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Logistics

* As of January 15, over 600 people have registered to attend this web series
* 36 different countries

* Many different professional roles (laboratory directors, laboratory staff, genetic
counselors, researchers, physicians, fellows/trainees, variant scientists,
bioinformaticians, etc.)

* Anyone can join the web series at any time

* Please complete the registration survey so we can track metrics on attendees
 https://tinyurl.com/CNVRegistration

* All webinars will be recorded and posted to www.clinicalgenome.org and
the ClinGen YouTube channel (“ClinGen Resource”)

e Slides will also be made available



https://tinyurl.com/CNVRegistration
http://www.clinicalgenome.org/

Questions

e Because of the large number of participants and the fact that we will
be recording each webinar, all participants will be MUTED upon entry

* If you have a question:

* Type it into the Q&A box — we will be monitoring this throughout each
webinar

* You will not be able to do this if you are a call-in user only — please sign in on your
computer

* Questions will be addressed at the end of each webinar, time permitting

* Please make sure your full name is listed so we can follow up with you if needed (e.g., do
not simply type in your first name, or initials, etc.)

* Questions not answered on a particular webinar will be saved for the Q&A session on
March 12

* Feel free to email questions at any time to clingen@clinicalgenome.org



Attendance

* In addition to tracking interest through the registration survey, we will
also be tracking how many people actually attend each webinar

* An attendance survey URL and QR code will be shown at the
beginning of each webinar and included in the chat.

* Please take a moment to fill this out!

* This will allow us to demonstrate the reach of this program, identify which
topics generated the most interest, etc.

* Also an important variable in our pre-/post-series CNV evaluation study

* Please also fill out the attendance survey if you are unable to attend
live but watch a video at a later date.



Today’s Attendance URL and QR code:

https://tinyurl.com/Attendancelanl6



Pre- and Post-Series CNV Evaluation Project

* Optional project offered to people registering for the web series prior to
December 19, 2019

e 254 potential participants (enrollment now closed)
e Divided into 4 groups
* Evaluate 5 CNVs before the start of the series (by Jan 15), and 5 CNVs after
the conclusion of the web series (by April 9)

* Goals: to determine whether or not education improved CNV evaluation skills;
identify content areas that may require more targeted education/resources

e Assignments have been emailed to you; please submit results via
applicable SurveyMonkey surveys

e Attendance tracking is especially important for this group; this will be a
variable in our analysis

* Questions? Email: clingen@clinicalgenome.org



Overview: Technical Standards for the Interpretation and Reporting
of Constitutional Copy Number Variants: An ACMG/ClinGen Joint
Consensus Recommendation

Erin Rooney Riggs, MS, CGC
Assistant Professor, Autism & Developmental Medicine Institute
Geisinger - Danville, Pennsylvania, USA
eriggs@geisinger.edu

(On behalf of the ACMG/ClinGen Copy Number Variant
Interpretation Working Group)



Laboratories can be discordant in the interpretation
of the same genomic variant

°* Genomic variant interpretation requires the synthesis and evaluation of
evidence from a variety of sources — resulting in a subjective process

* Discordant interpretation is a problem for both sequence and copy
number variants:

- Documented in the literature (Tsuchiya et al. 2009, Amendola et al. 2016, etc.)

- As of January 2020, ~4.6% of variants have conflicts among unique variant
submissions with interpretations in ClinVar

* Interpretation guidelines were developed for both groups to help guide
laboratories toward more consistent interpretations



ACMG POLICY STATEMENTS. STANDARDS AND GUIDELINES

American College of Medical Genetics standards and
guidelines for interpretation and reporting of postnatal

constitutional copy number variants
Hutton M. Kearney, PhD’, Erik C. Thorland, PhD’, Kerry K. Brown, PhD’,

Fabiola Quintero-Rivera, MD*, and Sarah T. South, PhD’, A Working Group of the American College of
Medical Genetics (ACMG) Laboratory Quality Assurance Committee

Genetics iN Medicine = Volume 13, Number 7, July 2011

Original CNV interpretation guidelines provide guidance on the
types of evidence to consider, but no specific recommendations
on the relative importance of each to the overall evaluation



Time to update

 Original guidelines put forth at a time when CMA was just coming in
to wide clinical use

* More data and experience allows us to refine previous
recommendations

* New technologies are requiring us to think beyond just CMA

e Ultimate goal: consistent CNV interpretation
* Across labs
* Across technologies
* Across specialties



Summary of Major Changes

* New technical standards

officially released Genetics

N Ove m b e r 6 2 O 1 9 © American College of Medical Genetics and Genomics ACMG TECHNICAL STANDARDS IHMEdiCine
’
®

* Major changes include:
. Officiallv adopt five-ti Technical standards for the interpretation and reporting of
'C!a_ y? optiive-tier constitutional copy-number variants: a joint consensus
classification system recommendation of the American College of Medical
« “Uncouple” variant Genetics and Genomics (ACMG) and the Clinical Genome

e ) .. Resource (ClinGen)
classification from clinical

Erin Rooney Riggs, MS, CGC', Erica F. Andersen, PhD*?, Athena M. Cherry, PhD?, Sibel Kantarci, PhD",

Inte rp retation Hutton Kearney, PhD®, Ankita Patel, PhD’, Gordana Raca, MD, PhD®, Deborah I. Ritter, PhD?,
. . Sarah T. South, PhD'?, Erik C. Thorland, PhD®, Daniel Pineda-Alvarez, MD'’,
° |ncorporate a quant|tat|ve’ Swaroop Aradhya, PhD*'" and Christa Lese Martin, PhD'

evidence-based evaluation
framework



Officially Adopt the 5-Tier Variant
Classification System

Current Proposed
* Pathogenic * Pathogenic
* Uncertain Clinical Significance * Likely Pathogenic
* Uncertain clinical significance, * Uncertain Significance

likely pathogenic
* Uncertain clinical significance

* Uncertain clinical significance, * Benign
likely benign

* Likely Benign

* Benign



“Uncouple” Variant Classification from Clinical
Significance

e 2 different concepts:

 Variant classification: Do we have enough evidence to say that this variant
causes disease?

* Clinical Significance: Is this variant causing disease in my particular patient?

e Examples:

1. LOF of a particular gene on the X chromosome is known to be associated
with disease. You observe a deletion of this gene in a male case, and a
similar deletion in a female case.

2. LOF of a particular gene is associated with hearing loss. You observe a
deletion of this gene in a case referred for hearing loss, as well as in a case
referred for failure to thrive.



Classification vs. Clinical Significance

* In both scenarios, the CLASSIFICATION of the variant should remain the
same
* The evidence supporting these classifications (at the same point in time) is the same

* Therefore, the variant should receive the same CLASSIFICATION (P, LP, VUS, LB, or B)
regardless of the context in which it is observed

* In each scenario, the CLINICAL SIGNIFICANCE of the variant could be
different

* In scenario 1 (X-linked), the variant could be disease-causing in a hemizygous male,
but represent a carrier state in a heterozygous female.

* In scenario 2 (RFR), the variant could explain one patient’s RFR, but represent a
incidental finding in the other

* Clearly labeled sections on a report delineating findings related to the RFR,
findings that may be incidental, and findings that may represent carrier
status could be utilized to make this clear



Classification vs. Clinical Significance

* Why is this important?
* Major source of discrepancy between laboratories

* Variants involving the X chromosome represented almost 20% of the potential conflicts
flagged in a recent analysis of CNVs overlapping known dosage sensitive genes in ClinVar
(Riggs et al. 2018)

e Almost all of these (85%) were due to inconsistencies in interpretation of these types of
variants for female patients (B to P)

* Anecdotally, we are aware of laboratories interpreting variants as VUS when the
associated disease does not match their patient’s RFR, regardless of the level of evidence
available to support the gene/disease relationship

* A given CNV should be classified the same way regardless of whether it is

observed on CMA or using sequencing-based technologies



Quantitative, Evidence-Based Evaluation Framework

* Aims:
- Provide more specific guidance to users regarding the weights of
particular pieces of evidence to increase inter-laboratory consistency

- Align interpretation recommendations (where possible) between CNV
and sequence variant interpretation guidelines published by

ACMG/AMP in 2015



Independent scoring metrics for deletions and duplications

* A suggested number of points
# Points are added or subtracted per
each piece of evidence.

Proposed

Interpretation

Pathogenic 0.99 or more
Likely Pathogenic ~ 0.90 to 0.98 * Point values assigned based
Uncertain 0.89 to -0.89 on evidence strength.
Likely Beni -0.90 to -0.98
ey .emgn 0 * The total number of points
Benign -0.99 or less guides the user to a

preliminary classification




Suggested point values roughly correspond to
ACMG/AMP Sequence Guideline Evidence Strengths

Suggested CNV Point Value Comparable ACMG/AMP

(Pathogenic/Benign) Evidence Strength
0.90/-0.90 Very Strong
0.45/-0.45 Strong
0.30/-0.30 Moderate
0.15/-0.15 Supporting

Combining rules are similar (e.g. 3 Moderate (0.30) = LP (0.90); 1 Very Strong (0.90)
+>2 Moderate (0.30) = P (>0.99), etc.)

Useful resource: Tavtigian et al. 2018 (PMID: 29300386)



Section 1: Initial Assessment of Genomic Content

Section 1: Initial Assessment of Genomic Content

Evidence Type Evidence Suggested Points/Case Max Points
Score Given
1A. Contains protein-coding or other known 1]
Copy number loss _ _ _ . 0
) _ functionally important elements (Continue Evaluation)
content (For intragenic 18D NOT o tei "
variants, use section 4) - UOEs _ con E_m Rrotein-coding Dr,.aw -0.60 -0.60
known functionally important elements




Section 2: Overlap with Established HI Genes/Genomic Regions

Section 2: Overlap with Established/Predicted HI or Established Benign Genes/Genomic Regions
{Skip to Section 3 if your copy number loss DOES NOT overlap these types of genes/regions)
2A. Complete overlap of an established HI

gene/genomic region 1.00 1.00
2B. Partial overlap of an established HI genomic
region
»  The chserved CNV does NOT contain
the known causative gene or critical
region for this established HI genomic 0

region OR . i 0o
. . (Continue Evaluation)
»  Unclear if known causative gene or
critical region is affected OR
» Mo specific causative gene or critical
region has been establizhed for this HI

genomic region

Established
causative
gene

Established HI Genomic Region —
Established HI Genomic Region 24 | Causative gene/critical region unknown

Category 2A Category 2A
Category 2A Category 2A
Category 2B Category 2A Category 2B Category 2B




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

The Clinical Genome Resource (ClinGen) consortium i1s curating genes and regions of the genome to assess

. whether there is evidence to support that these genes/regions are dosage sensitive and should be targeted on
| n e n a cytogenomic array.

All data are shown in GRCh37 and GRCh38 coordinates.

Links

Search By Gene Name Search By Location (GRCh37);

ClinGen Home Page
Symbol: | Location: | | Help with this site
Or click on the following examples: ZEBZ, PTEN, MAPT example: chr2.44 000 000-45 500,000, 2p21-2p16.2 FAQ

Contact Us
Pathogenic CNV regions

Curation of the ACMG 55 Genes



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

Section 2: Overlap with Established HI Genes/Genomic Regions

2C. Partial overlap with the 5° end of an
established HI gene (3’ end of the gene not

See categories below

mediated decay is expected to occur.

(Range®: 0.45 to 1.00)

| invelvedl.,
2C-1. _and coding sequence is 0.90 1.00
involved (Range?: 0.45 to 1.00) i
2C-2. _and only the 5" UTR is involved 0 0.45
(Range’: 0 to 0.45) i

2D. Partial overlap with the 3" end of an

established HI gene (5" end of the gene not See categories below

involved) ...
2D-1 __and only the 3" untranslated 0 o
region is invalved. {Continue evaluation)
2D-2. _and anly the last exaon is
involved. Other established 0.50 0.90
pathogenic variants have been (Range?: 0.45 to 0.980) i
reported in this exon.
2D-3. _and anly the last exan is
involved. Mo other established 0.30 0.45
pathogenic variants have been (Range®: 0 to 0.45) i
reported in this exon.®
2D-4. _and it includes other exons in 0.90
addition to the last exon. Nonsense- : 1.00

Established pathogenic
LOF variants

* T T— &
] |

| |
- —— — =
Known HI Gene
Category 2C-1 Category 2D-1
Category 2C-2

SI

3!

Category 2D-2

Category 2D-4
Category 2E




Section 2: Overlap with Established HI Genes/Genomic Regions

D —_——

2E. Both breakpoints are within the same gene
{intragenic CNV; gene-level sequence variant)®

See ClinGen SVI working
group PY51

specifications®

o  PVS1=0.90
{Range?: 0.45 to
0.90)

# PVW51_Strong=
0.45
(Range?: 0.30 to
0.20)

¢ PV51_Moderate
or PM4 (in-frame

indels) = 0.30
{Range?: 0.15 to
0.45)

s  PVYS1 Supporting
=0.15
(Rangel: 0 to
o.3a)

*« N/A=MNopoints,
but continue
evaluation

See
categories
at left

Established pathogenic
LOF variants

* T T—— &
] |

e — e ——] ——f—

5)

Known HI Gene 3

Category 2C-1 Category 2D-1

Category 2C-2

Category 2D-2

Category 2D-4
Category 2E

AN



What about intragenic variants?

Full pene deletion

Smpele W mulli exen delslion —
Drsrupts rending fimme ond is
predocted 1o undesge MMDE

Single to mualt exon deleticn
Dhsrupds reading franse and is
NOT predicted to undergo WMDY

Single to omlti cxen dektion —
Freserves reading frame

f A
lII -III.
I £
) i
Debelivn |/
(Singhe exom o t’
foll gened ;"--___
i
,
i
y
L
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!
1
!
L |
Tiplication
(=l exon in e
wril miusl ke —

coinipleiely
conmained wathin

gme)

Froven in candem

Presumed i tandem

PFroven nat in tandem

Abou Tayoun et al. 2018 (PMID: 30192042)

PV514
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.-f"'f.f
T Exiom ia absst fram baalopically-relevant transcriptis) * Mia
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" A




Section 2: Overlap with Established Benign
Genes/Genomic Regions

Overlap with i 2F. Completely contained within an established 1 1
ESTABLISHED benign’ benign CHV region
genes or genomic 2G. Overlaps an established benign CHV, but 0 0
regions includes additional genomic material® (Continue evaluation)

Other genomic material

I I ]
 Established Benign Copy Number Region [l I

Category 2F
Category 2G




Section 2: Haploinsufficiency Predictors

2H. Multiple HI predictors® suggest that AT
LEAST OMNE gene in the interval is 0.15 0.15
I Hfici HI

Haploinsufficiency
Predictors

° Analogous to “Computational Data” category in ACMG/AMP sequence variant
guidelines — lower level evidence

°* When multiple predictors agree (for at least 1 gene in the CNV interval), this can be
considered a low-weight piece of supportive evidence

® Current recognized HI predictors — DECIPHER HI, gnomAD pLI/LOEUF

DECIPHER Avout Browse - DDDUK)

' GRCh37

Open-access patients [E£J Syndromes [[)) DDD Research Variants [}

Results Browser < 10°/o 2> 090

%
HI© pLI ©

Name Location Description OMIM Morbid DDG2P © Links

136055077 . »
STAG1 3} e stromal antigen 1 v v Y 8.33 1.00 ¢ View ~




Section 3: Evaluation of Gene Number
 scction3:fvalustionof GeneNumber |

Mumber of protein- 3A. 0-24 genes 0 0
coding RefSeq genes 3B. 25-34 genes 0.45 0.45
wholly or partially 3C. 35+ genes
included in the copy 0.90 0.50
number loss?

° IN GENERAL, larger CNVs are more likely to be interpreted as Pathogenic (P) or Likely
Pathogenic (LP)

- Cytogenetically visible
- Large number of genes
- Absolutely exceptions to this generalization!

°* When there is no other information available for a CNV, when does the sheer size prompt one
to classify it as P or LP?

* (Can we identify a conservative threshold for gene number, above which it is unlikely that a
CNV would be interpreted as anything other than P?



# Deletions

* Average =4.36
e Median=4
* Max =26

* Average =22.35
e Median =18
* Max =91

25 50
# of Genes

Classified as “Benign”

Deletions
Benign Gene Numbers (n=607):

Pathogenic Gene Numbers (n=1367):

Duplications

Benign Gene Numbers (n=990):
* Average=5.33

I
I
I
I
I
|
1 * Median=4
b l « Max=38
S : Pathogenic Gene Numbers (n=732):
"g : * Average =29.39
R : e Median =23.5
a I+ Max=151
- |
Q |
++ I
I
I
I
I
I
75 100 0 50 100 150
# of Genes

Classified as “Pathogenic”

Analysis by Deborah Ritter, PhD



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

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

{Skip to Section 5 if either your CNV overlapped with an established HI gene/region in Section 2, OR there have been no

reports associating either the CNV or any genes within the CNV with human phenotypes caused by loss of function [LOF) or e Hi g h |y S peC|f| C, re | ative |y un |q ue:
copy number [oss) . . . . .
Reported proband has either: * Fixed, dilated pupils (Gillespie
" Ac?mplef:e nFiEIetinn of ora LOF Syndrome)
variant within gene encompassed by
the observed copy number loss OR See categories below * Fetal adrenocortical cytomegaly
[ an overlapping copy number loss . .
sirmilar in genomic content to the (BeCkW|th‘W|edema N n)
ahbserved copy number loss AND... o H . hl f I .
A4 the reported phenotype is highly specific Confirmed!? de novo: Ig y SpeC| ICI nOt necessari y un Iq ue
d relati i to th i 0.45 point h : H H :
an _rea ively unique to the gene or genamic pc:nlnnseac _ ° Early Infantlle epl|eptIC encephalopathy
Individual case evidence | "o " As;umed de novo: 0.30 . .
- de novo occurrences'? B e 10045 (68 entries in OMIM)
4B. _the reported phenotype is consistent with | Confirmed!? de novo: i SpaStIC para pleg|a (68 entrles |n OMIM)
the gene/genomic region, is highly specific, but | 0.30 points each 0.90 . . pe . . .
not necessarily unique to the gene/genomic Assurmned! de nowvo: 0,15 (total) ¢ NOt hlghly SpeCIfICI and/or Wlth hlgh genetlc
region point each H
ot 060 0.45) heterogeneity
4C. _the reported phenotype is consistent with | Confirmed!? de novo: ° Developmental delay/|nte”ectua|
the gene/genomic region, but not highly 0.15 point each . .
specific and/or with high genetic heterogeneity | Assumed™ de novo: 0.10 d 1Sa bl I |ty
point each .
{Range®: 0 to 0.30) e Autism
1'IIE.‘;:.};I._thI:..E ;E_Purted s-h;:;t:se is NDfT u:c:nnsm-l:ent 0 points each 0.30
wi _ what is EKpEE-E r e gene/genomic (Range: 0 to -0.30) (total)
region or not consistent in general
Individual case evidence | 4E. Reported proband has a highly specific
—unknown inheritance | phenotype consistent with the genefgenomic 0.10 points each 0.30
region, but the inheritance of the variant is (Range®: 0 to 0.15) [total)
unknown.




Section 4: Case evidence, Segregation In

Affected Family Me

mbers

Individual case evidence | 4F. 3-4 observed segregations 0.15
— segregation among 4G. 5-6 observed segregations 0.30 0.45
similarly affected family | 4H. 7 or more observed segregations 0.45 '
membersH '
i o
I:4 I:2
* For simplicity, count only genotype 0 = _:] S |.I
+/phenotype + individuals, and/or =" S - '
. . *
obligate carriers & 1?.] O] |-._n.j
11 n:2 I3 ; n:s :

* = tested
-= genotype+/phenotype +



Section 4: Case-Control and Population Evidence

4L, Statistically signifi ti t
a |5_ ica 1.r signi ||:ar1. mcrease. amaongs 0.45 per study
observations in cases (with a consistent, (Ronge?- 0 to 0.45 per 0.45
specific, well-defined phenotype) compared to g ;tud].r} 2P (total)
controls
AM. Statistically signifi ti t
a |_5 |n:a_hr zigni ||:.=.|.n increase afm:nngs 0.30 per study
observations in cases (without a consistent, 5 0.45
Case-control and ) (Range<:0 to 0.30 per
population evidence®s non-specific phenotype OR unknown study) (total)
phenotype) compared to controls
AM. Mo statistically significant difference -0.90 (per study) -0.90
between observations in cases and cantrols!® (Range®:0 to -0.90 per )
study) (total)
40. Overlap with commaon population -0.90
oo 17 . -0.90
variation (Range?:0 to -0.90)
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Database of Genomic Variants (DGV
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Section 5: Evaluation of Inheritance Pattern/Family

Observed copy number
loss is DE NOVO

5A. Use appropriote category from de novo
scoring section in Section 4.

istory for Patient Be
U'se de novo scoring
categories from Section 4

Section 5: Inheritance/Family History for
Patient Being Studied

{44-4D) to determine 0.4
SCOTE.
Observed copy number | 5B. Patient with specific, well-defined
loss is INHERITED phenotype and no family history. CNV is -0.30 0.45
inherited from an apparently unaffected {Range®: 0 to -0.45) ’
parent.
5C. Patient with non-specific phenotype and no 0.15
family history. CNV is inherited from an ’ -0.30
{Range®: 0 to -0.30)
apparently unaffected parent.
5D. CMV segregates with a consistent Use segregation scaring
phenotype observed in the patient’s family. categaries from Section 4 0.45
{4F-4H) to determine ’
SCOTE.
Observed copy number | 5E. Use appropriate categary from non- Uise non-segregation
loss — NON- segregation section in Section 4. scaring categories from 045
SEGREGATIONS Bection 4 (4I-4K) to ’
determine score.
Other 5F. Imheritance information is unavailable or b 5
uninformative.
5G. Inheritance infarmation is unavailable or
uninformative. The patient phenotype is non- 0.10 015
specific, but is consistent with what has been {Range®: 0 to 0.15) ’
described in similar cases.*®
5H. Inheritance information iz unavailable or
uninformative. The patient phenotype is highly 0.30 0.30

specific and consistent with what has been
described in similar cases.!®

{Range?®: 0 to 0.30)




CNV Calculator
ttps://cnvcalc.clinicaleenome.org/cnvcalc/

P

CinGer

Clinical Genome Resource

ClinGen CNV Pathogenicity Calculator

Pathogenic
Total score:

CNV Interpretation Scoring Rubric: Copy Number LOSS

Section 1: Initial Assessment of Genomic Content

Evidence Type Evidence sSuggested points Max Score Points Given
[# 1A Contains protein-coding or other known functionally 0 (Continue Evaluation) 0
Copy number loss content (For important elements
infragenic varianis, use section 4) ) 15 Does NOT contain protein-coding or any known functionally — -0.60 0.75
important elements € Assigned points: [

Section 2: Evaluation of Gene Number

Number of protein-coding RefSeq @ | 55 15 34 genes . 0.15 0.15 A — _
genes wholly or partially included - -
in the copy number loss@ Assigned points: [}
Section 3: Evaluation of Haploinsufficiency (Hl) Predictors
Section 3: Evaluation of ¥ HI Predictors 0.15 0.15 (]
Haploinsufficiency (HI) Predictors Assigned points: [[XE)
Section 4: Overlap with Established Hl or Benign Genes or Genomic Regions
(Skip 1o Section 5 if your copy number loss DOES NOT overfap these types of genes/regions)
¥/ 4A. Complete overlap of an established HI gene/genomic region 1 1 .
OR Partial overlap of an established HI genomic region, Assigned points: [[X5)

resulting in loss of the known causative gene or critical region

[ 4B. Partial overlap of an established HI genomic region 0 0
« The observed CNV does NOT contain the known
causative gene or critical region for this established HI
genomic region OR
+ Unclear if known causative gene or critical region is
affected OR


https://cnvcalc.clinicalgenome.org/cnvcalc/

Ssummary

* The updated technical standards intend to provide guidance to help
improve consistency and increase transparency in the process of
constitutional CNV classification.
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Case U
arr[hgl19] 9g31.2 (108,597,937-
111,269,478) x 1

2 year-old female referred for developmental delay, dysmorphic
features (unspecified), and history of ventricular septal defect;
inheritance unknown




Clinical Information

 arr[hg19] 9931.2 (108,597,937-111,269,478) x 1

2 year-old female referred for developmental delay, dysmorphic
features (unspecified), and history of ventricular septal defect

* Inheritance is unknown
e Use the LOSS scoring metric



Section 1: Initial Assessment of Genomic Content

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

chr9:108 597 937-111,269 478 2,671,542 bp.

move | <<< | =< | < | » | => | >»> [ZOOmin| 1.5x | 3x | 10x | base |Zoom out| 15x | 3x | 10x | 100x

enter position, gene symbol, HGVS or search terms

| chra ¢g3l.2y [ EEEE

Scale
chrat

Cazell
ensitivity Scares

Gen Recurtrent CHWY

Seamental DUps

S S [ )

1 M} | ha=ia
169,568, aaa| i1@, 608, ooa| 118,588, 088
CHY kWekh Series Examples

169, 668, aaa| 111, 668, oaa|

ClinGen Gerne Curation Haplosensitivity Scores
ClinGen Recurrent CHY

Chromosome Eands Localized by FISH Mapping Clones
ag3l .2
Duplications of :1888 Bases of Mon-RepeatMasked Zeguence

C1inGen CHYs: Curated EBenign
C14inGen CHY=! Curated Fathogendic
Hap lotypes to GRChIT Eeference Sedquence
OMIM Genes - Dark Green Can Be Disease-causing
517571 B aoEE
B BEEEE
Fatches tTo GEChIT Eeference Segquence
MCEI RefSeq gehes, curated subset cMM_w, MR_s, HP_# oF YF_#) — AMROtatioh Release GOF_BBAEB1485,25_GRCHST.p13 (2017-84-193
MIREBEL | ZHF 4B -—H-HA RADZSE [l KLF+4 |
LINCHISES ke ZHF46Z RADZSE HHl|  KLF4 | .
LOCS4 8512 bereetedl  RADZSE HI Genes Contalned
LINCE1S 8D HaH

Case U

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

* 0 points; continue evaluation

Total: 0 points



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

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move | <<< | << | < | » | => | »>=|[Zoomin| 15x | 3x | 10x | base |Zoomout| 15x | 3x | 10x | 100x

5] S S S ) )] S

L

chr9:108,597 937-111 269478 2.671,542 bp. | enter position, gene symbol, HGVS or search terms | go
chra o3l a2 [ B EREE D EREE] Rl [ B | -:E=1.1|§ | || | |
Fcale 1 Mi} | haia
chia: 189, 8aa, aaa| 189,588, aaa| 118, 8aa, aaa| 118,588, aaal 111,888, aas|
CHY Mekb Zeries Examp 1es
Casell
ClinGen Gene CUuration HaplosehsHitivity Scores H H
ehsitivity Scores ‘ ‘ B Custom track available from ClinGe

1
Gen Eecurrent CHY
Chromozome EBands Localized kg FISH Mapping Clones
a5l 2
Duplications of 1888 Bazes of Hon-EepeatMasked Sedquence

C1inGen CHY=s:! Curated EEH'EH 1 H
1 e e wemnaan . | Track available in UCSC
e

Eeamental Dups

Ha
OMIM Genes - Dark Green Can Be Diseaze-causing
17371 EBEBED
E OS2
Fatches to GEChIT Eeference Teduence
MCEI RefSedq gehes, curated subset (MM_#, MRE_%, MF_% or YF_#) — ARKOTation Release GCF_@0EB@14085,25_CRCHET.p13 (2017-84-190
MIRSES1 | ZMF4E2 =4 RADZSE | KLF4 |
LIMCE1SES b4 ZHF4E2 =g} rADZSE Wl KLF4 |

LOCS485]12 Fee——t—H rAD2SE HiH
LIMCEISET H4H




Dosage Sensitivity Tracks - UCSC

* UCSC offers a Dosage
Sensitivity track within

their brOWSGr List subtracks: ' only selected/visible = all (2 of 11 selected)

Phenotype'! Confidence'2views'® Track Name'4

[#Toack  Benign Curated CNVs__ClinGen CNVs. Curated Benign schema |
° F|nd |t under ”ClinGen [full |4ff’ Benign Determined Total  ClinGen CNVs: Benign Gain Total schema
) ful |/ Benign Determined Total  ClinGen CNVs: Benign Loss Total schema
CNVs” in the Benign Determined CNVs  ClinGen CNVs: Benign schema
“ Benign Likely CNVs ClinGen CNVs: Uncertain: Likely Benign schema
!DhenOtype d nd . thenic Curated CNVs__clinGen CNVs. Curated Pathogenic schema ]
Literatu re” track section [0 |/” Pathogenic Determined Total ~ ClinGen CNVs: Pathogenic Gain Total schema
[u_____|/” Pathogenic Determined Total ClinGen CNVs: Pathogenic Loss Total schema
e ONLY shows Pathogenic  Determined  CNVs  ClinGen CNVs: Pathogenic - schema
Pathogenic  Likely CNVs ClinGen CNVs: Uncertain: Likely Pathogenic schema
geneS/regionS curated Unknown  Uncertain CNVs ClinGen CNVs: Uncertain schema

" . . . ) 2 of 11 selected
as “Sufficient Evidence

for dosage sensitivity or
“Dosage Sensitivity
Unlikely”



Dosage Sensitivity Tracks: ClinGen

e ClinGen offers custom

eeretre _ T .
tracks you can upload +7"Index of /pub/dbVar/clingen
into the browser of C ”i r SP— s
you r Ch0|ce th rough the Clinical G Name Size Date Modified
Dosage Se NS |t|V|ty ] ClinGen_gene_curation_list.tsv 0B 2/25/18, 6:00:00 PM
. _] ClinGen_gene_curation_list GRCh37 tsv 198 kB 1/6/20, 2:00-00 AM
website 3 | ClinGen_gene curation_list. GRCh38 tsv 198 kB 1/6/20. 2:00:00 AM
Symbol: ] ClinGen haplDinsuﬁicienm'_gene.bed 0B 2/25/18, 6:00:00 PM
. Or click o i ; s g r T E 5] - - LY
* Shows a ny gene / region [ ClinGen_haploinsufficiency_gene GRCh38bed  44.0kB 1/6/20. 2:00:00 AM ...
_] ClinGen recurrent CNV_V1.0-hg19.aed 320kB 10/8/18, 7:00:00 PM MG 59 Genes
that has been Curated’ _] ClinGen_recurrent CNV_V1.0-hgl9 bed 25kB 10/8/18, 7:00:00 PM
rega rd Iess Of score _] ClinGen recurrent CNV_V1.0-hg38.aed 213 kB 4/2/19, 7-:00:00 PM
_] ClinGen_recurrent CNV_V1.0-hg38.bed 122 4/2/19, 7-00:00 PM
_] ClinGen region curation_list.tsv 0B 2/25/18, 6:00:00 PM
° G OOd VlS ua I cue to _] ClinGen_region_curation_list GRCh37.tsv 156kB 1/6/20, 2:00:00 AM
. _] ClinGen region curation_list GRCh38 tsv 1535kB 1/6/20, 2:00:00 AM
check the Dosage site ) ClinGen_triplosensitivity_gene bed 0B 2/25/18, 6:00:00 PM
f d d . t I _] ClinGen_triplosensitivity _gene GRCh37.bed 475 kB 1/6/20, 2:00:00 AM
Oor additiona ] ClinGen triplosensitivity_gene GRCh38.bed 475KB 1/6/20, 2:00-00 AM
i i ] M 7. 1/1/19, 7:00:00 PN
Informatlon _| README 8§ kB 4/1/19, 7:00:00 PM

all clinical significance 4/10/17, 7-00:00 PM



/NF462 appears in the ClinGen track but not
the UCSC track — what does this mean?

chra o3l a2 [ B EREE D EREE] Rl [ B |

H B .- Il N |

(55 S S S ] s

L

Scale
cha 169, 686, Baa|

Casell
Cl1inGen Gene Curation Haﬁ1DEEh5itiUitH S Ccares F
SRS it ivity Scores | = I Custom trac! avallagle

Gen Eecurrent CHY

Zegmental Dups

MECEI REefZeq genes, curated subset (HM_#, ME_%, MF_# or YF_%) - Annotation Eelesse GCF_Besaal4as, 25 _GREChHIT . P13 (2817-84-193

1 M|

| ha1g

169,586, 60| 116,086, aaa| 116,566, aaa|

CHY MWekb Zeries Examples

C1inGen Eecurrent CHY

Chromozome EBands Localized kg FISH Mapping Clones
a5l 2

Duplications of 1888 Bazes of Hon-EepeatMasked Sedquence

ClinGen CHYS: Curated Benign Track available in UCSC

MIRES&S1 |
LIMCELISAS 4

Hap lotupes To GEChSTY Eeference Zeduence
OMIM Genes — Dark Grreen Can Be Disease—-cCausing

617571 £ AEES
EAZESE

Fatches To GREChIT Eeference Iequence

ZMF4E2 b4 RADZEE HH  KLF4 ]
ZMF4E2 4] RADZSE | KLF4 |
LOCI48512 kbt RAD23E HHH
LIMCB1S 8D H4M

111,888, aaal

from ClinGen

* This means that ZNF462 was evaluated by Dosage, but did not receive
a score of 3 or Dosage Sensitivity Unlikely

* Go to the Dosage site for additional information




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

I‘* i Links
SN WA Y. . .
- =i ClinGen Dosage Sensitivity Curation Page ClinGen Curation Home Page
C |nGen ClinGan Home Page
Cirical Genomea Resource Help with this site
FAQ
Contact Us

ZN F462 Pathogenic regions (nstd45)

Curation of the ACMG 558 Genes

FTP
Curation Status: Complete Report information on a gene
id: ISCA-18506
Date last evaluated: 2018-07-26 <G —— dp2d  Hp22 Bpls 9p11 8912 8913 89021.2 99222 9931 9933

Issue Type: ClinGen Gene Curation

Gene type: protein-coding

Location Information

9g31.2

Entrez Gene: https.('www ncbi.nlm.nih.gov/gene/56459

OMIM: https:fomim.org/entry/B 17371

ClinGen Haploinsufficiency Score: 2 < — GRCh37/hg19 chrd: 109,625 378-109,775,915
View: MCBI | Ensembl | UCSC

GRCh38/hg38 chr9: 108,860.154-107,013,634
View: MCEI | Ensembl | UCSC

ClinGen Triplosensitivity Score: 0

ExAC pLl scare: 1.0



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

Genome View | | Evidence for Haploinsufficiency Phenotypes | | Evidence for Triplosensitive Phenotypes

Haploinsufficiency score: 2

Strength of Evidence (disclaimer): Some evidence for dosage pathogenicity Date last evaluated: JUIY 26, 2018

Evidence for haploinsufficiency phenotype

PubMed
]

28513610

29427787

Description

Weiss et al (2017) identified predicted loss of function (LOF) variants in ZMNF462 in eight patients from six families with ptosis, metopic ridging, craniosynostosis, dysgenesis of
the corpus callosum, and developmental delay using whole-exome sequencing. In five families predicted LOF variants were de novo. In a family, the proband and her elder
sister, with a paternally inherited nonsense variant, had normal growth and development. Her physical features included a pointed forehead (metopic ridging), bilateral ptosis,
arched eyebrows, synophrys, a small uptumed nose, long philtrum, and a thin upper lip. Her sister had pointed forehead, ptosis, down-slanted palpebral fissures, and a
congenital capillary malformation (port wine stain) invelving the right side of her neck, shoulder, and upper left arm. The father inherited the nonsense variant from his mother,
and had a pointed forehead and mild left ptosis, but no other dysmorphic features. The paternal grandmother had bilateral ptosis, without metopic ridging or dysmorphic
features. The paternal great grandfather was not examined but was reported to have a pointed forehead. 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) The authors proposed that ZNF462 plays an
important role in embryonic development, and is associated with craniofacial and neurodevelopmental abnomalities.

Cosemans et al {(2018) reported a de novo balancad translocation, (9; 13)(g31.2; g22.1), in a patient with intellectual disability and autism spectrum disorder, metopic
cranmiosynostosis, corpus callosum dysgenesis and dysmorphic facial features, most notably ptosis. The translocation breakpoints directly affected the genes KLF12
{chromosome 13) and ZNF462 (chromosome 9). Breakpoint mapping performed by targeted locus amplification {TLA) and sequencing showed that ZNF462 was disrupted by
multiple breakpoints, resulting in the loss of three fragments and a rearrangement of the remaining fragments. Further, there was no evidence for an association of KLF12 to
the phenotypic features. Therefore, haploinsufficiency of ZNF462 was responsible for the clinical features.

Haploinsufficiency phenctype comments:

De novo loss of function sequence variants have been detectad in patients with cranicfacial anomalies, corpus callosum dysgenesis, ptosis, and developmental dalay (FMID: 28513610}, In
addition, a de novo balanced translocation disrupting ZNF462 in a patient with syndromic intellectual disability and autism spectrum disorder. The clinical features included metopic
craniosynostosis, a corpus callosum dysgenesis and dysmoarphic facial features, most notably ptosis. The translocation case is noted but not counted as evidence here as there were no
functional studies proving that KLF12 was not disrupted. Due to the variable phenotype noted in the probands reported in Weiss et al. (not all probands had neurcdevelopmental disorders or
dysmorphic features), we are opting to give this gene a haploinsufficiency score of 2 at this time.




What does this mean for our case?

* The CNV does not overlap any known dosage sensitive or benign

genes/genomic regions.

* Are there any predicted HI genes in the region (category 2H)?

DECIPHER About Browse ~ DDD(UK) Search DECIPHER @ Q Join Login =)

GRCh37

Search results for 'position:9:108597937-111269478" (refine Search)

Open-access patients [E3) CNV syndromes [

DDD Research Variants [EJ Genes | 15

Results Browser

Genes: 110 3 of 3 (out of 15 total)

Show: omim L Morbid ) DDG2P ¥ Protein coding

Name Location Description OMIM Morbid DDG2P YeHI pLI Links
- T (2] Q [2]

_ 110247133 ; - - % View -
KLF4 9 e Kruppel like factor 4 v I 1.80 0.98 Il’_. View
RAD23B 9 ﬂgggjjlﬁ RAD23 homelog B, nucleotide excision repair protein v - - 18.17 0.97 7 View -

109625378 i = ; 0 2 \iew -
ZNF462 9 pgrrege ZNC finger protein 4562 v v I 1.00 IL. View

10 v Previous n Next

Yes. Double check the pLlI
scores as well as the LOEUF
in gnomAD to confirm

(these numbers come from
ExAC).



gnomAD browser

KLF4 Kruppel like factor 4

Genome build

Ensembl gene ID
Canonical transcript 1D
Region

References

gnomAD browser

GRCh37 / hg19
ENSG00000136826
ENST00000374672
9:110247134-110252764

Ensembl, UCSC Browser, and more

ZNF462 zinc finger protein 462

Genome build

Ensembl gene ID
Canonical transcript ID
Region

References

GRCh37 / hg19
ENSGD0000148143
ENST00000277225
9:109625379-109775916

Ensembl, UCSC Browser, and more

Constraint @

Category Exp. SNVs Obs. SNVs Constraint metrics
Synonymous 128 163 LTl
3
PR o/e=127(1.12-145 ¢ —1
. Z=01
Missense 279.7 275 . 0 =3
"""" o/e=098(0.80-1.00) ~ —
pLi=1
pLOF 1.2 0 1

Constraint @

=]
oe=00- (D °

Category Exp. SNVs Obs. SNVs Constraint metrics
S 5580 601 27
nonymaous . 3
OIS e ore=1080-119 O
7=
Missense 14124 1058 @ é 4
o/e =0.75(0.71-0.79)
pLi=1
pLoF 21z 3

(Note updated
pLl score)



Since there are 2 predicted HIl genes in the
interval, should we score category 2H twice?

Predictors

haploinsufficient (HI)

Evidence Type Evidence Suggested Points/Case Max Score
Hasloinsufiicien 2H. Two or more Hl predictors suggest that AT
P Y| LEAST ONE gene in the interval is 0.15 0.5

* NO!

* 0.15 points is the maximum that can be awarded in this category

Total: 0.15 points



Section 3: Evaluation of Gene Number
DECIPHER roout srowse - popi

GRCh37

Join Login %0

Search results for 'position:9:108597937-1112694 78" (Refine Search)

Open-access patients CNV syndromes [ DDD Research Variants [EJ Genes | 16

Genes: 110 3 of 3 (out of 15 total) show: [ oMiM () Morbid [ DDG2P ¥ Protein coding | Filter.

Name Location Description OoMIM Morbid DDG2P %HI pLI Links
- T Q o 7]

/ 110247133 N - - # \View -
KLF4 g e Kruppel like factor 4 v 1.80 0.98 & View
RAD23B 9 ﬂgggjﬂg RAD23 homolog B, nuclectide excision repair protein v - - 18.17 0.97 e View ~

109625378 - : .n, 2 \iaw -
ZNF462 s I zinc finger protein 462 vy v 1.00 & view

10 v Previous - Next

* There are only 3 protein-coding genes in the interval (category 3A, O

pomts). Total: 0.15 points



Section 4: Detailed Evaluation of Genomic
Content

e Where to start?
* KLF4, RAD23B, or ZNF462?

 ZNF462 has already been evaluated by ClinGen Dosage — this is a
logical first place to start

* Use evidence already documented there, then search literature for new
information since date last evaluated.

e Can we accumulate enough evidence to say that ZNF462 is haploinsufficient?



/NF462 Evidence Evaluation: Weiss et al. 2017

* 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.”

PMID: 28513610



Weiss et al. 2017

Proband/Family

Variant

Method of
Detection

Key Features

Other variants?

Comments

Family 1 (proband, ¢.3787C>T (p.Argl1263%*) WES Metopic ridge, ptosis, +/- “No rare variants in genes
sister, father, pat dysmorphic features, normal previously associated with
GM; variable development craniosynostosis or ACC.”
expressivity)
Proband 2 €.2979_2980delinsA Trio WES Metopic ridge, ptosis, dysmorphic None reported.
(p.Val994Trpfs*147) de novo features; ASD
Proband 3 c.4263delA p.(Glul422Serfs*6) de WES Lambdoid synostosis/metopic ridge;  Pat VUS in FOXP2 (c.776- Consider not counting.
novo hypotonia; ptosis; dysmorphic 5T>G, NM _014491.3); mito Effects of other variants
features; transposition of the great VUS (m.14787T>C cannot be ruled out.
arteries; developmental delay p.(114T), NC 012920.1) in
MT-CYB at 30%
heteroplasmy
Proband 4 Chr9:108940763-110561397x CMA Hypotonia; dysgenesis of the corpus  Includes RAD23B and KLF4 Consider how similar this
1(hg19) de novo callosum; ptosis; dysmorphic CNV is to the CNV under
features; normal development evaluation
Proband 5 Chr9:108464368-110362345 x1 CMA Mild I1D; ASD; ADD; OCD; hx of Includes TMEM38B, RAD23B  Consider how similar this
(hg19) de novo ventricular septal defect; no and KLF4; pat inherited 374 CNV is to the CNV under
evidence of craniosynostosis; no kb dup at 6g22.31 (classified  evaluation, possible
metopic ridge; no ptosis as VUS) contribution of other CNV
Proband 6 c.5145delC p.(Tyr1716Thrfs*28) de Trio WES Developmental delay; hypotonia; None reported.

novo

facial asymmetry; dysmorphic
features.



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
e 2 de novo LOF variants, parental relationships confirmed (trio-based WES)



Cosemans et al. 2018

* De novo balanced translocationét(9 13)(g31.2; q22.1)) in a patient with ID,
ASD, metopic craniosynostosis, dysgenesis of the corpus callosum, and
ptosis

. Taagslocatlon breakpoints were mapped to KLF12 on chr13 and ZNF462 on
chr

* 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.

PMID: 29427787



New! Kruszka et al. 2019

 Describes 14 additional individuals with LOF variants in ZNF462

» Total of 24 individuals including those from Weiss and the translocation cases
* Not available at time of original Dosage Sensitivity evaluation

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

PMID: 31361404



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

e ..and not using cases where other variants were identified/effects of other genes
were not ruled out

e ...we’'d still have:

» Category 4C: De novo LOF variant, non-specific phenotype
* Parental relationships confirmed — 2 cases (Weiss) 2 0.15 x 2 = 0.30
* Parental relationships assumed — 10 cases (Kruszka) 2 0.10x 10 =1.0

» Category 4F: 4 total observed segregations (1 family in Weiss, 1 family in Kruszka)—> 0.15
points

* We have plenty of evidence to suggest that ZNF462 is a HI gene, and that
our CNV as a whole should be classified as Pathogenic

Total: >1.0 points



But ZNF462 only has a ClinGen Dosage HI
score of 2!

* New evidence emerges all the time

* Outcomes of Dosage evaluations can change over time (upgrade or
downgrade)
* Always check the website for the most current information

* Always check the date last evaluated

* In this case, new supportive evidence came out after the date last
evaluated.

* If you come across a scenario like this in your clinical practice, please
report it!

* This record will be updated to reflect this new information after this
presentation.
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Conclusion: No compelling population data against pathogenicity.



Section 5: Evaluation of Inheritance Pattern/Family
History for Patient Being Studied

* |n this case, we already have enough compelling evidence to call this CNV
Pathogenic.

* Inheritance information is unavailable, but the patient’s phenotyﬁe is non-
specific (developmental delay, unspecified dysmorphic features, history of
VSD), but is consistent with what has been described in similar cases
(Category 5QG).

* What if our patient’s phenotype was something seemingly unrelated, such

as early infantile epileptic encephalopathy (EIEE)?
* This CNV is still Pathogenic

* May represent an incidental finding, \orovide an explanation for a phenotype not

reported to you, EIEE phenotype could be masking the neurodevelopmental
phenotype expected here, etc.

» Additional testing may be warranted to elucidate a cause for the EIEE



Conclusion

* Final points based on publicly available evidence: >>1.0

* Classification: Pathogenic

* In our case, this variant appears to be causative of the patient’s presenting
phenotype.

* Even if it wasn’t, there is substantial evidence that loss of ZNF462 results in a
constellation of features including variable neurodevelopmental disorders,
dysmorphic features, metopic ridging/craniosynostosis, and ptosis

* CNV should be classified as pathogenic, and clinical significance for patient under study
explained in the report (e.g., causative, incidental finding, etc.)

e Points to remember:

* Always check dates on Dosage Sensitivity evaluations; if new evidence is available
that may change the score, report it to ClinGen

* As additional evidence emerges, phenotype category (and subsequent scoring
strategy) may become more clear.
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