, Italy, Sweden, Germany, 

France, India, Canada, Israel, Brazil
• Reassuring to see individuals coming from various ethnic groups, unlikely to be related

• 9 had been described previously
• Pay attention to this type of information to make sure you are not counting cases twice

• Though duplications involving LMNB1 had all been identified previously in 
these individuals through various methods, samples were reanalyzed by the 
authors for the purposes of defining the boundaries of the duplications
• No comment was made on previous testing on any of the individuals to rule out other 

genetic causes of leukodystrophy
• 16 unique duplications were identified 



• Our case is very similar 
in genomic content to 
several of those 
reported in Giorgio.

• Any of these (with the 
possible, conservative 
exception of BR1) 
would be appropriate 
to use as case evidence

• This paper does not
provide detailed
information on family 
structure; the 6 
previously unpublished 
cases here could be 
used in Category 4E 
(inheritance unknown).

Giorgio et al. 2013, Figure 1A

Case W

*

*
*

*

*

*
**

*

* Previously published



Schuster et al. 2011 (A2, A3, A10, A11 in 
Giorgio et al.)
• 4 non-related families with ADLD with 

autonomic symptoms
• 2 Swedish, 1 German, 1 Israeli (of Arab 

descent)

• Samples from one affected patient
from each family were analyzed by 
genome-wide SNP array

• Western blot analyses of lamin B1 
were done on 5 individuals from the 2 
Swedish families (including both 
probands)
• Showed significantly increased (~twofold) 

lamin B1 protein levels
• Levels of MARCH3 mRNA were similar

between patients and controls

Case W



= genotype +

= sig. increased lamin
B1 protein levels



Dos Santos et al. 2011 (G1 in Giorgio et al.)
• 47-year-old male with 2-year history 

of:
• Gait disturbance
• Micturition problems
• Personality changes

• Brain MRI: bilateral T2-hyperintense
lesions in the subcortical and deep
cerebral white matter

• Normal: lumbar puncture, nerve 
conduction studies, 
electromyography, AAs, LCFAs, and 
lysosomal enzymes

• 5q32.2 duplication involving LMNB1
gene identified on array in proband
and 44-year-old sister
• Sister asymptomatic, but was also 

found to have hyperintense lesions of 
the subcortical and deep cerebral 
white matter on brain MRI

PMID:21909802

= genotype +

Our Case (W)

Case G1



Other cases: Padiath et al. 2006

• Describe 3 unique duplications from 4 
families involving LMNB1 with variable 
involvement of the nearby MARCH3
gene
• 2 Irish-American families with identical 

duplications – thought to arise by a 
common founder

• Candidate gene evaluation prompted 
by linkage analysis

• Functional studies show:
• Lamin B1 is overexpressed in brain tissue 

of affected individuals
• Increased expression of lamin B1 in flies 

resulted in a degenerative phenotype
• No difference in MARCH3 expression on 

Northern blot in brain tissue of affected 
individual vs. control

• Paper does not specify who was tested 
in each family/which individuals 
confirmed to have variant

PMID:16951681



Other cases: Potic et al. 2013

PMID:23681646

• Serbian family presenting 
with progressive pyramidal 
and cerebellar signs, slow 
cognitive decline, and late-
stage autonomic 
dysfunction
• MRIs show bilateral T2-

hyperintense lesions in the 
subcortical and deep 
cerebral white matter

• LMNB1 copy number
assessed by quantitative RT-
PCR

_ _ _
_

Genotype -

Genotype +

…and many other cases available in the literature



Putting it all together…
• We have a wealth of information indicating that duplications of

LMNB1 cause autosomal dominant leukodystrophy (ADLD)
• Genetic evidence from at least 15 probands (with more in the literature)
• Functional evidence showing increased lamin B1 protein levels in probands 

(leukocytes and brain tissue); overexpression in flies causes a degenerative 
phenotype; normal mRNA levels of frequently involved neighbor gene 
MARCH3 (likely more in literature)

• However, this scenario doesn’t neatly fit our “rules”
• Testing not consistently done on affected family members – can’t 

demonstrate genotype+ status for segregation
• No known de novo cases
• Hitting category maximums



A note about category maximums
Evidence Type Evidence Suggested 

Points/Case
Max 

Score

• Category maximums were put in place to prevent certain evidence types 
from taking a case all the way to Pathogenic on their own without other, 
supportive information

• Goal is to encourage the collection of diverse pieces of information if
available/appropriate

• In some circumstances, however, this is not possible
• Consider carefully if your situation warrants override of category maximum



Trying to avoid scenarios like this:

• If all of these people 
were genotype+, this 
family would have 11 
segregations

• If we allowed increasing 
segregation data to
score up to 1.0 points, a
single family could drive
the classification of a 
variant.

• This would be 
inappropriate, as 
segregation implicates a 
locus, not a variant.



In our case, we have:

• 15 different probands, all with positive family history, some with 
documentable segregation

• Supportive functional data

• Because the phenotype is adult-onset and does not appear to impact 
reproductive fitness, we have families with numerous affected 
individuals and no (documented) de novo cases
• Achieving a variety of genetic evidence types is not possible in this case. This 

is a well-studied gene-disease relationship with extensive evidence, and an 
example of when it would be appropriate to override category maximums.



Segregations (being conservative)

Dos Santos et al. 2011 - 1 Potic et al. 2013 (counting intervening 
obligate carriers) – 4

Total: 5 segregations (0.30 points)



What about the rest of the cases?

• Could count the other 13 cases at the most conservative level (0.10 
points each): > 1.0 points in addition to the segregation data
• This is the same amount of points assigned for assumed de novo, non-specific 

phenotype (4C) and specific phenotype, unknown inheritance (4E)

• The number of observed cases, not the number of segregations, is driving this
classification

• The specificity of the phenotype, the large amount of data, and the 
supportive functional data can all serve as rationale for this scoring change



Category 5: Incorporating our patient’s data

• Our patient is a 45-year-old man with “gait abnormalities.”  His parents are 
deceased, but he reports a history of a father with ataxia and tremor.

• This is consistent with ADLD, but could also be indicative of a number of other 
things.  
• Quick search for “gait abnormalities” among Clinical Synopses in OMIM returns over 1000 

matches

• With this information alone, consider scoring with Category 5G (nonspecific but 
consistent phenotype)

• When you call the ordering clinician to discuss the case, they reveal that the
patient has had a brain MRI, which demonstrated findings consistent with 
leukodystrophy.
• OMIM Clinical Synopses search for “leukodystrophy” = 47 results
• With this more specific information, consider awarding full points within Category 5H (up to 

0.30).



Summary

• PATHOGENIC

• Evidence supporting pathogenicity includes: 
• numerous (13+) probands with similar duplications reported in the literature 

with diagnoses of ADLD (scoring at 0.10 points each = >1.0 points)

• At least two families with documented segregation of the duplication among
affected family members (0.30 points)

• Patient under evaluation has a phenotype consistent with what has been 
previously reported (0.30 points with MRI evidence of leukodystrophy)

• Supportive functional data


