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Tandem repeats

Microsatellite (Short Tandem Repeat) 2 - 6 bp — DD — T ———
Minisatellite (VNTR) 7-100bp —HHDHHH—> —E))m)m)m)lmim—
STRs have one of the highest mutational rates * STRs 5 x 107 / microsatellite / generation

« SNVs 1-2 x 1078 / bp / generation
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Kristmundsdottir et al. 2023; Jonsson et al. 2017; Malik et al. 2021; Fotsing et al. 2019



Tandem repeat expansions

(CAG)n (CGG)n polyG
— ) —HHHH— %5

<36 )a)u)m) <50 TEEvee .

FXTAS
: o A >50 | -HHDHHHHEHHHDHDHE— DNA

Huntington’s disease, SCA1, 2, 3,6, 7, 17 CH, CH; CH; CH; CH; CH; CHy CHy CHy CH; - hypermethylation

>36  —HEHHHDHHIHEEHE— >200 -DHBHHHHDHHHHHIHEEHHDDHHEEIEE)E)E)—>
Fragile X syndrome

(AAAAG)N (AAAGG)N (AAGAG)n

PN DR DD
HIGHLY VARIABLE

Cerebellar
ataxia

—SHuuDHEHHEDHHEEHHEE)DHEE)EHEHE)EHEIE)—>
>200-400

CANVAS

DIDDDDDDDDDPDDPDdPDDPRD -~ (bileic

(AAGGG)exp

Sensory
neuropathy

7 Vestibular
; areflexia

VARIABLE (TTTTA)N

REPEAT INSERTION

Familial Adult Myoclonic Epilepsy (FAME), SCA37, SCA10, SCA31



Number of disorders
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Diversity of pathogenic Repeat Expansions & Mechanisms
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Diversity of pathogenic Repeat Expansions & Mechanisms
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Diversity of pathogenic Repeat Expansions & Mechanisms
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Diversity of pathogenic Repeat Expansions & Mechanisms
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Diversity of pathogenic Repeat Expansions & Mechanisms
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Diversity of pathogenic Repeat Expansions & Mechanisms
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Characteristics of repeat expansions: instability

* Pure large expanded alleles are unstable (somatic mosaicism) e.g., SCA2

2
Instability during transmission ' hoh

 Parent of origin effect e.g., maternal inheritance of large expansions in DMPK, FMR1
paternal inheritance of large expansions in HTT

e Mosaicism in the brain
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Characteristics of repeat expansions: anticipation

* Inverse correlations between age at onset and repeat number

* Expansion from one generation to the next: anticipation
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Characteristics of repeat expansions: founder effects

Family adult myoclonic epilepsy Spinocerebellar ataxia type 27B

* Most expansions have a founder effect

(they have occurred on a specific haplotype)

* Intermediate alleles are a reservoir of
larger expansions

* Geographic distribution of specific repeat
expansions

Normal

—HHHHHHH— —HHHHHHH—

Intermediate (protomutation)
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[ —
Pathogenic W
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Vegezzi et al. Lancet Neurology 2024



Familial Adult Myoclonus Epilepsy (FAME)
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Familial Adult Myoclonus Epilepsy (FAME)

1965-1967
clinical description
Vogel & Diebold and Castaigne

1990
Cortical tremor (lkeda et al)

1999
FAME1 linked to chr8q (Mikami et al)

2002
FAME2 linked to chr2 (Mikami et al)

2010
FAMES3 linked to chr5p (Mikami et al)

2018 Ishiura et al
Identification of TTTTA/TTTCA expansions
in FAME1 (SAMD12), FAME6 (TNRC6A) and FAME7 (RAPGEF2)

2019 Corbett et al; Florian et al: Yeetong et al.
Identification of TTTTA/TTTCA expansions
in FAME2 (STARD?7), FAME3 (MARCHF6) and FAME4 (YEATS2)

2024 Yeetong et al.
Identification of TTTTA/TTTCA expansions
in FAMES (RAI1)

SCA37 (DABI)

(TTTCA)exp

Adapted from Corbett et al. and Depienne et al. Epilepsia 2023
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Methods to identify and/or characterize repeat expansions

Fragment analysis Repeat-primed PCR Amplification Molecular combing
(Genescan) (RP-PCR) (long-range PCR) (Fiber FISH)
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Identification of tandem repeat EXPAnsions in
unsolved Neurological Disorders (EXPAND)

250 short-read genomes
phenotypes including
- cerebellar ataxia (~60)
- tremor (~30)
- dystonia (~10)
- leukencephalopathy (~10)
- Epilepsy (~30)
- Aicardi-syndrome (4)
- Septo-optic dysplasia
- Tourette syndrome (~20)
- Motor neuron disease

- Neurodevelopmental disorders

Strelka (SNVs, indels), Manta (SVs)

\\- STR analysis

/

Short read genome sequencing Long read nanopore sequencing # [

= 100 long-read genomes (/130)
=  Optimization of HMW DNA extraction
= >15X, N50 > 40kb

=  wf-human-variation pipeline (Snakemake)
= Clair3 (SNVs, indels), Sniffles (SVs)

= Straglr (STR)

= methylation, phasing
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Identification of repeat expansion from short-read genome data

v Requires specific bioinformatic tools in addition of standard SNV/CNV/SV detection pipelines

Locus / motif - Independent

« HipSTR (2017) * TRhist (2013)
« TREDPARSE (2017) * exSTRa (2018)
« ExpansionHunter  (2017) * ExpansionHunter de novo (2020)
. STRetch (2018) . STRIing (2022)
GangSTR (2019)
Expansion <150 bp Expansions close to read length Large expansions

Targeted (locus and motif known)

v Underestima’Fes - ~N /] - ~
large expansions T——— — ———

<< D>
-G
v Does not detect — — —
hidden repeat e e S
. . -l
insertions B 7N 7N /
Exact repeat size Repeat size mainly estimated Repeat size mainly estimated
from flanking reads from in-repeat reads
Spanning reads Flanking reads In-repeat reads (IRR)

BN Repeat Expansion

Tanudisastro et al. Nat Rev Genet 2024 Adapted from Dolzhenko et al. 2017



Identification of repeat expansion from short-read genome data

v Requires specific bioinformatic tools in addition of standard SNV/CNV/SV detection pipelines

Targeted (locus and motif known)

« HipSTR

- TREDPARSE

* ExpansionHunter
« STRetch

« GangSTR

v" Underestimates
large expansions

v" Does not detect
hidden repeat
insertions

Tanudisastro et al. Nat Rev Genet 2024
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Locus / motif - Independent

Disease

DM1

e DM2
DRPLA

* FRDA
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e FXS
HD

* SBMA
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e SCA3

Size
e Expanded
A Normal

Large expansions

Repeat size mainly estimated

from in-repeat reads

Dashnow et al. 2020



Identification of tandem repeat EXPAnsions in
unsolved Neurological Disorders (EXPAND)

Short read genome sequencing

= 250 short-read genomes
= phenotypes including
- cerebellar ataxia (~60)
- tremor (~30)
- dystonia (~10)
- leukencephalopathy (~10)
- Epilepsy (~30)
- Aicardi-syndrome (4)
- Septo-optic dysplasia
- Tourette syndrome (~20)
- Motor neuron disease
- Neurodevelopmental disorders

= Strelka (SNVs, indels), Manta (SVs)
n STR analysis

-

Meothod

Long read nanopore sequencing
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Detection of long repeat expansions from PCR-free
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STRIing: a k-mer counting approach

that detects short tandem repeat expansions
at known and novel loci
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. >10,000 repeat expansions in one genome detected using STRling

. >300 repeat expansions of motifs > 3 per individual

. Half of families with ataxia had a possible repeat expansion in FGF14 !



FGF14 repeat expansions (SCA27B)
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Comparaison of tools and methods to detect FGF74 expansions
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Number of alleles

Identification of FGF714 expansions using an outlier approach

Positive predictive value (PPV) = TP/(TP+FP)
Sensitivity = TP/(TP+FN)

TP : true positives

FP : false positives

FN: false negatives
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Nanopore reads

Confirmation of FGF74 expansions by targeted nanopore sequencing
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Distribution of FGF714 alleles in patients and controls
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Median number of triplets

Impact of flanking regions and pre-repeats
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AAG & AAGGAG expansions form different secondary structures

. FGF14 Transcript Variants
GAA repeats
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Circular dichroism spectroscopy
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Identification of tandem repeat EXPAnsions in
unsolved Neurological Disorders (EXPAND)

Short read genome sequencing ng read nanopore sequencing \ [

= 250 short-read genomes
= phenotypes including
- cerebellar ataxia (~60)
- tremor (~30)
- dystonia (~10)
- leukencephalopathy (~10)
- Epilepsy (~30)
- Aicardi-syndrome (4)
- Septo-optic dysplasia
- Tourette syndrome (~20)
- Motor neuron disease
- Neurodevelopmental disorders

= Strelka (SNVs, indels), Manta (SVs)
n STR analysis

= 100 long-read genomes (/130)

= >15X, N50 > 40kb

= Clair3 (SNVs, indels), Sniffles (SVs)

= Straglr (STR)

\'\methylation, phasing

=  Optimization of HMW DNA extraction

=  wf-human-variation pipeline (Snakemake)
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Detection of FGF14 expansions by nanopore genome sequencing
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Conclusions (1)

FAME (7 genes)/ SCA37 (DABI) Gain of SCA27B (FGF14) loss of
function function
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Conclusions (2)

Family —based approaches

Known repeat

expansions

e Current tools for SR data and
standard techniques limited

* Length / sequence
* Long-read sequencing technologies

e Repeat distributions in distinct
populations (databases)

* Mendelian diseases / Susceptibility factors for common diseases (e.g. GWAS for nystagmus - FGF14 expansion)



