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Inherited Retinal Degenerations

e Inherited retinal degenerations
(IRDs) are important causes of
vision loss

— Affect people of all ages
— Diseases of photoreceptor and RPE
cells of the retina

e Goal:toimprove our
understanding of these disorders
so that therapies to prevent vision
loss can be developed

e LCA2 and other gene therapy
trials demonstrate potential for
treatment of these disorders
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QOutline

e Genetic diagnostic testing service of the
Ocular Genomics Institute

— Genetic Eye Disease (GEDi) Panel

e Research genetic studies for patients with
Usher Syndrome

e Research directed towards developing gene
therapies for genetic sub-types of Usher
Syndrome
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IRDs: Clinically Diverse

e [solated (non-syndromic) diseases
— Leber congenital amaurosis (LCA)
— Retinitis pigmentosa (RP)
— Congenital stationary night blindness (CSNB)

— Cone dysfunction syndromes S

— Stargardt disease - :%%—Rpgcﬂ

— Choroideremia W’%\[

— Macular dystrophies hotoreceptor | Axoneme ]%  outer segment

e Systemic or syndromic disorders """ |

— Cilia diseases o :
Alstrom, Bardet-Bied|, Joubert, Basal b"dyﬂ:ﬂép; Mitochondria
Senior-Loken, Usher @mEndoplasmic e

reticulum

— Metabolic disorders

— Mitochondrial disorders
— Peroxisomal disorders
— Neuronal lipid storage disorders

Cell body

}Synaptic terminal
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IRDs: Genetically Diverse

e RetNet: 191+ disease genes

— Many causes of the same phenotype
— Also overlap among genetic causes of clinical phenotypes

e Probably should classify diseases based on genetic cause
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GRK1,
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PDEG6A, PRCD, PRPF3, PRPF8,
PRPF31, RBP3, RGR, ROM1,
RP1, RP2, SNRNP200,
TOPORS, USH2A PRPE6G

RP

C1QTNFS5,
EFEMP1,
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LRPS, NDP,
TSPAN12, VCAN

CVD EVR
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Usher Syndrome

Actin-based motor DFNB2

MYO7A Myosin Vlla .
protein DFNA11
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Genes and Mutations

e Genes = genetic
information

— Stored in “library” -
nucleus of cells

— 25,000 genes; think
25,000 books in
library

But, this library has

two copies of each
book
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Genes and Mutations

e Genes have
instructions for
making proteins

Genome

e Proteins perform
functions in cells

— Such as response ,)} |
L Proteins act alone
to light or sound % or In complexes o
| perform many
_ -|5,\ O

cellular functions

Genes

. Proteins
Genes contain

instructions for
making proteins
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Genes and Mutations

e Mutations = mis-

spellings
- Spelling errors that A 2P A MR
change the meaning of : Yy “

words in a gene can
cause disease
e Misspelled proteins
don’t work correctly
— e.g.canresultin

decreased vision or
hearing
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How do you find mutations?

e Human genome = 3 billion base pairs of DNA

e DNA sequence in any two people is 99.9%
identical - only 0.1% is unique
— But that’s still 3 million spelling differences between
people
— Which ones of these are normal variation, and
which ones cause disease?
Including family members in genetic studies is important

Studying the functional effects of potential mutations is
important
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DNA Sequencing

e Traditional Sequencing
— One gene at atime

— Read two hundred books in the library, one at a
time (but both copies...)

e Next Generation Sequencing
— Hundreds to thousands of genes at once

— Read both copies of two hundred books in the
ibrary all at once, automatically

— Or, read 25,000 books (two copies) all at once,
automatically
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NGS for Inherited Eye Disease Genetics

e Accurate genetic diagnosis and identification
of new disease genes are important steps
toward developing gene therapies

e Selective exon capture/NGS for genetic
diagnosis of patients with IRDs, glaucoma,
optic neuropathy

e Exome sequencing and copy number variant
analyses for new disease gene discovery

e Transcriptome analyses to identify novel genes
and transcribed sequences expressed in the
retina
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Exon capture and NGS for genetic diagnosis
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GED:i-R SureSelect

e Sequencing on lllumina MiSeq
— Multiplex reactions (12-15X)

— Paired end 150bp reads; ~80MB of sequence
per patient

e 188 probands tested:

— LCA, RP, CRD, CSNB, BBS, retinoschisis,
Stargardt, Usher Syndrome
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Prevalence of USHT gene mutations in MEEI
Usher 1 patient cohort of 45 probands
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New sequence variants identified
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Importance of comprehensive IRD
gene screening

Year 2000

USH1 cohort
MYOZ7A screening
19 MYOZ7A patients

— 11 cases with 2 mutant
alleles

— 8 cases with 1 mutant
allele

e Year 2013

e GEDi screening of 8 patients

with 1 mutant allele
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CNVs as Pathogenic Alleles

e Copy number variants (CNVs) reported to
cause up to 15% of pathogenic alleles in IRD
disease genes

— Larger scale insertions, deletions, duplications
of genes or gene components

e aCGH for RetNet disease genes
— Custom Agilent CGH array for GEDi genes

e lllumina Omni 2.5 SNP array for genome-
wide CNV analysis
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CNVs as Pathogenic Alleles

e Proband BGL 003-019
— p.Cys3294Trp (c.9882C>G) in USH2A detected

— GEDi aCGH detected a deletion of exon 27 in
USH2A

Causes frameshift, null allele
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Research Genetic Studies

e What do we do for patients that have single
mutations in USH genes?

— CNV analyses
— Sequence novel exons in USH genes
— Sequence the USH genome
e What do we do for patients that don’t have
any mutations in USH genes?
— Exome sequencing
— Genome sequencing
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Novel Exons in USH Genes
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Transcriptome Analyses

e Novel coding sequence in human retinal
transcriptome

— 79,915 novel junctions that consist of exon
skipping, novel exons, and alternate splice sites
19,637 novel internal exons
7,006 (36%) preserve reading frame
Including 206 in the known IRD disease genes

e Find 106 novel multi-exon genes
— Majority encode lincRNAs

(Farkas et al BMC Genomics 2013) Pierce Lab’13



Novel IRD Disease Gene Exons
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Example: Novel Usher Syndrome
Gene Exons
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Usher Genome Sequencing

e Develop and test selective capture and
lllumina sequencing of entire genomic
regions of 10 Usher syndrome genes

— Size: 3.6 Mb

— Pros: High likelihood of identifying non-coding
mutations in Usher genes

— Cons: Need to develop a new test
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Exome sequencing for new disease
gene discovery

e Family-based and cohort studies

e Optimal exome capture:
— Agilent v5 + UTR capture set
— Mitochondrial content
— Novel exons from human retinal transcriptome

e Sequence 2 sample per channel, lllumina HiSeq
— >98% target sequences covered =10X

e Data analyses to identify candidate disease genes
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LCA Family 047 — Data Filtering

EAP117: total coding non-synonymous Candidate SNPs/Genes
170 genes 113 genes 4 genes
123,326 34,406 23,379
(108,899/14,327) (32,782/1,624) | 7| (21,762/1,617)| T —>
Homozygous Retina Rare

LCA Family 047

Oi

-4 -5
M1/+ M1/+

Synonymous

Variants in 1 of 4 genes predicted to be pathogenic
Variants in the NMINATT gene segregate with disease ‘ i

V-1 v-2 V-3
M1/MT +/+  MI1/MI

(Falk/Zhang et al Nature Genetics 2012) Pierce Lab'13



Exome sequencing doesn’t always
work...

e Sequenced 39 families, solved 11

e Example: LCA Family 081

e Exome sequence: no putative disease gene
identified

OGI-81 (LCA)

_O

200 199

® [ o

197 339 198 340
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Updated Strategies

e Combination of optimal exome capture with
CNV analyses

— Optimal exome
— Omni 2.5 SNP-based CNV detection

(allows for QC, linkage analysis, homozygosity
mapping)
— Integrated informatic analysis

e Genome sequencing
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Gene Therapies for Usher Syndrome

e UshStat for USH1B caused by mutations in
MYO7A

— Sanofi/Oxford Biomedica

e Ocular Genomics Institute/Berman Gund
Lab:

— USHZ2A, GPR98

— Strateqy
Create mini-genes, test in AAV and lentiviral vectors
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USHZ2A

e Coding sequence =
15609bp

e Protein has repetitive
elements:

e There is precedent to for removing some of the
repeated domains and retaining function:
— The14kb cDNA Duchene MD coding sequence was
reduced to a therapeutic mini- (6.4kb) and

microgene (3.7kb) with demonstrated efficacy in
animal models for Duchene muscular dystrophy.
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Summary

e NGS can facilitate genetic diagnostic testing
and disease gene identification for IRDs
such as Usher syndrome

— Additional genetic studies are needed to

identify non-coding mutations in known Usher
genes, and identify novel Usher genes

e Transcriptome analyses show greater
diversity of gene expression and splicing
than previously appreciated

e Gene therapies for genetic sub-types of
Usher syndrome are being developed
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