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Ancient mtDNA analysis and the origin of the
Guanches
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The prehistoric colonisation of the Canary Islands by the Guanches (native Canarians) woke up great
expectation about their origin, since the Europeans conquest of the Archipelago. Here, we report
mitochondrial DNA analysis (HVRI sequences and RFLPs) of aborigine remains around 1000 years old. The
sequences retrieved show that the Guanches possessed U6b1 lineages that are in the present day Canarian
population, but not in Africans. In turn, U6b, the phylogenetically closest ancestor found in Africa, is not
present in the Canary Islands. Comparisons with other populations relate the Guanches with the actual
inhabitants of the Archipelago and with Moroccan Berbers. This shows that, despite the continuous
changes suffered by the population (Spanish colonisation, slave trade), aboriginal mtDNA lineages
constitute a considerable proportion of the Canarian gene pool. Although the Berbers are the most
probable ancestors of the Guanches, it is deduced that important human movements have reshaped

Northwest Africa after the migratory wave to the Canary Islands.
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Introduction

The first human settlers that arrived at the Canary Islands
do not seem to pre-date the 1st millennium BC." Since the
incorporation of the Canary Islands to the European world
in the 15th century, the origin and survival of these
aboriginal inhabitants has been a debatable topic. Popula-
tion genetic studies on their present day inhabitants,
mainly those based on uniparental markers, have given
support to the most probable Northwest African Berber
origin of the ‘Guanches’, as the native Canarians are
generally known. Mitochondrial DNA (mtDNA) lineages
such as U6 and Y-chromosome markers as M81, with a
Berber origin,?® have a significant higher presence in the
Canary Islands than in Iberians, the main colonisers of the
Islands.*>
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Admixture analysis taking the Iberians, Northwest and
West sub-Saharan African populations as parental sources
of the actual Canarian population, gave estimates of
around 33% for the maternal* and 6% for the paternal®
Guanche lineages. This strong sexual asymmetry was
explained as a result of a strong bias favouring matings
between European males and aboriginal females, and to
the important aboriginal male mortality during the Con-
quest.® However, these results, although congruent with
history, are susceptible of criticism. First of all, as the Berber
markers are also present in the Iberian Peninsula,”~? drift
effects after the Spanish colonisation could justify their
higher frequency in the Canary Islands, without invoking
aboriginal heritage. Furthermore, after the Conquest, the
need of labour led to the introduction of slaves from the
Northwest African coast. With time, these slaves were freed
and integrated into the island population. This could
justify the presence, in the current Canarian gene pool, of
a higher amount of Berber markers than the Iberian
Peninsula. However, the geographic distribution of the
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U6 subclades in Africa and the Canary Islands weakens this
statement. In Northwest Africa, the predominant subgroup
is U6a, which is scarce in the Archipelago.>* On the other
hand, subgroup U6b is very rare in North Africa, but the
sublineage U6bl is the most prevalent of the U6 sub-
haplogroup in the Canarian population,* and has still not
been detected in North Africa.*!°~12 Certainly, the straight
way to confirm the aboriginal contribution, to the current
mtDNA gene pool of the Archipelago, would be to check
for the presence of this Canarian U6b1 subclade directly on
the aboriginal remains of the Islands. Fortunately, the
advances in molecular biology have made the retrieval of
ancient DNA (aDNA) from archaeological specimens a
tenable goal, especially if these remains are probably less
than 1000 years old.

In this paper, we present the results obtained from a
sample of 129 Canarian aborigines, analysed for mtDNA
polymorphisms using hypervariable region I (HVRI) se-
quences and restriction fragment length polymorphisms
(RELP).

Materials and methods
Samples

This survey includes 131 teeth, corresponding to 129
different individuals, belonging to 15 archaeological sites
sampled from four of the seven Canary Islands and dated
around 1000 years old (Figure 1). Care was taken to choose
teeth without fractures. To avoid sampling repetitions,
whenever possible, only one type of tooth was chosen by
site, preferentially left canines. Only twice, teeth of the
same mandible were available. In these cases, replication
was done in the Department of Genetics of Las Palmas de
Gran Canaria.

Extraction

Prior to the extraction, the surface of the tooth was
thoroughly washed with 15% HCI, rinsed with UV-treated
ddH,O and dried under a UV lamp for Smin on each side.
After this, each tooth was placed between two sterilised
metal plates and crushed with a hammer. The pieces were
then introduced into 15ml tubes (Costar), and DNA was
extracted according to a modified silica-based protocol.'®
Briefly, 1-2ml of an undiluted commercial guanidine
thiocyanate solution (DNAzol®) was added to each tube
and incubated, at room temperature, for 3-4 days. After
this, the supernatant was passed through commercial silica
columns (QIAquick®, Qiagen ).

Amplification

For mtDNA HVRI analyses, seven primer pairs were
designed in order to amplify the 400bp (from 16000 to
16 400) in overlapping fragments with sizes ranging from
82 to 124 bp (Table 1). HVRI fragments were PCR-amplified
in 50 ul reactions using 7-9 ul of DNA. Four additional
primer pairs were designed to enable restriction fragment
length analysis (RFLP) of the four most common African'*
and European'® haplogroup specific sites (Table 1). RFLP
fragments were PCR-amplified in 10 ul reactions using 2 ul
of DNA extract. Both PCR reactions were submitted to 35
amplification cycles with each one consisting of 10s steps,
with denaturation at 94°C, annealing at the corresponding
temperature (Table 1) and extension at 72°C. Positive
amplifications were purified using 7.5M ammonium
acetate or directly digested in 15 pul reaction volumes.

Cloning
In those cases in which only one of the three negative PCR
controls showed contamination and this was of a much
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Geographical distribution of the archaeological sites sampled in this study.
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List of primers used in this study, annealing temperature and product size

Primer sequence (5'— 3')

Temperature (°C) Product size (bp)

HVRI
LTF CTCCACCATTAGCACCCAAAGC
HTR AGCGGTTGTTGATGGGTGAGTC
L2F GGAAGCAGATTTGGGTACCAC
H2R TGGTGGCTGGCAGTAATGTACG
L3F CACCCATCAACAACCGCTAT
H3R TGATGTGGATTGGGTTTTTATGTA
L4F ACGGTACCATAAATACTTGACCA
H4R TTGGAGTTGCAGTTGATGTGTGATA
L5F CAAGCAAGTACAGCAATCAACC
H5R CTGTTAAGGGTGGGTAGGTTTG
L6F CACCCCTCACCCACTAGGAT
H6R TGGGGACGAGAAGGGATTTG
L7F AGCCATTTACCGTACATAGCACA
H7R TGATTTCACGGAGGATGGTG

RFLP
L3557 GCTCTCACCATCGCTCTTCT
H3623 GGCTAGGCTAGAGGTGGCTA
L4270 CCACTCACCTAGCATTACTTA
H4227 ATGCTGGAGATTGTAATGGGT
L6977 GGCCTGACTGGCATTGTATTA
H7052 TGATGGCAAATACAGCTCCT
112253 ATGCCCCCATGTCTAACAAC
7975 ATTACTTTTATTTGGAGTTGCACCAAGATT

50 112

50 82

46 112

50 127

46 103

50 111

46 103

45 105 (57+48)
52 59 (31+28)
45 115 (100+15/70+30+15)
48 105 (75+30)

lower intensity than the sample amplification, all products
were cloned into pGEM-T vectors (Promega). Several clones
were sequenced for each fragment until an unambiguous
sequence was obtained. Cloned sequences from the sample
were used only when: (a) detected variants were different
between the contaminated controls and the aboriginal
sample, and (b) the mutations observed for that segment
were phylogenetically congruent with the haplotype
obtained with the rest of the fragments. Systematic
sequencing of the contaminated PCR controls revealed
two predominant exogenous sequences. For fragment four,
183C 189 217, which is part of the RHVI motif B4, and for
fragment six, 298 325 327, which belongs to haplogroup C.
None of these contaminating sequences belong to the
people working in the lab or to those known to be involved
in the archaeological manipulation.

Sequencing

PCR fragments were directly sequenced using the same
primer pairs as for the amplification. Clones were
sequenced using M13 universal primers. All primers were
labelled with 7*2-ATP, and fmol® DNA Cycle Sequencing
System (Promega) was used for sequencing.

Prevention of contamination

All extractions were performed in a dedicated laboratory
physically separated from the main genetics department,
constantly irradiated with UV lamps and frequently
cleaned with bleach. All sample manipulations were

performed in a laminar flow cabinet, with dedicated
pipettes and sterile filter tips (Tip One, Star Lab). Solutions
were commercially acquired when possible; otherwise,
they were autoclaved and UV-treated. Lab coats, face
shields, hats and sterile gloves were used at all times. All
metallic material was sterilised in an oven at 200°C for at
least 2h.

In the first stages of the study, the effectiveness of the
decontamination process before the DNA extraction was
verified in the following way: a tooth was immersed in a
solution containing chicken DNA and then submitted to
the decontamination protocol. Another tooth was pro-
cessed in the same way, but without decontaminating the
surface. Both cases were submitted to PCR amplifications
using specific primers that amplify chicken mtDNA cyt b.
In the first case no amplification products were obtained,
while in the second a 400 bp product was observed after the
amplification, demonstrating the effectiveness of our
protocol.

To monitor contamination during extraction, an extrac-
tion blank was processed together with each tooth. PCR
contamination was monitored using three negative con-
trols per reaction.

RFLP typing of present Canarian population

The published HVRI sequences for the present day Canary
Islanders* were additionally tested by restriction analysis to
unambiguously classify them into haplogroups.'®

157
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Statistical analysis

Sequences were sorted into haplogroups.'® Gene diversity
was calculated as (n/n—1) (1—Zpi2), where n is the sample
size and p; is the frequency of the detected haplotypes.'’
Relationships between populations were estimated using
two methods: haplogroup frequency-based linearised Fsr,'®
computed by means of the Arlequin 2000 program,'® and
distances based on shared haplotypes. For the latter,
matches were calculated as > (x; x y;), x; and y; being the
frequency of haplotype i (taking into account the positions
between 16069 and 16 365) in the two compared popula-
tions, and distance, D, was estimated simply as
1->"(x;x y;). Both data sets were used to obtain multi-
dimensional scaling (MDS)*° plots using SPSS ver 9
package. Admixture estimates were also calculated by two
methods. The first, mL,?' is based on haplogroup frequen-
cies and was used considering each haplogroup as an allele
of the same locus. The second estimator is based on the
analysis of shared lineages (LS) between populations.
Briefly, the number of shared haplotypes (h;c) between
each parental (i) and the Canarian population (C) were
counted, and corrected for differences in sample size by
dividing by the number of different haplotypes present in
each parental population (H;). These values were normal-
ised in order to obtain the relative contribution of each
parental population. Thus, the contribution of population
A can be calculated as:

LSA:[hAc/HA]/[Z hic/Hj]

i= number of parental populations

For both admixture estimates, the Canarian sequences*
have been compared with published and unpublished
sequences from the Iberian Peninsula,”~%!%'6222% North-
west sub-Saharan Africa>®?*~%7 and the aboriginal se-
quences obtained in this work, as the three most
probable parental populations.

Results

Informative mtDNA sequences were obtained from a
total of 71 individuals, accounting for an efficiency of
55%. The two replications from the laboratory of Las
Palmas de Gran Canaria gave identical sequences to those
of our lab. A total of 31 different haplotypes were found
among these individuals giving a gene diversity of
0.93+0.02, slightly lower, but not significantly different
to that found in the actual Canarian population
(0.9740.01), Iberian Peninsula (0.96+0.00) or Berbers
(0.95+0.01).

In a previous study* on present day Canarians, eight
sequences, found in at least four of the seven Islands, were
thought to be already present in the aboriginal colonisers
and were defined as ‘founder haplotypes’.* Five of these
sequences have been found in the aboriginal sample
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(Table 2). CRS sequences are the most abundant, account-
ing for 21.12% of the sample. However, not all could be
RFLP assigned to concrete haplogroups. The Canarian-
specific U6b1 sequences are also found in high frequency
(8.45%), corroborating the fact that these lineages were
already present in the aboriginal population. Three addi-
tional founder haplotypes* were also detected (260, 069
126 and 126 292 294), all of them showing equal or higher
frequencies than in the present day Canarian population.
In addition, six private haplotypes have been detected.
Two of them (145 213 and 126 224 292 294) belong to
Caucasic haplogroups, and the other four to the African
macrohaplogroup L (Table 2).

Table 3 compares haplogroup frequencies between the
aborigines and the present day Canarians. By far, hap-
logroup H/HV/U*/R(-CRS) is the most abundant, encom-
passing more than 30% of the sample. Haplotypes
belonging to L3 are also in higher frequencies (9.86%)
than in the present day Canarian sample* (;*> = 6.55; df=1;
P<0.05), but within the range of North African popula-
tions (5-26%).>10-12

Fsr and D values were calculated between the Guanche
sample, the Canarians, the Iberian Peninsula and the
different Northwest African populations, in order to
establish their genetic relationships (Table 4). For Fsy,
aborigines are not significantly different to present day
Canarians nor to Iberians, and the most related North
African populations are Moroccans and Moroccan Berbers.
The D values give similar results, Moroccan Berbers being
the most related North African population. MDS plots,
based on Fsr and D values (Figure 2), show that the first
dimension clearly separates Saharan and Sahelian popula-
tions from the others. However, whereas Fsr separates the
Guanches, Iberians and Canarians from the Mahgrib group,
D values cluster Guanches with Moroccans Berbers and
Iberians, pointing to the Berbers as the most related North-
west African population to the aborigines. The close relation-
ship between aborigines and Iberians is puzzling, but this is
mainly due to the high frequency of shared CRS. When this
haplotype is omitted from the calculations (results not
shown), Fsr show similar relationships, but D clearly separate
Iberians from the Guanche—Canarian—Berber cluster.

For the first time, admixture estimates of the current
Canarian population can be calculated using the aborigines
as a parental population. The m; estimator points to the
Iberian Peninsula as the main contributor to the Canarian
maternal gene pool with 55%, followed by 42% of
aboriginal influence and a minimal sub-Saharan African
input of around 3% (Table 5). On the contrary, for the LS
estimator, the aborigines account for the highest input
with 73%. The Iberian Peninsula would have contributed
with 21.5% and sub-Saharan Africans with the remaining
5.5%. The differences between both estimators are mainly
due to the fact that they are measuring different aspects: on
one hand, differences/similarities in haplogroup frequen-
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Table 2 Haplotypes found in the aboriginal sample indicating the number of individuals, the RFLP analysed and the
geographical distribution of the lineages

Haplogroup/motif/site® N RFLP CAN NAf SSA EU NE
H/HV/U*/R
CRS CP; CB; G; Cc; P; Ac; L 1 — 7 7 7 7
172 Tj 1 — I I I 4
189 G; Ac; Tj 3 — 7 7 7
*260 Cp 2 — I d I I
291 MA 1 — I I I 4
292 MA; L 2 — I 4
302 P 1 — I
311 CB; Tj; Ac 3 — I I I »
093 792 L 1 — 1/
145 213 G 1 —
H 7025AMl(—)
*CRS CP 2 2 I I I I
067 Tj 1 1 4
278 CP 1 1 I I I
311 CP; L 2 2 I I I 4
HV/R 7025 Alul (+)
12308 Hinfl (—)
4216 Nialll ()
CRS MA; L 2 2 I I I 4
311 R 1 1 I I I 4
189 316 cp 1 1 4
uU* 12308 Hinfl (+)
CRS cp 1 1 I I 1/
189 Ac 1 1 I
V* 7025Alul(+)
298 P; Ac; CP 3 1 I I I 4
* 4216 Nialll (+)
*069 126 CP; MA 3 2 I I 4 I »
T3 4216 Nialll (+)
*126 292 294 CP; MA 3 2 I I I I
126 292 294 399 MA 1 1
126 224 292 294 Cp 1 1
U6al 12308 Hinfl (+)
172 189 219 278 cp 1 1 I I 4
Ué6b1 12308 Hinfl (+)
*163 172 219 311 CP; Tj; R 6 1 I I
u7z 12308 Hinfl (+)
309 318T L 1 I 4
K
224 311 Tj; G 4 I I I I
189 224 311 cp 1 I 1/
N1b
145 176G 223 297 311 Tj 1 I
L2
223 278 A 1 I
223 239 278 292 A 1
L3*
223 T 1 4 I 4
187 223 G 1
189 223 P 1

European Journal of Human Genetics
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Table 2 (Continued)

Haplogroup/motif/site® N RFLP CAN NAf SSA EU NE
223 311 Tj 1 4 I 4
145 196 223 G 1

L3d
124 223 257 Ccp 1 I

L3e2
081 093175223 278 320 A 1 4

N 71 300 524 441 3970 2106

aSites (see Figure 1): A=Arenas; CB=Cueva Bermeja; CP; MA; G= Guayadeque T=Tazo; Tj 21geleche AP =Asomada del Palmarejo; R=La

Rajita; P = Los Polieros; Ac=Antoncojo; L=La Lajura; CAN = Canary Islands;*
Mutations in italics correspond to no sequenced fragments but have been added because they belong

Europe;” ~%1216:22-24 NE —: Near East.'"'®

NAf= North Africa;>'°~'2 SSA= Sub-Saharan Africa;>%?*~%" EU =

to the basic motif of the haplogroup. Asterisk before the sequence indicates the probable founder haplotypes.*

Table 3 Haplogroup frequencies in the sample of
Aborigines (present study) and the revised present day
population of the Canary Islands*

Haplogroup Aborigines Canary Islands
CRS 15 (21.12%) 44 (14.67%)
H/HV/U*/R(-CRS) 22 (30.98%) 75 (25.00%)
v* 3 (4.23%) 7 (2.33%)
A — 1 (0.33%)
C — 1 (0.33%)
J* 3 (4.23%) 15 (5.00%)
)1 — 2 (0.67%)
J1a — 3 (1.00%)
)2 — 1 (0.33%)
T — 2 (0.67%)
T1 — 10 (3.33%)
T2 — 11 (3.67%)
T3 5 (7.04%) 13 (4.33%)
T5 — 1 (0.33%)
w — 3 (1.00%)
X — 8 (2.67%)

| — 3 (1.00%)
u2 — 3 (1.00%)
U3 — 1 (0.33%)
us* — 2 (0.67%)
USa* — 6 (2.00%)
U5al — 3 (1.00%)
U5ala — 2 (0.67%)
U5b 7 (2.33%)
U6a 1(1 41%) 4 (1.33%
Ué6b 6 (8.45%) 39 (13.00%)
u7z 1 (1.41%) —

K 5 (7.04%) 13 (4.33%)
M1 — 1 (0.33%)
L1b 6 (2.00%)
L2 (2 82%) 4 (1.33%)
L3* (7 049%) 2 (0.67%)
L3b 2 (0.67%)
L3d 1(1 41%) 3 (1.00%)
L3e 1 (1.41%) 2 (0 67%)
N1b 1(1.41%)

Total 71 300

cies, and on the other, the relative amount of haplotype
sharing. As similar haplogroup frequencies do not imply
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similar haplotype sharing, we are more confident in the LS
values.

Discussion
The high diversity found in the Guanches, comparable to
the present day Canarian and to continental (Northwest
African) populations, is against the idea that the aboriginal
settlement implied strong founder effects. It is congruent
with a great ethnic diversity of the Guanches,'*® and/or
the existence of several differentiated migratory waves to
the Canary Islands before the European Conquest.'®

The detection in the Guanches of the most abundant
haplotype of the U6bl branch, also found in present day
islanders,* points to a significant continuity of the
aboriginal maternal gene pool. However, in contrast to
the overall diversity detected, the North African U6
representatives in the Guanches are only of two types:
172189 219 278 and 163 172 219 311. It is striking that the
Canarian branch of U6 has not been detected in any of the
analysed North African populations to date.>!°~'? One
explanation could be that the 16 163 mutation arose in the
Islands. However, this hypothesis has several objections.
The first, is that the estimated age of the subgroup is
around 6000 years,?® which predates the arrival of the first
human settlers to the Islands.' The second is that this
hypothesis implies an important human interinsular
movement as this sublineage is currently found on all the
Islands. However, this has not been corroborated by
archaeological, anthropological and linguistic data, which
point to a considerable human heterogeneity even on the
same Island.'?® The third is that U6b, the phylogenetically
closest U6b1 ancestor, is present in Africa but absent in the
Canarian Archipelago. For all these considerations, most
probably, the U6b1 clade emerged in Africa and migrated
to the Canary Islands. It could be possible that Ué6bl
subgroup is still present in Northwest Africa. However,
giving a sample size of 524, and assuming a U6bl
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Abo BAr Ber Mor Sah Mau Tua Can P
Abo — 0.9703 0.9535 0.9706 0.9726 0.9795 0.9804 0.9550 0.9497
BAr 0.06839*** — 0.9773 0.9813 0.9860 0.9864 0.9928 0.9853 0.9799
Ber 0.01341** 0.03366*** — 0.9755 0.9768 0.9790 0.9820 0.9719 0.9613
Mor  0.01909* 0.02672** 0.00145 — 0.9870 0.9877 0.9907 0.9819 0.9753
Sah 0.04359** 0.05813***  (0.02226** 0.01759* — 0.9785 0.9859 0.9823 0.9769
Mau  0.07067***  0.06521***  0.02977***  0.02089** 0.00000 — 0.9851 0.9863 0.9826
Tua 0.14321***  0.12482***  0.09516***  0.10401***  0.01386 0.04574** — 0.9870 0.9827
Can 0.00685 0.05987***  0.01478***  0.01109* 0.03754***  0.05067***  (0.12387*** — 0.9685
IP 0.00525 0.06163***  0.01096***  0.01290* 0.04428***  0.06654***  0.14925***  0.01703*** —
***P0.001; **P<0.01; *P< =0.05; in bold P>0.05.

12 .2,10-12

Ber=Moroccan Berbers; Mor =Moroccans;?  Sah =Saharans;> Mau = Mauritanians;?
7-9,12,16,22-24

Abo = Guanches; BAr=Algerian Berbers;

Tua=Tuareg;?” Can = Canarians;* IP = Iberian Peninsula.
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Figure 2 MDS plots based on (a) Fst and (b) D distances.

frequency for North Africa similar to that in the Canary
Islands, the probability that this clade has not been
detected in North Africa is negligible. This could indicate
that either the exact region has not been sampled yet, or
that the actual U6b1 frequency in Africa is lower than that
of the Canary Islands. Today, U6b lineages have only been
sporadically found in two Moroccans,>'' a Wolof,® a
Fulbe?” and in the Iberian Peninsula.”~®** This wide
distribution could be compatible with the idea that U6b
lineages were present, in the past, in all of this Western

Table 5 Admixture estimates (%) obtained for the
present day Canarian population® using two different
estimators (m_ and LS)

Parental populations

Aborigines P SSA
mg 41.81+15.82 55.44+15.64 2.75+3.70
LS 73 21.5 5.5
LS =lineage sharing; IP = Iberian Peninsula;” ~%116:22=24 SSA — Syb-

Saharan Africa.>%2>~27

area, but posterior demographic movements reshaped its
genetic landscape. The fact that four of the six private
aboriginal haplotypes belong to the African L cluster
reinforces this idea. These facts difficult the search for an
exact geographic origin of the Canarian aborigines. How-
ever, molecular relationships point to the Moroccan
Berbers as the most related African population to the
Guanches, confirming, at a genetic level, the previous
general supposition of the strong cultural and anthropo-
logical affinities between the Guanches and the western-
most African Berbers.'?®

Quantitative admixture approaches, using the aboriginal
sample as a parental contributor, showed that the
Guanches constitute 42-73% of the present day Canarian
maternal gene pool. These data confirm previous estimates
using Northwest African populations as a parental con-
tributor (33—-43%).*° Both results support, from a maternal
perspective, the supposition that since the end of the 16th
century, at least, two-thirds of the Canarian population
had an indigenous substrate, as was previously inferred
from historical and anthropological data.>®
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