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of continental culture in England (Esmonde-Cleary
1993) and suggested a contemporaneous desertion of
continental Germanic settlements. More recently, how-
ever, authors have questioned the evidence for large-
scale immigration (Crawford 1997; Hamerow 1997) and
continental emigration (Näsman 1988; Petersen 1991)
and emphasized the continuity of the Romano-British
population in England. The sudden change to an Anglo-
Saxon culture has been attributed instead to rapid ac-
culturation and indigenous developments, with only a
small number of Germanic immigrants (perhaps a male
military elite) settling in Britain (Arnold 1984; Hodges
1989; Higham 1992). The contribution of Anglo-Saxon
immigration to the modern English gene pool thus re-
mains uncertain.

Genetic data comprise an obvious source of infor-
mation to help resolve these issues. Previous studies ex-
amining biological variation in Britain have identified
various patterns of genetic variation. These include stud-
ies on blood groups (Bodmer 1993; Mascie-Taylor and
Lasker 1996), serum proteins and isoenzymes (Cart-
wright, Hargreaves, and Sunderland 1977; Mastana et
al. 1993), HLA genes (Papiha, Duggan Keen, and Rodg-
er 1985; Bodmer 1993), and multiple classical genetic
markers (Falsetti and Sokol 1993; Cavalli-Sforza, Men-
ozzi, and Piazza 1994; Mastana and Sokol 1998), as
well as on patterns of disease incidence, such as phe-
nylketonuria (Tyfield, Osborn, and Holton 1997), mul-
tiple sclerosis (Poser 1994), skin cancer (Long, Darke,
and Marks 1998), and haemochromatosis (Merryweath-
er-Clarke et al. 1997). These data have been interpreted
as reflecting historical migrations and settlement pat-
terns, but formal testing of alternative migratory models
has not been attempted.

The non–recombining portion of the Y chromo-
some and the mitochondrial genome are useful sources
of data because they provide exceptionally detailed
high-resolution haplotypes, allowing fine definition of
the underlying gene genealogies. The Y chromosome,
which is much larger, is particularly useful because it
has many slowly mutating biallelic markers to help re-
solve genealogical clades as well as rapidly mutating
microsatellite markers to aid in the dating of very recent
events (Thomas et al. 1998; Kayser et al. 2001). The
extra information provided by these high-resolution hap-
lotypes facilitates the fitting of population genetic mod-
els. Although the resulting demographic inferences are
based on only a single locus, increasing the effects of
evolutionary variance derived from chance differences
in the genealogy, such systems are still useful because
they are the only ones that allow sex-specific demo-
graphic inferences to be made.

Previous studies of mtDNA and Y chromosome
variation across Europe have reported evidence of Pa-
leolithic and Neolithic expansions reflected in large-
scale clines (Torroni et al. 1998; Casalotti et al. 1999;
Hill, Jobling, and Bradley 2000; Malaspina et al. 2000;
Richards et al. 2000; Rosser et al. 2000; Semino et al.
2000; Simoni et al. 2000), but these studies did not con-
sider the effects of historical migrations on more local
patterns of genetic variation. Helgason et al. (2000) ex-

amined Y chromosome and mtDNA variation in the
modern Icelandic population to assess the relative pro-
portions of Scandinavian and Celtic ancestry stemming
from historical migrations, whereas Wilson et al. (2001)
compared Y chromosome, X chromosome, and mtDNA
variation in eight population samples (including the
Llangefni, Norway, and Friesland samples reported
here) to investigate genetic changes associated with cul-
tural transitions in North Wales and Orkney, two areas
at the fringes of the British Isles. Through a comparison
of signature haplotypes, Wilson et al. (2001) found ev-
idence for Celtic male ancestry in the North Welsh and/
or both Celtic and Scandinavian (Viking) male ancestry
in the modern Orcadian population. Further comparisons
of these British samples with Basque data suggested that
the male Celtic genetic component was Paleolithic in
origin, and therefore, that subsequent cultural transitions
in North Wales were not associated with substantial in-
coming male gene flow. However, the study of Wilson
et al. did not directly address the effects of cultural tran-
sitions in other areas of Britain.

This study is the first to analyze data from an east-
west transect across Central England and North Wales
to evaluate evidence of male population migration under
a wide range of flexible population genetic models.
Samples were collected in seven towns along this tran-
sect, and a combination of slowly evolving biallelic
markers (so-called Unique Event Polymorphisms or
UEPs) and rapidly evolving microsatellites on the Y
chromosome were typed to look for evidence of local
or small-scale genetic transitions. We compared the data
with samples from Friesland and Norway to look for
evidence of male immigration from the continent. In ad-
dition to comparing signature haplotypes among popu-
lation samples, we applied novel model-based methods
to make inferences about both the possible timing and
extent of male continental migration into Central
England.

Materials and Methods
Population Samples and Genotyping

Buccal swabs were collected from 313 males in the
British towns of North Walsham, Fakenham, Bourne,
Southwell, Ashbourne, Abergele, and Llangefni (fig. 1).
These towns were selected because they lie approxi-
mately 50 km apart along an east-west transect of Brit-
ain and are long established market towns (mentioned
in the Domesday Book of A.D. 1086 with current pop-
ulations of 5,000–10,000) that are less likely to be in-
fluenced by recent migration than large cities (Pooley
and Turnbull 1998). We apply the labels ‘‘East Anglia’’
to the North Walsham and Fakenham samples, ‘‘Mid-
lands’’ to the Bourne, Southwell, and Ashbourne sam-
ples, ‘‘North Wales’’ to the Abergele and Llangefni sam-
ples, and ‘‘Central England’’ to the combined Midlands
and East Anglia samples, although these labels are for
convenience and only designate the general geographi-
cal area of these samples. Samples were acquired if both
the donor and the donor’s paternal grandfather were
born within 30 km of one of these market towns. For











1014 Weale et al.

T
ab

le
3

C
on

ti
nu

ed
.

H
t

#
M

ic
ro

sa
te

ll
it

e
H

ap
lo

ty
pe

a
L

la
n.

(n
5

80
)

A
be

r.
(n

5
18

)
A

sh
.

(n
5

54
)

S
ou

th
.

(n
5

70
)

B
ou

r.
(n

5
12

)
F

ak
.

(n
5

53
)

N
.W

al
.

(n
5

26
)

F
ri

es
.

(n
5

94
)

N
or

.
(n

5
83

)
To

ta
l

C
ou

nt
s

48 49 50 51 52

14
-1

3-
24

-1
0-

12
-1

3
12

-1
2-

24
-1

0-
13

-1
3

14
-1

4-
24

-1
0-

13
-1

2
14

-1
4-

25
-1

0-
13

-1
3

14
-1

2-
23

-1
2-

13
-1

3

— — — — —

— — — — —

0.
01

9
— — — —

—
0.

01
4

— — —

— — — — —

— — — — —

— — — — —

— —
0.

01
1

—
0.

01
1

— — —
0.

01
2

—

1 1 1 1 1
53 54 55 56 57 58 59

14
-1

2-
22

-1
1-

13
-1

2
15

-1
2-

23
-1

2-
13

-1
3

14
-1

2-
24

-1
0-

12
-1

3
13

-1
2-

24
-1

0-
14

-1
3

15
-1

2-
24

-1
1-

13
-1

4
15

-1
2-

24
-1

1-
15

-1
3

14
-1

2-
23

-1
1-

11
-1

3

— — — — — — —

— — — — — — —

— — — —
0.

01
9

— —

— — — — —
0.

01
4

—

— — — — — — —

—
0.

01
9

— — — — —

— — — — — — —

— —
0.

01
1

0.
01

1
— —

0.
01

1

0.
01

2
— — — — — —

1 1 1 1 1 1 1

H
ap

lo
gr

ou
p

2
60 61 62 63 64 65

14
-1

4-
22

-1
0-

11
-1

3
14

-1
4-

23
-1

0-
11

-1
3

15
-1

4-
23

-1
0-

11
-1

3
15

-1
4-

22
-1

0-
11

-1
3

15
-1

3-
23

-1
0-

12
-1

4
15

-1
3-

23
-1

0-
12

-1
5

— — — — — —

— — — — — —

0.
09

3
0.

01
9

— — — —

0.
02

9
0.

01
4

— —
0.

01
4

0.
02

9

0.
08

3
0.

08
3

—
0.

08
3

— —

0.
09

4
0.

11
3

0.
01

9
— —

0.
01

9

0.
07

7
— — —

0.
07

7
—

0.
05

3
0.

03
2

0.
02

1
0.

01
1

0.
01

1
0.

02
1

0.
08

4
0.

13
3

0.
07

2
0.

04
8

0.
02

4
—

27 23 9 6 6 5
66 67 68 69 70

15
-1

5-
23

-1
0-

11
-1

3
16

-1
4-

22
-1

0-
11

-1
3

14
-1

4-
22

-1
0-

11
-1

4
17

-1
3-

25
-1

1-
11

-1
3

16
-1

3-
24

-1
0-

11
-1

3

— — —
0.

02
5

—

— — — — —

—
0.

01
9

— — —

—
0.

01
4

— — —

— — — — —

0.
01

9
—

0.
01

9
—

0.
03

8

0.
07

7
— — — —

0.
01

1
—

0.
01

1
— —

—
0.

01
2

0.
01

2
— —

4 3 3 2 2
71 72 73 74 75

16
-1

3-
23

-1
0-

12
-1

5
14

-1
4-

23
-1

1-
11

-1
3

16
-1

3-
23

-1
0-

12
-1

3
14

-1
4-

22
-1

1-
11

-1
2

15
-1

4-
22

-1
1-

11
-1

3

— — — — —

— — — — —

— — —
0.

01
9

0.
01

9

— —
0.

01
4

— —

— — — — —

— — —
0.

01
9

0.
01

9

— — — — —

0.
02

1
0.

01
1

0.
01

1
— —

—
0.

01
2

— — —

2 2 2 2 2
76 77 78 79 80

15
-1

3-
24

-1
0-

12
-1

5
14

-1
4-

22
-1

1-
11

-1
3

15
-1

2-
22

-1
0-

10
-1

3
15

-1
2-

22
-1

1-
11

-1
4

15
-1

3-
22

-1
0-

11
-1

3

0.
01

3
— — — —

— — — — —

— — — — —

— — —
0.

01
4

—

0.
08

3
— — — —

— —
0.

01
9

— —

— — — — —

— — — —
0.

01
1

—
0.

01
2

— — —

2 1 1 1 1
81 82 83 84 85

15
-1

3-
22

-1
0-

11
-1

4
15

-1
3-

23
-0

9-
12

-1
4

15
-1

3-
23

-1
0-

12
-1

3
14

-1
4-

22
-0

9-
11

-1
3

13
-1

4-
22

-1
0-

11
-1

3

— — — — —

— — — —
0.

05
6

— — — — —

— — — — —

— — — — —

— — — — —

0.
03

8
0.

03
8

— — —

— —
0.

01
1

0.
01

1
—

— — — — —

1 1 1 1 1
86 87 88 89 90

15
-1

3-
23

-1
1-

11
-1

3
15

-1
3-

23
-1

1-
12

-1
4

15
-1

2-
21

-1
0-

11
-1

4
15

-1
4-

22
-0

9-
11

-1
3

14
-1

3-
22

-1
0-

11
-1

5

— — — — —

— — — — —

—
0.

01
9

— — —

— —
0.

01
4

— —

— — — — —

— — —
0.

01
9

—

— — — — —

0.
01

1
— — —

0.
01

1

— — — — —

1 1 1 1 1
91 92

14
-1

6-
22

-1
0-

11
-1

4
14

-1
2-

22
-1

0-
11

-1
3

— —
— —

—
0.

01
9

— —
— —

— —
— —

0.
01

1
—

— —
1 1





1016 Weale et al.

T
ab

le
3

C
on

ti
nu

ed
.

H
t

#
M

ic
ro

sa
te

ll
it

e
H

ap
lo

ty
pe

a
L

la
n.

(n
5

80
)

A
be

r.
(n

5
18

)
A

sh
.

(n
5

54
)

S
ou

th
.

(n
5

70
)

B
ou

r.
(n

5
12

)
F

ak
.

(n
5

53
)

N
.W

al
.

(n
5

26
)

F
ri

es
.

(n
5

94
)

N
or

.
(n

5
83

)
To

ta
l

C
ou

nt
s

H
ap

lo
gr

ou
p

16
13

7
13

8
13

9

15
-1

2-
23

-1
1-

14
-1

4
14

-1
2-

23
-1

1-
14

-1
4

14
-1

2-
24

-1
1-

14
-1

4

— — —

— — —

— — —

— — —

— — —

— — —

— — —

— — —

0.
01

2
0.

01
2

0.
01

2

1 1 1

H
ap

lo
gr

ou
p

21
14

0
14

1
14

2

13
-1

2-
24

-1
1-

11
-1

3
13

-1
2-

24
-1

0-
11

-1
3

13
-1

2-
25

-1
0-

11
-1

3

0.
02

5
— —

0.
22

2
0.

05
6

—

—
0.

01
9

—

—
0.

02
9

0.
01

4

— — —

— —
0.

01
9

— — —

—
0.

02
1

—

0.
01

2
— —

7 6 2

14
3

14
4

14
5

14
6

14
7

14
8

14
9

14
-1

2-
24

-1
0-

11
-1

3
13

-1
2-

23
-1

0-
11

-1
3

13
-1

2-
24

-1
0-

11
-1

4
13

-1
2-

22
-1

0-
11

-1
3

13
-1

2-
24

-1
2-

11
-1

3
13

-1
2-

23
-1

0-
12

-1
3

14
-1

2-
23

-1
0-

11
-1

3

— — — —
0.

01
3

— —

— —
0.

05
6

— — —
0.

05
6

—
0.

01
9

—
0.

01
9

— — —

0.
01

4
— — — — — —

— — — — — — —

— — — — — — —

— — — — — —
0.

03
8

—

— — — — — — —

— — — — — — —

1 1 1 1 1 1 1

H
ap

lo
gr

ou
p

26
15

0
13

-1
2-

23
-1

0-
12

-1
3

0.
01

3
—

—
—

—
—

—
—

—
1

G
en

et
ic

di
ve

rs
it

y,
h

0.
89

9
6

0.
02

39
0.

95
4

6
0.

03
94

0.
94

9
6

0.
01

45
0.

94
5

6
0.

01
69

0.
97

0
6

0.
04

43
0.

95
4

6
0.

01
23

0.
93

5
6

0.
03

27
0.

95
2

6
0.

01
34

0.
96

4
6

0.
00

96

N
O

T
E
.—

M
ic

ro
sa

te
ll

it
e

ha
pl

ot
yp

es
w

it
hi

n
ha

pl
og

ro
up

s
ar

e
ar

ra
ng

ed
in

de
cr

ea
si

ng
or

de
r

of
to

ta
l

fr
eq

ue
nc

y.
D

as
h

in
di

ca
te

s
ha

pl
ot

yp
e

w
as

no
t

ob
se

rv
ed

.
G

en
et

ic
di

ve
rs

it
ie

s
(b

as
ed

on
ha

pl
ot

yp
e

fr
eq

ue
nc

ie
s)

ar
e

gi
ve

n
6

st
an

da
rd

er
ro

r. a
M

ic
ro

sa
te

ll
it

e
ha

pl
ot

yp
es

ar
e

de
fi

ne
d

by
a

st
ri

ng
of

si
x

nu
m

be
rs

gi
vi

ng
th

e
re

pe
at

si
ze

at
lo

ci
D

Y
S

19
,

D
Y

S
38

8,
D

Y
S

39
0,

D
Y

S
39

1,
D

Y
S

39
2,

an
d

D
Y

S
39

3,
re

sp
ec

ti
ve

ly
.












