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Summary

As part of a continuing investigation of the extent to which the genetic and linguistic relationships of populations are

correlated, we analyzed mtDNA HV1 sequences, eleven Y chromosome bi-allelic markers, and 9 Y-STR loci in two

neighboring groups from the southwest of Iran who speak languages belonging to different families: Indo-European-
speaking Bakhtiari, and Semitic-speaking Arabs. Both mtDNA and the Y chromosome, showed a close relatedness of
these groups with each other and with neighboring geographic groups, irrespective of the language spoken. Moreover,

Semitic-speaking North African groups are more distant genetically from Semitic-speaking groups from the Near East and

Iran. Thus, geographical proximity better explains genetic relatedness between populations than does linguistic relatedness

in this part of the world.
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Introduction

Determining the extent to which the genetic and linguis-
tic relationships of populations are correlated can provide
insights into population history. However, any such corre-
lation is confounded by geography, as populations that are
geographically close to one another tend to be geneti-
cally related, and they tend to speak related languages.
One informative approach toward disentangling the relative
impact of geography vs. linguistic relationships is to ana-
lyze the genetic relationships of groups whose geographic
neighbors are not their linguistic neighbors (Stoneking,
2005). Previously we have analyzed a number of such ex-
amples of neighboring groups, who speak difterent lan-
guages (Nasidze & Stoneking, 2001; Nasidze et al., 2004,
2005, 2006); in some cases we find that the geograph-
ical proximity of linguistically-different groups best ex-
plains their genetic relationships [e.g., Turkic-speaking
Azerbajjanians in the Caucasus (Nasidze & Stoneking,
2001) or Turkic-speaking Gagauz in Moldavia (Nasidze
et al., 2007), while in other cases the linguistic similarity of
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geographically-distant groups best explains the genetic rela-
tionships [e.g., Mongolian-speaking Kalmyks, who are sur-
rounded by Slavic-speaking groups (Nasidze et al., 2005)].
Here we analyze the genetic relationships of two neighbor-
ing groups in southwest Iran who speak languages belong-
ing to different linguistic families: Semitic-speaking Iranian
Arabs, and Indo-European-speaking Bakhtiari.

The Bakhtiari tribal group lives in southwest Iran,
in a mountainous region in the Khuzestan and Esfahan
provinces (Figure 1). The Bakhtiari speak a dialect of the
Luri language called Bakhtiari, which belongs to the West-
ern Iranian branch of Indo-European (Ethnologue, 2000).
Iranian Arabs mainly occupy the Khuzestan province in
Iran (Figure 1). Historical evidence indicates that their an-
cestors, Arab tribes such as the Bakr bin Wael and Bani
Tamim, entered Iran in the seventh century A.D., although
there may have been an earlier Arabic presence in Iran
(Morony, 2006). Iranian Arabs speak a Semitic lan-
guage, which belongs to the Afro-Asiatic linguistic family
(Ethnologue, 2000).

MtDNA HV1 (first hypervariable segment) sequence
variability was previously studied in a Luri-speaking group,
along with other groups from Iran, Pakistan, and Central
Asia (Quintana-Murci et al., 2004). However, no specific
inferences were made regarding this group; furthermore,
it 1s not clear whether the samples analyzed came from a
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Figure 1 A map of the geographic location of the sampling
sites for the Iranian Arabs and Bakhtiari.

Bakhtiari tribe, or from one of the other 10 Luri-speaking
groups in Iran (Ethnologue, 2000). Y chromosome hap-
logroups have also been analyzed in several groups from
the region (Quintana-Murci et al., 2001; Regueiro et al.,
2006). Quintana-Murci et al. (2001) focused on the distri-
bution of Y- haplogroups HG3 and HG9; HG9 was found
in remarkably high frequency in the southeastern Caspian
region and the Zagros Mountains (which includes the re-
gion where Luri-speaking groups live). However, the spe-
cific origin of the sample from the Zagros Mountains was
not specified. The study by Regueiro et al. (2006) analyzed
two groups of Persians, from the north and south of Iran.
No further details concerning the origin(s) of these groups
were provided.

Iranian Arabs have not been studied genetically to date.
Although there are a number of studies describing mtDNA
sequence variation, Y-SNP and Y-STR variation, and Alu
insertion and HLA class I and IT polymorphisms in different
Arab groups from the Near East and North Africa (Almawi
etal., 2004a; Almawi et al., 2004b; Luis et al., 2004; Semino
et al., 2004; Chbel et al., 2003; Lucotte and Mercier, 2003;
Richards et al., 2003; Al-Hussein et al., 2002; Cruciani
et al., 2002; Manni et al., 2002; Bosch et al., 2001; Nebel
etal., 2001; Semino et al., 2000; Scozzari et al., 1999), most
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of these focused on larger geographic scale questions and
analyses, rather then concentrating on specific questions
concerning the relationships of the diverse Arab groups.
Moreover, for those studies that analyzed Y-haplogroups,
the Y-SNP markers typed difter considerably across studies,
making comparisons across populations difficult.

In order to investigate the genetic relationships of
Bakhtiari and Iranian Arabs with their geographic and
linguistic neighbors, we present here data on mtDNA
and non-recombining Y chromosome (NRY) variation
in 53 Bakhtiari and 46 Iranian Arabs from the Khuzestan
province of Iran, to address the following question: which
best explains the genetic relationships of these groups, geo-
graphical proximity or linguistic relatedness? That is, are the
geographically-neighboring, but linguistically-dissimilar,
Bakhtiari and Iranian Arabs genetically more similar to one
another, or are they genetically more similar to their respec-
tive geographically-remote, linguistic neighbors?

Materials and Methods

Samples and DNA Extraction

A total of 99 whole blood samples from unrelated males, repre-
senting two populations from Iran — Bakhtiari (53 samples) from
Izeh, and Arabs from Ahwaz, referred to here as Iranian Arabs (46
samples) — were collected (Figure 1). Genomic DNA from blood
samples was extracted using the QIAamp® DNA Blood Mini
Kit (Qiagen GmbH, Germany), following the instructions of the
manufacturer. Informed consent and information about birth-
place, parents and grandparents was obtained from all donors.

MtDNA Analysis

The first hypervariable segment (HV1) of the mtDNA con-
trol region was amplified using primers L15996 and H16410
(Vigilant et al., 1989), as described previously (Redd et al., 1995).
The nested primers L16001 (Cordaux et al., 2003) and H16401
(Vigilant et al., 1989) were used to determine sequences for
both strands of the PCR products with the DNA Sequencing
Kit (Perkin-Elmer), following the protocol recommended by the
supplier, and an ABI 3700 automated DNA sequencer. Individu-
als with the “C-stretch” between positions 16184—16193, which
is caused by the 16189C substitution, were sequenced again in
each direction, so that each base was determined twice.

Published mtDNA HV 1 sequences were included from groups
from Iran, other parts of West Asia, and North Africa (Brakez
et al.,, 2001; Al-Zahery et al., 2003; Corte-Real et al., 1996;
DiRienzo and Wilson, 1991; Kivisild et al., 1999; Krings et al.,
1999; Nasidze et al., 2004; Nasidze et al., 2006; Quintana-Murci
et al., 2004).

MtDNA haplogroups that are most informative in southwest
Asia, i.e. haplogroups H, J, N, T, and U (Quintana-Murci et al.,
2004), were determined by PCR-RFLP assays of the relevant
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SNP, using previously-described methods (Finnila et al., 2000;
Quintana-Murci et al., 2004).

Y Chromosome Bi-allelic Markers

All 99 samples were typed for the X- and Y-linked zinc fin-
ger protein genes in order to confirm the gender of the
sample (Wilson & Erlandsson, 1998). Genotyping was carried
out for ten Y chromosomal SNP markers: M9, M17, M45,
MS89, M124, RPS4Y (M130), M170, M173, M172, and M201
[(Underhill et al., 2000) and references therein]; the YAP Alu in-
sertion polymorphism (Hammer & Horai, 1995) was also typed.
The markers M9 and RPS4Y were typed by means of PCR-
RFLP as described elsewhere (Kayser et al., 2000). The mark-
ers M17, M124, M172, M173, M45 and M201 were typed us-
ing PIRA-PCR (primer introduced restriction analysis) assays
(Yoshimoto et al., 1993) as described previously (Nasidze et al.,
2004; Cordaux et al., 2004). M89 was typed as described by Ke
etal. (2001), while the YAP Alu insertion was typed as described
by Hammer and Horai (1995). The M170 genotypes were de-
tected by direct sequencing of the PCR product on an ABI3700
using BigDye technology (ABI Biosystems), following the proto-
col supplied by the manufacturer. The samples were genotyped
according to the hierarchical order of the markers (Underhill
et al., 2000). The Y-SNP haplogroup nomenclature used here is
according to the recommendations of the Y chromosome con-
sortium (Underhill et al., 2002).

Published Y-SNP data for Iranian, West Asian, and North
African groups (Nasidze et al., 2004; Nasidze et al., 2006; Semino
et al.,, 2000; Arredi et al., 2004) were also included in some
analyses.

Y Chromosome STRs

Samples belonging to Y-SNP haplogroups G*(M201) and
J2*(M172) were genotyped for nine Y chromosome short tan-
dem repeat (Y-STR) markers: DYS19 (DYS394), DYS385a,
DYS385b, DYS3891, DYS38911, DYS390, DYS391, DYS392,
and DYS393. These loci were amplified in pentaplex and
quadraplex PCRs and detected on an ABI PRISM 377 DNA
sequencer (Applied Biosystems) as described elsewhere (Kayser
etal., 1997; Kayser et al., 2001). In order to distinguish genotypes
at DYS385a and DYS385b, an additional PCR. was carried out as
described in Kittler et al. (2003) and detected on an ABI PRISM
377 DNA sequencer (Applied Biosystems).

Statistical Analysis

Basic parameters of molecular diversity and population genetic
structure, including analyses of molecular variance (AMOVA),
were calculated using the software package Arlequin 2.000
(Schneider et al., 2000). The statistical significance of Fy val-
ues was estimated by permutation analysis, using 10,000 per-
mutations. The statistical significance of the correlation between
genetic distance matrices, based on the mtDNA HV1 sequences
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and the Y chromosome SNP data, was evaluated by the Mantel
test with 10,000 permutations. The STATISTICA package (Stat-
Soft Inc.) was used for multi-dimensional scaling (MDS) analysis
(Kruskal, 1964). Network analysis for Y-STR and mtDNA HV1
sequence data was carried out using the software package NET-

WORK version 3.1 (Bandelt et al., 1999).

Results

MtDNA HVI Sequence Variability

A total of 377 bp of the mtDNA HV1 region, compris-
ing nucleotide positions 16024 to 16400 (Anderson et al.,
1981), were determined for 53 Bakhtiari and 46 Arabs
from southwestern Iran. As a check on the accuracy of the
HV1 sequences, we used the network method to search for
so-called “phantom” mutations (Bandelt et al., 2002). No
such artifacts were found in the HVI sequences (analysis
not shown). The sequences will be deposited in Genbank
at the time of publication and will also be available from
the corresponding author upon request.

MtDNA HV1 sequence data were previously published
for 17 Luri from southwestern Iran (Quintana-Murci et al.,
2004). However, it is not clear if this group belongs to
a Bakhtiari tribe, or to some other Luri-speaking group.
Pairwise Fy, comparisons did not show significant differ-
ences between the published Luri and new Bakhtiari HV1
sequences (F, = 0.0151, p = 0.117); however, the pub-
lished Luri data are also not significantly different from
other Iranian groups, such as Gilaki and Mazandarani from
northern Iran (F, = 0.019 and 0.0003; p = 0.056 and
0.439 respectively), Kurds from northwestern Iran (F;, =
0.011, p = 0.173), or Iranians from Isfahan (F,, = 0.002,
p = 0.378). Therefore, we decided not to combine the
published Luri data with our Bakhtiari data.

Parameters summarizing some characteristics of the
mtDNA HV1 sequence variability in these groups are
presented in Table 1. The haplotype diversity in both
newly studied groups was similar to other Indo-European-
speaking and Semitic-speaking groups from West Asia
and North Africa, while the mean number of pair-
wise differences (MPD) were slightly higher (Table 1).
Tajima’s D was negative and significantly diftferent from
zero in both groups, suggesting population expansion
(Table 1).

Pairwise Fy, comparisons (Table 2) showed that the Ira-
nian Arab and Bakhtiari groups are not significantly differ-
ent from each other (F;, = 0.016; p = 0.019). Iranian Arabs
showed closer affinities with West Asian Indo-European-
speaking groups than with either Bakhtiari or with Semitic-
speaking groups from West Asia or North Africa; however,
none of these comparisons are significantly different from
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Table 1 MtDNA HV1 sequence variability among Arab and Bakhtiari populations and neighboring groups
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Population N no. of haplotypes Haplotype  diversity MPD Tajima’s D Source
and SE
Iranian Arabs 46 40 0.991+/—0.008 7.56 —1.86" present study
Bakhtiari 53 44 0.991+/-0.006 7.14 —2.20" present study
Other Indo-European speaking groups from Iran
Iranians_Tehran 79 63 0.9844-/—0.008 5.53 —2.05"* Nasidze et al., (2004)
Iranians_Isfahan 46 42 0.996+/—0.006 6.17 —2.13*" Nasidze et al., (2004)
Lur 17 15 0.9784/—0.031 5.52 —1.85* Quintana-Murci et al.
(2004)
Gilaki 87 73 0.995+/—0.003 6.40 —2.19** Nasidze et al., (2006);
Quintana-Murci et al.,
(2004)
Mazandarani 71 58 0.9924/—0.005 5.98 —2.02%* Nasidze et al., (2006);
Quintana-Murci et al.,
(2004)
Kurds 20 19 0.9954-/—10.018 6.13 —1.57* Quintana-Murci et al.
(2004)
Other Semitic speaking groups from West Asia
Iraqi 113 92 0.993+/—0.003 5.46 —2.10*" Al-Zahery et al. (2003)
West Asians 42 41 0.999+4/—0.006 6.98 —1.78* Di Rienzo & Wilson
(1991)
Yemen, Arabs 115 67 0.9814/—10.006 7.49 —1.62* Kivisild et al. (2004)
Other Semitic speaking groups from North Africa
Morocco, Arabs 154 97 0.983+/—0.005 5.67 —1.98* Brakez et al. (2001)
Egypt, Arabs 102 86 0.995+/—0.003 7.98 —1.67* Krings et al. (1999)
Algeria, Arabs 85 30 0.9434-/—10.010 4.82 —1.10 Corte-Real etal. (1996)
*P <0.05*P<0.01
Bakhtiari ~ Arabs  Indo-Eur.' Semitic’>  Semitic? Table 2 Mean pairwise Fy values be-
tween Bakhtiari and Arabs, and Indo-
Bakhtiari 0.016  0.011 0.033 0.069 European-speaking and Semitic- speak-
Iranian Arabs 0.001 0.005 0.014 0.026 ing groups. Below diagonal — paiwise
Indo-European speakers'  0.048 0.036 0.020 0.051 F,. values based on Y-SNP haplogroups;
W.A. Semitic speakers? 0.006 0.012  0.040 0.042 above diagonal — pairwise Fy, values based
N.A. Semitic speakers’ 0.160 0.160  0.191 0.126 ] on mtDNA HVI sequences

'Indo-European speaking groups from West Asia; 2Semitic speakers from West Asia;

’Semitic speakers from North Africa.

one another. The Bakhtiari also showed the closest aftini-
ties with West Asian Indo-European-speaking groups.

An MDS plot (Figure 2a) based on the pairwise Fy; values
illustrates these patterns. Iranian Indo-European-speaking
groups and West Asian Semitic-speaking groups are clus-
tered together (with the exception of Arabs from Yemen),
while North African Semitic-speaking groups are spread
more widely, and separately from this cluster, in the MDS
plot. The Bakhtiari are situated on one edge of the West
Asian cluster, while the Iranian Arabs are at the opposite
edge of this cluster (Figure 2a).
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MtDNA haplogroups similarly indicate a closer relation-
ship of Iranian Arabs with other Iranian groups than with
other Semitic-speaking groups. In particular, the Iranian
Arabs lack haplogroup L, which is found at frequencies of
9—-14% in other Semitic-speaking groups from West Asia,
and in higher frequencies (35-92%) in Semitic-speaking
groups from North Africa (Figure 3). Network analyses of
HV1 sequences, on the background of specific mtDNA
haplogroups, also indicate considerable sharing of HV1 se-
quences between Iranian Arabs and Bakhtiari and other
Iranian groups (Figure 4).
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Figure 2 MDS plots based on pairwise Fy, values, showing relationships among the
Bakhtiari and Iranian Arab samples, Indo-European speaker groups from Iran, Semitic
speaker groups from West Asia and North Africa. The Bakhtiari and Iranian Arab
groups are represented by stars; Indo-European-speaking groups by squares;
Semitic-speaking groups from North Africa by open triangles; and Semitic-speaking
groups from West Asia by solid triangles. A. Based on mtDNA HVI sequence data. The
stress value for the MDS plot is 0.109. B. Based on Y chromosome SNP data. The stress
value for the MDS plot is 0.072. The names of the groups are abbreviated as follows:
Arb_Ir —Arabs from Iran, Bakh — Bakhtiari, Lur — Luri, Maz — Mazandarani, Gil —
Gilaki, Ir_I — Iranians from Isfahan, Ir'T — Iranians from Tehran, Ir_N — Iranians from
northern Iran, Ir_S — Iranians from Southern Iran, Kur_Ir — Kurds from Iran, Egy —
Arabs from Egypt, Y_Arb — Arabs from Yemen, Alg_Arb — Arabs from Algeria, M_Arb —
Arabs from Morocco, W_Asia — Arabs from West Asia, Iraqi — Arabs from Iraq, Syr —
Syrians, Leb — Lebanese, N_Eg — Arabs from North Egypt, S_.Eg — Arabs from South
Egypt, Tun — Arabs from Tunisia.
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Figure 3 A map of the distribution of mtDNA haplogroups in Indo-European-speaking
groups and in Semitic-speaking groups from West Asia, and North Africa.

Figure 4 Median networks, based on mtDNA HVI sequences, for mtDNA haplogroups H, U, J, T and N. South Caucasian groups
include Georgians, Armenians and Azeri. Other Indo-European groups from Iran are Gilaki and Mazandarani, and Iranians from

Tehran and Isfahan.

Y-SNP Haplogroups

Overall, nine Y-SNP haplogroups were found in the
Bakhtiari and Iranian Arab groups (Table 3). Haplogroup
J2*(M172) was found at the highest frequency in the
Bakhtiari, followed by haplogroups F*(M89), G*(M201)
and K*(MY); together, these four haplogroups account
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for more than 70% of Bakhtiari Y-chromosomes. Iranian
Arabs showed a somewhat different pattern: the highest
frequency was observed for haplogroup F* (M89), followed
by haplogroups J2*(M172), R1a1*(M17) and DE*(YAP);
together, these four haplogroups account for more than
80% of Iranian Arab Y-chromosomes. The frequency of
haplogroup DE* (YAP) in the Iranian Arabs is higher than
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Table 3 Y chromosome haplogroup frequencies in Bakhtiari and Iranian Arabs, and in other relevant groups. HD, haplogroup diversity.

Haplogroups

N DE* C* K* P1 pr R1* Rial* F* G* Jz r other
Population YAP RPS4Y M9  Mi124 M45 M173 M17 M89  M201 M172 M170 HD
Bakhiari 53 0.08 0 0.13  0.02 0.02  0.08 0.09 0.19 0.15 0.25 0 n/a 0.86
Iranian Arabs 47 011 0 0.04 0.02 0.02  0.04 0.11 0.32  0.06 0.28 0 n/a 0.81
Other Indo-European speaking groups from Iran
Mazandarani' 50 0.04 0.02 0.06  0.04 0.04 0.14 0.06 0.06 0.14 0.40 0 n/a 0.80
Gilaki! 50 0.08 0.04 0 0 0 0.22 0.12 0.14  0.10 0.30 0 n/a 0.83
Iranians_Tehran® 80 0.06 0 0.10  0.01 0.04  0.08 0.20 0.03  0.05 0.10 0.34 n/a 0.82
Iranians_Isfahan®> 50 002 0 0.14  0.02 0.06 0 0.18 022 0.06 0.20 0.10 n/a 0.86
North Iran’ 33 0 0.03 0.12  0.03 0.09 0.21 0.03 0.09 0.15 0.24 n/a n/a 0.87
South Iran? 117 0.07 0 0.10  0.01 0.03  0.09 0.16 0.16 0.13 0.23 n/a 0.03  0.86
Other Semitic speaking groups from West Asia
Lebanese* 31 0.26  0.03 0.03 0 0 0.06 0.10 0.16  0.03 0.29 0.03 n/a 0.81
Syrian* 20 020 0 0 0 0 0.15 0.10 035 0 0.15 0.05 n/a 0.84
Other Semitic speaking groups from North Africa
North Egypt® 44 055 n/a 0.05 0 0.05  0.09 0.02 0.16 n/a 0.09 0 n/a 0.67
South Egypt® 29 031 n/a 0.10 0 0 0.14 0 0.38 n/a 0.03 0.03 n/a 0.75
Tunisian Arabs’ 148 051 n/a 0.01 0 0.01 0.07 0.37 n/a 0.03 0 n/a 0.60
Algerian Arabs® 35 0.57 n/a 0.03 0 0 0 0 0.34 n/a 0.06 0 n/a 0.57
Morrocan Arabs® 44 0.73  n/a 0.02 0 0 0.07 0 0.14 n/a 0.02 0.02 n/a 0.46

Data from: ' Nasidze et al. (2006); >Nasidze et al. (2004); >R egueiro et al. (2006); *Semino et al. (2000); > Arredi et al. (2004); *Bosch etal. (2001).

that of any Indo-European-speaking group from Iran, but
lower than that of any other Semitic-speaking group from
either West Asia or North Africa (Table 3). Haplogroup
diversity in the Bakhtiari and Arabs falls within the upper
limit of the range of values observed in West Asia [Nasidze
et al. (2004, 2006), Semino et al. (2000)] and is higher than
those in North African Semitic-speaking groups [Arredi
et al. (2004) and Bosch et al. (2001)].

Haplogroups G*(M201) and C*(M130) were not typed
in the samples from North Africa by Arredi et al. (2004)
and Bosch et al. (2001). We therefore used the same proce-
dure as described elsewhere (Nasidze et al., 2004) in order
to include these populations in the comparative analysis;
namely, we assigned individuals belonging to these hap-
logroups to the haplogroup they would have been assigned
to if these markers had not been analyzed.

The pairwise Fy value (Table 2) between Bakhtiari and
Iranian Arabs was not significantly different from zero
(Fq = 0.001, p = 0.370). In general, the F; values are
below 0.05 for all comparisons among West Asian groups,
regardless of whether they are Indo-European speakers
or Semitic speakers, and above 0.10 for all comparisons
between West Asian groups and North African Semitic-
speaking groups. The West Asian Semitic-speaking groups
are the most similar of the West Asian groups to the
North African Semitic-speaking groups. The MDS analy-
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sis (Figure 2b) illustrates these patterns. The Bakhtiari and
Iranian Arab groups fall with other West Asian groups;
North African Semitic-speaking groups are separate (in
the first dimension), and the West Asian Semitic-speaking
groups are between other West Asian groups and the North
African Semitic-speaking groups.

Y Chromosome STRs

Haplogroup J2*(M172) was found in relatively high fre-
quencies in the Iranian Arab and Bakhtiari groups, as well
as in other groups from Iran. Haplogroup G* (M201) was
found with similar frequency in Iranian Arabs as in the
Iranian groups from Tehran and Isfahan, but in higher
frequency in the Bakhtiari, as with the Mazandarani and
Gilaki groups from Iran (Nasidze et al., 2004, 2006). To
further investigate the relationships of these groups based
on these two Y-SNP haplogroups, we typed nine Y-STR
loci in individuals with these two Y-SNP haplogroups.
Median networks of the Y-STR haplotypes are shown in
Figure 5. For both Y-SNP haplogroups, the Bakhtiari are
more similar to other Iranian groups than to the Iranian
Arabs. Moreover, there is very little sharing of Y-STR hap-
lotypes between Iranian Arabs and other groups from Iran,
in contrast to the situation with mtDINA HV1 sequences.

Annals of Human Genetics (2008) 72,241-252
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Figure 5 Median networks, based on Y-STR haplotypes, for Y-SNP haplogroups
J2°(M172) and G*(M201). Groups from South Caucasus and Iran are as listed in Figure 4.

Table 4 AMOVA results according to different classifications.

mtDNA Y-SNP
Among Among populations Within Among Among populations Within
Classification groups within groups populations groups within groups populations
Geography 1.19 2.9 95.9 14 4.25 81.75
Linguistic 1.39 2.64 95.96 10.1 5.65 84.25

Geography: West Asia vs North Africa.
Linguistic: Indo-European vs Semitic language families.

Comparison of Mitochondrial
and Y-chromosome Data

The geographic and linguistic structure of Bakhtiari and
Iranian Arabs, other Indo-European-speaking groups from
Iran, and Semitic-speaking groups from West Asia and
North Africa, as assessed by mtDNA and Y chromo-
some variation, was investigated by the AMOVA procedure
(Table 4). As is typically seen in human populations, the
within-populations proportion of the variance was much
higher for mtDNA (about 96%) than for the Y chromo-
some (about 83%). For both genetic systems, a geographic
classification of populations gave a slightly better fit (in
terms of higher among-group variance and lower among-
populations-within-groups variance) than did a linguis-
tic classification (Table 4). The MDS plot for mtDNA
(Figure 2A) shows that the Arabic group from Yemen is
an outlier; removing this group from the AMOVA analy-
sis increases the fit of the data to the geographic classifica-
tion (among-groups component increases to 1.95% and the
among-populations-within-groups component decreases
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to 1.80%) but does not improve the fit to the linguistic
classification.

We also investigated the correlation between pairwise
Fy values, based on mtDNA and Y-SNP data, in the
Bakhtiari and Iranian Arabs and their geographic and lin-
guistic neighbors, groups from Iran, the Near East and
North Africa. The correlation was significant (Mantel test,
Z = 0.778; p = 0.017), indicating concordant patterns of
mtDNA and NRY variation in this part of the world.

Discussion

History has left considerable records that indicate inten-
sive contacts between Arabs and different groups in Iran.
Much of the current region known as Iran was conquered
by Arab armies of the early Islamic state in the 78" cen-
turies A.D. (Morony, 2006). However, there may also have
been contact with Arabic groups before these conquests
(Morony, 2006). Since the time of the conquests, there
have been numerous migrations of Arab settlers to Iran,
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resulting eventually in the spread of Islam and in Ara-
bic becoming the language of religion and literature in
Iran. Therefore, the Arabic presence, beginning at least
1400 years ago, is clearly a major turning point in the his-
tory of Iran.

The genetic results are in good agreement with the
above historical information. The Iranian Arab group
shows close affinities with the Bakhtiari and other Iranian
Indo-European-speaking groups for both mtDNA and the
Y chromosome (Table 2, Figure 2). In fact, for both
mtDNA and the Y chromosome, all of the Indo-European-
speaking and Semitic-speaking groups from West Asia ex-
hibit generally low levels of difterentiation (i.e. Fy values
are less than 0.05). The significant correlation between
mtDNA and NRY Fy; values, as shown by the Mantel test,
further indicates that there are no substantial differences
between patterns of mtDNA and NRY variation in this
region of the world.

The lack of significant differentiation between west
Asian  Semitic-speaking and Indo-European-speaking
groups indicates that language has not been a substan-
tial barrier to gene flow in this part of the world. This
conclusion receives further support when North African
Semitic-speaking groups are also considered. West Asian
Semitic-speaking groups are more similar genetically to
West Asian Indo-European-speaking groups than they are
to North African Semitic-speaking groups. This holds true
for both mtDNA and NRY variation, as is quite evident
in the Fy; analyses (Table 2) and MDS plots (Figure 2). The
North African Semitic-speaking groups differ from West
Asian Semitic-speaking groups by having high frequencies
of haplogroups that are characteristic of Africa, in partic-
ular mtDNA haplogroup L and Y-haplogroup DE* (YAP)
(Figure 3, Table 3). These haplogroups are either absent
from West Asia or found at much lower frequencies. Thus,
appreciable mixing between Semitic-speaking and non-
Semitic-speaking groups also appears to have occurred in
North Africa, as in the case of west Asia. And, this mix-
ing was not particularly sex-biased, since both mtDNA
and NRY variation give the same general picture. It is also
possible that such genetic similarity could be explained by
much older phenomena, such as a long-standing occu-
pation of agro-pastoralists in the region that predates the
Persian and Arabic languages (Morony, 2000).

This case adds to our previous studies that have attempted
to disentangle the relative influence of geography and lan-
guage on the genetic relationships of groups whose geo-
graphic neighbors are different from their linguistic neigh-
bors. Some general patterns are beginning to emerge from
these studies of linguistic enclaves. One pattern is that ob-
served in the present study, namely extensive mixing of
groups speaking different languages. A similar pattern has
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been observed with Indo-European-speaking Armenians
and Turkic-speaking Azerbaijanians in the Caucasus, who
are genetically similar (for both mtDNA and NRY vari-
ation) to each other, and to their Caucasian-speaking ge-
ographic neighbors (Nasidze & Stoneking, 2001; Nasidze
et al., 2004). In these cases, it is likely that the mixing has
been so extensive as to also lead to language replacement;
in any event, language does not appear to have been an
appreciable barrier to gene flow in these instances.

In contrast to this pattern of extreme mixing is the ab-
sence of detectable mixing of a linguistic enclave with the
geographic neighbors. An example is the Kalmyks, who
speak a Mongolian language, have been in contact with
Russian-speaking groups for 300 years, and yet have no
detectable genetic admixture with their Russian neigh-
bors (Nasidze et al., 2005). The Yakuts, a Turkic-speaking
group in Siberia, also exhibit little or no signs of admixture
with their neighboring Tungusic-speaking groups (Pak-
endorf et al., 2007).

In between these two extremes (complete mixture vs. no
detectable mixture) is a pattern where some genetic similar-
ities are detected between a linguistic enclave and both the
geographic neighbors and the linguistic neighbors of the
enclave. The Turkic-speaking Gagauz of Moldavia, who
are surrounded by Indo-European-speaking groups, are an
example of this pattern; moreover, the Gagauz show more
similarity to other Turkic-speaking groups in patterns of
NRY variation than in mtDNA variation, consistent with
an eftect of patrilocality (Nasidze et al., 2007). Another ex-
ample would be the Gilaki and Mazandarani of the south
Caspian region of Iran; although they speak Indo-Iranian
languages closely-related to those of their neighboring Ira-
nian groups, they are thought to have originated from
the south Caucasus and do show affiliations with south
Caucasian groups in their NRY variation, but affiliations
with neighboring Iranian groups in their mtDNA variation
(Nasidze et al., 20006). Evenks and Evens, two Tungusic-
speaking groups who are widespread across Siberia and in
contact with various other groups speaking diverse lan-
guages, may also fall into this category as there is some
indication of admixture of some Evenk and Even groups
with their geographic neighbors with respect to mtDNA
(Pakendorf et al., 2007). The above framework for de-
scribing the relative influence of geography and language
on the genetic relationships of linguistic enclaves is still
tentative and highly speculative, based as it is on so few
examples. Many more genetic studies of linguistic enclaves
(i.e. groups who speak a different language from their geo-
graphic neighbors) are needed, and studies of autosomal
markers are needed (in addition to mtDNA and NRY
variation) in order to obtain accurate estimates of admix-
ture between groups. Moreover, additional questions are
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raised by the case studies to date. What social/historical
factors influence the amount and type of admixture expe-
rienced by neighboring groups who speak different lan-
guages? Why, for example have the Kalmyks not admixed
with their neighbors, while the Gagauz have admixed ex-
tensively with their neighbors? And when genetic admix-
ture does occur between neighboring groups who speak
diftferent languages, are there detectable and/or predictable
influences on the languages? Although the present study
of Semitic-speaking groups adds to our understanding of
what happens when groups speaking different languages
come into contact, there is still much to be learned.
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