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Modeling 2.6 million years of hominid cultural evolution

Kenichi Aoki
Meiji University

Abstract: Innovativeness, fidelity of social learning, and population size are major determinants of
cultural evolution during the Palaeolithic. I summarize modeling work in which I have participated
during the past five years. These theoretical studies have shown how the cultural evolutionary rate,
cultural diversity, and cultural level of a population depend on these factors. In particular, I point out
the importance of incorporating population size as a variable, rather than as a parameter, that interacts
with cultural level in a Malthusian-Boserupian manner.  Extinction and replacement are trivially and
ultimately a matter of numbers, i.e. population size, but I also show that such an approach is useful in
interpreting the pattern of cultural evolution seen in the archaeological record of the Palaeolithic, where
immense spans of during which little happens are occasionally punctuated by “creative explosions.”
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Evolutionary models of culture and learning strategies

Joe Yuichiro Wakano
Meiji University, School of Interdisciplinary Mathematical Sciences

Abstract: Learning hypothesis in Replacement of Neanderthals by Modern Humans (RNMH) has been
theoretically studied by using mathematical models. Major research questions are: 1) Which kind of
differences in learning ability quantitatively accelerates the rate of cultural evolution? 2) Which part of
learning process is more important than the other parts? and 3) What is the condition under which
learning ability evolves and realizes cumulative cultural evolution as a result of genetic natural
selection, given that learning ability itself'is genetically inherited. Here [ summarize my and my
co-authors' research accomplishments in this five year project.
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Evolution of innovation behaviors under an egalitarian and cooperative society

Ryosuke Kimura
Graduate School of Medicine, University of the Ryukyus

Abstract: What conditions lead to the evolution of risk-taking innovation behaviors?  This
question must be a key to consider the difference in the learning strategy between
Neanderthals and modern humans. Considering innovation behaviors as a genetic trait, this
simulation study shows that an egalitarian and cooperative society allows the presence of
innovation behaviors. In addition, this study indicates what factors have an influence on the
frequency of individual learners in the population and on the evolutionary rate of technologies.
Even in an egalitarian and cooperative society, risk-taking innovation behaviors still have a
weakly deleterious effect. Therefore, innovation behaviors are maintained in the population
by mutation-selection equilibrium. This suggests that genetic variants involved in the
learning strategy and ability are not necessarily under positive selection in the human lineage.
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A mathematical model for explaining apparent cultural continuity
from the Middle to Upper Palaeolithic in Eurasia
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Department of Management, Kochi University of Technology

Abstract: In this article, we argue that cultural transmission from archaic hominins to Homo sapiens
may provide a consistent explanation for varying degrees of cultural continuity across the MP-UP
transition widely observed in Eurasia. 'We simulate the spread of a Homo sapiens population in a
region preoccupied by an archaic hominin population by means of mathematical modeling to
investigate the possible effects of the acculturation of the Homo sapiens population on the pattern of
the cultural transition associated with biological replacement.  The results suggest that cultural
continuity is likely to be observed when the Homo sapiens population is initially small and/or spreads
slowly. This in turn implies that whether the local physical environment was relatively favorable to
Homo sapiens or to the archaic hominin is an important determinant of the degree of the continuity.
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al. 2011; Kobayashi and Aoki 2012) ,

FZTCHEETARE R0, KEMNBVMNZ L THREZRDN, WO TH D, KEME
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The origin of cross-boundary communications during the Replacement:
Analysis by the social survey of spirits dance (kagura) and local art projects.

Shiro Horiuchi
Yamagata University

Abstract: This study tries to elucidate the origin of cross boundary communication during the
Replacement, by the social survey of the present Japanese societies, particularly in the areas of
depopulation and aging. At first we studied Japanese spirits dance, kagura, which have been inherited
by local residents since hundreds years ago in Kyushu Island.  The social survey found that kagura of
cross-boundary communication caused young dancers settle into the area, irrespective of depopulation
and aging in those areas. 'We also studied local art projects, which have been started by local residents
in Nara prefecture since 2010.  The social survey found that the project was involving many
stakeholders as time passes and caused some outsiders rent vacant houses in the area, irrespective of
depopulation and aging in those areas.  The social survey suggest that individuals unintentionally
involved others in order to continue dance or art, which may have caused the origin of cross-boundary
communication during the Replacement.
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Evolution of costly memory and cumulative culture

Mayuko Nakamaru
Department of Value and Decision Science, Tokyo Institute of Technology

Abstract: Evolution of leaming is an interesting research topic from the viewpoint of evolution and social
sciences. Even though memory is essential to learning, there are no theoretical studies dealing with the
coevolution of learning and memory.

Memory consists of consolidation, storage and retrieval. If we fail to store and retrieve what we
have learned, we can neither use it properly nor modify it to make a new innovation. Therefore,
studying the coevolution of learning and memory will contribute to the study of cumulative culture.

Iinvestigate if storage-retrieval can evolve together with individual leaming and/or social leaming by means of
the invasion analysis and the individual-based simulations. The main conclusions are as follows: without
cumulative culture, costly memory is better than the repetition of forgetting and releaming only when social
leaming is costly.  While, cumulative culture promotes the evolution of costly memory with social and/or
individual leaming,
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IS S, BN ED X S I T=o0Em D Z LIFEETH D, £ T, & LD
I a=r—a ASIHLEERM & LToFERE IOm BiE, & hE LTokIZBNT
HEThoTLEEZZ TV INADbZEDL ) I R DM Lo mIzdE b2 L L L,

ZDO LD BREFEERETIOEILIZOWTIRRDIZHTZY . 2 o=l —a VKB EMTD
RN D DR EZ R IRBRRICIER 725 Z LIFER A CTH D, A IFHEIR.
P, IEEL, EAK 1TEL. BIEERR EOZEREEREOREE TH D, FORERIZIE,. 2
NWETIZRD ST ORBNDGIEER E LT, LIRS ERDHY, FINETITH
ST L ONIONDEMEIER E LT, BXANRCRGNZ LL 72 b BB E, RARH
72 EDORIEDRARDZ L < 2R DGO E  KNNZ UL 72 5 B BREDOREE: E03 6 5,
ZOXOIERERIETH LT, L Das a=r— g AIEENED, EHTOH
ERENDMEIRDND EEZBND, ZOT-8, EHT DRER L U CREATPE 280N
ZOFRIEY AT DD EZZ bND G TERE LTI EITO 28 & L,

W A IGEICES D 551 & LT T /Ui R IR Siglec—11 A3EH &4 TCV 5 (Graeber

DT MRk LIRS 7 UGEEH ) SRR TH D, b Mg -ERE BN
T, 17TFD Siglec DMHIHILTWAMN, Siglec-11 I~ 7 a7 7 —I B L, 7 W Z R
gD T & THIRIED > 7V A RN A U HIRaREE 2 B3~ 2 IS BA T 5,
T 1 TFATIIZEICC, b b Siglec—11 1% Siglec—16 & fm 112 X A AU L > T, & b
FERMIZIN 70 7' ) 7 TORBEEZES L CTRBY ., IMCTEER o 2-8 AR 7 VRIS
T5HZEHRWE LT (Hayakawaetal. 2005), Z @ o 2-8 fE M 7 /WRIFIRNORY o7
JUBBRORER T TH Y . R Y 7 iRt & U CTIMPIIEO Neural cell adhesionmolecule
(NCAM) IZAHINENTWD, Z D78, Siglec—11 Ot MNEEZMNS 7 1 7' U 7 TORBD
BEAHZ L - T, AU TR E Siglec—11 OFEEIZ L DRI A/ER S B MERAIC
EshiztEzbn5,

BN L2, M 7 a7 ) 7 EIRSe, R 27 VRS NCAM OB 5L E 1L, FEA e
JEIZBIH > TU 5 (Bayer etal. 1999; Kochlamazashvili et al. 2010), Z 7=, b MEERAIZIE
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BNz Siglec—11 I X DR OHAELERIL, FEARIHEICE G- L T\b LA b, b
k& U CORMERE (BRIMEERE) D8RS, OWCITER & LTS8 REH oA BB -7
N Livevy, £ LT, Siglec-11 b MEERIZRINI 7 07 ) 7 CORBUESRIL, BXLE
100 THRTEHEE SN CWND Z &5 (Wangetal. 2012) . 2 X 9 2 aE O IZ Y B =
VALRT TN — L OIGEHE TR o B X HILD,

Siglec—11 Dt MFRANE(SFEHU I~ 7= Siglec-16 b E -~ 7 17 77—z,
bt RRETINI 7 0 ) 7 CORBRAES L TQNDZ EAVRIRIILTWD (Caoetal 2008),
Z DI TOFRBLOMERF L 300 TAERTLAATE oD Z &7 (Wangetal. 2012) , Siglec-11
DN 7 a7 ) TRBLOEERL, Siglec—11 2N nFAHUZ X - T Siglec—16 DRI 7 1/
U 7B D R A S s itk B e ER NS, i, R ST IR
AT DI ST8Siall D7 aE—X —ZRUN FHEIRFHED U A7 1> TW\AH Z i
WESNTEY (Araietal. 2006) . KU T IERO B FL LA RIE & OBHROTS =
DOOEDERLBND, ZDEHIT, Siglec-11 & & 12 Siglec-16, ST8Siall HF7-, & k
FER A7 O BEAERIC B - T E B2 Bb,

AMFZETIZ, b MEREAZRGHIRR] OF BAEH & FEAJiE & ORI 226 b RO
& L TOFEERE IO b 15T 5 7=, Siglec—11, Siglec—16, ST8Siall ML a a1
77

2. HiE

2.1 7/ LEF

t b Siglec—11 5 DB(A - EIE D OH 8 =7 V o £ TrETMEIE, &
Siglec—16 Hfn - & DM THFEIMEZR L T % (Hayakawa etal. 2005), Z D7z, Z OFHF]
PEZ IR LU CWAIEIE AR E L, & b (Homo sapiens), F2 73— (Pan troglodytes) .
2 7 (Gorilla gorilla), 7 F W IV (Hylobates lar) @ Siglec—11 85+ & Siglec—16
ST DXSGEE 7/ 5 PCR CTHINE L, BASIZRE LT, —J5. T A7V (Macaca
mulatta) OXERFROESNL, NCBI D5 ) LESIT—H ~<—A (Macacamulattabuild 1. 2;
http://www. ncbi. nlm. nih. gov/) £V f57=, —J5. ST8Siall {5 FIZ 2O\ T, A ISGHE
DFEREY A7 B0 % 7 16— 2 —ZUDRi% it T 10kb [T EOfElZ 7/ L PCR THEE
L. Bkx 7ok MERITNT R 2 A TE2WRE LT,

2.2 ECFIENT

BAANDT vt 7 /UEDNASIS V7 v =7 (Hitachi) I THTo7-, RFEIERZ MEGAS
Y7~ =7 (Tamuraetal 2011), EFIMOHEEEZHDTZODATAT 47T 4 R
fEMTIE DnaSP  (Rozas & Rozas 1999) % FHWTiT-o7-,

2.3 Siglec ¥z & /37
T NEERERRE DTN A 728, Siglec DS 7 )WEEREkZ B A HIlasMER & b M
a7V GOFe fEE (hlgG Fe) L DftGEH L x 7 BRI LT, o7 W IE R
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4281 «H20EraT U RAL v ea— R$xr Y o2& ) MElliE, 7
J LDNA Zgl & U7z PCRIZ KL W57, 5172 PCR Wi 23887 % — | hlgG Fec 22—
R ER R LAAI R, ERLL 723882 > A T 7 b % 293T AR == 721 CHO M s A L
FDI%EEE B S AR 2 #2237 (Siglec—Fc) % Protein A BRI Z FVNC
FERLL7=,

2.4 Siglec #B#az & L /R0 DL T NEERIREEDRRAT

Siglec—Fc %, ProteinA Ta— h L7=7 L — MIMZEE, £DHEAF AL L= TV
Bl 7 0 — 7 %z, SiglecFec LFEASHT-, HWT, ANV MTESUHERT IV
UMET A7 7 2 —FZINz T, EAF ATV T 0 —7 L A ML R T BV RS
BT NI VWT AT 7 Z—BEfE I/, ZIUTL Y, SiglecFe &7 /UViRiEE 7 &
— T EDOfER T, TIVA VT 3+ A7 7 A —BOBEENSIC L DAL L TR LT,

3. ER

3.1 EEERECTORBTER
t b Siglec—11 B DA BTG HEHE 8 =7 V o FCrateiEmit, &

Siglec—16 Bfn ¥ & DE THFIMZR L T % (Hayakawa etal. 2005), SEATHIETIX, £ D
FRIFRESG S & 0 ARIRIED StV RIS (99. 3% 5 A/N SIS & 24V I 0 I 3ARIRIMED MERY Vi

(94.6% ; B/B’ fHIK) &0 B, AN BEICBG FARNB Z > TnH T E &AL
7= (Hayakawaetal. 2005), —J5, Fo3vo— AU T TF YLD Siglec-11 BnT-&
Siglec—16 MR T OXMRIUKORFILLETTH, & O A/A S8, B/B K & IIrECKE
SIH#E S 2, FNEhORRE G, A/A ke B/B FEIYT Hd 2 &ntb
ol

AN SO CHERRIICHE U CHFEMESEWEYS 2 AfER, B/B SO TH4%
TRBACIHGE U CHIFEMEDME 2 Bk E LTt L, SRRT 21757, Siglec—11
BT & Siglec—16 B Fid, A SEBO /G COAERIAT LIZT TAZ—LTED,
Siglec—11 #&fn1-& Siglec—16 s 1 & DR COBIL AN KEEFHD A/N FHE TR Z
STNAHZEERLTNS (X1),

3.2 Siglec-11 & Siglec-16 O/ 7 /VEEESREE

ATEIRIT, T IVROTEREAT D RAA L2 a—RTD1 0 ) o aEATnD, 2D,
A SEI OB G 725 X, Siglec—11 & Siglec—16 & DT 7 /MBOF KA A L~ OEIHIOFH
EMEZED, Siglec—11 & Siglec-16 & HIZ[E UL 7 /Wigidikie 2~ L ifF s ni-, £ 2
T. B b, FRUT—, Y TFDSiglec-11 & Siglec—16 OffAz X /37 ZHNT, &~
T IERGRRE O T o T2 T OFER, 7T D Siglec 2 a 2-8 B 7 /LE (diSia)
~DFEE HTT L & BIT 45 Siglee TH L 7 IWBIHEI %4 A A7 S B E D & —
ATTND Z EDVRENTZ (X 2), ZD7=, A FA#IZ L~ T Siglec-11 & Siglec—16
DT BTSSR L <72 DI/ > TERY | Siglec-11 & & H1ZSiglec-16 HAR Y &~
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TIVRIAEE TE D T EAVRIR ST,

3.3 Siglec-16 D& MR TOHEAL

b b Siglec—16 E{n 12l #EBET L/ (SIGLEC16) 2z, #5227 VT 4bp DRI
ZRFORNEMALT LV (SIGLECI6P) 23MFFEL TV 5 (Caoetal. 2008 ; Wang et al. 2012),, Bl
RN LI, Tk OSEATHFFEC C SIGLECI6P 13559 300 TAERMICHIEL L, FALA ANIEEM
ICHERF SILCNAD Z &3> T% (Wang et al. 2012), FE% 7¢b MER] T SIGLEC16P
DOBEFERFTIT- L = A, POERMTY SIGLEC16 L ¥ SIGLECLI6P D ANESEREE T4 bit, AJE
HE4A T SIGLECIBP 13 80%IZ & T o7z (K13), % Z T Siglec—16 JE{R T ORI
Ziat LTz & 2A B FRHET Siglec—16 B FORERERIHKIAER S TR Y | 1T HAL
INTHEEAL L CWD Z Embooiz, ZDZ i, b FRHETIL Siglec—16 2MEREAIICELZ
&R IR TCND T L ERIET 5,

3.4 ST8Siall Mt FEHETOEAL

ST8Siall s D7 = E—& —fElIZIVN T, A KIMEDIIE Y A 7 2R 523
mEnNTRY, 2T, VA7 & EFDH Y R 7HE U R IZBDLROIEY AR L (250
HZENTED (Arietal. 2006), FEV A7HNIT =V T ANTHRELND EEBIT, FOH
BAEAITH 80 FAERIT & DFERAEST-, ZO=IEY A7 RIOHBIL, VYA 2T T
WA=V, T=V T NDHGLHTEE 2 DD, ElonTax A TRk, IV R
FZIED BRI DMEN V- RTREMEA G <7,

4. BER

Siglec—11 IZIHIMESZBIRTH Y | 7 /MRE7GHT 5 2 & Cifadkre 2 msls 5, —J
Siglec—16 |TEMLZFIRTH Y . T I/ UiRE RS 5 2 & THllaFRE 25 L%, i
SIERCHZ#I < 220 Siglec I, [F UMl ECTHRET S & & i, Bl ALY T L
FRRBa R N L <= b DIZ 72> TnND, ZD7=8 Siglec—11 & Siglec—16 1%, HINAERED
PSR il < T BRI IR & Bl SND, FERFRRICIWT, Siglec-11 & Siglec—16 |
~ 707 7= ONTERE R LB TS, LosLE FORFITBWTIL, #9300 5
HEFITIZ SIGLECI6P 23 HEL L CTH 0 Siglec—16 | IMEAEMNCEHE CIIRL o Tz &2 B,
IO, PETURLERT T NE— )L NOIGEHIEDOEPE T, Siglec—11 [XEM T <
Siglec £72 > TRV, R T /UREZN Lzt MR O E/EH 245> T D
ERBND,

—J7, ST8Siall IFMUMNIZIB TR Y 7 U E ST DEER Th D08, OELfRITIC X
ST, MAKIVECEHHEHOIEY 2R 7R L, P B ZRITHBWTIED BIREIR
DMENNTZ EoRIR S IT-, 2D Z B, Siglec—11 &R Y 7 IURZIT U= dtiai] OFfE HAE
FRN, B bE L TOERIEREICE D> TWA Z LA/ L, Db MRS,
HlDala=b—Ta AN UTERTES TOFEREHZ M ESETZ00E Ll
Siglec—11 1T X 2 Al O HEAERE L ONST8Siall DIEY 27T, L hlchrom R L
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T IVERIZBD B0 NRER IR & S ERE T DAL

T TIE—)L N\OIEEHSETHEL L T\, ZD7-8, Siglec—11, ST8Siall M5
ERIEREI T, P R ERXT U FAE— LN E DRI TRELS BB EOTIIRNEE X
HIEMTXD,

Aﬁ.ﬁ.ﬁt ) [— P11 SIGLECT ]

T Fir SlELECTD

(o= Ggo SIGLECT

100

Ggo SIGLECTE

gy qr— s SIELECTT

b M SIGLECTE

100 Hia SIGLECT1

Hia SIGLECTE

LT SN =TT

Al e |
i
M
Bﬁ_ﬁﬂ E.ill—_l"-‘aE.S.'G.'_EC‘T
100 Ggo SIGLECTY
=T
— e P 5 IGLECTY
— mmu SiElEl
Hia SIGLEC 11
Hia SIGLEC {6
% pr—— g SIELECTE

Im Fr SIELECTE

Ggo SMELECTS

1. Siglec-11 Bfn & Siglec—16 Bn - DRHBEHR. AHFANL, Jukes—Cantor (ZXAHEDS &
Neighbor—Joining {E(Z CER%. #dEIZ7— b A R 7 (1000 [A]). Hsa (Zt b, PtridF i Suv—,
Ggo XY 7, Hla X7+ AV /v, Muu iX7 H 7 %7,
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u3' Sialac
6 Sialac
~disia
B AcSTh
L GeSTn

[X]2. Siglec—11 & Siglec—16 D 7 /MBEFRFRHEDLLEE. Hsa (Xt b, Ptr (ZF /30—, Ggo lX=T Y 7
R

[ SIGLEC16
| SIGLEC16P

[X]3. Siglec—16 i&fn - DIEAET UL (SIGLEC16) EANEMAL T UL (SIGLEC16P) Db MERTOMEE.
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Sialic acid receptor and the evolution of learning ability of population

Toshiyuki Hayakawa
Faculty of Arts and Science, Kyushu University

Abstract: Learning through social communication is essential for the transmission of culture and
civilization in modern human populations. ~Schizophrenia is one of the mental disorders, and people
suffering from schizophrenia have trouble in social communication. It is therefore considered that
learning through social communication is disrupted by the onset of schizophrenia.

Sialic acids are a family of nine-carbon sugars that are found at the terminal end of glycan chains on
cell surface. Siglec-11 is a sialic-acid receptor that gained expression on brain microglia uniquely in
the human lineage, and shows a neuroprotective function in brain immunity. It has been suggested that
Siglec-11 is involved in schizophrenia. A mutation that conferred the brain expression of Siglec-11
occurred about one million years ago. It is therefore possible that Siglec-11 played an important role in
the evolution of higher brain function in the later stage of human lineage.

Further analysis of Siglec-11 revealed that Siglec-11 functions as paired receptors with Siglec-16 in
primates. Both Siglec-11 and Siglec-16 gained brain expression in the human lineage, and recognize
NeuSAco2-8NeuSAc, which is enriched in the brain.  However, null allele of human Siglec-16 gene
emerged over three million years ago.  The frequency of null allele of Siglec-16 gene is much higher
than that of functional allele in modern human populations. It is therefore suggested that only
Siglec-11 plays an important role in brain microglial function, and mediates cell-cell communication in
the human brain. ~ Siglec-11 might contribute to the evolution of learning ability of population in the
human lineage.

58



ZAE EEEBO 1 2 0 1 4FEM MG E

PRARES) L ERE YA RT3l T D BAH B DERR

A48+
BRI A IR N AR 2

1. IZCHIT

t & (Homo sapiens) &7 T )VE—/V N (Homo neanderthalensis) DSEZEYA A1, &
KORKE STHIET D &R T T NH— VDI BRI EOREEE TS0/ NSV, DR E S
[EfE CTA—3—F » 7 L5 (Ruff, Trinkaus, & Holliday 1997), ~EJEDHEAL TII ML
& EBITRRERENINEL IpoTo b —ITEZ LTSN, Tld, B hEeEXT T AZ—L

FOEIRE LA L2 DIZ5 5 73 2 W O AR TEHF D I 53 TH 0 . BHRADS
FPERITARRE £ TIZH M5y RT U TH =IO L, & NISARIER Zfel T 7= (A58
Bl X, BB OFERE DA ETERT S LD TG ICEAREY T, Y7
TVl MIED BN TWD, b OB RBEEA~OHEE, REMERORIOEE, 0%
DOIAVAREISTR L TIFEARFIBE CH ST THA 9, T ORI TBIE M & R B Hefl 256
L. [RFRHCZ DR 2 5T DR E R ORI o TV D 2 & DETH -
TeeBZOND, DX 970t MEFE O « 1TEh A X 2 AR I AT DE) D AHE
LTWeThAHH, ZOLHIRIENLE, MORE I72T TR, NEHEEDIE OSFEHE
BENIDZETH G L CND Z EMMAZ D, 7= | COl BEDRFZE HIL, W& ORMODN =
BHOZETEATHIEOATRS  (precuneus) X/ IMMORE SEOZEITER T 5D Z EAVRIESILT
7= (Bruner 2010; Kubo et al. 2014) , {LAMM ] | SBEIEFHIT— X OO /RMA N2 5 Z & T,
KON T TN Z =)V NDFEHREN ZAGTC L, WO DMEH T E 2o 7ot~ [RIRF
RO MO OAIER CEXT-HHZHEICE A THAIM?2EZTARTIE, B hexT T
VB —IVORTERBNZFERE IO N ED XS TS LT E RGeS 57201z, £ 3135
J BUA RBREMEHT DT —Z =2 % N, & N OFRERA TENOB RV IAR D RARE 15T,
F7-. - AERCR OB ESE A . R ATENORERIAE L I - SRR A LNV T RE L
2o EbIT, BHEBER S T ZFE LD T ZITHET 2,

2. b hOFEE - HMBEEREFERRTD

FT. BRAT ) AOT—F_X—=2 %\, FEEESOMEME L BRNH Y £ S RIEED
BIR - & B 7, “A Catalog of Genome-Wide Association Studies” [X—f%/ABI S TN5 7 7 A
T A RERESTOT —H _X—ZAThH Y | REHA (RESE) . Bis 18, JeafRiEns &
DIREET H T LN TE D, STV D EFE 788 I L 0 FRC e ot 2B
735 LB Z HNDAN « MHRREREIE OB EZ 171 HEIR L, £ 5 & suggestive 7B
EZHRFO SNP (P<1.0x107) Zfiftr L7z, 246 171 {EORBIFEONERIL, KRS E
PR (37 ME). FREWE (10 &) . (KAFEMERE Q2 ) . MR OIZREST A Q4 18) . 3%
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e (16 f#) . ZOMpHREICREET 5280 (02 f) ThHD,

Jibd « AFRRREETIL, RHMADIG & PHOX2B 2\ N9 ) T 2 AR S 5 & D
HfESL % SNP & DORSE (1510014254, P=4.16x10%) 73H. 5417~ (Ousdal etal. 2012), @bk
RIFREOBAIVEE EBFEL, b NOHSATENCEE THL LEZEZDNDLN, TORE
EftER Y N — 7 YA XL OFEBANBIOIIZE THA STV % (Bickartetal. 2011), 20
TOOfEREEDES &, I DNA @ PHOX2B DS 3.5 Z LT, ORI E L TV
THEMOHEFR Y FT—7 OV A RZHEHTE B0 LIV,

T ACYVH—EGRA L, FREERa I o= —va VREN LR T D20, B MEOD
PRGSO L B ET AE L U CER Lz, BEYES 7 LU A ROA EKHECRGEH
Ndo7- SNP 1F2 D7 (154307059, 154141463) . =D 2 >0 SNP OYRAER T U juid 3 —
1 2 RIS THEAED S < (154307059 (3R T T A —)L LT =Y U NCTHIETH Y |
154141463 [ZH WL RT U T NH— VDT —Z [IRIFTTNDEB, 7=V T N THERAN E[H
U588 53T 5 (Table 1), F7-, HapMap [ (The International HapMap Consortium
2003) T rs4307059 ELDNT v XA TEPREL, ZOFy NT—7 %2/ & BEED A
77 VNVEEGTeNT O A SIS GV (Figure 1), ZOFERNG, BEED
URIHATNIEe NCTHIZIEUERTHD R INDM, fitk M S D KSHEATSE
DFERND . BEEEDOEN SNP IIZIRDFG . & 9 W o 7= BhE SNP NEEHET D 2 &3y

Derhred W CEU [Eury ] 7
Allele . Hurman . . ® YRI (Africal
Mame Froguancy Risk Allgle Ancestral Chimpanzee Denizova Near CHEBE+IPT (East Asia)
(CEU)
rsd 307054 .41 |CIR=E'; 19 T T T .
. c . —
rsd141463 0582 [Of=1.37) T T T ’_____.-* e
NFTUN Hf’ff
Table 1. GWAS CHIFJE & BRHA 572 SNP - ancese P
§ . —
OYRAEILT V)V, YA T UL, & RO — T, [ T
MR, FroNvo—, T=Y TN (Meyeret R nd3mSSts 8 A 2.)

ERLATORST

al. 2012), %7 7 /L% —L (Greenetal. 2010)

TOT V). CEU:=—1 v % o Figure 1. [ BAERSE SNP 154307059 2516 16
HapMap 4. SNPs, 37kb D7 01 I TR ZA T D b
J—7.

Mo TUNDT28 (Weiss etal. 2009), CHERIZ2fHT 2D TV LER B 5,

ZDE T, GWAS OFT —H _X—ATHLILHEHE SNP (3072 < | & IE 7 7 e —
T K DM OFER OB ZICT HMENH D, BEFERLED CADPS2 1%, & NOFRFETIED
K EZ T T2 AREMEDH D7 ) MEIICE FID 2 LS, RT T INH =V T BORTE)
5437035 TCu% (Greenetal. 2010), CADPS2 @ SNP (1s2429582) 1 MRI [Eifg D4R 7 &1
& D GWAS (2B T, MANAEESE (lateral temporal lobe) D& & Bhi#A & >7= (Stein et al.
2010), 2D 2 DOFEREFEODIT 5 & IMANAEEEE OSSN B N CIEOWERKE ST CE 727
REMEDS LR TS B, 2D X DI, - #ie, 3850 - 178, B TFO=FOROHDE 2T
—AZREETIURX, & FEXRT T IE— VO - ITERIOZENBIGT — 2 bR TL 5

60



FAEARE ) L BHE Y A A THE T D B AR O PRR

ThHAH9,
3. BEEY A XD&IEF

b FOEEEY A XE, OKRE SE T 5 EE 2 5 THRY . RRTHIREIZIINO A
R LFARAZN RS, AT HEAPA & MRI CaiHl L2 MA & & ITHBAHER ST D
(=0.659, P<0.001; Wickett et al. 2000) , BAFHI IFLEN I ZIUNTHROIE TR ORI & 72 o
THY, BEFEORHZWNC L HWBNL0, Fal TIXEDEFEMED R TV % (Kanner
1968; Raznahan et al. 2013) , NEFAIZRAHTE Tl AbA NEEDSAZ YA RIZHS < IR EOHE
& (Dean & Dresbach 2006) . SRR D REANRIZ 100 Z#NT 729K ~4L (cephalic
index, CDIZ &L AHIELE 72 & BHEON T HRORE JIIASHRICHVBNTE T, & R
CHIFERBEERARKEZ N ENRESIN TS (Kouchi 2004) . SERAVFEAEILE H 72> T
HDIEA DD, & NHABEREOBE 1L, /NEOBIER{A - MCPHI X° ASPM 72 &, BHE
SHEDFLH 2 5 JREICEBE L T o TE A, IEHHEPHN TOMAZELR & 72 51 &m0
BRI SN 72> TR, il D7 ) 2T A REHEf#T (GWAS) CIIEAZEH YA X1
L C2BloAHRENRH Y . AIZOTEFH (Taal etal. 2012) <2k A\ DIEZEZ &R (intracranial volume)
(Tkram et al. 2012) BHEGEIZZRINRE SN TEBY . 28099 R 2 FF o a2
LTS Z EDNgm-oT=id, TERME RS T- & U CTHIFE SAUC & 72 MCPHI <° ASPM 13/
BICEHE L2 o7, F£2, I—o oS AExRE LTRY, I—r v/ LIS OEMTH T
BRI BEET 2 NI UEETH D, £ 2T, AETIL, SHEREDRE %[
ETHZEEHEL, DNA~A 2707 LA ZHWTT ) AU A RBRET 21772,
MEEEOBARN 767 £ 5515 LT, BRTHU LA, 7o AaR A —2—TaHil
L7-BRE, AR, Zh a7 saRs g, JATE - S FIEEE. 4uam. FUERoSMiE
BEOIREFHIE A5 7-, E o OIEEFFHIEZ RS E L, Mh, &, BMI, EMHhE
Zar ha—L LIS ) LU A REREMHT O, 21q21.3 D LOC284825 FITAE(ET % SNP
NEEH & 7 ) BT A FOAEKETEE L T2 (Figure 2), LvL., Z OB FOMEREI
§j\7j>o NQAY" Y
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Figure 2. SHPHD ) LU A RELEfEHT O~y Z 7 ay b (fE) & CNTNAP2 OFE ALK L=
Lo (F)

F7-. HAFH L suggestive association (P < 1.0x10°) %7~ L7z SNP OHIZIE, CNINAP2 &\
D WA I, U, H PAE R & ORI connectivity & DBSE) N S41T
WHBIEFFET Db Db -7 (Jietal 2013; Alarcon et al. 2008; Clemm von Hohenberg et
al. 2013), CNTNAP2 |3 FOXP2 & > /37 (TR S, CNTNAP2 DRSS 25| & 2
T EbHESN TS (Whalleyetal. 2011), 7=V TN, RT T NE—IVADT ) LD
RN BIX, B RORFET CNINAP2 (A E T Z LDV RB S TR Y, AAA~Y
T LRERERIIMNE NET =Y TN « XT U TNE— )V N e B o T ATREMEZ R LT
% (Meyer et al. 2012; Priifer et al. 2014) , CNTNAP2 |J5AE & ¢ suggestive 7B (P<1.0x107)
DIFLOIVTEDN, OIS s « R B OB s & BRENERE & DOBFEAN N < D7,
Sz, 2O Lid, DNA MLV NETEARTH > T, SRR A SV i
ROHHES I OHERIS FTRE T 5 Z & IR S E 5,

SHERED Y ) 5T A REREMENTIE, SIRHIOSEM A 3 — = v MERI T~ Zh
FTHE SNTWD, SEIOFRE L @ T 2 BEEs 20T oTe, TDZ &b,
I & BN DEAFRI TR 2 D3RRI T D TREMEDN £ 375 2 b D, BalLDOBFSE T,
b N TIIMERIRICT O < &9 R AT T, WEEIED B MERIZR DD, RT TV
H =)V NTIIMDRE DT A2 % L DlE S &5 (Gunzetal, 2012), SHIZ, AlEIOH
AN T NTI—m v N NERHIE BRDAERMG DI &3, HUBEERHIC X > THHEE
FRDIBIRR D372 5 FREMEDN B 2 DS, 7 V7 NIRRT 2 &8s EROFRITT =Y
U N®D DNA D bIEREEZETTT ABCAERTHA D, S%ITT T4 e R&E< L, H
BMEAMER T 2 & & biZ, BMATRES o8kx 22K & | lx OB T ORELZ AT D7
D, CT A W2 D TWL TETH D,
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Z DT OIZITE OFERE TRED E IR Z Y THRNE DD EETH S, ZORIZE
LT ey=7 Ml U CTHBEOBIEER A IETF BB/ o T, BIZIE, BROERAL CI3EA
THEEDORLAIR (precuneus) Y/ MHDOKEZ I3k b ERT VT NH—/VOBEERETHD L5
2 HID, BHEEETIXT —F 7 AE Y PAREORarE & BhE L, PR TIEZA WA
2Ty N —7 LBV A X K& LRODIZHBK L, SUBELHEEZ D= Th A 9,
INHDIFEIZER LT, FilCAB ST 7 /4 —/L DNA BlAIT— % H T,
F2YUIRT T NE—)VF ) Dl "7 LR L, BRSO R 57 L
LT, A% bRRBIONIE A il T E Tz,
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Search for common genetic basis for cognitive ability and cephalic size in humans

Kyoko Yamaguchi
Department of Human Biology and Anatomy, Graduate School of Medicine,
University of the Ryukyus

Abstract: Encephalization is characteristic to the evolution of the genus Homo and cognitive ability
would have changed as the brain size increased. = Although Neanderthals have large cranial size which
overlaps with that of Homo sapiens, their cognitive ability is assumed to be different from Homo
sapiens due to the difference in brain structure. ~Studying the genetic basis for the cephalic form and
cognitive ability may contribute to the reconstruction of archaic population.

First, using a publically available database, “A Catalog of Genome-Wide Association Studies
(GWAS)”, the author selected single nucleotide polymorphisms (SNPs) that showed significant
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associations with any of 171 traits of brain, nerve, and mental disorders that are possibly related to
learning ability or sociality. Among the traits/disorders, autism spectrum would help us understand
human specific learning ability and sociality because of its relationship with logical thinking and
communication skills. Two SNPs, rs4307059 and rs4141463 were reported to have associations with
autism at a genome-wide significance level. Haplotype network analysis suggested that the risk alleles
would have arisen in the modern human lineage. Examination of studies by candidate-gene approach
was also used to find connections between genetic basis, brain/nerve, and cognition/behavior, such as an
association of the amygdala reactivity with a SNP in a regulatory region of the paired-like homeobox 2b
(PHOX2B), a gene necessary for synthesis of monoamines (Ousdal et al. 2012). The amygdala is
associated with social network size in moder societies (Bickart et al. 2011). By connecting these
results, it would be possible to estimate the level of individualism or collectivism based on the PHOX2B
gene of archaic samples.

As to cephalic form, its genetic basis has been studied regarding pathological deformation such as
microcephaly caused by mutations MCPHI gene. MCPH] has played an important role in the
evolution of Homo sapiens after the divergence from Neanderthals (Green et al. 2010). However,
genetic factors for normal variation in cephalic form still remain unclear.  For the purpose of
identifying genetic polymorphisms that are responsible for cephalic form, we conducted a genome-wide
association analysis using DNA microarrays with 767 Japanese subjects living in Okinawa Island, Japan.
Multiple regression analyses were conducted for morphological measurements including head
circumference, head length, head breadth, cephalic index, as dependent variables. We found an
association between head circumference and a polymorphism in LOC284825 located at 21g21.3, ata
genome-wide significance level (P < 5 X 10°®) after controlling for sex, height, and BMI.  Some of the
polymorphisms that showed suggestive associations (P < 1 X 107®) with head circumference or other
morphological measurements were located on the genes related to neuropsychological traits, such as
CNTNAP2, a gene whose relation to autism and schizophrenia has been reported.  Our results would
contribute to a better understanding of the evolution of cranium size in genus Homo, and may provide
an insight into making an inference on cognitive abilities based on the cephalic form of fossil specimens
including Denisovan.
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Effects of Individual Difference on Efficiency of Social Learning

Ryo Oizumi
Organization for the Strategic Coordination of Research and Intellectual Properties, Meiji University

Abstract: Statistical property of individual learning efficiency is an important factor for discussing
difference between sapiens and Neanderthals. It is thought that their cultural innovations were
triggered by genius, cumulative small discoveries, or both.  In a population with low average and low
variance of learning efficiency, cultural innovation may not easily occur.  Conversely, a population
with a high variance of learning efficiency is thought to be more favorable for innovation than a
population with low variance, even if they have the same average.

It is considered that learning in Homo consists of social learning and individual learning.  Social
learning yields the accumulation of the cultural knowledge, and individual learning promotes cultural
evolution. These two forms of learning, however, are not always clearly distinguishable in nature.
This study examines how individual difference among members of a population affects cultural
knowledge by use of social learning curve with several noises.
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