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Can necessity be the mother of invention?

Kenichi Aoki
Organization for the Strategic Coordination of Research and Intellectual Properties,

Meiji University

Abstract: It is often said that “necessity is the mother of invention.” In this report, |
extend a model of learning in a periodic environment (Feldman et al. 1996; Aoki &
Feldman 2014) to identify the evolutionarily stable mixed strategies in which the
dependence on individual learning is greater immediately after an environmental change

than when the environment does not change between generations.
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Trade-off between learning and exploitation:
Optimal learning schedule in cumulative cultural evolution

Joe Yuichiro Wakano
School of Interdisciplinary Mathematical Sciences, Meiji University

Abstract: Inheritance of culture is achieved by social learning and improvement is achieved
by individual learning. To realize cumulative cultural evolution, social and individual
learning should be performed in this order in one's life. However, it is not clear whether
such a learning schedule can evolve by the maximization of individual fitness. Here we
study optimal allocation of life time to learning and exploitation in a two-stage life history
model under constant environment. We show that the learning schedule by which high
cultural level is achieved through cumulative cultural evolution is unlikely to evolve as a
result of the maximization of individual fitness, if there exists a trade-off between the time
spent in learning and the time spent in exploiting the knowledge that has been learned in
earlier stages of one's life. The present study suggests that cumulative cultural evolution
does not necessarily take place when individuals are given the potential abilities of individual
and social learning that could support cumulative cultural evolution.
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Formation of cooperative societies rescues risk-taking innovators
and leads to rapid cultural evolution

Ryosuke Kimura
Graduate School of Medicine, University of the Ryukyus

Abstract: Human culture is highly developed, which is the most important cause of our great success as a
species. To develop culture, innovation is essential. However, theoretical studies have pointed out
that, in the presence of imitation (social learning) strategy, risk-taking innovation behaviors do not
survive and thus cultural evolution is not promoted.  Therefore, some model will be required to break
such a paradox. In this study, we suggested using computer simulations that, in a resource-sharing
society, risk-taking innovators can survive in the population and drive cultural evolution.  In addition,
the simulations demonstrated that, when the number of individuals in each sharing group is large, the
proportion of innovators and the rate of cultural evolution in the total population increase. These results
indicate the possibility that formation of cooperative societies, rescuing risk-taking innovators, was
associated with evolution of the human learming strategy and ability. It has been suggested that the
Neanderthals had cooperative societies. Therefore, the size of sharing groups may be one of the factors

that sealed the fates of two species, Neanderthals and Homo sapiens.
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Costly memory and cumulative culture

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

Abstract: Evolution of learning is one of interesting research topics from the viewpoint of
evolution and social sciences. The cognitive abilities are required to learn cultural traits.
Take memory for instance. After we learn new cultural traits, we have to consolidate them.
After keeping them in storage, memories should be retrieved. Otherwise, we can neither
utilize the traits to improve our fitness or social lives, nor develop our cultural traits. However,
many theoretical studies implicitly assume that humans are equipped with cognitive abilities to
learn and utilize cultural traits perfectly because of simplifying the assumptions for
mathematical models. We have to pay costs for having and utilizing cognitive abilities from
the viewpoint of evolution and energy consuming. If the memory cost is higher than the
learning cost, it may be more efficient to forget the learned traits and learn them repeatedly than
to keep them in storage according to the cost-benefit analysis. To explain why human have the
high cognitive ability of memory, I propose the cumulative cultural hypothesis: to develop
cultural traits, it is necessary for us to have the high ability of memory even though it is costly.
In this report, to verify my hypothesis, I make a simple mathematical model of learning and
memory, which assumes consolidation, storage and retrieval. Then we investigate how
memory costs and a learning cost influence the evolution of cumulative culture. Then we

discuss the Tasmanian effect based on my research outcomes.
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Why did artistic culture emerge after the replacement was completed?

Shiro Horiuchi
Yamagata University

Abstract: Bands of different cultures could hardly communicate with each other without the media of
communication. The remains of artistic culture, for example rock arts, statues of the Venus, or
flutes, might have worked as the media of communication in the age of the Replacement. However,
the archaeological studies show the expansion of artistic culture started only after around 20,000 BP,
until when the Replacement had already completed. Why did sapiens not enlarge their artistic
culture during the process of the Replacement, although they likely had the abilities? This study
builds an agent-based model in which artistic cultures mediate bands of different cultures. The
model predicts that elaborate artistic cultures emerge when (1) the extent of environmental change is
not so strong and (2) population density is low. The prediction suggests that sapiens needed not
only the mental abilities but also some environmental conditions around 20,000 BP in order to
enlarge their artistic culture.
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Siglec paired receptors in the human brain and the evolution of learning ability
of population in the human lineage

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 the neuroprotective function of
Siglec-11 reduced the risk of schizophrenia and enhanced the learning ability of population in the later
stage of human evolution.

Further analysis of Siglec-11 revealed that Siglec-11 functions as paired receptors with Siglec-16 on
human brain microglia. Interestingly, Siglec-16 gained brain expression uniquely in the human lineage
as well as Siglec-11.  Siglec-11/Siglec-16 paired receptors contribute to the fine-tuning of immune
responses of human brain microglia, and seem to be involved in schizophrenia. It is possible to think
that emergence of Siglec-11/Siglec-16 paired receptors contributed to the evolution of learning ability of
population in the human lineage.
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Division of labor and replacement of Neanderthals by modern humans

Wataru Nakahashi
School of Advanced Sciences, The Graduate University for Advanced Studies

Abstract: Archeological evidence suggests that the division of labor appeared after the emergence of
Homo sapiens and may have influenced the replacement of Neanderthals by modern humans.  First, [
analyze Neanderthal fossil data to study why Neanderthals did not divide their labor. I focus on
Neanderthal trauma that may have decreased physical ability for holding advanced cultural skills such
as small animal hunting by complex projectile weapons. To maintain a skill in a population, a skilled
individual must successfully transmit the skill to more than one pre-skilled non-injured individual before
he/she injures or dies to lose the skill.  When injury rate is high, the skill is more likely to be lost from
the population because two possibilities increase, possibility that a skilled individual injures and that a
learner already injured. From Neanderthal fossil data, I obtain that the frequency of individuals who
suffered serious traumatic injuries that inhibited holding the advanced cultural skill was around 0.5-0.6.
Including this value into a mathematical model, I estimate that for maintaining the advanced cultural
skill in Neanderthal society, each individual must have a potential for transmitting cultural skills to more
than five individuals during adulthood. ~ Since the Neanderthal community was small, it may have
been difficult for Neanderthals to maintain advanced cultural skills such as complex projectile weapons
in their population.  Division of labor may also have been inhibited by high injury rate and small
community size in Neanderthals. Second, I collaborate with Dr. Marcus W. Feldman (Stanford
University) to investigate under what conditions division of labor should evolve. We assume two
types of resources (animals and plants) the acquisition of which demands different skills (hunting and
gathering), and study the evolution of the strategy that an individual should use to divide its lifetime into
learning and using each skill.  We show that division of labor likely evolves when group size is large,
skill learning is important for acquiring resources, and there is food sharing within a group. We also
investigate division of labor by gender under the assumption that the genders have different efficiencies
in acquiring each resource. We show that division of labor by gender likely evolves when skill
learning is important and the difference in efficiencies between genders in acquiring resources is large.

I discuss how the results of two studies might apply to the replacement of Neanderthals by modern
humans.
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b o EW e n e — X0 E & FLLORBAI AL LTV D (Rogers 1988), —
Je vy Db 2D LREL o TREMNEERTE NSNS & (K 2b), ESSIZBIT L6
S T IIMERERTE OB OEE LD /S o TLE D, ZhUL, FIEMFELSE
BN AERFEIC Lo TMEN OB ik E S OIZHEIE L THEAT20 0 TH L7290,
cheater B E ZBEIZA L CWAH =D E b s, BRIy REIHITRKEL - T
BIME v o 2B 22 &L ESS IR W THIFRITBER 22 < HEIN L TV & | e B 1 nER 72
EERFELZTOSRE LD bWET D, v>ya DHEICRIT D 2O OIEHIL, B
A NFOBRE UL EICRHE L TS L2 1B DT, €7 40T 7 b7 b
& LT b BBRTZE Y,

ZIZ Ty vy i DEEIS, IMEREETFE OHLOREE (b o & b IRIGRI 72 IREE &
EBEZHID) MO T, FEERIT ESS MHE(LAIZEBLTE 50, ARX—Z2DT I 2
L—ya & {To CHER Lz, 2DV 32—y alTliE, 5 - TED/NIRHERT
BB x &y ICMSTICRIRERNEZ 2 LIE LT, £, BRIEOEDOSH (255
T =R IETED/INES 72 T T AR L iR E LT KSR LTI L 91T,
HIFRGE RAEIR NI ZAFET D ESS N ERRICEIFERRETH D Z L DR iz, L0 BBk
WOLE, E LRI T 2 EROFEHHREDO XA T I T ATh D, K4ITRT LD

93



(2 BB SR O RNk AL, RIS (o) A FERUEIRIC B AT 5 £ T, — AL TE
LT EETH DA, TR AT D & 8RBT Z 4660 % Z L D337 T,

3. BER

AKFROFERE LTE D DIFHEFALTZVDIE, v >y ait DB EITIT D BRI 22575 R
EVRal—va YICEDBIENLRRTH D, ZNODORRIT, ROLIITELD
HIENTED,

(1) B TR 22 B Mg O 28 kA28 L C, SUBRRE /X% — o OB 7R 25 b
ArEns (K3),
(2) ZOBEOULKENRZ — 2 DO2IZ, —RAEFGICARZ21FEEHTHD (K

4),
(3) SULRRE % — 2 OAEARI MR- AEATE T, LIIER L-EEThD
(4),
50
CORERIE. NEERICBIT ARD LD
a : 7R N DI B R < BT &
& 30| : | zroicEbng,
e 201 )
% : (A) HE - HFETLRERTLFAA
= 10/ j | A ADRICIE, EEREEED, b
N — < &b BIMICTIE ORI A E NSk
0 20000 40000 60000 80000 100000 E’fj 73?%5‘\:6: IT_IZE;']&TJ‘ HFEDORX foC}FZﬁ,EE’{J
it ERITR LN,
K4 Er7FHVOYZaL—avicdiraFs (B) BURANITENT. (BEf#HiIZbHoH 0
HBEDIAFZI A D) BMIAHIICZEME LTHBIL, A

W EARBLEZL IR X 5,
(C) HHIIHASERHRICEB T, 2R E - P 20OIE, 2T U FILE
— IV ADENEREMICFE—THY, BRIEHRL TV ITR A5,

INHOEE (A), (B), (C) 1F. ELOHEE (1), (2), (3) EH2EHEL
TWBLH EIITRZ D,
HLEDLEIREZNDELWREDL, RT T —L N EBAANEHORITIL, KD
IR 2 72 R IR D THUNRZER L o 2O b LIV, Wiz Ui,
REBDOXT T H—L NORIE, BN HERNC S BA NE O RO 22 /I E

94



JaEFE R SUALE L O LR

STLEIZEBAENENTHOSTOE LiLey, L, T 5 &m0z
XD TR ERENRDH Y . ZOb T eEN, ERESR A B L Ukt bo
N —NEW RS L, W) T EIiT D,

Yt I T KD REVDT, y>y EWVIFRFIE, HEVITEBLWNEDIZE
OIars LRy, Lo Db, ZOFEME, 7 AoiE L, EHOFTXTOME
RSO TAIEN THDH Z &—HELIINTEN-&— 2 BE%WT 2056 ThH D, &
ZC. RODEICETNVDOREEEZ THEL D, DO —EOMEKT T ME RS %
ITOBNZL->TEBY ., TOMOERITHEICHESFEETLD0HTH D, BiEEA /
R—L— BEEAIT—HF LT, 4/ RXR—F—DH#EE 21, {1 X7 —X—
D EL 20 T 5, £, A2 FEHITBNWTA J RXR—=F—NHEAL L TGRS
RefedhbA// X—F—OHEELITIVLTLL LRV, T5E A X—HF—,
A I T — X —OHFREITRD L 5 72l bR o,

z'=(+xy )=l +A=Nz]1B+x(1-y)a  (7)
z'=lE+1=-z18  (8)

FEAITARS T D, ZO%A. U BN FET A RMIE. vy ad &2
5o 1272 L,

B 2= ) +2(1- BB +1- )
7crit - ﬂf

9)

Thod, ;) 2, FlOLEX Q) IWFETLHILEZRTOERESTHDH, HER
Dix, X 9) M. fOEIZEST, B—=1 DWBRIZBW Ty i —1 DX IR T S
ZEThHD, 2F 0, MEFEHODENPFFITEWRLIE, I —EHOA S N—HF—
Do DFEE D IR T f—~< 2 A TRIEMERTZE 217> T DR Y | UL E
LBE5DTHDH, Zix, BRI RE WA BIE, AlEMEERZ20nWA I T —H —
t, BEFO UL EERICRFTHZLICHERTELOTHDH, 29 L [9F =y
N DNEUNIHERE L TWAEMNED | A ) RXR—=F—DHENENTZT /S TH, B3
B2 SALEILIZEE Z D 2 5D TH 5,

AT VICTEBNTIL, BIEHFEEFZE L WIS NF—TU— Rich> T35, K3
WART LT, b LETANELWDE U, ANEELO SR I TRIERE
KRB OBEENEMULIZITT TH D, T T, FBIEOEEFSE SITERIITED &
) IR A RDT D TH A 9 H, Mithen (1999) 1L, X7 T4 —L N L H/AE

95



NEDOEWNT, EERESTHE, FIMBRER ER R MBI L L2 LDEY 22— b
FEDY . AE TIRIZITMAZ LTV D DIk L, BF TIEEIZEEE L TREIR 2S00
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The origin of explosive cultural evolution

Yutaka Kobayashi
Meiji Institute for Advanced Study of Mathematical Sciences

Abstract: Technologies before modern humans are characterized by long stasis. For example,
the Mousterian industry, which is representative in the Middle Paleolithic, underwent virtually
no advancement for 300k years. As soon as the Upper Paleolithic begins, however, human
culture started changing and growing at an explosive rate, until nowadays we see
revolutionary cultural advances on a very short time scale like decades or so. Given that
Neanderthals and modern humans do not differ much in the inner skull volumes, it is difficult
to explain the difference in the growth patterns of their cultures based on brain size. In this
article, I propose the hypothesis that modern humans experienced gradual and continuous
evolutionary changes in their learning strategy and brain neuronal architectures, which caused
a qualitative change in the growth pattern of their culture. If cultural evolution involves
some nonlinear factors, then such a phase-transitional change would be possible. In this
study, I analyze a simple mathematical model to test this hypothesis.
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1. IIC®HIT

v (Homo sapiens) & 37 27 /4% —)v (Homo neanderthalensis) D3ATID 75 X&)
HHHBNTHY . BRADSIERITARE £ T b K5, 1T T /& —/LisE L,
b MOSAHER AT T2 TA5) 13, WE OFERE N OAFFIRA KR 5 L) 4
BRG] ICERENS T, TrY=r MIEDLN TN D, b OB RBREEA~OEIT, &
BHEROBEAITOER, AEOXYUAIES/R LTI TH -7 Th A 9, T ORI
BIEMEZFF ORI BN 278 U, RN OFEA & H 5 T DA =188 2 o fE R
FFoTWH ZEMMETH -T2 ZER bND, ZOX 7 MEF ORI - T8 Z 32 28
A ISR OENDIHEL T TH S 5, TNTIE, T T AE A TE 7
Do T A~ FIRHMROE MO AIER TE 72 AL, BURADT ) 2 BHEAITE 5 Th
AN ETTARTIE, B NeRT U TN — VOSSN FEEIIOHSMR ED K 5
B LTeDERGIET 72012, £31357 ) AU A REREfESr o7 —Z X—2 %, & R
DA TRNDOBACHIARE DT D R 2157, Z D%, IR T Caro TODH R84 -
ITENDOMHREAR & | GWAS & B R TS TR SV TV D16 - R ORISR EAE & % ik -
MREENTIZHE LTOT, 5T 5,

2. 7 2UA FEERTNOFE - HMEERE T 2IRET D

b AN LW BB 5 O &2 FTREIC LT8G id, xS b Z TR 0D
TP THD, FIT, BRAT ) DDOT—F_R—2% VN, FERE o L BR A S Y
) RIWE OB R -T2, 7 AU A RERERT DT — 4 ~_— A “A Catalog of
Genome-Wide Association Studies” 134> 7 A o CT—fABRINTEY . HH PubMed CCHLT
—HR—R) CHIT S AR L, IHFREEH LTV %  (Hindorffetal. 2009), 2013 412
H 16 HEETIE 1,778 RO IH 5 12,123 fHO—H LA (SNP) OF — & Mgfi ST
%o Brat 788 FIEIEE L 0 FRCFERE IO ST BRI 5 &3 2 DAL D IR OIE R
PR 171 EREIR L, 2 HOREIR L BE A EF5 SNP (P<1.0x10°) #®H L7-, Zh
5 171 EOEEAEONUL, R ESEREE 37 ) 785E 10 #) | IPEMERE (22
) . BHFROZRECTAE 4 8) . F8EVEIRE (16 {8) . Z O ZBHET 2 H D (62

&) ThHo,
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JROERLD 5B, ERO TR EIR T HREARTEE (Prefrontal cortex, PFC) <2, FE~D
ARG 285 AITE b EXT T NAL— )L THIENR R ON DB IR & DHRED D
%08 (Mizuno 2012) . ATFARTEE-SORREEIRIIATR T — Z N — 2 OB E T e
o7z, MO « #EREBREO—F & LT, kRO & Paired-like homeobox 2b  (PHOX2B)
&N BEHHRIAROE ) T S L DB B8 - OFEETEEID SNP & DREE
(rs10014254, P=4.16x10*) 735, 52417= (Ousdal etal. 2012) , FEHkIARIIZE OFEAE D (2 R85
T5ELEEDNNTNDLN, ZORENMEER Y NT—7 A XEFETHZ L bRESNTn 5D
(Bickart etal. 2011), —OOfERAEGIE S &, PHOX2B DB RN OHER Yy NT—7
DY A ZZHERTE D008 LWV, 2O XS, Wx Lt Sivd GWAS & IREF ORGSR
ZREODT D 2 & IS TRBIOREIN L EE T D Z & Doz,

3. HAVERSERIETFELSAENLRND

FEBES ISR T 5 L& X DL DIMEHROIE R PEE 1T HD 5 B, 7 A
IV —IEGRAL, FEREE S 2= —2 a VEEN LR Z &0, BIRT 7 U A
DT ) 57 =200, aA P &ZnLSNCEIEZM (151322784, DISCI) OBHEEDNKE <
BB Z ED3H o> TEY (Schlebuschetal. 2012) . & MEMOZEEHES oA & B E 5
WEE L CER Uiz, BE. 7 A-YLH—IEGERE & OBSEI SRS XD SNP O—FE %
Table 1 |Z/RT, 2D 55, BMEES S AT A ROFEKECTEERH -7 SNP 1L 22H
o72 (154307059, 1s4141463), D 2250 SNP OYRAERT U vt g —n o MERIZIB8VTHE
JERE L, 154307059 1IRT T NH— N ET =Y T NTHIERITH Y | 154141463 1T HU T
SART T NE—=NDT—FIRIFTTNLEN, T=YTINTHERA LR CZRNFED i
TU5 (Table2), ¥7=, HapMap £E[H] (The International HapMap Consortium 2003) “C rs4307059,
154141463 JEIA DT B A THIRFE L, TDFy NI —7 2 & BIEY 27 7 U vz
GlenT A TN BEEL T (Figure 1), ZDOZ NS, ZD 250DV AT T
JUEE FORFHETHTAAE LT EBR BID, DF Y, HEERT AL —EfEREZ R,
DDA 2=l —ra VEENOERTIE B hTHTICAELTERTH D Z EWVRE S,

Table 1 23660700 L0 7 AAVL T —IEBREC B BED GWAS 133432 L< . SNP
EPRBOBIEHETN =D, GWAS DT —H _X—ATH LA B SNP (0700, Lo T
TERDBAIEIE T 7 0 —F I L A bR T 2 MM E U 5, BRYE & B & %
CADPS2 1%, 7 7 /v4—)L DNA O G, & R OB CIEOWERIKZ 2 ) 7= AlErED
HD7 ) NEBICEEN TS (Greenetal. 2010), CADPS2 % A Catalog of Genome-Wide
Association Studies T~z & Z A, ZOBIa D SNP (152429582) 1% MRI HBOLR 7 &
JL & D GWAS (23T, PMINAIEETE (lateral temporal lobe) O & B2 % > 7= (Stein et al.
2010), ©F Y IMANAEEEED B HEDA e b CIEDIIKE ST CE -2 EMAZ D, BRIE
SIS T IERE A TR DITIE, AR DRAESHT OB Ch D03, 2D X 912, BinAE,
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b« AR, FRE - ATENORE OO X AT — A RERETIUL, B FEXRT T AE —LDF
- ATENDZEDNEIET — 2 b RA T A THAH, £z, b NORM CTIEDERIKEZITT-
FREMED B D7 ) NFEITC, BEREDREND HDIZHONT, 7 AT A REGEAET CHEEED B
NIRRT DN H DD THE T2,

VL ED 9 72 R 6. BRAfER), SER1ERR EOMEIZEE T 2 EM S Ein L D
BT 21T O 70D, fEfiiEfnt « AR L T PETH D,

4. BT

AMROHBNTE R ERT T NA— )V OBIGHRE DD ATFR BT 5 Z L Th D,
FDT=DIZIFNE OFERESICWAED £ ZIERE Y THRI DD EETH D, ZORIZE
LClE. MBEOBFER NI ICBEIT > TNWAD T, BIEmEBIS 2R E0, &
#%iTe ORI TEND EFHEIFHN Tz & BN & 1B Z [FES D=, BHiffiE
WEITH) TETHD, IBIT, FlZAH ST 74—V DNA Bd3T—4 S0
T T=YUIRT o TNE—=IVT ) Kb e b7 LeHIR L, SBARITEIOB R OE &
e b Z Lk, MEOREEEIEL Qa0

Table 1. A Catalog of Genome-Wide Association Studies (ZFCHD & DA, TEED 5 HAMME, 7 AL —IE
o & B A HIVIZ SNP DY A |

Mapped gene Risk Allele p-Value OR or Initial Replication
SNPs Chr  Chr_pos (Reported Gene) Context  Frequency beta 95% CI Sample Size Sample Size Reference
rs4307059 5 25967703 MSNL1 - CDH9 Intergenic 0.61 2.E-10 1.19  [NR] 3,101 family 1,390 family Wang et al., 2009
(CDH10,CDH9) members, members,
1,204 cases, 108 cases,
6,491 controls 540 controls
rs4141463 20 14747471 MACROD2 intron 0.57 4.E-08 1.37 [1.22-1.52] 1,385 affected 1,086 affected Anney et al.,, 2010
(Str) children from 1,369 children from 595
rs7142002 14 102360745 PPP2R5C intron 0.94 3.E-06 1.56 [1.28-1.89]  families families,
(Spe) 1,965 European,

African American
and other controls

rs10513025 5 9623622 SNORD123 - Intergenic NR 3.E-07 1.81  [NR] 1,031 families with 2,073 trios (multiple Weiss et al., 2009
TAS2R1 1,553 affected races/ethnicities)
(SEMABA, offspring (multiple
TAS2R1) races/ethnicities)
rs4150167 16 84213684 TAF1C missense NR 3.E-07 1.96 [1.52-2.56] 1,419 European 1,314 European Anney et al., 2012
(Spectrum, all) ancestry cases ancestry cases
rs4675502 2 206086171 PARD3B intron NR 4.E-07 1.28 [1.16-1.41]  from 1416 families from 1301 families
(Strict, all)
rs7834018 8 72561742 TRAPPC2P2 - Intergenic NR 8.E-07 156 [1.3-1.89]
MsC
(Strict, EA)
rs7711337 5 162083518 GABRG2 - Intergenic NR 8.E-07 1.22 [1.12-1.32]
MRP63P6
rs10038113 5 25902342 CDH10 - MSNL1 Intergenic 0.59 3.E-06 1.33  [1.11-1.43] 1,390 family 2,390 family Ma et al., 2009
members members
(Caucasian) (Caucasian from
AGRE)
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Figure 1. HPERSH SNP JEi 7" % A 7 D3~ hU—7 . Gabrieletal. (2002) ?J5{%C HapMap CEU (Z
BiFd A \TaTay s BREL, DT 1y 7 DT 1 H A 7% HapMap YRI, CHBHPT (2B T HIRE L,
~7'a 4 A Tl ORR % Median joining (Bandeltetal. 1999) (2& 0 %> hU—24LL7-. (A)1s4307059 %

ET016 SNPs, 37kb D7 11 7 DT H A TRy NU—27{b L2 b D. (B) 154141463 %57 0 21SNPs, 25kb
DT vy ONTaL A Texy NT—7{bLizbo.
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Table 2. GWAS CH HIiE & BN 3> 7= SNP OYRAEALT U LBEREE, U A7 T UL, b hoOfHdeR, Fo 30
V—, T=YUN, RTUTNEZ—LTOT V)b, CEUALT —1 w0 I —1 v B3k 2 Ffo
KE= 2 INOFERD B 72 % HapMap.

Derived
Name Aldie Risk Allele Human Chimpanzee Denisova Neanderthal
Frequency Ancestral
(CEV)
rs4307059 0.41 ¢ T T T T
' (OR=1.19)
rs4141463 0.562 & T T T/C NA
: (OR=1.37)
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Connecting genetic data with cognition and behavior

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

Abstract: Public databases on modern human genome would be a useful tool to test the involvement of
learning and social ability in the replacement of Neanderthals by modern humans. In this paper, the
author selected single nucleotide polymorphisms (SNPs) that showed significant associations with any
of 171 traits of brain, nerve, and mental disorders that are possibly related to learning ability or sociality,
using a database of genome-wide association studies (GWAS), “A Catalog of Genome-Wide
Association Studies”.

Among the traits/disorders, Asperger syndrome was focused first because of its relationship with
logical thinking, a significant aspect of human learning ability, as well as with communication skills.
Thus, examining genetic basis of Asperger syndrome or Autism spectrum would help us understand
human specific learning ability and sociality. Among the SNPs associated with autism or Asperger
syndrome, 14307059 and rs4141463 were further examined. Haplotype network analysis suggested
that the risk alleles for the SNPs would have arisen in the modern human lineage, implying that lack of
communication skills among people with autism or Asperger syndrome is a newly derived phenotype
after modern humans once acquired sociality. Analysis using GWAS database revealed the
importance of examining other studies by candidate-gene approach, especially for autism and Asperger
syndrome which shows only weak associations with polymorphisms in most of the GWASs.

The present analysis also found connections between genetic basis, brain/nerve, and
cognition/behavior. An example is an association of the amygdala reactivity with a SNP in a regulatory
region of the Paired-like homeobox 2b (PHOX2B), a gene necessary for the development of autonomic
nervous system or synthesis of monoamines (Ousdal et al. 2012).  The amygdala is demonstrated to
have an association with social network size in modern societies (Bickart et al. 2011).  These results
would allow us to estimate the level of individualism or collectivism based on the PHOX2B genotype.

Based on the results of analysis described above, candidate genes and SNPs will be selected for an
association study with the result of questionnaires on personality including Autism spectrum and
collectivism in future.

104



WFZETEH B01 2013 EEMESZE S v 7 T A

1 ENEESE
AfE : PRk 2545 A 13 A
HPT : A RFERE X v /R

AhRETE L

10 : 00—10 : 20 HAME—
[ B R

10:20—11:20 [LA4S A

[2EERe ) - thsE ) DR BRI FEAR )

11:20—12: 20 HHALFREF

[FRENEES) & FH T OWNWT OEALTE T )V OREEED vl He

13:30—14 : 30 KHIA

14 : 30—15: 30 HJl@z

B

AR Z2 FF o SUBICHT T 5 5 e

J1DHEAL

DRGSR BB D AR < B A & IH A DB EE T DE

16 : 00—17 : 00 S H#

%2 [EEaE (B02 Bf & A FIBEME)

Hf:: 2018347 H 210 (A) ~22H (H)

I RPN el S e e G B

%1 BHOREHEIEMHE
13:30—13:40 FHAME—
N Ee=Er N
13:40—15:40 KRifEp&EZ
(B LR RERDONA XHEE
16 : 00—18 : 00 iﬁfﬁiﬁ
[ZEHFcBT5arBa—4% -

Iab—a VR S S EREEAT

105



%2 HOEGERt
10 : 30—12 : 30 ITREEEA
A fb= v FET VU 7 L D@ttt E
14 : 00—16 : 00 &M
[SeAbziie & UL O ERBEE T L |
16 : 00—17 : 00 A&

% 3EPEE
HFL : JERk 26 41 H 26 H~27 H
SR RN T - CAST AN

%1 HOGERL
09 : 15—10 : 30 N B
=N T D GEPTE TR T E 722
10 : 45—12: 00 Il /E S
(OB JERCFFERUC K B 8 b o BE T L
13:00—14: 15 HJilEz
Dt L B R o L)
14 : 30—15 : 45 Kk
(3G [RMA 238 A ARG D AR R
16 : 00—17 : 15 HAMHE—
[SULZEREE, B X OWEIIRHAORTHY 55002 |

%2 HOGLERRAL
09 : 15—10 : 30 A5 A —ER

FEREPSUEER X B RBIRIC L > THE(EL 5 5022 )
10 : 45—12: 00 /]IHRE:

[FEEREIIREN LR RET 502 |
13:00—14:15 (L4 HT

ERA A L5850 - (TTEVZ R ODT 5 )
14 : 30—15 : 45 TG

(BP0 O < T2 O
16 : 00—17 : 00 A

106



WHoEFER

MERE PR ST

Aoki K, & Feldman MW (2014) Evolution of learning strategies in temporally and spatially
variable environments: a review of theory. Theoretical Population Biology 91, 3-19.
ARFf5EA (2013) 1577 KWFZETHIY B D NIRRT 728k M oFy: Bis
67: 327-333.

Kobayashi Y, & Ohtsuki H (2014) Evolution of social versus individual learning in a
subdivided population revisited: Comparative analysis of three coexistence mechanisms using
the inclusive-fitness method. Theoretical Population Biology 92, 78-87.

Kudaka M, Fukase H, Kimura R, Hanihara T, Matsumura H, Saso A, Fukumine T, & Ishida H
(2013) Metric characteristics of human limb bones in Asian and Japanese populations.
Anthropological Science 121, 49-62.

Lehmann L, & Wakano JY (2013) The handaxe and the microscope: individual and social
learning in a multidimensional model of adaptation. Evolution and Human Behavior 34,
109-117.

Lehmann L, Wakano JY, & Aoki K (2013) On optimal learning schedules and the marginal
value of cumulative cultural evolution. Evolution 67, 1435-1445.

Nakahashi W, & Feldman MW (2014) Evolution of division of labor: emergence of different
activities among group members. Journal of Theoretical Biology (in press), DOI:
10.1016/}.jtb1.2014.01.027

Tamura T, Osawa M, Kimura R, Inaoka Y, Tanaka S, Satoh F, & Sato I (2013) Evaluation of
the allele-sharing approach, known as the IBS method, in kinship analysis. Journal of
Forensic and Legal Medicine 20, 112-116.

Wakano JY, & Miura C (2014) Trade-off between learning and exploitation: the
Pareto-optimal versus evolutionarily stable learning schedule in cumulative cultural evolution.
Theoretical Population Biology 91, 37-43.

%% - FIB#EGERC
Aoki K (2013) Determinants of cultural evolutionary rates. In Akazawa T, Nishiaki Y, & Aoki

K (eds.) Dynamics of Learning in Neanderthals and Modern Humans Volume 1 Cultural
Perspectives, pp. 199-210. Springer, Tokyo.

107



Horiuchi S, & Kubota S (2013) The effects of cross-boundary rituals on cultural innovation.
Ibid, pp. 229-236.

Kimura R, & Ohashi J (2013) Identifying regions of the human genome that exhibit evidence
of positive selection (ver. 2). Encyclopedia of Life Sciences, DOI:
10.1002/9780470015902.20020850.pub2.

AATEES (2013) T4 ) MR OMEFIEN—t MR % Blic—) FRANE A, A
7 DNA TSI AEE S OO AL, pp. 215-260. SL—HA HIR.

AKR5EST (2018) 1577 A D AT NFEOYLEL &S | FIEGE 1w, NEOBE)EE.
pp. 25-37. FEJIEL.

Kobayashi Y (2013) A simulation study on the replacement of Neanderthals by modern
humans in Europe: Implications of climate change, cultural diversification, and the shape of
the continent. In Akazawa T, Nishiaki Y, & Aoki K (eds.) Dynamics of Learning in
Neanderthals and Modern Humans Volume 1 Cultural Perspectives, pp. 237-243. Springer,
Tokyo.

Nakahashi W (2013) Cultural evolution and learning strategies in hominids. Ibid, pp. 245-254.
Nakahashi W (2013) A mathematical model of cultural interactions between modern and
archaic humans. Ibid, pp. 255-263.

Wakano JY (2013) A perspective on evolutionary models of learning strategies. Ibid, pp.
265-269.

ERSBERER

Aoki K (2013) “Evolution of culture-as-a-0, 1-vector.” Nov. 22-24. 2013. International
Workshop. Neanderthals and Modern Humans: Archaeological Approaches to Their Learning
Behaviors. University of Tokyo, Tokyo (fA%Fi# )

Kimura R (2013) “Peopling of Asia: inferences from SNP data and tasks for WGS data.” Oct.
26. 2013. 5th International Biological Information Objects (Bio) Conference, Suwon, Korea

(P )

FHAEE— (2013) [HorOELTT V) 2013.9.12. %5 23 [A] H AREFAY R RE. &
VIRT U N6, AT ERIE R

HENSEER (2013) TEAFMOEIRDEL : %47 —2A ABM 12X 5587 2013.8.30.
56 MR RS, TEH - B FEE K.

108



BERERFE,. TRAHE, LTS, W04 B, AHE AR, WMINEE 1
FLIER (2013)  THARANIZIS T 2 IR JE D OBEm R O =R Ief#fr) 2013.11.3. 5 67
[ B ANBEFA KRS, RAX =33, Sk« ENLEHA e ST 52 % .
AFFEA (2013) TEER ! B MEFS 7 4521 2013.11.3. % 67 M H AR NEFERE. @&
B AR S5, Sk ¢ [ESLRM A SR TS R

ARFES . S (2013) T ift oI bk 2 <5 2013.11.3. %
67 Ml AR NSRS, — M DiE. SUET - BN R Y S ST hER% .

ARz (2013)  [AFRRAY IS KL ONEMHAORFEUZ B 5 B s+ OB RN [
T TN B U AREEIOEM - EEEE ) OHERIZ IS < FEFERAFSE]
2013. 5. 11. BLPare B mliBh & P I sasiehi 78 T2 81 55 7 mIbF7E RS, AR AU
K7

AR B (2013) THEASRRI#ZIZ I8 1T 5B T UL OB & v 9 BlGe 2 W s TR
NREN? ] 2013.11.2. 5 67 BIH AR AN FERE. AREY AR T LS KK FENE
S S BT T R

INFREL (2013) TSR RREOBRR ] 2013.9.12. 55 23 [0 B AREFRAMF SRS, VR
TN 6. AT ERN K.

HEAGHE, IS TS, WA H . AHE, RS, WNE & FOLER (2013)
REET Y > 7 & AWz ZRTEAmIZRE D BRER — A+ 2013.11.2. %5 67 Ml H
ARNFFERE, MO, ZUT - ESLRY AR SR T Je ek .

g (2013) [AMEIZ X 2 ST E & DL 2013.9.12. 45 23 [B] H ARHF AW+
EBRE. VURTV T N6, AN B R

g (2013) T ASEAES OEILZ B ERAEY FTE 2 51 2013.6.28. 2 20 [a14 i Lk
b 2 —. Jhi.

PR (2013) TREIE L BRI SCE) 2013.9.12. 25 23 [0l H ASE A S, v
RY TN 6. AT ¢ FRI A

FE A —ER (2013) [EREASUBELET VT 53 b— b iR 722 5278 BRI & 1L
HYZEE 7R 75 M) 2013.9.12. 55 23 [FI A A A T, VU RT T L6, RIRTH
o) 772

WA HF JNass, LT, AHE, RASEn (2013) THARAOHBETREICES
W5 A OS] 2013.11.2. 55 67 Ml H AR ANFEFS RS, —ix O, Fk
[E SR IS A S B SR R

109



SCERL A BRI B B A CHTAINEIRFSE) 2010~2014

() (RT U TNAE— eV ABRBIOEA B Oz HES < SERERIFIE)
(fEILE S 1201)

fFZEE H BO1 b b OEEEES) OELET LV ORFZE )

2013 F-FERF IR E &

2014 4 2 H 20 H¥AT

[mdE - 7817]

BO1 BEWFIEARERHE  HAME—

T 164—8525 HUHS Xy 4—21—1
BHIR RS WIFSE 0 B kA

Tel. (03) 5343—8381

CRIR - AT

ST LA X s Ry hT—2

T 162—0801 HUAUARHfiE X ILIRET 337
Tel. (03) 3267—8711






