Jomon Genes

Using DNA, researchers probe the genetic
origins of modern Japanese

the most modern, forward-looking

countries in the world. Yet the Japan-
ese also have an intense fascination with
their islands’ past, particularly the histo-
ry and continuing influence of two peo-
ples known as the Jomon and the Yayoi.

The Jomon, the original inhabitants of
Japan, are thought to have migrated from
the Asian mainland at a time when the two
regions were physically connected. When
sea levels began to rise about 12,000
years ago, the Japanese archipelago
became separate from continental
Asia, and the Jomon were left to
spread across the islands. Hunters,
fishers, and foragers, the Jomon
were also the world’s first known
potters. Indeed, their name—Japan-
ese for cord marks—stems from the
ropelike impressions found in their
clay pottery.

Scholars agree that the Jomon
period of Japan’s history ran from
at least 10,000 years ago to about
250 B.C. At that point, the Yayoi,
apparently traveling in ships from
the Korean peninsula, arrived at
the islands. The Yayoi culture,
marked by weaving, metalworking,
and, most important, the farming of
rice, soon supplanted that of the
Jomon.

During the last century, anthro-
pologists have fiercely debated
whether the Jomon or the Yayoi
were the true ancestors of the mod-
ern Japanese. For most of this
debate’s history, scientists have
addressed the issue by comparing
Asian languages, analyzing archae-
ological ruins, and measuring den-
tal or other skeletal remains.

Over the last few years, another kind of
evidence has begun to have an impact on
the debate. By studying the genes of mod-
ern Japanese and of other Asians, and
even the ancient DNA in the fossilized
bones of the Jomon and the Yayoi, investi-
gators hope to put together a genetic his-
tory of Japan. Researchers have recently
examined, for example, the Y chromo-
somes of people throughout Asia.

In conjunction with other historical
evidence, the new work suggests that the
Jomon did not originate in Southeast
Asia, as one long-standing theory has it,

J apan is generally considered one of
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but farther north. The research also
sheds light on the extent to which the
Jomon and the Yayoi have influenced the
genetic makeup of modern Japanese.
“Our data clearly show that both Yayoi
and Jomon genes have made a contribu-
tion to the contemporary gene pool,”
says Michael F. Hammer, who presented
the Y chromosome research in October
1996 at the American Society of Human
Genetics meeting in San Francisco.
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Genetic studies suggest that Japan’s original
inhabitants, the Jomon, mixed with a later culture, the
Yayoi. The Jomon’s closest descendants today inhabit
Japan’s northern and southern islands.

debate about the origin of the mod-

ern Japanese people. The replace-
ment theory argues that the invading Ya-
yoi wiped out the Jomon both culturally
and genetically. Proponents of this option
contend that the only remaining descen-
dants of the Jomon are the Ainu in Hokkai-
do, the northernmost of the Japanese
islands, and some inhabitants of Japan'’s
southernmost islands. Among the physi-
cal features that make the Ainu distinct
from most Japanese are lighter skin and
more body hair.

Three theories have dominated the
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“The Jomon are the obvious ancestors
of the Ainu but not of modern Japanese,”
says C. Loring Brace, an anthropologist at
the University in Michigan in Ann Arbor.

The transformation hypothesis holds
that the Yayoi culture did supplant the
Jomon culture but that the Yayoi did not
come to Japan in large enough numbers
to influence significantly the Jomon gene
pool.

“Genetically, there's not much differ-
ence between the Jomon people
and the current Japanese,” asserts
Masatoshi Nei, a population
geneticist at Pennsylvania State
University in State College and one
of the strongest supporters of the
transformation model.

The final theory offers a compro-
mise. Usually referred to as the
hybridization, or dual structure,
model, it suggests that both the
Yayoi and the Jomon have con-
tributed significantly to the genes
of most living Japanese.

Hammer, a researcher at the Uni-
versity of Arizona in Tucson, and
Satoshi Horai, who works at the
National Institute of Genetics in
Mishima, Japan, addressed these
theories with their study of the Y
chromosome. In particular, the pair
focused on an addition to the chro-
mosome, the Y Alu polymorphic
element, or YAP. Alu sequences are
short stretches of DNA with the
unusual ability to copy themselves
and jump from one chromosome
to another. The typical human
genome holds an estimated 1 mil-
lion Alu sequences, says Hammer.

YAP is an Alu sequence that
hopped to a specific site on the Y

chromosome at a relatively recent

moment in human evolution. The addi-
tion of YAP seems to have occurred so
recently that not every man in the world
has it. “You're either a plus or a minus,”

Hammer explains.

The researchers began to realize that
YAP might prove useful when an initial
study of Asian populations revealed that
only men from Japan seemed to harbor
the genetic marker. In Taiwan and Korea,
for example, not a single man was found
to possess YAP, Hammer and Horai
reported in the AMERICAN JOURNAL OF

FEBRUARY 15, 1997

e

www_jstor.org



HumaN GENeTICS. Furthermore, the pair
found that YAP-positive chromosomes
appeared with much greater frequency
in the southern islands of Japan than in
the country’s main islands.

From that evidence, Hammer and Horai
hypothesized that the YAP element was
originally carried to Japan by the Jomon
and that the Yayoi, who came from the
region that now makes up North and South
Korea, lacked the marker. More recent
research has strengthened this theory.

Working with several colleagues, the
two researchers mapped the distribution
of YAP-positive chromosomes throughout
Japan. While men living in central Japan
rarely carry YAP, the Ainu and inhabi-
tants of the southern islands, the two
populations apparently least influenced
by the Yayoi, frequently do.

Hammer and his colleagues are also
studying a second Y chromosome mark-
er that may serve as a sign of the Yayoi
migration. This marker is common in
Koreans and appears most frequently in
the central islands of Japan, says Hammer.

Together, contends Hammer, the two
markers tell a story of an initial Yayoi
migration into central Japan and a subse-
quent spread of the people toward the
north and south. Since both Y chromo-
some markers are still found in varying
degrees throughout Japan, it appears
that the genes of the Jomon and Yayoi
peoples did intermingle significantly.

“Our data support the hybridization the-
ory,” says Hammer.

addressed another controversial

question: Where did the Jomon
come from? Some researchers have long
held the idea that the Jomon originated
in southeast Asia and spread to Japan
about 12,000 years ago. Analyses of den-
tal remains, shared aspects of language,
and even some genetic studies have
offered support for this scenario.

Several years ago, Nei offered an alter-
native. Working from his own analysis of
more than a dozen genetic markers on a
variety of chromosomes and from archae-
ological data showing habitation of Japan
dating back 30,000 years, Nei argued that
the Jomon actually came from northeast-
ern Asia and settled in Japan far earlier
than supporters of the Southeast Asia
theory had proposed.

While the YAP data do not appear to
support the transformation theory favored
by Nei, they may bolster Nei’s vision of the
Jomon’s origin, says Hammer. He and his
colleagues surveyed more than 1,000 men
from 20 populations in Southeast Asia. “We
didn’t find a single example of a YAP-posi-
tive chromosome,” says Hammer.

In contrast, a survey of 700 men from
13 northern Asian populations did reveal
areas with YAP-positive chromosomes.

The research on YAP has also

About 3 percent of men from southwest-
ern Siberia and Mongolia have the mark-
er. The most spectacular finding was that
more than 50 percent of men from Tibet
harbor the YAP element.

While Tibet is part of central Asia, Nei
suggests that the YAP data support his
theory that the Jomon originated in the
northeast. Other researchers have con-
cluded that the Tibetans arrived in their
current homeland only several thousand
years ago, after a migration from north-
east Asia, Nei points out.

Hammer and Horai is unlikely to
settle the century-old debate about
the origin of the Jomon and their genetic
contribution to modern Japanese, cau-
tion researchers following the issue.
“You may get a different story when
you look at the Y chromosome than
when you look at mitochondrial DNA or
when you look at other nuclear genes,”
warns Brace, who adds that any genetic
data must also be reconciled with tradi-
tional archaeological evidence. “They all
have to mesh to tell a complete story.”
Unraveling that story continues to hold
a high priority in Japan. Over the next 4
years, the country’s Ministry of Education
intends to fund a large, multidisciplinary
research effort to examine the origins of
the Japanese and their culture. O
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In Preparation

FAX: 1-202-785-1242 '
E-mail: sn_cdrom@scisve.c
Web: http://www.sciencel

Specifications for PCs 386SX processor or

patible CD-ROM drive

FEBRUARY 15. 1997

r or higher ® Microsoft® Windows
3.1 or higher in an enhanced mode with virtual memory (and DOS 4.1 or
higher) ¢ 2X speed CD-ROM drive with Microsoft® MSCDEX ver. 2.0 or
higher ¢« 8 MB RAM with 6 MB of free hard disk space * VGA monitor as
minimum. Super VGA monitor with 800 x 600 resolution is preferred
Specifications for Macintosh® System 7 or higher with Color Quickdraw
is required * A Macintosh® compatible CD-ROM drive with Foreign File
Access installed is required * 8 MB of RAM and 9.5 MB of hard disk space
* A monitor with 256 color display and 640 x 480 or higher resolution
Specifications for UNIX® UNIX® workstations running SunOS 4.1.x (also
under Open Windows™ 3.0), SGI® running IRIX® 5.0.x * ISO-9660 com-

1995-1996

IENCENEWS o CD-ROM

Searchable full text of news stories, features,

notes, and letters from January 1995 through December 1996
Windows® and Mac® compatible

der now to reserve your copy at prepublication prices

— a savings of up to 20% —
§47.50 per order; $37.50 for SCIENCE NEWS subscribers
Plus $4 handling and mailing fee

To order, call or fill out the form below and mail today!

i Please send me

i SciencE NEWS oN CD-ROM

1719 N Street, NW, Washington, DC 20036
copy(ies) of SCIENCE NEws ox CD-ROM
enclosed is $51.50 — nonsubscriber’s rate — for each order
payable to SciENCE NEwS (includes postage and handling)

SciNewsCDS
SciNewsCDN

enclosed is $41.50 — subscriber’s rate — for each order payable
to SciENCE NEws (includes postage and handling)

¢ [ bill my Visa or MasterCard
[ 1'$41.50 subscriber's rate, for each order.

Name,

$51.50 nonsubscriber’s rate

Address

City.

State Zip.

Credit card #

Signature

Daytime phone

Exp. Date

SCIENCE NEWS. VOL. 151

(used only for problems with order)

BB297CD :



