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< Y2 LAUE, ANRIEERZ S L TERICAG > T HBLICK BELS, —FH, A—X
T I, AR X > TEIREF PRI, &1 70, 202 O50OFRITTIET S
HDO T ANB & EIAKREEDRNB T MMED KRR & > TH REGE TRV, #RF
¥ NAFOSE TR, 2O X5 RERFEO S L IZLEIN B RTThIL T\ 5, Bl I,
Lee (1986) [FH-ERMRET MITHESE AD EEHKERH D G T FHRRED 2 5
fFEL, HIZLE WLE) THhY H2DH5ZLERLTWS, 32U EORERFHIRIED
fEEFRETH D,

AN EHEWAREDEDIED T 4 — RNy 7 OFFEE, NEH#EL - BHEO 8 THID T
i C7=D1%. Richerson H72>H En14U72\ Y, Richerson and Boyd (2013, p.291) Z#5|H3 %

&,

“Perhaps toolkit complexity waxed and waned with the demographic fortunes of populations
subject to highly variable conditions.... Perhaps ... human populations were bistable. A
high population density equilibrium would generate a fancy technology and ... it could
maintain high population density. A small population ... would have a simple toolkit and a
slow response to variation and hence would remain small.”
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Dy ADBWINEESERI AT UNIAF L 5 5 ADZWIE EFEDFRRNI R E LI A0
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NUFAT V7 b EHERSE B02 2019 4EE A

720V, — A¥7-0 o7 i & B OEHT

,uzbn)=em4}(y—23;KJ} [2a]

ThHETH, 2212, M T [lc] RTHEZONABRENAENTHLN, T AZ 7 1%
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O & B AR ED S S OW S FEIC A -T2 T 5, (2) 925 &, ZOHEMIT, RERN
RINTHEML ST, @A O ESERKED M SICIORT 52 &R TE S, (3) &6
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MU DT X TOEMBE A OGN KE~NEER T 5013HmRERLTH L, LT, 4%
O 3 U EOEHICB W THEMFHEBABELZBA (2,22") Bh% 1450 3]
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Bistability of technology level in archaeology

Kenichi Aoki
Meiji University

Abstract: I review work we have done on culture evolution theory that takes as its basic tenet a
positive feedback between the size and technology level of a Palaeolithic population. Given a few
additional assumptions, this entails that such a population will be at either a low-population low-
technology-level equilibrium or a high-population high-technology-level equilibrium, both of which
are locally stable. In particular, I review a recent stochastic model (Aoki 2019, see reference list
above) that shows how transitions between these two equilibria may occur by a shifting-balance-
like process.
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N7 A—FZHEIZBITHRER
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0. Hi=E

N A7 o7 7a vy NEGRIE B02 TiX, LA 7T U7 T —H#X—Z2(DB)~Di
Mz &I W T, 0,1 T —ZIZE A AT Re e o FIEOWIEZ ED T\ D, £ 9
LIZFED—2 L LT, UBLIBE D NKE AR bV LTINS ERIHRT &2 v
IRT A —=HHETEENH 5 (Nakamura et al., 2020), Afa T, FE ORI ORI
DE, NREANT MO FIEZNIET D% e 2 A4 7ORBESR, S 63NV AET
¥7 DB T 2 BRICA U2 B ER R BEAIC DWW Tn U 5,

1. FFa

NRUFTIT7 Iyl STlE, TYVT BT 5 - %8I0 A 2R o @bk
EHROT — 2 X—2 b Z DTS, HERIE B2 DILHEO—DiE, ZO7 —FX—
ZD5Hr A8 L CAEWES LD T V7 TOIOBBEZA LN T 5 L & b2,

RN DNA MR D Fi DA R L OV XUEFOMA LML LEDbELHZ & T, b b
DOBEEHHERE ORBEZH ST D2 & THDH, /XL AT V7 DB Tk, KB
OXAE Z LT, A~T D24 DXV AT VT E— R (Shea DE— R&EHEELTZ D

® ; Shea, 2007 &) DOTFTE - EGFMEE 1 £ 0 TREdk L TWD, BO2FETIX, 295 L
72Xk D 0,1 T—Z2EWOEH 2D FEE LT, AREAXY MEIEH LI HiE
DR EZHEDTEY . ZDEFOMREITIT H FICHR S35 T7E TH 5 (Nakamura et
al., 2020), Nakamuraetal. D J5¥E (LLF, FHOB T2 & > TNWAK L3 %) T
I%. Toy Analytical Model(TAM) & FET#L 5 AR BEE T L0 6 TRIS D SUBIZE
DNREART "WV, T2y MO ELNDEBEDO AT MNUZT 4T 4
YITFTHIET, TAM OD/RT A —F DRERESHEHET H, T2 T, AREARY
ML e, SUEREDO NKE CULEENBRNTZ 7 V—7 D) ONfiz e A KT
TAZ LI OT, MBI NG, X, 24T 5 NREZ RO bEE 0T
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bbb, To&ziE, NKEAXTZ MDA TR OGEIEL. HRIEED ., BED R
WEED B FET DL & 2RKT,

TAM ODIREIFIRO L 5726 D ThH L, LENIDEDO 7 NV—T1670 %, ALK
M, TNENDOTN—T13MEEb THHRL, BNV —T LRI NV—T %K T 5,
BT N—T1L, T FDTRIINTBLSN DO TN —T B EWZ D, £, BTV
—7NE, B N—TRREOSULIEE O 4 R (RERER L MES) Tk
<o MMAT, 7 N—71%, BEARHER Y THO 7 & L7001 7 0—7 & 285
L. D T N—TnFEOULIEE O 4 e n TITH S, Sbic, &7
— VX, LR, MRy CHi R SUeiEE E — RIS,

EFRROBED S &, FHPREETO NREART MLVOHIFRHEIZR TE 2 b5
(Nakamura et al., 2020),

_ -y Nk-1 17k D-(i-1)
gk - bk (ﬁ + T’ ) l_[i=1 D-1-(i-1)B (1)

ZIT, EilE. AREKkEZ S OIUEIPEOE TH S, NWAK ETIE, ZOHIFHEL
R L TR O DB ER DM Z2E 2, B SULIBEPIRSNLIZ Z O3RN D LK
ET D, Thbb, HOLIE I OANREZ P ETHEE, PLPy,Ps, LI iid

(NETELWOARICHE D) 7eMERERTHY . K2 OMRE RN, IRTH 2
bID ERET D,

mdﬂ&=k]=§% )
J 5]

ZOREEES ZEICED, T2y "B HELNTEEEOAT NANELD
BEREHETDOZIENTEZ DD, RNITA—X BB OREREIE S,
MCMC % HW AR R 7oA ZFATIZ LD . 2D DT XA —F OFE A 2 KD
% Z &N TE %, Nakamura et al. (2020)1%, ZDOHIET, BEFO 707 —4% & v
(2L Ty B &y DREEME Z1F72,

2. R

LU T, NWAKVEICHTET DEk A 28R D 9 5, Nakamura et al. (2020) TIEAR Y
PRI TRV, B LKIFESKEALASIN TV RN DE — 2T OfET L
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TWL, 29 L7=REE., MR Lo 2R8NS, FiEim EORRAE T, M T
LISl H 2 ENTRENS,

21. HEETERWRZ 2A—203H D

fMMa@ TN—TED, JVv—TDnEEb, /) X—va s, WELEE

« KPEREOHE h, KPEREICBIT D EDEBEE ) &\ o To/XT A —F DT
#é@gmmxﬁf I, Iheo s b, MERERB L, B/NT A—H n’=hn/b
DZDD/NT A —=EDIEPHEERETH D, ZiuL, A7 M ZiRER{b L TH(Q)
EEDBEIZB N TN OO RT A= RNHERTDHZ LITMAT, b2 H AR
7 FVIZIEh & BMERNZEN T, BT A =2 OB TLrENRNZ & BJR
HTH s,

L2 L7228 5, Nakamura et al.(2020)?® Discussion TH AL SN TWD L H 12, A
J_X—=Ta CRIZE L TR, IWEORBROWIRHEY, £ OBIHMEIC —8T 5 LK
ETHZET, HolEVWAHEEZIT O 2 EITFRETH 5,

22. EFREZRETILENDH D

AT MO (DE, ETOTN—TBREEINTND E VI FEIFED S &Ehile
LDOTHD, o T, ZOXET—XEy MY TID LA, BEICIL., 256G
B TONT EHE LR T bRy, 2oL 512, NWAK iEIX, EHo—Ho
Yo I FICEARESERERFOa T Ly MR EIX, RV RS-
DToHDH,

Z Z ChE &@5D\[éﬁlﬁﬁ%%%?é@#k%ﬁ:k?%éﬁ%M@
EIZHESL 2 BIE, 2 TOIV—7 ] 1F, AWM ZmN S 5 7 v— TR
EETEATEY, ﬁom®%lﬂ%imm RSN —TFDEE Y THL

TIERLRY, &N G, BEOT —F Yy NCZORENmIZINTND &IX
E 2120,

ZOMBEIZE LT, fERIC, —EH oY TND AT M vE TR DB
MEET XK IIT S ET 52006 LitZey (Kobayashi et al., 2018 /),

23. ¥ 77 VT 4 WV TERELRE L KEHEZ X TE 20
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NWAK EZIEZ, 727 U7 1 AR (B + n°<1) IZBWT, BE[REE K RE
ZOESKBITERNEW ENH D, D VERICHEB T HMEEZEZZHE, B
+ < 1750E, XMIFEDOUZ—FRINE F 5 (Nakamura et al., 2020),

§e =0 (B + )k 3)

ZOXNRTERBY, YT UT 4 VT D BEEOMRTIE, A7 ML B+

ZIHEAFT D0, B L OFEXITIFEFEL TWRNWZ ENGhd, #HE-oT, &5
FEHRART NVOMERZERIZTAHEL IR B L n DIEOMAE O DN ERIZIFEET
DT, B+ n OREHEMN —BIZELZDIHATH, B L 0’ DK% DRALHETENM
M—BIZEEDLT, FROMOAE TERNEWVWIENEL S, Ziux, EEE
IZ. MCMC B L7V E WIS SEIR &> THN D,

ERZIE, D OEIIKRES THLARTH D L, Fiofhiz2 LRI 1L MCMC (134X
RLRTLRDDT, — /T A—FZDOREEGAMEHET HZ L13% < DA FHE
Thd, LPLENE, ZOXICLTRHRLNZ B OFEZROMIL, EHRERE
<72y, R, BEOMEPIN DL BENTHDLIONTHONT, AHRERNMEEAL
BonZenE WS RMNAEL D, £2. B+ 0 DERRV /NS> TLED
&L FHIME LRLTH MCMC IR L2V, 2D X5 RGEE, B0 O
MOEZHEET D LTG0 T, B+ 0" OHEHET DL LR, Y77 VT 47
VDAY MUZiE (B+ nDIETIRIEFRPEELTCLEI>IDOT), 252
En T A7 M%iﬁfﬁ%&# FEAEEENTORNVDOTH D,

Crema et al. (2014)7\’))?5?% L&, s —#Iix, HEEOET N E#T 57

ICHERERNEENTND & iBE'z 5 72\ (equifinality ORHH), &L iXnvx, 77

U T A4 INARICEB W TEELE L K mEZE#NT 2013 —KICKHETH L LN
U2 DIFFRETHDH, AT MVLPAOFHEIZIX., 6 0O#BT 5 7= O H
DEFENTNDND LIV, ZIURROBETH 5,

2.4. FEFET NV E TAM BRI TH 5

NWAK #ETiE, TAM M5 5072 A7 MLOBIRE() 2 RE & E L TH
IR L7-Q)&MetET v E LTRALTWAN, HMEIZH < £ THRETH Y .,
e RE BB TIT AV, EBIZIZ, TAM O 27 M UIZEIE KR E Offe =554
EHLolfETHY, TAMEDO LD ZfEET VE L TUEHT AR LIE, £6560
RS EZHNDRETH DN, FRERD D EDOGAAIIMHTENZ TG DR,
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FRROZ LB TAM & NWAK {EDOFEHET AT I TH L LB 2 H X
XTHDH, THAKTENZ ETIERV, BER, NWAKETHE LT A —
B DHFERGARN D ETHIFET VQR)D/NT A —F DEZLHGAATH - T, TAM D3
TA=HDERSHTIERNENI ZETHD, ZOXHIIEZDE, NWAKIEID
BWT, TAM IIHFEFHET VOBEIIW oot s haebhxlobon, Rl Eo
BRZRESOLOTIIRWE S 25,

2.5. ULIEE D NKE DORERBEIMSIEEZRE L TV D

TAM IZBWTEEN I V—T R TIERIET D & &, TNENOREIL, MILIEES
NDEREL TS, LLRL, L, IWEDNKEE Py, Py, P, . NS 72 e
REBTHDLZ EE2BER LR, EBE, 2 TOREITRKEZAG L TBY ., R
FWEDNKEIZH B E 52 50T, MR D SEfz720, L LR 6,
NWAK {EOLEFRIX, & UBBEDO ANKED 1id REREHTH D LW REID
BKELTWD, ZHUT—FHOFLETHY , BREDORED D BULETZN, EORED
RRENELCDDOMNZHONWT, EENZRZ EITITZEALEME Do T,

BB, BIERNG ZOOBEEY T T HGE. FRb DO NKEOR O
SN, T RSN EWVICEEN D1Z EEL 7D, BEORK O IR
O E EBITHEN TS NETHD, Lzn-> T, Bl Iab—varipl
T Lid U ER T 282 OF N 21T 2 56, RSFRIZRNLIGITNE D70 B, STk
DEHEBIZE LS RLBRIFENL DY TR, FEENLOY 7Y v T %
HWoa_xxThd,

26. NSV TV U ITNRA T RAOREB L AEL ZITD

A7 PAOX()TIE, FIETH ETORENMEINTVDL EREL TS, K
QYD X ITEFR LT IIE, WEOREBOEET < DD T, R TORENELES
NTWDHRBETRWR, D Eh, ENRFEEAROOLLIEENELL LA L
KHBWVWORERTT — Xy MIGEH I TUIR LR, LG, EERIC
ITER & IR NI NSA T ALY HAENGLE SN D0 E D T, ZDOTRED A
R[UEICEMERETCIRET B2 06N05, LE2IX, EVICLMTEHE

b SNTVWDLIEEIL, 77— 7 HOBEE-CHIEMNEZ RO T 21 S LT3A
HAThWie), PREDAXREZ L E L0 LiiE» 6T WG L7
W, Fo, DT N—T DOV A AN KEWGAIL, EEKRERET DS Z EITEL
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<, IN—THNO—FHOREUEKIE T HRE[AE L L THEINDSZ LIZRDHDT, £
NREHIZEIZEEV IS D5 ThA D,

2O LIeREE, = o=t I FBIICER OB FRZFETE, vB
MO (BEGRETIERL) P70 Th s a7 Ly MNEERARE L &R
FOWMRTIIHEVRE LN ETHY, IHELBEICFAER D TH D, LT —
B EONTT 5 FEZIE, 29 LEANBHY TV IR T AOEBELEZ T30
HLDOEZEITRVWEDORHD XIS, =& 21X, EEKIRKAM & retention
index % V% J5i£(Collard et al., 2006) Tlx, AREAZEREA N DO TIERL, 7
— 7 BT D IEE DT « FFEDO T — 00 BROIBRICETHINZ D &I
L CREAEFEST H, D9 2T, BHEEINTZREDPGKEEZEDO T H 2 ERE
3%, 207, NWAKIEIZHERS & D &b BTk L5 B TOA
BTN T NA T AR EZIFIZS WE TSNS, L LaRnb, il
KIRHR & RIZH WA FIERALIF L T U U TR, T ANGST AEEIZHONT
X, BRSO NEL RENTVWARND T, 5% B LT LERD S,

2.7. BEFRY 7Y 7 & Time-averaging OFEZ Nk LTV 7220

A7 MAO(DIE, BETOTZNV—=TRBREFFCY 7Y 7 Iiud &9 R IR
SNTWD, ZORMHEIE, XL AT VT DB DX D R BESOY T ANSRDT
—&ty h~OBEHIZBWTHEE 25, £/, NLAT U7 DBEIT TR, &
TEVOT —ZI1L, WE—2ODOT —F 15N, bDH—EHMOBYOEFEICR STV
D01, ARDHIXZ 9 L7=2hH(Time-averaging O fH) % 4= < & fE L T 72\, Miller-

Atkins and Premo (2018)(Z L AUIE. Time-averaging DIFA/E FTlE, T XLV & LA
DNZENENT E@EL< b 0o ZERmb TS, —F, REESOY 7Y

I OWTI, IZEAEME o TV, 4, BEfE OV 7L & Time-

averaging DR A ILITBET 2 L O RFEELZHEL T UERD D,

3. B8

PIE. NWAK HEICINTET DRk 4 RSO W Tilim e T o C& 228, BIZET L
N TINTETHENLTIEL TWD EW-o72 X 9 2 BFARRBEICOWTITERY
Wolemotz, RIZFETFREIL, LOHEVLLOMETH Y, NWAK EO Fil
RIRICE S TERTEMRTHZ LT TE VN EBbd, FREICIZ, Zhboo
M Z R T D12, /NT A —Z OLERRE A IG5 Z LIdGmd T, =&
21X ABC @ X 5 BRI R AM O ®mWHIEICHD Z 2251255, L, £
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DENZTEALZ Enb D EF3uX. (72 & 213 Time-averaging ° A& 7Y 7
NATADE D7) HEEMICHEL 52 5FERNERD ANy I 2L —va &7
W, NWAK VEIZ L DHEEMEIZE D X I BREEBL G2 500 % TF 2y 7 T5ZLTh
Do

Fk U727 DORBESROIENT, NWAK EAZ IV AT U7 DBIZHEAT D 9 2T
EEEL 72 o TV D EEN DR EHL =2b b, —DlF, WEEOMETH S, Vi
CELHBICBWTIEL N AT MLaE 25720121, 1 0 0 FREOSHEE N
VI THDHN, NUAT VT DBIZIE 24 DIE (£—F) Ltk SiTunian,
LML, ZHUZDOWTIE, TPEED NWAK JEOFREROGEHEMEIC EIZ EDREE
OO, EEMROITIZE AT TV, BETHELNTRWARY MLT
H, BHEHICELIHERRE LSO D ATREMEITS 5,

ORI, FEPSHEOMBETH D, TAM T, COULEE 5% LW EEx
R EKEEREZ - TEY, 25 OMIFZEMMICHIFHPIZL —ETH D,
LU G, NUAT VT E— RBHRIKICFLTH S LiTE2IZ< WL, £
7eBZ 6 ULHERIR @ TV ThA S, £ LT, £ 95 LB EIIBREESM:
IZIKFE LTV TThd, TDOEICEZD L, BEMLERSOK G RERT, H
HORRIC L TR S TWEEAI L, T RIEICER >TSS, &5
21X, = FEICZERAZ T ADBIEEL, FFEDE— FROMABEDOEDEWOHESRT
BEINTZEVNSIZELHVIEDHTEA D,

RIS, RSO L W D BIERRIIC S BLIRTR O IEN K > T\ 5D, TAM (32
i 2 I U757 L CTh 523, Nakamura et al. (2020)i2 LAUE, ¥ FET 05
RSN AL T —ZITNWAK EX#EHT 2 & HEEEICHIRREE2 R A5 Z
ERFIoTND, b En, EFITEVEEE I =L TEBY ., o> TLEME
EDEBRBNTH A H /N AT V7 DB ~OWMT 2554, EHTXARWET

b5,

ZOX)ICHBIZIUE L TWH 0T, A%, Hiaw & EIEO —EOWME N LETH
% 50
51 FH SR

Collard, M., Shennan, S. J., Tehrani, J. J. 2006. Branching, blending, and the evolution of
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184.
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Problems in the parameter estimation based on the popularity spectrum

Yutaka Kobayashi

School of Economics and Management, Kochi University of Technology

Team BO02 of the Paleo-Asia project is developing methods to analyze binary cultural datasets
with the application to the Paleo-Asia DB in mind. One of the methods exploits a summary
statistic called the popularity spectrum of cultural traits to estimate parameter values
(Nakamura et al., 2020). In this article, based on my recent results, I discuss various
problems inherent in this method and potential problems in its application to the Paleo-Asia
DB.
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WIBEGET — XIZE T L RIEEARAD TR D —Hl

HR G (BTR R ZEAR S8 RN A s B A )

XL ®HIC

—fiz, WEI N7 — ZITEREBEPEEN S, FICEHEPREFZ TN b T — &I
BWT ZOMHIZE LW, REBMBEREVTH S, WHEDMLESO & DO THEHET ORR 2 KE LR
TLES>EENDDH S, slEITH LD IE Whitehouse et al. (2019) 7254 5, WAIZIZfd 7m0
»%, Whitehouse et al. (2019) Tl&, »2 2 HELH (DEHIZE T 2 OXFILBROALE - 7
18) IZDOWTT — R ERDEEEE & 5 RIEMHIZ TIREIE] ZRAT 2 HEHTEED W Hia g
2T\, » 555 E 7z, UL Beheim et al. (2019, May 2) 12 K4uE, Z OXREEZ KIEELE
U7- % £f##Hr3 % &, Whitehouse et al. (2019) & IZH DGRV ELND L NS,

INA T ZADIRNREHRHER 24T 5 7212, TE 7 7‘35/%0)4\%7&7(@@&)\%@7’33‘ (VRANNIVN
fcik, dekEER (WNAD O &3 3bo Ml b & < 458 DWW THERE L 72 RjK
7T — XX v b (Jorgensen, 1980) % FHfji & b?"?ﬁ?ﬁﬁﬁ)\@@&’)@nﬁ&%f@ 5,

WNAIF—% v b DEREG & ZHDEIR

WNAI 77— X+ v M& D-PLACE 7uv 2 OV KY MY (https://github.com/D-
PLACE/dplace-data/, /N\— a3 ¥ v2.0.1) »HHF U7z, MUET — Xty NI 172 #2 x 429
BRCEHE 73,7188 ¥V 6 BEKDEE LTV, TDHH 2788 LILAKIEME (2AKDK 3.8%)
Th 5,

AR TIERBIERA D AIZHE L EK D DY, *5‘%2 I RBHERAGITLEO @R Th D, ToKk
i & DOMFEN ZEH T2 Z LR RBEOEERERENTH A S, REMEDS T E 5488
Wt 5 L CHHICES RVWD T, X 3‘ 429 zzé&@ 5% WNAI200, WNAI201, WNAI205,
WNAI206, WNAI209, WNAI210, WNAI218, WNAI224, WNAI227, WNAI230, WNAI231,
WNAI234, WNAI237, WNAI238, WNAI240, WNAI241, WNAI244, WNAI246, WNAI276,
WNAI300, WNAI329-333, WNAI352-354, WNAI358, WNAI360, WNAI388, WNAI406,
WNAI417, WNAI423, WNAI425-428, WNAI432-435 ZR#A L7z, Tho5DERIEETE
NEN, 17242055 10% Bk (DFD 18 ¥ILELE) AXRIEBLTWS,

BIZ, B0 DEK (AT VBRI UIHFPEE) OS5 bW REOHA 1 D, L 172
HEDSH 1 HEFZITEBLUEZ2E > TWAEH WNAI43, WNAI48, WNAI107, WNAI192,
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WNAI214, WNAI219, WNAI225, WNAI235, WNAI239, WNAI247, WNAI293, WNAI429,
WNAI430 2R L7z, TNODEBIZIES D ENR 2L BVWRWLNSTELZDT, BElTnwb
RIBIARAFIE () X, Hatiir —MRIzE X 20,

SEODEAK

WNAI 77— &y MZEEND LIZBET 2 ZBHENCIE, 2O RBERLRRTICE2bDL
UCHHTEBEHDR DN TEENTVWEEEZ OGNS (2L 21X 1 31 BB b
EQAY - EH - ARF YD IFEETEITORY), TE DR IPEHRRKIBMEARAZITS 720, RiEN
BREAMDERE GG T —RE2HAVZ, 22T, WNALHHETHWONT WS SFEON T — X
%, ST — X ~X—2 Glottolog (GitHub Y /K¥ h V) https://github.com/clld/glottolog/
DY EY 3y 4fb5c29faf225fd88c60ad215acc8f3be87b24d1) M HHfF L TH W, SiEiEd
BEEEneMALLEET 2EMADOFTENLL TV HDHRDT WkiEEDEMHMDEFEDHE
LT E RN, SFHORFIBIIRBENZEFORKIEHE HHREHHT L EZ NS,
U7zhio TR BHIRMDO v 7 > & UTikS (Mathew & Perreault, 2015) .

Glottolog (Z1& WNAIL72 22N ZEND SFEOREN 2 7 AR HOWERMPEENT WS, =&
Z ¥ Kato #:20 S5ED 5% IX

Kato — California Athabaskan — Pacific Coast Athabaskan
— Athabaskan — Athabaskan-Eyak — Athabaskan-Eyak-Tlingit

LD, Lo LHFMANETH S Kato BN HH o L H RELHFTH % Athabaskan-Eyak-
Tlingit (F - 7 258K FTORTHEBIEFONS, T I TIIBTBKRE {child} — {parent} ©
RUIETRBL L7z, BH2D I D & 5w FiEORE D # % Glottolog ® Python API (pyglottolog,
N—=¥ar1.5.1) ZHVWTHRL, BUTFOXSICEFHERMOARZ L L 72,

72 ZIEABCD3IHERENTNIZOVWT FEL 3 DORE A HOHEHRMAF LN LT 5,

A—-D—=E, (1a)
B—D—E, (1b)
C—E (1c)

DIZAYBIZHSHETABISA, EIZD & Clzit@d a8 I ALDT, SPHOARERH LM 1
DA

ZUEF LT AL RANEICLBRIBERA

HEIRL7Z WNAL F— Xty b OZKEEIZIE 343 AR Z2 G028 E->TH Y, Tofiz
1.4% OREBXILBEENT VWS, TNOSDREBEILIZOWT, FVXLT7x VAN (RF) ¥k
% RIEMER A% 1T > 72 (Breiman, 2001),
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1: X 1 ODHER,

RF 2 E0ELET — 2B 5 RPMRAETIE, EHT 2 REMEZ2ECEBDS> B, R
BrIVDOEE ZOMOEHDEE OMHBEDEREZHWTRELIVOEEZ FHILAAT S, WNAI
TRty MIEENDLEE, ERBEREICE T 22K E ULIZB T 2 EBUTKRATE 50, D
DHAERREICHET 2 ZBUIIREMZ G T2V, MEICETIEBThEN GERT 2L LT
),

1. B O ZRMIC & 2B oM,
2. HUERR 2 B AL 2 C O FEEE,
3. FAl—#HENIZBE T EEHTIEHUUNDER L OB

EROABEMENIEZEZoNE, IS5 TOEREAWVZREMEO T Z1TS5 72012, RFIETHW
LD T — 2 EEE L > TWRW 1.2 ZNENOMHERZ, Y4y — X EEICE2# L T <
PKERH B,

SHDRMICK 2iEFAES & DHEBEICK 5T

EEONEARII B ARG RO THRE B A T 5, HHT A REMEZEDERIZOWT
172 2B 2N ENREEZBRVWT kK HOEO VTN EZE-> TS & &, £ U INH1ERDRM
DB > T k EIZiNzD720 6, REFMEZRVWTALSE D k—1 HOERERIK T 5
XS THD, GAONESHEONEAZ k—1 rAiCY> T EADEHDZHETE2 A% v
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W&o TIN #2227 F AN, TODHEMREERTLIEHREDNE > L MBS 540
xRS NE, TONEIIERT LI OVWTEEDDEFARDOEEDIFHD LIRTH 5,

ZDEDW53E %, EHTBEMERENCL D2 7 A58 L OMAEEHRERRMET VIV XL
Ko THRL, MRO7 7 AN (MEHER) %2 RFIKOANZHED—DL Ui,

IR SRRt S & DR IC & B TR

WNAL 7= & & v bd& OB R EER (R - BE) 2850, MBERITERECH 51
2FE T OMBEOEHZ KBHEFHICHWS 720, &E - REOL—2 Y v Ni#Z HW 7z kTEE
WX 2ERTEEBO TR EIT, TOMEE RFIEOANEBO D8 Uiz, kiEHEEX1 D20
NAN=NFGRAR k ZFON, THEIEHTILBIIEENIERBELVOFHOEEEEZRK
fb GERIEEL IV D Leave-One-Out 32 0 Fx FMb) 956 X5 12k, BERE DL L TOR
TOXI (K8 - FERBELEZEDL) O TFHEE W,

F—HERICE T EER T 52RHUNDELHR E DIEE

BEIRU 72 WNAL 7 — Xt v NOZRE, RIBMEZEFHRVERTHNERFIEIZZDOEE A
HEHE UTHEHATES, BRUZZBDS 5, REMZEE2WV205E28%EZDEFE RFIEDA
TEEE U,

RBERA

BAE 207 ANEEEHWTEHEHTZ2L80 RFIEICX 2Pl 247 o 72, $atfdiry 7 Mk
GNU R (N—Y 3> 3.6.2) W, £7- RF k%25 L7~y 7 — Y randomForest (/\—
Vay4.6-14) W, RFEZWLSODPNARN=RF XA R E2FEOH, THNSIEREMHEMARAD
Out-Of-Bug (OOB) &0 & HZ/MEd 2 K 5 ITHREM L7z, BBELRNAN—=NF A XDILTAT
T—RABICHEIT — &% BEHT2EHDS BIRELIV) 284 (FHE) 2¥EIE, 2EHFEA
DHIZEZEHTHEHORBEILVOFHME (10 BE QM2 FHO S 5 RiME) % REBMHEIZARA
U7,

A KGR DM

BIRUZZZBEEO S S, REMEZ2EGCEBETIIOVWTENTHN, RF EIZX 2 REERAZ
fTo7z, BAMEIX, TOLIBMRADPR>TVWRVWIATHS, FEHTH> TRALZEILVOH
e (IR IES) 2 RS D, HIRRRABD KR ETELL8L, £ DBOKEHENT 2
SERNT 2DDEHTH A D,

AR OHERNZIZ OOB &0 2 W5, RFIKIZEWT OOBRAD KL, HALILY
720 DOFHDID KDFITH S, O0B D KIZKEBELVEEZHITNE, BHTH2EBIIBNWT
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RIFEIVETD S B> TRA L7 IVEIDIIRHE (720 S RFRINARD O HEEE AT 5 1
%, B2 1 GO RF I &2 RBERAIZ ST 2 HIFFERRABOHEEHO S TH 5,

40
30

20

Count

10

Il . _ = -

0 2 4 6
Expected number of miss

2: ARFRARABD S0, HRERIF 172 v VD S B 1% DRI,

343 DRAINEH (ThbLREMEEZETER) ©5 5, WNAI43, WNAIL75, WNAT180,
WNAI223, WNAI245, WNAI289, WNAI295, WNAI304, WNAI334, WNAI336, WNAI343,
WNAI355, WNAI361, WNAI362, WNAI368, WNAI374, WNAI378-381, WNAI385, WNAI387,
WNAI392-396, WNAI399, WNAT402, WNAI420, WNAI422 Z &AL 7z, 205 DZEHTIEM
FHFARABOHETEN 1T2 HE2DSE 1% W REL (DX 0 2#HAL ETH#->TRA) %5, i
IIZ 312 R 2B TER T Z 2D TE L, 2o DEBITERABOHEMEA 1 VT T
»H5,

BHYIC

AR T RE 2 O RBERAD—HI 2/ U7, RF RIZEDH 5 REMERASGEOHT
HERBIEAWRFIEDO—DOTH Y, REIELVEHE L INDTFIRIIVWO2H S (72 XA
T—=2AF 4 V7)), EEARTIEWNALI F—&Z&y b2 \WS 1AL PG LTV, BEIZ
RIFFERAFEZ G L 72 P IE, X EFIELREAZ AW ERFIEOLKBBRERZS S,

S 3k

Beheim, B., Atkinson, Q., Bulbulia, J., Gervais, W. M., Gray, R., Henrich, J., --- Norenzayan,
A., et al. (2019, May 2). Corrected analyses show that moralizing gods precede complex

societies but serious data concerns remain. PsyArXiv. doi:10.31234/osf.io/jwa2n
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Missing value imputation in a study of ethnographic data analysis

Mitsuhiro Nakamura

Meiji University

Abstract: In general, data may contain missing values. In particular,
archaeological or ethnographic datasets contain many. Therefore, missing value
imputation techniques are important for the fields. In this article, I introduce a
case study of missing value imputation for an ethnographic dataset using
random forests with language family classification (vertical) information and
geographical neighborhood (horizontal) information in addition to the variables
in the dataset. I constructed a language family classification tree of the societies
recorded in the dataset by using a language database called Glottolog. The best
partitioning of the tree for predicting each variable helps reducing the prediction
errors of random forests. I also used k-NN prediction of each variable using
distance information between societies (in longitude and latitude). This also

contributed to improving accuracy of missing value imputation.
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RE-BEI > RXDILE
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1.
HI7IJUHE, #6 AEDRIC, /KRE-HEI>RFI—S53 FPABEOLEARMISFEFLTIC
AUz L. IREDRT7S 7 NEEN CBGRI B3TEEEDS IREHVARE. EEPDHA
ERTRDOMN O 2H) 4 BEFIDEAR 2T, & LEREHTROHNTND 3, ;RE-HEI>X
DI1—S T RKEORFANDILEIL— MMCDWTIE. EXSVILRBAEEBEDIL— SIYEX
SNZN VY BRI—SI T AEBERDS ) L©RTORRIE. B2 (E5EISTUEDIL—
RERUTWDS 78, —A, EEFNT—4E. bIL— hOFEZBRLUTED. 7D—EB(F
RHI1-SIT7ARBEDIKICEES ZAFRFBCEIELTND. BARFE TREHVEIIEGSS
RFRDAZFEKN 3 5 8 FERICETHDIED., FREIANVUF - )\ H)VEAEDZRFREETDEE
Z5N2MANE EBETEH 2 B 5 FTEF. AMNTEN 2 BEFIDEDONRDN> TS
% COWMKRADY ) NBREELEFET - EOFERIERTDIC(E. BHIBAHREROEAE
DT J L©FES RS EMREBEF UL, UM U, BRGSO IBAZRFROEN S
[F. FEAETABNRRDN D TUOVRVDMNIRIRTH D, —FH. #1175 6 TERINSIREDE
SUEEES AL (ST TRBSCULICHEESNDIZHENZIEX EALE [BXA] &IF
) (& BEIBAZSEAHNSHRIS(CEATUVWEALDEROFHR THD. RILKHIDIRE
EEBIC, BIA—SSTAREDODNEEFNSTI U EZEZ BN TS 712, BX AN EHAIE
AERFRADEZERDTFHRTHDENDZEBR, BIENMNERMRER THDIN. CAICBETIC
HEZ < DBXABHRIBESNTVIIREDE S, BXAYT ) LARTIIERI -S> 7RECHST
ZRE-HEI>ADOBALC. EERBEHRESZIDCENPFTES.
HOABREBEOEYREMH St Uiz DNA (ancient DNA) Z. REKHFS—0OI>
B (Next Generation Sequencer: NGS) ZHBEW\WTON I DIARDEFE BT ) LZE /
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Dispersal of Homo sapiens to the East Eurasian
continent as revealed by Jomon genome analysis

Hiroki Oota
Department of Biological Sciences, Graduate School of Science
University of Tokyo

Anatomical modern humans reached Southeast/East Asia by 50,000 ~ 40,000 years
ago (kya). However, key questions still remain elusive with regard to the route(s)
and the number of wave(s) in the dispersal into East Eurasia. Ancient genomes of
the Japanese archipelago, at the edge of East Eurasia, may shed light on the detail
picture of peopling to the East Eurasian continent. Here, we analyze the whole-
genome sequence of a 2.5 kya individual (IK002) characterized with a typical Jomon
culture that started in the Japanese archipelago >16 kya. The phylogenetic analyses
support multiple waves of migration, of which the basal lineage of IK002 to the rest of
the ancient/present-day East Eurasians examined is likely to represent the lineage of
the earliest-wave migrants who went north toward East Asia from Southeast Asia.
Furthermore, the D-test has shown no evidence of significant gene flow from Mal’ta
into present-day/ancient Southeast/East Asians including IKO02. This study highlight
the power of ancient genomics with the isolated population to provide new insights
into complex history in East Eurasia.
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Boe 7=V VeXTTveaxTveIET 70 h e ORI %Z 54-44 kya & 60-50 kya
CHEE, FoMIzT =Y VHkS LMK, TORIIAT v T2 —VEsky 7 L
X Mallick et al. (2016)ic® % b D

Meyer et al. (2016) Nuclear DNA sequences from the Middle Pleistocene Sima de los
Huesos hominins. Nature 531: 504-507

VYT e uR-UIYRADOKT /LA, mtDNA E B VBEANFHIV S T =V T
&V TAX—%ED

Moorjani et al. (2016) A genetic method for dating ancient genomes provides a direct
estimate of human generation interval in the last 45,000 years. pnas 113: 5652-5657
At 2 REE & PARIERE] (28 4 in26-30) AT Y TAX—ADIET 7Y A NICHET S
THRAGT 7 L7 A v b MCHEEFEROMB, Bl 1 VAT A LTREAT ViRiE

(2D R) FEETWZEE XY 6.6kya & 1.3kya, I—1 v oS2i%E 1T 47
kya, & CO2FHHIE 41 kya & 46 kya (MC H#EE 1X, 43-47 kya), EEFRFH : 54-49
kya (X2 D 44 kya CTldZ\wvwon? 7= 7iEHA T 54-44 kya, Sankararaman et al.
(2016) b Z17)

Welker et al. (2016) Paleoproteomic evidence identifies archaic hominins associated
with the Chatelperronian at the Grotte du Renne. pnas 113: 11162-11167.
AT VT v o EMIHBAGR~OBITIITH 5 b 7 4 (Grotte du Renne) ® ¥
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¥ 7T NA_u=7 Y (37kya) DHWFEAT VY TAEX—=LTH5I L%, ZooMS
(zooarchaeology by mass spectrometry), liquid chromatography tandem mass
spectrometry (LC-MS/MS), mtDNA, R FZERME 2 Snd, BHAEAHD
COL10al ## (>146kb) ZIHANY 7 LHKT, RIS TT v CEBE

Priifer et al. (2017) A high-coverage Neanderthal genome from Vindija cave in Croatia.
Science 10.1126/science.aa01887

Vindija # 7 v (~50kya, ~30x), 7 A x4 X OHEANFHITRELZIRET 7 LITX D
v, ZODBRADT ) LEREZITI & 10~20%% K AT V7 ) L% FET 5,
R DOARDEI> B> RSy 2 L7 EH35E 2 R T 7 ) WD IET 7 Y 7 5EH & 25k

Racimo et al. (2017) Archaic adaptive introgression in TBX15/WARS2. Mol Biol Evol.
34:509-524

Highly pleiotropic (Brown and brite adipocytes, body fat distribution, facial
morphology, stature, ear morphology, hair pigmentation, skeletal development), 7 =
v 7 %K, 1s2298080, Simons Genome Diversity Project, HMM-tracts vs. CRF-
tracts, T =Y 7AMIZT VT ( B N4 106 Transbaikal %3 > TEAE L
72dbE > _Y 7 D Yakut & Even, B X UPERM»OHEL L~ T YD Naxi)
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74 e(2018) [Z%E5 2 N3]

Enard and Petrov (2018) Evidence that RNA viruses drove adaptive introgression
between Neanderthals and modern humans. Cell 175: 360-371.

AT VTR =) B NI RMEFFIC, RNA YA NVAZRIAL 7203, 2T VT v—
R—=NDRET ) JITDTANRTHEIG L Tz, OB — 1 v S THHE,
T VTNRE=VHKDE T AV M, VANVREHEERT 52 v 7 G CHHEIC
BETHL, MICIDX IR/ AV P AL EROEREEL LA TE 2,

TEEICH Bk 7 A v MU L 7z adaptive introgression Z 1 Hi 3~ % /5151 Sankararaman
etal. (2014) L [E L
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Hajdinjak et al. (2018) Reconstructing the genetic history of late Neanderthals. Nature
555: 652-656

5 No#&IHAT v 72— 7 L(les Cottes Z4-1514, Goyet Q56-1, Mezmaiskaya 2,
Vindija 87, Spy 94a, 1-2.7x, 47-39 kya)

Slon et al. (2018) The genome of the offspring of a Neandertal mother and a Denisovan
father. Nature 561: 113-116
7=V 11 RT=VT+FHAT VT ALE—L)
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Villanea and Schraiber (2019) Multiple episodes of interbreeding between Neanderthals
and modern humans. Nat Ecol Evol 3: 39-44

TYTEMITI vy NEFI DD 12~20%I1 EXT VT AR —VRDO T ) LEE
D%, Wt ST T v (Greenetal. 2010 5 Pruferetal. 2017) 3AKET, TV 7
P Timl I —u v oy LEH (Vernot and Akey 2016; Vernot et al. 2016) o R REME:
D, 7 AF A v L (Fuetal. 2014) (& 50kya D5HE, + 7% 1 (Fuetal. 2015) %
58-52 kya DR HME% S F5 (Supervised deep-learning)

Greenbaum et al. (2019) Disease transmission and introgression can explain the long-
lasting contact zone of modern humans and Neanderthals. Nat Comm
https://doi.org/10.1038/s41467-019-12862-7

BANBEZ2— 7 > TS 200, hRL 7 7 v P HURCRITFIC s TAT VT
VR =V RE LA L C &7z, 4.7 HEDKZROEHE 21— 7 v THhE e k3R
MR CTH B, 22 TlE—20rReMEE LT, BARIMWER Sy 77— & ZAITHEIGH) 7«
GE L AT Ll I il AHAICRATE FRERN MR 2 R 5, L
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D LBIGHEEIC L > T—IT (AT VY TAR—N) DRIEL 2T LM T ICRET 5 L.
COFEIZ N F— L o ZEOHEBICRA L, FEMER IR ENT 5, BEEET VDR
bt

Peyregne et al. (2019) Nuclear DNA from two early Neanderthals reveals 80,000 years
of genetic continuity in Europe. Sci Adv 5: eaaw5873

Hohlenstein-Stadel & Sclandia (3£i2 120kya) D47 v D7/ LiZ, T2 4 XD b
I—uy NORWAT VIGEL . Z Dkt R, HRMT 7 ) B X OBEAE
oA T v ~ORGERAIX. TR A4 L BIAL T v T 2 —oodh@tHE (5140 kya)
T, MIS 6 (190-135 kya, I RV 7l 190-180 kya) ic247- %

Rinker et al. (2019) Neanderthal introgression reintroduced functional alleles lost in the
human out of Africa bottleneck. BioRxiv

AT VHERDT 7 siTiE, T 7Y AERDOF ALy ZICX o THRLET LA %
BTS2 008D 2, 205 b4 T v CRREMNICERINZT LV
(NDA) 3910 FTH b oicxf LT, # 7 v & BENEHo @A ER c4 R ch
DIER LT L (RA) 13820 5 TH%, NDAIZRA XV HEETHY, HKAED R
b, 77 LT — X %ML 7= BEREMNT I C D Fikihoi B 2,
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Teixeira and Cooper (2019) Using hominin introgression to trace modern human

dispersals. pnas www.pnas.org/cgi/doi/10.1073/pnas.1904824116

BIOME4 CO; 7 v, ®ld 60-50kya D47 v & D54, Ol Mondal et al. (2019)
DRHMDF I =y (D2) LOXM. @ETALEAF =V Tk (D0) & oM (7
FLZEHRIb2a—5 o 7TEMZANLTORELD Ltkw) . H2K: @, @,
@AV X TRE 72K, 2 T50kya AFFDZ LT, vV a FRRLZX< 7D
Lida Ajer D FRIFEE L LT 2, FHT— 20067 =V 7 M B ORI %, AL
7y, 740y, 7a—L R &HEH
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Cortes-Sanchez et al. (2019) An early Aurignacian arrival in southwestern Europe. Nat
Ecol Evol 3: 207-212 (#1)

RIGHO S — 1 v 8 (AXYTHE) BAT Y TAR—N (LRATVT V) LBEN
(A=) F o7 V) ORMRIIE R 3 BELBHT, ¥ 77 2L K YT
4 — ¥ a il CRARHHAZHEE I 2 & 45-43kya TH V. BlAEANF oM
BiFrC o B & [l — KR 272 5
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Douka (2019) No hard borders for humans. Nat Ecol Evol 3: 157-158. (¥ L v 2 —)
AZARA v z7a)llFAT Y T4 =Y a~OBENHEOBE)NTEL &b 43kya TH
% Z L %in L7z Cortes-Sanchez et al. (2019)§@X DL V2 —TH Y, HF2—F 27T
57 2% O 2R T HEH R SR

Bergstrom et al. (2019) Insights into human genetic variation and population history
from 929 diverse genomes. BioRxiv

54 £H» b OEREE 929 7 KBS, A7 v & T =Y VIRADOHELHE, 7 v
DRHEF1IEL, FET 7V HANBOAT v 7 Ay b DEIIOHE (Dyy) 1FIFERATH
HMotELALTchh, EHBPET IANICGEZ 72 1 EORMORRZRR, =721
2OLLEDEBAT v AT a XA T 0D 5D HHETRDOLZMORERTIE R,
CHICRLT, 7=V 7 OHEEEME, AT =TIIHR, 7Y 7T X AERER
CRRDZEF, BT =TT u XA TReDyy BB A (Figure S21, Table S8
PEIE), WTPTRTAEAT =Y T 7 A b2, Av RIS T TROP
27T =Y T LEREIN T3 oL kDT =Y VRMOBE A RR I NS
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Hsieh et al. (2019) Adaptive archaic introgression of copy number variants and the
discovery of previoysly unknown human genes. Science 366: eaax2083

CNVs(copy number variants) b # 7 ¥ T A X — A T =V T biRiELTVWE T L

. RIS o TR YIDFH X, 266 SGDP 7/ Afgs+ 3 [HA, 37 ISR CNVs
Db, V9IGHEIETRE, ZD5b DT =V IHOATHTT~ b H—D2iFA
TYTNE=ADBIET 7Y A ANZE L IBIETOREET R 2, AT 42T ~D
RHERE % 60-170 kya L HEE (2 7 viZi#E1E 40-120 kya)

7= 7SN OHEE (9 kb)

A I3 THEEBGFD TMRCA OHEED» S Tl EBEK?
F 72 A 7 4 7 DI %R IE Malaspinas et al. (2016) %K E
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1. HH®
Armitage et al. (2011) The southern route “out of Africa”: Evidence for an early
expansion of modern humans into Arabia. Science 331: 453-456 (&)
Jebel Faya (25.119°N55.847°E) 14 125 kya D Bi4: AFHIC X 2 & BB

Veeramah and Hammer (2014) The impact of whole-genome sequencing on the
reconstruction of human population history. Nat Rev Genet 15: 155-162E (#&5)
TI2VADT ) LT —=2Fewd, 77 Y BT 2l A% v, 3 —wyoie T
AYAFERICET LT 2 —DAh

HXo#EETIET 7 V) AN ToOERE & BB TR
BHlD 3 —u v 5fF (~45 kya)

Pickrell and Reich (2014) Toward a new history and geography of human genes
informed by ancient DNA. Trends Genet 30: 377-389

oMo (Bl bz oRM 2 Ho B L IFEL Zveilfde e
— 7 v THH) O ancestry D BT\, ~TOBEEE L T VAT XX O
CEDOHE%ZRT~A 2 v% T 74 + 7 — X % serial founder effect £ 3%
Ramachandran et al. (2005) Support from the relationship of genetic and geographic
distance in human populations for a serial founder effect originating in Africa, pnas
102: 15942-15947 #t4#

Ancestry: : 5 REE

Gene flow: JB{& T¥it. the exchange of genes between two populations as a result of
interbreeding

Admixture: 7 F I v 7 A F ¥ —, asudden increase in gene flow between two

differentiated populations
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Introgression: REFH[RZE, Admixture & AR XA Z DT FICH WL D X 5 ICk
> TWwb,

Kaifu et al. (2015) Summary and Discussion in “Modern human dispersal and behavior
in Paleolithoc Asia.” Edited by Kaifu, [zuho and Goebel.

W7 ¥ 72 5 JTFELART O BIA NFICBE 3 2 1l 72 2 Bl 2g iy, i ABAR 7o A%
AN

BlANEIL 45 HEME CICMT Y7, WET V7 5 X OF 7 VI
WANERRT T ICHI L 7201k, 3.8-4 JT4EHT & L LE W

FiY Y T IRET 2T IR THRIATEI O MBI <L 4.6 TAERTICH 2

o1
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Mathieson et al. (2015) Genome-wide patterns of selection in 230 ancient Eurasians.
Nature 528: 499-503

Fr—~idERT ) L& o T VEZNICHRERZFT T2 Licdh 22, b
N7z —=F o TICEA 7 VERE YL FYIER L OBR, 2034 7 v EH
Ro&FICET 35 D352, 2D A4 7 vDEFSEIL, Broushaki et al. (2016)I1C X - T
BEINT WS, Lazaridis et al. (2016) 1 (25| FHEEL

Groucutt et al. (2015) Rethinking the dispersal of Homo sapiens out of Africa. Evol
Anthro 24: 149-164 (Z1)

F—2H 770 A/NREIZ~Y 2 F_XXT >50kya, UP in Levant from
~47/45kya, 77 VAT VT OH%MAIBAERSLLARTIC, “humans” 3T &7 <
Fd—2 b7 ) TICEEL, PIHAILENE MP oG8k & BfR. 75 kya @ b oW K E
LCHT7 Y TIcE T 5+ 1= v otk

MP sites D44 (MIS 5)
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Pagani et al. (2015) Tracing the route of modern humans out of Africa by using 225 human

genome sequences from Ethiopians and Egyptians. Am ] Hum Genet 96: 986-991

2= =I5 B2 RET 7V ik~ v X TR (R — ) 223 F A4 LRk
Jbrv—1) »xAWT 272010, RIEDT 7 )V A~DHBATIEE R 7 Lz T4

T YT NDT ) LEIET 7 VAN LR, = T M0 FRTFAET XY
gk, MSMC I X 3 &yl (7 7V #1) 14 55 kya

LWK & YRI () —v) [ 7 7V (Ft) . b (v 2) | P 2xHA—F (JK)

hE () . ASW(African ancestry in Southwest USA)
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Qui (2016) The forgotten continent. Nature 535: 218-220 (F &, BE&)

Hofmanova et al. (2016) Early farmers from across Europe directly descended from
Neolithic Aegeans. pnas 113: 6886-6891

a—n y NEFDRSUUIRETH o 72K~ D The coup de grace . T —7 Wil 5> &
5N (2-7x, 6-8kya). Z DAY O NFHFFERD OFAdeC 0T CHkeEDRH 5. EHt
F =7 O MR R & N ViR IR

Broushaki et al. (2016) Early Neolithic genomes from the eastern Fertile Crescent.
Science 353: 499-503

4 No% 7 2 (7.4 ky BCE, Zagros Wezmeth Cave (WC1), 10x + 10 kya 3 A
0.6~1.2x), ¥Z7axHh); (HAIKDWE) 56 77-46kya ICT7F b U TEHR L &
BEL7-ERZRA, XFR& v, TIH=RZ Y, FITA 7 D Zoroastrians 1ZiT
B AT VEBIREAT v TARX—NVBRBAET 7 Lk b D, 23— 7P XD Satsurblia
D2fEL B (62%) BEH 2 -7 7EHEES D R ITERIL2z—F 7%
#F), WClDERIZA FvyaT AR~

A7 VEHROY LFY~DFELRZFLSIZRWE LTS (cf. Mathieson et al.
2015), ~8kya D T —7iEMERE I — v v NEHROFE M (Mathieson et al.
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2015, Hofmanova et al. 2016)

Haplotype sharing: WC1(Iranian Neolithic Wezmeth Cave) vs. Bar8 (Anatolian

Neolithic Barcin genome)
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Lazaridis et al. (2016) Genomic insights into the origin of farming in the ancient Near
East. Nature 536: 419-424

44 HRPEAT 7 & (12-1.4BO), WIHIPHRAD T ) LD 50%I3ILELL—F > 7
Hk, Loy eA 7y - ¥ n 20 BHRIGERICER T, MEOFHERER
Bk, 7F P 7TOEBRIZII—a v s~ LY 7Y NIEHET 7V h~ 4T3
— 7V AT v T~

Poznik et al. (2016) Punctuated bursts in human male demography inferred from 1,244
worldwide Y chromosome sequences. Nat Genetics (2016) 48: 593-599

1244Y 3tafk (1000 GP, 4.3x). 60,555 biallelic SNVs, 0.76 x 10°/bp/yr. TMRCA
of Y =~190 kya, TMRCA of all non-Africans = ~76 kya, & 2 X7 7 V AEFDILK
=50-55kya &7 7V H - TYTHERTIL =50-80kya, VAFA T LEAT DY
ENO B, BHADBERIE gz 2R Lz / _—vav i)

Lipson and Reich (2017) A working model of the deep relationships of diverse modern

o6
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human genetic lineages outside of Africa. MBE 34: 889-902

123K SNPs & Simons ¥ — %, 13 Z 2 —7 (Mamanwa 7 4 Y v 42U k. Surui
77V, Ami BBFEERRLE), Wl -7 7 (Gt >45kya). T V7. F
—A L7 V7. TAYAEER, R, Jt2— 7 27, archaic Z BT TR L L
TOTES T 74 v 7ET MRS, <Y 2ERT VT HHKZFFDI135 I DO RAD
5. (VRAFA L, Kl4, Hifdea—7>7) & RT7Y7, AV 7 A==+ 7
V7)) ZiE3plic, 7 7 ) Atkoa— 7 o 7RO AMRREG, 4 v F ol
A3 ANI 2 70 ALT 2 D BHEE, 3 7 — A~ RIS AL 2 o, BEDT VT
A AL TV T APERLDFFRTRVATRENE, £72A -2+ 7 ) 7 A5%% D F
WMNDT ) LB RonReltiid

Branch length 1% f> & 7213 Foe TR (1000 £%5). BEDEE (R 3%

Bae, Douka & Petraglia (2017) On the origin of modern humans: Asian perspectives.
Science 358: 1269, eaai9067 (F)

6 THEZMA LM, T TICH T 2L EIEEB LUV — 1+, 1. MIS 3 (60 kya) IZF
FAHE i (Fe LT, #ET—%), 2. MIS5icH )34 EE (Ka, 2% %7
T v ) LE>60 kya DER X b Pagani et al. 2016). 3. MIS 5 ic 513 3 B—fik# (R
Y. 4 MIS3 Ik 2L EILEL (>60kya T — 22372 FNiE), dbrv— b v F 4.
AT 7. LU 7Y b L= T 7 ADMA, BabalMandab, / T A Vv —F—< v,
SRR IBA YRR AVE T E 3V FAL T IET R HET VT,
FAD (First Appearance Datum): 44kya (2 —w v %), 60-40kya (A —A FZ U 7).
40 kya (HA). 50-45kya (¥ _XY 7, 7 AF A L), 32 kya (AL 60 FELAILS <Y
7). YIHROH RN A NEIEIZHRE T 7 IR kv

o7
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Terhorst et al. (2017) Robust and scalable inference of population history from
hundreds of unphased whole genomes. Nat Genetics 49: 303-309 (SMC++)
R — 7 v THEE DS (47 kya)

Posth et al. (2017) Deeply divergent archaic mitochondrial genome provides lower time
boundary for African gene flow into Neanderthals. Nat Commun |DOI:
10.1038/ncomms16046 [www.nature.com/naturecommunications

7 v DO mtDNA 237 =V 7 X0 bBANFICAKRTH S Z &ix, 10 FHELLERTOT
TZIVANDPOARAT V~DT ) LiZiETH 5 L b, Hohlenstein-Stadel @ 5E 4
mtDNA Z#E L7z & 25, oA T v mtDNA &3 27 JJEFTZ R T DT, MEiE
ML

o8
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Kamm et al. (2018) Efficiently inferring the demographic history of many populations
with allele count data. BioRxiv preprint Mar 23 (multi-population SFS)

HEH 2 — 7 > 7ERD I — v v o E2HHR & M L 72 (34 kya) & 51 X (9.4%) D
. FEE I —m v 5t =50 kya, HEH2—F T DHE = ~80 kya, L7 F &
2— 7 > T =96 kya

Neilsen et al. (2017) Tracing the peopling of the world through genomics. Nature 541:
302-310 (&)

IR L DN — P REEDO D70, 4 VY P WET Y7, W7 YT, ¥R T
B 2 THH 3 72w
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Groucutt et al. (2018) Homo sapiens in Arabia by 85,000 years ago. Nat Ecol Evol 2:

800-809 (EH)
T7eTHEICETHADOHIIE 95~86 kya (Al Wusta-1)

Hershkovitz et al. (2018) The earliest modern humans outside Africa. Science 359:
456-459 (Ed)

T2V Y (194-177 kya), 7 7¥—& 27— (120-90 kya, ME—od + + +{SHHEM:).
Manot i (60-50 kya), Posth etal. (2017) >200kya 7 7V %

Skoglund and Mathieson (2018) Ancient genomics of modern humans: The first
decade. Annu Rev Genome Hum Genet 19: 381-404 (#f5i)

B2XRWT 7V h b a—F v 7 EEOSHERFICE 3 2 HEGE T — & (AL RO
E. T 7V ANDBIEA T ViRiEUR+ T =V VIRBLHET (44-50 kya) . v R FA
Yot axTyE+HE, BEHL -7 2 7 )

60



77 LFGED S AT BAE NFHDO LBV — N & T DML TOEMRIZETH X —E L i a X v b

URYY TAYARMERE~YV 2L 18kya 777 ¥ MY 7 T 3 ik, T
AV AR (>14.5kya) I LGMEZORREME, T AV A Y « FA XY T Vo=~
20 kya ?

Harvati et al. (2019) Apidima Cave fossils provide earliest evidence of Homo sapiensin
Eurasia. Nature https://doi.org/10.1038/s41586-019-1376-z (&)

H779%h (3210 kya), ¥V v - T4~ > 170kya AT v T AR =L &
i)

Delson E. (2019) An early modern human outside Africa. https://doi.org/10.1038
/d41586-019-02075-9 (EH)
TvTr 4~ 1 AN >210kya, 34 v 2 H#itHB b

Mondal et al. (2019) Approximate Bayesian computation with deep learning supports a
third archaic introgression in Asia and Oceania. Nat Commun
10:246|https://doi.org/10.1038/s41467-018-08089-7

SFS # DL (deep learning) (T X - TJEAf. Summary Statistics (SS)-DL & L T ABC
w3, ABC-DL I3E€7VH 23$f, 7V T /N —7~D7 =Y 7&i#EIZ D2 T
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HY, FZVV3LEATVIEESRRBZ L FIA~DRERX DL Xe %
B L 720 E T OREIHEHEIZ~ 0

ETAVFEH Xe 7=V Y D2ICHIG, 4 ¥ FeT7 v X~v=—XOfEICHER,
P21 — 77 =58kya, 77T vs X¥ 7 4 v 27 =4Tkya, Xe Hi¥1iZ 300 kya (cf. Jacobs
et al. (2019) D D 2 4y HEE 4R 1 365 kya) 7o &3 2REYIC 2R

Haber et al. (2019) A rare deep-rooting D0 African Y-chromosomal haplogroup and its
implications for the expansion of modern humans out of Africa. Genetics 212: 1421-
1428

DE-M145=YAP+%# (7 ¥ 727 7 V) ALl Oifid) —D-M174+E-M96,
FAT VT 2LH LW DE*2 A4 7% 77 ) AKRFEDO DO Zv—7 Lt Y Bn
7w 7N — 7O DA L BRAN BT 7 Y AET A ZIRR, 37 v & DI

62



T LI & BB NHDIABOY — b & Z DR MTTOEMRITET B3R L flifma A v b

REAZ B % 2 727 7 U Z R IE 50-59 kya (Fuetal. 2014) THH, ZDlFE TIC
SDEMIL LT 7 ) HEMBHRLZ-C. D (D0%&Y) . FToATa /A —7)
H7 79 A
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2. a=AYRAR, F—myo T IT
Larson et al. (2007) Ancient DNA, pig domestication, and the spread of the Neolithic
into Europe. pnas 104: 15276-15281
I—m oy oNlBIT 3 323 DHTED 7 2 L 221 OEHHED 72D mtDNA (=2~ F—v
HIH D 80bp BLH) ZMV7=BEE, PHRPLODEARFHZ DD, I —u v o3
TIRHTOBEMZ A ICKELLL, OB ICHERL T3

mtDNA ~7'v % 4 7o04, PR 7 2 F 2 =2 — 7]
WCF o TEAL, XVEHIICELTWwa X5 Ic/Rz 5,

Benazzi et al. (2011) Early dispersal of modern humans in Europe and implications for
Neanderthal behaviour. Nature 479: 525-528  (#1)
a—n vy NREHEOHAEANFON (4 £ Y 7. Grotta del Cavallo), 45-43 kya

Skoglund et al. (2012) Origins and genetic legacy of Neolithic famers and hunter-
gathers in Europe. Science 336: 466-469

S5kya D3 ANDAH vV F e THHRER (mtDNAV /U) & — A D E#HR (mDNA
H) @ 249 million bps, REHRIFFFH I — v v IEHRTH 5 —77, FHHERERIZ
BfFdba —m vox iGEk, b3 —a v o80T 6 kya 226 T, 1000 FERIZ R
BRE & HE (B A D IR E R 7% gene flow)
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Keller et al. (2012) New insights into the Tyrolean iceman’s origin and phenotype as
inferred by whole-genome sequencing. Nat commun DOI: 10.1038/nocomms1701

7 A4 2~y (K 3270m, 5,300kya, 46 %, B, HFHF. 7.6x, HL/NGONEYD S
REOROFEE : RE, BEYF, B8P, I, v X)), BEaoH, O B, FUEARm, Y
1T G2a4-1.91 Tar v AeH AT = TICREN., PIHE#E, 584 mtDNA (Ermini et
al. 2008, Curr Biol) i K1 »~7'm 7 v —7 ¢, BHERICIZ V0 F,

FEWECER. W OALE ORFE I HET

Seguin-Orlando et al. (2014) Genomic structure in Europeans dating back at least
36,200 years. Science 346: 1113-1118

37kya ®a x5 v ¥ 14, 24 kya =) 2 LEHMN, HL—F> 7 EHT VT Dok
36.2 kya GE ¥ 72\»?)

Gamba et al. (2014) Genome flux and stasis in a five millennium transect of European
prehistory. Nat Commun :5257|doi:10.1038
8-3kya D13 "V H VT v (2: ~22x, T:~1x, +4). W— AT — v v ORI ER
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TFIATHDZ s, 3—0 v SORYIOEHR & OEREN Rl % R4, $RiniEt
WAy 7 702 LCT I3 AKER

Lazaridis et al. (2014) Ancient human genomes suggest three ancestral populations for
present-day Europeans. Nature (2014) 513: 409-413

~Tkya FAVEHR (abyy b)) +8 ANV Y TALT LRI —T v D~8
kya FPREREER+2345 IR, 2 —m v o5k > 3 ooM&eEMEE (= —w v ff
FEAS R+ IR — 7 & 7 HEM + ~44% FEH 2 — 7 o 7 HRIEO TR O IR HR)

Fu et al. (2014) An early modern human from Romania with a recent Neanderthal
ancestor. Nature 524: 216-291

71 (42-37 kya) T2 6-9% D7 /2L 32D>50cMDET AV L) ATV
HeRTH 0. 4-6 IRRETOZHME, FHREERTIZARIR

Olalde et al. (2015) A common genetic origin for early farmers from Mediterranean
Cardial and Central Europe LBK cultures. MBE 10.1093/molbev/msv181

SNNTIY B DEFIEAL— MITiE, HhERF L X =2 — TR LBK BB 5, A
AVEEL LD 6 HAE (— AN T4kya) B 5. 278 D BEERICH— W)= —
1oy NEFIRSP YLV T = 7 & ik

Haak et al. (2015) Massive migration from the steppe was a source for Indo-European
languages in Europe. Nature 522: 207-211

8-3kya ® 69 I —u v ¥ A 40 J7 SNPs, (3.8x)+25 BEKIFADEHNRT / L+ 2345 H
KA. AV F - =3—my GEORH
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a: WIRBR OB A 9-7 kya, b: FIHEREROEIE  7-5kya, c:~4.5kya, HRH :
AVE - 3—my EEoBA

Allentoft et al. (2015) Population genomics of Bronze Age Europe. Nature 522; 167-
172

101 &7 7 2(0.7x, W19 1% 1.1-7.4x), =— 7 > 7 OFHakEt (3000-1000
BCO) i bZ bR, SUUBIR A EAES? 4 v F - 3 —1 v NGEEEDHLK,
GRS CIc g2, LCT o £72, Y2 Fvopg#iia—ny
NREFTHRAFRTOTICD IS, YoaFrvidflt2—7 v 78EE2H O

Jones et al. (2015) Upper Palaeolithic genomes reveal deep roots of modern Eurasians.
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Nat Commun 6: 8912-8920

LUP (2 —# % & 13.3 kya, 14x, A4 & 13.7 kya, 9.5x) . Mesolithic (= —H % % 9.7
kya, 15.4x), 2 — 71 ¥ ZFHHERE R (CHG) IR R (WHG) & 13 45 kya 1257,
¥ 7 HIHEHER (BF) & 13 25 kya 1C50HE, 2 OB FHIBIEHICY 4 F Y RER~F 5.,
CHG & WHG 3% 12 Lol < 1. 3 HEIC b 7z o Tiife, CHG 1& ANE (b=
—7v7) LbEAELZEMoa—a vy HERTh B Y, LA v FERITb H 2

Fu et al. (2016) The genetic history of Ice Age Europe. Nature 543: 200-205

45-Tkya D51 2 =7 T v ) L, ldkya — 39kya I —n1 v o3k 5 5 Kk

H 0 5 JTAELIRT O WIHIEEL, 2 HERIC R SR O 3 — o v ~SFRERER (F—Y =

v 73Xt > 39 kya), 777 =y FXALDHEK (33-22 kya), = FL —XLDILK
(19-14 kya), SEFTHE D EPIR OILEL (14 kya)

Mittnik et al. (2016)A molecular approach to the sexing of the triple burial at the
Upper Paleolithic site of Dolni Vestonice. PLoS ONE DOI* 10.
1371/journal.pone.0163019

g —wy DI Y 2y FXbohl, HEI N 3 N % X Gefafk & gk
OARICT 74 v &7z reads te DHEE (2 TlE X & Y D, Skoglund et al.
2013, J Archaeol Sci), 3 A (DV13,DV15,DV14) & 5B, L2 L reads B3 E 7
1EE b ©, EEEEEARIBITICIIHEZ Tuewy

Posth et al. (2016)Pleistocene mitochondrial genomes suggest a single major dispersal

of non-Africans and a late glacial population turnover in Europe. Curr Biol 26: 827-833
RIS & WIASERT I @ 35 (420 SR H)FAERER mDNA, 3 —w v oSicid
o BETYTICEEHEETHZ) EAT v/ A= MABLGMTIcizRo22% (JE
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77V AERD2 KT r IV —F1FM & N), LGM~14.5kya 21X, M2»5H U7
07— TERND ANEZ DD 572, >55kya ICH—DH T 7V A, HK mtDNA O
EREL LTHAME@S. 2.74 x 10°%/site/year

7 ¢ LGM ATOFFHERE R, #% : LGM B OFHIRER, < = v & 1 &I LGM,
IR SERTIAFRERE R, B HBIRAL A7 21 CEIN AT e =7

Schiffels et al. (2016) Iron age and Anglo-Saxon genomes from East England reveal
British migration history. Nat Commun 7: 10408

T v 7Yy YRS bALTTER 1000 £0 10 AR 4 ¥ U AFED T ) LD 38%1%
Tvru ¥y vk, HfT ) L5z b R o icEgRERE O CfiL
& T % (rarecoal) : www.github.com/stschiff/rarecoal

Hofmanova et al. (2016) Early farmers from across Europe directly descended from
Neolithic Aegeans. pnas 113: 6886-6891

¥Uloy e brao5H5AE (5-9kya, 1.2x-7.1x), FELTCT7F I T -7
WOBRBMROBMAEICK 23 —0 v ML T4 A~ v LA YIIRFHERER &
DEAIVTZEFENT 10% AT 7223, FH, ZIFT A asReIic g mn

Haber et al. (2016) Ancient DNA and the rewriting of human history: be sparing with

Occam’s razor. Genome Biology 17: 1
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I—a v NORERICEET AL Y 2 —

Lazaridis and Reich(2017) Failure to replicate a genetic signal for sex bias in the steppe

migration into central Europe. www.pnas.org/cgi/doi/10.1073/pnas.170438114

5000 FHIAEDO 2T v 7HERD I — v v X~DR A2, B - Tz & o Fik
(Goldberg et al., 2017) x93 2 K, X COHEEEAK (X Jefifk) o SNPs TiZ,

AT v 7 61(68)%. TF YT 3127 %, FFIIRER 8(6)% & #iF 7w

Gonzalez-Fortes et al. (2017) Paleogenomic evidence for multi-generational mixing
between Neolithic and Mesolithic hunter-gatherers in the lower Danube basin. Curr
Biol 1801-1810.

Wi, = — oy ST HG 2 5 BB~ OBITIE. T Y T 55 oWIER OB
ff & ICABTEL ISR 2 7223, v b HUE < I3RS CRIER OB TiiZ A % 20
o7z, M=~ =T OHifadn. ThAKLD aDNA 2 b A E OILHIC L. demic
diffusion DIEN LV b, URENERERKEN 2Rz Lz, THIEHRT 7 THBI%
N3 (Siskaetal. 2017, Devil Gate)

Lipson et al. (2017) Parallel paleogenomics transects reveal complex genetic history of
early European famers. Nature 551: 368-372.

ATy 7T VAP —OFFERTD 130 ~v A Y —, FA Y, A4 aDNA %]
W23 —1a v O AR O & 1.23 million SNPs, demic diffusion (&7272 L \»
HHIHICIT HG & @ admixture 13 H F VX 720> o 72, % DF& local HG ancestry 23
s

Bif enlEt o Ak, FEF(First European famers) & WHG(Western hunter-gatherer) ®
o2 5 4 v, ALDER EI3 M
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Mathieson et al. (2018) The genomic history of Southeastern Europe. Nature 555: 197-
203.

—my SORE (T )T oL, T —a v o SERECRITHT 6500 42> Hid
JCHT 4000 4F £ CTEA. ACTLHT 5600 I TR FED» DA XY T~ X=2—7if
it a —m oy o8 | 225—filtered 216 DR I — v v S AE (FEICHT 12000~500
e Svhv, ATy T B —~=7T « AAo8— b, 1.24 million SNPs) .,
BEDEKN, 7— £ 1216 FHEH AE +274 published aDNA+777 B{X A +300
SGDP

FEa—u v o3, 27y Z7EMIICHT 2500 F£iCrhe - I — o v SR REET S
FCHEDO A 73 R L L CHEE

Genetic ancestry=genetic relatedness to a set of ancestral population
I—ayRXOTVEALY

HE RO EHG+WHG, #A %KD northwest(NW) 7+ U 7R, 27
v THER

Olalde et al. (2018) The Beaker phenomenon and the genomic transformation of
northwest Europe. Nature 555: 190-196
400 (M 226 $EK e — 7 —3CLBEE) OFrfids, . FEGR{Lo aDNA(1.23
million SNPs)., #2JCHT 2750(2500)-2200(1800) D P, Hka—a vo8 (FA4 Y, Fx
= ; Haak, 2015, Allentoft, 2015, Mathieson 2015), 4 ¥ U X Tl3 AT v 7HED AIC
K BHEHE S, A XY ¥ TlEZ 5 L BRI 7. Corded Ware Complex (fifl F 5C
+-#53C{t)—Early Bronze Age Yamnaya (dbH9e, AtHD) vs. Bell Beaker Complex
(Fa, A ~Y¥), HEpFotozf, MMt (<3.5kya), B & UUERKEDM
73
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IR - —D3EHR: 3—ay NPHEBHG OR). #ihsgeoL vy v
FTF YT (FH). 2Ty FICRELEFAEED AL T (&)

Yang and Fu (2018) Insights into modern human prehistory using ancient genomes.
Trends in Genetics 34: 184-196

45-75kya D2 =737, T AV A, T 7V HTRDD - 728 NE OEEIIFFE O REE
Fric, GoyetQ116-1 (35kya) & Tianyuan (40 kya) [HDEE TR, 7 v & DX
=~60-50 kya, 7=V 7 & DRH=54-44kya (T =TT, 74V
MRT YT, TAVARER, 7Y T, e~ 7Y TRAY / L% R
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Lazaridis (2018) The evolutionary history of human populations in Europe. Curr

Opinion in Genetics and Development 53: 21-27
a—n vy N ANJFHEMEL U 2 —

Lazaridis et al. (2018) Paleolithic DNA from the Caucasus reveals core of West

Eurasian ancestry. BioRxiv

a—HAYRLHHEL 5 LGM P14 72 3 27-24 kya Dzudzuana  ([d] U ® Dzu2

and 3) ZEAIPE L 722 & 5 186000 SNPs (Dzu2, mtDNA U6) & 91,000 SNPs
(Dzu3, mtDNAN) , A %V 7 Villabruna (~14kya, ~—V v 2 - 75 L — Ml

BEHA) . Vestonice 16 (~30kya, 77 v = v +3xfk) . Taforalt (15kya 7 fl{k, %

o v a) . Natufian (FHF F v —7) | Dzu BHEEH2 -7 TEHREZHT
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Damgaard et al. (2018) 137 ancient human genomes from across the Eurasian steppes.
Nature 557: 369-374

(ISR LA 4 000 £ DA ICH 72 %) 137 @ aDNAs (1x), =2 — 737 (AHFT7 R
Z2V) ATy 7 (BB RIZ R F 2 A4 e IZHEMF R ONSE R+ 2 — o v S EHR
+H Y RY THRIHRER) OEME, 4 YV F - I —8a v oSZEBEN LT 2 L 7 3B~

FCTTHIT 2 THHC DR A D BRI X

AENIA TV

(EH e Ry vicE 3L Y v— b TlERVH2?)
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Olalde et al. (2019) The genome history of the Iberian Peninsula over the past 8000 years.
Science 363: 1230-1234.

271 aDNA (176 <2000 BCE), ~1.2 million SNPs, +1107 5 AH+2862 B ANE&D
AT, EHEREI (~2200-900 BCE) I3 27T v 70 E, L Ic Y FafhkoiE
o, N2y (FHI—m v NCHE—IE4 v FI—u v BRI, 2T v THER), 4R
Y 7 Cix LCT &R ITEZE 2000 4

Villalba-Mouco et al. (2019) Survival of Late Pleistocene Hunter-Gatherer Ancestry in
the Iberian Peninsula. Curr Biol 29:1169-1177

10 A(13-6kya) . 4 _ U ¥ OfFHERERIZ. 2 2D EA 2 LPEF (A £ Y 7 @ Villabruna
& Magdalenian) HZEL 7 =¥ 7 OXHEIC X

F—VF2T7 v (~34000-26000 EH) —2 77 =5 4 7~ (Gravettian, 77V = v
b SAE) (34000-26000~19000 4:iif) —= 7 £#L-=7 ¥ (Magdalenian, = F L — 2
) (19000~14000 4E i)

Bennet et al. (2019) The origin of the Gravettians: genomic evidence for a 36,000-year-
old Eastern European. BioRxiv

7Y I ¥ ¥ E® Buran-Kaya3A (~36kya), 777V = v F UL L LAY, UP 22—
oy NOEMEEE DA, 40 kya B USGFTICA T ¥ 7 X — VA EAE L 725 HEEL
(Campanian Ignimbrite %:k,39 kya), L %> L BuranKaya3A ~® %7 / LiZi&EIL 3.4% &
JGPT 232 R T DTk RV, P — T > 7 ORI Villabruna(14 kya) i
%énéﬁ\&mmwﬁAmm&<AMH@:—ﬁ&x%LuLhﬁa—uy»%ﬂ%
MDOIFTE, L 2> L 9000 & D Dzudzuana [ZFHEEGR 2 — 7 > 7 L @i = — 7 > 7%
Fike T 5 (REOHI —v v X~OHBfE?)
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mtDNA Bayesian phylogenetic tree

Outgroup f3(BuranKaya3A, test; Mubti)
Sunghir 3, Kostenki 14, Vestonice 16 IZ1E#% T, P07 7 v 2= v F XX{LDHWF
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3. ¥RUT, HHGR
Rasmussen et al. (2010) Ancient human genome sequence of an extinct Palaeo-Eskimo.
Nature 463: 757-762
T LRCHIRGE DY DB, ~4kya = A FE— Saqqaq XAt (4.2-3.6 kya 1“C,
7)) —v 7K, 79% 77 2, 20x, 353,000SNPs), >~V ¥ 5 55kya i,
D2al mtDNA ~7 w27 r—7 QlaY "7 ux A7, WTI T, oY 7 & ~_—
U v g DEMEER, 7T AV AEERSPA XA v b LML 2258

I Gilbert et al. (2008) Paleo-Eskimo mtDNA genome reveals matrilineal
discontinuity in Greenland. Science 320: 1787-1789 X b

Reich et al. (2012) Reconstructing Native American population history. Nature 488:
370-374.

52 7 AU AERF1T o~ Y7 A+57 Ot EMICBIL T, 36 /7 SNPs, 77 2
57 &b 3EOBE (mtDNA ° Y ICHEIKEFAME 1), 7 A Y #BE >15
kya, #—3% (First Americans) IZHZ, B2 ¢ 3EFA XA v P FRTAf vDT vV
LA b Y —ICFHE, X0k, BE S ~Y T ~HEE

Raghavan et al. (2014) Upper Palaeolithic Siberian genome reveals dual ancestry of
Native Americans. Nature 505: 87-91

First Americans @7 ¥t X b VEHH, 24kya vV % (13x) ; &fdb>r—7 > 7HEH
TH Y- v TEMOIHICHT, Bia—7 v THEEE 7 XV AR L
P, 7YT R, 1Tkya 777 v b7 73 7(0.1x) 13~ ) 2 FELl— 2 oHlRic i
LGM Z L T, F—my Nelie ) 7 e ) 235 fsTr7 747, L
LE—he R Y 7 CRIGEES R W -LGM RIS T 7 2 b KROBED 720
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Raghavan et al. (2014) The genetic prehistory of the New World Arctic. Science 345:
1255832

b7 AV Ak Qb7 720, AFX 7V —vF v F) ik 6kya 2 bEE. 26 A
aDNA, # AT A FE— (I LA X FE— (3000BCE- 1300CE., 7 XV A%fFERE
MBAGR) LARE, SULMIc R R 5, A X4 v b oK (R — ) —Thule) T
FITAFE—ZEW (<700 FATHER) . A—Y —OEH L LT <Y ¥ Birnirk,
AXA v PCHT =V T OREDRD S

Rasmussen et al. (2014) The genome of a Late Pleistocene human from a Clovis burial
site in western Montana. Nature 506: 225-229.

12.6 kya Anzick-1 (33, 7o v 2, 14.4x, Y=Q-L54*(xM3), mtDNA=7 XV A4
{ERFFRMN D4h3a), <V &2 Lfedbf, Loa—J v THEMIY ST A ) HEER
bPlin >3

Fu et al. (2014) Genome sequence of a 45,000-year-old modern human from western
Siberia. Nature doi:10.1038/nature13810

T AF AT L (45kya, 42x) . AT VHRT LI W, S AV FIFR L
D30 TEHEZ T D FMEDVE E Tz X Y 7000-13000 4ERT, YOI, Y efafk, 4
mtDNA D ZERERH(T 0.4-0.6,0.7-0.9, 18-32  (HfZIZ 341D 10°/site/year) .
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% mtDNA 225828 B3 |3 tip calibration %% F\»72 Rieux et al. (2014) (MBE 31:
2780-2792) 1cH % 21.4x 10'9/Site/year Ic—E¢

Raghavan et al. (2015) Genomic evidence for the Pleistocene and recent population
history of Native Americans. Science 349: aab3884

PRYTHLDHETH ~23kya, R=V v T(RYVYLT 7 A0)HEHE <8y, #
KEEFFITEL & b ~15kya, 13 kya IZ1Z =470, 31 (20x) Americas, Siberia and
Oceania+23 aDNA(0.2-6 kya, 0.003x-1.7x)

Flegontov et al. (2016) Genomic study of the Ket: a Paleo-Eskimo-related ethnic group
with significant ancient North Eurasian ancestry. Sci Rep 6: 20768.

T A (S _RY) THIRE) oF v MY TREOFHERER (2000 A
Kif)  BHOT v baE (Fars#@ErOEMLS) Y X TR -
(EHRIL2— 7 > THEHAOKRE) 72V ARERE OFRME, L~V 7 (V7
V) D RJE Selkups & T

Lindo et al. (2017) Ancient individuals from the North American Northwest Coast

reveal 10,000 years of regional continuity. pnas 114: 4093-4098
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Shuka Kaa O @b —F > 7HET /24 XA v FMIEAL S ZKICHER

ST

Sikora et al. (2017) Ancient genomes show social and reproductive behavior of early
Upper Paleolithic foragers. Science 358: 659-662

34kyaHG., 9%+ 4 43w g, BE4 AR v F—)1 S1-83,S6 (1.11x, -10.75x)
DEEH], N, =~200, 7’7V v L e, AT VHHEEE : VAFA L L, AV
F—N3DENZNT, BHMGEE exogamy., VTHINS % BLEE, RS i IHRIS
EDFE I
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Moreno-Mayar et al. (2018) Terminal Pleistocene Alaskan genome reveals first
founding population of Native Americans. Nature 553: 203-207

7 7 A7 Upward Sun River # A (USR1, 11.5 kya, 17x), USRIl izdifk~—1V v
7 VvERAB) #REL, W7V TH 51 36kya 1o, HRIb=2—7 > 7THEM»S T
A ) A FEERA~DEBLETHRIZ 25-20 kya (Beringian standstill model) . Ancient Beringian

(AB). northern Native Americans (NNA). southern Native Americans (SNA), USR1
12 AB )& 9

Fig. 2. Possible geographic locations of the USR1 and NNA-SNA splits

Fig. 3 A model for the formation of the different Native American populations.

Fig. 4 USR1 demographic history in the context of East Asians, Siberians and other

Native Americans.
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Sikora et al. (2019) The population history of northeastern Siberia since the Pleistocene.
Nature 570: 182-188

2 A IR~ 34 HIWT /7 4 (31000-600 years ago) o AL~y 75
(ANS) | 7 VT7HEM (HRoLA Y TEREAPS, 7 2 Y 7THER) . £
Fo_) 7HEM (GEEHE) . Yana RHS (UP. 31.6 kya- LGM ¥ Gl ldfifaiA) o
Yana RHS (Yanal, Yana 2; 25x, 7x):P51— 7 > 7 % & 43 kya 153, 39 kya i< 29%
W7 THEDEL TR, vV & (24kya) 13 ANS OHETFR. 2% AT V7 J A,
Sunghir (2 —w v X UP, 34kya) &l (AHPASE A v P 7 —2) . mtDNAU,
Y i2Q & ROMA Pl, Ne=500, 20 LGM (20 kya) * THHIZEAM & &
505, ZOMICHT AV AFEROHE, Kolyma 1(9.8 kya, 14x) : 25% ASN & 75%
W7 27 ORA. Yana XY <V 2R, 7 A Y ASERICET®R, APS 3T
7 55 30 kya 1o, H~_—V v 7 v (AB, 20kya) , Devil’s Gate cave (7.6
kya, 6fl{&) : H7 LT HE, A A (6.5kya. 0.6kya, 6fHK) : FHRIk=z—7
v7 — APS, A A - FA4 RV T VITK B APS DiEH, T AV AREROKLEOE
BIERIE, PR RV P XD SIHE RV T, mDNAD Y DI DI & %kRT
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DeViese et al. (2019) Compound-specific radiocarbon dating and mitochondrial DNA
analysis of the Pleistocene hominin from Salkhit Mongolia. Nat Commun
10:274|https://doi.org/10.1038/s41467-01808018-8

FEHPINCTITE Y THEFR ) TIAY, 200 ARGFmEET T LY b~
7 OB ICAIER T %, Salkhit (#F — b) FEE T 35-34 kya T, mtDNA (I —
TV ATusA—=7NIEET, KL ZoRBIIERANCER oW
B, AT R LR M L7ZEE X 5N5, Fuetal (2013) % LRSI

N—FETNVEAL « 2T v T Z—L mtDNA
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4. "MTYT - AVE
Petraglia et al. (2007) Middle Paleolithic assemblages from the Indian subcontinent
before and after the Toba super-eruption. Science 317: 114-116 (&)
74000 FHTD P NDKRIE K, 4 v F D Jwalapuram EEHIC H 54 5 MP O#fiEn o,
WIFD 7 I = v 1177 L 7= ATHEYE

Reich et al. (2009) Reconstructing Indian population history. Nature 461: 489-494

A v FAE, LA v FER (ANL P> —Z o 7 8MR e, P77, 53—
By o) R A v PN (ASL BT T RER, Ty avy) oG, TV
2 VLR A LARTIC 5715

The HUGO Pan-Asia SNP Consortium (2009). Mapping human genetic diversity in
Asia. Science 326: 1541-1545.
~5K SNPs

Ghirotto et al. (2011) Genomic evidence for an African expansion of anatomically
modern humans by a southern route. Hum Biol 83: 477-489

111,197 SNPs (50748 genic SNPs vs. 60449 intergenic SNPs), 4 v F (Kurumba,
Chenchu, Kamsali, Madiga, Mala, Irula, Dalit) + Chinese+ Japanese; (57— % %, Reich
etal. 2009 & Xing et al. 2019 2>5), 9 [ 86 k. Hi—F 72 3L EILE 2 WG, &
FxRZFR BRI TR T v E ORI L IC A T 4> 7 ¥ THE, Genetic distance &
geographic distance (flil Af & £ T) OB, Mlor—+rbH0iF207T, H¥
D RIEM) eitiEmz D 5 DX, BIZIXRT T ICh S CHALHr -+ 2 L B
&L Ho IR R 2% S 5139

Moorjani et al. (2013) Genetic evidence for recent population mixture in India. Am J
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Hum Genet 93: 422-438

A v FRERIES v FlE2—F7 > THEREBRT 2 AND L H{RFA v F (T v s~
v BRI 5 ASD EHIORHHAHDES, 4 v FiliKED 713 E£M» 07 7 L7 4
FoF— %% LD @, IRAFEH% 1900-4200 fERT & HEE, THa—F v 7 L OBED
ATEEME I, 40-30 kya, MEHFOILKH 9-8 kya 7> 5 4 ¥ & ZCHH (4600 4EHT) 122 1F
T, 4-3kyad A4 v F - 2 —nm vy GEOE AW, © 3 HH]

V7 e —RBR (FR7CTHEREA VR - 7T =Y T ARA ¥ FERA L RTTHT
1700 4ELEHE Tl %)

Mondal et al. (2016) Genomic analysis of Andamanese provides insights into ancient
human migration into Asia and adaptation. Nat Genetics doi: 10.1038/ng.3621

10 NDT v X< +60 NDA Y FAT 7 LET, 7Y X<V 28CMT7 YT BTV
T HET YT, 370 NIZHE 2T 7 ) A, MEREET 27 EEICIER
HOFRI =y DT ) LiZiE—Reich D7V —7hLHETE R\ E DRGRD D > 7225,
Mondal et al. 28 IE L\, RIBELZRHDOF I =7 ) L LiF D2 &

Lazaridis et al. (2016) Genomic insights into the origin of farming in the ancient Near
East. Nature 536: 419-424

44 HERPFH A (~12 000- 1400BC), #IHAD P EENIE 50% A FEEH ~ — 7 > 7 M
Hk. FHREHROET YT (4 v F) ~0&IZ, 41 7 voPliiEIR 2 -7 07
ATy THERDHTT~DILENIC X 5

Nakatsuka et al. (2017) The promise of disease gene discovery in South Asia. Nat Genet
49: 1403-1407

7 Y71 5000 DENIE 7V — 7 DGR, % < BRIRE IR & #ER. HEERR O
[RIE D 7= H 7212 230 7 v — 7 1663 ¥ v 7 ATkt LT SNP fi##7 (genotype data),
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IBD=100 ttft, IBD 2 a7 =gliEshRomE (3 —20cMicdH 3 IBD &7 A v b
DR, v I3 4 X CEBL)

Narasimhan et al. (2019) The formation of human populations in South and Central Asia.
Science 365: eaat7487

523 & AH DNAs, M7 Y7 O ER AR, A 7V EHMET V7D HG, 4 v &
AXABIIEA ¥ FOFFRE D OBE 7 ¥ 7 HER & 2, [FIRFIC 4000 4/ DA 1
KT TR 2T AT v TORER L b2

BMAC: Bactria Margiana Archaeological Complex in the Bronze Age, AASI: Ancestral

Ancient South Asians
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GenomeAsial 00K Consortium (2019) The GenomeAsial 00K Project enables genetic

discoveries across Asia. Nature 576: 106-112

F3H1213, Jeff Wall, Hie Lim Kim, K. Tokunaga, M. Hammer, Parth Majumder % &
. 1739 fE{R, 219 5EM, 64 E2 L DY v T A0y ) LFN <4 vy M5, %

E, HA, FEICMAT, 7PT7EEOL 77 LV RT ) ATF— &ty b 2{EKT %
H .
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5. HTY7T
Li and Su (2000) Natives or immigrants: modern human origin in East Asia. Nat Rev
Genetics 1: 126-133 (fi#t)
Fric Y Jetafh oo &, W7 YT ADT 7Y AL, W7 ¥ 7 O %M 2L EM
Kv@Ed. WPV 7T oBAENEORY O (18-60 kya) Ei#fHh, Jb~0H#IE LGM #
(HE & RHEE) OflEEM, & 61T XY a~b (MI30 BALRILE), YAP (5~
v b 43%, HAAN 28%. FH[E Yao-Jinxiu 50 %)

HIEIC BT % archaic & A NHOLAF v v 77 (40-100 kya)

Skoglund and Jakobsson (2011) Archaic human ancestry in East Asia. pnas 108: 18301-
18306

Serial founder models DG & FFfIC, 7=V 7 EHT YT (FRICHEMTYT) TD
SHME A R

Fu et al. (2013) DNA analysis of an early modern human from Tianyuan cave, China.
pnas 110: 2223-2227.
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Tianyuan ® mtDNA + 21 Zfafk (~30 Mb) + 3000 SNPs. Tianyuan |37 ¥ 7 & 7 X
U Aa%AEROM, Wt — 7 o7 0%k, IHAT 7 2263, 5HE R OE KT
BHb, AT VDT ) LEGIHATSH 277, 7=V TIIAN > & ORERZD WT
CTIKT =Y 7RAESBHNIT (Browning and Browning, 2013, Am ] Hum Genet),
Tianyuan ICb H %137, 27 LZDT=V 77/ L3 D272 D2 & D0 Offifirididb
AR

Chen et al. (2015) Agriculture facilitated permanent human occupation of the Tibetan
Plateau after 3600 BP. Science347:248-250 (Z1)

FRy FEFICAPMERIZ D 72D 11 kya, BHFIC X 2 7EHE 1T 3.6 kya, EPAS1 D4
EERIZ ORI (7= 7 L ORMIEH 5 LHI? - - T4 k)

Qin and Stoneking (2015) Denisovan ancestry in East Eurasian and Native American
populations. MBE 32: 2665-2674
W77 T AYARMEREET T =Y VRAEN OB/, 2493 {Eik 221 M

Jinam et al. (2015) Unique characteristics of the Ainu population in Northern Japan. ]
Hum Genet 60: 565-571

TARXEMIXOTFFHREWET 2 &, HARANIT 18%FFMERER (F30) & 82%EHR ()
B) Hk, IRARHIIE 1600 fEAT, Z ORPIZRYIORHIRIESRX Y 222 V2T, &
7 FERENR D o 72 Z & IR,

Jeong et al. (2016) Deep history of East Asian populations revealed through genetic
analysis of the Ainu. Genetics 202: 261-272

TAXBFTRCTORT PTREHR LY BEEKE, 7~y b e S EBER, R~y T X
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DAL RY 7 (F—F—Y ZiinE) EMEEE%ET 3

Jeong et al. (2016) Long-term genetic stability and a high-altitude East Asian origin for
the peoples of the high valleys of the Himalayan arc. pnas 113: 7485-7490
ACA(Annapurna Conservation Area) ® 8 A (3.2-1.3kya) ®% / 24 (0.04x-7.25x) &
mtDNA(D4) & Y #fafk (O-M117 & D), AL DZEIT R E a3, SBUSHICIZR T &
THRT, REICD o GEfMERS 2, ACA T = v F Xy F NS,
EPAS1(rs12097901) & EGLN1(rs186996510), 7 b % >15kya IZfE{E. ACA T
kA & % H)

Jeong et al. (2017) A longitudinal cline characterizes the genetic structure of human
populations in the Tibetan plateau. PLoS one| https://doi.org/10.1371

F_y bElR CGREPE 2500km, FEdE 1000km, KED 1/4), 338 ¥Ry 2 v X, v =
A% (Sherpa, D A). 69,000 SNPs (3780 A). (KMo T <7 A & 72004 E %
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(isolation by distance), Sherpa & CHG D/ E 1% 2.8 kya & 20 kya & ki 72 fHIE

Yang et al. (2017) 40,000-year-old individual from Asia provides insight into early
population structure in Eurasia. Curr Biol 27: 3202-3208

40 kya Tianyuan (TY) %% /7 £ (3B, 2.98x, > 2 million SNPs) Dfi##r, TY (3=
—a Yy XA DT T N, & LIS, f(TY, X; Mbuti) % K2 — 7 > 7 D
TF5 D7\ K14, GoyetQ116-1, Vestonicel6 &L T, TY ZHT VT LR T Y
TETAYAEERICER, 20y XL T YT ORIKIE>40 kya, TY 3 K14 <
Vestonicel6 X 0 3 GoyetQl1l6-1 iIZ¥r\»Z & 1%, W2 — 7 o 7 HEF D 7Bl RHt
WTHo7zZ ERVZENURICH O RY T 2N L CRIBEFORABEDH 072 L 2R T
TY 3 UP Da2—7 27 NLFARKE(~4-5%) DA T VY TAZ—AT ) L2 fT 5, 7=
VTT ) LEA T =L~V ORINE T E o e, SHED REMEIRRE T E R,
ZDEDPDRHOARENED B2, 7 A ) EROERERIEI~T o THY AL
b 2 EMHBBH IS

Siska et al. (2017) Genome-wide data from two early Neolithic East Asian individuals
dating to 7700 years ago. Sci Adv 3: e1601877

STHtoRETY T, 5 ATV 4T A4 MEHEEER (0.059x with mtDNA D4 7 ¥
TR e, 0.023x, <0.001x) | EOHY), F—m v oSl Einh TL—L
@D N & 7000 FEOEAEERDH B, VAFA LY RIE, TTAALTA ]
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(Zz:. EDAR, brown eye rs12913832 on HERC2, ¥ ¥~ LHi, no LCT &%,
rs671 ALDH2 7 A2 —A3RMH) EET7 YT ERIULSOWERLSE, T 474 M
HARANSLHEHEA & DTk

Kanzawa-Kiriyama et al. (2017) A partial nuclear genome of the Jomons who lived
3000 year ago in Fukushima, Japan. ] Hum Genet 62: 213-221

S (16-2.5kya) « ZEMEKSE 4 115x106bp (1x) . mtDNA N9, H7 ¥
7 HRH BT 2 LIETIC i (7 2 ) A%EROSIE Y & £ 20 23 kya B) |
AEANIT <20%MCHK (2 0fEIZEGRD V) . allele sharing TIIHET V7 DJ5
BHRTIT I LPHE G, ATVET =V TDRAIEH S

Zhang, X. L., Ha, B. B., Wang, S. J., Chen, Z.]., Ge, ]. Y., Long, H., -*- Gao, X. (2018).
The earliest human occupation of the high-altitude Tibetan Plateau 40 thousand to 30
thousand years ago. Science, 362: 1049-1051. (Ew)

40-30 kya (MIS 3). ¥k 4600m @ |HF #5EHh, EPAS 1 O3 CICER L HEE, $72. &
RYT7TOANEEUELHZ &b, 40-30kya ITIFF Ry b e RY TIRMLH
ST A[REME R TRR, T =V T L DMLY R Y T T, ZDFROFJHHAT Ry bk
B L 7= & HEH

Skoglund and Mathieson (2018) Ancient genomics of modern humans: The first
decade. Annu Rev Genom Hum Genet 19: 381-404 (1#£5%)

W7 T7OERT 7 403 40kya HE, 8 F_v P A (1-3kya), 27V 4 A7 4 + (7.7
yra), 2 #AXDHBkya), FXv b TV 4T 4 P RIERELRE AR T, ML
NEDRG N2 —viE, 20y ORMROBEE X — VKU

Kanzawa-Kiriyama et al. (2019) Late Jomon male and female genome sequences from

the Funadomari site in Hokkaido, Japan. Anthro Sci doi:10.1537/ase.190415
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#3C A Funadomari F23 (Zcfk:, 3.5-3.8 kya, 48x) DW= — 7 v THEMD L D3I
X, TA Y ARERODIE (> 25kya) X Y. HE (40 kya) X 9, F23 i3HE
(Han Chinese) X9 & HAAN, w5, @E, BELEER. 74 ) v v EHIGE
o A7 vFAZx—0 (IBDIZ15cM) £5=Y7 (IBD iZ0.12cM) 7/ LEE&EH
Y (supplementary Tables 29-32) ., SEHTHHIC 31T 2 MREEEE I (3 HBISGER: 23 B 5
B3, RN IZ SR B2 R, HARAND F23 23 =13% (fi-ratio). 15.7%
(TreeMix). 9%(qpGraph) ; HiEk® F23 THE=27% ;: 7 4 X ® F23 T =66%

Watanabe et al. (2019) Analysis of whole Y-chromosome sequences reveals the
Japanese population history in the Jomon period. Sci Rep doi.org/10.1038/s41598-
0919-44473-z

345 HANBHED Y Jelafkd 35% 1005 YAP TH Y, (Fxv b 2ERTFID)
W7 YT CHARRINTH 5, YAP ZHEXATIZ 80%TH 5 L2 HBIRHAAND
YAP |33 & D admixture DFER & ffiam, LAL D2 &b HAIEIREST (5
Ny b)) REEEDAEVTLEI?

Gakuhari et al. (2019) Jomon genomes sheds light on East Asian population history.
http://dx.doi.org/10.1101/579177

IK002 (> 2.5 kya, 1.85x). mtDNA (X N9bl, 7 27 OILEH A T, MY v —
FCRETYT) podblk BETRY YV EBGERH L b, dL R
IS o TR E 72 ATREME, #ESCAIZ UP A (> 38 kya LAFRE) DEHEM 7 T-H8. MA-1
1% IK002, Devil's Gate (8 kya), Chokhopani (FifXF v . 3-2.4 kya) 7z & & $ERS
R e o, W7 UTEMIZILEI Y v— FERIEITHICE T, KT TET
A Y AFAERE DI =26kya < FICRHK < 40kya, 7 A4 XIIHLAD PCA 7
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7 2 % — (Fig. S4) & ADMIXTURE(Fig 1B) %6 [HA#RA=>#L=>T A4 X, T
4 X OfiiA F23 32 =79% ; HAA D F23 HF#=9.8%

M3, HARA, BB7RI Y v, virF=7 7L f;(Mbuti,IK002; X, Chokhopani)<0
ZRL, BEDOWL O EMOEEIR L roTWn3
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6. HET Y7
Reich et al. (2011) Denisova admixture and the first modern human dispersals into
Southeast Asia and Oceania. Am ] Hum Genet 89: 516-528.
W7 YT, P4 v F4 7, Jehai and Onge 137 =V 77/ LEAR L (Z 0w
browning et al. (2018)%° Jacobs at el. (2019) & FJ&), Mamanwa (7 4 Y &' « 27
A= ZVT-TRYIV Y, Za—F=TVIFRAED Y HEER T 27 (D2
RBERZTYT)

Fu et al. (2013) A revised timescale for human evolution based on ancient
mitochondrial genomes. Curr Biol 23: 553-559

difUmtDNA %55 W ELERZOHEE, HMT P 7#E  (ISEA) © M+N % 4 7'=
93~61 kya, TMRCA=157 kya, African —non-African split=78kya, A —XF+7 VU7
ANE=42 kya

Jinam et al. (2013) Discerning the origins of the Negritos, first Sundaland people: deep
divergence and archaic admixture. Genome Biol Evol 9: 2013-2022

1 million SNPs (Aeta, Agta, Batak, Mamanwa) # 2V b &JE+ 7'V b (Tagalog,
Visaya, Manobo), 74 Vv, TvX~yv, L —yT7D47 Y b (RPIDAV X
FYFN. 740 Ev42) b SNPdata, 2277 FRET YT RHET VT 0%
JEEFT >38kya icPir— 7 > THEMD O 0B, IR : 2 —w v s 227 ) b
~38-30kya, ~L—v 7427V e 74022 Y b =15-13kya, 7=V U7/
2yt Aeta 1.4% , Andamese and Malaysian Negritos < 1%
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Wastaway et al. (2016) An early modern human presence in Sumatra. Nature 548: 322-

325 (Fh)
T VT (2~ b 7)IcB T 2 HAHE 73~63 kya

McColl et al. (2018) Ancient genomics reveals four prehistoric migration waves into
Southeast Asia. http://dx.doi.org/10.1101/278374

W7 Y TICE T 2R OBENEOHIIZ>T0 kya, 4 EOBE) : xT7 =7 v
(Groupl), A=A+ 7T YT AR, A=A+ Zurxv T v, KTV T A, ZEET
N WET YT~ IROBENTZ D5 b—jit 4 kya A — A b 70707 AEEH
Ro®%#), @t (EZLT7vx~v, G v —. 74 Ve VoML ZR <.,
270 MEFT EURHERER (74 % PhaFaen, 7.9kya, ¥~L — 7 GuaCha, 4.3
kya) HiE, Bk RBRIZRT 2 7 HEMME, 25 57 4, 34 = v ZGHX
DRI RFRRRTE A, G (IK002) F&EThTHRw

McColl et al. (2018) The prehistoric peopling of Southeast Asia. Science 361: 88-92.
FIEEZED 26 57 4, ST V(R P FLOMMBRER (~44-4kya), HRFT
v=7 VIEHEFAAL Y b T v L= vicige
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L A(IK002) 12+ 7 v v HG(La368) L 7 ¥ 7 o4 L it % P ¢ >

Lipson et al. (2018) Ancient genomes document multiple waves of migration in
Southeast Asian prehistory. Science 361: 92-95.

18 5187/ & (N} F 4 ManBac, 4.1-3.6kya; X } 24 NuiNap, 2.1-1.9kya; I«
v~ —CQakaie, 3.2-2.7 kya, % 4 Ban Chiang, 3.5-2.4 kya, % ¥4+ <7 Vat Komnou,
1.9-1.7 kya) . H#DOIHARIZ 1.6 Mya, FH]OBEAHIL 50 kya, HH)D 3 A{EILF
TE2ASDA—Z N7 a7 TS 4.4-4kya ITX 3
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7. V7N
Kimura et al. (2008) Gene flow and natural selection in Oceanic human populations
inferred from genome-wide SNP typing. MBE 25: 1750-1761
2 BtEGER (50kya & 4kya), A 74> 7 v (Gidra) & KV 4+ 7~ (Tongan) ® ~0.5
million SNPs. (X 74 ¢ T v, 7YT7), 3—wvo) T7VA), F¥Hix70%
TIYTE30% X T4 T v DEA(slow train model)

Wollstein et al. (2010) Demographic history of Oceania inferred from genome-wide
data. Curr Biol 20: 1983-1992

~1 million SNPs At 7 =7 O, ABCIZ X337 A —=2HE<lx, 77V h#k
AT =T7La—=7v7 (—uy R +TVT) OREEYFE—F (F=V 7O
#1?2) . WEIE 27 kya (BdEEHEERER = 40~35kya) . 7Y 7 (87%)
b7 A7 =717%) DEEIFZ3kya (VE—F AR T=T =KV A7, 7
1Y) RAFOHEIIID R Lk EZfbATES T, PCA £ Admixture
Frappe with K = 2 CH#EZE,

2 BB GER : AT 7 U h (40 kya T CICBBE)) & RFTBENGE (5.5 kya B

— 740y — vR<NAZ) slow boat model

Rasmussen et al. (2011) An aboriginal Australian genome reveals separate human
dispersals into Asia. Science 334: 94-98

100 FHIOTRY P v DEDE, THRY Y VIF 75-62kya ICHT ¥ TITHEEL 7281 A
DFFRTE DIyl 38-25 kya

Reyes-Centeno et al. (2014) Genomic and cranial phenotype data support multiple
modern human dispersals from Africa and a southern route into Asia.
www.pnas.org/cgi/doi/10.1073/pnas.1323666111

FADH YL (EE W 5HLK, ~50-75 kya) vs. ZEILHL (MD, ~130 kya LUF)
MD CRYMDIEHDZE L LT, TRI VY, AT TV, XTTV, FIU 4
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T4T7 v, 27V b, 220 MDI(solation) & 7L Cli%, FlA Y v — b i~65-75 kya
F7213~130kya (MP) | 58 2K 13~25-38 £721F (LP) ? & bicv—F a~—4LEk
E7 M (BSD) 2272 4 &7V 2 B, BE, BEESPENICREEL 288 (7
70 A6 OFFEEE OMEE) 13 MDI-MP 28X X+, 7272 L. #IHAILE D & 5%i3 T —
2Tl LR, C OMETHIBGELO Z YR CEZ Lo T, 22 TiR4DD
ETNADMMNICIED B, (Weaver 2014, 111: 7170-7171 for commentary, ¥ 7LD A
COAT VHRT ) LOFERH S L% MDI TR ESFHHAT 22?2 47 v O
FIRFUE Y 7 m 2, Bl D v — F TIRBRZZ20)

Malaspinas et al. (2014) Two ancient human genomes reveal Polynesian ancestry
among the indigenous Botocudos of brazil. Curr Biol 24: R1035-R1037

35 Botocudo filfAD 5 5. 2 kD Botl5 (1.2x, 15-17 ), Botl7(15 {it
oy L5 IFIIC R Y Ao T vk, 7TXA Y AREREERL

Reyes-Centeno et al. (2015) Testing modern human out-of-Africa dispersal models and
implications for modern human origins. ] Hum Evol 87: 95-106  (#1%)

A=At 7w X737 VR B-R) M7 7 ) hoTHENTH T, b
DEMIFETRE (E2X) W7 7Y o FHREH
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o BRI O B NIV DRI D v — b D -Fh & BAGR, RIERT IO BIAE A
RIS 2 RALH D T-1% & BAfR

MDI (Multiple Dispersals with Isolation) % S £f

Skoglund et al. (2016) Genomic insights into the peopling of the Southwest Pacific.
Nature 538: 510-513

3000 fFHTD 7 v 2 AL & Bh#E L 22RO N &~ 77 v o2, 4 A (-
3100-2700 ya Vanuatu & ~2700 - 2300ya Tonga) O {7/ L% 778 NOERT V7
EA T =T NI, >25% o877 vAHKEDS, HRZ e N A LRA
VIR Do T2

Pagani et al. (2016) Genome analyses inform on migration events during the peopling
of Eurasia. Nature 538: 238-242

148 £ 2> & 483 %/ L (EGDP, Estonian Biocentre Human Genome Diversity Panel),,
~75 kya DX T 7 UV ALURNC T TICHEH~, XTT7=2—-—F=T7D2% 7/ L
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13~120 kya O 1 XHT 7V A& KM (kD KAloFI=v (F7=Y7 DI1)
DA D DAH)

a—nvyo8 (Do, #ta, ) %FHEIC L7z Fst IC X % isolation by distance
EvIY, vI, a—AFRTnTNb BRI % N

DS, 7=V7 GR). Tri4 (&), “1vT4¥% (HF)
AT =T OTAEA DIETF=Y Y D EREWERRT, A= T Tl
TNANRABRE L7277 L0 > 2% 174F

Mallick et al. (2016) The Simons Genome Diversity Projects: 300 genomes from 142
diverse populations. Nature 538: 201-206

Simons genome diversity project: 142 M2 5 300 7/ 4, H—yLEk. H2XHET 7
Y AGEBICHEL— 7 > T I, 3 7 VIZRT U7 55 5. 5 H £ ool T
7V A NDBIETF G038 WD is s, SEINO AR Z KT
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Malaspinas et al. (2016) A genome history of aboriginal Australia. Nature 538: 207-214
83T RV 25 XT T by HMAREL, HBICA—A T YT Ea2—-TVTIC
Sy, VIO T 7 U A NDBIBEF G- 0375 b I3, L EILEL O ATREME, A4 — R
FZUT TRV VIRBRNDOF I = v DT ) LREAIRK

Wall (2017) Inferring human demographic histories of non-African populations from
patterns of allele sharing. Am ] Hum Genet 100: 766-772

£ 3 5@ Nature i Tl ¥ 7V ORFHMINES RS, 7=V 77 ) LOFER L
EERLEMHRAT A NIRT VT ANE AT A>T ViR ERT©H 5 2 L 2IRT,
7R 2 &2, Wall |3 Malaspinas et al. (2016) & Pagani et al. (2016) @ 333
THY, ofmIIEE TR Mallick et al. (2016)D bR vy — &0FF

O’Connell et al. (2018) When did Homo sapiens first reach Southeast Asia and Sahul?
pnas 115: 8482-8490 (&)

<Yz KR > 50 kya 36 D 57\

Browning et al. (2018) Analysis of human sequence data reveals two pulses of archaic
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Denisovan admixture. Cell173: 53-61

Archaic 7/ L % [A5E$ 5 Reference-free method DFHF GALO b D & LT Wall ® S
*) LIS (1000 GD, SGDP, UK10K), H, F7 ¥ 7, 77 vi37 =7 7(D2)iEH
ERT—H. W7V TIEDORADRT D 2007y VEEEFR, AT VT
2 — V@D 2 [ LA L ORELIIS &S indr o 72, Jacobs etal. (2019) & #EERI A, A
YIS D22 H9 5 2 LITEE

Jacobs et al. (2019) Multiple deeply divergent Denisovan ancestries in Papuans. Cell
177: 1-12

161 NOHRFT YT & =a—F¥=77 7 4 (30x) M. DO (K77, ¥~V 7. 7
AV ASEERFRT), DL (377 vRRW), D2 (7Y 7+4+27=7) 037 =
V7 MESRE, DORTANRAT=Y T 7 ) MGERTH D Z e b, ZHIET A2 A4
T WERITIE % 72 & HETE,

Malaspinas et al (2016)% €T AIICLC, HHT7 7V h% 64 (72) kya & T2 L 37T v
I 1% 51(58) kya, D2 i2iE 1 46 kya (block length 72> & DH#EE, 95% CI 31.9-60.7).
TYT eI —u v kT 38 (42) kya, D1 2% 1 30 kya (block length 2> & D H#ERE
95% CI 14.4-50.4) & 78 %, Zi 5l Malaspinas et al (2016)i125H % 71 v I NOfE & 1%
Rb, BLEILCICT %L D2i@&ElL 52kya, D1 &% 34kya & 7%, DI T =V 7
Foa—F=T2HA VY FA TV & HEE

(A) Mismatch distributions between Denisovan blocks in Papuans and Altai-Denisovan
genomes. PR B Y —IFFR Y OF[EEMERE VWL DT, D2 TV TRA T =T
TERBELTVWEILERDOLDINT VAL, BERAIZISEICR S, D2iEEkY
=46 kya [3H P2 — 7 > 743l (Terhorst et al. Tl 47 kya) [Efk. S 77 V4l
1% 30 kya LART (cf. & H22R9HEE BRI = 40~35kya), D 21X Mondaletal. ®
KD K I = Vit
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Siberian samples in the SGDP for 300 genomes from 142 populations (Mallick et al. 2016)

were used to identify Denisovan DO.

Aleut (2)

Altaian
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A report on publications regarding dispersal, differentiation and admixture
of modern human populations using ancient and present-day genomes

Naoyuki Takahata

The Graduate University for Advanced Studies (Sokendai)

Here I present a list of about 150 papers, most of which have been published during the
past decade to study dispersal, differentiation and admixture of modern human
populations using ancient genomes from archaic hominins as well as ancient and
present-day genomes from modern humans. The list is restricted to those papers that used
autosomal DNA sequences (except a few review articles using Y chromosomes and
mitochondrial DNAs) and the list also excludes most papers that are concerned only with
European populations. For easy access to individual papers, they are arranged in the
chronological order in each of the following eight categories: (0) archaic hominins, (1) Near
East, (2) Caucasus, Europe and Central Asia, (3) Siberia, (4) South Asia, (5) East Asia, (6)
Southeast Asia and (7) Sahul. Any paper generally follows a brief comment and at most a
few figures or tables taken from the original if they are thought to be helpful to capture the
essence. For further convenience, one original table and two original figures are prepared
for this report: the table shows the chronology of ancient genomes used in the papers while
the two figures show possible dispersal routes after the out-of-Africa some 58,000 year ago
and a very simplified version of admixture graph among Neanderthals, Denisovans and
modern humans, respectively.

105



NUFAT V7 b EHERSE B02 2019 4EE A

NRLFATYT DBOfTEyIal—2av
AT

RALRZFEZLEERE 7 v v 7 4 THHERT

1. XL A7 Y7 DB Of#ir
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I, IHIKHEAZEML7ZbDTH B (Shea2013,Shea2016), €— Fit. s
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X 21, 57—V Zf@rofER s L Cnwb, av VEflo v FTy 27 &
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BEtL 72 (K3),
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Konso, Ethiopia. Proceedings of the National Academy of Sciences of the
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A Quantitative Analysis of PaleoAsiaDB and
Simulations of Cultural Macro-evolution

Kohei Tamura

The Frontier Research Institute for Interdisciplinary Sciences, Tohoku

University

Activities in this year are threefold: quantitative analysis of PaleoAsiaDB, geometric
morphometrics, and stochastic simulations of cultural macro-evolution. PaleoAsiaDB
contains information on technological “modes” of lithic assemblages. The different nature of
cultural diversity in lithic technologies was observed between West and East Asia: the number
of modes tended to be higher in West Asia than in East Asia whereas the numbers of mode
combinations tended to be lower in West Asia than in East Asia. [ also carried out a principal
component analysis. The results suggest that geographically nearby sites tended to form
clusters. In addition, I demonstrated the applicability of geometric morphometrics to lithic
artifacts using data on hand axes as an example. Further, to examine the validity of statistical

analyses, I carried out stochastic simulations of cultural transmission at the population-level.
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2. WERDOMBEFMH L FDORR

FEARET VT, ZER ORI high-high DT A DA% AHIZ low-low D IHAD
FaBlE U7 s (1)

N;(x,0) =0 ,Z;(x,0) =0, 0<x<L/5
Nl(x,O)ZML,Zl(x,O)ZQML, L/5<X<L

NZ(X,O)ZMH,ZZ(X,O) ZBMH, O<X<L/5
N,(x,0) =0 ,Z,(x,0) =0, L/5<x<L
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6 =
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B 1 FEDEANOMEREEE, RO IEANDOEEEE, =0

X2 FEHtEEZK1ELEZEE D, EEOKT, =200
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X3 LIS, =0
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VR, BHECEHEL TV ZEEIALNTH DL, 20X REEANE, 5%
C“HEETNVOURRFEREIT o THDE T,

117



NUFAT V7 b EHERSE B02 2019 4EE A

51 F 3CHR

Aoki K (2015) Modeling abrupt cultural regime shifts during the Palaeolithic and Stone Age.
Theoretical Population Biology 100, 6-12.

Aoki K (2019) Cultural bistability and connectedness in a subdivided population. Theoretical
Population Biology 129, 103-117.

Gilpin W, Feldman MW, Aoki K (2016) An ecocultural model predicts Neanderthal extinction
through competition with modern humans. Proceedings of the National Academy of Sciences
USA 113, 2134-2139.

Tryon CA, Faith JT (2016) A demographic perspective on the Middle to Later Stone Age
transition from Nasera rockshelter, Tanzania. Philosophical transactions of the Royal Society B
371:20150238.

Wakano JY, Gilpin W, Kadowaki S, Feldman MW, Aoki K (2018) Ecocultural range-expansion
scenarios for the replacement or assimilation of Neandertals by modern humans. Theoretical
Population Biology 119, 3-14.
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Eco-cultural range expansion model:
When the origin of Upper Paleolithic is different from the origin of modern humans

Joe Yuichiro Wakano
Meiji University

Abstract: Eco-cultural range expansion model is a hypothesis on the range-expansion of
modern humans through cultural changes and ecological competition. A new initial condition
was set and analyzed by numerical calculations. The aim of the study is to observe the
dynamics when the origin of Upper Paleolithic is different in time (i.e., newer) and space (i.e.,
away from Africa) from the origin of modern humans (i.e., older and in Africa). By somewhat
artificial treatment in numerical calculations, we confirmed that the dynamics behave as
intuitively expected. When all individuals in a local modern human population in a very
narrow region are changed to the skilled state, we find that 1) the local population quickly
transition to the high-high state and drive the local archaic human population to extinct and 2)
the high density modern human population will spatially invade the surrounding coexistence
region.
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Luke Premo (Washington State Univ., Anthropology)
Enrico Crema (Univ. of Cambridge, Archaeology)

B

Mathematical modeling and statistical analysis of empirical datasets are receiving
more and more attention in related fields. Such theoretical studies shall provide
generalized understanding of cultural origin and its diversity in Asia during
Paleolithic, which is also the goal of the PaleoAsia project. Participants as well as
speakers are expected to communicate with each other in a mini-workshop style

through active discussion.
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1 H8H
13:00 Opening
13:10 Plenary talk 1: Enrico Crema (Univ. of Cambridge, Archaeology)

“Confessions of an Archaeologist: Inferential Challenges in Reconstructing

Transmission Processes from Object”

14:10 Kohei Tamura (Tohoku Univ) “A Quantitative Analysis of PaleoAsiaDB”

14:50 Break

15:20 General discussion 1: How we deal with noisy dataset (e.g., coding error,
missing data)? How we deal with data not at equilibrium?

1 HA9H

10:00 Plenary talk 2: Luke Premo (Washington State Univ., Anthropology)
“Investigating how time-averaging affects assemblage-level variation in
continuous and discrete cultural traits”

12:00 Mitsuhiro Nakamura (Meiji Univ) “An information-theoretic approach to
cultural variation”

12:40 Lunch break

14:20 Joe Yuichiro Wakano (Meiji Univ., Integrated Mathematical Sciences)
“Diffusion approximation of cultural popularity spectrum”

15:00 Kenichi Aoki (Meiji Univ) “A three-population wave-of-advance model for
the European early Neolithic: revising the Aoki et al. (1996) model to be
qualitatively consistent with the ancient DNA data”

15:40 Break

16:00 General discussion 2: Difference between snapshot data and time-averaged
data. How we detect/deal with correlated cultural elements?

17:00 Closing
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MESEFRSC Journal articles

Aoki, K. (2019) Cultural bistability and connectedness in a subdivided population.
Theoretical Population biology. Theoretical Population Biology, 129, 103-117.
DOI: 10.1016/.tpb.2019.03.009

Kadowaki, S., Tamura, T., Sano, K., Kurozumi, T., Maher, L. A., Wakano, J. Y., Omori,
T., Kida, R., Hirose, M., Massadeh, S., Henry, D. O. (2019) Lithic technology,
chronology, and marine shells from Wadi Aghar, southern Jordan, and Initial

Upper Paleolithic behaviors in the southern inland Levant. Journal of Human
FEvolution, 135, 102646. DOI: 10.1016/j.jhevol.2019.102646

Kobayashi, Y., Wakano, J. Y., Ohtsuki, H. (2019) Evolution of cumulative culture for
niche construction. Journal of Theoretical Biology, 472, 67-76. DOLI:
10.1016/3.jtb1.2019.04.13

Kurokawa, S. (2019) The role of generosity on the evolution of cooperation. Ecological
Complexity, 40, 100778. DOI: 10.1016/j.ecocom.2019.100778

Kurokawa, S. (2019) Three-player repeated games with an opt-out option. Journal of
Theoretical Biology, 480, 13—22. DOI: 10.1016/5.jtb1.2019.07.012

Nakamura, M. (2019) Rare third-party punishment promotes cooperation in risk-
sensitive social learning dynamics. Frontiers in Physics, 6, 156. DOI:

10.3389/fphy.2018.00156

Nakamura, M., Wakano, J. Y., Aoki, K., Kobayashi, Y. (in press) The popularity
spectrum applied to a cross-cultural question. Theoretical Population Biology.
DOI: 10.1016/j.tpb.2019.10.003

Satta, Y., Fujito, N. T., Takahata, T. (2018) Nonequilibrium Neutral Theory for

Hitchhikers. Molecular Biology and Evolution, 35, 1362—1365. DOI:
10.1093/molbev/msy093
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Satta, Y., Zheng, W., Nishiyama, K. V., Iwasaki, R. L., Hayakawa, T., Fujito, N. T,,
Takahata, N. (2020) Two-dimensional site frequency spectrum for detecting,
classifying and dating incomplete selective sweeps. Genes & Genetic Systems, 94,
283-300. DOI: 10.1266/ggs.19-00012

Tamura, K., Takikawa, H. (2019) Modelling the emergence of an egalitarian society in
the n-player game framework. Journal of Theoretical Biology, 461, 1-7. DOI:
10.1016/5.jtb1.2018.10.037

HROIAAZE, RS, IR, (hOHEE, AR T, IARE (2019) TRAERMCHIICRBT
HEEg . NE & ANOBIREDREN S ) HWE L, 24, 10-29.

EHEBEFRC Book chapters
HAME— (2020) [H ADOEFE L VB THET 2 BIRAN A 2E—H AN AIE KO K
TV WKEZ [7 70 hns T o7 ~—HA NEOER &y 500 3@E, i

BT, 5 6 .

EEZ (20200 TRAZZBLOMHSE L IHANTZD L DB Y —EHRT ) AFFERATR TERK R
it [7 7V AT V7 ~—BUENEOEIR & i &1 1iEE, § 08/, %5

o

F% Organized conferences

FEFE RS, @2 (2019) 55 8 [MIZE AR EES ARORE
ANF-EH2ME, 20194210 A 20 H.

% 28 R

k=1

B, WAEGE, BRA)IESE (2019) 15 3 BIAME AT et b3t 2 - —) R
2 2019 4 8 A 3—4 H, ENL@EIZFHFIEAT, 201948 H 5 H.

B —BR (2020) International Workshop: Mathematical modeling and statistical
analysis of cultural datasets, Meiji University, Jan 8-9, 2020.

HIE - 2K Oral and poster presentations
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Gakuhari, T., Sikora, M., Rasmussen, S., Allentoft, M., Sato, T., Kornrliussen, T.,
Yonda, M., Ishida, H., Yamada, Y., Shibata, H., Nakagome, S., Willerslev, E.,
Oota, H. Whole genome analysis of the Jomon remain reveals deep lineage of
East Eurasian populations. The Society for Molecular Biology and Evolution,
Annual Meeting, Yokohama, Japan, Juy. 8-12, 2018.

Koganebuchi, K., Gakuhari, T., Takeshima, H., Kasagi, S., Sato, T., Tajima, A., Shibata,
H., Ogawa, M., Oota, H. A new targeted-capture method using bacteria artificial
chromosome (BAC) as baits exclusively developed for sequencing relatively large
loci of ancient DNA. The Society for Molecular Biology and Evolution, Annual
Meeting, Yokohama, Japan, July 8-12, 2018.

Kurokawa, S. How does the occasional absence of resources for cooperation affect the
evolution of direct reciprocity? European Society of Evolutionary Biology, Turku,
Finland, August 19-24, 2019.

Kurokawa, S. How the occasional absence of resources for cooperation affects the
evolution of reciprocity. # 29 [A] H KAEAEMF A RS, W TH#EKRT, 201949 A
14-16 H.

Kurokawa, S. The evolution of persistence—Analysis in the case where resources for
cooperation are occasionally absent—. H AR FSFES, JbifFE K, 2019 4F 8
H 7-10 H.

Oota, H. Adaptation to cultural environments found in human genome diversity.
UTokyo Symposium 2019 “Crossing Boundaries: Migration, Mediation, Morality”,
Tokyo, Japan, June 8-10, 2019.

Oota, H. The Jomon genome and migration of anatomical modern humans to East Asia
in the joint session “The expansion of anatomical modern humans and the spread
of Japonic language family.” Transeurasian millets and beans, language and

genes, Jena, Germany, January 8-11, 2019.

Satta, Y., Zheng, W., Nishiyama, K., Fujito, N. T., Hayakawa, T., Takahata, N. (2019)
Detecting incomplete selective sweeps during modern human evolution. The 2019

Annual Conference of the Society of Molecular Biology and Evolution
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(SMBE2019), Manchester, UK, July 23.

Satta, Y., Zheng, W., Nishiyama, K., Iwasaki, R., Fujito, N. T., Hayakawa, T., Takahata,
N. (2019) A new method for detecting an incomplete selective sweep. EIF2 91

MIRE, mHKEE, 201949 H 13 H.

Schmidt, R.W., Fernandes, D., Karsten, J., Harper, T., Madden, G., Ledogar, S.,
Sokhatsky, M., Oota, H., Pinhasi, R. The transition to farming in Neolithic
(Copper Age) Ukraine was largely driven by population replacement. 7he Society
for Molecular Biology and Evolution, Annual Meeting, Yokohama, Japan, July 8—
12, 2018.

Tamura K. A quantitative analysis of PaleoAsiaDB. Mini Workshop on Cultural
Evolution, Meiji University, Jan 8, 2020.

Tamura, K., Matsugi, T. Quantifying the morphological trend of keyhole-shaped
mounds of the Kofun period in Japan. MORPH2019 Sendai, Tohoku University,
Sep 15, 2019.

Tamura, K., Nakao, H., Takada, K., Hashimoto, T., Matsugi, T. Quantifying
morphological variation of bronze and iron arrowheads of the Kofun period in
Japan. MORPH2019 Sendai, Tohoku University, Sep 15, 2019.

Tamura, K., Nakao, H., Yamaguchi, Y., Matsumoto, N. Elliptic Fourier analysis of the
Ongagawa pottery in prehistoric Japan. MORPH2019 Sendai, Tohoku University,
Sep 15, 2019.

Wakano, J. Y. Ecocultural range expansion of modern humans in Paleolithic. Furopean

Society of Evolutionary Biology, Turku, Finland. August 19-24, 2019.

Wakano, J. Y., Kobayashi, Y. On the diffusion limit of a model of cultural evolution.
29 [0 A AHERA M F A RS, FOXTHEKRT, 2019 49 H 14-16 H.

Wakano, J. Y., Kobayashi, Y. On the diffusion limit of a model of cultural evolution.

“ReaDiNet 2019, Mathematical analysis for biology and ecology”, University of
Lorraine, Nancy, France, September 23-25, 2019.
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Yamagiwa, K., Tamura, K. Relationship between Ancient Shell and Stone Adze
Artifacts in the Southern Ryukyu Islands: A Morphological Analysis Using
Elliptic Fourier Analysis. MORPH2019 Sendai, Tohoku University, Sep 15, 2019.
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INBRFEIE - HB#HIEZ Public and Educational lectures
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=ZH Prizes

Kobayashi Y., Wakano J. Y., Ohtsuki, H. (2020) The 2020 Feldman Prize. DOI:
10.1016/j.tpb.2019.12.002
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