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Genomic analysis in neurologic diseases
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Hyung Jun Park
Department of Neurology, Gangnam Severance Hospital, Yonsei University College of Medicine

* We are in an unprecedented era of hope for
therapies for DMD based on the underlying
molecular basis of the disease.

Karfuarine Bushby et al. Lancet Newrol 2010

Variant
nomenclature
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» CAPN3, NM_000070.2, ¢.1468C>T(p.Arg490Trp)

» CAPN3.NM_000070.2, ¢.1468C>T(p. Arg490Trp)

I: Gene symbol

: Homo sapiens=> DNA 2 2 25 jtalicl| 2
Ex) CAPN3: Homo sapiens

Capn3: mus musculus
capni: Zebra fish
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» CAPN3. NM_000070.2, ¢.1468C>T(p. Argd90Trp)

E Reference sequence
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« CAPN3.NM 000070.2, ¢.1468C>T(p.Argd90Trp)
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Genomic analysis
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Genomic analysis

+ MLPA method: large deletion®} duplication® HEF5510f HOj S
+ Duch lar dystrophy 2| DM gene
+ spinal muscular dyvstrophy 2| SMNT gene
* CMTIAZ| PAPZ2 duplication/deletion

* Direct sequencing
o QUHEE O] missense, nensense, splicing site, small delfin2| EO10|| AE
« YEiE S = Yole RUAZEM
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« Ex) DMI: MLPA = et Sequencing
ABCDI: Direct sequencing === MLPA

= Next generation sequencing2| 22
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Sanger’s sequencing
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Sanger’s sequencing

* Sequencing can be performed on RT-PCR derived cDNA from muscle
RNA, or on genomic DNA.

+ Complex rearrangements, or variants located deep into the large introns
of the gene will not be detected.

Deletion -
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Copy number variation

Normal

Deletion

I R e 0% 80 5 6T D 143 16 17 18 3 300

Duplication

' 2 & T T

Available tests
= MLPA{multiplex ligation-dependent probe amplification)
- MAPH(multiplex amplification and probe hybridization)
- CGH array (comparative genomic hybridization array)

MLPA (multiplex ligation-dependent probe amplification)

LargeDel  Point mutation Duplication

- J N

ligation probes

| l | !
Probe binding w w
. . ! .
Ligation w Mo gmplification w
praduct

PCR + Southern blotting

* Trinucleotide repeats
1. Cut DNA using Restriction endonucleases
2 Electrophoresis on an aparcse el to separate them by size - l 1

3 Mowe the DNA from the gel onto the nitrocellubose (or,
alternatively, nybon) membeane

& Expose tooa hvbrdiztion probe which is labelled so that it can . .

be detected

5. Adier hybridization, the patiem of lybridization is visualized
on X-ray film by di hy in the case of a radi ar
Muorescent probe
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Known point mutation

* Sanger sequencing

Ex) Hot-spor @1 = # 2. Validation, 7HE A

| :"_,i_i'illi__ ﬁi |

Copy number variation

H2LE 4 B E B Nuorescence in situ hybridization; FISH)
U 7| CHE H 02 O] (SNP array)
H| RS HH| 28 Hiarray comparative genomic hybridization; aCGH)

A 7HE B8 A P BES real-time polymerase chain reaction)

A B 22 AN Southern blotting)

Chabas 3t e 4 O 2 22 (multiplex polymerase chain reaction)
CHEEE O 2 = Dol B(multiplex amplifiable probe hybridization, MAPH)

CHEZAEL|EZ 2 5 ZE H(multiplex ligation-dependent probe
amplification, MLPA)

AMICHE 7| M @ 24 B next-generation sequencing: NGS)

Trinucleotide repeat disease

« ghgo| 37|71 FH2 AL
« @ Bl & B (Huntington disease)
+ S8 E A A4 8-S (polymerase chain reaction, PCR)
+ G M| B 7| L= B (capillary electrophoresis)

- urgol 37|17t 2 AL
* Myotonic dystrophy
» A B 4& Z(Southern blot)

Many targeted genes

* Next-generation sequencing
(Massive parallel sequencing)

Sanger’s sequencing vs NGS

« 2E(clone)S ¥ &= DHEE Thest

A

§2F 2 H(massively parallel)thAl
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Next-generation sequencing
iy eary fre— fc.___ [Exome /NG5
@ e NN uman exome
i — N Wi
- ~30Mb [1%)

- 85-90% of pathogenic mutation
) Exome capture/NGS
- Exome caphuie. = 99%
{NimbleGern, Agilent Hiuming
- Mext ganeration sequancing
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Application of Next-generation sequencing

Limitation of conventional approach

Variation Small pedigree Money
Cerd CH & &bato] &gt 2 HAbH|

u L )

Inereased volume of DATA '

Mext Generation Sequencing

Next-generation sequencing - limitation

+ oHHof 18 = A= H2IMEO| 150 base pair2 H|THE Y
© G| 7 AL GO ZEO| Z0hA| H errorE 0] F7H
+ Trinucleotide repeat £ large duplication/deletionDf 20| M2k 240|
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Deletion of exon 45-47
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Whole-exome vs Whole-genome

_ Whole-exome Whole-genome

Depth High Low

Interpretation Easy Difficult

Handling Easy Diffieult

Copy number variation Possible Relatively accurate

Molecular diagnosis of WES was rendered for 2076 of
7374 patients (28.2%).

lution of Disease P rpes Resultl

from Multilocus Genomic

B Engl § Med 2017 376010 21-31
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Diagnostic ratio of WGS: 41%

Genetics
9 et e e i s s ORGINAL RESEARCH ARTICLE | inMedicine

Open

Improved diagnostic yield compared with targeted gene
sequencing panels suggests a role for whole-genome
sequencing as a first-tier genetic test

it Mand 201K, 2004); 435447

Our previous targeted sequencing

( Total inlerired suseular disonders (727 patients) ]

[ 32 patients

o TEmasmg KA tples (111

[ Total earolled paticats (209 patiets) ]

We identified 93 (36%) patients with pathogenic/likely pathogenic variants,

Fark FI et al Clin Gienet 2017,91 403410

Experience in our institution

* Targeted sequencing for about 400 neuromuscular-associated
genes

* Diagnostic ratio: 43.5% (128 of 294)

Long-read whole genome sequencing

* LRS allows for the retrieval of much longer (=10.000bp)
sequencing reads than widely-used SRS systems (75-300bp).

* Read lengths of 10,000- 100,000bp are more common,
EEENEEEEEENEEREEEEEER

e —— o Short rac]
—— o ——— v zercing

e
Gasams

Variant and pathogenicity

Genetics
ciee it e, ACMG STANDARDS AND GUIDELINES  inMedicine

Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American
College of Medical Genetics and Genomics and the
Association for Molecular Pathology
Sue Richards, PhD', Nazneen Aziz, PhD ", Sherri Bale, PhD’, David Bick, MD¥, Soma Das, PhD",
Julie Gastier-Foster, PhD*'2, Wayne W, Grody, MD, PhD*'™", Madhuri Hegde, PhD',

Elaine Lyan, PhD", Elaine Spector, PRD™, Karl Vorlkerding, MD'™ and Heidi L Rehm, PhD'
on behaif of the ACMG Laboratory Quality Assurance Committes
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Leiden Muscular Dystrophy pages®'

Conter for Humsn amld Clinical Genetics,

Leiden University Mudical Center

Type of variants
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Small frameshitt desetion
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Insertion
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Type of variants

Splicing variants
Splive Branhi Sple
donor site site accepto site
|
dGUF‘uAGU CUPuAPy  Pynch NCAG

<—— 20-50 bases —

e Tntrun

Haploinsufficiency

Missense

Nonsense

Duplication
{ Deletion

CHYED) 20| SN S4S W
Ex) PMP22 duplication in CMT 1A

EHE B EO0| Ho|2Y SHE Yol
Ex) Myotilin in Myofibrillar myopathy

&) Gatir-ol-functian mutation (4]

{a) Null loss-ot-functian maitation {m)

EH 20| P50l S 0| LHEHE
Ex) SMNT in spinal muscular strophy
ZEE S 2 50%0| & 2] Bl =4 0] F10|0F

S0 el DX @E ERE
Haploinsufficiency2} 2 HEHS

Ex) channelopathy
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Severe

Mild or normal?

ation
tion

Heterogeneity in phenotype-genotype relationship

* Progressive external ophthalmoplegiaZ YL 27| = POLGI
mutation-2 autosomal dominant@} autosomal recessive® 2 5&
FHECH

+ COL6A1. COL6A2, COLA6A3 = autosomal dominant ! 245
mild Bethlem myopathy 2 autosomal recessive 2 243 severe
Ullrich congenital muscular dystrophy 2 ...

=> Phenotype % GenotypeO| C}ELC},

In-silico analysis
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Summary

+ Variant nomenclature
+ Point variant vs Copy number variation vs Trinucleotide repeat
= Variant vs Pathogenicity

+ Massively palliative sequenging
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