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SouthAsia is rich in cultural and genetic diversity; however, it is hardly represented in the blooming
field of archaeogenetics.The Neolithic site of Burzahom is of high cultural value and archaeological
importance and is one of the earliest human settlements in the KashmirValley with numerous evidence
of migration and cultural assimilation. In our current study, we have reconstructed for the first time
the complete mitogenomes of Neolithic, megalithic and medieval individuals from the Burzahom
archaeological site in Kashmir. Our findings suggest that Neolithic and Megalithic periods were
characterized by predominantly local genetic influence on the maternal gene pool, with some evidence
of genetic contact with the IronAge SwatValley.While medieval populations showed clear signs of
genetic contacts with SwatValley historical andCentral Asian Bronze age populations. Interestingly,
Bayesian evolutionary analysis suggests an affinity of one of the medieval samples with a medieval
sample from Roopkund Lake; the finding will be more conclusive with more sample evidence. In
summary, we propose that the genetics of Neolithic, megalithic and medieval Kashmir agree well with
the archaeological evidence of cultural contacts with the SwatValley andCentral Asia.
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vhsg�@c‘osdqQdlnu‘k�u1-1-/14-�Qd‘cr�rgnqsdq�sg‘m�2/ ao�vdqd�chrqdf‘qcdc�‘mc�rtardptdmskx�AV@�u/-6-0115�v‘r�
trdc�sn�‘khfm�sgd�qd‘cr�sn�sgd�Qduhrdc�B‘laqhcfd�Qdedqdmbd�Rdptdmbdr�’qBQR(13�vhsg�rddc�chr‘akdc�’®k�05+4//(-�
d�ctokhb‘sd�qd‘cr�vdqd�qdlnudc�ax�sgd�CdCto�u/-01-612-�@mbhdms�CM@�‘tsgdmshbhsx�v‘r�cnmd�trhmf�c‘l‘fd�
o‘ssdqm�hmedqqdc�eqnl�l‘oC‘l‘fd116�snnk�‘knmf�vhsg�onrsdqhnq�drshl‘sdr�trhmf�LBLB�‘kfnqhsgl-�Sn�qdsqhdud�
sgd� lhsnbgnmcqh‘k� bnmrdmrtr� rdptdmbd� eqnl� A@L� fikdr+� vd� trdc� sgd� Rbgltsyh� ohodkhmd17-� Ehqrs+� A@L� fikdr�
vdqd�rnqsdc�trhmf�R@Lsnnkr18+� enkknvdc�ax�LC�s‘ffhmf�trhmf�sgd�B‘klc� etmbshnm-�Rtardptdmskx+�LC,s‘ffdc�
A@L�fikdr�vdqd�hmcdwdc�trhmf�sgd�R@Lsnnkr� hmcdw18-�Vd�fiqrs�trdc�sgd�bnmsCd‘l-ok�rbqhos�sn�drshl‘sd�hmhsh‘k�
bnms‘lhm‘shnm�‘mc�dmcnfdmntr�cd‘lhm‘shnm�q‘sdr-�Rtardptdmskx+�sgd�l‘hm�hsdq‘shud�oqnbdctqd�ne�sgd�Rbgltsyh�
ohodkhmd17�v‘r�odqenqldc�fiqrs�vhsgnts�oqdchbshnm�ne�bnms‘lhm‘msr�‘mc�sgdm�vhsg�oqdchbshnm�sn�fim‘kkx�nas‘hm�sgd�
bnmrdmrtr�rdptdmbdr�ne�ansg�bnms‘lhm‘msr�‘mc�dmcnfdmntr�CM@-�d�fim‘k�ntsots�ne�sgd�ohodkhmd�oqnuhcdr�ansg�
dmcnfdmntr�‘mc�bnms‘lhm‘ms�bnmrdmrtr�rdptdmbdr�‘knmf�vhsg�‘�knf�fikd�bnms‘hmhmf�hmenql‘shnm�‘ants�sgd�knf�
khjdkhgnnc�ne�d‘bg�a‘rd�b‘kbtk‘sdc�trhmf�sgd�A‘xdrh‘m�ldsgnc-�Vd�nas‘hmdc�sgd�fim‘k�dmcnfdmntr�E‘rs‘�rdptdmbd�
‘s�entq�pt‘khsx�btsnff�rbnqdr�’®p�0/+�®p�1/+�®p�2/�‘mc�®p�4/(-
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Mitochondrial haplogroup determination and geographical distribution
Sn�cdsdqlhmd�sgd�lhsnbgnmcqh‘k�g‘oknfqnto+�sgd�qdbnmrsqtbsdc�e‘rs‘�rdptdmbdr�‘s�d‘bg�pt‘khsx�e‘bsnq�vdqd�trdc�
hm�G‘oknFqdo1�’u1-3-/(2/-�d�fdnfq‘oghb‘k�chrsqhatshnm�ne�lhsnbgnmcqh‘k�g‘oknfqntor�entmc�hm�hmchuhct‘kr�hm�
‘mbhdms�J‘rglhq�v‘r�cdsdqlhmdc�trhmf�‘�btrsnl�Q�rbqhos�‘mc�trhmf�hmsdqonk‘shnm�vhsg�sgd�@tsnjqhfd�etmbshnm�
ne�sgd�@tsnl‘o�o‘bj‘fd20�‘mc�re�o‘bj‘fd21�hm�Q-�d�hrneqdptdmbx�l‘o�enq�hmchuhct‘k�g‘oknfqntor�v‘r�oknssdc�
hm�ffokns122�hm�Q23-

Phylogenetic tree and haplotype network
Sn� bnmrsqtbs� L‘whltl,Khjdkhgnnc� sqdd� trhmf� bnlahmdc� ‘khfmldms� e‘rs‘� ne� ‘mbhdms� J‘rglhq� ‘mc� qdedqdmbd�
rdptdmbdr�ne� hmchuhct‘k�g‘oknfqntor�vd�trdc�LK�ldsgnc� hlokdldmsdc� hm�LDF@�0024-�d�u‘qh‘msr� knb‘sdc�
hm�qdfhnmr�05408+�0507/fl05082�‘mc�20/fl204�‘mc�sgd�@B�hmcdkr�hm�qdfhnmr�404fl411�vdqd�mns�hmbktcdc�hm�sgd�
rtardptdms� ‘m‘kxrhr-� d� qdedqdmbd� r‘lokd� rdptdmbdr� trdc� enq� Ogxknfdmdshb� sqdd� bnmrsqtbshnm� ‘qd� khrsdc� hm�
sgd�rtookdldms‘qx� s‘akd� ’S‘akd�R1(-�LTRBKD�‘kfnqhsgl�hlokdldmsdc� hm�LDF@�00�v‘r�trdc� enq�‘khfmldms-�
@� ogxknfdmdshb� sqdd� enq ‘kk� nardqudc� lsCM@� g‘oknfqntor� v‘r� bnmrsqtbsdc� trhmf� sgd� L‘whltl,� Khjdkhgnnc�
‘ooqn‘bg� ‘mc� 4//� annsrsq‘o� qdokhb‘sdr� enq� sdrshmf� sgd� hmedqqdc� sqdd-� @� G‘rdf‘v‘,Jhrghmn,X‘mn� lncdk� vhsg�
F‘ll‘� chrsqhatsdc� q‘sdr� ‘mc� hmu‘qh‘akd� rhsdr� ’GJX�*�H�*�F(� vdqd� trdc� ‘r� sgd� mtbkdnshcd� rtarshstshnm� lncdk�
‘mc�L‘whltl�O‘qrhlnmx�’LO(�sqdd�v‘r�trdc�‘r�sgd�hmhsh‘k�sqdd-�@�Ldch‘m,Inhmhmf�’LI(�g‘oknsxod�mdsvnqj�ne�
lsCM@�g‘oknfqntor�vdqd�bnmrsqtbsdc�trhmf�sgd�ONO@QS25�o‘bj‘fd�hm�Q23-

Evolutionary analysis using Bayesian approach
Rdptdmbd� ‘khfmldms� ne� ‘mbhdms� J‘rglhqh� hmchuhct‘kr ‘mc� lncdqm ‘mc� ‘mbhdms� qdedqdmbdr� trhmf� LTRBKD�
‘kfnqhsgl� v‘r odqenqldc� hm� LDF@0024-�d� ‘khfmldms�fikd� v‘r� bkd‘mdc� enq� f‘or� ‘mc� lhrrhmf� rhsdr+� enq� ‘kk�
sgd�g‘oknfqnto�‘khfmldmsr+�‘mc�v‘r�trdc� sn� hmedq� sgd�A‘xdrh‘m�ogxknfdmdshb� sqdd� hm�AD@RSu1-5-626-�Vd�fiqrs�
cdsdqlhmdc�sgd�adrs�o‘qshshnmhmf�rbgdld�enq�ntq�bnlahmdc�c‘s‘�trhmf�O‘qshshnmEhmcdq�u1-0-027�‘mc�fissdc�sgd�
rtarshstshnm�lncdk�trhmf�iLncdkSdrs128-�Vd�trdc�‘�rsqhbs�bn‘kdrbdms�bnmrs‘ms�onotk‘shnm�lnkdbtk‘q�bknbj�‘r�‘�
sqdd�nodq‘shnm�‘mc�odqenqldc�sgqdd� hmchuhct‘k�qtmr�ne�4/+///+///�LBLB�hsdq‘shnmr+�vhsg� sgd�fiqrs�4+///+///�
hsdq‘shnmr�chrb‘qcdc�‘r�atqm,hm�‘mc�‘�r‘lokhmf�eqdptdmbx�ne�0/+///-�Sq‘bdq�u0-63/�v‘r�trdc�sn�bgdbj�sgd�o‘q‘ldsdq�
sq‘bdr�enq�bnmudqfdmbd�ne�LBLB�qtmr�‘mc�dffdbshud�r‘lokd�rhyd-�Knf�fikdr�‘mc�sqdd�fikdr�eqnl�sgqdd�hmchuhct‘k�
qtmr�vdqd�bnlahmdc�hm�KnfBnlahmdq�u1-5-630-�d�rtll‘qx�sqdd�v‘r�bqd‘sdc�trhmf�Sqdd@mmns‘snq30-�Ehfsqdd�
v‘r�trdc�sn�qdoqdrdms�sgd�fim‘k�ogxknfdmdshb�sqdd-

AMS dating of samples and estimation of molecular divergence time
@LR�c‘shmf�ne�anmd�r‘lokdr�v‘r�odqenqldc�nm�anmd�ohdbdr�ax�bnkk‘fdm�dwsq‘bshnm�‘mc�otqhfib‘shnm31-�Sn�cn�
sghr+�vd�bts�sgd�vdkk,oqdrdqudc�anmdr�hmsn�rl‘kk�ohdbdr�ne�to�sn�/-4 f�‘dq�bkd‘mhmf�hs�vhsg�r‘mco‘odq�sn�qdlnud�
hlotqhshdr-�Vd�sgdm�ok‘bdc�sgd�anmd�khmhmfr�hm�/-1 L�GBk�‘s�qnnl�sdlodq‘stqd�enq�fq‘ct‘k�cdlhmdq‘khy‘shnm�‘mc�
qdmdvdc�sgd�‘bhc�dudqx�c‘x�tmshk�sgd�anmd�sq‘mrenqldc�hmsn�ordtcnlnqogr�sg‘s�‘ood‘qdc�sq‘mrktbdms�‘mc�rn+�
hmchb‘shmf�bnlokdsd�cdb‘kbhfib‘shnm-�d�ctq‘shnm�ne�cdb‘kbhfib‘shnm�u‘qhdr�cdodmchmf�nm�anmd�rhyd�‘mc�cdmrhsx-�
Vd�sgdm�qhmrdc�sgd�r‘lokdr�vhsg�v‘sdq�sn�qdlnud�sgd�‘bhc-�Mdws+�vd�sqd‘sdc�sgd�anmd�vhsg�/-0 L�M‘NG�sn�qdlnud�
khohcr+�gtlhb�‘bhcr+�‘mc�nsgdq�a‘rd,rnktakd�bnms‘lhm‘msr-�d�r‘lokdr�vdqd�sgdm�rn‘jdc�hm�v‘sdq�c‘hkx� enq�‘�
vddj�sn�mdtsq‘khyd�sgd�oG-�Ehm‘kkx+�vd�eqddyd,cqhdc�sgd�r‘lokdr-�Nmkx�ghfgkx�otqd�cdhnmhydc�LhkkhP�v‘sdq�v‘r�
trdc�gdqd-�d�pt‘khsx�ne�sgd�r‘lokdr�v‘r�bgdbjdc�‘mc�r‘lokdr�vhsg�‘�B9M�q‘shn�adsvddm�1-7�‘mc�2-5�vdqd�etqsgdq�
oqnbdrrdc�enq�@LR�q‘chnb‘qanm�ld‘rtqdldms32-�d�oqdo‘qdc�r‘lokdr�vdqd�vdhfgdc�‘mc�o‘bjdc�hmsn�shm�an‘sr�
‘mc�sgdm�hmsqnctbdc�sn�dkdldms‘k�‘m‘kxydq�’D@(+�vgdqd�sgd�r‘lokd�v‘r�fl‘rg�bnlatrsdc�‘mc�sgd�dunkudc�f‘r�
o‘rrdc�sgqntfg�‘�rdptdmbd�ne�bgdlhb‘kr-�d�otqd�M1+�BN1�f‘rdr vdqd�rdo‘q‘sdc�ax�f‘r�bgqnl‘snfq‘oghb�bnktlm�
‘mc�fim‘kkx�ld‘rtqdc�nm�sgd�sgdql‘kkx�bntokdc�cdsdbsnq-�d�ld‘rtqdc�f‘rdr�lnudc�sn�bntokdc�fq‘oghshy‘shnm�
tmhs� enq�fq‘oghsd� s‘qfds�oqdo‘q‘shnm� enq�@LR�q‘chnb‘qanm�ld‘rtqdldms-�d�BN1�vdqd� kn‘cdc� hmsn�qd‘bsnqr+�
vgdqd�hs�qd‘bsdc�vhsg�G1�f‘r�‘s�44/ °B�sn�enql�fq‘oghsd�odkkdsr33-�d�r‘lokdr�vdqd�fq‘oghshydc�trhmf�_@tsnl‘sdc�
Fq‘oghshy‘shnm�Dptholdms�2&�’Hnmoktr�@F+�Rvhsydqk‘mc(�bntokdc�vhsg�U‘qhn�Hrnsnod�Rdkdbs&�Dkdldms‘k�@m‘kxydq�
’Dkdldms‘q�@m‘kxrdmrxrsdld�FlaG+�Fdql‘mx(�oqdrdms�hm�sgd�Q‘chnbgqnmnknfx�‘mc�Hrnsnohb�Bg‘q‘bsdqhy‘shnm�
K‘anq‘snqx�ne�Ahqa‘k�R‘gmh�Hmrshstsd�ne�O‘k‘dnrbhdmbdr�’ARHO(+�Ktbjmnv-�d�fq‘oghshydc�r‘lokdr�vdqd�‘m‘kxydc�
ax� Hrnsnosdbg� Yqs-+� Cdaqdbdm+� Gtmf‘qx-� Enq� sgd� ‘bbtq‘bx� ‘mc� oqdbhrhnm� ne� sgd� q‘chnb‘qanm� c‘sdr+� oqdo‘qdc�
fq‘oghsd�ne�hmsdqm‘shnm‘k�rs‘mc‘qcr�’H@D@,B2�’Bdkktknrd(�‘mc�H@D@,B4�’Svn�Bqddj�Vnnc(�vdqd�‘krn�ld‘rtqdc�
vghbg�v‘r�nardqudc�vhsghm�sgd�q‘mfd�ne�sgd�bnmrdmrtr�u‘ktdr-

Lnkdbtk‘q�c‘shmf� enq�dunktshnm‘qx�dudmsr�v‘r�odqenqldc�trhmf�SLQB@�’Shld� sn�Lnrs�Qdbdms�Bnllnm�
@mbdrsnq(�ldsgnc�ne�g‘oknsxodr-�SLQB@�ne�sgd�g‘oknsxodr�nardqudc�hm�‘mbhdms�‘mc�ldchdu‘k�J‘rglhq�r‘lokdr�
vdqd�b‘kbtk‘sdc�trhmf�sgd�Qgn’ρ(�rs‘shrshb�hlokdldmsdc�hm�sgd�MDSVNQJ�snnk��’���gs�s�o�r�9�.�.�v�v�v�-�fl��t�w�t�r�,�d�m�f�h�m�d�d�q�h�m�f�
-�b�n�l�.�r�g�‘�q�d�m�d�s�-�g�s�l�����(�-�Shld�v‘r�b‘kbtk‘sdc�eqnl�nmd�ne�sgd�‘mbdrsq‘k�mncdr�hm�sgd�g‘oknsxod�mdsvnqjr�‘mc�svn�nq�
lnqd�cdrbdmchmf�g‘oknsxodr�trhmf�‘�fdmdq‘shnm�shld�ne�2/ xd‘qr-�d�u‘qh‘mbd�v‘r�b‘kbtk‘sdc�trhmf�sgd�Rhfl‘’σ(�
rs‘shrshb� ‘r� cdfimdc� ax� Snqqnmh� ds� ‘k-� ’0887(-� Oqhmbho‘k� bnlonmdms� ‘m‘kxrhr� vhsg� lhsnbgnmcqh‘k� g‘oknfqnto�
chrsqhatshnm�v‘r�cnmd�trhmf�Q�o‘bj‘fd�oqbnlo23-

Results
Ancient and medieval mitogenomes and haplogroup distribution
Sn�qdbnmrsqtbs�sgd�lhsnbgnmcqh‘k�ogxknfdmx�‘mc�dunktshnm‘qx�ghrsnqx�ne�‘mbhdms�‘mc�ldchdu‘k�gtl‘m�onotk‘shnmr�
ne�J‘rglhq�’Ehf- 0‘(�vd�‘m‘kxydc�01�r‘lokdr�q‘mfhmf�eqnl Mdnkhsghb+�d‘qkx�ghrsnqhb�‘mc�ldchdu‘k�odqhncr-�A‘rdc�
nm�sgd�rdptdmbd�pt‘khsx�’Rtookdldms‘qx�S‘akd�R0(+�vd�bntkc�rtbbdrrhudkx�qdbnmrsqtbs�bnlokdsd�lhsnfdmnldr�ne�3�
nts�ne�01�r‘lokdr�’nmd�Mdnkhsghb�odqhnc+�nmd�Ldf‘khsghb�‘mc�svn�Ldchdu‘k�hmchuhct‘kr(-�d�‘khfmldmsr�enq�sgdrd�
entq�r‘lokdr�bnms‘hmdc�33/66fl81/41�tmhptd�l‘oodc�qd‘cr+�ld‘m�bnudq‘fd�ne�014-22W,136-04W�‘mc�g‘uhmf�‘�
ld‘m�l‘oohmf�pt‘khsx�ne�24-75fl25-80�’Rtookdldms‘qx�S‘akd�R0(-�C‘l‘fd�o‘ssdqmr�cdqhudc�eqnl�l‘oC‘l‘fd1�
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‘m‘kxrhr�rgnv�hmbqd‘rdc�B,sn,S�rtarshstshnm�eqdptdmbhdr�‘s�qd‘c�dmcr�’h-d-+� sdqlhm‘k�bxsnrhmd�cd‘lhm‘shnm(�ne�
‘tsgdmshb‘sdc�qdbnudqdc�‘CM@�rdptdmbdr� ’Rtookdldms‘qx�Ehfr-�R0flR3(-�Bnms‘lhm‘shnm�drshl‘sdr�‘r� hmedqqdc�
ax�bnmsCd‘l�enq�Mdnkhsghb�r‘lokd�Atqy‘gnl2�’AQ2(�v‘r�/-/24�’84$�BH�/-/2fl/-/3(+�enq�ldf‘khsghb�Atqy‘gnl6�
’AQ6(�v‘r�/�’84$�BH�/fl/-//4(�’Rtookdldms‘qx�S‘akd�R3(-�Ehm‘k�bnms‘lhm‘shnm�drshl‘sdr�ax�Rbgltsyh�enq�ansg�
mdnkhsghb� AQ2� ‘mc� ldf‘khsghb� AQ6� r‘lokdr� v‘r� /-/0� ’84$� BH� /fl/-/1(-�d� q‘v� bnms‘lhm‘shnm� drshl‘sdr� ’ax�
bnmsCd‘l-ok(� enq� ldchdu‘k� r‘lokdr� Ldc0� ‘mc� Ldc1� vdqd� /-0/4� ’84$� BH� /-/74fl/-014(� ‘mc� /-034� ’84$� BH�
/-014fl/-054(�qdrodbshudkx-�d�fim‘k�Rbgltsyh�drshl‘sdr�enq�ansg�Ldc0�‘mc�Ldc1�vdqd�/-/0’84$�BH�/fl/-/1(-�d�
q‘chnb‘qanm�c‘sdr�’@LR�a‘rdc(�ne�entq�r‘lokdr�’nmd�Mdnkhsghb+�Nmd�Ldf‘khsghb�‘mc�svn�Ldchdu‘k�hmchuhct‘kr(�
‘qd�khrsdc�hm�rtookdldms‘qx�s‘akd�R5-

d� lhsnbgnmcqh‘k� g‘oknfqntor� vdqd� cdsdqlhmdc� enq� mdnkhsghb+� ldf‘khsghb� ‘mc� ldchdu‘k� r‘lokdr� ‘s entq�
pt‘khsx�btsnff�u‘ktdr�ne�bnmrdmrtr�b‘kkhmf�ax�Rbgltsyh�’P0/+�P1/+�P2/�‘mc�P4/(-�Vd�bntkc�nas‘hm�bnmrhrsdms�
lhsnbgnmcqh‘k�g‘oknfqntor�‘s�entq�pt‘khsx�u‘ktdr-�Enq�mdnkhsghb�r‘lokd�AQ2+�sgd�lsCM@�g‘oknfqnto�‘rrhfmdc�
v‘r�L54‘�*�?05200�vhsg�g‘oknfqdo�pt‘khsx�ne�/-834�‘mc� enq�ldf‘khsghb�r‘lokd�AQ6�sgd� hmedqqdc�g‘oknfqnto�
v‘r�T1a1�vhsg�pt‘khsx�rbnqd�ne�/-74-�d�hmedqqdc�lhsnbgnmcqh‘k�g‘oknfqntor�enq�ldchdu‘k�r‘lokd�Ldc0�v‘r�
L2/�*�05123�’rbnqd�/-8368(�‘mc�enq�r‘lokd�Ldc1�v‘r�V3-�@ksgntfg�vd�‘krn�nas‘hmdc�sgd�g‘oknfqnto�’Q7‘0(�ne�
‘mnsgdq�mdnkhsghb�r‘lokd�AQ1’Atqy‘gnl1(�‘s�Rbgltsyh�pt‘khsx�btsnff�ne�P0/+�ats�hsr�g‘oknfqdo�rbnqd�v‘r�snn�knv�
’/-4274(-�Gdmbd+�vd�chcm&s�hmbktcd�sghr�mdnkhsghb�r‘lokd�hm�‘kk�cnvmrsqd‘l�‘m‘kxrdr�’Rtookdldms‘qx�S‘akd�R2(-

Hm� sgd� Oqhmbho‘k� Bnlonmdms� @m‘kxrhr� ’OB@(� vhsg� lsCM@� g‘oknfqnto� chrsqhatshnm� sgd� Mdnkhsghb� r‘lokd�
’Atqy‘gnl2(�bktrsdqdc�vhsg�Rbgdctkdc�b‘rsd�J‘rglhq+�Jg‘sqh�‘mc�S‘ihj�r‘lokdr�’Rtookdldms‘qx�Ehf-�R5‘(-�d�
Ldf‘khsghb�r‘lokd�’Atqy‘gnl6(�v‘r�md‘q� sgd�bktrsdq�ne�J‘rglhqh�Ltrkhl+�A‘knbgh+�Aq‘glhm^TO�‘mc�Qdccx�
r‘lokdr� eqnl�Rntsg�@rh‘�‘mc�S‘ihj�r‘lokd� eqnl�Bdmsq‘k�@rh‘�’Rtookdldms‘qx�Ehf-�R5a(-�d�fiqrs�Atqy‘gnl�
Ldchdu‘k� r‘lokd� ’Ldc0(� v‘r� md‘q� sgd� bktrsdq� g‘uhmf� Rbgdctkdc� b‘rsd� J‘rglhq+� Q‘iots^J‘rglhq+� Ftii‘q+�
Aq‘glhm^TO+� O‘kdrshmh‘m� ‘mc� Qnnojtmc^Ldchdu‘k� r‘lokdr� ’Rtookdldms‘qx� Ehf-� R5b(-� Vgdqd‘r+� sgd� rdbnmc�
Ldchdu‘k�r‘lokd�v‘r�kxhmf�md‘q�Rhjg^I‘ss�‘mc�Rhmcgh�r‘lokdr�’Rtookdldms‘qx�Ehf-�R5c(-

Evolutionary phylogeny and divergence pattern of neolithic sample
Vd� hmbktcdc� hm� ntq� ‘m‘kxrhr� 24� lncdqm� ’Rtookdldms‘qx� S‘akd� R1(� ‘mc� 6� ‘mbhdms� hmchuhct‘kr� ‘ffikh‘sdc� sn�
lhsnbgnmcqh‘k�g‘oknfqnto�L54�hm�nqcdq�sn�hmedq�fdmdshb�qdk‘shnmrgho�ne�AQ2�’Atqy‘gnl�mdnkhsghb(�hm�bnmsdws�ne�
ansg�lncdqm�‘mc�‘mbhdms�onotk‘shnmr-�Hm�sdqlr�ne�oqdu‘kdmbd+�lsCM@�g‘oknfqnto�L54�hr�oqdcnlhm‘mskx�oqdrdms�
hm�J‘rglhq�’/-12(+�enkknvdc�ax�O‘jhrs‘m�’/-1(�‘mc�L‘g‘q‘rgsq‘�hm�Hmch‘�’/-02(�’Ehf- 1‘(-�Hs�hr�‘krn�oqdu‘kdms�vhsg�
mnshbd‘akd�eqdptdmbx�‘lnmf�S‘ihjr�ne�O‘lhq�ok‘sd‘t�’/-0/(-�Vd�etqsgdq�du‘kt‘sdc�sghr�pt‘mshs‘shud�chrsqhatshnm�ne�
L54�g‘oknsxodr�hm�sdqlr�ne�fdmdshb�qdk‘shnmrgho�trhmf�L‘whltl,khjdkhgnnc�a‘rdc�Ogxknfdmdshb�‘ooqn‘bg-�Hm�sgd�
hmedqqdc�LK�ogxknfdmx�’vhsg�0///�annsrsq‘o�qdokhb‘sdr:�GJX�*�H�rtarshstshnm�lncdk(�AQ2�r‘lokd�rg‘qdc�‘�cddokx�
qnnsdc�l‘inq�bk‘cd�vghbg�g‘ud�lncdqm�hmchuhct‘kr�eqnl�J‘rglhq�‘mc�S‘ihjhrs‘m�‘knmf�vhsg�Hqnm�‘fd�hmchuhct‘kr�
eqnl� Rv‘s� u‘kkdx� hm� mnqsgdqm� O‘jhrs‘m� ’ROFS(-� @s� rtabk‘cd� kdudk� AQ2� rg‘qdc� mncdr� nmkx� vhsg� RB^J‘rglhq�
’Rbgdctkdc� B‘rsd� eqnl� J‘rglhq(� ‘mc� Aqnjo‘� sqhad� ’Ehf- 1a(-� Hm� sgd� A‘xdrh‘m� ogxknfdmdshb� sqdd+� Atqy‘gnl2�
hmchuhct‘k�rg‘qdc�bk‘cd�vhsg�Aqnjo‘�sqhad�’Ehf- 1b(-�dhq�khmd‘fd�chudqfdc�eqnl�d‘bg�nsgdq�‘s�‘qntmc�5/// xd‘qr�
‘fn�‘mc�vhsg�nsgdq�Hmcn,Dtqnod‘mr�‘mc�Cq‘uhch‘mr�eqnl�Hmch‘�ltbg�d‘qkhdq�’}�02+///fl04+/// xd‘qr�‘fn(-�Hm�
sgd�Ldch‘m,Inhmhmf�mdsvnqj+�Atqy‘gnl2�rg‘qdc�g‘oknsxod�vhsg�Aqnjo‘�hmchuhct‘k�’Ehf- 1c(-�d�bn‘kdrbdms�‘fd�
drshl‘sd�ne�Atqy‘gnl2�L54�g‘oknsxod�hr�‘qntmc�6/30�±�008/+�vghbg�hr� hm�‘fqddldms�vhsg�LK�drshl‘sd�eqnl�
A‘xdrh‘m�‘m‘kxrhr�’}�5///�XAO(�’Rtookdldms‘qx�S‘akd�R4(-

Evolutionary phylogeny and divergence pattern of megalithic sample
Enq�lsCM@�g‘oknsxod�T1a�nardqudc�hm�ldf‘khsghb�r‘lokd�Atqy‘gnl6+�vd�hmbktcdc�27�lncdqm�‘mc�6�‘mbhdms�
otakhrgdc� qdedqdmbd� r‘lokdr� sn� hmedq� sgd� ogxknfdmx� ’Rtookdldms‘qx� S‘akd� R1(-� Hm� sdqlr� ne� hsr� fdnro‘sh‘k�
chrsqhatshnm�lsCM@�g‘oknfqnto�T1a+�sghr�hr�ghfgkx�oqdu‘kdms�hm�Bdmsq‘k�@rh‘�’S‘ihjhrs‘m(�’/-14(+�enkknvdc�ax�
O‘jhrs‘m�’/-06(�‘mc�‘krn�‘lnmf�Shads‘mr�’/-03(-�T1a�g‘r�‘krn�mnshbd‘akd�oqdrdmbd�hm�‘hk‘mc�’/-/6(+�J‘rglhq�
’/-/6(�‘mc�Txfgtqr�’/-/6(�onotk‘shnm�’Ehf- 2‘(-�Hm�sgd�L‘whltl,Khjdkhgnnc�sqdd�vhsg�Ldf‘+�d�Atqy‘gnl6�
hmchuhct‘k�qdoqdrdmsr�‘�cddokx�qnnsdc�rdo‘q‘sd�bk‘cd+�ats�rg‘qdr�sgd�l‘inq�bk‘cd�vhsg�ROFS�’Rv‘s�u‘kkdx�Hqnm�‘fd(�
r‘lokdr+�mnqsg�Hmch‘m�Aq‘glhm�‘mc�rhmfkd�Txfgtq�hmchuhct‘k-�Gdmbd+�hm�sdqlr�ne�r‘lokd�qdoqdrdms‘shnm+�sghr�
l‘inq�bk‘cd�hr�gdsdqnfdmntr�‘mc�l‘inqkx�nbbtohdc�ax�ROFS�r‘lokdr�’Ehf- 2a(-�d�A‘xdrh‘m�ogxknfdmdshb�sqdd�
v‘r�qnnsdc�sn�Sxtldm^GF�’Vdrsdqm�Rhadqh‘m�Gtmsdq,F‘sgdqdq(�‘mc�Atqy‘gnl6�r‘lokd�v‘r�oqdrdms�hm�rdo‘q‘sd�
cddo,qnnsdc�aq‘mbg�‘mc�rg‘qhmf�l‘inq�bk‘cd�onotk‘sdc�vhsg�ROFS�hmchuhct‘kr�’l‘inq�qdoqdrdms‘shnm(+�mnqsg�
Hmch‘m�Aq‘glhm�‘mc�Txfgtq�hmchuhct‘kr�’Ehf- 2b(-�d�LK�drshl‘sdr�enq�sgd�chudqfdmbd�ne�Atqy‘gnl6�g‘oknsxod�
fndr�a‘bj�sn�}�8///�XAO�’7865�XAO(-�Hm�sgd�Ldch‘m,Inhmhmf�mdsvnqj�sgd�ldf‘khsghb�Atqy‘gnl6�r‘lokd�rg‘qdr�
mncd�vhsg�sgd�ROFS�r‘lokd�‘mc�Aq‘glhm�’Hmcn,Dtqnod‘m(�r‘lokd�’Ehf- 2c(-�Chudqfdmbd�shld�ne�sgd�Atqy‘gnl6�
r‘lokd�eqnl�ROFS�g‘oknsxod�a‘rdc�nm�Qgn�’ρ(�rs‘shrshbr�v‘r�7338-403�±�02/2-677�’Rtookdldms‘qx�S‘akd�R4(+�
vghbg�hr�rhlhk‘q�sn�LK,a‘rdc�drshl‘sdr�eqnl�A‘xdrh‘m�‘m‘kxrhr�’7865�XAO(-

Evolutionary phylogeny and divergence pattern of Medieval samples
Enq�sgd�ldf‘khsghb�r‘lokdr�Ldc0�‘mc�Ldc1�eqnl�J‘rglhq�sgd�lsCM@�g‘oknfqntor�nas‘hmdc�vdqd�L2/�‘mc�
V3� qdrodbshudkx-� Enq� sgd� cnvmrsqd‘l� ‘m‘kxrhr� vhsg� Ldc0� r‘lokd+� vd� hmbktcdc� 77� lncdqm� otakhrgdc� L2/�
qdedqdmbd�r‘lokdr�’Rtookdldms‘qx�S‘akd�R1(�‘mc�06�‘mbhdms�r‘lokdr�q‘mfhmf�eqnl�Aqnmyd�‘fd�sn�ldchdu‘k�odqhnc�
eqnl� Rntsg� @rh‘-�d� vnqkcvhcd� eqdptdmbx� chrsqhatshnm� ne� L2/� g‘oknfqnto� hmchb‘sdr� hsr� ghfgdrs� oqdu‘kdmbd�
hm�O‘jhrs‘m�’/-00(�‘mc�J‘rglhq�’/-/8(�’Ehf- 3‘(-�Hsr�oqdrdmbd�hr�‘krn�mnshbd‘akd�hm�sgd�L‘g‘q‘rgsq‘�’/-/6(�‘mc�
J‘qm‘s‘j‘�’/-/6(�hm�Hmch‘-�Hm�sgd�LK�ogxknfdmdshb�sqdd�hmedqqdc�eqnl�Ldf‘+�Ldc0�r‘lokd�rg‘qdr�‘�l‘inq�bk‘cd�
vhsg�Qnnojtmc^ldchdu‘k�r‘lokdr+�J‘rglhq+�Bdmsq‘k�@rh‘+�Lhcckd�D‘rsdqm�‘mc�Hqnm�‘fd�‘mc�ghrsnqhb‘k�r‘lokdr�
eqnl�Rv‘s�u‘kkdx�hm�O‘jhrs‘m�’Ehf- 3a(-�Hm�sgd�A‘xdrh‘m�ogxknfdmdshb�sqdd+�gnvdudq+�Ldc0�r‘lokd�rg‘qdr�bk‘cd�
sgqntfg�bnllnm�mncd�vhsg�Qnnojtmc^ldchdu‘k�hmchuhct‘k�’Ehf- 3b(-�d�bn‘kdrbdms�‘fd�drshl‘sd�enq�sghr�mncd�
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hr�‘ooqnwhl‘sdkx�24//�XAO�’2382�XAO(�’Rtookdldms‘qx�S‘akd�R4(-�Vghkd�sgdhq�chudqfdmbd�eqnl�Rv‘s�Hqnm�‘fd�
r‘lokdr�v‘r�510/�XAO�a‘rdc�nm�LK�drshl‘sdr�eqnl�A‘xdrh‘m�‘m‘kxrhr-�Hm�sgd�LI�g‘oknsxod�mdsvnqj�ldchdu‘k�
r‘lokd�Ldc0�rg‘qdr�mncd�vhsg�r‘lokd�eqnl�Bdmsq‘k�@rh‘�‘mc�Qnnojtmc�ldchdu‘k+�ROFS�‘mc�Rv‘s^G�r‘lokd�
g‘oknsxod�dwsdmcr�eqnl�Ldc0�g‘oknsxod�’Ehf- 3c(-�d�SLQB@�ne�Ldc0�‘mc�Qnnojtmc^ldc�g‘oknsxodr�eqnl�
Bdmsq‘k�@rh‘m�g‘oknsxod�v‘r�1101-857�±�556-124-

d�vnqkcvhcd�chrsqhatshnm�ne�lsCM@�g‘oknfqnto�V3�’entmc�hm�Ldc1(�rtffdrsr�hsr�l‘inq�nbbtqqdmbd�hm�
Dtqnod‘m�bntmsqhdr�khjd�Hs‘kx�’/-17(+�Ehmk‘mc�’/-06(�‘mc�Onk‘mc�’/-/6(-�Hm�Rntsg�@rh‘�V3�hr�oqdrdms�vhsg�ghfgdrs�
eqdptdmbx�hm�O‘jhrs‘m�’/-03(�‘mc�vhsg�lhmnq�oqdrdmbd�hm�J‘rglhq�hm�Hmch‘�’/-/2(�’Ehf- 4‘(-�Hm�sgd�dunktshnm‘qx�
sqdd� a‘rdc� nm� L‘whltl,khjdkhgnnc� ‘ooqn‘bg� hm� LDF@+� ldchdu‘k� r‘lokd� Ldc1� e‘kkr� hm� ‘� bk‘cd� vhsg� Sdod^
Ghrr‘q^B� ‘mc� AL@B� ’A‘bsqh‘,L‘qfh‘m‘,@qbg‘dnknfhb‘k,Bnlokdw(+� ats� mns� vhsg ‘mx� lncdqm,c‘x� r‘lokdr�
eqnl�Rntsg�@rh‘�’Ehf- 4a(-�Gnvdudq+� hm�sgd�A‘xdrh‘m�dunktshnm‘qx�ogxknfdmx+�J‘rglhq�Ldc1�r‘lokd�enqlr�‘�
rdo‘q‘sd�aq‘mbg�‘lnmf�sgd�‘mbhdms�r‘lokdr�’khjd�R‘oo‘kh^Sdod^A@+�Fnmtq0^A@�‘mc�Sdod^Ghrr‘q^B(�’Ehf- 4b(-�
Chudqfdmbd�shld�a‘rdc�nm�khjdkhgnnc�drshl‘sdr�ne�Ldc1�v‘r�lnqd�sg‘m�4///�XAO�eqnl�‘kk�lncdqm�Dtq‘rh‘mr-�
@f‘hm+� hm� Ldch‘m,Inhmhmf� g‘oknsxod� mdsvnqj� sgd� Ldc1� g‘oknsxod� ’Xdkknv� bhqbkd(� rgnvr� bkd‘q� dunktshnm‘qx�
khmj�vhsg�AL@B�g‘oknsxod�’Qdc�bhqbkd(�’Ehf- 4c(-�d�SLQB@�ne�Ldc1�g‘oknsxod�eqnl�AL@B�’Fnmtq0^A@(�
g‘oknsxod�hr�}�03+///�XAO�’03+373-77�±�06/6-/5�XAO(�’Rtookdldms‘qx�S‘akd�R4(-

Discussion
d� rs‘sd� ne� I‘llt� ‘mc� J‘rglhq� khdr� ‘s� sgd� bqnrrqn‘cr� ne� Dtq‘rh‘+� vhsg� Bghm‘� ‘mc� Shads� nm� nmd� rhcd� ‘mc�
@efg‘mhrs‘m� ‘mc� O‘jhrs‘m� nm� sgd� nsgdq-� hr� qdfhnm� hr� bnmrhcdqdc� ‘� sq‘mrhs� onhms� enq� u‘qhntr� onotk‘shnm�
qdrdsskdldmsr34-�d�btqqdms�onotk‘shnm�rsqtbstqd�ne�sgd�qdfhnm�hr�hmfltdmbdc�ax�u‘qhntr�lhfq‘shnmr�‘mc�hmu‘rhnmr�
eqnl�Bdmsq‘k�@rh‘�‘mc�Bghm‘35-�d�hmfltdmbd�ne�Bghm‘�‘mc�Shads�hm�J‘rglhq�g‘r�addm�tmcdmh‘akd�rhmbd�‘mbhdms�
shldr�‘mc� hr�qdfldbsdc� hm� sgd�Mnqsgdqm�Mdnkhsghb�btkstqd�rddm� hm� snnkr�‘mc�atqh‘k�oq‘bshbdr� hm� sgd�qdfhnm-�d�
l‘sdqh‘k�btkstqd�ne�Atqy‘gnl�rhsd�’Ehf- 0‘(�ad‘qr�rsqnmf�rhlhk‘qhshdr�sn�sg‘s�ne�sgd�Rv‘s�U‘kkdx�hm�sdqlr�ne�onssdqx+�
l‘ss�oqhmshmf�‘mc�odqenq‘shnmr�nm�onssdqx+�cntakd,mnsbgdc�qdbs‘mftk‘q�‘mc�nu‘k�g‘qudrs�udrrdkr+�‘mc�sgd�oqdrdmbd�
ne�ohsr-�drd�rhlhk‘qhshdr�vhsg�Rv‘s�‘mc�sgd�rhw�mdv�rhsdr�ne�A‘q‘ltkk‘�hmchb‘sd�‘�bnmmdbshnm�adsvddm�J‘rglhq+�

Ehf-�1-� Lhsnbgnmcqh‘k�‘m‘kxrhr�qdrtksr�enq�Atqy‘gnl2�’Mdnkhsghb(�r‘lokd:�’@(�Hrneqdptdmbx�l‘o�ne�
lhsnbgnmcqh‘k�g‘oknfqnto�L54+�’A(�A‘xdrh‘m�dunktshnm‘qx�ogxknfdmx�enq�L54+�’B(�LK�ogxknfdmx�
qdbnmrsqtbshnm�enq�lsCM@�g‘oknsxod�L54+�’C(�LI�dunktshnm‘qx�g‘oknsxod�mdsvnqj�ne�L54-

�
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Rv‘s�‘mc�A‘q‘ltkk‘36-�@ksgntfg�btkstq‘k�‘mc�‘qbg‘dnknfhb‘k�‘rodbsr�rtffdrs�‘�bnlokdw�hmfltdmbd�ne�lhfq‘shnmr+�
‘rrhlhk‘shnm� ‘mc� cdlnfq‘oghb� bg‘mfdr� hm� sgd� qdfhnm+� cds‘hkdc� fdmdshb� ‘rodbsr� vdqd� lhrrhmf-� d� l‘sdqm‘k�
l‘bqn�g‘oknfqntor�entmc�hm�sghr�qdfhnm�‘qd�lnrskx�cddokx�qnnsdc�hm�Hmch‘�uhy-�L‘bqng‘oknfqnto�L+�rtffdrshmf�
udqx�d‘qkx�rdsskdldms�ne�Hmch‘�ctqhmf�sgd�fiqrs�v‘udr�ne�lncdqm�gtl‘mr�eqnl�@eqhb‘37+38-�Fdmdshb�rstchdr�trhmf�
bnmsdlonq‘qx J‘rglhqh�lhsnfdmnldr�rtffdrsdc�‘�oqdu‘kdmbd�ne�lsCM@�g‘oknfqntor�L54‘�‘mc�hsr�rtabk‘cdr+�
‘r�vdkk�‘r�Rntsg�@rh‘m�rodbhfib�L2/+�T1‘�‘mc�T1a+�‘r�vdkk�‘r�Shads‘m�@10-�G‘oknfqnto�L54‘+�oqdrdms�hm�Shads‘m+�
Ghl‘k‘x‘m+�Hmch‘m+�‘mc�O‘jhrs‘mh�onotk‘shnmr+�hr�sgntfgs�sn�g‘ud�nqhfhm‘sdc�hm�sgd�Toodq�O‘k‘dnkhsghb�nm�sgd�
Hmch‘m� rtabnmshmdms4/-� Lnrs� fdmdshb� rstchdr� bnudqhmf� sgd� Bdmsq‘k� @rh‘� ’S‘ihj(+� Fhkfhs,A‘kshrs‘m+� J‘rglhq� ‘mc�
K‘c‘jg�qdfhnmr�hmchb‘sd�fdmdshb�bnmshmthsx�hm�sdqlr�ne�lsCM@�khmd‘fd�gdsdqnfdmdhsx-�hr�hr�duhcdmbdc�ax�sgd�
oqdrdmbd�ne�Rntsg�@rh‘m�’L2/+�T1‘�‘mc�T1a(+�Vdrs�Dtq‘rh‘m�’rtafqntor�ne�G�‘mc�V(+�D‘rs�@rh‘m�‘mc�Shads‘m�
’@�‘mc�hsr�rtafqntor+�L8(�hm�sghr�u‘rs�qdfhnm+�nmbd�vdkk�bnmmdbsdc�ax�sgd�rhkj�qntsd40-

d�oqdrdms�rstcx�etqsgdq�dwsdmcr�sgd�ptdrs�sn�tmbnudq�sgd�fdmdshb�bnmshmthsx�ne�sghr�qdfhnm�ax�hmbnqonq‘shmf�
sdlonq‘k�fdmdshb�‘rodbsr�vhsg�r‘lokdr�eqnl�sgd�Mdnkhsghb�sn�sgd�Lhcckd�@fdr-�d�Mdnkhsghb�r‘lokd�’@LR�c‘sd�
1//8fl1//1�b‘kABD(�’Rtookdldms‘qx�S‘akd�R5(�v‘r�qdbnudqdc�eqnl�sgd�Atqy‘gnl�rhsd�hm�J‘rglhq�‘mc�fdmdshb‘kkx�
adknmfr�sn�sgd�lsCM@�khmd‘fd�L54�’nardqudc�g‘oknfqnto�L54‘�*�?05200(+�vghbg�hr�‘krn�oqdrdms�hm�sgd�lncdqm�
lhsnbgnmcqh‘k�fdmd�onnk�ne� sgd�J‘rglhq�qdfhnm-�hr�qdfldbsr�l‘sdqm‘k�fdmdshb�bnmshmthsx� hm� sghr�qdfhnm�nudq�
sgd�lhkkdmmh‘-�Ansg�sgd�LK�sqdd�‘mc�sgd�A‘xdrh‘m�ogxknfdmx�hmchb‘sd�hsr�bknrd�qdk‘shnmrgho�vhsg�knb‘k�fqntor+�
o‘qshbtk‘qkx� sgd�Aqnjo‘�sqhad-�d�bn‘kdrbdmbd�shld�ne� sgd�Atqy‘gnl2,L54�g‘oknsxod� hm�ansg�sgd�LK,a‘rdc�
‘mc�Qgn�rs‘shrshbr,a‘rdc�ldsgncr�rtffdrsr�‘m�d‘qkhdq�chudqfdmbd�’}�6///�XAO(+�bkd‘qkx�hmchb‘shmf�‘�cddo,qnnsdc�
l‘sdqm‘k�‘mbdrsqx�ne�sghr�qdfhnm-�Etqsgdqlnqd+�sgd�nmkx�ldf‘khsghb�’436fl47/�b‘kBD(�’Rtookdldms‘qx�S‘akd�R5(�
r‘lokd�entmc�’Atqy‘gnl6(�qdoqdrdmsr�sgd�T1a1�l‘sdqm‘k�khmd‘fd+�vghbg�hr�vhcdroqd‘c�hm�J‘rglhq+�S‘ihjhrs‘m�
‘mc�O‘jhrs‘m�‘mc�v‘r�‘krn�entmc�hm�‘�Aqnmyd�@fd�r‘lokd�eqnl�Q‘jghf‘qgh�’H5002(-�d�A‘xdrh‘m�ogxknfdmx�‘mc�
LK�sqdd�hmchb‘sd�‘�qdk‘shnmrgho�ne�Atqy‘gnl6�vhsg�ROFS�’Hqnm�@fd�Rv‘s�U‘kkdx(�‘mc�Mnqsg�Hmch‘m�Aq‘glhmr+�
ats�bkd‘qkx�‘s�‘�ltbg�d‘qkhdq�bn‘kdrbdmbd�odqhnc�’}�7///�XAO(-�hr�rtffdrsr�hsr�k‘qfdkx�knb‘k�nqhfhm�‘mc�cddo,
qnnsdc�ogxknfdmx�hm�J‘rglhq�qdfhnm-�d�oqdu‘kdmbd�ne�ansg�lsCM@�g‘oknsxodr�L54�‘mc�T1a�‘lnmf�Hqnm�‘fd�

Ehf-�2-� Lhsnbgnmcqh‘k�‘m‘kxrhr�qdrtksr�enq�Atqy‘gnl6�’Ldf‘khsghb(�r‘lokd:�’@(�Hrneqdptdmbx�l‘o�ne�
lhsnbgnmcqh‘k�g‘oknfqnto�T1a+�’A(�A‘xdrh‘m�dunktshnm‘qx�ogxknfdmx�enq�T1a+�’B(�LK�ogxknfdmx�
qdbnmrsqtbshnm�enq�lsCM@�g‘oknsxod�T1a+�’C(�LI�dunktshnm‘qx�g‘oknsxod�mdsvnqj�ne�T1a-

�
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r‘lokdr�eqnl�Rv‘s�u‘kkdx�‘mc�‘krn�dunktshnm‘qx�ogxknfdmdshb�bktrsdqhmf�vhsg�Mdnkhsghb�‘mc�Ldf‘khsghb�Atqy‘gnl�
r‘lokdr�etqsgdq�u‘khc‘sdr�sgd�‘qbg‘dnknfhb‘k�duhcdmbdr�ne�btkstq‘k�rhlhk‘qhsx�vhsg�ROFS�’Rv‘s�u‘kkdx�Hqnm�‘fd(-

Nm�sgd�bnmsq‘qx+�hm�sgd�ldchdu‘k�odqhnc�r‘lokdr�’Ldc0�‘mc�Ldc1(�eqnl�J‘rglhq+�fdmdshb�duhcdmbdr�ne�khmjr�
vhsg�Rv‘s�u‘kkdx�‘r�vdkk�‘r�Bdmsq‘k�@rh‘�rtffdrsr�k‘qfd�rb‘kd�cdlnfq‘oghb�rghr�hm�sgd�qdfhnm-�Ghfgdq�oqdu‘kdmbd�
ne�lsCM@�g‘oknfqnto�L2/�hm�Mnqsgvdrs�‘mc�O‘jhrs‘m�‘r�vdkk�‘r�hsr�dunktshnm‘qx�ogxknfdmx+�hm�vghbg�Ldc0�
bktrsdqr� vhsg� ROFS� ‘mc� Rv‘s^G� r‘lokdr+� hmchb‘sdr� ‘f‘hm� sgd� bknrd� bnmmdbshnm� adsvddm� Rv‘s� ‘mc� J‘rglhq-�
hr� khmj� vhsg� Rv‘s� u‘kkdx+� vghbg� g‘r� dmntfg� ‘qbg‘dnknfhb‘k� duhcdmbdr+� dwsdmcr� eqnl� Mdnkhsghb� sn� ldchdu‘k�
shldeq‘ld+� ‘s� kd‘rs� hm� l‘sdqm‘k� fdmdshb� ‘rodbsr-� @krn+� hm� A‘xdrh‘m� ogxknfdmx� Ldc0� r‘lokd� enqlr� bk‘cd� vhsg�
Qnnojtmc^Ldc�’Qnnojtmc�ldchdu‘k(�r‘lokd+�oqnuhchmf�rnld�duhcdmbd�hm�rtoonqs�ne�khmj�ne�Qnnojtmc�k‘jd�
lhfq‘msr�vhsg�J‘rglhq-�@ksgntfg+�mtladq�ne�r‘lokdr�hr�sgd�khlhs‘shnm�sn�sghr�gxonsgdrhr�‘mc�lnqd�ldchdu‘k�
r‘lokdr�eqnl�J‘rglhq�vhkk�ad�bnmbktrhud�duhcdmbd-�Gnvdudq+�‘mnsgdq�ldchdu‘k�r‘lokd�’Ldc1(�adknmfr�sn�lnqd�
vdrs�Dtq‘rh‘m�lsCM@�khmd‘fd�’V3(�g‘uhmf�nqhfhm�ntsrhcd�Rntsg�@rh‘-�d�V3�g‘oknsxod� hm�J‘rglhq^Ldc1�
bkd‘qkx�khmjr�vhsg�Aqnmyd�‘fd�Bdmsq‘k�@rh‘�’AL@B�btkstqd(-�hr�g‘oknfqnto�hr�ghfgkx�oqdu‘kdms�hm�Dtqnod+�vhsg�
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