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crll_dqr{ qr<qd.

w{ffi &<+l a1& rpd $r< fr-"lcs Ekruj q+a(llt< EfrEtq

el-fl< T{s'l{

rftEm-+&xrq Ev: qmtrq< qfr qs-r

)btro-3 Ehfcs-{ 6r1a fi6E $?(ErcaeTF B"ffu fuqq,€_.
ffis astt daN {Eca_< xttar"ia a1 "f6a1"f ,[c<{"l6
<t{q\e- ETt qE fu,sq.s {.lpirl<f <-<|<-< }rgjrq q?FIRE qxr qqlie
qTflf {Nrflfu_{ Wctto-q&TH fu.sqe Tqq +Ri frrT<
<irt<Dl <t[l rt-c<{"ll-{ ers.Fl c,tEi, <6T[d. "JRIfuE <qrdr{s.lfr
q< TrdnB qf&n.n td"f+a rerrs B-W (t)r qrqRf frfl<,f;
q$rq.< TE{ s<( "jfifA< ffi qir*r< {fdc{-< qfecffoaem
fuerq-< gtr-{tIET- Rrnse"r{ il<m M-dr qE frh-rcs
E{ftg er-ffir xtEdtn_-{&rrq fuea€-< frU1i*]rdR (fueqq
CIt{ qffi vT< <mmfr+ "rffi; e< frffi qsxm qfim
qlciR-s !B_{ (A4ot""utar clock) IE <t<qK o{ta{t .qe {fu_{
ft{c< cr{t crtcq, qr$-+ {drJGilfu Es-< !rBk{ cs r.R-aF
cclrs frfr ql-q cc[s- sl-l >s Eq; <q.x wat eE <-<t{rcl ftu<q
$-{csql ekElr<r4
'qft6bffi1pp Qs'i
qqsm q'tQ-+w< r*v

Gne qrfr fl-or< i,]T stqt etr[q
cE qftq'6* qlq q-cq 

"Jfara< {Ntd
AcTffr< (Homo sapiens) Eqfft< -

rqcls c'lrtt{ .fi:}<ftrl< qfl"fs q<i s? R<rrB6o Bqqte +s, ctqr
pallabxclusive@ gmail.com
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Cell

Mitochondria

ondrial DNA

mtttrn srQcDm{&tsl< TC<l FE< qr+-n-T{ ltQcDr+q&Trd &qqs

(Multiregional Hypothesis) ;I{ftq q1T (rlql RICT1 a"f <T

Genus-€( wdlf{I esfl&< (mm RfflI Ef<}f{, Rlrrl
firnvTnqr-d{fiq tuItft) frtr RGF. ri-qm-c{ qQ-qs6 fr64
wra Gqtfr {cBfrq', Ttcq-< q-q qr< c$Ic-dT qfuq caer

q'ifil' {RfArs Rrrl1 6ryF[Tq qe"tfu 4RTrq x6crp-qt q<
TC<i sa QlqH <q< qfcrK (d5000 years Before present) qffu-of
rarcT fuil"t (Out Of Africa: OoA) srsl-g esgtf e$El eE

"tR{rcq fisrs {N qr{fro {r{c{< 6of+<r ulQ .!&-< TET
qT q{T qs{sQtF$-slf,{ qtfis {lN (Anatomicatly Modern
Humanr AMH) I s(T$ EfqT{ <[< rtf< €il qTg tRfr {($
q&cr "rc .!<i <Ifu qrs Rrclf qs?fuT< affirw "fslvs
+r<r cqE "KGtr q<( qqg ercaT erqGcafr-5q q$q-cq {af
{n Archaic Homo Species <T 'ffl-Tf$l atom rattffE tRtft
qW T6Tf{ q-+catt&efr< Founding populationt qqff< sf<t
{6flq rtdm< qffrs{ tt+< (2, \ q)r

qqM 6lu >o Qfgt-i <Tr< er<s caN-{rrcf qr++efr
Ersqrlran 4R$q xrtrqr clrq "rFua qFiTI ccl-cs tfr_w.n
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>lr-r'i:t )ll.lr.2li $ll'lll;{ (farming_related migration), qI{ sFHt
(.21r..n )l\el ?\rlft \TfBI_€ffi$ vt{ffi ,€<( rftmr tsill,,
fs+rlv-<[:i v]rmat[$]< 

"tR<.f"i, €<( sq'rsRNe- .qff, q18151
(<S{f{ (clfS \eCoo-8ooo <E< qlcat) (s)r qff-l qiwr fr{r<wl 1a6q x$ 4Fi{r{ f,sq qsprE< (<-5$d $t-qlih-(yE €<r
flrfiTr, ofl>tfaTrd qtrtr-n< B-s+t+o) ooF A1ffi {r<f ecqr{E-r{t4h vlTr-"rR1.11-d{ q-gx;gr yorrs {go

1,000

&so

qtffi q+ qf&-ottQro.rn< uqltfr-o 
"r<

.r,TflC6[ )uoo-:coo f]St{rq< ** qQ q+e qksl-s qn (6)l
wd wlar<t sN< s{Ksf aTI"f q€{f< {ffi wq vl<.NK
\ealfsfaM q.t-M dqt{G<F cettfrefr-< 4c"1q-ffs ,ef<E

)tsce q.rf,E ErTTnu(<.ra{ glT..f_1ft_<.lr-d< rK.lt au_qr+<
rqtsrs wltr-{ vr<-e-EgRn vfo XEr< r]-cr< un{w1erc<-"t rcrq<
(Aryan Invasion Theory: AIT) q-<-gil-<6tf ST{{t RE IEqfrc(filmn w{ EgE 

m---------------{ €r$<tf,{ kcq< sr< ffi_ frcnfrqm D|T9IT ffiq cnfr <F.lrqT DN9K q-{fqT €<( q-\eTg.t s qitc;K
*iFC{( 

"l-s;tr fr-g fr-{-B'fsf*$1n ?rad.. (}s a€{F ,lR Egtr{ es,.frs flIR qrn ('rEl fE qq(u[fi-< TC{j q(s-c<_< mtr_+ 6-e Rq;r,qErTK qlsnq Et Kffi Esrl <l& ffi fi_$ Equrom 4lsjrf csfdr
+t Oq<-q RGa qs"r Rr.s q.{lrd $<t {E c{ sffi frqd{<

Ccff,s {k{'t"f' (out of India

Migration) dl{s q-1j
Earctt eo EW< w{o6ql
TCt crt-qr qE uN< {s<l-
ql{ {q- Tcqf-tEzar&r-vn
qT/T (4rc-\e) Ew qAr\r"
vErur ,a? wcrflr r/TZTr
q?zrtcw +rq srvrefr
qnr/ q<( {Erna qcs
q&zlzqr {atRlqqj q E\
Mlr{I fit.RB 6Ir<.{6IK

Trr$lrdTr<(5t'trr-,soo,1 
TTE i-{ (6)r q"k firo

EBcsrc{, fir.i< +r< qTfrfrN, qr{ w*ar<q sqF {.rsfuT<
Et&$ eK{F qrt {rc{ ?tir"f Fro [efEl sm6r Imqr< qfr Rlril

w(g
fEBc-<trffi Fi+]< s q(ei{sffr q<( $r<ryH qrerEK F$T{
ig qierqoifrcq-{ fr.erq< rFce w_Ffqefi wEqfftoT sqf$fQsqt{ q-qrrffr{ Eg-<r x{r qR16 cv"t q?pe ({6q]d
otqtfr-sta s<( nrFF.[, $]qFmF qrqcf,{ Us_<t$ql &eqfi-{ q'tfr {mr w$l{ $<t Ti qilE qtfr k_.q.rEUmAr
(Proto-Indo-European) \e-f{R seff <q.t CEtftr <fn-< aiq_fu
Yamnaya culture {lI{ q&frsr <E aiSE< qtfry_ tr_qoeoo-tsoo RrD{ff-qrqE erd-6q €&< mtqTCrK 4\34lEs,
{<l qFIT'K eleep4q, Middle and Late BronzeAge (MLBA)
Ancestry ffi Orr sfrfrE oKI qtT[ql

trg yq

!flte,n
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DlTs-K {l{:T{ Gq+6e[< q{cFsr ilqfi aDI<TCE< rsq wSt-ft
q'Fftq< q6 aqr2-fr trq wt{E qq Bs<"tdEEroqrqfqFKf eE

s]_dcq Stfr{ ef<rg3r e$F $frs qfu+.ftT foqcq< erf,-s frqrc<

srq"t +<rE (7) 
|

ft;e qmq q-'srF frr dqf{fiss st+qqrcR rqfr{ <(<e

zrfu- flr<<6lI< ?rcql <t{l <a dtffier fr-q qql fr.$Fis $A-d

fuqds efTB (ancient DNA Technology: aDNA Technology)

Fgjiltrc €il-r "t&(s fqilq $r< g(qcq F qTs r-\erc$

cdl'ffrtletfrcx ut"tt cnsxlil qqrs6-{ qm i-ucqr

aDNA ABF

q|{< qR{rq rrr<-{.6if< eftqw$ ,lqr,cefr EE T<lEv
(Archeology) € vlnfsq< (Linguistics) efmtttt € qtVt

'tt-W{ qr{r ql]ilfiEm (c{:rd $aF< q-Tfr, pr-or ut'aa ffi)
e<( ?w{<Er{frs frfun ?<ftBrs (mra <re< eFq. RBs
Eqrqurf,< er5-q <f o.rrfr vfl{lTf,s Fa<ql lF6F< (rrlarker)

furc< nrqBe m*t auftsr fr-e eefr< E"t< {< m frv=< <trt

lfl{ Ot T{t T{rcq"{ [qrrs rqrcqTrl. ilr4KnK qDqs] €<( qxd

,rdr5flfr< qcq @iltlo ffi{ q-q6 qlq-C-{< a1a xffiefil-< q-te

€E <$TCT< (Phenotype) 1ft <lce C{ ef crlrs RFus mcqt

fra.Irs c{rcqrf,{r qF qrys<l )buo3 r"n+ ffi q+t +tvth-

GFt{q-I (Luca cavalli-sforza) deN qt{F-$ q.f"ICT< kt-{< frrdl{
€"r{ ft-\e'< or< aftaffi+ "IaR< cS qEc€rrde6a "5Ffoftt<
sfs]-{{l or+q (z)r ersr<E Eq q{(T< EE-{l{ qr++ efiIn',

eesrfira a3fu< cafurs qo qsr<iln <l4Kr

{rffi Gir{< q-tf qq'f
(whole genome sequencrng)

qtRsrm< 'r< TE<-'tfu"f
frr<'{6t1 qEq-\93 EIT ffiLq
q(q{ ffir sF c$Tq-Tlc

ur1fro N[{IT{ &a-otqn<

E"r< fi6< $r<. srNt-cq<

"ieTcr< &:qtlv .fiqt$"tT?ff

(genetic tree) q-t{ fid."t

Eoffi{ffiq }tr< T{l rg-K F{l q-<of{

4+r orcrfi-c+f<v:I ()b\\-ao)b) NI(EK SmnfffiT Fiuf-

rtur< &-q-\oqnr{h-s cq GFq

WC< w<cuct <V <t{t {q qE c{- sstt {Ejs-IC<< fr-{tc-"x

(true fossil) 5a'1-641 fuoao qttf,s {l al-vrflfv T € wtfunr
frqrmqEsTs (mineralized) qc{ ffirsE fibeqs frq'Fn o+cs

{rf, dcl(I q:f-r fr<'Fs **o <r< srcs qr {r< TC<l qw ftg
"fftTtq ?w< <q< Ge <,mCqr qlx|<.qs ft.c-o wd{l{ ,s6f$'fs

qrsx fr{N qlsTr{ Ts'rfi'rvqrl{-qoslr< ffi1 el6inqn pq1

cal-cq Gr smttr{ ["lEI{ (petrous) qFiE c< fiE sss$(4

w<qn $r< fiF fueae-m q<Itura T<fug qqqr .<rc{ (8)l

o,F fi$'Fldrltaf &qqe <aTsfft fr T<q{crE <tftBkTf s<i
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sqtrfl{ src.].rfrco vc< ercslffiis &e{q-< Tlq a% <rfuE{
{{, <tRSr eE vffi<n<1 qQ aNFT qRUq &eid-< frrofmfrr
1F <i-<-qqqt ,!{-{ fi Eoos.{K q< uilR$s Tg1 Frq.16frs
qnfu< 

"l-ct.s I 
qe s'F("f rgQ &ed€-< sfr-$-{"rED[*{f ffim<

{lTr{ cE{ trIlcEq frft< Ed qqt qH1fu frq&cef< I]rq ?fis
E{ffiFUf qre ffi qifas[4mk{ ffi mstfu "m+
(svante pzidbo) €<i qqftqfrs1 &r+l{-s{i?v wifqBrr6
fuqqq d-oqa1&< (Genome-wide ancient DNA technology)
friqqreR EEki {Eratqal

fi-4ru cr$ $g &,{qq-m
xAIVE (concentrate) o-+m
qcrcn se fu,{aq-< sg?[TStR

Erc <lfrcn or frfrxa q(qltl
qltrro msxt an frfrr{ <t $ro<

'tlre< e"Kr ,serqf Q4 6r"r
(sait)r €< wql fa[-$s rtffi
mr6 BsalkT{ <J<]qE mot< e6i
affu TEqu- ql sK?K frt'lrt<
fueqe-m q< s'R ftrl fiB(T
[F,€Tf ETi €< Tr4 Drc5ffi

&ed.s< E-srnfersT qffirR
dt-t-fuqad< qcs qiBrs TlT Svante piidbo (q. )bra)
q<i vffi<cn< Geqeefrl-s nlr+q Tilg]< \oa\

$ex <r< sr< m\g{f ETrIl(''c fr&sE& is fl&fiq
qiErs {ts{l fi-{r{< &qqq-cs q<'E Osr.rD-s frcx cort u-<q
Gdsxt Q{l 'rc{< {l'f {q ,{E enriched DNA_F q(?IlT <lu-tr{f
(amplification) €(( ft6qnfri qgt \o)o< llrt "tfrnft<sa
CIE-r frqim"H (Ftftqr<) qhfuE c.F{eflE fueas-< fr-{6s

rn-+Q amplify s-{t Gro. q-{c[fu[s d{lT(E ssyTf frR

bo

qic"r< qlNfAftm"F $r< <tfr llin RrE crslrt q-gf B4fn Eq
+r ft-e qqd ErDrc$-.tq q<( Fa-<tEr+K gm]ra q*I.f" &.rqN
lwnnTftq ofl {<E 4{q <It'fFt ?r<D'\s $(Tcs.'srss >o ergtI<

sq I q{{ 0oo vqI:<<\s ox rl<cu lls $tro rttx qs'B +FIcq<

r-Tf fu{ffi< ryerer

Suga.Pho$phrle
Eackhme

Nuclstld.

ky:

El Aden'r

n Thyo,ins

n Guanhe

El c!1osme

r+ *

G

t
Hydrogen Bond$

An{ipa.atlel DtlA. Strands Dl'{A Laddor Douh,q Halir

Complementary Strand: ffi fiieaq-< nE fr"f?s{fr rr-s

aDNA a{fu< qi{sB ecy"I.f fts ad Tfuf,-fu€4.s-< ETq
m[{, {'t llt qf{F-s ql-+<-fusqq firq fitmr mff<q]_{ Rrcs
qftqtatt< qtrs Isr$ Fr frk(,s< q(-!5' rucalE qmN art
4JKISRCE cfrrq-rr{f qwfltvrs aq-cr Ew xtfuq-q{
qrclglIn.neB <fu< .r-etx KI?[I an rtcs B"tk-wE rq"crf qtrof

g1o fibcru qB qm ffit c{ qc< affiAtl u-ca ffi E-r+<

<lqm< {H TRr+lGa a1ffi5qa crfrfAE< rc 6ttr atar

en'lqr< q'mtftdDr< $Kt<toH "$-rc{r a{ {tcs wI{F$ fuqae
<q{$'fft ooF g-e't< s6fl€ errdrf srN;il 4-c{l

qlV cqrro fueqe fi$t.tr+< "K TFnq{ fueqq-cs E"tRg
<lfuqg F€- fr' fiffisDBu "tFw{fuirefr (singre

Nucleotide Polymorphism: SNP) rld.rc; <)-fl qxf ffifq >[(?II[{

dl$ &qi.€-< !-$rilT U"ffu sNpefr ftelqm< (Microarray)

}R

IA



r" )r.lt\.j, qfl q{t uBI4-< qfilrTttv frc-+rra-q-< sc8
(Bqferq rllumina instrument) Gqdq-< F+f<fefr.-<
un:qle[rnr.+l;{ €<i frco.rclfrs sFf qn (z)r eE qqfus sfg
l+'tt'r 'l[s$q oq]l qmMc=r< (Biornformatics) q;q-6qi

[+cg<q +<I an'l

aDNA anfum SGfi:-rc U{EE-< or< gqp Rrq< r€t

G T T A GA

C

TT
AGA

A 6G

ur< E-{I +fil:d-< aDNA Eef €<(. <6ln oaqlqTK kq_scf,
h&<E arcrfq{t qrcaf &rq+ealts \e-s[-{ wsll-d< ot=rc6f

Iffi< flecDr+q&rrq fuea,s-< (mtDNA) ?<6re-< U"r{
h6< $r< q;m(<it-f,s (qtfuT Fss n-<ru es €<( cetBeft-<
>tt:q q+U cWefffr-s qsE q<( "fR{rf< q*r6 fifr o<-cs
tsr qE cafifiefrro TEI q{ clades it haplogroup (9)l
B"mqtrqrK T5ild q;mi?FF mtDNA sqT [slc$ ql{lEslf,< {.t
ffi wn sf a'f els )Ecoo <qr< <ttc< r.ri-c-s csqd m.rf,{t
lirq-eKfq Effir ef<\5 E lTErcqrq cr qT{rdlcFetefr- ,|fsil {.f{
flefqf ,s?ll-C{< Founding population, q.fBt q..+ qffrro.f
4Rs[q v<refqcpa-ffr66s lr<lE cl]Dffi &qr .cE scB q{
.Tffl{il-fufr ek< omq Etsxt ftqr

fr-e &rffi-isxlEv ucqB-<, frc"it +r< y cq.rcl]-cq-fcn< u[c[;l
(r reTc{ftq]I ffi< cqlrs ec4cs qsstRs Q{ q<i ttr(T-{ 6-{l
Rffi ?<Fits €d $c<) q1a6c{< qrq q(q, 5rf< <ro x}cu

G
C

G
C TAGA

A C GT

Single Nucleotide Polymorphism: cffi Inbreeding populationr{
Brs{qrfl q"?[s !E-cr{ rc<l &olq< €$ft Rffi qtxattx ssB
frBtslsDi?s frc.F*r."r Sqfu qrfocu 

"fft-<i q,f< €sE Inbreeding
Population-e{ ffite gi &a <s "t|c<r+sE sefilf,s ofu. ga <| co[$k
qRuxerzre fie Pq6a <K{< $<t a{l

6ff,fi"fftff<sfr< ffi-fi €t-aqo11s ftr6qrl Ef1,ftd {w erq q*q
ttfi"i[, agq qafr erfl<ql T{ls qrq qfrcre< y(-4< $k6t,
sRrjru( TsFr @tr{ ffiqqTql

qr(-{tD-{t

sE qraar5-{< EsI EE- ). \r-rsq{ G"Fi-q&-rq< q{{(?m ,rrs
B'rE $l-qm s-rkm<q q<i \. qr{q.ran-c+< eNfqefr< T{-JRqr

-----r
I t\

NoNtrombinill

crossingover- fF qo effl< rqlrTlr9.fiq< sI<r ffir+Fs clBRnrce-<,
'sllkT{Et]i" sf fuSf1 <1 '3+11 Gqttm{{ qax s1Er q? Afr{F :l.t<nT
qsq{ {fu({4r<.84fu st( {t s q<r< rupt6lrqTcffi fiI-er"t art rya
a<RBr q-'F @rclrq{ BqR qs <I {strl q$lRs c{r qrq{ elff(T{
-t?tc-< q$88 qq y retrllrqN alrst< o]fl"ig"-fis ew slt +r

Homologous Chromosome
orossovsf

Recombinarlt
ohromalidschmmosomes

alignsd

'-\LJffi
ffi&

A

h**
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$T" s<E Nl qe re;lrq-cq-rcr-{ mFrrsrrr qrcq @Fi(.se[-T<
q-{'rRC< +re &ra B"tfu Aeqrfi$ oqn w"rrBuvtr<
ci<fuu allcs- (10)l Q.o)c q1cE BMC Evolutionary Biology
{T$ wl{GT q$F el+{ er+.fFiu ar {.K fiL<mN Fo- .a 

genetrc

chronology for the Indian subcontinent points to heavily
sex-biased dispersal't nFrfG$ ITS mtDNA sell €<( &r{]I-
€xEs sql (Y Galrl.IrwTcr< scf q6\e=) q1{E16st6a qe er<rs

kcasq $_$ qTl Etq TEI+q {<1 .sFinT< Nm ccr(o qooo-
>ao" ffi"fi6r< T[<I slx'r-"ifvr< 6srdq1q {trTCh.3 (Male
dominated) "[RTl-c"KEfto cq1 (gfW {cet< "lkq{) (rr)rqas;1-6<
+Erq, qffifl qft-$IrE fro 1+a, Trq {< ol 4Rqrq rsa
mtDNA G"mqCrcr' efcT,.t sr<'t q'K ?-(E5 qf{Ttfrs ab-oo

<q3 qrca "lR$$lqA{F Ner q?p(q Egg- v @l(T|t-q]C{<
R1a q]"t'l-qteF"tB {6ild ErdqT t-+{Cq< )c.c%-q< TC{t ?[s{l
{l{ (12)r R1a*!( qKq'f'rf,flcFef z-93 sl-dqn {srrm-< n({
r<om mFtr eqfgt r<l ,!Ft$, EEr+r"r q<( ?ft'"i €Frxt-css Rta
<Iq-qvtm B1fur Ew<< ?K qF ad s "tFD{, Kfir$E qe6
465r (6{fcd e6[-{fAT o,I+{l;q< bu"s7o R1a.9K ql<qTel-rq.leFef

Z-282^s< wsVEt Hnfq flql q{$'F, qfq (qlf,s sooo- Bcoo

aql< !(t (Z-93-q4 <q ql-<cFrt IoR qn- "Srar like, splintering)
(i0)r qE trflD{lT qtq-{f qK< 

"16 frc< qrq-<r

qk*ts"t
{tetl-dleF{ {E @ €w4 q1* {KI+lTrs arql< <q-{ qlca<
qs-w{ ql{<"trc.+< 6e6q q<QqT.K Cg?-(:{E$ ?<Frei Elv
s,6{cqr wT< csrq mffim fueqe q<( y
cettq.frq]I fuedq-n ?<FkB< E"r< fr-6< $r< qt rrqTcF,l

6fts m-<r qxr

to)q Iff,E BMC Evolutionary Biology qf;{ifq< ef<ft
sKs B"Nql-crc.t qK c{ Bc5-r6a155 "lF:nqeFK scfi qrf,s.tGg

lmrs ffieB cq({ c{.s$ {rst c"F Elwfl< Tr<iD qdl(R<

(l.ast Glacial Maximum: LGM) q< BE<"[FDT 6q66 a6f{q
.q{er<.t sd'cqr q< TrE {re'Ttrd qfuq eFFK srlffi-o *'K
r oz Sftatffio'IFDT ?WITE (it{-<t-< r €< qlrfl e 5 ooo-
)\eooo <p3 qt'g SF u q{qfq Wg (C,N frlgrg {r{w
ffi 5q6q fir{< fi--s qt'sl arer<E "FVfr (Near east) cq[co-

4Rsfq vutrs (r:)t ,{< {<, )eooo <k_< qlrat, c"F fr:l.1crK
c.tr<, qfufiFDT qFFI cclrs- lFq qlr{sB w{qrdsft booo-
ftooo tr{GBr xr<] pfr< ql4r(-etfrTf qsE, s-cg{fq, t<F q<(
rqK< E"lA"f cqfcs .!E {<]erg-( (Neolithic) T[rf< n.Wffi< rf,
(rr) r lts<s effi Eq affi 1Rffio {Br <tfl q"tFsr< Fmr<
s {(qqslfrCq-{ qffi fu $t (ra, ls)l C-fC{ qE r$qFmH
rsrVtr< {fN {tm-{. $rtt qrcrtQ qrq'f6s Qrlrqr Ers.lrilef

'F+t 
qe, q! qnro|-cE c+<Ei ar<t an, fiqn"te qrBE-qr K.ffi

(Lomani) cattfi-< qTs. qqfq &"tfu+, fi[F< $ga $aEqgfir"i<

"fFul qqr"f, EKI.SE qnn <RC< Erd {Hluffi e<( &qeM rgcefi

$r< q{cfd <(]rq (16, 17)l

eE 4Rrrqefr-{ qlmlr qlTfl qtr-dtD-{t aa3 gaffilfi(.m

csBs RF (q" )hq8)

GE-qi$T fr-sl-r< afrs'bfar sQ frlm
fiRfrd \s[tt fr?ns r? fr@fd "tft$'[
Science €3( Cell-€ efSfFM fS ef<q

frfrlg Orsgr{r eMmrs r science-€

ero]Fis a-ffiF< FIr<r{.N 'The

formation of human populations

in South and Central Asia'l {616
sfur+-o xrE_{ csirdtrq fuqtffi<
eGs fiD (David Reich) s<(

b8
bc



.lufk+ ffi qfr{ Fr?fs (8)t ceil-q q-sfFM efatE .!<
qR"goi ftcqreq fiu q<i \1 qqq-q-er<<'sr FK{r{- .An

ancient Harappan Genome lacks ancestry from Steppe

Pastoraiist or lranian farmers'l nF a6na6ap vf<'AT ffi<T
eo=y'I.f Vftol{ Qrdr-{l

science.q( efffiEN v.eqfr pfirq< CI-{E €{lts csil
kc"ttf qo ql r +Fieefr ) qo o o-) ffifim< x<rq6 r qw+rqE
n{14s<, EIqTr[, Gtq{q a3q ffiq1a1 qcv fr-gur +frqefr
,rilAs <xcq R-S.( ,qa|-ot c1-f,$- ktd.; p_+q tqisr[$<
gffisF, ffisiq, rr-tftft-sya. qFprfifrsn, ffiCsn
s<( <itffi{f-l1<en.ffi sf.e-o1&$ q?Bq (Bactria-Margiana

Archaeological Complex: BMAC)Jr fgell Bgfdf, {d'fSs'q- {f<
qftroRq a-sllrq< $rsflfr-gE q<R <lFmK wgYs (eariy ceramic=

using huntergatherers from the western Siberia): q<( {6{f{
"tfua< mlalD s<i trefd G"ls]-$K 6fq3!rr{ rq{et(rK q<(

rda1m< Affi$ ffi cqrr+r 1rd{61;< Em1j QFr qftm

TfradK <fl frm{6t (Ancestry analysis: To identify the mixing

process of different populations) €<i ffiT{Fs q6meF-<

ksf<-"rcqm Re*<rm n<irx "lk{tq-"rcq< Gft-e-a3q,
rrqFFr4 m{t e14 s{rsRs qtd q-rrarlfi I$ EBmiq<

Fiom e qRffi q<i o(<t{lq qsrE< F1-Ef< s q(dqotfrcn'<

fr-'e("r< TrE w-Ftarag wcffioF em{ Bsqfr (1e)t qE
q(FfuK qtFv pq eeoo-tvoo fa$T{q (20) tlEE stra REs
qT .q<C €$fr tI?tT el<tl'lii qra {:TW oooo ffi"1{-6q
qrqrf,< TCslfaTK qrfloE "16 wBre cfur frOx {f?[E

"rFuTq'rii EcN EB(il"r qfrgWq 
"fRr,r-fr 

qn. q<i c-t $Gr$fr
Grs?mrl1 aifu afry mirer cs{-{ eorflreK r{i, "g'<<i
E.lo-c<< @'tvim corded ware culture (E-G-< et"f fi(T T$$
*.161 4qa"E et xffi ?<FEJr \boo-e\eco f3$"Idfq); xE

?Br<rc"m Bell Beakers cutture (rrtF nro f{sff,si|€ll "ffq (A
{($G< "fRuFo; lcoo ffiffi) Wr gryil .1r?fi a1ftg
GHR-{|{ el$f, (Trocharian language) Wq <ftrflfr {6.q;-
EUf,{IAT emf< c{ TTff$, qE rqtR-\r-fq{ sk Tsl<l <rl?ftt
qFur.mr< qu {c<E EBr<trq Er.fi-EBLKfAT vl{K R-sm ErE

{cq {fl <txr "rr<fiofrq "tFoN 
qqE 

'Id{H ffi qn €{i
.!$E E mf?ff q-'ff EU B{frcx qr<r< r<l qF|lf< rgq q?prf,<

ft6q aft{Iq $s of,<t €TlE GIqTcrr< $FCs cslgf s <ar fr\9<
{$4f{s Sintastha culture-4K q{ ffiT (E\oo-)yoo
fuB"f,{rq) r frsg d--crfffu-s EnE rrc-ys Qcqr-EGr<laTrq emr

"tk{i<< kE G"t"tkq<, <r6l-wtG-s s Erq-ffiF-q< vc<I
rslc?t qv]-< n\5 fraffi {sKi $.t<"r sfra (21)r ffiHrq cs"t
ssq cqrs qFiT'f< {<rsf[.f< {atffieGr {c< Bq{qf6qct c{

"rRrtq l1Dtr-d Er< {cqE "lrfgl&$ frq..6 <lTcql q{d [{
rqc{F-s {lsl {t€Tt rt(Eq efs sf{ Tffi Frq {Tr <6TrC{.
Ee< sf<lc< T+{cq< TC<] )a%-q< "lfoB yamnaya q(TG<
{ffi (Central Asian MLBA; Middle and Late Bronze Age
ancestry), $$ qooo-)coo ffifi-6q €E TItrCs dh6qftq,
rc-fcq-< Mt-$f< <c{cq (8)l

cell-.s eFFIFIE frRl1qs <6T]d ERTHR ffiufB fem
fu qgq< qRqs ktH q?tcD-cr !g -R<.; \troo-qeoo
[$*1-dfq) c<r$ Eht-< qs$ ,{$ rR-"rti fuqae fr-c+tr:a-qt
.rRq< q-frc< l<t-qfrp;s olqeepa-a rrffi< qtx c.nfr+ ffi
(Yamnaya, MLBA iffiot<) Sqfu nQr qqfe,, I<I.!FF
"l$eft-fs k{, qrq <T SqTqfcq(.l Tft R-W (frB frE
'5i4(flt6tm 4t{ rgo%), E'f fr-{ ryvr1g6r Eq + <E66E DrE (18)l

qarq fi-{ T\r-]Er< {tTcT< k-d< r<fits fr &-qr +pc
5tr:<l6ff w$rr-fr sf{f Fd F qaruf6< frqqr e$E cettfr qq
qtEb w+ qf&$f rtft:ettq cefr$ Egs Ancient Ancestrai
I-lunter Gatherer (aagC) Tf Andamanees Hunter Gatherer

hv hq
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Yamnaya <t sqf+falg W{qit&< B,q< qct wt
eFmK csq qrerEr 1 qq q-16{$lrfl 1E sQ q*rq
aisnt aprdK &ea.q-(s r-{of yamnaya W<o..r<
r{<fi(pr qkftq{ iFrq €e warurft ns Er{ s&cnIq
Es q{] wrtr8k Tffi srcr<. freq B(icsr+rq crE

qrg qryq fal6q Eh'k qsa'r pfrga yamnaya

Wirot< $r:rcqt rf,u etr$ €Tfi q$rfl<E{g r-e

6{F[, Y"*n"yu Bgotf-rimf+e ss srt or< sf+cro ,!E

qqirs 6f54f +tcs "lis]Il apnfrl rpaa cqE qsm{

st+(s<. fE qd("ilfr, Ancestral North Indian (ANI)
's Ancestral South Indran (aSt)<< Yamnaya

Usatk-om x?Btg(g$ q'Rnli qflr{ qfl acatqr
yamnaya wratlfi Agfiro-str< fE .rtqm RsiGE
qrr {Rtr €$fr -l.tqt fftr$ Ddrcg rdm lcq1fixi<
qlqgl? "16 q+rq cfrccNr q"f{ .II?fiB eUr<trq<

frrs qffi a-{r €e ffi w{ndr fu-Q€t-<lA{
slR'l (Ef,S Tocharian E{{'i< qldlk.I {({ {t€{lF Tgi<l

or<qrEBr<rqlQ {t{tB cqrro Fafu s$E {r{r qFEn

s<( n<r EBrnrq RfrE Effi-EGrflfrF vt<F a,rrcT{

wil n-A (2 {( TB)l auc-<rq{ft .fiqt< wr{+fr
B"ttt?ff (3 {i IE) wmm "|<aitft crr q<] qFFr<

ffiqqelfr-s res< ftcs sw(s zt-rdf or< rEBrqr"r<

<r+f-Ht&$ q<i ,{FRr< emr-ffi$d st{r'

E"tqk<n+< T[{, cDI({ "fgK as fi15ffi astr<] $'kq
qFr [SR TEBgl fh. formarion of human

populations in South and Central Asia, Narasimhan

et al., Science 365,999 (2019)I
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{kfll,F sfRri&K qEaf{ o{< \3 rpfr'EtheT{qq- €<i <tr{r{{ Bre<_nfrq

@ fiT nsiut.< qRomo i<FtBr

(aucl q<( q?i<E qE t{F cel-f,o ux51-" Hunter Gathererl
EcmrB, effiffi Trqgfrcs TF q<i 

'ts56cq-< 8ts3 !B< qi(1E
fr{f{sK Tf{!-{f fr-S q<{ffu eff <tc{r ,sQ Sq.f <qfr{ e.tBtr
q$E {<"lrm Nrs 04{ m Eqx.qrqc.f Tfr-+.BT q<i ?t\eotrdl.t
qrqFq t<R cqfcor <G.it {Br, B"Nqfrqm $q-d-slr< Tft ffi
qaq nKffr 'fs< (Cal-{ Cq{, flt{ ffi) 1q"ffG5 E€nR 35-{t
s-cf r erf, €'Br, st+frotfr-{R $ caf8< Wrron<< q{fft&
Snt"l $r{ c{ TfiT.lq <tQ6"4-Q66B{* q<.t, mt-c{.tEa Efcr<
Ets {1-<,!{trd 6ft.Cqllfr1

srtEt qre qte$I sltc,Sfi cclrs E-Es Ancient Ancestral
Hunter Gatherer <'t Andamanees Hunter Gatherer
(AHG) + fu;a (c;5s q1als Hunter Gatherer = fr-$
TsrsH {E{

.!E tfc+q"ir q-fls cqFftTcq F fiT q-\rTsf< q-\eT+< (r.ooo_
5aoo ffiffi) q-< ryc<\5 ffilw$t{ Tfd{ ffis 6qffi vMI
Tf{C!< {Cq ficr c{'cs cttf,sl (l fr^cl-C"r< +r{ c{ waiunfi-< Ift

re fr-@'tilfl ef{ dlT fi(TcRd Ancesrral North Indian (ANI)I
c1059fr65 fi-s TrsroK 

'l-eT4;T 
?k cq qepm{ {rN @Ttfls t< s

hfuT"f r(< qMN s* $Kl.r Eemqfircxi< rfft.-E <T{lT$.tfr
,s1d(t[E&< t{Iffi< ria(-i Ancienr Ancestral South Indian
(AASr).s< 6g.<.tf<-+'t< <rr(q qr;rc mFt"lfrTrc"t]qcq fif,"rdvq
.srm qd-(fl|fr{ lE +i<, {1&.3 dN Cqs{tq(TCq Ancestral South

rndian (ASI)I ANr q<i ASr {q c€ TE atelfu+ qdr$fr {fcr<
lqfiq {B mrcq B"mqmcq< <\ffld qfl(qrt (22) I qQ ersf-d{k

rl:s qlTq]lf Eqi {E qE c{ qfu"i-sF(E< <e qtffi c6ff$t<

{c{? x<i €FEt< yamnaya {rcfr< mmf Miffi< rQr asr
ErcTtfk-fl< .!<i EIRV sFftflfi-{ nc$ !p q-ryf 6ep6q <EI {.lT

cq fiT [iylsK am $o.Akqn (proto-Draviaian) sFI{ sqtl

<rtsr €€ w{{ld $<t an' 6{ fi-s qsq ccrcs .$g Frqefr-< frq
fuR fie atis <6furfl,qaq 4rcr< TCq q({'e. (zz, z+)t

c.E seff EE, .{{{ Y @l(Trrf,qlcT{ Ear (ql-C$ afi ffi5;rs-6a

cg't q?Brc,K {f{{ + fi-t nsrst< {td{ ( ?) = Ancestral

North Indian (ANI)

fiT +'srr5K Tr{{ + ef<\5 Bqft;"K efqr< <n<Woft ql43

= Ancestral South Indian (ASI)

ANI + ASr (+ W{ird W{ei'F.t) = er<Is< <-6$d G7;|{(?BT

{El {1T R Cg"rvfr-{ 't$?ll-E-S ug{tl<-$'R B"Nq6qc{ erf,<"i$tB

{qE "fs{cq< nl<lrrt q{w$r< q{rfifiefr< TC{t ((9't mtDNA-
c< wn4frfu qE frq'rs qrcFd" $r<r wr<sF <F Ern<mffl
v.fR$F qE. eKN< 'ffiq'qils llRcvr< "& cs <lmtgo
q'crc ffir< fisq s?p(q{ ffirot< Fq{l{f,ssk< [<Ft,

trcsffi <mcf q<( Rercffi VfrEB qqkTclr< x<i qr{wr +rtt<
ssftErcq< fiTCT{ q{t wrertfrefh srrF q{s<[< irf,{

&-rlsw< fi&E cafffr p4ft< orc.u Wrqr c?qt crrcq,

)oo )o)



I I
Bqnq16,1E Tq V?l-cs< mjmr q-dr5ffre Eurffif{ ,fRrfc"r<

svf< Ts- d-{r {+Tq< tffi ftg q.f frX rsq fueqq q.rcqr

cq+q fitrE qmHr{ ftc"r< wlrqtfi q-"lfw< frfuq. .!<(
qersrRs (o)r

EfiiEK

__c
.." rsa {]Tq qTcq $f< \Tr?[(-{ +\5 $il:a< <"rf,I

E{-< cqtrs .eq cofcfi {cs, q{E {E qrdl

ecff{ qI{, pqf v-{F{, [aeffn EtR_s, fi-d-
I-s-qq-Ed "fl'rld crlefE qs ffire rE fr{...

<qvrat <tfr qrstlq ettE BqtqsE<IK

refr {$qq ftR"r6 {-<l srq'E-- {c<
q<f c$< ffi<r mE fi-fts?, cna {ra ry6q E1-
'qNK crfffirTu <,mcq <fus ur< R6o a<r.."

vKr\e3 f,$.lrd'I <v *laI-<_< mr+ qsB <ls <lsR d-r&({
wirsr< {c?k ftrs orsicq qlT{f T({< qiq-c4{ frFG fi&O
tE?t(E elI<- sr$.lrru, TcqFicil5, fisca-s, fu tslrfr ffi,
'sFsvCI q-aq.rt-q< 'K qqq'M <r< {1fu R&q q?Brq< Tr{t!<
frcq sfs{'K effiqr qfi{qtefr-< x<r Csq qspE [c[-$ 4ftffi"13
q-<rs< Ef'rErcq RrF esy rcrcqt .cE "fRrrc"F TTE

{roteqqm es k? crttft< q{r{ fr-cr"iqrt r rr,rE vm[s q-{k{rFr
{<( T($&< <Iq-s "tffi xrtr fue d s<t{ Nrffif
$rq-qra. wstr<tr<< rqq< fr-gr$ qtirs ?rcV, r[f, qlt] <tr-ctr
C{ I{[I3T Tfkrr-f 4$T<(:T|

uf,< m<'4 qt{Tl, flE Q.coo <qC< eE gfr1o q4 CTIS-4,
qK<- TE ils {or&$ cuttfrr+ cR6f $r{Cqr qrqr$R g.BrcE<

6d'q(?l].f{ et(?-{ q<qE B[B.?lc{.f'lriqfi-+ qrdQ 9<u aqffi-a6ig

)rlrKt sr< dEq &qqe q{B<
.1t<RI(-<< "n<.s fuflq 4fo-qDf< <e

,qrl-{aff sq{s mEn"d'f TFfrr s<

+t(q 'll[C-fl4 ffidft.s< fi
rrcuEefu 5tt-d{6it{ <K{K $RI e(E
r.refr cq q-"ljf wFxg m arr+B

r.q\BTI q]T 4tr uE R.c"tEeFns

,lc<T6ir{ :FelT46S qErg qr<{r{sr<

>rffi erE"f $<r< "l<M 6qsll qcrcqt

s?t{ dd {q csel qwq< {ru{
{h g1<o Gamq11qrq EC{f-eUKfA{

\rffi{ aE4{ qft.Tr ?ills sc< F qap(6K <worc ar5fus ftq
llq w<.F qfsat {lstsf< oqttr ft-e cffrFT Fqi s'tRw axt

E<s (q-q(SB< srfr-e qEaE s e.*s]&qo @ venre'< x<l
r$]r{t $ra.r{ c{Irtft]IrtT(B&q {rffi TriIs <t& qqr \tc<. (q5tE

ar5B< G"r< reqq ersr<;rt q'ffi qW€ c< &q-er<rq EIEIs 4lr<,

"tRfrco N:r{ qr+s Erl{<6r q[cq (2s) I

cs'r cqr$ "5m-wtko RfiE qRftq< ffi foqs E+r

q&r+ol'<rys d'91?,

Tc"r< qtq,{tu qq'Qx

Yamnaya 'tt}4fA$ ttr(Ti
tqtms 1*

qk-{erfiqr <R,

ltcr t<FtrBr< {rr

)o\9) oQ.
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6hre "nmr fte q ce qrcr< FFEfkts s<( FF{Kr e[qRE
ql|q-o6ft'TF q-cs cqqj"I"f (s)I

fu qt<-<ttrotx sIRS\o <qGefrro qrem< v< <t K(rnrr
mtr-+ trE qtR$E ffi I q4se6E {t qfAT q<( q15p {t{ir..
x<l qiq{il EEK E&E ck--Tt q-<rll mrq <-golg q]-cq.]< Evtc{<
q1-{(cf qss-C{-{ <rHffi E&ca cns{.f <t{ {Ir crqq, &frqq e<(
slErqrk< qltrr- KFB qErcw< ,renr sE e\e_rqr\r- G.Nf{
-rc{eF[f, K(rr< mtrqr "ffis- aII"t eftsrT {ffi1 5qq-qqE
aeqmRqc?-< o.{lrpt E'E qfu\- <crcs (zo)r ft-s cqqs qfr
9KCE NItd ftR qtRSO qXfiI

Ga.q.r= €<( q-{W qFFl Caff,s eh qs{sn frFDE g fu
il\eror{ 'iEd q<( uefls-fQiE tll{'qtrNr+< ffi qllt qqllfr.E|
srfl erqEq cql-glT bHI<(ctt cR qnr cs"ryfr(E 6-,lrs EIIrFa{f

umt< qfRem Ts<E ol-cq< qv4 frr|-g qm[< BeqE <f&rT
firaEer sc< ( ssII <4t rtlT c{ Ef([{ qtrlTd qrrorfi-{< 

"l-\9T{-<
+'BT6I i-{r.tq<efr "fkq.e- emtrq "lkc--d..f futrT< $t<(q (6)l

c"lc{< $qlt{ 'lrd< sql't (27)

q cqr"ET<, Q.o)b, T{l ftR, science s cell.€{ ffi:U +l"fmr
fff cfa[-fl< <fl?Bt froo <rlrq-d c,tefafi kE erdqT cdq$- <]rc
ft.CS (V"ru.,t Shinde) €<( fr{q dE (Niraj Rai)t orlvw-g 6gts5.fd

$rq(q-< vt?qwrcqq<, frfrirqq C{{fdcr< fr<-<e {r€tfr
ffifrEE +< "ntfrsqlcrctri( qTffi &eqe et-cr{ a{r{t
s{ crcn €d, 'qfqtr1 ft vl-aIq vsKF nm< ,hffio qftq
sTt6t aclcq rr{ Ci.<?' (f"lt< kF er$]FM EsnR ?i-<. vKrs<
nqffiT'Il"ft} cqEqnq"ffafE s+qlq'(qg.fts qxfftrc- m[t?
'ffrrF4{ 8rf,I'f <-EI irrr< {t cr{ <.il {lr< dt ffiin q<<m wr(n<

1-"ir:nmqeF-ros r Eq{fr-s DEq 6qq- $s; ffiqxoit <-qfr-d

.itfrs qfuq qFmH qH w{ard"f <r qfurt< {r{6[< €'r< sd
'9ro firacqr q{En <-s trfr ?nfro r{ B6lEf fr"lE- qd
'\Tardxt {-"t{sB aTtfEs; erdsE nfuq eFmK e+r

m<arq(<tn wrCI< ehcr crs{f kcffis r{, frffi. aE s<(
qr{rdi fr-€lAffi< 3s<l frLTs ?sE qe mom {f{tt a mrtT<,
Qo)b.q science-€< [q{r{F E-$fFis qrsTf< 4cil{fi.{q frrs
e$F cAq Rfuq frH q-nf6-q;r cl;rywff\snT srli qdwalr{ /
\T{ArdrK EEfg dqfiq o<Cq €<i 6ffi x[<'onqre ?<tr-o

rrrsr qsF qwls$'rc-< ffi qr<^s rETEd (I (q{) 'tFlarct<
fll"EDt fro qx, € {a ftR {r{IT< trEIDq Tls; N{ celr$ $
<v EE q'ffir cer"il-{Frc Ec-{Feffifrlr emm ftqcn cs frh'ft-s

cdrqn-+ erarq fiffi ot ffio a${trfts r{ <cd\s :rs<l

+r-rqr E"l< TCs {<frI-( Tr{{ sQ B-dE trd nr ul-fl qRFCE sctl

{Esr c44f{FN frrq< qq-cdl?fs v'ffiH q<filqa (vargheesh

Narasimhan) firq< Ts<l (fi-X srgrsF l.FgA ?<fr,s l.la<)

qTC{ {t4{1 'This proposition makes jumps that I can not

comfortable with't fiig dE ffiMR +req. 'This is not my

statement; I don't agree with this statement'I C44l-<F{ qlcrc
qE-rdq$ €<R €E rfcd{qf{ qElEn q{F <rfuq F-s qIFf<T{

(Nick Patterson) ag31 +T{a, 'While I am always wiiling to

listen, I disagree with Dr. Shinde that the people of the Indus

valley spoke an Indo-European language'l ftffi< foq<
rll-<{qrrs firfqi q{d FqlT aTfcq3l urCDEl .s-Vigt<i ,s<i

qi.5ifuiTs {64 ELls "m<r f}-e vt<ro kgV<tfi< sql-[:{< {Cq
q< { "iE 

q-"6 <c:t(qr k"fv<trn< Eqtffq k{Rrs qFer{+'ff,d{

lrs erf,sE frArq-< fiyVfr q<i eIqIVfrl Effir ffifuflr
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