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Summary

Ossetians are a unique group in the Caucasus, in that they are the only ethnic group found on both the north and south
slopes of the Caucasus, and moreover they speak an Indo-European language in contrast to their Caucasian-speaking
neighbours. We analyzed mtDNA HV1 sequences, Y chromosome binary genetic markers, and Y chromosome
short tandem repeat (Y-STR) variability in three North Ossetian groups and compared these data to published data
for two additional North Ossetian groups and for South Ossetians. The mtDINA data suggest a common origin for
North and South Ossetians, whereas the Y-haplogroup data indicate that North Ossetians are more similar to other
North Caucasian groups, and South Ossetians are more similar to other South Caucasian groups, than to each other.
Also, with respect to mtDNA, Ossetians are significantly more similar to Iranian groups than to Caucasian groups.
We suggest that a common origin of Ossetians from Iran, followed by subsequent male-mediated migrations from
their Caucasian neighbours, is the most likely explanation for these results. Thus, genetic studies of such complex
and multiple migrations as the Ossetians can provide additional insights into the circumstances surrounding such

migrations.
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Introduction by the Alani, an Iranian-speaking warrior Sarmatian
tribe. The Alani are then believed to be the direct ances-
tors of Ossetians (Miller, 1992). The second hypothesis

describes the origin of Ossetians as descendants of one of

Ossetians are unique among the ethnic groups of the
Caucasus region in that they are the only group to re-

side on both the north and south slopes of the central the autochthonous groups from the Caucasus. Accord-

part of the Caucasus Mountains range. They are also of . o . .
ing to this view Ossetians adopted an Iranian language,

interest in that they speak an Iranian language, belong- most likely from the Alani, in the early middle ages or

ing to the Indo-European language family, whereas their possibly even earlier. It is believed that before this event

geographic neighbours all speak Caucasian languages. Ossetians spoke a Caucasian language (Miller, 1992).

There are two main hypotheses concerning the origin . . .
P & & A number of population genetic studies have been

of Ossetians. According to the first hypothesis, from the . . . .
carried out on Ossetian groups. Classical genetic mark-

th st :
7% century BC to the 1 century AD Ossetia came un- ers (blood groups, serum proteins and red cell enzymes)

der Scythian-Sarmatian influence, which was succeeded were studied in several groups from South and North
Ossetia (Inasaridze ef al. 1990; Salamatina & Nasidze,
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Caucasian groups. Rychkov et al. (1996) also studied
classical genetic markers in a number of North Os-
setian groups. Genetic differentiation between Osse-
tian groups was the highest among all comparisons of
groups from the Caucasus. Surprisingly, North Osse-
tians showed greater similarity with Russians than with
neighbouring populations from the Caucasus. This ob-
servation was interpreted as genetic evidence of an an-
cient northern Alanian origin for Ossetians.

Eleven polymorphic restriction sites in the first hy-
pervariable segment (HVI) of the mtDNA control re-
gion were studied in 40 North Ossetians and in ad-
ditional groups from Siberia (Rychkov et al. 1995). A
comparison of these groups with each other and with
data from Western and Eastern Europe, as well as Cen-
tral and Eastern Asia, revealed close similarity of all the
Eurasian groups with respect to the frequency of each
polymorphic restriction site.

Eleven bi-allelic loci and 9 short tandem repeat (STR)
loci on the Y-chromosome, as well as mtDNA HV1 se-
quence variability, were previously studied in two pop-
ulations from North Ossetia (Nasidze et al. 2004). One
South Ossetian population, from Georgia, has also been
studied for a number of Y chromosome SNPs (Wells
et al. 2001) and for mtDNA HV1 sequence variabil-
ity (Kivisild et al. 1999). However, the focus of these
studies was on a much larger regional scale and did
not address specific questions concerning the origin of
Ossetians.

To investigate the origins and relationships of North
and South Ossetian groups, here we present data on
mtDNA and Y chromosome variation in 70 individu-
als from three additional North Ossetian groups. These
new data were combined with the previously-published
data from two other North and one South Ossetian
group (Kivisild et al. 1999; Wells et al. 2001; Nasidze et al.
2003; Nasidze et al. 2004), to address the following ques-
tions: (1) are North Ossetians genetically more closely
related to South Ossetians or to other North Caucasus
groups; (2) are South Ossetians genetically more closely
related to North Ossetians or to other South Cauca-
sus groups; and (3) which of the two prevailing theo-
ries concerning Ossetian origins (an Iranian origin, or
a Caucasian origin followed by language replacement)

receives support from the genetic data.
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Materials and Methods

Samples and DNA Extraction

A total of 70 blood samples from unrelated males,
representing three North Ossetian populations (Alagir,
N = 24; Zamankul, N = 23; and Zil'ga, N = 23),
were collected in the Republic of North Ossetia (Ala-
nia), Russian Federation (Figure 1). Informed consent
and information about birthplace, parents and grand-
parents were obtained from all donors. Genomic DNA
was extracted from the blood samples using a standard
phenol-chloroform method (Maniatis et al. 1982).

MtDNA HV1 Sequencing

Primers L15996 and H16410 (Vigilant ef al. 1989) were
used to amplify the first hypervariable segment (HV1)
of the mtDNA control region, as described previously
(Redd et al. 1995). The nested primers L16001 (Cor-
daux et al. 2003) and H16401 (Vigilant ef al. 1989) were
used to determine sequences for both strands of the
PCR products with the DNA Sequencing Kit (Perkin-
Elmer), following the protocol recommended by the
supplier, and an ABI 3700 automated DNA sequencer.
Samples with a C at position 16189, which produces
a “C-stretch” between positions 16184-16193 that is
difticult to sequence through, were sequenced again in
each direction so that each base was determined twice.

Published mtDNA HV1 sequences were also used
from two North Ossetian populations (26 Ardon and
30 Digora; Nasidze et al. 2004), 201 South Ossetians
(Kivisild et al. 1999), 23 Abazinians, 23 Chechenians, 44
Cherkessians, 37 Darginians, 35 Ingushians, 51 Kabar-
dinians, 42 Armenians, 41 Azerbaijanians, 57 Geor-
gians (Nasidze & Stoneking, 2001), 16 Balkarians, 32
Avarians, 13 Karachaians, 45 Lezginians, 31 Rutulians,
27 Abkhazians, 79 Iranians from Tehran and 46 from
Istahan, 39 Turks (Nasidze et al. 2004), 50 Adyghe
(Richards et al. 1996), 106 Basques (Bertranpetit
et al. 1995; Corte-Real et al. 1996), 101 British
(Piercy et al. 1993), 69 Sardinians and 42 Middle
Easterners (DiRienzo & Wilson 1991), 72 Spaniards
(Corte-Real et al. 1996; Richards et al. 1996), 102 Rus-
stans (Orekhov ef al. 1999), 18 Slavs (Maliarchuk ef al.
1995), 45 Israeli Drusi (Macaulay ef al. 1999), 29 Kurds
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Figure 1 A map of the geographic
location of Ossetian populations used in
this study. 1 — Alagir, 2— Digora, 3 —
Ardon, 4 — Zamankul, 5 — Zil’ga, 6—
South Ossetians.

(Comas et al. 2000), 55 Kazakhs and 94 Kyrgiz (Comas
et al. 1998).

Y Chromosome bi-Allelic Markers

Ten Y chromosomal SNP markers were genotyped:
RPS4Y (M130), M9, M89, M124, M45, M173, M17,
M201, M170, and M172 (Underhill et al. 2000 and
references therein); the YAP Alu insertion polymor-
phism (Hammer & Horai, 1995) was also typed. M9
and RPS4Y were typed by PCR-RFLP assays as de-
scribed elsewhere (Kayser et al. 2000); M89 was typed
as described in Ke ef al. (2001); and the remaining
Y-SNP markers were typed using PIRA-PCR assays
(Yoshimoto et al. 1993) as described in Cordaux et al.
(2004) and Nasidze et al. (2004). The YAP Alu inser-
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tion was typed as described in Hammer & Horai (1995).
The samples were genotyped according to the hierar-
chical order of the markers (Underhill et al. 2000). The
Y-SNP haplogroup nomenclature used here is according
to the recommendations of the Y Chromosome Con-
sortium (2002).

Published Y-SNP data (Semino et al. 2000, Wells et al.
2001) for European, West Asian, and Central Asian pop-
ulations were also included in some analyses.

Y Chromosome STR Loci

Samples belonging to the SNP haplogroup G*(M201)
were genotyped for nine Y chromosome short tandem
repeat (Y-STR) markers: DYS19 (DYS394), DYS385a,
DYS385b, DYS3891, DYS38911, DYS390, DYS391,
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DYS392, and DYS393. These loci were amplified in
pentaplex and quadruplex PCRs, or alternatively in a
single nanoplex PCR,, and detected on an ABI PRISM
377 DNA sequencer (Applied Biosystems), as described
elsewhere (Kayser et al. 1997, 2001). In order to dis-
tinguish between the DYS385a and DYS385b loci, an
additional PCR was carried out as described in Kittler
et al. (2003) and detected on an ABI PRISM 377 DNA
sequencer (Applied Biosystems).

Statistical Analysis

Basic parameters of molecular diversity and popula-
tion genetic structure, including analyses of molecular
variance (AMOVA), were calculated using the software
package Arlequin 2.000 (Schneider et al. 2000). The
statistical significance of Fy, values was estimated by per-
mutation analysis, using 10,000 permutations. The sta-
tistical significance of the correlation between genetic
distance matrices based on mtDNA and Y chromo-
some SNP data was evaluated by the Mantel test with
10,000 permutations. The STATISTICA package (Stat-
Soft Inc.) was used for multi dimensional scaling (MDS)
analysis (Kruskal, 1964). Network analysis for Y-STR
and mtDNA HVI sequence data was carried out using
the software package NETWORK version 3.1 (Bandelt
et al. 1999).

In order to define geographic regions of large ge-
netic changes (or genetic barriers), spatial analysis of
molecular variance (SAMOVA) was used (Dupanloup
et al. 2002). SAMOVA determines groups of popula-
tions that are geographically and genetically homoge-
neous and maximally differentiated from each other,
based solely on genetic data. The method is based on a

simulated annealing procedure that aims at maximizing

the proportion of the total genetic variance due to difter-
ences between groups of populations; the final number
of groups is based on the largest value for this vari-
ance component. As a by-product, SAMOVA also leads
to the identification of genetic barriers between these

groups.

Results

MtDNA HYVI Sequence Variability.

A total of 377 bp of the mtDNA HV1 region, com-
prising nucleotide positions 16024 to 16400 (Anderson
etal. 1981), were determined for 70 individuals from the
North Ossetian groups of Zil’ga, Zamankul and Alagir.
For the purposes of comparing the sequences reported
here with published data for other Ossetian populations
(Kivisild et al. 1999; Nasidze et al. 2004) and for groups
from the Caucasus, Europe, and West and Central Asia
(see the list of populations and corresponding references
in the Materials and Methods section), further analyses
were restricted to 365 bp (nucleotide positions 16024-
16388) of HV1. As a check on the accuracy of the HV1
sequences, we used the network method to search for
so-called “phantom” mutations (Bandelt et al. 2002).
No such mutations were found in the Ossetian HV1 se-
quences (analysis not shown). The sequences will be de-
posited in the HVRbase database (www.HVRbase.de)
at the time of publication and are also available upon
request from the corresponding author (I.IN.).
Parameters summarizing some characteristics of the
mtDNA HV1 sequence variability in Ossetian popula-
tions are presented in Table 1. The haplotype diversity
varied from 0.931 (Alagir) to 0.977 (Digora), which is

Table 1 MtDNA HV1 sequence variability among Ossetian populations

Population N no. of % of shared ~ Haplotype diversit ~ MPD  Tajimas D Source
haplotypes  haplotypes and SD

Alagir 24 15 37.5 0.931 +/— 0.034  6.70 —1.767 present sudy
Zamankul 23 18 21.7 0.941 +/— 0.043 6.68 —2.43"F present sudy

Zil'ga 23 18 21.7 0.976 +/— 0.020  5.24 —1.58" present sudy

Ardon 26 19 26.9 0.948 +/— 0.034  4.65 —1.66" Nasidze et al., (2004)
Digora 30 21 30.0 0.977 +/— 0.014  5.46 —1.26 Nasidze et al., (2004)
Total North ossetians 126 o1 51.6 0.967 +/— 0.008 6.81 —2.52"" present sudy

South Ossetians 201 65 67.7 0.969 +/— 0.005  6.44 —1.40 Kivisild ef al., (1999)

*P <0.05, **P < 0.01.
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Table 2 Mean pairwise Fy values between North and South Ossetian groups, and aucausian, Iranian, West and East European, and

West and Central Asian groups. Below diagonal - paiwise Fst values based on Y-SNP haplogroups; above diagonal - pairwise Fst values
based on mtDNA HVI sequences

N.Oss. S.Oss. N.Cau. S.Cau. Iranians West Eu. East Eu. Centr. Asia West Asia

N. Oss. 0.037 0.020 0.030 0.024 0.043 0.035 0.035 0.029
S. Oss. 0.330 0.037 0.033 0.015 0.036 0.030 0.073 0.018
N. Cau. 0.231 0.101 0.019 0.021 0.022 0.026 0.023 0.018
S. Cau. 0.298 0.126 0.190 0.016 0.025 0.027 0.021 0.020
Iranians 0.199 0.112 0.105 0.124 0.018 0.016 0.055 0.011
West Eu. 0.387 0.338 0.316 0.209 0.264 0.023 0.078 0.026
East Eu. 0.317 0.292 0.296 0.191 0.116 0.275 0.087 0.027
Centr. Asia 0.303 0.166 0.245 0.225 0.106 0.306 0.149 0.056
West Asia 0.211 0.087 0.135 0.253 0.093 0.243 0.183 0.121

within the range of haplotype diversity values for other
Caucasian groups. The mean number of pairwise nu-
cleotide differences (MPD) varied from 4.65 (Ardon) to
6.70 (Alagir); these values are at, or exceed, the upper
limit of the range of MPD values for European popula-
tions (3.15-5.03; Comas et al. 1997) as well as for the rest
of the Caucasus (4.40-5.87; Nasidze ef al. 2004). Tajima’s
D values were negative in all Ossetian groups (Table 1),
significantly so in all groups except the Digora and the
South Ossetian group. The negative D values suggest
past population expansions in the Ossetian groups.

For overall pairwise comparisons of North and South
Ossetians with neighbouring populations from the Cau-
casus, as well as groups from West and East Europe and
West and Central Asia, we calculated average pairwise
F values, pooling the five North Ossetian groups, as Fy
values for almost all comparisons between North Osse-
tian groups are not significantly different from zero (not
shown). Pairwise Fy, comparisons (Table 2) indicate that
South and North Ossetians are no closer to each other
(average F;, = 0.037) than to North or South Cauca-
sus groups (average Fy values range from 0.020-0.037).
These average F values are not significantly difterent
from one another (t = 0.976, p = 0.332). Indeed, South
and North Ossetians are more distant from each other
than are other South Caucasus groups from other North
Caucasus groups (average F, = 0.019), although the
difference between these values is also not significant
(t = 0.817, p = 0.460). North Ossetian populations
are more similar to their geographic neighbours from
the North Caucasus (average F;, = 0.020) than South
Ossetians are to their neighbours from the South Cau-
casus (average Fi, = 0.033). The average pairwise Fy
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value between North Ossetians and groups from the
South Caucasus (excluding South Ossetians) is lower
(0.030) than that between South and North Ossetians
(0.037), while the average pairwise F value for South
Ossetians and North Caucasus groups (excluding North
Ossetians) is the same (0.037) as that between South and
North Ossetians, although these estimates are not sig-
nificantly different from each other (t = 0.669, p =
0.518).

Overall, Ossetians are more distant from the other
Indo-European-speaking populations from the Cau-
casus (Armenians; average Fi, = 0.030) than from
Caucasian-speaking populations (average F,, = 0.026),
although these values are not significantly different (t
= 1.430, p = 0.212). However, Ossetians are signifi-
cantly closer to Iranian-speaking populations from Isfa-
han and Tehran (average F;, = 0.019) than to Caucasian-
speaking populations (average F,, = 0.027; t = —2.564,
p = 0.026). The same trend holds when we compare
haplotype sharing between Ossetian and Iranian pop-
ulations versus Ossetians and their closest geographic
neighbors from the Caucasus. South Ossetians share just
4% of their mtDNA sequences with Georgians, whereas
they share 12% and 19% of their mtDNA sequences
with Iranian-speaking groups from Isfahan and Tehran
respectively. The haplotype sharing between North Os-
setians and Iranian groups varies from 13% to 31%. With
Ingushians, their closest eastern geographic neighbours,
North Ossetians share from 22% to 33% of their mtDNA
sequences. With Kabardinians, their closest western ge-
ographic neighbours, North Ossetians share 26% to
54% of their mtDNA sequences. This relatively high
percentage of shared haplotypes between North

Annals of Human Genetics (2004)
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Figure 2 MDS plots based on pairwise Fy values, showing relationships among the North and South
Ossetians, Caucasian, European, Central and West Asian populations. Ossetians are represented by
stars; other Caucasus groups are represented by circles; squares correspond to populations from
Europe; Central Asian groups are represented by diamonds; and West Asian populations by triangles.
A. Based on mtDNA HVI sequence data. The stress value for the MDS plot is 0.104. B. Based on Y
chromosome SNP data. The stress value for the MDS plot is 0.126. The populations are given the
following abbreviations: Os_Dig — Ossetians from Digora, Os_Ala — Ossetians from Alagir, Os_Zil —
Ossetians from Zil’ga, Os_Zam — Ossetians from Zamankul, Os_Ard — Ossetians from Ardon, S_Os —
South Ossetians, Sv — Svans, Rut — Rutulians, Kazb — Kazbegi, Lez_Dag — Lezginians from Dagestan,
Lez_Az — Lezginians from Azerbaijan, In — Ingushians, Che — Chechenians, Ch — Cherkessians, Ava —
Avarians, Kab — Kabardinians, Ab — Abazinians, Ge — Georgians, Az — Azerbaijanians, Ar —
Armenians, Abk — Abkhazians, Bal — Balkarians, Ir_Isf — Persians from Isfahan, Ir_Teh — Persians from
Tehran, Leb — Lebanese, Dr — Israeli Drusi, Syr — Syrians, Tur — Turks, Kur — Kurds, Rus - Russians,
Ukr — Ukrainians, Mar — Mari, Pol — Polish, Hung — Hungarians, Gr — Greeks, Sar — Sardinians,
Cz_Sl — Chez and Slovaks, Sp - Spanish, Fr — French, Ger — Germans, It — Italians, Br — British, And

— Andalusians, Dut — Dutch, Cat — Catalans, Bas — Basques, Fr_Bas — French Basques, Sp_Bas —
Spanish Basques, Turkm — Turkmans, Kara — Karakalpak, Kyr — Kyrgiz, Kaz — Kazakhs, Ishk —
Ishkinasi. The abbreviated names of the populations are also used in the Y-SNP MDS plot.

Ossetians and their closest geographic neighbours can
be explained by recent gene exchange among these
groups.

An MDS plot (Figure 2A) based on pairwise F val-
ues illustrates the above relationships. In particular, the
Ossetian populations cluster together, near groups from
the Caucasus and West Asia, and are the closest of any

of the Caucasian groups to Central Asia.
Y-SNP Haplogroups

Opverall, ten Y-SNP haplogroups were found in Osse-
tians (Table 3), with the number of haplogroups in each

individual Ossetian group ranging from four to seven.

Annals of Human Genetics (2004)

Haplogroup E* (YAP) was found only in South Osse-
tians (Wells ef al. 2001), and haplogroup C* (RPS4Y)
was completely absent. The most frequent haplogroup
among North Ossetians was G* (M201). Unfortunately,
M201 was not typed in South Ossetians by Wells et al.
(2001); therefore, it is impossible to distinguish between
haplogroups G*(M201) and F*(IM89) in this group: the
latter is the most frequent haplogroup in South Os-
setians. In our analyses these individuals were classi-
fied as haplogroup F*(M89), although some unknown
proportion could be haplogroup G*(M201). We there-
fore classified all haplogroup G*(IM201) North Ossetian
individuals as haplogroup F*(M89) in order to be able to
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Figure 2 (Continued.)
Table 3 Y chromosome haplogroup frequencies in Ossetian groups
Haplogroups
Groups N E* C K* P1 p* R1* Rlal* F G” J2r I HD  Source
YAP RPS4Y M9 MI124 M45 M173 M17 M89 M201 M172 M170
North Ossetia (Russia)
Digora 31 0 0 0 0 0.06 0 0 0.03 074 0.03 0.13 0.440 Nasidze et al., (2004)
Ardon 28 0 0 0.07 0 0.04 0 0.04 0.04 021 029 032 0.788 Nasidze et al., (2004)
Zil’'ga 23 0 0 0.130 0 0 0 0 0.043 0.565 0.261 0 0.620 Present study
Zamankul 23 0 0 0.217 0 0 0 0 0.087 0.609 0.087 0 0.590 Present study
Alagir 24 0 0 0.083 0.083 0 0.042 0 0 0.750 0.042 0 0.440 Present study
South Ossetia (Georgia)
S. Ossetians 17 0.18 0 0 0 0 0.12  0.06 041 - 024 0 0.772 Wells et al., (2001)

use Y-SNP data from South Ossetians for the MDS and
Fy analyses. Haplogroup I*(M170) was found in sub-
stantial frequencies in groups from Digora and Ardon,
whereas this haplogroup is absent from the rest of the
groups. Haplogroup J2* (M172) was found in all groups,
with frequencies ranging from 0.03 in the Digora group
to 0.29 in the Ardon group. Haplogroup K*(M9) was
found in all groups except for South Ossetians and the
Digora group. The remaining haplogroups were found
at low frequencies in one or two groups.

Haplogroup diversity varied substantially, from 0.44
in the populations from Digora and Alagir to 0.79 in
Ardon. These values are lower than the diversity values
for most other Caucasus groups (Nasidze et al. 2004)

© University College London 2004

typed for these markers, except for Svans from Georgia
(Wells et al. 2001).

Pairwise F values indicate substantial differences be-
tween South and North Ossetians (Table 2). The average
Fy value between these groups was 0.330, significantly
higher than between the other North and South Cauca-
sus groups (average Fy— 0.190; t = 4.687, p = 0.009);
by contrast, the average F;; value between South Osse-
tians and other North Caucasian populations (excluding
North Ossetians) was only 0.101, and the average Fy
between South Ossetians and the other South Caucasus
groups was 0.126. North Ossetian populations were al-
most as distant from South Caucasian groups as from

South Ossetians (average Fy value, excluding South

Annals of Human Genetics (2004)
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Ossetians, was equal to 0.298), while the average Fy
value between North Ossetians and other North Cau-
casian populations was significantly lower (average Fy, =
0.231; t = 3.48, p = 0.001). Despite the fact that North
Ossetians showed greater similarity with other North
Caucasus populations compared with South Ossetians,
the difference in Fy, values is not significant (t = — 0.734,
p = 0.503).

Pairwise F comparisons between Ossetians and Ar-
menians (the other Indo-European speaking group from
the Caucasus) showed that Ossetians are closer to this
group (average F, = 0.144) than to the Caucasian-
speaking groups (average F, = 0.213). However, the
difference in average F wvalues is not statistically-
significant (t = 0.559, p = 0.583). Also, Ossetians are
about as distant from their direct linguistic relatives,
Iranian-speaking groups from Isfahan and Tehran (av-
erage F, = 0.204), as from non-Indo-European speak-
ing West Asian groups (average F, = 0.215; t = 0.103,
p = 0.920).

The MDS analysis (Figure 2B) further illustrates the
patterns observed in the pairwise Fy, comparisons. South
Ossetians are distinct from a loose cluster of the North
Ossetian groups. The South Ossetians cluster with
South and North Caucasian groups and with West Asian
groups. Ossetians from Ardon are somewhat separated
from the other North Ossetian groups, being closer to
the cluster of Caucasian and West Asian groups. The
overall high level of Y-chromosome diversity exhibited
by Ossetian populations is reflected in the large area they
occupy on the MDS plot. We also repeated the MDS
analysis without South Ossetians, in order to use infor-
mation for the haplogroup G* (M201). The result of this
analysis (not shown) did not reveal any differences from
the analysis without haplogroup G*(M201).

Y Chromosome STRs

Since haplogroup G*(M201) has an unusually high fre-
quency in North Ossetians (average frequency = 0.57)
compared with other groups from the Caucasus (av-
erage frequency = 0.21), we typed 9 Y-STR loci in
individuals with this Y-SNP haplogroup to determine if
this elevated frequency indicates a bottleneck effect. We
compared the results with the same set of loci on the
same Y-SNP background typed in other groups from

Annals of Human Genetics (2004)

Figure 3 Median network constructed based on Y
chromosome STRs on the background of Y-SNP haplogroup
G*(M201). Cluster A corresponds to Y-STR haplotypes found
in the Digora population, while cluster B corresponds to the
Y-STR haplotypes found in the rest of Ossetian groups.

the Caucasus (Nasidze et al. 2003). Haplotype diversity
on the background of haplogroup G*(M201) is signif-
icantly reduced in Ossetians (0.722 £ 0.071) compared
with the rest of the Caucasus (0.992 4 0.005). A me-
dian network of Y-STR haplotypes on the background
of haplogroup G*(M201) revealed two clearly separated
clusters (Figure 3). One of them almost exclusively con-
tains haplotypes found in the Digora group. The second
cluster contains the remaining North Ossetian groups,
suggesting either different sources of introduction of
haplogroup G*(M201) or isolation and genetic drift in
the Digora group.

Comparison of mtDNA and Y-Chromosome
Data

The geographic and linguistic structure of Ossetians,
other Caucasus groups, and European, West and Cen-
tral Asian groups, as assessed by mtDNA and Y chro-
mosome variation, was investigated by the AMOVA
procedure (Table 4). As is typically seen in human
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Table 4 AMOVA results according to different classifications

Genetic Evidence Concerning the Origins

mtDNA Y-SNP
Among populations  Within Among populations ~ Within
Classifications ~ Among groups  within groups populations ~ Among groups  within groups populations
Geography 1 1.98 1.50 96.52 9.52 13.73 76.75
Geography 2 1.83 1.81 96.36 9.45 14.32 76.23
Linguistic 1 1.28 2.33 96.39 7.21 16.36 76.43
Linguistic 2 1.19 2.37 96.44 6.63 16.69 76.68

Geography 1 -South and North Caucasus, Europe, West Asia, Central Asia.

Geography 2 - Caucasus, Europe, West Asia, Central Asia.
Linguistic 1 - Caucasian, Indo-European and Turkic.

Linguistic 2 - South Caucasian, North Caucasuan, Indo-European and Turkic.

populations, the within-populations proportion of the
variance was much higher for mtDNA (about 96%) than
for the Y chromosome (about 76-77%). For both the
mtDNA and the Y-SNP data, the geographic classifica-
tion of populations gave a slightly better fit to the ge-
netic data (in terms of higher among-group variance and
lower among-populations-within-groups variance) than
did linguistic classifications (Table 4). Further classifying
the Caucasian groups into South and North groups did
not significantly improve the fit of either classification
to the data (Table 4).

The correlation between pairwise Fy; values based on
mtDNA and Y-SNP data in Ossetians was high but
not significant (Mantel test, Z = 0.531, p = 0.084).
The correlation between pairwise Fy values based on
mtDNA and geographic distances between Ossetians
and their geographic neighbours was significant (num-
ber of groups = 22; Z = 0.651, p = 0.013), whereas
the correlation between pairwise F, values based on Y-
SNP haplogroups and the geographic distances between
Ossetians and their geographic neighbours was not sig-
nificant (number of groups = 20; Z = 0.659, p =
0.149).

The correlation between the geographic distances and
the mtDNA F;, values for all Caucasus groups was not
statistically significant (Z = —0.216, p = 0.751). A
similar result was obtained for the correlation between
geographic distances and the Y-SNP haplogroup F, val-
ues (Mantel test, Z = —0.107, p = 0.718). More-
over, the correlation between the Fy distances among
pairs of Caucasus groups based on mtDNA and Y-
haplogroups was not statistically significant (Z = 0.063,
p = 0.297), suggesting differences in the genetic struc-
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ture of these groups based on mtDNA and the Y
chromosome.

We also carried out a spatial analysis of molecular
variance (SAMOVA) to look for regions of large ge-
netic change between Ossetian groups, as well as among
Ossetians and other neighbouring populations from the
Caucasus, West Asia and East Europe that might define
genetic barriers. This analysis follows the same principle
as used in the AMOVA analysis to define groups of sam-
ples that are best supported by genetic data. As observed
previously, a stronger genetic structure is observed for
Y chromosome data than for mtDNA (Table 5). As ex-
pected, both genetic structures are in strong agreement
with the MDS plots shown in Figure 2. SAMOVA ap-
plied to mtDNA data for Ossetians alone suggests the
genetic isolation of North Ossetian groups from Alagir
and Zamankul. The Y-chromosome data underline the
genetic isolation of the North Ossetian samples from

Ardon and Zamankul.

Discussion

North and South Ossetians are the only ethnic group
found on both slopes of the Caucasus Mountains. They
speak a language which belongs to the Iranian branch
of the Indo-European language family; hence, Osse-
tians are a linguistic isolate, surrounded by Caucasian-
speaking populations. By surveying mtDNA and Y-
chromosome variation in Ossetians, we sought answers
to several questions concerning the origins and genetic
relationships of Ossetians. First, are North and South
Ossetians more genetically similar to each other, or to

their geographic neighbours (i.e., Caucasian-speaking
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Table 5 Fixation indices corresponding to the groups of populations as inferred by SAMOVA
A. Only Ossetian groups were considered in SAMOVA analysis. B. Along with Ossetian groups, other populations from the Caucasus

and East Europe were included.

Locus Group composition

FSC l:'ST FCT

mtDNA A. Between Ossetian groups

1. North Ossetians (Alagir)

2. North Ossetians (Zamankul)
3. Other samples

B. Between Ossetians and

other neighboring groups

1. Karachaians

2. North Ossetians (Alagir)

3. North Ossetians (Zamankul)
4. Other samples

A. Between Ossetian groups

1. South Ossetians

2. North Ossetians (Ardon)

3. North Ossetians (Zamankul)
4. Other samples

Y chromosome

B. Between Ossetians and
other neighboring groups
1. Russians

2. Georgians (Kazbegi)
3. Other samples

—0.011 0.035%** 0.045

0.019%* 0.061%** 0.043***

—0.011 0.035%** 0.045

0.100"** 0.270** 0.189**

**P < 0.001, **P < 0.005.

populations in the North and South Caucasus, respec-
tively)? The results are somewhat difterent for mtDNA
vs. the Y-chromosome. North and South Ossetians do
cluster somewhat in the MDS plot based on mtDNA
(Fig. 2A), which may indicate a common origin. How-
ever, for the Y-chromosome, North Ossetians are more
similar to other North Caucasian populations, and
South Ossetians to other South Caucasian populations,
than to each other. The SAMOVA analysis also iden-
tifies a boundary between South Ossetians and other
groups for the Y chromosome, but not for mtDNA.
Thus, there is no indication in the Y-chromosome of a
particularly close genetic relationship between N. Osse-
tians and S. Ossetians. If they did have a common origin
in the past, it has apparently become obscured by sub-
sequent gene flow with their geographic neighbours on
the same sides of the Caucasus Mountains.

Putting together the archaeological and genetic data,
and assuming a common origin of South and North
Ossetians (which is supported by the mtDNA data), a
plausible scenario is that “alteration” of the initial Os-
setian Y-chromosome gene pool took place in North
Ossetians via other North Caucasus groups. This as-

sumption is enforced by the fact that the genetic dis-
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tances between North Ossetians and South Caucasus
groups are similar to those between North Ossetians
and South Ossetians, but the genetic distances between
North Ossetians and other North Caucasus groups are
much smaller. Moreover, there are differences in genetic
structures based on Y chromosome and mtDNA, as the
correlation between Fy, distances among pairs of Cauca-
sus groups based on mtDNA and Y-haplogroups was not
statistically significant. The different patterns observed
between South and North Ossetians for the Y chromo-
some may also have been reinforced by the traditional
patrilocal social structure of this population, leading to a
higher degree of differentiation for the Y chromosome
than for mtDNA.

The Ossetians speak an Iranian language; is this be-
cause they are directly descended from the Alani (an
Iranian-speaking group), or is it rather that genetically
the Ossetians resemble their geographic neighbours in
the Caucasus, and hence replaced their ancestral Cau-
casian language with an Iranian language, after contact
with the Alani (or another group)? Average pairwise Fy,
values are smaller between Ossetians and Iranians than
between Ossetians and Caucasians for both mtDNA
and the Y chromosome, significantly so for mtDNA,
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which suggests an Iranian origin of Ossetians. Subse-
quent and largely male-mediated migrations between
Ossetians and neighbouring groups in the North and
South Caucasus, respectively, would explain the greater
similarity between Ossetians and Caucasians for the Y-
chromosome, as discussed previously.

In conclusion, the genetic results are supported by
the archaeological record, in that they reflect a common
Iranian origin of South and North Ossetians, as well as
a genetic footprint of ancient migrations in the North
Caucasus that mostly involved male individuals. Thus,
genetic studies of such complex and multiple migrations
as the Ossetians can provide additional insights into the

circumstances surrounding such migrations.
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