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,0 pukfr;k ,d Feh{k
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Lk

thuke&okbM , IKT, "ku LVMh icwast e chekjh 1 €Mh tufvd dh [kt gr 0;f&;k d Mh,u, ekdl dk Ldu
fd;k thrk gA tc u, tufvd 1% dh igpku gkrh g] rk bl thudkjh dk mi;kx chekjh di igpku] bykt vij
JkdFike gr cgrj j.kunfr;k cuku e enn feyrh gA bEl;V'ku tufvd v/; ;uk e vuVkbIM tukVkbi dk iokueku
fd;k €rk g tc MVk x.konk] ykxr] tMtkbu BeL;kvk d dkj.k vuiyCk gkrk gA ;9 ,d cekf.kr B[ ;dh
rduhd g fEbldk mi;kx %uh €ukvibi tp 1uy 1 glykVibi IxeV m/ikj.k djd vun[k tukvkbi dk vidyu
dju gr fd;k tkrk gA TukVkbi bEl;Vku thuke&l;kid 1%Vu Ldu d fo"y'k.k dju e egRoi.k gA bl "Wk 1=

e I{ki e feflx MVk BeL;kvk vkj foftkiu bEI;V*ku fof/k;k dk nk;k x;k gA

“tn dth cixy] QLLQN] tiuke okoM , 1K1, "ku LVMre] bi;Vku d rjid] bel;V] ep] feflx edfuTeA

Issues and Challenges of Imputation Techniques in Genome
Wide Association Studies (GWAS): A Review
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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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thuke okbM , BKN, "ku LVMhE Ycwash

viuof*kdh €] thuke&okbM , BKFK, *ku LVM iGwA LVMI
Gwasl fel 1.k tuke , IEL, u LVMh iwca
LVMI| wGAsh d -1 e Hh thuk tkrk g] tkfd fofdlu
0;f&a;k e vkuofkd ofj,V d thuke&okbM 1V dk ,d
iji{k.k g] ;g n[ku d fy, fd;k tkrk g] fd D;k dkb
cdkj g ,d fo'kkrk d Bk €Mk gvk g\ GWAS Vierdj
1j ,dy&l; Dy ;kVkbM cg - irkvk i, I, uihh vkj ce[k
ekuo jkxk d y{k.kk d chp 1% 1 /;ku dfer djr g]
yidu letu i 1 fdlhHo vi; tho 1j ykx fd;k &k
Idrk gA thuke&okbM , BkfL, "u LVMit oKkfudk d
fy, ekuo jkx e *lfey thu dh igpku dju dk ,d
Vi{lk—r u;k rjhdk gA ;g fof/k thuke dk NKV cnytkok
dk [ikerh g felg fixy U; Dy ;kvkbM i,yte,fQTe ;k
,1,ulh dgk thrk g] &k fcuk chekjh oky yikxk dh
ryuk e fdIh fo*k'k chekjh oky yikxk e vi/kd ckj gkr
gA ch;d v/;;u ,d gn le; e DdWk ;k gk
,L,uih n[k Idrk gA "Widrk bl ¢cdkj d v/;;u d
MVk dk mi ;kx mu thuk dk bfxr dju dfy, djrg
th fdlh 0;fa d ,d fuf'pr chekjh d fodkl e
;kxnku dj Idr gA tc efuo MVk ij ykx fd;k gkrk
g] rkawALVMIE ¢frifkix;k d Mh,u, dh ryuk fd
fo'kk y{k.k ;k chekjh d fy, vyx&vyx QukVkbi oky
djr gA ; cfrflkxh ,d chekjh oky ykx ,o fcuk
ffu;=.kt d Deku ykx gk Idr g] ;k o fdlIh fo™k
vk d fy, vyx&vyx QukVkbi oky ykx gk Idr
g] mnkgj.k d fy, japkiA bl —f'vdk.k dk
QuiVkbi&cFle d =1 e thuk tkrk g] fthe ¢frikx;k
d igy mud unkfud viti;f&;k Hjk oxi—r fd;k
rk g] thk fd thukVkbi&cre d foijhr gkrk gA

(;R d0;fa Mh,u, dk ,d ueuk nrk g] ftle 1 yk[k
viuof'kd ik dk ,b,uih Bkjf.k;k dk mi;kx djd
rk gA ;fn chekjh oky yixk e ,d ,yhy viid

ik;k thrk g] rk bl ,yhy dk chekjh 1 €Mk gvk dgk
rk gA dkb th nk eluo thuke yk[k vyx&vyx
rjhdk 1 filu gkr gA thuke %, I, uih: d vyx&vyx
U;fDy ;kVkoM e NKV cnytko gkr g vkj BkFk gh db cM
cnyto gkr g €l foykiu] HEeyu wij ¢frfyfi [ ;k
id,1h ucjh fiklurk,A o' 2000 d vkl ikl] €MCY;,
v/;;uk dh tkvir 1 igy] thp dk ckRfed rjhdk

ifjokjk e vuoki*kd Ic/kk d o*lku@e v/; ;u d el/;e
1 fd;k thrk FkA ;g —f'Vdk.k ,dy thu fodkjk d
fy, WR;fkd mi;kxh Dkfcr gvk FA gykfd] tfvy
chekfj ;k d fy, vkuof*kd fydt v/; ;u d ifj.kek dk
iUt 1'k djuk ef*dy Bkfer gkrk gA fydt v/; ;u dk
,d I>kk x;k fodYi vkuof'kd , I, "ku LVMh gA
;0 V/;;u thprk g fd D;k o 0;f&;k feud ikl
,yhy #p 1 Lcfhkr Hifrd x.k gkr g] mlg vkuof*kd
zikrj d Intk e viffkr 1 vi/kd ckj n[k tkrk gA
iDfr
th MY; , v/;;uk dk Bcl vke —f'Vdi.k d1&dVky
1Vvi g] t0;fa;k d nk cM Begk] ,d LoLFk fu;=.k
leg vij ,d clekjh I (;H kfor] dl leg dh ryuk
djrkgA , L,uih dh Ivid B[ ;k €ukVkbfix rdund
1j fullj djrh g yfdu vkerkj ij ;9 ,d fefy;u ;k
viikd Hk gk 1drh gA bue 1 ¢R;d ,1,uil di tip
dh tkrh g] vkj n[ thrk g fd D3k ,yhy wioflk
mipkj ,0 fu;=. leg d chp egRoi.k -1 I cny
rh gA v,MI wvuikr] nk vM1 dk vuikr g] &
GWAV/;;ukd Infk e ,d fof'k'V ,yhy oky 0;f&;k
d fy, jkx dh IHkouk g vkj mu 0;fa;k d fy, jkx
di Ikouk g feud 1kl leku ,yhy ugh gA

xf.krh; -1
ekuk A dkb AVuk g rc] fdlIh %vuk d 4fVr gku dh
IHkouk % PIAVUK AV gieikVuk AV ugh ghrhids

P(A) P(A)
P(A%) ~ 1-P(A%)
,d mnkgj.k yr ¢t
,yhy dimv
G T
dil a b
fu;=.k c
ueu e Itk c ,yty ij fopkj dj] vij ;kPNd

i 1 ,dpuA,deley e c ,yhy giu di BHkouk
1A ueu e I T, yhy i fopkj dj] vkj ;k-fPNd

1 ,dpuA ,dekey e ,d Vi T ,yly giu dh
IHikoukt 2A
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v Ml vuikr Yor% ¥% adibc
0;k[;k b1 ¢dkj doh & 1drh g
OR% QR;d virfja c ,yny dfy, dl gu dh IHkouk
e of)A

OR¥:1i thukVkb vkj jkx d chp dkb Bc/k ughA
OrR>liG ,yiy 1 cekj dk [krjk c< tkrk gA
OR<LiT,yhy I clekjh dk [krjk c< Trk gA

tc dl xi ,yhy vkoflk fu;=.k xi dh ryuk
e cgr vikd gkrh g] rk v,MI vuikr 1 1 viikd gkrk
g] vij de ,yhy vioflk d fy, bld foijirA Id
vfrfja] v,MI vuikr d egfo d fy, P&eku dh
X.kuk vie rkj 1j ,d Bi/Mkj.k dkb&LDoM % VLV dk
mi;kx djd dh thrh gA ©MY;, v/;;u dkmit; 1
I dkQh fHuu v,MI vuikrk dk 1rk yxkuk g D;kd
bll irkpyrkgfd ,,uihclekh I €Mk g ;k ughA
thukVkbi bl;Viku B[ ;dh; foffk;k Hyk fd;k hrk g
thowas MVk dk glykvkbi d Entk Tuy d BkFk €Mr
gA thukVkbi bl;V'ku d fy, ektnk 1,1Vo;j idt e
IMPUTE2 VKj MacH "lkfey gA

fefIx MVk d Tkr

To{k.k vull/ku e feflx MVk d riu e[; Nkr g
u,u&dojt] dy xj&cfrid;k iu,u jLikl4] vij vkae
XJ&cfrid;k Ixidl ,V vy] 20044A u,u&dojt rc
gkrk g tc dN lef'V d ueu e pu tiu dh dkb
IHkouk ugh gkrh gA fefllx MVk xj&cfrid;k I virk g
tc dib cfroknh Bofk.k ij fdlh Hh wvkbVe dk
tokc nu 1 budkj djrk gA vibVe xj&cfrid;k
rc gkrh g tc lofk.k 1j doy wvikf'kd wvkbVe 1jk
fd;k thrkgA ykirk MVk d bu riu Bkrk e] Xj&dojt
vkj dy xj&cfrid;k dk mi; & ueuk Hkj dk mi ;kx
djd Ickf/kr fd;k € Idrk g tk ueuk dk yf{kr
lef'vV dk Ivid zi 1 cfrfuf/iRo dju d fy,
fMtkbu fd;k x;k g Yphek] 2014%A gkykfd] vikbVe
xJ&efrid;k d dkj.k feflx eku otu dk mi;kx
djd r; ugh fd, tk Idr gA vibVe xj&cfrid;k
oky ekeyk dk Iphokj gVku I dN eY;oku tkudkjh
dk udlku gkrk g vkj IHkfor -i 1 ck; 1 ink
gkrh gA feflx MVk d IkFk ,d e[; fprk ;g g fd
D;k i.k MVK okyk ueuk vHb Hb yf{kr vkcknhlef'V
dk cfrfuf/k g IjkFk] 1994%A

feflx r=

fefIx MVk r= dk vke rkj 1j riu legk e oxt—r
fd;k €krk g I#fcu] 19764 ;k—PNd -1 1 1jh rjg 1
xk;c Imcarf] ;k—PNd zi 1 xk;c Imart ,0
SN -1 B xk;c ugh imnariA ;fn fEu fo'k;k e
vkdM xe g¢] o fo'k;k d 1j ueu dk ,d ;kfPNd
milePp; g] rk feflx MVk dk 1ji rjg 1 ;kfPNd
dgk tkrk g imcariA doy 1.k MVk dk mi;kx dju 1
fu'tfk ifj.ke fey 1drk gA mar rc girk g tc xe
gkuk ¢f{kr MVk 1j futkj ugh djrk gA MVkMNAR rC
gkr g tc fdlh pj 1j MVk xe gku dh BHkouk ml pj
d efu ij fulj djrn gA

viuof*kd egkekjh foKku e feflx MVk

Viuof*kd egkekjh fokku d v/; ;u €] MVk dh x.koUk]
ykxr nfkrk ;k rdundh fMtkbu d dkj.kk d fo"y'k.k
d fy, fo'lk ekdjk d thukvibi vuiyCk giu 1j
feflx MVk BeL;k, mRilu gkrt gA Icl e[; thukVkoi
bl;V*u fof/k;k e MPUTE, FastPHASE, MacH VK]
BEAGLE ‘kfey g fekfpuh vkj gkof] 2010%A ekuo
viuof*kd egkekjh foKku dk mi*; fof*k'V Qukvibi 1
Bcifkr jkx sk jx&Bc/k ydk.k 1j viuof*kd = ikrjk
dh igpku djuk gA tukVkbfix v/;;u ge'lk p;fur
ekdj IVk rd gh Ihfer jgk g] e[; -1 1 ,dy
U;fDy ;kVkbM cgzark b, B, uilh € 0;kolkf;d Zi |
miyCk ekb@k,j 1j Lozfir gkr gA fydt v IiE; oL
ij vik/kkfjr thuke&okbM , Bkfl,"ku LVMit
eMeY;, , 14 doy , 1,uih dh ,d Nkvh I[;k dk
miz;kx djrk g tk fdIh nh xb Bef'V e 80%
vikuof*kd fHklurk dk fooj.k djrh g i@,Ldd] 2015¢A
5 thukVkbi bl;Vku fof/k;k oKkfudk dk feflx
MVk BeL;k dk Bcki/kr dju e enn dj Idrh g
lekfpuh ,M gkoh] 2010%A

bEl; Vku fof/k;k

egkekjh fokku d v/;;u d fy, foftklu €hukVkbi
bl;Vku fof/k;k dk ¢Lrko fd;k x;k gA mu €hukVkbi
bl;Vku fof/k;k d chp e[; vrj ;ggfd ,d ,1,uib
d 1'kr thukvkbi forj.k dk d b ifjHkfkr vkj mi ;kx
fd;k tkrk gA eku y fd gekj ikl L M;yfyd
v,Vklkey , I, uih e MVk g vkj cR;d , I, uih e nk
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iy dk 0 vkj 1 1 dkiMr fd;k x5k gA H] bu L
,I,uil e N glykVibi d ,d 1V dk n"lrk g tcfd
c] L ,,uih e thukvkoi MVk dk TV gA thukVkbi
bl;Viu dkmi*; mu , I,uih d €hukVkoi dh Hfo"; ok.lh
djuk g ftlg v/; ;u ueu e thukVkbi ugh fd;k x;k
gA gk miYyf[kr BHh bl;V*ku fof/k;k ekurh g fd
feflx MVk marg ,0 Bkj Hmm VK bl;Vku fof/k; k
g ;9 Infk tuy 1j 1%r] v/;;u e fy, x, ¢R;d
0;fa d feflx thukvkbi dk vueku yxkr gA , Ik
dju I Infk tuy dk mi;kx ¢R;d 0;fa d eYVhykd
thukVkbi e pj.k viuf*prrk ij fo'ky'%.kRed i 1
,di—r dju d fy, fd;k trk gA

bEl;V limpuTE!

ekfput ,V vy 120074 u mpuTe fof/k dk 1gyk ILd]j.k
r;kj fd;kifp= 1%A mputevt Igl;kth ofk d vudj .k
d fy, fgMu ekdko e My iHmmh d foLrkj 1j vidkfjr
gA1Q;jugM ,0 Miuyth] 20017 vkj fydt tMilfifyfc;e
d eMyx vij 1ul ;ktu njk d vidyu d fy,

fyh ,M LVhQHN] 2003 ;g fof/k R;d 0;f& d thukVkbi
obVj c. d ,p,e,e ij Vikfjr g gk~ Kkr glykvibi
Hd,d IVij I'tr gA ,d fNi g, ekdko eMy
h,p,e,et dk 1 bl ¢cdkj gkrk g

PG, |H) = ¥ PrG,|Z®, Z,®, HPrZ®, Z®, H)

Zi(l) 21(2)

tok] zow={z,9..2,% W z@={z,0,..z 1L
IkbVk 1j fgMu LVV d nk @e g vij zoe {1,.N} Z,
dk Intk fuy H 1 glykVkbi dh tkMh d -i e ekuk
th Idrk g f€el thukVibi oDVj ¢ cuku d fy,
d,ih fd;k tkrk gA prc®,z®, H) ;g 10 IHkouk dk
ifjikfkr djrk g fd d1 d,ih fd, x, glykvkoll dh
tiMh vu@e d DkFk cnyrh g vkj ,d ekdko J[kyk
Hjk ifjHkkr dh tkrh g ftle flofpx nj thuke Hj
e Brd&ieku 1j iul;ktu ekfp= d vuetu 1ij
fulkj djrh gA ekdko J[kyk dh ckjftkd voLFik e
LV 1j ,d lelu gA

PIGY, 20, H) = 37

e set of haplotypes

{1 B BT S R W e B S §

General population

1101010100 1101011101

Frobable
1 lIlﬂsl IOI

Improbable

¢ Each sample is phased and the d Imputed genotypes {pink)

haplotypes are modeled as a
mosaic of those in the
haplotype reference panel

I
. | | | AN

13740377 1w _migodo0io13a
ANy [ ][]
“HEREEN » 1 >

fp= 11 Gkottkd 120154 1J VkMkfjr bl;V d BkFk ThukVkbi bl;VkuA

b Genotype data with missing
data at untyped SNPs
[question marks)

w0100 & 0
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ge IV /1 +1 rd J[kyk di 1QZe.k BHkoukvk dh x.kuk dj Idr g

Pr{z" 27} = {21y 23y H)
( i 1_9%2 D _ ,0) 5@ _ @
(e W +—5)Z0" = Ziguay Zit” = Ziia
P1 P1
=V H e AT 00 00 0 g 20 g
o 1-efy D, ,0 5@ ,@
k (e W +—S)20" # Ziguay Lt # Zigeny

p.=any VAj r IIOVE/ Vij 1+ d clp Gfr it viuof'kd njt gA o forj.k d zi e fy[k t Idrk gi

L-1
Pr(z® z® H) = Prz{P 2 ) 1_[ Pr({z{"
i=1

;0] Pr(G,1z®, z@, H) Tfjk%r djrk g fd n[k x,
thukvkbi d 1 djhc gkx] yfdu Bid mlh rjg ugh tl
glykvkbi dh udy dh thrh gA

bl fp=e 0 vij 1 ,d Intk ,yhy di mifLRdr ;k
VuifLlRfr dk n*krk g] bl;Vku cl iglykVibi dk
Intk BVE pj.kc) g vkj blle pkj vyx&vyx glyivibi
"Ifey g kb tul [k glykvibi dk Int BV 1 glykVkbi
dk ektd efuk tkrk gA 1Qe.k BHkoukvk d KRk
ekdio J[kyk eMy Hjk ifjHkfkr] Icfhr glykVkbi
forj.k €ul [;k bfrgkl vij LFkuh; 1ull ;ktu ekufp=
nkuk 1j futky djrk gA ckYM rij mPp 1@e.k BHkoukvk
dk bfxr djr g; tcfd yxrk g fd rhj de 1Q0e.k
IHkoukvk dk cfrfuf/iRo djr gA yky dk vF g E;V*kuA
it feuk Vkbi fd, x, ,1,uih ic’u fpak 1j ykirk
MVk d BkFk thukVkbi MV dk n*lrk gA 40k ¢R;d
ueu dk pj.kc) fd;k thrk g vij glykVkoi dk glykvibi
Intk fuy e ektd d -1 e r;kj fd;k ghrk gA M
v/;;u d ueu e feflx tukVibt dk Intk IV e
feyku dju oky glykvkbi dk mizkx djd yxk;k
thrk gA kel; rij 1j] feflx MVk d BkFk ,d pj.kc)
thukvkbi dh IHkouk dk eY;kdu ektd glykvkoi d
IHh DHkfor €M ij fopkj djd fd;k thrk g tk n[k
X, Mk d BF Ixr gixA vkj Bcl IHdfor M
xj&Vibi fd, x, ,b,uih ij Icl IHkfor thukVibi
fulkijr djrh gA imputeve dk yh ,0 LVIQT 12003k

) 1) 2
Zii "} = {Zyy Zigiey b H)

Hjk fodflr fd;k x;k g] € mpuTteve dh ryuk e
T;knk vPNk —f'Vdk.k gA cR;d 0;fa d fy, ,d vyx]
fo'y'k.kRed bEI;V pj.k dju d ctk;] MPUTEW2
I 0;f&;k dk ,d iujlolk <kp e ,d BkFk yxkrk gA
,L,uih dk v/;;u d ueu vkj InH Tuy IV Vi
nkuk e €hukVkbi fd;k tkrk g fIQ InH fuy IV ;%
e thukVkbi fd;k tkrk g] bl vi/kj 1j , 1, uih dk nk
vyx&vyx 1V e follkfer fd;k thrk gA v/;;u d
ueu BV Vb e , I, ulh ij glykvibi dk vueku igy
yxk;k thrk g wkj fQj ; e ,L,uil e ,yly dk
oreku e vuekfur glykvkbr 1j 1r yxk;k tkrk gA
fo'kk =1 1] ;g ,d ekdko I[kyk ekv dkykk,elh, el
,Yxifjne pykrk g tk nk cfu;knh pj.k d chp odfYid
gkrk gb 1% pj.k IHh n[k x, Tukvkoi wij v/;;u
ueu e, l,uihefdInHh NVIV 21 T ykirk thukVibi
dk ykx dj IV Vie , 1, uittA fdIh fn, x, , 1, uih
e thukvkbi fd, x, It 0;fask d fy, iy pj.k dn
thudkjh; 2% fiNy pj.k e vuekfur ¢R;d glykvibi
d fy,] xj&Vkbi fd, x, ,1,uih igoh vkj ekfpul]
2009 e ykirk ,ynYl dk ykx dju d fy, Intk fuy
dk mi;kx djA glykvkbll d fy, ,d BHO; rk forj.k
dk mputeve d Beku ifjHkkr fd;k x;k g] vij nk
glykVkbll e mPpre i"p ¢kf;drk g €k v/;;u ueu
d fy, pu X, gAivputev2 iMpuTEVL dh ryuk e
cgr rt g D;kfd bl;V'ku pj.k vxthr cfr-ik g
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MPUTEvL e o N | imPuTEV2 € o iNk rd X.kuk
le; dk de djrk g in IHkfor glykVkbi dh B[ ;k dk

rk gt igkon) Mkuyh vkj ekfpuh] 2009; ekfpul vikj
gkof] 2010%A

QKLVQT Ufast PHASEY

;g foffk , B, uih glykvibll i vidkfjr g] €k leku
glykVkbI T kv ,M LVhQ 1] 2006% oky legk e DyLVj
djr g] vij bl Biveam ilifou ,M LVhQH] 20074
uked ,d , I, "ku&iji{k.k dk;@e e yix fd;k x;k
gA ;9 eMy Bkell; glykvkbll dk ¢frfuf/iRo dju d
fy, K vedkf*kr volFkvk d ,d 1V dk fufn'V djrk
g VK ¢R;d DyLVj Ik dk BkbV 1 ij ¢R;d DyLVj
e fufgr egkV bil d vk d vuikr e ,d otu Ya}
Bkik thrk gA

GR;d DyLVj e cR;d MkbV ij ,yhy 1 dh vkoflk
gA FastPHASE e My tull[;k glykVkbi volFikvk d
chp 1Ze.k d IF ,d vvum d Zi eA

P(G,| 0.0.1) = 2 P(G,1Z,6) P | our)

Pr(G,|z,0) IfjHkFkr djrk g fd n[k x, €ukVkbi
Vkj volLFik d cip fLop dju d e,My 1Vu dh fdruf
IHkouk g &k Begk dk cfrfufiRo djr g u fd Ink
glykVkbiA wvkj ;ak ,d DHdouk d -1 e fy[ik &
Idrk gA

L(G,G | a,0,r) = IT P(G, | 0.,0,r) IT P(H,| c.,6,r)

eMy dk fQV dju d fy, ,d b,e ,Yxkfjne dk
mi;kx fd;k &k g] vij ijketvj vueku ij Br
feflx thukVkoi dk ykx dju d fy, ,d Q,joM&cdoM
,Yxifjne dk mi;kx fd;k thrk gA "Whdrkvk u ik;k
fd vuekukd ,d IV d vilr 1 doy ,d vueku dh
ryuk e cgr cgrj ifj.lke feyAFastrHase LV d
NKV BVk dk mizkx djrk g t fd ;Féfpr -i 1
dil;Viuy -1 1 rt gkuk pkfg,] gkykid] ;g ykHk
vif'kd -1 I ver legk d Dk dke djd vifkd gkrk
g feld fy, db ekinMk dh vko"drk gkrh gA

tlk fd fp- 2 e nl;k x;k g] glykVkbr dk
DyLVj ekuk tkrk gA ,] cf] I vkj Mh ekdko J[kyk d
fofiu BV dk ifjHkfkr djr g tk glykvkbi forj.k

Imputation base
A B

R T [ I = T 7 1
T T 1= e
I ..
[ 1 1 [ [ ]| |

5 e s -
[==l=l=]—=[ula]=]
-

1=

General population

3 7 ?

-
_Q}_:"-D e ioh ioel oo D’h
At L4 v A

B O ICERE (DN i DN A e

Probable

Improbable

fp= 2t @,td 12015 1j vi/Mfjr QiLvQt d HkFk
ThukVkbi bl; VT kuA

mRilu djr gA ,yhy jx&diMr gir g] vij vyx&vyx
jx fdlt fn, x, LRku ij leku ,yhy d vuzi gir
gl Vi B gi] FastPHASE e IMPUTE dif ryuk e BHkkouk
X.kuk e vi/kd vKir ijkenvy “lkfey g] BkFk gh DyLV]j
otu d cHiko] FastrHASE € 1jkelVj vuekuk 1j vi/kd
ekud =fV;k gA pj.kc) DEI;V'hu vi/ikj | ckir eY;k
1j dN ekinMk dk r; djuk ,d IHkfor Bek/kku gk
Idrk g fekfpuh ,M gkoh] 2010%A

EP imacht

MacH ,d Hmm My dk fu;kitr djrk g tk fd
impuTEd lefu g] yfdu] mMPUTE Vij FastPHASE d
forjir] macHdk ,d vyx bl;V*u cl dh vko®;drk
ugh g] tcfd ble oreku vuekuk d wi/ij 1j ¢R;d
0;f& d thukVibi MVk dk pj.kc) viMv djd wi;
b ueuk dk vuekfur fd;k tkrk gA bl e,My dk bl
cdkj fy [k € Idrk ¢t

P(G,| D,0m)= X P(G,|Zn) P(Z| D, 0)

p] dk NkMdj vuekfur glykVkbi dk 1V g]
znmm dh INTh gb voLlFkk g] n ;g fuldjr djrk g fd
d,ih fd, x, glykvkbi I fdru leku g] vij o fNih
gb voLFk d cip 1Qe.k dk fu;f=r djrk g lekfpus

Vkj gkof] 20104A Ief'V glyWVkbi forj.k dk iujkolk =i
I fulfjr fd;k tkrk g vkj cR;d iujloflk d nkjku
1jkehVy n vkj o Hkh VIMV fd, tkr gA glykvibll d
,d Intk tuy 1 d Vikkj 1j] vectkr thukvkbi dk
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bl;Vku vuekfur glyivibll p- e 1 dk tiMdj
Lek;kFEr fd;k thrk gA fQj glykVkbi ueuk dk iujkolk
djd vcfrcfkr thukVkbi d lhekr forj.k dk vueku
fd;k trk gA

ChXy IBEAGLE!

chxy fof/k ickmfux] 20067 ,d x.kI=d Nk ¢R;d
ekdj dh fLRdfr e glykVkbll dk LRkuh; -1 1 leg
cukdj ,dHmmcukrt gA Begk dk ,yhy 1j ifjtkd'kr
fd;k x;k g u fd glykvkbi Lrj 1jA FastrHAsE d
IF,d vij vry ;g g fd legk dh B[k fuf"pr ugh
gkrh cfYyd {i=&futkj gA bld eMy e dib ijkeiVj
ugh g feldk vueku yxku dh vio®;drk g vij bl
nk pj.kk e glykvibi d fn, x, BV 1j ykx fd;k tkrk
gA of*od glykVkbi wkoflk;k d cttk; BehilFk ekdjk
d chp LFkuh; Lrj ij ,yhy , IfL,"ku 1@e.k dh
IHkoukvk dk fullkfjr djrk gA o"ude 1ul;ktu
¢fd;k dk e My dju dh dkb vko®;drk ugh g D;kid
ekdko J[kyk e dkb ni*dkfyu Lefr ugh g] vij fd I
Hb mRifjoru dh vuefr nu dh vko® ; drk ugh gkrh gA
D;kfd chxy e ekdko J[kyk d ,dek= voLFk okLro e
nik x, ,yhy gA ; IHb fo"kkrk, Aij crk, x, w;
rjhdk di ryuk e thukVkbi bl;V*ku e BeacLE dk
dtl;V'uy =i I rt cukrh gA gkykid] nk' ;g g fd
BeAGLE dk 1.k V/;;u ueu 1j VIMJr gkuk pifg,]

feldk vFk g fd bl ivpuTe2 dh rjg follkftr ugh
fd;k € BIdrk gA ;fn iMkdh ekdjk 1j ,d cfglikc
vy 1;ktu oky fd I Ha glykVibi dk Lopkfyr -1
1 "U; dh BHkouk Bkih &, XA

chxy fof/k glykVkbi Lrj d ctk; ,yhy 1j Degk
dk ifjtkkfkr dyrh g] , 1,uih d fy,] Begk di B[ ;k
GR;d fLRfr fuhyk sk ukjxhh e nk d cjkcj gkt gA
bl;Viku cl vkj LVM By e bVj&ekdj ,yhy
, IKL, "ku d nkuk LFkuh; Lirj glykvidi forj.k BHkoukvk
dk fu/jr djr gA W g, rij e/;orh 13e.k HHkoukvk
dk bfxr djr g ifp= 3tA

bEl;V*ku fof/k;k d chp ryuk

"Whdrkvk u bu wvkerkj 1j bLreky fd, tiu oky
tulVkoi bl;V*ku Yeod ekfpun ,M ghof] 2009; ulFkukxy
.,V vy| 2009; okx ,V vy] 2012; fy; ,V vy] 2014
d ¢n'ku dk Rko/kkuhiod v/; ;u fd;k gA ekfpuh ,M
gkon %2010% u Infk tuy d wvulkj Icl yidfc;
bl;V*ku fof/k;k e 1 ¢R;d d x.k dk I{ki e cLrr
fd;k g tirkydk 14 v/; ;u ueuk d x.k irkfydk 24]
dk; @e fodYi frkfydk 3] dEl;Vkuy ¢nfu vkj =fV
nj lrkfydk 4%A migku ik;k fd imPuTEVL, MACH,
FastPHASE VK] BEAGLE d cip ivpuTEV2 mud fley*u
ifj—"; vkj ,d mar Kj.kk d vk/kj ij Icl Tvhd
—f'Vdk.k g] yfdu IHh fof/k;k Beku ¢n®ku mRilu

Reference set

Study sample

[ | ?
8 ?

oEl - B - o
"
ﬁﬁim’!ﬁh
L ot
ﬂ%ﬂ.ﬂ_fﬂ_ﬁ‘% Improbable
L A '} A

Study sample

fp= 3 cixy d Ik TiuiVkbi bl;V'ku @,td 42015 ij VKM FasHase 1 vyxA
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djrh gA bld vykok] vix di tkp dju d fy, fd
1000 thuke ckeDV €l glykVibll d cM Int Tuy
ij rjid dI ¢n'fu djr g] "Whkdrkvk u 1000 thuke
ckeDV 1 ik;yV Iib; glykVibi d vi/ij 1j 500 vij
1]000 0;f&;k 1 ;& 1)000 glykvkbi d Entk Tuy dk
mi;kx fd;k g vkj HapceN fley’ku yikx fd;k gA
x.k1=10 1j 5 ,ech {i=A ifj.Ke fn[kr g fd mPUTEV?2]
BEAGLE VK] FastPHASE di ryuk e rt gA

okx ,V vy 120124 u ,d ub fudVre Mkl fof/k
hou,ub vij ,d Hkfpr BLdj.k IMCY; ,u,uk dk gLrrko
JIK) € nkuk gl ;ked fD)kr dk ikyu djr gA yi{kr
0;fa d ikl tul[;k 1 ,d d lelu tukvibi vude

rkfydk 15 Intk x.kA

ghrk gA bu nk fof;k d wvykol] mlgku FastPHASE,
Npute #J,cVI ,V vyA] 2007 vkj db e'liu yfux
bl;V*u fof/k;k dk Hb ykx fd;k fele TikV oDV]
e'liu Yisvmi] ,d LFkuh; U;jy uVod W;JyuVi] vij
,d LFkuh; QIV vMj ekdko pu imch “kkfey gA
ifj.kek 1 ark pyk fd ,u,u vkj MY;,u,u Icl
d'y rjhdk e 1 H] vk ykirk ,,uil €ukvibi
bl;V*u e QLVQI dk NkMdj wU; rjhdk dh ryuk e
dkQh cgrj ¢n'ku fd ;KA

fy; ,V vy 120144 90 0;f&;k 1 ij&thuke Mh,u,
vu@e.k MVk d vk/kkj 1§ €hukVkbi bl;V ku ¢n’ku dh
0;ofLFkr =i 1 tkp diA ¢frzi.k ¢n’ku dk eY;kdu

bEl; V*ku fof/k

. IMPUTEV1  IMPUTEV2-2  MACHV1-0-16 FastPHASEV1-4-0 BEAGLEV3-2
Infk Tuy
glykvkbi InHk Tuy dk ok ok ok ok ok
mizkx dj Idr g\
thukVkbIM jQJ I Tuy ugh ok ok ok ok

dk mi;kx dj Idr g\
D;k nk glykVkbi ;k hukVkbIM ugh ok ugh ugh ugh
JjQjl iuy ,dghjue

bLreky fd, €k Idr g\

Intk 1uy Ighckzi e HapMap2 HapMap2 HapMap2 Hap2 1000 Genome
miytk g HapMap3 HapMap3 HapMap3 projects

IKGP pilot IKGP pilot IKGP pilot
data data data
1000 Genome 1000 Genome
projects projects

rifydk 20 v/;;u d ueu d Xx.fA
K bEl; V*ku fof/k

' IMPUTEV1  IMPUTEV2-2  MACHV1-0-16 FastPHASEV1-4-0 BEAGLEV3-2
v/;;u d ueu
viuf*prrk d I fufn'v ugh ok ugh ugh ok
thukVibi y 1dr g\
frdMh vkj Bcf/kr ueuk ugh ugh ugh ugh ok

dk lek;ker dj Idr g\
D;k v,Vklkey glykvibll ok ok ugh ugh ok

dk ,d v/;;u ueuk

yxk;k g Idrk g\
x X.kI=1j btl;V dj Idr g\ ok ok ugh ugh ok
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djudfy, elunM d i e IVid zi I yxk, x, doy InH iuy dk mi;kx dju dh ryuk e cgrj
ofj,V d ¢frkr dk mi;kx djd] Icl igy] migku ¢nfu fn[k;k gA ,d gh vickniA nlljk| tpdrk verkj
ik;k fd fefued vkj impuTe2 € BEAGLE d ryuk e 1j vix d fo'y'k.k I [kjke -1 1 yxk, x, ofj,V dk
cgrj bl;V'u ¢nfu g vkj cg&tul [;k Intk tuy u gVku d fy, bl;V*u DokfyVh eki ij HgkBk djr gA

rifydk 3t dk;@e fodYik vkj Bfo/kkvk d X.kA

bEl; V*ku fof/k
IMPUTEVL  IMPUTEV2-2 MACHV1-0-16 FastPHASEV1-4-0 BEAGLEV3-2

X.k

ckxke d fodYr vkj fo"k'krk,

D;k QfEx vkj KRk gh ugh ok ok ok ok
bEI; V*ku miyCk g \
D;k vkrfjd ¢n*fu eY;kdu g\ ok ok ok ugh ugh
doy ,d fufn'v vrijky e ok ok ugh ugh ugh
gh bEl;V dj Idr g\
MVk IV d cip LVM Bj[k.k ok ok ok ugh ugh
dk Iky Idrk g\
, L,ulh vij ueuk leko™fu ok ok ugh ok ok
,0 cfg'dj.k fodYi\
bl;Vihu vikj , IKD, "ku 1jhdk.k ugh ugh ugh ugh ugh
dfy, 1;a eMy\
v,ijfvx fILVe dh vko®;dri\ Linux, Linux, Linux, Linux, Java
Solaris, Solaris, Windows, Solaris, executable
Windows, Windows, Mac Windows,
Mac Mac Mac

rkfydk 4t dEl;V*kuy ¢n®kuA

bEl; V*'ku fof/k
IMPUTEVL  IMPUTEV2-2 MACHV1-0-16 FastPHASEV1-4-0 BEAGLEV3-2

X.k

dEl; Vikuy ¢nku

vidyu 1+ ugh ok ugh ugh ok
vidyu 2+ ugh ugh ugh ugh ok
=V njg¢

ifask ifj-"; Adwvu:zig 542% 516% 5-46% 592% 6-33%
ifj—"; cf icfrcf/rh 3-40% 5-33% 3-46%
ifj—"; ch .k 3-40% 401%

%120 CEU Hapmap2 haplotypes | Affy500k fpi i1 1377 ueuk dk bEl;V*ku; 75 ,ech {k=A MVk igkoh] ,V vyA] 2009%
I virk gA # 500 ¥1000% ueuk dk bEl;V*ku 5 ,ech {k= e 8712 , 1, uih iy 872 ,0,uih 1 872 ,1,uih 1j €wkVibi
fd;k x;kA Dkeklke 10 1j 5 ,ech {i= e 1000 thuke i1fj;keEuk I HAPGEN VKJ 1k;yV cEU glykVkbi dk mi;kx djd
fIE; yVM MVKIV 1) vidkijr Be;A ¢ =fV nj fgkof] ,V vyA] 200%] mpuTEV2 d 1fj.Kke VIMV dj fn, X, gA fn,
X, ifJ="; B =fV nj Afiymetrix SNPs 1 yXk, X, llumina SNPs d fy, gA llumina , I,uih 1 yxk, x, ,fQefVDI
,Luih d fy, =V nj cdV e ni xb gA
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fu"d'k
bl v/;;ue fopkj fd, x, feflx MVk ifj-";k e
MPUTEV2 € mPp VA Ik vkj rt X.kuk nkuk FkA gkon
,V vy 12011% dk ekuuk g fd impuTe2 dh 1QyTrk
bldh dEl;V'uy j.kutfr;k vkj viu Mh,u, vu@de
filurk d e,My dh otg I gA eMy d ,YxkfjFe d
—f'Vdk.k 1] BEAGLE VA FastPHASE glykVkbi dk egk
e tMr g tk x.kuk ¢fd;k dk xfr nr g D;kd ;g
HMM VoLRkvk di B[ ;k dk Iffer djrk gA BEAGLE
Vkj FastrHASE dk MVKIV e ¢R; d glykVibi 1j Hwmm
X.fuk dju d ctk; doy legk d ,d N&v BV 1j
X.kuk pyku dh vko®;drk gkrh gA bld foijhr]
IMPUTEV2 VKj MacH ,d LV e ¢R;d glykVibi d
fy, nvm dk ¢n’ku djr g: gkykfd] IHd LVV dk
mi ;kx X.kuk dk dfBu cuk nrk g] vkj blfy, mPuTEV2
JKT;k wolFkkvk dk cfrcf/kr djrk gA

gkoh ,V vy 42011% u ¢nf'kr fd;k fd mPUTEV2
mud }kjk tkp x, 1fj=";k d fy, BeacLe dh ryuk
emPp IVhdrk clir djri g vij ;g MVKIV e de8wvioflk
oky ofj,V e fo'kk -1 I Li"V g ftle mPp glykVibi
fofo/krk gA thukVkbi bl;V'ku felu tfVy ekuo jkxk
dk BdMk okLrfod 1% rd igpk;k g] thuke&okbM
, I, "ku LVMIE Yewash dk ,d vko®;d fgL 1k cu
jok g #fgMkQ ,V vy] 2009 vkj ;9 vxy dN o% rd
thjh joxiA e[ ; dijd tk ¢liifor djxk fd fdl bl;Viu
fof/k dk mi;kx fd;k thrk g] o gkx tk vxyh ii<h d
vu@e.k MVk dh c<rh miyCkrk dk cMh B[ ke, 1, uib
d LiF Iky 1dr gA glykvibi d cM vikd fofo/k IV
dk mi;kx dju e vijki.k fof/k;k d fy, Hh ;gh pukrh gA

vr e] thukVkbr bl;Viu dk ¢;kx lkyk&vidkfgr
MVk 1<t €1 VPN oKkfud vi;kl d Beku fu;ek dk
tkyu djuk pkig,A vkuof*kd jkx 1% v/;;u i,Mjlu
2V ovy] 2010 e MVk x.kolkk d ekunM dk ifjHfkr
dju d fy, vrir e cgr Iij ¢;kl fd, x, gA blfy,]
thukVkbi bl;V'hu d fy, Beku Lrj dh Ividrk vij
fo*olun; rk eY;kdu ekunM fodflr djuk vko®;d gA
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