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fuit+plr urp4fnu\urtrnqalnrhp: Ifuprl!nr-plurtr quimrlnrptmtr urltruif u! h,r2np
lLnpurrlnrbnrplnrLLhpp, f tr;u1hu hnllpruqnpbnrplnrhpi Lr urhuruLuruluhnr;a1nrhp.
ifhburulhu hqrr.ru.nh,. ttr f.putiiuQrr.b purpdpurr.lurhrlur!nnl pLurl.lynplurb !r2ulur\riift
uroftr h tntupurbriruirp: 'lurnilur\urL nlunufhum]rpnrplnrhfu.f pE (\utlnul'hh, np Lt.1a"tri.

III-i hrirqurpuitlur!lrhpnr,r{ uilur.nhq nhrlp i,itr nr Lhchl }unlr.rp dnrlnr{iulurqpur-i4uri:
tlrnrlrnlunrplnrLtrhp: Up4hh i1.p.tu" urnur2frfu hulqiupunllui\lr uQqflrtt, I.puttuIurtr
pu.rptrprurlurhrlurllf phur\lnrpjnrtrp, npg hf ilhurlurhnnt puri-1\urgurb tp
l.p\purqnpbLhplrg ir h\r"lnp urtruruhurulurhLrhphg, ",:ph Lp ptr\trnu{ tptrf\url1urtr
fuilptpf purcltlurclurLnrpjuir.fp: Zhr.nurqur qrrtphlb ptrpurgpnrr.f ulupphp urp2unluhpbhpf
L rifqpurglruhhp]r urp4lnrtrpnnl I.purtrlr uurpurbp htr trl,ppunlrtutrghl purqriurplr{ Lnp
chrlLLrfutlphp' phphpri lrphLg hhu tunp thqnrtrhp Lr rl2ur\nrlptrhp: Ulrlnrhurh4hp&,

\hhrnpnLur\urtr l.purtrlr ghrlurlurlphpb nrhhtr hllltrur\urirnrtl upfrur\urL buqnul,
rtftr;r1hn uq1 glrlurlurlphpp, |rtr1u1hu' tunrqhurnutr! upurptrhpp, Pnrlurhf plnrpphpp,
lbrupulr pur2\rulhhpB, UlpphyuhJr 2urhr.rtrurLlihpp Lr urS2urpLhpp h pnrppilhtrtrhplr
ur\hhur3rn uqrltignrplnrb htr \phL tnurpphp h\L[np dnrlnt]nrplhhpfc, npntrp
uluu,nr-lurilurh uruLpphp durrfurhur\ur2p2urtrirhpnul ru'ughl trh l.purtrjr ururpurbpnrl:

'lInulnr;ugfrutrLpf qhtrhmfr\ur\urtr \runnrgrlurbpp 4For Fullrl ulunnriru\urtr

[pr-tLrlurp&nrp3nr hLhp], tr rffqpr"ugf ruLhp]i urq4hgnrpJnrbj flnqrdhp hr-uul1rutrur1nt

htrrlutp 2uLtn \urphnp k Y ppntlnunrftulfrh l"r rlfnnnpnh4pfrnnluqlrtr 'lLfd (rhn'lLfd)
thup\hphhpnLl qtihhrnf\uQurh nmnulhurufpnrp3nrtp, npp pqLnphh \lrprunrintr{ t
Lrln; nr gf nh hhrnurcl nu n rp3nrbhlipnnl:

Surpphp drur.lurLur\hhpnrti lrptuhur\urtr qhtrn$nh4p tirllil L r.lhp&urptrhgurh h
ht[puiufmrtlurh Y-ppnr-fntnrlur3fh purq.r,turqurhnrplurir llupirnp trl{f]nLF: '[pru hhtn
tfh\rni,r1. pr"LLqLirnpll] rilrqpurcfnfu qnpbphpr.r.rgLrtpfr duniurhull urlL irruhqhu t L\h1
npulhu qhLuqfrli hrLuphplr nhgfrul]rbl,nn: I.puiliultiurtr hrulpuiqbi,rqftr qhtrn$nh4fr
puLcpluLqurhnrlalnrtrp li\urpu.rqpr[ub t rnupphp lrhinurqnmnrla.lnrhhhpnrr-[. nprnhrl npn2

fpr-Lrhur\urh ulnqnr;urgfurirhp phlqp\{h1 hlr rlhpc\r:rpbhllurh h hrupurLlum}rurLlurir

Jutlpt.pnnl: {'puhurLlruir qnupngLugpnh rnuipuruhnnrplnrtrp ulutlrlurburt}npilrnlr h

urrtrullru]r !urpLrnp ur2|uurphurqpur\urh junlptirlni"nbhpp uinlluqnrplrurip. !h1qhr
9Luqpnuf h lppnruf thntrur2rllaurhhpp h 'lui2urh ,rtrlrp ni '}ul2mt" 't_nrTa

u.rbuiulurnhhpp: U1u ruptihl,Llulur.nhh2trhpp, nplhp d.q{n1l hh hlnrupuurphi.lrrirnp]rg
illhltr ltupur{urpbh1p, l urn hpLrnrlpfrti" uuririlurhurr.fiur\h1 hb hurpur\fg
rnurpurbru2p2ruirtrhpfrg qhhurlfir linuphplr 'tr rnl,quptrm\ dn4nr]nrprluhpp urqurLn
turhrlur2urpdhpp (Yunusbayev B, er, ai., 2011; Nasidze tr, et a1." 2008: Grugni V, et ai.. 2{1tr2):

f 
-prutmrllurh dnq n{nrp4irhp]r rluiJpurLlurtr rlhhn$ntr4]-r hhrrrurcprnnriajnrLrh hpp

tlhtihrnf Llullurh [uru1 hh prugurhuqrnhlfprutrurliu.rh qnulnrgurqlrurbl;pp h Zh4Llur\urh ni
llpurpur!rub phpu!qqlrhhpf ulnulnryurghuhhph rlfgLr, lrtr;p, hurrlurirurpuqr, irhuiqnrlh
h tu(h$ {trp2hpu rnh4lr nrhticurb qhhutfrti hnuphpi urprlnrtrp t: trruglrrqri, npn2uriijr
titn'Il.,l,i iruLulFriurfphp[ rnurprubprullrtr pur2]unttfp {Qr.Lr1nltj L, rrp fpurhurllur'n 'np\nr



lur2.p urtruruirur"ntrhpg h gurqpnulurh lhnhui2qpurh hurhrlhu htr h\h1 nprqhu qhLurllrh
urpqhlturqunnhh2hhp (Quintana-Murci L, et al., 2004; Terreros M, et al., 2011):

Zulpuqbur3lrh Y ppnrlnunrifr h iluqptuqbuqftr dn.ILfd | ilurp\tipLhpnr|
pugruhutlr'n{ub purp&p purcpfruqurhnrplurh rl]tnnnlp rnurpurbur2112urLnrr[
udpurqtr4tlhl h tiurL utnrurnunrlurllrtr rfurp\hprulftr hurrlur\urpqnrl (tJnderhill PA, u al.,
2010):

Zlnru]ruuphtlurlurh hpurbnrd, nIrE mh4urlrulrlub t guqpnufr tr t--ppnruf
thnhut2rlpruhhplr hp\nr \nryIhpnnl, phur\{nn{ htr ururpphp plnrppru}unu fLtlptrp, ur.14

prlnrd' urqhpfrtrhp: St*t qnulnr;rugliuqfr qhhhrnfr\tu\urtr \urnnrgtlurbph
nrunnlllurulrp{h1 t d}r purtrlr trrruprubpurlfb }urfphpnrr.i Y-ppnrlnunilu]frtr tr ilrn'}Lo
dutp\hpthpf hfrlurtr {pru: U14 hhuurqnr.nnrp3nrhtrhph nrlqrlurb htr hr1h1 qurpqhlnr
hlnrulruurptnftnlruh hpurtrlr drurfuhur\ur\lrg qnulnrlrugfr"ulfr burqrluh b
qhLhmfr\ru\urb unurh&hurhrurn\nrp3nrhhhpp:

Lqutuut\p h |ut4frphhpp: U2|ututnruhpf trulururur\h t hrutrrlfuurchl trtlurpurqphl
hlnrulruurphrftnlurtr hpurhnrrl phru\rlnr1 dnlntlnrp4hhplr qhtrhrnlr\ur\urh llurnnrqtlrubpp
Lr purclilurqurl-rnrplnrhp Y ppmlnunrllr h r.Ilrurnpntqpfrnulurlfh .ILl,|-h rfrup\hphhplr
hfrilurtr rlpur: Lulunnur\]r lpur\urhrugrftuh huu.turp uinur2 hh pur2rlt,l hhrnhlul
fuh4fphhpp.
. Opn2h1, ph npBurhnrl h hpurhfr hlnrufuupLrr.ltnlurtr uprulnr gtuglurllr

qhLhtn!\u\urtr purqilurqurtrnrplnrhh ur2|uruphruqpnphh 2hprnunlnp{urb:
r lhunrilhuufrphl lrpuhu\utu utclhplrbhplr qhLtinlr\urQurL

{rn}uliurpurphpnrpjnrhhhpp rnurprubur2p2urhnrr.f ptrur\rln4 hurprLr\f g ullL
qnqnrluglruhhpfr hhrn: Qtnuhurmhl upqlnp ur14 $nluhrupurphpnrlajr.rtbhhpp
hurr"furhnrh; hfu qunnrlur\urli urp&urtrurqpnrplnttrhhpfr hhr,n:

. llurpqurFruhhl, urprynp ulupphp hh urlu ulnulnrllurgfurlf huql'mrclburllrtr h
iluqpurqburlfrtr qururlnrplnrhtrhpg:

. trurgurhurlurhl, uprlJnB nruntlhurufp{urb lu,Ifhllr qLtrhrn]r\ru\urtr h
ru2|uurphurqpru\urh gh4uilgnrplnrhhhpf rtf2Lr u_rnllur k hunlurur.np

$nlu\uqu\ gtlurbnrp3 nrl.i:

$fnnru\urh hnpmlpg: Lhp\ur ur2fuunnurtpnrd ulrur2|rh uhqurd nrunrr,fhurufp{h1 t
frpruhru\urh qhLhtnf\ur\urh purqdruqruhnrplurtr unruhd.hurhunn\nrpjnrLLhpp phur\uih
fun2ph4nrnhhpfr, druuhrurlnpurulhu' gurqpnufr thnhru2rlpurl]r rlhpdur\rulpntrf'
qlnrqur\urh rl*:phnlrs hrur{urpruqpr{rub tllnr2trhpf Y ppntlnunrlur3lrtr hhrnruqnurnrplu.rh
hfriurtr rlpui, ftr2qhu hurh hunfhrfturn{h1 htr uurpphp ur2fuurphurqpur\urh fLrrfphp'
dZqnh* qhhhm[\ur\rut nlurtnLlurhhlnrplurtr 1"r bpurhg .lhSh clttruqlrtr hnupp
hhnurqnrnhlnr hqunnurllnrl:

I.purhur\urh ulnulnrgrugfurlfr qhLhur]r\ur\urh \runnr.grlurbpp, lrtrlult,u hurLr

Lpuuirutrufrulfr runurh&burhurur\nrp3nrtrtrhph nL ulnulnr gurglir.rtr urhrlur2urpdhpg
nmnrtibtuufphpr hqunnur\nri ]rpur\urtrurgqhl t fpurirgfhhpf (t'purLrfr hurhurhqhhpfr
r{hbunfuruhnrplurh Lr h]rilhurlurtr kptr}r\ur\ruh }.,,lfhllt trhp\rulrugnrgl.ft hp)
ptltrurbu-llurl hrurftuqurpr]-rur! rftul purqbu3frh ntunrdhuru[pnrplnrh:

Unut2[rh urbqurf, \fpurnhln{ Y-ppmfnunilrulfrtr h rftn'}Lfa-}r durp\hphhp}r
hurlur\grlurb qnqntgurgfnh qhhhrnfr\ru\urh rfmnhgnul, gnrSg L rnprlhl rultr hfrlhru\ruh
dhfuurhfqilhhpp, npntrp qrur-muuluurhurnm hh fpurhu\rutr urqhpl. dnrln{pr1fr burqtlurtr
h ultprirbrftuh hunfulp, urnnrq{h1 t rf2ur\nrpruthlt (*t+ prlnrd' thqtlru\urh) L
qhLhrnf\u\urh rnurpphpnrplnthhhpfr rifr2h hurpru\gnrplnrtrp rnurpphp frpurhu\urh
ulnulnrgrugfurLhplr ilnu' uurhrftuhhlnr rulL hfrfhru\ruh qnpbnhLhpp, npntrp &trrurlnphl
htr dunfu-rhru\u\hg hpulbghLhpf qnqmguglrnh qhhhrnf\ur\ruh \urnnrgrlurbpp:
Uprgnthphhpfr qfrurur[urtr h qnpbhur\ruh h2urLur\mpgmhp: I.pruhur\urh tuqhpfrhhpf
hfrtburQurb Y-ppndnumfur3|rh unhrlurqbhpp ulum\ruhnnl hb )nFu qtururlnp
hurprutlurphrirn.1uh huqpludphpfL, npntrp urnh2rlnrr.I hh Uhp&ul{np Uphhpnul
hp\pruqnpbnrplurfu qurpqurgrftuh hhrn: Orunnfhurulrp{urb Fnlnl fprutrur\urh
ulnqnrlltug]rurhhplr du3purqbulfh hflfhu\urh qhhhrn]r\ur\uh purryu4pfr2l,r nrhlr
uphtftnurhrfu urufrur\urh burqnuf:

2lnrufruurphrluilruh I.pruhlr qnqnrllurgfrurtrhpp phnrpuqprlnui hb hrulpur\urtr
r.nnhdruqbhplr qhthuf\u\ruh purp&p pu.rqrftuqurtrntplunip, rllrh24hn rlulpur\urtr
qhLhuflur\uh \runnrg{urbpp gmgruphphl t ruptnruhurltnrlurb hrur.iuruhnnrplnrtr, ftr2p
hur\urrlprlnrd I nrunrdhurufrpt[urb ulnulnrllrugfrurhhpfr tphnlhqriurlluh prup&p

purqdurqurhntplruh hhr.n: U1u urprynthpp r{\urlnrtf t, np ururpphp frpurhur\urtr
qnqnr6urgfurLhpf ilnu rftu1purl1urtr urnhrlurqbhpp qfiuurlnpurqhu rnhrpuphfrq hb, t1

durftuttu\ur\]rg ]rpurhru\uh qnqnrllurgfruhhpfr ,Ilrplt rf2ur\nrprulfrtr
uriupphpnrp3nrbhhpp hfrdhu\uLnui hhprlnrbrlhl hh rnrpurlurp4 rflrqpurhtnhhpfr
df2ngn{ qurlnrfur\urh n: quq urhglrufli lrpur4rupd.nrplnrhhhp]r ghpurgpnuf:

Ctr4hutrnrp urnrfurrlp, ru2fuuruurhpnul purgurhurlr,nrlhl hb urlb hlrfhru\urtr
qbLhmlr\u\uth qnpbnLLhpp, npntrp \uqrlurtlnphl hh drurfurhur\*\hg lrpurtrur\rutr
uclhpfbhpf ' npqhu rnhrlurptrlr\ ptrur\ynrplurtr, hurlpurqbulftr h rlurlpurqburl|rtr
qhLhurf \u\urh \urnnrgrlurbpl-ihpp:

Lurluurqru2rnqulhnlldlnlh: Urnhtrurlunumplurh hlnrphpp hhp\urlu,rgqh1 hh. [-hup4nt
qhLhmf\u1f hrlpnqru\urh qfrtnrudnrlnrlnrtf, Llnrphphpq, thpriurhlrur, 2012p.,
thLhLnfr\uqfr 21-p+ df2uqqurlph \nhqphunnl, Ufrhqruulnrp, 2013p., ZZ gUU
tlnlh\nrprlfrb llhhuurpurhnrplurh lrtruurfrurnu.nfr qlruru\urtr tu"php+lr trfrurnhpnnl,
bplrurlr, 207I,2012 h 2013pp.:

$fruut\ub hpurururpur\nr-ilhhp: Urnhtuulununrplurfu h]nfhru\urtr upqnthphhptr
rupurugnfltub htr 5 qlnnur\urtr hprur.nurpur\nufhhirnrtf" uqruqprlub il|r2ruqqurlfrh
qfrtnur\rutr u4upphpu\urhhhpnuf:

Urnhhurlununtp3urh \urnnr-grlurbpp: UrnhhurlununrpSnthp qpqurb L urhqlhphh fhq.l".l
119 LZb {pur, hhpurnnul k 11 ilrynruur\ b l0 tr\rup, \urqrftlrub k hhrnLrlurpprudhbLhp}rg'
trhpurbnrpjnrh, qpur\urh ur\hurp\, trlnrphp h rlhpn4trhp, urp4lnrtrphhp h 4purtrg
phtrurplnnf, unf{rn{rnrtf, hqpur\urgnrplnrhhhp, h4nnlhhp h hrurlhplrub (154 urqplmp):



Lgnhfdbf b.{ Ubfdn.}Lbf

Llntpfr phntpurqfrpp: Up3urh tllnr2hhpp hul{urp{h1 hb hlnrufurup[rilrnlurtr I.purL]r hphp
trurhurhql-rhpfr rnurpphp purrluphhplrg h qlnrqur\ruh rl",lphphg, pLrlliurtLnrp prlnrl ' 320
p;nrppurlunu rupur\uh uhnf hhp\urlugnrg]r$rhplg (119 ttlnr2 Uphhlurtr Ulpph2urtrf,
1'19 hrlnr2 un+hr].dr h 52 hrInr2 uphilrnlru'tr urlpph2urblr iruhrutrqtrhpfrg), ntiphl
unb{tuqh hphp uhptr4fr dur\rup4ur\n{ urplnrhurQgui\urh lruq 2hh nrhhghl illnru
4ntrnptrhpf hhu: hpurtruphur! uijL qnqnrlrugfurtrhpf hhn hurrlhthuuurlltu[r
hhr-nurqnunrp3urh trqurururlnrl' tnlnr2trhp hh hurr.lurpr,lhlhurh hpurtrlr hurpunlurphhgrutr
€hprluh]r hurhutrqfr r{hg purluptrtp}rg (n-110) tr hpurl-rlr hurpur{uqfh $urpn hurhurhq]r
:npu pullulpLhpfrg plnrppurlunu pur2llurlhhpfr hlrtrq urupphp \lurhtrhpfg (n-126):
Lrlnr2trhpp hrutlurprlhl htr urhruhnrh, tr pnlnp rluruhu\fgtrhf E uurnluqphl htr
fpuqh\rlrub hurr.fur&urlhnrplnrh: 2ur{urpruqpr.lurb 556 uplurtr br.fnL2rrhpfrg ptrnprlhl hh
511-j, npntrglrg hhururqru hhrnurqnurnrplnrbhhpfr hurr.Iurp urh2unn{h1 t .}LI}:
Zurfhrfuruur\urh rnrfiurltihpfr hullurBurbnr-trhp: .lhirntr2lur1 hdnr2trhpfrg uururgtlurb y-
ppnrlnundru3ftr u{iuptrhpp hrurlhdrutrrr,lhl hh hhrnhlrul hrupru\frg hp\ptrhpf phfr\
qnqnrgurgfurLhpf (n:T1a) rnrlurfrhplr hhrn' 12 frpurtrurllurh rnurppti| tpLlr\ur\rutr
lurlfhp (n=841) (Grugni V, et a1.,2012), U$rlurLruururhfr gtr4hurtrnrp pl^npurtrp (n:190)
(Lacau H, et aI., 2012), U$qruhurnurtrf 4 murpphp tptrlrlur\urtr fur"iphp (n=l 82) (Haber M,
et al.,2012), hpurp-"Fur44ur4 tr l.purp-Ilutp2 @:297) (Al-Zahery N, et a1.,2011),
'llu1\burnuhh ptr4hurtrnrp phurpurtrp (n:176) (Sengupta S, et al., 2006), 2uqururnurLf
ulnrtrfrplr rlupq (yhpurnurpurll{ur6 r,n{urltrhp) (n-105) h ldnrppfurjlr plrrlhurLnrp
phurptutrp (n:523) (Qinniof1u C, et al., 2004):

Shrlurptrf\ lrpurtrgbLhpf (n-616) r{fnnnpnL4plrnufur3ftr .}Lrd h tnrlurfrhpg
hutfLrlurnr,lhl htr hhrntrlurl l"ilrhph hhrn' hpurhlr 9 tntupphp -tpfulr\ru\urtr 

Lruntrulhpfuhp
(n:425) (Farjadian S, et al., 2011), 't)61,1r.turuhlr 2 tptr]r\rul1urtr |unnfp Lr lrrurntr ptrurpurhp
(n=182), U$qrutrur,nurhlr, fhclph\uu.uh]r, fd'rpprfhhuururLf ir f+nrpph'rlh
qnulnrllurgfruhhp (ph$urtrnrp n-156) (Quintana-Murci L, et al., 2004):
Y ppnrinunrllr h rirnrlLfa-f qhtrhtnfr\ur\ruh rnlrqur{npmd: Y ppnrlnrLnrllr h rftn.}Lfd,}r
ufrulur{npnrtltr frpur\urtrurgrlhl t hh{rhur\]r lnr}Ifg suLpr.nnrf irurrlurluurpruh}r
tur.nnLfrur\urh llhhurupurhur\urh \htrurpntrnnf (Estonian Biocenrer): Lrlnr2hhpp
infqur{npr{h1 htr Y ppnrlnunilf 48 SNP h 19 STR rlurp\hphhpnq (DySt9, DYS389I,
DYS389II, DYS390, DYS391, DYS392, DYS393, DyS439, DyS3B5a, DyS385b, DyS437,
DYS438, DYS448, DYS456, DYS458, DYS635, Y-GATA_H4, DYS38B ir DyS461):

9uruuprlhl t ilur'ILfa-|r \n4unlnpnrl uhryuduruhph RFLP qnflrrfnp$]rqrftrhp]r
ufrqurrlnpnnf h D-or1ur\lr urilpnrl2ur\urb ub\r[htrurrlnpnuf: Ltfnr2trhp]r hurlurp
ur.nrugrlhl htr tiur'lLo-h HVS1 tr HVS2 urhqurilruuhpf (30-lrc riftrltr ,107 rilrpB)
hur2np4ur\ruhntplnrhhhpp: Uhnpn2 Sfpqhtrhrnlr\ur\utr \urpqul{lrdur\ nrhhgnrtr
bilnr2trhpp htrpurp\tlh1 htr ruripnrl2ur\ruh rlur"lLfa,]r uh\r,lhhunlnpilurL:
.{fdut\urqpur\urtr rlhpn4trhp h bpurqpurlfrh rfrurphphhp: ahhhrnlr\ur\urtr
purqr-lurqruhnrplnrhp (n) b \,h1! qhhhrnfQru\urh 'hnr_lhntplnrtrp (f hur2tlup\rlh1 htr Nei
(1987)-nrd phprlurb oplhlinfr{ purhrud.hnr,l: Ar h Rsr qhtrhrnlr\ur\urtr

hhnur{npnrplnrhtrhpp qtrruhruurlhl hh AMOVA Qsr updhphhp} hfrtruh rlpur" Arlequin
bpurqpurlfb f*fuhfoh il|r2ngnr[ (http://anthropologie.unige.ch/arlequin): e1furu{np
\nnp4ftiruuurllb r{hplnrbnrplnrhp (PCO) frpur\ruhurgr{hi L hrlurhnrplurtr
iluurpfrgurhhplr hlrtftutnin*' hur2rlrup\rlrub LIhq rfll-rnru qhbbrn]r\ur\url:
hhnrutlnpnrplnrh (/tr \r.url fisr) purhr.uAhml: efiuur{np purlu4pfr2uilfrh r{hpprbnrplnrhp
(PCA) fpur\ubug{h1k SNP hrudrufuur\ruhnrplurh rfturnp}gurhhpf hfnfiutr rlpur (Genstat
bpurqpurllL ,lr*fohfnh rff2ngnrl)' hur2r{urp\r{ub dhll dfhnru qhtrhrnlr\ur\urh
lrntltrnrplnrh (D:1-4 purl-rur&trnrl: 2]nlhur\urh ruhtgnrhurqbnr{ urtrghn4 updhphhpp,
npntrp ruprnurhurlrnnuf htr lnrpurprulr:lnlp ulnulnlgurgfrntr phrnpurhpf tnlurhmplnrtrb

hltplt hn hhrn, hur2rlurp\{h1 htr rlfhtrnrlh phrnpurhpf hp\m l1p\trop}rhur\hhpfr rlfr2h
qhruhrurnrlurb qhhhrnfr\ur\rutr hhnur{npnrp3nrhfrg: AMOVA-| h}lirutr fuur
qtrurhrun{urb 4r h Bsr hhnunlnpnrpSnrhhhpp hur2{rup\rlh1 htr phrnpurhph hltptt fp hhu
trrlurlrnrpjnrhp ulurpqhgrlrub rlfh2h n/(n-l)priltut&hnr{, nptntq z-p pliupurhplr 2rurJrh L:

$fpqhhhulr\ur\urtr gurhghpp \urnnrg{h1hh Bandelt median joining networks (M}N)
hqurhur\n{ (Bandelt H, et al., 2000) lntprupu.rhynrp hurqln}udp}r trhpunrrl STR
hurqpurlrqhpfr hfdrutr rlpru: Sfrpqhhhrnf\ur\urh brunp (4hh4pnqprurf) lurnnrgr{h1 L
SNP+MS hurqprnfqurl|rh hurdrufuu\urhnrplnrhhhpfr hlrrfrub rlpur Neighbor-Joining
(Nl) ilhpn4nr{ (Saitou et al., 1987)' uuruh4urpur qhtrhrnf\ru\ruh hhnur{npnrplnrhhhpnrl
(1-r' PHYLIP bpurqprulfrh S*fuhfrh illr2ngnrl (Felsenstein, 2002): U2|uuruurhplr
ptrpurgpnul oqrnuqnpbtlhl htr huh rllr Z*pp ur11 bpurqpurl|rtr r]rurphphhp' PowerStats v.
1.2, SPSS v. 14.0, h Structure v. 2.3.3:

urrHnhLeLbr bq gLLurqnhu

I.purhru\urh urqhpfrhhp| hurlpurqburl|rtr qhtrhrnlr\ur\urh \urnmgtirubpp: trlrurlhpqlrtr
u1n{rdnpSlrqr{trhpfr ulrqul{npdrutr urpqlnttrpnrrl prugurhrul,nrlhl htr 1B urnurhd.}rtr
hurqpfurlphp, npntrg rnu,rpurpur2|unnlh nrumdhruulpr{urb qnqnrgurg[rutrhpnrr-t
Lhp\ulugtlub I uqlnruur\ 1-nul: I.purhru\ruh urqhpfrbhpfr dnrn hulrnhurphpr{urb
lrr"uulplurtphpf rlhbuu.furuhnrplnrllp (84.5o/o) l1urqr.lh1 hL J2, R1b, Rla, G, Ji, T Lr El
uurpphpu\Lhpp, npntrp hllfhur\uhnril rnurprubrlurb hb hurpurlrupLr{tnlrutr
ulnulnrlurg]rurtrhpnrtl: tlhurgurb hurqplurlphph nrhhfu \hbmpnhurufrur\urh (C, Qb O
6.40lo), hr.upur{urufnu\rutr (H, R2, L, N2 - 5.40lo) h hr{pnugr\urh (I - 3.40lo) burqnrtf:

hpruhru\ruh uqhplrtrhpf rlmn urp&ruhurqprlrub hfnfhur\urh hurqlnfuriphpg
ulur-n\ruhnuf hL rlhqurhurulplunnlp FT-M89-hb, npE hhpurnnul t
hurpurtfurptnftnururufur\urb. I2-M172, R1b-M343, R1a-M420 h G-M201 2npu qfuurr.lnp
huulpfudphpp' tlfutuftr \urqrlhptl 64%: U1u mnhrlurqbhpp hlrrfhru\ruhnnl hhprlnrb{h1
hh Uhp&urlnp Uphhp hhnftplurh hp\purqnpbnrp3u,rh hhu:.{hpnh2lrulhurqlnfurfphphg
nrlr2rur.n{urb l2a-M4l} mnhrlurqfrbp \urqdnul L 2%, Rlb1b1--L23-g' 17.4o/ols. G2a-P15-p'
4olo: -Furgfr u1r1, f2-M92 (1.7o/o) lt G2-M406 (2olo) hurqlnlutlphplr urn\urlnrplnrhp hu

\*nhil. k qfururp\h1 npqhu Lrhp&rurlnp uphhpirg rlhqh hpurli hhn{rplurh
urupurbrftuh urqrpl\hhp" purn 4pruhg kpuqurhulrurlfr drurftutrur\fr. npp, opfrtnuq' G2-
M,106 h 4hulpnn{, qhurhrurntlhl t 8800 uurpli (Rootsi S, et a1., 2012)" l.lr:U



hurdurulurrnutufuurhnrtl L l.purhf 9r.uqpnufr ghnl-rur2qprulf uruprubpnrr,f urnur2frh

hhnfrplutr qurlnrpurptnu\hgrfuLp: ]2, Rlb, Rla h G huruipfurlphpfr ur3uoplrhull
rnurpurpur2|unulp hrurftuhnth2 k uqtr hhrnurqnrnnrp3nrLrtrtipfr ruprlnttrptrhpfrtr, npuhrl
nrunnlhurufrprlhl hh hpruhur\urh pupd.pr.urlurh4ur\frg' 9nr{\urufr/Onrppfur3fr il}r2ngntl

rlhqf btipnqur hruluurhp\pruqnpbru\urh tpuulurhulruhhpp 02-M410-, J2 PAGE55., J2-

M530, G-M201- L R1b-M269-) (Rootsi S, et al., 2012; Grugni V, et a1., 2012): Uluurhq hup\
t tr2h1 hpurhfr hlntulrunul phpplr rnurpurbpLhpf 4tipp' npqhu I'prutrlr ruptrr-tnrurpfr h

uphhplr rff2tr qhbru3fh hnuphplr \urphnp urhgnrlfr:

Uqlnr-uur\ 1. Y ppmfnunr{lr huulp}urfphp}r hurdurfuur\urhnrplnthp hlnrulruurplnftnlurh
hnrutrnnlulunlu:

2,urq1n

luntdp

unqhrhl
(n=140)

ut u+nr.
(n:113)

Uil. U1pp.
(n=11)

Ctttlh.
(n=297)

Cl4h.
hupurpbp.

hurdurfuurturh.

12 30 26 11 67 0.226

Rlb 24 t4 6 44 0.1 48

R1a 20 l5 6 41 0.1 38

G 17 l9 2 3B 0.1 28

Elbl B 9 4 21 0.071

Ile 12 4 7 0.057

I 5 8 1 4 o.047

I 6 .f I 0 0.034

a 2 B 0 0 0.034

T 6 2 1 9 0.030

L 4 2 2 8 0.027

o 2 2 1 5 0.0 7

C I 2 4 0.0 3

N 2 0 3 0.0 0

R2 0 2 1 3 0.0 0

H 0 0 2 2 0.007

Zwqlnlunulp /2. uqhplrhhph Fnlnp hphp ulnuqnrgurgfuhhpf hunlurp iln4ut1

lrurqpluntrlp L hruti4|rurughyJZ Ml72-p, npp prudurhrlnril L hptlnr urnhrluiqbhpf ' ]2a-
M410 1r J2b-M72:2,hururqnr.nrlub qnqnrgruglrruhhpntil hrupntrurphp{h1 htr }2a-f lnpn
hhprudlnrqhp' qnuftupur3ftr \uqritlnrl 20.8olo h l2b-h {h\ ttrprudlnul (1.7%) (h\. 1):

hpurtrur\ruh uqhpfhhpfr ulnulmgurgfluhhpnrti i2-f purpd.p hurdurfuurllurtrnrplnrtrp

tllluqntl L tnrlurl uurprubur2p2ruhnrd hhurqnrlb qurqpurl|rtr urhgnt4r"up&hpfr duuffu'
rluutrun{npurulhu' hpruhur\ruL pup&prnrlruhlur\hg 4hu1f urptnlnturp h l-Ihpd'urrlnp

Uptrh1pbg rlhulfr I.purtr trhnfiplurtr rI2ur\nr-1plr r.nurprubtluh rlurulrh:
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Zwq|nlunurp l?-h ]rprutru\ultr ruqhpfrtrhpfi tlnur \tuqrfhl t 29.60/o h hfrfrrur\rurrnrd
htp\uqrugrirub t R1-lrg urh2unntlurb R1a-M198 tr R1b-M269 hhpurr.nnhrfurqbtrpnr.l,
tlftr2rlhn R2-M124-p hurlurtiurphpr.lhl t qnulnr;urgf^u3f ph4urilhtrp 1olo_lr ilnr.n:

Zury1nlunu.(p r?1& hpuhru\uh uqhpfhhplr ilnr.n hph"l.f urtfhhurmurpurb{urb
hurqlnlun.Ipp R1b tr t (14.8o/o), npp hhpurnnnl t t{pnqru\ruh Y ppnrinundhhpf
dh6unfuruhnrp3nrtrp (Karafet T, er al., 2008; Semino o, er a1., 2000): R1b h
hlrpurdlnrrlhpfg urnur{h1 hurdurfu hurhl]rulnnf L Riblb-L23 hurullnfunrrlpp (11.4o/o),

flt2p lurpnrl L \urullurb [rhh1tlhpdrurlnp Uphhpfs 4hulF b{pnqur hp\purqnpbtrhpf
nurprubrlurh hhur \r.ur.i ulu]r.furtrur{np{urb [rhh1 R1b urnhrlurqbfr 4tilhU tlull
rf 2ur\nrpurl f L trhppuufruhgrlurtr ururpphp ururnfrdurbtrhpnrl:

2wqlnluautpr?,la trrugurhru}n{ub pnlnp R1a unhttruqbhpp qurur\urhnrr.I hb M19g-
ftdpirtr, nprnhl rlnqurl t hurtr4hu h\h1 Rlala--295-p (6.7o/o): lllrtr24hn n2 ohr{pnqur\urh,
M45B-p tr n2 | .qurlfrurnurLJurh> M434-p (Underhill PA, et a1., 2010) nrunrr.ftrtuufpr{urb
ulnqnrgurgfruhhpn.I 2trh rup&rutrurqprlhl ulr huqlnfun.Ipp ht pllur3rughnLrl t
hhrnurungrullrb \nulhughhrn riurrftuhur\trhpp tr urnbylnrd t ZurprurluqfrLr Uuliuqfrg
illrL2h Vhhrnpnhurlurh Uphhlurtr bfunqur h hupu{ur3frl, Uhflrp Aq{n4 ptr4urp&ur\
u2|uurphuqpur\urh rnrupurbpn.I phur\r{n4 urilh$ purtr loo/o rnrluu.frup4\ruhg
hrulpurqbuqfrl-r tluluhnr hhrn: 'Ip* burqrlurtr h ururpubtiurh
urnrutr&hurhuln\nrp]nrtrtrhnt *r"{hh ulurpqurpurhrlurb thtr, putrlr np h{pnulurlruh Rla
i'nhrlurqbhpL ruuf*ullurtr]rg rnurp*rh2urunq npht ilurp\hp 4hnLr'2f tr\r.upurqpr-1h1.-

u2|uuru.'hpn*I purgruhurFnrlurb R1a tr R1b hurqlnlLtlphplr n1 huururtl
ururpurpur2funulp tFuphflr t dh\hrupurtrhl tr qhurhruuhl Rla-lr pur2futtuitr hpl1pnpr1
ughtruplr hurr,fururhpurnnrtl, urlufrhpb' npqhu I.puLf hlnmfiunnl htr4hrlpnqur\ruti
pn2rlnp ghluiuilphpp r-lhprurlurlnrpurptrur\hgn.ILiirpfr ruprynrtip: Zburpur{np t trurh, np
Rla-f uurpurbnulL qtultftuhullnpr{urb t h1b1 5000-3000 rnurp}r urnur2 rruruulfg bnr{ir
hlntulrufrg 9nrpqurtrf dnlntlprl! urh4ru2urpdf hhur: UpLrhluh{pnqur\urtr
uutfruuuluhirhpfrg qhulb ruptrhlur\hhurpnhurlrub uulnu urq4hgnrp}utr ilurulrh
\*ph$ L htrpiuqphl hurulplunnlp Rla-]r rnurpurpur2furlurb
urnurL&hruhutn\nrplnrhbhpfrg (Rosser Z, et aL.,2000; Zer)alT, et a1., 2002):

.ttuqlnlunurr. Gh lrpruhuQruh urqhpfrhhplr fudpn.l :nlpnpq u*Ihhrurnurpurb{urb
hurqplLrnnlptr t' \urqrlhln{ 130/o, nprnhl c M201-, page94-(xM28s, p287) hfrftrru\urtr
tnnhrlurqbhpp )htr hurluhurphp{h1: orun.Ihu*rfrprl'rb ulnqnrlurgfrruLhpn*{
upd.urtrurqpr{h1htr hub c1-(M285), G1a (p20), G2- (p287), G2a. (p15), G2a1 (p16), G2a3a.
(P303), G2a3a1 (M s27), G2a3b- (M406), G2a3b1 hurulpfur,tphpp:

Ohtr hurulpfunnlp G1-M285-h fpu,rhur\urh urqhpfbhp! rlnur 2f qhpurqrutrgnni
0.3olo-p, ultr Sfrpqhhhmf\nphL hrurftupdhp L urLlhfr lurlh nrupurbrlrub G2-p287-|rtr, urltr
urnntr'{nrl, np hp\nr dsnulh tl nqqurllfrnphh rlfruLtrnr d hb G-M201 il tuprlurufrtr:

Zurulpfun*fp G-|r ur2fuurphruqpurlurtr bbh4u^lru1pp, hrur{urhrupurp, uhrlu\uqrlur6 t
urptrhgurlr lrhurunfilu]], zurluumurh! \*rI hprutr]r rlnuur\rnlpnrd: uurrugr.[ub
tupqnrtrphhphg h*nh1Jl L hruh hqpur\urglit1, np lrpurtrur\urL uqhp]rLhpf r-intn rntlurl
huqplurlplr urn\urlnrplnrtrp J2 dlnulhplr hhn r{h\rnhr1 \urq{urb t hp\purclnpbnrplurh
rururpurbrfrutr hhrn, frh:p trurlu\fhnr-rf urpd,urhurclp{h1 t brlpnrqulfr hunfururhpurnnrd:

FputhutQutb uqhpfihhp| lrtttnpryrttt htau]pluttFhpl $y'laufuwphutqpntplnth:
hpurhur\urh urqhplrhhpfr Y-ppmlnumfurlftr rnnhrfiuqbhpf rlfrhnprulftr rluruhruprudfrhp
(33olo) \uqtf{urb L http hurqin}urlphp}rg, npnhp hfrtihur\ruhnnf uhpnnl ht1

Qhhrnpntlu\urtr nr Zuprur{urlfrh UufruS}rg h br$nqurlfg: .}purhgfg
urrlhlrrurnurprub{urbp huruipfunuip 11-h t, nph hp\nr }1e-page08 1r Il-M262
htrprudlnulhpp tlfurufrh \ruqrfhi hL '10.4o/o: 11" Lr fle hurqlnfuriphph f*p&p
hurduluur\urbnrpJnrh L urp&urtnuqprlrub guruqlrg bnql h gruqpnulurtr 

thntru_r2r1pur]lr
rlhpd.urllur.1pnul ptrur\iln4 qnqnrgrugfrurtrhpnrtf (Grugni V, et al., 2012):

Zurulpfuntilp I1.-h urnul{hprqnr-31-r hurdur}uru\urhnrplnrb t purgtuhur3ur{h1
surtlpnuf h Qruqpnu]r thntrru2lpurhhpfr, hlnrufrurulfrtr hpurplr h urphr-fr.n]urb hpurhf
2p2urtrtrhpnrrf, h Lpuqurhufurlf durtirutlu\p qhurhruurlhl L 10 hurqurp rmupfr (chiaroni
J, et al., 2010): Zrulntih L, rtr urlu hruulplunrrlpp rnurpurbtlhl t tuphtfurlurh nrrylnrp3rurlp
df2frttuphhgurb dnln{nrprihhp}r r.nhlu2urpdhpfr urp4lnrhpnul (Di Giacomo F, er al.,
2004): l-M304-f dhll u11 hhpurd3nrrl h Upurpru\urh phpru\qqnuf rnurpurb{urb l1c3 (}1e-
PageO8) rnnhilruqlrbp, npp npn2{nui t P58 rftup\hpn{ (Karafet T, et al., 2008; El-Sibai M,
et a1., 2009):

hpurLrul1rutr uqhpfhhpfr hrlnr2trhpnrd h2ruhur\urfi rluruhurpurdfrb hh \uqrfhl
\htrtnpnhruufurllurh c-M130, Q-M242 h o-M122 hruqpfuriphpp (6.40/o):2uulrul,tlpurp,
hpuLf hlnmfuruphrftnlrutr rnurpu,rbpf FhlFb hn4hpg tr hqururnunlnp
ur2fuurphurqpu,r\tuh urhrpu\rulnnig hh2rnurgphl hL rl.p. 13-m 4upnul
\htrrnpntrurufrur\rutr ururtfruurnurhhhpfrg dnhrlnlur\urb h -lL plnrppurlunu
ghlufurfphp[r trhpprurfrurtrgn.fp, frtrlp ]rptutrur\urtr urqhpfrtrhpfr hur3pruqburl]rL qhtlu3ftr
\urqrfnui llhtnnpnhurulru\urh qhhrulftr hnupfr h]rrfhur\ruh quu.ndruntrhpfrg L:
bhpur4prlni-il t, np ]rpruhur\rutr ruqhplrhhpf |uilpnrd thq{fr rfn}uurnnrdp r.nhqf t
nrtrhghl Lfru-4nilfrhruhurnrpl urb rln4hpr{:

Ztuqplunu^fp Z-h hfrdhru\urhnrrl trhp\urlrugr.lrub t Elbl-M123 (3.4o/o) lt Elbt-V13
(3.0olo) dlnrrlhpn{: bhpur4prlnul L, np Elbi-p bruqhl L Uphhgurtr USplr\ur3nnl
(Trombetta B, et a1.,2011):Ztnupurrlnp t, np E-V3B-| kr[nlntgfrul]rg urhilf2ruqhu hhnn
rubrlpuruhurplurtr rl]rqprutrutrhplr rlfr2ngn{ urlu rfurp\hpp huruhl I ghhrnpnhur\urtr
USpl'!* h/\rud Uphrftnlut Ugpf\ur:

hpurLru\rutr uqhpfhhplr Y-Bpntinumlurl|rh rnnhr.fruqbhpfr iltrurgrub rlurup \ruqrlhl htr
hurqr.lurcgnrr.n huqplurfphp (H, R2, N b A), npnhp hfnftrur\ruhnrrf uhpnnf hh
2urpur{urlftr Uufrulfg: hpurhtu\ruh urqhp}rhhp}r }ur.Ipnrrl kur\urtr purd]rh L \ruqtlhl hurh
hurpurtlurufru\urh pu,rrlur4plr2p (5.4olo), ftr2g npn2rlhlt H-M69, R2-M124, L-M20, N2-p43
huqpfuriphplr h]rtfurh {pur: '}purhg rfhbuu-huuhnrplurtr run\ur3nrplnrtrp \urpnq L
ilh\tnupurtr{h1 npqhu hpurtrf hlnrufrunril htnuqntlh t-rhrnurpuh druhuruluiphnr{
dfrqpurglruq |r rup4lmhp:

I.puhru\urtr urqhpfhhp[ ulnqnrgurgfrurlnul uip&urhurqpr{urb qhtrhrn}r\ur\ruli
purqdurclurhnrplruh (i) FruFdIr dru\ruplurl1p (0.879510.0083) \urphfir L purgurtnphl urlh
hruhqurr.Iurhpn{, nF murpurbur2p2urtrp hurh4hu t h!h1 npultu r.iurp4llurhg hhurqrr3h
dhqpughurLhph urhgnrrlfr: trurgfr rul4, hpurtr[ hlnrufruurphrltnlurh hurndurblr



Fu'ptihu+ruur ur2furuphruqpru\urh llrppp tr thntrullrh nr rnur,frruurnurhuqfrb fufur.n
ru2fuurphuqpur\ruh qurlrlurhtrhpp, hur{ruhrupurp, hh2ururgphl htr ungfruprLlurlr
!urqttrutlnpnrdtrhpf d.Lnu{npnufp, ht:p hurLqhgphl t qnqnrlruglruq}r prupd.p

|unnrplrutrg h rnruprubr.lurtrp 4hu1lr gurqpnufr urphrftnlrutr Lurfuurlhnhurl]rtr 2p2urLtrlip' I
mrupphpnrplntir I'pruhlr \htnnpnhur\ruh h urpirtgrutr rfuruhpf, npr.nhq'lur2r"nh gLr]rp nr
'Iur2tnh Inrp urhuqunntrhpp fun2ptrlnurhl htr qnulnr;urgirur3lr |uuruLgdrutrp:

2lntufuruphrlr.nlurli l.prutrlr urnuhgpuqfrh 4hppp, frhlulhu Lurh trhpph
\fuurprutrlrL' npqhu lruptrnp hhurqnr-lh qu{pnrlnr, ru2}uurphtuqpnphtr rlnur
qnh{hp, trqruurnrurlnp qru3rlurhtrhp htr uuhlbhl htrnfrplurtr hp\purqnpbnrplurh
tururpurbrlurtr hurr-lup 4hqfr urpbdurl rutr h urpLrhl rutr br.l pruufrru :

fh4hrutrnrp urnilunlp, fpr"uhur\urtr qhl-rn$ntr4p r.nurpphp durdruhur\hhpnuf hqhl L
rlhpAurphhgurtr h hrlpuru]rur\r"uh Y-ppmlnumluqftr purqrftuqurbnrpluli \urpirnp
urlFJnlp: 'Ipur hhur ilh\uhr1, purqrlupftl rl]rqpurglurh qnpbptrpurgtrhplr dunftutrur\ urltr
hurh4hu t h\h1 npulhu qhtruqlrtr hnuphpfr nhgfrqfrhtru: hpuhru\uh dn4nrlnrp4trhpf y-
ppntlnumftulfrh hhntuqnrnnrpjnrbhhpp trnrlhulhu i{rurnhurh2nrd hL urtrglurflr qu{rdhFp
tr qurqnrpurptlu\hgnttip, npnbp &hur{nphp hb n{y ulr2]rtr uphhpf durrlurtrurliurllfrg
qhLhufr\ur\urtr quru\hpp:

Zrur-ihr"lunnrulluh ullrultrhplr hur{uBurbnrhhpp hhpurnnrr.t htr 22 ulnulnrlrugfurtrhp
hupullrg hp\pLhplrg' fdnrppfrur, ZurlruurnurL, hprtp, U$rluhuururh [r {]mlhuururtr,

ftr2qhu burh fputrrulruh tulL Lph[\urluh ]udphp: 2hrnuclnurrlurb pnpp
ulnqnrgurgfrurLhpnnl hurlurtrurphp{urb hfrftrurluh huulp}urfphp]r (12, R1b, Rla h G)
qphph trnrltr hurtiuluurlluhntplnrtrhhpp h pu21L'Lr,iurh urnurhdtrurhurur\nrplnrtrbhpp
hutfptr\trnrr.t htr trurlullrh hhtnurqnurnrplnrhtrhp]r hhrn, npurhq nrunrtfhulufprlhl hb
I.purtuur\url,r prupd.punlruh4ur\hS' Qnr.l\urufr/flnlpBhurlh rlfr2ngnrl 4hqlr b{pnqur
tu.uluurhp\pruqnpbru\urh tpuulurliulrrutrhpp:

flurnulbruufprlurb ulnulntlrug]rurhhpfr rlhbruiluruhnrplnrLnrr.i hu uLpd.ruLurqprlhl hh
qhbhtn|\ur\rutr purqilurqruhnrpluh (n) purp&p gntcurhf2trhp (0"9-0.8): Furgurirnrplnrtr
t.tr lruqrlnril rllrujtr irpuhur\utr pnrppilhhtrhpp, frpuplurL tfup2 urpurpLrhpp tr

ur$rluhur\urh rlrnr2pnr.trhpp, npntrp gnrguphphl hb purcpluqurhntplurtr gubp
tlur\uprlur\ (b\. 2):

hpuhru\ruh tpbf\u\utr lurJphlh r.fhburduruhnrplurh rlnu huqurLurphil{urb
purqrlurqurhnrplurh tniurtr quruilhpp hurdruhnrtrl t hufu!]rtr hhururqnrnnrplnrhhhpfrtr Lr

hurr.tph\hnnf t i gnrgurlrf2hhplr rlf2Lr upd.urbuqpr-lub rnurpphpnrplnrtrhhpf hhr.n:
I.purhur\tuL LpLf\u\uh lu.tphp]r rlfr2L hfrfLurllurlrnul hru{uruu]r murpphpnrplnrt 1!
rpurtrgr.lhl: Furgurnnrplnttr bl-r \urc1tih1 pnrpprlhtrtihpp, npnLp hur{ururn]rnphb
tnurpptprlnrr.f hti urqhpfrtrhpfrg, rlrurpuhplrg h hpuih-Znprfnclquhfr purtr4urpfrtrhplrg tr
LLr$pn-frpurtrglrtrtpfg: i.purhurllutr uLqhplrtrhpf |urfpnul 4frnup\{hi L qhhhurfr\urQurti
purqrlurqurhnrplurh Furp&p tfur\urp4ur\ (0.8796), npp hurtlururnfrnphh (p<0^05)
tnurpphpr{nuf t upurphhp]r, fpurhur\urtr pnrpprfhhhhplr, usrluhurllurh rlrnr2pnrhhplr,

hpupghhhpb h hrullru\urtr (UlntLlp) qnulnr;r.ugfuLtrhpfrg:
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Lh*p 2. ahLhrnlr\u\urh purqrlurqurhnrplurtr (h) rupdhptrhpp (urnrutr4ruprn

tnrurnrutrnrr.Ihhpnrl) nrunrdfu uufrprlrub ulnqnrg ru gfmrhhpnuf:

Y-ppnrlnunrlurlfrh huqpfudphpf hurdurfuur\ruhnrplnrhhhplr hfrluh {pur
qhurhunnrlhl htr nrunnltruruhn{"1 Fnlnp uinulnrlurgfnutrhpfr rffr2h qhtrhrnfr\ur\uh
fnfuhupuphpnrp3nrhhhpp' hu2{up\hprl fir qhbhufr\ru\urh hhnurr.lnpnrplmbLhpp:
Urnurgtlurb urprlnrhphhpp gnllg hh i.nurflru, np |rpruhru\utr urqhpfhhpg h lrpurtrru\r.utr
prphptr nr rfrurpuhpp qhtrhu]r\npht urlhft ilnm hh tr h2urLur\urftnphtr uurpphpi{nnf
hh hpuhf u11 tpbf\u\uh futlphphg h nrunnfhuruhnrl*b urJL qnulnluuglrurhhplrg:
Zurp\ t tr2h1, np ph4hruhnrp runtiurfp, frpurtrui\urtr ulnqnrgurg]rruhhpp qhhhr,nfr\nphti
hhnnr hh pnpp hurpur\fg dnlnr{nrprlhhp]rg:
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L\utp 3. f[unnfhurupptlurb qnulnrllurgfurhhpf -6r urpdhphhp]r hfrftutr rfuur

\runnrg{urb PCO uluu\hp (Eurn Y ppndnum{[ rn]rqur{npdruh urr,lurfrhp}r):
clrurllurqbhfnril trhp\u,lrugrlurb t ph4hurhntp r]rnrfnfuntplurh tfr.uuhrupud]rtrp
pugrur,nprlrub lnrpurpurhynrp urnurhgpnrl:

l3



hprutm\urh urclhpfrtrhpfr h irurdhrlururur\urtr l"rtrhnlr ,Jhltr qhhhurfr\ur\uh
hupurphpnrplntbhhpp ulurmlhphpr trqurnru\nr{ F.iz urpdhphhpfr hfrlurb .lpo,
lurnntgrlhl t PCO 4|rtuqpurd (h\. 3): L\rupp gnrlg L urru$u, np |ipurtrur\utr tptrf\
Io.frhpl huurur\ uurpurtrpruu.ln.I htr hurpru\fg ulnulnrgurglrrutrhnlrg' \*rqr,fhprl
urnurhdfrtr 11prur-nhp:

hpuhu\urh urqhpfrhhplr rlurlpurqburlfrh qhtihrnfr\ur\urtr \urnmgr{urbpg: u2fuu*nurtrpfr
hru2np4 {rnrpruf nrunriltrruu}rprlhl hh 137 frputrgbtrhph (hr-rp hun{urpruqprlrub tp\pf
ururpphp rnrupurbphhphg), 103' €hprlurhfr hurhuhqfg, 108. €ur2!ru1 p3nrppurfunu
qnulnrluglrurlf ullpnrl2ru\urtr r.fur.ILfd ur{rufrhpp, ]rh2qhu hurh 294 frpurhur\urtr
uqhplrhhplr rfrn'ILO-lr qhpr_]rnrlrnluur\urtr hrurn{urbtrhplr rup4lnrtrphhpp:

hpurhur\urli rlfrtnnpntrrlpfrnnftulfh'ILfd-trdnr2hhirlr rlhb ilurup (93olo' |rpruhghbhph,
92o/o' pru2\ur3hhpfr, 860lo' €hpriurhlr h 90olo' tuqhp]rtrhpf rrnur) qurur\urhnril L
ruphrlutuhr{puufrrullurL llndulntrhtrurlrtt, rpE \urqrftlurb t Nl, N2, X, R2, IT, U L R0
huqlnlurlphpfg: fdhqhrn *.Ihft gubp hurdurfuurlurhnrp3rutfp, uur\ru1h
ururpubur2p2urhnul tr\utnhf t trurtr ru$plr\1urtr (L2a, L3d, L3fl, hurprurlruu]rur\rutr (RB,
M4, M5, M1B' M42) h urphhpuhi{pruufur\utr (A4, 84, c4, c5, D4, Fl, G2a) unhr.fr.uqbhplr
run\urlnrplnrLp (tr\. a):

% W
F,I

w
L\urp 4. I;pruhghLhph rfrulpurqburllr, -rr*U-\ruh \runnrgr{urbpp r.nurppLp burqrlurtr
huulplurtphpfr hurdurfuur\urhnrp3 utr hfrftuh rlpru:

Uphrirnruhtlpurufur\urh urnhrlurqbhpfrg qhpur\2nnrr.i htr H h U
ilr'u\pnhurqlnlu.Irhpl, npnhp, hurilruulurmruuluurtrrupurp, hurjuirrurphpr{h1 hh 16.80lo tr
23.4o/o' hpuLghbhph {n'.n, 27.8o/o b, 22.2a/o' pur2\urltrhp]r , 17.5o/o h 16.50lo' €hptlurtrnrtf,
'22.8o/o b 20.lo/a' urqhplrtrhplr furlpnrtl (ur1. 2) :

I' tntupphpntplnrh hrilnqur\ruh h tlufu\fhnnl nrunrdrruru]rp{urb frputru\urh url1
Lphh\ur\utr i"tiphnh (pur2\tu1btp, phpdurhglirhp, uqbplrhhp), npntrg rI*r.ILfa
huqpiulfphpnuf qhpur\2nnrrI L l{ rnnhrlurqfbp, rlhp phrnpurtrpnrrl U hurulln}udpf
liurdurfuurlluhnrplnrtrp (23.4o/o) FurF&l t H hruqlnfuLlplrg (16.g0lo): UJ*
rnurpphpnrplnrhp rluruunlp purgrurnprlnul t fpurhur\ruh lurlphpnnl u htrpurdlnulhpfr
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(flr2u1hu oplrh'r[ U7 - 7.3o/o) un\rulnrp;rur1p, npntrp qphph purgru\ur1n*f hh
brlpnqurlnrtl (Metspalu M, et al., 2004):

Zurprurlrlulrur\utr purlur4pf2tr *llhilr hurdurlu hurtr4frulnuf L €hprlurhlr
hrfnr2trhpnrrl, purtr frpruhur\ub urJ1 |urfphpnrrl, frh2p prugururprlnntr t €hprlurhlr
tluhurhqfr u-r2|uuphurqpur\ruh 4frppnq hpurlilr hurpurl-ruphhpnrd: Ulrhl4hn
pur2\ulhhpfr h uqhp]rhhplr |urfphpnrrl hur\urh duruhurprudfrh t \urqilmrf
upbhlurh{pruufrur\ruh Furlu4Fh)E, npfr urn\iulntplmLL hpurtrnul qurlrfurhrurlnp{urb h
.lhpllttt drur'furtrurlhhp[ qhtnul]rh hnuphpnr{ tr hunlphllhnnl t thtrupntrrullutu Uufrurl[g
hpuh p3nrpBurlunu gh4urlurlphplr Lhplunrdnufhhplr (tl.p. 1037-1194pp.) hhrn:

Urymuur\ 2. riur'ILfd hruqpfurlphpfr hurdurluu\urhmplnrhh frpruhru\urtr
ulnqnLU urhh nI

2urq1n
lunuln

hpurtr ]uurnp
(n:132

€ur2\ur1
(n=108)

hp. uqhplr
(n=294)

€hpdurlr
(n=l03

H 0.158 0.278 0.228 0.t75
HV 0.109 0.065 0.105 0.097

0.088 0.757 0.112 0.058
T 0.080 0.046 O.OBB 0.165

w 0.073 0.028 0.06i 0.058
K 0.073 0.019 0.051 0.010
w 0.066 a.B7 0.024 0.019
U4 0.036 0.028 0.017 0.019
U3 0.036 0.083 0,041 0
N 0.036 0.019 0.020 0"039

x 0.o29 0.019 0.024 0.029
U5 0.029 0.037 0.044 0.010
U1 0.029 0.019 0.017 4.049
R 0.029 0.0s6 0.034 0.087

U2 0.022 0.009 0.017 0.029
M 0.015 0.009 0.041 0.097
I 0.015 0 0.017 0.019
D 0.015 0.019 0.007 0

C 0.015 0.019 0.007 0.010
U8 0.007 0.019 0.003 0

L 0.007 0.028 0.003 4.029
G 0.007 0 0.007 0
B4 0.007 0 0.010 0

A4 0.007 0.009 0.007 0
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fahh ru$pf\luitr prurlur4plrlp \urqrfnul t grubp rfuruhrupurdfrh, rultr ur{hf hurdurfu
hurtrrlfqnrr"I t pru2\rulhhpfr tr phprlurhghLhll, trtlnr2hhpnttt, purtr ur11 tptrlr\ur\urtr
|urfphpn*I: Z*z,ih urnhhpt[ uqtr huhqunlurtrpp, np hp\nr tluhuhqtrhph t1 rlnr.n htr
qurhrlntl rlurpul|u\urtr bng]rh Lr Znprlnrqlr hhlnrgfrtr, npnhp hpurhp \urdp2nnl htr
U$pf\1urtr hp\pLhpf hhrn, \ruphg L hqpur\rugtrhl np urSpfrfuurtr qhhulftr hnupp
tnh{r t nrht gh1 urj u r.ifr2urhgpnrl:

Zuullnfunrrlp H-h Furp&p hurdurluruLlurtrnrplnrhp qFhrdh FnLnF lrprutrurlurtr
qnqnrguglrurhhpnnl urpurrugnlnrtl t hurprullfg huLprutlurphtftnlruh Uulrurlfrg qhhurlhtl
hnuphpp, nprnh4 rn{ru1 mnhr{urqlrbp hhp\rulurg{urb | 2unfrurrlnp r.trullurp4ur! ntl :

hpurlrur\urtr, pur2llurlrullurtr h phprfturrur\r.urr pnlnp t*Inr2trhplr H rnnhtftuqbtpp
|uLlpu*lnprlh1hh 40 hbpurhruqpprrphplr rlh2 tr rfl*ulrr 4purtrgfrg hpLinrup'u- rr Hlsazaz-
p, pruduhrlhp htr tlhpnb2lurl hphp qnqntlruglluhhpf rllr2tr:

uh2lrtruptrhuurh h rupurpru\urtr hurqlnlun*Ip T-]r hurdurfuru\urlrnrp3nthp purp,\p t
phpdutrgfl-rhplr (0.165) tr urqhplr (0.088) ulnqnrllugfrruhhpnnf, fhlp 11urpn4 t
putgu1np{h1 trhpnh \fruurptuhfrg h hiurlfg 4bu1fr ruphhp hplpurqnpbhhpfr htrurqnr jtr
I",If tph urh4ru2urpdhpnt[:

Zruullnlunntp U3-fr hurdrufuu\urtrnrplnrtrp purp&p L Bru2\urStrhp]r (0.0g3) h
uqhplhhpf (0.0a1) prfphpntl: gruqpnulr thntrhpnul pur2\urlLhpf pn2{np \hhuru\hpqf
rup4lnrhpn[I, hbpu4ptlnul L, np u.r3u unhduq]rbp hur{ruuurpurqhu pur2fur{h1 t
thnhur2lpuqfh qnrqruhhn' hpruL]r hlnrufrufrg 4hq]r hrupur{, h uqrl tnrupurbpp 2lr
\urpnrl hrurlurp{h1 npqhu qhtrul}rtr hnuphpfr ur2fuurphurqpur!ruL fun2ph4ntn: €hprlurrr}r
tllnt2hhpnul U3-]r lrntllrh pugrulurlnrplnrtrp {\urlnnl l, np ulhqfuf l.,"Znp
ru2fuurphruqpurl|ul-r urpqhphhp, frh2qhu'ku2urt gtrfp nr.lur2urh l-nrp urhuiulurLntrhpl
hti, ur3 rlnrhurh4hpd., fuurhqruphl hh qhhuq frtr hnuphp[L :

ctr4hurtrnrp runrlurrlp, frpurtrglrtrhpf .thptr purgruhuqtnr{urb lrdruLntp.lnrhLhpp
h2urttullurfl. htr urptrr.ftnruh{ptuufrulurtr h rftn'}Lfd pnpp }r}rdtrru\urh rnnhdurqbhpfi
put2fudurtr hurrfu*nhpur.nnrr.f, hruur\tuulhu' hplnr ptrf\ hruulpfurlphp H l.r I_h
qutpurqur3n*I: srlultrhpfr tlfdurlurqpu!'rh rlhpprr8nrplnrhp purg*rhuqtnhl t p"pp
frpurbtuQutr ulnqnr;urgfruhhpf qhbhtnfr\u!urr \urnnrgr.lurbptrhpf Lf]r2tr ttlurLnrplnrh,
|rb2p {\uqnLrf L pL4hurhntp ilru3pu\urtr tnu}utrntg hpruhg bruqrliuh tftuu}rtr, h gnrlg t
r.nurfliu, np thqrlur\urh ururpphpnrplnrhhhptr rulu rnrupurbu2p2rutrn.I )htl
urptrrurgny.lnr-r.I rftn'!LI} prucldrucluihnrpSurtr ilh2:
fltumr-fi.uulrprlurb ururpurbpurlfrtr ]urrphpfr rfurlpurqburl|rrr h ur2|uurphurqpu\rutr
purqrfurqurl.rntplurh tflr2h hunlhrfturnhflrmp;nrhp: Zhururqnurr.lurb ulnulnrgurg]rurtrhpnrrl
rlur'Il,.to hruqpfuriphpf purqrlurqurhnrplrub 11 gnrgutrlr2Lrhpp h2urtrur\urfrnphL plup^F
hh (0.95-0.9) Fn1nl |rprutrur\ruh h p3nrppur\urh, ]rtr2qhu hurb urptrhlutr ur11
qnqnrlug]ruhhpf huniurp: hpruhlr qpur4ru2r.ntrhplr, pulnr2trhpfr, ilruqurhlurpghLtiph fl
pputhnrf ulnulnrllurgfrurtrhplr h fdnrpptfhhurnrutrfr pnrpprlh[rLhpfr rlnu urp&urtrurqprlhl
hh purqriurqruhnrplurh grubp gnrgrutrf2hhp: 2hrnurppppur\ruh t, np nrun*lhurufrp{ruJ
ulnqnr;uglrrubhpfrg frpurhru\urh pnrpprlhhtrhpg qputrnphl hb rftulpuiqbuqftr

purqrluqurtrnrp'1 urh runur{hlurqnrlir gnrgurtr}r2tri.p, fru\ [purbru\urh
tlnrn qputr grlhl t tt{urqurqnrl h r.hu\rnp4u\:

hpruhglrhhpir h hrurlhrfurururllurh l".ffhnh ulhlt
l.rurpruphpnrplnrhhhpp qunn\hphpr hqrurnur\n{ Fsr
hhnur{npnrp'1nrLtrhpfr hlnfurtr t{pur \unnrg{h1t pCO 4]luqpuui (tr\. 5):
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L\urp 5. fhuntlhurufrprlurb qnqnrXrug]rurhhpfr .Er urpclhphhpf hfrlurh tlpur
\urnntgrlub PC O ulurn\hlr (Euln rfu.ILfa-f rnlqur{nprftuh ulrl urfrhp}r) :

Orullurqbhpnrtl hhp\uqrug{ub t ttr4hurtrnrp {rn{rniunrpluh druuhurpurd]rhp'
purgurrnp{rub intprupurLrynrp urnruhgpnrl:

9uph{r L {rururnhi, np frpurhur\urtr }urlphpp lurqrlnul htr urilrfnrfr \puuuhp.
huurur! runruhdhruhurlnrl urptrhlurtr ulJL ulnulnrUurglrurtrhpfrg:

fh4hruhnrp urndurdp, r{frdru\uqpur\urh rlhpprbnrpjnrhtrhpp gnrlg hb m4ht
ururpphp fpuhur\urtr qnqnrgurglrurtrhp[ rlurlpruqbrulfrh ptrrlqbrlrub hrutluruhnnrplnrh:
Oruntr"fhurufrpr{rub frpurhru\ruh qnulnrllurgfnutrhpnnf 1}nnu,ip\{nq. Furp&p
tphnlhqtlur\ruh h gurbp rfurlpurqburl]rtr hunluruhnnrplruh urlu irur\ururu\urtr qruui\hpp
hurfurhnrh2 L hurfu\lrtr hhmurqnunrplnrhtrhpfrtr b rllluqnrd h drurftutlu\ur\fg
[purtrur\urh qnulnrlrugfurhhp]r ph4hurhnrp rfulpur\tuh bruqrftutr h/\unl hpurlis dhzt,
lulhurbur{ru1 qhhurjlrh hnuphplr ilurufrh:
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U2fuurururhpnnl Y ppnrlnumluqfh tfurp\hphhplr hlrrturtr r.$ur gnllg htr rnp{h1

frpul-nu\rutr urqhFb qnqnrgugflu3fr d.hur{npilurtr h rnurpr.ubr.truh hlrtltrur\urtr
dhfuuhlrqdhhpg, frtr2qhu hurtr purgurhurlu{h1 hh urltr hfrdbrull.uh qnpbntrtrhpp, npnhp

\urqrftu{nph1 hL drurfurturu\ur\frg lrpurhu\urh tuqhpftrhpf qhhhu}r\ur\urtr
\urnnrgr{urbpp:
1. I'pr.nhrnlurh urqhpirhhpf r.fnu urnunlhl hrudurlu hrutr4lruln4 Y ppntfnunrlurlftr

hurqlnfurlphpp qunn\urhnnl hh hurpurrlurptnirnururufur\rub l2-M172, R1b,M343;
R1a-M420 L G-M201 2npu hlrrftrur\urtr hruqplurfphplrh' rf]ruruhurprup \ruqrfhprl
640lo: U1u rnnhrftuqbhpp qfiuur{npurulhu trhprlnrbrlhl htr tlhpd.unlnp Uphhp]rg
bhn{rpltuh hp\pu,rqnpEtrhpfr lnryffg: Srlrul urp4lnrtrpp hurrfr.uhnrh2 L uqti

. hhururqmnnrplnrhhhpf hhr-n, nptnhrl nrunrrfhiuulrp{h1 hh hpurtrur\ruh
prup&purrlurtrlurqhs' 9nrl\urufr/fonlpphullh illr2ngnr{ 4hulh br{pnqur
ilf tr2hp\purqnpbru\urtr tpuulurhulrurhhpp:

2. h rnurpphpnrplnrtr t'purtrfr urJL tptrfrtpu\urtr lrriphptr Lr hunlhrlunnrlnrl
ulnqnrlurgfurtrhpfr' frpuil-rur\urh ruqhplihhpfr dnur \htnnpnburufrur\urh
qhLhmfrllulrutr murpphpfr urnluqnrpjurh hhtn r.th\rnhq, hunluruurpurqhu
hurh4fqnnl htr Rl (Rla h R1b) h Jl (Ile Lr |1.) mnhrlurqbhpp, frL2p {\LulnLrI L

'Ilnhuru\rutr-9uruu1]rur\urh rnulJrururnurhtrhplrg 4hqh ul11.1 r,nurpurbur2p2urh
knrpqurtrfr dnrlnr{pqf, ltr;qhu trurh rularulurfunu pn2rlnptrhp}r rnurpurbilurtr r,luLu}rh:

Uf t;4hn uq u rnnhr.ftuqbhplr rutrhur{ruuurpurlur.lr pur2fu ntlp gurqpnul urh lhntrhp[
hp\nr \nqdhpnrrf gnrlg L rnrufu rlpurhg hhurprurlnp qhpp npqhu urpqhpruiururLh2,
npp fun;ph4nurh1 h qhhurlfh hnuphpp ahqlr hprutr]r ur11 ururpurbphhp:

3. hputtrur\urtr ruqhpfhhpfr r"lmn hruullnfunnlp G-h ("trlr iu2|uurphurclpur\uh
bhtirlur{ur1pp, rurfhtrurltr hutluhru\urtrnrplrurfp, urhqu\urlrlurb t urphtigruh
Uhurunfnul]r, 2,urlruuurrutrlr \unf hpurhf rfnnur\uqpnrr.[) run\urlnrplnrbp 12

dlnrrlhp| hhur dh\rnhl 2ur4lurqr{nnl L hplpuqnpbnrplurh rnurprubr.huL hhur, }rhlp
Lufullfbnnl urpd.urhurqprlhl L brlpnqulfr hutfutnhpuunnf:

4. hprutrur\urh ruqhpftrhpf hrulpurqburlftr qhtrhtn|\ur\urtr \urqr.fnnl h2urLur\ufr
rlurulrurprudlrh htr \urqrlnnl \hhr.npntruufrur\urtr hruulpfudphpp (6.40/o): hpurtrlr
hlnrufuurplnlurlruh rnurprubplr pruphtrqurur.n ru2]uurphuqpur\uL rlfppp, purn
hpLnrlpfh, hh2rnurgphl t ,I.p. 13-pl rlurpnril \htrr.npnhurufur\urh
ururfruruuruhhtpfg rfntrqnlur\urh h ur11 p.1nrppurlunu ghrlurludphpf rlnunpp
ururprubur2p2urtr, npp \urqrinul tp hurh hhurqnrllr llhururpuh nulnr r.f]r hrur,nr,lrubp,

, fLlqhu hurtr ptrur\ur.l*tp t burnurlhl \htrr,npntruru]rur\urb burqnrd ntLrhgnrl
tnufuurf ulutiru\urh f pruhur\url-r dnrlnrlnrpLhph hurr.f urp:

5. hpurtrur\urti uqhpftrhpfr dnur huqurhuphpr{rub qhtrurllrL purqrlurqurhnrplurh purp&p
gntgul,rfr2hhpp (h-0.8796) \urpnrl hh purgururprlhl urrupurbur2p2urhf
urnurhdttuhurtn\nrpSnrhhhpn{. urlh rlfr2urhgp L brunrulhl htrruqnr3h rlfrqpurghuhhph

hrurftup Lr hquruuunlnp ulul.furhhhp tuulurhnrlbl hurnurfuurg \hhuur\hpqfr hurdurp

bh2p huihqhgphl t l1rnpnrll dnrlnrlpqurqpruQurh rudfr:
6. hpurtrur\urtr iuqhpfrbhpfr tlfrunpnh4plrntrftul|rtr rlLfd-hhFh tlhburluruhmplnrtrp

(89.1olo) ulunnlruhnt l L urphdrnruhr.fuurufurllurh \ntlqntrhlnnph: Unurrlhl hhurqnr-1fu

N ilru\pnhruqplunu{pfr h 4ptu N1, R, U, R2'IT ruburhglufrhlh rnurlhpp huruhnt{ t
ilfL2tr 45-60 hurqup mulph, npp rlururhurh2nrri h U$hl1utlhg 4nrpu qrulnrg hhrnn
drurlurhurlur\|rg tlurprlnr' tohlp" urnurp\ru mrupurbur2p2urbnrt{ u!qptlullurfu
pbu\hgrfurh dunfurtru\urhurr.n{urbp: hpurhru\urh qhhurlfrli luqilnrt{ hhurqnrlh
tluluhnr run\rulnrplnttrp huruuluullnril t tluh hqur\|r N23 r.nnhr.fu,rqbnrl, npp
quhqub{h1 k foh' ulurpulr\trhpfr h foh' pru2\rultrhpfr rfnur, phh gubn
hrudruluntplutlp:

7. Orunrtlhruufrpr{urb ulnqnrgurg]luhhpfr rlurlpruqbrulfrL qhhhrn}r\ru\urh ll*qrllt
hunluruhnnrplnrtrp {\urlnul t, nF gurqpnulurh lhnhhpL urtrhurrlpurhruphfr
rupqhprqunnbh2 2htr hqhl 4hqfr hurpur\fg uurpurbpbhp h urlbrnhqlrg qthurl|rtr
hnuphpfr hunfurp:
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PE3}OME
Apaeruup Eaxnauu Merp

"l'eHeruqecxat c1'pyrirypa rtapoloB ceBepo-3ana.4uoro tr4paua rro MapKepaN, Y xpovocour,r u
NnrroxoHlpHansHofi [l-lK"

ll ,[anuoii pa6o're 6srl fipoBererro reHernnlrpoBarrue SNF u S'l-11 nrapxepoa Y-xpolrocor.rur
Nrlrlox(rHllllllausttoli [LlK (urlHK) y 645 n,tyNvrru nzllpana c r{enb}o onpe:leneul.rr renerneecxoi
cl pvKTvfibl tlccreAoBaHttblx nony"trrullii H Bbt.qBreHfit poru tr{parra. s oco6eHHocrn ceeepo-lalartuol
tlacrtl elo rcpprlropufi. B pacnpocrpaHer[ruLr coBpeMeHHoto qejroBeKa or socroqHoii Auarolnu 4r
Aoiltlllbl tr'Irrr1a. B 4ansHeirueu norvqeHHbre ltarrr{bre 6uur.r corrocraBreHbl c cocenHr.rNll
ll(lnyjlHlltirlMll An, ycraHoBneHut creneHu feHerr.rqeclioto po.qcrBa Nrexay upalruaN,rH tr lpyft Nil
r rapoAa\tH paccN,raTpilBaeNrofo peillorra.

Y-rpoltctcoltiutbHbie ra[norpvnnbr r'IpaHcKrrx a3epu lrpr.rHarnexar K LrerbrpeNr ocHoBHbrM rofo.
3aral(f rblN{ a3l'tarcKllll BapuaHraM l2-Ml12. Rlb-M343; Rla-M420 s G-M201 (cocrasrq.c eN{ecre
oro,ro 640%). IlpotlcxoN.4eut're 6orsurt.ltcrsa r',r3 3THX porocnoBHbrx cBrr3[,rBa]or c aeNrneneJrb.recKoii
peso-tltottrlet'i ua Elnxtseitt Bocrore. B qacrHocru,3lo oruocr.rrcr K npor,r3BolubrNl rarrlrotpyflfiaM
.l2a-M4 l0 (27o -v uparrcxrix a:epn), Rlblbl*-L23 (11.4%) u Gja-pl5 (4o%). rloryvlrrusrc
pe3y'rlBTarbl cofracvlorct c paHce onv6:ruxoaaltltbri\,rrr .[aHHbrNnt o .4oHeo]rrrruqecxoii lrcnascl.rH c
I'{pancxoro rraro ro HarpaB-rreHfi}o x Enpone veper Kaaxa:/'l"ypuuro (J2-M410*..12-PAGE55*, J2-
M530. G-M201* r'r Rlb-M269*). B:rol:r cer:n ueo6xogr.rNro or\rerurb Baxr{y}o po:rr, nro4opo4uor:i
odtracrtr Ha ceBepe tr{paHa riax KaHara Anri noroKa reHoB ueper reorpadtnqecKrre 6apsepr,r Ha 3alane
r,r BocToKe cTparrL,r.

[)aurrorrepuoe pacrrpenel]eHrre AByx Be1Ber."r rannorpvrrn Rl (Rla u Rlb) u Jl (.llc r.r Jlx). a
orjlllqtle of ocralL,tlblx sTIIIJqecKlrx rpvnrt l,fpaHa rr Apytrrx u3yqeHHbrx nolrylluuii. a raK)Ke
llitrtlLlllc uelllpanbHoa3tlarcKllx KoMlloHeHToB y npaHcKtrx a3splr cBt.uere-nr,crBvror o pacl]tltpelrurr
')l(cnallcuollHblx BoJlll liypta[]cKoto HaceJreHrrr c flolrrrificxo-Kacnuiicxori ct'etlr]! l{oropat
accolllllllloBalla. coo'rBercrBellHo. c pacilpocTparreHHeNt r.rfiAoeeponericxux r3brKoB H KOqeBHlrKaNtrr.
roBopqlllllNlrl tta a"qtatjct<ux {3t,tKax. Kottrpacrtroe pacnpeJleneHr.te:rlrx lrrsrrii B pa3Jllrllblx
rcorpadtttuectttlx roqKax l,Ipana. a oco6eHuocrn c o6elrx croporr ropbr 3arpou. vxa:uBael. Ha
Bo3vlo)r(Hvro 6aprepuyro po-[b trocneIHeto, ilpenrrcrBy]outyio noroKy 3Tllx lloltocnoBHblx rra

^qp),ryto c logrouv I{paua.
FeolpatltHvccnioe npoucxo)KlreHue rannorpynrrbr G, e orLtacrr() BpeMeHlr 3KcnaHcrrr! ee

cy6t'attrorpvnrl! BepotrHo. ctst3aHo c Bocroqnoii Auaro:rneii, Apueuueii lrlrr 3anallrlru hpauoivr"
IrNrcr Bo3pacr oxonei 8800 rer a tr{paHe 4;u cy6ranlorpynnr,r G2-M406, qro co[]rBercrByer
Bpel\'lctlll llepBbl\ HeorHt-l4qecKnx noce:reuuii Ha rope 3arpoc. llalnvne 4aurror.i nanorpynnsl H.l2 

-vLlpallcKrlx a3ept'l cBt3tlBaeTct C pac[pOcTpaHeHt.IeN,I 3eN{ne.[elus, I(aK 3To t4 npelno.nafanocb parree,
oco6esuo r eapt'rneiicr<ol.r KoHTeKcre.

Ueu'rpalsuoa:r.rarcKlte tan:rorpvnrrbr rlNreror 3Haqurelurrsrii eua11 (6.4%) n ila.r.prrnrrHearbHy]o
relleruttccKylo crpyKl'ypv l.lpaHcKltx a:epn. feorpatl)uqccKoe nojror(eHue ceaepo-ranaaa }4paua"
BepoJl'l Ho, cnoco6crsosano BTopxeHIrIo N{oHtoJIoB Lt r}ollKoq3btqltirlx ilJIeNtet{ c
ltcHTpajrbr-roa3r.rarcKux creneir s rpr.rualuaroNr aexe Harueii :pt t. ?Tor preruoH 6lr:r ,raNxe cocraeHot:i
qaclsto Bc,tttt<r)to urerKoRoto nyru. a raKxe reppraropueii nlil pacce-fleHn.q AoLtcJtnl\rcKnx l.IpaHueB
llcrrllalu,uniljt.tarcKot.o npoltcxoxleHtrr. a llNreHHo, corllr.rr:iueg, xope:lrrrlirlea" crn{ron u ararroB.('ntctla lt:t,lt<it v ttpattcltrrx a3cpl.I" npelnoJroxnTgJrblro, lrpoxoAn,fla ilo N,rolte.]r,, SJIIITIIoTo
, to\t I r u il lt()Bal I I tr .

o6ttapr';nctrlrt,til v ttltattct<ltx tt';cptt er,rcorcrri.i ypoBcrr, relrerr.rrrccKoro parrrpg6parlrx (0.8':96
,,utl Y-xponrocorrlr,r rr 0.9000,4Jt, l\tn()xotrllpuiutr,riL,t\ rlln.l()rpvntt) Nlrl)KcT Oblrb o6r,qcueru
oco6errrroc'rlirrrr peflr()lta Kar{ Kollulopa llpeeuciirrrrrx nrurparluii lto,]er.i rr 6:rlr.onpul ruslnnr
vc-rltlBlltNIti ll]lll occ/'lJlol'o o6pa:a xtt'rttu. BcltylrlrrMl.l K pslt{()Mv geuorpa(nrvecKot\ly poc1y B
.llilHllolv pefHorle. B nporltnotttt-,toliuocrb')r'o\4y pe3vltbinty. y ltel((rroplrt\.t.t-HlruecKHX rpvnil
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l{paua. u qac'lHocl'[I. l'lpaHcKl'lvtvpr{\reHoB. ropoacrpHiiuee rr 6c.rrv;1;reri Bbrrr]Jreua HlljKa, crelreHb
IlarpriJuureaJrr,Horo teHernqecxoro pa:Hoo6pa3r.rr, r{"fo cBr.rjlerenbct.Bvel o6 lrx g.rrrrre.l;rroli
pcllporvK'IltBHoti tl:tt:tfltlrlt{ no ltpltqt]tte t3buioBbrx. pe,r}rllro3Hbrx u irp}l-lrx li\,JrLrvlllbrx
oco6crtr roct'eri.

feTepot-errHar nzll'ptlllrrlreiltL,nitr renel nLrecKarl clpvxl.ypa rrpaHcKlrx a3epl.r 6r,r:ra
cltlfl'lcltlLiecKn llo.qlBepx.[eHa pa3-rluqrrbr]vlu recraNill. B qact.Hoc,r.r.r. Ua vpoBlre STR rtrrr.tror.uilos.
Mp:lttlluule ran-rlorllflbl l'lpallcKtlx a3epll npliHarrexal K rarrnorpvnrranr G-M201.I{lb-M343 rr.llc-
I'age0tl (c.Jacrolofi 0.02t5). npu:r.ol,r sa6,rrrc.qae.rc, jlcpecelrcHHe qacro,r. rvro]talrbHbrx ranJro,rnnoB
'l lc u G-M201 u xoNt6Hur'rpoBaullbtx Nt)xc*ux poroc.,rouHr,r\ llpaHa. IJarlrvrle o!l.luilKo'oro
NI(rleur6Horo tanJtorl.ttta ranrofpvnL,r.l le v ripancrcnx a3e[]u" apr.rlrrcroir lonv,trulilr Crcslrxa rr
rcolt6HultpocanHblx l'IpaHcKtlx o6paluos yKa3brBaer Ha'r'o. rno .laHHLrr-r BapulHT y-xppvrgcp1rr,r r,rnr
ttport:otir lr HeAaJIeKo oT Bocroquot'i AHarorrlr Lutv IOxuoro l(inriala" c ,lalrr,rreiirrrr.rv
pacrlpoctllaHetrHelr u.l Cpeluero Bocr,ora B 3anitArroN,r ltarrpaBJreru.tH.

BaNseiiuleii cocraBnqrcqel:i Marptr:nurnanl'sofi reHerlrqecrcori c.r.pvxlvpr,r rlpaHueB rB:rncrc,
3arla,rlrroeBpa3ilr"rcKar Ko\frroHeHra, coAepxa[lar ranJrofpyrrnsr Nl. N2, x. R2..11.. LJ. u ilo. B
IlpeileJlax ?TIlx porrocn(lBullx FI fi U varporanlorpvrrnlrr oria3aJrucs 6e:vc-rrosHo npco6rra,larorrlirrrg.
f[t)llr"]euttste pe3vnbrarbr vKa3brBa]or Ha B ueJroNr onrHaKoB'ro rcrerr.rqecKy]o crpyK.rypy BcextlpallcKux nolly'r'qulrii I'l cBl'lrlereJlbcBle-vtol o6 ux lpolrcxoxAeHr]r.i or or.iulcr o lrpeaucr.olvareptlllcl(of() reuo(toH4a. K roir'rv xe. jlttHrBtrcrnqecKoc pa:noo6pa:lre pa:JJruLrH[,rx pcrl.ror{oB(rlrtel a Blirv I'IFlAoeBponeiicrlre tt a.it'raitcnne r:rrxr.r) uo o'rpaxeno B npocr.pallcl.Lrerrrrori uaplaulrr
Nr r.rrox0nAp r.r&rl sHoil !lJ K.

Hecnrorpl IIa cxorlcrBo Ntel*lv l,tpaHcKlrMu nonv.rrr,,rilr\lu no pacrrpelcrreililro Bccx ocrroBHbrx
3atla/lnoeBpa3r.rircrrrx rantrorpvnn. B qacrHocrtr. lIBvx aBrox.r.ourrbtx pojloclroBrrr,rx I I r.l .1. v
l())l(Floit3tlal cKlIX BapliaHToB s 06pa'lqax n: I{eplltatta olNIeLIilHit 6o-,tee gsrcoral qac.r.o'f a
llcrpeqaeNlocltl, tlci\'1 v ApylLrx upaHueB. LITo corracvcTctt c rcorpa(tttuecKn\r pacrro.;lo)rierllcNt
tt6:iatc'r'rr Hil loro-Bocror{e tr4paua. BocrorHoeepa:rlr.fcxar x.vrr.'cHr.a'Kaur{ar:iuce u a:epu l.r^.reer
6tl.ttge gbtcoxvto qacror-v pactrpocl.paleHl.It, LIeM 

_v /lpll.ux,.lpaltueB" LITo N,lo)Kct.6srrr, csrr:ttHo c
tlellilBHH\,r tlptr'1'oKo]\,t teHoB B nepuo,l BTopxeHl.l, TtollKclflrx,JaxBtt.qtiKOB (1037 - ll94 rr. u.r.) H;
l{+rrparr,rroii A:uu n trlpau.

l-attlot'pvntta U3 M'r!llK ni\4eer 3aNre'rrryK) qact'ot'! v KarrKai:irrea (0.083) r.t a:epu (0.041).
llpc,'lnojtaracrct. qro vKa3attHstii sapltaur pacnpocrpaHr.rxcr n3 Cgauc.rrrn (l pr,,,rrrr. Kaaxa:) uepc:
ccBcpo-3anar [4pana. B cBt3ll c KoqeBhrNl o6patolr att,r:rli rcarrrrafi,rao,,n i,rpa 3ar.p,rc" 

"rr,,.,,"elJt]pot'n{o- qro ranJrotpvuna U3 pacnpocrparrrlracb napa,r.rtetrbH(i i.opa\1 c c1;Bepa rra ror 14parra"
Oituax0 ,llpvl'[le oclloBltlte rcorpadrr'r.recnue 6apsepu. 'raKlie. rrarc !arure-liea,ip u 4au,,,.e-J]r,r.BIJIIoJIH'lilll 6aprcprryro por-It llrlt lrattttoti lalt"tolpvtllr)r lo ]rpl.rrurne rro"qHoro or.cvr.c.l.Brrn uJ e
t,6p;1 3112q tt t Kcpvltua.

Ilarrt't o6ltapvNeHO. tlro qaclora ranrorpvrrnbr M rrua.rrlr.e-r]ruo vNrerrburaerc tr t-t,t 4()Tu e
Ilarrrc larrc n 34oh e T1prc;vreHnc,r.arre tro l .5Zo u I,lpaue u 47o e Typrturr. ,,.lr*.l,.n"",r.unr.nr o6pa:oivr.
lll'li(erllrL' 3anallHble lpaHtlubl pacnpe'Ile-rleHI4t latrtroti rattr'lorpvnlbt. IIpe;1no;rar.ac.rcr. qro 71BeIittllt'ttltle Co:tltttrte nYcrbtHIt B cepeAtHe l4paucrco'o r{ilropLJr npellcraBjrrrro r. c6(lnr-r scrrlrc
l pitllrlubl pacllpe/1cneHtlq gattu0ri ctteqttSuvecrcoii ro;rrrrliltrrir rc16ii r.lrryrlr p\ n'br K Boc.t.oK., 11

l,lparrcrolrv Haropr,ro.
B uc,'tolr. lrar\tr troKa'l:rrio. rrro ,,o[yirrrul.ror,IIo-fetrsrtrlecKrre Nrer oilLl Nrory.l npr]\rg'rr.bc, :L[rrllceJlelloBalltlt oclloBHblx 4eltclr;la(tltlecKttx Mcxatl.r3Nt()8. utBeretBelHt,t\ 3il Japo)Kl(e1uc ll')l(cllilllcliK) notrv:uulri LIeJloBeKa. B pa6ore RbIrBjreur,r rrilllrbls {ran*r'opr,r. 6lar1l4apr Kor.oprrr\r

ctltoplliltipoealncb coBpcN'teHHL,te narptl- n MarpilnnHe?rJrblrar 
'encrnqecKrre 

crpvK.rvpbr polv-rrr(Hq
ul)aucKrrx a3cpr.l KaK KopeHrroro rracereHr.r,rt ceeepo_:ana4tr l;Ipalra.

SUN{MARY
Ardeshir Bahmani Mehr

(jenctic structLlre of populations of Northwest lran according to the y-chronrosomal and
mtDNA markers

lrl this rvork. high-rescilution Y-chromosome ancl mtDNA analyses of 645 pales fiom Xran were
utilizecl to generate a comprehensive haploglouping of conternporar-v cliversity ancl to eluciclare
thc rolc Iran, particularly northwest ofits territory, played in'population cliipersal across the
Iatituclinal beli spanning r.vestern Anatolia to the inclus Valley. This data \.vas then comparecl
ancl interpreted rvithin the context of geographical neighboring counlries/ regions in orjer to
envision the extent to rate ofgenetic af)inity between the Iranians and other popuiations ofthe
area.

l'he Y chrornosome haplogroups of lranian Azeris belongs to fbur major southwest Asian
haplogroup; J2-M172. Rlb-M3zl3; Rla-M420 and G-M201 (collectively cornprise 64%). Most
olthese lineages are implicated with the Agricultural Revolution in theNear'East, particularly
the cJerived lincages J2a-M4 I0 (2oh of lranian Azeris). Rlblbl*-L23 (11"4o/O a;d C2a-pl5
('l%). This pattern agrees with previous findings on a westwarcl dillusion and pre-agricultural
expatrsions from the lranian plateau toryard E,urope via Caucasus/Turkey (J2-M410*, SZ-
PACIl55*..12- M530, G-M201* ancl Rlb-M269*). lt might emphasize rhriimportant role of'
f'eltilc region in the North of lran as a gate$"ay for gene flow through/against the geographical
barriers in the West trnd East of Iran.

'l'he eqLral distribution of tr'vo branch lineages of Rl (Rla and Rlb) ancl Jl (JIe ancl Jl*). in
contrast to othcr etlrrric groups of lran arrd other stuclied popuiations, ancl the preser-rce of
Clentral Asian components in lranian Azeris are indicative of expancling rvaves of Kurgan
peoplc liom thc Pontic-Caspian steppe. which is associated with the spread of the Inclo-
Etrropean languages and the Altaic-speaking nomacls, respectively. Contrasi clish.ibution of this
Iinea-rrc in tlill-erent geographical locations of lran. particularly in both sides ol the Zagros
Nlountains. irldicates its possible barrier role u,hich hampers the florv of tlris lineage to the oiher
sitlc: ol'lntn.

'lhe geographic origin ol haplogroup G plausibly locates somervhere nearby eastern
,{natolia. Arnlenia or western fran due to expansion time of its subclades. which was estirnated
o1'8t300 years in Iran fbr G2-M,106. that corresponds to the first Neolithic settlements in the
Zagros Mountains. The presence of this haplogroup together with J2 clade in Iranian Azeris,
has becn associated rvith the spread ofagriculture. as it was reported especially in tire Eur6pean
contcxt.

'fhe Central Asian haplogroups have a notable contribuLion
paternal gene pool. Geographic iocation ofnorthwest oflran may
Turkic-speaking tlibes invasion f,rom the Central Asran steppes
This region was also a constituent part of the ancient Silk Roacl"
prc-lslamic lranian people ol'the Central Asian origin. nameiy
Sc,r,tirians ancl AIans. The language repiacement in Iranian Azerii
elilc dorninirrrce nrodel.

(6.4%) ta tl.re lranian Azcri
have facilitatcd Mongols and
in the thineenth century CE.
as well a settlcment area 1br
the Sogdians, Chorasmians.

presumably took part through

lligh lcvcl ol'ecnctic diversity detectecl in thc lraniarr Azeris (0"8796 for y- clrrornosome
ancl 0.9 lirr rrrtl)NA haplogroups) rnight be explained by the peculiarity of the region as a
corridor {ill ancicltt httt-narr migrations and conducive conditions tbr sedentary habitation
lcading to sharp clcrnographic gro,uvth in thc area. ln contrast" sonrc other eti-rlic groups ol. Iran
as; Iranian'Iurkntcrr" Zoroasl.rian and tlaloch have shown lorv icvcl of parental genetic diversity
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rvlrich retlccts their lon-e-centr-rry reproductive isolation clue to tlreir langr-rage. r'eli-qion anci other
cr.rltural ltatures.

The hetelogeneous paternal genetic structLrre fbr Iranian Azeris rvas statistically supportecl
b1'di1l'erent tests particulally on the ST'R markers haplotype level. The ntoclal haplotypes in thc
Iranian Azeris belongs to haplogroups G-M201. Itlb-M343 and.lle-pag08 (equally 0.045)
rvhile lbrthe Jle and G-M201 modal haplotypes overlap r.vith combined samples o1'Iran. The
presence of the sarne rnodal haplotype o1'haplogroup Jle in Iranian Azcris, Arnrenian Sl,Lrnik
and combined Iranian sample shorvs that this haplogroup might have orieinated ncarby eastern
Anatolia or south Caucasus and was spread by rvestr.vard movement liorn the Miclclle East.

Thc ma.ior component in the matrilineal genetic structure of Iranians is the Westerl
Eurasian one comprising the haplogroups Nl, N2. x. R2" Jl-, tJ. and R0. within west-Eurasian
Iineages. Il and tJ macro-haplogroups tr-rrned out to be by lirr the preclontinant lineages.'fhese
results clcmonstrate close genetic strlrctllre o1'all Iranian populations ancl sllggcst their origin
liotn a corrrron nraternal ancestral gene pool. Besides. the Iinguistic dil-lerences in these
rcgions (i.e.. mainly Indo-European vs. Altaic) are not reflected in the patterns of mtDNA
d iversity'.

Despitc the sirnilarity arnong Iranians duc to the distribution ol'all main West Eur.asial
mtDNA lineages, ir-r particular trvo autochthonous haplo-eroups H and .1. the South Asian
componcnts in Kermalt sampies has hi-eher rate than in other lranians. It is in acreement with
the geographical position of Kerrnan providerrce in thc southeasl o1'Irtrn. Thc East Eurasian
components in Qashqai and Azeris have consiclerable portion and higher fleqr:encies thar-r in
other lranians lvhich might be ascribed to recent gcne tlurv and is irr accordance rvith the
history of entrance of thc lurkic invaclers (1037 - ll9,t cll) fiom ccntral Asia to Iran.

mtDNA haplogroup U3 is f-r'ecluent in Qashqai (0.083) and Azeris (0.041). Indeed it scems
that this haplogroup expanded from the Svarreti reeion (Ceorgia. Caucasus) across tl-rc
Northrvest of Iran. Due to the nomadic life o1'Qashqai in the Zagros Mountains, it is probable
that this lincage distributed in parallel of Mountains ftonr Nolth to south o1'Iran. Hou'cver other
rririn geographical barriers such as Dasht-e I(avir ancl Dasht-e l-ut played boundar_u- role fbr the
gcnc flor,v of this lineage dr-re to con-rplet absense of tJ3 in Ker.ntan samplcs.

We firLrnd that haplogroup M fiequency abruptll, clrops liorr about '19olo in Pakistarr anc.l

347o irl Turkmeltistan to about 1.57o in Iran and 47o in fLrrkey, thus rrarltin-q the u'estern borcicr
of thc haplogroup M distribution. lt seems tlrat nvo Lrninhabited Crcat Salt Dcscrt in the midclle
ol'tlre Iranian plateau display sharp border lor the clistribLrtion ol'Sor-rth Asian specific nrtDNA
haplogroup to the east and to the lranian plateau.

In rvholc^ we have shown horv population genetics tools can be r-rsecl to Llncover thc rlirjor
rrechanisms responsible fbr the fbunding and expansion of a given population. Specifically" rve
have unmasked the ma.ior mechanisms that have shaped thc conlelnpol'arv gcnetic NRY ancl
mtDNA gene pools in the Irar-rian Azeri population as iul incliger-rous populirtion in thc
Northrvcst of Iran.
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