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It is known that many disease-related SNPs (risk SNPs) in humans are
ancestral, shared by non-human primates, implying that human-specific environmental or social
changes would be a trigger of the onset of SNP-related diseases. To examine this hypothesis, we
studied linkage disequilibrium (LD) surrounding target SNPs, a signal of positive selection on
ancestral and derived SNPs and estimated the divergence time of a derived allele group. A recent
large-scale association study has identified 128 schizophrenia-related SNPs. Of these, 66 derived
SNPs in East Asia showed strong LD blocks. Our newly developed statistical test revealed significant

signals of ongoing positive selection at 15 SNPs and the most recent common ancestor of a derived
allele group at a half of the SNPs occurred no earlier than 50,000 years ago. This age of positively
selected alleles at each target SNP coincides with the time of drastic changes in human brain
activities that became evident in archaeological remains.
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1. WHEBRAAEE WO =

R HOWGET —7"ClE, ZHETE MNERIZEET 5 SNP TU A 78 (BEFRE S\P) 2Mtd TR
HTIEEE L TOAH] (VA ZRIMESERICH LB ZFASTE Tz, ZORIT, Ha KT & OphE
DMERFSIUTUND ST8SIAZ & ) I DRSS 7 (NCAM) (AR ) o 7 Uiz Ind 2R8I
T promoter JEMEIZOUVNT, Bl AFERA 5T, STSSIA2 BLTD promoter (21X, HAFFPEDT
JEV AZIZB8% 325D SN 35 0 . & MEFIZIZZEN L DOMAGDOENG 25 4 >DNTa X A TH
FET D, TOHFD—DCCC XA 7L, & MIBROIESINIE) A7 RTHY | oz AT Ltk
#3 C promoter IEMENRNE L ZHSITIE T L TCWAD, 420 promoter Z A 7 OMRE O CTOMEE
BB L. CGC XA TDOIRMNHET VT (FAS) THEN EH LD Z Elbhotz, 20D 06 ¥ A
X BEF A TFEEZITGEL TNDLZENnD, 77U MIERTH B2 b5, —J, ZDCC
B A T HEFFOYLEIRD promoter DJFIFENTS L 40 kb OHEEHASZ £~ 1000 N7 ) ADT—HX %
WCHTLT=E 24, 1) EAS T, promoter Z&Te 18 kb OFEI CO~T 5 FE) WD TIE < #ERF
ENTWAHZ &, 2) ZD 18 kb OFEHROIMAITIZ . MEFD IR G ARE AHER L 18 kb OfF
1% Xy 3 2 MR R OMFE L QWD Z EDIAL N 72 o7z, Tk COEMBEEFHIFITIZL Y
CGC & A 7' promoter FEIEIZITIED HIREHRAME X | FFEDEM TEDBENIN L >oHH LB ZH
D, ZDOX T STSSIAZERFATDOWTOMITEE, U A 7D SNP TidZe <, FEY A7 BISNP ITHR
BRI TODBEETRT D & &bz, BIRREROBHIZIBWT 1000 N7/ 20T —4 ZFIH LT
FFED SNP DBEERZ DL O SERIEORGI N AN T H Z L R LT,
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AHFZETIE, HEAEEIC R 2 85 T A MR TR, BR, BalRIE Sz 108 HORALE
REELEA 7 REOD SNPYZSHBUT, STSSIAZ & [RIRRICE DY, « ZRIZfiT+ 5 Z & T b SNP B
ZDJERIFER D NT 11 B A T O LT 1 2 A F I D BIREIRD TRENE 2T %, 2 LT, Zh
DO DOHEFHEREOMRI 28 LT, OIS 2L - SEHBRETFIEE LI O MNTT 5, #
ARIVETRIEZ DT, COENTH 1IWREDORIELRNBIER SN TND, 0L ) BIRE2HHT 5
720N, A RFHE DAL T AT LIzt b O b~ S0 #am S b 29,  LED X
V7R ERBIUR, BIZIL, HEAKFHERDE S\P OHRIZ, Global & VN Local \ZHEE A EIFCUD SNP
DHHAREERH D L, S HIT, Mz & ORGHC, HER TS EOREOM I CRIZE SN, Z
AUHOBGHE SNP 2SR, JRAERIDNE WO BULCOER &b, (L e Bk A BT DM EHE
7B Bot=9, E72 2D NP OSEFE RIS EEC 2 RS & B RRETH B,
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(1) BHIREIRHOFEORZE : SFS (Site Frequency Spectrum & #ESH R (1D @ Linkage
Disequilibrium) ZHHAGHORTF. ke Z O FARCSE 2N BRI 2 ORR % KR T, F/-H
—DOT B A TR < FRCBIER S D ~— RiEPYS(L (hard sweep) D NTm X AT
BV < RRCBIZR SN D Y 7 NEEIRIEHE (soft sweep) ZTERANCXHAITE % 2D SFS (2 dimensional
SFS) ¥E&BH¥E L., computer simulation <CEEENID HINEINO AIHEMDRE S QD86 FEEE VT
D power ZHER LT,

(2) BAZE LIz HiEE AW CORE IGIERDE SNPs Of#T : FEEo FL A2 HWT, Y ae—X o
T L SR ALREDIIE & DOBRE G S TUND STSSTA2 DESRER M LT, F7-. 108 s FHEC
&5 103 SNPs (2T, Fo k& 2D SFSIETHREROEIZ7~% & & Hi2, 2D SFSIEZHWT, &
J DDAV SO ALHET DT o F DRI L72 100 SNPs (2OWT, 7 ARG amnt Lz,

4. BT

(1) BREPURHOTTEDRZE
@ F.iEL 2D SES YEDEAE : W J7iED core SNP DYRA SNP, H26 SNP dDZ 241 & 888 LT
WA YRASY SNP % D-group, A—group & L7zHF, D-group NOZEE (TAV : Intra—allelic variation) D22
R, B A it T DRt E 2R L=, ZORFEE/R DL, D-group, A-group |ZEFE I8
FA de novo 72 b DD, HAWNTMHAZ 1T Lo T 2 AN H 726 SN b DRONE X5 2 &
Thb, ZD=H, FAETIE D-group N THE D E wEH U7-IRAER SNP 2 D2 T, Fe #iatgE (&R
AL SNP DHC, core SNP OYRAFRUCHES L T D b ODEIR) ZatET 25, L LZOIFETHE,
FED NS de novo G LTV D SNP E CTRET DRI Z L12720 | Fe figtEZ Db O NGE
fiSnD Z Lic/b, 22T, 2D SFS Tk, £ core S\P & LD OFRVEE (1° > 0.75) Zid,
ZOFHEOF T, F bEOIMtREFHET 5, SHIZ, &SNP 1 N TOYRER SNP %, D-group I i
il &, A-group IZ JIEEXBILT @i, j) £ LTERITZEE L [+ 1345 SNP Y~ TOYRER SNP D
B, ZOXNTTDHE @(i,0) E7eo7 SNP YA MIHHIRZ O EE 22T Tt e LTE
FTXD, 2D 3,0 ZHNT, Gy (segregating sites 4710 Oz ZH8R LTV 7RV R SNP
DY) & Lo (EYRAETY SNP FR DA % 28858 L CUVRWRAERL SNP OFEIS) &) Hi- 72t E T 1AV
BEFRTDHIELE LT

FARRHRIZ OV TR, BERA GGS 93:149-161 (2018) 12, F7- FFEHEAFHT 27 0 T A=
@D Web page (https://sites. google. com/site/sattalab/home) (Z48@,, 2D SFS 22\ TCiL., T TH
N
@ computer simulation Z VT ® power ORREE : X 1 A 12— RERE L (hard sweep) T, 1Bz
1Y 7 MEREHE (sof t sweep) TOZEIVENDHERTE (F., G, Leo) O power 27 L7,
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1 : A(Y2) hard sweep, B (fi) soft sweep TOFEED/XU— ([ROC H—7),

R false—positive rate (@) eI ST — (1-4) R 1372 L, SFUET) SNP OB IL & 12 0. 6.
B TIE. MHEEN 0. 11T L7 CEIDMBIZ 2650 2, AIREIROTRE 2Ns =500, ZSRIEF AT A —4
— 0=4Nv= 20, H 7Y A X n = 1000, NITEHDYA X v (TG 720 OG0 DZERE
BRTHD, IFEGRT 0= 20, n = 1000 TEEFLETD,

Hard sweep MOHRZIL. FOMEELIFFICRYV VST 32— A&7/ T 703, Soft sweep TI. FHHLZ 2372
W2 5T, power 23 HNTAE 95, ZFUL. Soft sweep Ti. EEHROIER L 72 283D N7
a4 A AT TICERIMFEL TODT2DIZ, TAV 30 S B SIIRRBIZ e > Qb iz LB 2 bivd,

@ BEEID BARRIRO ATREME R STV D BB T SATICH W= D1E, LeT(lactase),
FEDAR(ectodysplasin A receptor) . ASPM(abnormal spindle—1ike microcephaly) . MGPHI(microcephalin—1) .



ADAMI 7(a disintegrin and metalloproteinase domainl7). MRGI(neuregulin—1) ® 6 &5 TFETIH D,
F., Geo, Leo DMLIZ, ) D—group @ TMRCA (Time to the Most Recent Common Ancestor), Fe, Ge, Leo @ P iEZ
BAHNZHWFS 5 728D Fisher’ s combined P, ZDho HIKER A4 5 FEE LT nSL THELHN
7-PEZR LITRLTHD,

ZIVE ThRA e A T HIREIR DR S QU LT & EARIZHOWTE, Z 2 OR Ui kT
H— NIRRT Sz, EZARERICBE L Gagdodh s @SL IETIEEL L BEEIILD)
ASPY & MCPHI\ZHUNTIE, MCPHI T soft sweep ZARHH U7e, S 7-REHTEENCBIET 2 ADANI7 & NRGI
IZDOWTIEL, ADAMI7 T soft sweep ZfH L7228 NRG1 Tl combined P fEAVNEWNZH IO LT K0
HE Ui, ZHUZ ARG TIE LD DAL DR RERFIREHER CETHTORNWD Z LR TE T
segregating sites & 13l & DI TH o722 &2, F., G, Lo (IZIEDOFBREEN 3 5 Z & 735 combined P {E%
PREFRICEBRE LTI Z &2 L B,

F1  6EITRICRIT 2 BARER T oG R

T e LCT (H) EDAR (H) | ASPM (NS) | McPHI (S) | ADAMI7 (S) | NRGI (NS)
14 SNP 1D rs4988235 | rs3827760 | rs41310927 | rs930557 rs2709591 | rs3924999
m 511 830 413 770 871 765

LD fiElsk (kb) 100 65 165 32 26 3
F. 0. 0054 0. 257 0. 123 0. 103 0. 229 0. 070
(P fi&) (0.001) (0.013) (0. 232) (0. 008) (0. 02) (0. 135)
Geo 1.3 2.3 5.0 4.0 5.1 1.9
(P fi&) (0.001) (0. 003) (0.521) (0. 053) (0. 047) (0. 132)
Leo 0.0015 0. 0091 0.013 0.013 0. 023 0.010
(P fi&) (0.001) (0.001) (0.051) (0.001) (0. 003) (0.072)
Combined P < 0.00001 | < 0.00001 0. 117 0. 00005 0. 00027 0. 0383
ty (kya) 3.3 £0.48| 19 £ 25| 41 £ 7.9 | 63 £ 13 49 + 20 |17 = 7.1
nSL 4. 369 3. 362 -0. 081 0. 628 2. 347 1. 895
(P fi&) (0. 0001) (0. 003) (0. 418) (0. 263) (0.01) (0. 029)

*177 v a O IBIEYED > HH|ET L7- selective sweep D mode : HiZ hard sweep, S i soft sweep, NS I
sweep DSRH SZAVZ2V N, *2m (X TR OIRERTT LV

(2) Bl¥E L7712 VW C R A e B E & s - O i

D STS8SIA2 DESREIRORH : STSSIA2 D7 aT—Z —FEkD 3 2D NP DT a4 TDHH
CCC XA T 1Hthd T a XA T LT, T re—XEENEH L TD, o7 a XA 71E FHIH
T VT CHEED 35% L mi< . MATGHEDIEY AT XA T ThDH I EDRDIN-oTND, ZD GC ZHER
SNP & LC, Foy Gy Lo & EAS CRIEHET D L, 5ERHNL, TES T 7 4 v I IRET NEEAN LTZHNLOW
PNOIREGER S 0. 1%DEEMWTERSN -, 6GC T XA FRITL, STREDY T Z A Thbh-o
TWDH, ZHHO TMRCA (TR XK% 1 7 2 THEICR D, ZORIE, SROKMIOK TR, L7~
U 71 2RI b— R & & o 7= 5EH & BRI b— R ORI — T 2 7 RO ORI B U7 R
WZ4725, CGC EWVIFARFMEDIEY AT T a s A THRT V7 THEZIE L T -720iF, 29 L
7o, EHOZUIMES LI b Ot Ly,

@ 2D SFS #EEDHT ) LG - &) DT A MSBRAT 100 fH intron SNPs 1Zxf LT, F,,
Geo, Lo, Tajima’ sD ZFHE L, £, TEI T 7 4 v 7 RETNVEEN UTHSLOJREGERICRT LT, Z
NWEN P A SRDT-, ZOMHTOBIZ, F=HISNP & 12 > 0.75 & 725 K ) IS A td =78, FERRITI,
> 0.75 72 Z5H0° 1kb A & 725 H D, OF O IS AER ORI R 2 7220y SNPs 28 42 f#H & -
7o o175 SNPs ZBAN L TRRET 100 SNPs & L7z, X 212i%, 29 LTGRO PEOSAIVRL TH
Do T DIATDIFIEAGRIT—ARIIAR TR DT, A “THRIE & BRI &2 AEY Kolmogorov-Smirnov (KS) #&
EEIToTZE A, RERNT, WINhdDWIEHE ORE T, IR ElisEish, P<0. 1077
AEEITIHD Z EDRENT, 512, FDR(false discovery rate) 10% CLEMEDMIEEZTH L,
F., G, Lo, DZAVEILT, 0, 5, 8, 81fEHD SNPs DVFMEEERAFEAILT=, OF Y G, Lo, D DHDEL
EH 1ED SNP 1L, §Ro TRMEEZZEA L T D EE 2D, 78D D 4~T SNPs [FHNLTlI7ev valfert:



WD, ZHHD SNPs HED L 9 7efhEs b WA T 3 5 DN T 5,

Distribution of P value under SFD

25 M Fc(Obs)
M GaO(Obs)
20 LcO(Obs)
D(0bs)

15

5 II‘I 00 ]
0
0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1
2 TFESTT 4 I RETINEEA LT PSTOIRERGUCGT L T, PAEDS
fdhi X SNP OBERE, Al P EA R L TN D,

=
o

@ MAKTVERDED 108 s TJHED SNP OFFHT : 108 EGFIEICHEA JFERRED SNPs 143 T 128
HoTo, TOWFRIL, RN Y 27RO D708 60, YRAERLA Y 27RO D78 43, fHFRNRE B2
WHOR 11, FEAKRKERA 14 THDH, 22T, AARIBRE > QT FARKEBACII2 N
103 SNPs \ZOWTtT &7, £io, VAR FEV R ANCRIn 5T, JRAETIZASER) SNP & U Tfig
MratEdi-, £3. ZOESNP O 95, 17 VT HEMCIREBRIOBEEN 5 %L ETr > 0.76 L72 b &
91T 1kb LI O RE A TD H3T= SNP 1366 72572, 20D 66 SNPs (2T, F., Go, LoZatH L,
Fisher’ s combined P TRHiiL7=& 2 A, M3A TRT X o di s ootz HlkD-9, RO
% 100 introns CHEV = (X 3B),
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A S JCFRMEBSEESNPs  (n =66) B:100 1 > k& SNPs (n =100)

3 Fo Leo Geo 1ZBIT DFisher’ S combined PIEOE A K 7T A
ftdh - SNPHESE Bl : Fisher’ s combined P

O FERSE SNP 134 ) ADRKIETEH 5 100 intron SNPs & EHH#EL TP < 0.1 D7 F ZAHNEEITH

%, P<0.1DYFADNREILE, P <0.001 737 SNPs, 0.001 <P <0.01239 ¢, &5(20.01 <P
<0.05 236 SNPs dro 7, EHIZZTHEHD D-group D TMRCA (tp) ZKDH L& Fb U EDT, 420 kya,

HHTLNHDT8kya & 720 | Z DI,

95 kya, 7= P < 0.001 © 7 7 ZADFHfHEIL,
T3Kya L7207, 2D ty DGO —T N5 T
FELITICR> TS Z & (M4) 13, Bl
MINDHEESND & S OFSERE), FHCEIEE
FOTUEN ALONTRE & O—BuT, WS
HZEH LRV, F72, P<0.01 £725 15

4+

i ' i ' | SNPs 1111 SNPs 73 > b o AACHFE LTV,
oL ‘ I | %5 L& L7= 103 SNPs "G 68 SNPs 231 & b =
0 50 100 150 200 250 :/L:kof:@wc\\q—%‘fac{ﬁw 0if£l/ \o /%\f(ﬁfi\ P <
4 Combined P < 0.1 7% = =SNPTOD-group TMRCAD 575 0.01 & 7257 SNPs [Z 2\ TRk & ok

SEBICSERE, BEBIBRY (30T ) HLTS



Q) At DELR

ARFFECIXH T VT OJRAER NP 248 SNP & U TR 21T o725, S RITHT ¥ 7 HE M o 5
SNPs (2B < BAREROMRSCT 7 Y WERIRC T —r v/ MECORERDIMNT 21TV, BAENEHOHRYE
B & A IEI TSR SN D RS E OB OEHR 24 > TO EHECTH 5,
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