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Abstract

Some of the transitional periods of Britain during the first millennium A.D.

are traditionally associated with the movement of people from continental

Europe, composed largely of invading armies (e.g., the Roman, Saxon, and

Viking invasions). However, the extent to which these were migrations (as

opposed to cultural exchange) remains controversial. We investigated the

history of migration by women by amplifying mitochondrial DNA (mtDNA)

from ancient Britons who lived between approximately A.D. 300–1,000 and

compared these with 3,549 modern mtDNA database genotypes from

England, Europe, and the Middle East. The objective was to assess the

dynamics of the historical population composition by comparing

genotypes in a temporal context. Towards this objective we test and

calibrate the use of rho statistics to identify relationships between founder

and source populations. We find evidence for shared ancestry between the

earliest sites (predating Viking invasions) with modern populations across

the north of Europe from Norway to Estonia, possibly reflecting common

ancestors dating back to the last glacial epoch. This is in contrast with a

late Saxon site in Norwich, where the genetic signature is consistent with

more recent immigrations from the south, possibly as part of the Saxon

invasions.

Key words Ancient DNA Doggerland human phylogeography

Introduction

Our understanding of the British first millennium has come mainly from

the study of historical, archaeological, and linguistic data, for example,

written sources, grave-good contents, and place-names. Based on this,

several ideas have been proposed for the settlement of Britain. At one

extreme, the population of Britain was founded by a series of migrations

from continental Europe, starting in the Holocene, and at the other, these

transitional processes involved only trade and cultural exchange, rather

than the movement of people (Dennell 1983; Dyer 1990; Hamerow 1997;

Simon and Rigby 1997). The reality may have been somewhere in between,

and this may be different for each of the historical transitions.
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Inferences from modern genetic analyses have facilitated our

understanding of the biological composition of the British population

(Falsetti and Sokal 1993; Mastana and Sokol 1998; Wilson et al. 2001;

Weale et al. 2002; Capelli et al. 2003). For example, analyses of Y

chromosomes suggest the influence in modern Britain of patriline

genotypes from historical invading armies (especially from Anglo-Saxon

[Weale et al. 2002] and Viking [Wilson et al. 2001; Capelli et al. 2003]

invasions). Yet, the role of women and their genetic footprint during these

migrations is less well understood, largely due to the relatively poor

resolution offered by human mitochondrial DNA (mtDNA) for population

assignment in Europe.

The modern distribution of genetic markers in Europe has been

interpreted as reflecting waves of expansion over the last ∼40,000 years,

since the appearance of anatomically modern humans in Europe in the

Late Upper Paleolithic. During the last glacial maximum (∼18,000 years

B.P. [YBP]), northern populations are thought to have migrated south in

search of better climate and shelter (Jochim 1983; Soffer 1987; Strauss

1990) and expanded from these refuges to repopulate the north when the

climate improved. According to the archaeological record, Britain was

depopulated from 22,000 B.P. until about 13,000 B.P., when the earliest

human remains are again found. However, the time and exact route of this

reoccupation is yet not well established and may have been a punctuated

rather than a continuous process (Housley et al. 1997). After resettling, it

is thought that Mesolithic people must have been constantly on the move

in order to survive (Clark 1936; Fischer 1991). Later on, in the late

Neolithic, their hunter-gatherer lifestyle was replaced by a more sedentary

agricultural way of life. Farming had originated in the Near East around

10,000 YBP and expanded northwards into Europe, with some authors

proposing that this spread was accompanied by a migration of people

(Ammerman and Cavalli-Sforza 1971; Cavalli-Sforza, Menozzi, and Piazza

1993).

In Great Britain, Y chromosome data (Wilson et al. 2001; Weale et al. 2002;

Capelli et al. 2003) and classical genetic markers (Falsetti and Sokal 1993;

Mastana and Sokol 1998) showed evidence of genetic clines, suggesting a

major immigration centered on the southeast. However, it is unclear

whether this represents Saxon immigration or earlier events.

In this study, we used available archaeological material and modern

sequences to assess the genetic signature of England during the first

millennia A.D. and address the question of historical matrilineal origins as

indicated by haplotype distribution and haplogroup frequencies during the

Roman and Saxon periods. It was expected that a comparison of different

time points could help identify patterns of population movement over

time, based on a detailed analysis of haplotype frequencies. We were

especially interested in a comparison of the early and late Saxon periods

to investigate this transitional period.

Materials and Methods

Samples

Access to the human remains exhumed from five archaeological sites was

gained for this study. These were Newarke Street at Leicester (Cooper

1996), Buckland at Dover, Norton at Cleveland Market (Sherlock and Welch

1992), Market Lavington at Salisbury, and Castle Mall at Norwich. The

excavations were all recent (between 1983 and 1993), and all samples

have been kept in room temperature storage with minimal handling (only

as needed for labeling and record keeping). Some teeth were from intact

mandibles and are not known to have been handled at all. This is

important as studies have found a high proportion of contaminants on

museum material (Malmstrom et al. 2005), but the contamination level

varies (e.g., Noonan et al. 2005) presumably as a consequence of the
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extent of handling.

The site at Leicester was known to have been a Roman-British cemetery.

At least 21 graves contained coffins (detected from the presence of nails),

and their position was east to west. Although there were no grave goods,

other deposited objects (e.g., coins) indicated a date of fourth century.

The cemetery at Norton seems from its size and grave goods to have been

associated with a small Anglo-Saxon community within the former

Bernician kingdom. The date of this site was estimated to be fifth to sixth

century based on the archaeological finds. A wide range and variety of

objects were found at Buckland, consistent with the cosmopolitan nature

of the Kentish kingdom during the sixth century. It apparently represents

the traditional place of a wealthy and well-established local community.

The archaeological evidence at Lavington suggests that the cemetery near

this market site is from the early Saxon period (mid sixth to seventh

century). The area surrounding Norwich castle was known to overlie a

substantial part of the pre-Conquest settlement of Norwich, one of the

largest towns in England by 1066. A late Saxon cemetery was found

beneath the southern bailey rampart. Ceramics from grave fills suggest

that this cemetery was established in the late 10th century, with burial

continuing into the mid 11th century. However, radiocarbon dates

indicated materials from as early as the late ninth century (Cal A.D.

890–1020). A total of 319 ancient dental samples were analyzed from 156

individuals, and from these, 721 DNA extracts were obtained for

polymerase chain reaction (PCR) amplification.

The comparative data set from modern populations of Europe for the

founder and genetic distance analyses consisted of mtDNA HVS-I

sequences from the following populations: Armenia (n = 191), England (n

= 258), Estonia (n = 149), northern France (n = 101), Finland (n = 176),

Iceland (n = 467), Norway (n = 565), northern Germany (n = 107),

Palestine (n = 117), Saami (n = 176), Scotland (n = 981), Spain (n = 181),

and Western Isles (n = 181). Modern sequences were obtained from public

databases, requested from the authors or deduced from the respective

publications. A listing of the accession numbers and source references is

available on request from the corresponding author.

Ancient DNA Authentication

To ensure that the ancient DNA (aDNA) sequences obtained were

authentic, we followed the criteria recommended by Cooper and Poinar

(2000). However, for the confirmation that DNA was present in the sample,

we relied on replicate amplification both within and among laboratories as

done in various other studies (e.g., Lalueza-Fox et al. 2004; Ricaut et al.

2005; Töpf and Hoelzel 2005), rather than amino acid racemization or the

amplification from a second species (none were available).

All aDNA extractions were carried out in a laboratory physically separated

from the main building and exclusively dedicated to aDNA manipulation.

PCR and post-PCR analyses were carried out in the main laboratory. In

addition, a one-way (from the ancient laboratory to the PCR laboratory)

procedure was always followed to avoid the imperceptible carrying of DNA

aerosols on clothes or skin into the aDNA laboratory (MacHugh et al.

2000).

To detect possible contamination, extraction, PCR, and carrier-negative

controls were undertaken every 10 samples. To trace observed

contamination, DNA sequences from the authors and other laboratory

members were recorded for comparisons. Only independent extractions

and amplifications (from different samples from the same skeleton)

yielding identical sequences were included in the population analyses, and

up to nine extracts from a given individual were amplified. Lesions in the

aDNA template would be expected to be nonreproducible from different

extracts and artifact lesions at a given site (Gilbert et al. 2003), detectable
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across individuals or clones. Cloning was carried out for two samples, and

21 and 5 clones were sequenced for these. Quantification of aDNA present

was estimated by the number of cycles needed to obtain amplification

(based on Rameckers, Hummel, and Herrmann 1997). Four samples were

replicated by three independent laboratories (one at the Ancient

Biomolecules Centre, Oxford University, one at the University of Arizona,

and two at the Smithsonian Institution).

DNA Extraction and PCR Amplification

Teeth used for extraction were soaked with constant agitation in 30%

bleach, rinsed in sterile water, and 70% ethanol (30 min each). Samples

were then UV irradiated after drying (254 nm for 20 min on each face).

They were wrapped in sterile metallic paper and broken open by a vice, so

only internal parts of the tooth were used for DNA extraction. Dental pulp

or its remnants adhered to the wall of the pulp chamber were collected by

drilling using sterile equipment and collected into double-autoclaved

tubes. DNA was extracted by means of a sensitive method modified from

Schmerer, Hummel, and Herrmann (1999). Powdered dental material was

incubated in lysis buffer (0.45 M ethylenediaminetetraacetic acid, pH 8;

0.5% sodium dodecyl sulfate; 10 mM Tris-HCl, pH 8) and 0.65 mg ml
−1

proteinase K final concentration for 24 h at 55°C with constant agitation.

After incubation, an aliquot was extracted twice with phenol/chloroform

/isoamyl alcohol. The DNA was then concentrated by adding 10 μl of a

silica suspension, which in the presence of an appropriate chaotropic

agent (both from QIAex II gel extraction kit, Qiagen Ltd., Crawley, UK)

binds to the DNA and can be retained and washed on a filtered spin

column. DNA was eluted in alkaline buffer and stored at 4°C prior to PCR

amplification to reduce the effect of inhibitory compounds (Montiel,

Malgosa, and Subirà 1997). A fragment of 264 bp (including primers) of

the mtDNA HVS-I was amplified for 45 cycles using primers 16099

(5′-AACCGCTATGTATTTCGTAC-3′) and 16331

(5′-TTTGACTGTAATGTGCTATGT A-3′) (numbering according to Anderson

et al. 1981). PCR products were purified, and DNA was sequenced using

the automated ABI Prism Dye Terminator system and run in an Applied

Biosystems 373 DNA sequencer providing a 207-bp readable sequence

(the beginning of some sequences was unclear and therefore discarded)

starting at position 16123.

Phylogenetic Analysis

Sequences were aligned using the Sequencher 3.0 software (Gene Codes

Corporation, Ann Arbor, Mich.) and polymorphic positions identified using

MEGA 2.1. Reduced median networks (RMNs) (Bandelt et al. 1995) were

constructed using NETWORK 2.0. To maximize the resolution, all of the

segregating sites found along the 207 bp (including deletions) were used

for the analyses.

Founder Analysis

Genetic distances (first described on Forster et al. 1996) to putative source

populations were calculated following Helgason and coworkers (2001).

Rho estimates the mutational divergence between populations involved in

founder events. It assumes that after a founder event the haplotypes

observed in the new population will be a random subsample of haplotypes

from the source population. The index is calculated as the average

number of mutational differences between the sequences of the founder

population and the closest sequences observed in the putative source

population.

However, as rho distances were found to be dependent on the sample size

of the source populations, a correction for sample size was applied (see

Results). This consisted of a random sampling of the source populations

so that sample sizes matched (with n = 150). Choosing a cutoff of n =

150 for the putative source populations restricted the pool of possible

source populations to 12 (based on the database sequences available), but
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this was deemed to include enough of the key populations for the required

analyses. Random numbers were generated using the “Research

Randomizer” at http://www.randomizer.org. A test of the impact of

founder population sample size on rho was undertaken by randomly

subsampling the modern England sample as a putative founder

population. It was first subsampled for n = 150, and this was compared

against putative source populations with samples of n = 150. The sample

for England was then randomly subsampled for n = 20, and this was

repeated 20 times for each comparison against putative source

populations (with population sample sizes of n = 150). The mean and

standard deviation (SD) for the 20 repeats of n = 20 were calculated and

compared against the data for the larger sample size (n = 150).

Genetic Distances and Haplogroup Assignment

It would be expected that for the relevant time period, most of the genetic

change in the mtDNA pool would have been due the redistribution of

lineages by migration and drift. Further, the shallow pattern of diversity

for human mtDNA means that genetic distances based on nucleotide

diversity are confounded by noise and reduced resolution. Therefore,

genetic distances were calculated based on haplogroup frequencies.

Haplotypes were assigned to haplogroups (hg) and sub-hg according to

the West Eurasian mtDNA genealogy (based on Macaulay et al. 1999) using

the following algorithm (numbering according to Anderson et al. 1981,

−16,000 for clarity): 126C assigned to hg J (and additional segregating

site 261T assigned to sub-hg J1; 145A 231C 261T to sub-hg J1a; 145A

222T 261T to sub-hg J1b; 145A 172C 222T 261T to sub-hg J1b1; and

193T to sub-hg J2); 126C 294T assigned to hg T (and additional

segregating sites 163G 186T 189C assigned to sub-hg T1; 304C to

sub-hg T2; 292T to sub-hg T3; 324C to sub-hg T4; and 153A to sub-hg

T5); 224C 311C assigned to hg K; 249C and either 189C or 327T assigned

to hg U1; 129C assigned to hg U2; 270T assigned to hg U5 (and additional

segregating sites 192T assigned to sub-hg U5a; 192T 256T to sub-hg

U5a1; 256T to sub-hg U5a1a; 189C to sub-hg U5b; and 189C 144C to

sub-hg U5b1); 172C 219G assigned to hg U6 (and additional segregating

site 278T to U6a and 311C to U6b); 318T assigned to hg U7; 298C

assigned to hg V; 129A 223T assigned to hg I; 223T 292T assigned to hg

W; 189C 223T 278T assigned to hg X; and 223T assigned to “IWX.”

Sequences not matching any of the above were grouped together as

“other,” though the polyphyletic nature of this grouping is likely to reduce

resolution.

Genetic distances between populations based on these haplogroup

frequencies were calculated using the f distance, based on the chord

distance introduced by Cavalli-Sforza and Edwards (1967). The resulting

matrix of geometric genetic distances was reduced to a two-dimensional

space by means of a multidimensional scaling (MDS) analysis, using the

SPSS 11.0 software.

Results

DNA Extraction and Authentication

A total of 48 DNA sequences could be authenticated and were included in

the population analyses (accession numbers DQ191964–DQ192011).

These included 6 (out of 15) from Leicester (three females, two males, and

one unsexed adult), 12 (out of 23) from Norton (11 males and 1 unsexed

child), 7 (out of 31) from Buckland (two females and five males), 6 (out of

28) from Lavington (three females and three unsexed children), and 17

(out of 59) from Norwich (seven females, one male, and nine unsexed

children). Some of the variation in success rate among sites could be due

to differential preservation. However, the number of extracts per sample

was not the same for each site (depending on the size of tooth available),
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View larger version:

and the range of success was more even when this is taken into account

(19%–26%). DNA sequences were considered authentic when at least two

independent extracts from different dental samples from the same

individual yielded identical DNA sequences and all controls were negative.

Matching sequence from separate teeth meant that the sequence was very

unlikely to be the result of postmortem changes to the DNA (and any

consistent bias in the amplification [see Gilbert et al. 2003] should have

been detected among individuals or clones). Although a level of

contamination was detected in some negative controls and extracts, this

could be traced to its origin, which was mostly from laboratory members

(working in the aDNA laboratory).

Authenticated ancient samples showed appropriate aDNA molecular

behavior (such as signs of depurination and deamination lesions, arising

due to oxidation and hydrolysis) including chimeric sequences with a

preponderance of C/T heteroplasmic positions (Hofreiter et al. 2001;

Gilbert et al. 2003). This is observed as double or “heterozygous” peaks in

the trace sequence and as differences among clones. Ancient template is

also indicated by their failure to amplify an alternative 400-bp PCR

fragment (using conserved human primers for the mtDNA control region,

Vigilant et al. 1989). No sequences showed obvious conflict with

haplogroup-defining segregating sites, and all were consistent with

modern European lineages. Cloned sequences also behaved as expected in

aDNA work. In one case where the sequence was cloned in two

overlapping fragments, all five clones showed two polymorphic sites while

three clones showed a third site. These clones also showed some unique

nonreproducible sites, presumably due to lesions in the DNA. In another

case, 2 out of 21 clones had all five polymorphic sites that had been

replicated from two other tooth extracts, while 19 were laboratory

member sequences or derivations of the expected sequence. Four samples

were replicated among independent laboratories. The full sequences of

two haplotypes were confirmed at Oxford and Arizona, and a 150-bp

subsequence (representing all polymorphic sites but one) was confirmed

for two haplotypes at the Smithsonian (all four of these haplotypes were

unique to the ancient sample set).

Phylogenetic Analyses

RMNs for the ancient populations are shown in figure 1. Despite the short

sequence analyzed, most of the major Eurasian haplogroups and

subhaplogroups can be identified in both networks. However, a marked

difference between the early and late Saxon sites can also be seen. The

early site shows a large proportion of sub-hg U5a1 and U5a1a, and also I,

V, and W, while the later site at Norwich shows a large proportion of

sub-hg T1. Sub-hg T1 is still relatively common in modern England, but

absent from the fourth to seventh century sites (which present sub-hg T4

and T5). The RMN for the early site also seemed more reticulated, with

interconnected branches. The relationship between ancient and modern

haplogroup frequencies in England is illustrated in table 2. Although all

the major haplogroups are represented in both populations, their

proportions differ (Spearman's rank correlation: Z = 1.19, P = 0.23).

FIG. 1.—

(a) RMN for the ancient

populations of Britain

belonging to the early

period, including both the

early Saxon sites and the

Romano-British settlement

of Leicester (fourth century).

Samples belonging to the

different settlements are

represented as: (R) Leicester,
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Only seven haplotypes were shared between two or more individuals, both

at the same and different archaeological sites. Six of these haplotypes are

frequent in modern populations (ranging from 1% to 18% of the full

database) and, therefore, might be shared between nonrelated individuals.

Just one haplotype was rare enough to possibly indicate maternal

relationship—a sequence unique to Buckland shared between two adult

male individuals.
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(N) Norton, (L) Lavington,

and (B) Buckland. (b) RMN for

the late Saxon, the

settlement of Norwich (9th–11th century). Node sizes are

proportional to the number of individuals. Major haplogroups are

indicated. Polymorphic sites defining haplogroups and

subhaplogroups are underlined.

Founder Analysis

Rho distances (first described by Forster et al. 1996) were computed to

quantify mutational differences between the ancient and modern

populations and, by inference, identify possible source populations. For

this, the method proposed by Helgason and coworkers (2001) was

followed, where the authors analyzed mtDNA from the islands of the North

Atlantic to identify their proportion of Celtic and Viking ancestries. By

definition, founder analyses depend on the identification of founder

haplotypes in the putative source populations. As the probability of

finding such haplotypes should be higher for larger populations, rho

distances will be affected by sample size. To investigate the extent of this

sample size effect, rho distances were computed between the ancient

population of England (used as the founder population) and random

subsamples from our largest putative source population sample (Scotland,

total n = 981; fig. 2). These subsamples varied in size from 50 to 800

sequences, and although the source population was always the same, rho

values diminished with increasing subsample size. On the basis of this

test, we determined that it would be inappropriate to simply use the full

sample sizes for all putative source populations, as these varied over

nearly three orders of magnitude and that a small standard sample of n =

50 would also be inappropriate due to sampling effects. However, a

subsample size of 150 showed a similar rho value to larger subsample

sizes (due to saturation, increasing sample size resulted in smaller

changes to rho beyond this point) and allowed the inclusion of 13

populations in our comparative analysis (see table 1). Therefore, source

population subsamples were standardized at n = 150 (with the exception

of Estonia [n = 148], northern Germany [n = 107], northern France [n =

101], and Palestine [n = 117]), where the full sample was used.

FIG. 2.—

Effect of sample size of the

source population in the

computation of rho

distances. For the same

founder population (ancient

England), rho distances were

calculated to the same

source population (Scotland),

randomly resampled for

different sample sizes.

Table 1
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Rho Distances Between the

Ancient and Several Modern

Populations

The ancient sample was considered both as a whole and subdivided

according to time period. For the ancient population as a whole, the

pattern of rho distances was similar to that seen for modern England

(Pearson's rank correlation: Z = 2.56, P = 0.024), though there were

apparent differences (table 1). However, the late Saxon site in Norwich

(9th–11th century) showed a distinct set of putative source populations

compared to the earlier sites (three Saxon sites dated ca. fifth to seventh

century and a Romano-British site from ca. fourth century) (table 1). All

ancient British sample groups showed genetic similarity to the putative

source sample from England, as expected. However, the four other

putative source populations with the lowest rho values (greatest similarity)

were all from north of England for the early ancient samples and all from

the south for the late Saxon sample from Norwich (table 1, columns 2 and

3).

However, the sample sizes for the putative founder populations are small

for these tests (n = 31 for the “early” and n = 17 for the “late” site). To test

the magnitude of sampling error due to small sample size, we resampled

the England sample (treating it as a putative founder population) for 20

individuals, 20 times, and compared the mean and SD with estimates

based on a sample size of 150 (table 1, columns 4 and 5). This was done

simply to assess the likely extent of the error and not to test the difference

for statistical significance. We found good correspondence for the

ordering of these estimates (table 1), and at the extreme, sampling error

would have had to shift rho values by 2–3 SD to generate by chance the

pattern seen comparing the early and late ancient samples. We therefore

conclude that the observed inversion of northern and southern putative

source populations is not due to sampling effects.

The average magnitude of rho values was significantly greater for the

ancient than the modern England populations (Mann-Whitney U test, z =

−2.725, P = 0.006), possibly reflecting greater recent integration (through

both immigration and emigration) with the 13 putative source populations.

The putative source populations with the lowest rho values suggest the

contribution of both northern and southern populations to the

composition of modern England.

Genetic Distances

Genetic distances based on haplogroup and subhaplogroup frequencies

were calculated, and the resulting matrix was reduced to two-dimensions

by means of an MDS plot (fig. 3). This result is very consistent with our

results for the rho distances. The ancient samples are well separated from

the cluster of modern populations; however, the late Saxon site shows

closer genetic distances to populations situated to the north (Scotland,

Estonia, Norway, Finland, and Western Isles), while the early Saxon site is

closer to more southern populations (Germany and Spain, as well as the

Near Eastern populations of Armenia and Palestine). The MDS data are also

consistent with the RMNs shown in figure 2, as the early and late ancient

samples show differing representations of modern haplogroups in the

network analysis (also seen in table 2).

FIG. 3.—

MDS plot of f distances (Cavalli Sforza and Edwards 1967) based

on haplogroup frequencies. The 15 dimensions of the genetic

distance matrix were reduced to two dimensions, accounting for

the 96% of the variation defined by the original distance matrix.
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Table 2

Haplogroup Frequencies for

the Modern Population of

England and the Ancient

Sample (also divided into early and late Saxon sites)

Discussion

We compared ancient mtDNA sequences from two different periods and

different locations in southern and central England with modern samples

from Europe and the Middle East. We found a different representation of

haplogroups in the two ancient samples grouped by period. Sub-hg U5a1,

part of hg U5, which is believed to have originated or spread in Europe

during the Upper Paleolithic, is well represented in the early ancient

sample. On the other hand, the late ancient site shows a large proportion

of sub-hg T1, which is associated with the Neolithic expansion (Richards

et al. 2002). This suggests a different composition of the two temporal

samples, which may be associated with different geographic origins.

Although our sample sizes did not permit a test of geographic

differentiation for a given time period, the geographic distances are small,

and the time frame reflects a period when there are known to have been

major demographic changes. We therefore emphasize the comparison

between early and late Saxon sites.

The sample from northern Germany, representing the geographic region

from which some Saxon groups originated, was not among the genetically

closest founder populations for the early Saxon group (based on the rho

data). This is in agreement with modern Y chromosome data that indicated

a limited continental input from North Germany in southeast England,

where most of the Anglo-Saxon settlements were located (Capelli et al.

2003). Our founder analyses showed a clear inversion of the genetically

closer putative source populations for the early and late Saxon British

sites. Northern populations were closest to the early ancient sites, while

most southern populations were closer to the late Saxon site (northern

France showed unexpectedly high rho values, even against modern

England). Although resampling analyses showed potential bias using the

rho statistic both for varying source population size and for small putative

founder population size, we demonstrate the magnitude of these biases

and find a well-supported difference even after taking these factors into

account. The difference was reinforced in the MDS analysis where the early

and late samples did not cluster together but clustered closer to northern

and southern samples, respectively. The geographic relationship of these

populations (as opposed to historical connection due to early medieval

migration/invasion) seems to suggest deeper common ancestry among

northern populations across Europe. This supports new findings as well as

some new interpretations of earlier archaeological data, suggesting a

common Mesolithic culture from Britain to Estonia (Clark 1936; Coles
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Coles (1999) proposed that the occupation of this land bridge may have

played a role in delaying the onset of the Neolithic in Britain and

Scandinavia, as a consequence of encounters between the Mesolithic

northern populations and the agriculturist newcomers. Case (1969), in

reference to the mixture of different traits of the British Neolithic,

suggested that some of the donor cultures may have lived in coastal

regions that are now submerged or eroded. Modern populations in the

United Kingdom and Scandinavia may therefore share ancestry with people

who lived in this region perhaps as recently as 7,500 YBP. This might also

explain the presence of specific Neolithic haplotypes (such as J1b1)

exclusive to the British Isles and Scandinavia (Helgason et al. 2000; Töpf

2003), previously thought to represent posterior links between these

populations.

1998; Pettitt 2003).

According to some archaeological interpretations based on the scarcity of

archaeological findings, northern Europe was abandoned as people moved

to southern refuges during the peak of the last glacial maximum (Mellars

1974; Evans 1975), from where they reexpanded north when the climate

improved (Housley et al. 1997). However, others have proposed that some

people could have stayed in the north, especially in areas that are now

submerged under the North Sea (Coles 1998). When the Scandinavian and

British ice sheets reached their maximum extent and the North Sea as a

consequence receded to its lowest level (Fairbanks 1989) Britain was

connected to the continent by a land bridge. This dry land, referred to as

Doggerland, is now believed to have lasted longer and been larger than

previously thought and may have been inhabited (Wymer 1991; Coles

1999). After the ice receded, they could have radiated out from those

regions into communities further north (illustrated in fig. 4). Some of

those now in the north of Europe (e.g., northern Germany) may represent

people who migrated from the south, while some people in that region

historically moved further north.

FIG. 4.—

Hypothetical extension of

the land bridge, that is,

Doggerland, during the

Holocene/late Mesolithic

(∼10,000 YBP) and

hypothetical expansion

routes (modified from Coles

1999).

Common ancestry could of course reflect common origins anytime

between the Last Glacial Maximum (LGM) and Saxon periods, but we focus

on the period when Doggerland was exposed due to the supporting

archaeological evidence and the opportunity for northward expansion

availed by the land bridge.

McEvoy et al. (2005) also suggested that the genetic landscape of

southeast Britain may have been shaped by older links with the continent,

when Doggerland still existed. Genetic continuity has been proposed to

exist among northern populations for other species as well (e.g., for Rana

lessonae; Snell, Tetteh, and Evans 2005).

The different apparent source populations at the Norwich site may reflect

a greater influence of postglacial migrations from the south and Near East
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in this region, or this particular site, or during this time period. This site

was also likely under Danelaw at this time and under the influence of the

Danish Vikings. Modern England appears to continue to reflect these

influences, though further Viking invasions and later immigration and

emigration would have influenced the modern genotypic pattern as well.

Modern data on Y chromosome analysis has also suggested that the Danes

had a great impact in this area (Capelli et al. 2003). Immigration of women

to Norwich at this time is suggested by the fact that modern England

retains hg T1 (at 2.5%), which is found in Norwich (23%) but absent from

the early Saxon sites. Although the site at Norwich is likely to have been

larger and more cosmopolitan than the other sites in our analysis, there is

nothing about the cemetery at Castle Mall to indicate that it represented

anyone other than people local to the Norwich area at that time.

Our analyses of mtDNA sequences from ancient and modern Europe show

a distinct pattern for the different time periods sampled. Unfortunately,

the late ancient sample size is relatively small, but the resulting pattern is

nonrandom and seems to support archaeological findings. The prevailing

theory for numerous species is that populations in Europe expanded from

southern refugia after the last glacial maximum (see Hewitt 2000), though

evidence exists for various northern refugia as well (see review in Stewart

and Lister 2001). For humans, modern mtDNA data has indicated the

importance of the Franco-Cantabrian refuge during the glacial period

(Achilli et al. 2004; Pereira et al. 2005). However, this is not necessarily in

conflict with the interpretation of our data. We present data that for the

first time analyses genotypes from the pre-Saxon/early Saxon period, and

these are uniquely able to assess signatures for relatedness from this

period of demographic change. A similar study using aDNA provided new

information on the source of founding populations in the Canary Islands

(Maca-Meyer et al. 2004). Even if the majority of the human population of

northern Europe emigrated south during the LGM, a proportion remaining

behind could be responsible for the genetic signature we have identified.
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