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= HelA dAFAEl WideA vebd = loER, fA% Aol 3o
&35 Hol A FHE TRl FAF S AuEsks W ACDE ¢

SAYT Q= Ao JAHEy AT aetglch
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M= 74952 genomic DNAE ez A7AA RS 248
$ell A D71 9E B4714 (Next—Generation Sequencing, NGS) 9] ¢
Fol  dAHEAAA (Whole—Exome Sequencing, WES)S F33it}
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XYSAA, oAzpe] A A 2283 XXEHAE AYA o & HA
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, ol U dE e EA gmde] g4 DNAE BF Eojsed 4
ol7} 1.8m7 olm, 3097 oo V1M EE Ade AR & A7IME F
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1. Amyloidosis Cutis Dyschromica

kg ow ACDAE FE2v, ZAFA A E (keratinocyte) oA H]FEH o}
WZo]E (amyloid) 7} I &= ®o]il, Primary cutaneous
amyloidosis (PCA) 2] dFoltt PCAE oWt th& =9 ol §lo] ofd o]
Totes AEF7E IRl #HF sHE Aol (Madarasingha et al, 2010).
Oncostatin M receptor®} & #o] gl o WkAF-AFZ (Macular amyloidosis),
4254 (Lichen amyloidosis), A&opdZo]=5 (Nodular amyloidosis)
Al 7HA 2 UF el Y (Bourke et al, 1992; Schreml et al, 2010). &AA| 3=
oE EE WAL itk

Amyloidosis® ‘ol RolEF" o % 37 WA deoly T Ay
g ol el ool A ofe] Frsh 2H o] AfAol A H = Agkoth
ACD $AbE9] -2, 44 a9l flo] 8744 aqlomnt /pidos
Wole A-FEtE, 7S dold 32l aglow Qe dwo]

=
BRY BAEL FoplollE Row waHTh 74 elA wete
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4 o 5

B, 44 585 do7]+= AAA opdZo|EA] A (systemic amyloidosis) &

P A ko, Thewent ERbEed o] HEdE T 16%%ke] 7Rt
=

o=+ HERY A9} etH o7 dAuw EFLoR YE AN HEE, Pud
Hsl=8 2% ¥3HS AWst 1099 x T 79| ey SHET B

19 v} At (Ozcan et al., 2005).



ACDE  #Wh(macular) oy 18 B (reticulate) ¢ R P
(hyperpigmentation) 2} o &<l W& (guttate)  FFY  AMAHZ
(hypopigmentation) ©|] &7 YeEbdtt(Mahon et al, 2015). Y4AHA <l A2z
= AHA o) dzElE (Dyskeratosis  Congenita) olyh A AA AN S

(Xeroderma pigmentosum) ¥ ulj-¢- A} Holx| gk 3] F-AH (Skin biopsy)
= Wde® Congo Red ¥4 ¥ dv|doz ##dt o, {519 (papillay
dermis) o4l ot Eo]=9] Fpo] WA H Y= o] v AWEy gds] 7
Fu= EAHo|t}(Fernandez—Flores, 2012; Ho et al, 2009; Ogino and
Tanaka, 1977). 2 w&HFEFEH Alze] A5 AP E AU = FA0th

Morishimalg°] 3 A5 F3 1970d o], &¥H& <l PCAL= =F
Helom o]lE Fdl ACDE:E ol ASo=

FelAA HYed, 1 55 A 7t ek ) Madelt g A He

b

MEE S5 Qo] #

IJERSES v Ee] #AETE A, () 7S] AU (e, (i) F3F
stz1el 2o e #AFA, mH A 7Hte SFAT e opdZol=9o At
o] #AHATE= A (iv) FE AFE7] ZLo] W 3tt= Aotk (Morishima,

1970). A& ACDE t9¥siAl ¥ 19709 1€%E 20143 9¥€7#] sHAq)
Hu® ACD $AEL F 489owr AAAZRoR ¢ 3% Aol
ACDE B& FitsE = Sl §la, 3] Aades o B v Eo] A7
7] wiEol gEAtEe] WS AASAL S W7k w9 W Al7E B
1099do] At & HekS A ¥k (Mahon et al., 2015).
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el "% abolere] &S FaS (VY A80IZALE) & HoE AAst
a k.

ARt w7 agke] F9ol t2h. 25 AlE 3% ol AEo] FAH
ko] A& 23]y wHs: wHolglrh AR
tjotetulotel A= 80%, 7A€ B9 7T0%7F AH71e] AES & LR
ojtt. o]¥l FEE 15

AYAH, 4E B 6F 55
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ol
ol
rlr
e

A7IME W3R AFFor  olmyAle]  WHIrE  AV|= RS
Nonsynonymous Mutation 21 3tt}h, W2, Synonymous Mutations, &
71/ 4o W7t Q7= AW FPE = dwAe S AHe, FomETY

o

Hol|" gta 3t "FAA = o] (silent mutation) 2Rl

Nonsynonymous Mutation2] o] Z# =, i) Nonsense mutation : Z# =<
o), A7 el WetE JAFE(UAG, UAA, UGA)7F A7 A, AA &
Mzo] opd Fxbel B3l @A S A SkA €t i) Missense mutation @ ¥}
& Fdwo], drIAge . ofn| Ao tfg-sh= F=ol Wk, 1 Ay A
o] HatAY A dwdo] A HT) i) Frameshift mutation @ E°]% =
AW o], DNA 7oA 32 vi=7F obd & 708 717 A &2 24 &8 74

u:Oi'

_9_



S, 3SR QAL ZE A7 DelA HEA Bdwolst Azl §1F] o

8ho) obuliatEe] m% Wz} 4477 e,
AR obmliabe] o) o] A7) whEe] ugA

A Rk AT FAA ACD EF obuliabe] A7) 4] delolet 713}

11, Nonsynonymous Mutation®] %+sle] A3 8|93 E= S},

2
[-‘O
ih)
=
il

fagel Ls

5. A= HeE o] &3 AVIME A

(1) =74 X8 (Bioinformatics)

L=
=
= 245 Slate] AEAQ fAsty PFE To

%L
7HA ARl did 2 S sidsked oA ASFE e tAYE AA"EE
olgst= Kt Eoks dRcH HT AR ES HolEHol A3t & & gl
Tz Lobrh Hdvh Woidh qfRe] fAA
(genome) RS FHFEE £AZEYE o]galH A7IME HolHE st
73

[e)
T

N1 FHxF ®oju ool itE HA & 7 o], A ZT|Ho] ThsEl
o} QIzte] FAMEZNE FF¥ DNA MES sequencings &38to] A

H AEARZE dojdls R BT AEGRES o] &35t g ol.
AEQRS A F2 bdF= S A (Genome) ¥+ 2} (gene), ©

W2 (Protein) o]tk AR, owst AHAE FAA F52 dAToM Be A=

ofsfgttts A2 wrbs stk 177] wWiel, 4 a4 3 Aol TSt



g7 W), shtel AWAE st MENIR Q4s, oW #AE @

A=A dFste LA (AE;0mics) oA el HEwHol wle T8k
t}h o] o] EZ3ty = Folo|:= Genomics (F-4 A8, Epigenomics (345
AA8Y), Structural Genomics (FZ2FAAS 44 ARE F3] TdEH=

Gz o] 3x72 9l 75 AT, Glycomics (F8FZH A & A& (glycom) €
), Transcriptomics (FAAFA8H), Proteomics (A A1), Metabolomics
(MetE 29 A gAAISH Al E3H (Cellular process) & WHAEHE tARAE o
st AT sol Atk o] BE HofE #H of9EWA AMEZ ARugo] o
e A 7] Sl AEG RS dolHo]lA Aol wie FQstth 242t
ATokell A o= AEl Boidt o Amel JRES 214 o]
gH|o] 2ol F7FE WA o5 thekdt RS0 FAH

A=dHers olgste] &8st & + As AR B T 77
‘BLAST" o]t}. BLAST+ 'Basic Local Alignment Sear Tool 2] °Fz}=,
ofp i ihuld =L DNA @7IM9S Hluwd F s gdagFolth. Algs 1]
35k oY F59 AwdRIE volEH|o] el FFo] Hojitk AREAE AA
Sequencing¥ alignmentE A A E F7IA Aol @l F2, o= FAA 9]

ol HEo| FFst= A ExpslE ALARE wwrb stk BLAST
ks

Bt} 7= "olx Ayl ¢ wWE £ Hluw 753 BLAT(Basic Like
Alignment Tool) & Ut} 18]3 &2 o] =Wt (profile) & ©o]&3ho] At
was A& £ U AAEFEA PSI-BLAST (Position—specific

Iterative BLAST) =% 3l



(2) AAY G719 A4 (Next—Generation Sequencing)

A 9719 F4 (Next Generation Sequencing) < THEFIDNA 7]

494 (DNA Sequencing) 7145 5 3htE DNA T RNA €714 498
1%, gf&Foer 5T 5 e WHol7] ‘Massive parallel
sequencing’ , 'High—throughput sequencing’ ©°|&}tx% HEt}. 13d9]

243 20033 A7 A2 AEES AsE A vl&)], A= 479 sk AL
o RE FAARE I& 5 Stk AFtojy u]E @ SE&AAA AT EA
Sanger sequencing, PCR, Microarray 71 gAdlgd ¢ S A5=2 1 &

=7 v o

o,

@ A% #v(Sample Preparation): @), Btel, 74 A3 AL FAH  F%
&

-2+ (ligation) 3T}

@ Library A%: DNApolymeraseE ©]&3l9 LibraryE 53 AlA Flow cell

7tgS wEoulles A4S Fglol HHESte]  cluster, local clonal DNA
colonies® %) & AT

@ Sequencing: Hiseqolgte =715 o] &, 35S #13t primer7} adopter
sequence®] F&, FF 1A FHo%l= AT,GC €717t sequenced] %3+
shupA Fabuw Fed s

® dHlo]g #A (Data analysis): 4 AZE9o]=S o] & tHE pair—end =



o] &-317] wiTof ko g A|FA 8. vy ¢ X reference sequence®}
Hlwste] dlEE A7IHES FE(Alignment), WETI BlWse] Ho]
(variation) o] #1*| ¢} F&& LA

DNA @7IMd AEERE A5 5 e 7F 449 Fo2 A ]k
Ao 7l ApolE Hol= Hololy ) SNP  (Single Nucleotide
Polymorphism), i) MNP (Multi Nucleotide Polymorphism), iii) InDel

(Insertion & Deletion), iv) Structural Variation (Inversion, Translocation),

v) CNV (Copy Number Variation) 5°¢] 3t}

A genome sequencings b= Zlol Hl&, 54 F&9o A vt
HFotol AALTE AF H&Ss FAAE 5 Ql=dl, Targeted genome
sequencing ©|2}al T}

NGS+= ¢ w=7A, o A=siA x84
Atk NGSzh= 712 DNAS Al&stal g2t sisel
Ade dhel, s W SRR iorE Fal /AT RAEA Fde] =

7103k Zo® odE.

(3) A% A7 4d EA4H (Whole—exome sequencing)

S A9ty @A S d53) st ¢l A& (protein—coding region) % &

71 A ks W th Q7Y Al gl 9F 180,00071¢ <= (exon) ©]

3
A8k, ol = AFES T FUIALEL 1%l sttt

o]¢l "WAl2 Whole—genome sequencingZbA] 34 &% AH]Lo =z Wl
Aol fFAHAEs mEs FAY Y dhk Ay s A4 ddE e 7 3l
U= & Ao gk 1 AR wd HAS w2 39 549 9 fF
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= A7HAE dE & F At W target—enrichment strategy=©°] 20054
of e Ww¥E Direct genomic selection(DGS)’ methodZHE 2% o]

A &l ¢t} (Bashiardes et al., 2005)

a) PCR : Polymerase chain reaction. 54 434 9 S35 93] dut
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b) Molecular inversion probes (MIP): &% <%l 9] ok Lo &= ol 7}
= DNA 2837 F3 28 = (single stranded DNA oligonucleotide) & probe
2 oo]g%d. 54 F99  &Fel = HARgS o] F+H (target
circularization), ©] W ¥ RS o|FA] X3lal linear® HolSlE probes

2 exonuclease®] ol&] AAHT. (Mertes et al., 2011; Turner et al., 2009)

X

c) Hybrid Capture: &4 97|14 9E 7141 9+ Microarray s ©] &3t}
Genomic DNA+= double—stranded fragments@® ¥ ©] adaptor’} F2r% a1,
microarray$] 2] oligo=3 hybridization®] oy}, A& o7 PCRo] Z3yH

t}. (Turner et al, 2009)



== ¥o¥1, &
oA ZZvk DNASQL probes©] hybridization®th. A 8F Eo]dS A
probeE=°| beads® AStstA ¥, probes} HES] AsE DNAZ} pull down
o},

d) In solution capture: ¥ ¥ target—specific probe

[

6. 3T

A o e gelE A WA gese] A itk AT na
o] whel mE vk JoEAN BE, AA AT 0.04~0.06% |3kl
AN tehbs BE gtk AW S8 wEstes A HelA Y,
WA HelA a8k bsdtehd SAeR s gtk A ofd
Aol kel wek 1 WES7 chkaAl LER] g, ofwl Aejel A
s7olet GAehs e Aol M Tnch nAH AWY FE gk

A4 F7MoR R Y FES 5000904 7,0007H40) etk ol
%, oF 4007PAw A zupgo] delA ek 87, A PR FHATE )
$ H7) de] e AT} o] Fo1A7] ofHrk we] uhy glele] FE)
FEEA ok ARPYI A ekEel A HA gk a8y G
7] ARWAE A, ATE AT FAE F o] FolXA %t orphan

disease’ ©}1l ¥ =27]% 3ttt
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Figure 1. ACD family Pedigree (ACD +4d% 7 %)
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2. 714

Amyloidosis Cutis Dyschromicat ©]7] @A A dAFHAYOE 4 A
ATt AT o] AWy W YJFHAE o B wb gloh

TGl 7] wiEel, FEAtE 4] A4 FAAE R, 44
el Eodmo]l FHAAE 1R KT 9= HAX(Carrier) (F-HAH:
WT/Mut) g Zlolth. Aol A ACD #xte] -9, 442 9l AW

FAAE 271 BEF AR e A (FAAE Mut/Mut) © 2 7Hg st Ay
Al 5 ARl 399 FAAES 44 A T Slth shARE Aol 171
olFe] A A FAAE 7K = Aot fFdAE2 WI/WT &2
WT/Mut & Zlez 5%t

484 QRlely oy #FHAe HEHQ AzAEe] AdE des
Complex disease”} ofd, © 3ol = gt Ay Aol

7Hgstth, &, W] AN A S 2= d3¥ 242 Mendelian disorder & A

o«
o
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M
)
l

FA7l= @7IEHol 55 TR EdRol® FHESSiT

o
N
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MN
et
o
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3. A7

(1) DNA A 9 A& A

G-DEX ™ IIb Genomic DNA Extraction Kit [for Blood] & o]&3}3it}.
0.1~20 ml d=9 HNWEZZHE °oF 4.6~813 ug® gDNAE FE3 = 3l



th. @o} o] WA o] 9l DNAE FEaum, ¥l 5 mig &7 (WBC;

white blood cell) 7} ¢F 497 A% 9t}

—

28 Bg L T8l (Lysis) — @®A A A (protein removal) — DNA 3
A (precipitation) — DNA 3} (hydration); TS =Z o]Foxlth
7| Ao 2 HE AR AL =9] 9, 3~10 ml& EDTA Vacutainer# -
of & AEHE dg we SG-DEX™ kitg o] §3le] DNAE FE3d &
—80 T =& —20 TCell B¥sto] ARE-st3T.

Exome Capturing®lli= SureSelect V4 kit (Agilent Technologies, Santa
Clara, CA, USA)E Mgt Exome Sequencing®lli= 100—bp paired—end
sequencing®. = Illumina HiSeq2000 platform (San Diego, CA, USA)= Ak

g8kl

(2) DNASTAR Lasergene 12 core suite program

NGS7} #3wo] 1}& ACD family W 770219 genomed K7} @71 fastq
S WA W, DNASTARAFS] Lasergene 12 Core suite ZZ713S o] &
sto] SR FAAES Fe A A

A7IM= A MAR, fastq fileBE Q] 7] JEE alignment AAF=
assembly #Ao] HQ3tt}, 7|4 2o]l= X ZE73:Mo] DNA Segman Ngen
120]t}, Human reference genome sequence (Homo sapiens
GRCh38_dbSNP142) ] thxA]# NGS data(fastq files, genome templates)
S+ assembly At} == o]&3 A& reference sequence®t H| W 3hH
alignmentdl= 'Templated assembly’ $1A|TF reference®le] 7FA1 S+
Suk 238l W= de novo assembly® 753ttt 17 &2 ol 79

EAlo] assemblyd 4 At}

%
t

AN
A

il
o



T WA R AssemblyZF $E8 5 0] 7h7fe12] M A ¥ genomed X7} A
42 Je=d RS ol &3te, AHA O R filtering= A&k Aol HQs)
t} o] wj AFEsl= X Z73o] DNASTAR ArrayStarl2¢]t}. Large scale
variant analysisell ©]-&%t}. Assembly”’} ¢5%¥ NGS datas 7|§Fo. 2 7HA|
T ul FARES VIRte R =S & F Ak oY 7HA e Rk =
Aol FAAF SNPERE 3 A5 92 5 Stk

A WA ZE, o8 719 sanger sequencing FHE AW o], Idx
£ FAlo] vluskeE X Eg3oltd, SeqgMan Pro#tsE X2 13o] 2ol
Sanger sequencing?] assembly =2 #4, =& NGS ZA¥=E assembly &
59 4 9o alignmentd AEES HAE JEE VIMEE Hud 5
ATt Read depths A4 wo& gl 4 glom, o] assembly”} X8 H

=
o] PEES 7] vud + U

(3) FAGE G 583 dolE o]~

A 7l&st filtering S AAA HYE, FEFAGE] H7|M LR
HEo] FHXtt. FRAGHAES] o|F¥ AWt EAEE SIAIA] BT
A Ak olEA U FRFAAES] olge &g AAske] A4 AT
HoutEE 54 fFAA e dd ARes 44 €5 7 AEF FHEHAE E
7FA database AFO]EZF Qlth. AAAlA AFEHE JRES YRS 819, F
TEA AERE Wol Ao Fud & Qi

A WA EE, NCBI(www.ncbinlm.nih.gov/). National Center for
Biotechnology Information (M= =SHAAEFTHEAE)AES|HY, F=
SNPEHEE A o o] &ghet. =3k 9 ofg Fofo] Wofgt doly #4 &

9% DBE FHea BHETE ARste o] Fo9rolt,



o8} i Qlelzo] dolHulol solth, f A o F, 54 AW, T& A7AT}
AMsn 4 9 M querySE ¥ol AAE By =REL BT o
% 5 o

Man)ol e}, Abhe] faxtel 4 el ek Lerel Bsoletn @ 4 9

54 44 o8 FASW, FAANEY F, ATA nuE EHE, B
A4, nud Sdvol, BAFAAS SHelN 5AE 5 ol At

3¥jofglth, faxtel Uld AWA olal S S8 fgsieh,

i
o
)
i
2
T

AZ=, UCSC genome browser (http://genome.ucsc.edu/) A Hl,
University of California, Santa CruzellA] Ztgo] o]FojA]= Alo]Eo|t}, 7]
T A71M Y (reference sequence)? ARE EF @1 Qth AMA A=
AN FAXE AN, 8 @A (soform) ™ A7 A7MAE Aol Thsdt
o & ¥ BE Y% (conservation) It 7hs3stH, 71E 2714 L (gDNA) £}
A A 4% 3}E = ¢cDNA (complementary DNA, 74X 4 DNA)A Y, ofu]=2bA
A, mRNAM A7HA &= dte} 7} 3t

oAl WA=, 1000 genome data base (http://browser.1000genomes.org/)
ojth. Abgre] FA A FAWolo] thdk ¥ AAE Az Eo] Atk v76 GRCh37
H ol ZIRksb, 267] 1%, 25049 et Almidel 7149 Wo] ARE
ZFA A Stk 1000 Al Z2AEE, SNPset 7274 =d®o] 18l 159
haplotype FX 55, A #+474 vdde getatr] flal fAAACZ 2
FE gatolnt. 257k IF 250098 9 AwAEE NGS 7l&& ol&ste] 47]

el
=
ANEE dobdlltt, =2 QAFH Allele FrequencyE 71st7] £l o] &3t}



(4) MAF (Minor allele frequency) XA}

o

A7+2] Al

st mE dH5dA dl%E(allele frequency) 7} HaLE oA =  oFA|qk
SNP (Single Nucleotide Polymorphism)©¢] ®1¥ A& d|&8 w2 37}
AFTHEE SQFAA dHFAAE oJd HIEZ AYal A ARIAL FHo
SNl E o] Ao 1000 genome browser =2 ‘ExAC(Exome
Aggregation Consortium)’  &dH o] & o]g3slo] HAE 4 ). GPNMB
(p.Gly375VaD & A&t vwA 778 FHEFHAA(PHRFL p.Argl046GIn,
RASSF7 p.Arg223GIn, KIF21A p.Glul201Asp, SLC25A22 p.Leul50Val,
PKP3 p.Thr459Met, NUB1 p.Rrg9Cys, SOAT2 p.Thr254lle) &= o] 9
Aol o]u] SNPo] R oigl9lal, 7 dbSNP IDZ ZAste] tigfHA =
= obd & U8tk (Table 2). A2 W 9471449 HlE+E CEUNorthern
and Westhern European) ¥} CHB/S (Han Chinese in Beijing/ Southern Han
Chinese) 2} YRI (Yoruba in Ibadan, Nigeria), “2#] 3 PJL (Punjabi in Lahore,
Pakistan) 74 ZA}sA T

o= oF A wuhe] 9471 E WolEo] EA%Y. o5 WolEe

-

oi[?_r/H/\l- z] slol ACDJ

iy -10

AAAANA 4877 R 3|9 dA 449
< A4 ACDE do7]+= 59W
YAl & Aoltp, EA A oA Minor allele frequency (MAF) 7} 0.052}21

weldle A7, 20 Fell 190l 1 94 4= 7Hvs riE Adu. &
B A5 ol 44 S 270 AYok 1 A S AU "rh 18 ER

MAF7} 0.05¢1 Z-%- 0.05%x0.05=0.0025, = 10,0007 Z°l 257, 400 <
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SRS

AT U AR IAAFAET o] wiiEel, AAE W A2
AbgrEol AYe dAwlelt. a¥ud 54 A 54 EdWolE Abg
T drbd Ay eA] oj@A etk = gl A AR RS, database
£ ol &st= Aotk kA w9 vkel o], 1000genomse browsers ©]-&
std, 7]Ee] d oEs e E ATE genomedHE T, AFHEH allele
frequence”’} Z3rE It} mekx 574 SNP ID o tist tfd 3 e cfst ®1
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A PCReol o] €3t 1 8AX52] primer sequences< Y35t (Table 1).



Table 1. Sanger sequencing®] AFg3F &H 5252 PCR primer sequence

Gene Amino PCR
dbSNP ID acid Direction Sequence (5° — 3" ) product
Name .
change size
Forward CACATGTATCTTTTATGTTCGTAGCA
GPNMB N A G375V 217 bp
Reverse GTGGGTGACCCTAGGTGGAG
Forward TTCACACCATCCCCAGAAAC
PKP3 rs151201080 T459M 237 bp
Reverse CCGGTGGCGTTGTAGAAG
Forward CCTTGTAGAGACCGGCAATG
SLC25A22 rs111277421 L150V 217 bp
Reverse GAGGGCCAGAGCGTGTC
Forward CATCTAAGTGCAGCAGGCATT
KIF21A rs75223821 E1201D 236 bp
Reverse TTGACTATCTACCAAAGTTGTATGTGC
Forward CACAGAGTCGTGGAGCTCAG
PHRF1 rs149443419 R1046Q 286 bp
Reverse GCTCCCTGCTCTTGTCCTT
Forward AGCAGTGGCCGCACTTAG
RASSFEF7 rs2242182 R223Q 237 bp
Reverse GAGCCCCGCAAAACACT
Forward CCCACAACCCTCTTTCCAAG
NUBI rs113920358 RIC 207 bp
Reverse CAAGCAGTGCTGCTGAGG




(6) Ewlol® Qg wud /)% s} o3

ofm At M WstE QIgh WMol Yl sWst g A5 F 47HA
x2S o]g3ste] Sty Polyphen, PROVEAN, SIFT, mutation
taster o|th, FUG opmwAtow S S FT StetE TR a9vt
o A7l 254 E3t] "o, ofe] TS HAAA AHE X9k
.
Polyphen®ll4l&= O Protein sequence JRE 7|¥stal, @ Ao A
AAE =AZ 714, @ A F(Substitution) ¥ 7] A5 ofw]=i
Adust &, T2 O9e Adstd o5 AUt U2t 54 528 dA o

s

v =AF PSS dolol s, missense mutation® o= 7lssith Ay
‘probably damaging’ , ‘possibly damaging’ =< ‘benign °% 1}
v, A2A| 7 oA e AR Bkt

PROVEAN (Protein ~ Variation  Effect Analyzer)¥  SIFT(Sorts
Intolerant from Tolerant) & #2 F#o]A oA &=, SNP¥YE o} e}
InDelell &Jgt o5 W3te & 4 Qv o] F TR ofnficito|t; §7]
MEdE & e glo] "AAA WE, A i Z=dde] 91X, 7|E ofre
AF, A8 % ofwj4E ®E 7]Q)SHW database ZdelA]l sequenceE 7 A 3ElA
AZFdlEeh odE E9, GPNMB 9 ofv|:it WHsls oS5t 49, 7,
23306205, G, V' 2wt 7|]lsty 2209 sHTH o5 dyE &
Ao}, d3+= PROVEANS A9 'Deleterious’ ¢ 'Neutral’ & Y1231,
SIFTe] A%l  ‘Damaging ¥  ‘Tolerated” & Y¥ o] vt}
Parameter® 7-%-, 'Human GRCh37 Ensembl 66" & ©]&3}3it}.

Mutation Taster ZZIHE, O A2 o]F= 7Idstd, 54 A
|G+ transcription versiong°] WdHET. @ 1 ZF, st FHY
ENST number®} NM numberE Rlste] E83star, Q) X8y = 7|4 L 9
AA e} A F ofm|wAbS 7]Ystt. AF=  ‘Disease causing’ ¥}



‘polymorphism’ ©.2 U] Yo sk oS Qe e ARE H
o] £t}. Substitution®} InDel EFolA AFE 7153t}

(7) Vector tj#}<l

ACDE sk dAfdA7F GPNMBR! 202 24% % functional
studys F7F2 Adstr] SsiA 7HE WA GPNMB sequence’t AHSl®
vectorE AZaFch #WE e, A% DNAS 0F 9 BAsls ZetAv=
= "y gl 294 DNAE 9Ju]dtt}, VectorZ+= pcDNA3.1(+) (invitrogen)
= o] 83191, F7} sequence A A 7)€ Zdol= 5428bpth(Figure 2).

vectoroll+= Ampicillin®} Neomycin®ol|A Ao} @& 4 (resistant) UYE=
Sk selective marker®= ¥t o|Qlt}. o] 545 o]gste] FYAE ¥
Hj 2] el Al GPNMBE AY il 9l vector¥h Agz o= Aol wt},

71 vector? multiple cloning site ol = "Xhol ™ F<%o| GPNMB
sequences AYstAtt. 71¥£ human GPNMB Q71449 <9kZo] Xhol
sequence (5" —CTCGAG—-3" )& Y21, epitope (FLEF7]) tag= 2ol
tagging protein® @7IMEE 7 HEATh HAE <+ Xhol 71443,
GPNMB?2] 7F& oF2 SIG (signal peptide) o] si@3dl= 714 d FH o 23t}
FLAG tagging protein® 97|14 <-& vtz FHo| GPNMB2 stop codon, “1E]
2 FHel ®Z Xhol 471Gl fIAHES skt

olgA siA HHEE F ol 7|E HWE 5428 bp, 1#i YA
GPNMB®] A% @714 1,734 bp7HA] sk & 7,162 bp St



Figure 2. Vector tA}<l

Mu

SIG | HA { NTD | PKD | GAPjl | KRG | GAP2 | TM | CTD FLAGE

'j%>l

Xho lé&==

Multiple

| Cloning site
BGH
?O\‘\\‘ PA f70/7
DO\
)
2,
;] PCDNA 3.1 (+) 2
)
2\ 5408bp )2
a“@\%

pUC ori

* Ampicllin : &A| ampicillin®] AZ4S XY= 97144, Neomycin © &
A neomycin®l A¥IALES AYeE F7|A4E, P CMV: Cytomegalovirus
promoter, pA: polyadenylation(termination), ori: origin, BGH: Bovin
growth hormone, T7: T7 promotor, SIG: signal peptide, NTD: N—terminal
domain, PKD: polycystic kidney disease—like domain, KRG: a kringle—
like domain (binding interaction®] ¥#o}), TM: transmembrane domain,

CTD: C—terminal domain, HA, FLAG: tagging protein



1. ACD3r}o] oAt d  zA3shz] E3

[o

o

b= I A (hyperpigement) 8 A A4 (hypopiment) & &R 71
F(reticular) & 45 WSS AYa JATH(Figure 3). 53] <
W o] Wk, Alzko] Aol whet whgo] &g Bal HA A=

Bt} o] ¥ & HAFA (systemic symptom)

Dxi
E 2
2
to
Ir

=
L‘T;g

s
b SEl, AT o BAE B FAT GPRE BYch
o)

o Uy o
ulisl r
ot T

<

AFE7) 0] FTRE] A7k BEo] wel FxF oz wb¥o] A7 yrte
Sl AT} BEAE FUE WA, Azold ool e FAE T
© A, FEAdAAE YEehA] &2 A ol AEE, ol=°] 7t
A 9l WE ACDY S A9d 5 Qi

TS B 9AE S ddge A ojgel, AAl dFxH
amyloid F&o] A=A &lstr] S8 =284 HAF, Skin Biopsy (95 %4
AADE AAEY laY FEdTHoRRE @2 IR zAs

paraffin blockel] Ho}, H&E staining= 3t &£go|=E Agdwte & 712
Congo red staining® W& %2 3}sod AY (immunohistochemical stain) &

A&std =, FA 2= Cytokeratin 5&6S ©] €33 oh.



qe 2 A BROE WE £ Qud, A2 F Y RS

=
i Fate #Y (Epidermis)#hal &bal, 71 off o] WA, 3 & 7 xE =
o

o] EAstE FHEES A9 Dermis) 21l shH, X3 ofgfof= 1] shxHr
Z olFoy At} ACDE AS +F2 3 (Papillary dermis) 2t &&= 329
amyloid7} F 2= S4o] ot 73 = Z9e 132 AAA =7

2ol ool FuS @kt o] FEof o]ito] QlE=A yFZAHALES 3
Hu|AALK o7 #zs ¢ Qi)

st 3714 A 5, Congo red staing &3 W= ARIE WA Az
B (Figure 4(a)), B9olA 71 b2l 9524 3 (Stratum corneum)
7 F¢ 35 (Stratum lucidum) Afelef] H]AZ21 F3to] e ASE & 4 3l

t} o]= 3EA £ (Bullous lesions) S ¢S AtEjel Aow
A
)

HPARE HEpd FE70X]7F 323 (epidermis) F-20d], Xt dfolg »
ol o] AME Axe Hog Holw o] u AIEE ZHHFPAE
(keratinocyte) ©]t}. MelaninA|22E W=+ Melanocyter X3 9} o] 7
A 71A¥  (Basement membrane)o  EA3H,  ZH A X

(Keratinocyte) &= 7|14 9H-H 329 vp2E5712] EAsk=t], o] A|E2] A

of we} ol vk 2ea nlstAl Eulo 7irke- Xyt vsp Fi
Agzo]l=o] A& A (eosinophilic amorphous) @olg]7F &g Fo]
#Z4H} Congo red® FA4E A& AFAN=E T Ho7] witd, 2 &
1}

=
SO 7 UEojoF st FaEEo] B 53 (apple—green) O F UEFR

o

BuE ACDIAE9 yH-=x2 o4 A& X2, Papillary dermis &

2]
woll etdZol=7F F2he Al #ED 5 AT (Qiao et al, 2012). kAR

!

%, A9 otur] o % STk T Amyloid A AF2
T, Aple WateA RE WREA57 TR Hi Antt Az Azl

A AJAY] AAF= Fdshy] ofE . 2 Aol e Congo red



staining, Immunohistochemical Staining, H&E staining, 37}#] A4S o]
gate] 9Pz AES we vE B with AW WeaA Az,
Se mepel AAeA e BEE UehbA ke

Immunohistochemical staining AF (Figure 4 (b)) & B ZAsHA oY
zolt A& A 2w, B2 Solrl gk ®9l sbtold sz
Zol, 1 ot o] My xA e Bl Blojdl= F Qlo] AMAA A= Ae
zZHsk = 9l H&E staining (Figure 4 (c)) oA F7x13 ol t& 24
Mol o We mepdow Qan obolge] RAFE A& B 4 U &

AR o5 ofmzelme) FHOE WY/l HEeA G,

SRz AU BAE Be obazol=e] AAYEE Solnad BA
W, AAR HEHE vk oby otk ST 2ECIA 3Ll 9l
the e #Ask] gRe] olEo] Ad Ry e AARAAE Re FYS

.
=

z s,



Figure 3. ACD #x}9o] A4 A4

(c) vl (d) HH/=E



Figure 4. ACD 3#}2] Skin Biopsy (334 7) 3w4 Az

(b) Immunohistochemical stain (using Cytokeratin 5,6)



(¢c) H&E staining



2. 7= W |71 4 23

Pedigree ol A4l 5 (AV-1, IV-2), 183 YAl =}
39 (V=-2, V=3, V=5)3 A& 2y 2% V-1, V-4) & =33t 798
JHloA FE3F DNAE A0 % Next Generation Sequencing?] 3+ o}
¢l Exome Sequencings 33t th(Figure 1). °F 659 A3 NGS #4 &

npxl 2 fastq Y FA 072 JRNA S sequencing R 7F A E AT

1o

Sequencing ¥5% 97IH4<YE 96%2 Phred scorex 20040l F
A7 FE 9.6 GbAH. FRAVIMLEES B depthe= 101°]8leH,
minimum Q call > 202} minimum depth > 105 W3 Hol= =

111,45370 94t}

Fastqg 392 Forward sequence, Reverse sequence® 119 2714 I}
do] AAMEAoH, #HS o]Fo ‘SeqMan NGen' ZZ 1S o]g3}o]
AssemblyE T3t skFol AA assembly’} €59, ArrayStar
program< °]g3te] ZHzb ARl A =& Fo] ACDE 2T & e F
B A VM WolEs Aded sl

FRAYAV-1,IV-2)&= 'Heterozygous' = T FA(EdWe] A
W A ddd Jor )S /KA 7HX= SNP, 1#la Ay T g
(V-2,V=3,V-5)& ‘Homozygous variation’ &% 2 JA& 27 71~
i SNP (variation® 2 70| 5|7} 7] wiitel B4EdS 27 7=
BF7F obd, Edd®io] dAS 27 A= A AgE) S 20 R FY

el



Table 2. ACD TR SHAAE2] 7] A

ol

qulo] B

Gene Name PHRFI RASSF7 KIF21A SLC25A22 PKP3 NUBI GPNMB SOAT2
chromosome 11 11 12 11 11 7 7 12
Reference/Minor allele G/a G/a Cl/a G/c C/t C/t G/t C/t
dbSNP ID rs149443419 52242182 rs75223821 rs111277421 rs151201080 rs113920358 NA rs2272296
) PJL 0.11 0.10 0.05 0.01 0.00 0.15 0.000 0.10
Bt CEU 0.06 0.06 0.05 0.07 0.02 0.15 0.16
fre:lllleelrelcy CHB/S 0.02 0.15 0.11 0.01 0.00 0.01 = 0.29
YRI 0.00 0.00 0.01 0.04 0.00 0.00 0.37
Protein change R1046Q R223Q E1201D L150V T459M R9C G375V T2541
. ' Polyphen benign - = benign = benign g:r.::g};r]l};
Slmu;z;tlon PROVEAN Neutral Neutral Neutral Neutral Neutral Neutral Deleterious
functional SIFT Tolerated Tolerated Tolerated Tolerated Damaging Damaging Damaging
S mutation disease : : ; i i disease
taster iRl polymorphism | polymorphism | polymorphism | polymorphism | polymorphism CainE

*SNP : Single Nucleotide Polymorphism,
*CHB/S: Han Chinese in Beijing/ Southern Han Chinese,
*PJL: Punjabi in Lahore, Pakistan,

* RPP : Random Pakistani Population,

*CEU: Northern and Western European,

*YRI : Yoruba in Ibadan, Nigeria,




Next Generation Sequencings ©]-&3Fo] dlo]El3} A7l 7FHAI= U 712
Y genome A HEZE DNASTAR program= ©]g3}9] Filtering (Z7: FEA|
= Belxp olug 724z vrE 28 170 7FXE=—heterozygous— SNP,
AUAY & A 22 JAZE 27 7FA =—homozygous— SNPOo.Z F
dh s Boks W, 3o F3Ee= AdE AFol F 56719 FRFAAE
o] FHF o} (Figure 5).

Array Starell &= Ao R FHA 56719 TR GFHAA ZF, AH Ay =
&

g1l V=1, V=47F A Ad T ARl V-2,V-3, V-5 &2 73

AL AUe A4S AL AUAYY e Tzad Fofl 21S
TAE FRARE, AFAIY ] @Ak e FAgAS AY7] wEe] mEd
E AT obd G o R dERd Zlojetal hshe, kb fAdgAde] A
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ACD family 2]°l, in—house 3}7] 2% g2kl
Mol 1 V| Eiols 5 ols 257 At

FARNEE 1Y A9 TRl A skt

& JEoE Plasto] 42

][y —2

Ae2oz ACD 7HE delA 1) HFEAde o3y 434
(heterozygous variation) ©]A ii) AP A )¢ &A= homozygous minor
alleles 7HA= 7%, i) AHAAIHe] F3<3 ACD 7HA% £19 FddEol
A A el 29t v} (heterozygous variation =< homozygous
reference allele) FHFAE 7= A5 FHF S o, 8712 FR{FH=}
Rkl = 3iTh(Table 2).

8/ FHRFAE tder Ae IPFA 2L vtE NGS 2= 4
genotype®] 277} §l+=A &ldt= 7oAt} Genotypings $Id] Sanger
sequencing= ©]&3t o™, FRFHAAES] SNPHAE Zro} FARo] ofF

£ &9lg 4= Q= Primer set 870E #&9] PCRE R &&| A sequencing=



33t} (Table 1). Primer Zo]+= 15~27 bp(base pairs)ow H
20bp FESIth. PCR product®] Aol 200~400bp7t = %=5%5 H &SI
Sanger sequencing A3 87 FHFZAS] NGS Ayt TUsHA vyttt
U534y o= database®s ©]&3te] 7} $R =AdWolEe tigh minor
allele frequencyE AA3S . dbSNP ID7} §l+= GPNMB £ A 931+,
U 5 670 FEAAAL] PIL QI (dobrlofl) ol Aol diHFaAR R
0.00~0.15%13, B+ tHHFdANEE 0.01~0.08%ck(Table 2). 3%
SOATZ ¢ 7% PJL dFlA e i FAdAI = 0.100] A 9, el
Ql, ofAJoflol A o] H I FAARE7F 0.230.2 =917] wFol] THFH
Akl A AL AR B2 6718 FERAAAEE AP+ = H 0.15
21 QlFo] QIAIRE, 11 U BA 2orF FH{AA TI/AE IR o

He A

I

o

ol

&



Figure 5. Candidate gene filtering %

{3 ACD family?] £ €714 %2 #ol

\ 2.369.697
B : Heterozygous
& FECH ygous SNP
\ 56 / ZP At % 32} : Homozygous SNP

& AIAD F BAQS vl

\ 482 / {33 In-house Data%} H| &

<:I Minor allele frequency >0.10

<:l RPP sample W allele frequency &
Simulation of functional effect



3. 7|28 JIF W F3AE =4

7HAIE Wl %<& in—house HlolE|E¥ Hlw e wf, ACD #A5¥ 43
o] AAA 9= FHHFAARE FHUal, databasedold EF FHAxo E
A MHFAANEE AASQAt of7)e] F71E, AAZ B AFAA
HAe 21799 7%k FA4R1ES DNAZ A dqigfdx s 73
1okt

T4 R1% (allele frequency) & 3 ZHAITE ol shue] 57435 of
HAAzke] vl golnt. of7]eA 21789 7| AR AN FAAR AE
H, AR 58A7 gl AHESelt o598 Qo rRE DNAS
Ui, 54 SNPE9 71M9S dobd 5 =S fleA 7HE ol 7

NGSA#E gl uf A 542 ¥ PrimerE ©]&€3F%], PCR¥} Sanger

sequencings %183} t},
Al 8719 R AFHAAF diste] 1227 2] DNAZ Sequencings T3
399t GPNMB AA+ EF7F 45334 T4 (Homozygous Reference

alleles) = H.SIT(MAF: 0.00). PKP3 °lA+= 2% (118%™ sequencing A,
MAF: 0.01), SLC25A22 oA+ 2%o](121% sequencing 4%, MAF:
0.01), KIF21AoA+ 119 (121" sequencing A4 3. MAF: 0.05)¢] o]+
A (Heterozygous alleles) S Rt} PHRFI, RASSF7, NUBI & MAF
7b 22} 0.13, 0.11, 0.16 o]¥A", Ad# o7 ACD #AE53 e {43
Aol AA =¥ 34X (Homozygous mutant alleles) S Hole= Algho] zhzb
2,1,290] Stk 7HAE Ul F4AE 52 in—house Ho]E oA &} w7t
Az ol A= ACDS &2 AP Abgo] @ 3k Holgt glow <l
= 7] wjizel, o] 37kA18 FH FHAEE ALAA 7 AT

G FEFAA AHE EeE 957 e I AR AAARIES VMG SE

F7I2 sequencingstRth. GPNMBAA = & st WA X Minor allele©]



TRAARE 7EAa Q77 FEAAA, A AgE 37EA 9] AP
AAEIHTY Fdde] U] wmiEe] FroM AAFgon, YA 471X
A= MAF7F 0.05 olstZ uskAIRt 53] GPNMB 3 4= MAF7} 0.00
o] ugt7] wiEel 7hg FR{FHAEA FH A

4. ZdAolz QI &M V)5 W3} o=

Bz 770 el thafjA, ofwliite] W7 As W, AAE oA
T IFS 7E FEo] UeA ZEIAMEE o] §sto] oS Hokth

o= AAA o LA A, oW KA @ WA ofm|Ako] oW of
niko g2 wiy =X st JHi= NGS AIE assembly, assignment,
filteringste] A& R 5ol BF e SIS tH(Table 2). vl $ ofn] At
o] 7|& opmAtat Hd AAS THAEA, FERASEE Avid tEA9
wel AR 7 A I ARm Feizlith, oful-ito] npHTa &l
Bz WA AL ol F7|u AAo] HlZe olu| Aoz wd A9
o= pathogenicity 7} $1t.

SA AT OlA AESid 47HA] RIS o] &sto] FHFHAAE
o] opmlicat Wt QIS AW oSetlsdl, I dds B Aokt
(Table 2). &2 FHRFAAE] Ao}t dxet: T2 3w A3t &
FoEsT SRR 7HAE 671 FAAEC] 07 F2 1] ZEIIF A



%t ‘Damaging’ & 222 AFHE 7b2ul, GPNMB AR 3430
pathogenicity7} $l& Aoz A& =tk Polyphen, PROVEAN,
SIFT, Mutation Taster 47}#A] X214 E5 ’probably damaging |,
‘Deleterious’ , ‘Damaging’ , ‘disease causing’ ©°l2h= A5 AT
GPNMB p.G375V =Roli= @uide] 7j5o] AgAQ 9d= € o=
% s Zlolth. 53], PROVEAN Polyphen XZI1felA {U3HA

=
negativedt A5 AU}

5. ZZAv| = | =AHo| A (Mutagenesis)

71% pcDNA 3.1(+) WE o] GPNMB #4345 712 A4t 13
34 2 functional studyolA+= WT(wild type) ®] GPNMB sequenceE A
Ui & wgh ACD /MIEGIA Ase b EdwelE AU GPNMB
ANAMLE AU s w old 7|53 Ao|7t WA =AE g staat st
ok 227 w&ef, G375V (c.1124G>T) 2 & wsglo] dojut Zdwo]
GPNMB 714495 Ad HES Aol Msgxfojof Fry. Wild—type
GPNMB $} =9d%e]l GPNMB @71X48 Apol= & 1709 171 Abele]”]
w Fof, Edmo] A7 S A9Ey] 98] Mutagenesis (o] §ub) 2
s Hayetqlct.

Figure 6(b) 2l (i) oA, %32 10kb size markers EdZ 7b¢ ¥l

= 3kb*-E 6kb, 8kb, 10kb7H#] mAIsHAtt. 71 ofefell A 7He vl &
< WE7F Major bande]™, o] WE=efi= ‘Supercoiled DNA" 7} 9] gtt},
o] MI== 4kb®} Skb Abole] fAIETE V]Eol tiakelE #WE o] AVIM I
o]7} ok 7.1kb%l A& 7S w, TR T ] ofgfo] METF YHF AL <

0{1



T Ak a8 2 9ol gk 3w|gk MErE Ry e, o] MEE size
marker9} Bl S wl, 6kbe} 8kb Abele fx|gtt}. 7]E wE|S] AV|MY
Aolel sfidat= oF 7.1kbell f1AekH, o] WH=7} linear DNAYS & + 3l
otk 2 flell &= skl Ewig M=ot e, 8 10kbRUE f1Fe 21X
&9t} o] Wi=x  ‘Nicked cilcle DNA® 9S8 F=8 4 9t}

Z18]3l Mutagenesis, 191% <91 @714 A W ko] & o] FolFl=A] &els}
St (Figure 7). GPNMBS Eddo] #9115 €& 5 3l PCR primers
o] g3}o], PCR #, sanger sequencinge 33ttt A7 A oA
GPNMB2 112404 G @717} TR vk A sddolrl B4HES b
st om 1 Ay=z 37584 olul Ak G(Glycine)©| V(valine) 0.2 74
H =5 fAl ek8lth. Sequencing A ¥, GPNMB sequence W 1124 A
GA717F T @712 vhl ZlS Flgomn, o] BES A9t B d7dS

Eolg ZA7kA &oly gt

=

6. A TH Ad

GPNMBAr A7 oAl gk Zdwio]o] 7l swWo] ZolH-& &elstr] 9
& WA GPNMB"'9} GPNMBY“& 7}7} HeLa Cellel transfectionAlZth.
= AYS @etrdAAE ATEY FF Z3y ekl vt

HeLa Cell line®l transfectionA]#, antibody FLAGE ©]&-3}l%] western
blottings 33ttt Figure 894 EndoH (Endoglycosidase H)#,
Glycans A|AA] T8t protein¥r ¥ 5 QAT = &Aoot
H,

deglycosylate glycoproteins& 2= H2A o2 F£2 o] &3t} Glycosylation

Asparagine—linked mannose rich oligosaccharidesE A2+ 95

Oft



& AHAEY] XA A dojv= diEAJ WY A (post
translational modification) 52 stvfolth. 187 wi-o] EndoH A& A%
SDS—PAGE A #olAel ol il wgs EMFo=xn GPNMB7}
Golgi = ERell f1Ast=A] ofF-& #otsd 4 St} shAInt & AYelA=
EndoH A2 %, GPNMB"'9} GPNMBY #lEfollA] 1} whujde] o] gkt
o] tr=A] ¢t7] wiitol, ERS2 GolgidlA $1Ash=Alo tidt oA f= =27}
sy

EndoH7F A2 ¥x] 92 7|& #HEe| dist M= AgE ®my, ¢4
Mock (Negative Control) o|A+= o553t vig2 walzo] #zE ] kg
GPNMB""3} GPNMBY™¢] wi=sjelS M2 nlusid, 4 GPNMBY™ o
Wz o] 74, GPNMB" ol nl&] Wi=2] intensity7} w9 <3k 21 & 4= 9)
ok o714, GPNMBM" <714 4E AYs A9 wEoxE @z
Stabilityoll A7} &S & & vk F HAZ=, GPNMBY ' 9k GPNMBM™
oA Wi=e] F7b Aol = A& & Utk of7]elA i, GPNMBYT ©
A3 GPNMBY™™ @A 9] glycosylation®] #tol7F & & 4= Stk o] F
WA AR, GPNMBO ¢.1124G>T =dWe|7 A A 5ol wtsoixe @
Wz GPNMBE @ Stability7} worn, @ 7]& WA} glycosylation?)
o) 7F deS & = Atk wEkA, GPNMB p.G375V E<Iwlol2 ol
WO S 2eb A ol FAI7E AThE Aol dFE AU



Figure 6. =90l A A3} d7]d 5 AR
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Figure 7. WT/Mut Z&AnE 97|49 B4 vl
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Figure 8. GPNMB &3 A&

-EndoH +EndoH

Mock
PGPNMB_WT
PGPNMB_Mut

Mock
PGPNMB_WT

0GPNMB_Mut

,i

* pGPNMB: protein GPNMB, WT: Wild type, Mut: Mutant (GPNMB
p.G375V), Endo H: Endoglycosidase H
* Endo H #&] 5, WT¥ Mut®] @i o] A4 v=2x 92 = Hot
glycosylation 9] =3k duidol= A4 Ao]7} glet. ¥ Endo H #
g A, WTe Mut & de] W= =7} & Z 92 glycosylation pattern
=

FAZ WAF Aok ASS & 5



B AFolM = AR FHS FA THARE 8ot dA
2 el ACD(Amyloidosis cutis dyschromica) 2] Q4FAAE 2= A4=
T G FRAAAM Hold A E 5% F 3ol Lot
S Holx, A¥HQ dAFAANES Hol= VMRS dde R, TR Ay
W OEFY ddls o]gste] DNAE FEsI3th. ©] DNAE o] 8319

° 5 =

Exome Sequencing= <+338}% 1, Bioinformatics analysis & ©|&3lo] %

BRAAE Fe

o

(@)

L =
=2 Homozygous® AUYE SNPES A~38Y 391, 121802 5670
SR AVl S BT Fr A S FE e AR S AIA
A= A7 AgdHo|5S Aoz 779 TR AV dHo| 5L vk

sheie.

.
2

1o

TN FH QVIA R EY] WEE Ty A Pl 2
datlE W GPNMB p.G375Ve] ¢ fdatA 1 wxert
ot el E e o] &ate] Wi Wil ok X
A, ok Al RIS E dojwks W XAl o] s e HE TR
AHelA A7t 2 A 53 GPNMB7F 43k th

olg]3t A EH ol A= GPNMB7F ACDE €daAxYd 7l5Ao] =
1S ulstey, 18y G375V, AR oln At G(Glycine) @ V(Valine)
5082 o] 2 ofulmatelnt, WAl ARE 2= o]

2ho] A (G Glycine) ofv|:eAte] S agfshd o= 22 7HE =

flo
i
(TR



o] (Glycine) = F.<= ofvlalt FollM 7B Aol ZEdeln ol A

R Fetol e TE ofmliwite] A Solg & gt AL FUe AL

woll, 1 oopu|iAbRke]l A& 4 QW AHElel Valineoleh= vl 2] & ofv -
Aol Eo7HAl HWA o] Fegdo] ujgdAd dFS FA H AL
72 59, AAZ EAFE Glycine 75.07, Valine 117.15% ¢F 1.54] =}
o] 4= g & F Ut

ol TALEL 7|Wto g, fHEH BHS B3
GPNMBZ} vl frefsiths d2eo =gaigint. 1dvd, 442 GPNMBt
ofi fHzpolm], AA el ofd Fr& @Sty #ojstn A o =
AtalfobRt Skl FH el A zpAIS] AstAAIRE, GPNMBE Alxzur A Aol 9
G E ) melanin® A9} Avko] vk o] bl Bt H vk SHA]
Tk o]W pathwayol #ost=% FAHo 2 Hud vl= k. GPNMB7F

9o AHHOE GFS FE  melanin’ Mol Arol Utk 2

o>
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-
o
o
=
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2w, 7¥€A  ‘melanin’ ¥ ‘melanosome’ & o]@W A WEojA| 1L o
gell AAst=A £ o gotE FQarF ATk aEoAE o)A, GPNMBY

melanosome®] tale] ApA|E] Lolr 1z} k),



(1) GPNMB {74 #}

A A= ‘glycoprotein (transmembrane) non—metastatic melanoma
protein b’ olyy, IEE  F3}(glycosylation) HoJYE  type I
transmembrane protein ©|th. @A A 7H pl5ef X3, 560709 ofr]
AFS F4Y (encoding) 3t} GPNMB 734 A= 8709 domaine 7HA1 Y+

d, () SIG; a signal peptide, GPNMB7} 1] 22 Solzd & JE= 3}

(i) NTD; N—terminal domain, (iii) PKD; a polycystic kidney disease—like
domain, @] 33l (folding) o ¥, (iv) GAPI1, (v) KRG: a kringle—
like domain, F& ZH& 9%t o GRAZH &g #Hof, (vi)
GAP2, (vii) TM; a transmembrane domain, (viii) CTD : C—terminal
domain ©.& o] Fo]xIt}(Hoashi et al, 2010).

GPNMB+=  Alxz® AAe Qe Zd#Wxd  (membrane—bound
glycoprotein) S 24, 53] ZFA A AE (keratinocyte) ol A Ho] W&t}
(Tomihari et al., 2009). NTD (N—terminal domain) el ¢l&= RGD motif+
A2 59 (adhesion capacity) & AWdt(Tomihari et al, 2009). M*Z 4
(intracellular) GPNMB ©@@#d2 Mdd oz wepbd 43 (melanosome) o]
EAs, dahd AA7F Sl AlEe A g3 A A (lysosome) o] = A 3¢
t}(Tomihari et al., 2009).

GPNMB= #ebd 2] A9 d2 g4 ol Pmell7 @A 2
E @A (homology) & HQIth Pmell7> %7] Hahd AAQ Aol vf$-
S5 ods sk, Webd &AlY] 279 (stage 1, 1D ol Hol &A%
Stage I Al7]o] AW (vesicle) <¢toz Eoi7F Fdl U HH =HF
(intraluminal fibrillary stration, amyloid fibrillar matrix) & JA3HA ==
], Stage 1% AHFHUES oJvgteh. ofo] W&, GPNMB: $7] @ehd &
Al (stage III, IV) ol Wo] EAst=dl, obvte Aebd P A E (melanocyte)



Z25E Agtd A A E (keratinocyte) 29 Hetd A A 4% (transport) &
ggd ZAowg F="rh(Hoashi et al, 2010). 181 GPNMBE <Hg4
(stability)+= Pmell7X.t} &2 Yt} (Hoashi et al., 2010).

GPNMB<®] PKD domain®] A3stA ‘N—glycosylation” ©] HWdA %% 3}
(targeting) 3t= 918S 2lAl =1 (inactive, null), FAHES 7FA= PMEL
Gl Ay LR EHE endosome 02 8] 4% (trafficking) ©] %A %+=t}(Theos
et al., 2013). A%t glycosylation®] 3] dojubx] Al B FPS wof =,
GPNMB NTR—-PKD Z*Z}(fragment)©] in vitro “3olA PMELAH
endosome®] 57} amyloid—like fibril& W&ol WA th(Theos et al, 2013).
A%k PMELS wetd 44 W €94 F+ detergent—insoluble®! WHH,
GPNMB w2 GolgiolAl HojA the 2
AerE 31 soluble protein®] 7] wjFo] F+
19& 7k Atk (Theos et al, 2013). o]& o] fE tj&Eo] GPNMBe
e e T 9SS RPT domain® §13L (Hoashi et al,

2006), dxs ke ® Fol7f Ao SFHE s 54 @A AA

, 'site 2" protease®] 2|3

>
=
e BAqEdor 2

O

rir

(specific proteolytic cleavage site) = §17] wito] GA] oldZolE HRFE

WEo)dll 4= gt} Berson et al, 2003).

#18]%¥ GPNMB (secreted GPNMB; sGPNMB)+& oA 3213 (malignant
melanoma) 8] & &4 XA (histological marker) 2% &AL ZOo=Z 4
Z¥9t. sGPNMBx AX 2 99 (membrane protein®  FZo)A
extracellular space® W}22l+= domain)©] A% (ectodomain shedding) & o]
AE 2 ®H)7t FHa, B8 post—Golgi compartmento A o] Fo] X,
wulg el wEA dojdth(Hoashi et al, 2010). GPNMBS] P1 form
2 ER-modified d&ol™ M forme WHH Golgi—modified FHEjQld],
sGPNMBE] -9 M form¥ ectodomain F-&°]th(Hoashi et al, 2010).



Z4el’d B(UVB;  ultraviolet B)E  #HoE A¢, HHdIGAE
(melanocyte) ¢ GPNMB Wa&2 ZF71stth(Zhang et al, 2012).
GPNMB-siRNAE #2AF9] (transfection) Al 749, GPNMB9] Ht&=o]
AAs] =m FAlo BepdPAAE (melanosome) 8] A T3 Aojxith
(Zhang et al., 2012). eI AE W= R A 3 A, 2449
(keratinocyte) 7} #4H]3F+= o« MSH(a —melanocyte—stimulating hormone)
S A9Fe® AHYs & Afolx= GPNMB whjae] wagko] AR F7hsk
t}(Tomihari et al., 2009).

GPNMB 37+ ZAWo|Z AlgtollAl iy = AWS of4 Rud 7
o] A, He Aol vE=v ALY Gpnmb FAAE] BF, & 574719
oful=Ako &2 o] Fofx=d], 1 o 15084 R(Arginine)©] &4 3= (Stop
codon) &% wv}# 3l wl, IOP (intraocular pressure;QFeh) o] ol i, A

’

AU (pigmentary glaucoma)©] st o= dHA

30
o

a
2o

%

(Anderson et al, 2002). IPD(iris pigment dispersion; &4 )
ISA(iris stromal atrophy; &M A & 915%) 0] EHtE = M 5ol o

Hal=d, o] F 74 S 27441 2] melanosomal protein gene°l A7)

ZHol 2 AT IPDO A9, GPNMB 5AA 150 A ofw]=Ake] stop
codon®| 7] =AWHolE FFHY (homozygous) & 7FAaL Qlojopt 1}
Ebutar, ISAC] A-$ Tyrpl (Tyrosinase—related protein 1; OMIM 115501 ;
Aebd FAAELE] 3HA Aol ThA MAEAE e Al Fekar, depd Az A
Sof| AP oR o) FAA ] EAdWolrt A o ZAYETH(Anderson et
al., 2002).



(2) depd 424 2 dehd 94

Aebd  4A) (melanosome) = AX Wl 47| (intracellular
membranous organelle) % 3ty =z, 2l42%F oy @A (lysosome—related
protein) ©]t}, ¥3 #Habd A X (epidermal melanocytes) &} Qb A AAE
(ocular pigment cell) olA 2}l A (melanin pigments) & 3 st A%+
gt &= sth(Hearing, 2005). 35 Moy} wwaF A3t Agko] glom,
How e HZ (photoprotection) 2 &% AUt} (Wasmeier et al,

2008).

dAepd A L] gy A S 4AdAR o] Folx =], (1) AMa gle 7] <

T (2) UHF =549 A (figrillar matrix, internal striation), (3) 2zhd
9, (1) TFHE (polymerized) HepdMAZ AYA= HAA &

A (Seiji et al, 1963). 7] @Alel= M AlxE-5o] ©idel PMEL
o] vz B3 ZZF(proteolytic fragments) 5¢] @il (Raposo et al, 2001),
7] A= depd A W] ojsk= @4 E (tyrosinase,
TYRP1) (Theos et al, 2005), =& ©o] @452 FFol #Aost= a4
(OCA2)°] @t} (Raposo and Marks, 2007; Sitaram et al., 2009).

Melanin® A~ £ YF=+= Melanogenesis#4 2 th33 o] o] FojAt}, (1)
FA= (AL A o] =¥ AP AH E (keratinocyte) ZFE a MSH (a
—melanocyte—stimulating hormone) 7} #8|¥€t}. (2) o« MSH+= 35 4z}
UMM L M Zute] £ %3+ MCIR (melanocortin 1 receptor) 2 A=A
2ty (3) I A3, cAMP-dependent signalling®] ¥ojym MITF
(microphthalmia—associated transcription factor) 2] #H|E =}=23}A o}
(Wasmeier et al, 2008). 91714 MITF+= #gtd MAE FAsh= 244 9
ZQQiztely], wWatd FAAAES 7T AHIHA  (melanogenesis) 2

‘master regulator’ 21 & 4 v} MITF+= dabd FAAEL] (a) A



(b) =354, (¢) w3t} M2 A (apoptosis), (d) Ehd 4A Aike] &+

oot FAAEY BdS 2Hstt (Wasmeier et al, 2008).

b
I

-

A W AP #A-dE §AAR= 15091 78A 9, melanosome—
specific protein= 127§°¢|t}. (a) tyrosinase Tyr, (b) tyrosinase—related
protein 1 (7Typl), (c) tyrosinase—related protein 2 (7rpZ2, dopachrome
tautomerase), (d) ocular albinism type 1 protein (OAI), (e) melanoma—
associated antigen recognized by T cells (MART—1), (f) Pmell7/gp100,
(g) vesicle amine transport protein 1 homolog (VAT—1), (h) oculospanin,
(i) syntenin, (j) flotillin—1/2, (k) coiled—coil—helix—coiled—coil—helix
domain containing 3 (CHCHDS3), (1) glycoprotein (transmembrane) non—
metastatic melanoma protein b (GPNMB) (Basrur et al, 2003; Hoashi et
al, 2010). Tyr, Trpl, Trp22} o] #Hepd Ao 4285 st
GulAEe O 9ol #Z d#A AW (Olivares and Solano, 2009),
GPNMBE =33t 732 a9 depd &4 f A3l dsixe g4
5] <&zl vz §lok(Hoashi et al, 2010).

At debd AAe depd AT Bds FE AAFAAEE A
o] F=t], o] #go] &3] oJuUA o]FolX A= ob4 Hig vb gltk
7Fed A Wl (@) melanocyte®t  keratinocytel] ® 3
(membrane fusion), (b) &'d& ©]&3 & (vesicular transfer), (c) 24
Y28 (phagocytosis), (d) A>X3X22H8 (cytophagocytosis) s°] Ut}

(Wasmeier et al., 2008).
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GPNMBZ} melanin A28 #&o] itk A, 18131 melanocyteol A
keratinocyte® melanosome®| 74 A= ¥7g|A] bindingel #Astti= H
= dHA Qo 28y FAIA SR melaninAEZ e ofH Aol Ql=H], AA|
%2 melanosome<> oG A|EIto]go] o] Fojx|=A| o theji = Fes] A
T B7E Tk A7 7 A TS Al 5 v AA, GPNMBel 831
=A®ol7t melanin 48] BA Ao dFS = F Atk Holoh o] A%
b, ¢4 AlE W melanosome® WA ZFF stability, 223l localization
A7 ABE FHert Add WTe Ao Hades o,
immunofluorescence studys ZI3J3sto], Al Ul GPNMBO| iz o] 9]
B S s 4 v}t 2831 (Raposo et al, 2001) =F-of 1o} 9= AAH,

=

IEM (Immunoelectron microscopy) analysis & ©]€3d melanosome A}
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T WA, GPNMB™'7} melanosome? ©ol5 3o 2755 Frhe o
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do] ¥ (papillary dermis)ell #Fo]7] ¥, Mioldoz HolA Hrp= 2
olth, o] Ao, MNT—1 cell HelA ©]Fo]A = melanin A4 ol= &

A7 & Aolth. AA melanocyted} keratinocytel] AZAoA, AA 3
Z2 Y9 o]Fo] #Holr] wiEef ©es] 1719 Alxwroe =z A S
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T Sk in vivo 7FsFo]l™, melanocyteol A keratinocyteZbA], dermis®] 4|
epidermis7}A] %2 o] Qlojokut st} AFA | melanosome® ##HF GPNMB
o] A&z By Zo] melanocyted} keratinocyte AFe]2]  ‘binding’ ©]7]
el oA 2E melanin A AHA| o] EAIE ARV BT o] Fol LRFE
T A%l B 7tsAel =5 Aer F5Hh

W ATE FA GPNMBEhR= frdAbe] ngow Qlal xdH= A A
AE HAx= etk vls e Ae-olM, Gpnmbell stop codono] 3
4 A5, el mulgo] Axlvkes Bae QAR AFES] A f-oA s obA
AATE 2231 ACDEh= FH e JAoME dJFAxE HEd 3 AL
ojth. H|E ACDZF A2 Sdets AWAQ HE ol 7Heess +2
sto] Aol Ads T HE obyA, AAdFHAE B Flol= £
o7 3tk Z8al GPNMBE] 7sgolehs ddle=m 24 5 gl= 17F
Aol d3tzo] Bazh fvpd, 11 Alolof| o] Fo]A| = pathway A7-7F &l
A Aoz JgHct

melanosomes EIAA HFE st == FE AT8H7]1E T, melanin
AZe] FAFE olso] oA o] FAA=AE HHUA HHE v i
ATE MEL FHoA ZhseA & AoE ZddE A= UAAT, 1
BE AAE wel A fubd Aa ZHA S Aol olwS Ak 7l=ol
el 5 Qlh SHAIRE u] g2l SHo| A ofFThe] Kol EtE, melanin A
e EAolfel daAol e e E9etth of9A o] HEA

melanin¥} I F- M52 Aol GPNMBSF ACDS A o] oyt ks
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ABSTRACT

Exome—sequencing to identify genetic cause of
Amyloidosis Cutis Dyschromica

in a Pakistani inbred family

Jeena Kim
Department of Biology
Graduate school of

Sungshin Women’ s University

Amyloidosis cutis dyschromica (ACD) is a rare variant form of
cutaneous amyloidosis that is characterized by the presence of
widely distributed hyper—pigmented and hypo—pigmented macules
on the skin. This disorder often clusters in families and it has been
suggested that genetic factors might be involved. However, no
genes have yet been identified associated with this disorder. In an
effort to identify the genetic causes of ACD, we have identified a
consanguineous Pakistani family with multiple cases of ACD that
displays a recessive mode of inheritance. We performed whole—
exome sequencing (WES) in members of this family followed by
bioinformatic and in silico analyses, and revealed that all affected

individuals were homozygous for a novel missense mutation,



p.Gly375Val (c.1124G>T), in the glycoprotein nonmetastatic
melanoma protein b (GPNMB) gene. This variant is not present in
217 Pakistani normal control subjects, in the 1000 Genomes
database, or in Exome Aggregation Consortium database,
representing 60,662 individuals. Homozygous mutations in
orthologous Gpnmb have been previously reported to be associated
with pigment dispersion syndrome (PDS) in DBA/2J mice.
However, mutations in GPNMEB have not yet been reported in
humans with PDS. Our results indicate that mutations in GPNMB
lead to ACD in humans.
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