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of mental activity-related genes in humans
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The aim of this thesis is to understand the human evolution, in particular mental
activity of humans, and I have focused on the genes related to sphingolipid (SL)
metabolism. SL regulates neuronal developments by involving signal transduction. The
genetic disorder of SL metabolism (Lipid storage disease) shows typical symptoms of
mental retardation and dysfunction of nervous system. In the process of the acquisition
of human specific mental activity,' the genes related to SL metabolism are likely to play
important roles and to be candidate genes on which positive Darwinian selection
operated.

To identify target genes selected positively, the long range-haplotype test applied
to eight genes associated with the Lipid storage disease using the HapMap data. The test
shows that a particular haplotype of the N-acylsphingosine amidohydrolase (ASAHI;
Acid ceramidase) gene maintained stronger and longer linkage disequilibrium (LD) than
neutral data obtained by simulations. Positive selection results in spread of a selected
variant in a population so rapidly that recombination does not have enough time to
decay LD of the variant. Thus the result suggests that positive selection might have
opérated on the evolutionv of ASAH1.

To examine the evolution of ASAH! in the human population, I determined
nucleotide sequences (~ 11 kb) of AS4H 1 from a world-wide sample of 60 chromosomes.
In the strong LD region (SL region; ~ 4.4 kb) of the sequenced region, I found that two

allelic lineages (V and M) have been maintained for 2.4 + 0.4 million years (my) in the
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human population. Computer simulations suggest that the long persistence of the allelic
lineages is likely to be attributed to population structure of humans in Africa before the
Pleistocene period. The genetic diversity and TMRCA of the other loci is compatible with
this demographic history revealed by ASAHI. Therefore, it is speculated that each
lineage has persisted in each subpopulation in Africa and an admixture of two lineages
was occurred by occasion of the dispersal of modern humans from Africa.

In addition, signatures of positive Darwinian selection for haplotypes belonging
to the V lineage have been detected from the pattern and level of polymorphism of two
lineages. The haplotypes of the V lineage with predominance (62%) have exhibited small
nucleotide diversity (n = 0.05%), recent TMRCA (200 ~ 340 thousand years) and strong
LD in the SL region. The diversity is significant smaller in the SL region than the other
region but this reduction of diversity is not shown in haplotypes of the M lineage. These
observations are consistent with the rapid expansion of the haplotypes of the V lineage
by positive selection. For the V lineage, I found that Val at M72V sharing in the lineage
is human specific in primates, suggesting that this Val could be a likely target of positive
selection. Null variation at 659 bp region surrounding this Val in the V lineage is also
consistent with this positive selection. Computer simulations assuming the ancestral
population-structure confirm that the observed small nucleotide diversity of the V
lineage is not accounted for by neutrality. From the above observations, it is argued that
positive selection has been operated on the V lineage against to the M lineage since the
out of Africa of modern humans. This finding supports the archeological evidence of
that the emergence of behavioral modernity of humans was concordant with the

dispersal of modern humans.
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Moreover, the subject of the study was expanded to not only ASAH1 but also four
genes possessing the domain of ceramidase activity. Phylogenetic analyses show that the
origin of three kinds of ceramidase (acid, neutral, and alkaline) is prior to the split of
vertebrates and invertebrates. The amino acid sequences of five genes have been highly
conserved in each gene, which are consistent with the reported functional differentiation
among ceramidase in the pathway of ceramides metabolism. Further, I found that two
N-acylsphingosine amidohydrolase 2 (ASAH?2) paralogs (ASAH2B and ASAH2C) are
human specific. Interestingly, a previous study shows the transcription of ASAH2B in
brain and significant decreasing of transcripts in brain of the Alzheimer’s disease patients.
This report has suggested a role of ASAH2B in brain and should be attractive target of
further study of the human evolution.

In this thesis, I reveal the demographic history of human populations, the possible
recent positive selection 0;1 ASAH1, and presence of human specific genes, ASAH2B and
ASAH2C. 1t is crucial for elucidation of the human evolution that the comprehension of
demographic history leading to modern humans and the human speciﬁc evolution of

mental activity associated genes.
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bt ORFERLEDEMITE DAL BBELE D OBBETHVEEL OEMEENFEE
T TEIRETH D, TTHE FOFEEDMERE - BHEENIMOED L ITREL AR
Zb0T, TOEMBREZALNHIITHI LIt NOELLEFFETHIC—DDOEERE L
2% BRARIRE NI DR - R ENCER L TV A Z B bN TV A MER & 72
LETOEGCFOELEBEMRIT T2 EIXFREE L, HF 8RS DV ITEMAEE
FOBRNOBETFHEIZITOE POBLBRE TERBRONR L Ro - BEF2RET
LEN—DDEENRT Fu—FThHhoirLELXOND, FOFTRT 4 v IREDOEEH
RARBEFEIINEBRE L5 R UCHROEMICRCEE L TWAZ b, 20K
BT BT FOEMICEEREEZ R LTSRS 5,

KRLTIEZIDEIBRRAT 4 VAFEORBCET 2 BEFICESAEH T, £k b
ELRE TOSFELEFR LKROBERE/BTND, 1) A7 4 IFEORBNCET S
JMEDEIEFIZONWTAB SN TWAD E hOZET — & % O ES R LA O WREE & 7T+
5HZ & T, b FOEBRICE VT ASAHI (N-AcylSphingosine AmidoHydrolase) 73 “IF
DEKBI OB LRoFAREEOHDZ L RHLE, 2) b hD ASAHI BEFIZS
W 60 B RO RIS 2 IRTE L RBEMTZ1TV, E hOANT B E A TRREL ZH50%
FAZERIEH, T b O4IEEMRD 200-280 FEHE & BAE NI 2R LA, 3) #Ex7
t FOEIETAICE STy Ea—F— - T Ialb— 3 U &ITV, ASAHI BEFT
PEEEZHATE ST MTBE (EH) It NOEFBSERL LEDORICHEU—
EM Lo ETNTHDIEER L, 4) & D ASAHI BIEFOZ>OREIZBT 3
NTBEA T TBRESNICUETFEE L &4 ODRFERNTONT 1 H A THOREHRER
CEEAZRE) 20T ITITER RIS FEL T+ TR, EOBRERE
RELZETNVTHRATEDZLER L, UEOFERERAEL, & D ASAHI BHEF D
—DDRETDIRIRIER THE Ul r im0 BARARIR AR T2 OBEFHEE 2 A3FIC
BMLTEZ b, 20— FEHMTOELDO T DEVESEREMIE Y BEICE->TW3
i BEOR AT YA THICERNICA LIS ValT2 RioREEIcRfsEsn T
BARBROKR L R o2 AREMERENZ L2 M Lz, &5125) ASAH WMEFEIZOW
THRBEFATEIT, 5 DORLD 7 V—7D ASAH BEFHBHHEEIM O HBLIENIZ B L
TWBHZ &, £ ASAH2 OREFEEB L C—HOBTIELNE b EF LU0 P—DFRHKE
DHIRIZAETCE MERNTHLZ L HHALNIL, INSOBREFHEEOBIERE L
LTEETHDZ LEREL,

U EDMTE, & FOBILERERTAICH ) —DOBEERBELFOEELZHALMNIL
ZbOTHY, BESNIELETNVIIESROMETREOTSR L2V 25 b0 LHET S
Nz, TNHEDORNLAGMILOHERRITFRAO TS ZHFOICEWIEEZ b2 & & 3Hh
=iz,
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