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Variation in Japanese mtDNA

transitions. Yao et al. (2002a) assigned mutations 199 and 9824
as basic for M7. However, our phylogenetic tree points to 6455
and 9824 as the basal mutations for this group, whereas 199 is
only common to the M7b and M7c subgroups (Fig. 1A), which
coincides with the phylogeny proposed by Kivisild et al. (2002).
M7 can be RFLDP-diagnosed by the lack of the 6451 Mboll restric-
tion site. The M7a subgtoup can be defined by several coding-
region positions (Fig. 1A; Kivisild et al. 2002). The M7b classifi-
cation remains as proposed in Kivisild et al. (2002); but M7¢ has,
in addition to 146 and 16295, three more coding-region substi-
tutions (4850, $442, and 12091} in its basal branch (Fig. 1A). At
this point, it is worthwhile pointing out that the ambiguously
assigned sequence 536 in Herrnstadt et al. (2002} belongs to M7c,
as it has the five identlfying coding-region mutations distinctive
of this subhaplogroup. As for the geographic distribution, M7al
has its highest frequencies (14%) and diversities (86%) in the
Ryukyuans, and it is also very common in the whole of China,
with a mean diversity of -76%. But, curiously, it has not been
detected in Koreans or in Ainu, and is rare in mainland Japanese,
In a similar way, M7a has its highest diversity in Ryukyuans
(83%). Both groups are rather common in the Philippines. Al-
though M7b has its greatest diversity in northern China (75%-
62%), its derivative M7b2, has it again in Ryukyuans (100%),
Koreans (53%), and mainland Japanese (45%). On the contrary,
M7c is absent in Ainu and rare in mainland Japanese but very
common in Sabah and the Philippines, although its highest di-
versity is in the whole of China (76% = 11%),

Haplogroup Mi0

This haplogroup has been defined by substitutions 10646 and
16311 (Yao et al. 2002a). In addition, Kong et al. (2003) have
found several new mutations in its basal branch that we confirm
here (Fig. 1A). Minor modifications are that a new Japanese lin-
eage shares with M10 only the 8793 mutation, and that a new
mutation, 13152, seems to be basal for our M10 Japanese lin-
eages. Although its highest frequency is in Tibetans (8%}, the
largest diversities are found in China. It is present in Koreans and
mainland Japanese but has not been detected in either Ainu or
Ryukyuans (Table 2).

Haplogroup MII

This haplogroup has been defined by Kong et al. (2003) by seven
coding-region mutations (1095, 6531, 7642, 8108, 9930, 11969,
and 13074) and four mutations in HVS-1I {146, 215, 318, and
326). We confirm the same characterization for our M11 Japa-
nese lineages. A subclade defined by mutation 14340 was found
in Chinese {(Kong et al. 2003), but it has not been detected in
Japanese, In turn, Japanese have a new subclade characterized by
mutation 14790. Finally, our data suggest that mutation 15924 s
at the root of M11 and the new clade M12.

Haplogroup M2

This haplogroup has been defined in the present study. It harbors
a characteristic motif (16145~16188-16189-~16223-16381) in its
noncoding region and several unique mutations in its coding
region (Fig. 1A). Overall, it is a rare haplogroup, being detected
only in mainland Japanese, Koreans, and Tibetans, the last-
mentioned sample showing tts highest frequency (8%) and di-
versity {50%).

Haplogroup Ml

Although not present in eastern Asia, this haplogroup has been
included in the phylogenetic tree of macrohaplogroup M to as-
certain its hierarchical level with respect to other M clades. 1t was
first detected in Ethiopia (Quintana-Murci et al. 1999) and de-
fined by four transitions in the HVSI region (16129, 16189,
16249, and 16311). After this, M1 was also detected in the Medi-

terranean basin including Jordan (Maca-Meyer et al. 2001). Sev-
eral mutations in the coding region are distinctive of this hap-
logroup (Fig, 1A). Its RELP diagnosis is possible by an Mnll site
loss at position 12401,

Subdivisions Within Macrohaplogroup N

Representatives of two major superhaplogroup N migratory
branches are present in Japan. Two main clades, that directly
sprout from the basal N trunk {A and N9), have a prevailing
northern Asia dispersion, whereas the other two (B and F), hav-
ing a southern radiation focus, belong to the derivative R clade,
characterized by the loss of 16223 and 12705 mutations. Al-
though not detected in Japan, to compare their hierarchical lev-
els with those of the Asian branches, we have included the rCRS
sequence and a N1b sequence (Kivisild et al. 1999) as represen-
tatives of the western Eurasian R and N clades, respectively.

Haplogroup A

This haplogroup was defined by an Haelll site gain at 663 (Tor-
ronl et al. 1992). It was subdivided on the basis of HVS] motifs in
Al {16223-16290-16319) and A2 (16111-16223-16290-16319)
by Forster et al, (1996). In our Japanese sample, we have detected
several Al representatives characterized by two substitutions
(8563, 11536). Two of these lineages (ONG7 and ND218) have
been ascribed to the Ala subgroup that is defined by 46355,
11647, and 16187 substitutions. Two additional Al Japanese
clusters (Alb and Alc) have also been phylogenetically defined
(Fig. 2). The AZ subgroup is represented in the tree by a Chukchi
(6971) and two (KA21 and ON125) Japanese lineages, all sharing
the 16362 mutation. As the Chukcht harbors the 16111 and
16265 mutations, it has been [abeled as an A2a representative, as
tentatively proposed by Saillard et al. (2000), having four addi-
tional mutations (152, 153, 8027, and 12007) in its basal branch.
Owing to their phylogenetic position, three more Japanese lin-
eages (ND28, TC48, and J42) should be classified as representa-
tives of three new A subhaplogroups, respectively named A3, A4,
and AS (Fig. 2). Geographically, whereas Al has a wide northern
and central Asian distribution, subclade Ala is confined to Korea
and mainland Japan. The greatest diversity for Al is in central
Asia (79%). In Japan it is present in both mainland and indig-
enous populations. Subhaplogroup A2 is mainly present in
northeast Siberia including the Kamchatka peninsula, although a
lineage has also been detected in Tibet. The main diversity (30%)
and frequency {60%) for this subhaplogroup are in the Chukchi,

Subhaplogroups Y, N¥q, and N9b

Haplogroup N9 characterized by the 5417 substitution (Yao et al.
2002a) phylogenetically comprises three subhaplogroups. Sub-
haplogroup N%a was mentioned as another N subcluster with a
distinctive HVSI motif (16223, 16257A, 16261) by Richards et al.
(2000). It appears named as N9a in Yao et al. {2002a), who added
as basal substitutions 150 and 5231. Recently, Kong et al. (2003}
added mutations 12358 and 12372 at the basal branch of N9a,
which is according to our Japanese phylogeny (Fig. 2). A Japanese
N9al lineage (TC2) shares mutations 4386, 12007, 16111, and
16129 with the Chinese lineage GD7834 of Kong et al. (2003).
Three more N9a Japanese clusters sharing 16172 as their basal
mutation have been considered distinct N9a2 branches (Fig. 2).
Subhaplogroup Y was first identified by a set of HVSI polymor-
phisms {16126, 16189, 16231, 16266, 16519), an Haelll site loss
at 8391 and Mbol and Ddel site gains at 7933 and 10354, respec-
tively (Schurr et al. 1999). However, according to the classifica-
tion of Kong et al. (2003}, all these mutations define the Y1al
branch specifically. Our Japanese (Fig. 2) and the Chinese (Kong
et al. 2003) phylogenies characterize Y by seven mutations (8392,
10398, 14178, 14693, 16126, and 16231 gains and a 16223 loss).
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The branch Y1 would be identified by mutations 3834 and
16266, and the Yla subcluster by 7933 (Fig. 2; Kong et al. 2003).
In Japan we have found a new subclade (Y1b) characterized by
four mutations (146, 10097, 15221, 15460). Furthermore, a new
branch (Y2) with the same phylogenetic consideration as Y1, and
distinguished by six basal mutations must be aggregated to the Y
phylogeny (Fig. 2). Finally, we have detected a sister branch of Y
in Japan. This new lineage, named N9b, shares two basal muta-
tions (5147 and 16519) with Y and is further characterized by
four (10607, 11016, 13183, 14893) additional mutations in its
basal branch. All N9bl representatives seem to have the 16189
mutation, and three branches of this trunk (2, b, and ¢) have been
provisionally defined (Fig. 2). The geographic distribution of sub-
haplogroup Y is predominantly in Northeast Asia. The highest
frequency (22%) is in the Ainu, although only one lineage ac-
counts for this frequency. The greatest diversities are in northern
China (80%), and this group is also very diverse in the Nivkhs
from northeast Siberia (Torroni et al. 1993a). As for N%a, it has a
great diversity in the whole of China {83%) and Korea (79%). In
Japan, only maintand Japanese have N9a representatives. Finally,
N9b is very scarce, being detected in southern China and Korea.
Surprisingly, it is most abundant in the Japanese including the
indigenous Ryukyans and Ainu.

Haplogroup F

This haplogroup was first defined as group A by Ballinger et al.
(1992), and later renamed as F by Torronl et al. (1994). This group
was characterized by the lack of Hincll and Hpal sites at 12406.
According to the newly proposed nomenclature (Kivisiid et al.
2002; Kong et al. 2003), 12406 is now one of the six mutations
that specifically define subhaplogroup F1. Recently, haplogroup
F has been phylogenetically included as a subcluster of hap-
logroup R (Yao et al. 2002a). Besides F1, two new subgroups (F2
and F3) have been defined by Kong et al. (2003). We have found
a new subcluster, named F4 (Fig. 2), that is characterized by three
coding-region mutations {5263, 12630, 15670). This group has a
particularly high incidence in Southeast Asla (Ballinger et al.
1992), but only subhaplogroup F1b is well represented in the
Japanese, including the indigenous Ainu and Ryukyuan. The
highest diversities for this subgroup are in eastern China includ-
ing Taiwan (100%).

Haplogroup B

Renamed as B after Torroni et al. (1992), this haplogroup was
identified by the presence of a 9-bp deletion in the COII/tRNA™*
intergenic region of mtDNA. This polymorphism was first de-
tected in Asia by RFLP analysis (Cann and Wilson 1983). It was
used to classify Japanese on the basis of the presence/absence of
this deletion (Horai and Matsunaga 1986). Even in Asia, the
monophyletic status of this cluster has been repeatedly ques-
tioned (Ballinger et al. 1992; Yao et al. 2000b); but although the

9-bp deletion has a high recurrence, it seems that together with .

transition 16189 it defines fairly well a monophyletic cluster, at
least in eastern Asia. Recently, a sister clade of B, keeping the
16189 mutation but lacking the 9-bp deletion, has been detected
in China, being designated as R11 (Kong et al. 2003). Asian sub-
haplogroups of B have been named as B4, identified by the 16217
mutation and BS, characterized by 10398 and 16140 mutations
{Yao et al. 2002a). It has been deduced from analysis of complete
sequences that transitions 709, 8584, and 9950 are also in the
basal branch defining BS (Fig. 2; Kong et al. 2003). Lower-level
subdivisions have also been proposed. Three subclades (B4a, B4b,
and B4c) were defined within B4 (Kong et al. 2003). At the same
phylogenetic leve! are our Japanese branches named B4d, Bde,
and B4f; and several new secondary clusters have also been de-
tected in Japan within B4a, B4b, and B4c {Fig. 2). It is worthwhile
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to mentton that those lineages harboring 16189, 16217, 16247,
and 16261, also known as the Polynesian motif (Soodyall et al.
1995), belong to a branch of B4a, having in addition to 16247, -
146, 6719, 12239, 14022, and 15746 as basic mutations. The B3
cluster was also subdivided in B5a and B5b on the basis of the
HVS! mutations 16266A and 16243, respectively (Yao et al.
2002a), and reinforced with several additional positions after the
analysis of complete Chinese (Kong et al. 2003) and Japanese
{Fig. 2) sequences. Within B5b, new subdivisions are necessary to
accurately classify the Japanese sequences (Fig. 2). Finally, on the
basis of characteristic HVSI motifs, we had tentatively defined as
B4a3 those lineages with 16189, 16217, 16261, and 16292 tran-
sitions. However, the phylogenetic position of a Chinese com-
plete sequence (GD7812) belonging to this HVSI group (Kong et
al. 2003) shows that a future redefinition of B4a might be nec-
essary. The geographic distribution of haplogroup B is very com-
plex. As expected from its age, the ancestral motif is widely dis-
tributed in Asia excluding Koryacks and other Siberians. The like-
wise old subhaplogroup B4 has mainly a central-eastern Asian

- distribution with diversities near 100% from central Asia to Ja-

pan. B4a shows a similar distribution as B4, having branches
prevalent in Ryukyuans, Lahu of Yunnan, and aborigine Taiwan-
ese (Table 2). In a similar vein, some branches of B4c are more
abundant in southern areas (B4c2), whereas others (B4cl) are
mainly detected in Korea and Japan, with derivatives in Talwan
{B4clb). On the other hand, subhaplogroup BSa has its greatest
diversity in southern—eastern China (89%), including Taiwan ab-
origines (67%)}, but its B5al derivative shows the greatest diver-
sity in northern China (71%), being present in mainland Japa-
nese. In turn, subhaplogroup BSb has its major diversity in Korea
(83%) and also reached the Philippines (50%). Curiously, the
BS5b1 detivative shows its highest diversity (67%} and frequency
(1%) in mainland Japanese.

Lineage Sorting and Population Pooling

A total of 110 clades with different phylogenetic range have been
proposed on the basis of the pool of the eastern Asian complete
sequences (Figs. 1A,B and 2). Of these subdivisions (Table 2), 83
have been used to classify all Asian partial sequences analyzed in
this study. As a test of accuracy in the sorting of partial sequences
into haplogroups, we classified our 672 Japanese complete se-
quences by using only their HVSI motifs and found that 34 of
them (5%) had an ambiguous status or were misclassified, The
main sources of errors were those sequences that differed from
CRS in only one or two mutations. For instance, the 16223 mu-
tation was found in M and N backgrounds. The 16189, 16223
motif can be D6 or NSb. Within M, sorting into D or G was one
of the main sources of ambiguity. Some 16223, 16325, 16362
lineages were D4 and some G1. The motif 161144, 16223, 16362,
classified as D4, was in reality G3. Sometimes further subdivision
within a haplogroup is rather difficult; for example, there are
16189, 16223, 16362 representatives in D4 and in D3. Because of
recurrency and isolation, it can be expected that this uncertainty
level increases with geographic distance. For instance, we have
found that several 16129, 16223 Japanese lineages belong to D4,
but to infer from this that southern Asian sequences with the
same HVSI motif are also D4 would be inappropriate. From a total
of 4713 sequences analyzed, 9.2% had an ambiguous status. In
spite of this percentage there are enough sequences left to carry
out population analysis with statistical confidence.

In a first approach, Japanese, Ainu, and Ryukyuan samples
were compared with the rest of Asian samples shown in Table 3
by means of Fsr. The closest affinities of mainland Japanese were
to three population groups. The first include Korean and Han
from Shandong (mean P-value = 0.29 + 0.06), the second Han
from Liaoning and Xinjlang, and the Tu ethnic minority
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(0.20 = 0.06), and the third Han from Xi'an and the Sali, a
branch of the Yi ethnic group (0.15 + 0.06). Ryukyuans and
Ainu behave as outliers with significant differences with all the
samples. Population groups resulting from the Fer and CLUSTER
analysis are defined in Table 3. Although mainland Japanese
from Aichi were significantly different from other mainland japa-
nese because of their high frequency of haplogroup B, they were
merged with them as JPN for comparisons with other areas, Con-
trol of the conglomerate number expected in CLUSTER analysis
allows for a hierarchical grouplng of populations. With two con-
glomerates, the first distinguished isolate was the aboriginal
Sakai from Thailand (Fucharoen et al. 2001). This group was
unique among other Thai people owing to its lack of lineages
with the 9-bp deletion that characterizes haplogroup B, and to
the high frequency of the authors’ C6 cluster (included in our
D4a). The lack of any representative of macrohapiogroup N in a
population anthropologically considered one of the oldest
groups in Thailand, if not caused by genetic drift, is compatible
with the hypothesis that derivatives of macrohaplogroup N had,
in southern Asia, a different route from macrohaplogroup ™M

(Maca-Meyer et al. 2001). Also striking is the presence in Sakai of

an unequivocal representative (16223-16274-16278-16294-
16309) of the sub-Saharan African L2a haplogroup (Torroni et al.
2001), which again is compatible with the physical characteris-
tics of this Negrito group. Although the suggestion that the first
spreading out of Africa of modern humans could have carried
some L2 lineages in addition to the L3 ancestors (Watson et al.
1997} is a tempting explanation, a recent admixture is more in
consonance with the phylogenetic proximity of this lineage to
the present African ones, The next outsiders were the majority of
the Siberian isolates, which could not be poocled because of big
differences in the frequency of distinctive haplogroups (Table 2).
This considerable differentiation was already emphasized (Schurr
et al. 1999), with strong genetic drift being its most probable
cause. Subsequent isolates belong to some Chinese minorities
such as those of Lisu and Nu, Lahu, and Taiwanese aborigines.
Unexpectedly, other Chinese minorities {Bai, Sali, and Tu) were
left in Han Chinese northern clusters. The Bai belong to the
Sino-Tibetan Tibeto-Burman ethnic linguistic group and have
been strongly influenced by Han. The Sali are a minority within
the Yi ethnic group whose rmost probable ancestors were the
Qiang from northwest China. Finally, the Tu, although belong-
ing to the Mongolian branch of the Altaic Family, show their
main genetic affinities to the Han from Xi'an (P = 0.95), Xinjiang
(P = 0.89), and Shanghai (P = 0.79), all of them clustered in the
Ch2 group. On the other hand, Thais, Vietnamese, and Cambo-
dians joined with southern Chinese. As already observed (Chun-
jie et al. 2000; Yao et al. 2002a), the Han Chinese do not comprise
a homogeneous group. With the exception of cluster Ch4, that
includes samples from Hubei and Guandong (Table 3), they ap-
pear geographically differentiated. The two central Asian groups
detected mainly differ in their frequencies for Alb, Z, and G2a.
With less than 14 conglomerates, the Japanese, including Ainu
and Ryukyuans, were part of a big group formed by Korean,
Buryat, Tibetans, and northern Chinese. Ainu was the first dif-
ferentiated Japanese sample. Ryukyuans separated later, when
mainland Japanese and Koreans still comprised a single group.
The lack of homogeneity between Ainu and Ryukyuans was
pointed out by Horai et al. (1996), who questioned that they
shared a recent common ancestor. The main differences between
thern were attributed to two dominant clusters (C1 and Cl16,
corresponding to our Y and M3/D4a/G1, respectively) present in
Ainu but absent in Ryukuyans, and two Ryukyuan deminant
clusters (C3 and C13, belonging to our R and M, respectively)
absent in Ainu. In addition, applying the present haplogroup
nomericlature to the same data, the high frequency of M7al and

D4a1/D4b in Ryukyuans, but their absence in Ainu, stands out.
The MDS plot (Fig. 3A), based on Fsp haplogroup frequency dis- -
tances between final groups (data not shown), only partially re-
flects the sequential process described above, as only Sakai and
Siberians are well differentiated from the rest. On the contrary,
relationships obtained from haplotype matches (Fig. 3B) show
populations highly structured by geography with the only excep-
tionts being the Ainu and Tuvinian isolates.

The Peopling of Japan

To further know the relative affinities of the Japanese between
themselves and with the different Asian groups formed, the data
obtained from the global approaches based on haplogroup fre-
quency distances and on sequence match identities are presented
in Table 4. Both values are moderately correlated in the compari-
sons involving the mainland Japanese (r = —0.479; two-tail prob-
ability 0.012) but not at all in those invelving aborigine
Ryukyuans (r= =0.310; two-tail probability 0.115) and Ainu
{r=0.087; two-tail probability 0.667). This result can be ex-
plained by assuming that these aboriginal people have suffered
important genetic drift effects with substantial changes in hap-
logroup frequencies and lineage losses or, less probably, that
these populations have been isolated long enough to have accu-
mulated new variation. Results based on haplogroup frequencies
by far relate mainland Japanese to Koreans followed by northern
Chinese. Ryukyuans present the smallest distances to Buryats
from South Siberia, followed in short by southern Chinese. In
turn, the Ainu have their closest affinities with mainland Japa-
nese, Koreans, and northern Chinese. As regards sequence
matches, mainland Japanese also joins first to Koreans and sec-
ond to Buryats. Aborigine Ryukyuans are closest to Buryats and
then to Koreans. Finally, Ainu show comparatively less shared
sequences, their greater affinities being toward Chukchi and Ko-
ryaks of Kamchatka. This global picture is congruent with an
important infiuence on mainland Japanese from northern Asian
populations through Korea, that the Ryukyuans had a duat
northern and southern Asian background previous to the new
northern influences acquired by admixture with mainland Japa-
nese, and that the Ainu represent the most isolated group in
Japan in spite of the genetic input received from Kamchatka. Also
noticeable is the great distance and low identity values obtained
for the Ainu-Ryukyuan pair compared with those obtained in
their respective comparison to mainland Japanese, which is an-
other hint of its notable maternal isolation.

The distance and identity statistics used above are based on
frequencies of haplogroups and haplotypes, respectively; how-
ever, frequencies are more affected by genetic drift than the num-
ber of different haplotypes present in a population. To measure
the relative affinities of Japanese populations between them and
to Continental Asia in a frequency-independent way, we chose a
haplotype-sharing approach calculating the relative contribution
of lineages shared with other areas to the number of different
haplotypes present in each Japanese population. In these com-
parisons all other Asians were merged. Table § shows the results
of this analysis. Note that despite the difference in sample size
the haplotype frequency in mainland Japanese and Ainu is -50%,
whereas in Ryukyuans it is 84%; which means that, if there was
not a bias in the sampling process, in spite of its small size, the
Airu sarnple seems to be representative of that population. How-
ever, it would be desirable to enlarge that of the Ryukyuans (Hel-
gason et al. 2000). Haplotypes present only in a given population
account for 13% in Alnu but ~50% in mainland Japanese (60%)
and Ryukyuans (45%). This finding once more points to the ex-
istence of important drift effects in Ainu. Mainland Japanese ex-
clusively share with Ryukyuans and Ainu only 3% and 2%, re-
spectively, of its lineages, which could reach 6% and 3% if those
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Table 3. Asian Populations Used in This Study

Population Locality Ethnic group Group Sample HVRI HVRII Other® References
Japan Tokyo Japanese IPN 373 16024-1656%  1-648 649-16023 This work
Japan Nagoya Japanese PN 299 16024-16569  1-648 649-16023 This work
|lapan Japanese 1PN 20 1600-16413 — Bamshad et al. 2001
19 — 71-270 jorde et al. 1995
Japan Tokyo lapanese 1PN 162 1605116365 73-340 Imaizumi et al, 2002
Japan Tokyo Japanese PN 150 1603016481 Nishimake et al. 1999
Japan Tokyo lapanese PN 13 16024-16569  1-648 RFLPs Abe et al. 1998
japan Miyazaki Japanese (JPN 100 15998-16400 30-407 Seo et al. 1998
Japan Tottori Japanese PN 89 16026-16396 : Cota et al. 2002
japan Shizuoka lapanese IPN 62 16129-1656%  1-41 " Herai et al. 1996
lapan Aichi |apanese 1PN .50 16040-16375 20-430 Koyama et al, 2002
lapan Okinawa Ryukyuan RYU 50 - 1612916569 1-41 Horai et al. 1996
Japan Hokkaido Ainu AIN 51 1612916569 141 Horai et al. 1996
Korea Korean KOR 306 16020-16400  1-70 Lee et al. 1997
Korea Korean KOR 4 16024-16370 Torroni et al, 1993a,b
Korea Korean KOR 60 16024-16365 73-340 Pleiffer et al. 1998
Korea Korean KOR 2 16000-16413 — Bamshad et al. 2001
Korea L - 71-270 jorde et al. 1995
Korea Korean KOR 64 16129-16569  1-41 Horai et al. 1996
Korea Korean KOR 3 16128-16408 Horal and Hayasaka 1950
Korea Korean KOR 98 16075-16362 73-315 14747-15887 Lee et al. 2002
China Liaoning Han Chl 51 16001-16497 30-47  10171-10659 and RFLPs " Yao et al. 2002a
China Shandong Han Chl 50 16001-16497 30-47  10171-10659 and RFLPs  Yao et al. 2002a
China Yunnan Bai Chl 31 16001-16495 : Yao et al. 2002b
China Changsha Han Ch1 82 16026-163%96 Oota et al. 2002
China - Xinjiang - Han - Ch2 47  16001-16497 30-47  10171-10659 and RFLPs  Yao et al. 2002a
China . Yunnan Sali Ch2 Y 16001-16495 Yao et al, 2002b
China Qinghai Tu Ch2 35 1600116495 Yao et al. 20025
China Xi‘an Han Ch2 84  16026-1639%6 Qota et al. 2002
China Shanghai Han Ch2 120 13030-16481 Nishimake et al. 1999
Mongolia Mongolian Ch2 103 16020-16400 RFLPs Kolman et al. 1996
Mongolia : Mongolian Ch2 15 . 16001-16495 Yao et al. 2002b -
China Yunnan Lahu Ch3 . 32 16048-16569  1-49 Qian et al, 2001
China Hubei Han Ch4 42 16001-1649%7 3047 10171-10659 and RFLPs  Yao et al. 2002a -
China Cuangdong  Han Ch4 30 16001-16497 3047  10171-10659 and RFLPs  Yao et al, 2002a
China Yunnan Han Chs 43 16001-16497 30-47 10171-10659 and RFLPs  Yao et al. 2002a
China Taiwan Chs 6 16024-16370 - - - ’ Torroni et al. 1993a,b
China Taiwan Chs 3 15999-16413 - - Bamshad et al, 2001
China Taiwan Chs 9 16065~16375 - Sykes et al, 1995
China Taiwan Chs 66 16129-16569 141 Horai et al. 1996
China Taiwan Han Chs 155 15997-16569  1-407 Tsai et al, 2001
China Yunnan Dai Chs 21 16048-16569 149 Qian et al. 2001
China Yunnan Wa Chs 22 16048-16569 1-49 Qian et al. 2001
China Yunnan Dai Chs 38 1600116495 Yao et al. 2002b
China CGuangxi Zhuang Chs 83 16001-16495 Yao et al. 2002b
China South China  Han Chs 28 16024-16399 Betty et al. 1996
Thailand : . Chs 32 16001-16495 Yao et al. 2002b
Thailand See ref. Chs 121 16048-1656% 141 Fucharoen et al. 2001
Thailand See ref. Native Ch5 74 16048-16569  1-41 Fucharoen et al. 2001
Vietnam Chs 35 16026-16396 Oota et al, 2002
Vietnam Ch5 9 15999-16413 — Bamshad et al. 2001
—_ 71=270 Jorde et al. 1995
Cambodia Ch5s 12 15999-16413 - Bamshad et al. 2001
. —_ 71-270 Jorde et al. 1995
China Yunnan Lisu Ché 37 16001-16495 " Yao et al. 2002b
China Yunnan Nu Ché 30 16001-16495 Yao et al. 2002b
China Taiwan Native TWA 28 15997-16400 30407 Melton et al, 1998
China Taiwan Native TWA 180 16048-16569 141 Tajima et al. 2003
Central Asia Uygur CAl 46 16001-16495 Yao et al. 2000a
Kazagstan Kazakh CAl 55 15997-16400 Comas et al. 1998
Kirgizistan  Talas Kirghiz CAl 48 15997-16400 Comas et al. 1998
Kazagstan Uygur CAl 55 . 15997-16400 Comas et al. 1998
Central Asia Kazak CA2 30 16001-16495 Yao et al, 2000a
Kirgizistan Sary-Tash Kirghiz CA2 46 15997-16400 Comas et al. 1998
Siberia See ref. Altai CA2 17 16024-16383 Shieids et al. 1993
Tibet Tibetan TIB 1 16024-16370 Torroni et al. 1993a,b
Tibet Tibetan TiB 40 16001-16495 Yao et al. 2000b
Tibet Tibetan TIB 24 16048-16569  1-41 Qian et al. 2001
Russia East Ural Mansi MAN 98 16039-16519 64-295  RFLPs Derbeneva et al. 2002a
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also shared with Continental Asian populations are added. In
comparison they shared 21% of its lineages with other Aslans, On
the contrary, Ryukyuans and Ainu share about 50% of their lin-
eages with mainland Japanese and only 10% and 219%, respec-
tively, with Continental populations, which may reflect other
independent Asian influences on Japan. With respect to those
lineages exclusively shared by Japanese and Continental Aslan
populations, it is worth mentioning that, again, Korea is the
main contributor, participating in ~50% of the haplotype sharing
with mainland Japanese (55%), as much as with Ryukyuans
(50%) and Ainu (50%). However, differences exist in the prov-
enance of the rest of the shared lineages. Whereas in Ainu (north-
emn China and Siberia) and in Ryukyuans (northern China and
central Asia) they are from northern areas, the second region
contributing to mainland Japanese is southern China (17.5%),
followed, at the same level (12.5%), by northern China and cen-
tral Asia. In addition, there exists 2 minor percentage of exclusive
sharing with' Indonesia (2.5%). On the other hand, all the
matches with Stberia and Tibet are also shared with other popu-
lattons. From these results, it can be deduced that the anclent
Japanese inhabitants came from northern Asia and that southern
areas affected the Japanese by later immigration. Nevertheless, it
must be borne in mind that older influences could be undetect-
able by lineage sharing. With respect to the haplogroup affilia-
tion of those lineages that Ainu and Ryukyuans exclusively
shared with no Japanese samples, new differences appear be-
tween them. Ainu share derived lineages of haplogroups A, G,
M9, and D3, all of them compatible with a rather recent Siberian
influence. In contrast, those shared by Ryukyuans are basical M
lineages, more congruent with an older radiation from southern
China. These dual influences are also detected when the hap-
logroup affiliation of the Ainu and Ryukyuan unique lineages is
studied. First, the percentage of lineages belonging to macrohap-
logroup N is larger in Afnu (50%) than in Ryukyuans (15%) and
from a different provenance, as those in Ainu are from hap-
logroups N, NSb, and Y, whereas those of Ryukyuans belong to
the southern haplogroups F and B. The remaining 50% of the
Ainu lineages equitably belong to different M haplogroups (M,
M7¢, G1, and D5a), but in Ryukyuans the remainder are mainly
concentrated in M7a {41%) and M7b2 (18%), two groups that
have their greatest Asian diversities precisely in Ryukyuans. Al-
though an indigenous focus of radiation cannot be discarded, it
is more conservative to suppose that the most probable origin of
these lineages is again southern Chlna. Thus, Ainu and
Ryukyuans are not only largely isolated populations, but they
maost probably had different maternal origins.

Although no matches are involved, the geographic distribu-
tion of haplogroup frequency and diversities for some groups
present in Japan and in other distinct Asian areas are also rel-
evant to trace these older connections. For instance, haplogroups
M9, M10, M12, D4b, and Flc have correlated geographic fre-
quencles with a peak in an area that comprises Tibet (Table 2).
Curiously, one of these haplogroups (M12) is today absent in
China but present in Korea and Japan.

DISCUSSION

Although the recent out-of-Africa origin for all modern humans
(Cann et al. 1987) is being widely supported (Takahata et al.
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Figure3 MDS plots based on (A4) Fsy and (B) D match distances. Popu-
lation groups are as detailed in Table 3.
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Table 4. Frequency-Based Fg; and Sequence Match 1dentities
(in Percentage) Between Japanese 5amples and With Other
Asian Populations

JPN RYU AIN

Fr  Matches  Fy,  Matches  F;  Matches

RYU 0.04 0.41

AN 0.04 0.33 0.05 0.04

KOR 0.00 1.10 0.04 0.57 0.04 0.25
CH1 0.01 0.59 0.04 on 0.04 0.18
CH2 0.01 0.51 0.05 0.19 0.05 0.21
CH3 0.07 0.01 0.10 0.00 0.08 0.00
CH4 0.03 0.06 0.03 0.00 0.05 0.03
CH3 0.03 0.16 0.03 0.09 0.05 0.08
CH6 0.04 0.07 0.08 0.00 0.08 0.09
TWA  0.04 0.23 0.07 0.08 0.08 0.04
TIB 0.04 0.36 0.04 0.18 0.08 0.06
CAl 0.02 0.58 0.04 0.25 0.05 0.16
CA2 0.04 073 0.07 0.20 0.08 0.19
ITE 0.29 0.00 0.39 0.00 0.40 0.26
FlU 0.06 0.50 0.08 0.32 0.10 0.10
MAN  0.06 0.24 0.06 0.24 0.08 0.04
ALU 0.29 0.01 0.39 0.00 0.39 0.45
KAM 0.4 0.01 0.16 0.00 0.15 0.45
CHU 037 0.01 0.21 0.00 0.22 0.00
TUV 0.03 0.09 0.07 017 0.07 0.05
BUR 0.03 0.97 0.02 2.75 0.07 0.15
FIL 0.03 on 0.05 0.13 0.06 0.00
IND 0.09 0.04 0.09 0.00 on 0.00
SAK 0.29 0.00 0.44 0.00 0.43 0.00
SAB 0.06 0.09 0.05 0.29 0.08 0.12

2001), the most probable time and routes chosen by these earliest
migrants to reach eastern Asia is an open issue. In the following
discussion we weigh the different alternatives proposed in light
of the phylogenetic tree obtained from complete mtDNA se-
quences. One of the first questions raised was whether there was
more than one out-of-Africa dispersion. All the mtDNA lineages
detected in Old World populations belong to one of two M and
N macrohaptogroups with only secondary representatives in Af-
rica. The proposed radiation ages for both, 30,000 to 58,000 years
ago and 43,000 to 53,000 years ago, respectively (Maca-Meyer et
al, 2001), give a temporal frame compatible with only one main
dispersion or two successive dispersions, in which case the M
precursor is the most probable candidate for the older exit. Even
if the one dispersion option is chosen, more than one geographi-
cal route to eastern Asia Is possible. In fact, a northern Continen-
tal route through the Near East and western-central Asia and a
southern coastal route through the Arabian and Indian peninsu-
las have been proposed {Cavalli-Sforza et al, 1994; Kivisild et al.
1999). The geographical distribution of these two macrohap-
logroups, with lack of ancient M representatives and the presence
of deep N lineages in western Asia, and the abundance of basal M
lineages in India and southwestern Asia and concomitant lack of
equivalent-age N clades, gave rise to the hypothesis that N rep-
resents the main footprint of the northern Continental expan-
sion, whereas M is the equivalent footprint for the southern
coastal expansion. The presence of N and M lineages in alterna-
tive areas has been explained to have been the result of secondary
migrations (Maca-Meyer et al. 2001). However, another plausible
explanation is that both M and N reached southern Asia at the
same time, quickly expanding to Papua New Guinea (PNG) dur-
ing maximal glacial ages when the permafiost boundary pre-
cluded a northern human occupation. During postglacial ages,
subsequent migrations northward carried derivatives of both
macrohaplogroups to northern Asia (Forster et al. 2001). Never-
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theless, under this second hypothesis, the presence of basal N
clusters should be expected in India, southern Asia, and PNG; but
this is not the case. All N representatives in India belong to R, a
clade derived from N by the loss of 16223 and 12705 mutations
(Fig. 2}. In addition, the bulk of these Indian lineages belong to
western Caucasian haplogroups that, most probably, reached In- .
dia as the result of secondary immigrations, as has already been
proposed (Kivisild et al. 1999; Bamshad et al. 2001). Similatly, the
N representatives in southern Asia belong to haplogroups F and
B, two sister clades also derived from R (Fig. 2). Furthermore,
when totally sequenced PNG N lineages (Ingman et al. 2000;
Ingman and Gyllensten 2003) are added to the N phylogenetic
tree (data not shown), they form three monophyletic clades that
have their roots in the derived R trunk, On the contrary, the
geographically northern Asian clades A, N9a, N5b, and Y (Fig. 2}
and the western Eurasian clades W, N1b, 1, and X all split from
the basal N root (Maca-Meyer et al. 2001}, although A, N9a, N9b,
and Y radiations were delayed congruent with subsequent north-
ern Asian expansions. Therefore, at present, mtDNA data are
compatible with the supposition that the northern route, har-
boring mainly N precursors, met climatic difficulties and when
they finally reached Southeast Asia, the M representatives,
brought by the southern route, had already colonized the area.
This southern expansion of N derivatives has, as a lower temporal
boundary, the coalescence ages of F, B, and PNG R haplogroups
being -46,000 = 10,000 years ago. However, when recently pub-
lished (Ingman et al. 2000; Ingman and Gyllensten 2003) Aus-
tralian N lineages are taken into account, it seems evident that
the real situation could be far more complex than the one mi-
gration-one lineage hypothesis. Australian N lineages directly
sprout from the basal trunk (data not shown). They most prob-
ably differentiated in that continent, supporting the idea that
ancestral N lineages reached Australia but not PNG, although the
undemonstrabie possibility of lineage extinctions and subse-
quent recolonization events in PNG can be an argument. Both
hypotheses have difficulties to explain the presence of ancient N
lineages in Australia, If the two, M and N lineages, were brought
with the southern coastal dispersion, the lack of primitive N in
India, southern Asia, and PNG has to be explained by the subse-
quent loss of all N lineages carried to Australia; if the northern
Continental route of N is favored, the loss of N representatives in
all populations formed in route to Australia has also to be ex-
plained. Recently, an N lineage has been detected in Chenchus,
a southern Indian tribal group (Kivisild et al. 2003). From the
information published, it can be deduced that this lineage only
shares mutation 1719 with the western Eurasian Nbl/l and X
clades. More extensive studies of populations in southern India

Table 5. Distribution of Unique and Shared Haplotypes in
fapanese Populations

Japanese papulations

PN RYU AIN
Sample 1318 50 3
Haplotypes 626 42 24
Haplotype frequency 0.48 0.84 0.47
Singleton + Unique 377 (0.60) 19 (0.45) 3(0.13)
Shared 249 (0.40) 23(0.55) 21 (0.87)
JPN 137 (0.22) 20 {0.48) 13 (0.54)
RYU 20:(0.03) 1 (0.02) 1(0.04)
AIN 13 (0.02) 1{0.02) 5(0.21)
Other* 130(0.21) 4(0.10) 5¢0.21)
*Qther Asians.
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and southern and central Asia would add empirical support to
any of these theories.

Concerning macrohaplogroup M, it has already been com-
mented that the star radiation of all the main Indian and south-
east Asian M clades strongly suggests that this wide geographic
colonization could have happened in a relatively short time
(Maca-Meyer et al. 2001). This star radiation includes the Austra-
lian and PNG M complete sequences recently published (Ingman
et al. 2000; ingman and Gyllensten 2003). However, for those
clades and subclades with later northward expansions, long ra-
diation delays are observed. For instance, whereas M7 and M8
have coalescence ages ~35,000 to 45,000 years ago, other groups
such as G, D4, M7a, or M7c have coalescence ages ~15,000 to
30,000 years ago, more in frame with those calculated for A, Y,
and N9 derivates, which, although belonging to macrohap-
logroup N, share with them a central-northern Asian geographic
distribution (see Supplemental material). It seems that the simul-
taneous lineage bursts ~60,000 to 70,000 years ago from Africa
(Maca-Meyer et al. 2001}, ~30,000 to 55,000 years ago for macro-
haplogroups M and N, and ~15,000 to 30,000 years ago for clusters
with prominent central-northern Asian radiations were related
to main climatic changes. The role of selection in these expan-
sions i$ an open qQuestion (Elson et al. 2004; Ruiz-Pesini et al, 2004).

The application of global pairwise-distance and detailed
phylogeographic methods to the peopling of Japan shows that
both approaches have different grasps but together demonstrate
that the actual Japanese population is the result of a complex
demographic history, from which the different theories proposed
to explain it only emphasize partial aspects. Global distances and
detailed haplotype comparisons confirm that Ainu and
Ryukyuans are heterogeneous populations (Horai et al. 1996) and
that both are well differentiated from the mainland Japanese. In
spite of this, they have common peculiarities such as having the
highest frequencies in Asia for M7a, M7b2, and N9b, shared with
mainland Japanese. Furthenmore, for both, their closest relatives
are northern populations. At first sight, these results are against a
supposed southern origin for the Paleolithic Japanese, favoring
the replacement theory or even that the Paleolithic inhabitants
of Japan came from northeastern Asia (Nei 1995). Although
based on a single locus, our results are strikingly coincident with
the previously proposed northern origin and influences received
by the Japanese. In an early study using serum gammaglobulin
polymorphisms, it was concluded that the homeland of al! Japa-
nese could have been in the Lake Baikal area in Siberia (Matsu-
moto 1988), which agrees with the close proximity found here
between Buryats and Ryukyuans or mainland Japanese. More re-
cently, classical markers (Omoto and Saitou 1997) and mtDNA
(Horai et al. 1996) studies demonstrated that the Japanese are
most closely related to the Koreans, which is also true in our
global analysis, It can be added that a substantial part of this
common maternal pool has recent roots, as Korea specifically
shares with Ainu, mainland Japanese, and Ryukyuans 10%, 7%,
and 5%, respectively, of their haplotypes. This particular affinity
Is increased with the existence of derived lineages only detected
{Ala, B4cl, Bdf) or mainly detected (N9b, B4al, B4bl, Gla,
M7b2, M12) in Japanese and Koreans. This Korean influence has
been attributed to the archeologically well-documented Conti-
nental immigration to Japan during the Yayoi period (Horai et al.
1996). However, specific haplotype matches with other areas in-
creases the geographic range of these recent influences. Thus,
mainland Japanese share part of their haplotypes exclusively
with South China (2.5%), North China (1.5%), Central Asia
{1.5%), and Indonesia (0.3%); and, also, Ryukyuans have specific
affinities with North China (2.4%) and Central Asia (2.4%). The
recent Siberian input on the Ainu has also been stressed (Schurr
et al. 1999). At least, another independent migratory wave from

central Asia also affected mainland Japanese. It was first detected
by the peculiar distribution of the Y-chromesome marker YAP+,”
and seems to have originated in an area including Tibet (Su et al.
2000). Haplogroup M12 is its mitochondrial counterpart. As with
the Y-chromosome marker, its punctual presence in Tibet and
eastern Asia might be explained as the result of subsequent mi-
grations in the Continent that erased the route followed by the

-people harboring these markers. In addition, there are clues, at

least in Ryukyuans, that a substantial part of their maternal pool
had an ancient southern Asian provenance. This fraction is rep-
resented by the M, M7a, and M7al basic lineages (31%), which
the Ryukyuans do not share with northern populations. This
southern signal s, in part, congruent with the southem Asian
origin for the Paleolithic japanese proposed by the dual structure
model (Hanihara 1991). Furthermore, the fact that the highest
diversities for M7a, M7al, and M7b2 have been found in
Ryukyuans and for N9b and B5b2 in Japan raises the possibility
that this area was within a focus of migratory radiations to north-
emn and southern isles and even to the mainland from Paleolithic
to recent times. The significant latitudinal clines detected in Ja-
pan for some genetic markers (Orito et al. 2001; Takeshita et al.
2001) could also be explained as the result of southern and
northern influences on Japanese, Finally, some mtDNA results
obtained from ancient Jomon remains (Horai et al. 1991; Shi-
noda and Kanai 1999; K.-1. Shinoda, unpubl.) are congruent with
a genetically diverse background for the Paleolithic Japanese
population (Horai et al. 1996). A tentative comparison of Jomon
with present-day Japanese populations based on shared lineages
(data not shown) significantly relates Jomon first to the indig-
enous Ainu and then to Ryukyuans and last to mainland Japa-
nese. In summary, Japan could have received several northemn
and southern Asian maternal inputs since Paleolithic times, with
notable northern Asian immigrations through Korea in the late
Neolithic and more specific gene flows from western Asia, Sibe-
ria, and southern islands.

METHODS

Samples

Complete mitDNA sequences were obtained from a total of 672
unrelated Japanese including 373 from Tokyo and 299 from the
Nagoya area, All subjects gave their written consent to participate
in this study, which was approved by the Ethical Committees of
the Gifu International Institute of Biotechnology and collabora-
tive institutions. The sources of 11 additional complete se-
quences used to build the final phylogenetic trees are in Table 1,
For the analysis of the peopling of Japan, we used a total of 1438
Japanese and 3275 central and eastern Asian HVI sequences, as
detailed in Table 3.

Isolation and Amplification of DNA

Total DNA was extracted from the blood with either Dr. Gen TLE
(Takara) or MagExtractor System MFX-2000 (Toyobo}). The entire
mitochondrial genome was amplified as six fragments (~3000-
3400 bp) by the first PCR and 60 overlapping segments (~600-
1000 bp) by the second PCR. The primer pairs and their nucleo-
tide sequences were described previously (Tanaka et al. 1996).
The conditions for the first and second PCR were the same: an
initial denaturation step for 5 min at 94°C, followed by 40 cycles
of denaturation for 15 sec at 94°C, annealing for 15 sec at 60°C,
and extension for 3 min at 72°C, with a final extension for 10
min at 72°C. The amplified fragments were analyzed by electro-
phoresis on a 1% agarose gel and visualized by staining with
ethidium bromide. These second PCR products were purified by
use of the MultiScreen-PCR Plates (Millipore). The quality of DNA
templates was examined by electrophoresis on a 1.2% agarose gel
after staining with ethidium bromide by use of 2 Ready-To-Run
Separation Unit (Amersham Pharmacia Biotech).
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Sequence Analysis of Mitochondrial DNA

Sequence reactions were carried out with a BigDye terminator
cycle sequencing FS ready reaction kit (Applied Biosystems). After
excess dye terminators had been removed with MultiScreen-HV
plates (Millipore) packed with Sephadex G50 superfine (Pharma-
cia), the purified DNA samples were precipitated with ethanol,
dried, and suspended in the template suppression reagent (TSR)
or formamide from Applied Biosystems. The dissolved DNA
samples were heated for 2 min at 95°C for denaturation, then
immediately cooled on ice. Sequenices were analyzed with auto-
mated DNA sequencers 377 and 310 by use of Sequencing Analy-
sis Program version 4.1 (Applied Biosystems). A computer pro-
gram, Sequencher version 4.1 (Gene Codes Co.), was used to
indicate possible single nucleotide pelymorphism (SNP) locl. For
verification, visual inspection of each candidate SNP was carried
out. At least two overlapping DNA templates amplified with dif-
ferent primer pairs were used for identification of each SNP. Mi-
tochondrial SNPs (mtSNPs) were identified by compatison with
the revised Cambridge sequence (rCRS} reported by Andrews et
al. (1999).

Phylogenetic Analysis of Complete Coding-Region
mtDNA Sequences:

In this present study, nuclectide positions were numbered as in
the Cambridge Reference Sequence {CRS; Anderson et al. 1981),
nucleotide substitutions were expressed as differences from the
revised CRS (Andrews et al. 1999), transitions were denoted only
by their nucleotide positions, and transversions were designated
by their nucleotide positions followed by the changed base. A
total of 942 complete coding-region mtDNA sequences, includ-
ing our 672 Japanese; one additional Japanese (GenBank acces-
sion no. AB055387); 53 worldwide sequences (Ingman et al.
2000); 42 worldwide sequences {(Maca-Meyer et al. 2001); two
Finnish sequences having Asian relatives (Finnild et al. 2001); 17
Asian sequences without concrete geographic assignation
{Herrnstadt et al, 2002); 37 sequences from the Bering area (Der-
beneva et al. 2002b); 70 Asian, New Guinean, and Australian
sequences (Ingman and Gyllensten 2003); and 48 Chinese se-
quences (Kong et a). 2003) were aligned with the rCRS by
CLUSTAL V software, and the coding region was used to con-
struct a phylogenetic network {Bandelt et al. 1999) rooted with a
chimpanzee sequence (GenBank accession no. D38113) as imple-
mented in the Network 3.1 program (Fluxus Engineering; http://
www. fluxus-engineering.com). The noncoding positions were
added by hand using molecular weighted parsimony criteria
(Bandelt et al. 2000). The phylogenetic relationships obtained
were also confirmed by means of a neighbot-joining tree (1000
bootstrapped; Saitou and Nel 1987), built using MEGA2 (Kumar
et al. 2001). From this network (see Supplemental material) we
chose 102 Japanese and nine Asiatic sequences that represented
the main clusters and subclusters within the two macrohap-
logroups M and N that colonized Asia. To define these groups we
foliowed the most generalized cladistic nomenclature actually
used to classify mtDNA lineages (Richards et al. 1998). For the
haplogroups previously detected, we maintained the same nota-
tion as their authors proposed (Richards et al. 2000; Bamshad et
al. 2001; Kivisild et al. 2002; Yao et al, 2002a; Kong et al. 2003).
Those haplogroups introduced here for the first time were named
according to their phylogenetic range deduced from the tree of
complete sequences.

Haplogroup Assorting of Published Partial
mtDNA Sequences

The unambiguously classified complete mtDNA sequences were
used as an initial pool that was hierarchically enlarged by the
successive addition of those published partial mtDNA sequences
with the largest coding information, ending with those for which
information on only control-tegion sequences for both mtDNA
hypervariable segments or just one (HVS-I and/or HVS-II} was
available, always following sequence matches or, as default, se-
quence-relatedness criterta. Some of those partial sequences that
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could be assigned to more than one haplegroup were tentatively
assorted in the most probable one deduced from their geographic
origin and the relative haplogroup distribution.

Pooling Small Size Samples and Rare Clades

To avoid small sample sizes and rare alletes in population com-
parisons, samples with <20 individuals were pooled with others
from the same geographic and ethnic group. Within popula-
tions, individuals belonging to rare clades were pooled with
those classified in the nearest branch. Pairwise sample distances
were calculated as linearized Fgy distances as implemented in the
ARLEQUIN program (Schneider et al. 2000), taking mtDNA as
one locus with as many alleles as the different subhaplogroups
considered.

Quantitative Affinities of Japanese Samples

Relative affinities of Japanese samples to the other Asiatic popu-
lations were assessed by linearized Fe distances, using subhap-
logroup frequencies, and haplotype matches’ distances (D) esti-
mated simply as D=1 ~ Z{xy)), x; and ¥, being the frequency of
haplotype i in the two compared populations. To be statistically
rcbust, these analyses require large sample sizes, thus further
pooling was necessary. Previous studies in the area prevented us
from pooling populations by geographic proximity (Schurr et al,
1999) and/or ethno-linguistic relationship (Comas et al. 1998;
Chuniie et al. 2000; Yao et al. 2002a). For this reason, a genetic
affinity criterion was chosen. Two approaches were used. In the
first, all samples with no significant Fgr distances between them
and with a similar behavior to the rest of the samples studied,
were grouped. In the second, pooling was carried out by means of
the CLUSTER algorithm implemented in the SPSS ver 9 package.
We followed an iterative method specifying the number of con-
glomerates from 2 to 30. Different groupings were tested by
AMOVA, and that with the least assigned variance within areas
was chosen. The data were graphically represented by multidi-
g%esr;sional scaling (MDS)} plots (Kruskal and Wish 1978) using

Qualitative Affinities of Japanese Samples

Particular sharing of subhaplogroups and particular haplotype
matches of Japanese samples with concrete Continental areas
were phylogeographically analyzed by taking into account the
relative genetic diversities of the clades involved in the different
areas, measured as relative haplotypic frequencies, and their min-
Imum estimates of coalescence ages based on mean divergence
among lineages for the coding region {Saillard et al. 2000). A
constant evolutionary rate of 1.7 X 10™® per site per year (Ing-
man et al. 2000) was used.
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Association of @ —1997G — T Polymorphism of the Collagen Il
Gene with Bone Mineral Density in Postmenopausal Japanese
Women

YOSHUI YAMADA,' Fujiko Ando,* Naoakira Niino,? and Hiroshi Shimokata?

Abstracr Genetic variants that affect collagen Tal metabolism may be
important in the development of ostcoporosis or ostcoporotic fractures. A
—1997G —» T polymorphism in the promoter of the collagen Ial gene
(COL1A1) was shown to be associated with bone mineral density (BMD)
for the lumbar spine in postmenopausal Spanish women. The relation of this
polymorphism to BMD in Japanese women or men has now been examined
in a population-based study. The subjects (1,110 women, 1,126 men) were
40 to 79 years of age and were randomly recruited for a population-based
prospective cohort study of aging and age-rclated diseases. BMD for the
tumbar spine, right femoral neck, right trochanter, and right Ward’s triangle
was measured using dual-encrgy x-ray absorptiometry. Genotypes for the
—1997G — T polymorphism of COL1A1 were determined with a fluores-
cence-based allele-specific DNA primer assay system, When all women were
analyzed together, BMD for the lumbar spine and trochanter was signifi-
cantly lower in subjects with the COLIAI*G/*G genotype than in those in
the combined group of COLIAI*G/*T and COLIAI*T/*T genotypes. When
postmenopausal women were analyzed separately, BMD for the femoral
neck and trochanter was also significantdy lower in those with the
COLIAI*G/*G genotype than in those with the COLIAT*G/*T genotype or
those in the combined group of COLIAI*G/*T and COLIAI*T/*T geno-
types. BMD was not associated with —1997G — T genotype in premeno-
pausal women or in men. Multivariate regression analysis revealed that
—1997G — T genotype affected BMD at various sites with a variance of
0.46-0.62% for all women and 0.61-1.01% for postmenopausal women. The
—1997G —» T genotype was not related to the serum concentration of osteo-
calcin, the serum activity of bone-specific alkaline phosphatase, or the usi-
nary excretion of deoxypyridinoline or cross-linked N-telopeptides of type [
collagen in men or in premenopausal or postmenopausal women. These re-
sults suggest that COLIA] is a susceptibility locus for reduced BMD in
postumenopausal Japanese women,
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Osteoporosis, a major health problem of the elderly, is characterized by a reduc-
tion in bone mineral density (BMD) and a deterjoration in the microarchitecture
of bone, both of which result in predisposition to fractures (Kanis et al. 1994).
Although several environmental factors, including diet, smoking, and physical
exercise, influence BMD, a genetic contribution to this parameter has been recog-
nized (Peacock et al. 2002). Genetic linkage analyses (Morrison et al. 1994; John-
son et al. 1997; Devoto et al. 1998; Koller et'al. 1998, 2000; Niu et al. 1999) and
candidate gene association studies (Morrison et al. 1994; Kobayashi et al. 1996;
Uitterlinden et al. 1998; Yamada et al. 2001; Ishida et al. 2003) have implicated

several loci and candidate genes in the regulation of bone mass and the preva-

lence of osteoporosis or osteoporotic fractures. However, the genes that contrib-
ute to genetic susceptibility to osteoporosis remain to be identified definitively,
Type [ collagen is the most abundant protein of bone matrix: Mutations in
the coding regions of the genes for the two type I collagen chains (COL1A1 and
COL1A2) result in a severe autosomal dominant pediatric condition known as
osteogenesis imperfecta (Sykes 1990). A G — T single nucleotide polymorphism
(SNP) at the first base of a consensus binding site for the transcription factor Spl
in the first intron of COL1A1 was associated not only with BMD in white women
(Grant et al. 1996) but also with osteoporotic fractures in postmenopausal women
(Langdahl et al. 1998; Uirterlinden et al. 1998). The COLIAI*T allele of this
polymorphism affects collagen gene regulation in such a manner that it increases
the production of the a1(I) collagen chain relative to that of the a2(T) chain and
leads to reduced bone strength by a mechanism that is partly independent of bone
mass {(Mann et al. 2001). These observations thus implicate genetic variants that
affect collagen Ial metabolism as important determinants of the development of
osteoporosis and osteoporotic fractures. Other studies, however, have shown only
a weak association of the Sp1 binding site polymorphism with BMD or osteopo-

rotic fractures in premenopausal French women (Gamero et al. 1998) or a lack -

of association in postmenopausal women in Sweden (Liden et al. 1998), in Amer-
. ican women (Hustmyer et al. 1999), or in postmenopausal Danish women (Hee-
gaard et al. 2000).

A —1997G — T SNP in the promoter of COL1A1 was also associated with
BMD for the lumbar spine in postmenopausal Spanish women, and this SNP and
the G — T SNP of the Spl binding site of COL1A1 were shown to be in-linkage
disequilibrium (Garcia-Giralt et al. 2002). Given the ethnic divergence of gene
polymorphisms, it is important to examine polymorphisms potentially related to
BMD in each ethnic group. We have now examined whether the —1997G — T
SNP of COL1Al is associated with BMD in Japanese women or men in a popula-
tion-based study.

Materials and Methods

Study Population.  The National Institute for Longevity Sciences Longitudi-
nal Study of Aging (NILS-LSA) is a population-based prospective cohort study
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of aging and age-related diseases (Shimokata et al. 2000). The subjects of the
NILS-LSA are stratified by both age and sex and are randomly selected from
resident registrations in the city of Obu and the town of Higashiiura in central
Japan (Yamada et al. 20032, 2003b). Individuals with disorders known to cause

abrnormalities of bone metabolism, including diabetes mellitus, renal diseases,-

rheumatoid arthritis, and thyroid, parathyroid, and other endocrinologic diseases,
were excluded from the study. Women who had taken drugs such as estrogen,
progesterone, glucocorticoids, and bisphosphonates were also excluded.

We examined the relation of BMD at various sites to the —1997G —>T
SNP of COL1A1 in 2,236 participants (1,110 women, 1,126 men). All analyses
were performed separately for men and for women. In addition, to uncover poten-
tial differences between women according to menopausal status, we conducted ail
analyses separately for premenopausal and postmenopausal women. Menopausal
status. was evaluated by a detailed questionnaire, and menopause was defined as
complete cessation of menstruation. Furthermore, the relation of biochemical
markers of bone tumover to —1997G — T genotype of COL1A1 was examined
for men or premenopausal or postmenopausal women separately. The study pro-
tocol was approved by the Committee on Ethics of Human Research of National
Chubu Hospital and the NILS, and written informed consent was obtained from
cach subject.

Measurement of BMD. BMD for the lumbar spine (L.2-L4), right femoral
neck, right trochanter, and right Ward’s triangle was measured using dual-energy
x-ray absorptiometry (DXA} (QDR 4500; Hologic, Bedford, Mass.). The coeffi-
cients of varation (CVs) of the DXA instrument were 0.9% (L2-1L4), 1.3% (fem-
oral neck), 1.0% (trochanter), and 2.5% (Ward’s triangle); these values were
determined by measurement of BMD three times at each site in 10 healthy sub-
jects {(mean age + SE, 38.7 £+ 2.4 years).

Determination of Genotypes. Genotypes were determined with a fluores-
cence-based allele-specific DNA primer assay system (Toyobo Gene Analysis,
Tsuruga, Japan) (Yamada et al. 2002). The polymorphic region of COL1A1 was
amplified using the polymerase chain reaction with allele-specific sense primers
labeled at the 5° end with either fluorescein isothiocyanate (5'-TGGGTCAGTTC-
CAAGAGXCC-3") or Texas red (5'-TGGGTCAGTTCCAAGAGXAC-3') and
with an antisense primer labeled at the 5' end with biotin (5'-TCTAAATGTCTG-
TTCCCTCCAA-3"). The reaction mixture (25 kL) contained 20 ng of DNA, 5
pmol of each primer, 0.2 mmoVL of each deoxynucleoside triphosphate, 3.5
mmol/L. MgCl,, and 1 U of 1Taq DNA polymerase (Toyobo, Osaka, Japan) in
polymerase buffer. The amplification protocol was initial denaturation at 95°C
for 5 min; 35 cycles of denaturation at 95°C for 30 s, annealing at 60°C for 30 s,
and extension at 68°C for 30 s; and a final extension at 68°C for 2 min.

The amplified DNA was incubated in a solution containing streptavidin-

conjugated magnetic beads in the wells of a 96-well plate at room temperatire. -
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The plate was then placed on a magnetic stand, and the supernatants from each
well were transferred to the wells of a 96-well plate containing 0.01 mol/L. NaOH
and measured for fluorescence with a microplate reader (Fluoroscan Ascent; Dai-
nippon Pharmaceutical, Osaka, Japan) at excitation and emission wavelengths of
485 nm and 538 nm, respectively, for fluorescein isothiocyanate and of 584 nm
and 612 nm, respectively, for Texas red.

Measurement of Biochemical Markers of Bone Turnover.  Venous blood
and urine samples were collected in the early moming after the subjects had
fasted overnight, Blood samples were centrifuged at 1,600 X g for 15 min at 4°C,
and the serum fraction was separated and stored at — 80°C until analysis. The
serum concentration of intact osteocalcin was measured with an immunoradie-
metric assay kit (Mitsubishi Chemical, Tokyo, Japan). The activity of bone-spe-
cific alkaline phosphatase in serum was measured with an enzyme immunoassay
kit (Metra Biosystems, Mountain View, Calif.). Urine samples were collected in

plain tubes and stored at —80°C. Urinary deoxypyridinoline was measured with -

an enzyme immunoassay kit (Metra Biosystemns); the values were corrected
for urinary creatinine and expressed as picomoles per micromole of creatinine.
The urinary concentration of cross-linked N-telopeptides of type I collagen
(NTx) was measured with an enzyme-linked immunosorbent assay kit (Mochida
Pharmaceutical, Tokyo, Japan); the values were expressed as picomoles of bone
collagen equivalents per micromole of creatinine. Urinary creatinine was enzy-
matically measured with a creatinine test kit (Wako Chemical, Osaka, Japan).

Statistical Analysis. Quantitative data were compared among the three
groups using one-way analysis of variance and the Tukey-Kramer post hoc test
and between two groups using the unpaired Student’s ¢ test. BMD values were
analyzed with adjustment for age and body mass index (BMI) using the least-
squares method in a general linear model. The effect of —1997G — T genotype
on BMD at various sites was evaluated using multivariate regression analysis; R?
and P values were calculated from the analysis including age, BMI, and COL1Al
genotype (0 = COLIAI*G/*G, | = COLIAI*G/*T = COLIAIYTAT) . Allele
frequencies were estimated using the gene-counting method, and the chi-square
test was used to identify significant departure from Hardy-Weinberg equilibrium.
A P value less than 0.05 was considered statistically significant.

Results

The distribution of —1997G — T genotypes was in Hardy-Weinberg equi-
librium, and age and BMI did not differ among genotypes for ail women (Table
1). BMD for the lumbar spine and trochanter was significantly lower in women
with the *G/*G genotype than in those in the combined group of *G/*T and
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Table 1. BMD and Other Characteristics of All Women (n = 1,110) According to the
- 1897G — T Genotype of COL1A!

Characteristic GG “G/*T *T/*T *GH*T + *T/*T

Number (%) 407 (36.1 526 (47.4) 177 (15.9) 703 (63.3)

Age (years) 60.0 0.5 589 05 584 +08 58.8 + 0.4

BMI (kg!m:') 229+02 228 x0.1 23002 22901

BMD values (g/cm®)
[2-14 0.355 = 0.006 0.87C = 0.006 0.878 £ 0.010 0.872 £ 0.005% |
Femorat neck 0.672 = 0.004 0.681 £ 0.004 0.680 = 0.007 0.681 = 0.003
Trochanter 0.564 = 0.004 0.575 = 0.004 0.574 = 0.006 0.575 + 0.003°
Ward's triangle 0.500 £ 0.006 0.512 = 0.005 0.508 = 0.009 0.511 £0.004

Data are means = SE. BMD values are adjusted for age and BMIL.
a. P = 0.039 vs. *G/*G.
b. P = 0.033 versus *G/*G.

*T/*T genotypes; the difference in BMD between the *G/*G genotype and the
combined group of *G/*T and *T/*T genotypes (expressed as a percentage of
the corresponding larger value) was 1.9% for both the lumbar spine and the tro-
chanter.

We also analyzed BMD and other characteristics for premenopausal and
postmenopausal women independently. The distributions of —1997G — T geno-
types were in Hardy-Weinberg equilibrium, and age and BMT did not differ
among genotypes for premenopausal or postmenopausal women (Table 2),
For postmenopausal women there was no difference in years after menopause
among genotypes. For premenopausal women BMD was not associated with
—1997G — T genotype. In contrast, BMD for the femoral neck or trochanter
was significantly lower in postmenopausal women with the *G/*G genotype than
in those with the *G/*T genotype or those in the combined group of *G/*T and
*T/*T geniotypes; the differences in BMD between the *G/*G genotype and the
combined group of *G/*T and *T/*T genotypes were 2.5% for the femoral neck
and 2.2% for the trochanter.

The distribution of - 1997G — T genotypes was in Hardy-Weinberg equi-
librium, but BMD did not differ among these genotypes in men (Table 3).

The effect of —1997G—T genotype on BMD was evaluated using multi-
variate regression analysis (Table 4). The analysis revealed that the —1997G —
T genotype affected BMD at various sites with a variance of 0.46-0.62% for all
women and of 0.61-1.01% for postmenopausal women.

The relaton of biochemical markers of bone turnover to —~1997G —+T
genotype of COL1AI was also examined. No association of —1997G — T geno-
type with the serum concentration of intact osteocalcin, serum activity of bone-
- specific alkaline phosphatase, or urinary excretion of deoxypyridincline or NTx
was apparent for men or premenopausal or postmenopausal women (Table 5).

B -11214%  scHa  03-04-0512:5356 PS

244

PAGE 21



PAGE 32

Do/ SAREGD = d 7O
‘De/Ds SATI00=d 7]
Do/ FAPEFD = 470

) ‘[ puv 337 Jo) paisnipe 9w sanRA ING 'HS F SUTIW 2R RIRQ 2
SOUOF RSO  OI00F S5¥0 9000 F 65¢0 LODO T #P¥0 6000 F LS90  BIOOFESHD OI0G + L§9°0  ZTIOOF €990  oiFvmun s,prmay ®
HOUOF HPSO  LODOFSPS0 . POOOF PS50 SOO0FIESO 9000 F 0990  EI00F 9590 LOOCF 990 6000 F 9590 aweys0), g
JOUOTO0S90 LOOOF LP90  LHO00FO0S9C  SOOO T +E90  L00OF R9LO0  FIOOFILLO  SO0QFL9LG 6000 FZBLO  A0ouerowdy =
000 F SIS0 (00T 1280  LO0OF €180  LOOOF 860  6000FOEXT  BIDOTH¥0T  OIOOF920°1  ZI0'0 ¥ 8101 P1-21 2
(pui>/3) .w.
sanisA QNG ®
10F 672 £OFTEL A ES: ¥4 TOFOET TOF 8T SOF VT £0F 6L €0 F BT (w/3) tNg o
¥0F LI 90T LEL Y B | §0F¥S1 . asnudouau g

138 ey

¥0F SE9 L0 T 879 ¥0 F 89 SOF 9 E0F 29y 90 F 85k 0T €9p L EX A (srmaf) o3y

{579 608 (z90) zen (£'9) LLE (sLe) 90t (z'99) #81 asD v (05 ovi (8'¢) b5 (%) 13qumy

eila + LafDs PN La/Ds Dr/Ds dodle + La/Ds Lels La/Ds D4/Ds spaIYD

32/ YAMADA ET AL.

(518 = W) uawoly snodouairogd

{817 = U} uawroy Jesnuodousuaiy

T1V17700 J0 9dK0usD L+~ DLEGT — I pue

S— 4 I~

smielg [esnedoualy o) Surpioooy (£60°1 = U) UIWOM JO SINSLIDIEIBYD 10410 Pue QY T AIqEL

245



COLIA1 Polymorphism and Bone Mineral Density / 33

Table 3.- BMD anﬁ Other Characteristics of Men (n = 1,126) According to the
—1997G — T Genotype of COL1AI

*GT

Characteristic GG b o G/*T + *T/*T
Number (%) 457 (40.6) 511454} 158 (14.0) 669 {59.4)

Age (years) "585*+05 597 %05 592+ (09 566 04
BMI (kg/mz) 229 =01 23001 229+02 229 +0Q.1
BMD values (2/cm?)

L2-14 0.990 = 0.007 0.975 % 0.007 0.983 = 0012 0.977 £ 0.006
Femoral neck 0.754 + 0.005 0.754 = 0.004 0.744 *+ 0.008 0.751 = 0.004
Trochanter 0.672 £ 0.005 0.665 = 0.004 0.667 + 0.008 0.665 = 0.004
Ward's triangle 0.557 = 0.006 0.552 + 0.005 0.540 + 0.010 0.54% £ 0.005

Data are means + SE. BMD values are adjusted for age and BMI.

Discussion

The —1997G -+ T SNP of the COL1A1 promoter has previously been as-
sociated with BMD for the lumbar spine and, to a lesser extent, with BMD for
the femoral neck in postmenopausal Spanish women, and with the *T/*T geno-
type, which represents z risk factor for reduced BMD (Garcia-Giralt et al. 2002).
‘We have now shown that the — 1997G — T SNP is associated with BMD for the
femoral neck and trochanter in postmenopausal Japanese women and with the
*G/*G genotype, which represents a risk factor for reduced BMD. The —1997G
— T genotype affected BMD at various sites with a variance of 0.61-1.01% for
postmenopausal women, although this SNP was not associated with biochemical
markers of bone tumover.

The alleles of the —1997G — T polymorphism associated with reduced

Table 4. Effects of the —1997G — T Genotype of COL1A1 on BMD for All Women
(n = 1,110) or Postmenopausal Women (r = §15)

Site R P
All women
L2-14 0.0061 0.0102
Femoral neck 0.0047 0.0243
Trochanter 0.0062 0.0093
Ward's triangle 0.0046 0.0262
Postmencpausal womnen
1L2-14 0.0061 00263
Femoral neck 0.0101 -0.0044
Trochanter 0.0076 0.0137
- Ward's riangle 0.00M 0.0172

The R? and P values were derived from multivariate regression analysis including age, BMI, and
COLIAI genotype (0 = *G/*G, 1 = “G/*T = *T/*T).
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Table 5. Biochemical Markers of Bone Tumnover for Women or Men According to the
~1997G — T Genotype of COL1A1

Marker *G/*G *G/T T/T
Premenopausal women
Osteocalcin (ng/mL) 635 +029 6.46 = 0.24 693 £ 042
Bone-specific alkaline phosphatase (U/L}) 196 205 20305 150+08
dPyr (pmol/pmol Cr) 554 £ 0.15 535x012 550 =022
NTx (pmol BCE/wmol Cr) 33515 33.6 %13 383+23
Postmenopausal women ’
Osteocalcin (ng/mL) 1053 2021 10.30 £ 0.19 10.25 * 0.32
Bone-specific alkaline phosphatase (U/L) 31.6 £0.6 315 +=0.6 305x09
dPyr (pmol/pmel Cr) 408 £ 006 4.01 = 0.05 3.99 +0.10
NTx (pmol BCE/umotl Cr) 604 £ 16 602=1.5 594%x25
Men
Ostegcalcin (ng/mL) 7.67 = 0.11 764 £0.11 7.64 = 0.20
Bone-specific alkaline phosphatase (U/L) 263 =04 25604 26207
dPyr (pmol/pmol Cr) 4.08 = 0.06 401 = 0.05 399 =010
NTx (pmol BCE/umol Cr) 36.6 £ 0.7 36207 36412

Data are means = SE, dPyr, deoxypyridineline; Cr, creatinine; NTx, cross-linked N-telopeptides of
type [ collagen; BCE, bone collagen equivalents.

BMD thus differ between the present study (*G allele) and the previous study
(*T allele) (Garcia-Giralt et al. 2002). Although the reason for this apparent dis-
crepancy is unclear, there are three major differences between the two studies.
First, the subjects were older in our study {mean age of 64 years for postmeno-
pausal wormen) than in the previous study (mean age, 51 years), and years since
menopause were significanty greater in our study (mean, 15.0 years) than in the
previous study (mean, 3.6 years). Given that bone resorption markedly increases
during 10 years after menopause, genetic effects on BMD might differ between
women for short and long time after menopause. Second, the number of subjects
in which the association was detected was greater in our study (n = 815 for
postmenopausal women) than in the previous study (n = 256). The results of
association studies with small sample sizes are prone to bias compared with those
with large sample sizes. Finally, the distribution of —1997G — T genotypes dif-
fered significantly (P < 0.0001; chi-square test) between our study (postmeno-
pausal women: *G/*G, 38%; *G/*T, 46%; *T/*T, 16%) and the previous study
(*G/*G, 16%; *G/*T, 22%;, *I/*T, 2%), possibly reflecting the difference in eth-
nicity. The difference in genetic influences on BMD between different ethnic
groups might be attributable, at least in part, to the difference in the distribution
of genotypes. It is also possible that the —1997G — T.SNP of COL1Al is in
- linkage disequilibrium with other polymorphisms of COL1A1 or with polymor-
phisms of other nearby genes that are actually responsible for the observed asso-
ciation with BMD. Given the multiple comparisons of genotype performed, we
cannot completely exclude the possible occurrence of statistical errors such as
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false positives, although we observed 2 significant association of this SNP with

BMD at different sites.

Evidence suggests that the — 1997G — T SNP of COL1A 1 may affect pro-
moter function (Garcia-Giralt et al. 2002). A double-stranded oligonucleotide
containing the —1997G — T site bound osteoblast nuclear factors; however, the
extent of factor binding was even more pronounced with a single-stranded anti-
sense DNA probe, suggesting the involvement of a protein selective for single-
stranded DNA. The extent of factor binding observed with a probe comresponding
to the *G allele was greater than that apparent with a probe based on the *T

allele. The effect of this SNP on COL1ALI transcription, however, remains to be

determined.

In conclusion, our present results suggest that the —1997G — T SNP of
COLI1ALl is associated with BMD for the femoral neck and trochanter in post-
menopausal Japanese women and that the alleles associated with reduced BMD
differ between postmenopausal Japanese (*G allele) and Spanish (*T allele)
women, although the contribution of this SNP to bone mass appears relatively
small.

Acknowledgments This smady was supported in part by a Rescarch Grant for Longev-
ity Sciences (grant 12C-01 awarded to Y. Yamada and H. Shimokata) and by a Health and
Labor Sciences Research Grant for Comprehensive Research on Aging and Health (grant
H15-Chojyu-014 awarded to Y. Yamada, F. Ando, N. Niing, and H. Shimokarta) from the
Ministry of Health, Labor, and Welfare of Japan.

Received 22 March 2004; revision received 16 July 2004.

Literature Cited

Devoto, M., K. Shimoya, J. Caminis et al. 1998, First-stage autosomal genome screen in extended
pedigrees suggests genes predisposing to low bone mineral density on chromosomes 1p, 2p,
and 4p. Eur. J. Hum. Genet. 6:151-157,

Garcia-Giralt, N., X. Nogués, A. Enjuanes et al. 2002. Two new single-nucleotide polymorphisms in
the COLIA] upstream regulatory region and their relationship to bone mineral density. J.
Bone Miner. Res. 17:384-393,

Garnero, P, O, Borel, 5. F. A. Grant et al. 1998. Collagen Ial Spl polymorphism, bone mass, and
bone turnover in healthy French premenopausal women: The OFELY Study. J Bone Miner.
Res. 13:813-817.

Grant, §. FE A, D. M. Reid, G. Blake et al. 1996, Reduced bone density and osteoporosis associated
with a polymorphic Spl binding site in the collagen type Ial gene. Nat. Gener. 14:203-205,

Heegaard, A., H.L. Jorgensen, A. W. Vestergaard et al. 2000, Lack of influence of collagen type Tal
Spl binding site polymorphism on the rate of bone loss in a cohort of postmenopausal Danisk
women followed for 18 years. Calcif. Tissue Int. 66:409-413,

Hustmyer, E. G., G. Liv, C. C. Johnston et al. 1999, Polymorphism at an Spl binding site of COL1A1
and bone mineral density in premenopausal female twins and eldesly fracture patients. Osteo-
porosis Int. 9:346-350.

11214 scH3  ovosos 135357 PS

248

PAGE 35



