f2EE
BCEETHER

REER

BOREH]

Treg

Frole T /IR VR SR AN i D R B

IPEXERE

R
i

{ . } EHORE
| FOXP3 l , IR
. p VEERAS
et ERIRERS
TregD IR s
EJrEY i

1. Treg itk 2ECREE T @EOMEIETF N

NG
e = 1L
FOXP3 5T 255
I
HEDE L.

B, PR S L T RLR RIS E
L, #URERSE bl iud, EELER
BB IR A B E O 7o 0 LA A Y
BT ENL EEEE LT, RIENIRIEREAE
TR E LTB I hbildhs, ML ClEEng
# 18 % K (hematopoletic stem cell transplanta-
tion : HSCT) A3 — DA G TH 57
IPEX SEBER oM MMlEF L LT REf
Xpll .23 2§ 2 FOXP3 BT A FES
72" FOXP3#ifaFit, & b CEH 11 EOxXY Y
YIS E, 31T I /B a-FT A,
FOXP3 iZ forkhead 7 7 3 1) — 2@ T 25K
FTH Y, forkhead (FKH)DNA-binding domain,
leucine zipper. zinc finger-binding domain % &
ATVD, BFEETH 20 0RLB FOXPSBIR
FHEEY, BEENRTwEA, £ 13 FKHDNA-
binding domain (27 {5 5",

Scurfy =% 21 IPEX ‘Jfﬂé’%?ﬁ?@ v REFIN
TH Y, MEREMRE BEAR, B Imh
WA, ) osHiER N *%‘1% Gk, TR

.
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3, FOXP3 %4+ 5 CDA'CD25 T MR & » THOEE T Mo
Iﬁi T FUR AR 2 T B 45,

2k Y Treg 0) AR F /BRI T A% . BEBUSEE T
NG, BEEUE, HVIRILZE

IPEX SiE MRS T,

s YO B e

e SRR S 7 B H SRR - SRR & 5
? AL BT %) Fmp;’ufz‘“}“

Z D scurfy ¥
ﬁ?’b‘f EENT
Y-S

DL, Treg (R RETEA (LM E)
DHEFFOT-DICEEREH 2 SO £dibho T
%@M,éigi&ﬁﬁ%@%$u%<##bo
TWh, B 5 3B R E A E O R
RTLAF—EEIIHESE LTS é:??fi{:#ﬁébb.
Bl 3 B I HERE Y 7 T0E 2 RS R0 HEE 1S
BOWTHEENL TS,

AR, IPEX EBEHEAEBHET A I
T, Treg OHERAME TS Z L OBTIZail
FNWTHAD.

IPEX B R OB

1982 412 Powell 5'1%, 4 H® IPEX 5 #
N VAR-S [DAR/ 3/ N
diarrhea, polyendocrinopathy, and fatal infection
in infancy” #iZ Lo CHE L7z B 2EKRIE

‘an X~linked syndrome of
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ReELT,

FIRIR AR T,
B SR E mik & i,
FripiE, ZEdeltn &t
KEDBHEZ, 3 RATIRRIE PRI,
OEBREIC L o THET 5V,
EhOTENLEETH

LT,
7S HiRERR,

DE|ETER S NBED,
HhEEZLGNTND,

PRI A,

% 0)/0

FEEAZ, HRMERETH, IDDM €
FEEERD, TOMDIEIRE

MR,
Rooh5.

1

F D1
T DR

FEF o ERMETREL
Gambineri 5% #3 IPEX #%

oy (% iRl

Gambineri 5% XiBEOEHEIZ» Db

573, IgE LR 2o B O RERE & (HEEE

THI) & IDDM DFEIK%Z 788

72FLIR BT,

TR

B IPEX FEMRBF 2 5E) N& TH B BT 5.

REAEE, BLIGESE
BEEIZL LD LDTH B,
WEREPEMICHZZAYA b
LTwabHilErH 5. i

W BE S REAY 72 AT
IDDM 7% E D W5
H 4 OBED

BEORETDH,

B30
‘x‘/ﬂ?

IPEX

EEFEECBYTRVEREO&ERIE, 7R

UEOMEEBI - TEY, bivbitdy, Hbd HEMISET AHRE TR TH 2. JHEHE
ElBUTAIPEXBHEOHIGHERIIODVWTE L M & IRHEIC 7 BN REEA D) ‘/‘Nf‘fi?fi’:z‘f’*}
Bz (FR L. RV, R L LB TR R I E %
f‘fﬂiﬁfﬁ‘ﬁ“éii‘L‘ﬁﬁH@-l@i’G@é: EDE A, 4R BRIz A Ly AEHTAIELH S, 3 )1/77’ }i
BEMBETORELWE SN THDEY. LHLE LRHFER AR LT POERFEEIZLTL T
REET5 t&b‘?’-ﬁﬂ”" FIEFICHBETH S LA FHUIERRT A Z A% v, ANBREAER TIE, #
F® 1. bPEOIPEX BEICF T IBERVEBEE L REFMER
BE no. 1 2 3 4 5 6
SEIE G HiEg s 2» 8 HiEs 19 25 H 4n B 65 B
RAEEN 19 %% 10 7% 185 T 55 26 1%
-2 74.7cm 116.5 cm 157. 1 cm 109 em 100 cm 157.2 cm
(—16.53D) {(—3.73D) (—2.43D) (—2.63D) (—2.25D) (—2.38D)
FE 9. 15kg 26.2 kg 44.6 kg 21 kg 14.7 kg 48 95 kg
RIERE HY) H) @t L Hi) &)
WBIEFER] 227delT Ala384Thr Ala384Thr Phe373Val 748delAAG WVST+H1A>T
(L76fsx53) (150G >A) (1150G>A) (1117T>G) (AK250)
MEER | 085N 7 NE—MEPL | FBIEBEBA BCREEEA HERR FEFRR
BRIRIR A HWIHAR
ZOMe | BEmERN SETRA T hE— Bl INTTLILE— x70—+
R BB BB 25[E T hE— BB
FHRERE T hE— 20—+
BHRERIE
b=ti-d 270 L2 ZFaq K RFO4 FRHE eE/7O7U |2 o0ARY LA SIORRY A
2FA4 K | X704 FIRA 7 LALF & o0 R1) A 2504 K 2504 K
EEEE BEEES

BE 2, 3 EERRAL

12{(212)

mE 4, 5 RS WEBMEE. SO standard deviation (BHEEE)
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FOER, MBS A, BETRE- HREAB~O
1) vSERIEEATERD S A, M IZHT entero-
cyte FUEAEEH S T BERNE L, ZOHE
»1ok LT, HORIEEREME 75 kDa HlF
(autoimmune enteropathy-related 75kDa anti-
gen : AIE-T5) BRES AT Y. 2ok
AIE-75 #ifiiz, TH#ia 2 L7 IPEX 12 fl&fT
B Ch o722 EBHRER TS,
LR EE & LT, IDDM < FURIR R RE
ETESSEETHEOONS, & JTHERER
SLRHEICHES A IDDM 1, [PEX fEfERED F
B EEREIRTH Y, 1 A yilLam
oy bo—- VL EETH S EAE . RS
ORISR LD ) > /S EROBEATR H i, HUEER
MR, BUERIRIE 2 2 o — APUHRAR skt
X4, BHOMIEORFICL - TAHEL, KE0ER
gz kAL OTEGR ., IPEX EMREETE, &l
R RIS R AR L L E T, BRI T
ABEIZ L HIHREEINTVIOATHS.

IPEX FEEME T LAt 2 200w TH IR,

BETHL, EREEE TN R Y
PRI LN, L —HTHEOE, ERERE

Thh EELZEBEETE, EAREEH-7

FEBIL & A, R ROIFEEN LRI, ) v
HRETH L.
IPEX EBEROZOMWOIRE LT, 7 -4 A

Bk m ik E i, E R ANMTRD 2 iR
B % FR, LT PR R LIS LR
Eha. WRBZEBEEON 1/3BEICED LN,

FCEN BT R TH LY, BRGERERPMER
R B R HGEAT IR BRI ST B T A
FEG S FAET B, BT RIEMEIF 2154 20% O 8
RO LG, TOWIIEE, ) o SHIERE
BRERGE R AT A, & CICHuE. BB

fifige, {EMERIEi e LSRG S NTBY, HE
R S B SRR RR & B 2 N BRI
L 7S, RIEIIRISRE B b 5 AR A
HiLh. RIERESEET HUREED 52 H

S5 X HE vol 19 no. 3 2011

R 1/ RS SR AN G R O 3 R

CSeE TR AEICE S bR, EERBE
CRE L TRERSBALSLTWI &, IR
b BBEEIIESLTwHLEILND.

WEEE LT
cytomegalovirus, candida 3% Y.

2. IPEXERBEDRERR

IPEX fEMEHBH O MHEE T, MmiF IgE.
IgA O B&, SFEEEkIES 250 5 4%, RiHmY >~
3ER CD4/CD8 Ihid % €, phytohemaggluti-
nin %° pokeweed mitogen, concanavalin A {Z3%F
T5Y Y RNRGEARESEFE TH S £/
FOXP3MEFERELGTHRFOBETIE, 7
2t FA R —IZTFOXP3 &ML TS
CD4'CD25" T #iE (Treg) i EF L LA LTHED,
BRHCERTH A (B2,

3. IPEXEMREORIE

Enterococcus, Staphylococcus,

FOXP3W{nF1d, Treg D54 o g
ONEELTAY —MEFLEZON TV,
Treg 7 H CEUSYE T Mg ot AL, 1458 & S
T5IET, BBWEHCEREZHRL TS, Z
o Treg Mg cab L, FOXP3MEF & 58
LTWaA I EPRHTHD. FOXPSBIEFIE,
flb> CDA™ T #ifige CD8 T MBI IIE £ A 258
BLTwiwy, IPEXERERFEE, FOXPI MEF
BE D0 Treg ORISR TE 9, REEIKE
ORI &2 L, SRR E DRERE,
TULIE—ER SERERRE SFEELRR
FEEEICIAMERERET A REBTIEX RE
EOFRIFEE T v ¥ L THY, FOXPS BIEF 7
HWHd B TN, FOXPSBETFAIER IR
LTwh Tregill o THIHEN TV B LEERS
nAh, FIOEETIE, FOXPIBETERYRD
72\ IPEX-like syndrome 25#& s iTHBh, 7
0 E — & — 4l T o o — S e EERAUSR
DA DZER R FOXPI BHEMEFIZ L AEROT
BEEATRIR SR TWwa .
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251 g;Ee BE4
E . e B
® 0.24% R 031% | = 0.08%
Pooe 2
. Emum E -
= |
-
= QA0 | =
100 100 100 g 0ot B
S
R &5 . BE6 s
=) o
S i . 011% | 0.94%
107 10" 10° 108 10" 2 bR
|
3
|
el
B,
107 1t 10 10t 10" Tyt q0" 107 10° 10
CD25

B 2.

MM ER BE L. A8t ¢ o/ %I, JUFOXPS, CD4. CD25 HifkIC X 5 3 it
v CD4TT MilgildsiT A FOXP3 & CD25 D3 57l L 22, FOXP3™CD4"CD25" T #
5

faid, A TIERN 5% O 6N 50, [PEX EEEEF TIRIZ LA LTED AW,

4. IPEX FEEfES$ ) genotype
IPEX fEMEBEO TN 2 - FHRR I F 2T

b BEETIIN 20 OVET LRI HEE SR

THBNH, 32€y2, 7y, A RE
AT 54 ARG ENFEE E R, FKH DNA-

binding domain {(ZZEEAER LT 508, Fofl
DB B ERIFAEL T3, BHIEDO L Z
A, BERTERBMICL A FRBAMOEHIZHS H
TiEel, Fhfo 2 FALEHVOERTH- T
b, BRERERSPEEENR L HEAFRESINT
BY, FOXP3 mRNA DFEWEDE L NS
DHEFHVEE L THATHEELNH 5.

5. IPEX ERE DA

BB, B aTRERETHIEELN

FTHAH. ERIZIECT, T A > 2 &5,

FEERIRSRIE 2 & B2 % 9 A%, IPEX fEMREEEE
T, DRI L TCT LAF RIS 27

14(214)

HOTHEEINLETH S, FHEECHSHET 3
BRI 2N L B T LV F — BUS IS BIE L 724
UHOHES H L. SEEIREE-EOEHEITIE
BRITH B0, —BWIESREBEENTH O,

EMMOERMIRESSA 2 L ZEIET, EEm
WEZB|ERITIRENRDE. Y7 OARY v
ARy 70 AANRATOAL FEHFHTHERS
A I ENZVD, ZOMITIEA L FF—b
£Ar7)Fv=7, VYFIITHHEHSATY
5. EEMEICIE, sirolimus 2SS EEREL 4
OO ER S TS0 b2 ETIE AR
Td A, Sirolimus 37 x 2 ¥ — THBEOEM
L, Treg # WM (L WIHIRELHD,
BRI 2 BYY. L L IPEX fEfERE
BEIIBWT, M—FR 2 iEEEIE HSCT ThH 5.
ITAETIE, HSCT AT S NREERIIE - T
BIEFIFRE LRDOON, T BREELT 506
L& (reduced-intensity conditioning @ RIC) T
TENLRDBDETA SN L, B
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FiII R T, BERMOFM LS TR
v, F 70 IPEX EEREOBH I EFTEINE

T Rduv, TOEBEREE, HED Treg M
Be L2\ iow KF —HUBICK T A BUSTE T Mg
FpEshhnI erd, EREZZTPTOOR
& Ly, IPEX fEfEEEE 2 HSCT AEfT &
nakI3ihl, BHEO FOXP3 Treg FhisE
DIMELHRIND LI k-0 BEOH®
s21- b ozl FOXP3 Treg ORAIEH LT A8
fﬁfﬂi 1~18# H &ﬂ%ﬁ% D, —ELTWwZR
ﬁﬁﬁlﬂzﬂg A0 Hﬁffi% (graft versus host dis-
case : GVHD) Tz b 8 F £ F 2 EF0 M
LT B ietEAS 5. Blith EHIHREEEE
ST AERR, FOXP3 RHMERFIZ2WTO
WL SBL RICEELOET HBMTTE
ZonT, HRAEAOHAEQPLELELS
nas.

bW

FOXP3 Treg i PElE I ORI & o T
R 2 BERE A - T 3’:) ) Treg DT A
7 —ilE T h D FOXPS BEmT ORI
F sk Al & BIEIEERE O 7 B LS ﬁ‘“é%ﬁﬁ
A AMIIEA TN S, F LTI D Treg DT
FF 7, IPEXSEMREESEOREBEOMBINICES L
f2. —HT., FOXPIBIRTFREORL2D 020
[PEX fEBERMOBERLGFELTEY. IhbHd
LA 7B <> IPEX EEERE o3 5 HSCT ®il (=
FEFE S EORBEOML OIS, Bk S

BER, REHPEEND.
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XGESE ) ) IEFERE(RES

——SAPRIBE & XIAPRISSE

X~linked lymphoproliferative syndrome

& % 5h A0

Hirokazu KANEGANE

BRI e SR

OX S 1) o/ SHITEAEIERE (XLP) (&, Epstein-Barr 7 1 JL X (EBV) ICX T 2B RIRECENOXMBEET 5%
R GERSETHY, RIENERMEEE, B -7/07 0 ME, BEU o BERRNEZHET 5.

1F & A ¥ OFEMXLP % 7 1)1 SLAM-associated protein(SAP) & I — N4 % SH2D1A MEFERICL -
THL B, KLP &4 7 2 £Hi& h 5 8#F T X-linked inhibitor of apoptosis (XIAP) & 21— F¥ % XIAP 1R
FHERPPES P E L -7 XLPBEALS I Sap /w77 bw I XDOBEN S, SAP DRBICL W FF 2
SES— L0 CO8TT MRS & BIMBREENEY, THEL2 SO bhf PEE, BHEICL - THRS
h BT, BALOWBEK, FFaINF T~ THIROBESHEESAD I ENBASAEL - H, XIAP O
RIS L DD TFREL E FBS T A L. SAP RIBRE & XIAP KIBEEDERRG S 5 NI FRIEZHL »
WKTaIslod-T, EBY BRINOAL 5 THRNE REBEDEENASAICE B EEDND.

Key DXiESE ) ) UBREREIREE (XLP), Epstein-BarrU-7 LA (EBY), RETRIE,
word ! S| AM-associated protein(SAP), X-linked inhibitor of apoptosis protein(XIAP)

X EEE ) o oS BETEGE {5 B (X-linked lymphopro- “ RS PREFEL
liferative syndrome : XLP) {4 FLl2 Y F 4172 55 K 1% FLURHHIC Epstein-Barr 7 A )L A (Epstein-Barr

GIEAR SR TH D, IS G BARE (fatal virus : EBV) B & ZEICRIET 2 Z L% 103,
infectious mononuclegsis : FIM), B& y-71 7'V BHBREE LS L ICIE & A EDBE Tk EBV BT

Ve, T v BRI S8 E T B, E o CETHBY, La L, EBV BERIC
1970 FEfRICIE L T 2 OFE R & 1Y, BLIELIET £7213 B llEEES &2 L, wh

1998 41z 7 DK {5 F SH2DIA H#E & O % I Bk E A ) > G BREE (hemophagocytic
16 2006 SEICEE 2 DEEEEF £ LT XIAP A% lymphohistiocytosis : HLH) Z F5ET 2, BE y -7
e xnED, FNFNOMETFIE SLAM-associ- B 7Y VIAEPEEY @D L (RO B0,
ated protein(SAP) % & (8 1= X-linked inhibitor of ~ Z#15 4 BBV BHEOBETLED 515 (F 1)
apoptosis (XIAP)%Z 2 — F L, XLP 3% 4 7 1 Zoft, BAEFSBRESD, Vv MEmER, MY
(SAP RHBSE) & 7 A 7" 2(XIAP KIBAE) I 1T & VORREIEE PR, RS S OHCRIEKE
s, ZRET52Ebb5, MATRIFRICTFRIRLE

BT ﬂ%(t@%“uﬁ(ﬁ@ SRS BThokn, EEOEBLBWERom ETT
DELIEOLTHERE 2 EICkoT, XLP W BREREELTETY 3, MH—ORREREDEmE
DIEAFFEDTH O, iaEETH 5.
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= 1 SAPRIBRE & XIAPXIBE DFEY

i SAP RIERE XIAP IESE
EREER
HLH H0 HH
&y-70 7 »ifE &b Hh
Y sl BHhH ZL
BAETREREM Hh L
M 22 HhH L
WEF
A R SH2DIA XIAP
Bt Xq25 Xq25
a—FT5EH SAP XIAP
HIEHREE
NK fUfepass st B’ B
NKT #ifask i} BT~ 2%
iR & B AmiasE KT JUiE
A — B gk BT R L
b
=kr S
HLH i I SN
sl aees {esatinges
rituximab % i rituximab % 1§
itk S s A a TeG 7 IgG HiFE
) o] fE Bl SR
Bideres e i AR

HLH : hemophagocytic lymphohistiocytosis (MERTT-friE 1 o FHARIIE) .

FEREETF

XLP OB PEFIE 1998 i 3 2D v —7
S LTS ENYY, SH2DIA EREE R,
INETTIOMEDS I ERY A TOMEBETFE
EOSHE SN T 05, LA EOERT SAP BHH
DFBET £ 2 3 RIEERTH, WEFEROM
R O BERE I B BRI Ao,

SAP Bt 128 o 7 2 V@ oD, 1D
SH2 FAA »#EF 5 (1), SAP & T #liflg, +
F 4 9 L% T — (natural killer : NK) #ifig, NKT 7
W FET 223, BHEICIZE L AEREL Ty
Zva. SAP 13 SLAM kRS9, SLAM 77 2 U —
WIBT AL 78— BT 52 7T EEL»D
HoTnh,

2006 fEiC SH2DIA 2B %R\ XLP # 27
5 3FER 12 PoEET XIAP EEPFEES N
727 BUBREE T 21T XIAP 1X SHEZDIA D &b &
THEEICRET 2. XIAP B E: SH2DIA BE L
BRI HERESE R 2 270 L, XIAP BH O FRBIZET
EERBT S, XIAP 3o — F§ 2% XIAP i
inhibitor of apotosis(IAP) 7 7 3V —ILE ¥ 5.
XIAP (2 3 -2 baculovirus IAP repeat(BIR) F #

|

A udsish, ARASA—EEOHEEMIZ»»H
%, —7, CAMICHEMAT S Ring F A4 »ix E3
2EFF o)A —EIEEEET S KIAP 2T
DN HERSHIIICFEET 5. SAP & XIAP 2D
IS & b EBV B HLH % %EET %28, XIAP
SARIE IS B A BRIV UL SAP RHRE & 1358
S —N—=F oy T L Taindd,

| SAPY 7L EXLPORTE

SAP 1254 SLAM L& 7% — QMNP F X 4
VAT AERELTHESZNR, oL T
g — DNy F L ERIET 20D EEL S
78z, #ERC SLAM EHREEE TS
SLAM 77 3 U —L &7 ¥ —D v FFLisddd
HB I LB Lo TERY, SLAM 7 7 2
) — L& 7Y — I 2B4(CD244 ; SLAMF4),
NTB-A(SLAMF6), CRACC(CD319 ; SLAMF7),
CD84(SLAMFS5), Ly9(CD229 ; SLAMFE3) 23774 T
3 2Dl 7Y —iE, BEARMIZ st 2
BowErsra 7y R ALy, BEEE 41
nlEb 2 HoF o v EBEEAEDHRAT — L
POERINTVS, Fus EBEASAP LHE
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(A) SAP
128aa

aa| 1 H 2 HaH 4 Jma

(B) XIAP

| BR2 | | BIR3 | RNG |]497aa

| o
e ———

B 1 SAP(A)&SUIIXIAP(B) DEH A S TIOBETFME
SAP EFZ 128 7 2 VB o 4D, LMo SH2 FAAL Y 2HTA(A).
XIAP ErRid 497 o7 2 /82640, 3D BIR FAS v E CHEED
RING F 44 v ofifans(s),

(BgiEE)
(LT) (LTen) SLAM,NTB-A,
SLAM SLAM-R? SLAM-R?
& 5{5@ o
. ol
L @ @
' i

NN N\

AR EIE T ] | TreBMROEMEE || NKTHERO
(EBVE BB D I ORE) M SN ettt ek
\ A ‘
EBVEIEHLH _ AN EBVICH T 5 B REEE?
ey o | | r7a70mE || Y s

2 SLAMLt 7% —7 % 3V —&SAPRIRIEDFRIET K
SAP DEHIC L 5T SLAM L2 79 —7 7 3 — D3 7 UEEREE &7 L, SAP KEHEOFE
Kb B EEACNS,

ERL, > 7 FrEEzHEL T3, vAERREETALO L BHhNA (M 2), SLAM

SAP OEHIC L »T NK fllgs o icfifaE oy 7 VBEEIC L - T IFN-8 O EEREINP
24 1) /3B (cytotoxic lymphocyte @ CTL) 2 & 4F IL-4 DERETHEL, INoDHA FhA Vi
% 9B4 ® NTB-A D>V FLoB#EE L, Ml 4EED EBV BE HLH 8% v A EORE
BalEsE R O T O 7 © 1 EBV REHIAE O HEiR S LTwLAb Lk, £, M~y
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Abstract

Although mutation analysis serves as a key part in making a definitive diagnosis about a genetic disease,
it still remains a time-consuming step to interpret their biological implications through integration of
various lines of archived information about genes in question. To expedite this evaluation step of
disease-causing genetic variations, here we developed Mutation@A Glance (http://rapid.rcai.riken.jp/
mutation/), a highly integrated web-based analysis tool for analysing human disease mutations; it
implements a user-friendly graphical interface to visualize about 40 000 known disease-associated
mutations and genetic polymorphisms from more than 2600 protein-coding human disease-causing
genes. Mutation®A Glance locates already known genetic variation data individually on the nucleotide
and the amino acid sequences and makes it possible to cross-reference them with tertiary and/or quatern-
ary protein structures and various functional features associated with specific amino acid residues in the
proteins. We showed that the disease-associated missense mutations had a stronger tendency to reside in
positions relevant to the structure/function of proteins than neutral genetic variations. From a practical
viewpoint, Mutation@A Glance could certainly function as a ‘one-stop’ analysis platform for newly deter-
mined DNA sequences, which enables us to readily identify and evaluate new genetic variations by inte-
grating multiple lines of information about the disease-causing candidate genes.

Key words: genetic disease; mutation; polymorphism; bioinformatics; protein structure

causing genetic diseases.’ For instance, primary
immunodeficiency diseases (PIDs) are caused by con-

1. Introduction

Genetic diseases are caused by structural changes
in genes and/or chromosomes. In the Online
Mendelian Inheritance in Man (OMIM, http://www.
ncbi.nlm.nih.gov/sites/entrez?db=omim)  database,
more than 2200 genes are known to have mutations

genital defects in genes involved in the development
and maintenance of the immune system,”® and
they can be diagnosed using mutation analysis that
identifies pathogenic mutations in candidate PID
genes. This process plays a critical role in improving
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the quality of life for PID patients.* In this regard, the
recent advances in DNA sequencing technology will
extremely expedite this process. Thus, the next bottle-
neck to be addressed is obviously how to clarify the
associations between newly identified patient-specific
genetic variations and disease phenotypes, even when
familial disease history is absent. To eliminate the
bottleneck in mutation analysis, we need a bioinfor-
matics tool that would enable us to readily evaluate
the impact of a genetic variation on the structure/
function of a gene product at the molecular level.
Towards this end, our first step was to develop an inte-
grated ‘one-stop’ analysis platform where we could
cross-reference multiple lines of information regard-
ing known genetic variations, including a huge
amount of non-synonymous (ns) single-nucleotide
polymorphisms (nsSNPs) in healthy individuals,®~7
in genes of interest.

Bioinformatics resources and methods played an
indispensable role in creating this platform. 5~ "2
Although a number of databases regarding reported
human disease mutations and SNPs have been
already constructed,'® ?® these databases were
launched as a static archive for genetic variation data,
not necessarily an interactive tool for evaluating
newly identified sequence variation data. Several com-
putational algorithms for predicting the effects of ns
substitutions on a corresponding protein have been
developed using evolutionary and protein three-
dimensional  (3D) structure information.?®73"
However, despite public availability of these soft-
ware/web servers, there are at least two hurdles,
especially for clinical researchers to exploit them for
the mutation analysis: (i) since these servers usually
require information about the position of the genetic
variation occurred in a submitted sequence as a
query input, the users have to specify the variation pos-
ition in the sequence before submitting the query; (ii)
since these servers do not necessarily incorporate
known disease-associated mutation data into their
systems, the users have to manually compare their
newly identified genetic variation data from patients
with previously reported data. Thus, we thought it
was important to integrate predictive bioinformatics
tools, such as the one described above, with a compre-
hensive set of known genetic variation data, to create a
‘one-stop’ mutation analysis platform.*?

In this context, here we present Mutation@A
Glance (http://rapid.rcai.rikenjp/mutation/), a new
web-based integrated bioinformatics tool for analysing
mutations from human genetic diseases. The user-
friendly graphical interface of Mutation®A Glance
makes it possible to allocate known disease-associated
mutation data on the nucleotide and amino acid
sequences of a gene of interest, and to link these
mutation data to the 3D structure of the gene product
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along with various lines of information about the
mutated amino acid residues (e.g. the extent of evolu-
tional sequence conservation, post-translational modi-
fications and molecular interactions). Furthermore,
this tool enables users to identify and evaluate newly
identified sequence variations in a query DNA sequence
from a gene of interest by comparing them with known
disease-associated mutation data and using the SIFT
program,*® which is one of the most accurate and
widely used program to specifically predict the effects
of ns substitutions based on evolutionary information
for each residue position.?® Therefore, Mutation@A
Glance surely serves as a ‘one-stop’ informational plat-
form to identify and evaluate new genetic variations
by integrating multiple lines of information about the
disease-causing candidate genes.

2. Materials and methods
2.1. Data resources for disease-associated genes and
sequence variations

Human disease-associated mutation data were
obtained from the following three databases: OMIM
(http://www.ncbi.nlm.nih.gov/omim/),’ UniProt
(http://www.uniprot.org/)** and RAPID (http://rapid.
rcai.riken.jp/).'” Sequence variations that were associ-
ated with OMIM in the dbSNP database (Build 130,
http://www.ncbi.nlm.nih.gov/projects/SNP/)'®  were
considered to be disease-associated mutations and
other variations were considered non-disease associ-
ated. For the mutation data in the UniProt database,
VARIANT features associated with diseases in the
human entries were considered. RAPID is a molecular
database that we have recently established for
reported disease mutation data in genes causing
PIDs.'” The RAPID database is directly connected to
our local server and the mutation data (as of August
2009) are retrieved using a Perl script. The human
genome sequence (Build 36.3), RefSeq sequences for
nucleotides and proteins of human were downloaded
from the NCBI ftp site (ftp://ftp.ncbinim.nih.gov/).
Information regarding residue-wise functional features
(Transmembrane helix, signal peptide, nucleotide
binding, disulphide bond, metal binding, active site
and post-translational modification site) was extracted
from the human entries in the UniProt database.
information regarding the exon—intron structures of
each gene was downloaded from the NCBI ftp site.

2.2, Calculation of sequence conservation in ns
substitution sites

Homologous protein sequences in other organisms
to the human proteins encoded by disease-causing
genes were identified using the BLAST program?®
against the RefSeq database (6 691 817 amino acid
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