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ABSTRACT. The Georgians occupy the territory in the center of the Caucasus and adjoin many
Caucasian nationsand ethnic groups. I n thenorth Geor gia bor derson Karachai, Cir cassans, Kabardians,
Balkars, Ossetians, Chechens, Ingushs and Dagestani, in the East and South — Armenians, Azerbaijani
and Turks. Besides, the Georgian population is unique regarding its ethnographical diversity,
anthropogenic composition and multi-ethnicity. Within the framework of the project we studied 136
malesin different ethnogr aphic groupsof the Geor gian population: Tushs, the Fereydanian Geor gians,
other Geor gianswithout takinginto consider ation their ethnographic groups, also Azer baijani, Armenians
and theso called Ottoman Greekslivingin Geor gia. Each patrimonial haplotypewasdistinguished by its
17-STR profile. Y-chromosome lines wer e deter mined as unique combinations of SNP and STR data
presented in samples. Thepaper consider sthedensity of the Y-chromosome haplo-groupsaccording to
the data in historical sources, their settlement time and areas in Georgia. Despite the fewness of the
studied individualsther eare somenoteworthy results: genetic proximity of thefivepopulationsiscaused
by different factors — existence of a single genetic group with a possible common language and culture
ontheterritory of the Caucasus-Anatoliain thehistorical past; geneticrole of theAlbanian population
in the formation of the gene pool of the population in the East Caucasus, common migration and
assimilation processes; high percentage of L haplo-group in the Black Sea coast Greeks strengthens
the hypothesison genetic proximity of the Laz ethnosliving on the souther n Black Sea coastlineand the
Greeksdeported to Georgia, i.e. the possibility of Hellenization of some part of the Laz population at
certain historical stages(or per manently). The Caucasusisoneof themost significant regionsregarding
the reconstruction of the ethnic history and ethnogeny of ancient and moder n nations of Europe and
Southwest Asia. Ther efor e, pur poseful, scrupulous, complex anthr opo-genetic and phylo-genetic resear ches
containing much innovation arethe matter of the near future. © 2017 Bull. Georg. Natl. Acad. <ci.
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Comprehensive and unbiased genetic studies of
Georgian people specifically and entire population
of the Caucasus, generally including individua tribes
and population of various regions associated with
them, is necessary for correct understanding of the
world history and accurate reconstruction of its
ethnogenesis.

Currently analysis and comparison of various
genetic dataobtained in Georgia (Caucasus) provides
the following picture: According to mtDNA the pic-
ture is quite diverse and, even though a moderate
domination of U, HV, K and some of the other
haplogroups sub-cladesisclearly observable[1-3]. It
also is obvious, that according to Y-DNA analysis
there are basically two haplogroups dominating in
Georgia— G2a and J2. There also are relatively rare
though rather interesting E1b1b (or E3b) clade and
almost all those haplogroups, which are characteris-
tic of Mediterranean world (such asL, I, T and oth-
ers). Relatively scarceisthe Rgroup [3]. G2agroupis
concentrated on the certain territories of the Cauca-
sus, Anatolia and South Europe, and this group is
recognized to be a genetic marker of people with ag-
ricultural culture[4-6]. Thisgenetic flow isbelieved
to travel from Levant, Near East, achieving Europe
through passing Caucasus in Neolithic period [7-9].
The specialists [10] believe, that haplogroup G was
entirely formed admittedly on the united territory of
East Anatolia, Lesser Caucasus, and West Iran. The
haplogroup J2 was also found withinthisregion. This
is the indicator of genographic development in this
region [11,12]. It should be noticed that once very
popular theory of in situ formation of thishaplogroup
in the Caucasus, North Anatolia,and in general the
assumption, that the peoples of Levant-Anatolia-
Caucasus (entire Mediterranean basin) are of the
united genetic origin, nowadays is not in the focus
of the scientists. We should remember, that from an-
thropological aspects the entire Caucasus has more
common and uniting features than differences [13-
15].There are also interesting studies of genetic mark-
ers of the Caucasus, as well as of the language and
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environmental links [16]. The projection of alleged
glotto-chronological paradigmsto phylogenetic trees
and readily understandable graphical lieness is an-
other obvious tendency, which are gaining the
ground in research literature and is mainly pushed
by the former Soviet Union scientific groups, who
often overestimateitsimportance[17,18].

Materialsand M ethods. Thefirst fully independ-
ent population and phylogenetic study in Georgia
waslaunched last year and completed thisyear. Small
groups of the following representatives of Georgian
population were studied: Georgians (including
Tushs), Armenians, Azerbaijanisthe so-called Urum
Greeks, Fereydan Georgians, total of 136 individuals.
Since the samples of each group under study were
small, we decided to call this study “mosaic”. How-
ever the results obtained seemed to be rather inter-
esting from certain standpoint.

Extraction of genomic DNA was performed from
oral cavity mucosa smear, which was studied using
Short Tandem Repeat (STR) analysis.

Isolation of every paternal haplotype was per-
formed using 17-STR profile. Y-chromosomelineswere
defined as unique combinationsof SNPand STR data
from the obtained samples. DY S389b was cal culated
by subtraction of DY S389I from DY S389ll, whichis
routinely used in all statistical and nets analyses.

Toidentify thesimilaritiesand differencesamong
various populations, the Y-chromosome data were
analyzed using statistical and phylogenetic methods.
Calculation of genetic diversity, haplotype distribu-
tion, population structure (AMOVA) and balancein-
diceswere performed usngARLEQUIN 3.5.1.3 soft-
ware package[19]. and existing methods

Research of the small groups of Georgian popu-
lation on fortified some conceptions about genetic
spectrum and polymorphism of the popul ation of the
Caucasus, and at the sametimeyielded new interest-
ing data. While acknowledging the significance of
population genetics studies within geographical,
cultural and confessional environment of the Cauca-
sus (Georgia), a special attention was paid to the
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Table 1. Groups studied and the number of individuals under research

Azerbaijanis Pontiac Armenians Tushs Fereydan Georgians (total)
Greeks Georgians
8 12 10 13 9 78

ethical aspects of the study considering a particu-
larly sengitive attitude towards the results obtained.

Results of the Genetic Study. Total of 4 ethnic
groups (Tushs and Fereydan Georgians are both
Georgians) was studied using 130 samples obtained
fromAzerbaijanis, Pontiac Greeks (migrated fromthe
south-east coast of the Black Sed), Armenians, Tushs,
living in the east highland of Georgia and Fereydan
Georgians, descendents of the migrants from east
Georgiato Iraninthe 17" century [ 20, 21], aswell as
other Georgians irrespective of the places of their
origin (Table 1). Genetic material obtained fromeach
person under study was examined for 17 chromo-
soma STR (short tandem repeat, micro-satellites)
matched to relevant marker. Haplogroups of every
individual were calculated based on the profiles of
micro-satellites. Fig. 1 shows distribution of
haplogroups.

Even though the number of the individuals stud-
ied in every group is not large, distribution of
haplogroups provided several interesting results:

e Georgians
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Ponti ac Geeks had high incidence of haplogroup L,
which previously was observed among the Lazs, this
fact being probably indicative of some genetic pecu-
liarities of Pontiac mountains popul ation.

Similar distribution of the haplogroups was also
observed in Tushs and Fereydan Georgians, which
can beindicative of similarities-and-kinship between
the Tushs and External Kakheti population of 17th
century. In both groups the haplogroup J2 was
pronouncedly dominating.

Two haplogroups — G2a and J2 are dominating in
the studied population of Georgians. These groups
are characteristic for West and East Caucasus popu-
lation respectively [17, 16].

Armenians and particularly Azerbaijanis as indi-
cated by the haplogroups of Y chromosome are char-
acterized with significant diversity; both ethnic groups
had haplogroups J2, J1, R1b, though Armenians aso
had haplogroupsE1blb and 12 (which areallegedly of
Mediterranean shoreorigin), whereasAzerbaijanishad
haplogroups R1a, T and C indicative of their Iranian

Tushs

wEnbo

G T T, &
Azerbaijanis

Ly

b LR I il i o]
i,

Fereydan Georgians

Fig. 1. Haplogroups distribution in the studied groups.
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Table 2. Intra- and inter-population changes

The source of variability Degree of Squares sum Variance component c
freedom
Inter-population 4 124.350 1.34457 Va 7.24
Intra-population 47 809.112 17.21514 Vb 92.76
Totd 51 933.462 18.55971
Fixation index FST : 0.07245
Table 3. FST for every pair of populations
1 2 3 4 5
1.Azerbaijanis 0.00000
2.Greeks 0.06135 0.00000
3.Armenians -0.02498 0.02156 0.00000
4Tushs 0.14995 0.10787 0.08832 0.00000
5.Fereidan Georgians 0.03911 0.11010 0.07893 0.09296 0.00000

and Middle East origin. Below the results of popula
tion-and-genetic study based on the analysis of 5
populations are provided. “Unspecified” Georgians
are not included into this analysis.

The AMOVA algorithm (software Arlequin 3.5)
recommended for research of non-recombinant genes
changes were used. Table 2 shows the results ob-
tained.

Table 2 demonstrates that intra-popul ation vari-
ability is rather high and exceeds inter-population
variability, whilevalidity test (1023 permutation) con-
firms, that thereare statistically significant differences
between the population, with p=0.00391 (in other
words, probability that those differences are coinci-
dental isless than 5%).

Table3showstheresultsof paired F-tatistics. Nega-
tive values actually are indicative of null statistics.

Table 4 demonstrates significance of those val-
ues, or in other words, to what degree of statistical
significancethey differ fromnull. Fromthistableitis
evident that statistically significant difference be-
tween the studied population was observed only in
Tushs (P<0.05) versus the remaining three
populations (Armenians, Greeks, Azerbaijanis),
though this is not true for Fereydan Georgians. Dif-
ference between Fereydan Georgians and the three
other populationsisnot statistically significant. Only
the difference between them and Greeks is statisti-
cally significant. This may be probably the result of
the small number of individuals studied. However it
can besaid that there arerelatively significant differ-
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ences between the Tushs and other four populations;
betweenFereydan Georgians and other populations
(though similarity isrelatively high between Fereydan
Georgians and Azerbaijanis); between Greeeks and
Azerbaijanis. In other words similarity more or less
reflects geographical location.

Table 5 below shows the indices of genetic vari-
ability in all five groups. This Table shows the ab-
sence of statistically significant differences between
the groups.

The same istrue for Theta indices, which repre-
sent the ratio of inverted inbreeding. Low Theta (or
high inbreeding ratio) was observed in Tushs and
Fereydan Georgians, whilethelowesvalues of Theta
were observed in Azerbaijans, whoselevel of mixture
between closely related membersishigher compared
to other groups. The number of alelsislow in Tushs
and Fereydan Georgians.

Of interest are Garza-Williamson index values (Ta
ble6). Thisindex showsthe distance betweentheallels
and dlelsnumbersratio. Itslow valuesareindicative of
thefact that historicdly the population passed through
“the bottle neck”, or in other words, in the history of
this population there was a moment when the number
of malesin it dramatically decreased and subsequently
themale part of population increased again.

It is evident, that in Tushs and Fereydan Geor-
gians this index is relatively low, while the highest
value of this index was observed in Pontic Greeks.
Interrelationship between the groups under study is
showninFig. 2.
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Table 4. Significance of Fst values

1 2 3 4 5
1.Azerbaijanis *
2.Greeks 0.08108 *
3.Armenians 0.51351 0.28829 *
4Tushs 0.00901 0.02703 0.02703 *
5.Fereidan Georgians 0.25225 0.01802 0.13514 0.07207 *
Table 5. Basic characteristics
statistic Azerbaijan Pontic Armenians Tushs Fereydan Tota
s.d. is Greeks Georgians
No. of gene 8 12 10 13 9 104
copies-2.074
No. of loci - 17 17 17 17 17 17
0.0
No. of usable 15 17 17 17 17 16.6
loci- 0.894
No. of polym. 15 17 16 16 15 158
loci -0.837
Table 6. Garza-Williamson’s index
Locus | Azerbaijanis Pontic Armenians Tushs Fereydan Mean s.d.
Greeks Georgians
1 0.60000 0.40000 0.60000 1.00000 0.60000 0.64000 | 0.21909
2 1.00000 1.00000 1.00000 0.66667 0.33333 0.80000 | 0.29814
3 0.75000 0.75000 1.00000 0.75000 1.00000 0.85000 | 0.13693
4 1.00000 1.00000 1.00000 1.00000 0.75000 0.95000 | 0.11180
5 0.66667 0.66667 0.66667 0.66667 0.66667 0.66667 | 0.00000
6 1.00000 1.00000 0.33333 0. 66667 1.00000 0.80000 | 0.29814
7 0.37500 0.50000 0.62500 0.25000 0.25000 0.40000 | 0.16298
8 0.50000 0.60000 0.70000 0.30000 0.30000 0.48000 | 0.17889
9 0.60000 1.00000 0.80000 0.40000 0.40000 0.64000 | 0.26077
10 1.00000 0.75000 0.50000 0.25000 0.50000 0.60000 | 0.28504
11 0.75000 1.00000 0.50000 0.50000 0.75000 0.70000 | 0.20917
12 0.50000 0.83333 0.83333 0.50000 0.50000 0.63333 | 0.18257
13 0.50000 0.66667 0.66667 0.33333 0.16667 0.46667 | 0.21731
14 0.75000 1.00000 0.75000 0.75000 0.75000 0.80000 | 0.11180
15 1.00000 1.00000 0.66667 0.66667 1.00000 0.86667 | 0.18257
16 0.66667 0.66667 0.66667 0.50000 0.50000 0.60000 | 0.09129
17 0.80000 1.00000 0.60000 0.40000 0.60000 0.68000 | 0.22804
Mean 0.73284 0.81373 0.70049 0.56471 0.59216 0.68078 | 010259
s.d 0.20872 0.20406 0.18452 02.422 0.26128 0.21856 | 0.02973

Conclusions. Study, which was conducted on
significantly limited cohort of population, provided
theresults, which do not contradict the literature data;
however it provides a serious basis to criticaly re-
view some theses and at the same time justifies the
necessity to expand the area of study as well as
increase the number of studied individuals.

1. The populations of Tushsand Fereydan Geor-
gians are more homogenous compared to other stud-
ied groups. The haplogroup J2 dominates in both

Bull. Georg. Natl. Acad. Sci., vol. 11, no. 4, 2017

groups, though G2 haplogroup is also encountered.
These two haplogroups are dominating among the
Georgian populationin genera. However Georgian
populationisevidently more diverse genetically. Be-
longing of the both ethnographic groups to Geor-
gian genetic universeis proved, even though at the
same time it is possible to see the trends of their
isolated, patrilocal development. These populations
also are characterized by low level of heterozygos-
ity, relatively low numbers of alelsand low Garza-
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Fig 2. Graphic picture of conducted study.

Williamson’s index values, which is indicative of
the fact that somewhere in their history they might
have passed through “the bottle neck”, or in other
words both populations suffered dramatic (critical)
decrease in the number of males at least once in
their history.

2. Armenian, Azerbaijani and Greek populations
are more diverse genetically. This fact confirms the
above thesis about multiple genetic mixtures occur-
ring in those populations. Viz., Armenians have ex-
pressed traces of ancient population of Caucasus-
Anatolia (probably even broader geography can be
implied) as well as of Indo-European languages
speaking ethnic groups, which appeared later (Irani-
ans, Greeks) and to some extent there are traces of
semitization (Assyrians, Arabs, Hebrews). Complete
assimilation of Albanians should have playeditsrole,
which resulted in appearance of rel evant haplogroups
ingeneral genetic spectrum. Specifically which clade
or subclade is that can be determined only through
studying Udi€li population.

3. Nearly the same appliesto Azerbaijani popula-
tion as well, where the existing “diversity” is created
by Turkman, Iranian and MiddleAsian influx along-
side with Caucasus-Anatolia-Mediterranean shore-
line substrate, which possibly might me the result of
the of previous assimilation of Albanians.

4. Thus, to our opinion, genetic closeness of all
the above five populations should be determined by:
a) theexistence of population with the united genetic
spectruminthe historical past of Caucasus-Anatalia,
who possibly had the same language and culture;
b) Special genetic contribution of Albanian popula
tionto particularly theformation of genofond in East-
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ern Caucasus population; c) Existence of common
migration processes; d) Intermixing process.

5. Highincidenceof L haplogroupin Pontic Greeks
strengthened the theory about close genetic affinity
between theLazs residing along the Black Seashore
and the Greeks who migrated to Georgia; in other
words at a certain historical stage (or even perma-
nently) a certain part of Lazsprobably underwent
helenisation , which should not be something unherd
of considering thewell knownimperial policy of Byz-
antine was not something unheard of .Garz-
Williamson’s index is particularly high in Pontic
Greeks, meaning, that in not so far historical past the
quantity of Greeks should have been rather high.

6. Tush’s population stands somewhat apart from
other populations under this study. Here, it seems,
migration processes were less intensive, hence the
development (through male lines) was somewhat of
isolative nature. Compared to them, the remaining
four populations more or less differ from each other.
Of those four populations one can distinguish
Fereydan Georgians who manifested likeness to
Azerbaijanis, which can be explained by their mutual
Albanian roots and intermixing.

7.Malelineof Armeniansand Azerbaijanisactually
areindigtinguishable, which can be explained by com-
mon Iranian, Albanian and Semitic genetic substrate,
many years of resding in each others neighborhood
and intermixing. Armenians have a strong affinity to
Greekswhich can berelated to the processof total Indo-
Europeanization (Hellenisation) of Anatolia occur-
ring during the last 3-4 thousand years, aswell asto
the existence of common pre-hdlenigtic rootsin Ar-
menian and Greek populations.
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The future purpose-oriented and conscientious
population and phylogenetic study of the Caucasus
(Georgia) seems to bring a lot of novelties, which
could answer many questionsontheregional on much
broader level.
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