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[6]- More recen | , Weale e al.[7] arg ed fors bs an-
ial Anglo-Sa oh male migra ion in o cen ral England
based on he anal sis of eigh Bri ish sample se s col-
lec ed on an eas - es ransec across England and
Wales. To pro ide a more comple e assessmen of he
pa ernal gene ic his or of he Briish Isles, e ha e
compared heY chromosome composi ionof m | iple
geographicall dis an Bri ish samplese s i hcollec-
ionsfromNor a ( osi es), Denmark, and German

and i h collec ions from cen ral Ireland, represeH -
ing,respeci el , hep ai ein adingand he indige-
no spop la ions. B anal —~ing 1772 Y chromosomes
from 25 predominan | small rbanloca ions, efo nd
ha differen par s 'of he Briish Isles ha e sharpl

differen pa ernal his ories; he degree of pop la ion
replacemen andgeneicconin ii sho ss semaic
aria ion across he sampled ares.

Res |'s and Disc ssion

To represent the indigenous population of the British
Isles, we have selected a site in central Ireland that has
had no known history of contact with Anglo-Saxon or
Viking invaders (Castlerea, see Figure 1). Given the dem-
onstrated similarity of Celtic and Basque Y chromo-
somes [4, 5] (p = 0.6, using haplogroups), these sample
sets were combined [8, 9] to provide a representation
of the Y chromosomes of the indigenous population of
the British Isles. Norwegian invaders were represented
by two sites in western Norway (Bergen and Trondheim),
Danes were represented by a general Danish collection,
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Table 1. Y Chromosome Haplogroup Frequencies in the Different Populations
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Figure 3. Principal Components Plot

A plot of the first and second principal components of the Y chromosome haplogroup frequencies of the populations shown in Table 1. The
first two components of the Principal Components analysis of Y chromosome frequencies explain almost 60% of the total variation. The
loadings with the greatest magnitude for the first axis are for AMH+1 and 3.65+1 (+0.152 and -0.241), while 2.47+1 and 3.65+1 have the

greatest impact on the second axis (+0.128, —0.131).

provides significant evidence that there has not been
complete population replacement anywhere in the Brit-
ish Isles (see Table S1 in the Supplemental Data avail-
able with this article online).

The apportionment of genetic variation was inferred
with AMOVA, as implemented by the Arlequin package
[11]. Comparison of the different small towns sampled
indicates that the vast majority of the diversity present
was within populations (96.35%), with only 3.65% across
populations. The subdivision of the samples into Celtic

sion is the limited continental input in southern England,
which appears to be predominantly indigenous and, by
some analyses, no more influenced by the continental
invaders than is mainland Scotland (Figure 3 and Table
S1). It is interesting to note that the areas in southern
England were, historically, mostly occupied by the An-
glo-Saxons, while the activities of the Danish Vikings
were mainly in eastern England [1]. The results seem
to suggest that in England the Danes had a greater
demographic impact than the Anglo-Saxons. An alterna-



Y Chromosomes in the British Isles

983
012
04 North Germany/Denmaga e
008
0,06 ¢
0,04
o
E [}!02 [ B CREN
0
-0,02
004 ¢ Norway *
- / \
0,06 i N
o £0% 20%= =
QL 0,15 -0.1 -0,05 0 0,05 01 015

o

Figure 4. Principle Components Plot of Simulated Populations

A Principle Components plot of simulated populations of n = 50 comprising, at admixtures of, respectively, 20%, 40%, and 60%, the indigenous
British and the German/Danish and Norwegian sets. The circles group simulated populations with the same continental proportions. The
arrows indicate the directions along which the simulated population tends to move according to the relative proportion of Continental input.

0.3, data not shown). When included in the PC analysis,
the Frisians were more “Continental” than any of the
British samples, although they were somewhat closer
to the British ones than the North German/Denmark
sample. For example, the part of mainland Britain that
has the most Continental input is Central England, but

gradual, which was not visible in the samples analyzed
in the Weale et al. study

Most studies in human evolution and genetic history
have used samples from very few locations, often near
major metropolitan areas. Here, we show that detailed
samples from multiple small, urban areas with a geo-
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[17]. Our fine-scale investigation of Y chromosome vari-
ation demonstrates appreciable frequency differences
of Y chromosome haplotypes over relatively short geo-
graphic distances. Haplotype 12 13 11 16 25 11 (hg
R1al) (number of repeats, loci as follows: DYS388, 393,
392, 19, 390, 391) is present at frequencies around 5%
in Shetland and Orkney, while it is almost completely
absent from the other collections. Similarly, haplotype
14 13 11 14 22 10 (hg IxI1b2) was recorded at 6%-7%
in the Central-East English samples, but it was absent
from Irish, Welsh, and Scottish populations.

E perimen al Proced res

Microsa elli e and UEP Anal sis

Y chromosome microsatellites DYS388, 393, 392, 19, 390, and 391
analysis was performed by following the protocols described [12].
UEP analysis was based on a PCR-RFLP approach. Protocols will
be published elsewhere and are available from C.C. upon request.
Briefly, the DNA region containing the chosen polymorphic nucleo-
tides was PCR amplified and then screened by using appropriate
restriction endonucleases. Digested PCR products were loaded on
a 377 ABI automated sequencer updated to 96 lanes, and alleles
were called according to fragment size.
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