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DNA testing in inherited neuromuscular disorders:
a case-based approach and quality assurance

Han-Wook Yoo

Department of Pediatrics, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea
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2ol vl faQsE 7]
Sl 4R A ST,
(2) AR AN A, A 8ksH4, DNA 24D

Ak R ol £ A

iii) Empiric risk: o4

A%
(LA, 7,

Aie o)t 288y
1) AAF A 4 A (pretest genetic counseling) 9] &7
AAEA S AATA, HAF QAR AL 99]) ALY
18 2 Bzt o2

-

2) AAF & A2 (postgenetic counseling)d] &7
ArrA ] om A (FAd, S4e] om), 7T 9
Hrg7t, Ao A4 A, Ao # 9 A5, oW
option A
(3) Communication
privacy 9} confidentiality 7} & 2.3Fc}. 2 ZHALZE 3}
gk Ideal B S Y] & HEe 4R &g #Y
o] conflicts <x]stedof strt BIA Al A 23 (non-directive
counselling)ii gzl 2H-&-A (autonomy) 7} EHE =
L5 gtk FAdEY W8S a0 dEAL olsd

Y= dojzm F 1§‘r(documentatlon) s I R=asia=

FAAZ 55 system, A2 AFE < H| Y
o] &8 EFAALL A Y = ARk 3

gk supporte} advocateE SHHA] caregiverd 9GS &
P

T

.

facs

@ AEAF=2] H7Hrisk estimation):
Quantitative Genetics
(1) Probability theory: Law of addition & Law of multi-
plication

(2) The Hardy-Weinberg model

(3) Bayes’ Theorem

1) prior probability

2) joint probability

3) posterior or relative probability

2. 5o A7

D A W NG FE g FAY AP

(1) Coding region®] small scale expansion of CAG
repeat (polyglutamine tract):

1) 235 Huntington disease, Dentatorubral-pallido-
luysian atrophy (DRPLA), spinocerebellar ataxia, Spino-
bulbar muscular atrophy (Kennedy’s disease)

2) FAAAA 719 PCR-PAGE, PCR-direct sequencing,
PCR-fragment ¥4 (capillary electrophoresis)

3) Aol Watr] 4% o7 =

1) primer® %19} A &3t copyr

4) %XVLELQ] issues

i) 1847 o] 754 S AR A2

=
i) A9 9} AX = gray zoned o] @A) &A1 A2

712

i) FAE 5 19 BAE 5 4 Al A48
I B2HYP O] Apol=?

iv) FAAEY 2dP e AR

v) ARl EAE

(2) Non-coding region®] large scale expansion

1) A3E:Fragile X5%7 (5 -upstream region CGG
expansion of FMR1 gene), myotonic dystrophy (3'-untrans-
lated region of DMPK gene, CTG expansison)

2) 42 AAF71¥: genomic southern with or without
methylation specific RFLP, PCR-Southern, long PCR-
PAGE, PCR-fragment % (capillary electrophoresis)

) Aol W] 4% SRFE
i) SouthernAlel somatic mosaicism <ol Z&gh
copy &5 &7] oHt}
ii) Fragile-X &%+
o -] gl a4
4) A3 issues
i) Fragile-XZ3% 7 4 2pAA} ol A premutation 2 2}<]
Al akel ofxpe] A o9 A e
ii) Myotonic dystrophy 2] locus heterogeneity: DM2
iii) 2148¢}8 myotonic dystrophy et EAFA, AFAZ
ool A=
iv) FAAEY 2dFAAA

F722F Aol A 9] methylation

(3) Intron region®] medium size2] (GAA)n expansion in

1st intron of X25 gene
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1) 2%} Friedreich’s ataxia oJgt AVINE BA9 &F
2) AR AL 719 long PCR, PCR-Southern, genomic
Southern @ Dystrophinopathies
3) AxefAol Watr] 4% o7 = 1) A=
D) 4aAaA FAdEd ez F dEdFd2Y copy Duchenne type vs Becker type &4 ol =
T2 A oksl=d E¢4A% PCRE Holxle} SxE 1) Dystrophinf-Z#}: positional cloning .2 *-g 27
a4 Kb oFE ¥ ¥ 4 Qlrh H g 2 FAARA, 25 Mb, AALsH=dl 16 AlZF v
i) M7 E AT BAAE FEEHA] Xeke & ok 8070¢] exons & intronso.Z A HE.
FE HE 4 Ak i) 2709 Aawo] hot spot: exons 44-50 & 2-13
iil) 4% M= HEde] SPHTA = A iii) in—frame vs out of frame; Becker vs Duchenne
Eddole} FEAWoele BEolgddA S HAT iv) amino terminus of dystrophin vs carboxy terminus
4) TR issues of dystrophin;

s

i) Y= triplet expansion
of functionol 7]¢13c},
i) FAAEY xdy AR

iii) A2 eke]

A=

@ AFEAA
1) 23
1) AEdwolol ¢
MEERF (myoclonic epilepsy and ragged red fibers) :
8344 A—G, mtRNA", 8356 T—C, mtRNA"
MELAS (mitochondrial myopathy, encephalopathy, lactic
acidosis and stroke-like episode) : 3243, 3271, 3252
Leber’s hereditary optic neuropathy (LHON) : 3394,
3460, 4216, 4917, 5244, 7444, 11778, 13708, 14484, 15257,
15812
Pigmentary retinal degeneration : 8993,
ATP synthase 29
Leigh disease

i) 24 = Sl o3 A=

o =
AT54e

P Ags

3243

Kearns-Sayre syndrome(KSS)
Chronic progressive external opthalmoplegia (CPEO)
syndrome
Pearson syndrome
2) A2 AA71H: mitochondrial whole gene sequen-
cing, Southern analysis
3) AsjAel Wakr] A LHE

1) sequence variation2] 3J|4]

il) heteroplasmy ratio®ll ZZ}%¥ underrepresentation®ll

Becker vs Duchenne
v) Central domain deletion; T3

vi) ¢F 45%¢°] DMD<} 30%<] BMD

733 Becker type
A= A Aot
ob.
2) 42 AA71E; multiplex PCR, MLPA, linkage
analysis, FISH, Southtern analysis
3) Aol W] F% SR/E
1) multiplex PCR®] #1444 9144
i) A¥HEAA Y] Az o8 L F-BAAL

L

)

1) Survival motor neuron (SMN)

i) 1.7 kb transcripts, 8 exons, 20 kb of genomic DNA

i) H43% 2 copy?l SMN-C¥ SMN-TZ
region®l 2 bpe] =}o]7}F Ut}

iii) SMN-T ZAAe] 90-95%2] SMA #kx}ol| A
ct.

iv) oF 1%9] #xHR=7F SMN-T 8434 3

coding

s

H=
24

v) splice site mutation, 7]E} &AWl 4-bp frame
shift deletion 5°] B 1% o] )

2) Neuronal apoptosis inhibitor protein(NAIP)
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i) 6.0 & 7.0 kb transcripts, 16 exons, 70 kb of genomic
A 7l

i) 45-55% of type I3} <18% of type II & III SMA $F
&2 NAIPZE 24

3) 742 A 71¥: PCR-RFLP, DNA sequencing, real
time PCR

DNA, apoptosis

iv) NAIPZ 2 2] ]n]

5 FAdEe] issues

i) genotype-phenotype$ ¥4 (SMN-C copys~ 2 NAIP
AR R
=2 E‘IT‘I‘)

B Prader-Willi Z=3(PWS)3}
Angelmann 5% (AS)

1) FHAAAZIH: PCR bisulfite
specific primers, FISH, & 7]+ <2 &4

2) AxtefAo] Walr] #¢ LFE

i) FISHA A4271e] a4

ii) UPDe} w4124

3) TAdEe] issues

with methylation—-

Table. #&Y L MEESE

1) Imprinting gene E¢W o] 714

i) At5e] AH 3z PWS A7 sh v
iii) PWSell Al UPD<} w412
iv) AT issues

71 A

L

A9 AP Aol

02 of

® Torsion dystonia

1) 32 AAH:

PAGE, €714 g £4
2) AtafAo] Walr] A8
1) 98%3k217} exonl9] 3 bp A2
3) g issues

i) de novo mutation

PCR-heteroduplesx assay, PCR-

il) penetrance

i) variable expressivity

(@ Cerebral autosomal dominant arteriopathy with
subcortical infarcts and leukoencephalopathy
(CADASIL)

1) AL 71 G714 F 54
) Al Aol Helr] 41 &
i) SNP9} mutation®] T+8¥: RE EdWol=

)
ii) target exons (exon3/4,11,18) ¢ =4
Awole] 9 %E cover (? 85%)

3) FANF issues

cystine,
arginine residue® W3t

Hol7k AA =

Locus Gene Mechanism

Charcot-Marie-Tooth type 1 (HMSNI)

CMT1A 17p11.2-12 PMP22 Duplication/point mutation

CMT1B 1022-23 MPZ Point mutation

CMT1C Unknown Unknown Unknown

CMTX Xq13.1 Cx32 Point mutation

CMT4 8q Unknown Unknown
Charcot-Marie-Tooth type 2 (HMSNII)

CMT2A 1p36 Unknown Unknown

CMT2B 3q Unknown Unknown

CMT2C Unknown Unknown Unknown
Dejerine-Sottas disease (DSD) (HMSNIII)

DSDA 17p11.2-12 PMP22 Point mutation

DSDB 1022-23 MPZ Point mutation
Hereditary neuropathy with pressure palsies (HNPP)

HNPPA 17p11.2-12 PMP22 Deletion/point mutation

HNPPB Unknown Unknown Unknown
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i) de novo mutation
il) penetrance _ -
—
228

iii) variable expressivity

T8 Ix 2B A%
1) A#=(Table)
2) frA7} HA1Y: FISH, PCR-RFLP, 4714984,

realtime PCR

1) Conner KE, Rosenberg RN: Genetic basis of ataxia; In
Rosenberg RN, Prusiner SB, DiMauro S, Barchi RL(es):
The Molecular and Genetic Basis of Neurological Disease.
2nd ed, Boston, Butterworth-Heinemann 1997,503-44.

2) Wang CH, Carter TA, Gilliam TC: Neuropathies and
Neuronopathies. In Rosenberg RN, Prusiner SB, DiMauro
S, Barchi RL(es): The Molecular and Genetic Basis of

3 Asaia % FAde] A
) . Neurological Disease. 2nd ed, Boston, Butterworth—Heine-
1) locus heterogeneity mann 1997:785-816.
ii) SNP vs mutation

EE£ 1. Technique/Method Master List HE 2. Reagent and Manufacturer Master List

1. Allele-specific PCR/ARMS (amplification refractory mutation 1. In-house ("home-brew")

system) 2. Abbott Molecular

2. Bead array 3. AppliedBiosystems (ABI)

3. Invader chemistry 4. Bayer

4. Mass spectrometry 5. Bio-Rad

5. Microarray technology 6. Chemicon

6. MLPA (multiplex ligation probe ampilification) 7. eSensor

7. Mutation scanning using dHPLC, SSCP, DGGE, TGGE, hetero- 8. Innogenetics

duplex analysis, melting curve analysis 9. Ipsogen

8. Oligonucleotide ligation assay (OLA) 10. Luminex

9. PCR,bisulfite with methylation—-specific primers 11. MRC Holland

10. PCR, followed by capillary electrophoresis 12. Nanogen

11. PCR, followed by gel electrophoresis (agarose, polyacryla- 13. Promega

mide,etc.) 14. Qiagen

12. PCR, GeneScan fragment size analysis 15. Roche

13. PCR, followed by heteroduplex analysis 16. Tepnel

14. PCR, real-time with intercalating dye (e.g. SYBR Green) 17. Third Wave InPlex

15. PCR, real-time with allele-specific probe 18. Third Wave Invader

16. PCR, melting curve analysis with intercalating dye (e.g. SYBR 19. Tm Bioscience

Green) 20. Rotorgene

17. PCR, melting curve analysis with allele-specific probe 21. Zymo Research

18. PCR, followed by RFLP assessment (restriction enzyme diges-

tion)

19. PCR, followed by membrane transfer and probe hybridization

20. PCR, long distance or long

21. PCR, multiplex

22. PCR-based assay capable of differentiating methylated sites

23. PCR-based assay targeted at SNRPN gene expression

24. Pyroseguencing

25. Sequencing

26. Southern blot (without prior PCR amplification)

27. Souther blot using methylation sensitive restriction enzymes




