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Abstract

Japanese males belong to the Y chromosome Clal, C2, Dla2a, D1a2a-122b, O1b2,

Olb2alal, O2a2bl, and O2alb haplogroups. Notably, the regional frequency of each

haplogroup is homogeneous. Owing to recent developments in genome sequencing

technology, the phylogenetic tree of Y chromosome haplogroups is updated annually.

Therefore, in this study, we aimed to provide an update on the Y chromosome haplogroups

of modern Japanese males and examine their regional distributions. Using 1,640 samples

of Japanese males from seven Japanese cities (Nagasaki, Fukuoka, Tokushima, Osaka,

Kanazawa, Kawasaki, and Sapporo), haplogroups Clal, C2, D1a2a, D1a2a-12f2b, O1b2,

and Olb2alal were updated based on the latest phylogenetic tree. Haplogroup Clal was

mainly classified into Clalala and Clalalb subgroups; Clalalb was more common in

Tokushima and Osaka than in the other regions. Haplogroup C2 was mainly classified

into C2a, C2blala, C2blalb, C2bla2, and C2blb subgroups and exhibited frequency

differences in Osaka. Haplogroup Dla2a was classified into Dla2alcl and Dla2a2

subgroups, and its frequency varied between Tokushima and Osaka. Haplogroup D1a2a-

12f2b was classified into Dla2ala2blala and Dla2ala3 subgroups; however, no

significant frequency differences were observed. Haplogroup O1b2 was classified into

Olb2ala2ala, Olb2ala2alb, and Olb2ala3 subgroups, with frequency differences



between Nagasaki and Kanazawa. Haplogroup Olb2alal was mainly classified into

Olb2alala, Olb2alalb, and Olb2alalc subgroups; however, no significant frequency

differences were observed. Our findings suggest that gene flow in the Kinki region is

caused by human migration.

Keywords: Y chromosome haplogroup; modern Japanese male; phylogenetic tree;

regional distribution



Introduction

The human Y chromosome comprises approximately 50 million base pairs and 106

protein-coding genes [1]. It has a pseudo-autosomal region (PAR) homologous to the X

chromosome and male-specific region on the human Y chromosome (MSY), consisting

of hetero- and euchromatin [2]. The Y chromosome is passed on from the father to the

son in the same manner because only the PAR region of the Y chromosome recombines

with that of the X chromosome. Therefore, the Y chromosome in modern humans is a

good resource for studying male population genetics, as the DNA of the ancestor is

transmitted to the offspring in its original form. The Y chromosome is divided into various

groups called haplogroups based on a combination of multiple mutations. Tilford et al.

first reported the sequence of the human Y chromosome [3], leading to the subsequent

identification of many DNA polymorphisms. Polymorphisms in 47z [4] and SRY 465 [5]

have been reported in Japan. In 2002, Hammer et al. summarized the worldwide

classification of the Y chromosome and constructed a global phylogenetic tree for males

[6], facilitating the study of human global evolution.

Haniwara K. proposed the “dual-structure model,” which is a working

hypothesis in Japanese anthropology [7]. This model, which is widely accepted, indicates

that the formation of the modern Japanese population is the result of the mixing of



indigenous Jomon and migrating Yayoi lineages. Indigenous Jomon people, originating
in Southeast Asia, migrated to the Japanese archipelago from Eurasia via Sakhalin, Kuril
Islands, and the Korean Peninsula from the mouth of the Yangtze River or around Taiwan
northward across the sea, extending their range of residence from Okinawa to Hokkaido
(approximately 40,000-3,000 years ago). The Yayoi people from Northeast Asia, who
adopted rice cultivation and agricultural techniques, migrated to the Japanese archipelago
from northern Kyushu via the Korean Peninsula and spread to Kyushu, Shikoku, and
Honshu (approximately 3,000 years ago in the 3™ century AD). These findings suggest a
geographic gradient among the genetically distinct Japanese populations.

Sato et al. analyzed Y chromosome haplogroups in 2,390 samples collected from
seven cities (Nagasaki, Fukuoka, Tokushima, Osaka, Kanazawa, Kawasaki, and Sapporo)
to identify the possible geographic gradients in Japanese males [8]. They revealed that
the Japanese males could be classified into eight haplogroups (C1, C3, D2*, D2al, O2b*,
0O2bl, O3a3c, and O3a4). However, no significant regional differences in haplogroup
frequencies have been reported.

Recent technological advances have facilitated the whole-genome sequencing of
the Japanese population. The International Society annually updates the phylogenetic tree

of the Y-chromosome haplogroup for the Study of Genetic Genealogy (ISOGG), and the



haplogroups are renamed accordingly. Haplogroup C1 has been renamed as Clal, C3 as
C2, D2* as D1a2a, O2b* as O1b2, O2b1l as Olb2alal, O3a3c as O2a2bl, and O3a4 as
0O2alb. In this study, we sought to determine the Y chromosome haplogroups in Japanese
males (previously assigned to haplogroups C, D, and O1b2) in more detail to clarify the

structure of the phylogenetic tree of the modern Japanese male population.



Materials and methods

Subjects

Of the 2,390 samples collected from the Japanese males residing in Nagasaki, Fukuoka,

Tokushima, Osaka, Kanazawa, Kawasaki, and Sapporo (Supplementary Figure S1) for

the Y chromosome haplogroup study reported by Sato et al. in 2014 [8], residual DNA

samples corresponding to 1,640 individuals were used in the present study. Table 1

summarizes the number of Y chromosome haplogroups used for the analysis in each city.

This study was approved by the Ethics Committee of Tokushima University (approval

number: R1-19). All participants provided informed consent prior to their inclusion in the

study.

Y chromosome haplogroups

Y-chromosome haplogroups were determined based on a phylogenetic tree published by

ISOGG (ISOGG Y-DNA Haplogroup Tree Ver. 15.73; July 2020; https://isogg.org/tree/).

The haplogroup, D2al marker 12f2b, was previously deleted by ISSOG. Therefore, we

defined D2al as D1a2a-12f2b in this study. Y-chromosome haplogroup branch markers

were determined using polymerase chain reaction (PCR)-restriction fragment length

polymorphism, TagMan PCR, and Sanger sequencing. All primer sets, PCR annealing



temperatures, restriction enzymes, and genotyping methods used in this study are listed

in Supplementary Tables S1-S3.

Data analyses

To compare the Y-chromosome haplogroup diversity among cities, Arlequin Ver. 3.5.2.2

was used to calculate the F-statistics (F'st) as an indicator of genetic differentiation among

populations [9]. Under the null hypothesis of no difference between groups, the number

of permutations was set to 100, and the significance level was set to 0.05. Each

haplogroup frequency was used as an input file for statistical calculations to derive the

null distribution of paired Fsr values. The estimated year of divergence of the Y-

chromosomal haplogroup was obtained using Y-Tree (ver. 11.04) from the yfull.com

database (https://www.yfull.com/tree/).



Results

Haplogroup C

The haplogroups of 110 individuals belonging to the Y chromosome haplogroup, Clal

(formerly C1), were analyzed based on the phylogenetic tree published by ISOGG. Clal

was classified into three downstream subgroups: Clala (1.8%), Clalala (73.6%), and

Clalalb (24.5%; Figure 1A and Supplementary Table S4). Evaluation of the regional

frequencies of these three groups revealed that the frequencies of haplogroups Clalala

and Clalalb differed between Tokushima and Osaka. Frequencies of Clalala were

higher in Nagasaki (90.0%), Fukuoka (100%), Kanazawa (90.0%), Kawasaki (78.9%),

and Sapporo (66.7%) compared with those in Tokushima (56.5%) and Osaka (54.5%). In

contrast, the frequencies of Clalalb were lower in Nagasaki (0%), Fukuoka (0%),

Kanazawa (10.0%), Kawasaki (21.1%), and Sapporo (28.6%) compared with those in

Tokushima (43.5%) and Osaka (45.5%) (Figure 1B and Supplementary Table S4). To

compare the diversity among the seven populations, a pairwise comparison of Fst values
9

was performed based on the frequency of haplogroup Clal lineages. The results showed

significant differences (P < 0.05) between Tokushima and Nagasaki (Fst = 0.229),

Tokushima and Kanazawa (Fst = 0.207), Osaka and Nagasaki (Fst = 0.261), and Osaka

and Kanazawa (Fst = 0.249) regions (Table 2).



Next, haplogroup analysis was performed on 130 individuals belonging to the Y

chromosome haplogroup, C2 (formerly C3). C2 was further divided into six subgroups:

C2a (14.6%), C2bl (0.8%), C2blala (36.9%), C2blalb (4.6%), C2bla2 (24.6%), and

C2b1b (18.5%; Figure 1A and Supplementary Table S4). Regional comparisons showed

that the C2a, C2blala, C2bla2, and C2b1b subgroups exhibited frequency variations in

Osaka. Frequencies of C2a were lower in Nagasaki (6.7%), Fukuoka (0%), Tokushima

(11.8%), Kanazawa (15.6%), Kawasaki (9.5%), and Sapporo (20.0%) than in Osaka

(42.9%). Moreover, frequencies of C2bla2 were lower in Nagasaki (13.3%), Fukuoka

(25.0%), Tokushima (11.8%), Kawasaki (19.0%), and Sapporo (23.3%) than in Osaka

(42.9%) and Kanazawa (37.5%). In contrast, C2blala was commonly observed in

Nagasaki (53.3%), Fukuoka (50.0%), Tokushima (35.3%), Kanazawa (34.4%), Kawasaki

(47.6%), and Sapporo (30.0%), but not in Osaka (0%). C2b1b was commonly observed

in Nagasaki (26.7%), Fukuoka (25.0%), Tokushima (29.4%), Kanazawa (9.4%),

Kawasaki (23.8%), and Sapporo (16.7%), but not in Osaka (0%) (Figure 1C and

Supplementary Table S4). The Fsr values differed significantly (P < 0.05) between the

Osaka and Nagasaki (Fst = 0.249), Osaka and Fukuoka (Fst = 0.200), Osaka and

Tokushima (Fst = 0.139), and Osaka and Kawasaki (Fst = 0.192) regions (Table 2).
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Haplogroup D

A detailed haplogroup analysis was performed on 316 individuals belonging to the Y

chromosome haplogroup, Dla2a (formerly D2*). Dla2a was subclassified into 13

subgroups: Dla2al (0.3%), Dla2alc (2.2%), Dla2alcl (4.1%), Dla2alcla (8.9%),

Dla2alclal (4.7%), Dla2alclala (3.5%), Dla2alclalb (1.9%), Dla2alclalbl

(19.0%), D1a2alclb (1.3%), D1a2alclbl (8.5%), Dla2alclc (6.6%), D1a2alc2 (5.7%),

and D1a2a2 (32.3%; Figure 2A and Supplementary Table S5). Three men were included

in haplogroup D1a2a (0.9%). Regional comparisons showed that among these 13 groups,

the frequencies of D1a2a2 were lower in Nagasaki (14.7%), Fukuoka (23.5%), Kanazawa

(33.3%), Kawasaki (29.3%), and Sapporo (32.1%) compared with those in Tokushima

(45.5%) and Osaka (55.6%; Figure 2B and Supplementary Table S5). The Fst values

differed significantly (P < 0.05) between the Tokushima and Nagasaki (Fst = 0.037),

Osaka and Nagasaki (Fst = 0.081), and Osaka and Fukuoka (Fst = 0.073) regions (Table

2).

Next, haplogroups of 380 individuals belonging to the Y chromosome

haplogroup, D1a2al-1212b (formerly D2al), were analyzed. D1a2a-1212b was classified

into 11 subgroups: Dla2ala2b (12.9%), Dla2ala2bl (0.5%), Dla2ala2bla (1.6%),

Dla2ala2blal (6.8%), Dla2ala2blala (21.1%), Dla2ala2blalal (15.8%),

11



Dla2ala2blalala (13.7%), Dla2ala2blala3d (7.6%), Dla2ala2blala9 (4.2%),

Dla2ala2blalb (2.4%), and D1a2ala3 (13.4%; Figure 3A and Supplementary Table S5).

Comparisons of the regional frequencies of these 11 groups revealed that the frequency

of Dla2ala2blalal was high in Fukuoka, whereas that of D1a2ala2blalala was high in

Osaka (Figure 3B). However, their Fst values were not significantly different (Table 2).

Haplogroup O1b2

Haplogroups of 214 individuals belonging to the Y chromosome haplogroup,

O1b2 (formerly O2b*), were analyzed. O1b2 was classified into nine subgroups: O1b2a

(4.7%), 1b2ala (4.7%), O1b2ala2a (0.5%), O1b2ala2al (24.3%), O1b2ala2ala (28.0%),

O1b2ala2alb (0.5%), Olb2ala2albl (14.0%), O1b2ala3 (16.4%), and O1b2alb (0.5%;

Figure 4A and Supplementary Table S6). Fourteen men were included in haplogroup

O1b2 (6.5%). Regional comparisons showed that among these 10 groups, the frequencies

of Olb2ala2al were higher in Nagasaki (31.3%) and Fukuoka (37.5%) than in Kanazawa

(Figure 4B). Haplogroup O1b2ala2ala was more prevalent in Osaka (46.7%) than in the

other regions. The Fsr values differed significantly (P < 0.05) between Nagasaki and

Kanazawa (Fst = 0.042).

Next, a detailed haplogroup analysis was performed on 490 individuals

12



belonging to the Y chromosome haplogroup, Olb2alal (formerly O2b1). Olb2alal was
classified into three subgroups: Olb2alala (34.3%), Olb2alalb (23.9%), and
Olb2alalc (10.4%; Figure 4A and Supplementary Table S6). Only 154 men were
included in haplogroup Olb2alal (31.4%). Notably, no significant differences were
observed in the regional frequencies of these four haplogroups (Figure 4C). Their Fsrt

values also showed no significant differences (Table 2).

13



Discussion

People belonging to haplogroups D and C are suggested to have arrived in Japan 2,000

and 12,000 years ago, respectively [10], in accordance with the dual-structure model.

Lineage C has been mainly classified into C1 and C2 subgroups, but the present study

showed that it branches out further.

Haplogroup C is widespread in East Asia and Siberia and has been observed at

low frequencies in Oceania, Europe, and the Americas. It is believed that the ancestors of

modern humans left Africa and crossed the Eurasian continent via three routes: west,

north, and south. Specific subhaplogroups were identified in each region. Haplogroup

Clal is restricted to Japan and is thought to have diverged before entering Japan.

Haplogroup C2 diverged into C2a, which is common in Central Asia, Northeast Asia, and

North America, and C2b, which is common in China, Mongolia, and the Korean

Peninsula; part of C2b is thought to have reached Japan [11-13]. The Clal lineage, which

is endemic to Japan, and its sister group, the Cla2 lineage, are found at low frequencies

in Europe [14]. In contrast, the early branch, Cl1b, is found along the southern coasts of

India, Australia, and Indonesia [15,16]. The major sub-haplogroups of the C1 lineage in

Japan are Clalala, mainly found in Tokushima and Osaka, and Clalalb, mainly found

in Nagasaki, Fukuoka, Kanazawa, and Sapporo. The Fsr values showed significant
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differences between Tokushima—Nagasaki and Kanazawa and between Osaka—Nagasaki

and Kanazawa regions. Clal is unique to Japan, and Clala, which did not diverge into

Clalala and Clalalb, was found at low frequencies in Sapporo and Nagasaki,

suggesting that Clal, which is evenly distributed in Japan, diverged into downstream

haplogroups when males migrated mainly from Tokushima and Osaka. The major C2

lineage sub-haplogroups in Japan include C2a, C2blal, C2bla2, and C2blb, all of which

show variations in their haplogroup frequencies in Osaka. The Fst values showed marked

differences between Osaka and the surrounding areas (Nagasaki, Fukuoka, Tokushima,

and Kawasaki), suggesting that population divergence and migration centered around

Osaka. Haplogroup frequency variation was observed only in Osaka. As Osaka is one of

the largest cities in Japan, this finding suggests that modern gene flow occurs at a high

frequency in this city.

Based on Y-Tree (ver. 11.04) from YFull (https://www.yfull.com/tree/), a

database of Y chromosome sequences from around the world, the divergence (95% Cl) of

the single nucleotide polymorphism was estimated to have occurred 45,300 years before

present (ybp) (49,400—41,300) for Clal and 48,800 ybp (51,300—46,400) for C2. Other

sub-haplogroup divergence years were 4,500 ybp (5,500-3,600) for Clalala and Clalb,

34,100 ybp (37,000-31,300) for C2a, 10,300 ybp (11,200-9,400) for C2blal and C2bla2,
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and 11,000 ybp (12,000-10,000) for C2blb. Jomon lineage began to spread to Japan at

least 20,000 years ago [10], suggesting that the divergence of downstream haplogroups

occurred within Japan.

In addition to Japan, haplogroup D has been identified in the Tibetan Plateau,

Andaman Islands, and specific regions of Africa, and D1a2a is the best-characterized

haplogroup in Japan. Haplogroup D2 was only observed in some parts of Africa, such as

Nigeria [17], whereas D1, which expanded into Eurasia, diverged into D1al, which is

common in Central Asia and Tibet, and D1a2, which is found in Japan [10]. Haplogroup

D1a2b, the sister group of Dla2a, is the most common haplogroup in the Andaman

Islands [18].

The present study confirmed that haplogroup D1a2a was classified into several

downstream sub-haplogroups, including D1a2alcl, D1a2alc2, and D1a2a2. Haplogroup

D1la2a2 was more frequently observed in Tokushima and Osaka than in the other areas,

whereas the other haplogroups were evenly distributed among all regions. As the D1a2a

lineage is a haplogroup unique to Japan, the divergence of this sub-lineage may have

occurred within Japan, and it was uniformly distributed throughout the country. The

uneven distribution of D1a2a2 may be attributed to Tokushima and Osaka being the

starting points of population movement and divergence and/or the expansion of the
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residential area owing to the rise of the O lineage, which later entered Japan.

Dla2a-12f2b lineage formed three clusters with several downstream

haplogroups: D1a2ala2blala, Dla2ala2blalb, and D1a2ala3. No significant regional

differences were observed among the haplogroups. Haplogroups D1a2a and D1a2a-122b

may have simultaneously entered Japan; however, some groups were evenly distributed

in Japan, whereas others showed a frequency bias.

According to the Y-tree, the estimated divergence (95% CI) of Dla2al and

Dla2a2 was 21,200 ybp (23,100-15,000), whereas that of D1a2ala and Dla2alc was

17,600 ybp (20,300—15,000). Haplogroup Dla2a diverged by 45,200 ybp (48,500—

42,000) and was only observed in Japan, indicating that the Dla2a lineage diverged

extensively in Japan.

Haplogroup O is the largest haplogroup in East Asia that is suggested to have

arrived in Japan approximately 4,000 years ago [10]. The ancestral lineage NO expanded

into Eurasia via the northern route after leaving Africa and diverged into haplogroups O

and N. Haplogroup O was broadly classified as O2, which flourished in the Yellow River

Basin in northern China, and O1, which flourished in the Yangtze River Basin in southern

China. As haplogroup O1b2, derived from O1, is a common lineage in Japan, China,

Manchuria, and Korea [ 19], it may have migrated north to Japan via the Korean Peninsula.
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A portion of haplogroup 02, comprising most present-day Han Chinese people, may have

reached Japan after branching off as O2alb and O2a2bl.

The O1b2 lineage formed three clusters, several downstream haplogroups under

Olb2ala2ala, Olb2ala2alb, and Olb2ala3. Olb2alal lineage also formed three

clusters: several downstream haplogroups under Olb2alala, Olb2alalb, and

Olb2alalc. No marked differences in haplogroup frequencies were detected by region,

suggesting that the major downstream lineages of O1b2 in Japan are homogeneous among

modern Japanese males, possibly due to the divergence of the Olb2alal lineage via the

Korean Peninsula and surrounding areas.

Years of divergence (95% Cl) estimated by the Y-tree were 28,000 ybp (30,400

26,000) for O1b2 and 5,500 ybp (6,500—4,600) for Olb2alal. The year of divergence of

the identified Olb2alala, Olb2alalb, Olb2alalc, and Olb2ala2ala haplogroups was

3,400 ybp (4,500-2,500), considering that the Yayoi lineage began to spread into Japan

at least 4,000 years ago [10]. These findings suggest that O1b2 diverged sub-linearly in

Eurasia and spread uniformly after its influx into Japan.

In conclusion, the results of the present study enabled us to update the Y

chromosome haplogroups Clal, C2, D1a2, D1a2-12f2b, O1b2, and O1b2alal lineages

into 3, 6, 14, 11, 10, and 4 haplogroups, respectively. In addition, we confirmed the
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existence of several clusters with concentrated frequencies for each haplogroup.
Haplogroups Clal, C2, and D1a2, which are unique to Japan, showed marked differences
in their frequencies, suggesting that lineage divergence and population movement within
Japan occurred mainly around Tokushima and Osaka. For haplogroup C and D lineages,
we detected differences in the diversity of the Japanese male population that have not
been previously reported [8]. The Japanese male is believed to exist within the larger
framework of a dual structure but has retained genetic structural diversity owing to
population shifts, genetic flotation, and the influx of different genes. DNA analysis has
recently revealed that the Japanese males migrated from the Korean Peninsula and
continental East Asia following the Kofun period (3™ century AD) and that the Okhotsk
cultural people also migrated to Hokkaido from the north, leading to the three-step
migration model theory [20,21]. Future studies should further elucidate the diversity of
Japanese males by identifying the Japanese sub-lineages of haplogroup O3 and examining

their frequencies in different regions.
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Figure legends

Figure 1. Phylogenetic tree and frequency of Y chromosome haplogroup C lineages (A).

Regional frequencies of Y chromosome haplogroup Clal (B) and C2 (C) lineages.

Figure 2. Phylogenetic tree and frequency of Y chromosome haplogroup D1a2a lineages

(A) and frequency by region (B).

Figure 3. Phylogenetic tree and frequency of Y chromosome haplogroup Dla2a-12f2b

lineages (A) and frequency by region (B).

Figure 4. Phylogenetic tree and frequency of Y chromosome haplogroup O1b2 lineages

(A). Regional frequencies of Y chromosome haplogroups O1b2 (B), and Olb2alal (C)

lineages.
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Table 1. Number of Y chromosome haplogroups per city used in the analysis.

Nagasaki Fukuoka Tokushima  Osaka  Kanazawa Kawasaki Sapporo All
Clal (C1) 10 6 23 11 20 19 21 110
C2 (C3) 15 8 17 7 32 21 30 130
D1a2a (D2%) 34 17 33 18 78 58 78 316
D1a2a-12f2b (D2al) 53 16 55 28 91 44 93 380
O1b2 (O2b%*) 32 8 33 15 54 31 41 214
O1b2alal (O2b1) 69 27 73 26 104 78 113 490
Total 213 82 234 105 379 251 376 1640

Parentheses indicate the former name of the haplogroup according to the Y Chromosome Consortium nomenclature.



Table 2. Pairwise Fst values (below diagonal line) and P values (above diagonal line) or comparison
of the haplogroup Clal, C2, Dla2a, Dla2a-12f2b, O1b2, and Olb2alallineage frequencies in

Japanese male population from the seven cities.

Clal Nagasaki ~ Fukuoka  Tokushima Osaka Kanazawa Kawasaki Sapporo
Nagasaki — 0.991 0.036%* 0.036%* 0.720 0.270 0.144
Fukuoka -0.059 — 0.126 0.072 0.991 0.586 0.252
Tokushima 0.229%* 0.257 — 0.991 0.009%* 0.216 0.468
Osaka 0.261%* 0.305 -0.071 — 0.027* 0.243 0.514
Kanazawa -0.024 -0.043 0.207* 0.249%* — 0.342 0.180
Kawasaki 0.033 0.049 0.062 0.065 -0.006 — 0.514
Sapporo 0.089 0.122 -0.011 -0.026 0.077 -0.024 —
C2 Nagasaki Fukuoka  Tokushima Osaka Kanazawa Kawasaki Sapporo
Nagasaki — 0.991 0.676 0.009%* 0.090 0.991 0.288
Fukuoka -0.089 — 0.757 0.027%* 0.496 0.991 0.604
Tokushima -0.030 -0.050 — 0.036%* 0.171 0.730 0.694
Osaka 0.249%* 0.200* 0.139%* — 0.180 0.000* 0.207
Kanazawa 0.043 -0.017 0.031 0.058 — 0.234 0.577
Kawasaki -0.054 -0.083 -0.029 0.192%* 0.014 — 0.477
Sapporo 0.014 -0.021 -0.020 0.045 -0.012 -0.005 —
Dla2a Nagasaki Fukuoka  Tokushima Osaka Kanazawa Kawasaki Sapporo
Nagasaki — 0.297 0.045% 0.009%* 0.117 0.171 0.144
Fukuoka 0.006 — 0.081 0.027%* 0.252 0.306 0.333
Tokushima 0.037* 0.04 — 0.865 0.559 0.198 0.468
Osaka 0.081* 0.073* -0.024 — 0.180 0.162 0.162
Kanazawa 0.011 0.006 -0.006 0.012 — 0.703 0.838
Kawasaki 0.016 0.004 0.007 0.022 -0.006 — 0.703
Sapporo 0.015 0.005 -0.001 0.014 -0.007 -0.005 —
Dla2a-12f2b1  Nagasaki Fukuoka  Tokushima Osaka Kanazawa Kawasaki Sapporo
Nagasaki — 0.595 0.496 0.892 0.351 0.468 0.613
Fukuoka -0.011 — 0.297 0.748 0.216 0.613 0.514
Tokushima -0.001 0.008 — 0.496 0.432 0.297 0.405
Osaka -0.016 -0.013 -0.002 — 0.342 0.171 0.432
Kanazawa 0.002 0.010 -0.002 0.004 — 0.306 0.676
Kawasaki -0.001 -0.01 0.003 0.015 0.001 — 0.802

Sapporo -0.005 -0.008 0.001 0.000 -0.004 -0.008 —




Table 2. Continued.

O1b2 Nagasaki ~ Fukuoka  Tokushima Osaka Kanazawa Kawasaki Sapporo
Nagasaki — 0.856 0.847 0.252 0.009* 0.432 0.550
Fukuoka -0.055 — 0.937 0.856 0.414 0.604 0.946
Tokushima -0.020 -0.063 — 0.730 0.126 0.324 0.712
Osaka 0.020 -0.067 -0.020 — 0.405 0.153 0.505
Kanazawa 0.042* -0.010 0.016 -0.003 — 0.234 0.225
Kawasaki -0.000 -0.024 0.001 0.023 0.013 — 0.396
Sapporo -0.005 -0.052 -0.013 -0.010 0.005 0.002 —
Olb2alal Nagasaki ~ Fukuoka  Tokushima Osaka Kanazawa Kawasaki Sapporo
Nagasaki — 0.937 0.946 0.288 0.676 0.865 0.739
Fukuoka -0.023 — 0.694 0.802 0.990 0.820 0.856
Tokushima -0.013 -0.016 — 0.207 0.297 0.550 0.531
Osaka 0.002 -0.026 0.017 — 0.874 0.2973 0.486
Kanazawa -0.006 -0.023 0.002 -0.016 — 0.414 0.757
Kawasaki -0.010 -0.019 -0.005 0.005 -0.002 — 0.243
Sapporo -0.007 -0.020 -0.003 -0.005 -0.005 0.003 —

*P<0.05
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