"L (WY SETIHEHME ) B2 EY STy
m,nvgﬁuﬁw.S#m#ﬁ:tbsﬁrﬁumﬂ:%mméﬁﬁﬁﬂﬁ.:mPEﬂ&M#
SEwMﬁﬁﬁﬁﬂmﬁuﬂﬁkﬁw¥@thEﬂvﬁ?b&ﬁhﬂ%.ﬁﬁ&b%ﬂ%ﬁ&mﬁt

TTALMINERIGH 2 [LOCIHYE S SHIEE - — 2 BTYA
SHePISHENTEHSEM Y SNERXENY THY e LTS — ¢ —2WHE] ¢ P
SHEHSHYSLIEE Y ¥ H THY S LEIEH— (-2 UTYN ] ¢PIISHBLIRS L5
uﬁﬁﬁﬂﬂ«ﬁ@ﬁ@ﬂ%&ﬁﬁ«ﬁﬁ%ﬁﬂm.ﬁngUSE:Eemﬁ|RIVMEﬁMAS

MELEAUAZREITEOZIE "ALVC IR IROBHHENRTR ()
.sumbﬁpbmwﬁﬂsgﬁ,w%w@Wm:£t$M%uQ#S@$mwa#mmAE
SEHEROWYL e LHWHIEH I YBECYEH ‘Hoyr (B)

S&HO

HSHOLVOLINRHBY DR IHE S LTEIWAD > 1 QYT U LOOHE ()

SHoy

@ﬂum(@@ﬁﬂﬂﬁﬁ@%ﬁwﬁ%mh%ﬂuﬁgéﬁvqm§gﬂﬁ,awz%seﬁKAS
SHONSHOLVORIBHEX YYEC LTUMND > 1 SHY TR (P)

SHOYHESE (9)

SHLEYBRAYYUL "YHANYNERITREYBE Q)
SHOZLREHORENBYE WU ULN0HE (8)

CLNSEHY U BIWEL S LV CIBRBEORY (1 PUEZ0G
&@K,P302§§S@§#m%€ﬁFﬂ§&.MQﬁHﬂbﬁﬂM.N#E%%H.EﬁWEAQ

RIQUGLNR G ORBOI VS

.:HUM&%EM&g@M@E&M%bW@O&&M.3&w@$@§ﬂ#@+.ﬁﬁwem%ﬁe
RRCHRLANACOCIF LG M > POIEES I VwC?
GHAHE WY LROIW - Y SHERORES exn) HBLePLYTRCYU (o)
.S#mbﬂﬁthEWPJWMU%GKﬂuvM,$mbﬁﬂthgﬁmunumswgw
Mwﬂﬁﬁ«ﬁbﬁﬁﬂ@.ﬁPnQQUmtwﬁmb%m&ﬁﬂﬁﬂpguﬁﬁb%mﬁﬁﬂﬁAs

‘TR LR CBEE

B3R L BUHRBOY FUIEEY - OB WEIELE WEIFHE WADER
BYOBEI IHBURONOT W iE ANRENTEHETHO U 2Lk (1)

WAMFHIFHEER S
FEEC NS IEHEEY O UIE A

< [HEZE) Odh/diBysl//:duy >

HEBORANETHZ 2 UMD [/ d FHOEHDIBREDE] S5 0| ENSEYR 22

TZULUYRWENCTOTE QYL UG
HT M [HMEMEFBREFH] 2137
HEOC—0L COBEROR 20U 'Y e
CRoE
A EHEOLN I 7 —~£ 0P Y "WEQ
LA (FALGEYBEORMETY 2 Q& LN
UL TEMEE ? REWEYOERY ¢
R [HWBTYMME] RARBE T
B OOCOLNMERR LU RETY
—EURBF L KQUE VLK - QWA
WEIRNI9 R "WHORBRS Z¥OLIB XY

LT8 (I1) &L - 259002 - WY 2 HHE

mP.v#ﬁPrwiﬁﬁﬂm%uﬁﬁﬂuﬁ
FYBMEAHEY 22U DN TR EG
SULLL h ORI EYHEHSY ‘T30S
LRI ORRHEDE WIS EC L
WEITWHEYE 21 JWHIRELE
RV L] VHEODWROUN
E 45 8008 N LW SR YT P ELIEE
YUE EZLIBEROTYZEZ ¢ LHEN
BAVEd Y E "BOY "@UBIMIQ—
P NEER(E) Arcd VuESLEHD
FWHEZE] 451002 ' O B H BT
ZERMSIIE Y2 UG @R CINEY

‘O @ GENC LI HEWSHETYOSH
ﬁb%%%.m#mbﬁ%wa:#ADREM.:%uwﬂmwm&@m
meﬁﬁmﬁﬁ.nu@%mth%gﬂﬁm.%Wﬂ%ﬁm 2 %Mn
MEGSBCHIEY Y RY CRPENTYY maés%ﬁ:hﬁxlw
%vagﬁuﬁﬁ$%ﬁeﬁ%.:HOSP%Eﬁ»uwb$ﬁLﬁ%%
ﬁ%h%&ﬂﬁmﬁew,mvsmuwwwswgﬁﬁuEMGM% M@
.@mhmé@hmmuﬁ.guW%wawwsH&m&EM%baﬁﬁﬁ
AT G 2ENY (3 9 2E1Y) SEEHE 00SANN ﬂPSOL;E%QS
Eﬁﬂu:mﬁrﬁummﬁgﬁﬁﬂ.wnﬁﬂg.m@%ﬁ*&wLHJ
QU RAXHEENYERCRIFHTLNTY ¥ ﬁu@WkJSNﬁhjw
.mﬁuumﬁpewsﬁgﬁﬁﬁﬁﬁﬁﬂew.:QMP%EQWEL
@Eew.éﬁwswwb%ﬂ@hﬁumﬁmeﬁﬁ MﬁvﬂmLHWG
ﬁm%.$$me<%,ﬁvsouﬁﬂﬁﬂﬁﬂmw:%umMQ${¢ﬁ

WO S S b BE CIME R A E 0L

o=’ ' any >

uny | 1-v22 L S/2 L/7002/18UiUs/d OF MIUW MMM/ >

<! (5 p2 2l v002) [y FHOR
OV AEOREYE S A NSEENHEY - BE| BELFE LE

WEYLY GERTCNLNEIRPHACT
eI Ng BN VE@RAOY 0%
21 R B BT R B MELEO VR
‘Y YL BECRE R L EETIEY
WG4 OR A GEDECEEER EOMN
OFEY T YO ITY R OB TR
OYEB ‘4 Aasc - 47— ¥LA F O
By QY QUG CBENWEIREYEEOY
BN VERT RO BRI
TR RVEBERA
bed PSSO URBMIGEIINETRI L &
m%h@%@&ﬂ@ﬁugﬁm.ﬁmlvg%
2 OIN QLG ORI W B2 B
QBRI Ve VKOBBETAO T
< /d'Byslyy
dwy > (SHEMSERNE (ME4+ETH)
SEUEHMEYE ‘SELT-NLXY2E
¥H ‘SESEMYYEYH ‘SHEEEXVY
H ‘SHYBMYYH ‘SEIBEY¥E ‘S
ERYUHEYE ‘SERELFDEYEH ‘SE
bA:PADR&M%mVﬁA¥m1¥R@b
HIBHWEDE | S0 BHERIE ¢
(L) FOLURMW
W (QRUEFGLMWERL AR A QKT

BOCOTTIRY R 2 COIHEXWSRE
DOEWENRV ¥ GHYBENUELIEOST
B RSB C UAFHGEDE R
| UG LR [0S E S FHE
AR EAYE] tEEOERTOA V£
R R L L L A DR ek - AL
QBEYE YNWHHR (L ed FrOAY
OUEHTGROSHYE S Ay REEHE
BT RBRELTE C2HARRR2EH
2 LRIEAL Y ¥ 4 G002 s RERE Y B
< WY LL-¥2T1S/T L/P00T
/iBuiysydl-oB miyw mmm//: dny > [ )
A VORI ONVEELGEOEEYEZ A
gREERMEY - 8% BELFHE 'L
222V E
WER oA VHOCTOY RS LY
RGN/ GUDBEEFY 9w 2NE
€3 2 OB Y EWMEEDEE D WRNE

el PR BB
@& A NDAGUIEERR

22

- FELY - HVETHE O 98



828 (12) BRI LBAR - 8B73% - 7%

BiEHY vt VP ORI

—CBEAT vy v eV THHlbh
ZARIREE T, BREhIBRER
L2 THE, BRII—KER ZRER,
SREBENSE K5I, BEITVEIVTE
FOHSIHBILKY, =K, TR, ZREHTW
L, shPhcERh2BREHEEASC
ENDBETHS.

1, —RBIEAEHR

(BERE LTOMBSIMNSVENEEDD
ARBOT, IITHBEEGEER)
ERFOERESRO—E L U TRRE XS
+5E0%, ERIERO—AFIR THEHYEICHF
£ 5 h3MECET 3 EMNOHBEEMNI R
CEERD. bok bEELGINL, EROMR
FEBIEL, KEHLREIY V) VT
m§mm§mﬁ§%mnwd&m.ﬁ§ﬁﬁ%
AREOES A E oDV TR L HEICR
BECHBT 5 2 ek bha s, HERMS
I 2 StREEREABBELIBAR, KD
BVWESROWEN Y v E Y Y IR B E
LazEagELL,

2, ZhBEHIYIEYLY

—WBEAY v EY v ICBWTR, BRRR
(F2O N L —= v 7S ERREEEMIES,

254 TV bbb REREL BB EERERE .

L. RERE & o TV BRI & BB BRI KT
+2, PELPAICIEFORELRITL, E
RSB TS, TOBRE, 77
4TV OLENERLERLEIAT, §F
DFESHZDVTDRIRFEED, 774 L1
IZIER 5.
BEFMEBEOH 4 FIA VICEREA TS
k3iz, HERBETE S RIEFHREET
Iz B RIE A R DEIC K DBIES
pyeY v IAFORENETH D, WA

Wiz b 3 R AR EREREEEMRO R
EEL A CEBREECETA LSV S ER
Fah, HHVRIETENHRRREEME
FAEEREIY VT - LEMAELBIE
MEFE LV,
3. =ZR@EHICEVT
FEEEEOREFRREAENINICH S,
EWE<%5§.%>§S&o§m%ﬁ5ER
ERET R AREEEEMENEREHL TS
s.ﬂ%@%@ﬁﬁ@g¢4mﬁlbmﬁ8$
sAE 5 NTVS, EAORENREICNET
B, REAyTHhVTT VY aAREh, &
EABAICE, AEOKERERIIHMT IR
HANE ERTWS,
HEARBEN Y Y EY YR WT, HAER
BUTHAER XN DB, TOREOMELR
LAY AL L, BIEEREE 1052
DH4FS4 vk, BRES [EE] BERAC
ﬁ%rﬂimﬂ%ﬁ%&s.&%ﬂﬁ$m4m
BAIEBTESLLTEY, [EE] 2D
WTORESEAM LY, —ARRICITEFTRIE
<, HMEESAEVRALEELRAELERLD
RTVB A, RARMEICRET 2 HRRES
%ﬁﬁ%mﬁ%ﬁ%mﬁmeSwﬁﬁmﬂm
LA o kS BB TR AR &
2i8s, Lok SITHRBTNENIIONTO
BBIZM TN, Z T ATy b AR AR
BRI T A o T, TOHIMZ
R UTHRET 3 2 LA SR AR
BB EDTHSHAEERICHRI UaThids
5y, 2ok S AT DV TE— ADEET
MM TR HT I LRFELLILTEE
<, BEERSFOBKREEMRCENZR
HEOEME L F— L HMAZRERIV V€
DY IOBEHO S & TRIBTRETH S,

BEAY YU Y SEYSE

DAETIE, TREHMN X & X308 (EET
SHMEH L BE - FEITF->TBEEx5
hoH, BEIY VRV TIREE B 18R
WEFTREL, DER - A - Hemy
A- bR LN EPHTEETSH S, Wiz
WUy VT ETE Y LT B EMIIEMSE
ET OB TR A IBAVEEEZOMST &
A, BETERORSHRME & GRS Be
U, DEEEY - FERhAD - $L 2Ry — b MATBE .
BEEIRRREMEBELES L ClESY
YRV TETILBENS S, BEIYVEY
YOIIBRET B 2 00WME S 1 T AR BRY
3,

1. EEREEEFIESE < http://jshg.jp/>

BRANEBEFES L AREEIY VR Y v o
FLRBOLBEERAES B A ERT 5~
BIZ, 2002 FIZAR CEREEFEEMESNE (&
B TR AERES AR ER 245
BF) &35 Lif7e. 20054 8 AiCidEAER@E
PEEAEDTE 3HEMEL LTOET 42T,
2005 EE F TIERE L A ERRIZEME 597
RIZDIES,
BRBZEMER T TORER 60T Y
YT =2 3 VIZRL, B SEERSET
Taeedin, SRBMBICHVTIRET S
EHFRENZ8E - BEFICEGL-BED
BRABESEMTH Y, 1) MEERIZOLT
DILBELEMIMEER > T 3, 2) BIEER
BIESE DD 2 BEEBICOVT, MR
EH-plli - MBRETSZENTES, 3) EE
HO Yy TEFHIIENTES, 4) #@iE
FOREIL DV TH 0B L BBREE LT
%, 5) BEERWEOFSLEEEE LTS
D, BIEERXZEESTIILNTES, ZED

ENEETIEMTH 5. MKBREPIERRY

EREBAR - 200645 - 78 (13) 829

B, DER, ERAR, SRR EOERERD
FEOBEE - GMHERL T - %, BEAEY
FIEHRIBEHHEIGR I 51T 3 EROFHE AT,
FLERREEERRICL->TREX NS sub-
specialty DESOHEMETH 5. £k, FHRE
REPIE 2 E T RIS NRRE NS b o 728,
B, ERESAREL, BRBEEMED S
RIBXMERARETS 3. HAWBIICEL
TUBBEBBOED 2R ok sh s 2
EBRZVDT, HARBENICED % DR
ABEICERBEEMERROME L2 X LT
W EE T,

2. BEBEBHAT L ES5 —HE< http:
/lishg.jp/>

U%Eﬁﬁi$8§mﬁﬁﬁﬁiﬁﬁtmm
DO GEBEHATVET -] L5 ERMDER
BOBIEREZTELL TR, b b2 AR
WHROER L & & 1081 - EEFRELED
ICEROF TR L 2T ML 5 S 2t
A, BEAY €Y VIO NEIIE < 50X
NILDTWEY, HESY &) v o
EDXIEFINRELDMIDVTIIEE T
WL, FOXIERAT T, BEHMERE
RBERMES DEETEROLEHICET 3
Rl HE (HER © HE—) T, [REdiE
AU YT - DFER L BREEICET 355
MR (EEE  TRER) LT,
bAEICET AEEAOBEIY Y 5 — DR
BEBERBARICOVLWTRE+EAL, BEEE
(RIER L~ B~ seEL ~L) &
BHEA Y %254 (FRRERBEZOBEE)
EED, FRIUTFECREREI YV €5 —
HIBE £ FISA L 7=, 2005 EFICH 1 IR OEER
BETV, DBENORERESI Y V2T —5
BAVREE L, BEREH Y Vv 5 — IZEHRE
EEMEEEHE L 240 B0 BEREIEER
BAREL, BEICET ARSIt s T4 2y

DM EEBT AL LT, ZOBHESSEMR



Wﬁ.ﬁ\ﬂ\ﬁ.\{fu\ﬁ\ﬁ\f"\f.\A\A\A\.&.\Iv\f”\f“\{{ﬁ\{lu\é(u\fu\ﬁ\ A ATA AV AT AV AT A

(0 -.9)

YT (4—L@HFT002) — & AU —0d L CFHENRDE
@ S INNYEREEHY £ 2D TEOE | £l BISA0Id 0da]

Hyz~02HE

%eesarAa

61 ~SliE

%8251 A

%10l
BIBAOI]
odaq

R
R

%9 MR

T %E0MHOE

%E9HO ¥

A AR A A VAV A VA AT A A VA AY AL A A A A A

W“)\wr\u)\mf}\u!hﬁ\“fh}hihlh’h!hf}}\?\?%’ﬁi\?hf}}\?hf mv_mu.QD V_O_jg EAYN

‘e@29BOME e ~ 0 WHRET el ~ Gl BHPRY
I C @D QRN B2 o) 2 BRI R B

SLCNE I D W N WO R L T N O Y G T

AW

‘TAZOMIE) WLAKQLY (e '

FEDE o 2CURLAMAALFHENEY LT
BER LT .

W EEREY e  EYERHIUBERICR DRIt
TTE WL e
(1298-06€ L)

HERE HEE

Q& NBrL QIR
ZR2LRVEQA

BRI 2> L¥ELNCTIUC R YT HES
MR G G L3R T LAEZITHO O
GR PN VNLECEDGY (b D) >R
CRSRYHMGHORH ‘Yo LEE
R ZCT O TR 2O L ¥R
>¥LNCHHB L OF LW TY T8 W
HOXWBEMEHEYO>E SEL RV
SLYLRIONYLUNRLEEIF—HOR
ROMWPEBHO2 WHOY "HNSHC L
2R - 2R CRYIY R
ARNUL A EARUGEERIVBW LY (0
SR COHELOQ4R (A EHC Y
B - ¥EON QY HPEE M By

QUG YER G EER
OIS AA L ELENEOHENE
I PURLUR2CLERW—ca LKD)
BRYE 2OANL A (R A4 G EIBETH

TG W RTERD YL
NP EYRE EYHENMEE (LY
+ R S00e (Y E CLEYEINOF
SR G @HEE V002 LEXHYREXINEIR G
GEA 002 WY -CTFHAYNIWE IR
— LR A OULBRPEYCIHNT TR KE
BOHMOZ 'T12b 21222602
R TEYEY L REEHHEEOY "2

L - FELE - HVEIRA (1) 088



WARE MY 17~ 22 01 (

[ e e e e l.%m mﬂ ﬂ IM‘ R - e e aim ¢ ety mmienenn

Wi RIER U OBE D Y 1) v 7 ORI

ATHAEEREF SR

ORI

SRS N B AN AL 13- 1 1 90

Key Words @ fl{Ed > 20 27, EEL GERAe, Dysimorphology, 774 K54~

I. 3U®IC

2 LIRS & Y, il (gunetics)
M L (genoniics) ~DSF Y L LY 7 A
BIAIELTVD, HROMEFRLECI )
EEDPRIOVTIHIRET 2 EINTH - 2295, BiL<
FND0H DY ) LG BHE TG A
7L T RTOREFOMRIE L HIANNI N 2

DILTELD 77 AR R TXTORBTH Y
LA TTRTO A TORRE T, FLtoM

WEZTHIENTEL, € M7 4 LOEAMILTR
YORLFEROBINCE L E 5T, Sl sT2
e AN e AT RN R B o B E B - BT E o
(B-F-588L, BRI R 0 2, s T & RN L
ORI DT G F3L6 # WY 2 TR
1L SRS EWSMITHI T LY, B Lviibmis,
L, PUREO MMM T & 2o & bl T
&L DS DHRIE, LM 1L 4 OBIEORTHH
BRBEIB-TETED, Fik RHURIC BV
THHHTIRL

KR TIGE MR ORI T Al s oo o
K4 o oRMEEMANTEEE LI, #
AT EERDMEEH D k) o ZITBLL 7R
WL,

AUBIRRRSE @ 390-8621  SEWF
RkLPN
F
TG et

fAlin 311

0. BRSO

e bR, 1D A BRI S i
FRLADBIE, 2 WLEMA T, THREFOIKIK
BNz L TIRR L BN E S AB LT 8, 3) BUHIL
E/i¥%] TRRETLEWI ML STV RIS
GRMHI L. ) WAL T 5 L2

T W E, 2003), % LU O BEH E RS
MDD 5 22w, PIRARIKEVARD SN T2,
B HEE LR T, A0S 5w 2B
CBRIATETH b LAt THEEN DM R
RO E TR KGRI L > THII LI X
W, BEEERBERLOMENTBRIA L 5.
CHOZERBVAIEPNADN v TMIZE TS M
LRFE L EAONDA, OfEIC X kol
HibILTL v nd v ) HMMBEAE LD E 1,
AN AR AR S & J60E L 72 AR ST QRISTT DL B 4%,
ARV RIER AL LT 24, RAZZOR N
T BETHoTL, VA7 OHBAZNHRELT
TP DRI ASEHET D A L) MOV T OIBEEN
MW W& & 2o Witk - PHIHKOHHRUTIZSE
RO WA 2 MAHBAS el - FEEL
DLEVEBOL BTN ABELS LB LEL LD
Mk, S HITHTTRENEE R TG Sh Ty
B0T, WAOMETHALO MR BRE S A
BIENHBHRLITEILETH L, MR ORI
HAENRISITTOR A, BEWREEMROBTHY
DENZIXMRE b I AN AWM A DL ETH D,

(17) 17

20064213151

F1 EEFHE (ER - TEEEERFCHTSEARED
BYLEBRBOOTHOH A K T4 ] (2004.12.24 &R)

10, MBI Z BAUCHEH T 235 80Tk Y
REEHRESICL VS SRENRII>W TR,
RfEF - REEOEII D AADBE, HM R
ST AR S TR A Eh, HELLL AW ET
HHIE, FLEOMRERICEHAERTLHB L b,
IAMEAG LS, RARVIRE IS
BRUTHGIRE LD LD BENIDH D, LIDHT,
AR R R MBS OB O I T,
UNESCOMB T af, KR 4058 501 o IR 61 M U B
EESFeosEEBEL L, FIRETHLENDH 5,
F72 BREOEMICHEL TORHBHITBVTYL, £
OIS RHR TR A CHET BT E NN TH
7, HEMOBRTHMICH L TEDL FIolTi
HEvphl, RARVKBESIKERARREHOLE
HHve LT, BRI, b
S, BRBEEOMMNUAME L, KARY
KRS OLHMAMKIBEITICENTEDLEILLY
RBighrre) Ve dlTH4ENH 5,

L. HAKFT1 - OREBELBEHI YT

FeAm T, AT B RE 0 2005 4 4 B i il
fHctew, B, WFR, EROThENOSEIIEBY
BN PAERONRCIZIET 274 ¥4 ok
WER, ETOPIZUNESCOD [b bR fEHHICEY
HEBEE] OBEMFENAINTV S,

BROPIIBOTBMIREF A FF7 4 PSR
20MBHBH, WHESBEWHREL IR RoBES
YY) rrORERYRBIN TV S,

1. BENHE [EH - AERREEECSTAEA
1FHROBNLBRVDLODHA K1)
<http://www.mhlw.go.jp/shingi/2004/12/s1224-
11.htm1>
fill AR IR 1 A 2005 42 4 RSB R REfrE 25 2

ERET, BAHMEG TR - MENHGRESEE I

BT 5 HARKOBY ERB DO DH 1 K54

Y] BEE LTz AR ST LR RIS T

HHEZENEL, HAFFTA O 0FHOEE I [§

G e BRICIEH T 25 &0 2, (K

AR, MEFIRAELT I HEITI, RS

FOHMGAMRER L, KARUFRESOLH &N

SREFHICEMTEDEICLY, #fErTrE) ¥

TEENTHZLEND D] ERBRLTVE (R1).

18 (18)

2. BIREZEE 10%% BIZENREIETAH0
KSq2) (BXRBIEHIV VS THE, BE
BIEFEEPS, AFEBRBARES, AFAR
BEYS, BFXARBGES, BFARBREES,
BEEXRBRABYS, BEYRAZAIU~Z22T
¥%, AABFBREEYS Wratam, REN
EBHES) <http/fjshg.jp/>
1. OEAYBMEDHT A KT A TIRBHOBTH

VOIS RIZHWROBHFOFEWOAERL TS

A, BAPICIEESME DT A Vo4 LS BIENIS

HIMISNTVEETA FI4 BT RETH D
BRI BT, ELLWHANE

W MBI RD NS 70, BEERO (>

T A=A arer b HAOMEZEGEROME

WA O 22 AREE ORI, SRR OMIL A

Y R EMBCRETREMENEAELTY

3, FEAOREFOHRILOEE T3 240

THEN, TOEEIRAIHELRWEVIRT o/

BHOHLTWABI L A,s, HkEMmaBiEssk

WM T, BEEEEMEESTIHIREN ST

B, 2001 A [RIGEMME LTI A FI 1>

(R)) #HEL, HH--EDFMEMLH, TOEK

HAFT L AR 2408 X UBEHEM

K, LRHASEMROMA TRGT 2 MET L, 20034

KRAELEDBIOHI KA v Thh.:

V. BEATLEULY

1. BEAICEIYCTOER

MEH o) b, AEMERBOBE - KB
FRREONEMOHIAN (7 T4 M IZHLT,
GIFERHEORRZASOEBRTHRELITHTES &
3 WRERSRHEAR I ES I & 17y, RSAYIIBI O X @)
RIHRERML, BT HERRTHTHD V. BIED
TSI BTIRY AT MEREAIY X
Uy syl oREERBRICETE, 33X
ZRaIazh—artibh, ZoOBETLURYE
MERINA R Sh B, BIEN Y L)y GHRLT -
FR e BB AR ST Tl v S TR
\/..Wn‘ﬁ'%»m 2) "::

2. BiEhoo e JEYE

RHETIE, BWZOBY - HRCHI TS
THERA S F & F LHEICNT S B0 E B - RIK




gL ER
T @ UG ¢ TINT RO EE IR
VEEHW O > RPLITATEANID CHZ
PWNHDRALT QR CIHES ~ (X EHERCT
GTLYHZOWILCLIBWOIEHEIY “¥L
GORALT G RECTLEL 4 (0 WHHI LGS
T QW WAL ALV WW S R T S¢
TRROILALTURCTHES 4 [ x MIEHI Y
AW OHPLOHS TP NEE ORRLMBL i
[l F WENHOBE I I FWH AT "R
YCHRWHANT 4T IDWIAY HWUG
Ao B CaY 2 AROBRO 2
g @l L MUILEYLFNVIEY Y BHF
Sy LRI BEAD UL - BRS
WO TSR DTSR L Rl
TG e AT M ONRE E ONd (B) VI
Ty@ 2T HESHRYE TR T U R THRMNEGS
BT NG INEMRNTI R @ L MUY
AT AU S LULERN LT ETHES (@) VD
cy @ Mol T
T2 b b g eMIAYRMEDR] FH0T g
TR LACH WL L B EF W
EHNEDELN BT (B
Lrnarlow
mvmmMM%Q%EQMY%MWU@PE%&%& '€
e
2 [UE g undef mMalaaygauag 0 o <dfaen-nysuys
‘pweido1auad> YIdOLANED 4 — L 4 & ¢ T
i) TR NN B 2 A 2 T WRED SR Al TR

Yoy '3 < F10'SIUIDBUIR MMM > SMIIANAUIY

@Y 2 2ALBLNZL VRO AL —E2)
TG LU MALERI 0L L TERT Y
SR UF WL ¢ G TR RN
HFWORY QMG TR TR R
WA CFINE 2N S Ik B HAIER Y.
9 RITY (SSUTASIM [ uosuRy B HS APISSED)
(P puz) SaWOIpUAG AMPUIY JO juawaieury
@
2 T12E 0 Qoo U QLY 0 1awadRIRT
LAY WMWHORMRUTI VY BT Y
@LNTE L4 T YR RapRalc Wl B
VHRLE G 2R D CTNA 2 £4 4 <2tk

(02) 02

TR LA XY ALY HAY B
LAd—OkC - BHEEHEDENE ¢
aq&aﬁPm*.r?ﬂ\w‘_o.mu_czuw:mm
mmm/ ANy $1SILIUID OEN A 4 4 4 LE¥AT
[54 .ﬁA\uu:ﬁu_z\a_..um.:.Scax.n:_2.333\\“32V Y
b2 b £/ KW DA - SR PUHWID
2] oW -HRAY L C[<Iwyoyn
\E:_\n_.uif_v.ksk\\d::V._E«muumh@m.ﬁ..ﬁwmmﬁ
4 b ORI SN T2 EHMEER
ARG
RN G LV R I T A2 U a1
WAR Y TEITEMSARE ORI TORURHA
WNTOS IR G2 CQAMBHNEN "B H©D D
£ "% TR 3 DY LILERLOEYETN
%t TUCULT HULTWLMBIO v Il %
SUTHHOTHUD SETALURWET ¥ VX
BT YU ERDRBIO (3 LR
XT) WY © kMR W Y @2 7>
AWBEE T2 ) &4 b7 EMTHERMFHTR] 0%
L 0T EMENIE B8 H ¢ L2 WRNETR
(EHLTE) FHWEIR (O

og LIAMIACTULMR B (YF) B9
QI RA

WHDL 4 (4 G E T2 HUN BHLHEU )

(AN R R b U T L B O T REIE (7)

2 R TWH BT WLE)

R4 T HRUNTR)
BT R AR 2 ) B B MR (D
GRS L4172 (2

WITONNGEH I HEY $RHETIMKOY (9 C
S TR 2 ONHF RS W OERR DY

YL URWENCTO

VU F 40T “TRLR LG R /UQEIND.

sdrauusogmmmy/2dnu> (9 Y B WY

R AR - UP RSl @Y OWAN G ORI

VBAHE (PEORREHNM) FRL W ‘HY

g @ Uik 2GR QN WD "
2363 T LU WS BRI MEOUWAY
BEHRBE (9

AL DN PN

El S H 2-ly 5002

61 (61)

SESWEAAN 4 £ A §—T AL CY T RELEHHBT
WRWOEYEY IP@ ((P? Y19) uoheWIoHEN
uewNy JO sulaped I[qeziufoddy S YNWS ‘Y &4 L
IS X WU BN BRI N
°y 224 7 D3y & R T @ ABojoydiowsig
RALHEPOMTAZAL UL (LY
B LHOAR °2@eimig 7 SR 240 T b
SEYFHWGX Y HRIH 002 °Z A2 THIIRS
WITIBHOSHHB D SHEIFEVEE "0
FIULUWhOGEYRAU VL H ¢ GHLLN
[ & o ABOOYdIOWSAQT Y "P4 . [ ¢ E ° % @2 HI D
FEOGH IR (EHAYY) LHooydowsig
NHBEORBITALEYN DR BUXY
(HEysk# ) Abojoyciowsiq (e
WorteE TR L
NET IR 1T T ¥
HELMEOUAUIA T HEUTR - WMUEEN
(€ ‘Lt L—D kL - WRHRHEDRMN @ IHan
M (1 °TL20% 2> UGLLTWHL T
BOL 6 L—0 ¥ LHLHDFMB Y YGNRT WY
@LGHUGYE P HIOYLBET Y REK
BUHAASE R CREA N S WA R T2 @
‘DHEOHHOT T MUEBWRL 2 (2 b G HE

HEFOEZYELWE YYNHF A

"FMLUSBULELHITNT S
ENRME R WERE RN HYREE RO
5 G002 ‘R 2NN WS R @ <l PO0T
D AN AR R W T Y W ) P G Fi ol €002
WY —CTFHYTNIWHZIWEO—c < o)
RRAYLCIHANT LT F (L BYOTMGT "T1a b
°ZALT R 3D CHLEHRTAMNAY 2 R IR
WHOY GLLELGZLIWHOF TIFIRY
LB ATy £ 4 QUMM LMTIZR
T2 AT N A O M 9% VT 2 b BT
MBP -7 6 EHDWT "UNFIERS— &2
2 G ETENROGENYE IR 1%
IE W G002 UM R WY - £ < 4 ¢ BRHE
LT W CRBE (BTUOF T B IR
TETH (GEHIH T (UVAHE a1l
AR BAEE UM IMELACIER
HBINWBEO— L34 L LT OUTE 2 L1 ¢

18 ROE FERWSLUL MM

¥ 2R (B BRE) BB %
WY EHIBRHBE I WFO— 2~ 0 LR
O (MR W) W [0 LM ERRe
WH Y] NG meTa o LU
BCTOY CAHVLCERNLNCTHIEORRME
U CPORWHL 2 (T4 L CHE HET 2@
ARUSYWR THHUETCL 2 (2 eI X
BOESBAL 9 RS ML HOMATNGE %
MR - ARG 2 T AT ORI T 7 44 A
CARTRHLENPERC AT [~ LR 26 HE]
WO Y NHLUNMBRETO T "RITIELH
< diBysl/zduy > Hd—~ £ 2 < LA LBAEE (9
cg $ MY O L RS H 2 BB IR OO
e GL2IWHTLHRNLPOI L "TR2HET .
TCUZEREVOR 0SB I WRLG 0%
WESTE (S ‘2N S IR MU L2
CHEWMALR (F 'ZRLTI¢HIL0A
2@ (€ YR DL IR - WG - TH
MR "2 TVENE L @ QMG TN EEIE (@
‘YL G RIRR AR IO LN C TR (T
O @MY ¢TI OTM L VMM LT - I
FOURSBER D LFRINGINBUHIAL D
PR LLEIWTDRLOR NUNcE L L
U4 2 CODGHFEOL> 4 PG RN
YRV L6S TN A B L T A
2 EWA G002 "ZALRRLALANAIR (4
ok ST L QG S M Y Y AR ¢ )
MRS R 2 HWABBOD 2HICWOS
FLANRAGEYRYH D9 ¢452002 AR A%
LI HA DALY 1661 Tty g LMe
ZHY ¢RI ST GRNLS SRS Y
<diBusl//anu> Hig BLdRTEHE (o
LI
L OLFHHOCT Y ETRTIA Z (32 L ET]
Y REET CI R L (XA L TR
UNVEMRNYEYRL T 2RI NG
I - G - BT VAN T RIGEREY) 2 Yo
BHRHRE 08 ZIWIHOLEHYROATIE D SR
WHOULREUERWAZ LI CHLURL 2032
U T @LFHMTIL@EE R T LI bl
SUE - GO - G D R 0RO MM T LT
LLANALLELRE WIUALZERI N2 CHT



b) REHBE

B2V T HROBEILETHE. —
SR OE LB SR D EMOTmBII LY,
TOHBOBRIN A BRIAE 5 S N DB DH 5.
PR L, 1 2z Gl kgt
Wid T U XM A EME BV THEERET S
RETENEATFORGORBTH LTV AA, B
U2) BMRREREEALTVEA 2V, T
b b, RSEHEFERE N TOBIMETSH
(Zh 7o TH SRS R OMAEIRIET B S
Yligy LA L. BNEOTEH 5T S kN
A D 10 NI A VO e (o (AR 2 T TR

Z TN RBHOERICOVTERATAL G, &
iTdhoTh, RALIELLVOT, R

AT ES b DB HOTC, FHEROITRIZW A THRN
HHEINENSLITLTHE I L, BT S
AL ERR T LV AIERT A 2 FOHBI L
Thd. LHL, Shig+ahdizrr ) 7%
FoflC, RAOHBWRHAZL)TORLLNT
Hb,

Duchenne BV A b @7 4 =MK% &0 Xl

SN A 3 & U B I o0 e (0 AR 2 & TR BE
N, HMONHIT L W ILT OFILORIEFBRIH TR
LI bbb ulhhocbbis, LaL, DN
KHRRETHD EMP LRI, SESE R0
T4 - RAGALERACAR A 35 & USRS 2E U B0 etkAtd
LI R, ARNMOBRKNEBEHLL I )&
Tid A v, RRFBSEFIC BV T BT S Moo BUR A<
BRORWEEDLOT, PORNTIEE L, BADEA
B ETHL, FaRBENY e I ERTL
LCRINEBR R ST AR DR RN SR L
TR I ELERTRETH D

c) WIS

W TASRENE S RE LT w2 A, KFOE
PRV THIA RN 2R SN B BHEVH D, M
VOB I 12 ORTHIC & o THAT RS %45
WAt S A S S, & F EF L MBAGMESE
FRTHEY, MEICHHETALEN DB 1-2 DR

Hi8%E W1y

BESF A 10 4 FRRBINREICBT A A KT 4
»] Tido M SHC OV T TR L d RS h
Twb,

V5 (3) MBI, FARGHZ L, REMRY
LR - BWIET RO L) LEE ORI oW
T, RSB OHENSH Y, REOERIOWT]
FHONLHEITH I
la) KOVEFNRDA, ROENFEORNETH S

Lt
() HemARRF AL L 22 R U, L
B & 479 B0

(¢) Wl RO &
(d) EAERASE A I L L AR RET B T
i X MR ER O F oA ROR e
SMoVFR LA, FAERN D U idhEi
B4 B BIS AR R RS RBER O~ T o
GHOHE
FOVFIAY, FAEBMS U AR
B30 B W % B Rt AT DN T O 1%
Slholie
(g) b, JKBARM 26 BB 2 W N
DHHNE

(e

(f

CoHRTHERBBTOBEGE LTRRI TS

THEBL ZDWTOERAGE LV — R EGT

AW, WNBMTORV KA EE KB EERS
T B, AN S 2 Wi DR /N B I
P HHREALNDELDOFNTETB L LT
&3 B THAIERT BN HUHRE, F0LD
T REPICOVTORHRBIB TRV, 774
I AW A R ICIRTRTSH > T
b, FOHMEEMRE LTHRNT S C Ea e
SHAROGNE LOTHLHEHBCRH LT
Lbhv, S0&D B OWTIE -~ ADERIAH
MTHREMT S LRITFE LV ETEEL, BER
BB OBR BES MRS ERSRBMORMERE £
—LEHAETNETH B,

X 3
1D SRR, DAFEI BT AREAY ) v 70BN
DWVT, S LA R R A & (F &b e

(21) 21

200642 A 15 H

BARREN TREES S AT LAOME L WHIZHNT 50
28] (RAERFRE © &) HUEE, 2000 | 27-31.
2) TAUAENE. MEEH v v ey v r—THEOMR L K. BE

22 (22)

e, B, 2000
3) HNEKR, MG MEAYCEV YT aTE (B
2050, WA, W, 2003.



RESORESEE - 12
EHRREBOMY Pt ml 203
BT - RalbiE

bl Wi H{LELLHD

RS - Rl

T \|.~sx|lli|j«|ll,w|.|11(] e T e A T e T e T T ]»\j..ﬂ' —y—

.r..,.x.: et » s ; LR |

-|.\ LIV & «..‘wt.\.\ Jv o PeodS e e d

FUHIC

b N ABRTIROBRE ZERICL D, 2003
£z ORI BEENOEREESO—X
BESRES N, 33 EIREROBRMTHEET
RREOANZALBDITVRNVTHELLICE
h, Fra2HEoREY, REET CREEBR
BENET TOWESEADDDSL, TDLIR
SEEOHTFREFXOEL WESIC L 2REE, &
CFZH IR TERRBCHEAIhDDH
3, —7H, 2005 4 A& VHEfTE - AANER
HRBEREZT T, BEEROBVIZDWTEODMR
BHA RS54 UNBHEIR:,
EBCEEET - FEKRE Y B EE
L, ZhEhOBN BT 3 EEER ORI Fi
LOEESR, BrEMERRIIERERET 28]
EF - REEREORESE L £ ORENMET D
WIS T 5,

O | BET - RerREONE

SEBEEZOEROESCL Y, BET - RE
FREOISAEBIZLEN > T3, TR gd
¥ RBEOSELRLEN S ZONFIIDOWTHE
M3,

1. BHNRICEDH8E

BERECISAIN T ARET - REERE
i, MHEL IS LT aRickY, BRERER
B AREMED R L OBRGERORD EXNER L
TEREL, t hOFEOREEREARET S
BELODZOKRHETAIEMNTES,

«\ \. i

Cop e am v ]

...‘x :_ \«u

el

x.\ ; \ _

1) BRMES R Lk b USADBEIEROR

HENR L THRE

b MRRESIEETER L 2o MEMPY
ANRZEBEENCBELTLEIDES », B
BRLTWBELLSYDE S REEZOPE VS
RZeRREETAIECED, EYRREEOZR
R FOHROBER L L FAENE, L EF
ELEWIEREFE OV TORETHY, X
iR EERCET 2 HEAMEONR itk
S, kL, HSNEEOH 2WEHT VA
WAZEDRERTIBCE, BABRRECE
BTO0ENH 5,

2) b POBEHEROBRHENRE TIHRE

t + OBEBHRCIE, Bk BET - DNA
b5, FOBRERERCH, b MNEESKEREE
O HETREERE, C P OBE - S8
% - @EE b 2 BEERESH D, B, BEK
BEONRCE > THWEDR, EERBOREL

4= 70 B2 % 51 2 £ (germline mutation) & iBfAZR
(somatic mutation) : £EMBRFIOER X Z O
HURENBRE R > ETFH 5 L IRIETF (LML)
DRETHECTOEENEEL TV, ThbbZRED
DEBTHEEL TV IREFEROZILTHY, ZOE
HOBOMIAT R CWIEL THEL TS, TOER
BEERET I e, $hMmBELLHFLTY
ZAEEN M H B, —F, HHRER L EOMIEO <
—EROMBTTS F I HERWCECLERTH B, BiMigic
AENAERBETORKRTH 2. TREF DM ER
Bz ©) A ORI, JOTERIEELT, KHER
REZIHNNE b, MBRESRBELTWIR WS T
bz,

S EMASESSHLS FHRFBEREESST - 38, RA¥ELSHERERETFLRE

390-8621 BEFRLATE 3-1-1

AAREFRHSFHRENEREEE ST - 4%, RAFEZENBRERETFRRE - B&

0301-2611/06/%250/83C/JCLS

RELHM vol.34 no.3 200643 A 271



€42 HEe#900z gou peIon MXIFHW

LHABYWEDE ] 3£ 01 ENEETED
UR YL URMBEDRG (A LLd L F
FEMAYE 2 Qe A3k Y B R T B
YE G ¢ OESETRTY] YURLE oG EH
BBO THHEY o LMIMBIMNH LR .- 7
CEN A AURRLB 9@ (BEFARE B
£FE ‘BERBEXNEC® TAVLd b HOS

AONEUL AT OBHYE A NEHEH

BY -8 YUREBICBMEFED ‘U
HE AVEA VHOCEAR@E ‘YURE
RUNZRETHL YV GEXEHOEEHE 00
SHNN @HET ‘2o MHEGHEYVEL 2
URREICH P35 5002 B2 Ak NE@
‘g
LCEER ‘YRARNVEANCT UG ATIRY
LERERL A (240 FDPGEER NN EH
CLXBAMEDE ¢ RseRHm CHFWHLE
HoAHNEH ‘QRLRIVIUGARD CH
‘RALBHERO YO ‘HY® ‘NHHADE
13 Qe UN GBI UG ¥ ECIIH
LIER G THREO ‘329 CNBEREELM
PECELMANFBALEYE® ‘A2 ¢wEX
BN L URH AR LTRLE O
HAE® R 22 Y HEREBRAYEL KA
BY YEUeBI¥L 2LYRIVYEO ‘22
2 CNHLIHMBEHIR LM YO 0
BHASGE 2 ‘M0 "WIYTOL0T070/T00
/04&T1ys /Tnin&(18 /mInA (13 /18urys /nuowt = ¢ /d( 08
POWANS/ /AN YNV MR TEEYE Y £
BIBEETEN 2 ) 52002 B (BRI A EINE
¥ EEE ‘uonezuedi) [ein)m) pue Jinud
‘S ‘Teuoneonpy SUOHEN PaNUN)ODSANI

QreN L EY

SEEIMBATEN T

‘Y XHBET VL ACATTE O 2 BE
#Jﬂﬁnﬂﬂ@w,ﬁgwﬁﬂggiuWﬂﬁ
YBIMEE DN Y ‘QOLBEFOMMEE w0
LEZOMKEME R e U Y B AL e
FESKEWNT ‘¥HOoBEYPY - LOBO
BIMEE QY ETCHWOLNIFEETLY
¢ 9 Hh % B ECKBIMEY T B N MBEROEG ‘2
QZRER 2 CEN LN IHEWSE S BRI KR

MEFOX ‘B2LCTNRLIHE ‘UL
2NN AT VL LGN REZ LIRS
HEYZENZOYRHN IBFILNFYE ‘g
NEHFULKBIWT ‘RU L IYTCER
DR C QUEREY R ‘AU " RAER
DY ENEEIBEHMEOEE AMEE ‘2
OLOYEVEZEZLMYFULC 2B NP OB
W& ‘NEEYDY - THL DB ORI
TR2LAL MEOREBOBOr (GHHO
BB @ LE/ R OEE 3 2130 WikOBERO
BE]  HEHEO (RAETALNYE/ @G
VGG Z <A 2N\ B s RS TR M) Y G RE 21 Ry
¥4 i=— (X QRO TS ‘THFEO
e BE - MERTBH0 MEOREE %
YEY WHkOEROBHANTE %GO
CRLVEORUCLEZEEANDY - TRLY
BOoimNSEE ‘¢HEZCcTOLT "2y
IEHEETORULOR S A[FO¥ S MR
ORFH HEEY CRIFWG EHEEZ @
AGAL L C 2 RGERUEUNERNIOS £
VEEOBRET ‘2E— OBy LA 2
B2 2039 £3 ¢ PNEEZQLIEI
2N FTQYUZHDE L ¢ T O ABIWY=L )8
B8 - EHL I ORIMSE (¢
AR R I TYURILCEINC
TZUQ@RGUME ¢ TOET AR 2LUY
BP0 I BEAWOEEND 2 UL 2EYY
M2 CRNYEEBHNFEYBH L— TR
HE QL CLNVENY ¢YR2CRACT
ZLHEERLANL— S AZBEUNCC > NOEY
FORQ LA G EFSKBIMNT ‘S
TFNLUR RN EEG I LEYN—«
AOYNTHZ ROBYANH 2 YUY 2 £ £
EN VRO NYEAES LHIN LA
(AL LEDEARS X XY OREEYTY - B
FIF YUURLIN I FYYR G O (A2
(RE(F—L LLN)wPWEeN
PMNRG)G AL URLERIT LY AORN
W[H T LMHA 2 LR S LT H 28 o yE
B URICHACT UG EEGI 2R E
RARENZOEEATYNEE S £ RE N
YERZBEHBFSFY 212 A PFHY
URINZEHPE [ HEN YR T B ‘B

HE49002 £0U pgiloa 2GR EW (2%

N IEEEROH T LHW % B R 4
‘T2 RyvouAL)
20 I DBV SH AN 2 Vdh 2 FLJ&rg
BB UNBXEBL LI NL A (a2 L KR
ML GLPUALURYMEINIW—OL A G
ALLEGE ‘RBAZ-n¥L0PHENG R
WEOKYEYI CHEOEEY ‘213 "¢
FLETCR 2 CHAEE HEEAG;o ¥R
NEd QAT LAY WEHOBEAN <
T VLo NETY NG LWEZEEYTH
s BRELE G £ 2@ R E 4K BT
T EMEHIN] Y2 C
ANAVHOBRAUGELTZ [A V£ b HOR
YNGR GEOBEYES (o A B 3EWE
BY - ¥Y| 0T ‘HLNCAFHO ITY
TAYRUYNZ R BYB 2L C
HEOUE UG A% ‘IRGEETRO
WHHDYE LS E U R e B D R
PREHAYBHRORO HEEEYO (R LT
BYEH)EFRHIPREAUUR MO LDEE
HO ‘GEMT%0 (R AHEREEL "FYUZ
B WY NI TRHEYBERAYURIE QLT
FHEY ‘WEZB0 (I LEHINE ¥
HEE EFRYWYE THYE4 HYTAE)
ERHADEAUURIEBOLYEDEE ‘LY
HOBRRHT ‘2 LTPLCHREEQ ‘HE
HATAS WAL U R B OFIDEHE ‘T
HEYBHOHXKD ‘®2N 2 WELLY
AL URBCRRIWEYO YB Y NS
NIBEMBOW— ‘9¢HEL ¢ TORT "¢
PRBMHCNICRIMEUIZOHBR U
GEINFEHMe LEF2UY NEHDEOE
B¥ 213 "RV HCAITRANI DY
ROANELOHE Y - WHHE 21 2EW
B YOI NBEADENAE0I 2 ¢ L%
AP ER Y " RO [ose W G 2 MR
QROFY ‘2OARNYERTF ‘W ZNeFRY
BWEF ‘AR "R 7B
WHOGRT ‘% 2 £ X% BB BYIE
LEEEEG D CRLEHTMA XY "R
H—FOTNH BRI 22N B > %
FHBTRFE OV AT VL4 ‘HoWEHS £
ENIEZLERME T 2O % N 3Z01HH

FIE2N MY BI2LNFHCYE "l
UREL I N2 YEZFDEO 00008 Ly
INCINOBH ‘TEIWHLDEI[E 26
21 Y BB O B 09 03 ¢ £ WA ZYE)
BEuYg¥ - F

BELRC £ QH Y ERIGKBIMELTF (1

LMW RC UL UTI LY
CRLBEHIYHI DG LWEG@
CNEZNFOEHOT ‘2% ¢ ¢ REZITEYY
CURKEE I I LR E TR G 4
LALEZLDENUC 2T WG IBIHOR—0
YR LEIHEHE IR T £ X TSR
WF G AN LEZLDE S £ BE D VB AR
G2y L9 LWHZYE B CERNEDE
B PIEHMGEDIR ¢
‘UG A

PUAEYN NGO Y sCBIMEW - BRI
NRERFE @B - WH U R 8 ORIBS
BIESTTE £ N AZ OB SE 81 21 2 By
FEAH YRR LNEORMEE WEET
FOMS “QEEMYOTHHDBOMEX ‘4
FZROEHHIR LMY ORET ‘%59
HHOHEXY B2 IEHEC UGLL TS
Bl - IO I FEVE O ST
CRUET T LSRRG
FNPEE ‘ZRI2CNICFIFHEHARLIRVE
VBRI SRR NG R ‘0% S UD @KU
LEY ‘RORELVKIEE ‘92 ULH
BRI TR B2BHIUICEEKORULOY
L&BLTLFEORMAMT 2 CRIAUEXS
OROC—0% cOEFIBOHB UL Y5 ¢
L£EE 22NN FHUIUBMLETIE
UG LWEZUIARY @FALURSHC
2RURYRQHEEN V¥ —f— K ‘YUY IE
X NFOHEYCQANOR ZHEREH - BY
HHEOY ¥B) “U R R RFYEEHOR
BRLgAWMYB LSOOI LW M
WMEF HAWECURYUWIHEERT ‘A
¥hk TTRLORUNBHEZIILMIBEL (] <
CH I SHEELIGE—HFHOQUC d 4 ‘gl U
B VB OB s R 0 3 1 R 2 [ s S L)
HE2 2P ‘FUFEYTHE MO By
CRLEMY g



BHANT4V] &, OHEWHEREFRBE S
[t MNEEFREZTCE T 2 MEBEH] OF A
FI4VEEDTHWE, TRIZEFA FI4 ¥
DLTHRICHEE T2, EXREVY =TV A+ %
gREaANT W,

1. [ER - MHBAREREICS T 2 EAER
OFEIDLEBODODOH A F 54 ] (2004 &£
12 A28 B & ) (5 & % 8 %) <http://www.
mhlw.go.jp/shingi/2004/12/51224-11 htmD>

EROBETLHENITh 2 BEFHROI
DFEWBIEDWT, ENRLLYVID TOEH TS
3. UNESCO o Mt rMEEHHRCET 2EBRE
2] PEEMRLTORELH B L UBEH 2
EVED BHHEE (b E T RBEEFEE 10
220 BREFNRBCBTIFIA NI L ]
() SFY T 2) R ERBF L L, [BRKREE
DOHEMIMBERSL, FARUVRKED LEIES
BEBRPITI LB TE2H LD, Bisr 7 v
Y T EEMTILENS S, ] LA ENL.

2. Te b5/ L - BIZFRRIAARICEET 26
IRt (CLEPRISEY, BE4¥Od, BEEHRE)
(2001 3 29047, 2004412 A 28 HEH
W - &7, 2005 £ 6 A 29 H—&#IE) http://
www.mext.go.jp/a=menu/shinkou/seimei/
main.htm>

REFEFTAREERT 2BOFA K4 vk
LTEDONLHDT, 200 EEHLLTED
R BRI OBREHBOWMD B BT IHA FFA
»%, BEBRCET 2BANKRREEOBE %
BORAULOICRELHIILELOTHS. BE
BB Lo TH, FIRNERDSEN2BELD
b, JIRBRINTHERER, BERICLE
BTREABZEGATVR0T, BEER»»
DA3ZFREBLTORIThEE S 2w,

3. [BBREHRSTOI EAREGEHB LAV
RERDFICEITIBAMNRRET I FS51 ]
(43 7% % $194) (2004 ££12 A 17 B 4 ) <http://
www.meti.go.jp/press/20041217010/041217iden.
pdf>

SRR BN L PRIz 2 h T i WEE BT
LREEIRBBFILE, KOPTuhE I %
B ENOREFRELRO)NAR—V 25T
RIZAFHYOTrRBWTITbD, 45~

Ay PEALTRTFEER Y ERET 3 ESE
n, HENEBEILEPERLT I eBERBEIRL TR
B, BEEREETR, 20X FI4 VEEET
ey, AARRERTR BEE R
g8 T a2k x Lk, MNRRVHO 3 HER
# DNAGE -#HTES, BETHEAZEC
KRERROERTOBEEETH 3. #EHRD
BudbzecooTl, NMBEEROBERCRE, B
FRREEOEMNAR - BB EE L EM, BER
HEEC I Z2RE IV IEZF5NB L
5 ikEi R 52 ] BHEES T,

4. BIZEYEE 10 2S(AFREHT €Y
7%, ARBEFORYS. BEEREAR
e, BAEBEYS, BAANEREYS, B
FERERYS, AXLRABERYS, BEXY
RAAON) —Z v %s, ARBRREERSR, R
REESWRS) [BERORECETIHAFE
T4 »] (2003 & 8 BAF) <http://ishg.ip>

PEL LU TSHTEERATIOE R 2 BFT 58K
FHERBELETIEONA K54 LT, %2
BARTBEEHBEDOT A B T4 BEET EH,
I THEbLATWS, [BFT&~BEEE
I EOED BI88E) ORBWBIBHTHY, TR
TREFRZ DLW TIHHCERE A TWS, BE
EME L CEESOREL KRBT 2B, &
DHFA RS A B+HBELIZD A TEBT 2 E
LSRDBND,

BEZORERTIBOEERLLT, RE?®
ET2BEIREOCE BN, SARNE
(FEXL & - REE:, BYRHEEEOER, &
PR (BE, HRE, BENFRORR),
BRAEREIER TCETCWL I ENNETH S
Ik, BEZHREZ, REFNODNNE, REER
&5, 7r0—-TvTEED, BEIVVEY Y
JOo—Br LTEshzdhE R s R wI L,
HMORZ2EHOEMEIA T4 INDA Y
N—BG BT F— LERTIT I REHEKEEE
BOPTHALNBLESD B LR YSHERTER
TWwa, 35, BREFNEHNOHIE 1 >~
Ta—AL Ry BT IERES, BEFEN
BRER2TbRZ VRS, MNAEWNRE LiBEGEEN
B, RERHORY &Y, BARGEEHEHRD
RE, BROEREOREILL TniwWiEEag

274 RIE LG vol.34 no.3 20064E3 A

BTEEMOBER IOV TEHEATWS,

5. AXERERENRS b MEEFRESRT
IZEY 2RIBHEH] OFAFSM4 2001 FE4 B
10 B/A%) <http://www.jrcla.or.jp/>

REBREEE 2FE > (W 5HEREFH CHER
ENTw3, HEEABFEERENBRE, b
MREFREO—EHS £ X 2HEH - &N -
HENMBE LB THRELEVL EOF IS,
BOWMDEAELT [t b7/ o BETEFA
T HREEM] EREL, BEARER, K
HBRRZEEOVWTOERF — 2iEELLES 2
T, Bt kTett, BEYE, BREMLOF
FRAHORBIL LI bDWRS Z i Y OBFEE
EHTz.

HHIC -

B2 A\OBREGHEHREEEOBABHRE WS Z E
bTES, MEMECNTZHEEHFHIIDOL
TOHA FZ A4 VIRERENDS, ThbDHA
T4 U EMFT2DICHELINTY 38BE

AR SRR REET A DR e R

FEMNEET 3. %, 7 L0BRETHRE
HIFETORIThbhTwi=8s, BER, BibLE
AL UM LRI LA RELELTEL, T
phboTRBRZEL LTEBETELbORE
W, FET7734 v VeRETIBEY YV
) VR BEENRBEC OGP LIBRICRE YN
AV ALLOE RIS AR INE, 5%, B
BELTRBTERWEE LR, 85, bHE
TR EREENRBEOF/ESCEEHVER N
TR VLOBERT, BEROBEOREDOLDIZZ
no OEHOBENINN S,
BEEMREZTIBECRTS 2 RENER
RLET, TENTBEEFBRVATLORNT
WMOTbONERETHEZ L ERBLI V.
X

1) BBEX, BHNT, &FLLY  REk- &F
FRE SHFEXUR | BRRERREWRETS 32
RE. SEHAR, pp1161-1231, 2005

FEOREFMACOWT

BEIOEEL CBROLEEHCHIBEI TEVET,

TEADOLBY, HEVMOBEIEFEEORECIVFER LTHE3h TS, HIfMEEE
MAT 2B IEFEEOHESDEL SN T E T, BHAREOEEN B »H» 28 0L
5 SRR OBIEE & () BAZFHREERE Y 27 4 (JCLS) W EEL TB D £ 7. K3
PEEFIAS N3 BEIE JCLS ik TBED S X, HHEB TS L, JCLS OFBERUTOL
BTY.

(%) BRFEEHERE R 2 7 A4 (JCLS)

FrE T113-0033 EFEERSCRXAEM 4-1-6 A4 416 £ 8 %
BEE 03-3817-5670 FAX 03-3815-8199 e-mail info@jcls.co.jp

EFREIEFEZOFEL LCEECE 288 LT, EAMCEERERZ O izl
ZRoNEHTERT2IL, H2VLEERATED SR LEBEZFCE VW TEEYO—I st
HoTRBEINTOIBALZONXEOESUT) 2—ARDWT—HRET 2L, E2EDTVE
T, INSDFRERLETREIBEREHFERITELINTVLETY, ThUNDES, D hiE
RESTED SN T ELEEEONSE, GHNESLED), FENRASCESRHAT 288%
REES CHER N MEM TEE T 2 84T 2L TRERNE L T2 THEEILETT.

HEHFFFROFMC OV TR JCLS kBHWEDLELA S, 4k, HEEMHYEMEZRIO
FI1HWK, ISSNEE-HIZHRLTBD T,

() BExEk

BRELHEMN vol.34 no.3 20064E3 A 275



Vol 449]18 October 2007|d0i:10.1038/naturc06258

namre

ARTICLES

A second generation human haplotype
map of over 3.1 million SNPs

The International HapMap Consortium*

We describe the Phase Il HapMap, which characterizes over 3.1 million human single nucleotide polymorphisms (SNPs)
genotyped in 270 individuals from four geographically diverse populations and includes 25-35% of common SNP variation in
the populations surveyed. The map is estimated to capture untyped common variation with an average maximum P~ of
between 0.9 and 0.96 depending on population. We demonstrate that the current generation of commercial genome-wide
genotyping products captures common Phase || SNPs with an average maximum * of up to 0.8 in African and up to 0.95 in
non-African populations, and that potential gains in power in association studies can be obtained through imputation. These
data also reveal novel aspects of the structure of linkage disequilibrium. We show that 10-30% of pairs of individuals within
a population share at least one region of extended genetic identity arising from recent ancestry and that up to 1% of all
common variants are untaggable, primarily because they lie within recombination hotspots. We show that recombination
rates vary systematically around genes and between genes of different function. Finally, we demonstrate increased
differentiation at non-synonymous, compared to synonymous, SNPs, resulting from systematic differences in the strength or

efficacy of natural selection between populations.

Advances made possible by the Phase | haplotype map

The International HapMap Project was launched in 2002 with the
aim of providing a public resource to accelerate medical genetic
research. The objective was to genotype at least one common SNP
every 5 kilobases (kb) across the euchromatic portion of the genome
in 270 individuals from four geographically diverse populations'?: 30
mother—father—adult child trios from the Yoruba in Ibadan, Nigeria
(abbreviated YRI); 30 trios of northern and western European ances-
try living in Utah from the Centre d’Etude du Polymorphisme
Humain (CEPH) collection (CEUY); 45 unrelated Han Chinese indi-
viduals in Beijing, China (CHB); and 45 unrelated Japanese indivi-
duals in Tokyo, Japan (JPT). The YRI samples and the CEU samples
each form an analysis panel; the CHB and JPT samples together form
an analysis panel. Approximately 1.3 million SNPs were genotyped in
Phase I of the project, and a description of this resource was pub-
lished in 2005 (ref. 3).

The initial HapMap Project data had a central role in the develop-
ment of methods for the design and analysis of genome-wide asso-
ciation studies. These advances, alongside the release of commercial
platforms for performing economically viable genome-wide geno-
typing, have led to a new phase in human medical genetics. Already,
large-scale studies have identified novel loci involved in multiple
complex diseases**. In addition, the HapMap data have led to novel
insights into the distribution and causes of recombination hot-
spots*®, the prevalence of structural variation™ and the identity of
genes that have experienced recent adaptive evolution®. Because the
HapMap cell lines are publicly available, many groups have been able
to integrate their own experimental data with the genome-wide SNP
data to gain new insight into copy-number variation', the relation-
ship between classical human leukocyte antigen (HLA) types and
SNP variation', and heritable influences on gene expression'**.,
The ability to combine genome-wide data on such diverse aspects
of genetic variation with molecular phenotypes collected in the same
samples provides a powerful framework to study the connection of

DNA sequence to function.
*Lists of participants and affilistions appear at the end of the paper.

In Phase II of the HapMap Project, a further 2.1 million SNPs
were successfully genotyped on the same individuals. The resulting
HapMap has an SNP density of approximately one per kilobase
and is estimated to contain approximately 25-35% of all the 9-10
million common SNPs (minor allele frequency (MAF) & 0.05) in the
assembled human genome (that is, excluding gaps in the reference
sequence alignment; see Supplementary Text 1), although this num-
ber shows extensive local variation. This paper describes the Phase I
resource, its implications for genome-wide association studies and
additional insights into the fine-scale structure of linkage disequilib-
rium, recombination and natural selection.

Construction of the Phase Il HapMap

Most of the additional genotype data for the Phase II HapMap were
obtained using the Perlegen amplicon-based platform'®, Briefly, this
platform uses custom oligonucleotide arrays to type SNPs in DNA
segmentally amplified via long-range polymerase chain reaction
(PCR). Genotyping was attemnpted at 4,373,926 distinct SNPs, which
corresponds, with exceptions (see Methods), to nearly ail SNPs in
dbSNP release 122 for which an assay could be designed. Additional
submissions were included from the Affymetrix GeneChip Mapping
Array 500K set, the Illumina HumanHap100 and HumanHap300
SNP assays, a set of ~11,000 non-synonymous SNPs genotyped by
Affymetrix (ParAllele) and a set of ~4,500 SNPs within the extended
major histocompatibility complex (MHC)". Genotype submissions
were subjected to the same quality control (QC) filters as described
previously (see Methods) and mapped to NCBI build 35 (University
of California at Santa Cruz (UCSC) hgl7) of the humnan genome. The
re-mapping of SNPs from Phase I of the project identified 21,177
SNPs that had an ambiguous position or some other feature indi-
cative of Jow reliability; these are not included in the filtered Phase I
data release. All genotype data are available from the HapMap Data
Coordination Center (http://www.hapmap.org) and dbSNP (http://
www.nebi.nlm.nih.gov/SNP); analyses described in this paper refer
to release 21a. Three data sets are available: ‘redundant unfiltered’
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contains all genotype submissions, ‘redundant filtered’ contains all
submissions that pass QC, and ‘non-redundant filtered’ contains a
single QC+ submission for each SNP in each analysis panel.

The QC filters remove SNPs showing gross errors. However, it is
also important to understand the magnitude and structure of more
subtle genotyping errors among SNPs that pass QC. We therefore
carried out a series of analyses to assess the influence of the long-range
PCR amplicon structure on genotyping error, the concordance rates
between genotype calls from different genotyping platforms and
between those platforms and re-sequencing assays, as well as the rates
of false monomorphism and mis-mapping of SNPs (see Supplemen-
tary Text 2, Supplementary Figs 1-3 and Supplementary Tables 1-4).
‘We estimate that the average per genotype accuracy is at least 99.5%.
However, there are higher rates of missing data and genotype discre-
pancies at non-reference alleles, with some clustering of errors result-
ing from the amplicon design and a few incorrectly mapped SNPs.

Table 1 shows the numbers of SNPs atternpted and converted to
QC+ SNPs in each analysis panel (Supplementary Table 5 shows a
breakdown by each major submission). Haplotypes and missing data
were estimated for each analysis panel separately using both trio
information and statistical methods based on the coalescent model
(see Methods). To enable cross-population comparisons, a con-
sensus data set was created consisting of 3,107,620 SNPs that were
QC+ in all analysis panels and polymorphic in at least one analysis
panel. The equivalent figure from Phase 1 was 931,340 SNPs. Unless
stated otherwise, all analyses have been carried out on the consensus
data set. An additional set of haplotypes was created for those SNPs in
the consensus where a putative ancestral state could be assigned by

Table 1] Summary of Phase Il HapMap data (release 21)

NATURE|Vol 449118 October 2007

comparison of the human alleles to the orthologous position in the
chimpanzee and rhesus macaque genomes.

The variation in SNP density within the Phase Il HapMap is shown
in Fig. 1. On average there are 1.14 genotyped polymorphic SNPs per
kilobase (average spacing is 875 base pairs (bp)) and 98.6% of the
assembled genome is within 5kb of the nearest polymorphic SNP.
Still, there is heterogeneity in genotyped SNP density at both broad
(Fig. 1a) and fine (Fig. 1b) scales. Furthermore, there are systematic
changes in genotyped SNP density around genomic features includ-
ing genes (Fig. 1c). .

The Phase II HapMap differs from the Phase I HapMap not only
in NP spacing, but also in minor allele frequency distribution and
patterns of linkage disequilibrium (Supplementary Fig. 4). Because
the criteria for choosing additional SNPs did not include considera-
tion of SNP spacing or preferential selection for high MAF, the SNPs
added in Phase I are, on average, more clustered and have lower
MAF than the Phase ] SNPs. Because MAF predictably influences the
distribution of linkage disequilibrium statistics, the average * at a
given physical distance is typically lower in Phase II than in Phase [;
conversely, the | D' statistic is typically higher (data not shown). One
notable consequence is that the Phase It HapMap includes a better
representation of rare variation than the Phase I HapMap.

The increased resolution provided by Phase II of the project is
illustrated in Fig. 2. Broadly, an additional SNP added to a region
shows one of three patterns. First, it maybe very similar in distribution
to SNPs present in Phase I. Second, it may provide detailed resolution
of haplotype structure (for example, a group of chromosomes with
identical local haplotypes in Phase I can be shown in Phase II to carry

Phase SNP categories Analysis panel
YRI CEU CHB+JPT
| Assays submitted 1,304,199 1,344,616 1,306,125
Passed QC 1,177,312 (90%) 1,217,902 (91%) 1,187,800 (91%)
Did not pass QC 126,887 (10%) 126,714 (9%) 118,325 (9%)
>20% missing 82,463 (65%) 95,684 (76%) 78,323 (66%)
>1 duplicate inconsistent 6,049 (5%) 5,126 (4%) 9,242 (8%)
>1 mendelian error 18,916 (15%) 11,310 (9%) N/A
<0.001 Hardy~Weinberg P -value 10,265 (8%) 8922 (7%) 13,722 (12%)
Other failures 19,345 (15%) 13,858 (11%) 20,674 (17%)
il Assays submitted 5,044,989 5,044,996 5,043,775
Passed QC 3,150,433 (62%) 3,204,709 (64%) 3,244,897 (64%)
Did not pass QC 1,894,556 (38%) 1,840,287 (36%) 1,798,878 (36%)
>20% mi 1,419,000 (75%) 1,398,166 (76%) 1,403,543 (78%)
>1 duplicate inconsistent 0 (0%) 0(0%) 6,617 (0%)
>1 mendelian error 172,339 (3%) 127,923 (7%) N/A
<0.001 Hardy-Weinberg P -value 96,231 (5%) 82,268 (4%) 108,880 (6%)
Other failures 334,511 (18%) 337,906 (18%) 340,370 (19%)
Overall Assays submitted 6,349,188 6,389,612 6,349,900
Passed QC 4,327,745 (68%) 4,422,611 (69%) 4,432,697 (70%)
Did not pass QC 2,021,443 (32%) 1,967,001 (31%) 1,917,203 (30%)
>20% missing 1,501,463 (74%) 1,493,850 (76%) 1,481,866 (77%)
>1 duplicate inconsistent 6,049 (0%) 5,126 (0%) 15,859 (1%)
>1 mendelian error 191,255 (9%) 139,233 (7%) N/A
<0.001 Hardy~Weinberg P -value 106,496 (5%) 91,190 (5%) 122,602 (6%)
Other failures 353,856 (18%) 351,764 (18%) 361,044 (19%)
Non-redundant {unique) SNPs 3,796,934 3,868,157 3,890,416
Monomoarphic 861,299 (23%) 1,246,183 (32%) 1,410,152 (36%)
Polymorphic 2,935,635 (77%) 2,621,974 (68%) 2,480,264 (64%)
SNP categaries All analysis panels
Unique QC-passed SNPs 4,000,107
Passed in one analysis panel 88,140 (2%)
Passed in two analysis panels 268,534 (7%)
Passed in three analysis panels (QC+3) 3,643,433 (91%)
QC+3 and monomorphic across 535,813
three analysis panels
QC+3 and polymorphic in at least one analysis panel 3,107,620
QC+3 and palymorphic in all three analysis panels 2,006,352
QC+3 and MAF 2 0.05 in at least 2,819,322
one of three analysis panels
852
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Jeave-one-out procedure to assess the accuracy of genotype predic-
tion in the YRI. For SNPs with MAF 2 0.2, the average maximum r*
to a typed SNP in the region is 0.59 compared to an average genotype
prediction # of 0.86. Furthermore, whereas 44% of such SNPs in the
region have no single-marker proxy with ¥ = 0.5, fewer than 6% of
the SNPs have a genotype imputation accuracy of * < 0.5, establish-
ing that accurate imputation can be achieved even in the population
where linkage disequilibrium is the weakest.

New insights into linkage disequilibrium structure

The paradigm underlying association studies is that linkage disequi-
librium can be used to capture associations between markers and
nearby untyped SNPs. However, the Phase IT HapMap has revealed
several properties of linkage disequilibrium that illustrate the full
complexity of empirical patterns of genetic variation. Two striking
features are the long-range similarity among haplotypes, and SNPs
that show almost no linkage disequilibrium with any other SNP.

The extent of recent common ancestry and segmental sharing. A
simplified view of linkage disequilibrium is that genetic variation is
organized in relatively short stretches of strong linkage disequilib-
rium (haplotype blocks), each containing only a few common hap-
lotypes and separated by recombination hotspots across which little
association remains®. Although this view has heuristic value, if chro-
mosomes share a recent common ancestor then similarity berween
chromosomes can extend over considerable genetic distance and span
multiple recombination hotspots™. The extent of such recent ancestry
in the four populations surveyed here has not been characterized

a NA19130 NA1G192 (YR}  NADG69B4 NA12882 (CEL) NA12008 NA12155 (CEU)
Py = 0.48 Prgo, = 0.06 Py =0.01
52 segments, 1,330.8 Mb 12 segments, 152.1 Mb 18
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Figure 3 | The extent of recent co-ancestry among HapMap individuals.
3, Three pairs of individuals with varying Jevels of identity-by-descent (1BD)
sharing illustrate the continuum between very close and very distant
relatedness and its relation to segmental sharing, The three pairs are: high
sharing (NA19130 and NA19192 from YRJ; previously identified as second-
degree relatives’), moderate sharing (NA06994 and NA12892 from CEU)
and low sharing (NA12006 and NA12155 from CEU), Along each
chromasome, the probability of sharing at least ene chromosome IBD is
plotted, based on the HMM method described in Supplementary Text S. Red
sections indicate regions called as segments: in general, the proportion of the
genome in segments is similar to each pair’s esti d global related
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previously. Therefore we identified stretches of identity between pairs
of chromosomes, both within and across individuals, reflecting auto-
zygosity and identity-by-descent (IBD) (Fig. 3a). After first checking
for stratification within each analysis panel (see Supplementary Text 3;
none was found for YRI, CEU and JPT, and only small stratification
was found for CHB), we calculated genome-wide probabilities of
sharing 0, 1 or 2 chromosomes identical by descent for each pair of
individuals (see Supplementary Text 4). In addition to identifying a
few close relationships (as reported in HapMap Phase I*), we estimate
that, on average, any two individuals from the same population share
approximately 0.5% of their genome through recent IBD (Table 5).
Using a hidden Markov model approach” (see Supplementary Text
5), we searched for such shared segments over 1-megabase (Mb) long
and containing at least 50 SNPs, after first pruning the list of SNPs to
remove local linkage disequilibrium. We find that 10-30% of pairs
in each analysis panel share regions of extended identity resulting
from sharing a common ancestor within 10~100 generations. These
regions typically span hundreds of SNPs and can extend over tens of
megabases (Table 5).

Similarly, extended stretches of homozygosity are indicative of
recent inbreeding within populations®™?. Although short runs of
homozygosity are commonplace, covering up to one-third of the
genome and showing population differences reflective of ancient
linkage disequilibrium patterns (Table 5 and Fig. 3b), very long
homozygous runs exist that are clearly distinct from this process.
Including two JPT individuals who have unusually high levels of
homozygosity (NA18987 and NA18992) and one CEU individual
(NA12874), we identified 79 homozygous regions over 3Mb in 51
individuals, with many segments extending over 10 Mb (Supplemen-
tary Tables 7 and 8). Segments intersecting with suspected deletions
were first removed from the analysis (Supplementary Text 6).

In studies of rare mendelian diseases, the extended haplotype shar-
ing surrounding recent mutations, usually with a frequency of much
less than 1%, has been exploited to great advantage through homo-
zygosity mapping®®”" and haplotype sharing® methads. In studies of
common disease, extended haplotype sharing among patients poten-
tially offers a route for identifying rare variants (MAF in the range of
1-5%) of high penetrance®*, which tend to be poorly captured
through single-marker association with genome-wide arrays. To
illustrate the idea, we identified SNPs where only two copies of the
minor allele are present (referred to as 2-SNPs’), which have minor
allele frequencies of 1-2%. We find that these are enriched approxi-
mately sevenfold (Table 5) among regions of IBD identified by the
hidden Markov model approach. Notably, identification of IBD re-
gions can be performed with the same genome-wide SNP data being

Table 5| ded i sharing and homozygosity
Property YRI CEU CHB »T
Number of pairs included 1,767 1,708 990 861
Mean ide: by state (IBS) (%) 819 83.7 85.0 85.1
Mean identity by descent (IBD) (3) 0.04 034 0.36 0.42
Number of pairs with >1% |BD (%) 8.8 204 211 29.7
Number of pairs with one or more 195 350 135 216
segment (%) (110) (205) (136 (251}
Total number of segments 250 427 146 273
Total distance spanned (Mb) 1,416 2,336 704 1301
Mean segment length (Mb) 57 5.5 48 4.8
Maximum segment length (Mb) 51.7 56.2 15.0 253
Maximum segment length (Mb) 1414 1285 N/A N/A
(including close relatives)

Total number of 2-5NPs 6219 9,220 8174 8750
Number of 2-SNPs in segments 109 162 116 132
2-SNP fold increase 6.7 73 7.6 7.0
Number of homozygous segments 09 22 26 26
(x10%°

SNPs in (x10% 16 42 53 5.4

b, The extent of h ygosity on each chr for each individual in
cach analysis panel, Excludes seg <106 kb and ch Xin
males. Asterisk, NA12874, length = 107 Mb. YRI, green; CEU, orange; CHB,
blue; JPT, magenta.

Total length of homozygous segments 160 410 510 mm.o
(Mb)

2-5NP, SNPs where only twa capies of the minor allele are present.
* Homozygous segments >106 kb.
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collected in large-scale association studies, making haplotype-
sharing approaches an attractive and complementary analysis to
standard SNP association tests, with the potential to identify rare
variants associated with complex disease.

The distribution and causes of untaggable SNPs. Despite the SNP
density of the Phase 11 HapMap, there are high-frequency SNPs
for which no tag can be identified. Among high-frequency SNPs
(MAF = 0.2), we marked as untaggable SNPs to which no other
SNP within 100 kb has an 7* value of at least 0.2. In Phase I1, approxi-
mately 0.5-1.0% of all high-frequency SNPs are untaggable and the
proportion in YRI is approximately twice as high as in the other
panels. Similar proportions are observed across the ten HapMap
ENCODE regions.

To identify factors influencing the location of untaggable SNPs
we considered their distribution relative to segmental duplications,
repeat sequence, CpG dinucleotide density, regions of low SNP den-
sity, unusual allele frequency distribution, linkage disequilibrium
patterns and recombination hotspots. We find no evidence for an
enrichment of untaggable SNPs in segmental duplications or repeat
sequence, as would be expected from mis-mapping of SNPs (2% and
35% of common SNPs lie in segmental duplications and repeat
sequence, respectively, compared to 1.8% and 29%, respectively, of
untaggable SNPs). Untaggable SNPs are slightly enriched in CpG
islands (0.37% of common SNPs are in CpG islands compared to
1.4% of untaggable SNPs) and have slightly reduced MAF (Fig. 4).
Most notably, untaggable SNPs are strongly enriched in regions of
low linkage disequilibrium, particularly in recombination hotspots.
To test whether these untaggable SNPs are themselves responsible for
the identification of recombination hotspots, we eliminated them
from 100 randomly chosen recombination hotspots and reassessed
the evidence for alocal peak in recombination. In all cases we still find
evidence for a considerable increase in local recombination rate.

Over 50% of all untaggable SNPs lie within 1 kb of the centre of a
detected recombination hotspot and over 90% are within 5kb.
Because only 3-4% of all SNPs lie within 1 kb from the centre of a
detected recombination hotspot (16% are within 5kb), this consti-
tutes a marked enrichment and implies that at least 10% of all SNPs

a SNP density b Allele freq © Linkage
14 Peo.q 0-9"9
2 13 beo1gigegape0g 08 o.o.o/ \o.a‘u
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o 27 oaq °°
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Figure 4 | Properties of untaggable SNPs. a—e, Properties of the genomic
regions surrounding untaggable SNPs in terms of: a, the density of
polymorphic SNPs within the consensus data set; b, mean minor allele
frequency of polymorphic SNPs; ¢, maxi 7 of SNPs to any othersin the
Phase II data; d, the density of estt d bination hotspots (defined
from hotspot centres); and e, the estimated mean recombination rate. YRI,
green; CEU, orange; CHB+]PT, purple.
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within 1kb of hotspots are untaggable. The implication for asso-
ciation mapping is that when a region of interest contains a known
hotspot it may be prudent to perform additional sequencing within
the hotspot. Many of the variants identified in this manner will be
untaggable SNPs that should be genotyped directly in association
studies. From a biological perspective, the proximity of untaggable
SNPs to the centre of hotspots suggests that they may lie within gene
conversion tracts associated with the repair of double-strand breaks.
Double-strand breaks are thought to resolve as crassover events only
5-25% of the time™. Consequently, SNPs lying near the centre of a
hotspot are liable to be included within gene conversion tracts and
will experience much higher effective recombination rates than pre-
dicted from crossover rates alone.

The distribution of rec
In the Phase 11 HapMap we identified 32,996 recombination hot-
spots*** (an increase of over 50% from Phase I) of which 68%
localized to a region of <5kb. The median map distance induced
by a hotspat is 0.043 cM (or one crossover per 2,300 meioses) and
the hottest identified, on chromosome 20, is 1.2 <M (one crossover
per 80 meioses). Hotspots account for approximately 60% of re-
combination in the human genome and about 6% of sequence
(Supplementary Fig. 6). We do not find marked differences among
chromosomes in the concentration of recombination in hotspots,
which implies that obligate differences in recombination among
chromosomes of different size result from differences in hotspot
density and intensity®.

Theincreased number of well-defined hotspots allows us to under-
stand better the influence of genomic features on the distribution of
recombination. Previous work identified specific DNA motifs that
influence hotspot location®” as well as additional influences of local
sequence context including the location of genes® and base composi-
tion™, The Phase Il HapMap provides the resolution to separate these
influences. Figure 5a shows the distribution of recombination, hot-
spot motifs and base compasition around genes. Within the tran-
scribed region of genes there is a marked decrease in the estimated
recombination rate. However, 5’ of the transcription start site is a
peak in recombination rate with a corresponding local increase in the
density of hotspot motifs. This region also shows a marked increase
in G+C content, reflecting the presence of CpG islands in promoter
regions. There is also an asymmetry in recombination rate across
genes, with recombination rates 3’ of transcribed regions being ele-
vated (as are motif density and G+ C content) compared to regions 5’
of genes. Studies in yeast have previously suggested an association
between promoter regions and recombination hotspots™. Our results
suggest a significant, although weak, relationship between promoters
and recombination in humans. Nevertheless, the vast majarity of
hotspots in the human genome are not in gene promoters. The asso-
ciation may reflect a general association between regions of accessible
chromatin and crossover activity.

Systematic differences in recombination rate by gene class.
Previous work has demonstrated differences in the magnitude of
linkage disequilibrium, as measured at a megabase scale, among
genes associated with different functions™. Using the fine-scale gen-
etic map estimated from the Phase If HapMap data we can quantify
local increases in recombination rate associated with genes of differ-
ent function using the Panther gene ontology annotation*. Average
recombination rates vary more than sixfold among such gene
classes (Fig. 5b), with defence and immunity genes showing the high-
est rates (1.9cMMb ™) and chaperones showing the lowest rates
(0.3cMMb™"). Gene functions associated with cell surfaces and
external functions tend to show higher recombination rates (immun-
ity, cell adhesion, extracellular matrix, ion channels, signalling)
whereas those with lower recombination rates are typically internal
to cells (chaperones, ligase, isomerase, synthase). Controlling for sys-
tematic differences between gene classes in base composition and
gene clustering, the differences between groups remain significant.

©2007 Nature Publishing Group
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LETTERS

Genome-wide detection and characterization of
positive selection in human populations

Pardis C. Sabeti'*, Patrick Varilly*, Ben Fry', Jason Lohmueller', Elizabeth Hostetter', Chris Cotsapas'?,
Xiaohui Xie!, Elizabeth H. Byrne!, Steven A. McCarroll*?, Rachelle Gaudet?, Stephen F. Schaffner, Eric S. Lander’*>*

& The International HapMap Consortiumt

With the advent of dense maps of human genetic variation, it
is now possible to detect positive natural selection across the
human genome. Here we report an analysis of over 3million
polymorphisms from the International HapMap Project Phase 2
(HapMap2)'. We used ‘long-range haplotype’ methods, which
were developed to identify alleles segregating in a population that
have undergone recent selection?, and we also developed new
methods that are based on cross-population comparisons to dis-
cover zlleles that have swept to near-fixation within a populati
The analysis reveals more than 300 strong candidate regions.
Focusing on the strongest 22 regions, we develap a heuristic
for scrutinizing these regions to identify candidate targets
of selection, In a complementary analysis, we identify 26 non-
synonymous, coding, single nucleotide polymorphisms showing
regional evidence of positive selection. Examination of these
candidates highlights three cases in which two genes in a common
biological process have apparently undergone positive selection
in the same population: LARGE and DMD, both related to
infection by the Lassa virus’, in West Africa; SLC24A5 and
SLC45A2, both involved in skin pigmentation*?, in Europe; and
EDARand EDA2R, both involved in development of hair follicles®,
in Asia,

An increasing amount of information about genetic variation,
together with new analytical methods, is making it possible to explore
the recent evolutionary history of the human population. The first
phase of the International Haplotype Map, induding ~1 million
single nucleotide polymorphisms (SNPs)’, allowed preliminary
examination of natural selection in humans. Now, with the publica-
tion of the Phase 2 map (HapMap2)® in a companion paper, over
3 million SNPs have been genotyped in 420 chromosomes from three
continents (120 European (CEU), 120 African (YRI) and 180 Asian
from Japan and China (JPT + CHB)).

In our analysis of HapMap2, we first implemented two widely used
tests that detect recent positive selection by finding common alleles
carried on unusually long haplotypes®. The two, the Long-Range
Haplotype (LRH)" and the integrated Haplotype Score (iHS)” tests,
rely on the principle that, under positive selection, an allele may rise
to high frequency rapidly enough that long-range association with
nearby polymorphisms—the long-range haplotype®—will not have
time to be eliminated by recombination. These tests control for local
variation in recombination rates by comparing long haplotypes to
other alleles at the same locus. As a result, they lose power as selected
alleles approach fixation (100% frequency), because there are then

few alternative alleles in the population (Supplementary Fig. 2 and
Supplementary Tables 1-2).

We next developed, evaluated and applied a new test, Cross
Population Extended Haplotype Homozogysity (XP-EHH), to detect
selective sweeps in which the selected allele has approached or
achieved fixation in one population but remains polymorphic in
the human population as a whole {(Methods, and Supplementary
Fig: 2 and Supplementary Tables 3-6). Related methods have recently
also been described ™",

Our analysis of recent positive selection, using the three methods,
reveals more than 300 candidate regions'(Supplementary Fig. 3 and
Supplementary Table 7), 22 of which are above a threshold such that
no similar events were found in 10 Gb of simulated neutrally evolving
sequence {Methods). We focused on these 22 strongest signals
(Table 1), which include two well-established cases, SLC24A5 and
LCT**', and 20 other regions with signals of similar strength.

The challenge is to sift through genetic variation in the candidate
regions to identify the variants that were the targets of selection. Our
candidate regions are large (mean length, 815 kb; maximum length,
3.5 Mb) and often contain multiple genes (median, 4; maximum, 15).
A typical region harbours ~400—4,000 common SNPs {minor allele
frequency >5%), of which roughly three-quarters are represented in
current SNP datahases and half were genotyped as part of HapMap2
(Supplementary Table 8).

We developed three criteria to help highlight potential targets of
selection {Supplementary Fig. 1): (1) selected alleles detectable by our
tests are likely to be derived (newly arisen), because long-haplotype
tests have little power to detect selection on standing (pre-existing)
variation'*; we therefore focused on derived alleles, as identified by
comparison to primate outgroups; (2) selected alleles are likely to be
highly differentiated between populations, because recent selection is
probably a local environmental adaptation’; we thus looked for
alleles common in only the population(s) under selection; (3)
selected alleles must have biological effects. On the basis of current
knowledge, we therefore focused on non-synonymous coding SNPs
and SNPs in evolutionarily conserved sequences. These criteria are
intended as heuristics, not absolute requirements. Some targets of
selection may not satisfy them, and some will not be in current SNP
databases. Nonetheless, with ~50% of commaon SNPs in these popu-
lations genotyped in HapMap2, a search for causal variants is timely.

‘We applied the criteria to the regions containing SLC24A5 and
LCT, each of which already has a strong candidate gene, mutation
and trait. At SLC2¢AS, the 600 kb region contains 914 genotyped
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Table 1| The twenty-two strongest did: for natural selecti
Region Chr:position Selected population Long Haplalype Test  Size (Mb)  Tatal SNPs with  Subsetof  Subsetof Subset of SNPs  Genes at or ncar SNPs that
(MB, HG17) Long Haplotype  SNPsthat  SNPsthat  that fulfil fulfil 3l three criterla
Signal fultil criteria  fullil criteria  criterta 1,2
1 land2 and 3

1 CHB +JPT 0.4 92 39 30 2 BLZF1, SLC19A2
2 CHB + JPT 08 732 250 4] 0
3 CHB + JPT 10 972 265 7 1 EDAR
4 CEU 24 1213 282 24 3 RAB3GAP1, R3HDMI, LCT
5 CEU,CHB + JPT 12 1,388 399 7% 9 PDELIA
6 CEU,YRI, CHB + JPT LRH, iHS 17 413 161 33 0
7 CHB +)JPT 03 249 94 65 6 SLC30A9
8 CHB + IPT 03 233 67 34 1
9 CEU 03 179 63 16 1
10 chr10:22.7 CEU, CHB + JPT 03 254 93 0 0
11 chrl0:55.7 CHB+IPT LRH, iHS, XP-EHH 0.4 735 221 S 2 PCDH1S
12 chr12:78.3 YRI LRH, IHS 08 151 91 25 0
13 chr15:46.4 Cev XP-EHH 0.6 867 233 5 1 SLC24AS
14 chri5:61.8 CHB +JPT XP-EHH 0.2 252 73 40 6 HERC1
15 CHB +JPT XP-EHH 0.4 484 137 2 0
16 CHB -+ JPT, YR! LRH, iHS 0.6 55 35 28 3 CHSTS, ADAT1, KARS
17 CHB + IPT XP-EHH 0.2 143 A1 0 o]
18 CEU XP-EHH 0.4 290 98 26 3 BCAS3
19 YRI LRH, iHS, XP-EHH 0.3 83 30 0 Q
20 YRI LRH 04 318 188 35 3 LARGE
21 YRI LRH, iHS 0.6 50 35 25 0
22 YRI LRH, iHS 35 13 3 1 0

Total SNPs 16.74 9,166 2,898 480 41

Twenty-twa regions were iden|
being the target of selection on the basis of having a long haplotype signa), and by fulf
lyinthe selected jon; and (3) being identitied as unctional by it

d at a high threshold for significance (Methads), based on the LRH, iHS and/or XP-EHH test. Within these
g three criteria: (1) being a high-frequency derived al
ion. S | [

fons, we examined SNPs with the best evidence of
2) being differentiated between populations and

didat i

(ret. 2), as well as Intriguing new candidates.

SNPs. Applying filters progressively (Table 1 and Fig. 1a~d), we
found that 867 SNPs are associated with the long-haplotype signal,
of which 233 are high-frequency derived alleles, of which 12 are
highly differentiated between populations, and of which only 5 are

lysis including well-k LCTand SLC24A5

common in Europe and rare in Asia and Africa. Among these five
SNPs, there is only one implicated as functional by current know-
ledge; it has the strongest signal of positive selection and encodes the
AT polymorphism associated with pigment differences in

SULTIC3 RANBP2

SLC24AS DUT FBN! CEP152 SLC5A7  SULTIC2 EDAR
5 o = & =] ao

L N T
iR

XP-EHH and IHS
-log(P value)

Derived-aliele
we:

€ i » 940
2 E i ED S
g o8 e ’ . 08 [ ‘
2 50 —_ 0.6 . -
s . IR Y
380 0.4 L I PN
Eko. 02 NN
£ RN 3 1. SV R R
3
d o h 10
5osl® B . 08’ o -,
=5 o * 0.6
2% 04 SLC24AS 0.4 EDAR
wnm e Alaning— threoning 02 Valine — alanine
L go .
s .
£
S 08 611 614 617 62 1203 1297 130.1 130.5

Position on chromasoma 15 {cM)

Figure 1| Localizing SLC24AS and EDAR signals of selection.

a—d, SLC24A5. a, Strong evidence for positive selection in CEU samples ata
chromosome 15 locus: XP-EHH between CEU and JPT + CHB (blue), CEU
and YRI {red), and YR and JPT + CHB (grey). SNPs are classified as having
low prabability (bordered diamonds) and high probability (filled diamonds}
potential for function. SNPs were filtered to identify likely targets of

Position on chromosome 2 (cM)

clear outlier. e-h, EDAR. e, Similar evidence for positive selection in

JPT + CHB at a chromosome 2 locus: XP-EHH between CEU and

JPT + CHB (blue), between YRI and JPT + CHB (red), and between CEU
and YRI (grey); iHS in JPT + CHB (green). A valine to alanine
polymorphism in EDAR passes all filters: the frequency of derived alleles
(f), differences between populations (g) and differences between

‘Broad tnstitute of MIT and Harvard, Cambridge, Massachusetts 02139, USA. 2Center for Human Genetic Research, Massachusetts General Hospital, Boston, Massachusetts 02114,
USA. *Department of Molecular and Cellular Biology, Harvard Unlversity, Cambridge, Massachusetts 02138, USA. “Department of Biology, MIT, Cambridge, Massachusetts 02139,
USA. *Whitehead Institute for Biomedical Research, Cambrldge, Massachusetts 02142, USA. “Department of Systems Biology, Harvard Medical School, Boston, Massachusetts
02115, USA.

*These authors contributed equally to this work.
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selection on the basis of the frequency of derived alleles (b), differences
between populations (¢) and differences between populstions for high- selected populations) (h). Three other functional changes, a D~E change in
frequency derived alleles (less than 20% in non-selected populations) SULTIC2 and two SNPs associated with RANBPZ expression (Methads),
(d). The number of SNPs that passed each filter is given in the top left comer  have also become in the selected populati

in red. The threonine to alanine candidate polymorphism in SLC24A5 is the

populations for high-frequency derived alleles (less than 20% in non-
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Abstract A nationwide survey was conducted for pre-
dictive genetic testing for late-onset, incurable neurologi-
cal diseases. A questionnaire was sent to 125 university
hospitals and national hospitals, and was returned by 69%
of them. Of the 86 responding hospitals, 63 had genetic
counseling clinics and answered the questions concerning
predictive testing. Of these, 46 had experienced clients
with an interest in or a request for predictive testing during
the period from April 2004 to'March 2006. A total of 322
clients were accumulated, the majority of which were
interested in myotonic dystrophy (n = 150), followed by
spinocerebellar ataxia (n = 86), spinal and bulbar muscu-
lar atrophy (n = 40) and Huntington’s disease (n = 31).
Most such clients were counseled by medical doctors, who
had the “Japanese Board of Medical Genetics, Clinical
Geneticist” certification, but others, including neurolo-
gists, nurses, clinical psychologists or genetic counselors
also contributed, albeit to a lesser extent, to genetic
counseling in Japan. Many respondents felt that a multi-
disciplinary approach by a counseling team consisting of a
clinical geneticist, a neurologist, a genctic nurse, a clinical
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psychologist and a genetic counselor had not yet been
established. There will be a great need for educated and
trained non-medical doctor staff not only to improve the
quality of genetic counseling and psychological support
for such clients, but also to conduct the psychosocial re-
search on Japanese clients requesting predictive genetic
testing.

Keywords Genetic counseling - Predictive genetic
testing - Neurological disease - Clinical geneticist

Introduction

In Japan, genetic counseling has not yet taken root as a
common clinical practice, but genetic testing and genetic
research for human diseases have become increasingly
popular. Along with this trend, the establishment of a ge-
netic counseling system is strongly needed to successfully
conduct clinical practice and research for genetic diseases.
In recent years, specific genetic counseling departments
have been set up nationwide. Now more than 60 hospitals
have opened genetic counseling clinics in Japan. The Na-
tional Liaison Meeting for Clinical Sections of Medical
Genetics has been held annually since 2003, where the
persons responsible for genetic counseling departments
have gathered from throughout the country and held dis-
cussions on several issues conceming the genetic coun-
seling system in Japan.

The most controversial topic in clinical genetics is how
we should handle the need for predictive and prenatal ge-
netic testing, especially, predictive testing for late-onset,
incurable neurological diseases such as Huntington’s dis-
ease (HD) and spinocerebellar ataxia (SCA). It raises var-
ious ethical, legal and psychosocial implications (Brandt
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1994; Evers-Kiebooms and Decruyenaere 1998; Chapman
2002; Taylor 2004); thus, pre-test genetic counseling and
post-test follow-up should be carefully conducted for cli-
ents.

Predictive testing for late-onset, incurable neurological
diseases has become popular in the United States, Canada,
Australia and various European countries, and integrated
guidelines and protocols for predictive testing have been
established in these countries (Craufurd et al. 1992; Quaid
1992; International Huntington Association (IHA) and
World Federation of Newrology (WFN) 1994; Benjamin
et al. 1994; Decruyenaere et al. 1995; Mandich et al. 1998;
Robins Wahlin et al. 2000). However, little is known about
the actual circumstances surrounding this issue in Japan,
and only a few studies on psychological aspects of clients
seeking predictive testing have been published (Abe and
Ttoyama 1997; Muto 1998; Yoshida et al. 2002).

In this survey, we investigated the current situations and
attiades of genetic counseling departments in Japan con-
cerning predictive testing for late-onset, incurable neuro-
logical diseases.

Procedure

We sent the questionnaire to 125 institutions (university
hospitals and national hospitals) in Japan, most of which
were highly advanced and specialized medical center
bospitals under the supervision of the Ministry of Health,
Labor and Welfare, to investigate the actual circumstances
concerning predictive testing for late-onset, incurable
neurological diseases. The diseases we indicated in the
questionnaire included HD, SCA, amyotrophic lateral
sclerosis (ALS), Alzheimer’s disease (AD), spinal and
bulbar muscular atrophy (SBMA), myotonic dystrophy
(DM1) and prion disease. Familial amyloid polyneuropathy
(FAP) was also included, although it may no longer be
incurable due to liver transplantation. Before submitting
the questionnaire, we asked whether or not the hospital had
a specific genetic counseling department. If not, the
responding persons were instructed not to answer the
questions about predictive testing. The questionnaire con-
tained five questions as shown in Table 1. The chief person
responsible for the genetic counseling department in each
hospital was asked to fill out the questionnaire. In this
paper, a clinical geneticist indicates a medical doctor who
has the “Japanese Board of Medical Genetics, Clinical
Geneticist” certification, and a genetic counselor indicates
a non-medical doctor who has the “Japanese Board of
Medical Genetics, Certified Genetic Counselor” certifica-
tion. The certificates are given by the Japan Society of
Human Genetics and the Japanese Society for Genetic
Counseling.
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Results

The questionnaire was returned by 69% (n = 86) of the
hospitals surveyed. Of the 86 responding hospitals, 63
(73%) had clinics that specialized in genetic counseling
and answered the questions concerning predictive testing
as shown in Table 1. The distribution of these 63 hospitals
is shown in Fig. |. The remaining 23 hospitals did not have
genetic counseling clinics. Of the 63 hospitals with clinics,
46 (73%) had clients with an interest in or a request for
predictive testing for late-onset, incurable neurological
diseases during the period from April 2004 to March 2006.
Of these 46 hospitals, 30 (65%) were attached to national
universities or national centers, 13 (28%) were private
universities, and 3 (7%) were public universities. The
remaining 17 hospitals had no requests or inquiries for
predictive genetic testing during this period.

In total, 322 clients from 243 families (excluding FAP)
were reported from the 46 responding hospitals (Table 1
Q2). National and public hospitals (total 33) had 194 cli-
ents, and private hospitals (total 13) had 128 clients. The
maximum number of clients was 80 in a hospital located in
the Kanto area. Eleven hospitals had more than 10 clients,
and 27 had less than 5 clients during this period. The
greatest interest was shown in DMI1 (150 clients, 47%),
followed by SCA (86 clients, 27%), SBMA (40 clients,
12%) and HD (31 clients, 10%). These clients were dis-
tributed nationwide, and more than ten of the hospitals had
clients interested in each of the following four diseases
(DM1: 31 hospitals; SCA: 30; SBMA: 10; HD: 14). Those
interested in prion disease (13 clients, 4%) were much
fewer and were found in only three hospitals; a single
hospital reported 10 of the 13 clients for prion disease. The
interest in ALS was very small (2 clients, <1%) and was
found in only two hospitals. There were no clients reported
to be interested in AD during this period. There was a
significant number of clients (more than 13 clients from 11
families) interested in FAP, but the exact number was not
obtained because the answer “a lot” was returned from a
single hospital. In contrast to the clients for DM1 or SCA,
those for FAP were exclusively concentrated in two hos-
pitals that are close to the former endemic areas for this
disease and that have actively conducted liver transplan-
tations for the patients.

The professions of the participants in genetic coun-
seling sessions are summarized in Table 1 (Q3). Clinical
geneticists participated in 75-100% of the total counsel-
ing sessions in 35 of the hospitals (56%). The contribu-
tions of neurologists and nurses were much smaller; they
participated in 75-100% of counseling sessions in just 14
and 13 hospitals, respectively. The participation of the
other professions (psychiatrists, clinical psychologists,
genetic counselors, etc.) was not common. Seventeen
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