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Abstract

The integrative relationship between population genetics and forensic biology allows for a thorough genetic characterization
of extant human populations. This study aimed to genetically characterize 150 unrelated healthy donors from a general
population in Iran both forensically and phylogenetically. The allelic frequencies of 15 STR loci (D8S1179, D21S11, D7S820,
CSF1PO, D3S1358, THO1, D13S317, D16S539, D2S1338, D19S433, vWA, TPOX, D18S51, D5S818 and FGA) were
generated. This constitutes the core of polymerase chain reaction (PCR)-based DNA genetic markers in the US Combined
DNA Index System (CODIS) plus two additional loci (D2S1338 and D19S433) that together are consistent with several other
worldwide database requirements. There were no deviations from Hardy—Weinberg expectations. Based upon the allelic
frequencies, several important forensic parameters were calculated including: gene diversity (GD) index, power of discrimina-
tion (PD), polymorphic information content (PIC) and power of exclusion (PE). G-tests indicate the allelic frequencies of the
Iranians are statistically non-significant compared to two Turkish populations yet, statistically different from the remaining 18
groups obtained from the literature and examined in this study. This suggests that the Iranian dataset may be forensically
equivalent to the dataset from the Turkish region of Eastern Anatolia and the general population from Turkey. Phylogenetic
analysis of our population with the full set of 15 loci indicate the Iranians occupy an intermediate position relative to the major
Caucasian and East Asian clades on a global level. A regional phylogenetic analysis using 13 of the 15 loci indicate the Iranians
segregate in a more compact association with groups from southeastern Spain, Arabs from Morocco and Syria, and especially
with the general population from Turkey and those from Eastern Anatolia. These groups are flanked by highly differentiated
populations from northern India and a Berber group from Tunisia on opposing ends of the regional phylogram. This report also
demonstrates the necessity to thoroughly characterize the genetic composition of populations located in geographic intersections
in order to choose the appropriate dataset on which to base forensic calculations, not only at an intra-population level, but also at
an inter-population level as well.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction populations and of intra-population characteristics com-

plement each other in phylogenetic and forensic studies.

Population genetics and forensic biology are inextric- Autosomal short tandem repeats (STRs) are hyper-variable

ably linked disciplines. The relationships among groups of markers that can provide the fine-resolution needed to

determine relationships among closely related populations

monding author. Tel.: +1 305 348 1258: in recent evolutionary history [1-4] and at the same time

fax: +1 305 348 1259. provide the allelic distributions used in forensic calcula-
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In this study, our goal is to investigate the genetic
characteristics and phylogenetic relationships of a popula-
tion at the fringes of a biogeographical zone and at the
crossroads of human migrations. Southwest Asia repre-
sents a region of paramount importance to population
geneticists. More specifically, Iran sits at a tri-continental
crossroads of human migration between Europe, Asia and
Africa. The genetic studies involving this biogeographical
area to date have mainly utilized sex-linked marker sys-
tems to elucidate lineage-specific pathways of demic
movements. For instance, several studies employing
mtDNA [7-9] and Y-chromosome [7,8] diversity have
shown haplogroup distributions consistent with an initial
settlement of Southwest Asia followed by migrations into
south and central Asia with limited subsequent gene flow.
In a different study, an Iranian population had a significant
influence on the topological relationships derived from
West Asian mtDNA haplotypes when included in the
phylogenetic analyses [10,11]. Thus, populations from
Iran are critical to studies encompassing the southwest
and central Asian corridors [9].

With this in mind, we examined 15 hyper-variable auto-
somal STR loci in 150 Iranian individuals. We compared the
allelic distributions to a set of databases taken from the
literature [12-21] to assess the Iranians in a global context
using 15 loci. Due to the limited availability of datasets with
the full set of 15 loci, we also ascertained the allelic distribu-
tion patterns using a smaller subset of 13 core CODIS loci
[22-27] in order to assess a more regional picture of the
phylogenetic relationships in the proximate area surrounding
Iran. Our results are the first to report on this set of autosomal
forensic markers with regards to an Iranian population. Our
phylogenetic analyses highlight the Iranians as a population
intermediate relative to European and East Asiatic groups
with a stronger affinity for the former on a global scale. At a
regional level, the Iranian population exhibits genetic homo-
geneity to Turkey and the Eastern Anatolia region. The data
reveal that significant genetic differences exist among the
other groups examined from Southwest Asia and neighboring
regions. This study also illustrates the need to characterize
genetic diversity of individual populations both at an intra and
inter-population level. This is especially so for populations at
the boundaries of biogeographical regions and/or that are
subject to admixture resulting from successive demic episodes
and invasions, like Iran.

2. Materials and methods
2.1. Population information

Whole blood was collected from a total of 150 unrelated
healthy donors from Iran with ancestry traced back at least
two generations. Donors originated from all regions within
modern-day Iran and therefore are representative of the
general population as a whole.

2.2. DNA extraction

Blood was collected in EDTA Vacutainer™ tubes.
Adherence to ethical guidelines was followed as stipulated
by the Institutional Review Board (IRB) of Florida Interna-
tional University. DNA was extracted by standard phenol-
chloroform protocols and followed by ethanol precipitation
[28].

2.3. Polymerase chain reaction amplifications

PCR amplifications of the 15 STR loci (D8S1179,
D21S11, D7S8820, CSF1PO, D3S1358, THO1, D13S317,
D16S539, D2S1338, D19S433, vWA, TPOX, D18S51,
D5S818 and FGA) were carried out using an AmpF/STR
Identifiler kit (Applied Biosystems, Foster City, CA). All
reactions were performed as described by the manufacturer
using the recommended amount of DNA (0.5-1.25 ng) in a
GeneAmp PCR System 9600 thermal cycler (Applied Bio-
systems, Foster City, CA).

2.4. STR genotyping

DNA fragment separation and detection was completed
in an ABI Prism 310 Genetic Analyzer (Applied Biosys-
tems, Foster City, CA) CE instrument. ABI GeneScan500
LIZ was used as an internal size standard. GeneScan®™ 3.7
was used to determine the fragment sizes and Genotyper™
3.7 NT software was used to designate alleles by compar-
ison with the allelic ladder provided by the manufacturer
following the guidelines set forth by the DNA Commission
of the International Society for Forensic Haemogenetics
[29].

2.5. Statistical and phylogenetic analysis of data

For data analysis the Arlequin software package ver-
sion 2.000 [30] was used to assess Hardy—Weinberg equi-
librium (HWE) using Fisher’s exact test [31] and to
determine gene diversity indices [32]. Several forensic
parameters were also examined including power of dis-
crimination (PD), polymorphic information content (PIC)
and power of exclusion (PE) using the PowerStats program
version 1.2 [33,34]. Pairwise comparisons of the Iranians
and all populations gathered from the literature were
generated using G-tests in Carmody’s software [35] on
a global level (15 STR loci) and on a regional level (13
STR loci subset). Phylogenetic comparisons were made
using Neighbor-Joining (NJ) trees with PHYLIP 3.52¢
software [36] as well as a multi-dimensional scaling
(MDS) analyses performed using the Statistical Package
for the Social Sciences (SPSS) software program [37] both
based on Fist distances [38] for both global and regional
datasets.
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Table 1
Allele frequencies of 15 STR loci in Iran (n=150)

Allele D8S1179 D21S11 D7S820 CSFIPO D3S1358 THOl1 D13S317 D16S539 D2S1338 D19S433 vWA

TPOX

D18S51

D5S818 FGA

6 0.2767
6.2 0.0033
7 0.0133 0.2100
8 0.0067 0.2167  0.0100 0.1333 0.1400  0.0400
9 0.0200 0.0667  0.0233 0.2533 0.0767 0.1500
9.3 0.1067
10 0.0867 0.2667  0.2400 0.0200 0.0567 0.0800
10.2
11 0.0600 0.2467 0.3333 0.3300  0.2733 0.0200
12 0.1333 0.1700  0.3433 0.3100  0.3333 0.0833
13 0.3067 0.0133  0.0433 0.0733 0.1100 0.2767  0.0033
13.2 0.0300
14 0.1633 0.0067  0.0067  0.0567 0.0100  0.0133 0.2167  0.1000
14.2 0.0467
15 0.1467 0.2367 0.0033 0.1400  0.1067
15.2 0.0933 0.0033
16 0.0600 0.2900 0.0400  0.0467  0.2067
16.2 0.0367
17 0.0167 0.2833 0.1900  0.0033 0.2667
17.2 0.0033
18 0.1100 0.0833 0.2167
19 0.0233 0.0933 0.0833
19.2
20 0.1167 0.0133
21 0.0567
21.2
22 0.0467
222
23 0.1833
23.2
24 0.0867
24.2
25 0.0833
26 0.0200
27 0.0200
28 0.1700
29 0.2100
29.2 0.0033
29.3 0.0033
30 0.1867
30.2 0.0233
31 0.0367
31.2 0.1467
32 0.0100
322 0.1333
33.2 0.0467
34.2 0.0067
35 0.0033

Number of alleles

0.0033
0.5267
0.1067

0.0767

0.2367
0.0500

0.0067
0.0067
0.0033
0.0233
0.1267
0.1400
0.2033
0.1367
0.1433
0.0933

0.0500
0.0500

0.0167

0.0167
0.0567

0.0967
0.2867
0.3567
0.1700

0.0167

0.0100
0.0533
0.0067
0.0633
0.2000
0.0067
0.1367
0.0067
0.2100
0.0100
0.1533
0.0067
0.0867
0.0400
0.0067
0.0033

10 14 8 7 6 6 8 7 11 13 9

6

13

7

16

Ho 0.8600  0.7667  0.7200 0.7000  0.7200  0.7933 0.7800  0.7133 0.8533 0.7933 0.7867
He 0.8273 0.8556  0.7900 0.7155  0.7663 0.8054 0.7880  0.8083 0.8822  0.8370  0.8328
P-value 0.8763 0.1528 0.1626  0.9863  0.1989 0.8404 0.5660  0.3760  0.1729 0.5042  0.7396
GD 0.8273 0.8511 0.7900 0.7155  0.7663 0.7882 0.7634  0.7740  0.8821 0.8370  0.8134
PD 09436 09559 09215 0.8689  0.9043 09173 09002 09166  0.9680  0.9522  0.9360
PIC 0.8042  0.8300 0.7540 0.6568  0.7248 0.7520 0.7252  0.7378  0.8674  0.8153 0.7842
PE 0.7147 0.5387 0.4599 0.4180  0.4599 0.5867 0.5625 0.4492  0.7014  0.5867  0.5745

0.7067
0.7450
0.6928
0.6490
0.8223
0.6024
0.4386

0.8333
0.8803
0.1773
0.8721
0.9639
0.8552
0.6623

0.7333
0.7511
0.4518
0.7511
0.8948
0.7093
0.4817

0.8333
0.8674
0.5892
0.8602
0.9593
0.8415
0.6623

n: the number of individuals sampled; Ho: observed heterozygosity; He: expected heterozygosity; P-value: HWE, Fisher’s exact test; GD: gene diversity index; PD:

power of discrimination; PIC: polymorphic information content; PE: probability of exclusion.
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Table 2a
G-test results for populations using 15 STR loci
Population Abbrev. AFA CAB BEL EQG IRN JAP MCH MAL MOZ POL TAI TUT USC
African American AFA? 296.7 1261.6 250.3 801.7 2610.2 1694.7 1467.7 339.6 1040.5 2661.6 603.0 1405.6
Cabinda (Angola) CAB® 0 1205.0 221.7 885.7 1814.9 1317.2 1230.1 339.9 1028.9 1776.2 439.7 12544
Belguim BEL® 0 0 1165.1 415.7 1726.1 1186.9 1034.7 1350.3 2563 1790.4 1410.6 215.5
Equatorial Guinea EQG®  0.005* 0.021* 0 795.9 2000.3 1451.5 1264.7 316.2 994.6 2005.3 460.4 1275.2
Iran IRN 0 0 0 0 993.7 6979 5422 9146 371.2 9443 1068.8 420.1
Japan JAP® 0 0 0 0 0 500.5 789.1 2060.3 14149 600.7 2142.1 2075.6
Malay Chinese MCH' 0 0 0 0 0 0 3954  1593.1 10284 191.3 1464.4 13452

(Han)
Malay Malay MALf 0 0 0 0 0 0 0 1453.9 909.9 5755 1356.1 1193.5
Mozambique MOZ& 0 0 0 0 0 0 0 0 1139.6 2240.8 560.5 1408.7
North Poland POL" 0 0 0 0 0 0 0 0 0 14453 1047.4 258.6
Taiwan (Han) TAL! 0 0 0 0 0 0 0.4370 0 0 0 2255.1 2192.1
Tutsi (Rwanda) TUT 0 0 0 0 0 0 0 0 0 0 0 1556.0
U.S. Caucasian usc* 0 0 0.029* 0 0 0 0 0 0 0 0 0

The G statistic and P-values for the populations with 15 STR loci occupy the upper and lower levels of the diagonals, respectively. The non-
significant P-values are in bold (& = 0.05). “P-values, which became non-significant with the Bonferroni correction for multiple comparisons
(a = 0.00064). References: *[12]; °[131]; °[14]; “[211; °[15]; TT16]; £[17]; "[18]; [201; /[19].

3. Results
3.1. Intra-population STR diversity

There were no deviations from Hardy—Weinberg expec-
tations detected in any of the 15 loci analyzed for this Iranian
population (see Table 1). The overall combined matching
probability is 1 in 2.20 x 10'7 and the combined power
of exclusion is 0.99999612. The combined power of dis-
crimination for this set of markers was robust
(>0.999999999999999). As expected the most polymorphic
loci were also the most discriminating: D2S1338 (PD:
96.80%), D18S51 (PD: 96.39%), and FGA (PD: 95.93%).
These results strongly support the use of this set of genetic
markers for personal identity testing. A rare allele in one
individual was encountered in locus D21S11 (29.3) that has
been reported elsewhere [39]. In addition, a possible new
variant in a single individual was found in locus D19S433
(6.2), which is the smallest allele in that particular locus

reported thus far to the authors’ knowledge. Also, a second
novel variant in one sample was observed in locus VWA
(15.2). All three allele designations were confirmed by re-
amplification and reanalysis.

3.2. Inter-population STR diversity

In order to test for any genetic differences of statistical
significance in the populations examined in this study, G-test
comparisons were made between pairs of worldwide geo-
graphically-targeted populations based on the 15 autosomal
STR loci and between regional populations from Turkey,
southwestern Europe, India and Northwest Africa using the
13 autosomal STR markers (see Tables 2a and 2b). The 13
loci examined in the regional study are a subset of the 15
total markers analyzed in the worldwide set. Of a total of
78 pairwise comparisons among worldwide populations
(Table 2a), non-significant genetic differences were detected
only between the Han Chinese from Taiwan in relation to the

Table 2b

G-test results for populations using 13 STR loci

Population Abbrev. AND EAN IRN JAT KHA MOR SYR TUNB TUR
Andalusia (SW Spain) AND* 281.4 249.5 389.0 477.9 214.6 2273 279.7 328.9
East Anatolia (Turkey) EAN' 0 160.2 312.9 388.8 254.2 188.3 224.6 214.8
Iran IRN 0 0.1810 313.6 419.2 211.9 183.9 240.9 182.0
India - Jat JAT™ 0 0 0 246.1 359.6 3214 330.5 398.3
India - Khatris KHA™ 0 0 0 0 448.7 386.6 325.1 557.6
Morocco - Arab MOR" 0 0 0 0 0 216.3 228.2 318.7
Syria - Arab SYR" 0 0.003" 0 0 0 0 247.1 2325
Tunisia - Berber TUNB® 0 0 0 0 0 0 0 304.1
Turkey (general) TURP 0 0 0.01" 0 0 0 0 0

The G statistic and P-values for the populations with 13 STR loci occupy the upper and lower levels of the diagonals, respectively. The non-
significant P-values are in bold (a = 0.05). “P-values, which became non-significant with the Bonferroni correction for multiple comparisons

(o = 0.00138). References: X[23]; '[26]; ™[22]; "[25]; °[24]; P[27].
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Han Chinese from Malaysia when o = 0.05. Subsequent to can Americans; Equatorial Guinea to Cabinda, Angola; and

the application of the Bonferroni correction for multiple US Caucasians to Belgium. Regionally, of all 36 combina-

comparisons (« =0.05/78 =0.000641), three additional tions compared, statistically non-significant differentiation

pairwise combinations were found to possess statistically exists in a single pair: Iran to Eastern Anatolia when

insignificant genetic differences: Equatorial Guinea to Afri- a =0.05. Two P-values became statistically non-significant
(a) Tutsi (Rwanda)

Equatorial
Guinea

Mozambique
46 Cabinda (Angola)

Malay Malay

North Poland 97
Belgium - S\
.S. 93 Japan
4 —
Caucasian 52 Taiwan Malay Chinese

0.01

(b)
56
Khatris \ "
Arab Syria
Jat

Andalusia Arab Morocco

Berber Tunisia

0.01

Fig. 1. (a) Neighbor-Joining (NJ) phylogenic analysis was performed using Fist distances generated from thirteen worldwide, geographically-
targeted populations based on allele frequencies from 15 STR loci. The Gendist option of the PHYLIP software created branch distances onto
which the corresponding bootstrap values (based on 1000 replications) were transferred to the corresponding nodes of the NJ tree. Note: In the
African clade the arrow with a 96% bootstrap value corresponds to the node that separates the African Americans from the rest of the African
populations. The arrow with the 100% reiteration indicates the separation of Mozambique from Equatorial Guinea while the third arrow points to
the location of Equatorial Guinea. Moving clockwise, the arrow within the Asiatic clade indicates the bifurcation separating the Han Chinese
from Taiwan from the Han Chinese from Malaysia with a confidence value of 93%. Finally, the fifth arrow indicates the segregation of Belgium
from the US Caucasians with a confidence value of 52%. (b) Neighbor-Joining (NJ) phylogenic analysis was done using Fst distances utilizing
nine regional populations from Turkey, Southeastern Europe, India and Northwest Africa based on allele frequencies of 13 STR loci. The Gendist
option of the PHYLIP software created branch distances onto which the corresponding bootstrap values (based on 1000 replications) were
transferred to the corresponding nodes of the NJ tree. The arrow indicates the split between Eastern Anatolia from both Iran and Turkey with a
bootstrap value of 44% while the Iranians separate from the Turks 56% of the time. Finally Andalusia segregates from the Arabic Moroccan
group in 100% of the replications.
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after the application of the Bonferroni adjustment for Type I
error (o = 0.05/36 =0.00138): Arabs from Syria compared
to East Anatolia and Iran compared to a general population
from Turkey.

Phylogenetic analyses were conducted using the NJ and
MDS methods (see Fig. 1a and b as well as Fig. 2a and b,
respectively) on the worldwide and regional sets of data (15
loci and a 13 loci subset, respectively). The topological
arrangement of the populations within the worldwide NJ tree
(Fig. 1a) follows partitioning along major racial and geo-
graphical lines, as expected. The phylogram contains only
two bootstrap values below 50% incidence (46% and 34%).

Three distinct groups of populations can be identified,
namely the African, East Asian and Caucasian clusters,
the latter of which includes Iran. Despite the fact that the
Iranians under study separate with the Caucasian popula-
tions, they occupy an intermediate position in closer proxi-
mity to the trifurcation (bootstrap =100%) of the three
major groups. In fact, Iran splits from the remaining groups
(bootstrap = 65%) in a transitional position between the
Caucasian and East Asian groups while the Africans remain
more distant. When a regional set of populations relative to
Iran was analyzed (Fig. 1b), a clear more compact clustering
of populations is evident. This group of associated popula-

1.5
(=]
10 o Japan
me“”“'[ém) O Malay Chinese (Han)
5 O Malay Malay Cabinda (Angola)a
Mozambique 0
Tutsi (Rwanda) 0
0.0 Afiican Americanp o
Equatorial Guinea
-5 Iranc
o~
g a0
a Belgiumo
g U.S. Caucasian0
a -l _ _ _ S Poland _ _ _
-2.0 -15 -1.0 -5 0.0 .5 1.0 1.5 20
(a) Dimension 1
1.0 —
Berbers { Tunisia)o
5 JatsO PTurkey
East Anatolia &
Irano
0.0
O Arab Syria
5 O Andalusia
O Arab Morocco
T -10 s
8
Z Khatriso
5]
=]
a8 -15
-4 -3 -2 -1 0 1 2
(b) Dimension 1

Fig. 2. (a) Multi-dimensional scaling (MDS) analyses using Fist distances of 13 worldwide populations based on allele frequencies of 15 STR
loci. The stress value is 0.058. (b) Multi-dimensional scaling (MDS) analyses using Fst distances of nine regional populations based on allele
frequencies of 13 STR loci. The stress value is 0.022.



146 E.M. Shepard, R.J. Herrera/ Forensic Science International 158 (2006) 140-148

tions is from southwestern Europe (Andalusia), North Africa
(Moroccan Arabs) and southwestern Asia (Syrian Arabs,
Turkey and the Eastern Anatolia region of Turkey as well as
Iran). The two groups from the northern region of the Indian
sub-continent (Khatris and Jats) and the Berber group from
Tunisia represent the extreme bounds on opposing ends of
the dendrogram (bootstrap values = 99% and 78%, respec-
tively). Andalusia and Arabs from Morocco bifurcate
together away from the Berber population with a bootstrap
value equal to 76%. The Arabs from Syria split (bootstrap
value = 42%) midway between these three groups and the
cluster of East Anatolia, Iran and Turkey. Within that
particular cluster East Anatolia separates initially (boot-
strap = 44%) and then Iran and Turkey segregate from each
other with a 56% incidence.

A strong parallelism exists between the NJ analysis and
the topology of the MDS plots generated for both sets of
populations (see Fig. 2a and b). The proportion of variance
accounted for by the corresponding distances of the scaled
data is 98.38% for the global and 99.84% for the regional
MBDS plots. Three main clusters of populations are evident in
the worldwide analysis (Fig. 2a): Africans in the upper right
quadrant, East Asians in the upper left quadrant and Cau-
casian groups with the Iranians in the lower left quadrant.
Iran again falls into an intervening position between the
Caucasian and East Asian cluster, in closer proximity to the
former. In the regional MDS analysis (Fig. 2b) three popula-
tions, the Khatris and Jats from northern India and the
Tunisian Berbers are outliers in the two dimensional plot.
The Khatris and Jats lie in the outskirts of the upper and
lower left quadrants and the Tunisian Berbers lie within the
furthest right corner of the upper right quadrant. The remain-
ing populations form a linear continuum running diagonally
to the X and Y-axis with the Turkish and Moroccan groups at
the extreme ends. The Iranian population in this study
segregates in close proximity to the two Turkish groups
on one side and the Syrian Arabs on the other.

4. Discussion

Autosomal STR allelic frequencies for 150 Iranian indi-
viduals are reported here for the first time. In the regional set
of pairwise comparisions using a subset of the full marker set
(13 of the 15 loci) Iran exhibits genetic homogeneity in
relation to the Turks from Eastern Anatolia («a = 0.05),
which extends to the general population from Turkey after
applying the Bonferroni correction for Type 1 error
(¢ =0.00138). However, in the worldwide G-tests (full set
of 15 loci) the Iranian group was found to be statistically
different from all 12 databases (o = 0.05) which persist even
after the application of the Bonferroni adjustment for multi-
ple comparisons (o = 0.000641). These results suggest that a
unique database for the Iranians will be useful in order to
ascertain accurate probabilities of inclusion for the complete
set of markers. In addition, Iran stands as genetically dif-

ferent from populations from southwestern Spain, North
Africa and northern India in the regional analysis. Indeed,
this last point is corroborated in the literature by several
studies using both mtDNA [7-9] and Y-chromosome specific
[7,8] markers. These reports have concluded that popula-
tions east of the Indus Valley have received little relative
gene flow from western Asia subsequent to the initial
colonization of South and Central Asia by anatomically
modern humans. These findings are also congruent to an
mtDNA report in which the inclusion of an Iranian popula-
tion proved to cause a pivotal shift in the phylogenetic
relationships among groups from the neighboring Caucasus
region [11], thus underscoring the unique genetic character-
istics of the Iranians.

At critical crossroads between Europe, Africa and the Far
East, Iran represents a point of contact for many cultures and
a corridor for demic migrations since modern man dispersed
out of Africa. The worldwide set of populations in the NJ
analysis indicated that the Iranians fall into an intermediary
genetic position, especially relative to the East Asian and
Caucasian clusters. Iran segregates within the Caucasian
clade and shows no obvious differences in allelic distribution
from the other three groups in that same cluster. It is likely
that an accumulation of differences in allelic frequency
patterns resulted in the singular separation apparent in the
tree. This median position is mirrored in the topology of the
MDS plot for the global set of populations.

To increase the resolution of the genetic analyses of Iran to
other groups, we used a subset of the full marker system (13 of
15 STR loci) to perform a more regional phylogenetic inter-
population comparison. As expected by incorporating neigh-
boring populations in the NJ tree, Iran no longer displays an
intermediary position as in the global analysis but a more
compact genetic affinity towards groups from southwest
Spain, Arabic populations from Morocco and Syria and
especially towards populations of Turkish ancestry. The East-
ern Anatolians and a general population from Turkey both
segregate with the Iranians in a condensed cluster. This result
in conjunction with the genetic homogeneity demonstrated in
the G-tests involving these same three populations under-
scores their geographic proximity and historical socio-cultural
affinities. It is probable that the commonalities that exist
between Anatolia and the northern part of Iran date back to
at least the birth of the agricultural revolution in this region,
and therefore, they may have shared a common gene pool and/
or have experienced gene flow in the past. Genetic homo-
geneity in the area is also reflected in a study involving
mtDNA that found surprisingly little genetic variation
between five Iranian groups [9]. In light of our results, this
suggests some degree of genetic homogeneity in the region.
Also, the results from the regional tree corroborate the G-tests
that indicate that the northern Indian populations (Khatris and
Jats) are vastly different from each other as well as from the
West Asian groups. This data again substantiates the relatively
small amount of recent gene flow into the Indian subcontinent
from the west reported in previous studies [7-9].
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The regional inter-population relationships in the MDS
analysis reiterates much of the information inferred from the
regional NJ tree, namely the isolation of the northern Indian
groups and the Berbers from Tunisia as opposed to the genetic
continuum formed by the diagonal laddering of the remaining
populations, capped on the lower end by the Arabs from
Morocco and by the general population of Turks on the upper
end. This may be the result of common ancestry or gene flow
involving the groups on the diagonal. In this regional MDS
analysis, Iran remains in close proximity to the Turkish
populations as in the NJ tree but is also relatively equidistant
between the general population from Turkey and the Arabs
from Syria. This may suggest that a region of genetic homo-
geneity may have included Syria as well.

To our knowledge no additional Middle Eastern/western
Eurasian populations have been published using this complete
set of 15 forensic markers. In terms of populations genetics,
the inter-population results underscore the unique character-
istics of populations on the fringes of biogeographical demar-
cation. Statistically, our data indicates that the Iranian
database may be forensically equivalent to the dataset from
East Anatolia and, the general population of Turks. Yet, this
report also demonstrates the need to examine the genetic
structure of populations on a case-by-case basis as the Iranian
database is statistically differentiated from other neighboring
groups. Overall, this study suggests that populations from
geographically intermediate regions require careful charac-
terization in order to choose the appropriate dataset on which
to base forensic calculations, not only at an intra-population
level, but also at an inter-population level as well.
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