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Analysis of DNA Variations Reveals the Origins and
Dispersal of Modern Humans
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Abstract

Modern DNA—maternally inherited mitochondrial DNA and paternally inherited Y-chro-
mosomal DNA in particular—is now routinely used to trace ancient human routes. It appears
that genetic data can actually offer a means of better understanding ancient population move-
ments. The DNA patterns of present-day world populations indicate that modern humans
emerged from Africa at least 150,000 years ago. These populations dispersed from Africa to most
other parts of the world at least 60,000 years ago along the tropical coasts of the Indian Ocean to
Southeast Asia and Australasia.

Genetic data support a model for the peopling of the New World in which Native American
ancestors diverged from the Asian gene pool and experienced a gradual population expansion as
they moved into Beringia. After a long period in greater Beringia, these ancestors rapidly spread
into the Americas at least 15,000 years ago.

Examinations of ancient human bones using molecular genetic techniques provide direct ac-
cess to genetic information on past populations. The retrieval and analysis of ancient DNA is
more difficult than that of modern DNA. However, this technique holds great potential for infer-
ring the origins of the Japanese people. The distribution of mitochondrial DNA haplogroups
among the Jomon, Yayoi, and modern Japanese populations suggests that the formation of the
Japanese population was not the result of a population expansion. Distinctively different fre-
quencies of mitochondrial DNA haplogroups among Jomon and Yayoi populations indicate signif-
icantly different population histories for these groups. However, both populations have contrib-
uted to the formation of the modern Japanese population. An eastward population expansion
from the Asian Continent during the Yayoi period resulted in the admixture of these people with
the indigenous Jomon people and led to the formation of the basic pattern seen in modern Japa-
nese people.

Key words : human migration, mitochondrial DNA, Y-chromosomal DNA, phylogenetic analy-
sis, haplogroup
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AT % TBe & LTH WD 0T N0 5 % 4
A L7z e M7 ARTHOHEREICE Do T
DNA EEH O A Y O\FEHh 7% ) BEfb S h
722 LT, BUETIRERH T < © DNA B3l
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Fig. 1 Artificial cranial deformation.

This skull was deformed for aesthetic reasons;
this practice usually begins immediately after
birth and continues for the next couple of years
until the desired shape has been attained. This
custom was practiced worldwide by various
groups.

Paracas Culture (900 B.C. to 100 B.C.). Central
Andean coast region, Peru. National Museum of
Anthropology, Archaeology and History, Lima.

0, 1981412k M I a2 K7 DNA O4
Byl A3 S Cwb (Anderson et al., 1981),
I M2 ¥ FY 7@ DNA 38 DNA IZHART/HE
Wz, 1OoOMITIIL IR L THEmW
PIERBSHTH DI Eh D, RAICHETONER
LE3NzDTHb, B, & b—AGD DNA
DEIEIRIIHH S MR B 01E, Zhrd 20
ERE 5722001 4D Z & TH A (International
Human Genome Sequencing Consortium,
2001).

EREORHN PSP E S NI, I FaYFYT
DNA Ofiff7eid, ANBHEBNEBOZ R Oz
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WEBPHEIE T -T2, 226N
TeF—4s%kbEIC, WROFHEET [BEN
Fo7 7)) H B REH] ARE SN, AFE
DI RKRERAL V%7 &5 272 (Cann et
al., 1987)c Z OWFZEIL, K AN D5 T
DNA GO RT vV v VO KE L 2R3
Redbhoi

90 4E{RIC74 % &, DNA EAI DAY A3k
W HIZTE 5 X 912% Y, D-loop LIFIXN 5
IR OB DI A TN D X 527 5 /2 D-
loop 1%, B X% 16,5001kko M3 Fary Y
7 DNA O HCTH# 1000 i 2 5 © 5 35T, %
EDY VNI EEI—-FLTESLT, MLk M
FoORTHERICEATWAHETHS (X2),
I M2 ¥ ¥ 7 DNA OBEHIEHA 5 NFEER
Fobk 4 L ERORBERIKEITH S I 7%
D, NEDMioESEREICHKL CEFICER
WhinwZ b, 727798 NERDPOERZ
HARTREGBIENSREL > T I R L
NHLNE Lo TWVo T2,

Z ORI, 80 RO D ITHIFE S 7
I 7 DNA ¥iEH A T2 % PCR #: (Saiki et al.,
1988) MW, HAEICH% % DNA O b 1T
bbb Lotz FRITAT YTV =V NE
PO L7z b3 ¥ FY 7 DNA OfFFT KT
L7:Z & T (Krings et al., 1997), EEHVTW
72AT VTV E — VA EBUE N O REEARIZD
WTHFENLZ LIl ho/ze MAEIFBLZ 60
T4 ERNC A0 U 72 BUR A L O BERICH - 720
Thbo

SHATIC R B L & 52 DNABIT DSBS 12 2%
0, BUAENEICE L 3Ry 2 g e L
RAIEN DTN D L H127% % (Ingman ef al.,
2000) . HETIEEHFRTOBTAOT—r 2L
RO T TB Y, AHEEHADERE
BARAS 2% D IEREICIR Z 5N D L)% > T
bo TITHhBEHEEINDL NFHER OILFLORE L
b, IVFEMRbDER->TWDS (Behar et al.,
2007) o

Asp’gox IIf ATPase x Gly ND3
Lys COX I
X 2 3IbFayFY 7 DNADFERK.
t b3 ha¥ FY 7 DNA IZ 16,569 Hi 3 o BRIR
DNAT, 2 DY KV — 4 RNA#EF (128 &
168), 13 fEiH » ¥ » 327 E (ND1 ~ ND6,Cyt b, CO
I~ CO III, ATPase 6,8), 7 3/ BOWI THRL
22 D tRNA 2 5>, —F LICHELN TV S D7,
WAR®D /) v a— F#EETH 5 D-loop #Hik % /R L T
w5,

Fig.2 Schematic diagram of mitochondrial DNA.
The human circular mitochondrial DNA molecule
consists of 16,569 base pairs, which encode 37 genes:
13 for proteins, 22 for transfer RNA (tRNA), and one
each for the small and large subunits of ribosomal RNA
(rRNA). The upper part is the main non-coding area of
the mitochondrial DNA molecule—a segment called the
control region or D-loop region.

II. 3 KYU7 DNADZEEIHEL
NS OES

Cann (I (1987) DOWZEIZ X - TRIEEI N2
BIANEOT 7)) IkiFHiE, Zo%oM% DNA %
W7 RIS L > T HFEE N TS (Tishkoff
et al., 1996, Hammer et al., 1997, Li et al.,
2008), FA7-H D DNA X, HEFOHEENHER W
bR TW72 L) RIBKEOKZHOFEANE TS0
Z5d0TIRAEL, BLXEFIEHEREVWIHL
WIRFRIZ T 7 A THRAELZZEZRL TS,
ZALDOH NI P FY 7O DNA K, AEET
79 A & BTSRRI L T BT, ek
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Fig. 3 Phylogeny of global mitochondrial DNA depicted in the whole-

genome tree.

Every person can trace his or her maternal lineage to a single woman

who lived in Africa approximately 150,

000 years ago. As our ancestors

migrated out of Africa and settled in other areas of the world, mutations
occurred that became part of the genetic makeup of particular
geographical populations. This diagram depicts how these mutations led
to branching in the phylogenetic tree of mitochondrial DNA.

AT INTarnv—7) BHEABL TS 72,
N7Farzny—71F, I har )7 DNA O#EE
FEZI-—FLTWREHHICREI o7z 13HEDRE
HIZ X o TR SN, HEORGBIMRITFE
FMWICHEE SN TS (H3), FAZbidHigic
RELTHNANT T 7V — T ORKERE S H
DIFHT LIZE T, NHEOWHOMT 2 3§
HIENTE D,

770 NERIo B, BLZF 15 H4E
HETEDPDITLILNTELDIL, ot
OHEROILEHIEIE6 ~THEMETTLLIMHS
BV EDbhroTwb, AFHIZ 10 THEICH K
SEWHR, 774 TOAREFLTHDTH
bo FFIRMHER E LTHIE L 2Fx oI, Ik
IR NHAL ORI X B BEES 2 %5 Tw

Tl EZON5, BIEDHIET 13 B 5 T4EHI»
LTHEMETOT 79 h1E, KELRAMELE
EREDBELTWAZ BB TWS (Cohen
et al., 2007) . A3 72 21840 & {0 2 S5 AY A AL
WCHN BB 57: 59 C, BRSO OEAIH
DS DEGENEPENDLEEL L7225
Yo LAL, MK AFEIZZ ORICHE 2 7301t
MEEEFGESE TV D, BT 230k 7%
WIS, TS DEFDOTMREEMEZ FHO TV o 72072
590

HEOT 79 7 NORGHEN 26, BT 7970
ORI, BXZF403EDI bR T
DNA DZMPFIE L2 Z EXH S E > TW
5o L2L, ZoHTHT 7Y A DOHE L7201k
2ODRMIZTTH D, O LIZBEALSET
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Fig.4 Human migratory route.
This map shows the first migratory routes of humans, based on surveys of male
Y-chromosomal DNA and maternally inherited mitochondrial DNA.

ANEV) TLAPBDOANLIZE > THT 79 B1H9%
LEFOLN/AZEERLTWS (Behar et al.,
2008) .

BT & ZWHFOIERIE, 17 7V HERDKL
HORIMHEZ @Y MEOT 7 E T LB
W—bEFF L LERLTWSE, ZOKHD
WKL, K OKBEETHC I VBIELD D
70m I EMET LCTWA, ZRTHaEm
INFNEE T F o OiHE Bz 5 BENDH - 720 #L
WHOT 7)) HOHFIZIE 12 THEEF ERIH» S A
BFHPEARE T WAL DSSH 5 (Walter et al.,
2000) . FEDEWEIIAKL L, R TOAN
WIS LTz ZOEMOFHROF LT 71
HERLBETIZANAPEENT D59,

OIOWT 7)) 5 %W LB 724125, RS
A LA & e IO - 7RI T h o 7o b E X
LN5 s, MMOIEHOL— MRS
Bo7zbDTho/zHEEIN TS (Forster
and Matsumura, 2005), BUEAHIZB L Z 50
ERNCIEA—A N T Y 7T RBEICHENE L2 LD
Mo TWBOT, BEIILIKNE W Z E— FTfF

b2 elilhb, =25 7TREOKIIC
i, W7 V70 NHIZZDHE— K= BiA AN
72T TH D 5TEND 3TTERNFEA IS L—
IV T REQIHTNEME L Two iz 2 & HEE%
ENb, FREMRICHEILLZTTERL, v J
Y OdbE N %)V — b THR7 V7 L 72 E RS
HotzZHbIbar YT LY GAIKkD DNA
BFFPHLTWS (X4),
BLZ2HEMD ST 5 AR 0w g2
1, WoZzAdbNE L7 AEHEEANED &R
FTHEEHE 572 =T /SADI IV FY
7 DNA OHIZiE, KPR EN O™ BE) & 2
DBDOIT~NDPFISN Y = R T OV H 5
(Torroni et al., 2006), HARTYH Z DY, X
U7 - BN B DFAE RS E R AR R AR
MRDOENDA, N REMOEABEIO 5
ELTHZDIEDTEDLRESL S NEPHOI
TS % DL, &R 5 [HA TR
DK% %,

W77 ) A o TR R K L E 7R E
122w Tid, HIFE TR I bEFhroELFN %
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Llidwz, BLXEs5FHEEIrLREKRE
DNA DT, BIEIZE S T TR %2 b &
L2 i frbh T, Ll
A5 2008 4 1213H 600 # T DNA O£ %
b LIZL R nEsnTs), I hask
1) 7 DNA [il&k, AJE 4 o RAG0E2E 058 ) %

— V&5 Twb (Karafet ef al., 2008). Y
Ytk DNA Bt v Ry —34, I bary R
)7 DNADOZRIZHEMLTBY, 7700 A%
H2s b ERLEICEATY S, 7 7)) O¥fE
FERDIFEALEDLT, WHOH < HFILHD
KGT—HLTWD, THIZWIILEH OB T
BLR—FEIBH L 722 L 22 UTBKRTH A
Do

L Lo BERRALIE, e h2sEe LTR
R ERICE o TALDE S L1275 &R
13213 % (Seielstad et al., 1998), EAHY « &
AR AR LI RS X > THEIC X 2 B8
ORYDBROND LI Th 5, 15 DR 3
KETEEYTa S FORKEOH/EIZ, I—av
NRR2T 7Y A ROE[MPRAT LI LI R
7%, DNA ST 3 BfE OB kLR O EICI
fth o> Huidi A & OB Pk H K O DNA 23 PE o 2 hic
HRTT~8fFI1FLEL L ANVRAATHEL I LR
S22 L TWwb (Vieira et al., 2002). F 72,
R AT T7TOMBIETAERTIE, I bav
Y 7 DNA ORISR ERE - /7 ¥ 71

PF sz, YHREEDODNAEFAT AT
WEBET 2008 KREHEZ HD TS (Kayser
et al., 2006), T3 TEIZLERIICHE L 2D
HWIAORY DM &, ZOHRITE - BED
WHRBL LM E > T2 LICREEAT S L3
HEnTwb,

B OBAEOTLEED E L, WL O 5
POBITCICEE L HREIET 2L EZONDD
T, SHRIEIMFORREE Db THRL T
BhD D, 72721, BEOFAMIKEETIIEH NG
50 Y Gt fik DNA 7iridtisd CHEEC, 2ol
EDEUC BT 2 BRI Z L WD DI
LTwa,

V. BIKEANDODNEDEA

M7 2V A RMEROFE>I Y3y FY T
DNAIX, K7V T7DEyTuAf FERMOHY T
ty FTHY, DNAWZEIZNE S OFEMHT ¥ 7
ZHBEVHERDOBETEMNT T B, KT VT
O T —EDs, X=0) Y FEFE B THK
FRICHEM L7-0725 9, 7272 L ZoREICE LT
FEEHFE L OMICHLED D 5o WEDERHFH
HREHA 51F, 16,000 FEIT EHIZIET 2 K
Felz NEEHDSERE L7 2 L3R EEZOND &
I oTWh, LLT X)) A RERICHER %
50M3 2 K7 DNA O R sl
WD 2 AL D RTORNCHEA: L CTBY, DNA
EATIE & D VOB KE~OREZ FHEL T
W% (Eshleman et al., 2003) .

W DU 2 F S 28733l e LT, &4
[ Beringian incubation model | 23$¢M0 S T w
% (Bonatto and Salzano, 1997), Z D231
7 VT KEETHRARM O BIENIH~NEL Z & D
TERP o TERNR=Y VIV T IR, £
DHDOTBENNC T T A A MOIRED @R L 722 &
ZERBICRICHALT A HRBEICER L2 %
Z5bDT, EWFL NHEHFPOFHOMIIH 5 ¥
A 0T 7OMBEEBRLTVWD, BRI
TAYALEERDI F a3 F) 7 DNA o4k
FEH & 720 O 0mf%ei, 3T IO
PERHLTVWE, 512, INSHOREIZRYD
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TAVIANDANEIEE TARETH72E 0w
ZEJFMHELTEBD (Kitchen et al., 2008), 4
BAHEZEOSTE T I OEHADILL ZITANLN
TWL A9 LLAAS, ZoMEEE L
BIZEE S 5 7200218, N—1 ¥ ik T o
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T AY HEAEROBMEICE L TIE, BEAKS
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B L) RBBRBMAEIZ IR O kIEZ -
72 % 2 5N Twb (Schroeder et al., 2006) .
C DO THMOWFE ST & DlllfExE E D &L H 1T
RIS 2 DDDHREE > T b,

VI. B#t & ABEDIRE]

AR, WIEEL L A T 1 HERDREICRE S 5
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(Bellwood, 2004) ,

WP E AT T I — IV AREADKED
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L2 L, WSRO BIAHERER DT Y b
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REACRI IS R RE A & P2k U 7Rl bk R AR [ 23R
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i3k DNA M S EE 2z Rt LT 5,
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