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s ALS genetic?

Liability to develop ALS - explain liability on this slide
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s ALS genetic?

Heritability: the proportion of variance in liability conferred by genetic variation
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Non-genetic risk

Mulfiple lifetime steps/exposures are required to develop ALS

Log(incidence)

n
logi = (n—1)logt + log Up
i=1
o Study Slope estimate
(95% CI)
England (SEALS) 4-69 (3-88-5-50)
Ireland 5-08 (4-73-5-43)
Italy (Piedmont) 4-49 (3-80-5:18)
Netherlands 4-59 (4-22-4-96)
Scotland - 4-99 (4-34-5-64)
Overall (P=18-3%, p=0-298) <> 482 (4-60-5-03)
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Genefics of ALS

Genes that have been investigated in ALS
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Person 1

Person 2

Person 3

Variant or single
nucleotide variant (SNV)
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How do we discover new ALS genes”

Genome-wide associafion study (GWAS)
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Single nucleotide polymorphism
(SNP)

Mutation

(maternal)

(paternal)

(maternal)

(paternal)
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(paternal)

If only present in one | If rare and observed in If common in the
individual, or if rare disease confext populafion

Single nucleotide
polymorphism (SNP)
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SNP1

Cases
Count of G:
2104 of 4000

Frequency of G:

52.6%

Controls
Count of G:
2676 of 6000

Frequency of G:

44.6%

P-value:
5.0-101°

SNP2

Cases
Count of G:
1648 of 4000

Frequency of G:

41.2%

Controls
Count of G:
2532 of 6000

Frequency of G:

42.2%

P-value:

0.33

| SNP...

Repeat for all
SNPs
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2010 ALS GWAS

13 countries; 12,577 ALS cases; 23,475 healthy confrols
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2010 ALS GWAS

13 countries; 12,577 ALS cases; 23,475 healthy confrols
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Heritability revisited

SNP-based heritability (polygenic risk)
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(Genetic correlation

Covariance between two fraits due to shared genetic variation

Heritability 0.75 (both traits)

Genetic correlation 0.75

Lifetime risk 0.5% (both traits)

500,000 individuals
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Liability to develop disease 1

Aggregation of Neurologic

Ol ARTICLE

and Neuropsychiatric Disease in

Amyotrophic Lateral Sclerosis Kindreds:

A Population-Based Case-Control

Cohort Study of Familial and Sporadic

Amyotrophic Lateral Sclerosis

Susan Byrne, PhD,"? Mark Heverin, MSc,” Marwa Elamin, PhD,? Peter Bede, MD,'?

Catherine Lynch, MSc," Kevin Kenna, BSc,® Russell MacLaughlin, PhD,’
Cathal Walsh, PhD,* Ammar Al Chalabi, PhD,® and Orla Hardiman, FRCPI'?

TABLE 5. Relatives of C9-Positive Cases and C9-Negative Cases Compared to Controls in a Cox Regression

Proportional Model

Disease Relatives HR 95% CI ?
Parkinson disease Relatives of C9-positive patients 1.3 0.5-3.7 0.570
Relatives of C9-negative patients 0.7 0.4-1.1 0.126
Dementia Relatives of C9-positive patients 1.6 1.1-2.4 0.017*
Relatives of C9-negative patients 1.2 0.9-1.4 0.100
Depression Relatives of C9-positive patients 3.3 1.6-7.0 0.002"
Relatives of C9-negative patients 0.6 0.3-1.1 0.075
Schizophrenia/psychoric illness Relatives of C9-positive patients 9.9 4.8-20.5 <0.0001*
Relatives of C9-negative patients 3.9 2.4-6.5 <0.0001*
Suicide Relatives of C9-positive patients 16.6 5.6-49.4 <0.0001*
Relatives of C9-negative patients 5.1 2.2-12.1 <0.0001"

“Staristically significant.

CI = confidence interval; HR = hazard rato.




ALS and schizophrenia are genetically correlated

Genetic correlation of 14.3% refers to polygenic components of both diseases
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2°trat ~ AD  ADHD  ASD BPD HEIGHT MDD MS SCZ
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p: 051 0.71 0.32 0.78 0.11 0.98 0.65 0.0001
10.02.2017



ALS and schizophrenia are genetically correlated
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Liability to develop schizophrenia

No ALS
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No SCZ

Individuals who develop both
ALS and schizophrenia

Null expectation
1 in 40,000

With observed genetic correlation
1in 34,337

ALS reqister size required for 80%
power fo defect this difference: 16,448

Odds rafio for developing ALS given
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GWAS in ALS

General conclusions and further considerations

1. Bigger GWAS will discover more disease loci
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2. Involving more countries will answer deeper questions

GWAS in ALS

General conclusions and further considerations
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GWAS in ALS

General conclusions and further considerations

2. Involving more countries will answer deeper questions
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GWAS in ALS

General conclusions and further considerations
3. GWAS has helped us to befter understand the genetic architecture of ALS

Graham et al. (1997)

Al-Chalabi et al. (2010) m———

Wingo et al. (2011) mjm—
# Fogh et al. (2014)

s Keller et al. (2014)

# van Rheenen et al. (2016)
| van Rheenen et al. (2016)
# McLaughlin et al. (2017)

s Twin data
mspm  Trio data

msjm=  Genetic data (REML)
msjm=  Genetic data (other)
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~inding rare varianfs

Exome sequencing

Previous approach: SNP chips (GWAS)
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gene exons/introns
reference genome

paternal chromosome
maternal chromosome

New approach: exome sequencing
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paternal chromosome
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Implicafting rare variants

Assessing significance by burden testing
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A. ITALS#1 (p.R191Q)
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Implicafting rare variants

Exome sequencing with pedigrees

5%

O

Filter 1: non-autosomal
variants & indels

Filter 2: variants & indels

o
o oT® o

o &

1 2
mt/wt

Johnson et a/ (2010) Neuron 68(5):857-64
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in dbSNP or 1000 genomes
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3 % b Y non-coding variants & indels
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128,157 variants
2,755 indels
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Y v
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indels 2,419 indels

24,102 variants 12,889 variants
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1,679 shared variants
299 shared indels

A

75 heterozygous variants
13 heterozygous indels

Filter 5: not present in
affected individual 11:8

Filter 6: Mot present in
linked region

Filter 7: present in exomes
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control samples

Filter 8: predicted to be
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Implicafting rare variants

Pseudofamily analysis (IBD = identity by descent, ie relatedness)
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Implicafting rare variants

Pseudofamily analysis (IBD = identity by descent, ie relatedness)

C Reconstructed superfamily pedigree for cluster 30 @
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NEKI1 variants confer susceptibility t¢
lateral sclerosis

To identify genelic factors contributing 1o amyotrophic lateral
sclerosis (ALS), we conducted whole-exome analyses of

1,022 index familial ALS (FALS) cases and 7,315 controls. In a
new screening strategy, we performed gene-burden analyses
trained with established ALS genes and identified a significant these limitations,
association between loss-of-function (LOF) NEK7 variants and  well-established
FALS risk. Independently, autozygosity mapping for an isolated ~ (Fig. 1a). All tests
community in the Netherlands identified a NEKT p.Arg261His  covariates (Onlig
variant as a candidate risk factor. Replication analyses of 0 controls harbod
sporadic ALS (SALS) cases and independent control cohorts genes (Online M{
confirmed significant disease association for both p.Arg261His  expansion in the
(10,589 samples analyzed) and NEKT LOF variants (3,362 detect individual
samples analyzed). In total, we observed NEKT risk variants we achieved the bl
in nearly 3% of ALS cases. NEKT has been linked to several varfants with MAI
cellular functions, including cilia formation, DNA-damage sense, splice-altes
response, stability, neuronal nd through hidden N
axonal polarity. Our results provide new and important insights  four genes exhibit
into ALS etiopathogenesis and genetic etiology. corrected P< 2.5
FUS), three achiey
and VCP), and the
tobean (PEN1, VAPB and
egy to rapidly identify new disease genes'. Unfortunately, this method  disease assoclatia
can be difficult to apply to disorders such us ALS, for which late age  population-based
of onset and low-to-modest variant penetrance make it difficult to  tions are believed
obtain large informative multigenerational pedigrees. Owing o high  Extension of thy
genetic heterogeneity, ALS is also difficult to analyze using filter-  coding genes idel
ing methods designed to exploit unrelated patient groups?. Recently,  nificant disease a
we had demonstrated the utility of exome-wide rare variant burden R} .2
(RVB) analysis as an alternate approach, identifying a replicable (never in mitosi
assoclation between FALS risk and TUBA4A In a cobort of 363 cases”.  alternate analysis
In brief, RVB analysis is used to compare the combined frequency — across most analy
of rare variants in each gene in a case-control cohort. Candidate (nonsense and pt
assoclations are identified by significant differences after multiple- Table 2 and Supf
test correction. Since this initial study, we extended our data set 1o systematic genos
include complete exome sequencing for 1,376 index FALS cases and  sample ascertain
13,883 umlrn]u of lhm' 1,022 cases and 7,315 controls mcl all  biases in NEKT g

masked by norma
genicity predictog
hensive assessmef
can in turn introf

In recent years, the of exome
s h

2

cestral quality 1 | yin,
(Supplementary hg\ 1and 2, and Online Methods). the assoclation (s
Successful detection of disease associations through RVE analysis — In an indepens

can depend heavily on the appropriate setting of test parameters. sequencing for

As genetic loci often contain many alleles of no or low effect. prior in the Netherlaf
filtering of variants based on minor allele frequency (MAF) and  inbreeding coeff
pathogeniclty predictors can identity disease signatures otherwise  ing their high dg

A ful st of authors aad affllations appears at the end of the papar
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Exome sequencing in ALS

Genes discovered using exome sequencing

Exome-wide Rare Variant Anal'
TUBA4A Mutations Associated
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Amyotrophic lateral sclerosis (ALS) is a late-onset neurodegenera-
tive disorder resulting from motor neuron death. Approimately
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mode. Despite numerous advances in recent years'*,
nearly 50% of FAL tic actiology. Here we
show that mutations within the profilin 1 (PFNI) gene can cause
FALS. PFN is crucial for the conversion of monomeric (G)-actin
to filamentous (F)-actin. Exome sequencing of two large ALS
families showed different mutations within the PENI gene.
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To identify causative genes for familial ALS, we performed exome
capture followed by sequencing on two large ALS families
(Fig. 13, b) of Caucasian (family 1) and Sephardic Jewish (family 2)
origin. Both display a dominant inheritance mode and are negative for
known ALS-causing mutations, including the newly identified
hexanucleotide repeat expansion in C9orf72 (refs 6, 8, 9; Supplemen-
tary Fig, 1). For each family, two affected members with maximum
genetic distance were selected for exome sequencing A high level of
coverage (> 150) was achieved with an average of 1.1 % 10" and
23% m"‘ base pairs sequenced for members of families 1 and 2,
respectively (Supplementary Tables 1 and 2). To identify candidate
causative mutations, variants were identified and filtered, as in pre-
vious exome sequencing reports’, using several criteria: the variant is
observed in both family members, alters the amino acid sequence, is
not excluded by linkage analysis (Supplementary Fig. 2), and is absent
from dbSNP132, the 1000 Genomes Project (May 2011 release) or the
National Heart, Lung and Blood Institute (NHLBI) Exome
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EVS/). variants ere
nfirmed by Sas -Ausudlor
in all affected family members. The resulting number of :.mdldale

partment
3Department of Neuroscience, University of Turin, 10126 Turin, ftaly
MALS Center, Sahatore Mauger Foundation, 20100 Mian, ltaly
Neurological Instituta, Catholic University and 1.C.0.M.M. Association for ALS Research,
“Department of Neurological Sciences, Secand University of Naples, 80138 Naples, italy
""Department of Neurcscience, Neurology Section, University of Siena, 53100 Siena, ttaly
1"Ganterfor Diagnosis and Cure of Raro Diseases. Department of . Bolarla Hospl
"Department of Clirical University of Palenmo, 90129 Palermo, kaly
:«mumoqu Clikc, Azienda Hospital, Univerty of Coaglar, 00042 Monserrato-Caghar |
D.C. 20067, USA

Zm-nummmmmmswwk

Information

*Correspondence: traynorb@mail.ni
DOI 10.1016/).neuron 2010.11.038

SUMMARY

RESEARCH ARTICLE  AMYOTROPHIC LATERAL SCLEROSIS

Mutations in the vesicular trafficking protein annexin
All are associated with amyotrophic lateral sclerosis

3radley N. Smith"’, Simon D. Topp*", Claudia Fallini*", Hideki Shibata™", Han-Jou Chen'’, Claire Troakes', Andrew Kin...
+ See all authors and affiliations

Science Tnnslinonﬂmemcme 03 May 2017
Jol.9, Issue 388, eaad9l’
01:10. 1126/:.Ulmnslll'ed ad9157

Article Info & Metrics eletters PDF

View Full Text

Figures & Data

You are currently viewing the abstract.

Annexing another protein in ALS pathogenesis

Amyotrophic lateral sclerosis (ALS) causes progressive paralysis due to motor neuron
degeneration. Smnh et al. performed exome sequencing of 751 familial ALS cases and

six tati in the ANXALI gene in 13 individuals, which were absent
or vanishingly rare in ~70,000 healthy controls. Abundant 11 protein i
were detected in spinal motor neurons and hippocampal axons in a patient with the
p.D40G mutation. Annexin 11 is known to play a role in vesicular trafficking between the

Golgi and I i F studies in transfected cells
abnormal binding of mutant in 11 to caleyclin, which defecti
protein trafficking in ALS pathogenesis.
Abstract
protein, a majol
Amyotrophic lateral sclerosis (ALS) is a fatal degs tive disorder. We d 751

that
Using exome sequencing, we identified a p.R191Q  proaden the phe
amino acid change in the valosin-containing protein  peuron degenet
(VCP) gene in an Italian family with autosomal domi-  may account fol
nantly inherited amyotrophic lateral sclerosis (ALS). yide evidence di

familial ALS patient whole-exome sequences and identified six mutations including
p.D40G in the ANXALI gene in 13 individuals. The p.D40G mutation was absent from
d with disease in two
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Mutations in VCP have p y been 70,000 control whole-exome seq This greg:
in families with Inclusion Bod Paget  ron and was present in another two unrelated cases (P = 0.0102), and all mutation
disease, and Frontotemporal Domenlm (IBMPFD). 2 = <

ing of VCP in a cohort of 210 famifial ALS |\ carriers shared a founder haplotype. All-positive protein aggregates
cases and 78 autopsy-proven ALS cases identified were abundant in spinal cord motor and hipp pal axons inan ALS

four additional mutations including a p.R155H muta- A ic lateral
tion in a pathologically proven case of ALS. VCP ¢uu°p;‘m:,
protein is essential for maturation of ubiquitin-con-  nayon

patient carrying the p.D40G mutation. Transfected human embryonic kidney cells

taining autophagosomes, and mutant VCP toxicity and death from re¢
is partially mediated through its effect on TDP-43 of the disease incl

Neuron 68, 857-88

pressing ANXA11 with the p.D40G mutation and other N-terminal ions showed
altered binding to calcyclin, and the p.R235Q mutant protein formed insoluble aggregates.
We conclude that mutations in ANXA11 are associated with ALS and implicate defective
intracellular protein trafficking in disease pathogenesis.
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Updating ALS genomics

One gene at a time

Familial Sporadic
e TARDBP FUS tARDBP
CO0ORF72 SOD1 COORF72 SOD1
/ OPTN, VCP,
/ SQSTM1, PFN1,
UBQLNZ
OPTN, VCP,
— SQSTM1, PFN1,
68% UBQLNZ 1%
Unknown Unknown
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Updating ALS genomics

One gene at a time

Familial Sporadic
e TARDBP FUS 1ARDBP
CO0ORF72 SOD1 COORF72 SOD1
/ OPTN, VCP,
l SQSTM1, PEN1,
UBQLNZ2
OPTN, VCP,
— SQSTM1, PFN1,
UBQLN2
%k New exome genes
Unknown Unknown
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From exome to whole-genome seqguencing

Original approach: SNP chips (GWAS)

----------- NERER RN R RN RN N N N N et
CTGCTAGCTAGTCTATCGTGCTAGCTAGCTAGCTAGCTAGCGCGTATCGATGAGTCAGCCGTAG

O -
L

gene exons/introns
reference genome
paternal chromosome
maternal chromosome

New approach: exome sequencing

----------- NN RN RN RN N N N et
CTGCTAGCTAGTCTATCGTGCTAGCTAGCTAGCTAGCTAGCGCGTATCGATGAGTCAGCCGTAG

. . TCCATCGTGCTAGCTAGCTAGCTAGCTAGCGC.
. . TCTATCGTGCTAGCTAGTTAGCTAGCTAGCGC.

gene exons/introns
reference genome
paternal chromosome
maternal chromosome

Newer approach: whole-genome sequencing

----------- NN RN RN R R RN N N et
CTGCTAGCTAGTCTATCGTGCTAGCTAGCTAGCTAGCTAGCGCGTATCGATGAGTCAGCCGTAG

CTGCTAGCTAGTCCATCGTGCTAGCTAGCTAGCTAGCTAGCGCGTATAGATGACTCAGCCGTAG
CTGCTAGCTAGTCTATCGTGCTAGCTAGTTAGCTAGCTAGCGCGTATAGATGAGTCAGCCGTAG

gene exons/introns
reference genome
paternal chromosome
maternal chromosome




Whole-genome sequencing in large populations

Project MinE

Q -
: Make it yours
A

)
To understand the genetic basis .7) 8 %
of ALS and to ultimately find a
cure for this devastating, fatal RSANER/ 2250000
neuromuscular disease, Project DNA profiles collected
MinE aims to analyse the DNA T eaEn HpEe
of at least 15,000 ALS patients
and 7,500 control subjects. The
resulting 22,500 DNA profiles A
will be compared. Make it yours.

Make a donation today

100 percent of all donations to Project Mine will go
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A hypothesis

(to explain why so much is sfill unexplained in ALS genetics)

A multitude of rare repeat expansions cause a substanfial proportion of ALS

19.05.2017
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A mulfitude of rare repeat expansions cause

a substantial proporfion of ALS

Table 1 Repeat expansions that cause neurodegeneration

. Gene Disease Repeat motif (Non)coding Pathogenic range
CQOff72 repear expan SIon AFF2/FMR3  FRAXE mental retardation syndrome (elelc] Noncoding >200
AR Spinal and bulbar muscular atrophy CAG Coding 40-62
ARX X-linked mental retardation GCG Coding 17-23
ATN1 Dentatorubral-pallidoluysian atrophy CAG Coding 49-88
ATXN1 Spinocerebellar ataxia el CAG Codin 39-83
Human reference genome (chr9:27,573,516-27,573,556) ATXN10 Sginocerebellarataxia:cc\v.rge10 ATTCT Noncogding 280-4500
GACCACGCCCCGGCCCCGGLLCLCLGGLLCCLCTAGLCGLCGLGACT ATXN2 >pinocerebellar ataxia type 2 e coding Bt
Amyotrophic lateral sclerosis CAG Coding 27-33
ATXN3 Spinocerebellar ataxia type 3 CAG Coding 55-84
ATXN7 Spinocerebellar ataxia type 7 CAG Coding 34-»300
: : : : ATXNS8 Spinocerebellar ataxia type 8 CAG/CTG Both 80-1300
Healthy lnleldual ( typlcal ) C9orf72 ALS/FTD GGGGCC Noncoding >30
GACCACGCCCCGGCCCC ______ GGCCCCTAGCGCGCGACT CACNAIA Spinocerebellar ataxia type 6 CAG Coding 21-30
CNBP Myaotonic dystrophy type 2 CCTG Noncoding 75-11000
CSTB Epilepsy progressive myoclonia (C).G(C)1GCG Noncoding 30-75
DIP2B FRA12A mental retardation syndrome CGG Noncoding >23
1 1 DMPK Myotonic dystrophy type 1 CcTG Noncoding 50-6500
Cgorf72 - pOSltlve ALS Fragile X mental retardation type 1 CGG Noncoding >200
FMR1 Fragile X-associated tremor ataxia syndrome CGG Noncoding 55-200
GACCACGCCCCGGCCCC ( GZC4 ) nGGCCCCTAGCGCGCGACT Fragile X mental retardation type 2 CGG Noncoding 200-900
FXN Friedreich's ataxia GAA Noncoding 66-1700
HTT Huntington's disease CAG Coding >35
—_ - JPH3 Huntington's disease-like 2 CAG/CTG Noncoding >41
(Whe re n = pOtentlally >1/ OOG ) NOP56 Spinocerebellar ataxia type 36 GGCCTG Noncoding 1500-2500
PABPN1 Oculopharyngeal muscular dystrophy GCG Coding 11-17
PPP2R2B Spinocerebellar ataxia type 12 CAG/CTG Noncoding 55-78
TBP Spinocerebellar ataxia type 17 CAG Coding 49-66
TK2-BEAN Spinocerebellar ataxia type 31 TGGAA Noncoding 500-760
Pathogenic range is the number of repeats required to manifest disease
19.05.2017 The panorama of ALS genomics 26



Some guestions in ALS genomics

(and some possible answers)

1. Why have so few loci been discovered by GWAS (despire >36,000 individuals)?

a)

19.05.2017

Rare repeaf expansions not tagged by GWAS SNPs
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Some guestions in ALS genomics

(and some possible answers)

2. Ifif's all rare, why are exome sequencing studies not more inflated?

>13 1 SOD1 —o
12 4
10 4
. TARDBP
2 \
o 8 1 UBOLN\2°
o
g,‘ 6 - NEK1\8_.—FUS
| " N
VCP TBK1
TUBA4A &91/3”12__
A=0.95
I
19.05.2017 3

-log,, (Exp)



Repeaf expansions are hard to sequence

Next-generation sequencing: a simplified overview

Repeat expansion
Starting DNA r % ~N

L I > Fragmentation

and library

S | i — - —— — preparation
00 bp fragments
Sequencing

and alignment

Reference genome Unalignable reads
|

No repeat expansion idenfified; some erroneous SNP Variant calling

calls likely
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Some guestions in ALS genomics

(and some possible answers)

2. Ifif's all rare, why are exome sequencing studies not more inflated?

a)

19.05.2017

Nexf-generafion sequencing wouldn’t nafively discover repeat expansions
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Some guestions in ALS genomics

(and some possible answers)

3. Rare implies numerous different genes. How do so many genes confer same(ish) phenotype?

19.05.2017 The panorama of ALS genomics
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CYorf/2 repeat expansion

Mechanisms of disease

C9orf72 hexanucleotide repeat region 5’

Abortive
transcripts |

+
RNA
polymerase

Nucleolar '
stress

Nucleus

Cytoplasr;_ e — e =— ol N (G-R-)n. (G-A),

Haeusler et a/ (2014) Nature 507:195-200
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Some guestions in ALS genomics

(and some possible answers)

3. Rare implies numerous different genes. How do so many genes confer same(ish) phenotype?

a)  Same disease mechanism (eg RAN franslation) on different transcripts

19.05.2017 The panorama of ALS genomics
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Some guestions in ALS genomics

(and some possible answers)

4. Rare implies selectively disadvantageous. How can this happen in ALS (a late onset disease)?

19.05.2017 The panorama of ALS genomics
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Humans:
Day 18-19

Mice:
Day 7.25

PGCs
emerge

Developmental dynamics of repeat expansion stability

Day 28-36

Day 10.5

PGCs migrate  Sex

to gonad

n Mitotic division

McMurray (2010) Nar Rev Genef 11(1

19.05.2017

Different mechanisms in mother and father

Small TNR expansions

e >
S LELEELLEEEL > .
Large TNR deletions Spermatid Sperm
Secondary 3
Spermatogonium | Primary spermatocyte spennatocyte
Day 4449
/ \ — | - gf
Day 135 — — —_—
—
differentsatlon @) f
Start of Ml Completion of MI
-> ;?
Start of Ml Arrest in prophase  Maturation and
completion of Ml
c\ \ Ovulation
- = and Mil
Oogonium : Secondary
Primary oocyte oocyte
e epepapap »
1):786-799 Large TNR expansions

The panorama of ALS genomics

TNR = frinucleotide repeat

Prone to:

de novo expansion during
maternal oocyre development

contraction during pafernal
spermatogonium development

de novo expansion during
pafernal spermatocyre
differenfiation
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4.

Some guestions in ALS genomics

(and some possible answers)

Rare implies selectively disadvantageous. How can this happen in ALS (a late onset disease)?

a)  Developmental dynamics eg repeat confraction lowers mutation allele frequency

19.05.2017 The panorama of ALS genomics
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D.

Some guestions in ALS genomics

(and some possible answers)

Heritability disparity suggests some de novo mutations. Why don’t we see increased paternal age”?

19.05.2017 The panorama of ALS genomics
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D.

Some guestions in ALS genomics

(and some possible answers)

Heritability disparity suggests some de novo mutations. Why don’t we see increased paternal age”?

a)  Repeat expansions are prone to de novo instability and are not tied to paternal age

19.05.2017 The panorama of ALS genomics
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How can we find (novel) repeat expansions?

Paired-end next-generation sequencing

Starting DNA

l Fragmentation

Fragmented sequencing library

| [ |
| |
| |
esesseeseepe————
l Sequencing
~450-500 bp
|
# 77777777777 h

Read 1 Read 2
(150bp)  (150bp)
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-inding repeat expansions

Using paired-end next-generation sequencing data

A Fragment origin

REscan trace

2 hexanucleotide repeats (12 base pairs total)

REscan statistic

Chromosome position

C REscan performance

—— Controls - 0.4

—— ALS, C9orf72-negative

—— ALS, C9orf72-positive
- 0.3
- 0.2
- 0.1
- 0.0

B» Alignable read Bl Genomic DNA
Unlignable read [l Repeat expansion

19.05.2017
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-inding repeat expansions

Using paired-end next-generation sequencing data

A Fragment origin B REscan trace C REscan performance
2 hexanucleotide repeats (12 base pairs total) 05 O OO
e © Pro20
SXo)
I N Y N R Vet YA Y S NPy %
% o @ Pplo.15
. @)
L 0.05
Chromosome position -0.00
n n 1 | |
ey Ropomt cxoansion Controls C90rf72- cases  C90rf72+ cases
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Finding repeat expansions

ExpansionHunter
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Abstract

EH

Accurately identifying large repeat expansions including those that cause amyotrophic
lateral sclerosis (ALS) and Fragile X syndrome is challenging for short-read (100-150bp)
whole genome sequencing (WGS) data. A solution to this problem 15 an important step
towards integrating WGS into precision medicine. We have developed a research tool
called ExpansionHunter that, using PCR-free WGS data, can identify repeat expansions
at the locus of interest, even if the expansion is larger than the read length. We apphied
our algorithm to WGS data from 3,001 ALS patients who have been tested for the 15_30 -1
presence of the C90r/72 repeat expansion with repeat-primed PCR (RP-PCR). Southern
blot and fragment length analysis were applied on a subset of samples to confirm the
presence or absence of the repeat expansion. Compared to the RP-PCR results, our WGS-

Dbased method identified pathogenic repeat expansions (~30 GGCCCC repeats) with
98.1% sensitivity and 99.7% specificity. Further inspection identified that 11 of the 12

1 1 1
15-30 30-80 80-450 >450
SB
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Can we directly measure repeat expansions”

From the next generation to the third generation

19.05.2017 The panorama of ALS genomics
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Can we directly measure repeat expansions”

3rd-generation sequencing with ultra-long reads using Oxford Nanopore MinlON

19.05.2017 The panorama of ALS genomics 39



NGS vs 3GS

Spanning repeat expansions

3rd-generation sequencing

Next-generation seguencing

Repeatr expansion
P Ap

Repear %pansion
Starfing DNA - Fragmentation Starfing DNA r ~
and library <
e ) reparaton
200 bp fragmenrs >30 kb fragments Unalignable repeat
Sequencing expansion anchored by
and alignment :
surrounding sequence

Reference genome

Reference genome Unalignable reads
I o I S
___ AERENENEENENONEEENENER] EXpanSion |engrh

[ ———————
NN — 1 N N N .
I —— measured USlng

No repeat expansion identified; some erroneous SNP Variant calling < ‘\Spanning reads
calls likely

VCF format data with repeat expansion measurement
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Number of bases

400,000,000 -

200,000,000~

How long is a long read?

Answer: very

Thar she blows! Ultra long read
method for nanopore sequencing

J9 Mar 2017

tl;dr version

« Ultra long reads (up to 882 kb and indeed higher) can be achieved on the
Oxford Nanopore MinlON using traditional DNA extraction techniques and
minor changes to the library preparation protocol, without the need for size
selection

19.05.2017

100 10,000 1,000,000
Read length (template strand) - log10 transformed
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How long is a long read?

Answer: very

1950 bp lllumina read
(banana for scale)

250,000 bp Oxford Nanopore read
(Burj Khalifa for scale)
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CYorf /2 locus with Oxford Nanopore
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