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Integrating copy-number analysis with
structural-variation detection in 50 ALS
patients with two extreme survival
phenotypes
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5% have a family history of ALS
- FALS Mendelian genes
identified in about 70%

In apparently sporadic

cases, twin and population studies

show the heritability is about 60%
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Martin S, Al Khleifat A and Al-Chalabi A. What causes amyotrophic lateral sclerosis?



ALS Gene Hunting Methods

B GWAS
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Exome Sequencing

® Linkage Analysis
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Linkage Analysis,NGS
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(Alsod.iop.kcl.ac.uk May 2017).



ALS Gene Study Methods

M Gene regulation network

W Protein-protein interaction
Gene ontology

® Functional annotation

B Gene expression
Protein domain

B Sequence properties
Analysis of SNPs

W Conservation
CNV

PubMed May 2017
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Methodological designs applied to maximize the power of
detection:

Data Size
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Methodological designs applied to maximize the power of
detection:

Population Isolate.

Founder populations

Familial ALS.

Extreme Phenotyping.
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Methodological designs applied to maximize the power of

detection: ‘

Extreme
Phenotyping.



Sample Selection
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Kaplan—Meler survival curve from which the study groups were derived.



Long survival
group

Number 25
Male:Female 10: 15
Mean age of onset (y) 53.7
Proportion alive 0.6
Median survival (KM method) (y)  9.16
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Pipeline

Computer analysis
BAM files from WGS CNV results Statistical analysis




Mapping Copy Number Variations

chr20 18591542 + 3 chr20 18595880 - 6 ITX 25 39 63 27 0.297317073170732 0 0.279756097560976 0 29 chr20 18595822 156 chr20 18591472
ATTGTACATTCTGGTGTTTITTTGTTTITGTCAAGGGGAGGAGATACAGTCCCACGCTGTAATGACAGGAGTGTCAAAGAGTTITGAAGCTCTGTCACCCAGGCTGGAGTGCAGCAGCACCATCTCAGCTCACTGCAGCCTCAL
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chr20:18591445-18591641

CSBEWACHY 0:3:2311:1284702:0+ ICAGGAGGCIGAGGTGEGAGGATCGCT T TCACACAGGAGATIGAGGCIGCAGTGAGCTGAGATGETGCTGCTGCACTCCAGCCTGGGTGACAGAGCTT
CSB8WACHY 0:1:2212:1019132:0+ CIGAGGTGEGAGEATCGCTTTCACACAGGAGATIGAGECTGCAGTGAGCTGAGATGETG! CTGCAC :CAG::_GGG\:G)\CAGAG
CSBEWACKX 0:3:1209:1197563:0+ GATCGCTITCACACAGGAGATTGAGYCIGCAGTGAGCTIGAGATGETGCIGCIGCACTCCAGCCIGGGTGACAGAGCT
CSBEWACKX 0:1:1205:1969945:0+ CGCT T CACACAGGAGAT TGAGGCTGCAGTGAGCTGAGATGGIGCIGCTGCACTCCAGCCTGGGTGACAGAS!
CSBEWACKX_0:2:1309:128712:0 + ACACAGGAGATIGAGGCTGCAGTGaGCTGAGATGGTGCIGCIGCACTCCAGCCTGEGTGACAGAGCT
CSBEWACKX 2311:26580:0 + ACAGGAGATIG CTIGCTGCACTCCAGCCTGGGTGACAGAGT
CSBEWACKX 1315:1595272:04 GATTGAGGCTGCAGIGAG _..u]su}'u.:-a.a..... CTGCACTCCAGCCTGGGTGACAGAGCT
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CSBAWACKXK _0:2:1208:743029:0 + GRAGCTIGAGATGGIG

CSBEWACKX _0: :12112126022:0 - ACACAGGAGATTGAGGCTGCAGTGAG! AGATGETGCIGCTGC A..Ct.ﬁau;.www.wRCRwAGCGRGBCCC"G

CSBEWACKX_ ACACAGGAGATTGAGECTGCAGTGAGCTGAGATGGIGCTGCTGCaCTCCAGCCTGGETGACAGAGCTT

CSBEWACKX_0: TTCACACAGGAGAT TGAGGCTGCAGTGAGCTIGAGATGGIGCIGCTGCeCTCCAGCCTGGGTGACAGAGCGAGACCC

CSBEWACKK :1216:571402:0 - IGCAGTGAGCTGAGATGGTGCTIGCTGCACTCCAGCCTGGGTGRCAGAGCGAGACCT ""CHGAA'G'ACAATTC'IG'IS

CSBSWACKX 0:3:1208:256951:0 - CAGTGAGCIGAGATGSIGCIGCTGCaCTCCAGCCTGQGTGACAGAGCTT c
CSBEWACKX :2108:1546564:0- GCIGaG: GIGCIGCIGCACTCCAGCCTGGGTGACAGAGCGAGACCCT! TGTGAARTAGIC,
CEBEWACKX 0:2: GAGATGSIGCT STGCAC“CCAE C C“GGG T GRCAGAGCGAGACCC"‘*"‘T"'MCMHMAAMCAC CAGAA GZRCM‘I‘CT‘ST‘SA}L‘&GT CAGAG
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1305:437042:0 - CACTCCAGC AGGGEGACAGnGuuAGACCC GICTCARRACARARCAARARACACCAGAATGTRACAATTCTGTGAATAGT CAGAGACARATCATAGRACT
g $2116:1140141 GACAGAGCGAGACCCTGTICTCARARACARARCARRARACACCAGRATGIACAAT TCTGTGAATAGT CAGAGACARRT CATAGRACTATIT
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Alignment of next-gen reads in both long survival (top panel) and normal (bottom
panel) at A- Inter-chromosomal translocations spanning chr20:18591542-1859588.
B- Deletion spanning chr20: 14466308-14466371




Copy Number variation analysis

inter-chromosomal
trans-locations

983 Copy number variations were identified in 50 samples



Structural variations and CNVs observed In
ALS short survival group
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between the long and short survival groups
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Conclusions

e Deletion is the most common CNV observed in ALS In the

two extreme survival groups
e Chromosome 13 and 17 show the highest structural
variations in the ALS short survival group

* Further analysis and validation is needed
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Differential Methylation Analysis
-

Data Integration &
Biological Interpretation

Copy Number Analysis
®

Exploratory analysis Convert probe signal to copy number
L9 L9
Detect differentially methylated probes Normalize to normal samples
7 1T
Remove probes with SNPs in vicinity Exploratory analysis
7 7
Methylation signature Genomic segmentation
i <>
Annotate by genes Detect shared regions
7 7
Biological interpretation Annotate by genes
-



ING'S
College
LLONDON

Long Survival BAM file Short Survival BAM file

Identify Soft Clipping position

Filter Structural Variation
alignment artifacts

8-

Report for validation




Comparison between the two ALS extreme survival groups

Survival Years
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\AAGTATTCACTTTAAAGAABEAACGTTGGGCCAGGT
LAAGTATTCACTTTAAAGAAACAACGTTGGGCCAGETEHTGETGGC TCATGCC TGTAATCCCAGCACTTTES
LAAGTATTCACTTTAAAGAAACAACGTTGGGCCAGGTGETGGTGGC TCATGCCTGTAATCCCAGCACTTTGG

GAARACAACGTTGGGCCAGET TGGETGGC TCATGCC TG TAATCCCAGCACTTTGGGAGGCCAAGGCGG
GGCTCATGCCTGTAATCCCAGCACTTTGEGGAGGCCAAGGCGE
GGCTCATGCCTGTAATCCCAGCAC
GECTCATGCCTGTAATCCCAGCACTTTGEGGAGGCCAAGGC GGG
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Short

Long survival  survival
group group
Number 25 25
Male:Female 10: 15 8: 17
Mean age of onset (y) 53.7 60.2
Proportion alive 0.6 0.04
Median survival (KM method) (y)  9.16 1.04




Integrating copy-number analysis with structural-variation detection
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