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6. AAPEH 7 -
) U= 5 A3 /7 SAskE A7 ol %A
(D PCR & electrophoresis
(2 Nested PCR & electrophoresis
@ RT-PCR & electrophoresis
@ Nested RT PCR & electrophoresis
(® PCR-RFLP
® PCR-RFMP
(@) PCR-fragment analysis
PCR-hybridization
@ Methylation-specific PCR
@0 Qualitative real-time PCR
@) Quantitative real-time PCR
(2 Qualitative real-time RT-PCR
@ Quantitative real-time RT-PCR
PNA-mediated real-time PCR
@ Southern blot
TMA(transcription mediated amplification)
10 NASBA(nucleic acid sequence based analysis)
SDA(strand displacement amplification)
19 LCR(ligase chain reaction)
Cleavage/Invader technology
@D bDNA(branched DNA)
@ Hybrid Capture assay
23 MLPA(multiplex ligation-dependent probe amplification)
@) Microarray
@ SNP chip
@ Array CGH(comparative genomic hybridization)
@) FISH(fluorescence in situ hybridization)
@ SIS(silver in situ hybridization)
@) Sanger sequencing

@) Exome sequencing
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@D Genome sequencing
& Chromosome analysis
2) 7] BFE T AAIss 7Iss] ode A, 5 £HReE Ve
@ Nucleic acid extraction
Reverse-transcription
© Enzymatic digestion
D Separation by electrophoresis
() Separation by capillary electrophoresis
(®) Target amplification
@ Probe amplification
@ Signal amplification
(D Probe hybridization
(D Nucleic acid transfer(eg, Southern, Northern)
® Mutation scanning(eg, SSCP, heteroduplex, DGGE)
(L Mutation identification by sequencing
M Mutation identification by allele specific transcription
) Mutation identification by enzymatic ligation or primer extension
7. A /\]_ o &Aé
1) 5L 529 FAF AAMY: 2 2 3 AAEA R AlfE= 7S HAF
ol EAlst= 35, olE W71

2) 2] 017} 2 A Al g
2) B, §%, QR 5 Fa =) % A4 sl @8
b) AAFQ Fo hALAe] S 7AF A9 8%

3) A 24
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A St =2 ¥ | FGFR2 ®AA}L S¢dH0| (F7|MLEHAD
A
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[aE]
S

02

= ™ | FGFR2 gene, mutation (sequencing)

(1) BAEH-UHERF

() AreN-525

(3) HAHE-LHEF

(5) ZAIHAL 2 = Apert syndrome, Beare-Stevenson syndrome, Crouzon syndrome, Jackson—Weiss
= - syndrome, Pfeiffer syndrome type 1,2,3 2| Zlct 2! &bzl

FGFR? gene, whole exons

(7) AMEF ®
(8) 2o ® g4
- HAMEA 1 2]
ZAgHH 2=
©) } ™ @ Sanger sequencing

(11) 2e| ol 3zt Children's Hospital of Philadelphia, Molecular Genetics Laboratory, Philadelphia,
e =< PA, USA

' %E—E—H 20l 7|

1. Am. J. Hum. Genet. 2002;70:472-486.
(13) Z2H=2d 2. Hum Genet. 1999;104:425-431
3. http://www.ncbi.nlm.nih.gov/books/NBK 1455/
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| EHEA 1

FGFR2 SR}, =0itH0| (F7|MLHAD

HUT: EelS
=MEET EMAIZIE: point mutationoll CH3H 100%
(HEE, MUZE, EMEo|Z: 100%
ZME0|E §)
ACholZre:
xRl e Apert syndrome 100%, Beare-Stevenson syndrome <100%, crouzon
(;;;;ﬂ; syndrome 100%, Jackson—Weiss syndrome 100%, Pfeiffer syndrome
ACtEo|S = type 1, 2, 3 242} 96, 100, 100%
AHSOIE S desols: dete
Apert syndrome, Beare-Stevenson syndrome, Crouzon syndrome,
Jackson-Weiss syndrome, Pfeiffer syndrome type 1, 2, 3 52 25 At
FMH PHCE FME s HIHA TS 2ynt &1t Uo| J[gg Hol=
Zsto|ct A7| He2 FriEnt ofHel 2| w2t BAl= 100749
olAIE B2 SO LIFO{M ot YMES2 E§lof| w2l ci=Lt Aot 2,100 -

(23| incidence,

r

1:3,00022 2= S,

Al SR

prevalence) =5 ) o
— 2eiXKproband) 9| Zekg JolS B &
~ EfEIsIRto| J1E0f ChEh MEZAL
— RN 8l ARK]
10 L- X —_
M35 Apert syndrome, Beare-Stevenson syndrome, Crouzon

syndrome, Jackson—-Weiss syndrome, Pfeiffer syndrome type 1, 2, 39|
Flch

=715 47| e 9| ALS

Siilo| = Sanger sequencing 2| SHAIZ large deletion/duplication® A&EE &=
HATT
Zsto| 2lo| Soit0|2 AYziz|= ¢i7|HslE

HGVS7fo| E22l(http: /www.hgvs.org/)oll 2} 2
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Hum Genet. 1999;104:425-431

3. PMID: 10394936
4. AFH|=: Analysis of the mutational spectrum of the FGFR2 gene in Pfeiffer syndrome.

5. AL ¥ o477 |2

Cornejo—Roldan LR, Roessler E, Muenke M.

Medical Genetics Branch,National Human Genome Research Institute, National Institutes of Health,
Bethesda, Maryland, USA

The Children's Hospital of Philadelphia and Departments of Pediatrics, Genetics, and Neurology,
University of Pennsylvania School of Medicine, Philadelphia, Pa., USA

6. A7uld ¥ =5

Craniosynostosise= 2,100~3,000H2| Mot & 14 HToM wMsk= S5t FIiZe| MEM 7|8e=z
FGFR22| =04H0|7t @lelo|ct. o] Aet2 SFrietHel ok w2l 1000{ AeHAeZ L0 Zct J2{ut
Ol B5 FGFR2 &2 FGFR1, FGFR32| E& et =9iH#o(7} flelo|ct o] od7e| M2 FGFR1, FGFRS,
FGFR4 =%180(7} @i= craniosynostosis EHAFZOIA FGFR2 FXARS| =01E80|E HHsty EIsln, =
80|12} UMM ZHo ZAHE V|&sk= Aol

7. GATCHA (BN S 229, 712 (
78219| craniosynostosis EHAT

MZAP|ZE 23

T

g
0

8. ol (RE4TIL

=
Genomic DNAS ZHx&EoH
I (=3

=M

T0lIM FE510 FGFR2 7LIA] exon llla2t exon llIcE AFF7|IMEEM

IE A

9. o1}

40H2| 2tXjol|lA 1852 MZ CIE mutation0| LZA=|A2H 0] & g7i= 7|&E E1Ut gle MER SHH0|
ACh HHE ZSH0|= exon lllaollA 37He| 7|&of E1E Z04H0(e} 371e| 2R Zo4H0(7} WA= ACY,
exon llicolM= 77He| 7[&0l| 21E S0480(ef 571e] 2R =107} WZA=ICE 0] o= deletiontt
splicing mutation0| 2+ 1, 470ACL

10. 48

Ot A7l =AtH0[9| spectrumO| cysteine codonS ZlHSH= A&0| FRIRIXMO(X| LUCE  Pleiffer
syndrome &HALe| ZQ1H10| & p.Ser351Cys0| 7Ha 235120 0|2 Cys342 F2l0M 9 codon EHO{ZI
Q|x[0|C}. O|= Cys342 F27t 5% dAaks o Aoz MZIFoRICt o[ 72 Pleiffer syndrome 2FA}
OlM EXRFMEA AL f8 2Ae mletsh= Hols f33ich
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Am. J. Hum. Genet. 2002;70:472-486.

3. PMID: 11781872

4. ATH=: Genomic Screening of Fibroblast Growth-Factor Receptor 2 Reveals a Wide Spectrum of
Mutations in Patients with Syndromic Craniosynostosis.

5. A4 & o777

Weatherall Institute of Molecular Medicine, The John Radcliffe Hospital

Oxford Craniofacial Unit, Radcliffe Infirmary, Oxford

Medical Genetics Branch, National Human Genome Research Institute, National Institutes of Health,
Bethesda

North Trent Clinical Genetics Service, Sheffield Children’s Hospital, Sheffield, England

New York University School of Medicine, New York

AL

ol
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6. di7uid ¥ =5

M1 M| o|Akg 2oT|= ol FMAIRI FGFR2= 27H2] exon(lla and llic)oll F=l= 2fAkS Holc)
Ol extracellular £9/2| Iglll domaing encodingstd Apert syndrome, Beare—Stevenson syndrome,
Crouzon syndrome, Jackson-Weiss syndrome, Pfeiffer syndrome 52| craniosynostosisE 2271CH 09|
AFE0| Exon a2t licoll SFY=l HFE 510 ofE7IX| FGFR22| &94E10| screeno| 2FHSHA| (0] RUX|
27| W20l FGFR2 AR =91#0(2| clustere| 2[0|E sliAsk= Zdoll 0{2{20| 2Uct olofl FGFR22| 774
exonol| LS FI7HMQ1 ZALE SIQICE

7. AT (BN B2E29), 7|12 (FEZAPZE 2]
259°2129| craniosynostosis £HA}.

8. o7l (RAE4id 3 EMET)
craniosynostosisE FESHCFT 23Rl FGFR1, FGFR3, TWIST FXARe| Sedt{o|7} glckr L2l 259919
XA FGFR2 ARl & A24Zl lla, lllc exonol2lofl FII=2 7702] exon(67i= tyrosine kinase /2|
SAUHO|E Yo7ictn UzZl F2lolnd, 17= Igll domain2 =9iH0|S o7Icty =)o il |
MEEAMSICL

9. oA7ZT}

Ol 42 exon llla, llic 0|20l T2 7742 {2 craniosynostosis 2&ke| {91 ZoiH0[7} WA
MZ2 mutation2 exon 3, 5, 11, 14, 15, 16, 170f fIX[SICt Atypical mutationsg 71l EXIE2 IFE
Pfeiffer syndromeO|Lt Crouzon syndrome22 Zlctz|ofFiC}

10. 22
0| ZZH= craniosynostosis 2&0fA Igllla/llic £I7F =¢4810]2]| hotspotO|X|2H 02| o47oflA] 24Tl Of
Qe FR/0ME craniosynostosisE L27|= FGFR2 =¢1H0(7} US HoZ MZI=IC
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H{O} EE= EHOIE CHMOZ RMXIZAIE & £ U= SHHEH21x BY)

1. 4 o] FAA| )2 2 (Numerical chromosome abnormalities)
2. 24 o] A o] 2 SK(Structural chromosome rearrangements)
3. =535 (Achondroplasia)

4. ‘373 -7+ (Cystic fibrosis)

5. &-%-"(Haemophilia)

6. 4 5 2]=(Spinal muscular atrophy)

7. © ZA] S3(Di George’s syndrome)

8. 33| =X ZF(Epidermolysis bullosa)

9. 321AM| "8 (Gaucher’s disease)

10. #l4] Y3+t S5 (Lesch Nyhan syndrome)

11. 723 S%¥ 7+ (Marfan’s syndrome)

12. <5317373 Zell(Myotonic dystrophy)

13. 2248 EdlA7uPd Y o]|= 233 (Ornithine transcarbamylase deficiency)
14. ThadAd A7 (Polycystic kidney disease)

15. A% A8 R (Sickle cell anemia)

16. H|©]2}2~H(Tay-Sachs disease)

17. ¥<W(Wilson’s disease)

18. ==Y H®IH(Fanconi’s anemia)

19. 8% 53T (Bloom syndorme)

20. F-21u82 o oFdoll (Adrenoleukodystrophy)

21. Fvl= 259 85 (Agammaglobulinemia)

22, GIXE F3F(Alport syndrome)

23. 9}H 2](-QFE <) W (Fabury’s-Anderson disease)

24. M}2E F¥7(Barth syndrome)

25. A2 3-v}2]-5F 2% (Charcot-Marie-Tooth disease)

26. ZA-2 2] ST (Coffin-Lowry syndrome)

27. A4 F-A1 34384 Z(Congenital adrenal hyperplasia)

28. AFF S5¥7(Crouzon syndrome)
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29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
5L
52.
53.
54.
55.
56.
57.
58.
59.
60.
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4} 853 (Familial adenomatous polyposis coli)

qAE
= %——?—E(Goltz S syndrome)

Ho K
o
—|—‘
oEE
~
Q
5
=
%
2
o
c
w2
=3
72}
Q
o
72}
o
~

2 E] %‘—?—E(Hunter s syndrome)

E % (Huntington’s disease)
A5k 2)nl G o] & A5 (Hypohydrotic ectodermal dysplasia)
/‘E].J_—o*(lncontmentla pigmenti)

A B ¥ (Kennedy disease)

=2} ¥ (Krabbe disease)

29 Zs%——rL(Lowe syndrome)

*S' % (Osteogenesis imperfecta)
2~-H| 2 = 1}5}H (Pelizacus-Merzbacher disease)

T4a 4 ZA¥H(Pyruvate dehydrogenase deficiency)

Hog g 41 >
B o
jiu)

o
M KR

“J(Retinitis pigmentosa)

ol
>

=

q] 3£ -5-(Retinoblastoma)
2] (Retinoschisis)

T (SanfilippO disease)

o2
b o & x|z 2

B

b

oﬁﬂi_\i

& Z(Spinocerebellar ataxia)

‘10{' l‘-lO ‘101'

- (Stickler syndrome)

5}-(Tuberous sclerosis)

A gk - (Vitamin D resistant rickets)
<%<(Von Hippel-Lindau disease)
x| &7 (Wiskott-Aldrich syndrome)
(Niemann-Pick Disease)

0] & &¥Z(Metachromatic Leukodystrophy)
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Sy

(Hurler syndrome)

2 [k ol
N 4 e e A L= D

%—(Proplomc acidemia)
=
[

(Methylmalonic acidemia)

&,

(Phenylketonuria)

LA S = < W -t

ud i rlo

uj

(Tyrosinemia)
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HAZSX[E0A| X2011-1405

Hiot L= EHOIE CHelo= |FTXIAAE & + A= RTEE

1. A15& 3™ ¥ Z(Citrullinemia)

2. A= -YA=Z 537 (Crigler-Najjar syndrome)

3. Z 2 E 3 F(Galactosemia)

4. T4 S (Glutaric acidemia)

5. T2 (Glycogen storage disease)

6. A 2148 4~F(Hypophosphatasia)

7. 5418} acyl-CoA E-4-8 4 Z¥S(Long chain 3-hydroxyacyl-CoA dehydrogenase
deficiency)

8. @Y=" (Maple syrup urine disease)

9. WA S (Menkes syndrome)

10. HIAIEA & E] 218 Z(Nonketotic hyperglycinemia)

11. A& 30515l o3k Jolr] A5 (Persistent hyperinsulinemic hypoglycemia

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

110

of infancy)

To 5 HIZA Aol(Severe combined immunodeficiency disorder)
2 7HE(Wolman disease)

AN A S (Zellweger peroxisome syndrome)

EAEHIGA] 54X (Ataxia telangiectasia)

7 A o) F2 Z(Mucopolysaccharidosis)

= 5} 5+ (Osteopetrosis)

HE S% 7 (Rett syndrome)

= A& 55 (Osteochondroma)

A4+ o] 3 S5 (Rhizomelic chondrodysplasia punctata)

1l A Z=(Albinism)

e} S (Alagille syndrome)

A4 FFEW S (Hereditary fructose intolerance == Aldolase A deficiency)
1

o 1}-2] 3] ¥l & (a-thalassemia)
7FRH (Canavan disease)
M Zol= B]EZ3F215(Ceroid lipofuscinosis 5=+ Batten disease)

A4 F3H-Z (Congenital disorder of glycosylation)
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28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51
52.
53.
54.
55.
56.
57.
58.
59.

F71d T A (Cosman-cyclic neutropenia)

A 2=’ 52]Z(Cystinosis)

HU2-= 24 53 (Denys-Drash syndrome)

GMI1 7}=328] QAo =5(GM1 gangliosidosis)

he] & 2 ®ll- 23} = W (Hallervorden-Spatz disease)

T (Hydrocephalus : X-linked L1CAM)

A4 WA BS(Hyper IgM syndrome)

F=ZE]3 =5 V(Mucolipidosis V)

NEMO WHHZA(NEMO immunodeficiency)

5] 3} 328 QH(Pulmonary hypertension)

Hel e 51 5 (Actin-Nemaline myopathy)
&3h] FEHL ZABS(Alpha-1 antitrypsin deficiency)
ols7] A% &4 Z(Childhood ataxia with central nervous system
hypomyelination)

A4 AR=F 21785 (Congenital Finnish nephrosis)
olH| 2 F5(Apert syndrome)

@ 2k A <(Choroideremia)

HAEF71= F A o]’ (Cleidocranial dysplasia)
T-(Cockayne syndrome)

7173 X 23] 5(Congenital erythropoietic porphyria)
5 3(Desmin storage myopathy)

7} 3} t}3}5(Epidermolytic hyperkeratosis)
g}o]3] 52 Z(Friedreich's ataxia)

HZ(Glycine encephalopathy)

4 ob

.

=]

L B oy

—

i

e
m (

A 2 M A (Hereditary hemmorrhagic telangiectasia)

214 | 3 Z A 55(Hemophagocytic lymphohistiocytosis)

e U A A =

IFU ol oox > (1

47347 S 9HAl(Leber retinal congenital amaurosis)
2~EH(Best disease 5=+ Vitelliform macular dystrophy)
% 53 (Noonan syndrome)

2] ® (Norrie disease)

o}- &4 o] & d5(Oculodentodigital dysplasia)
?]=+(Optic atrophy 1)

- (Periventricular heterotopia)
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60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.

71.
72.
73.
74.
75.
76.
77.

78. <

79.
80.
81.
82.
3.
&4.
85.
86.
7.
88.
9.
90.
91.
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ylo]¥ F3(Pfeiffer syndrome)

=53 d5(Sacral agenesis syndrome 5=+ CurrarinO syndrome)
2|2 22 Q 322 F3-7(Smith-Lemli-Opitz syndrome)

A 2 FmE & A o) d(Spindylo-epiphyseal dysplasia congenita)
Efx Zd2 F5FH(Treacher Collins syndrome)

HE2 9l 25 F3 " (Waardenburg syndrome)

72143 & #H-F(Hereditary angioedema)

A2 2ol (Hereditary deafness)

4

Zh-tjololE = F3(Blackfan-Diamond syndrome)

A5 5717 vlvl(Hypokalemic periodic paralysis)
X-A% o] 2H R2ol= AulelA] 23RBS (X-linked ichthyosis: Steroid sulfatase
deficiency)

4714 o] 214 (Congenital harlequin ichthyosis)
744 HEZEF(Hereditary lymphedema)

AR &

= E
71 B33 715 A 515 (Pseudohypoparathyroidism)
Z.
=

Wl A E=

B] t}] F(Pachyonychia congenita)

S T (Baller-Gerold syndrome %=+ Saethre-Chotzen syndrome)

A2E F37(West syndrome)
o|d &+ & /d o]/ (Diastrophic dysplasia)
Z 2y B gEER (Von Willebrand disease)

3

ohad = o] 345 (Multiple epiphyseal dysplasia)

Ag Az =4 TP E<54 A5 (Progressive familial intrahepatic cholestasis 1)
e=4d }U] 7188 4 ¥ 3(Ornithine aminotransferase deficiency)

A1dE A7PAE 9 oA S37(Autoimmune polyendocrine syndrome typel)
ol7}v]-A-F8 2~HEF Zoll(Branchio-oto-renal spectrum disorders)

thad A 412 3(Polycystic kidney disease)

A FF A27] S3+(Congenital central hypoventilation syndrome)

A28 T2 A A ZF(Mucolipidosis 1)

¥ X F5+ (Fragile X syndrome)
Zolfd|= Al=F(Loeye-Dietz syndrome)

A7 72 ST (Meckel Gruber syndrome)

A=A (Hypochondroplasia)

KRS
713 &5 3 45 (Pseudoachondroplasia)
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