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The OtoGenome Test: 70 gene targeted panel on the NGS platform

ACTG1
ATP6V1
BSND
CCDC50
CLDN1
COCH
COL11A2
CRYM
DFNA5
DIAPH1
ESPN
ESRRB
EYAI
EYA4
GIPC3
GJB2
GJB3
GJB6

GPSM2
GRHL2
GRXCR1
HGF
ILDR1

KCNQ4
LHFPL5
LOXHD1
LRTOMT
MARVELDZ2
MIR96
MSRB3
MTRNR1
MTTS1
MYH14
MYH9
MYO15A

MYO1A CDH23  USHER
MYO3A CLRN1
MYO6 DFNB31
OTOA GPR98
MYO7A
- AN PCDH15
POU3F4 USH1C
POU4F3 USH1G
PRPS1 USHZ2A
RDX TPRN
SERPINB6 TRIOBP
SLC17A8 WFS1 Wolfram
SLC26A4
STRC Pendred
TECTA
TIMMS8A
TJIP2
TMC1
TMIE NGS Usher subpanel also

TMPRSS3

available (9 Usher genes)




Rare variation is common in the general population

Particularly in the Usher syndrome genes

Total variants from ESP and dbSNP 7737
Classified as Benign 291
Classified as Likely Benign 2578
Unclassified due to low frequency 4813
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ACMG Lab QA Committee on the
Interpretation of Sequence Variants

ACMG
Sue Richards (chair), Heidi Rehm (co-chair)

Sherri Bale, David Bick, Soma Das, Wayne Grody, Madhuri Hegde, Elaine
Spector

AMP
Julie Gastier-Foster, Elaine Lyon

CAP
Nazneen Aziz, Karl Voelkerding
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American College of Medical Molecular Pathology
Genetics and Genomics
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http://www.cap.org/apps/cap.portal
http://www.amp.org/
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&docid=c33FC2SfUK6DRM&tbnid=gxJAoVveLPO1nM:&ved=&url=http://www.path.utah.edu/service/clinical-pathology/copy_of_elaine-lyon&ei=XICLUc-yB6Tq0QGc4ICwAQ&psig=AFQjCNHG8OKdO_bzqPG8pepJwe63StNX9Q&ust=1368183260596145

Hearing loss variants in over 3000 cases

Reported Variant Classification

Pathogenic 223
817 variants Likely Pathogenic 121
Unknown Significance 462
Likely Benign 580
700 : :
82.4% (673/817) of variants have Benign 899
c00 only been seen in one family Total 5285
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OtoGenome Detection Rates

70% -
60% M Positive
50% M Inconclusive # Heterozygous Recessive Pathogenic
M Negative
only
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108% 10% pathogenic variants
oo In Usher genes,
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Detection Rate for Usher Panel
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Age of Testing and Presence of RP

Age and RP Status
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Hearing Loss Severity with USH1 Gene Mutations

12

10

Not profound
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Profound

@ Usher 3 yr-48 yr

®mNSNHL 4 mo-5yr

Mutations in Usher
Type 1 genes may
not cause an Usher
Type 1 phenotype
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Gene and variant spectrum in positive OtoGenome cases

35.0% Frequency of variant types identified
30.0% 32:4% SNV 86 56%
y B b
5 0u = Indel 38 25%
c =
S =
5 = CNV 29 19%
2 200% =
€ =
o =
(@] =
R 15.0% = =
= 14.8%
100% = =
sow = = T =
= EE == = =
=== ==== = E%ﬂg
g8 E"8-"E -8 8 § B 0 B N B B —_— === =
N O H om o <€ L o «H «=H «+H «=H <« X W |« 0o « ! oo 44 O
5§ sggggLEfEeR Ll ez e
3"§§> < . © 5!—:o§guu5
o = 2 = )
E Usher

PAR?TERS PERSONALIZED MEDICINE Courtesy of Sami Amr

{EALTHCARE



Log?2 ratio sample/batch median
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Hearing loss variants in over 3000 cases

Pathogenic 223
817 variants Likely Pathogenic 121
Unknown Significance 462
Likely Benign 580
700 82.4% (673/817) of variants have Benign O\ 899
c00 only been seen in one family Total 2285
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ClinGe

Clinical Genome Resource

ClinGen

The Clinical Genome Resource

Launched
Sept 2013

U41 Grant Pls UO01 PIs Uo01 Pis NHGRI Program
NCBI ClinVar Leads David Ledbetter Jonathan Berg Carlos Bustamante Directors
Melissa Landrum Christa Martin Jim Evans Sharon Plon Lisa Brooks
Donna Maglott Bob Nussbaum David Ledbetter Erin Ramos
Steve Sherry Heidi Rehm Mike Watson
ClinGen Working Groups (WG)
ClinVar IT Standards . . .
Sequence Variant WG | .4 Data Submission | C"ical Domain WGs Gene Curation WG
Chairs: Jonathan Berg & Education,
Chairs: Sherri Bale & WG a'rSShg?Sn Sgn °18 Engagement, Access Chairs: Jonathan Berg
Madhuri Hegde Chairs: Sandy Aronson Cancer co-chairs: WG & Christa Martin

Structural Variant WG

Chairs: Swaroop
Arahdya & Erik
Thorland

& Karen Eilbeck

Phenotyping WG
Chair: David Miller

Data Model WG

Chairs: Jonathan Berg
& Heidi Rehm

Informatics WG

Chair: Carlos
Bustamante

Matthew Ferber, Ken
Offit, Sharon Plon

Cardiovascular co-
chairs: Euan Ashley,
Birgit Funke, Ray
Hershberger

Metabolic co-chairs:
Rong Mao, Robert
Steiner, David Valle

Pharmacogenomic co-
chairs: Teri Klein,
Howard MclLeod

Chair: Andy Faucett

ELSI and Genetic
Counseling WG

Chair: Andy Faucett &
Kelly Ormond

Actionability WG

Chair: Jim Evans

EHR WG

Chair: Marc Williams




Goals of ClinGen

To raise the quality of patient care by:

- Standardizing the annotation and interpretation of
genomic variants

- Sharing variant and case level data through a
centralized database for clinical and research use

- Developing machine-learning algorithms to improve
the throughput of variant interpretation

- Implementing an evidence-based expert consensus
process for curating genes and variants

- Assessing the actionability of genes and variants and
supporting their use in clinical care systems




Variant Databases

Medical
Literature
Public LSDBs
>600

O @

Clinical Lab

D
atabases COSMIC

Research Lab
Databases

Largely without
standardized
assertions

Largely absent from
the public domain



ClinVar >100,000 variants

from 139 submitters

:-_'-5' NCBI Resources (¥)How To (%I

ClinVar ClinVar v ‘ ‘ w

Advanced

AATTTGTACTGATGGTATGGGGCCAAGAGA  olinVar
_CAAGGACAGGTACGGCTGTCATCACTTAC

~AGGAGCCAGGGCTGGGCATAAAAGTCAGC ClinVar aggregates information about sequence variation and its relationship to human health.
ACAGACACCATGGTGCATCTGACTCCTGAC

WCCCTGGGCAGGTTGGTATCAAGGTTACAA
[CTGATAGGCACTGACTCTCTCTGCCTATT

Using ClinVar Tools Related Sites
About ClinVar

o DI8O-DIS5  Nucleic Acids Research, 2014, Vol. 42, Database issue Published online 14 November 2013
Data Dictionary doi: 10.1093 nar gkt 1113

Downloads/FTP site

o ClinVar: public archive of relationships among
sequence variation and human phenotype

ClinVar News and Announcement

Melissa J. Landrum, Jennifer M. Lee, George R. Riley, Wonhee Jang, Wendy
S. Rubinstein, Deanna M. Church and Donna R. Maglott*

National Center for Biotechnology Information, National Library of Medicine, National Institutes of Health,
8600 Rockville Pike, Bethesda, MD 20894, USA

You are here: NCBI = ClinVar . .
Received September 13, 2013; Revised October 21, 2013; Accepted October 22, 2013

GETTING STARTED
MNTRI Ednrcatinn



ClinVar

120,830 submissions
107,098 unique variants

62,425 variants
with assertions
from >3360 genes

50,063 variants
without assertions
from 111 submitters

Submitter

Clinical Labs

Harvard Medical School and Partners Healthcare
Emory Genetics Laboratory

Ambry Genetics

International Standards For Cytogenomic Arrays
GeneDx

University of Chicago

Sharing Clinical Reports Project

ARUP Laboratories

LabCorp

InVitae

Counsyl

University Pennsylvania Genetic Diagnostic Lab
American College of Med Genetics and Genomics

General Databases
OMIM
GeneReviews

LSDB/Researcher — Assertions Submitted
Breast Cancer Information Core (BIC)
INSiGHT

Juha Muilu Group; FIMM, Finland (FIMM)
ClinSeq Project

Martin Pollak (Nephrology, BIDMC, Harvard)
CFTR2

LSDB/Researcher — No Assertions
111 Submitters

Variants

6996
5252
4167
4134
3700
3687
2045
1417
1391
436
112
68
23
26459

24443
3738
28181

3793
2360
840
425
234
133
7785

50063

Genes

155
507

17711
250
462

140

20

3360
406

N

39
35
39

>6957
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LMM’s Submissions to ClinVar
ClinGe 6996 Interpreted Variants

Clinical Genome Resource

-

Phenotypes Probands Genes Unique Variants
Cardiomyopathy 5485 51 3929
Somatic Cancer 3421 21 178
RASopathies 2781 12 376
Hearing Loss and Related Syndromes 2048 65 2218
Connective Tissue Disorders 915 3 227
Hereditary Cancer 665 9 81
Congenital Heart Defects 91 4 43
Ectodermal Dysplasia 81 1 36
Other 867




ClinVar Review Levels

Mendelian Categories: Practice **** (e.g. 23 CF)

Pathogenic Guideline

Likely pathogenic

Uncertain significance

Likely benign

Benign Expert Panel * %ok (InSiGHT and CFTR2)

Multi-Source Consistency \**

Single-Source \*

1. Literature references without assertions \
2. Inconsistency in assertions \




Summary Interpretations in ClinVar

= NCBI Resources ¥ How To ¥

ClinVar ClinVar [=]|

Advanced

Clinical significance Condition(s)
MYO7A:c.635G=A (p.Arg212His) Retinitis pigmentosa-deafness syndrome [MedGen
OMIM]

Usher syndrome, type 1B [MedGen]

Clinical significance: FPathogenic/Likely pathogenic
Review status:

Mumber of submission(s). 2

Clinical significance
MYOT7TA:c.905G=A (p.Arg302His)

Condition(s)
Usher syndrome, type 1B [MedGen]

Clinical significance: conflicting data from submitters AllHighlyPenetrant [MedGen)]
Benign(1).Pathogenic(1)

Heview status:

Mumber of submission(s). 2



Clinical Assertions

& NCBI Resources ) HowTo ™ hrehm My NCBI Sign Out
ClinVar Clinvar v |
Advanced Help

Home About + | Data use and maintenance * | Using the website + | Howto submit + | Statistics FTP site

MYOT7A:c.905G>A (p.Arg302His) Clinical significance
MYOTA:c.905G=A (p.Arg302His) Hel
MYOT7A:c.905G>A (p.Arg302His) Go to: (p-Arg302His) mee
Clinical significance: conflicting data from submitters
Variant type: single nucleotide variant Benign(1):Pathagenici1)
Revi tatus:
Cytogenetic location: 11g13.5 suiew status
MNumber of submissi 2
Genomic location- Chr11-76869378 (on Assembly GRCh3T) umber of submission(s)
Chr11:77158332 {on Assembly GRCh38) Condition(s)
Protein change- R302H Usher syndrome, type 1B [MedGen]
AllHighlyPenetrant [MedGen)
HGWS: MNG_009086.1:9.35069G=A
MIM_000260.3:c.905G=A See suppoarting ClinVar records
MNC_000011.10:g.77158332G=A
_..more
Assertion and evidence details Go to:

‘ Clinical Assertions | | Evidence

Help

Germline

. C!II‘IICEI' Review status Collection Bl LD .. e Submitter Submission

significance . (Mode of Origin Citations . .
(Assertion method) method . . (Last submitted) accession
(Last evaluated) inheritance)
FPathogenic classified by single literature only ~ Usher syndrome, germline  PubMed OMIM SCWV000032861
(Mov 7, 2012} submitter type 1B 1} {Dec 30, 2010)
(literature onky) MedGen)

Benign classified by single clinical testing ~ AllHighlyPenetrant germline PubMed Laboratory for Molecular Medicine Partners HealthCare SCW000059903
(Oct 5, 2011} submitter MedGen) (2} Personalized Medicine

\ (clinical testing) (Mar 16, 2013) )

Last Updated: Jun 28, 2014




ClinVar Evidence Tab

Assertion and evidence details Go to

Clinical Assertions | | Evidence

Summary
Families Individuals Segregation Allele origin Ethnicity Geographic origin
4 not provided not provided germline not provided not provided

Laboratory for Molecular Medicine

Observations
Families Individuals Segregation Allele origin Observed phenotypes Ethnicity Geographic origin Collection method Description
4 naot pravided  not provided germline naot provided nat provided naot provided clinical testing See description
oMIM This variant has been identified in 4.2% of
controls(rs41298135) and functional studies do not
show an impact to protein function (\Watanabe
Data published from literature 2008).
Families Individuals Segregations Allele origin Citations
nat provided not provided not provided germline PublMed [See all records that cite this PIMID]

Description

Weston et al. (1996) found that 8 of 23 mutant alleles detected in their study of Usher syndrome type |B were either R212H or R212C. In some instances, the R212H mutation was in cis
with an R302H (276903.0006) mutation in exon 9. Affected sibs in a Dutch family were homozygous for the double mutation at both codons, while the affected sibs in a Finnish family
showed only paternal inheritance of both mutations. Both R302H and R212H have been obsernved singly in affected persons: neither has been observed in controls, either singly or as
double mutations. Although these 3 mutations were the most common ones observed, comprising approximately 50% of all mutations found. they still represented less than 3% of the total
USH1B chromosomes studied. Furthermore, no linkage disequilibrium between USH1B and several adjacent polymorphic markers was found, suggesting that there are several
independently occurring mutations rather than a common USH1B allele.

Last Updated: Jun 28, 2014



VARIANT HARMONIZATION (LMM — EMORY GENETICS LAB)

50 variants
( \ 40 variants consistent
. Variants consistent
E;o varlantf » reassessed
/ iscrepan by Lab 1 .
40 variants
still discrepant
7. p
il 10 variants
. consistent
Variants
Feedback to reassessed
Committee by Lab 2 _ _
30 variants still
discrepant
\ Clinical Labs )
\ . Pass on CONF. CALL
: : Clinical
Info disseminated what
EXpENS needs < Lab 1+2 review
back to labs Committee _ :
expert * Discrepancies

AL input * Rules

* Rule Differences
« Silent (VUS vs LB)
- Differences in frequency cut-offs
* Reporting differences influence stringency!
» Lab 1 excludes Lik Ben, Lab 2 includes
» Greater willingness of Lab 1 to classify as
Lik Ben!
» Other (use of computational data)
» 1/80 variants needs expert input
« atypical GLA/Fabry variant

Expert Committee Review

» Discuss classification rules

* Review discrepant variants with
input from experts in that disease
and assign classification

Courtesy of Birgit Funke



Evaluating Evidence
for Gene-Disease Associations

Definitive evidence
Strong evidence
Moderate evidence
Limited evidence
No evidence
Disputed evidence
Evidence against



Evidence Level Evidence Description

The role of this gene in this particular disease has been repeatedly demonstrated in both the research and
DEFINITIVE clinical diagnostic settings, and has been upheld over time (in general, at least 3 years). No valid evidence
has emerged that contradicts the role of the gene in the specified disease.

There is strong evidence by at least two independent studies to support a causal role for this gene in this
disease, such as:

eStrong statistical evidence demonstrating an excess of pathogenic variants? in affected individuals as
compared to appropriately matched controls

eMultiple pathogenic variants! within the gene in unrelated probands with several different types of
supporting experimental data?. The number and type of evidence might vary (eg. fewer variants with
stronger supporting data, or more variants with less supporting data)

In addition, no valid evidence has emerged that contradicts the role of the gene in the noted disease.

STRONG

There is moderate evidence to support a causal role for this gene in this disease, such as:

oAt least 3 unrelated probands with pathogenic variants® within the gene with some supporting
MODERATE experimental data?.

The role of this gene in this particular disease may not have been independently reported, but no valid

evidence has emerged that contradicts the role of the gene in the noted disease.

There is limited evidence to support a causal role for this gene in this disease, such as:

eFewer than three observations of a pathogenic variant! within the gene

eMultiple variants reported in unrelated probands but without sufficient evidence for pathogenicity per 2014
ACMG criteria

LIMITED

NO EVIDENCE No evidence reported for a causal role in disease.

Valid evidence of approximate equivalent weight exists both supporting and refuting a role for this gene in
this disease.

DISPUTED

EVIDENCE Evidence refuting the role of the gene in the specified disease has been reported and significantly outweighs
AGAINST any evidence supporting the role.



Proposed Evidence Required
to Include a Gene In a Clinical Test?
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Disputed evidence

~

Diagnostic

/

Exome/Genome



Phenotype
Gene |Evid.| inher. | Mutation Spect. | NonSynd. | Synd. S e
CT( 3 AD M x X Postingual, progressive sloping SNHL Baraitser-Winter syndrome
ATPOVIBL | 3 | AR M. LOF X hildhood onset, progressive sloping SNHL Distal renal tubuiar acidosis
BSNI 3 AR M, LOF X! X Prelingual, severe to profound, flat SNHL Bartter Syndrome
ABP; 2 | AR LoF X Prelingual, moderate to sever, cookie-bite SNHL
CACNAID | 2 | AR LOF X Congenital, severe to profound, flat SNHL Bradycardia and deafness
ccocso | 2 | AD LOF X Postingual, progressive, moderate to profound SNHL
CDH23 3 AR M, LOF X X Congenital, moderate to Usher type 1
CEACAMI6| 2 | AD ) X Postingual, progressive, moderate SNHL

ciB2 AF M X Xt Prelingual, severe to profound, flat SNHL Usher type 1J

Cisbz A MILOF X Variable onset, progerssive SNHL WFS2
CLON14 A M. LOF X Prelingual, flat SNHL (variable pmgressmn)

CLPP A M. LOF X Congenital, severe to profound, flat SN Perraul Syndrome
CLRNL A M. LOF X Variable onset, progerssive, moderate (o severe SNHL Usher type 3A
COCH A ™ X Postingual, progressive, profound SNHL Vestibular impairment

AD? M, In-frame del X . Congenital, mild to moderately severe cookie-bite SNHL
X c t, mild to moderate SNHL Non-ocular stickler (STL3)
coLuaz | 3 =
. . LOF X | Prelingual, profound, flatcookiee-bite SNHL
X Childhood, moderate to profound. Flat SNHL OSMED
DIABLO A M X ‘Adulthood onset, progressive, mild to moderate, flat SNHL
DFNAS A Exon 8 skipping X Poslingual, progressive SNHL
DFNB59 A . LOF X Preiingual, severe 1o profound, flat SNHL Auditory neuropathy
DIAPHL AD . LOF X Postingual, low frequency progressive SNHL

EDN3 AD/AR . LOF X Variable HL type 4B
EDNRE AD/AR . LOF X Variable HL type 48
ESPN AD', AR® LOF X Prelingual, severe to profound, flat SNHL Vestibular areflexia, in some
ESRRB AR M-, LOF X Early onset, severe to profound, flausighly sloping SNHL

EYAL AD M. LOF X Variable onset, mid to profound BOR

EVA4 AD LOF X Postingual, progressive, moderate to profound, flat SNHL
GIPC3 AR M. LOF X Prelingual, mild o profound, flat SNHL

AD® M X2 onset, mild to profound SNHL
B2 3 X Cl 'set, moderate to severe, high frequency SNHL
AR M, LOF X Congenitalichildhood onset, mild to profound SNHL
AR del X c et, mild to profound SNHL GIB2
GJB6 3 AD M X _ Hidrotic
M, LOF x Variable SNHL
GPROS | 3 | AR M. LOF X Prelingual, moderate o profound, sloping SNHL Usher type 2
GPsM2_| 3 | AR LOF Prelingual, severe to profound, sightly sloping SNHL C
GRHL2 | 3 | AD LOF X Postingual, progressive, miki to severe SNHL
GRXCRL | 2 | AR M. LOF X Congerital, moderate to profound, flauslighty sloping SNHL
HARS' | 12 Al M X Childhood onset, progressive SNHL Usher type 38
HARSZ A M X c . progressive, mild to severe, flat SNHL Perrault Syndrome
HGF A Intronic del, splic X Prefingual, severe 10 profound, sioping SNHL
HSD1784 A M. LOF X Childhood onset, moderate to severe SNHL Perrault Syndrome

ILDRL A M, LOF* X Prelingual, moderate to profound, sloping SNHL
KARS A M X X Prelingual, moderate to severe, flat SNHL Peripheral neuropathy
KCNEL AR M X Congenital severe to profound, flat SNHL JLNS/Prolonged QT
KCNQL AR M. LOF X Congenital, severe to profound, flat SNHL JLNS/Prolonged QT
KCNQ4 A M, LOF X Postingual, progressive, sloping SNHL
LARS2 AR M. LOF X Childhood onset, progressive. mi to severe, slightly rising SNHL Perrault Syndrome
LHFPLS AR M. LOF X lingual, severe to profound SNHL

LOXHDL | 3 AR M, LOF* X x Variable onset, variable SNHL Fuchs corneal dystroy

RTOMT | 3 | AR M. LOF X ongenital, moderate t profound. flat SNHL.

MARVELDZ| 3 | AR LOF X Prelingual, moderate o profound, flat/sloping SNHL

MIR96 \D Seed region X Xt Postlingual, progressive, flat/sloping SNHL Vertigo in some.

MITE 5) . LOF. X type 2
MSRB3 R . LOF X Prelingual. severe (o profound. fiat SNHL

MTRNRL to Point mutat X riable. progressive SNHL posure
MTTSL to. Point mutat. X Variable, progressive SNHL
MYH14 3 AD M+, Lo x X! Postingual, moderate to profound, fiat SNHL Peripheral neuropathy
MYH9 3 AD M*, LOF. X X Variable onset, progressive SNHL
MYOISA | 3 | AR M. LOF X Congenital, severe to profound, flat SNHL
Y03, 3 | AR LOF X Postingual progressive, moderate to severe, sloping SNHL
o5 5 LAY M. LOF X Postingual, progressive, moderate to profound sioping SNHL
AR? LOF X Congenital, profound SNHL Vestibular impairment in some
= M. LOF X Congenital, severe to profound, lat SNHL Usher type 1
myora | 3 M. LOF X Congenital, severe to profound, flat SNHL Vestibular impairment
Al M, In-frame del X Postiingual, mild to severe SNHL Vestibular impairment

OTOA A M. LOF X Preiingual, severe to profound, flat SNHL
OTOF A M. LOF X Congenital, severe to profound, flat SNHL Auditory neumpamy
070G A M. LOF X onset, moderate, flatslightly sloping SNHL Vestibular ome
OTOGL A LOF X Congenital, moderate to modertaley severe, sloping SNHL
P2RX2 A M X Teenage onset, progressive, moderately severe, flat SNHL High frequency tinnitus

PAX3 A M. LOF X Variable HL type 1and3

PCDH15 | 3 AR M, LOF x x ngenital, profound, flat SNHL Usher type 1
POUSF4_| 3 | X-linked M. LOF X ‘Cogenital, moderate (o profound, flat mixed HL 1AC diation/Perilymph. Gusher
POUIF3 | 3 | AD M. LOF X ‘Adult onset, progressive, moderate (o severe, sioping SNHL
PRPS1 Xclinked M X x Postiingual, progressive, severe to profound, flat SNHL PRS-I/Arts/CMT.
PTPRQ A M. LOF X ngenital, moderate to profound, fiat SNHL
RDX A M. LOF X Prelingual, severe to profound, flat SNHL
SERPINB6 A LoF X Postingual, moderate to severe, sloping SNHL
SIXL Al M. LOF X Variable (3wk-22y) onset, mild to severe, mixed HL BOR
SLC26A4 | 3 AR M. LOF x x \genital, progressive, severe to profound, S| Pendred/EVA

SMPX 3 | xclinked LoF X Pos(lmgual progressive. moderate to profound. llavshpmg SNHL
SNA2 [ 12| AR del X HL type 2D
SOX10 | 3 | AD M. LOF X Variable HL types 2€ and 4C
STRC 3 AR M, LOF, del X X Childhood onset, mild to moderate, sloping SNHL Deafness Infertilty Syndrome
SWEs | 2 | AR LoF X progressive. mild to profound, sloping SNHL

TBC1D24 | 3 AR M x x Prelingual, profound, flat SNHL Epileps:
TECTA 3 AD? M X progressive (in some), mild to severe SNHL
ARY LoF X Prelingual, moderate to profound, highimid frequency SNHL
TIMMBA |3 | xinked M, LOF* X childhood onset, progressive. profound flat SNHL Mohr-Tr
™CL 3 AD’ M X Postiingual, progressive SNHL
ARY LOF X Cangem(a\ profound, flat /slightly slopingSNHL
TMIE A M. LOF X ongenital, severe to profound, flat SNHL
TMPRSS3 A M. LOF X onset, severe to profound. flat SNHL
TPRN A LOF X Prelingual, severe o prfound, flavslightl sioping SNHL
TRIOBP A LOF X relingual, severe to profound flat SNHL
TSPEAR A LoF X Congenital, profound, flat SNHL
USH1C 3 AR M, LOF X X Prelingual, severe to profound, flat SNHL Usher type 1
USHIG | 3 | AR M, LOF* X ongenital, profound, flat SNHL Usher type 1
Ushza | 3 | AR M. LOF X Prefingual, moderate to profound, sloping SNHL Usher type 2
AD? M X Congenital, slowly progressive, low frequency SNHL
WFSL 3 X progressive, mild to moderate, low-mid freq. SNHL WFS-like disorder
AR? M, LOF x Early onset, progressive, high freq. SNHL
VHRN/DFNB3| 3 AR M, LOF* X X Prelingual, moderate to profound, sloping SNHL Usher type 2
Key.

1- Weak Association

2- Moderate Association
3- Definitive Association
* - Most n

+#- included on subpanel only

Gene included on Subpanel

Usher syndrome parel
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Abou Tayoun
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GJB6 3 AD M X2 _ Hidrotic Ectodermal dysplasia
M, LOF Xt Variable SNHL
GPR98 3 AR M, LOF X Prelingual, moderate to profound, sloping SNHL Usher type 2
GPSM2 3 AR LOF Prelingual, severe to profound, slightly sloping SNHL McCullough syndrome
GRHL2 3 AD LOF X Postlingual, progressive, mild to severe SNHL
GRXCR1 2 AR M, LOF X Congenital, moderate to profound, flat/slightly sloping SNHL
HARS" 1-2 AR M X Childhood onset, progressive SNHL Usher type 3B
HARS?2 2 AR M X Childhood/teenage onset, progressive, mild to severe, flat SNHL Perrault Syndrome
HGF 2 AR Intronic del, splic X Prelingual, severe to profound, sloping SNHL
HSD17B4 2 AR M, LOF X Childhood onset, moderate to severe SNHL Perrault Syndrome
ILDR1 3 AR M, LOF* X Prelingual, moderate to profound, sloping SNHL
KARS 3 AR M X2 X2 Prelingual, moderate to severe, flat SNHL Peripheral neuropathy
KCNE1 3 AR M X Congenital, severe to profound, flat SNHL JLNS/Prolonged QT
KCNQ1 3 AR M, LOF X Congenital, severe to profound, flat SNHL JLNS/Prolonged QT
KCNQ4 3 AD M, LOF X Postlingual, progressive, sloping SNHL
LARS2 2 AR M, LOF X Childhood onset, progressive, mild to severe, slightly rising SNHL Perrault Syndrome
LHFPL5 3 AR M, LOF X Prelingual, severe to profound SNHL
LOXHD1 3 AR M, LOF* X3 xt Variable onset, variable SNHL Fuchs corneal dystrophy
LRTOMT 3 AR M, LOF X Congenital, moderate to profound, flat SNHL
MARVELD2 [ 3 AR LOF X Prelingual, moderate to profound, flat/sloping SNHL
MIR96 3 AD Seed region x3 X! Postlingual, progressive, flat/sloping SNHL Vertigo in some
MITFE 3 AD M, LOF X Variable HL Waardenburg type 2
MSRB3 2 AR M, LOF X Prelingual, severe to profound, flat SNHL
MTRNR1 3 Mito. Point mutat. X Variable, progressive SNHL Aminoglycoside exposure
MTTS1 3 Mito. Point mutat. X Variable, progressive SNHL
MYH14 3 AD M*, LOF x3 X! Postlingual, moderate to profound, flat SNHL Peripheral neuropathy
MYH9 3 AD M*, LOF X2 X3 Variable onset, progressive SNHL Macrothrombocytopenia
MYO15A 3 AR M, LOF X Congenital, severe to profound, flat SNHL
MYO3A 3 AR LOF X Postlingual, progressive, moderate to severe, sloping SNHL
MYO6 3 AD? M, LOF X Postlingual, progressive, moderate to profound sloping SNHL
AR? LOF X Congenital, profound SNHL Vestibular impairment in some
AR M, LOF X3 Congenital, severe to profound, flat SNHL Usher type 1
MYO7A 3 M, LOF x3 Congenital, severe to profound, flat SNHL Vestibular impairment
AD M, In-frame del X2 Postlingual, mild to severe SNHL Vestibular impairment
OTOA 3 AR M, LOF X Prelingual, severe to profound, flat SNHL
OTOF 3 AR M, LOF X Congenital, severe to profound, flat SNHL Auditory neuropathy
OTOG 2 AR M, LOF X Prelingual/childhood onset, moderate, flat/slightly sloping SNHL Vestibular impairment in some
OTOGL 3 AR LOF X Congenital, moderate to modertaley severe, sloping SNHL
P2RX2 3 AD M X Teenage onset, progressive, moderately severe, flat SNHL High frequency tinnitus
PAX3 3 AD M, LOF X Variable HL Waardenburg type 1 and 3
PCDH15 3 AR M, LOF x3 X3 Congenital, profound, flat SNHL Usher type 1
POU3F4 3 X-linked M, LOF X Cogenital, moderate to profound, flat mixed HL IAC dilation/Perilymph. Gusher
POU4F3 3 AD M, LOF X Adult onset, progressive, moderate to severe, sloping SNHL
PRPS1 3 | X-linked X PRS-I/Arts/CMT

M

Postlingual, progressive, severe to profound, flat SNHL
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