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from central east and southeast Turkey as compared to Pa-
kistan. In addition to the modulating eff ects of geographic 
obstacles, culturally mediated amalgamations consistent 
with the diverse spectrum of a variety of historical empires 
may account for the distribution of haplogroups and line-
ages observed. Our study of high-resolution Y-chromosome 
genotyping allowed for an in-depth analysis unattained in 
previous studies of the area, revealing important migratory 
and demographic events that shaped the contemporary ge-
netic landscape.  Copyright © 2006 S. Karger AG, Basel 

 Introduction 

 Assessment of the current state of genetic distributions 
in regions of the Middle East provides an indication of 
past settlements and movements in the area. Th e genetic 
diversity that exists throughout this vast region  [1–4]  
points to its central role in the dispersal and expansion of 
human populations throughout the tri-continental area. 
Th e genetic diversity of the people that populate the area 
is oft en aff ected by the regional geography, and while cer-
tain geographic features, such as the deserts of Iran, have 
served as barriers, while others, such as the Strait of Bab 
el Mandab, have acted as conduits for population move-
ments  [5, 6] . Furthermore, environmental fl uctuations 
occurring over time have changed areas that once served 
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 Abstract 
 Due to its pivotal geographic position, present day Iran like-
ly served as a gateway of reciprocal human movements. 
However, the extent to which the deserts within the Iranian 
plateau and the mountain ranges surrounding Persia inhib-
ited gene fl ow via this corridor remains uncertain. In order to 
assess the magnitude of this region’s role as a nexus for Af-
rica, Asia and Europe in human migrations, high-resolution 
Y-chromosome analyses were performed on 150 Iranian 
males. Haplogroup data were subsequently compared to re-
gional populations characterized at similar phylogenetic lev-
els. The Iranians display considerable haplogroup diversity 
consistent with patterns observed in populations of the Mid-
dle East overall, reinforcing the notion of Persia as a venue 
for human disseminations. Admixture analyses of geograph-
ically targeted, regional populations along the latitudinal 
corridor spanning from Anatolia to the Indus Valley demon-
strated contributions to Persia from both the east and west. 
However, signifi cant diff erences were uncovered upon strat-
ifi cation of the gene donors, including higher proportions 
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as a passageway to a barrier as in the case of the Strait of 
Hormuz that connects the Arabian Peninsula to present 
day Iran. Migration routes linking Africa and Eurasia via 
the Levantine corridor  [1, 4, 7]  and the Horn of Africa  [1, 
5–8]  have been described previously. Dispersals associated 
with the Horn of Africa are facilitated via the Strait of Bab 
el Mandab (Gate of Sorrow) that connects the Red Sea with 
the Indian Ocean through the Gulf of Aden. Yet, the routes 
and crossings beyond the Gate of Sorrow involving the 
Arabian Peninsula are typically neglected in genetic analy-
ses. Th e Strait of Hormuz is a narrow, shallow waterway 
sprinkled with islands bisecting the Persian Gulf and the 
Gulf of Oman. Sea level changes that have exposed the 
Gulf fl oor during particular periods in time would have 
provided a natural bidirectional gateway for populations 
expanding to the east from the Arabian Peninsula to the 
Iranian plateau as well as in the opposite direction. 

 Two major deserts, the Dasht-e Kavir and Dash-e Lut 
in Iran, have also had an infl uence in the peopling of 
Southwest Asia. Th e Dasht-e Kavir occupies the north 
central region of present day Iran while to the east the 
Dash-e Lut extends north to south. Th e breadth of these 
two deserts encompasses a majority of the central Iranian 
plateau and its uninhabitable conditions may have led to 
the preferential settlement of populations to the surround-
ing areas. Th eir portrayal as geographical barriers to gene 
fl ow has previously been supported by the Y-chromosome 
distribution of the R-M198 lineage  [9–11]  as well as mi-
tochondrial DNA analysis  [12] . However, high-resolution 
genetic analysis within Iran has been lacking and we ad-
dress this defi ciency here. 

 Unlike most other systems, the genetic diversity within 
the Y-chromosome shows a high level of correlation with 
geography making it a particularly informative set of loci 
to evaluate gene fl ow, especially when data sets are taken 
to an appropriate level of phylogenetic molecular resolu-
tion. Regional high-resolution studies of Y-chromosome 
polymorphisms within the Iranian population should 
provide insights on human dispersals due its key geo-
graphic location at a nexus of Africa, Asia and Europe. 
Previous investigations of Y-chromosome variation in 
Southwest Asia have focused on several prominent re-
gions. For example, the Y-haplogroup distribution in the 
Caucasus displayed a closer relationship to West Asia than 
Europe and also suggested no evidence that the Caucasus 
Mountains acted as pronounced barriers to gene fl ow  [3]  
while Y-chromosome analysis in Anatolia revealed con-
siderable haplotype variation identifying Turkey as both 
source and recipient of gene fl ow  [2] . On the other hand, 
Luis et al.  [4]  employed Y-specifi c single-nucleotide and 

short tandem repeat polymorphisms to assess the relative 
prominence of the Levant versus the Horn of Africa in the 
bidirectional dispersals involving Africa and Eurasia and 
revealed a propensity towards the spread of signature 
Neolithic markers through the Levantine corridor with 
limited gene fl ow via the Horn of Africa. Two previous 
studies of Y-chromosome haplogroup structure in Iran 
that did not attain the level of resolution of the present 
study have been carried out. Specifi cally, one study appor-
tioned the gene pool to 10 haplogroups (E, F, J2, K, L, O3, 
P, R1, R1a1 and R2) deep within the Y-chromosome ge-
nealogy  [10]  while the second associated the Dravidian 
and Indo-European language dispersals with the demic 
diff usion of both early farmers from southwestern Iran 
and pastoral nomads from west and central Asia into In-
dia based on the frequencies of haplogroups J and R1a1 in 
401 samples  [9] . Despite this preliminary work, an evalu-
ation of the extent of Anatolian and Indus Valley infl uence 
within the central Persian contact zone of this broad cor-
ridor would require a greater haplogroup resolution. In 
this study, high-resolution Y-chromosome analyses of 150 
males from Iran were utilized to generate a comprehen-
sive haplogrouping of contemporary diversity to elucidate 
the role Iran played in population dispersal across the lat-
itudinal belt spanning western Anatolia to the Indus Val-
ley. Th e Iranian haplogroup profi le was also considered in 
relation to data from Oman to evaluate the role of the 
Strait of Hormuz as a potential barrier to gene fl ow. Ad-
ditionally, information obtained was analyzed in conjunc-
tion with data previously published from other regional, 
geographically targeted regions. Th is data was then inter-
preted within the context of geographical barriers in order 
to envision the extent to which these features either acted 
as deterrents or facilitated gene fl ow. 

 Materials and Methods 

 Collection and Extraction of DNA Samples 
 Blood samples from 150 Iranian males were collected in EDTA 

Vacutainer tubes. Donors provided information on their paternal 
ancestry for at least two previous generations. DNA was extracted 
from the blood using the phenol-chloroform extraction method as 
previously described  [13] . Information on the geography, ethnic 
origin, and linguistic affi  liation of the populations is provided in 
 table 1 . Ethical guidelines were adhered to as stipulated by the in-
stitutions involved. 

 Y-Haplogroup Analysis 
 A total of 97 binary genetic markers  [2, 7, 14, 15]  were geno-

typed by standard methods, including PCR/RFLP, allele-specifi c 
PCR  [16]  and the YAP polymorphic  Alu  insertion (PAI)  [17] . Th e 
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DNA fragments were separated by 1X TAE, 3% agarose gel electro-
phoresis and scored subsequent to ethidium bromide staining and 
UV light photography. Th e Y-SNP haplogroup nomenclature used 
follows the recommendations of the Y Chromosome Consortium 
 [18] . 

 Statistical and Phylogenetic Analyses 
 Th e Iranian samples were segregated into a northern (n = 33) 

and a southern (n = 117) collection, with the line of demarcation 

running along the geographic position of the Dash-e Lut and 
Dasht-e Kavir deserts. Th e Dasht-e Kavir desert bisects northern 
Iran from southern Iran, while the Dash-e Lut desert in eastern 
Iran further segregates these two regions. In addition to the Iranian 
samples, twenty-fi ve reference populations from throughout the 
Middle East region reported in previous studies ( table 1 ) were in-
cluded in the statistical and phylogenetic analyses to obtain a thor-
ough representation of Y-haplogroup variation and phylogeo-
graphic relationships. Two sets of tests of molecular variance 

Table 1. Description of the populations included in the study

Geographic region Population Abbre-
viations

na Reference Language

family sublevel

North Africa Arabs (Algeria) AA 35 37 Afro-Asiatic Semitic
Berbers (Algeria) BA 19 37 Afro-Asiatic Berber
Tunisia TN 148 37 Afro-Asiatic Semitic
Egypt EG 147  4 Afro-Asiatic Semitic

East Africa Kenya KE 29  4 Niger-Congo Benue-Congo, Bantu
Somalia SO 201 38 Afro-Asiatic Cushitic
Oromo OR 78 39 Afro-Asiatic Cushitic
Amhara AM 48 39 Afro-Asiatic Semitic

Arabian peninsula Oman OM 121  4 Afro-Asiatic Semitic

Caucasus Georgia GE 77 24 South Caucasian Georgian
Armenia AR 100 24 Indo-European Armenian
Azerbaijan AZ 72 24 Altaic Turkic

Near East or Levant Lebanon LE 31 27 Afro-Asiatic Semitic
Syria SY 20 27 Afro-Asiatic Semitic
Iraq IQ 139 29 Afro-Asiatic Semitic

South Asia Pakistan 176 15 Indo-European Indo-Iranian
North NP 85
South SP 91

India 28
Punjab PU 66 Indo-European Indo-Iranian
Gujarat GU 29 Indo-European Indo-Iranian
Konkanastha 

Brahmin
KB 43 Indo-European Indo-Iranian

Chenchu CH 41 Dravidian South Central
Koya KO 41  Dravidian South Central

Iranian plateau Central Iran/Esfahan ES 50 24 Indo-European Indo-Iranian
Iranians in 

Uzbekistan UZ 53 10 Indo-European Indo-Iranian
North Iran NI 33 present study Indo-European Indo-Iranian
South Iran SI 117 present study Indo-European Indo-Iranian

South Europe/Anatolia Greece GR 76 27 Indo-European Greek
Turkey 523  2 Altaic Turkic

North NT 112
Middle MT 172
South ST 76

a Number of individuals sampled.
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(AMOVA)  [19]  were conducted with the Arlequin version 2.000 
package using the 27 populations with subdivisions of groups 
based on geography (North Africa, East Africa, Arabian Peninsula, 
Caucasus, Near East/Levant, South Asia, Iranian Plateau and 
Southeast Europe/Anatolia), linguistic family (Afro-Asiatic, Indo-
European, Niger-Congo, Dravidian, Altaic and South Caucasian) 
and linguistic sublevel (Semitic, Berber, Benue-Congo, Georgian, 
Armenian, Turkic, Indo-Iranian, South Central and Greek). Maxi-
mum-likelihood (ML) phylogeny was constructed using the Phylip 
v3.6 program  [20] . A correspondence analysis was performed us-
ing the NTSYSpc-2.02i package by Rohlf  [21] . Admixture propor-
tions (mY) were calculated with the program Admix 2.0  [22]  utiliz-
ing Turkey  [2]  and Pakistan  [15]  as the parental populations and 
Iran (present study) as the hybrid population. Th e parental popula-
tions were systematically subdivided by region in order to deter-
mine the full extent of their contribution to the hybrid population. 
Th e population from Pakistan was subdivided into a north and a 
south region. Th e subdivisions for Turkey were made in reference 
to the demarcations assigned in  fi gure 1  of Cinnioğlu et al.  [2] , in 
which the Turkish population was divided into nine regions and 
statistically signifi cant latitudinal and longitudinal diff erences were 
detected. Based on the existence of these diff erences and for the 
purpose of this analysis particular regions were grouped together. 
Regions 3, 4 and 5 comprised east Turkey while west Turkey con-
sisted of the remaining six regions. In addition, a northeast (regions 
2 and 3), central east (regions 4 and 7) and southeast (regions 5 and 
6) subdivision were also made. Th e contribution for each set of pa-
rental populations examined was analyzed using all of Iran as well 
as the subdivided regions of northern and southern Iran. 

 Results 

 Phylogeography 
 Analysis of 97 biallelic markers from the Y chromo-

some of 33 northern Iranians and 117 southern Iranians 
identifi ed 34 paternal lineages that are distributed through-
out haplogroups B, C, E, F, G, H, J, K, L, N, O, Q, and R. 
Th e phylogenetic relationships and frequencies of the 34 
Y-chromosome lineages observed in Iran are illustrated in 
 fi gure 1  according to YCC nomenclature  [18] . 
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  Fig. 1.   Phylogenetic relationships of Y-chromosome haplogroups 
and frequencies observed for the populations analyzed. Th e 19 
markers shown in italics were not genotyped and are included to 
provide context. Lineages with more than one marker listed are 
homologous. Th e following 44 markers were genotyped but not 
observed: M37, M39, M56, M65, M68, M77, M93, M97, M99, 
M119, M122, M128, M136, M137, M153, M154, M156, M157, 
M158, M163, M167, M191, M197, M222, M258, M268, M280, 
M286, M289, M290, M318, M319, M320, M321, M327, M339, 
M340, M365, M368, M369, and M377. 
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  Fig. 2.  Geographic distribution of major Y-chromo-
some haplogroup frequencies for the 27 populations 
listed in table 1. 
  Fig. 3.  Geographic distribution of Y-chromosome 
haplogroup frequencies in selected populations. Pop-
ulation abbreviations can be found in table 1. ( A ) E 
clade, ( B ) J clade, and ( C ) R clade. 
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 In northern Iran, group J represents the most frequent 
haplogroup (33.33%) followed by groups R (27.27%), G 
(15.15%), Q (9.09%) and N (6.06%). Similarly, in southern 
Iran group J exhibits the highest frequency (35.04%) and 
is trailed by groups R (25.64%), G (12.82%), E (6.84%), L 
(5.98%) and K (3.42%).  Figure 2  displays the major hap-
logroup distributions for the 27 populations listed in  ta-
ble 1 , while the geographic distribution of informative 
clades E, J and R and their derivatives in Iran and nine 
reference populations typed at a similar resolution are il-
lustrated in  fi gure 3 . 

 It is interesting to note that haplogroup E representa-
tives are found solely in the southern region of Iran. More 
specifi cally, E3a-M2 is present in only two individuals 
(1.71%) while the frequency for clade E3b1-M35 is high-
er (5.12%). Th e subclade E3b1a-M78 accounts for the ma-
jority of the Iranian representatives of E3b1-M35. 

 Th e J2b1b*-M67 lineage, a subclade of M172, exhibits 
a frequency of 3.03% in northern Iran and 1.71% in the 
south. Its sister subclade, J2b1b1-M92, is present only in 
southern Iran (1.71%). Other informative distributions 
within haplogroup J include J2a-M12 present in north 
and south Iran (3.03 and 3.42%, respectively). 

 Haplogroup K contains the remaining downstream 
groups of L through R in the two Iranian groups. Hap-
logroup R comprises most of the northern and southern 
Iranian samples that carry the K-M9 mutation (27.27 and 

25.64%, respectively). Th e majority of these group R sam-
ples fall within R1-M306 while a single individual from 
each region of Iran belongs to the R2-M124 lineage. In 
north Iran, individuals within the R1-M306 clade can be 
further subdivided into R1-M306*, R1a1*-M198, R1b1a-
M269 and R1a*-SRY1532 (XM198) occurring with fre-
quencies of 3.03, 3.03, 15.15 and 3.03%, respectively. In-
dividuals from south Iran that comprise the R1-M306 
clade segregate into R1-M306* (2.56%), R1a1*-M198 
(15.38%), R1b1a-M269 (5.98%), and R1a1c-M204 
(0.85%). 

 AMOVA 
  Table 2  displays the results of the AMOVA analysis 

based on the northern and southern Iranians examined in 
this study in addition to the 25 reference populations. Th e 
highest fraction of the variability as expected resides with-
in populations but there was a substantial percentage due 
to diff erences among populations (17.04%, p  !  0.001) in-
dicating a high level of population diff erentiation. Assign-
ment of the populations according to eight geographical 
groups generated an  �  ct  (variance among groups) of 0.13 
(p  !  0.001) and an Ф sc  (variance among populations) of 
0.05 (p  !  0.001), indicating signifi cant inter- and intrare-
gional geographical structuring. Variation among groups 
and among populations within groups correlates signifi -
cantly with linguistic partitioning when the populations 

Variance, % �ST �SC �CT

No grouping:
Among populations 17.04
Within populations 82.96 0.17*

Geography
Among groups 13.22 0.13*
Among populations within groups 4.67 0.05*
Within population 82.11 0.18*

Language (family)
Among groups 9.41 0.09**
Among populations within groups 9.51 0.10*
Within population 81.08 0.19*

Language (sublevel)
Among groups 14.47 0.14*
Among populations within groups 4.14 0.05*
Within population 81.39 0.18*

�ST = Variance within populations; �SC = variance among populations within groups; 
�CT = variance among groups. * p < 0.001; ** p < 0.002.

Table 2. Results of AMOVA
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were grouped according to language family with an Ф ct  of 
0.09 (p  !  0.002) and an Ф sc  of 0.10 (p  !  0.001). Further 
division of the populations according to linguistic sublev-
els did not generate signifi cantly diff erent values for both 
among groups [Ф ct  of 0.14 (p  !  0.001)] and among popu-
lations within groups [Ф sc  of 0.05 (p  !  0.001)]. 

 Phylogenetic Analyses 
 Segregation of populations along biogeographical lines 

and their genetic affi  nities is illustrated in the ML analysis 
( fi g. 4 ). For this analysis, all data sets were normalized to 
common levels of molecular resolution. Th ere is an appar-
ent geographic structuring observed with distinct regions 
of the Middle East and adjacent areas represented within 
fi ve main clusters (South Asia, Caucasus, Sub-Saharan Af-
rica, North Africa and Levant/Arabian Peninsula). Th e 
dendrogram places the populations of north and south 
Iran intermediate between south Asia on one side and the 
Levant, Caucasus, Arabian Peninsula and Africa on the 
other. Th e populations within India display an expected 
position in relation to nearby Iran, with Gujarat (north-
west India) exhibiting a closer affi  liation to the groups 
from Pakistan and the Iranian Plateau. Punjabis and Kon-
ka Brahmins on one branch, and the Koyas and Chenchus 
on the other segregate terminally within the clade. In ad-
dition, there is an apparent contrast in the segregation of 
peoples from the Iranian plateau. North and south Iran 
from the present study cluster with Turkey while Esfahan 
(Central Iran) and the Iranians exiled in Uzbekistan dis-
play a higher affi  nity to the inhabitants of the Caucasus. It 
is notable that the correspondence analysis of the 27 pop-
ulations and 16 haplogroups ( fi g. 5 ) corroborate the ML 
phylogeny. 

 Admixture Analysis 
  Table 3  displays admixture proportions (mY) calculat-

ed for Iran, north Iran, and south Iran. Th ese proportions 
are based on various parental population combinations 
that resulted from the subdivision of Pakistan and Turkey 
by regions. In the case of north Iran, a contribution of 
100% from the east and 0% from the west is observed in 
all instances. In contrast, south Iran displays a more het-
erogeneous contribution upon subdivision of the parental 
populations. South Iran exhibits a greater proportion of 
south Pakistani (0.659) than Turkish (0.341) genetic infl u-
ence but a smaller proportion of north Pakistani (0.417) 
than Turkish (0.583) infl uence. In addition, when the data 
from Turkey is partitioned, the proportion of genes con-
tributing to the genetic pool of south Iran is higher for east 
Turkey (0.429) than west Turkey (0.267), with the Paki-

stani component greater in each case (0.571 and 0.733, 
respectively). Of note is the decrease in the proportion of 
northeast Turkey’s contribution to south Iran (0.265) in 
comparison to southeast and central east Turkey (0.520 
and 0.552, respectively). North Pakistan, south Pakistan, 
northeast Turkey, central east Turkey and southeast Tur-
key were compared in all possible permutations but did 
not yield signifi cant results. 

 Discussion 

 In the present study, high-resolution Y-chromosome 
analyses revealed a relatively high diversity of haplogroups 
in Iran, with individuals from the southern region distrib-
uted throughout 11 groups and those in the northern re-
gion within 8 groups. In the ML phylogeny Iran occupies 
an intermediary position, with north and south Iran prox-
imal to populations of Anatolia and the Caucasus, sug-
gesting that it served as a bridge between South Asia, Af-
rica and Arabia ( fi g. 4 ). Th is observation is corroborated 
further by the correspondence analysis, where popula-

Table 3. Admixture proportions (mY) for Iran, North Iran, and 
South Iran based on various parental population combinations

Parental populations Hybrid population

Iran North Iran South Iran

Pakistan (mY1) 0.40 0.00 0.67
Turkey (mY2) 0.60 100.00 0.33
N. Pakistan (mY1) 0.25 0.00 0.42
Turkey (mY2) 0.75 100.00 0.58
S. Pakistan (mY1) 0.40 0.00 0.66
Turkey (mY2) 0.61 100.00 0.34
Pakistan (mY1) 0.23 0.00 0.57
E. Turkey (mY2) 0.77 100.00 0.43
Pakistan (mY1) 0.51 0.00 0.73
W. Turkey (mY2) 0.49 100.00 0.27
Pakistan (mY1) 0.52 0.00 0.74
N.E. Turkey (mY2) 0.48 100.00 0.27
Pakistan (mY1) 0.07 0.00 0.45
C.E. Turkey (mY2) 0.93 100.00 0.55
Pakistan (mY1) 0.14 0.00 0.48
S.E. Turkey (mY2) 0.86 100.00 0.52

North Pakistan, South Pakistan, Northeast Turkey, Central east 
Turkey and Southeast Turkey were compared in all possible per-
mutations but did not yield signifi cant results. mY1 = Admixture 
proportion for parental population 1; mY2 = admixture proportion 
for parental population 2.
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  Fig. 5.  Correspondence analysis of Y-hap-
logroup frequency data from 27 popula-
tions. Population abbreviations can be 
found in table 1. Th e curves represent 
guidelines to indicate the major divisions 
between groups of populations. 

  Fig. 4.  ML radial phylogeny based on the Y-SNP haplogroup frequency data of 27 populations listed in table 1. 
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tions encompassing the Iranian plateau provide a connec-
tion between these regions ( fi g. 5 ). Studies performed 
with other marker systems (mtDNA and autosomal STRs) 
examining populations in this region reiterate the trend 
of high diversity observed by the patrilineal Y chromo-
some  [12, 23] . 

 Iran’s Role as a Crossroad for Bidirectional Gene Flow 
and the Impact of the Iranian Deserts as Inhibitors of 
Y-Chromosome Dispersal 
 Compared to one another, the populations of north 

and south Iran display signifi cant diff erences in hap-
logroup distributions as well as in relation to the Esfahan 
of Central Iran  [24]  and the Iranians of Uzbekistan  [10] . 
Th e correspondence analysis grouped these four popula-
tions within the same cluster ( fi g. 5 ); however, the ML 
phylogeny segregated these four populations into two 
clades ( fi g. 4 ). North and south Iran remain together with 
populations of Anatolia, while Esfahan and the Iranians 
of Uzbekistan grouped with populations from the Cauca-
sus. Although admixture with Uzbekistan natives may ex-
plain why the exiles from Iran cluster with populations 
from the Caucasus, it is not apparent why the Esfahan seg-
regate away from the north and south Iranians of this 
study. 

 Th e NRY haplogroup distribution within Iran displays 
considerable diversity, with the partitioning of particular 
lineages (i.e. M198, M269) between the northern and 
southern regions consistent with the existence of geo-
graphic barrier(s) that limited gene fl ow among these ar-
eas. Th e Dash-e Lut desert in eastern Iran and the Dasht-
e Kavir desert in north-central Iran represent areas of 
harsh conditions where habitation and even migration 
would have been diffi  cult. Th e partitioning of Y-hap-
logroups within Iran is particularly evident when the dis-
tribution of specifi c lineages of Asian, African and Euro-
pean origins are examined. 

 A group R lineage of Asian descent, R1a1-M198, is 
found at higher frequencies in the south rather than the 
north of Iran (15.38 vs. 3.03%). Interestingly, the M198 
lineage has been linked with the spread of the Kurgan cul-
ture originating in southern Russia/Ukraine in the region 
between the Black and Caspian Seas  [9, 10, 25] . Further-
more, Wells et al.  [10]  described a reduction in frequency 
of M198 eastward across Siberia to the Altai-Sayan Moun-
tains and Mongolia, and southward into India. Th is fi nd-
ing supports the inferred migration of the Indo-Iranians 
during the period 3,000 to 1,000 B.C. as proposed by Mal-
lory  [26] , although models of one haplogroup coinciding 
with one migration are inherently simplistic, especially 

when high frequency clades within contiguous continen-
tal areas are involved. In fact it has been shown that at least 
some R1a1 chromosomes dispersed earlier  [15] . Addi-
tional molecular resolution within R1a1 will be required 
to dissect potential independent overlying subsequent 
events associated with this widespread ancient hap-
logroup. From the disparate M198 frequencies observed 
for the north and south of Iran, it is possible to envision a 
movement southward towards India where the lineage 
may have had an infl uence on the populations south of the 
Iranian deserts and where the Dash-e Lut desert would 
have played a signifi cant role in preventing the expansion 
of this marker to the north of Iran.  Th e lower frequencies 
of M198 in the region of Anatolia (11.8% in Greece  [27]  
and 6.9% in Turkey, with a statistically signifi cant longi-
tudinal correlation  [2] ) and the Caucasus (10% in Geor-
gia, 6% in Armenia and 7% in Azerbaijan)  [24]  suggests 
that population movement was southward towards India 
and then westward across the Iranian plateau. In addition, 
the detection of rare R1-M173* and R1a-SRY1532 lineag-
es in Iran at higher frequencies than observed for either 
Turkey, Pakistan or India suggests the hypothesis that 
geographic origin of haplogroup R may be nearer Persia. 

 Both major lineages associated with group E, M2 and 
M35, were detected in the southern portion of Iran (6.8%). 
E3a-M2 is hypothesized to have dispersed south from 
northern Africa within the last 3,000 years by the Bantu 
agricultural expansion  [30–32]  while E3b1-M35 is thought 
to have originated in East Africa  [33] . Unfortunately the 
number of individuals segregated into each lineage is so 
low that it does not allow questions about routes exiting 
Africa to be addressed, yet it is clear that populations from 
this region had an impact on the Iranian gene pool. 

 Th e Iranian corridor may have been vital in the dis-
semination of groups from the west. Haplogroup J1-M267 
characterizes African and Arabian populations, with a de-
creasing frequency northwards. Previous studies have 
documented relative high frequencies for this lineage in 
the areas of Oman (38%)  [4] , Iraq (33%)  [29] , Egypt (20%) 
 [4] , Lebanon (13%)  [27] , and Turkey (9%)  [2] . Th e lineage 
is represented in Iran at similar levels for the north (9.09%) 
and south (11.97%). J2-M172 is believed to have expand-
ed from the Fertile Crescent to Europe during the demic 
diff usion of Neolithic farmers  [27] . J2 and its derivatives 
are equally represented in the neighboring populations of 
Iran (23%) and Turkey (22.2%)  [2] . Its infl uence in north-
ern Iran (24.2%) is comparable to southern Iran (23%). A 
decrease in the frequency of J2 can be seen east of the Ira-
nian Plateau in south Pakistan (18.7%), with a dramatic 
decline in north Pakistan (4.7%)  [15] . 
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 Another R lineage, R1b1a-M269, is found at high fre-
quencies in populations from Europe  [34] . Th ere is a de-
crease in frequency moving to the southeast, with 14.5% 
in Turkey  [2] , approximately 11% in Iraq  [29] , 2 and 1% 
in Egypt and Oman respectively  [4] , 8% in Iran, and 2.8% 
in Pakistan  [15] . In contrast to J2, this marker is found in 
the northern region at a higher frequency than in the 
south (15.15 vs. 5.98%, respectively), suggesting preferen-
tial expansion to northern Iran as the population moved 
from east to west. 

 Th e admixture analysis also conveyed a parallel mes-
sage regarding the extent to which the deserts of Iran serve 
as barriers to gene fl ow. Th e population of north Iran con-
sistently displays a maximum proportion of Turkish 
markers (100%) and a minimum proportion of Pakistani 
genes (0%) in their gene pool ( table 3 ). Th is signifi cant 
observation exists regardless of Pakistan’s geographically 
closer proximity to Iran, indicating a substantial geo-
graphic barrier preventing gene fl ow to the region from 
the east. 

 Anatolian and Indus Valley Infl uences in Persia 
 Population admixture proportions from Turkey and 

Pakistan revealed considerable information regarding 
how much these populations contributed to the hap-
logroup substructure within Iran. Th e admixture propor-
tions obtained from north Iran were discussed in the pre-
vious section. In contrast, data obtained using south Iran 
revealed an infl uence from both the east and west, with 
Pakistan comprising a larger proportion of the south Ira-
nian gene pool compared to Turkey (0.669 vs. 0.331). 
However, upon subdividing the parental populations by 
regions, interesting variations in the admixture propor-
tions were observed. Th e contribution from south Paki-
stan is greater than that of north Pakistan, which is to be 
expected when taking into consideration the geography 
of the region. Th e northern region of Pakistan is bordered 
along the west by the Hindu Kush Mountains, serving as 
a formidable wall to gene fl ow westward. On the other 
hand, an arid, coastal region on the Iranian plateau named 
the Balochistan that encompasses parts of present day 
Iran, Pakistan, and Afghanistan would provide a natural 
route for gene fl ow between south Pakistan and south 
Iran. Furthermore, a signifi cant genetic heterogeneity is 
observed within Pakistan and these diff erences can be 
generalized to populations of the north and south, each 
showing greater contributions from Asia and Africa, re-
spectively  [35] . 

 Analysis of the admixture proportions from east and 
west Turkey also generated expected results with a greater 

contribution from the eastern region most likely due to its 
closer proximity to Iran and the heavy southeastern Eu-
ropean penetrations mainly from present day Greece. 
However, dividing Anatolia into northeast, central east, 
and southeast regions revealed a signifi cant under repre-
sentation in admixture proportions for the northeast 
(0.265, 0.552, and 0.520, respectively). Th e geography of 
Turkey is predominantly mountainous, including the 
Taurus Mountains, extending diagonally along the east-
ern border of Anatolia and a series of ranges in the north 
along the Black Sea. In the center of the peninsula stretch-
ing diagonally from the central west towards the southeast 
is the Anatolian plateau. Population expansions from the 
central Anatolian plateau towards the southern coast in 
the direction of the Fertile Crescent and Iran could ex-
plain the larger infl uence observed from these two re-
gions, with populations of northeast Turkey encountering 
more obstacles in the form of harsh, mountainous terrain 
and thus contributing less to the gene pool of the southern 
Iranians. It is possible that although the distance from 
Anatolia to northern Iran is shorter than the one provided 
by the southern corridor to Persia, the bountiful land of 
the Tigris-Euphrates may have been favored. Moreover, 
populations in the northern region of Anatolia are subject 
to greater gene fl ow from Eastern Europe via the maritime 
routes facilitated by the Black Sea such as the southeastern 
European captives imported into northern Anatolia to 
form the Ottoman troops known as the Janissaries  [36] . 

 Regardless of any regional subdivisions, the admixture 
analysis indicates that both Pakistan and Turkey have con-
tributed to the gene pool of Iran (0.402 and 0.598, respec-
tively). In spite of Pakistan’s closer proximity, geographi-
cal barriers may have been formidable enough to hinder 
gene fl ow. Furthermore, other factors could have aided 
gene exchange as well and contributed to Turkey’s larger 
contribution to Iran despite the greater physical distance. 
Th roughout history, major dominions have encompassed 
and thus united the regions of Anatolia and Persia, includ-
ing the Babylonian (1800–1170 BC), Assyrian (1170–612 
BC), Persian (550–323 BC), and Ottoman (1350–1918 
AD) Empires. Th ese dynasties in essence acted as cultural 
facilitators of gene fl ow. 

 Conclusion 

 Th e Iranians from the present study carry signature 
lineages with origins in Asia, Africa, and Europe. Th ere is 
an observable diff erence between north and south Persia 
with the southern region possessing a slightly greater va-
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riety of NRY lineages. Th is fi nding can be explained to 
some extent by the surrounding geographical features 
(the Dasht-e Kavir to the south, the Dash-e Lut to the 
southeast, the Hindu Kush mountain ranges to the east), 
resulting in gene fl ow limitations. Although surrounded 
with these obstacles, north Iran continues to exhibit a 
greater spectrum of haplogroups than its neighboring 
populations. 

 As a whole, Persia displays contributions from both 
Anatolia and the Indus Valley, yet a greater proportion 
from the former is observed in spite of Iran’s proximity to 
the latter. A combination of cultural and geographical fa-

cilitators may be responsible for the stronger genetic in-
fl uence of Turkey on Iran. For example, culturally a con-
tinuous string of empires has amalgamated the territories 
currently occupied by Turkey and Iran eff ectively bring-
ing about some degree of genetic homogeneity. Geo-
graphically, the fertile corridor along the Tigris and Eu-
phrates rivers may have aided in population dispersals 
from Anatolia. Overall, Iran’s strategic location created a 
point of contact for many human migrations. And Persia’s 
role as a crossroad for tricontinental dispersals is today 
refl ected in its diversity of haplogroups and lineages. 
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