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ABSTRACT The Soqotra archipelago is one of the
most isolated landmasses in the world, situated at the
mouth of the Gulf of Aden between the Horn of Africa
and southern Arabia. The main island of Soqotra lies not
far from the proposed southern migration route of ana-
tomically modern humans out of Africa �60,000 years
ago (kya), suggesting the island may harbor traces of
that first dispersal. Nothing is known about the timing
and origin of the first Soqotri settlers. The oldest histori-
cal visitors to the island in the 15th century reported
only the presence of an ancient population. We collected
samples throughout the island and analyzed mitochon-
drial DNA and Y-chromosomal variation. We found little

African influence among the indigenous people of the
island. Although the island population likely experienced
founder effects, links to the Arabian Peninsula or south-
western Asia can still be found. In comparison with
datasets from neighboring regions, the Soqotri popula-
tion shows evidence of long-term isolation and autoch-
thonous evolution of several mitochondrial haplogroups.
Specifically, we identified two high-frequency founder
lineages that have not been detected in any other popu-
lations and classified them as a new R0a1a1 subclade.
Recent expansion of the novel lineages is consistent with
a Holocene settlement of the island �6 kya. Am J Phys
Anthropol 000:000–000, 2009. VVC 2008 Wiley-Liss, Inc.

The four islands of the Soqotra archipelago lie in the
Gulf of Aden, a short detour from the main sea routes
that crisscross the Indian Ocean linking the Red Sea,
India, Arabia, and East Africa. The archipelago was once
part of the Gondwanaland supercontinent but became
isolated from Africa, Arabia and India when the land-
masses separated in the Cretaceous, at least 60 million
years ago. The archipelago is part of the major tectonic
plate of Continental Africa, with the deep Gulf of Aden
carrying the main, ever-widening fault that separates
the Arabian and African plates.
The largest island, Soqotra, lies some 380 km south of

Ras Fartak on the Arabian mainland, and covers an
area of some 3650 sq km., with the granite peaks of its
central mountains rising to a height of 1519 m. The pop-
ulation of some 50,000 people subsists mainly on fishing,
the cultivation of date-palms and pastoralism. Long-term
isolation explains the diversity and uniqueness of the
Soqotran flora and fauna and also accounts for the
myths and legends which have enveloped the island
from earliest times. Of the 825 plant species, over a
third are endemic (Cheung and DeVantier 2006), many
of them remnants of ancient flora that disappeared long
ago from the African-Asian mainland. The central moun-

tains alone contain over 200 endemic species. The cli-
mate of the archipelago is monsoonal, and heavily influ-
enced by the major wind and water circulation move-
ments within the Arabian Sea and Indian Ocean. The
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hot, dry winds of the south-west monsoon, which lasts
from May to September, effectively close the island to
sea traffic and fishing. The fact that the islanders owned
no sea-going boats until relatively recently (early 20th
century) and had to rely on the seasonal visits of trade-
boats for many of their necessities only intensified their
isolation.
Unfortunately, prehistory and origins of the aboriginal

Soqotri population are still not well understood as only
relatively late historical events are known. In 1480,
Soqotra was ruled by sultans of the Al ’Afrariya Sultan-
ate of the Mahra on the Yemeni mainland (Serjeant,
1963). With a brief interlude (1507–1511) when the Por-
tuguese set up their own garrison, the Mahra Sultans
ruled until 1967, when control of the island passed to
the new government of the Peoples Democratic Republic
of Yemen (PDRY) that took control of southern Arabia
when the British left Aden. After the unification of
North and South Yemen in 1990, Soqotra became part
of the Republic of Yemen. In the 1890s, when the seat of
the Mahra Sultanate transferred to Soqotra, many
Mahra tribesmen came to settle on the island. Others
who chose to make their home on Soqotra were Arab
merchants and middlemen from the Gulf of Aden, the
Hadramawt governate in Yemen and Oman, and mem-
bers of the Saadah family from the Hadramawt (a group
accredited with special spiritual powers and descent
from the family of the Prophet Muhammad). Less willing
settlers were slaves from the African mainland who
labored for the above.
It is believed on the island that over time the aborigi-

nal Soqotrans were driven away from the lusher areas of
the island (areas of superior pasture where water and
soil permitted the cultivation of finger-millet and date-
palms). Thus the well-watered plains and the northern
foothills of the Haghier, the valleys lying south of the
same mountains, and the more accessible parts of the
mountains became owned or controlled by the incoming
groups. Oral history and tradition associates this with
the arrival of greater numbers of powerful Mahra (and
associated tribes) once their Sultan began to rule and
tax-farm the island (15th century onwards) but also with
depredations of pirates in the region over the centuries
(exact period unknown). The original mountain dwellers
became confined to the drier fringes of the mountains
and plateaus and the more inaccessible areas.
The inhabitants of Soqotra speak Soqotri, a unique

South Arabian language within the Semitic language
family. The island of Soqotra can be roughly divided into
geographic areas in which different dialects of Soqotri
are spoken: the eastern end of the island, in and around
the Haghier mountains, the western end of the island,
and the settled towns and villages of the northern coast.
Such divisions are also relevant ethnographically
(Morris, 2002).
Although several studies have been conducted on

genetic variation of Soqotri flora and fauna, human
genetic variation on the island has never been investi-
gated. In fact, there is no clear hypothesis for the initial
settlement of the island, which lies not far from the pro-
posed southern migration route of anatomically modern
humans out of Africa (Metspalu et al., 2004; Macaulay
et al., 2005) suggesting the island may harbor traces of
the first Exodus. We address two main research ques-
tions: i) when was the island Soqotra first settled? and
ii) from where did the first settlers originate? These
questions were investigated by a study of two types of

nonrecombining DNA loci that have been demonstrated
to be very advantageous for such kind of study (Rando
et al., 1999; Thangaraj et al., 2005). We collected a sam-
ple of 65 indigenous Soqotri individuals living through-
out the island and we provide the genetic analysis of mi-
tochondrial DNA (mtDNA) and the nonrecombining por-
tion of the Y chromosome (NRY).

MATERIALS AND METHODS

Population samples

The Soqotri population was sampled throughout the
island while avoiding the capital city of Hadiboh where
many recent immigrants live. We tried to secure the
samples from all main areas of the island. The samples
collected covered the population of the high limestone
plateaus beside the Haghier mountains (Diksam, n 5 9),
the Haghier mountains (n 5 7), the western capital of
Qalansiyah (n 5 13), and Momi (n 5 6) in the east. We
also collected samples from the population of the south-
ern plain (Noged, n 5 22), the eastern end of which is
inhabited by people largely of eastern origin while the
western end was more recently settled (since the 1970s)
by people whose place of origin is the western highlands.
The remaining eight individuals were from very small
hamlets distributed through the island. We gathered in-
formation on both maternal and paternal ancestry of
examined individuals to avoid inclusion of related indi-

Fig. 1. (A) Map of the Horn of Africa and Arabian Peninsula
including the island of Soqotra. (B) Enlargement of Soqotra
with sample collection sites marked.
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viduals. The collection sites are shown on the map of
island Soqotra (see Fig. 1). A total of 65 individuals were
screened for mtDNA hypervariable segment I (HVS-I) di-
versity and mitochondrial coding region single nucleotide
polymorphisms (SNPs). A subset of 63 individuals was
assayed for Y-chromosome SNPs.

Laboratory analyses

DNA extractions and PCR amplifications of mtDNA
HVS-I were carried out according to published protocols
(Černý et al., 2004; 2006). Amplicons were purified by
QIAquick PCR Purification Kit and sequenced using the
forward amplification primers. In some cases, e.g. the
poly-C stretch between nt 16184–16193, the reverse
primer was used for sequencing. The sequencing reac-
tions were electrophoresed on a 3100 DNA Sequencer
(Applied Biosystems, Forster City, CA). Chromatograms
were evaluated using BioEdit software version 7.0.4.1
(Hall, 1999). In cases of ambiguous sequencing results,
new amplifications and sequencing reactions were per-
formed. Diagnostic coding region SNPs were used to
identify the main branches of the human mtDNA phy-
logeny. Specifically, 3594HpaI, 10400AluI, 10873MnlI,
and 4216NlaIII were used to distinguish haplogroup L3
from all L sub-Saharan haplogroups, haplogroup M from
L3, haplogroup N from L3, and haplogroup JT from R,
respectively. The haplogroup N was distinguished from
R by direct sequencing of the region around nt12705
(Krings et al., 1999; Salas et al., 2002; Kivisild et al.,
2004; Torroni et al., 2006).
For classification of Y chromosome haplogroups, the

Signet Y-SNP Identification System v 2.0 (Marligen) was
used. We analyzed 10 binary SNP markers by A-R multi-
plex (M9, M45, M89, M96, M122, M168, M175, M207,
M304, and M343) that divided the samples according to
the general phylogenetic classification of the Y chromo-
some (Karafet et al., 2008). Subsequently, as the major-
ity of the samples belonged to haplogroup J, we assayed
additional SNPs, such as M47, M67, M92, M172, M241,

and M267, which have been used for more detailed clas-
sification of this haplogroup.

Statistical and phylogenetic analyses

Mitochondrial DNA and NRY data were used to inves-
tigate genetic diversity in the Soqotri population using
Arlequin 3.0 (Excoffier and Schneider 2005). Particu-
larly, we analyzed gene diversity for both mtDNA and
NRY data and nucleotide diversity, mismatch distribu-
tions (Tajima, 1983; Nei, 1987; Tajima 1993) and Har-
pending’s raggedness index (Harpending, 1994) for
mtDNA data.
For population comparisons, raw sequence data were

used for mitochondrial diversity. However, for the Y
chromosome, it was necessary to pool some haplogroups
in some populations for a final comparison of only 12
haplogroups that were present in all datasets.
We calculated FST distances using Arlequin 3.0. We

used mtDNA and NRY data from various populations for
comparative purposes (see Supp. Info. Tables 1 and 2 for
mtDNA and NRY data, respectively). Subsequently,
genetic distances between the populations were visual-
ized using Multidimensional Scaling (MDS) by means of
the SPSS 10.0 software (SPSS Inc, Chicago, IL).
MtDNA haplotypes were classified into major hap-

logroups according to the classification system presented
in previous publications (Salas et al., 2002; Reidla et al.,
2003; Kivisild et al., 2004; Palanichamy et al., 2004;
Achilli et al., 2005; Bandelt et al., 2006; Olivieri et al.,
2006; Torroni et al., 2006; Roostalu et al., 2007; Behar
et al., 2008). Phylogenetic analysis of mtDNA haplotypes
was performed using the reduced median algorithm
(Network 4.5.0.0), with a reducing factor of two (Bandelt
et al., 1995), followed by the median joining algorithm to
resolve intermediate nodes. For calculation of time to
most recent common ancestor (TMRCA), q statistics
(mean divergence from inferred ancestral haplotype)
were used with a HVS-I mutation rate of one transition
per 20,180 years (Forster et al., 1996). The standard

TABLE 1. Diversity indices for mtDNA and NRY in Soqotra and neighboring populations

pop (mtDNA) n k Hs 6 SE p 6 SE Dii V(Dii) r p(r)

YSO 65 17 0.896 6 0.020 0.015 6 0.008 5.07 9.10 0.021 0.48
YTI 67 39 0.974 6 0.008 0.020 6 0.011 6.89 10.60 0.012 0.26
SY1 69 58 0.991 6 0.006 0.017 6 0.009 5.69 7.04 0.009 0.77
PER 42 38 0.992 6 0.009 0.017 6 0.009 5.79 6.19 0.009 0.87
GUJ 53 49 0.997 6 0.004 0.018 6 0.010 6.26 5.52 0.011 0.54
EG2 58 49 0.993 6 0.005 0.024 6 0.013 8.31 12.78 0.004 0.88
TIG 53 46 0.994 6 0.005 0.024 6 0.013 8.24 9.30 0.009 0.34
TUK 37 34 0.994 6 0.009 0.030 6 0.016 10.20 13.23 0.007 0.69
KOT 56 31 0.955 6 0.017 0.021 6 0.011 7.21 17.41 0.016 0.21

pop (NRY) n k Hs 6 SE

YSO 63 5 0.260 6 0.070
QAT 72 10 0.635 6 0.059
YEM 62 5 0.450 6 0.070
OMA 120 12 0.783 6 0.026
MEA 23 6 0.791 6 0.054
INO 80 9 0.636 6 0.050
SUD 40 3 0.554 6 0.059
ETH 88 4 0.450 6 0.050
SOM 201 7 0.299 6 0.040

pop, population sample (for codes see Supp. Info. Table 1 for mtDNA and Table 2 for NRY); n, sample size; k, number of haplotypes;
Hs 6 SE, gene diversity 6 standard error; p, nucleotide diversity 6 standard error; Dii, mean number of pairwise differences (mis-
match observed mean); V(Dii), mismatch observed variance; r, Harpending’s raggedness index; p(r), probability of Harpending’s
index; for more population samples tested, see Černý et al., 2008.
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deviation of the q estimator was calculated according to
Saillard et al. (2000).

RESULTS

Intrapopulation diversities

Diversity indices for mtDNA and NRY data are pre-
sented in Table 1. Based on mtDNA HVS-I sequence and
coding region SNPs, we identified only 17 different
mtDNA haplotypes among 65 Soqotri samples (Table 1
for mtDNA). The gene and nucleotide diversities (Hs) as
well as mean number of pairwise differences (Dii) were
rather low when compared with a set of various neigh-
boring populations of similar sample sizes included in
Supporting Information Table 1. Harpending’s ragged-
ness index did not show significant values in any sample
analyzed. Similar results have been achieved for NRY
data. For these comparisons we used the same level of
resolution of the phylogeny of NRY haplogroups in all
the compared populations what can influence the diver-
sity levels of more distant groups. Nevertheless, the Ta-
ble 1 (for NRY) shows that similarly as for mtDNA Soqo-
tra males have the lowest gene diversity from all neigh-
boring populations under study.

Shared mtDNA haplotypes

The population of Soqotra has a large number of
unique mitochondrial haplotypes (Table 2). Almost half
of the Soqotri haplotypes (8/17) have never been detected
in neighboring regions of southwestern Asia or Africa
(compared to a database of 6,641 individuals living in
neighboring areas). Moreover, two of the unique haplo-
types are quite common on Soqotra; HVS-I motif 16086-
16129-16148-16223 occurs at 23% and HVS-I motif
16126-16172-16355-16362 occurs at 15% in the Soqotri
sample. The other six unique haplotypes are singletons
with the exception of one haplotype that occurs in two
individuals. Three of the singleton haplotypes are only a
single mutational step away from the two high-frequency
Soqotri haplotypes.
The largest number of matches with Soqotri haplo-

types occurred in populations from the Arabian Penin-
sula (seven matches; 7.6% of Arabian haplotypes are
shared with Soqotri haplotypes), Ethiopia (six matches;
6.3% of Ethiopian haplotypes are shared), and the Near
East/Middle East/Northeast Africa (five matches each;
8.7, 6.0, and 7.0% of haplotypes are shared, respec-
tively). The Near East and Middle East also had the
highest frequency of a single haplotype match, i.e. the
reference sequence (rCRS), which is the predominant
haplotype in Europe, is absent in East Africa, and occurs
at 6.3 and 4.5% in the Near East and Middle East,
respectively. Only one or two haplotype matches were
found in East Africa, Chad or India (Table 2).

Population comparisons

Based on FST values, the mitochondrial genetic diver-
sity of Soqotra is statistically different (P \ 0.01) from
the comparative populations. An MDS plot of FST values
shows that the Soqotra sample is clearly distinct from
all sub-Saharan, North African, Middle East, and Indian
populations (see Fig. 2). High differentiation of the East
African groups such as the Sandawe, Hadza, Turu,
Datog, and Burunge is shown on the left side of the
graph. However, there is a general similarity of the
remaining sub-Saharan African populations, particularly
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those from the Sahel band and the Chad Basin (with the
exception of the Fulani nomads). Subsequently, there is
a transitional zone formed by the populations from
Ethiopia and the Nile Valley but also by some Yemeni
groups, particularly the ones from the eastern parts of
the country (Hadramawt). Finally, the cluster on the
right part of the graph is composed by the Indian popu-
lations on the top, the Near and Middle Eastern groups
in the middle and the populations of the Arabian penin-
sula at the bottom; Yemeni Jews being slightly different.
The only outlier within the region of southwestern Asia
is the Kalash sample that is situated on the extreme
right part of the graph (see also Quintana-Murci et al.,
2004). There is a general cline among all populations in
the MDS plot from the Soqotri population to a cluster of
Middle East and North African populations that splits
into sub-Saharan and Indian populations.
Population differentiation of Soqotra from African,

Middle East and Indian populations based on NRY-SNP
data manifests a similar picture although the compara-
tive populations are different and fewer than in the mi-
tochondrial DNA analysis (see Fig. 3). A comparison of
FST values shows that the only population that is not
significantly different from Soqotra is that from Yemen
(P [ 0.01). Similarly to mtDNA MDS plot, we observe a
cline from the Soqotri population to a cluster of Middle
East and North African populations that splits into sub-
Saharan and Indian populations.

Phylogenetic affiliations

Within the Soqotri samples, we identified haplotypes
belonging to three of the main branches of the mtDNA
phylogeny (macrohaplogroups L, N, and R); notably hap-
logroup M is absent (Table 2). There are only two sub-
Saharan L haplotypes and they do not carry the
3594HpaI mutation so their classification is L3*; these
haplotypes do not contain the specific mutations of L5b
(23594HpaI) (Kivisild et al., 2004) and therefore they
are possibly L3h2 as they both contain substitutions at
16111, 16184, and 16304 (see Behar et al., 2008). Macro-
haplogroup N is represented by three different haplo-
types of which only one can be unambiguously classified
as N1a (it contains HVS-I motif 16147G-16172-16223-

16248-16355). Two other N haplotypes have never been
found outside Soqotra (see Table 2).
The most widespread mtDNA types in Soqotra belong

to macrohaplogroup R (Table 2). The majority of R haplo-
types can be classified as R0a [previously known as
(preHV)1]. Three of the R haplotypes have not been pre-
viously reported. A network analysis of all Soqotri R0a
haplotypes with additional sequences from Africa and
Asia (see Fig. 4) shows a time to most recent common
ancestor (TMRCA) of 23,339 6 8,232 YBP for R0a. It is
shown that the majority of Soqotri R0a haplotypes fall
into clade R0a1 (defined by variant 16355) whose
TMRCA is 11,418 6 4,198 YBP. Furthermore, within
R0a1, the unique Soqotri haplotypes form a new clade
that is defined by variant 16172 and that we have
named R0a1a1. Abu-Amero et al. (2007) identified a hap-
lotype defined by variant 16355 and named it
(preHV)1a1, thus it corresponds to R0a1a using the
newer nomenclature and the unique Soqotri haplotypes
are derived from this lineage). This Soqotri-specific clade
has a very young TMRCA (3,363 6 2,378 YBP) that sug-
gests the R0a1a1 haplotypes evolved on Soqotra and
have not dispersed elsewhere. Two other Soqotri R hap-
lotypes are not classified further than R* and are quite
common in neighboring populations. Five haplotypes
within macrohaplogroup R carry the 4216N1aIII variant
that places them in clade JT. Of the JT haplotypes, two
are unique to Soqotra; J1b is represented by two individ-
uals and T* is represented by one individual.
The majority of NRY haplotypes in Soqotra belong to

haplogroup J (85.7%), with most (45 out of 54) unclassi-
fied as J*(xJ1,J2) and a few (the remaining 9 samples)
classified as J1 (see Fig. 5). It is interesting to note that
NRY haplotypes lacking both M172 and M267, as in our
unclassified J*, have not been previously identified on
the Arabian Peninsula (Cadenas et al., 2008). Hap-
logroup E is represented at a frequency of 9.5% and
three other haplogroups, F*(xJ,K), K*(xO,P) and
R*(xR1b), are present in one individual each. It is worth
noting that none of the ancient African haplogroups (A
and B) were observed in Soqotra.

DISCUSSION

Our mitochondrial and Y chromosome analysis of
Soqotri populations provides the first indication of how

Fig. 3. MDS plot based on FST distances calculated from
NRY haplogroup frequencies; Kruskal’s stress value is 0.19938.
For population codes, see Supporting Information Table 2.

Fig. 2. MDS plot based on FST distances calculated from
mtDNA sequences; Kruskal’s stress value is 0.20936. Only the
populations mentioned in the text are labeled.
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and when this island was originally colonized. Specifi-
cally, an analysis of mismatch distribution of mtDNA
shows there is a signature of demographic expansion as
Harpending’s raggedness index does not attain signifi-
cant value in Soqotra population sample (Table 1 for
mtDNA). However, molecular diversity indices of both
mtDNA and NRY show that the Soqotra population has
rather reduced diversity compared to a subset of neigh-
boring populations from Africa, Arabian Peninsula, Near
East or India (Table 1) that is explicable as a result of a
founder effect (see for example Cordaux et al., 2004;
Abbott et al., 2006; Pichler et al., 2006).

As shown by the population comparisons, for both
mtDNA and NRY, the Soqotra islanders show evidence of
long-term isolation although relationships can be found
with populations from the Arabian Peninsula. As evi-
denced from MDS, mtDNA variation shows less differen-
tiation between regions than NRY variations; however,
different molecular resolutions as well as different popu-
lation samples used for mtDNA and NRY analyses should
be taken into account. Notwithstanding, an Arabian ori-
gin of the Soqotri people is evidenced not only by MDS
results but also by the highest number of mtDNA haplo-
types shared with Arabia—7 out of 17 Soqotri haplotypes
were reported in Arabia (see Table 2).

Mitochondrial and Y chromosome
haplogroups in Socotra

The presence of mitochondrial macrohaplogroup L in
Arabia has most often been explained as a result of the
Arab slave trade or other recent gene flow (Richards
et al., 2003; Kivisild et al., 2004; Abu-Amero et al., 2007).
The highest frequency of L haplotypes in Arabia was
detected in eastern Yemeni Hadramawt (60%), while the
western part of Yemen contained a much lower frequency
of sub-Saharan L haplotypes (Černý et al., 2008). As one
moves further north on the Arabian Peninsula, the fre-
quency of African haplotypes decreases. L haplotypes on
the Arabian Peninsula can be differentiated as L3 haplo-
types introduced from northern parts of East Africa, such
as Ethiopia, Sudan and Egypt, and L0a types derived
from southern parts of East Africa, such as Tanzania,
Kenya, and Mozambique. Soqotra contains only two L-
haplotypes that are classified as L3* (tentatively L3h2).
One haplotype is unique and is two mutational steps
away from the second haplotype, which has an exact
match in Ethiopia (Table 2). Similar evidence of recent
gene flow into Soqotra is provided by the Y chromosome

Fig. 4. Network of hap-
logroup R0a based on HVS-I
sequences from Soqotra and
neighboring regions (see Supp.
Info. Table 1). Variant positions
from 16,030 to 16,370 (minus
16,000) are shown. The R0a
haplotype (16126–16362) is
shown with an asterisk. Paral-
lel mutations are underlined.
Circle sizes are proportional to
haplotype frequency. Black,
white, and gray colors indicate
samples from Africa, Asia, and
Soqotra, respectively.

Fig. 5. Phylogeny of Y-chromosomal haplogroups; the names
of haplogroups are given on the tip of the lineage according to
Karafet et al., 2008. Polymorphisms screened in this study are
shown along the branches. The absolute numbers of chromo-
somes and relative frequencies within each haplogroup are pro-
vided in the right column.
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data presented here, in which no ancient African hap-
logroups (A, B) were detected. Although the subtypes of
haplogroup E were not finely resolved in our analysis, the
total contribution of E haplotypes to the Soqotra gene
pool is not greater than 9.5%. This picture of genetic vari-
ation, therefore, does not support a high level of gene flow
from Africa. Furthermore, the absence of mitochondrial
macrohaplogroup M and haplogroups L5 and L6, suggests
that Soqotra does not preserve evidence of the oldest
human migration out-of-Africa that was estimated to
have occurred �65,000 years ago based on genetic evi-
dence (Macaulay et al., 2005; Torroni et al., 2006).
Macrohaplogroup N (xR) is represented in Arabia at

low frequencies and mainly by haplogroups N1a, N1b,
N1c, I, W, and X2 (Kivisild et al., 2004; Abu-Amero
et al., 2007; Rowold et al., 2007; Černý et al., 2008). In
Soqotra, only N1a (highest number of matches in Ethio-
pia) and the unclassified N* (two unique lineages in
Yemen) were identified. N1a seems to have been wide-
spread in the Neolithic as it has been identified in Cen-
tral Europe as well as in the Altai mountains (Ricaut
et al., 2004; Haak et al., 2005). However, the highest
frequency of this lineage today is in the Arabian Penin-
sula where it reaches the frequencies of 5% (Kivisild
et al., 2004; Abu-Amero et al., 2007; Černý et al., 2008).
Since both the highest diversity and ancestral haplo-
types of N1a are present in the Arabian Peninsula
(Abu-Amero et al., 2007), it seems that the lineage (and
derived haplotypes with 16147A) dispersed from this
region westwards to Europe and northwards to Central
Asia and possibly also in a southward direction across
the Gulf of Aden. Thus, the presence of N1a in Soqotra
is not surprising. However, it is more difficult to inter-
pret the presence of two unique N* haplotypes, at a
combined frequency of 25%, in Soqotra. At a minimum,
it seems that hpt03 (n 5 1) evolved from hpt04 (n 5
15), which is a founder lineage on Soqotra; there is
insufficient variation to date this expansion, but the
lack of variation suggests it must be very recent.
Macrohaplogroup R is represented by the haplogroups

R0a, HV, H, V, U, J, and T in Western Asia but, in Soqo-
tra we found only R0a, unclassified R*, J, and T, of
which R0a is most prevalent at a frequency of 38%. Hap-
logroup R0a is represented by five different haplotypes,
three of which have not been previously identified. Both
R0a and R0a1 lineages [previously designated (preHV)1
and (preHV)1a, respectively, as in Abu-Amero et al.,
2007] can be identified in the Soqotri dataset. We
obtained slightly older TMRCA dates for R0a and R0a1
(23,339 6 8,232 and 11,418 6 4,198 YBP, respectively)
than Abu-Amero et al. (2007; 18,993 6 6,999 and 9,624
6 2,994 YBP, respectively), although there is consider-
able overlap of each set of confidence intervals. The star-
like subhaplogroup R0a1 shows a clear expansion during
the Neolithic period as it is much more frequent in the
Near East and Arabian Peninsula than elsewhere (the
only African R0a1 sequences belong to the root haplo-
type). The unique Soqotri R0a1 haplotypes (designated
R0a1a1 here) have a TMRCA of 3,363 6 2,378 YBP and
suggest a Holocene expansion of R0a1 on Soqotra
between �11,000 and �3,000 years ago, i.e. the TMRCAs
of R0a1 and R0a1a1, respectively.
The presence of unique mitochondrial haplotypes (N*

and R0a1a1) in Soqotra is similar to the distribution of
mitochondrial diversity in the Canary Islands off the
northwest coast of Africa where there are several
unique U6b sequences that seem to have undergone a

recent expansion throughout the Canary Islands (Rando
et al., 1999). Rando et al. (1999) proposed a total of six
founding lineages for the Canarian settlement and
pooled the variation across all six haplogroups to esti-
mate an age of Canary-specific variation of 2,800 6 900
years old, concordant with archaeological evidence. If
we also pool the variation at the two most evident foun-
der lineages in Soqotra (N* and R0a1a1; hpts4 and 10
in Table 2), there are three mutational events in 28
individuals, which corresponds to an age of 2,162 6
1,248 YBP. If we also include L3* (hpt 2), which is not
as clearly a founder lineage, there are five mutational
events in 31 individuals, equivalent to 3,255 6 1,456
YBP. These estimates are consistent with a late Holo-
cene settlement of Soqotra.
For the perspective of the Y-chromosome data, a high

frequency of haplogroup J1 in Soqotra is consistent with
a gradient of this haplogroup in the Arabian Peninsula
(Cadenas et al., 2008). These authors estimated ages for
J1 in Arabia (9.7 6 2.4 in Yemen, 7.4 6 2.3 in Qatar and
6.4 6 1.4 KYBP in UAE), consistent with a Neolithic
expansion from the north (where Y-chromosome STR di-
versity is higher). However, we report a much higher fre-
quency of J* (lack of M267 and M172) in Soqotra. Since
this lineage was not found by Cadenas et al. (2008) in
the Arabian Peninsula, this raises the possibility of an
earlier input for these lineages or more probably very
strong genetic drift of a low frequency Arabian lineage
in the Y-chromosome gene pool of Soqotra.

CONCLUSIONS

We present the first molecular genetic study of human
populations living on the main island of the Soqotra ar-
chipelago. We found that almost half of the Soqotri mito-
chondrial haplotypes (8/17) have never been detected in
neighboring regions of southwestern Asia or Africa. Fur-
ther, Soqotri genetic variation is characterized by at
least two autochthonous mitochondrial clades that attest
to the long-term isolation of the island. Expansion of
these clades seems very recent, possibly as recent as
�3,000 years ago, supporting a late Holocene settlement
of the island. On Soqotra, the presence of African and
Eurasian lineages at frequencies most similar to Arabian
Peninsula populations and the sharing of haplotypes
with Arabian populations is consistent with a major,
recent colonization of Soqotra from southern Arabia.
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8 V. ČERNÝ ET AL.

American Journal of Physical Anthropology



Saillard J, Forster P, Lynnerup N, Bandelt HJ, Norby S.
2000. mtDNA variation among Greenland Eskimos: the
edge of the Beringian expansion. Am J Hum Genet 67:718–
726.

Salas A, Richards M, De la Fe T, Lareu MV, Sobrino B, San-
chez-Diz P, Macaulay V, Carracedo A. 2002. The making of
the African mtDNA landscape. Am J Hum Genet 71:1082–
1111.

Serjeant RB. 1963. The Portuguese off the South Arabian coast;
Hadrami Chronicles, with Yemeni and European accounts of
Dutch pirates off Mocha in the seventeenth century. Oxford:
Clarendon Press.

Tajima F. 1983. Evolutionary relationship of DNA sequences in
finite populations. Genetics 105:437–460.

Tajima F. 1993. Measurement of DNA polymorphism. In: Takahata
N, Clark AG, editors. Mechanisms of molecular evolution intro-
duction to molecular paleopopulation biology. Tokyo, Sunderland,
MA: JapanScientific Societies Press, Sinauer Associates. p 37–59.

Thangaraj K, Chaubey G, Kivisild T, Reddy AG, Singh VK,
Rasalkar AA, Singh L. 2005. Reconstructing the origin of
Andaman Islanders. Science 308:996.

Torroni A, Achilli A, Macaulay V, Richards M, Bandelt HJ.
2006. Harvesting the fruit of the human mtDNA tree. Trends
Genet 22:339–345.

9OUT OF ARABIA—THE SETTLEMENT OF ISLAND SOQOTRA

American Journal of Physical Anthropology


