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Summary

The Iberians developed a surprisingly sophisticated culture in the Mediterranean coast of the Iberian Peninsula from
the 6th century BC until their conquest by the Romans in the 2nd century BC. They spoke and wrote a non-Indo-
European language that still cannot be understood; their origins and relationships with other non-Indo-European
peoples, like the Etruscans, are unclear, since their funerary practices were based on the cremation of bodies, and
therefore anthropology has been unable to approach the study of this people. We have retrieved mitochondrial
DNA (mtDNA) from a few of the scarce skeletal remains that have been preserved, some of them belonging to
ritualistically executed individuals. The most stringent authentication criteria proposed for ancient DNA, such as
independent replication, amino-acid analysis, quantitation of template molecules, multiple extractions and cloning
of PCR products, have been followed to obtain reliable sequences from the mtDNA hypervariable region 1 (HVR 1),
as well as some haplogroup diagnostic SNPs. Phylogeographic analyses show that the haplogroup composition of
the ancient Iberians was very similar to that found in modern Iberian Peninsula populations, suggesting a long-term
genetic continuity since pre-Roman times. Nonetheless, there is less genetic diversity in the ancient Iberians than is
found among modern populations, a fact that could reflect the small population size at the origin of the population
sampled, and the heterogenic tribal structure of the Iberian society. Moreover, the Iberians were not especially
closely related to the Etruscans, which points to considerable genetic heterogeneity in Pre-R oman Western Europe.
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Introduction were a conglomerate of independent groups and tribes

that had their own governance rules, and thus do not

The so-called Iberian culture is considered to be the first . . o .
represent a single political entity; in fact, there is much

historic culture of the Iberian Peninsula (to which it gave evidence of conflict among the different Iberian groups
(Ruiz & Molinos, 1998). The cultural influences of peo-

ple from the East Mediterranean (Greeks and Phoeni-

its name); it developed in the South and East along the
Mediterranean coast from the indigenous Bronze Age

culture, from the 8th to 6th century BC onwards (Fig 1). cians) shaped the distinctive artistic expression of these

people (Harrison, 1988; Ruiz & Molinos, 1998). The
Iberians had an urban society in which the cities, dom-

Although considered to be a general unit, in fact Iberians
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Figure 1 Area of expansion of the Iberian culture. Dots
represent the archaeological sites where the samples studied were
found (1: Mas Castellar, 2-3: Puig de Sant Andreu and Illa d’en
Reixac).

of the centres of production to the coastal Roman
settlements, resulting in an abandonment of the Iberian
cities (Harrison, 1988).

The Iberians spoke a non Indo-European language
that continued in use until Roman times, before being
replaced by Latin. Numerous inscriptions made in this
language, using a unique script, have been found; how-
ever, although the phonemes of the alphabetic characters
can be transliterated, the actual language still cannot be
understood. It was formerly thought that Basque, also
a non Indo-European language, was closely related to
Iberian, but now most scholars believe that both lan-
guages are separate, and probably represent part of a het-
erogeneous pre-Roman linguistic substratum (de Hoz,
1995). The Iberian language has also been related to
Etruscan, another a non-Indo-European language dat-
ing to the end of the 8th century BC in Central Italy
(Etruria, current Tuscany), but there is no clear evidence
of this relationship (de Hoz, 1995).

It has been hypothesized that Iberians and Basques
(and maybe Etruscans) should share genetic affinities as
representatives of pre-Roman populations in Western
Europe. The fact that these three populations spoke non
Indo-European languages may also indicate the persis-
tence of a Paleolithic substratum, according to the model
of a demic expansion associated with agriculture and

Indo-European languages from the Middle East. The

Annals of Human Genetics (2005) 69,1-14

distinctiveness of the Basques in the context of present-
day Iberian populations has been detected with classical
genetic markers, and has been interpreted as the re-
sult of long-standing isolation (Bertranpetit & Cavalli-
Sforza, 1991); nonetheless, a general genetic replace-
ment of pre-Indo-European populations during the
Neolithic remains controversial, and other later events
related to cultural changes have only been superficially
explored. Therefore, genetic analyses of these groups
are of great interest to help to understand the phy-
logeographic structure of past and modern Western
European populations. Unfortunately, the Iberians in-
cinerated their dead, thus making their numerous
necropolises unsuitable for ancient DNA analysis. How-
ever, some skeletal remains are occasionally found, es-
pecially in large towns such as Ullastret (North East of
Catalonia); some of them are related to a ritual prac-
tise of nailing skulls, in which the heads of the enemies
were displayed in public places with a long nail going all
the way through the skull from the forehead to the cra-
nial base. In this study, we have analyzed some of these
nailed skulls plus other Iberian remains to obtain, for the
first time, a genetic picture of the human pre-Roman
substratum in the north-east of the Iberian Peninsula.

Genetic studies have shown that mitochondrial DNA
(mtDNA) substitutions that have accumulated along
maternal lineages or haplogroups have diverged as hu-
man populations expanded through different continents;
these lineages can be defined by particular SNPs in the
coding region of the mtDNA, correlated to different
haplotype sequences in the hypervariable control re-
gion (HVR-1) of the mitochondrial genome. Molecu-
lar analyses have revealed the existence of Eurasian and
European specific haplogroups (named H, I, J, K, T,
U, V, X and W); their distribution and characteriza-
tion can help reconstruct past human migrations and
population affinities in Europe, as well as provide a ge-
netic context for ancient DNA studies. We have ob-
tained data from both HVR-1 haplotype sequences and
haplogroup-diagnostic SNPs from Iberian individuals
by means of ancient DNA techniques.

Materials and Methods

Twenty tooth samples belonging to seventeen difterent
individuals were analyzed; incomplete or fragmented
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Table 1 Samples and sites analyzed

Sample  Site Sample code  Sex

1 Puig de Sant Andreu (Ullastret) UE 14015 ?
2 Puig de Sant Andreu (Ullastret) UE 14045 ?
3 Illa d’en Reixac (Ullastret) UE 15112 M
4 Mas Castellar (Pontds) 1000012-2 ?
5 Illa d’en Reixac (Ullastret) UE 1070 M
6 Puig de Sant Andreu (Ullastret) N.I. 3967 ?
7 Illa d’en Reixac (Ullastret) 15091 ?
8 Puig de Sant Andreu (Ullastret) UE 14020 ?
9 Puig de Sant Andreu (Ullastret) T.C.4EI-II °?
10 Puig de Sant Andreu (Ullastret) UE 14015-1 M ?
11 Illa d’en Reixac (Ullastret) UE 15224 M
12 Puig de Sant Andreu (Ullastret) UE 14119 ?
13** Illa d’en Reixac (Ullastret) UE 15078-1 M
14 Puig de Sant Andreu (Ullastret) 2002 Z13 ?
15* Puig de Sant Andreu (Ullastret) 3613 M
16* Puig de Sant Andreu (Ullastret) 3615 M
17* Puig de Sant Andreu (Ullastret) 1401 M

*: nailed skulls, **: signs of violence (possible decapitation).

teeth were discarded for the study. The remains were
recovered from three different archaeological sites in
Girona (Catalonia, North Eastern Spain): Puig de Sant
Andreu (n = 11), Illa d’en Reixac (n = 5) and Mas
Castellar (n = 1). Mas Castellar is a small Iberian vil-
lage, around 15 km inland, which was inhabited from
the 7th to the 2nd century BC (Adroher et al. 1993).
Illa d’en Reixac is a settlement established around 600
BC on the shore of an ancient, now dessicated, lagoon,
later abandoned for a neighbouring settlement, Puig de
Sant Andreu, which is part of the Ullastret archaeologi-
cal site, one of the largest Iberian towns (Martin, 1985;
Harrison, 1988). Ullastret flourished between 535 and
200 BC, partly due to the commercial influences of the
Greek coastal city of Emporium, in an area dominated
by the Indiketes Iberian tribe. Ullastret lies on a hill; the
city comprised 11 square kilometres, was surrounded by
solid walls at least four metres high, regularly reinforced
with rounded, massive towers, and had an acropolis on
its top (Martin, 1985). The city was destroyed by the
Romans around 200 BC and abandoned.

With the exception of three fairly complete skulls,
most of skeletal samples consist { fragmentary maxil-
lar and mandibular remains that were not found in a
funerary context (Table 1). At least three of the skulls
correspond to ritualistically executed individuals (nailed

skulls) from Ullastret, while another one is a mandible
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that shows signs of violence, probably associated with
decapitation (Agusti, 1999). All the remains that have
been sexed using osteological traits have been consid-
ered adult males.

Extraction and Amplification

The root tip of each tooth was sectioned and the crown
glued back to its alveolus; the discarded root was used for
DNA extraction. In two cases, it was possible to dupli-
cate the sample for independent replication undertaken
at the University of Florence. Tooth root surfaces were
first cleaned with bleach and then ground to powder;
the samples weighed from 0.1g to 0.5g. The extrac-
tion method has been described elsewhere (Caramelli
et al. 2003). In brief, ten millilitrres of EDTA (pH: 8;
0.5M) were added to the powder overnight to remove
mineral salts; after centrifugation, the EDTA was care-
tully poured oft and the remaining sample was incu-
bated overnight at 50°C in a lysis solution (Iml SDS
5%, 0.5 ml TRIS 1M, 8.5 ml H,O and proteinase K).
Then the sample was extracted with phenol, phenol-
chloroform and chloroform-isoamilic alcohol and con-
centrated with centricons (Millipore) up to a 50-100 ul
volume.

Extraction procedures were performed in an isolated
pre-PCR area exclusively dedicated to ancient DNA
studies, physically isolated from the main laboratory,
with positive air pressure, overnight UV light and fre-
quent bench cleaning. All samples and reagent ma-
nipulations were performed in a laminar flow cabinet
routinely irradiated with UV light. Negative controls
were used throughout the extraction and amplification
analysis. To help avoid laboratory contamination, ster-
ile, aliquoted reagents, sterile gloves, sterile pipettes,
facemasks, cover-all coats and filter pipette tips were
used.

The mtDNA HVR1 region was amplified in differ-
ent overlapping fragments with sizes ranging from 232
to 94pb depending on the state of preservation of the
samples. For this analysis several primer pairs were used
(Table 2). Other additional primer pairs were designed
to amplify the region where the most common Eu-
ropean haplogroup specific sites are present (Table 2);
this allowed us to ascertain by sequencing or enzy-

matic digestion some diagnostic SNPs that assigned a
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Table 2 Primers used in the study

HVR1 primers

L16022 5’ CTAATTTAAACTATTCTCT 3
L16055 5’ GAAGCAGATTTGGGTACCAC 3’
L16081 5 TTGACTCACCCATCAACAA 3
L16122 5’ CATTACTGCCAGCCACCATGAATA3
L16131 5’ CACCATGAATATTGTACGGT3
L16185 5’ AACCCAATCCACATCAAAACCS
L16209 5 CCCCATGCTTACAAGCAAGT 3’
L16223 5’ AGCAAGTACAGCAATCAAC 3’
L16261 5’ CAACTATCACACATCAACTGCAA3Y
L16347 5 CGTACATAGCACATTACAGT 3’
H16142 5’ ATGTACTACAGGTGGTCAAG 3’
H16158 5 TGTGGATTGGGTTTTTATGT 3’
H16211 5 TAGTTGAGGGTTGATTGCTG 3’
H16218 5 TGTGTGATAGTTGAGGGTTG 3’
H16247 5’ CAACTATCACACATCAACTGCAA3Z
H16281 5 TTAAGGGTGGGTAGGTTTGT 3
H16356 5 GTCATCCATGGGGACGAGAA 3
H16385 5 GGTGGTCAAGGGACCCCTAT 3
H16401 5 TGATTTCACGGAGGATGGTG 3
Coding region SNPs

L12227 5 GAAAGCTCACAAGAACTGC3'U (12308)
H12341 5 GGTTATAGTAGTGTGCATGG3'

L 6999 5’ CAAACTCATCACTAGACATCG3'H (7028)
H 7066 5 GAATGAAGCCTCCTATGATGG3'

L13669 5 CACCCTTACTAACATTAACG3'J (13708)
H13725 5 TAGTAATGAGAAATCCTGCG3

L13257 5’ AATCGTAGCCTTCTCCACTTCA3'T (13368)
H13372 5 TTGTTAAGGTTGTGGATGATG3

12993 5 TAGGGTTTACGCCTCGATGT3'
H3054 5 TCTGAACTCAGATCACGTAGGACT3'
H1 (3010A)

Some HVRI1 primers have been published elsewhere (Handt
et al. 1996; Stone & Stoneking, 1998; Caramelli et al. 2003);
others have been designed for this study. Coding region primers
were designed in the present study.

sample unequivocally to a haplogroup in the mtDNA
gene genealogy. PCR amplifications were performed in
25 pl reactions with 1l to 3ul of extract (depending on
the extract volume and/or the presence of inhibitors),
1.2 U of Tag DNA polymerase (Ecogen), 1X reaction
bufter (Ecogen), 1.4 mg/ml BSA, 2.5-2.1 mM MgCl,,
0.2mM dNTPsand 1 uM of each primer. The PCR re-
actions were subjected to 40 amplification cycles (1 min
step at 94°C, 1 min step at 50° and 1 min step at 72°C)
with an initial denaturing step at 94°C for 5 min and
a last elongation step at 72°C for 7 min. Products were
electrophoresed in 1.6% low-melting point agarose gels
(Invitrogen) stained with ethidium bromide. Bands visu-

Annals of Human Genetics (2005) 69,1-14

alized under UV light were excised from the gel, melted
at 65°C, diluted in 100-150 ul of double-distilled water
and heated for one hour at 65°C. Those products be-
came the template of a further 35 cycles of PCR, with
limiting reagents; the bands were subsequently purified
with GFX columns (Amersham Biosciences) and se-
quenced with an ABI 3100® DNA sequencer (Applied

Biosystems), following the supplier’s instructions.

Uracil-N-Glycosylase (UNG) Treatment

10 pl of DNA extract for some of the samples (Table 3)
was treated with 1U of Uracil-N-Glycosylase(UNG)
for 30 min at 37°C to excise uracil bases caused by
the hydrolytic deamination of cytosines. UNG reduces
sequence artefacts caused by this common form of post-
mortem damage, resulting in apparent G/C— A/T mu-
tations and subsequent errors in the sequence results
(Hofreiter et al. 2001). After this treatment, extracts
were subjected to the same PCR conditions as described
above.

Cloning of PCR Products

Direct sequences with heteroplasmic positions were ei-
ther sequenced and/or cloned (Table 3). If an observed
base change 1s due to a random DNA damage, the like-
lihood of finding this change after multiple (two or
three) amplifications can be estimated to be less than
0.1% (Hofreiter et al. 2001). Therefore, most of the sam-
ples were amplified and sequenced several times, using
different sets of primers (Table 3); fragments with dis-
crepant results were cloned. PCR products were treated
with a pMOSBlue blunt ended cloning kit (Amersham
Biosciences) following the manufacturer’s instructions.
Seven microlitres of PCR. product were treated with
pK enzyme mix, incubated al 22°C for 40 min and
ligated into the pMOSBIue vector overnight. Two ul
of the ligation product were transformed into 40 ul
of competent cells, grown in 160 pul of SOC medium
at 37°C for one hour and plated on IPTG/X-gal agar
plates. After 16 hours, white colonies were subjected
to direct PCR screening using the T7 and U-19 uni-
versal primers. Inserts that yielded the correct size were
identified by agarose gel electrophoresis, purified and
sequenced.
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Additional
Sample typing HVR1 fragments sequenced
1 C, U 055-142/055-218/122-356/209-356/209-401
2 C,UE 055-142/055-218/209-356/209-401
3 A C LU 055-142/081-281/122-218/131-211/209-401/223-385
4 QU 055-142/122-218/131-211/209-401
5 AL Q 022-158/055-142/081-281/131-211/209-356/209-401
6 Q 055-142/131-211/209-356
Table 3 Amplification strategy of the an- 7 131-211/209-356/209-401
alyzed samples 8 055-142/131-211/209-356/209-401
9 C 055-142/131-211/209-356/209-401
10 055-142/131-211/209-401
11 G Q 055-142/131-218/209-356/209-401/347-401
12 Q 055-142/131-218/209-356/209-401/347-401
13 C 055-142/209-401/347-401
14 055-142/131-211/209-401/247-356/347-401
15 C 055-142/131-211/185-356
16 C 055-142/055-211/131-211
17 055-142/131-211/185-261/209-401/347-401

I, Sample independently replicated; C, cloned; E, multiple extractions from the same
individual; A, aminoacid analysis; U: samples with UNG treatment; Q: quantitation

DNA analysis.

Quantitation of Number of DNA
Template Molecules

To find out if the amount of mtDNA template was large
enough to allow us to obtain reproducible results, a R eal
Time-PCR experiment was performed. We obtained
a DNA standard by PCR-amplification of the HVR 1
region (Anderson et al. 1981) from an anonymous labo-
ratory donor with known sequence; the PCR product
was purified and quantified by a Nanodrop Spectropho-
tometer instrument. Two different sized fragments
(107bp and 278bp) within the HVR1 mtDNA region
were assayed to estimate the mtDNA preservation.
The design of primers and probes was performed with
Primer Express 2.0 software (Applied Biosystem). The
primer sequences for the small fragment were: L16001
ACCATTAGCACCCAAAGCTAAGA and H16065
GCGGTTGTTGATGGGTGAGT, and for the larger
one: L16088 TCACCCATCAACAACCGCTAT and
H16344 GGGACGAGAAGGGATTTGACT. The
probe oligonucleotide sequence for the small fragment
was FAM-CAAGCAAGTACAGCAA-MGB and for
the large was VIC-GAAGCAGATTTGGGTAC-MGB
(Alonso et al. 2004). Real-time PCR amplification was
performed in a 20ul reaction with 1x reaction TagMan
Universal PCR Master Mix (Applied Biosystem), 0,5
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UM each primer, 50nM probes, 1mg/ml BSA and
1 ul DNA extract. Ten-fold serial dilutions of the
purified and quantified standard were included in the
experiment to create a standard curve, in order to
quantify the number of initial mitochondrial DNA
molecules of each size in the Iberian samples.

Population Analysis

Combining the information obtained from the HVR1
sequence and the different diagnostic coding region
SNPs, each sample was classified into its correspond-
ing mitochondrial DNA haplogroup (Table 4); the hap-
logroup frequencies were crucial for exploring the pos-
sible phylogeographic structure of the Iberian popula-
tion (Table 5). To explore comparatively the haplotype
composition, a correspondence analysis was generated
with STATISTICA software (StatSoft, Inc. 2001 ver-
sion 0); because it has been suggested that Punic and
Eastern influences could have contributed to the gen-
esis of the Iberian culture, we have included in the
analysis three populations from North Africa (includ-
ing one from the present-day area of Carthage) plus
two more from Central Italy (including one from the
present-day region that was ancient Etruria). A pairwise
distance matrix was calculated with these populations
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Table 4 Haplogroup attribution and

HVR1 haplotypes in ancient Iberians

HAPLOGROUP SAMPLE HVR1 HAPLOTYPE SNPs

H 1 16287 n.d.

H 5,15 16126 16311 —7025 Alul (#5), 7028 C (#15)
3010 G, 13708 G

H 6, 11,17 16126 7028 C, 3010 G, 13708 G

H1 7 CRS —7025 Alul, 3010 A

Hi1 9 16126 —7025 Alul, 3010 A

H 12 16273 —7025 Alul

Pre-HV 10 16362 7028 T, 14766 C

J* 4 16126 16189 — 13704 BstNI, 3010 G

J* 16 16126 13708 A, 7028 T

K* 13 16224 16311 n.d.

T 8 16126 16294 n.d.

U4 2 16356 7028 T, 12308 G, 3010 G

Us* 14 16270 16281 n.d.

UsSa 3 16256 16270 n.d

n.d.: No determined.

Table 5 Haplogroup frequencies (%) in Western Mediterranean Populations.

Pop Alg MB Tun And Bas Cat CS Gal Val NPo CPo  SPo Ibe Clt Tus
(n) (47) (64) (47) (158)  (173) (78 (50) (103)  (30) (100)  (82) (59) 17) (83) (49)
L1 6.4 1.6 - - - - 2.0 - - 1.0 1.3 1.7 - - -
L2 6.4 - 12.8 0.6 - - 2.0 1.0 34 3.0 2.4 1.7 - - -
L3 149 1.6 149 1.3 - 1.3 - 1.0 - 1.0 2.4 1.7 - 1.2 2.0
D - - - - - - - - - - - - - 1.2 -
M1 12.8 - 4.2 1.9 - - - - - - 1.3 - - - -
M5 - - - 1.9 - - 2.0 - - - - - - - -

N - - - 0.6 - 1.3 - - 6.6 - 1.3 - - - -

1 - - 2.1 1.9 - - - - - 1.0 - 1.7 - - 4.1
W - - - 1.3 - 5.1 2.0 1.9 - 2.0 1.3 - - 1.2 2.0
X 2.1 - 2.1 3.2 1.7 2.6 2.0 1.0 - - 3.6 1.7 - 3.6 6.1
R1 - - - - 1.7 - - - - - - - - - -
J/T - 1.6 - 0.6 - - - - - - - - - - -

T 4.2 15.6 6.4 4.4 5.2 7.7 10.0 2.9 - 11.0 11.0 102 5.9 157 10.2
J 128 94 4.2 7.0 4.0 2.6 8.0 9.7 6.6 6.0 6.1 8.5 11.8 6.0 14.3
uU* 2.1 6.2 6.4 10.1 13.2 9.0 20.0 12.6 16.6  16.0 146 119 17.6 9.6 12.2
18/9) - 7.8 4.2 1.9 - - 2.0 1.9 - 7.0 - - - - -

K 4.2 7.8 6.4 6.3 5.2 6.4 2.0 3.9 10.0 3.0 7.3 6.8 5.9 7.2 8.2
HV - - 6.4 2.5 - 1.3 2.0 1.0 3.4 - - - 5.9 1.2 2.0
H 34.0 422 234 462 57.8 56.4 46.0 59.2 53.3  41.0 37.8 441 529 470 3838
v - 6.2 - 5.7 10.4 5.1 - 2.9 - 8.0 7.3 6.8 - 4.8 -
Other - - 6.4 2.5 0.6 1.3 - 1.0 - - 2.4 3.4 - 1.2 -

Alg: Algerians; MB: Moroccan Berbers; Tun: Tunisians; And: Andalucians; Bas: Basques; Cat: Catalans; CS: Central Spanish; Gal:
Galicians; Val: Valencians; NPo: North Portuguese; CPo: Central Portuguese; SPo: South Portuguese;. Ibe: Ancient Iberians; Clt:
Central Italians; Tus: Tuscans; (*): Excluding U6. N includes sequences carrying the HVR 1 substitutions diagnostic of either N1a or N1b.

and was visualised by means of MDS (MultiDimensional
Scaling). This method allows us to represent a distance
matrix in a number of dimensions specified a priori.
The degree of agreement between the original pairwise
distance matrix and the matrix of the MDS representa-
tion is evaluated by the stress measure; as in the corre-
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spondence analysis, the populations are represented in a
two-dimensional space.

The samples considered for comparison were from
the Iberian Peninsula, plus some from North Africa
and Italy which, according to some scholars, are regions

that could have contributed to the genetic background
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of the ancient Iberians: Algerians, Tunisians and Mo-
roccan Berbers (Plaza et al. 2001; Rando ef al. 1998);
Andalusians, Basques, Catalans, Central Spanish,
Galicians and Valencians (Bertranpetit et al. 1995;
Corte-Real et al. 1996; Crespillo et al. 2000; Lopez-Soto
et al. 2000; A. Alonso (personal communication); Plaza
et al. 2001; Richards et al. 2000; Salas et al. 1998); North,
Central and South Portuguese (Pereira et al. 2000);
Central Italians and Tuscans (Tagliabracci et al. 2001;
Francalacci et al. 1996). Also, several parameters related
to population internal structure (nucleotide diversity, se-
quence diversity and mean pairwise differences) were
estimated for the Iberians using the Arlequin 2000 soft-
ware (Schneider ef al. 1996). In addition, the Iberian
sequences were placed in a general network of Eurasian
HVR-1 sequences, constructed using a reduced-median
algorithm (Bandelt et al. 1995), implemented in the

Network 3.0 program.

Results

Authentication Criteria

The main authentication criteria proposed as quality
standards in ancient DNA research (Cooper & Poinar,
2000; Poinar, 2004) were followed in order to obtain
empirical evidence about how favourable the Ullastret
site environment was for DNA preservation 1). The
analysis was carried out in isolated, dedicated ancient
DNA laboratories, both in Barcelona (Unitat de Biolo-
gia Evolutiva, Universitat Pompeu Fabra) and Florence.
2) The degree of aminoacid racemization was analysed
in two representative samples, following the procedures
described in Vernesi et al. (2001); the values (<0.10
for aspartic acid) obtained (Table 6) are suggestive of
good biochemical preservation and therefore, compati-
ble with DNA survival (Poinar et al. 1996; Poinar, 2004).
Interestingly, the alanine D/L and glutamine D/L val-

Table 6 Aminoacid racemisation analysis of two Iberian
samples

D/L Alanine  D/L Aspartic ~ D/L Glutamine
Sample 3 0.005 0.06 0.008
Sample 5 0.004 0.038 0.006

Values lower than 0.1 in the D/L Aspartic ratio are compatible
with DNA preservation.
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ues are lower than the aspartic acid D/L; because the
racemisation of Alanine and Glutamine is slower than
that of aspartic acid, this difference is a criterion for dis-
tinguishing endogenous protein preservation from pu-
tative modern contaminants (Poinar et al. 1996). Al-
though this test was only applied to a small subset of
the samples (~12%), it must be taken into considera-
tion that most of the samples come from a very specific
area of the Ullastret site, and it is therefore likely that
all samples have been subjected to similar taphonomic
processes. 3) As mentioned above, some fragments were
cloned, to distinguish sequence heterogeneities due to
DNA damage and subsequent amplification errors, and
also to reveal putative multiple sequences due to a mix-
ture of endogenous sequences and contaminants. The
Tag misincorporation error values obtained (number of
substitutions per 1000 bp) are low and yielded values
between 0 and 5.68, similar to those observed in other
ancient DNA studies (Cooper et al. 2001; Caramelli
et al. 2003). 4) Two samples (Table 3) were indepen-
dently extracted, amplified and cloned in a different
laboratory (Florence), as a control for possible intra lab-
oratory contamination; in both cases, the substitutions
observed were the same as those found in the Barcelona
laboratory (Table 4, see also Table 1 of supplementary
material). A C to T substitution at nucleotide 16,192
in sample 3, found in all the Florence clones, was not
observed in two different amplifications in Barcelona,
with different sets of primers, and therefore it has been
quoted as putative postmortem damage due to cytosine
deamination (Hofreiter et al. 2001) in the haplotype
table (Table 4). Also, one sample (number 2) under-
went two different extractions in different periods of the
study; the sequences obtained from both extracts (with
a T to C transition at position 16,356) were identical
(Table 3). In addition, none of the sequences obtained
were identical to the mtDNA haplotypes of the three re-
searchers (M.L.S., C.L.-E, and D.C) directly involved in
the analytical procedures. 5.) PCR and extraction blanks
were included to detect any possible internal contamina-
tion, and also different sets of overlapping primers were
used to be sure that the results were reproducible. 6)
Quantitation of the copy number of mtDNA by RT-
PCR showed that the number of DNA molecules/ul
in the samples analyzed was high enough (Table 7)

to ensure reproducibility of the results; in assays of

Annals of Human Genetics (2005) 69,1-14



M. L. Sampietro et al.

Table 7 Quantitation of DNA in the extracts by RT-PCR anal-

ysis.

Sample Ct Molecule’s number of 107bp fragment (95%)
4 32.72  371-870

5 32.43  463-1088

6 32.28  520-1221

11 31.94 676-1586

12 32.89  325-763

The cycle threshold parameter (Ct) was determined by the
SDS software as the fractional cycle number at which the
fluorescence increases exponentially. The number of molecules
(95% confidence interval) in each fragment is calculated by the
standard curve (from 3.7x10° to 376 copies; from 20.13 to 31.98
Ct). No PCR products of 327 bp were obtained. One to three
1 of extract were used for each PCR.

competitive PCR, a figure of >1000 template DNA
molecules has been proposed as a value that could be ex-
pected to yield reproducible results (Handt ef al. 1996),
while <300 could produce irreproducible sequences
(Poinar, 2004); however, RT-PCR offers a new ap-
proach to the quantitation of template molecules with
more precise figures of potential reproducibility (Alonso
et al. 2003). In addition, the samples showed appropriate
molecular behaviour for ancient extracts because it was

not possible to amplify a fragment longer than 327 bp.

Iberian Sequences

Thirteen different sequences were present in the 17
samples analyzed; they are listed in Table 5 according
to their haplogroup assignment. It was possible to se-
quence the mtDNA HVRI1 from positions 16,055 to
16,401 (according to Anderson et al. 1981) in almost all
the samples, with only a few gaps in samples 7, 13 and 16
(Table 5). This could slightly alter the haplotypes found
in those sequences, although the general population in-
ferences would not be significantly affected.

Three samples showed the C to T position 16,126
substitution associated with a C at position 7,028 (and
therefore, belonging to the H haplogroup), while an-
other one had again the 16,126 substitution, but this
time associated with a T at 7,028 and a A in 13,708
(and therefore, belonging instead to the ] haplogroup).
This example shows the importance of typing diagnos-

tic haplogroup positions in mitochondrial analysis. In
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addition, two samples from the H haplogroup showed a
combination of 16,126 and C to T at 16,311, while two
others had the CRS sequence. Most of the haplotypes
have already been described in European populations,
with the exception of the G to A transition at 16,273 of
sample 12; however, it has been detected in two difter-
ent amplifications (16,209-16,356 and 16,209-16,401),
and thus, it is unlikely that it could be attributed to post-
mortem DNA damage (Hofreiter ef al. 2001). In addi-
tion, the haplotype from sample 4 (16,126 and 16,189)
has always been described in association with a C to
T transition at 16,069 in J haplogroup sequences; we
couldn’t detect this substitution in the 16,055-16,142
fragment. The 16,069 position is a hotspot prone to
DNA damage (Gilbert et al. 2003), but is also a muta-
tional hotspot (Wakeley, 1993), and therefore we have
no compelling evidence for considering it an artifact
due to DNA degradation. In addition, the fragments
treated with the Uracil-N-Glycosylase (UNG) enzyme
yielded the same sequences as those without this treat-
ment. However, the lack of the 16,189 substitution in
one of the two amplifications that included this po-
sition suggest a potential source of error in this sam-
ple (one researcher has the 16,189 substitution, but
also 16,185, which was not observed in any of the
clones); at present, we cannot exclude the possibility
that the endogenous sequence might lack the 16,189
position.

Another problematic sample is number 1. We found
the C to T 16,287 substitution in only 7 out of 12
clones; however, it is present in three difterent amplifica-
tions (16,122-16,356; 16,209-16,356; 16,209-16,401).
In this situation, template damage is an unlikely ex-
planation, as it would need to affect the same posi-
tion independently three times. Some of the clones
that show a C at 16,287 seem to carry a high num-
ber of additional substitutions (one with 16,134, one
with 16,145, 16,176 and 16,222, and another one
with 16,189), which could be interpreted as evidence
of independent sources of low-level contamination.
While this cannot be excluded, three of these addi-
tional substitutions (16,134, 16,145 and 16,176) are rare
or have never been described in the modern databases;
therefore, it is unlikely that they could represent con-

taminant haplotypes.
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Figure 2 Mismatch distribution of Etruscans, Iberians, Basques and Catalans. Iberians

show the least intrapopulation diversity.

The most frequent haplogroup is H (52.9%), followed
by U (17.6%), J (11.8%), and pre-HV, K and T at the
same frequency (5.9%). No samples were found to cor-
respond to other haplogroups that are widely present in
the Iberian peninsula populations (Table 7), such as V,
X, I or W. The North African U6 subhaplogroup and
Sub-Saharan African L lineages are also absent from the
ancient Iberians analyzed so far; therefore, the possible
entry of U6 lineages prior to the Muslim conquest in the
8th century A.D., as suggested by some authors, remains
unproven. However, it is recognized that the sample size
is at present too small to exclude any competing hypoth-
esis about a possible North African genetic contribution
to the genesis of the Iberian peninsula populations.

Phylogeographic Analysis

The Iberians shared several sequences with modern
Western Mediterranean populations; the maximum ra-
tio of shared haplotypes (n = 5) was with the Andalu-
cians (the haplotypes are CRS; 16356; 16256-16270;
16362; 16224-16311); this is not surprising, since An-
dalucia was also an area were the Iberian culture devel-
oped. The ratio of sequences shared with other popu-
lations, both modern and ancient, is increasingly lower;
however, our interest in shared sequences is small, not
only because it depends strongly on the sample size but
also because it is aftected by the very low diversity within
the Iberians.

© University College London 2005

One of the most striking findings was the low di-
versity found in the Iberian sample. It has the low-
est mean pairwise difference of all European samples
considered (mean equals 2.12) and the distribution is
strongly shifted to the left, towards very small values
(Fig 2). This does not seem to be due to a bias of small
sample size; if we take 1,000 resamples of 17 sequences
(the ancient Iberian sample size) from the Catalans and
the Basques, only 1.2% of the former and 5.2% of the
latter show mean values lower than that found for the
ancient Iberians.

The correspondence analysis of the Western Mediter-
ranean populations showed a marked geographic struc-
ture between North African and European populations
(not shown); the Tunisians and the Algerians are sepa-
rated from the rest due to the high frequency of L1, L2,
L3 and M1 haplogroups, while the Moroccan Berbers
and North Portuguese populations are separated be-
cause of the U6 and J/T haplogroups. In a second
correspondence analysis (Fig 3), generated after remov-
ing the North African samples to explore the West-
ern European populations in detail, the Basques and
the North Portugal populations were the most diver-
gent samples; the former are influenced by the high
frequencies of R1 and V haplogroups, while the lat-
ter are influenced by high frequencies of L1, L2 and
U6. There is not a clear structure among the Iberian
peninsula populations; the ancient Iberians are clustered

equidistant to present-day populations from Valencia
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Figure 3 Correspondence analysis between populations from
the Iberian peninsula; And: Andalucians; Bas: Basques; Cat:
Catalans; CS: Central Spanish; Gal: Galicians; Val: Valencians;
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Portuguese; . Iber: Ancient Iberians.

and Catalonia (two of the present-day regions corre-
sponding to the ancient Iberian culture) and Andalucia,
in the centre of a triangle. A MDS analysis was also per-
formed with the HVR-1 sequences; however, the high
stress value (0.14) of the representation precluded taking

it into consideration (not shown).
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In the network analysis (Fig 4), it can be observed
that the Iberian sequences, despite the small sample size,
are distributed along a wide range of the main West
Eurasian haplogroups, suggesting that the main lineages
of present-day mitochondrial phylogenetic structure in
Europe were already present in the Iberian peninsula
in pre-Roman times; interestingly, many of the Iberian
sequences are located in the central haplogroup and sub-
haplogroup nodes (H1, T, J, U4 and K).

Discussion

Our statistical analyses have shown that ancient Iberians
were not significantly different from modern popula-
tions from the same region (roughly, North-East and
East of the Iberian peninsula) in haplogroup composi-
tion (Fisher’s exact test, p = 0.9). Despite biases due to
the small sample size, the ancient Iberians have all the
main European haplogroups present in modern Iberian
peninsula populations; discrepancies between ancient
Iberians and some populations such as those from An-
dalucia or Portugal are mainly due to the significant
proportion of North and Sub-Saharan African lineages
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Figure 4 Phylogenetic reconstruction of the some of the major mitochondrial DNA
haplogroups, as established by previous authors; the network has been simplified for clarity
(L and M haplogroups are not included). Numbers along the links indicate substitutions,
underlined numbers indicate recurrent mutations. West Eurasian, East Asian, Pan-Eurasian
and African lineages are shown in grey, white, striped and dotted circles, respectively. The
Iberian samples are displayed in dark circles (dark rings when are in the central nodes of

some haplogroup).
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in the latter populations. These lineages were probably
introduced by relatively recent migrations during the
Muslim period, from the VIIIth to XVth century A.D.
(Bosch et al. 2001; Plaza et al. 2003). The lack of U6
lineages in the ancient Iberians, although not conclu-
sive due to the small number of individuals analyzed,
does not provide support for an earlier gene flow be-
tween North Africa and the Iberian Peninsula, as some
authors have suggested, and supports the hypothesis of a
modern, historical entrance of genes from North-Africa
into Iberia.

Moreover, despite suggested similarities between
Euskera (Basque language) and the enigmatic Iberian
language (see, for instance, de Hoz, 1995), both groups
do not seem to be especially close to one another from
a genetic point of view. The Basques are a group with
limited diversity and relatively high frequencies of the
R1, H and V haplogroups (Richards et al. 1996, 2000;
Torroni et al. 1998); although the frequency of hap-
logroup H in Iberians is >50%, no sequences belong-
ing to R1 or V have yet been found among them.
In addition, a high frequency of the H haplogroup is
a trait shared by other modern Iberian populations,
such as those from Catalonia, Valencia and Galicia (see
Table 7).

The H haplogroup has recently been subdivided, and
some of the sub-haplogroups (H1 and H3) show a geo-
graphic pattern compatible with post-glacial expansions
from the Cantabrian-Basque region (Achilli ef al. 2004);
we have successtully typed the H1-defining SNP, a G
to A transition at position 3010, in two samples (num-
bers 7 and 9). Future ancient DNA studies on European
samples will be able to provide useful phylogeographic
information with the additional typing of the difterent
SNPs that subdivide the widespread H haplogroup.

Previous analysis of 121 teeth from four prehistoric
sites from the Basque country (dated between ca 5,000
years BP to 3,400 years BP) determined the absence
of the V haplogroup through RFLP typing of diagnos-
tic SNPs in the ancient Basques (Izagirre & de la Ria,
1999). Present-day Basque populations display frequen-
cies of this haplogroup ranging from 3.3% to 20%, de-
pending on the sample analyzed (Bertranpetit et al. 1995;
Torroni ef al. 1998; Richards et al. 2000); it has been sug-
gested that this discrepancy may reflect the effect of drift

associated with a Basque population substructure, or to
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the posterior arrival of V haplogroup migrants (Izagirre
& de la Ria, 1999). In any case, the absence of V hap-
logroup sequences in the ancient Iberians suggests that
this lineage was not especially prevalent in the ancient
populations with non Indo-European languages from
the Iberian Peninsula. It is likely that both Iberians and
Basques were part of a complex mosaic of pre-Roman
peoples occupying the Iberian Peninsula that probably
emerged from the Bronze and Iron Age local cultures.
Basques could represent an older, relic population that
has subsisted up to present times with a lower amount
of genetic diversity (along with other populations of the
North West; see Salas et al. 1998) than other populations
of the Iberian peninsula. Probably, the posterior arrival
of the Romans did not significantly alter the genetic
landscape of the Iberian peninsula; beyond the initial
military conquest, it was probably more an acculturation
phenomenon than a migration movement. Later arrivals
of Germanic peoples into the Iberian peninsula, such
as the Visigoths (5th century AD) or the Vandals (6th
century AD) were probably too small to significantly
alter the existing Roman human substratum. Nonethe-
less, the accumulative impact of these migrations could
explain the increased genetic diversity found in present-
day Iberian populations.

A putative ancestral relationship between Iberians and
Etruscans, as representatives of the general pre-Roman
European substratum, is also not supported by our re-
sults. The Iberians are not especially close to present
populations from Central Italy; moreover, few haplo-
types seem to be shared between the ancient Iberians
and the contemporary Etruscan sequences, retrieved by
Vernest et al. (2004). Most probably, haplotypes labelled
as 6AM (16,126 substitution, either Msel 14,766+ or
Msel 14,766-) correspond to the 16,126 haplotype from
the H and J haplogroups, respectively, found in the Iberi-
ans. Apart from the CRS other haplotypes are sim-
ilar, but not exactly the same, as those found in the
Etruscans.

Contrary to the continuity we observed in the Iberi-
ans, there is limited genealogical continuity between
the Etruscans and their modern counterparts from Tus-
cany and Central Italy; this points to a high rate of
extinction of mitochondrial haplotypes, at least in the
Etruscans. Vernesi ef al. (2004) suggested that many lin-
eages described in the Etruscans have been lost by drift
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or historical processes. Most Etruscan tombs discovered
belonged to the social elite, and thus, the fact that few
Etruscan sequences have an exact match in the modern
database may reflect social factors related to the Roman
assimilation of the Etruscan society.

By contrast, almost all the Iberian sequences have
been found in modern European populations, so in the
Iberian peninsula the process seems to have been the
contrary: an enrichment of genetic diversity, but from a
source having a similar haplogroup composition (albeit
more diverse) to that of Iberians. This could be related to
the fact that the skeletal remains studied did not belong
to a social elite, because the Iberian people were rou-
tinely cremated. In fact our sample, although probably
biased, might fairly well represent the genetic substra-
tum of the normal Iberian population. It is likely that the
newly arrived Romans mainly become admixtured with
the indigenous people, after routing the Iberian military
elite (Placido, 1998). Moreover, we hypothesize that the
limited genetic diversity of the ancient Iberians could be
due to the existence of small populations and endogamic
processes related to the tribe-structured Iberian society
(Ruiz & Molinos, 1998). However, we cannot discard
the possibility that restricted geographical sampling is
biasing our results.

Along with the Etruscans, this is the only study where
a distinctive pre-Roman population has been geneti-
cally studied, following the strictest authentication cri-
teria for ancient DNA. Our data suggest that long-term
genetic continuity has existed in the Iberian peninsula
since at least the 6th century BC to present times. The
documented, posterior arrivals of groups from Europe
and North Africa did not significantly alter the pre-
Roman genetic background; however, they probably in-
creased the relatively low genetic diversity of the Iberian

groups.
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Supplementary Material

Table 1: Sequences, primers and clones used to recon-
struct the HVR 1 sequences from 17 Iberians (S: sample
number as in Tables 3 and 4). Dots indicate identity
to the reference sequence, substitutions are displayed.
I: independent replication; UNG: samples treated with
UNG enzyme; E: second extraction from the same in-
dividual. Different amplifications of the same fragment
display the primers at the extremes of the sequences;
clones generated from a particular PCR product are
listed below the corresponding direct sequence.
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