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Abstract
In order to investigate the molecular diversity of
mtDNA in Azeri population, 133 Azeri subjects inhabit-
ing different regions of Azerbaijan (Iran) were selected.
Blood samples were taken from these subjects for
mtDNA extraction. The extracted mtDNA samples
were then studied by the PCR-RFLP method.
Fourteen haplogroups were characterized from which
82% were identified as European specific hap-
logroups. The  H haplogroup was the most frequent
and 79 haplotypes were specified. In this study, the
Iranian Azeri population was found to be a heterogenic
population where all the specific haplogroups of
Asians, Europeans and Africans were present in the
studied population. Comparing the haplogroups of the
present investigation with other populations indicated
a very close similarity with other Iranian populations,
but was different from haplogroups of other Asian pop-
ulations who also speak the Azeri language.
Keywords: Azeri; Population; Iran; mtDNA; Diversity;
Haplogroup

INTRODUCTION

Human mitochondrial DNA (mtDNA) is a circular

molecule of 16569 bp, present in thousands of copies

per cell (Tagliabracci et al., 2001; Pääbo et al., 1988).

It possesses maternal inheritance, lacks recombination

and has a relatively high rate of mutation (Elson et al.,

2001). The mtDNA mutations lead to changes in

nucleotides, which are inherited maternally and spread

with migration and colonization of human populations

(Torroni et al., 1996). Therefore, the study of mtDNA

provides a potential explanation for genetic polymor-

phisms and evolution of populations, and the pattern of

migration in different parts of the world.

Polymerase chain reaction-Restriction fragment

length polymorphism (PCR-RFLP) is an easy and fast

technique for analysis of genetic diversity and varia-

tions of mtDNA in human populations (Baudouin et
al., 2005; Torroni et al., 1996). Consequently, it deter-

mines population specific haplogroups and haplotypes

(Torroni et al., 1994; Wallace, 1994). Most of the hap-

logroups are continent-specific, such as the L hap-

logroup prevalent in the African population (Chen et
al., 1995), In fact Africans represent the most ancient

human mtDNA group (going back to 200000 years

ago), and all modern humans have a common and

recent African origin  (Vigilant et al., 1991). In Siberia,

East and South Asia the A, B, C, D, E, G and M hap-

logroups are predominant, and in native Americans the

four Asian haplogroups of A,B,C and D are wide-

spread.  In contrast, the H, I, J, K, T, U, V, W and X

haplogroups constitute the most common haplogroups

in Europe (Herrnstadt et al., 2002).

Azeris are one of the biggest Iranian populations

who reside mostly in East and West Azerbaijan,

Ardabil and the Zanjan provinces; however, they have

also settled in other provinces of Iran including

Qazvin, Hamadan, Markazi and Tehran (Fig. 1).

Historians believe that their historical origin goes back
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to the “Maad” ethnicity. The Mads are members of the

Indo-Iranian family (Aryans) who migrated to Iran

around 1700 BC and settled in the Northwest of Iran

(Gharagheshlaghi., 2007). The aim of this study is to

investigate the molecular diversity of mtDNA in the

Azeri populatiom and to determine the relationship of

the present studied population with other Iranian pop-

ulations, Asian Azeris, Middle Easterners, Central

Asians and European populations. 

MATERIALS AND METHODS

Subjects: Blood samples were collected from 133

subjects who are currently living in different parts of

Azerbaijan. The subjects were not familial relatives,

who along with their mothers and grandmothers, were

born in Azerbaijan and spoke the Azeri language. 

mtDNA molecular analysis: mtDNA was separated

from blood cells using proteinase K, sodium dodecyl

sulfate (SDS), Cetyltrimethyl ammonium bromide

(CTAB) and chloroform (Asgharzadeh et al., 2008)

and all mtDNAs were amplified in nine different PCR

reactions. Primers that were used are presented in

Table 1. The properties of the primer pairs were based

on previous published work (Anderson et al., 1981;

Andrews et al., 1999). 

PCRs were performed in 100 μl volumes which

contained 0.5 μM  each of the specific primer, 1.5 mM

MgCl2, 200 μM  each of the dNTPs, 500 mM KCl (pH

8.5), 200 mM Tris-HCl, 2U of recombinant Taq DNA

polymerase (Cinnagen, Iran) and the extracted mtDNA

as template. Finally, the PCR products were elec-

trophoresed on an 0.8% agarose gel and stained with

0.5 μg/ml of ethidium bromide for eventual visualiza-

tion. The size of the resulting fragments was deter-

mined in accordance with a DNA ladder (100 bp DNA

ladder plus, Fermentas, Lithuania).

PCR products were purified using high pure PCR

product purification kit (Roche, Germany) and digest-

ed with AluI, AvaII, DdeI, HaeII, HaeIII, HhaI, HincII,
HInfI, HPAI, RsaI restriction enzymes. The digested

fragments were then electrophoresed on a 2% agarose

Asgharzadeh et al.

121

Figure 1. Azeri-inhabited places in Iran.
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gel, and stained as mentioned above. Different mtDNA

haplogroups were determined based on the effect of

the restriction enzymes on the polymorphic regions

with respect to published criteria (Barnabas et al.,
2006; Al-Zahery et al., 2003; Finnilä et al., 2001;

Macaulay et al., 1999; Torroni et al., 1996).

RESULTS

In this study, 133 mtDNA samples from the Azeri pop-

ulation were analysed using the PCR-RFLP method

and 14 haplogroups were found, where more than 90%

of the Azeri population  belonged to the I, U, K, T, J,

H, HV, W and X haplogroups. The most prevalent of

these was the H haplogroup (25.57%) followed by the

U haplogroup (20.3%). From the European hap-

logroups, 8 haplogroups H, I, J, K, T, U, W, X were

found in 109 Azeris (81.96%) the West Asian hap-

logroup, HV, was found to be present in 13 Azeris

(9.77%). Three Azeris (2.26%) with the N haplogroup

and 4 others with unknown haplogroups (3%) were

also observed. From the 8 Asian haplogroups (A-G,

M), the A, M and D haplogroups were found in 3

Azeris (2.26%) and the African haplogroup (L) was

observed in one Azeri subject (0.75%) (Table 2). 

Seventy nine haplotypes were found in 133 Azeri

subjects, from which 55 haplotypes were exclusive

and 24 haplotypes were prevalent in more than one

subject. Seventeen  haplotypes were observed in 2 sub-

jects, 2 haplotypes were seen in 3 subjects (one haplo-

type from the V haplogroup in 4 subjects and one hap-

lotype from the K haplogroup in 5 subjects), one hap-

lotype from the T haplogroup was found in 8 subjects,

one haplotype from the U haplogroup was observed in

8 subjects, and one haplotype from the H haplogroup

was found to be frequent in 13 subjects. 

DISCUSSION

The Azeri population represents one of the Iranian

shia-Muslim populations. In this population, specific

European (H, I, J, K, T, U, V, W, X), Asians (M, A, D)

and African (L) haplogroups of the mtDNA have been

observed, but most of this population (82%) possess

the European specific haplogroups. In a way, the H

haplogroup was shown to be the most frequent hap-
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Number

of primer

fragment

length (bp)

Annealing

temperature

Characteristics of 5’→3’ primers

Forward, reverse*

1

2

3

4

5

6

7

8

9

2155

2085

2282

1796

1692

2428

2196

2284

1812

54

54

62

57

56

61

59

55

65

1562-1581, 3717-3701

3108-3127, 5193- 5173

5151-5170, 7433-7414

7367-7384, 9172-9154

8416-8436, 10107-10088

9911-9932, 12338-12309

12190-12209, 14385-14366

14260-14279, 16543-16526

16453-16472, 1696-1677

Table 1. Primers used for amplification of mtDNA by PCR.

Haplogroups fragment length (bp)

Prevalence (%)

HV

H

J

T

K

U

I

X

W

N

M

A

D

L

Others

Total

13(9.77)

34(25.57)

15(11.28)

15(11.28)

8(6.02)

27(20.3)

6(4.5)

1(0.75)

3(2.26)

3(2.26)

1(0.75)

1(0.75)

1(0.75)

1(0.75)

4(3.01)

133(100)

Table 2. Prevalence (frequency) of mtDNA haplogroups in the Azeri
population.

*(5’→ 3’ before comma refers to forward primers and after comma refers to reverse primer).
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logroup (25.57%) in the present population; it is also

the most frequent in Europe with a 40-60% frequency

in Western Europe (Torroni et al., 1998). Moving from

West to the East, the frequency of this haplogroup

diminishes gradually, i.e. in the Italian population, it

has a 33.3% frequency (Torroni et al., 1997), with 26%

in observed in the Turkish Anatolian population

(Quintana-Murci et al., 2004), 25.57% in the subjects

of the present study, 3.5 % in the South Siberian pop-

ulation (Derenko et al., 2003) and the lowest frequen-

cy observed in the Indian population (Torroni et al.,
1998). As shown previously, in one of the studied sub-
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Population No. of

samples

Haplogroup’s prevalence (%)

HV H V J T K U I X W N M A C D G L others

Azeris (present

study)

Iranians (Quintana-

Murci et al., 2004)

Iraqis (Al-Zahery et
al., 2003)

Anatolian Turks

(Quintana-Murci et
al., 2004)

Turkmen

(Quintana-Murci et
al., 2004)

Uzbeks (Quintana-

Murci et al., 2004)

South Siberians

(Derenko et al.,
2003)

Uygurs (Liuqi et
al., 2008)

Pakistanis

(Quintana-Murci et
al., 2004)

Italians (Torroni et
al., 1997)

Norwegians

(Passarino et al.,
2002)

Bosnians

(Malyarchuk et al.,
2003)

Slovenian

(alyarchuk et al.,
2003)

Finishes (Finnilä et
al., 2001)

Swedish (Torroni et
al., 1996)

Hungarians

(Tömöry et al.,
2007)

133

42

216

50

41

42

480

50

100

99

74

144

104

480

37

101

9.77

19.1

10.6

6

4.8

7.2

-

12

4

-

0.69

-

-

3

25.57

14.3

19.9

26

22

21.4

3.5

6

12

33.3

39.19

47.92

47.12

39.17

40.5

39.6

-

-

0.5

-

-

-

-

-

-

5.1

5.4

-

-

5.63

5.4

4.8

11.28

16.7

9.3

8

9.8

7.1

3.5

2

1

7.1

10.81

6.94

9.62

5.4

2.7

7.9

11.28

9.5

8.8

8

7.3

4.8

1.5

24

1

9.1

12.16

4.86

5.77

2.5

21.6

9

6.02

7.1

3.2

8

-

-

0.2

-

-

8.1

4.06

4.17

3.85

2.5

13.5

7.9

20.3

16.8

19

24

4.8

12

6.7

14

17

22.2

17.5

19.45

19.22

27.92

16.2

15.9

4.5

2.4

1.9

2

-

-

0.6

-

-

4

4.06

2.78

1.92

3.1

-

2

0.75

-

2.8

6

2.4

-

0.6

-

1

3

1.35

1.39

0.96

1.46

-

-

2.26

2.4

1.9

-

-

2.4

-

6

1

2

2.7

1.39

4.81

9.6

-

7.9

2.26

4.8

2

2.4

-

0.6

-

3

1.35

0.69

-

-

-

0.75

4.8

1.4

-

4.9

11.9

2.7

14

47

-

-

1.39

-

-

-

1

-

4

2.4

7.1

2.7

6

-

-

-

-

-

-

-

-

-

7.3

2.4

36.3

-

-

-

-

-

-

-

-

1

-

2

22

9.5

17.9

10

-

-

-

-

-

-

-

-

2

-

2.4

6.9

-

1

-

-

-

-

-

0.75

-

4.2

-

-

-

-

-

1

-

1.35

0.69

-

-

3.01

2.4

16.6

4

9.9

11.8

16.3

6

11

6.1

-

7.64

6.73

2.72

-

2

Table 3. Comparing prevalence of Azeris mtDNA haplogroups with other populations.
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jects, the L haplogroup was observed, which is specif-

ic to Africa (Chen et al., 1995), thus reflecting gene

flow from Africa to Azerbaijan. In three subjects the

M, A and D haplogroups were observed at a frequency

of (2.26%), thus indicating the transfer of gene from

Central Asia to Azerbaijan, and as with other Iranians

this rate is low (Quintana-Murci et al., 2004). The M

haplogroup is specific to the Indian peninsula with a

65% frequency (Metspalu et al., 2004), but in the

Iranian population, it is 2.34% (Houshmand et al.,
2004). However, in the Azeri population just one sub-

ject (0.75%) had this haplogroup, thus indicating that

gene flow India to Iran, especially Azerbaijan, was

very limited.

Considering the fact that specific haplogroups from

the three continents including Europe, Asia and Africa

exist in the Azeri population, it can be claimed that the

Iranian Northwestern Azeri population is heteroge-

neous. In the Azeri population, the U haplogroup is the

most frequent followed by the H haplogroup (Table 3).

This is similar to the finns (Finnilä et al., 2001),

Italians (Torroni et al., 1997) and Bosnians (Liuqi et
al., 2008). Furthermore, I haplogroup is more frequent

in the Azeri population than other populations (4.5%),

followed by Norwegians (4.06%) (Passarino et al.,
2002) and Italians (4%) (Torroni et al., 1997).

The Azeri population speaks Azeri, which is one of

the Ural-Altaic languages; however, subjects in the

present study were genetically different from other

Central and East Asian populations that speak the

Azeri language (Table 3). Almost 82% of the Azeri

subjects in the Northwest of Iran had European hap-

logroups, and were similar to other Iranians; however,

the other Azeri speaking people who live in Asia had

mostly the Asian haplogroups, with the European hap-

logroups being of low frequency among them. For

example, the European haplogroup in 7 Azeri speaking

populations in Southern Siberia was 16.7% (Derenko

et al., 2003), in Turkmens 46.3%, and in Uzbeks

47.7% (Quintana-Murci et al., 2004).  

Considering the similarity between the Azeri and

Iranian haplogroups (Table 3), it can be concluded that

the Iranian population have been living in Azerbaijan

since ancient times, and a small ethnic group who

spoke the Altaic language subsequently invaded this

region, as confirmed by historical documents. In the

11th century this region was invaded by “Seljuq” Turks

(Gharagheshlaghi et al., 2007) and “Oghuz” nomadic

riders (Johanson et al., 1998). A similar situation can

also be seen in Iranian Arabs whose mtDNA is closely

related to Iranian groups rather than other populations

who speak Arabic (a Semitic language) (Nasidze et al.,
2008). In recent study which compares the mtDNA (by

the sequencing method) of Turks and Indo-Iranian

Tajik ethnicities in Central Asia, Heyer et al (2009)

differences have been found between these two ethnic

groups. However, the results of this study indicate that

the Azeri population and other Iranians have the same

genetic properties notwithstanding the fact that they

live in different geographical regions and speak differ-

ent languages.

The Azeri population has similar cultural and reli-

gious ties with the rest of the Iranian population, and

this research further confirms this by showing that

their mtDNA is highly similar to other Iranian popula-

tions, but is different from other Sunni-Muslim

Turkish populations (Quintana-Murci et al., 2004). 
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