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Genetic Structure of the Kuwaiti Population Revealed by Paternal Lineages
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Objective: We analyzed the Y-chromosome haplogroup diversity in the Kuwaiti population to gain a more complete
overview of its genetic landscape.

Method: A sample of 117 males from the Kuwaiti population was studied through the analysis of 22 Y-SNPs. The
results were then interpreted in conjunction with those of other populations from the Middle East, South Asia, North
and East Africa, and East Europe.

Results: The analyzed markers allowed the discrimination of 19 different haplogroups with a diversity of 0.7713.
J-M304 was the most frequent haplogroup in the Kuwaiti population (55.5%) followed by E-M96 (18%). They revealed a
genetic homogeneity between the Kuwaiti population and those of the Middle East (FST 5 6.1%, P-value< 0.0001),
although a significant correlation between genetic and geographic distances was found (r 5 0.41, P-value 5 0.009).
Moreover, the nonsignificant pairwise FST genetic distances between the Kuwait population on the one hand and the
Arabs of Iran and those of Sudan on the other, corroborate the hypothesis of bidirectional gene flow between Arabia
and both Iran and Sudan.

Conclusion: Overall, we have revealed that the Kuwaiti population has experienced significant gene flow from neigh-
boring populations like Saudi Arabia, Iran, and East Africa. Therefore, we have confirmed that the population of Kuwait
is genetically coextensive with those of the Middle East. Am. J. Hum. Biol. 28:203–212, 2016. VC 2015 Wiley Periodicals, Inc.

Kuwait is an Arab country situated in the northeastern
edge of the Arabian Peninsula. It is bordered by Saudi
Arabia to the south, Iraq to the north, and the end of the
Persian Gulf to the east. In 2012, the population of
Kuwait was estimated to be 3,268,431 persons according
to the Central Statistical office. In this census, the Kuwai-
tis comprised about 34.5% of the population while the rest
were non-Kuwaitis including other Arabs, South Asians,
and Iranians.

According to historical data, the Arabian Peninsula is
considered a strategic junction linking Africa to Eurasia
and thus may have been used by expanding modern
human populations out of Africa (Cadenas et al., 2008;
Lahr, 1994; Oppenheimer, 2003; Stringer, 2000). The orig-
inal population of Kuwait is comprised of early settlers
originating from the tribes of neighboring Arabian and
Persian countries (particularly from Saudi Arabia and
Iran) and from the nomadic Arabs of the desert, called
Bedouins (Casey, 2007; Teebi, 1994). The first known set-
tlement dates to the 3rd Century BCE, during the Greek
colonization of Falaika Island, whose decline 200 years
later, was, eventually, followed by the Romans’ entry into
the region. During the mid-7th Century CE, Kuwait came
under Muslim rule. It is noteworthy that Kuwait was an
important trading site for Muslim travelers, who paused
there to rest from their travels.

In 1722, a severe drought struck the Arabian Peninsula
leading to a famine in Saudi Arabia. Thus, many Arab
groups, inter alia the Bani Utub group, including 10
extended families, were obliged to migrate northeastward
to the Persian Gulf looking for better pastures for their
herds. At Kuwait Bay, these immigrants settled at a small
town that they named Kuwait. The name is a form of the
Arabic word Kut, which means “a fortress near water.”
The Bani Utub were mixed with the autochthonous small

population already present there. In 1899, Kuwait signed
an agreement with the British, accepting their protection
and giving them control over Kuwait’s foreign affairs until
1961 (Di Piazza, 2008). Thus, we can consider that the
modern Kuwaiti population began to take form at this
stage.

In agreement with archeological and historical data
indicating the important role of the region as a point of
contact between distant populations, the Middle East dis-
plays a high degree of genetic diversity (Cavalli-Sforza
et al., 1994; Cinnio�glu et al., 2004; Nasidze et al., 2004;
Regueiro et al., 2006). According to previous studies of Y-
haplogroup diversity, J-M304 and, particularly, its sub-
haplogroups J-M267 and J-M172, are the most frequent
haplogroups in the Middle East. The different geographic
distribution of both sub-haplogroups J1-M267 and J2-
M172 suggests two separate histories, even though they
have evolved in situ leading to the Neolithic revolution. It
is well known that J1-M267, whose maximum frequency
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is observed in the Southern Arabia, has been related to
pastoralism in the semiarid region of Arabia, while J2-
M172, mainly observed in the Fertile Crescent, has been
the Y-chromosome marker for the spread of farming into
Southeast Europe (Al-Zahery et al., 2011; Chiaroni et al.,
2008, 2010; Semino et al., 1996, 2000, 2004).

The genetic structure of the general population of
Kuwait has been described through the study of different
genetic markers, particularly Y-chromosome Short Tan-
dem Repeats (Y-STRs) (Triki-Fendri et al., 2010), autoso-
mal STRs (Al-Enizi et al., 2013), autosomal SNPs
(Alsmadi et al., 2013), and mtDNAs (Theyab et al., 2012).
These studies suggest that the genetic structure of
Kuwait resembles that of neighboring populations. Fur-
thermore, the genetic diversity of autosomal STRs, Y-
STRs, and Y-SNPs was investigated in six Bedouin tribes
from Kuwait with these data indicating that these groups
clustered with their geographical neighbors (Mohammad
et al., 2009), thus adding to the strong evidence of genetic
similarity of Kuwait with neighboring populations. In
these Kuwaiti Bedouin populations, haplogroup J1 was
observed at very high frequency reaching 84% of all the
analyzed samples. To a lesser extent, other haplogroups
such as R-M198 (6.75%) and E-M123 (6%) were detected
in these particular Bedouin tribes.

Although many types of genetic markers have been
studied in Kuwait during the last few years, Y-SNP diver-
sity remains poorly investigated. In fact, El-Sibai et al.
(2009) have analyzed the Y-SNPs in 885 samples from five
different Middle Eastern populations, including 40
Kuwaitis. To obtain a more complete overview of the
genetic landscape in this population, particularly in light
of previous studies based on other types of markers, the
present study focuses on the Y-haplogroup distribution in
a sample of 117 males from the general population of
Kuwait, through the analysis of 22 Y-SNPs. In addition,
results from these Y-SNP analyses were interpreted in
conjunction with those of other populations from the Mid-
dle East, South Asia, North and East Africa, and East
Europe.

MATERIALS AND METHODS

Population samples

We analyzed a total of 117 unrelated males who are
natives of Kuwait (Supporting Information Fig. 1). All
participants were verbally informed of this Research Pro-
ject, following a research protocol authorized by the Bio-
ethical Committee of the Galician Foundation of Genomic
Medicine (GFMX-SERGAS). These samples were previ-
ously analyzed using Y-STR markers (Triki-Fendri et al.,
2010). The DNA used for analyses was extracted from
blood samples, using a standard phenol-chloroform proce-
dure (Kawazaki, 1990).

Y-SNP genotyping

Y-haplogroups were determined through the analysis of
22 Y-SNPs (SRY10831, M213, M9, M22, Tat, 92R7, M173,
P25, M269, M70, M96, M35, M78, M81, M123, M34,
M201, M170, M26, M304, M62, and M172). The selection
of these Y-SNPs was performed based on both the Y-SNP
tree topology (Cruciani et al., 2010; Karafet et al., 2008;
Trombetta et al., 2011) and information in the literature
concerning the Y-haplogroups that have been found in the
populations of the region (Abu-Amero et al., 2009; Al-

Zahery et al., 2011; Cadenas et al., 2008; Mohammad
et al., 2009). The selected method for allele discrimination
was a single base extension reaction with the use of the
SNaPshot multiplex kit (Applied Biosystems, Foster city)
according to Blanco-Verea et al. (2008). To determine the
haplogroup distribution in Kuwait, the Y-SNPs were hier-
archically typed in three multiplex reactions as previously
reported in the literature (Bri�on et al., 2005b,a; Brisighelli
et al., 2012). These multiplexes were implemented in such
a way to avoid the genotyping of unnecessary Y-SNPs to
define the final haplogroup, saving effort and cost, allow-
ing us to genotype one single multiplex in the best case
and two in the worst case.

Statistical analysis

The haplogroup frequencies were estimated by direct
counting. Arlequin software version 3.5 (Excoffier et al.,
2007) was used to perform the Analysis of Molecular Var-
iance (AMOVA) and to calculate the pairwise FST genetic
distances between Kuwaitis and 30 populations from the
Middle East, South Asia, North and East Africa, East
Europe, and Caucasus region (Table 1). The Y-SNPs used
in this work were the same as those used for comparisons
with other populations. Genetic distances were visualized
in two-dimensional space using the multidimensional

TABLE 1. Populations included in the comparative study

Group Abreviation Population N References

Arabian
Peninsula

SA Saudi Arabia 157 Abu-Amero
et al. (2009)

Yem Yemen 62 Cadenas et al. (2008)
Qt Qatar 72
UAE United Arab

Emirates
164

Om Oman 121 Luis et al. (2004)
Fertile

Crescent
Irq Iraq 154 Al-Zahery

et al. (2011)
Jds Jordan

(Dead Sea)
45 Flores et al. (2005)

JA Jordan
(Amman)

97

Pal Palestine 287 Zalloua et al. (2008a)
South Asia Ind India 728 Sengupta et al. (2006)

Pak Pakistan 175
IrA Iranian Arabs 57 Grugni et al. (2012)
IrP Iranian

Persians
160

Ir Iran 715
North Africa Mar Morocco 146 Arredi et al. (2004)

Alg Algeria 102 Robino et al. (2008)
Tun Tunisia 159 Fadhlaoui-Zid

et al. (2011)
Lib Libya 175 Triki-Fendri

et al. (2015)
Egp Egypt 147 Luis et al. (2004)

East Africa SdN Sudanese
Nilo-Saharan-
speaking group

53 Hassan et al. (2008)

SdA Arabs of
Sudan

89

Som Somalia 200 Sanchez et al. (2005)
Rw Rwanda 153 Luis et al. (2004)
Eth Ethiopia 124 Sengupta et al. (2006)

East Europe
and
Caucasus

Trk Turkey 520 Cinnio�glu et al. (2004)
Gce Greece 148 Battaglia et al. (2009)
Grg Georgia 66
Crt Croatia 118
Bsn Bosnia 255
Alb Albania 119 Sengupta et al. (2006)

Total 5568

N, sample size.
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scaling (MDS) method included in the Statistical Package
for the Social Sciences (SPSS) software 17.0 (SPSS Inc.).

The R environment for statistical computing and
graphics (v2.15.2) was used to perform the Principal Com-
ponent Analysis (PCA) based on haplogroup frequencies
as well as the Mantel tests, to check for correlation
between geographical and genetic distances. A Bonferroni
correction for all multiple testing was applied (Hochberg,
1988). Data from 17 Y-STR haplotypes, typed in a previ-
ous study with the same samples (Triki-Fendri et al.,
2013), were used to understand the genetic relationships
between Y-STR haplotypes within specific SNP-
haplogroups using Network 4.6.1.0 software available at
(http://www.fluxusengineering.com) (Bandelt et al., 1999).
The mutation-based weighting scheme proposed by Muz-
zio et al. (2010) was applied. The network with high-
dimensional cubes was resolved using the reduced median
algorithm to generate a file (*.rmf) and then applying the
median joining network method to this file. For network
construction, the number of repeats at DYS389II was cal-
culated after subtracting the number of repeats at
DYS389I. DYS385 was not considered for statistical
analysis.

Demographic inferences

Bayesian Analysis of Trees With Internal Node genera-
tion (BATWING) (Wilson and Balding, 1998) was used to
estimate the posterior distributions of (1) the time to the
most recent common ancestor (TMRCA), (2) the effective
population size (N), (3) the expansion time (b), and (4) the
growth rate per generation (a) in the Kuwaiti population.
BATWING generates TMRCAs with median values and
95% confidence intervals around those estimates of the
major haplogroup in Kuwait as well as in some nearby pop-
ulations. We used a population model of exponential
growth from an initially constant-sized population of size N
with growth starting at time beta before present. In this
analysis, 10 Y-STR loci were used (DYS19, DYS389I,
DYS389II, DYS390, DYS391, DYS392, DYS393, DYS437,
DYS438, and DYS439), and samples containing duplicated
and missing alleles were avoided. In fact, it has been pro-
posed that different sets of STRs behave differently and
that any dating might be affected by which STRs are used
(Busby et al., 2012). Populations were analyzed individu-
ally using weakly informative prior distributions for
N, the effective population size before expansion [gamma
(1, 0.0001): mean 5 10.000, SD 5 10.000]; a, the rate of
growth per generation [gamma (2, 400): mean 5 0.005,
SD 5 0.0035]; and b, the time in coalescent units when
exponential growth began [gamma (2, 1): mean 5 2,
SD 5 1.41]. However, we constructed a per-locus mutation
rate prior distribution l as [gamma (4, 1667): mean-
5 0.0024, SD 5 0.0016] (Contu et al., 2008; Goedbloed
et al., 2009; Shi et al., 2010; Wilson et al., 2003; Xue et al.,
2006). Thus, the given 95% confidence intervals take into
account uncertainty about the mutation rates, effective
population size, expansion time, and population growth but
not generation time which was fixed at 25 years. A total of
105 MCMC cycles were taken after discarding the first 3 3

103 samples as “burn-in.” Convergence was confirmed by
examining longer runs of 106 and 107 MCMC cycles for
some haplogroups and finding the same posterior distribu-
tion. Out-files were postprocessed with the R environment.

RESULTS

A sample of 117 unrelated males from the general popu-
lation of Kuwait (Supporting Information Fig. 1), previ-
ously studied for 12 Y-STRs (Triki-Fendri et al., 2010),
was genotyped for a set of 22 Y-SNPs. Both the SNP and
STR data are shown in Supporting Information Table 1.
These data were submitted to YHRD (http://www.yhrd.
org/) and received the following accession number:
YA003483.

Y-SNP haplogroup variation

The 22 Y-SNPs analyzed in this work allowed the dis-
crimination of 19 different haplogroups and subha-
plogroups represented in Figure 1, along with their
respective frequencies in the Kuwaiti samples. The most
common haplogroup in Kuwait was J-M304 (55.6%) fol-
lowed by E-M96 (18%), R-M173 (9.5%), and finally G-
M201 (7%). The other haplogroups occurred with lower
frequencies, such as F-M213 (3.5%) and T-M70 (1.7%).

A haplogroup diversity of 0.7713 6 0.026 was found in
Kuwait based on the Y-SNP genotyping, which is higher

Fig. 1. Phylogenetic tree of Y-chromosome haplogroups searched
in this study. The analyzed Y-SNPs are shown in each branch and the
corresponding haplogroup and observed absolute frequencies are
shown at the end of each branch according to Karafet et al. (2008),
Cruciani et al. (2010), and Trombetta et al. (2011). Broken line
branches correspond to haplogroups not found in our sample and
solid line branches to those found here.
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than those previously observed in five different Kuwaiti
Bedouin tribes ranging from 0 in Ajman to 0.6 in Aniza,
with a global haplogroup diversity of 0.3569 (Mohammad
et al., 2009). However, the haplogroup diversity in Iran
and Saudi Arabia were higher than that of Kuwait:
0.9419 and 0.8165, respectively (Abu-Amero et al., 2009;
Regueiro et al., 2006). This indicates a higher diversity in
heterogeneous populations.

Phylogeographic analysis

Haplogroup J. In agreement with the other populations
of the Arabian Peninsula, haplogroup J-M304 is the most
common lineage in Kuwait (55.6%), the subhaplogroup
(J-M304(xM62,M172) (45.3%), followed by J2-M172
(10.2%).

A network of haplotype data was constructed to assess
the relationship among J-M304(xM62,M172) Y-STR line-
ages between Kuwaitis, Yemenis (Cadenas et al., 2008),
and Iranians (Grugni et al., 2012). The resulting network
(Supporting Information Fig. 2A) is star-like, with a cen-
ter occupied by the most frequent haplotype in the dataset
of this analysis and from which the remaining haplotypes
were derived by additional mutations. This central haplo-
type (DYS19*14; DYS389I*13; DYS389II*30; DYS390*23;
DYS391*11; DYS392*11; DYS439*11) was shared by 15
Kuwaitis and three Yemenis having the same haplogroup
J-M304(xM62,M172). It is noteworthy that this haplotype
was observed in 12.8% of all of the analyzed Kuwaiti sam-
ples. In addition, according to the YHRD database, it has
been commonly observed in the Afro-Asiatic speaking pop-
ulations, such as those from Saudi Arabia (19%), the UAE
(8%), Tunisia (10.5%), and Libya (7%).

Supporting Information Figure 2B illustrates the haplo-
type network of haplogroup J2-M172 in four populations:
Kuwaitis (present work), Palestinians (Fertile Crescent)
(Zalloua et al., 2008a), Libyans (North Africa) (Triki-Fen-
dri et al., 2015), and Ukrainians (East Europe) (Mielnik-
Sikorska et al., 2013). The center of the network is made
up, mainly, of Palestinian and Kuwaiti haplotypes, from
which derive the remaining haplotypes by additional
mutations, whereas the Libyan and Ukrainian nodes are
situated at the end of the branches.

Haplogroup E. In the Kuwaiti population, 18% of the
males belong to haplogroup E-M96, among which two-
thirds have the M35 mutation (12% of all of the samples),
which defines E-M35 or E1b1b1*.

To illustrate the genetic relationships between haplo-
types inside haplogroup E-M35, we constructed a network
with Y-STR haplotype data from Kuwait (present work),
Ethiopia (de Filippo et al., 2011) and Iran (Regueiro et al.,
2006). The obtained network (Supporting Information
Fig. 2C) indicated that the most common haplotype,
shared by nine Ethiopian individuals, was represented by

the central node of the network and from which derived
all of the Kuwaiti and Iranian nodes.

Furthermore, among the E-M35 Kuwaiti Y-chromosomes,
57% belonged to the subhaplogroup E-M123 (particularly
E-M34) (6.8% of all of the samples), whereas 14%
belonged to E-M78 (3.4% of all of the samples). E-
M123was observed in Ethiopia (11.2%), in the Middle
East (3.7%), in Europe (1.7%), and in North Africa (0.9%)
(Cruciani et al., 2004). In the analyzed Kuwaiti samples,
we found seven chromosomes carrying the M34 mutation
among the eight samples belonging to the E-M123 branch.
Among the seven Kuwaiti samples belonging to hap-
logroup E-M78, only one individual carried both of the
rare STR alleles DYS19*11 and DYS392*12, typical of
cluster Ç (Supporting Information Fig. 2D).

Other haplogroups. In the Kuwaiti population, 9.4% of
the samples belonged to Haplogroup R-M173, among
which 63% were from the R1a1-SRY10831.2 subha-
plogroup (6% of all of the population), with the remaining
samples belonging to R1b1-P25. Indeed, approximately
7% of Kuwaiti males were assigned to haplogroup
G-M201. This frequency is higher than that found in the
neighboring populations for the same haplogroup: 4.54%
in Iraq, 4.2% in the UAE, 3.2% in Saudi Arabia, 2.7% in
Qatar, and 1.6% in Yemen (Abu-Amero et al., 2009;
Al-Zahery et al., 2011; Cadenas et al., 2008).

Population relationships and genetic structure

We conducted a comparative study of haplogroup fre-
quency distribution based on the Y-SNP data of Kuwaitis
and those of 30 other populations geographically organ-
ized into six groups: Arabian Peninsula, Fertile Crescent,
South Asia, North Africa, East Africa, and finally East
Europe and the Caucasus (Table 1).

Analysis of molecular variance

Table 2 displays the AMOVA results (Arlequin v 3.5)
based on haplogroup frequencies in all comparative popu-
lations. When we considered the 31 populations organized
in six groups, highly significant variance was observed
(FST 5 21.9%, P-value< 0.0001), indicating the genetic
divergence of the selected populations. The highest frac-
tion of the variability, as expected, resided within popula-
tions but there was a substantial percentage due to
differences among groups (13.6%) and among populations
within groups (8.3%).

However, a small value of FST was obtained when the
AMOVA was applied to one group made up of the popula-
tions of Arabia (FST 5 1.3%, P-value< 0.0001) (Table 2).
In addition, the FST obtained when considering either the
populations of Arabia and the Fertile Crescent (FST 5 4.2%,
P-value<0.0001) or those of the Middle East (Arabian
Peninsula, Fertile Crescent, Iran, Turkey, and Egypt)
(FST 5 6.1%, P-value<0.0001) reflected the fact that all of
the populations of the Middle East share the same genetic
pool.

Moreover, 73% of the pairwise FST genetic distances
between the six considered populations of the Arabian
Peninsula were not significant (Supporting Information
Table 2). In particular, no significant differences were
observed between Kuwaitis and the remaining popula-
tions of this region, including Saudi Arabia (FST 5 20.002,

TABLE 2. AMOVA results

Source of variation 1 2 3 4 5

Among groups – 0.4 – 24 13.6
Among populations within group 1.3 3.9 6.1 4.5 8.3
Within populations 98.7 95.8 93.9 71 78.1
FST 1.3* 4.2* 6.1* 29* 21.9*

1, Arabian Peninsula; 2, Arabian Peninsula—Fertile Crescent; 3, Middle East:
Arabian Peninsula—Fertile Crescent—Iran–Turkey–Egypt; 4, Middle East and
North Africa (without Egypt); 5, Middle East, South Asia, East Europe, North
Africa and East Africa.
*P-value< 0.0001.
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P-value 5 0.513), Yemen (FST 5 0.034, P-value 5 0.009),
Oman (FST 5 0.0018, P-value 5 0.306), and the UAE
(FST 5 0.002, P-value 5 0.22). In addition, no significant
differences were obtained between Kuwaitis and the pop-
ulations of the Fertile Crescent (Iraq, Palestine, and Jor-
dan [Amman]), excluding the population of the Dead Sea
from Jordan (FST 5 0.188, P-value< 0.00001).

We have to note that the Iranian Arabs were genetically
similar to the Kuwaitis (FST 5 0.022, P-value 5 0.018) and
to four other Arab-speaking populations, Saudi Arabia,
Qatar, Iraq, and Jordan. In the same way, we have found
that the Arabs of Sudan, unlike the Sudanese Nilo-
Saharan-speaking group from the same population, are
not significantly different from Kuwaitis (FST 5 0.02,
P-value 5 0.018). Nevertheless, a high genetic variance
was found between the populations of the Middle East
and those of North Africa (FST 5 29%, P-value< 0.00001)
with 24% of variation occurring between groups.

Multidimensional scaling. Pairwise FST genetic distances
(Supporting Information Table 2) were used to generate
an MDS plot to assess the relationships between the popu-
lations of Table 1. Three clusters were obtained in the
MDS plot (Fig. 2). First, Kuwaitis were found to be close
to the populations of the Arabian Peninsula, and more
generally, to all of the populations of the Middle East. In
addition, East European populations were associated with
this cluster. Second, North African populations clustered
together. Finally, the third cluster in the MDS plot
included the East African populations like Somalia, Ethio-
pia, Rwanda, and the Sudanese Nilo-Saharan-speaking
group. It is noteworthy that the Arabs of Sudan belong to
the Middle Eastern cluster instead of that of East Africa.

Principal component analysis. PCA was used to compare
the haplogroup distribution between all the populations

included in the comparative study (Table1). A consider-
able geographic structuring was obtained with the first
two components accounting together for 74.2% of all of the
genetic variance (Fig. 3).

Mantel test. We performed the Mantel test to assess the
correlation between genetic and geographic distances. No
correlation was observed when we considered the popula-
tions of the Arabian Peninsula (r 5 0.46, P-value 5 0.16,
with 1,000 iterations). Nevertheless, we found a signifi-
cant correlation between the genetic and geographic dis-
tances with all of the populations of the Middle East,
including Iran, Turkey, and Egypt (r 5 0.41, P-val-
ue 5 0.009, with 1,000 iterations).

BATWING analysis results

BATWING was applied to all of the Y-STR haplotypes of
the analyzed Kuwaiti population. We found a median
TMRCA of 23.5 kya (95% CI 9.7–81.6) with an effective
population size at the beginning of the expansion of 445
(95% CI 141–1,531), an expansion time of 14 kya (95% CI
5.8–49.4), and a growth rate per generation of 0.0051
(95% CI 0.0015–0.0122).

In addition, we have estimated the TMRCAs of the
main haplogroups, based on haplotype data (Table 3). To
evaluate these values, we calculated the TMRCA of R1-
M173 and G-M201 in Iran (Haber et al., 2011) and found
a median value of 53.3 kya [95% CI 18.7–184.7] and 15.9
kya [95% CI 5.5–60.2], respectively, and the TMRCA of
haplogroup J1-M267 in Saudi Arabia (Abu-Amero et al.,
2009) was about 19.5 kya [95% CI 6.5–77]. All of these
haplogroup time estimates are higher than those observed

Fig. 2. Multidimensional Scaling (MDS). MDS was constructed
using pairwise FST genetic distances based on Y-haplogroup frequency
data from the populations described in Table 1 (the abbreviations are
mentioned in Table 1) (Stress value 5 0.051 and DAF 5 0.979)

Fig. 3. Principal Component Analysis (PCA). PCA was constructed
based on the Y-chromosome haplogroup frequency data of all the popu-
lations of Table 1. The populations were coded as follows: 1, Albania; 2,
Bosnia; 3, Croatia; 4, Georgia; 5, Greece; 6, Turkey; 7, Libya; 8, Tuni-
sian Berbers; 9, Tunisian Arabs; 10, Algeria; 11, Moroccan Arabs; 12,
Moroccan Berbers; 13, Ethiopia; 14, Rwanda; 15, Somalia; 16, Suda-
nese Arabs; 17, Sudanese Nilo-Saharan-speaking group; 18, Pakistan;
19, India; 20, Palestine; 21, Jordan (Amman); 22, Jordan (Dead Sea);
23, other Iranians; 24, Persians; 25, Iranian Arabs; 26, Oman; 27,
Egypt; 28, Iraq; 29, UAE; 30, Qatar; 31, Kuwait; 32, Saudi Arabia; 33,
Yemen.
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in the Kuwaiti population. To the contrary, TMRCA of
haplogroup E-M35 in Ethiopians (Sengupta et al., 2006)
(12 kya [95% CI 4.5–50.5]) was almost similar to that of
Kuwaitis (12.8 kya [95% CI 4.1–51.3]).

DISCUSSION

A sample of 117 unrelated males from the general popu-
lation of Kuwait, was genotyped for a set of 22 Y-SNPs.
The most common haplogroup in Kuwait is J-M304
(55.6%) followed by E-M96 (18%), R-M173 (9.5%), and
finally G-M201 (7%).

Haplogroup J has been postulated to have a Middle
Eastern origin (Semino et al., 2004). It has been consid-
ered to represent the signature of the Neolithic demic dif-
fusion associated with the spread of agriculture and
domestication of animals (Semino et al., 1996, 2004;
Soares et al., 2010). The frequency distribution of hap-
logroup J exhibits a radial decline from the Middle East
toward Central Asia, Caucasus, North Africa, and Europe
(Al-Zahery et al., 2011; Cadenas et al., 2008; Quintana-
Murci et al., 2001). The Southern Arabian Peninsula has
been proposed to be the place of origin of haplogroup J. In
fact, the distribution of this haplogroup agrees with the
first major expansions proposed from GM marker analysis
(Chaabani, 2002) and that of mtDNA haplogroup R0a
(Cerny et al., 2011) providing evidence for its deep genetic
root in Southern Arabia (Chaabani et al., 2000).

Based on the frequencies of both subhaplogroups J1
and J2, the mutation leading to the subclade J1 has, very
likely, happened in Yemen (J1 frequency is 72.% vs. 9.6%
for J2). By contrast, J2 would have arisen outside of
Yemen, particularly in the northern region such as Syria
(33.6% for J1 vs. 20% for J2), Turkey (9.1% vs. 24.2%), or
Greece (1.9% vs. 18.1%) (Al-Zahery et al., 2011; Cadenas
et al., 2008; Chaabani, 2000; Cinnio�glu et al., 2004; Luis
et al., 2004; Semino et al., 2000, 2004).

On the one hand, previous studies on haplogroup J1-
M267, which is the most frequent haplogroup in Kuwait
(45.3%), have revealed a decreasing frequency moving
from Southern Arabia northward: Yemen (72.6%), Qatar
(58.3%), Iraq (56.4%), Oman (38%), Egypt (20%), Lebanon
(12.5%), and Turkey (9%) (Al-Zahery et al., 2011; Cadenas
et al., 2008; Cinnio�glu et al., 2004; Luis et al., 2004;
Semino et al., 2000). Moreover, the Network constructed
on the basis of haplotypic data belonging to haplogroup
J-M304(xM62,M172) (Supporting Information Fig. 2A)
showed a central node (DYS19*14; DYS389I*13;
DYS389II*30; DYS390*23; DYS391*11; DYS392*11;

DYS439*11) shared by 15 Kuwaitis and 3 Yemenis. This
common haplotype, associated with haplogroup J-
M304(xM62,M172), could be considered an ancestral hap-
lotype originating in Arabic populations, particularly
those of Southern Arabia. Indeed, the higher TMRCA esti-
mate of haplogroup J1-M267 in Saudi Arabians compared
with that observed in the Kuwaitis is concordant with his-
torical data of gene flow from Saudi Arabia toward
Kuwait.

Moreover, the Iranian nodes of the network (Supporting
Information Fig. 2A) were located at the end of the
branches, suggesting that the haplotypes belonging to
haplogroup J-M304(xM62,M172) in Iran was derived
from the typically Arabic one. This hypothesis is, gener-
ally, concordant with historical patterns of gene flow, par-
ticularly involving haplogroup J1-M267, of Arabic
populations toward Iran (Grugni et al., 2012).

On the other hand, haplogroup J2-M172 was observed
in 10.2% of the Kuwaiti samples. This haplogroup is
highly represented in the Middle East (16% in the popula-
tion of Saudi Arabia (Abu-Amero et al., 2009), and 23% in
the population of Iran (Regueiro et al., 2006), particularly
in the Fertile Crescent [25% in the Lebanese population
(Zalloua et al., 2008b) and 24% in that of Turkey (Cin-
nio�glu et al., 2004)]. In fact, this region has been proposed
as the most likely origin of haplogroup J2-M172, which
was then spread to Europe during the Neolithic (Cin-
nio�glu et al., 2004; Semino et al., 2000, 2004). In addition,
the network representing the relationship between haplo-
types carrying haplogroup J2-M172 in four populations
(Kuwaitis, Palestinians, Libyans, and Ukrainians) (Sup-
porting Information Fig. 2B) illustrated that the central
nodes are mainly, haplotypes from Palestinians and to a
lesser extent from Kuwaitis. This finding is concordant
with the hypothesis of a recent migration of this hap-
logroup from the Middle East and particularly from the
Fertile Crescent toward North Africa and Europe.

In addition, 12% of all of the analyzed Kuwaiti samples
carry the haplogroup E-M35 (E1b1a1*). It has been pro-
posed that the origin of haplogroup E-M35 could most
likely be Eastern Sub-Saharan Africa, where the highest
frequencies of this subhaplogroup are observed: 19.2% in
the Ethiopian population and 16.7% among the Khoisans
of South Africa (Cruciani et al., 2002, 2004; Underhill
et al., 2000). From there, this lineage could have been
spread to the Middle East (5% in Iran) (Regueiro et al.,
2006) and North Africa at the end of the Pleistocene
(Underhill et al., 2001). During the Neolithic expansion,
E-M35 would have been introduced in South Europe
through the Middle East (Hammer et al., 1998; Semino
et al., 2000; Underhill et al., 2001). The obtained network
in Supporting Information Figure 2C reinforces the
hypothesized East African origin of the E-M35 lineage, as
the central node was shared by nine Ethiopian samples
and from which derive all of the other Kuwaiti and Ira-
nian haplotypes belonging to haplogroup E-M35.

Furthermore, we have reported that most of the Kuwaiti
chromosomes sharing the haplogroup E-M123 are also car-
riers of the E-M34 mutation. This finding is in agreement
with previous work on 3,401 samples (Cruciani et al.,
2004). The Middle East has been proposed as the most
likely origin for this lineage rather than East Africa. In
fact, E-M34 seems to be restricted to Ethiopia, as it has not
been detected in other populations in the region such as
Somalia, Kenya (Cruciani et al., 2004), or Sudan (Underhill

TABLE 3. TMRCA values of the most important haplogroups in
Kuwait provided by BATWING analysis

TMRCAa

Haplogroup Mean Median 95% CI

E-M35 16.5 12.8 4.1–51.3
J(xJ1a,J2)-M304 19 14.3 4.5–60
J2-M172 11.8 9.3 3–35.3
R-M173 23.7 18.9 6.6–70
G-M201 16.4 12.7 4.2–50

aEstimates based on 10 Y-STRs (DYS19, DYS389I, DYS389II, DYS390, DYS391,
DYS392, DYS393, DYS438, DYS439, and DYS437) inside of specific
haplogroups.
CI, confidence interval.
Time is expressed in kya (thousands of years ago).
Generation time 5 25 years.
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et al., 2000). By contrast, E-M34 chromosomes have been
found in a large majority of the populations from the Mid-
dle East, including Jordan (13%) (El-Sibai et al., 2009),
Oman (12%) (Luis et al., 2004), Yemen (8%) (Cadenas
et al., 2008), Turkey (5%) (Cinnio�glu et al., 2004), and Leb-
anon (4.2%) (Zalloua et al., 2008b). Thus, E-M34 chromo-
somes would have been introduced into Ethiopia from the
Middle East (Cruciani et al., 2004).

Moreover, E-M78 carried by 3.4% of the analyzed
Kuwaiti individuals, was observed over a wide area,
including East Africa (21.5%), North Africa (18.5%), Mid-
dle East (5.8%), and Europe (7.2%). The Southern Medi-
terranean has been strongly imprinted by this haplogroup
(Hammer et al., 1998; Semino et al., 2000, 2004). And the
high frequency of E-M78, added to its high microsatellite
diversity in Eastern Africa, has led to the hypothesis that
it originated from this region, 23.2 ky ago (95% CI 21.1–
25.4 ky) (Cruciani et al., 2004, 2007). The cluster Ç, a par-
ticular branch of E-M78, defined by the presence of the
rare Y-STR allele 11 in DYS19, is observed in Eastern
Africa at an average frequency of 17.7% and is almost
absent in the populations outside the Horn of Africa (Cru-
ciani et al., 2004; Sanchez et al., 2005). In Kuwait, it was
observed in 0.8% of the samples. This cluster has been
reported to be associated with the unusual DYS392*12
allele (Semino et al., 2004).

Based on time estimation with BATWING, the median
TMRCA obtained for haplogroup E-M35 in Ethiopia (12
kya [95% CI 4.5–50.5]) was almost similar to that of
Kuwait (12.8 kya [95% CI 4.1–51.3]). In fact, it has
already been proposed that the likely origin of the subha-
plogroup E-M123 could be the Middle East (Cruciani
et al., 2004), whereas the second subhaplogroup E-M78
was proposed to be issued from North-East Africa (Cru-
ciani et al., 2007). Thus, the similarity between TMRCAs
of E-M35 in Kuwait and Ethiopia suggests a bidirectional
gene flow between both regions, concordant with histori-
cal data on people movements via Bab-el-Mandeb Strait
(Chaabani, 2014; Lahr, 1994; Oppenheimer, 2003;
Stringer, 2000).

Haplogroup R, observed in about 10% of the Kuwaiti
samples, might reflect the impact of expansion and migra-
tion of Indo-Europeans from Central Asia (Sengupta
et al., 2006). Based on the high frequency of R1-M173*
and R1a-SRY1532 lineages in Iran compared with their
corresponding frequencies in Turkey, Pakistan, or India,
it has been proposed that the geographic origin of hap-
logroup R would, probably, be nearer to Persia (Regueiro
et al., 2006). R-M173 would, probably, have arisen origi-
nally in this region, and subsequently, individuals bearing
this lineage migrated toward Europe (Wells et al., 2001).
Overall, the majority of human Y chromosomes in Europe
belong to haplogroup R, and most of them carry the M173
mutation (Chiaroni et al., 2009; Jobling and Tyler-Smith,
2003). In the Middle East, R1-M173 was observed in Iraq
(19.4%) (Al-Zahery et al., 2011), Southern Arabian Penin-
sula (11.2%) (Cadenas et al., 2008), Iran (25.6%) (Regueiro
et al., 2006), and Pakistan (46.2%) (Sengupta et al., 2006).
It is noteworthy that this haplogroup is represented in
the Bedouin tribes of Kuwait with a frequency of 8.7%
(Mohammad et al., 2009).

About 7% of the Kuwaiti males were assigned to hap-
logroup G-M201. The Middle East, Caucasus, and South-
ern Europe delineate the phylogeographic region of
haplogroup G (Rootsi et al., 2012). Most of the chromo-

somes in the Caucasus carry haplogroup G with a fre-
quency ranging between 13% in Iran (Regueiro et al.,
2006) and 70% in the population of North Ossetia (Bal-
anovsky et al., 2011; Yunusbayev et al., 2012).

Rootsi et al. (2012) have proposed that, despite the total
absence of chromosomes carrying the paragroup G-M201*
in their dataset, the place of origin of G-M201 would be
near Eastern Anatolia, Armenia or Western Iran, the only
regions marked by the presence of deep basal branches
added to the occurrence of high subhaplogroup diversity.

The presence of both haplogroups R and G in Kuwait
could be explained by historical data. In fact, many slaves
were brought from Iberia, between the Umayyad and the
Abbasid Empires (Bassaam, 1977). In addition, during
the colonization of the Middle East, by the British
Empire, between the 19th and 20th Centuries CE, many
slaves of Georgian, Armenian, or Circassians origins were
imported to this region (Philby, 1923). Afterward, these
slaves were naturalized and given tribal affiliations
(Mohammad et al., 2009).

Furthermore, the more ancient TMRCA estimates of
haplogroups R1-M173 and G-M201 in the Iranian popula-
tion compared with those found in Kuwait, corroborates
historical data of ancient gene flow from Iran into Kuwait.
Consequently, the presence of haplogroup R in Kuwait
could also be explained by migration flow from Iran,
knowing that the current population of Kuwait consists,
inter alia, of Persians coming from Iran such as the Ajam
tribe, which is an ethnic group of Iranian origin repre-
senting approximately one-third of the Kuwaiti popula-
tion (Alsmadi et al., 2013).

The comparative study carried out between the Y-
haplogroup frequencies in the population of Kuwait and
those of 30 other populations has helped us to corroborate
the genetic similarity of the population of Kuwait with
those of Arabia (FST 5 1.3%, P-value< 0.0001) (Table 2).
Similar results were obtained with haplotypic data from
the populations of the peninsula [Kuwait, Saudi Arabia,
Qatar, UAE, Yemen, Oman, and Dubai (FST 5 6.6%, P-val-
ue 5 0.042) (Triki-Fendri et al., 2010)]. These results indi-
cate that the paternal lineages, based on both Y-STR and
Y-SNP data, support the close genetic relationship
between the populations of Arabia. Besides, the lack of
correlation between genetic and geographic distances,
when considering the populations of the Arabian Penin-
sula (r 5 0.46, P-value 5 0.16, with 1,000 iterations), is in
agreement with the genetic homogeneity of the popula-
tions in Arabia.

In the same way, the low genetic variance found when
comparing the populations of Arabia with those of the
Fertile Crescent, from the one hand (FST 5 4.2%, P-val-
ue<0.0001), or those of the Middle East in general, on
the other hand (FST 5 6.1%, P-value< 0.0001), indicates
the genetic homogeneity of the populations in the region.
In fact, the Middle East is defined by the region between
the eastern shore of the Mediterranean Sea and the line
drawn by the border between Iran on the one hand, Paki-
stan and Afghanistan on the other hand.

This genetic homogeneity is reinforced by the high pro-
portion of nonsignificant pairwise FST genetic distances
between Kuwait and other populations from either Arabia
or the Fertile Crescent. However, the correlation between
the genetic and geographic distances with all of the popu-
lations of the Middle East, including Iran, Turkey, and
Egypt (r 5 0.41, P-value 5 0.009, with 1,000 iterations)
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indicates that these three populations are more heteroge-
neous than those of the Arabian Peninsula.

Moreover, the MDS plot, constructed on the basis of
these pairwise FST genetic distances (Fig. 2), indicated
that Kuwaitis are close to the populations of the Arabian
Peninsula, and more generally, to all of the populations of
the Middle East. In addition, East European populations
were associated with this cluster. This is not strange, as
the R1-M173 haplogroup, particularly its subhaplogroup
R1a1-SRY10831.2 which is common in East Europe, is
also highly represented in the Middle East: 9.4% in
Kuwait (present work), 19.4% in Iraq (Al-Zahery et al.,
2011), and 25% in Iran (Regueiro et al., 2006). Indeed, the
J2-M172 haplogroup, which is typical of Middle Eastern
populations, was relatively common in the populations of
Eastern Europe, including Croatia (29%); Bosnia (13%)
(Battaglia et al., 2009); and Albania (18%) (Sengupta
et al., 2006).

It is noteworthy that a significant difference was
observed between the Kuwaiti population and the Jorda-
nians from the Dead Sea (Jordan Valley). This finding
could be attributed to the anomalous Y-chromosome pool
of the population of the Dead Sea due to isolation. In fact,
the Jordan valley is located 390 m below sea level and con-
sequently under mild chronic hyperoxia. This peculiarity
has reduced the immigration toward the Jordan Valley
from other regions. Thus, the inhabitants might have
kept the genetic features of the original population of this
region (Flores et al., 2005).

The similarity observed between the population of Kuwait
and the Arabs of Iran (FST 5 0.022, P-value 5 0.018) sup-
ports previous findings. In fact, it has already been reported
that the subhaplogroups J1-Page08 and J2-M92, observed
in the Iranian Y-chromosomal gene pool, demonstrates the
presence of migration flow from Arab countries and Anatolia
toward Iran (Grugni et al., 2012). Similarly, the nonsignifi-
cant difference between the Kuwaiti population and the
Arabs of Sudan (FST 5 0.02, P-value5 0.018) is concordant
with the hypothesis of gene flow from Arabia toward Africa,
through the Strait of Bab El-Mandeb (Cruciani et al., 2002;
Hassan et al., 2008).

Nevertheless, the significant difference between Middle
Eastern populations and those of North Africa
(FST 5 29%, P-value< 0.00001) with 24% of variation
occurring between groups, reflects a substantial differ-
ence between both regions. Based on haplogroup distribu-
tion, the genetic pool of the North African populations is
made up of two components: the Berber genetic impact of
the autochthonous inhabitants of the region (haplogroup
E-M81) added to the Arabic one (haplogroup J1-M267),
brought to North Africa by gene flow from the Middle
East (Fadhlaoui-Zid et al., 2011; Robino et al., 2008; Triki-
Fendri et al., 2015). In fact, it is well known that the dis-
tribution of E-M81 in Africa is highly related to the
regions inhabited by Berber-speaking populations, sug-
gesting a close haplogroup-ethnic group parallelism (Cru-
ciani et al., 2004). Thus, the total absence of this Berber
genetic component (haplogroup E-M81) in the Middle
East could be one reason for the significant difference
between both regions.

In addition, in the MDS plot (Fig. 2), Tunisian and
Moroccan populations clustered together, representing
North Africa. However, the populations of Libya and Alge-
ria were found closer to the populations of the Middle
East rather than those of North Africa. This peculiarity

could be due to the bias of sampling as the Tunisian and
Moroccan samples were made up essentially of Berbers
(60 and 70%, respectively). Besides, and according to the
PCA (Fig. 3), the first component separated the popula-
tions of North Africa from the remaining populations. It is
obvious, according to the PCA, that haplogroup E-M81
typifies the North African region, particularly the Berber
populations. Conversely, the second component differenti-
ates the populations of the Arabian Peninsula [hap-
logroup J-M304(xM62,M172)] from those of East Europe
and East Africa following the directions of R-M173 and E-
M78, respectively. Note that the haplogroup J-M172 char-
acterizes the populations of the Fertile Crescent.

BATWING posterior estimates based on the Y-STR
haplotypes of the Kuwaiti samples suggest a largely pre-
Neolithic settlement in Kuwait with gene flow from out-
side populations occurring later. However, archaeological
data point to an Ubaid-related settlement in Kuwait,
dating back 8,000 years, the first culture preceding
urbanization while other studies indicate a more ancient
settlement of small populations of fisherman (Fe San-
tiago, 2012).

In conclusion, the comparative study of Kuwait with
other populations has helped to elucidate the genetic
landscape of the region. First, Kuwait shares the same
pattern of genetic diversity of the Y-chromosome as the
populations of Arabia and those of the Fertile Crescent.
Moreover, we have demonstrated that the populations of
the Middle East are genetically homogeneous (FST 5 6.1%,
P-value< 0.0001). This homogeneity was also supported
by TMRCA estimates, suggesting a largely pre-Neolithic
settlement in Kuwait with gene flow, likely due to histori-
cal immigrant of labor, from outside populations, particu-
larly from Iran, based on the TMRCAs of haplogroups R-
M173 and G-M201, and from Saudi Arabia, according to
those of J1-M267. However, a higher genetic variance was
found between the populations of the Middle East and
those of North Africa (FST 5 29%, P-value<0.00001),
reflecting different settlement histories between both
regions, most likely caused by the total absence of the Ber-
ber component (haplogroup E-M81) in the Middle East.

Moreover, the similarity between Kuwait and the Arabs
of Sudan, based on the pairwise FST genetic distance,
added to the TMRCAs estimates of haplogroup E-M35 in
both populations, corroborates the hypothesis of bidirec-
tional gene flow between Arabia and East Africa.
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