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Abstract

Analyses of mtDNA and Y-chromosome variation were performed in a sample of Iraqis, a scarcely investigated population of
the “Fertile Crescent.” A total of 216 mtDNAs were screened for the diagnostic RFLP markers of the main Eurasian and African
haplogroups. A subset of these samples, whose HVS-I sequences were previously obtained, was also examined by high-resolution
restriction analysis. The Y-chromosome variation was investigated in 139 subjects by using 17 biallelic markers and the 49a,f/Taq 1
system. For both uniparental systems, the large majority of the haplogroups observed in the Iraqi population are those (H, J, T,
and U for the mtDNA, and J(xM172) and J-M172 for the Y chromosome) considered to have originated in the Middle East and
to have later spread all over Western Eurasia. However, about 9% of the mtDNAs and 30% of the Y-chromosomes most likely
represent arrivals from distant geographic regions. The different proportion of long-range genetic input observed for the mtDNA
and the Y chromosome appears to indicate that events of gene flow to this area might have involved mainly males rather than

females.
© 2003 Published by Elsevier Science (USA).

1. Introduction

Iraq is an Arabian country bordered by the Arabian
gulf, Kuwait, Saudi Arabia (South), Jordan and Syria
(West), Turkey (North), and Iran (East) (Fig. 1). Iraq is
composed of a mountainous region in the Northeast and
a vast desert in the Southwest; in between is the heart of
the country, a fertile low land region irrigated by the
Tigris and Euphrates rivers, corresponding to the an-
cient Mesopotamia. The Iraqi population, ca. 21.5 mil-
lion individuals (July 1995), consists of 75-80% Arabs,
15-20% Kurds, and 5% Assyrians, Turkmen, and oth-
ers. The official language is Arabic, a Semitic language
belonging to the Afro-Asiatic family, but other lan-
guages are also spoken: Kurdish (Indo-European), As-
syrian (Semitic), and Armenian (Indo-European).

*Corresponding author. Fax: +39-0382-528496.
E-mail address: santa@ipvgen.unipv.it (A.S. Santachiara-Benerec-
etti).

Modern humans are likely to have been present in
this area from the time of the exit from Africa around
60,000 years ago, but little information is available
about the Palaeolithic period. As for Neolithic times,
Iraq represents one of the most important areas for
the development and diffusion of agriculture dating
from 10,000 years ago onward as testified by many
archaeological remains at the Shanidar and Karim
Shahir sites (Rashed, 1997). In addition, this region
was the source of several ancient civilizations (Sume-
rians, who first introduced the use of writing, Baby-
lonians, Assyrians, and Caldeans) that profoundly
affected other populations of the Middle East, Europe,
and elsewhere.

In spite of the importance of this region, genetic
studies on the Iraqi population are scarse, aged, and
generally restricted to analyses of classical markers
(Cavalli-Sforza et al., 1994 and references therein), thus
not allowing a dissection of its genetic structure. Anal-
yses of mtDNA and Y-chromosome variation have
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Fig. 1. Map of Iraq.

indicated the central role of the Middle Eastern area in
the dispersal of human populations by revealing that it
was the probable homeland of numerous mtDNA and
Y-chromosome haplogroups (Macaulay et al., 1999;
Quintana-Murci et al., 2001; Richards et al., 1998; Se-
mino et al., 2000a; Torroni et al., 1998). However, while
extensive studies were carried out in several populations
of this region (Comas et al., 1998; Hammer et al., 2000;
Nebel et al., 2001; Quintana-Murci et al., 2001; Ritte
et al., 1993; Salem et al., 1996; Santachiara-Benerecetti
et al., 1993), only few components of mtDNA and Y-
chromosome Iraqi gene pool have been evaluated
(Quintana-Murci et al., 1999b; Richards et al., 2000).
Thus, to increase the knowledge of the genetic structure
of that population and to better understand the rela-
tionships between the Middle East, Asia Minor, and
Europe, we have investigated the extent and nature of
mtDNA and Y-chromosome variation in a sample of
Iraqi subjects.

2. Materials and methods
2.1. Subjects

Blood samples were collected in Baghdad from 216
unrelated adult males (178 Arabs, 25 Assyrians, and 13
Kurds) whose origin was ascertained, at least up to four
generations, by oral interview, and who were from dif-
ferent villages and towns along the Tigris and Euphrates
rivers. Genomic DNA was extracted from buffy-coats by
using standard procedures.

2.2. MtDNA analysis

A total of 216 mtDNAs were analyzed for the diag-
nostic RFLP markers of the most common European,
Asian, and African haplogroups (Macaulay et al., 1999;
Saillard et al., 2000; Torroni et al., 1996). In addition, a
subset (N = 52) was examined by high-resolution RFLP
analysis using the PCR primers, restriction enzymes,
and conditions described by Torroni et al. (1999). These
RFLP data were combined with the corresponding se-
quence data from the first hypervariable segment (HVS-
I) of the control-region previously included in Richards
et al. (2000).

2.3. Y-chromosome DNA analysis

A sample of 139 individuals (115 Arabs, 19 Assyrians,
and 5 Kurds) was examined for 17 biallelic markers,
namely: 12f2 [DYSI11] (Casanova et al., 1985), YAP
[DYS287] (Hammer, 1994), DYS257 (Hammer et al.,
1998), M9 (Underhill et al., 1997) and, in a hierarchical
way, for M2 corresponding to DYS271 (Seielstad et al.,
1994), M17 (Underhill et al., 1997), M35 (Underhill
et al., 2000), M70, M74, M89, M170, M172, M173,
M175, M201 (Shen et al., 2000), P2 (former PN2:
Hammer et al., 1997), and M269 (Cruciani et al., 2002).
These markers define the main groups of the Y chro-
mosome phylogeny (Underhill et al., 2001 and, for a
review, see The Y Chromosome Consortium—The YCC,
2002). The 49a.f/Taql [DYS1] RFLPs (Ngo et al., 1986),
which can provide additional information at the mi-
croevolutionary level, were also examined. The 12f2 and
49a,f/Taql polymorphisms were analyzed according to
Passarino et al. (1998). The YAP and DYS257 muta-
tions were analyzed according to Hammer and Horai
(1995) and Hammer et al. (1998), respectively. The
mutations M2, M17, P2, M70, M74, M172, M173
M175, and M201 were detected by DHPLC according
to Underhill et al. (2001). The mutations M9, M8&9, and
M269 were typed through PCR/RFLP assay: M9, by
using the primers described by Underhill et al. (2001)
and the restriction enzyme Hinfl, whereas M89 and
M269 were examined as reported by Akey et al. (2001)
and Cruciani et al. (2002), respectively.

2.4. Data analysis

Phylogeny construction of the 52 mtDNAs examined
for both high resolution restriction analysis and se-
quencing was performed by hand and confirmed by
using the Network 2.0e (Bandelt et al., 1995; for the
reduced median network).

Principal component (PC) analysis was performed on
haplogroup frequencies by using Excel implemented by
the XL-stat program. In addition to Iraqi data, for
mtDNA analysis we used data from Italian (Torroni
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et al., 1997), Armenian, Georgian (Tambets et al., 2000),
Palestinian, Syrian (Richards et al., 2000), Norwegian
(Passarino et al., 2002), Iranian, Arabian, and Anatolian
(Kivisild et al., 2003, in press) populations; for the Y-
chromosome analysis, we used populations data from
Europe, the Middle East, and Caucasus (Semino et al.,
2000a), from Ethiopia (Semino et al., 2002) and from
North Africa (Cruciani et al., 2002). The proportion p;;
of the ith haplogroups in the jth population was used.
These matrices were submitted to the PC analysis after
the standardization of the data.

3. Results
3.1. MtDNA variation

Table 1 shows the haplogroup frequencies obtained
by screening all Iraqi mtDNAs for the diagnostic RFLP
markers. Their distribution is similar to that of Iran and,
in general, to the Middle Eastern populations whereas it
substantially differs from that observed in Arabia. Ha-
plogroups HV, H, V, J, T, K, U, I, X, and W encompass
about 78% of the Iraqi subjects. This overall frequency
is in the range of the other Middle Eastern population
values (75.1-80.4%) which are closer to Europe (>90%)
than to the Arabian peninsula (60.4%). By considering
the single haplogroups, it should be noted that the in-
cidence of haplogroup H (20%) is much lower than in
Europeans (33-50%) but higher than in Central Asians
(14%). On the contrary, the incidence of haplogroup U
(about 20%) is rather close to those observed in Trans-
Caucasian and European populations. As for the other
Western Eurasian haplogroups, HV, J, and T are all
very well represented (about 10% each), whereas K, I, X,
and W are rather uncommon and generally do not ex-
ceed a frequency of 3%.

Gene flow to Iraq from Europe, Africa, and Central
Asia is revealed by the presence of some particular ha-
plogroups. A low frequency of haplogroup V (Torroni
et al., 2001) is observed in Iraq (0.5%). This finding
confirms gene flow from Europe as proposed by Rich-
ards et al. (2000). The presence (4.2%) of haplogroups
L1 and L2 identifies the mtDNAs of African origin,
whereas mtDNAs M (1.4%) and B (0.9%) are most
likely due to gene flow from Central Asia.

A feature that appears to distinguish Middle Eastern
populations from other West Eurasian populations is
the presence of haplogroup pre-HV mtDNAs. Its fre-
quency (4.2%) in Iraq is similar to that observed in other
Arabic-speaking populations which, however, have a
frequency lower than that (15.2%) found in Arabia.

The nature and extent of the Iraqi mtDNA variation
was further evaluated by performing high-resolution
RFLP analysis in a sample of 52 subjects chosen from
those sequenced for HVS-I (Richards et al., 2000). These

samples (Table 2) included all the most frequent ha-
plogroups. The phylogenetic relationships of the hapl-
otypes (Ht) obtained by combining the high-resolution
RFLP data and the HVS-I data are illustrated in Fig. 2.
The topology of the phylogeny reveals three main star-
like clades. One clade is defined by the site Haelll at np
11,718 and encompasses pre-HV, HV, and H. A second
clade is characterized by the Hinfl site at np 12,308 and
includes K and U. The third major clade is defined by
the Nlalll site at np 4216 and contains haplogroups J
and T.

3.2. Y-chromosome variation

Bi-allelic markers. Y chromosomes from 139 Iraqis
were examined by using 17 bi-allelic markers. These
markers, which are considered to have occurred only
once during human evolution, define the main haplo-
groups of the human Y-chromosome genealogy (The
YCC, 2002). Since no significant differences among the
Iraqi groups were observed (Assyrian and Kurd sample
sizes are very small), all data were pooled. The results
are reported in Fig. 3.

Iraqi Y-chromosomes fall into haplogroups, E, F, G,
I, J, K, and R. Haplogroup E is mainly African, but its
clade E-M35 is also present in Europe where it is be-
lieved to have arrived from the Middle East in Neolithic
times (Hammer et al., 1998; Semino et al., 2000a). The
frequency of this haplogroup in Iraq, with the exclusion
of the two samples belonging to the sub-Saharan clade
E-M2, is 10.8% and falls into the lower edge of the
Middle Eastern population range (10-30%) (Hammer
et al., 2000; Nebel et al., 2001; Quintana-Murci et al.,
2001; Semino et al., 2000a; Underhill et al., 2000; Wells
et al., 2001).

Haplogroups G-M201 and I-M170 are observed only
in 3 and 1 subjects, respectively, whereas haplogroup J-
12f2 is the most represented in the Iraqi Y chromosomes
(58.3%). Haplogroup K shows a frequency of 8.6% and,
interestingly, a major portion is represented by the sub-
clade K-M70 that has been found at a comparable in-
cidence in Ethiopians (Cruciani et al., 2002; Semino
et al., 2002). Elsewhere, this sub-clade was mostly found
as single observations and widely scattered in several
continents (Semino et al., 2000a; Underhill et al., 2000).

Haplogroup R corresponds to the cluster defined by
the M173 mutation. This is considered an ancient mar-
ker brought by or arisen in the first group of Homo
sapiens sapiens who populated Eurasia. It is present at a
high frequency (more than 50%) in Eurasia (Bosch et al.,
2001; Karafet et al., 2001; Semino et al., 2000a; Un-
derhill et al., 2000; Wells et al., 2001) where it has dif-
ferentiated into various branches. Its two sub-clades, the
R-M17 and R-P25 which has been recently found
associated with the M269 mutation in almost all
the European tested samples (Santachiara-Benerecetti,



Table 1
MtDNA haplogroup frequencies in Iraqi and some comparison populations

Population/ Sample Haplogroup frequency (%) i
Region size =
pre-HV ~ HV H A% J T K U 1 X W B M Asian L1 L2 African Others SE
A-G,M,N9 LI-L3 S
o
Iraqi 216 4.2 10.6 199 0.5 93 88 32 19.0 1.9 28 19 09 14 1.4 2.8 11.5 g
Iran® 451 2.4 5.5 17.1 — 135 84 75 215 2.0 29 20 nr nr 6.2 nr nr 2.2 8.6 -~
Arabia® 389 15.2 3.6 129 — 208 46 36 105 0.8 1.8 1.8 nr nr 7.7 nr nr 10.5 6.2 < >
Syrian® 69 5.8 43 246 29 10.1 10.1 43 159 — — 2.9 — 14 2.9 2.9 11.6 § )
Palestinian® 117 2.6 1.7 308 — 94 128 6.8 7.6 — 34 26 — 1.7 0.9 43 15.4 § :l
Georgian® 139 0.7 72 173 0.7 3.6 129 10.1 21.6 22 101 14 — 2.9 — — 9.3 fo O
Armenian® 192 0.5 7.3 309 — 89 11.5 79 225 1.6 21 1.0 05 — — — 5.3 Q: -
Anatolia®:© 388 2.8 3.6 250 — 109 119 59 193 23 44 39 — 4.4 0.8 nr nr 0.3 4.5 ® m
Italian? 99 — 20 333 5.1 7.1 9.1 8.1 222 4.0 3.0 20 — — — — 4.1 % —
Slav® 324 nr nr 414 31 105 123 37 194 2.8 0.6 0.9 0.9 4.4 = 2z
Finno-Ugrie® 149 nr nr 456 2.0 12.1 6.0 33 228 1.4 20 27 — 0.7 — — 1.4 :
German' 200 — nr  50.0 2.5 7.5 8.5 6.5 135 2.5 05 1.0 — — — — 7.5 g U
C-Asiang 205 nr nr 140 — 2.5 35 0.5 8.0 1.0 — 1.0 638 38.5 — — 24.2 & X
Indian* 1300 0.5 06 24 — 0.8 1.1 0.2 120 0.6 02 1.5 nr nr 66.3 — — 13.8 § m
nr, Not reported. § g
aKivisild et al. (2003), in press. s
®Richards et al. (2000). ey
¢Tambets et al. (2000). 8
dTorroni et al. (1997). @
*Kivisild et al. (1999). g
“Deduced from the sequence data of Lutz et al. (1998) by Kivisild et al. (1999). 7
€ Deduced from the sequence data of Comas et al. (1998) by Kivisild et al. (1999). g
=




Table 2

Combined high-resolution RFLP and control-region haplotypes observed in 52 Iraqi MtDNAs

Sample ID # Haplogroup Haplotype? Read from np/to np
RFLP® Control-region®
1Q7 H —7025a, —9380f, +11718e, +14766u 192 362 16003/16497
1Q 46 H —7025a, +11718e, —14766u 256 352 16003/16497
1Q 77 H —7025a, +11718e, —14766u, —16049k, +16517¢ 051 172 16003/16497
1Q 130 H —7025a, +11718e, —14766u, +16517¢ 291 16003/16497
1Q 140 H —7025a, —9380f, +11718e, —14766u, +16478c 362 482 16003/16497
1Q 148 H —7025a, +11718e, —14766u, —16310k 266 311 362 16003/16497
IQ 165 H +4745k, —7025a, —73351, +11718e, —13325k, —14766u, +14877g, 167 274 488 16005/16497
+16517¢
1Q 176 H —7025a, +11718e, —14766u, —16303k 304 16003/16497
1Q 195 H —7025a, —7598f, +11718e, —14766u, +16296¢ 104 300 325 362 16003/16497
IQ 14 HV +7090g, +11718e, —14766u 129 221 16006/16497
1Q 72 HV +11718e, —14766u, —16310k 248 311 16003/16497
1Q 145 HV +11718e, —14766u, —16310k 172 311 16003/16497
1Q 175 HV +11718e, —14766u, —16310k, +16389m/+16390j/—16390b 311 391 16007/16497
1Q 202 HV +11718e, —14766u, +16517¢ 189 316 362 16006/16429
1Q 203 HV +11718e, —14766u, +16517¢ 189 316 16003/16429
1Q 13 pre-HV +11718e, +16517¢ 126 185 355 362 16003/16497
1Q 60 pre-HV +11718e 126 224 362 16003/16497
1Q 131 pre-HV +8249b/-8250e, +11718e 126 145 189 232A 362 16003/16430
1Q 64 R* +314i, —8592j, —12560a, —136340, —16303k, —16310k, +16517¢ 266 294 297 304 311 355 356 16005/16497
1Q 33 R2 +4216q, +4769a, —14304a, +16517¢ 071 325 355 357 16005/16497
1Q 17 J1 +4216q, +10394c, —15883e, —16065g, +16517¢ 069 126 145 222 261 16003/16497
1Q 20 J1 +1004h, +4216q, +10394c, —16065g, +16296¢ 069 126 193 300 309 16005/16497
1Q 26 J1 +4216q, —8391e, +1039%4c, —16065g, +16517¢ 069 126 193 212 368 16005/16497
1Q 39 J1 +4216q, —6211g, +10394¢c, —10598a, —16065g 069 126 145 222 261 290 16004/16497
1Q 76 J1 +4216q, +1039%4c, —16065g, +16517¢ 069 126 145 16003/16497
1Q 86 J1 —3337k, +4216q, +10394c, —16065g, +16517¢ 069 126 145 261 16003/16497
IQ 106 J1 +4216q, —8150i, +10394c, —13916g, —16065g 069 075 126 290 16004/16497
I1Q 118 J1 +4216q, +1039%4c, —16065g 069 126 145 261 355 16003/16497
1Q 132 J1 +4216q, +1039%4c, —16065g 069 126 148 16003/16497
1Q 206 J1 +4216q, +1039%4c, +14458a, —16065g 069 093 126 145 222 223 261 274  16003/16497
1Q 147 J2 +4216q, —7474a, +10394c, +11001n/+11002f, +11439j, —12170g/ 051 069 126 188 311 16003/16497
+12171j, —15254p, —16049k, —16065g, —16310k
1Q 27 T —2849k, +4216q, +13366m/-13367b/+13367j, +15606a, —15925i, 126 213 294 296 16003/16497
+16517¢
1Q 84 T +4216q, +13366m/-13367b/+13367j, +15606a, —15925i, +16517¢ 126 294 296 16003/16497
1Q 126 T +4216q, +13366m/—13367b/+13367j, +15606a, —15925i, +16517¢ 126 286 294 362 16005/16497
1Q 121 T +4216q, +7852j/-78530, —12629b, +13366m/-13367b/+13367j, 126 163 186 189 294 16004/16497
+15606a, —15925i
1Q 138 T +4216q, +13366m/-13367b/+13367j, +15606a, —15925i, —16303k, 093 126 294 296 304 16003/16497
+16517¢
1Q 2 K —-3337k, +7118b, —8515c, —9052n/-9053f, +10394c, +12308g, 093 224 311 16004/16497
-16310k, +16517¢
1Q 67 K —6260e, —9052n/-9053f, +10394c, +12308g, —16310k, +16517¢ 224 311 16005/16497
1Q 190 K —9052n/-9053f, +10394c, +12308g, —16310k 093 224 278 311 16005/16497
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Fig. 2. Phylogeny of the mtDNA haplotypes observed in 52 Iraqi subjects. This phylogeny has been constructed by hand, taking into account the
information provided by the literature, including the complete sequence data of Ingman et al. (2000), Finnila et al. (2001), and Maca-Meyer et al.
(2001), and by using both high-resolution RFLP data and sequence variation of the control-region. Differences between haplotypes are represented
by the mutations listed on the branches connecting them. However, to improve visualization, the lengths of the branches were drawn without an exact
correspondence to the number of listed mutations. Circles indicate distinct mtDNA haplotypes. The node marked by an asterisk (*) corresponds to

the CRS (Anderson et al., 1981; Andrews et al.,

1999). The direction of indicated RFLP site losses (—) and gains (+) is from this node toward the

periphery. The restriction enzymes are indicated by a letter: a, Alul; b, Avall; ¢, Ddel; e, Haelll; f, Hhal; g, Hinfl; h, Hpal; i, Mspl; j, Mbol; k, Rsal; 1,
Taql; m, BamHI; n, Haell; o, Hincll; p, Accl; q, Nlalll; and u, Msel. Site positions followed by a slash indicate simultaneous changes for different
enzymes due to a single nucleotide substitution. Control-region mutations (from np 16,007 to 16,390) are given —16,000. These are transitions, unless
specified by the base change. Capital letters (in bold) indicate the haplogroup affiliation.

subjects belong to the African specific E-M2 clade,
which is very frequent in the Western and Southern part
of the continent (Cruciani et al., 2002; Passarino et al.,
1998; Scozzari et al., 1999; Seielstad et al., 1994; Semino
et al., 2002; Underhill et al., 2000) and has been related
to the Bantu expansion. These two Y chromosomes
harbor haplotype 4 (A;CyDoF1;) which is also African-
specific and shows the same geographic distribution
(Excoffier et al., 1987; Passarino et al., 1998; Spurdle and

Jenkins, 1992; Torroni et al., 1990). Within haplogroup
J, haplotypes 7 (A,CyD;F;1j) and 8 (A,CyD;F;1;) are
the most represented, but haplotype 7 is observed
only in the J-M172 sub-set. This suggests that the
49a,f haplotype 7 arose on a 12f2-8Kb/M172 Y chro-
mosome.

Out of the 12 Y chromosomes belonging to haplo-
group K-M70, 10 are 49a,f haplotype 13 (AsCoD;FI).
As for haplogroup R, the R-M17 clade in Iraq is
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Fig. 3. Phylogenetic tree of the Y-chromosome haplotypes and their percent frequencies in Iraq compared with the frequencies in the Lebanese,
Syrians, and Turks previously reported by Semino et al. (2000a). Numbering of mutations is according to The YCC (2002): those examined in the
present study are shown in boldface type; those inferred are shown in italics. Capital letters indicate haplotypes according to The YCC (2002).
Haplogroup J(xM172) includes the samples previously classified as Eul0 (Semino et al., 2000a) with the exception of one Lebanese which was 12f2-

10Kb and therefore belonging to haplogroup F-M89.

preferentially associated with haplotype 11 as in other
Western Eurasian populations (Passarino et al., 2001)
while the R-M269 clade appears almost completely as-
sociated with haplotype 35 (A3C;DyFI;). Only one R-
M269 subject displayed haplotypel5 (A3;CD,FI;)
which is by far the most frequent haplotype of this clade
in Europe, where haplotype 35 is much less represented
(Santachiara-Benerecetti, unpublished data). Haplotype
39 (A3CyDoFIy-BHPR), observed in one subject, is
characterized by the absence of four nonpolymorphic
bands, most likely due to a single deletion event (Pas-
sarino et al., 2001).

4. Discussion

The study of the Iraqi population through the anal-
ysis of maternal and paternal markers helps to fill a gap
in the picture of the Middle Eastern genetic population
structure. As illustrated by the PC analysis of the
mtDNA data (Fig. 5), Iraq clusters with the other
Middle Eastern populations, and together with Iran,
occupies a central position among Arabia, Caucasus,
and Europe. The first component separates Arabia from
the others, mainly from Europe and Caucasus, being the
Arabia characterized by a substantial presence of Afri-
can haplogroups and a high frequency of haplogroup

pre-HV, whereas Europe and Caucasus lack the African
components and harbor a high frequency of haplogroup
H. The second component, which maintains the Iraqi
and Iranian populations close to each other and well
separates them from the other Middle Eastern popula-
tions, is mainly due to the distribution of haplogroup
HYV and, in part to that of haplogroup U.

The main determinants of this PC analysis are
therefore the HV supercluster members, haplogroups H,
HV, and pre-HV. Actually, whereas in the European
populations haplogroup H reaches its highest frequen-
cies, HV and pre-HV mtDNAs (when present) have a
very low incidence. In this regard, it is interesting to note
the high frequency of haplogroups pre-HV and HV in
the Arabians (18.8%) (Kivisild et al., 2003, in press) and
in the Arabian Bedouins (20.6%) (Di Rienzo and Wil-
son, 1991) in which the H haplogroup shows one of its
lowest values. These data are in agreement with the
hypothesis that haplogroup H originated in the Middle
East where, although less frequent than in Europe, it
displays the greatest heterogeneity (Torroni et al., 1998).
Haplogroup U, which has in Iraq a frequency compa-
rable to haplogroup H, does not play an important role
in the PC analysis. This is probably due to the hetero-
geneous distribution of its numerous sub-clades not
available for most of the populations. When the differ-
ent sub-clades are separately considered (Richards et al.,
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Fig. 4. The distribution of the 49a,f haplotypes in the Y-chromosome haplogroups found in Iraq. The simultaneous absence of four polymorphic
bands (BHPR) in haplotype 49a,f-39 is probably due to a single deletion event (Passarino et al., 2001).

2002), U5 correlates with H and pre-V, concentrated in
the European pool, while Ul with haplogroup pre-HV
concentrated in the Near Eastern pool. As illustrated in
Fig. 2, haplogroup U exhibits in Iraq all its most com-
mon sub-groups with the exception of the rare US§

(Finnila et al., 2001). Indeed, haplogroup US5, which
does not appear in the network (constructed with 52
mtDNAs), was observed in one subject included in the
larger Iraqi sample (N = 116) reported by Richards et al.
(2000). According to these authors, the Iraqi US
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Fig. 5. PC analysis of the mtDNA haplogroups. The populations represented are: Iraqi (present study), Italian [It] (Torroni et al., 1997), Armenian
[Arm], Georgian [Geo] (Tambets et al., 2000), Palestinian [Pal], Syrian [Syr] (Richards et al., 2000), Iranian, Arab [Ar], Anatolian [Tk] (Kivisild et al.,
2002, in press), and Norwegian [Norw] (Passarino et al., 2002). On the whole, 67% of the total variance is represented: 43% by the first component

and 24% by the second component.

mtDNA belongs to the highly derived European sub-
cluster U5ala, and is due to recent gene flow from Eu-
rope. The finding of the U6, which is typical of Berbers
and North Africans (Macaulay et al., 1999), may be
considered the result of contact with these populations.
On the contrary, the presence (2.6% of 116 sub-classified
mtDNAs) of haplogroup U7, which is very rare in Eu-
rope, can be regarded as indicative of a genetic con-
nection between Southwestern Asia (Iran, Arabia,
Anatolia, the two Caucasus regions, and India) and
Eastern Africa (Nile Valley) where it is also found
(Tambets et al., 2000).

As for the Y chromosome, the distinguishing feature
of the Iraqis is the extremely high frequency (58.3%) of
the haplogroup J-12f2. This, together with the values
observed in Syria and in the Zagros Mountains of Iran, is
the highest incidence reported so far (Hammer et al.,
2000; Mitchell et al., 1993; Nebel et al., 2001; Quintana-
Murci et al., 2001; Ritte et al., 1993; Santachiara-Ben-
erecetti et al., 1993; Semino et al., 1996, 2000a; Wells
et al., 2001). It has been proposed that the 12f2-8Kb
mutation arose in the Fertile Crescent, and the decreas-
ing frequency gradient from Southeastern to North-
western Europe has been attributed to the demic
diffusion of agriculture (Semino et al., 1996, 2000a). In
addition, this haplogroup might have marked other mi-
grations such as the Indo-European, the Phoenician, and
the Greek as well as ancient contacts with Ethiopia
(Malaspina et al., 2001; Mitchell and Hammer, 1996;

Passarino et al., 1998; Santachiara-Benerecetti and Se-
mino, 1996; Scozzari et al., 2001). As revealed by the PC
analysis, haplogroup J-12f2 plays an important role both
in the first and second principal components. Actually,
the clade J without the mutation M172 [J(xM172)], es-
pecially frequent in the Middle East and rare in Europe,
and haplogroups R-M269 and I-M 170, very frequent in
Europe, are the main determinants of the first principal
component (Fig. 6) which clearly separates the European
populations from the others. On the other hand, haplo-
groups J-M172 and G-M201, which show their maxi-
mum frequency in the Caucasus and Anatolia, together
with haplogroups E-M35 and J(xM172), frequent in the
African populations and Arabs, are the main determi-
nants of the second principal component. This compo-
nent, which does not well discriminate between the
European populations, clearly distinguishes those of the
Middle East. This distinction is mainly due to the ratio
J-M172/J(xM172), which is 0.76 in Iraq, 0.5 in Syria,
and close to 1 in some Middle Eastern populations
(Malaspina et al., 2001; Nebel et al., 2001; Semino et al.,
2000a), strongly increases in Europe (Malaspina et al.,
2001; Semino et al., 2000a) but decreases toward the
Southern Middle East (Nebel et al., 2001), North Africa,
and Ethiopia (Bosch et al., 2001; Cruciani et al., 2002;
Semino et al., 2002). Thus, J-M172 can be considered a
marker of the Neolithic expansion in Europe, whereas
the J(xM172) might have marked migrations toward the
Arabian Peninsula, North Africa, and East Africa. When
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Fig. 6. PC analysis of the Y-chromosome haplogroups. The populations represented are: Iraqi (present study), Basque [Bas], Spanish [Sp], French
[Fr], German [Ger], Italian [It], Sardinian [Sar], Croat [Cr], Albanian [Alb], Greek [Gr], Macedonian [Mac], Polish [PI], Hungarian [Hu], Ukrainian
[UKk], Georgian [Geo], Anatolian [Tk], Lebanese [Leb], Syrian [Syr] (Semino et al., 2000a,b), Ethiopian [Eth] (Semino et al., 2002), Arab [Ar], and
Berber [Ber] (Cruciani et al., 2002). The African haplogroups A-M13, B-M60, and D-P2 which, with the exception of single observations in Sardinia
and in the Berbers, were observed only in Ethiopian groups, were pooled. On the whole, 37% of the total variance is represented: 20% by the first

component and 17% by the second component.

J-M172 and J(xM172) are compared, a higher variation
both for the 49a.f system and for eight microsatellites
(Santachiara-Benerecetti et al., unpublished data) is ob-
served in J-M172 (h = 0.947 vs. 0.844), and the internal
microsatellite variance of J-M 172 is more than twice that
of J(xM172). Thus, whatever the real age of these two
lineages may be (age evaluations for the Y chromosome
are always very uncertain, Brinkmann et al., 1998; For-
ster et al., 2000), J-M172 appears to be older than
J(xM172). This consideration, which is in agreement
with the data of Nebel et al. (2001) relative to other
Middle Eastern populations, is apparently in contrast
with the Y-chromosome phylogeny (Fig. 3) that derives
J(xM172) directly from the node 12f2-8Kb, whereas J-
M172 is derived through a further mutation (M172).
These data suggest that all (or most) of the J(xM172) Y
chromosomes might represent a monophyletic cluster
defined by yet unidentified mutations. The lower vari-
ability of J(xM172) with respect to J-M172, together with
the different distribution of these two lineages in the
Middle East and in surrounding areas affected by Middle
Eastern migrations, may suggest that they evolved in two

separate human groups with a previous common ances-
try and underwent expansions at different times. In
particular, it seems reasonable to assume that the ha-
plogroup J-M172 expanded first, possibly from the
Northwestern part of the Fertile Crescent (Asia Minor),
where agriculture actually started and triggered the de-
velopment and growth of other Middle Eastern popu-
lations. On the other hand, J(xM172) seems to have had
its center in the Eastern part of the Fertile Crescent (Iraq
and Iran), and to have undergone a later expansion
mainly affecting modern Arab populations (Cruciani
et al., 2002; Nebel et al., 2001; Semino et al., 2002).
The Eurasian haplogroups, R-M269 and R-M17,
represent the second most frequent component of the
Iraqi Y-chromosome gene pool. The R-M17 cluster
distribution and its 49a,f associations suggest that the
population movements from Central Asia/Eastern Eu-
rope into the modern Iran postulated by Quintana-
Murci et al. (2001) also influenced Iraq. Indeed, the
R-M17 shows a frequency of 6.5% in Iraq which falls in
the lower edge (3-9%) of the range observed in the
Iranian populations living at the border of Iraq. As for
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R-M269, its 49a,f associations do not allow a simple
connection with the European representatives of this
lineage. As shown in Fig. 4, haplogroup R-M269 in Iraq
is mainly associated with 49a,f haplotype 35. This hap-
lotype has a rather uniform distribution all over Europe
(Santachiara-Benerecetti et al., 1993; Santachiara-Ben-
erecetti, unpublished data; Semino et al., 2000a; Torroni
et al., 1990) whereas the West-East decreasing gradient
of frequency of R-M269 in Western Eurasia reflects the
distribution of haplotype 49a,f 15 which was found in
only one subject in the Iraqi sample. In this scenario it is
possible that the 49a,f haplotype 35 characterized the
lineage M173/M269 present in Western Eurasia in early
times. Afterward, haplotype 15 could have derived from
haplotype 35 from which it differs by only one mutation,
and its extremely high incidence in Western Europe
could be the result of drift, consistent with an inferred
population bottleneck during the Last Glacial Maxi-
mum.

The data obtained from these analyses illustrate the
complexity of the Iraqi genetic structure. For both
uniparental systems, the large majority of the haplo-
groups observed in the Iraqi population are those (H, J,
T, and U for the mtDNA, J-M172 and J(xM172) for the
Y chromosome) considered to have originated in the
Middle East and to have later spread mainly in Western
Eurasia.

Although the level of resolution of our analyses does
not allow an evaluation of the back migrations of widely
distributed haplogroups, it is possible to identify some
European, African, and Asian signature markers in both
male and female gene pools of modern Iraqis. Overall,
these external long-range input appear to represent
about 9% of mtDNAs and 30% of Y-chromosomes.
MtDNA gene flow is revealed by the presence of the
European haplogroups V and U5 (1.4%), the North
African haplogroup U6 (0.9%), the sub-Saharan African
haplogroups L1 and L2 (4.2%), and the East-Asian
haplogroups M and B (2.3%). As for the Y chromo-
some, the African input is represented by the haplo-
group E (12.2%), the input from Eastern Europe/Central
Asia is revealed by R-M269/49a,f haplotypes 35 with its
derivative 47 and R-M17 (15.9%), while haplogroup I
and R-M269/49a,f haplotype 15 Y chromosomes indi-
cate a limited gene flow from Europe (1.4%). The dif-
ferent extent of male and female external contribution
observed in the Iraqi gene pool is a frequent observation
in this kind of studies and often finds an explanation in
the different male and female social behavior (Excoffier
et al., 1996; Huoponen et al., 1997; Passarino et al.,
1998; Perez-Lezaun et al.,, 1999; Salem et al., 1996;
Scozzari et al., 1997; Seielstad et al., 1998; Torroni et al.,
1994). However, it has also to be taken into account that
the level of resolution of the mtDNA markers used in
this study could be lower than that reached by the Y-
chromosome counterparts.

In conclusion, this study provides missing informa-
tion on an interesting Middle Eastern region, confirms
the geographical importance of the Middle East as a
crossroad between the three continents, supports the
Eastern side of the Fertile Crescent as the homeland of
the Y-chromosome haplogroup J, and suggests that
long-range gene flow to this area might have involved
mainly males.
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