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JC polyomavirus (JCV) is ubiquitous in humans,
persisting in renal tissue and excreting progeny in
urine. It has been shown that the genotyping of
urinary JCV offers a novel means of tracing human
migrations. This approach was used to elucidate the
racial composition of modern China. JCV isolates in
the Old World were previously classified into nine
distinct genotypes. One of them (B1) has a wide
domain, encompassing part of Europe and the
entirety of Asia. By constructing a neighbour-joining
phylogenetic tree, all B1 isolates detected so far
were classified into four distinct groups (B1-a to -d),
each occupying unique domains in the world.
According to this revised classification system of
JCV DNAs, four genotypes (CY, SC, B1-a and -b)

Introduction
JC polyomavirus (JCV) was first isolated in 1971 from the

brain of a patient with progressive multifocal leuko-
encephalopathy (PML) (Padgett et al., 1971). This virus is
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were found to be prevalent in China and Mongolia
(Mongolia was studied instead of Inner Mongolia,
which is part of China). There was a remarkable
variation in the incidence of genotypes among the
sites of sample collection. CY was more frequently
detected in Northern China, SC was predominant in
Southern China and B1-b was detected only in
Mongolia. B1-a was spread throughout China. These
data were statistically analysed and the observed
regional differences in the incidence of genotypes
were found to be significant. It is likely that these
differences in JCV distribution in China reflect the
intermingling of different population groups that
constitute modern China.

ubiquitous among humans, however, infecting children
asymptomatically and then persisting in renal tissue (Padgett &
Walker, 1973, 1976 ; Chesters et al., 1983 ; Tominaga et al.,
1992 ; Kitamura et al., 1997). Most adults excrete JCV DNA in
the urine (Kitamura et al., 1990, 1994), from where it can readily
be isolated by molecular cloning or the PCR method (Yogo et
al., 1990 ; Flægstad et al., 1991).

JCV is transmitted frequently from parents to children
(Kunitake et al., 1995), but is rarely transmitted between human
populations (Kato et al., 1997). JCV DNAs in the Old World
are classified into several distinct genotypes, of which the
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Fig. 1. Eight sites in China and Mongolia at which urine samples were
collected.

regional distribution patterns are compatible with the mi-
gration and expansion of Homo sapiens sapiens (Sugimoto et al.,
1997). On the basis of these findings, we proposed that JCV
genotyping is a novel means of tracing human migrations
(Sugimoto et al., 1997). Indeed, Agostini et al. (1997) detected
Asian genotypes of JCV in samples from Native Americans
and a Pacific Island population, which is consistent with the
Asian origin of these native populations. In the present study,
this approach was used to elucidate the racial composition of
modern China.

We previously showed that three JCV genotypes (CY, SC
and B1) are spread in China and that a single genotype (B1)

Table 1. Origin of IG sequences used for phylogenetic analysis

JCV isolates Country (city) Reference

N3, N4, N6, N7 Netherlands (Deventer) Sugimoto et al. (1997)
GS}B Germany Loeber & Do$ rries (1988)
GR-2, -5 to -8, -10, -11, -14, -16
MU-5
TU-5, -9, -11
SA-3, -5, -9, -11 to -13
IN-12
SL-1 to -5
MO-2 to -5, -7 to -10
MN-2, -4, -8, -9, -13, -15
ML-1
PH-2, -5, -7, -8
SJ-5
CB-2, -9
CD-1, -10
GZ-1, -2, -6 to -8
C2, C7

Greece (Athens)
Mauritius (Port Louis)
Turkey (Ankara)
Saudi Arabia (Riyadh)
India (Varanasi)
Sri Lanka (Colombo)
Mongolia (Ulaanbaatar)
Myanmar (Yangon)
Malaysia (Masai)
Philippines (Pamalican Is.)
China (Shenyang}Jinzhou)
China (Beijing)
China (Chengdu)
China (Guangzhou)
China (Taiwan)

5

6

7

8

Sugimoto et al. (1997)

g202 to g205 USA Ault & Stoner (1992)
g223, g227, g230 USA Agostini et al. (1998b)

predominates in Mongolia (Sugimoto et al., 1997). Genotype
B1 has a wide domain, extending from Europe through the
Near East to the eastern edge of Asia (Sugimoto et al., 1997).
By a phylogenetic method, we further divided this genotype
into four distinct groups (B1-a to -d), each occupying a unique
domain. According to this revision of our JCV classification
system, four JCV genotypes (CY, SC, B1-a and -b) were
identified in China and Mongolia. The incidence of these JCV
genotypes varied significantly depending upon the regions.
We discuss the implications of these findings for the racial
component of modern China.

Methods
+ JCV isolates. Most of the JCV isolates studied here were previously
obtained from urine specimens collected from immunocompetent
individuals in various geographical regions (Guo et al., 1996 ; Sugimoto
et al., 1997). Five isolates (g202–g205 and GS}B) were obtained from the
brain of PML patients (Ault & Stoner, 1992 ; Loeber & Do$ rries, 1988), and
three were from the urine of patients with human immunodeficiency
virus infection (g223) or multiple sclerosis (g227, g230) (Agostini et al.,
1998b). The sites in China and Mongolia at which urine samples were
collected are shown in Fig. 1.

+ Phylogenetic analysis. The reported 610 bp long IG sequences
(Table 1) were used for the phylogenetic analysis. (The IG region was
previously established as a region of the JCV genome that contains
abundant type-determining sites ; Ault & Stoner, 1992.) A neighbour-
joining (NJ) phylogenetic tree (Saitou & Nei, 1987) was constructed using
the CLUSTAL W program (Thompson et al., 1994). Divergences were
estimated by the two-parameter method (Kimura, 1980). A phylogenetic
tree was visualized using the TREEVIEW 1.4 program (Page, 1996). The
bootstrap test was applied to estimate the confidence of the branching
patterns of the NJ tree (Felsenstein, 1985).
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+ Statistical analysis. Fisher’s exact test was performed using a
network algorithm described by Mehta & Patel (1983).

Results
Sub-classification of genotype B1

We previously grouped 60 JCV isolates as genotype B1
(Sugimoto et al., 1997). In addition, we found that one JCV

Fig. 2. Unrooted NJ tree constructed to correlate various B1 isolates in the world. The NJ tree was constructed from reported IG
sequences (see Table 1) using the CLUSTAL W program (Thompson et al., 1994). The phylogenetic tree was visualized by the
TREEVIEW 1.4 program (Page, 1996). The symbol for each sequence is shown in Table 1. The bootstrap confidence levels
obtained by 100 replicates are shown (only significant values are indicated). Genotypes (B1-a to -d) for major clusters are
shown.

isolate from Germany (GS}B) (Loeber & Do$ rries, 1988) and
seven from the United States (g202–g205, g223, g227 and
g230) (Ault & Stoner, 1992 ; Agostini et al., 1998b) belong to
B1 (data not shown). For these 68 B1 isolates, an unrooted NJ
phylogenetic tree was constructed using reported IG
sequences. According to the constructed tree (Fig. 2), the 68
isolates diverged into four clusters, which we tentatively
designated genotypes B1-a to -d. From the tree (Fig. 2), the
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Table 2. Worldwide distribution of genotypes B1-a to -d

No. of JCV isolates*

Country B1-a B1-b B1-c B1-d Total

Netherlands 0 0 4 0 4
Germany 0 0 1 0 1
Greece 0 1 6 2 9
Mauritius 0 1 0 0 1
Turkey 0 2 1 0 3
Saudi Arabia 0 2 0 4 6
India 0 1 0 0 1
Sri Lanka 0 5 0 0 5
Mongolia 0 8 0 0 8
Myanmar 0 6 0 0 6
Malaysia 1 0 0 0 1
Philippines 4 0 0 0 4
China 12 0 0 0 12
USA 0 1 5 1 7
Total 17 27 17 7 68

* Estimated from Fig. 2.

numbers of isolates belonging to each genotype were
estimated for each geographical region (Table 2). The following
correlation is evident between these genotypes and geo-
graphical regions.

B1-a included only isolates from East Asia (Malaysia,
Philippines and China). Therefore, B1-a represents one of the
major East Asian JCV genotypes (the other major East Asian
genotypes are CY, SC and MY; Sugimoto et al., 1997).

B1-b was composed of one major and two minor clusters.
Themajor cluster contained 75% of the B1-b isolates examined,
including isolates from Greece, Turkey, Saudi Arabia, India and

Table 3. Distribution of various JCV genotypes in China and Mongolia

B1-a and -b were assigned according to the NJ tree shown in Fig. 2, and genotypes CY and SC were assigned
as described by Sugimoto et al. (1997). X was assigned to two isolates, HB-2 and CD-7 (see text).

No. of No. of isolates belonging to genotype
isolates

Geographical region examined CY SC B1-a B1-b X

Harbin 6 5 0 0 0 1
Shengyang}Jinzhou* 7 5 1 1 0 0
Beijing 10 8 0 2 0 0
Wuhan 10 4 6 0 0 0
Chengdu 10 0 7 2 0 1
Guangzhou 13 1 7 5 0 0
Taipei 9 1 6 2 0 0
Ulaanbaatar 12 3 1 0 8 0
Total (%) 77 27 (35) 28 (36) 12 (16) 8 (10) 2 (3)

* Since Shengyang and Jinzhou are closely located, the isolates from these regions were combined.

Mongolia. In addition, one isolate (g230) from the United
States was found in the major cluster of B1-b. One minor
cluster of B1-b contained all five isolates from Sri Lanka, and
the other minor B1-b contained two from Myanmar.

B1-c included isolates from Europe (Netherlands, Germany
and Greece) and the United States. It appears that B1-c
represents the minor JCV genotype prevalent in Caucasians
(the major JCV genotype in Caucasians is EU; Sugimoto et al.,
1997 ; Agostini et al., 1998a). Agostini et al. (1998b) reported
that an Asian JCV genotype (type 2B according to their
classification system) exists in Europe and the United States.
This genotype corresponds to B1-c, since it included three
isolates (g223, g227 and GS}B) that we assigned as B1-c.

B1-d included isolates from Greece and Saudi Arabia. One
isolate (g204) from the United States was found in B1-d.

JCV genotypes prevalent in China

We used the revised system described above to classify the
JCV isolates which we have obtained from various sites of
China and Mongolia (Fig. 1) (Guo et al., 1996 ; Sugimoto et al.,
1997). The numbers of JCV isolates in individual genotypes are
shown on the bottom line of Table 3. [We found that a
sequenced Taiwan JCV, Taiwan-3 (Ou et al., 1997), belongs to
genotype SC. However, since Taiwan-3 was obtained from an
immunocompromised patient, this isolate was not used to
elucidate the distribution of JCV genotypes in China.]

It is clear that four major genotypes (CY, SC, B1-a and -b)
are prevalent in China and Mongolia. These accounted for
97% of the JCVs examined. Two isolates from Harbin and
Chengdu (HB-2 and CD-7, respectively) which were pre-
viously included in genotype SC (Sugimoto et al., 1997) were
grouped here as genotype X, since it appeared that these
isolates together with a few isolates from Thailand constitute
an independent cluster (Sugimoto et al., 1997).
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Table 4. Incidence of various genotypes in North China, South China and Mongolia

Table 2 was revised for this statistical analysis. Incidence higher than that in the other regions is underlined.

No. of isolates (%) belonging to genotype
Geographical No. of isolates
region examined CY SC B1-a B1-b

North China* 23 18 (78) 1 (4) 3 (13) 0 (0)
South China† 42 6 (14) 26 (62) 9 (21) 0 (0)
Mongolia‡ 12 3 (25) 1 (8) 0 (0) 8 (67)

* Harbin, Shengyang, Jinzhou and Beijing.
† Wuhan, Chengdu, Guangzhou and Taipei.
‡ Ulaanbaatar.

Table 5. Statistical analysis of the differences in
genotype incidence between geographical regions

Data shown in Table 4 were analysed using Fisher’s exact test (Mehta
& Patel, 1983).

Genotype Test P value

CY North China vs South China 0±01
North China vs Mongolia 0±01

SC South China vs North China 0±01
South China vs Mongolia 0±01

B1-a South China vs North China –*
South China vs Mongolia 0±1

B1-b Mongolia vs North China 0±01
Mongolia vs South China 0±01

* Not significant.

Each genotype appeared to have a unique geographical
distribution (Table 3). CY was more frequently detected in
Northern China, including Harbin, Shengyang}Jinzhou and
Beijing. In contrast, SC was detected mainly in Southern China,
including Chengdu, Guangzhou and Taipei. B1-b was found
only in Ulaanbaatar, Mongolia. B1-a was spread in both
Northern and Southern China, with the highest incidence in
Guangzhou, but this genotype was not found in Ulaanbaatar.

For the statistical examination of the observed regional
differences in genotype incidence, the sites of urine collection
were grouped into three regions, North China, South China
and Mongolia. North China included Harbin, Shengyang,
Jinzhou and Beijing ; South China included Wuhan, Chengdu,
Guangzhou and Taipei ; and Mongolia included only
Ulaanbaatar. The incidence of CY, SC, B1-a and -b in these
regions is shown in Table 4. For all genotypes, the genotype
incidence in one region (underlined in Table 4) was higher than
that in the other regions. These trends were examined using
Fisher’s exact test (Mehta & Patel, 1983), and the following
statements were confirmed (Table 5). (i) CY was more prevalent

in North China than in the other regions. (ii) SC was more
prevalent in South China than in the other regions. (iii) B1-b
was more prevalent in Mongolia than in the other regions. (iv)
B1-a was apparently more prevalent in South China than in
Mongolia, but its incidence did not significantly differ between
North and South China.

Discussion
Using the revised JCV classification system, which

differentiates genotype B1 into B1-a to -d, we identified four
JCV genotypes (CY, SC, B1-a and -b) in China and Mongolia
(Mongolia was studied instead of Inner Mongolia, which is
part of China). Furthermore, we found that there is a remarkable
variation in the incidence of JCV genotypes among the sites of
urine collection. The observed regional differences in the
incidence of genotypes were statistically significant. As shown
previously (Kato et al., 1997 ; Sugimoto et al., 1997 ; Agostini et
al., 1997), there is a close correlation between JCV genotypes
and human populations. The above-noted findings on the
distribution of JCV genotypes in China, therefore, have several
implications for the origin of modern Chinese.

(i) A JCV genotype named CY was more frequently
detected in Northern China, whereas another genotype, SC,
was predominant in Southern China. This finding is consistent
with the genetic distinction between Northern and Southern
Chinese (Cavalli-Sforza et al., 1994 and references cited therein).

(ii) The finding that the third major JCV genotype (B1-a)
was spread throughout China suggests that the third lineage,
represented by B1-a, occurs in the modern Chinese population.
This lineage has not been identified by studies on human genes
(Cavalli-Sforza et al., 1994).

(iii) It is thought that more than 90% of modern Chinese
belong to a single group called Han (Beijing Normal Uni-
versity, 1983). The present detection of three major JCV
genotypes in China suggests that the so-called Han group is a
population formed by the intermixture of several genetically
distinct groups.
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There are a number of minor aboriginal groups in China
(Beijing Normal University, 1983). Minor JCV genotypes (X in
Harbin and Chengdu) may have originated from one of these
groups. However, it appears that we missed many other minor
genotypes, because most of the aboriginal groups are probably
located in regions not examined in this study. We emphasize
that the present data on the distribution of JCV genotypes in
China should provide the basis of future studies on the origins
of the minor aboriginal groups in China. For example, if a
significant number of individuals of an aboriginal group carry
a new JCV genotype that can be distinguished from those
identified in this study, it would substantially support the
notion that this group is unique not only in culture but also in
origin.

The present data regarding the prevalent JCV genotypes in
China also have implications for the origins of neighbouring
human populations. Some examples are described below.

(i) Mongolians were unique in that they contain genotype
B1-b, which did not occur in Chinese. However, they carried
two minor JCV genotypes, CY and SC, that are prevalent in
China. From these data, it appears that the Mongolian
population originally represented a single ethnic group, but
was later partly mixed with other ethnic groups in China.

(ii) Two JCV genotypes, CY and MY, are predominant in
Japan (Sugimoto et al., 1997), suggesting that the modern
Japanese population was formed by the intermixing of two
peoples. The finding of CY as a major JCV genotype in China
implies that one of the founding groups of China also
contributed to the founding of modern Japanese. However,
since MY, the other major genotype in Japan, has not been
detected in China, the racial affinity between modern Japanese
and Chinese is partial.

(iii) The findings that SC is the JCV genotype predominant
in Southern China (the present study) and that this genotype
also predominates in Southeast Asia including Malaysia,
Thailand and Indonesia (Sugimoto et al., 1997) suggest a close
genetic relationship between Southern Chinese and South-
eastern Asians. Thus, the regional distribution of SC is in good
agreement with a genetic study of Southeastern Asians
(Cavalli-Sforza et al., 1994).
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