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thukse okbM ,lksfl,'ku LVMht ¼th MCY;w , ,l½ esa baI;wVs'ku rduhdksa ds eqís
,oa pqukSfr;ka% ,d leh{kk

jkgqy cuthZ1] Hkkjrh1] 'kckuk csxe2] iadt nkl1] rkSdhj vgen1

lkjka'k
thukse&okbM ,lksfl,'ku LVMh ¼GWAS½ esa chekjh ls tqM+h tsusfVd dh [kkst gsrq O;fä;ksa ds Mh,u, ekdZlZ dks LdSu
fd;k tkrk gSA tc u, tsusfVd la?kksa dh igpku gksrh gS] rks bl tkudkjh dk mi;ksx chekjh dh igpku] bykt vkSj
jksdFkke gsrq csgrj j.kuhfr;ka cukus esa fd;k tkrk gSA bEI;wVs'ku tsusfVd v/;;uksa esa vuVkbIM tsuksVkbi dk iwokZuqeku
fd;k tkrk gS tc MsVk xq.koÙkk] ykxr] fMtkbu leL;kvksa ds dkj.k vuqiyC/k gksrk gSA ;g ,d çekf.kr lkaf[;dh
rduhd gS ftldk mi;ksx ?kuh tsuksVkbi tk¡p iSuy ls gSIyksVkbi lsxesaV m/kkj.k djds vuns[ks tsuksVkbi dk vkdyu
djus gsrq fd;k tkrk gSA tsuksVkbi bEI;wVs'ku thukse&O;kid la?kVu LdSu ds fo'ys"k.k djus esa egRoiw.kZ gSA bl 'kks/k i=
esa la{ksi esa feflax MsVk leL;kvksa vkSj fofHkUu bEI;wVs'ku fof/k;ksa dks n'kkZ;k x;k gSA

“kCn dqath% chxy] QkLQsl] thukse okbM ,lksfl,'ku LVMht] baI;wVs'ku ds rjhds] bEI;wV] eSp] feflax eSdsfuTeA

Issues and Challenges of Imputation Techniques in Genome
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ABSTRACT
A genome-wide association study (GWAS) rapidly scans DNA markers in many individuals to find genetic links to diseases. New
findings aid in disease detection, treatment and prevention. Imputation predicts untyped genotypes in genetic studies when data is
missing due to quality, cost, or design issues. It’s a proven statistical technique for estimating unobserved genotypes by borrowing
haplotype segments from a densely genotyped reference panel. This allows estimation and testing of associations at unassayed
variants. Genotype imputation is vital in analyzing genome-wide association scans, helping geneticists evaluate evidence for association
at untyped genetic markers. This summary outlines missing data issues and various imputation methods.
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vkadM+ksa esa] feflax MsVk rc gksrk gS tc fdlh voyksdu esa
pj ds fy, dksbZ MsVk eku laxzghr ugha fd;k tkrk gSA
feflax MsVk ,d lkekU; ?kVuk gS vkSj vuqla/kku dh 'kq#vkr
ds ckn ls 'kks/kdrkZvksa dks pqukSrh nh gS] fo'ks"k :i ls vuqnS/kZ~;
vuqla/kku ds fy,] ftlesa ,d gh O;fä ij cgqr lkjs
vk¡dM+s gksrs gSA 'kks/kdrkZvksa }kjk mi;ksx dh tkus okyh
çfØ;kvksa dks eq[; :i ls chloha 'krkCnh esa fodflr fd;k
x;k Fkk ftls laiw.kZ MsVk ds fy, fodflr fd;k x;k gSA
feflax MsVk lkaf[;dh; vuqekuksa dh oS/krk ij çfrdwy
çHkko Mky ldrs gSaA
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thukse okbM ,lksfl,'ku LVMht ¼GWAS½

vkuqoaf'kdh esa] thukse&okbM ,lksfl,'ku LVMh ¼GWA LVMh]
GWAS½] ftls laiw.kZ thukse ,lksfl,'ku LVMh ¼WGA LVMh]
WGAS½ ds :i esa Hkh tkuk tkrk gS] tksfd fofHkUu O;fä;ksa
esa vkuqoaf'kd osfj,aV ds thukse&okbM lsV dk ,d ijh{k.k
gS] ;g ns[kus ds fy, fd;k tkrk gS] fd D;k dksbZ çdkj gS
,d fo'ks"krk ds lkFk tqM+k gqvk gS\ GWAS vkerkSj ij
,dy&U;wfDy;ksVkbM cgq:irkvksa ¼,l,uih½ vkSj çeq[k ekuo
jksxksa ds y{k.kksa ds chp la?kks ij /;ku dsafær djrs gS] ysfdu
leku :i ls fdlh Hkh vU; tho ij ykxw fd;k tk ldrk
gSA thukse&okbM ,lksfl,'ku LVMht oSKkfudksa ds fy,
ekuo jksx esa 'kkfey thu dh igpku djus dk ,d vis{kk—r
u;k rjhdk gSA ;g fof/k thukse dks NksVs cnykoksa dks
[kkstrh gS] ftUgsa flaxy U;wfDy;ksVkbM i‚yhe‚fQZTe ;k
,l,uih dgk tkrk gS] tks fcuk chekjh okys yksxksa dh
rqyuk esa fdlh fo'ks"k chekjh okys yksxksa esa vf/kd ckj gksrs
gSaA çR;sd v/;;u ,d gh le; esa lSdM+ksa ;k gtkjksa
,l,uih ns[k ldrk gSA 'kks/kdrkZ bl çdkj ds v/;;u ds
MsVk dk mi;ksx mu thuksa dks bafxr djus ds fy, djrs gSa
tks fdlh O;fä ds ,d fuf'pr chekjh ds fodkl esa
;ksxnku dj ldrs gSaA tc ekuo MsVk ij ykxw fd;k tkrk
gS] rks GWA LVMht çfrHkkfx;ksa ds Mh,u, dh rqyuk fdlh
fo'ks"k y{k.k ;k chekjh ds fy, vyx&vyx QsuksVkbi okys
djrs gSaA ;s çfrHkkxh ,d chekjh okys yksx ,oa fcuk
¼fu;a=.k½ ds leku yksx gks ldrs gSa] ;k os fdlh fo'ks"k
y{k.kksa ds fy, vyx&vyx QsuksVkbi okys yksx gks ldrs
gS a] mnkgj.k ds fy, jäpkiA bl –f"Vdks.k dks
QsuksVkbi&çFke ds :i esa tkuk tkrk gS] ftlesa çfrHkkfx;ksa
dks igys muds uSnkfud vfHkO;fä;ksa }kjk oxhZ—r fd;k
tkrk gS] tSlk fd thuksVkbi&çFke ds foijhr gksrk gSA
çR;sd O;fä Mh,u, dk ,d uewuk nsrk gS] ftlesa ls yk[kksa
vkuqoaf'kd :iksa dks ,l,uih lkjf.k;ksa dk mi;ksx djds
i<+k tkrk gSA ;fn chekjh okys yksxksa esa ,d ,yhy vf/kd
ik;k tkrk gS] rks bl ,yhy dks chekjh ls tqM+k gqvk dgk
tkrk gSA dksbZ Hkh nks ekuo thukse yk[kksa vyx&vyx
rjhdksa ls fHkUu gksrs gSaA thukse ¼,l,uih½ ds vyx&vyx
U;wfDy;ksVkbM esa NksVs cnyko gksrs gSa vkSj lkFk gh dbZ cM+s
cnyko gksrs gSa] tSls foyksiu] lfEeyu vkSj çfrfyfi la[;k
¼d‚ih uacj½ fHkUurk,aA o"kZ 2000 ds vklikl] thMCY;w,
v/;;uksa dh 'kq#vkr ls igys] tkap dk çkFkfed rjhdk

ifjokjksa esa vuqokaf'kd laca/kksa ds oa'kkuqØe v/;;u ds ek/;e
ls fd;k tkrk FkkA ;g –f"Vdks.k ,dy thu fodkjksa ds
fy, vR;f/kd mi;ksxh lkfcr gqvk FkkA gkykafd] tfVy
chekfj;ksa ds fy, vkuqoaf'kd fyadst v/;;u ds ifj.kkeksa dks
iqu% is'k djuk eqf'dy lkfcr gksrk gSA fyadst v/;;u dk
,d lq>k;k x;k fodYi vkuqoaf'kd ,lksfl,'ku LVMh gSA
;g v/;;u tkaprk gS fd D;k os O;fä;k¡ ftuds ikl
,yhy #fp ls lacaf/kr HkkSfrd xq.k gksrs gSa] mUgsa vkuqoaf'kd
:ikarj ds lanHkZ esa visf{kr ls vf/kd ckj ns[kk tkrk gSA

i)fr

th MCY;w , v/;;uksa dk lcls vke –f"Vdks.k dsl&daVªksy
lsVvi gS] tks O;fä;ksa ds nks cM+s lewgksa] ,d LoLFk fu;a=.k
lewg vkSj ,d chekjh ls çHkkfor] dsl lewg dh rqyuk
djrk gSA ,l,uih dh lVhd la[;k thuksVkbfiax rduhd
ij fuHkZj djrh gS] ysfdu vkerkSj ij ;g ,d fefy;u ;k
vf/kd Hkh gks ldrh gSA buesa ls çR;sd ,l,uih dh tkap
dh tkrh gS] vkSj ns[kk tkrk gS fd D;k ,yhy vkof̀Ùk
mipkj ,oa fu;a=.k lewg ds chp egRoiw.kZ :i ls cny
tkrh gSA v‚M~l vuqikr] nks v‚M~l dk vuqikr gS] tks GWA

v/;;uksa ds lanHkZ esa ,d fof'k"V ,yhy okys O;fä;ksa ds
fy, jksx dh laHkkouk gS vkSj mu O;fä;ksa ds fy, jksx dh
laHkkouk gS ftuds ikl leku ,yhy ugha gSA

xf.krh; :i ls]
ekuk A dksbZ ?kVuk gS rc] fdlh ?kVuk ds ?kfVr gksus dh
laHkkouk ¾ P¼?kVuk ?kVrh gS½/P¼?kVuk ?kfVr ugha gksrh½¾

,d mnkgj.k ysrs gSa%

                        ,yhy dkmaV
G T

dslsl a b

fu;a=.k c d

uewus esa lHkh G ,yhy ij fopkj djsa] vkSj ;k–fPNd

:i ls ,d pqusaA ,d ekeys esa G ,yhy gksus dh laHkkouk%

%  A uewus esa lHkh T ,yhy ij fopkj djsa] vkSj ;k–fPNd
:i ls ,d pqusaA ,d ekeys esa ,d Vh T ,yhy gksus dh

laHkkouk%  A

P(A) P(A)
P(Ac) 1-P(Ac)=

b
d

a
c
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v‚M~l vuqikr ¼OR½% ¾ ad/bc

O;k[;k bl çdkj dgh tk ldrh gS%
OR¾ çR;sd vfrfjä G ,yhy ds fy, dsl gksus dh laHkkouk

esa of̀)A
OR¾1% thuksVkbi vkSj jksx ds chp dksbZ laca/k ughaA
OR>1% G ,yhy ls chekjh dk [krjk c<+ tkrk gSA
OR<1% T ,yhy ls chekjh dk [krjk c<+ tkrk gSA

tc dsl xzqi esa ,yhy vkof̀Ùk fu;a=.k xzqi dh rqyuk
esa cgqr vf/kd gksrh gS] rks v‚M~l vuqikr 1 ls vf/kd gksrk
gS] vkSj de ,yhy vkof̀Ùk ds fy, blds foijhrA blds
vfrfjä] v‚M~l vuqikr ds egRo ds fy, P&eku dh
x.kuk vke rkSj ij ,d lk/kkj.k dkbZ&LDosMZ ¼2½ VsLV dk
mi;ksx djds dh tkrh gSA thMCY;w, v/;;u dk mís'; 1
ls dkQh fHkUu v‚M~l vuqikrksa dk irk yxkuk gS D;ksafd
blls irk pyrk gS fd ,l,uih chekjh ls tqM+k gS ;k ughaA
thuksVkbi baI;wVs'ku lkaf[;dh; fof/k;ksa }kjk fd;k tkrk gS
tks GWAS MsVk dks gSIyksVkbi ds lanHkZ iSuy ds lkFk tksM+rs
gSaA thuksVkbi baI;wVs'ku ds fy, ekStwnk l‚¶Vos;j iSdst esa
IMPUTE2 vkSj MacH 'kkfey gSaA

feflax MsVk ds lzksr

losZ{k.k vuqla/kku esa feflax MsVk ds rhu eq[; lzksr gSa%
u‚u&dojst] dqy xSj&çfrfØ;k ¼u‚u jsLiksal½] vkSj vkbVe
xSj&çfrfØ;k ¼xzksOl vkSj vU; 2004½A u‚u&dojst rc
gksrk gS tc dqN lef"V ds uewus esa pqus tkus dh dksbZ
laHkkouk ugha gksrh gSA feflax MsVk xSj&çfrfØ;k ls vkrk gS
tc dksbZ çfroknh losZ{k.k ij fdlh Hkh vkbVe dk
tokc nsus ls budkj djrk gSA vkbVe xSj&çfrfØ;k
rc gksrh gS tc losZ{k.k ij dsoy vkaf'kd vkbVe iwjk
fd;k tkrk gSA ykirk MsVk ds bu rhu lzk srks a es a]
xSj&dojst vkSj dqy xSj&çfrfØ;k dks mi;qä uewuk
Hkkj dk mi;ksx djds lacksf/kr fd;k tk ldrk gS tks
uewuk dks yf{kr lef"V dk lVhd :i ls çfrfuf/kRo
djus ds fy, fMtkbu fd;k x;k gS ¼phek] 2014½A
gkykafd] vkbVe xSj&çfrfØ;k ds dkj.k feflax eku
otu dk mi;ksx djds r; ugha fd, tk ldrs gSaA
vkbVe xSj&çfrfØ;k okys ekeyksa dks lwphokj gVkus ls
dqN ewY;oku tkudkjh dk uqdlku gksrk gS vkSj laHkkfor
:i ls ck;l iSnk gksrh gSA feflax MsVk ds lkFk ,d
eq[; fpark ;g gS fd D;k iw.kZ MsVk okyk uewuk vHkh Hkh
yf{kr vkcknh lef"V dk çfrfuf/k gS ¼jksFk] 1994½A

feflax ra=

feflax MsVk ra= dks vke rkSj ij rhu lewgksa esa oxhZ—r
fd;k tkrk gS ¼#fcu] 1976½] ;k–fPNd :i ls iwjh rjg ls
xk;c ¼MCAR½] ;k–fPNd :i ls xk;c ¼MAR½ ,oa
;k–fPNd :i ls xk;c ugha ¼MNAR½A ;fn ftu fo"k;ksa esa
vk¡dMs xqe gS] os fo"k;ksa ds iwjs uewus dk ,d ;k–fPNd
mileqPp; gSa] rks feflax MsVk dks iwjh rjg ls ;k–fPNd
dgk tkrk gS ¼MCAR½A dsoy iw.kZ MsVk dk mi;ksx djus ls
fu"i{k ifj.kke fey ldrk gSA MAR rc gksrk gS tc xqe
gksuk çsf{kr MsVk ij fuHkZj ugha djrk gSA MsVk MNAR rc
gksrs gSa tc fdlh pj ij MsVk xqe gksus dh laHkkouk ml pj
ds eku ij fuHkZj djrh gSA

vkuqoaf'kd egkekjh foKku esa feflax MsVk

vkuqoaf'kd egkekjh foKku ds v/;;u esa] MsVk dh xq.koÙkk]
ykxr n{krk ;k rduhdh fMtkbu ds dkj.kksa ds fo'ys"k.k
ds fy, fo'ks"k ekdZjksa ds thuksVkbi vuqiyC/k gksus ij
feflax MsVk leL;k,a mRiUu gksrh gSaA lcls eq[; thuksVkbi
baI;wVs'ku fof/k;ksa esa IMPUTE, FastPHASE, MacH vkSj
BEAGLE 'kkfey gSa ¼ekfpZuh vkSj gksoh] 2010½A ekuo
vkuqoaf'kd egkekjh foKku dk mís'; fof'k"V QsuksVkbi ls
lacaf/kr jksx ;k jksx&laca/kh y{k.k ij vkuqoaf'kd :ikarjksa
dh igpku djuk gSA thuksVkbfiax v/;;u ges'kk p;fur
ekdZj lsVksa rd gh lhfer jgk gS] eq[; :i ls ,dy
U;wfDy;ksVkbM cgq:irk ¼,l,uih½ tks O;kolkf;d :i ls
miyC/k ekbØks,js ij Lo:fir gksrs gSaA fyadst vlkE;oLFkk
ij vk/k k fjr thuk se&okbM ,lk s fl,'ku LVMht
¼thMCY;w,,l½] dsoy ,l,uih dh ,d NksVh la[;k dk
mi;ksx djrk gS tks fdlh nh xbZ lef"V esa 80%

vkuqoaf'kd fHkUurk dk fooj.k djrh gS ¼Ø‚LdSd] 2015½A
5 thuksVkbi baI;wVs'ku fof/k;k¡ oSKkfudksa dks feflax
MsVk leL;k dks lack sf/kr djus es a enn dj ldrh gSa
¼ekfpZuh ,aM gksoh] 2010½A

bEI;wVs'ku fof/k;k¡

egkekjh foKku ds v/;;u ds fy, fofHkUu thuksVkbi
baI;wVs'ku fof/k;ksa dk çLrko fd;k x;k gSA mu thuksVkbi
baI;wVs'ku fof/k;ksa ds chp eq[; varj ;g gS fd ,d ,l,uih
ds l'krZ thuksVkbi forj.k dks dSls ifjHkkf"kr vkSj mi;ksx
fd;k tkrk gSA eku ysa fd gekjs ikl L Mk;ysfyd
v‚Vkslksey ,l,uih esa MsVk gS vkSj çR;sd ,l,uih esa nks
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,yhy dks 0 vkSj 1 ls dksfMr fd;k x;k gSA H] bu L

,l,uih esa N gSIyksVkbi ds ,d lsV dks n'kkZrk gS tcfd
G] L ,l,uih esa thuksVkbi MsVk dk lsV gSA thuksVkbi
baI;wVs'ku dk mís'; mu ,l,uih ds thuksVkbi dh Hkfo";ok.kh
djuk gS ftUgsa v/;;u uewus esa thuksVkbi ugha fd;k x;k
gSA ;gk¡ mfYyf[kr lHkh baI;wVs'ku fof/k;ka ekurh gSa fd
feflax MsVk MAR gS ,oa lkjs HMM vk/kkfjr baI;wVs'ku fof/k;k¡
gSa] ;g lanHkZ iSuy ij l'krZ] v/;;u esa fy, x, çR;sd
O;fä ds feflax thuksVkbi dk vuqeku yxkrs gSaA ,slk
djus ls lanHkZ iSuy dk mi;ksx çR;sd O;fä ds eYVhyksdl
thuksVkbi esa pj.k vfuf'prrk ij fo'kys"k.kkRed :i ls
,dh—r djus ds fy, fd;k tkrk gSA

bEI;wV ¼IMPUTE½

ekfpZuh ,V vy ¼2007½ us IMPUTE fof/k dk igyk laLdj.k
rS;kj fd;k ¼fp= 1½A IMPUTEv1 lgla;ksth ò{kksa ds vuqdj.k
ds fy, fgMsu ekdksZo e‚My ¼HMM½ ds foLrkj ij vk/kkfjr
gSA ¼Qs;jugsM ,oa Mksusyh] 2001½ vkSj fyadst fMflfifyfcz;e
ds e‚Mfyax vkSj iqulaZ;kstu njks a ds vkdyu ds fy,

¼yh ,aM LVhQsal] 2003½A ;g fof/k çR;sd O;fä ds thuksVkbi
osDVj Gi ds ,p,e,e ij vk/kkfjr gS tks N Kkr gSIyksVkbi
H ds ,d lsV ij l'krZ gSA ,d fNis gq, ekdksZo e‚My
¼,p,e,e½ dk :i bl çdkj gksrk gS%

tgka] Zi
(1) = {Zi1

(1),...,ZiL
(1)} vkSj Zi

(2) = {Zi1
(1),...,ZiL

(2)}L

lkbVksa ij fgMsu LVsV ds nks Øe gSa vkSj  Zi
(j){1,...N} Z i

dks lanHkZ iSuy H ls gSIyksVkbi dh tksM+h ds :i esa ekuk
tk ldrk gS ftls thuksVkbi osDVj Gi cukus ds fy,
d‚ih fd;k tkrk gSA Pr(Gi

(1), Zi
(2), H) ;g iwoZ laHkkouk dks

ifjHkkf"kr djrk gS fd dSls d‚ih fd, x, gSIyksVkbIl dh
tksM+h vuqØe ds lkFk cnyrh gS vkSj ,d ekdksZo Jà[kyk
}kjk ifjHkkf"kr dh tkrh gS ftlesa fLofpax nj thukse Hkj
esa Bhd&iSekus ij iqulaZ;kstu ekufp= ds vuqeku ij
fuHkZj djrh gSA ekdksZo Jà[kyk dh çkjafHkd voLFkk N2

LVsV ij ,d leku gSA

Pr(Gi
(1), Zi

(2), H) =

Pr(Gi | H) =          Pr(Gi | Zi
(1), Z1

(2), H)Pr(Zi
(1), Zi

(2), H)
Zi

(1) Z1
(2)

1
N2

fp= 1% Økotkd ¼2015½ ij vk/kkfjr baI;wV ds lkFk thuksVkbi baI;wVs'kuA
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ge lkbV / ls /+1 rd Jà[kyk dh laØe.k laHkkoukvksa dh x.kuk dj ldrs gSa%

= 4Nerl vkSj rl lkbVksa / vkSj /+1 ds chp çfr ih<+h vkuqoaf'kd nwjh gSA iwoZ forj.k ds :i esa fy[kk tk ldrk gS%
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Pr({푍il
(1),Zil

(2)} → {푍푖(푙+1)
(1) ,Z푖(푙+1)

(2) },H)

=

⎩
⎪
⎪
⎨

⎪
⎪
⎧ (푒−

휌 푙
푁 +

1 − 푒 휌푙푁
푁

)2,Zil
(1) = 푍푖(푙+1)

(1) ,Zil
(2) = 푍푖(푙+1)

(2)

(푒−
휌푙
푁 +

1− 푒 휌푙푁
푁 )(

1− 푒 휌푙푁
푁 ),Zil

(1) = 푍푖(푙+1)
(1) ,Zil

(2) ≠ 푍푖(푙+1)
(2) ,Zil

(1) ≠ 푍푖(푙+1)
(1) ,Zil

(2) = 푍푖(푙+1)
(2)

(푒−
휌 푙
푁 +

1 − 푒 휌푙푁
푁 ),Zil

(1) ≠ 푍푖(푙+1)
(1) ,Zil

(2) ≠ 푍푖(푙+1)
(2)

 

Pr 푍푖
(1),Z푖

(2),H = Pr(푍il
(1),Zil
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;g] Pr(Gi | Zi
(1), Zt

(2), H) ifjHkkf"kr djrk gS fd ns[ks x,
thuksVkbi dSls djhc gksaxs] ysfdu Bhd mlh rjg ugha tSls
gSIyksVkbi dh udy dh tkrh gSA

bl fp= esa 0 vkSj 1 ,d lanHkZ ,yhy dh mifLFkfr ;k
vuqifLFkfr dks n'kkZrk gS] baI;wVs'ku csl ¼gSIyksVkbi dk
lanHkZ lsV½ pj.kc) gS vkSj blesa pkj vyx&vyx gSIyksVkbi
'kkfey gSa ¼,½ tula[;k gSIyksVkbi dks lanHkZ lsV ls gSIyksVkbi
dk ekstsd ekuk tkrk gSA laØe.k laHkkoukvksa ds lkFk
ekdksZo Jà[kyk e‚My }kjk ifjHkkf"kr] lacaf/kr gSIyksVkbi
forj.k tula[;k bfrgkl vkSj LFkkuh; iqulaZ;kstu ekufp=
nksuksa ij fuHkZj djrk gSA cksYM rhj mPp laØe.k laHkkoukvksa
dks bafxr djrs gSa; tcfd yxrk gS fd rhj de laØe.k
laHkkoukvksa dk çfrfuf/kRo djrs gSaA yky dk vFkZ gS E;qVs'kuA
¼ch½ fcuk Vkbi fd, x, ,l,uih ¼ç'u fpà½ ij ykirk
MsVk ds lkFk thuksVkbi MsVk dks n'kkZrk gSA ¼lh½ çR;sd
uewus dks pj.kc) fd;k tkrk gS vkSj gSIyksVkbi dks gSIyksVkbi
lanHkZ iSuy esa ekstsd ds :i esa rS;kj fd;k tkrk gSA ¼Mh½
v/;;u ds uewus esa feflax thuksVkbi dks lanHkZ lsV esa
feyku djus okys gSIyksVkbi dk mi;ksx djds yxk;k
tkrk gSA lkekU; rkSj ij] feflax MsVk ds lkFk ,d pj.kc)
thuksVkbi dh laHkkouk dk ewY;kadu ekstsd gSIyksVkbi ds
lHkh laHkkfor tksM+s ij fopkj djds fd;k tkrk gS tks ns[ks
x, MsVk ds lkFk laxr gksaxsA vkSj lcls laHkkfor tksM+h
xSj&Vkbi fd, x, ,l,uih ij lcls laHkkfor thuksVkbi
fu/kkZfjr djrh gSA IMPUTEv2 dks yh ,oa LVhQal ¼2003½

}kjk fodflr fd;k x;k gS] tks IMPUTEv1 dh rqyuk esa
T;knk vPNk –f"Vdks.k gSA çR;sd O;fä ds fy, ,d vyx]
fo'ys"k.kkRed bEI;wV pj.k djus ds ctk;] IMPUTEv2

lHkh O;fä;ksa dks ,d iqujkoÙ̀k <kaps esa ,d lkFk yxkrk gSA
,l,uih dks v/;;u ds uewus vkSj lanHkZ iSuy ¼lsV Vh½
nksuksa esa thuksVkbi fd;k tkrk gS flQZ lanHkZ iSuy ¼lsV ;w½
esa thuksVkbi fd;k tkrk gS] bl vk/kkj ij ,l,uih dks nks
vyx&vyx lsVksa esa foHkkftr fd;k tkrk gSA v/;;u ds
uewus ¼lsV Vh½ esa ,l,uih ij gSIyksVkbi dk vuqeku igys
yxk;k tkrk gS vkSj fQj ;w esa ,l,uih esa ,yhy dks
orZeku esa vuqekfur gSIyksVkbi ij l'krZ yxk;k tkrk gSA
fo'ks"k :i ls] ;g ,d ekdksZo J̀a[kyk eksaVs dkyksZ ¼,elh,elh½
,Yxksfjne pykrk gS tks nks cqfu;knh pj.kksa ds chp oSdfYid
gksrk gS% 1½ pj.k lHkh ns[ks x, thuksVkbi vkSj v/;;u
uewus esa ,l,uih esa fdlh Hkh fNViqV :i ls ykirk thuksVkbi
dks ykxw djsa ¼lsV Vh esa ,l,uih½A fdlh fn, x, ,l,uih
esa thuksVkbi fd, x, lHkh O;fä;ksa ds fy, iwy pj.k dh
tkudkjh; 2½ fiNys pj.k esa vuqekfur çR;sd gSIyksVkbi
ds fy,] xSj&Vkbi fd, x, ,l,uih ¼gksoh vkSj ekfpZuh]
2009½ esa ykirk ,yhYl dks ykxw djus ds fy, lanHkZ iSuy
dk mi;ksx djsaA gSIyksVkbIl ds fy, ,d laHkkO;rk forj.k
dks IMPUTEv1 ds leku ifjHkkf"kr fd;k x;k gS] vkSj nks
gSIyksVkbIl esa mPpre i'p çkf;drk gS tks v/;;u uewus
ds fy, pqus x, gSaA IMPUTEv2 IMPUTEv1 dh rqyuk esa
cgqr rst gS D;ksafd baI;wVs'ku pj.k vxqf.kr çfr:i.k gS]
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IMPUTEv1 esa O ¼N2½ ls IMPUTEv2 esa O ¼N½ rd x.kuk
le; dks de djrk gS ¼N laHkkfor gSIyksVkbi dh la[;k dks
n'kkZrk gS½ ¼gksoh] Mksusyh vkSj ekfpZuh] 2009; ekfpZuh vkSj
gksoh] 2010½A

QkLVQSt ¼fast PHASE½

;g fof/k ,l,uih gSIyksVkbIl ij vk/kkfjr gS] tks leku
gSIyksVkbIl ¼'khV ,aM LVhQsal] 2006½ okys lewgksa esa DyLVj
djrs gSa] vkSj bls BIMBAM ¼lfoZu ,aM LVhQsal] 2007½
uked ,d ,lksfl,'ku&ijh{k.k dk;ZØe esa ykxw fd;k x;k
gSA ;g e‚My lkekU; gSIyksVkbIl dk çfrfuf/kRo djus ds
fy, K vçdkf'kr voLFkkvks ds ,d lsV dks fufnZ"V djrk
gS vkSj çR;sd DyLVj ¼kth½ dks lkbVlij çR;sd DyLVj esa
fufgr gSIyksVkbIl ds va'k ds vuqikr esa ,d otu ¼akl½
lkSaik tkrk gSA

çR;sd DyLVj esa çR;sd lkbV ij ,yhy 1 dh vkof̀Ùk
gSA FastPHASE e‚My tula[;k gSIyksVkbi voLFkkvks ds
chp laØe.k ds lkFk ,d HMM ds :i esaA

Pr(Gi | Z,) ifjHkkf"kr djrk gS fd ns[ks x, thuksVkbi
vkSj voLFkk ds chp fLop djus ds e‚My iSVuZ dh fdruh
laHkkouk gS tks lewgksa dk çfrfuf/kRo djrs gSa u fd lanHkZ
gSIyksVkbiA vkSj ;gk¡] ,d laHkkouk ds :i esa fy[kk tk
ldrk gSA

L(Gi G | ,,r) = P(Gi | ,,r)P(Hi | ,,r)

e‚My dks fQV djus ds fy, ,d bZ,e ,Yxksfjne dk
mi;ksx fd;k tkrk gS] vkSj iSjkehVj vuqeku ij l'krZ
feflax thuksVkbi dks ykxw djus ds fy, ,d Q‚joMZ&cSdoMZ
,Yxksfjne dk mi;ksx fd;k tkrk gSA 'kks/kdrkZvksa us ik;k
fd vuqekuksa ds ,d lsV ds vkSlr ls dsoy ,d vuqeku dh
rqyuk esa cgqr csgrj ifj.kke feysA FastPHASE LVsV ds
NksVs lsVksa dk mi;ksx djrk gS tks fd ;Fkksfpr :i ls
dEI;wVs'kuy :i ls rst gksuk pkfg,] gkykafd] ;g ykHk
vkaf'kd :i ls vewrZ lewgksa ds lkFk dke djds vf/kd gksrk
gS ftlds fy, dbZ ekinaMksa dh vko';drk gksrh gSA

tSlk fd fp= 2 esa n”kkZ;k x;k gS] gSIyksVkbi dks
DyLVj ekuk tkrk gSA ,] ch] lh vkSj Mh ekdksZo Jà[kyk ds
fofHkUu lsVksa dks ifjHkkf"kr djrs gSa tks gSIyksVkbi forj.k

mRiUu djrs gSaA ,yhy jax&dksfMr gksrs gSa] vkSj vyx&vyx
jax fdlh fn, x, LFkku ij leku ,yhy ds vuq:i gksrs
gSa] vkSj lkFk gh] FastPHASE esa IMPUTE dh rqyuk esa
laHkkouk x.kuk esa vf/kd vKkr iSjkehVj 'kkfey gSa] lkFk gh
DyLVj otu ds çHkko] FastPHASE esa iSjkehVj vuqekuksa ij
vf/kd ekud =qfV;ka gSaA pj.kc) bEI;qV'ku vk/kkj ls
çkIr ewY;ksa ij dqN ekinaMksa dks r; djuk ,d laHkkfor
lek/kku gks ldrk gS ¼ekfpZuh ,aM gksoh] 2010½A

eSp ¼Mach½

MaCH ,d HMM e‚My dks fu;ksftr djrk gS tks fd
IMPUTE ds leku gS] ysfdu] IMPUTE vkSj FastPHASE ds
foijhr] MaCH dks ,d vyx baI;wVs'ku csl dh vko';drk
ugha gS] tcfd blesa orZeku vuqekuksa ds vk/kkj ij çR;sd
O;fä ds thuksVkbi MsVk dks pj.kc) viMsV djds vU;
lHkh uewuksa dks vuqekfur fd;k tkrk gSA bl e‚My dks bl
çdkj fy[kk tk ldrk gS%

P(Gi | D-i ,) = P(Gi | Z,)P(Z | D-i )

D -i] dks NksM+dj vuqekfur gSIyksVkbi dk lsV gS]
ZHMM dh fNih gqbZ voLFkk gS]  ;g fu/kkZfjr djrk gS fd
d‚ih fd, x, gSIyksVkbi ls fdrus leku gSa] vkSj  fNih
gqbZ voLFkk ds chp laØe.k dks fu;af=r djrk gS ¼ekfpZuh
vkSj gksoh] 2010½A lef"V gSIyksVkbi forj.k dks iqujkòÙk :i
ls fu/kkZfjr fd;k tkrk gS vkSj çR;sd iqujkòfÙk ds nkSjku
iSjkehVj  vkSj  Hkh viMsV fd, tkrs gSaA gSIyksVkbIl ds
,d lanHkZ iSuy H ds vk/kkj ij] vçcaf/kr thuksVkbi dks

fp= 2% Ø‚td ¼2015½ ij vk/kkfjr QkLVQst ds lkFk
thuksVkbi baI;wVs'kuA

Issues and Challenges of Imputation Techniques in Genome Wide Association Studies (GWAS): A Review

akl = 1
k

P(Gi | ,,r) = P(Gi | Zi, )P | ,r)
z
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baI;wVs'ku vuqekfur gSIyksVkbIl D-i- esa H dks tksM+dj
lek;ksftr fd;k tkrk gSA fQj gSIyksVkbi uewuksa dks iqujkòÙk
djds vçfrcaf/kr thuksVkbi ds lhekar forj.k dk vuqeku
fd;k tkrk gSA

chxy ¼BEAGLE½

chxy fof/k ¼czkmfuax] 2006½ ,d xq.klw= ds lkFk çR;sd
ekdZj dh fLFkfr esa gSIyksVkbIl dks LFkkuh; :i ls lewg
cukdj ,d HMM cukrh gSA lewgksa dks ,yhy ij ifjHkkf"kr
fd;k x;k gS u fd gSIyksVkbi Lrj ijA FastPHASE ds
lkFk ,d vkSj varj ;g gS fd lewgksa dh la[;k fuf'pr ugha
gksrh cfYd {ks=&fuHkZj gSA blds e‚My esa dksbZ iSjkehVj
ugha gS ftldk vuqeku yxkus dh vko';drk gS vkSj bls
nks pj.kksa esa gSIyksVkbi ds fn, x, lsV ij ykxw fd;k tkrk
gSA oSf'od gSIyksVkbi vkof̀Ùk;ksa ds ctk; lehiLFk ekdZjksa
ds chp LFkkuh; Lrj ij ,yhy ,lksfl,'ku laØe.k dh
laHkkoukvksa dks fu/kkZfjr djrk gSA oa'kkuqØe iqulaZ;kstu
çfØ;k dks e‚My djus dh dksbZ vko';drk ugha gS D;ksafd
ekdksZo Jà[kyk esa dksbZ nh?kZdkfyu Lèfr ugha gS] vkSj fdlh
Hkh mRifjorZu dh vuqefr nsus dh vko';drk ugha gksrh gSA
D;ksafd chxy esa ekdksZo Jà[kyk ds ,dek= voLFkk okLro esa
ns[ks x, ,yhy gSaA ;s lHkh fo'ks"krk,a Åij crk, x, vU;
rjhdksa dh rqyuk esa thuksVkbi baI;wVs'ku esa BEAGLE dks
dEI;wVs'kuy :i ls rst cukrh gSaA gkyk¡fd] nks"k ;g gS fd
BEAGLE dks iw.kZ v/;;u uewus ij vk/kkfjr gksuk pkfg,]

ftldk vFkZ gS fd bls IMPUTE2 dh rjg foHkkftr ugha
fd;k tk ldrk gSA ;fn iM+kslh ekdZjksa ij ,d csfglkc
,yhy la;kstu okys fdlh Hkh gSIyksVkbi dks Lopkfyr :i
ls 'kwU; dh laHkkouk lkSaih tk,xhA

chxy fof/k gSIyksVkbi Lrj ds ctk; ,yhy ij lewgksa
dks ifjHkkf"kr djrh gS] ,l,uih ds fy,] lewgksa dh  la[;k
çR;sd fLFkfr ¼uhyk ;k ukjaxh½ esa nks ds cjkcj gksrh gSA
baI;wVs'ku csl vkSj LVMh lSaiy esa baVj&ekdZj ,yhy
,lksfl,'ku ds nksuksa LFkkuh; Lrj gSIyksVkbi forj.k laHkkoukvksa
dks fu/kkZfjr djrs gSaA VwVs gq, rhj e/;orhZ laØe.k laHkkoukvksa
dks bafxr djrs gSa ¼fp= 3½A

bEI;qVs'ku fof/k;ksa ds chp rqyuk

'kks/kdrkZvksa us bu vkerkSj ij bLrseky fd, tkus okys
thuksVkbi baI;wVs'ku ÝseodZ ¼ekfpZuh ,aM gksoh] 2009; uksFkukxsy
vkSj vU;] 2009; okax vkSj vU;] 2012; fy;w vkSj vU;]
2014½ ds çn'kZu dk lko/kkuhiwoZd v/;;u fd;k gSA ekfpZuh
,aM gksoh ¼2010½ us lanHkZ iSuy ds vuqlkj lcls yksdfç;
baI;wVs'ku fof/k;ksa esa ls çR;sd ds xq.kksa dks la{ksi esa çLrqr
fd;k gS tks ¼rkfydk 1½] v/;;u uewuksa ds xq.k ¼rkfydk 2½]
dk;ZØe fodYi ¼rkfydk 3½] dEI;wVs'kuy çn'kZu vkSj =qfV
nj ¼rkfydk 4½A mUgksaus ik;k fd IMPUTEv1, MACH,

FastPHASE vkSj BEAGLE ds chp IMPUTEv2 muds fleqys'ku
ifj–'; vkSj ,d MAR /kkj.kk ds vk/kkj ij lcls lVhd
–f"Vdks.k gS] ysfdu lHkh fof/k;k¡ leku çn'kZu mRiUu
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fp= 3% chxy ds lkFk thuksVkbi baI;wVs'ku Ø‚td ¼2015½ ij vk/kkfjr FastPHASE ls vyxA
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rkfydk 2% v/;;u ds uewus ds xq.kA

xq.k
bEI;wVs'ku fof/k

IMPUTEv1 IMPUTEv2-2 MACHv1-0-16 FastPHASEv1-4-0 BEAGLEv3-2

v/;;u ds uewus
vfuf'prrk ds lkFk fufnZ"V ugha gk¡ ugha ugha gk¡
 thuksVkbi ys ldrs gSa\
frdM+h vkSj lacaf/kr uewuksa ugha ugha ugha ugha gk¡
 dks lek;ksftr dj ldrs gSa\
D;k v‚Vkslksey gSIyksVkbIl gk¡ gk¡ ugha ugha gk¡
 dk ,d v/;;u uewuk
 yxk;k tk ldrk gS\
X xq.klw= ij bEI;wV dj ldrs gSa\ gk¡ gk¡ ugha ugha gk¡

djrh gSaA blds vykok] vkxs dh tkap djus ds fy, fd
1000 thukse çkstsDV tSls gSIyksVkbIl ds cM+s lanHkZ iSuy
ij rjhds dSls çn'kZu djrs gSa] 'kks/kdrkZvksa us 1000 thukse
çkstsDV ls ik;yV lhbZ;w gSIyksVkbi ds vk/kkj ij 500 vkSj
1]000 O;fä;ksa ls ;qä 1]000 gSIyksVkbi ds lanHkZ iSuy dk
mi;ksx fd;k gS vkSj HAPGEN fleqys'ku ykxw fd;k gSA
xq.klw= 10 ij 5 ,ech {ks=A ifj.kke fn[kkrs gSa fd IMPUTEv2]
BEAGLE vkSj FastPHASE dh rqyuk esa rst gSA

okax vkSj vU;] ¼2012½ us ,d ubZ fudVre iM+kslh fof/k
¼,u,u½ vkSj ,d Hkkfjr laLdj.k ¼MCY;w,u,u½ dk çLrko
j[kk] tks nksuksa lgla;kstd fl)kar dk ikyu djrs gSaA yf{kr
O;fä ds ikl tula[;k ls ,d ds leku thuksVkbi vuqØe

gksrk gSA bu nks fof/k;ksa ds vykok] mUgksaus FastPHASE,

Npute ¼j‚cVZ~l vkSj vU;] 2007½ vkSj dbZ e'khu yfuaZx
baI;wVs'ku fof/k;ksa dks Hkh ykxw fd;k] ftlesa liksVZ osDVj
e'khu ¼SVM½] ,d LFkkuh; U;wjy usVodZ ¼U;wjyusV½] vkSj
,d LFkkuh; QlZ~V v‚MZj ekdksZo psu ¼MC½ 'kkfey gSaA
ifj.kkeksa ls irk pyk fd ,u,u vkSj MCY;w,u,u lcls
dq'ky rjhdksa esa ls Fks] vkSj ykirk ,l,uih thuksVkbi
baI;wVs'ku esa QkLVQsl dks NksM+dj vU; rjhdksa dh rqyuk esa
dkQh csgrj çn'kZu fd;kA

fy;w vkSj vU;] ¼2014½ 90 O;fä;ksa ls iwjs&thukse Mh,u,
vuqØe.k MsVk ds vk/kkj ij thuksVkbi baI;wVs'ku çn'kZu dh
O;ofLFkr :i ls tkap dhA çfr:i.k çn'kZu dk ewY;kadu
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rkfydk 1% lanHkZ xq.kA

xq.k
bEI;wVs'ku fof/k

IMPUTEv1 IMPUTEv2-2 MACHv1-0-16 FastPHASEv1-4-0 BEAGLEv3-2

lanHkZ iSuy
gSIyksVkbi lanHkZ iSuy dk gk¡ gk¡ gk¡ gk¡ gk¡
 mi;ksx dj ldrs gSa\
thuksVkbIM jsQjsal iSuy ugha gk¡ gk¡ gk¡ gk¡
 dk mi;ksx dj ldrs gSa\
D;k nks gSIyksVkbi ;k thuksVkbIM ugha gk¡ ugha ugha ugha
 jsQjsal iSuy ,d gh ju esa
 bLrseky fd, tk ldrs gSa\
lanHkZ iSuy lgh çk:i esa HapMap2 HapMap2 HapMap2 Hap2 1000 Genome
 miyC/k gSa HapMap3 HapMap3 HapMap3 projects

IKGP pilot IKGP pilot IKGP pilot
data data data

1000 Genome 1000 Genome
projects projects
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rkfydk 3% dk;ZØe fodYiksa vkSj lqfo/kkvksa ds xq.kA

xq.k
bEI;wVs'ku fof/k

IMPUTEv1 IMPUTEv2-2 MACHv1-0-16 FastPHASEv1-4-0 BEAGLEv3-2

çksxzke ds fodYi vkSj fo'ks"krk,a
D;k Qsflax vkSj lkFk gh ugha gk¡ gk¡ gk¡ gk¡
bEI;wVs'ku miyC/k gS \
D;k vkarfjd çn'kZu ewY;kadu gS\ gk¡ gk¡ gk¡ ugha ugha
dsoy ,d fufnZ"V varjky esa gk¡ gk¡ ugha ugha ugha
gh bEI;wV dj ldrs gSa\
MsVk lsV ds chp LVªSaM lajs[k.k gk¡ gk¡ gk¡ ugha ugha
dks laHkky ldrk gS\
,l,uih vkSj uewuk lekos'ku gk¡ gk¡ ugha gk¡ gk¡
,oa cfg"dj.k fodYi\
baI;wVs'ku vkSj ,lksfl,'ku ijh{k.k ugha ugha ugha ugha ugha
ds fy, la;qä e‚My\
v‚ijsfVax flLVe dh vko';drk\ Linux, Linux, Linux, Linux, Java

Solaris, Solaris, Windows, Solaris, executable
Windows, Windows, Mac Windows,

Mac Mac Mac

rkfydk 4% dEI;wVs'kuy çn'kZuA

xq.k
bEI;wVs'ku fof/k

IMPUTEv1 IMPUTEv2-2 MACHv1-0-16 FastPHASEv1-4-0 BEAGLEv3-2

dEI;wVs'kuy çn'kZu
vkdyu 1* ugha gk¡ ugha ugha gk¡
vkdyu 2* ugha ugha ugha ugha gk¡
=qfV nj
iafä;k¡ ifj–'; A ds vuq:i gSa 5-42% 5-16% 5-46% 5-92% 6-33%
ifj–'; ch ¼çfrcaf/kr½ ---- 3-40% ---- 5-33% 3-46%
ifj–'; ch ¼iw.kZ½ ---- 3-40% ---- 4-01%

120 CEU Hapmap2 haplotypes ls Affy500k fpi ij 1377 uewuksa dk bEI;wVs'ku; 7-5 ,ech {ks=A MsVk ¼gksoh vkSj vU;] 2009½
ls vkrk gSA # 500 ¼1000½ uewuksa dk bEI;wVs'ku 5 ,ech {ks= esa 8712 ,l,uih ij 872 ,l,uih ls 872 ,l,uih ij thuksVkbi
fd;k x;kA Øksekslkse 10 ij 5 ,ech {ks= esa 1000 thukse ifj;kstuk ls HAPGEN vkSj ik;yV CEU gSIyksVkbi dk mi;ksx djds
flE;qysVsM MsVklsV ij vk/kkfjr le;A  =qfV nj ¼gksoh vkSj vU;] 2009½] IMPUTEv2 ds ifj.kke viMsV dj fn, x, gSaA fn,
x, ifj–'; B =qfV nj Affymetrix SNPs ls yxk, x, lllumina SNPs ds fy, gSaA lllumina ,l,uih ls yxk, x, ,fQesfVªDl
,l,uih ds fy, =qfV nj czSdsV esa nh xbZ gSA
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djus ds fy, ekunaM ds :i esa lVhd :i ls yxk, x,
osfj,aV ds çfr'kr dk mi;ksx djds] lcls igys] mUgksaus
ik;k fd fefueSd vkSj IMPUTE2 esa BEAGLE dh rqyuk esa
csgrj baI;wVs'ku çn'kZu gS vkSj cgq&tula[;k lanHkZ iSuy us

dsoy lanHkZ iSuy dk mi;ksx djus dh rqyuk esa csgrj
çn'kZu fn[kk;k gSA ,d gh vkcknhA nwljk] tkapdrkZ vkerkSj
ij vkxs ds fo'ys"k.k ls [kjkc :i ls yxk, x, osfj,aV dks
gVkus ds fy, baI;wVs'ku DokfyVh eki ij Hkjkslk djrs gSaA
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fu"d"kZ
bl v/;;u esa fopkj fd, x, feflax MsVk ifj–';ksa esa
IMPUTEv2 esa mPp lVhdrk vkSj rst x.kuk nksuksa FksA gksoh
vkSj vU;] ¼2011½ dk ekuuk gS fd IMPUTE2 dh lQyrk
bldh dEI;wVs'kuy j.kuhfr;ksa vkSj vius Mh,u, vuqØe
fHkUurk ds e‚My dh otg ls gSA e‚My ds ,YxksfjFe ds
–f"Vdks.k ls] BEAGLE vkSj FastPHASE gSIyksVkbi dks lewgksa
esa tksM+rs gSa tks x.kuk çfØ;k dks xfr nsrs gSa D;ksafd ;g
HMM voLFkkvksa dh la[;k dks lhfer djrk gSA BEAGLE

vkSj FastPHASE dks MsVklsV esa çR;sd gSIyksVkbi ij HMM

x.kuk djus ds ctk; dsoy lewgksa ds ,d NksVs lsV ij
x.kuk pykus dh vko';drk gksrh gSA blds foijhr]
IMPUTEv2 vkSj MaCH ,d LVsV esa çR;sd gSIyksVkbi ds
fy, HMM dk çn'kZu djrs gS: gkykafd] lHkh LVsV dk
mi;ksx x.kuk dks dfBu cuk nsrk gS vkSj blfy, IMPUTEv2
jkT;ksa voLFkkvksa dks çfrcaf/kr djrk gSA

gksoh vkSj vU;] ¼2011½ us çnf'kZr fd;k fd IMPUTEv2
muds }kjk tkaps x, ifj–';ksa ds fy, BEAGLE dh rqyuk
esa mPp lVhdrk çkIr djrk gS] vkSj ;g MsVklsV esa de&vkòfÙk
okys osfj,aV esa fo'ks"k :i ls Li"V gS ftlesa mPp gSIyksVkbi
fofo/krk gSA thuksVkbi baI;wVs'ku ftlus tfVy ekuo jksxksa
dks lSadM+ksa okLrfod la?kksa rd igq¡pk;k gS] thukse&okbM
,lksfl,'ku LVMht ¼GWAS½ dk ,d vko';d fgLlk cu
jgk gS ¼fgaMksQZ vkSj vU;] 2009½ vkSj ;g vxys dqN o"kksaZ rd
tkjh jgsxkA eq[; dkjd tks çHkkfor djsxk fd fdl baI;wVs'ku
fof/k dk mi;ksx fd;k tkrk gS] os gksaxs tks vxyh ih<+h ds
vuqØe.k MsVk dh c<+rh miyC/krk dks cM+h la[;k esa ,l,uih
ds lkFk laHkky ldrs gSaA gSIyksVkbi ds cM+s] vf/kd fofo/k lsV
dk mi;ksx djus esa vkjksi.k fof/k;ksa ds fy, Hkh ;gh pqukSrh gSA

var esa] thuksVkbi baI;wVs'ku dks ç;ksx'kkyk&vk/kkfjr
MsVk ih<+h tSls vPNs oSKkfud vH;kl ds leku fu;eksa dk
ikyu djuk pkfg,A vkuqoaf'kd jksx la?k v/;;u ¼,aMjlu
vkSj vU;] 2010½ esa MsVk xq.koÙkk ds ekunaM dks ifjHkkf"kr
djus ds fy, vrhr esa cgqr lkjs ç;kl fd, x, gSaA blfy,]
thuksVkbi baI;wVs'ku ds fy, leku Lrj dh lVhdrk vkSj
fo'oluh;rk ewY;kadu ekunaM fodflr djuk vko';d gSA

lanHkZ
Anderson, C.A., Pettersson, F.H. and Clarke, G.M. (2010). Data

quality control in genetic case-control association
studies. Nature Protocols. 5: 1564-1573.

Browning, S.R. (2006). Multilocus association mapping using
variable-length Markov chains. American Journal
of Human Genetics. 78: 273-280.

Issues and Challenges of Imputation Techniques in Genome Wide Association Studies (GWAS): A Review

Cheema, J.R. (2014). A review of missing data handling methods
in educational research. Review of Educational
Research. XX(X): 1-22.

Fearnhead, P. and Donnelly, P. (2001). Estimating recombination
rates from population genetic data. Genetics. 159:
1299-1318.

Hindorff, L.A. (2009). Potential etiologic and functional
implications of genome-wide association loci for
human diseases and traits. Proceedings of the National
Academy of Sciences. 106(23): 9362-9367.

Howie, B. (2012). Fast and accurate genotype imputation in
genome-wide association studies through pre-phasing.
Nature Genetics. 44(8): 955-960.

Howie, B., Marchini, J. and Stephens (2011). Genotype
imputation with thousands of genomes. G3: Genes,
Genomes, Genetics. 1: 457-469.

Howie, B.N., Donnelly, P. and Marchini, J. (2009). A flexible
and accurate method for the next generation of
genome-wide association studies. Plos Genetics.
5(6): e1000529. doi:10.1371/journal.pgen.1000529.

Krawczak, M. (2015). Genotype Imputation. In: eLS. John
Wiley and Sons, Ltd: Chichester. doi: 10.1002/
9780470015902.a0022399.

Li, N. and Stephens, M. (2003). Modeling linkage disequilibrium
and identifying recombination hotspots using single-
nucleotide polymorphism data. Genetics. 165:
2213-2233.

Liu, Q. (2014). Systematic assessment of imputation performance
using the 1000 Genomes reference panels. Briefings
in Bioinformatics. DOI: 10.1093/bib/bbu035.

Marchini, J. (2007). A new multipoint method for genome-
wide association studies by imputation of genotypes.
Nature Genetics. 39(7): 906-913.

Marchini, J. and Howie, B. (2010). Genotype imputation for
genome-wide association studies. Nature Reviews
Genetics. 11: 499-511.

Nothnagel, M. (2009). A comprehensive evaluation of SNP
genotype imputation. Human Genetics. 125: 163-171.

Roberts, A. (2007). Inferring missing genotypes in large SNP
panels using fast nearest-neighbor searches over
sliding windows. Bioinformatics. 23: 401-407.

Roth, P. (1994). Missing data: A conceptual review for applied
psychologists. Personnel Psychology. 47: 537-560.
doi: 10.1111/j.1744-6570.1994.tb01738.x.

Rubin, D.B. (1976). Inference and missing data. Biometrika.
63(3): 581-592.

Servin, B. and Stephens, M. (2007). Imputation-based analysis
of association studies: Candidate Regions and Qualitative
Traits. Plos Genetics. 3(7): e114. doi: 10.1371/ journal.
pgen. 0030114.

Sheet, P. and Stephens, M. (2006). A fast and flexible statistical
model for large-scale population genotype data:
Applications to inferring missing genotypes and
haplotypic phase. The American Journal of Human
Genetics. 78: 629-644.

Wang, Y.N., Cai, Z.P., Stothard, P. (2012). Fast accurate missing
SNP genotype local imputation. BMC Research Notes.
5: 404. doi: 10.1186/1756-0500-5-404.


