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# # 467 47544 30 : MAJOR MEDICAL SCIENCE

KEY WORDS: Oral cleft CL/P  Mutation analysis p63
PETCHARAT LEOYKLANG: MUTATIONAL ANALYSIS OF THE p63 GENE
IN PATIENTS WITH NONSYNDROMIC CLEFT LIP WITH OR WITHOUT
PALATE THESIS ADVISOR: ASSOC.PROF.VORASUK SHOTELERSUK, M.D.,
57 pp. ISBN 974-53-2037-4

Nonsyndromic cleft lip with or without cleft palate (CL/P) is the most
common birth defects of craniofacial anomalies worldwide with complex
etiology. Nonsyndromic CL/P can be caused by mutation in genes responsible
for monogenic disorders. Mutations in the p63 gene underlie several monogenic
malformation syndromes manifesting cleft lip with or without cleft palate. We
investigated whether p63 mutations also result in non-syndromic CL/P.
Specifically, we performed mutation analysis of the 16 exons of the p63 gene for
100 Thai patients with non-syndromic CL/P. A total of 22 variant sites were
identified. All were single nucleotide changes, with six in coding regions,
including three non-synonymous changes, S90L, R313G and D564H. The
R313G was concluded to be pathogenic on the basis of its amino acid change,
evolutionary conservation, its occurrence in functionally important domain, its
predicted damaging function, its_de _novo occurrence, and its absence in 500
control individuals. Our data indicate, for the first time, a causative role of a
mutation in p63 in non-syndromic CL/P, highlighting the wide phenotypic

spectrum and the genetic counseling implications of p63 mutations.
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CL/P = Cleft lip with or without cleft palate
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VawniluluuinfiFand facial primordial TneigaumiiagnaciARaIn homeobox genes(Hox)

Fautiaidly nasal prominences, maxillary prominences LA mandibular prominences RERN
ve12 7-6 AUANY nasal prominences 7194895981 narenily intermaxillary segment @agq144l
aziTaNU maxillary prominences Iagl intermaxillary segment azwaun lifusasin (filtrum)
< . =2 o (% o = 9.:/ ¥
WU (primary palate) N ARARLBUATILNNIZANAKLRIAUARLY 4 T uazieaestna
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wiad adhesion molecules LAY desmosomes (13, 14) Tmef mesenchymal cell 983 palatal
shelf 4gEagnNuENsae medial edge epithelial (MEE) aunszyis medial edge epithelial
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%Hmmm‘iﬁﬂﬂ’] linkage study (29) %‘\‘1 candidate gene ﬁiﬁﬂﬁmﬁﬂﬂﬁ%\i direct analysis,
association studies WA genome-wide scans uAAaFsnanaAtliignunsnutlademandidea
sinliiiin cleft lusnmdly usiileda I ‘ﬁﬁm?ﬁnmmmmmm cleft A1NN193LAT T LW el
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CL/P dngusananqiiuiladamanisiia CL/P wsald (1,-30) faagnered syndromic CL/P 1w
1. Margarita Island Ectrodermal dysplasia and clefting syndrome %ﬂLﬂu Autosomal
recessive disorder Lﬁmmnmiﬂawﬁuﬁ?ﬂmﬁu PVRL1..2. X-linked Mendelian inherited form
of CP (CPX) @ﬁmm’mmﬁ‘ﬂawﬁuﬁ:ﬂmﬁu TBX22 Na1n19984 ankyloglossia -azCleft palate
$936i¢1.3 Van der Woude syndrome finainnisnangwugaastiu IRF6 ans1a4lsAtAD Ay
i lip pit waz hypodontia dsaxdl 15 % maqéﬂqmﬁ%ﬁqu: CL/P 4. I3 Ectodactyly,
ectodermal dysplasia, and Clefting (EEC)syndrome Lﬁm'&l’mﬂ’]?ﬂ@’mﬁuﬁﬂmﬁu p63 (5)
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2004Suzuki Y uazAME NENIUdINIINaeiugaesEin MSX1 iuanmingesniaifintanumeg
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dermato-unqual-lacrimal-tooth  (ADULT)syndrome Was nonsyndromic split-hand/split-foot
malformaltion (SHFM) %W'leﬂ‘l;fxi EEC 1az AEC syndrome {81017 clefting 39u698. (35)

AnsAnE e p63 AANN9LNA nonsyndromic orofacial clefts luanq lowa white 31 918l
wazaaNalTiug 31 318 Anwannananeiuglag SSCP analysis waz directed sequence A
mmﬂ‘ﬁl1

A1997 1 LmeN@maﬁﬂmmiﬂ@mﬁ’uﬂm SSCP analysis wae directed sequence

1119 lowa white 31 78 waziaWalTud 31 998

p63 SSCP of lowa | SSCP of Filipinos directed
exon white sequence
1 31 Not done Not done
3’ 31 31 Not done
5 31 31 31

6 Not done 31 Not done
7 31 31 Not done
8 31 31 Not done
9 31 Not done Not done
10 31 Not done Not done
12 31 Not done Not done
13 31 Not done Not done




NANTTANEINL single nucleotide polymorphism # Intron 5 AuMLa649 +34 T>G lu
AU lowa white  whlsifindngauezlsiunatuayuindnasenisiian nonsyndromic orofacial
clefts lunisAnemeaiugRdedaliianisd@neniu p63 sanisiialsa EEC syndrome lugnn
lowa white 2 AseuAfILaziAnTWALTIUE 1 918 nnsAneINsNareRuiuanaINin SSCP
analysis Uaz directed sequence WAEATIN RT-PCR #n8l HANNIANHINLINTNANERUTILL
deletion A39ANLUS splice acceptor site TATALATY lowa white 1ATELIAT d9UATALATIN 2
nsnaeiugiiluiuL amino acid substitution 7iAaumis R280C wazinaaWALTugRNNs
NaBRUEAIUMLS R304Q Feveaadaumieatiii. DNA-binding domain (7)

wananUAnsAnEINITNatius e p63 lugilas EEC syndrome wazmsaunia
43318 Tsm SHFM 35 9981 WAz19A LMS syndrome 3 ATALIATY NANITANEINLNINAURUETDS
fiu p63 lufilae EEC syndrome 40 918 dnisnanaiugiiluwiy frameshift mutation 1 912
wazfivaeLilu missene mutation 71 codons 204, 227, 279, 280 uar 304 H4guuuLNITNANE
AuguansaINNIsNanaiug e SHEM waz LMS  uaasiiiuidnil  genotype-phenotype

. . o = | . A A ai
correlation (36) WATUANAINUEL p63 €NU variable expression  ABNNITLAANARANN
nannuang 1y asaumaaniulsa EEC syndrome

o dl IS 9:/ =

A3aLAZIN 1 HEiloe EEC syndrome 3 978 laaiwia 3 918d91n19784 ectodermal
dysplasia waz Clefting wsazilgiag1 998 Ad@INI9ECtodactyly AaRa1nsiALNG 184 limb

praUmiaf 2 fiey EEC syndrome 5 378 @9 5 318d@7n199849 ectodermal
dysplasia ey Clefting usazdgilee 2 998 1d@IN3ECtodactyly AaNaNsHAUNAa84 limb
(37)

o dl = [ = o & A o 1 1

pauAian 3 Hgniulsn EEC syndrome uwazinisnanaiugivdewiuus winig
LAReaNYelsALANANNTL AT gnazuasseInsAUNATY 3 @1n13 wiluudaslivansainig
U84 Clefting. (38)

L ) a A 1 .

AMNAUANLATNEUY P63 AR genotype-phenotype- correlation- WAL variable
expression el p63 vl Candidate gene Aauazsraulalunisdnsafal

8 p63 BYLUALMUY 3p27-29 | 16 exons (7) g lunguiAeniuiu tumor suppressor
P53 WAy p73 e 3 guiilmnnuadeiulusurislaslntaieresty Tnelasaadietiy

1l3¥nauA9e transactivation domain, DNA binding domain Wkag oligomerization domain (29)

:J/ = dgj 3 2% dl ! o = 3 £ dl dl [ ] = o
PNATHEUUNTUUINILANANAY - 81U pS3 ACMIUUNNEINUAILAN cell cycle AIUEIU p73 NN
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m’iﬂﬁmwﬁlumiﬁwuwm neuronal LAY pheromonal wATE p63 muaumiﬁwmmm limb,

epithelial bag craniofacial (35)

p63 a5 9llshuesneties 6 uwuy 1edandu p63 HNTTUINNNT
alternative promoter WA alternative splicing alternative promoter Ans5 promoter

’ﬂgj‘i_lu exon 1 HARlUsRAuNT transcription activation domain (TA-from) Waz3 ’
promoter a1 exon 3’ TilsAuinaAazladl transcription activation domain(AN-form)
d9uNTTUIUNNT alternative splicing azdgualsiig TA uaz AN isoform H@udane3

wansinaiu Ae o, B,y (39) Asguiis  uazamIAnedwsay domain AIANIINT 2

TA*TA-pE3

N 4 uanslassaisnaslusAuusaziuLe9Ey p63
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A3 2 WAPNIUIATBIWAAY domain (A1FUNABTRlLAIN Human Gene Mutation

Database)(40)

Domain PUNALBIUARE domain)auIUNTADL R
transcription activation domain 1-68

DNA binding domain 131-323

Iso domain 255-404

SAM domain 502-568

TID domain 571-642

5

A13799 3 WARIUIAR9 M IR ULAAZLLL (isotype) 1898 p63 (41)

P63 isotypes Synonyms Exon used
TAp630L p51B, KET 1-14
TAP63P 1-12,14
TApP63Y p51A 11015
ANp63 o, CUSS, p73L 34-14
ANp63 B 3',4-12,14
ANp63Yy £240 3',4-10,15

transcription activation domain (TA-from) ﬁﬁﬁﬁﬁﬁﬂﬁzﬁumﬁ‘ transcription WELNNAAN
laignunsaninusinnills Ae TAp63QL WHasannmsetlana3 ' § transactivation inhibitory domain
(TID) waz TA-isotype ARNsABLA AN UN19ANULaTe N 39 Fa(TA®)

AN—isotype Ml dominant negative 111 ANp63 a
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sterile-Ol-motif (SAM) domain %\‘lﬁﬁﬁﬁﬁﬁlﬁmﬁu protein-protein interaction wulu
TAPB3QL Uz TAP730L (35)

A7n Immunohistochemical analysis 14 FA2821IBMY NUINTLALIBY p63 geluwmas
Lﬁl@‘uﬁq Ineanielu progenitor arstem cell 189 LﬂﬂLﬁlﬂuafJ %IQ‘W‘U dominant-negative
ANp63 O \udaulnn] AR sy AU N umad  uilemadteu
Lﬂ?qlﬂuuﬂmgﬂéw sy ANpPB3 0L a2anad MunsRenfusyiy TAp63 A (42)

NITUARAIRBNTBY P63 114 FIRBaUTIBIL NuAThlAReATeaTAR I basal layer Samad
wanHasiR i Thuradduiuaestovsa ny sesuiie wenani Basal cell 1849A9 Al
MADABNG FANTNLY AANgNUNINLAZ urothelium WU p63 TusTALIgY 49Un1suansaantes
p63 11 ectodermal cell 284 limb buds oR p63 aziansaentanizlu apical ectodermal ridge
(AER) 7 limb bud %Lﬁm%uumm‘?jﬂvjﬁﬂm, tail bud, branchial arches Was oral epithelium

Tunsiuyusniia 7y p63 Lnnses azuamsAaNEALNFvRY limb, Aevils, A Ao
LL?ﬂLﬁmﬁm@’m dehydration z%u, tooth primordial, 9UA1, maxilla WAz mandible NA LA

secondary palate i@ansAfL aIndeyasenan agildn p63 NunwiesazuansaINIsieail

ectodermal dysplasia N9 limb ARG WA facial dysmorphism (43)



unn 3

A8ALUUNTIAE

dsegng

1lgzannglnurunel

Uszrnsineiidulsathnuvdsnenulndilifaanufinisausandan - Adnsantasanng
Anenssupnusiau’ et nurdamaiuintuaziasinisaas L‘l’f'v'@mﬂ@fén“ﬂL?ﬁlmmqﬁuﬁqﬂﬁﬂumi
Anlsndhnunsananivg ilfeede@enandszainadimeng faus wa 2547-2545 lu
AWMFANIWALS A3 WATIITANT U Laldavanu aTuiia MuesAne uargsins1l A1uaw 100
A Uszanat el g e n iR L YAN SN INARTNIUIESANIT Fapnsaid

i~ an o == | . =y ~ A
ANTNV4  AANLALAZANHUSNNAAUNTAY Qﬂ')ﬁti‘ﬁﬂﬂﬂLL‘WJ\?LW@WHTMQV]1N3J¢]'J’]NWTI’]?@H

faupaE
hnundepsinangn Unundawanilug 793
uaulsernadvung | 37 63 100
Sporadic 31 57 88
Familial 6 6 12
FuRRARN UM
ATUTN 1 AL 9 15 24
AUTE 1 AU 26 32 58
Fagesdmn 2 16 18
AN
widsetnaanysal. | 19 61 80
undsatnslianynd | 18 2 20
WA
el 16 42 58
UEUN 21 21 42
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3£ 11nTNGNAILA

o

Uszans e llifulsadrnundamanulng wazlifilseimonmidluismilin

7

: Ao i d v . ¢ oo .

wdanaulndviselsngy o) NANNNEdesiuAINANeUgIesEy  p63 1w EEC
syndrome,AEC syndrome,LMS syndrome, ADULT syndrome,SHFM syndrome L8 Rapp-
Hodgkin ~syndrome AINELFANAREATNANINITIAGINTANIARLE  AMUWEINGT 1 1UBIA"E

UUBIIIANY WATHYIAITATN [71U3L 500 AL

LATRINAN ElUN159]8

qanailngnd
1. Pipette tip : 10 LI, 2001, 1,000 LI (Elkay, USA)
2. Microcentrifuge tube : 0.2 ml, 0.5 ml, 1.5 ml (Bio-RAD, Elkay, USA)
3. Polypropylene conical tube : 15 ml (Elkay, USA)
4. Beaker: 50 ml, 100 mi, 500 ml, 1,000 ml, 2,000 ml (Pyrex)
5. Flask : 250 ml (Pyrex)
6. Reagent bottle : 100 ml, 250 ml, 500 ml, 1,000 ml (Duran, USA)
7. Cylinder: 25 ml, 50 ml, 100 ml, 500 ml, 1,000 ml (Witeg, Germany)
8. Glass pipette : 5 ml, 10 ml (Witeg, Germany)
9. Pipette rack (Autopack, USA)
10. Thermometer (Precision, Germany)

11. Parafilm (American National Can, USA)



12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

15

Plastic wrap
Stirring-magnetic bar
Combs

Automatic adjustable micropipette : P2 (0.1-2 LU), P10 (0.5-10 LI), P20 (5-20

L), P100 (20-100 LAl), P1000 (0.1-1 ml) (Gilson, France/Eppendorf, Germany)
Pipette boy (Tecnomara, Switzerland)

Vortex (Scientific Industry, USA)

pH meter (Eutech Cybernatics)

Stirring hot plate (Bamstead/Thermolyne, USA)

Centrifuge (J.P.Selecta, Spain)

. Microcentrifuge (Eppendorf, Germany)

Mastercycler personal (Eppendorf, Germany)

Thermal cycler (Touch Down, Hybraid USA)

Power supply model 250 (Gibco BRL, Scothland)

Horizon 11-14 (Gibco BRL, Scothland)

Spectronic spectrophotometers (Genesys5, Milon Roy USA)

UV Transilluminator (Fotodyne USA)

UV-absorbing face shield (Spectronic, USA)

Gel doc 1000 (Bio-RAD)



30. Refrigerator 4 ‘c (Misubishi, Japan)

31. Deep freeze -20 °c,-80°C (Revco)

32. Water purification equipment (Water pro Ps, Labconco USA)
33. Water bath (J.P.Selecta, Spain)

34. Storm 840 and ImageQuaNT software (Molecular dynamics)

A1 AR7 I F N3N A8

1. anawaitinly
1.1 Absolute ethanol (Merck)
1.2 Agarose, molecular grade (Promega)
1.3 Ammonium acetate (Merck)
1.4 Boric acid (Merck)
1.5 Bromphenol blue (Pharmacia)
1.6 Disodium ethylenediamine tetracetic acid : EDTA (Merck)
1.7 Ethidium bromide (Gibco BRL)
1.8 Ficoll 400 (Pharmacia)
1.9 Hydrochloric acid (Merck)
1.10 Mineral oil (Sigma)

1.11 Phenol (Sigma)

16
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1.12 Chloroform (Merck)

1.13 Isoamyl alcohol (Merck)

1.14 Sodium chloride (Merck)

1.15 Sodium dodecyl sulfate (Sigma)

1.16 Sodium hydroxide (Merck)

1.17 Sucrose (BDH)

1.18 Tris base (USB)

1.19 Triton X-100 (Pharmacia)

1.20 100 base pair DNA ladder (Biolabs)

1.21 25 base pair DNA ladder (Biolabs)

1.22 40%acrylamide/bis solution 19:1 (Bio-RAD)

1.23 GelStar (Camberx)
ansaildnmiunt N BN A e uaT N TN R FLILLA
2.1 10X PCR buffer (500-mM KCI, 200 mM-Tris-HCI pH 8.4) (Promega)

2.2 10X PCR buffer (500 mM KCI, 100 mM Tris-HCI pH 8.8, 0.8% Nonidet P40)

(Fermentas)
2.3 Magnesium chloride (Promega)
2.4 Magnesium chloride (Fermentas)

2.5 Deoxynucleotide triphosphates (dNTPs) (Promega)



2.6 Deoxynucleotide triphosphates (dNTPs) (Fermentas)

2.7 Oligonucleotide primers (BSU)

2.8 Oligonucleotide primers (Biogenomed)

2.9 Taqg DNA polymerase (Promega)

2.10 Tag DNA polymerase (Fermentas)

2.11 100% DMSO

2.12 Genomic DNA sample

2.13 ExoSAP-IT (USB, USA)

3. Restriction enzyme

3.1 BseR | (Biolabs)

3.2 Bst NI (Biolabs)

3.3 Esp3l (Fermentas )

EALAUNNSIAEY

1. AuUflasgAan

1.1 tlszannslinune

' 1=

1.1.1. - Aansasdihelsahnumdsmenulnanlaidinnauiinisausansae g

1
=

wnedeamryazAuilsvifnsauain nianne A dueNNeNINsLA9EN9AeA
142, fnnaaizidengilaenlinnms 3-5 Aaaans wianaAeLAT
1.2 szmnnguAtuAs

121, dnisydRfiFanaaan nFenreAduganiieinnafiufe1eaen

a

1.2.2. fmanzidendiauiiunmg 5-3 Naaans

-3

2. NIBNUAEWE INEF9ATIANINIINANEINLS

Kl
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ANARLBULEALEAT phenol chloroform extraction

2.1 thidesiunns 3-5 Tadans Tuwesfinouid 3,300 sauseud s
10 W9

2.2 fhadiudadenanaiulunaan polypropylene

2.3 AW lysis buffer | futifusutudndestauiitBunandy 9 Hedans ey
i udathudasiannuga 3,300 seuseund e 8 Wit ndaula
i

2.4 AN lysis buffer | AudifusauiuidadenaauiitBunandy 3 Tadans nax

!19/9.1 o ¥

i wdnTuwiesiannuia 3,300 sausieun? e 8 undl mdaula
i
2.5 A lysis buffer 11 900 lulasans g13azana protinase K 10 lulasans waz
10% SDS 50 lulpsans nanlidaiu
2.6 Lﬁuﬁ'@muqﬁ 37 aepnuraidiug azunni12-16 4ol
2.7 \Ax phenol-chloroform-isoamyl alcohol 5001uTasans wanlsidniu
udathuvAesding1ui3a 6,000 seusaun? iunan 5w
2.8 nudauuuldvaan 1.5 Nanans
2.9 A 7.5 M ammonium acetate 250 l:iAsans waz %100 ethanol
500 ‘lulesdms udathuvdesfinnnaisa 14,000 sauseun uaan 20-15
W7 aziiupzneuALEe I laTiumann danLui
2.10 1/ %70 ethanol UAITIAEAIAINNIEY 14,000 sausawT e
10 U7 ndanLuiie Halviu
2,41 \ntangt 200 lulasans Aufigniugd 37 eeenigaiden
ileazanERzneuR Sl
2.12 SpBuNnR S e Aneran spectrophotometer
i Fanaidue ge91lszanatimanauazilsyaananguacuan 1aeds Polymerase Chain
Reaction (PCR) Tagaanuuy Primer Iﬁmﬂ‘]_lﬂ@mwi@: exons (mmq‘ﬁl 5) AN7LAN LL@:QmMQﬁ

AEA1PFUNIANLETN AR LR LA IUANII9T 6 WAT 7 ANNAGL



A1397 5 primers A115UNNIANUINNUALEULEURILARY exons
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Exon

ANALLLAYRY primers &115UN1 PCR 5' to 3’

Forward Reverse
(bp)
1 CCCTATTGCTTTTAGCCTCC ACTGTGCTGACTAAACAAGG 281
2 CTACATATATACCTGCATGG AAAAACATGCCCTAGTAAGC 344
3 AGCCTTGCTGACTTTGAAGC CACATGACTGAAAAGACAGG 317
3’ CATATTGTAAGGGTCTCAGAGG GACCGAGAACCGCAAATACG 223
4 ATGCATTCACCCATGGATGC GAATCGCTAAACTGGGAAGG 437
5 GTAAACAGGCAGCATGCAGC AGTCTGAATCAGGTAGGTGG 401
6 CACCAACATCCTGTTCATGC GCTAGAAACATCCCTGTTGC 296
7 AGAGGGAAGAACTGAGAAGG CAGCCACGATTTCACTTTGC 256
8 GGAAGTGGTAGATCTTCAGG GCAGCTTCTCCAATATCACC 294
GTGTTGCTGGTACTACTGTC GACTAAGACACCTCCTTTCC 334
10 ACTTCTAACAGTTCTACAGC CTCATCAATCACCCTATTG 275
11 CCATGTTTTAAACAGAGAC CCACAGAGTCTTGTCCTAAGC 313
12 TTAACCAGACAAGATGGACC CCCTTCCAACTGTTTTATGG 321
13 CTTATCTCGCCAATGCAGTT TACAAGGCGGTTGTCATCAG 238
14 GGAATGATAGGATGCTGTGG GCAGGAGTGCGCAGGAGTGC 450
15 CAGGCACTCTATTCTGTCTA GGAAATACAACACACACACT 280




dl Ao o A N @
FINTNN 6 UTNIUIBIANTANANTUNITNHLTHALE LS
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A5LAN ANLTNAY U5 a1 LI
10X PCR buffer 1X 2.0

25 mM Magnesium chloride 1.5 mM 1.2

10 mM Deoxynucleotide triphosphates 0.2 mM 04

10 UM OQligonucleotide primers 0.2 UM 0.4

5U/ll Tag DNA polymerase 05U 0.1

50 ng/[Ll Genomic DNA sample 50 ng 2

dH,O 3 13.5

Total 20
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TURal ATUIUTAL (AUUDN/LIRN)
Initiation Denaturing | Annealing | Extension Final
( CO/5min) ( cY ( cY ( CO/3OSGC) extension
Exons 30sec) 30sec) ( c Omin)
1 94 94 ore 72 72
2 94 94 52 72 72
3 94 94 55 02 72
3’ 94 94 62 72 72
4 94 94 35 72 72
5 94 94 55 72 72
6 94 94 55 72 72
7 94 94 55 72 72
8 94 94 55 72 72
9 94 94 25 72 72
10 94 94 52 72 72
11 94 94 52 72 72
12 94 94 52 12 72
13 94 94 62 72 72
14 94 94 55 72 72
15 94 94 62 72 72

2.8 msqum’\‘inﬂ’]ﬂﬁ/ué:ﬁ"ma%' sequencing analysis

pIaarINITnateiug lulszranaid unneisnsm 100 AW lwn1e sequencing

a1 primers &4 Forward 284usiay Exon #4mnsnein2  Iael sequencing vinlmeisi3sm

Macrogen UszinAnInga antumsaaninisnanaiugiaalilsunsy Sequencher 4.2
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g

nMslas UL a9Ue9aNALILLIZAINNIT Sequencing AXHNNNANEFE Al

T

o

o A o 1 dl o o Z’/ = a
3.8 ‘VI’]ﬂ’]?FJ‘LAEIWJ"]T’]’]?L“JJZ\]EILLLL?J@Q‘II@\‘J@'\m_lLﬂﬁuuﬂ@ﬂflﬂ Tmel

3.1 Restriction enzyme digestion

3.2 vnsigatiinnsasuulasesarduiailuamsaesnisinlsa

pathogenic variant visalluinanasidn gann

3.2.1

3.2.2

3.2.3

3.2.4

3.2.5

3.2.6

nIRageuITlAauLlasansua wumsauwsnlusalszansg
o o -
dhuunenisanda “de novo” praaating  Restriction
enzyme digestion A4M9995 wraueuiudninisan
nsulasuutlasansuwalulszansnguasugn Tng
Restriction enzyme digestion #9A1999 8 lutlszansngu

AUAN 500 318

' '
a aAdaa a A

wWEen A fInsaard i uRINTInIRAa(Protien
! P )
sequence Comparlson) NRUT conserve region Imﬂi‘%ﬁﬂ?LLLﬂ
74 ClustalX
AnrlasuLasuednsnaz iy

Functional domain  tWaadn1slasulasansuiugiieh

ANUIMLNAN ATy I89EY

Aneuting Ineldlilsunsy PolyPhen

A1719% 8 leulmifnannie wazatauazidesidusues gel

nINAENUE aulndAnannng wipuazitlafifufung gel
S90L BseRI 2% agarose
R313G Esp3l 2 %agarose
D564H Bst NI 2% agarose
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HANNSILATIZRLRYA

NANISILATIET

-4

1. NISAATISUNITNANLNUS

9

anNNAAzinIInaeiug lulssnadusneieuna 100 318 188z 16 exons

= o o o =
WUNTTI AU asR9aNA LA AIANT199N 9

&

AN NN 9 LAAINANIFIATIZIANITNATEI NS

)

Nucleotide | Exon/introne |Nucleotide Expected | Frequencies | Frequencies
position change amino acid of of

change |heterozygotes|homozygotes
261 Exon4 C>T N87N 1 0

269 Exon4 C>T S90L 1

462+39 Intron4 T>A g 6 0
463-49 Intron4 T>A 5 1 0
463-42 Intron4 G>A - 1 0
463-41 Intron4 G>A = 1 0
463-40 Intron4 T>A - 1 0
649+42 Intron5 G>A - 9 0
742 Exon6 C>T L 248L 7 0
875+51 Intron7 G>A - 1 0
937 Exon8 A>G R313G 1 0
1013-22 Intron8 A>G - 23 1
1095+79 Intron9 A>G - a1 11
1218 Exon10 C>T H406H 1 0
1232+25 Intron10  |A>T - 1 0
1232+26 Intron10  |G>C - 1 0
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1232+40 Intron10 G>C - 39 10
1232+41 Intron10 G>A - 24 2
1233-23 Intron10 T>C - 42 35
1629+22 Intron13 C>T - 1 0
1690 Exon14 G>C D564H 1 0

A1NENINNLNTTLL AR aeaeA AU non-synonymous A8 NsilATLA
wdodenalinsmerilunlasull ag 3 fiumis Ae S90L R313G uar D564H  luilszanns

o o A = g % [ o
dnnng 3 WUIAN AR ﬂ'\W’&uﬁ; QTN LA NUBNIANE ATNATIAL

Patient 1 Patient 2 Patient 3

269C>T—+»S90

9171 5 w@pe Chromatogram 194 Non-synonymous ¥4 3 AL

A u@nd Chromatogram aevdszannsitivananiansuanlaauulasuuy
non-synonymous

B ua&ms Chromatogram aastlszanaidinuung Nansuiua ldilaau
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2. WANT9 Restriction enzyme digestion U4 non-synonymous 14 3 LA

2.1 wrauiauluudazaseunia Asgiy 6

Patient 1 Patient 2 Patient 3

gﬂﬁ 6 LAAINA Restriction enzyme digestion

Mk =marker, F=11n1, M=x1301, P=awld

q1n3

asauAsaAulaN 1 Aulddgiluunges band wilewiuul wassirauldlaiuda
asnasuIaaulasa U

AsauAsaAulan 2 : Auldfgluunaes band ldmidewiuneuazud uuanein
o o dl dl a é{ ?« o Q/dl = !
aduuanlasuulasinntuaisusn lusaauld GeiEandn de novo
asauAsaAuldn 3 : Aulddglutunes band wileuiuwe wanwinAuldlsiuda

al all o o dl 1
aaNAALLL AL ALK aga NNe

2.2 uansvansuiuanilasuulaa 3 s ludssainsnguaauns 500 9
- ludumds S90L war R313G  ansuwaniasuluanldaun  1uaz2
pua1dy lnnsnlasuulassenannlutssansnguaounn wslusums

D564H wululszansnguatLAn 1 378



seq2
seq3
seql
seq4
seqS
seq6

seq2
seq3
seql
seq4
seqS
seq6

seq2
seq3
seql
seq4
seqS
seq6

seq2
seq3
seql
seq4
seqS
seq6

seq2
seq3
seql
seq4
seq5
seq6

seq2
seq3
seql
seq4
seqS
seq6
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wWiauidausaunsaasiluiuaelitineinau

TunnsfnE L BeL e UTenn 5 10 Ae Norway rat(accession NP_062094),
house mouse(accession AAP87982),Chicken(accessionNP_989682),
African clawed frog(accession AAK15622) Was zabrafish(accession NP_694518)

gL 7

ETSRCATIONCEDENIORBIETE g P Y EQPICSHO DEPSENGAT D
ETSRCATLOMCEDERICRE] GAliS 5 EW EQPLCSYO DEPSENGAT D
ETSRCATLCM EDERICREY STHSOSTOTH E EQFLCSHO DEFSEDGAT D

DATSPSP STE

QDS A0 A PENTLEEG IOSSTARSA

0s Tw Ng AQN A DiPSP PSHTIMPG OSSTARSATHTESTE
0S5 AQNSHTAPSERA DALSPSPATPSHTIMEG OSSTARSATHTESTE
ENNAQS SEP AN A DALSPSEATPSNTTMEG NOSSTARSATHTESTE
ENNAQACESER Tg Na AQ A DALSPSEATPSNTTMEG OSSTARSATHTESTD
ETHAPSSESER AQNNYTAPSERACPSSTREALSPSEATPSHITHMAG NOSSTARSATHTESTE

EEXEEEXXXEEEEXEREEE  FXXEXXXRXXEXEXNE HXXXXEE EXXXEXEXXXHEEERE

. HEGQIAFP
Cg NE@ APP
E NEGOIAFP
NEGQIAPE
HEG

APP
HOGOIAEE

B
B

CE

Exon8

36363636 33633 3636-NI6-30 36 3 30 3636363 36 3 36363 36 3 336 3036 3 3636 3036 363636 3636 36363363 33 336K I N

_HSSCHG

EREERERE X X ¥ .
DEL SDSARNGDE
DEL SDSARHGDE
DED! SDSTRNGDG
DEL SOSTRNGD———
HEE————
SSE————

GT
T

_H| F

GT CHS5
=T CHSSCHG
T CHSSCHG
5

GT CH5S

CA
CAC
CA
CA
CA
CACH

DED SDG
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Exonl4
seq2 (B8 TTOGLT DDLASTRIEE S5P TPSGASTYSYGSSE
seq3 (55 TTOGLT DDLASTRIFE SSP TPSGASTVSYGSSE
seql (55 TTOGLT DDLASERIEE Sl TPSSASTVSVGSSE
seq4 (CE§ TTOGLT 0 EE S5P TPSGASTYSYGSSE

seq5

[ B R e B
[T =il

seq2 ) H D—— ]
seq3 1 H == o
seql o] M D—— il
seq4 g H D—— ]

seq5

seq6 HHOTISHPER DT OESHDI AP DSREEC

all al o o a 6 o/ QI aaa dll
917 7 uassnsufauieuanaunane A T lunye iR Ts nau

seq CSAClE.TAQGlTN.(]EHIHIEE|E-PTﬂ_ﬂQﬂﬂSFPP_TSSGTS.EIGSTEA.SE-DA-T.Q
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seq1=Homo sapiens,seq2= Norway rat,seq3= house mouse,seg4= Chicken ,segb5=African

clawed frog segb=zabrafish

4. nsvlasunlasuradnsaazily

4.1 ANWALG S90L

nanaxiily Serine TaRd0 wiildiilszq wWazmiu Leucine avlaifidn

O-H

(Iin H
HgN—(|'|J—CDDH H2N—I|J—CDUH

H H

serine glycine



42 fnuwna R313G nsmasiily Arginine @

laidn

H N+

2 N J,NHZ
l
IlﬂI-I
-
CH2
l
CH?

HaN—C—COOH
H

arginine

4.3 AWMU D564H

v
a o

dauaziszquan wWaawiu Glycine 9
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H
H3 C—(|3 —CH3
(|3Hz
HZN—(|3— COOH
H

leucine

nanagilu Aspartic acid Hdquazilszaau waguilu Histidine delyidn

H)N—C—COOH

H

Aspartic acid

H;I\L—CH
H
TH
H CH2
HN—C—COOH
i
histidine
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5. Functional domain

51 sSooL ldldmuviisaes domain AdATyY
52 R313G  {lumAuuieaed DB domain

53 D564H  luAunLea189 SAM domain

\l/ //
6. Anmutindilaeldllswnss PolyP{h/@-

9 S

/ T
Address ‘@http:I,l'www.bork.emhl-heidelherg‘de,l'PoI / \
GOOSIEv I vl. A% Search l‘;y £ &

PolyPhen: prediction of functional effect
| of human nsSNPs

LINKS QUERY DATA

717 8 uamslisunsu PolyPhen

A = =

walddeyamuinidsunsusiaanislinass gu7 9,10 uay 11 muansu



6.1 S90L (S129L/ Swall database)

Acc number Position AA; AA, Description

QVH3D4 129 s L T&&%’afworpmtempnnke)_ LENGTH: 680 Ak

This variant is predicted to be benign

Prediction Availablywasﬂ N\{ Prediction data
benign alighment Ml / “ ;j" A\\ \ P5IC score difference: 1.276

717 9 uansHan IMAaLUINUesTUIAY 163 NEUMLY S90L

6.2 R313G (R352G / Swall database)

Query

Acc number Pomhomm.-m

QOH3D4 TA p63 alpha (Tumor protein p73-like). LENGTH: 680 AA

This variant is predicted to be probably damaging

Prediction ‘Available eqaﬂdtetn basis, q-mﬁ effect Prediction data
provabty | e | | | o b ID A G0 T4 T gl dammence 2400

damagQg structure

Remarks
Hydrophobicity change at buried site; normed accessibility: 0.15, hydrophobicity change: 0.91
Cavity creation at buried site; normed accessibility: 0.15, volume change: -113

Charge change at buried gsite: substitution R -> G, norned accessibility: 0.15

U7 10 uansuansmageLvtinaedilsiu (63 NA1uMe R313G



32

6.3 D564H (D603H/Swall database )

Query

QUE3D4 603 D H J““"/@m protein p73-like). LENGTEH: 6580 AA

Prediction

This variant is predicied to be possibly damaging

possibly
damaging

WV, \/‘
7U# 11 wansnansmaasuuiinuesllsfiu (63 Nfumis D564H
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agUnan1sIae anlsana wazdaiauauu
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’Q’Wﬂﬂ’]?@Lﬂi’]zﬂﬂﬁ?LﬂﬂﬁluLLﬂ@\m‘ﬂﬂﬂ”lﬂﬂu’)ﬂﬂt‘ﬂi‘ﬂWﬂ@\‘iilu p63 @WNW?ﬂ@ﬁ;ﬂN@ﬂ’ﬁ‘

wWazuwlasaanidlu 2 ngu Fan

1

msilfeuutlasesannuianalalng ludiunlindnldsfiu  (non-coding
. = = o ' = \ o o a =l ] a aj=s
region) Bananitlaguulassenann lifnadearsunsaazilu Fandn wadnaWds
(polymorphism) laewunisilasunlasaestiondlalng 1 Twana viavue 15
WUl 15 Awste B9RnIsas i las ANl a1 1ouNIn Wi 1095+79 1232+40
1233-23 Wi luauldsqusiauyy heterozygotes as homozygotes RN 55 49
77 AANAIFU F9R1997 6 TULUNT 4 Feanaesunalsdn nnalasuilas  Aanann

Wuarsuiiaaalang aniyluewlng

msilaguudasrasdinuiandlalns ludune@anldsiu  (coding  region)
AFuuaeeiing 2 uuy Ae

2.1 mawasuudasmesarsutioralalng 1 Tana wddlidsnaliilasunsnesd

(Fangn synonymous mutation

211 N87N iimlusnimded i andnAny
212 248l Ainlustumisiedludeuaes DB domain
(@AuUnIeazdll  131-323)

B
Y aa o o

2.1.3 H406H ialusumde ldfuinnnanAny

2.2 nmaulasuilasaesanduiianadlend 1 luana udodenalilasunsaes §

T Fandn nonsynonymous mutation
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2.2.1590L ulasuann Serine aiflunsaaziluildn 11U Leucine Telafdn

P |

dl = a dl o I aglja/ a
WeFaueunsaeslunmaumibaiiudeldinaus aiin(Norway rat,
house mouse,Chicken, African clawed frog Was zabrafish) wullunsAezH Y
. | o % . = . | | o . 2
Serine w¥iwiw anulis zabrafis aziil threonine LANAUANLFILINEYWNL Serine A
| a d?/ nl/ 1 all o 1 dgj | a .
dunsaesllulds duwansddauudsiliduuiinoe conserve region  Tmainng
wasuulasdanaslinuludszmnangueouan wieendlsfinan sooL dslianunam
agddnilu nsulasuwlasndsnalinialsa(Pathogenic mutation) leliiasaindn nng
wWasuulas So0L ialudanaastiui liduandnAty(Functional domain) way muld
Te5uUn17as ULl aesananatnanaaNIaINNIIAn AaanRan13FnAfeLaw b Taen13mn
o a = ) M 24 PRI Y o o &
wassdneuzlng Tddenntstanuvdeweuing visean1sinaatesiunanaiugues
- " WU/ NN . .
g3 p63  wiw HAnHeflowia Hovils Mailenaasunaledn 1. nnslduassean(non-
4 4 A AR . .
penetrance)  Mudfnisulasuudasssnanouslinanseen  weednmuzdanumdg
, = b =< o o = =
AUl Tennsuandean(penetrance) 1esanwznilidniuatulniluiie] unnena
. A Yy Y . . . d
Andaunymarsaeialnliuazianseanyn  Tetenuaesdneuzay  yanaiilu
heterozygote FRILAANANEUEIUAANNT A lUNTIRHINITANAITLAAIAN UL IB98INNT
U anauingeanin GuAenITLARNeaNIa9a NN uAN L IAUAYTITWS R
ax100 Falaevinlinisuanseansie liuansesnaealulniluiie) Iuegivalulndngu
o 1 3’/ 1= di o QI v o £ dl 1 o 3’/
Aunidatii - ustiuauuaziladedwndenananiliyaaaniiliuansdneziuaeanin
45) 2. An13udA98NTINAINUAIE BUN4 variable expression  A4FRBENITR4
praumiilulan EEC syndrome wulngnlafunisnanaiugaedtiy p63 anunsm
winnsuansaanaaslsaRANsIaiuAe gnuanivanAsLia 3 @113 Aa Ectrodactyly,
Ectodermal dysplasis uazclefing dauluusildiansannis clefting (38) eanimsuas
NMFUAANBANTIMAINUANEBIHAUALIAWAT9INITLAAIAN(penetrance) AUN Buau
waviladsRannaax %qﬁam'ﬁwmm'ﬂmﬂ,mm@ﬂﬂmmﬁnﬂmwmj
46) wazaINNIINAGeLNINNaINiUsunIN PolyPhen wudnniitlasuuilassananaly
dananssnusanininnaesllssiu p63
222 D564H  Wlunrawasunlasresansuinaale nsudndenalinsnaz
Tunlasuann Aspartic acid  @uflunsnazdiluids Uszqau 1 Histidine Teldddn

Aala

a a all o I dgju/ QI di a
wWIeueunsnasl LA Ll AsNdinaus 714m(Norway rat, house
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mouse,Chicken, African clawed frog waz zabrafish) wudnfs el iWunsne=aiu
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NMARNUIN

asazaranaziininas

2% Agarose gel (w/v)

Agarose 1.6 g

1X TBE 80 ml

Dissolve by heating in microwave oven and occasional mix until no granules of

agarose are visible.

7.5 M Ammonium acetate (CH,COONH,)
Ammonium acetate 57.81 ¢
Distilled water 80 mi

Adjust volume to 100 ml with distilled water and sterilize by autoclaving.

0.5 M EDTA (pH 8)

Disodium ethylenediamine tetraacetate.2H,O 186.12 g
Dissolve in distilled water and adjust pH to 8.0 with NaOH

Distilled water to 1,000 ml

Sterilize the solution by autoeclaving and store at room temperature.

Ethedium bromide
Ethedium bromide 10 mg
Distilled water 1 ml

Mix the solution and store at 4° C.

bx-loading-dye

Bromphenol blue 025 g
Xylene cyanol 025 g
Glycerol 50 mi
1 M Tris (pH 8.0) 1 ml
Distilled water to 100  ml

Mixed and store at 4° C.



6.

10.

11.

Lysis Buffer |

Sucrose

1.0 M Tris-HCI (pH 7.5)
1.0 M MgCl,

Triton X =100 (pure)
Distilled water to

Sterilize the solution by autoclaving and store at 4° C.

Lysis Buffer Il
5.0 m NaCl
0.5 M EDTA (pH 8.0)

Distilled water to

109.54 g
10 ml
5 mi
10 mi
1,000 ml
15 ml
48 mi
1,000 ml

Sterilize the solution by autoclaving and store at room temperature.

1.0 M MgCl, solution
Magnesium chloride.6H,0O
Distilled water to

Dispense the solution into aliquot and sterilize by autoclaving.

25:24:1 (v/v) Phenol-chloroform-isoamyl alcohol
Phenol

Chloroform

Isoamyl alcohol

Mix the reagent and store'in asterile bottle keptin a refrigerater.

5 M NaCl solution
Sodium chloride
Distilled water to

Dispense the solution into aliquot and sterilize by autoclaving.

20 mg/ml Proteinase K
Proteinase K
Distilled water to

Mix the solution and store at -20° C.

20.33
100

25
24

29.25
100

ml

volume
volume

volume

ml

mg

ml
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13.
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15.
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10% SDS Solution
Sodium dodecyl! sulfate 10 g
Distilled water to 100 ml

Mix the solution and store at room temperature.

10X Tris borate buffer (10X TBE buffer)

Tris-base 108 g
Boric acid 55 o]
0.5 M EDTA (pH 8.0) 40 ml

Adjust volume to 1,000 ml with distilled water. The solution was mixed and store at

room temperature.

TE buffer
1.0 M Tris-HCI 5 ml
0.5 M EDTA 1 ml

Adjust volume to 500 ml with distilled water. The solution was mixed and store at

room temperature.

1.0 M Tris-HCI

Tris base 1211 g
Dissolve in distilled water and adjusted pH to 7.5 with HCI

Distilled water to 100 ml

Sterilize the solution by autoclaving and store at room temperature.
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