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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

Section &: Detailed evaluation of genomic content using cases from published literature, public databases, andfor internal lab data {Skip fo section 5 if either your CNV overlapped
with an established Hl genefregion in section 2, OR there have been no reports assodating either the CNV or any genes within the CNV with human phenotypes caused by loss of
function [LOF] or copy-number loss)
Individual case evidence—de novo occurrences Reported proband (from literature, public databases, or internal lab data) has either: See categories below

« A complete deletion of or a LOF variant within gene encompassed by the observed

copy-number loss OR

» An overlapping copy-number loss similar in genomic content to the observed copy-

nurnber lass AND. .
4A. .. _the reported phenotype is highly specfic and relatively unique to the gene or Confirmed de nove: 0.45 points each 0.20 {total)
GeEnamic regian, Assumed de rove: 0.20 points aach

frange: 0.15 fo 0.45)
4B. .._the reported phenotype is consistent with the genefgenomic region, is highly Confirmed de nowo: 0.30 points each

specific, but not necessarily unique to the genefgenamic region. Assurmed de novo: 0015 point eadh (range:
0 to 0.45)
4C. | the reported phenotype & consistent with the genafgenomic region, but not kghly  Confirmed de nowa: 0.15 point each
specific andfor with high genetic heterogeneity. Assumed de novo: 0,10 point aach frange:
0 to 0.320)
Individual case evidence—inconsistent phenotype 4D . _the reported phenotype is NOT consistent with what is expected for the gene/ 0 points each frange: 0 fo —0.30) —0.30
genamic region or not consistent in general. (total)
Individual case svidence—unknown inheritance  4E. Reported proband has a highly specific phenotype consistent with the gene/genomic 010 points each (range: 0 fo 0.15) 0.30 {total)
region, but the inharitance of the varant is unknown,
Individual case evidence—sagregation amondg 4F. 3— obzerved segregations 0,15 0.45
similarly affected family members
4G, 5-6 obssrved segregations 0.30
4H. 7 or more observed segregations 0.45
Individual case evidence—nonsegregations 4l. Vanant i NOT found in another indnidual in the proband’s family AFFECTED with a  —0.45 points per family frange: O 1o —-0.90
consistent, specific, well-defined phenotype (no known phenocopies). —0.45) (total)
4). Varant |5 found in another individual in the proband’s family UMAFFECTED wath the —0.30 points per family frange: O 1o —0.90
specific, wel-defined phenotype observed in the proband. —0.30) (total)
4K. Variant IS found in another individual in the proband’s family UNAFFECTED with the  —0.15 points per family (range: 0 to -030

nonspecific phenotype observed in the proband. -0.15) (total)



Where to begin?

* If you've reached this point, you know that the CNV under evaluation:
e 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

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
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* Quick literature search by cytoband information

 Start specific, move towards more general if no information is uncovered

. Example: Start with “10911.22g11.23,” move toward “10q11.22"” and “10q11.23,
then “10g11” to ensure any relevant information is found

* “ClinGen Recurrent CNV” track (available through Dosage siteg 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.”



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
* |n 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 3
B Gene2 I Gene 4 I Gene 6 NN Geneg NN

<+—=Your CNV

CNV 2: No*
o\ 'AVAC H (=13
CNV 4: Possibly

CNV 5: Possibly
CNV 6: Possibly
CNV 7: Possibly CNV 8: No*

* Exceptions may apply



What if Gene 2 was the gene of interest?

Gene 3 Gene 5 Gene 7
B Gene2 I Gene 4 I Gene 6 I Gene 8

_| I I I

<+—=Your CNV

- CNV 4: Possibly-NO*
CNV 5: Possibly-YES . .
| : CNV 6: Roessibly-NO

CNV 7: Rossibly
YES |
|

* Exceptions may apply



What if Gene 4 was the gene of interest?

Gene 3
I Gene 2

Gene 4
| |

Gene 5

-

<+—=Your CNV

CNV 4: Ressibly-YES

CNV 5: Pessibly-NO*

CNV 7: Possibly
ok

Gene 7
Gene 6 I Gene 8

CNV 6: Possibly YES

* Exceptions may apply



Next step: Assessing the genes within the CNV

* If there is no comﬁelling 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
DECIPHER vout srowse - pooguk) Search DECIPHER e Q Join Login®)

GRCh37

Search results for 'position:22:31012191-32389946" (refine Search)

Open-access patients [E1J CNV Syndromes [ DDD Research Variants Genes |35

Results Browser

Genes: 1 to 10 of 19 (out of 35 total) IShow: 1 oMM [ Morbid ) DDG2P # Protein COdiI'IgI Filter...
Name Location Description OMIM Morbid DDG2P %aHI pLlI Links
- T e e (2]
DEPDC5 22 219+ DEP domain containing 5, GATOR1 subcomplex subunit v v Y 37.9 100 |04 View~
DRG1 29 g:;;i?gg developmentally regulated GTP binding protein 1 v - - 0.95 e View ~
31043038 = ) ) - = .
DUSP18 22 T dual specificity phosphatase 18 v 0.06 & View
EIF4ENIF1 22 31532952 eukaryotic translation initiation factor 4E nuclear import factor 1 v - - 2104 100 |CVieww
INPP5J 29 g::;g‘g;; inositol polyphosphate-5-phosphatase J v = . 0.00 02 View ~
y 31608225 - i i S . - N
LIMK2 22 Gietenee LIM domain kinase 2 v 33.30 0.0 & View
MORC2 29 g:;ﬂ;;: MORC family CW-type zinc finger 2 v v . 36.79 1.00 4 View ~
, 31089769 - ; B B} 0.0 2 -
0OSBP2 22 303511 oxysterol binding protein 2 v 0.04 & View
PATZ1 22 37178 POZ/BTB and AT hook containing zinc finger 1 v = = 3131 099 |G Vieww
PIK3IP1 29 g:gg;g phosphoinositide-3-kinase interacting protein 1 - - - 0.06 2 view =
-_— S—




4 DECIPHER oout Browse - ook

P GRCh37

Search DECIPHER [2]

Search results for 'position:22:31012191-32389946' (Refine Search)

Open-access patients [EJ)

Results

Browser

CNV Syndromes [[J) DDOD Research Variants Genes |35

Genes: 1to 10 of 19 (out of 35 total)

Name

TCN2

MORC?2

DEPDCS

SLC35E4

DUSP18

0osBP2

SMTN

INPF3J

PLAZG3

RNF1835

Location

22

31023265

31364284

22

32303012

22

31065003

22

31063877

22

3130351

22

31300743

22

31330682

22

31336393

22

31603003

31002825

JIaz1n7

32148944

31031639

31048038

31089769

31460091

3518717

31530795

3153561868

Description

transcobalamin 2

MORC family CW-type zinc finger 2

Show: ) omin L) Morbid L) DDG2P ¥ Protein coding

DEP domain containing 5, GATOR1 subcomplex subunit

solute carrier family 35 member E4

dual specificity phosphatase 18

oxysterol binding protein 2

smoothelin

inositol polyphosphate-5-phosphatase J

phosphalipase A2 group 11

ring finger protein 185

Previous 2 Mext

OMIM

Morbid

DDG2P %HI
T e e

Y

- 36.79
Y 37.91
- 17.31

Filter...

pLI

Join Login+)

Links

& View =

& View =

& View =

& View =

o view -

o view -

o View »

o View »

7 View -

7 View -



OMIM Morbid Genes — Assess Mode of Inheritance

" 613441
TRANSCOBALAMIN II; TCN2

Gene-Phenotype Relationships

Phenotype Phenotype
Location Phenotype MIM number Inheritance mapping key
22q1232 Transcobalamin II deficiency 2732350 AR 3
* 616661

MORC FAMILY CW-TYPE ZINC FINGER PROTEIN 2; MORC2

Gene-Phenotype Relationships

Phenotype Phenotype
Location Phenotype MIM number Inheritance mapping key
22q122 Charcot-Marie-Tooth disease, axonal, type 22 616688 AT

* 614191
DEP DOMAIN-CONTAINING PROTEIN 5; DEPDC5

Gene-Phenotype Relationships

Phenotype Phenotype
Location Phenotype MIM number Inheritance mapping key

22q122q123 Epilepsy, familial focal, with variable fodi 1 604364 AT

“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 |l
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

614191 Download 2 6-| 666"

Download As +

DEP DOMAIN-CONTAINING PROTEIN 5; DEPDCS MORC FAMILY CW-TYPE ZINC FINGER PROTEIN 2; MORC2

Allelic Variants (12 Selected Examples) : All Clinvar variants All Clinvar Variants

Allelic Variants (3 Selected Examples) :

Number #  Phenotype Mutation Sl G Clinvar Number & Phenotype Mutation SNP gnomAD  Clinvar
0001 EPILEPSY, EAMILIAT FOCAL, WITH VARIABLE DEFPDC5, TYRVTER 15768241563 15768241563 RCV000043579
FOCI 1 0001 CHARCOT-MARIE-TOOTH DISEASE, AXONAL, MORC2, ARG252TRP rs864309503 - RCV000624201...
0002 EPILEPSY, FAMILIAL FOCAL, WITH VARIABLE DEFDCS, ARGS35TER 15387776973 13587776973 | RCV00072091s... TYPE2Z
FOCT 1 0002 CHARCOT-MARIE-TOOTH DISEASE, AXONAL, MORC2, SER25LEU RCWV000202460...
0003 EPILEPSY, EAMILIAL FOCAL, WITH VARIABLE DEFDCS, 3-BF DEL, 13587776974 - RCV000043581 TYPE2Z
FOCI1 488TCT 0003 CHARCOT-MARIE-TOOTH DISEASE, AXONAL, MORC2, GLU236GLY RCV000240855...
0004 EPILEPSY, EAMILIAT FOCAL, WITH VARIABLE DEFDC5, TRP1369TER 13587776975 - RCV000043582 TYPE 2Z
FOCI1
0005 EPILEPSY, FAMILIAL FOCAL, WITH VARIABLE DEFDCS, 1-BF DEL, 15879255234 - RCV000043583
FOCI1 11224
0008 EPILEPSY, EAMILIAL FOCAL, WITH VARIABLE DEFDCS, ARG239TER 13587776976 - RCWV000498718...
FOCI1
0007 EPILEPSY, EAMILIAT FOCAL, WITH VARIABLE DEFDCS5, ARG328TER - RCV000043585
FOCI1
0008 EPILEPSY, FAMILIAL FOCAL, WITH VARIABLE DEFDCS, ARGI087TER 15387777458 RCWV0001258400
FOCI1
0009 EPILEPSY, EAMILIAL FOCAL, WITH VARIABLE DEFDCS, ARG487TER 13587777459  rshB7777459 | RCV000128401
FOCI1
0010 EPILEPSY, EAMILIAT FOCAL, WITH VARIABLE DEFDCS5, ARGS43TER 15541024038 15541024038 RCV000157606
FOCI1
0011 EPILEPSY, FAMILIAL FOCAL, WITH VARIABLE DEFDCS, THRB64MET 1sipdo67614 rsdodee7eld | RCV000717165..
FOCI1
0012 EPILEPSY, EAMILIAL FOCAL, WITH VARIABLE DEFDCS5, GLN140TER 15786205703 - RCV000170597
FOCI1



Also...

Get Started About Us~ Curation Activities ~ Working Groups ~  Expert Panels ~ Documents & Announcements + Tools Q

ClinGen

Search: Gener | Ge

Name MORC2 External Resources View external resources
HGNC ID HGNC:23573 ClinVar Variants  View ClinVar Variants (§
Cytogenetic Location 22g12.2 GeneReviews®  View GeneReviews (§
ClinGen's Curation Summaries External Genomic Resources ClinVar Variants (&

I ClinGen has not yet curated MORCZ}’Iease see the External Genomic Resources tab to find links to information from other sources about MORC2. Curation Activities - Working Groups ~ Expert Panels ~ Documents & Announcements - Tools Q

If you would like to share infermation on this gene or request that this gene be considered for curation, please sign-in to share information.

Browse Curations -

DEPDC5

Name DEPDCS External Resources View external resources
HGNC ID HGNC:18423 ClinVar Variants  View ClinVar Variants (§
Cytogenetic Location 22q12.2-g12.3 GeneReviews® View GeneReviews [§

ClinGen's Curation Summaries External Genomic Resources ClinVar Variants &

DEPDCS - familial focal epilepsy with variable foci | monpo0ozo310

wrated by Classification

G, Gene-Disease Validity @ Definitive © 08/24/2018




Replication
. T . . E imental Evid Total Point
Assertion criteria Genetic Evidence (0-12 points) xpenmental tvidence otal Foints

. Over Time
{0-6 points) (0-18) 0Y/N)

- . : ) » 2 pubs wy
Case-level, family segregation, or case-control data that Gene-level experimental evidence that support the

D‘ESCTIptIDI‘I support the gene-disesse associstion

Sum of Genetic S Experimenta

) i i convincng evidenoe
gene-dizsase aszociation vidence

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.

LICFTINTITYE l£=1Ta

Valid contradictory evidence (Y/N}*

CALCULATED CLASSIFICATION (DATE) Definitive 08/24/2018

EXPERT CURATION (DATE) Definitive 08/24/2018

The DEPDC5 gene has been associated with autosomal dominant familial focal
epilepsy with variable foci using the ClinGen Clinical Validity Framework as of
8/6/2018. This association was made using case-level data and experimental
data. At least 12 variants (e.g. missense, in-frame indel, nonsense, frameshift,

large deletion) have been reported in humans. DEPDCS was first associated with
this disease in humans as early as 2013 (Dibbens et al.). Variants in this gene

have been observed in at least 17 probands in 8 publications (PMID: 23542697,
24283814, 23542701, 29761115, 29861134, 29950950, 29708509, 29481364).
Variants in this gene segregated with disease in at least 48 additional family

members (PMID: 23542697). More evidence is available in the literature, but the
EVIDENCE SUMMARY maximum score for genetic evidence (12 pts.) has been reached. The mechanism
for disease is haploinsufficiency (PMID: 23542697). This gene-disease association
is supported by amimal models, expression s
assays (PMID: 29761115, 29861134, 29950950, 29708509, 29481864). Of note,
variants in this gene have been found to exhibit reduced penetrance in families
with disease (PMID: 23542697, 24283814, 23542701). In summary, DEPDCS is
definitively associated with autosomal dominant familial focal epilepsy with
variable foci. This has been repeatedly demonstrated in both the research and
clinical diagnostic settings, and has been upheld over time. This classification
was approved by the ClinGen Epilepsy Gene Curation Expert Panel on 8/7/2018.




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
e Returns 100 results. Consider amending search to include terms like:
* “GeneX AND loss of function” and/or }
“GeneX AND haploinsufficiency” and/or When evaluating losses
* “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} When

actually be acting as LOF — read carefully) and/or
* “GeneX AND triplosensitivity”

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

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

e 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

e 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

e Others can access this information and verify your assessment

e 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

* |[n 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

e 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

e 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 honsense 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
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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?

* |s your phenotype adult-onset or childhood-onset?
* |s 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/
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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)

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

(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 Fetal adrenocortical cytomegaly
copy number loss) . .
Reported proband has either: (BeckWIth-Wledemann)
* Acomplete deletion of or a LOF * Conditions associated with biochemical
variant within gene encompassed by L. .
the observed copy number loss OR See categories below abnormalities clea rly tY|ng them back to
*  2noverlapping copy number [oss the gene under evaluation
similar in genomic content to the ) . . .
observed copy number loss AND... * Highly specific, not necessarily unique
44, _the reported phenotype is highly specific | Confirmed!? de nove: o L k d h 47 I . I .
and relatively unigue to the gene or genomic 0.45 points each euko VStrop y ( ClinicCa synopses In
Individual case evidence region hssumed”l-lﬂ'e novo: 0.30 OMIM)
2 points eac . . . . . .
~ de novo occurrences' (Range? 0.15 to 0.45) * Metopic ridging (64 clinical synopses in
4B. ._the reported phenotype is consistent with | Confirmed®? de novo: OM | M)
the gene/genomic region, is highly specific, but | 0.30 points each 0.80 ] . . ) .
not necessarily unigue to the gene/genomic Assumed™ de novo: 0.15 (total) * Not hlghly SpElelC, and/Or with hlgh genetlc
region point each .
Range™- 0 to 0.45) heterogeneity
4C. _the reported phenotype is consistent with | Confirmed?!? de novo: ° Deve|opmenta| de'ay/inte”ectua'
the gene/genomic region, but not highly 0.15 point each . .
specific and/or with high genetic heterogeneity | Assumed™ de nove: 0.10 dlsablllty
point each :
(Range®: 0 to 0.30) * Autism
4D...the reported phenotype is NOT consistent 5 sints cach 030 * When in doubt, go with the most conservative
with what is expected for the gene/genomic {Ranpez' 0 to-0.30] [tc:l-tal]- .
region or not consistent in general B ’ Optlon




Confirmed vs. Assumed De Novo

e 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

* |f 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 (O 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

reqion, but the inherntance of the vanant is unknown

ndividual case evidence—unknown inhertance 4E. Reported proband has a highly specific phenotype consistent with the genefgenomic  0.10 points each (range: 0 to 0.15) 0.30 (tota

* 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

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 e _:] & |.]
+/phenotype + individuals, and/or =" B . |
. . *
obligate carriers & 1?.] O] |-._n.j
1z n:2 3 ; n:s .

* = tested
-= genotype+/phenotype +



Segregation Example: AD Hypertrophic Cardiomyopathy

Pedigree A
B=O
-1 -2
, (+) (-) A
O HO BN
-1 -2 | 1-3 II-4 -5

-6 | -7 II-8
(-) (-) () ) (+)

o © T
/' -1 -2 -3 -4 -5 -6
(+) (+) (+)

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

To be conservative, count only genotype+/phenotype+ individuals and obligate carriers (such as 1-2)

This phenotype is known to have reduced/age-dependent penetrance — the 2 genotype+/phenotype-
individuals (I11-2, I1I-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
4} A) * Consider only counting

=~ . = those females directly
K K linking the affected males.

Y& = genotype+



Apparent non-segregation

Individual case evidence
- Non-Segregations!?

41 Variant is NOT found in another individual in

the proband’s family AFFECTED with a -0.45 points per family -0.50
consistent, specific, well-defined phenotype {Range?: 0 to -0.45) (Total)
(no known phenocopies)

4], Variant 15 found in another individual in the

proband’s family UNAFFECTED with the -0.30 points per family -0.90
specific, well-defined phenotype chserved in {Range?: 0 to -0.30) (Total)
the proband

4K. Variant |5 found in another individual in the i )

proband’s family UNAFFECTED with the non- _Di;:n';c;?t; f:i;irg]”v [;:{;t?;?}

specific phenotype observed in the proband

O

genotype -

4

N

O

phenotype -

4] \

phenotype -

O

4K

=l

= affected, specific
phenotype

= affected, non-
specific phenotype

= genotype +



Non-Segregation: Negative vs. Zero points

* KNOW YOUR PHENOTYPE

* |s 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

case undc

Section 5: Evaluation of inheritance pattern/family history for patient being studied

Observed copy-number loss is de

novo

Observed copy-number loss is

inherited

Observed copy-number loss—

nonsegregations

Other

SA. Use appropriate category from de novo scoring section in
section 4.

5B. Patient with specific, well-defined phenotype and no
family history. CNV is inherited from an apparently
unaffected parent.

5C. Patient with nonspecific phenotype and no family
history. CNV is inherited from an apparently unaffected
parent.

5D. CNV segregates with a consistent phenotype cbserved
in the patient’s family.

5E. Use appropriate category from nonsegregation section in
section 4.

5F. Inheritance information is unavailable or uninformative.

5G. Inheritance information is unavailable or uninformative.
The patient phenotype is nonspecific, but is consistent with
what has been described in similar cases.

BH. Inheritance information is unavailable or uninformative.
The patient phenotype is highly specific and consistent with
what has been described in similar cases.

Use de novo scoring
categories from section 4
(4A—4D) to determine score

—0.30 (range: 0 to -0.45)

—0.15 (range: 0 to -0.30)

Use segregation scoring
categories from section 4
(4F—4H) to determine score

Use nonsegregation scoring
categories from section 4
(41-4K) to determine score

0

0.10 (range: 0 to 0.15)

0.30 (range: 0 to 0.30)

account for the presentation of the
er evaluation?

0.45

-0.45

-0.30

0.45

-0.45

0.15

0.30



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] 5g23.2
(125989631 126295396) x 3

45-year-old male with gait abnormalities



Clinical Information

e arr[GRCh37] 5g23.2 (125989631 126295396) x 3
e 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

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

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

chr5:125,969,631-126,295,396 305,766 bp. | enter position, gene symbol, HGVS or search terms | go
|chr*5 cozz.2x [0 N Erci I N E
ECale 18@ kb | haia
chirGS ! | 126, 656, Baa| 125,1ea,laea| 126, 158, aag| 1EE,EBB,IBBB| 126,258, aag| Case W

CHY Webk Zeries Examples

=5+ | <

Clinical Genome Resource (C1inGen) CHYS

[

Curated Ben
Curated Fath
Chromosome Eahds Localized bg FISH Mapping Clones
S5Hq23.2

L

Datakase of Genomic Wariants: Gold Standard Wariants
gsswlL 182157 | gssvL182196 m gssvL1 822681 g==vL 1 82205 ———
assvl162194 m 2ssvL1e2202 -

Duplications of 1888 Bases of Mon-RepeatMasked Sequence
Segnental DUps
OMIM Genes — Dark Green Can B2 DiSease—causing

[

15e54 0 I B13335
MCEI Reffed fenes, durated subset (MM_#, MHRE_¥, HF_¥ or YF_#) — Annotartion RFEelease GCOF_ 888231485 25 _GRCHIT. P13 {281? B4—193 "
LaZ1 62723557 |—|—|—| MARCHS }
(IR e pprp Genes
LMNBIl———————————*—+++—+H—+——k1 .
LMME] E d
LUCEC annotations of Re-FSe-q RNHE (NM aee and ME_#%) Contalne
LMME 1 —OT bt e MARCHFS mfeed {4 1
LMHEL
LMMHE] E
LMHE1 §

* 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



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

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

move | <<< | <« | = | = | == | === |ZOOMIN| 15x | 3x | 10x | base |Zoom out| 1.5x | 3x | 10x | 100x

chr:125,989,631-126,295,396 305,766 bp.

enter position, gene symbaol, HGVS or search terms | go

chrs (o2s.2) T T W

Zcale 188 kb { hzia
chrs: | 126, 65@, oaa| 126, 108, oaa| 126, 158, ooa| 126,200, oaa| 126,250, oa|
CHY MWekb Series Examples
_J Casek

Clinical Genome FEesource (ClinGen) CHYsS

Curated Ben Established TS Gene
Curated Fath N
CHEomoSon Eand=s Localized by FISH Mapp 3 Clones

Datakase of Genomic VWariants: Gold EStandard Variants
as=swL182157 I assvL1e2196 m assvL1B22648 1 a=svL1 82205 —
gs=vL1ez194 m g==wl1 82262 -

Duplications of 1888 Bases of Hon-RepeathMasked Zeguence
Segmental Dups

) [

OMIM Genes - Dark Green Cah Be Disesse-Causing

1=5a34 0 I B13335
HCEI Reffeq genes, curated subset (HM_x%, HR_x, HF_# or YF_%) — Annotation Release GCOF_A68661465,25_GRCh37.pl3s (2817-84-192
LOCL B2 TISSET o] MARCHS m—d f-4 {44
L HHE L ] e et e B o i Ere
LMHEL ® H=—tF 4~k ———+—4
LMNE1 ¢ RS s et |
HZEC annotations of RefSedq REMHAs (HM_#x and HE_%)
LMHE 1 —OT bpesspissie] MARCHFS mlped b-4 {44
LMHE 1
LHMNE1 ¢ s S R e e |
LMME1 § I e e

* 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.

Total: 0 points



Section 3: Evaluation of Gene Number
DECIPHER About Browse ~ DDD(UK) Search DECIPHER e Q Join Login %D

GRCh37

Search results for 'position:5:125989631-126295396" (Refine Search)

Open-access patients [EZ) CNV Syndromes [EJ) DDD Research Variants [ Genes 4

Results Browser

I Genes: 110 2 0f 2 (out of 4 total) Show: (] OMIM () Morbid () DDG2P ¥ Protein coding | Fiter.
Name Location Description OMIM Morbic DDG2P %HI pLI Links
- T 7] Q Q
LMNB1 5 el lamin B1 v v - 11.52 0.95 (3 View ~
MARCH3 5 Eﬁgg;gg membrane associated ring-CH-type finger 3 v - - 12.17 ).64 4 View =

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



Section 4: Detailed Evaluation of Genomic Content

e Where to start?

* LMNB1 is an OMIM Morbid gene associated with autosomal dominant
leukodystrophy (ADLD), so this is a logical first place to start.

DECIPHER oout srowse - pppuk Search DECIPHER e Q Join Login %

GRCh37

Search results for 'position:5:125989631-126295396' (Refine Search)

Open-access patients [EJ) CNV syndromes [EJ DDD Research Variants [ Genes | 4

Results Browser

Genes: 1102 0f 2 (out of 4 total) show: (J OMIM () Morbid [J DDG2P ¥ Protein coding | Fiter
Name Location  Description OMIM Morbid DDG2P %HI pLI Links
* T 7] 7] 7]
LMNB1 126112315 jamin B1 v v - 11.52 0.95 @ view »

S 126172712

MARCH3 5 :é:igg;gg membrane associated ring-CH-type finger 3 v - \ - 1217 & View -



Autosomal Dominant Leukodystrophy

Suggestive Findings

Autosomal dominant leukodystrophy with autonomic disease (ADLD) should be suspected in adults with the

following clinical and neuroimaging features:

Clinical features

* Omnset in the fourth to fifth decade of signs and symptoms of autonomic dyvsfunction including bladder

dysfunction, constipation, erectile dysfunction, and postural hypotension
s Subsequent onset of motor and cerebellar impairment resulting in spasticity, ataxia, and tremor

MRI findings. Specific brain and spine MRI findings that suggest the diagnosis of ADLD [Bergui et al 1997,

s The cerebral white matter demonstrates svmmetric To-weighted hvpenintensities extending from the motor
cortex, following corticospinal tracts downward through the posterior limb of the internal capsule toward the
medulla oblongata. Over time the signal abnormalities extend from the frontoparietal lobe to the occipital lobe

and finally the temporal lobe to become completely confluent (Eigure 1C, thick arrow).
s U-fibers and optic radiations are usually spared.
s The periventricular white matter is usually spared or mildly affected.

s The upper and middle cerebellar peduncles are almost always involved with marked Th-weighted

* DBrain stem atrophy is present with increased signal intensity of the medulla oblongata. There 1s diffuse thinning

and atrophy of the spinal cord, often with diffuse homogeneous To-weighted hypenntensity.
s Atrophy of the cerebrum, cerebellum, and corpus callosum may develop over time.
+ No pathologic enhancement is seen after contrast administration.

Note: The brain and spinal cord MRI findings can precede clinical manifestations by decades.

Figure 1.

Tr-weighted MRI from a male age 55 years with ADLD with sections through the brain stem (A). internal capsule (B). and parietal regions (C).
Characteristic involvement of the middle cerebellar peduncles and brain stem features (A. thin arrow). and confluent supratentorial white matter
changes involving the deep white matter (C. thick arrow) with relative sparing of the periventricular and U fibers and optic radiations. The
corticospinal tracts are involved (A, B. C).

From GeneReviews — Nahas et al. “Autosomal Dominant Leukodystrophy with Autonomic Disease” https://www.ncbi.nlm.nih.gov/books/NBK338165/
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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
e 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 oSO 32
several of those cen. | 125,800,000 | 125,900,000 | 126,000,000 | 126,100,000 | 126,200,000 | 126,300,000 | tel
reported in Giorgio. ADLD duplications
BRI |
* Any of these (with the Lo
possible, conservative At
exception of BR1) m
would be appropriate L 2
to use as case evidence o
* This paper does not 'f;
provide detailed 16,,103
information on family oy
structure; the 6 N— S Tacau
previously unpublished B )
cases here could be
used in Category 4E citcal region
(inheritance unknown).

* Previously published o ,
Giorgio et al. 2013, Figure 1A



Schuster et al. 2011 (A2, A3, A10, A1l in
Giorgio et al.)

4 non-related families with ADLD with
autonomic symptoms

* 2 Swedish, 1 German, 1 Israeli (of Arab

descent) e
o SampleS frOm One affected patlent “rze0ooml  rzecsoomnl 12610001 ‘f":otéz}_%jﬁ 1262500000 1263000000 1263500001 126400000]
from each family were analyzed by st | “harcr et
genome-wide SNP array é_
* 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
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Dos Santos et al. 2011 (G1 in Giorgio et al.)

. 412 year-old male with 2-year history
0

* Gait disturbance |j (5 (5 (5
* Micturition problems 5
* Personality changes
* Brain MRI: bilateral T2-hyperintense
lesions in the subcortical and deep

cerebral white matter

* Normal: lumbar puncture, nerve v.
conduction studies,
electromyography, AAs LCFAs, and = genotype +
lysosomal enzymes v.

* 5¢32.2 duplication involving LMNB1 Our Case (W)
gene identified on array in proband ,
and 44-year-old sister
* Sister asymptomatic, but was also
found to have hyperlntense lesions of

the subcortical and deep cerebral
white matter on brain MRI

hrd

rd

PMID:21909802



Other cases: Padiath et al. 2006

K2685

;
E P it EE,

K4233

'
A

M Probably affected

B Unknown

K50069 K4975

o 23D

Figure 1 Pedigree charts of ADLD families. See Results section for details
on analysis of genomic copy number variation.

Centromere Chromosome 5 Telomere
o —
126050000| 126100000 | 126150000|126200000 | 126250000 | 126300000| 126350000 126400000 |
Lamin B1 ——H-HH] _
AKD93561 ) —

MARCH3 L

|
K4233 & K2685 - 160,455 bp

___________________________________________________________________________|
K50089 - 340,785 bp

|
69 kb K4975 - =150,000 bp 31 kb

Chromosomal position

Genes

Duplication extent

Describe 3 unique duplications from 4
families involving LMNB1 with variable
involvement of the nearby MARCH3
gene

e 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 Bl 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

m Affected male

® Affected fermale

O Unaffected male
) Unaffected female
# Deceassd individual

¥ Unknown status

= (Genotype -
* Genotype +

...and many other cases available in the literature

* 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
%W cerebral white matter

* LMNB1 copy number
assessed by quantitative RT-
PCR

PMID:23681646



Putting it all together...

* We have a wealth of information indicating that duplications of
LMNBI1 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 Suggested
Points/Case

4E. Reported proband has a highly specific phenotype
consistent with the gene/genomu: region, but the 0.15)
inheritance of the variant is unknown.

Individual case evidence—
unknown inheritance

0.10 points each {range: 0 to | 0.30
(total)

Individual case evidence—
segregation among similarly 4F. 34 observed segregations 0.15 045
affected family members

4G. 5-6 observed segregations 0.30

4H. 7 or more observed segregations 0.45

e 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:

/ 9 * |f all of these people
were genotype+, this

| L
famil Id have 11
' |j Q 6 (5 (5 El d)h EJ Q sae?rleég\’/c?ouns e
* |f we allowed increasing
v § ELQ Qi?) O segregation data to

\ score up to 1.0 points, a
C

ﬁl“é single family could drive
v Q [5?9 | the classification of a

variant.

! O O (5 O * 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

e 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)

ccccccccccccc
uuuuuuuuuuu
1 Unaffected female

<5 <5 0 EIQ oot
” i i . i + f
s - 1 [ —

Y = genotype + T 3 O : S A
édéé * /

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.

. leis is consistent with ADLD, but could also be indicative of a number of other
things.
. Quickhsearch 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
atient has had a brain MRI, which demonstrated findings consistent with

eukodystrophy.
 OMIM Clinical Synopses search for “leukodystrophy” = 47 results

. gvété‘)this more specific information, consider awarding full points within Category 5H (up to



Ssummary

* 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)

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

e Supportive functional data



