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lh-,u-oh- igpku gsrq Mhi yfuaZx vk/kkfjr dk;Zç.kkyh
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lkjka'k
i"̀BHkwfe% d‚ih uacj oSfj,aVl ¼lh-,u-oh- CNVs½ ls gesa tSusfVd osfj,'ku ds ckjs esa irk pyrk gSA pwafd dbZ lh-,u-oh-
esa fM¶jsaf'k;yh ,DlçsLM thu 'kkfey gksrs gSa] ftuds dkj.k lkekU; QsuksVkbfid osfj,'ku tkuk tk ldrk gSA orZeku
ç;klksa dks lh-,u-oh-ds vf/kd O;kid y{k.k o.kZu dh vksj dsfUær fd;k x;k gS ftlls ;g fu/kkZfjr djus esa enn fey
lds fd thuksfed fofo/krk ekuo ds lkFk&lkFk ikS/kksa esa tSfod dk;Z] fodkl vkSj lkekU; chekfj;ksa dks dSls çHkkfor djrh gSA
fof/k;k¡% usDLV&tsujs'ku lhDosaflax ¼,u-th-,l-½ esa fo'ys"k.kkRed osfj,fcfyVh] dojst MsVk esa vkfVZQSDV~l vkSj lh-,u-oh-
igpku esa tSo lwpuk foKku midj.kksa ds vkHkko us lh-,u-oh-igpku djus ds fy, VkxsZVsM ,u-th-,l MsVk dh mi;ksfxrk
dks lhfer dj fn;k gSA lkfgR; esa Mhi yfuaZx vk/kkfjr ikbiykbu dk fofoj.k gS] ftlesa VkxsZVsM ,u-th-,l MsVk ls lh-
,u-oh-dh igpku djus dh e'khu yfuaZx daiksusaV 'kkfey gSA
ifj.kke% ;g ekuk tkrk gS fd Dyhfudy ÞxksYM LVSaMMZß ¼tSls ,Q-vkbZ-,l-,p- FISH½ ds vkadM+ksa ds lkFk] lh-,u-oh-
igpku vf/kd lVhd gks ldrk gSA blls ekStwnk ,u-th-,l- fof/k;ksa ds iwjd ds :i esa 'kks/k dks ubZ fn'kk feysxhA

“kCndqath% d‚ih uacj osfj,'ku] usDLV&tsujs'ku lhDosaflax] Mhi yfuaZx] VkjxsV lhDosaflaxA
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ABSTRACT
Background: Copy number variants (CNVs) account for a significant amount of genetic variation. Since many CNVs include genes
that result in differential levels of gene expression, substantial normal phenotypic variation can be explained. Current efforts are
directed toward a more comprehensive characterization of CNVs that will provide the basis for determining how genomic diversity
impacts biological function, evolution and common diseases in human as well as plants.
Methods: The analytical variability in next generation sequencing (NGS) and artifacts in coverage data along with lack of robust
bioinformatics tools for CNV detection have limited the utility of targeted NGS data to identify CNVs. Literature has the evidence of
development of deep learning-based pipeline that incorporates a machine learning component to identify CNVs from targeted NGS data.
Result: It is believed that combining this with clinical “gold standard” (e.g. FISH) information, the CNV detection could be more
accurate. This would lead to a new research direction, supplementing the existing NGS methods.
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çLrkouk
d‚ih uacj osfj,aV ¼lh-,u-oh-½ d‚ih uacj psat dk çfrfuf/kRo
djrk gS ftlesa Mh-,u-,- dk Hkkx 'kkfey gksrk gS tks ,d
fdykscsl ¼dsch½ ;k mlls cM+k gksrk gSA vf/kdka'k lh-,u-oh-
mPp lhDosal flfeysfjVh dh yks&d‚ih fjihV~l ds chp
xSj&,yhfyd le:i fjdksafcus'ku dk ifj.kke gSa ¼Liu et al-]
2012½A lh-,u-oh- dh igpku vc vusd vkuqoaf'kd fodkjksa
ds jksxtuu esa egRoiw.kZ Hkwfedk fuHkkus ds :i esa gks jgh gS
vkSj ;g ckSf)d vleFkZrk dk ,d lkekU; dkj.k Hkh gS
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¼Coe et al-] 2012½A vktdy] Dyhfudy lsfVaXl esa lh-,u-
oh- dk irk yxkus ds fy, ÞxksYM LVSaMMZß dk rjhds dk
lkFk&lkFk lk/kkj.kr% mi;ksx fd, tkus okyk rqyukRed
thuksfed ladj.k Hkh gS ¼Freeman et al-] 2006½A nksuksa
ikjaifjd rjhdksa ls dsoy iwjh thu fjihV~l [¼cM+h fjihV~l
> 40kb½] dk irk yxk;k tk ldrk gSA fiNys ,d n'kd
esa NksVh fjihV~l ¼<40 kb½ dk irk yxkus ds fy,] ,u-th-
,l- vk/kkfjr rjhdksa dks ykxw fd;k x;k gSA t~;knkrj pkj
lhDosal&vk/kkfjr fof/k;k¡ lh-,u-oh-dk irk yxkus ds fy,
mi;ksx dh tkrh gSa% ¼1½ jhM MsIFk ¼vkj-Mh-½ fof/k] tks
d‚fi;ksa ds ykHk vkSj gkfu dk vuqeku yxkus ds fy,
ukseZykbTM jhM MsIFk esa ifjorZu ij fuHkZj djrh gS ¼2½ jhM
is;j ¼vkj-ih-½ fof/k] tks vlaxr :i ls eSi fd, x, jhM
is;j ij vk/kkfjr gS ¼3½ LifyV jhM ¼,l-vkj-½ fof/k] tks
xSIM jhM ,ykbuesaV dk mi;ksx djrh gS vkSj ¼4½ vlsacyh
¼,-,l-½ fof/k] ftlls d‚fUVXl/LdSQksYM çkIr gksrs gSa] ftudh
LVªDpjy osfj,'ku dh [kkst ds fy, lanHkZ thukse ds lkFk
rqyuk dh tkrh gS ¼Teo et al-] 2012½A mPp Lrj ij] ,u-th-
,l- MsVk ls d‚ih uacj oSfj,aVl dk irk yxkuk e'khu
yfuaZx esa DykflfQds'ku ç‚cye ds :i esa ekuk tk ldrk
gSA lhDosaflax MsVk ds lkFk Mhi yfuaZx dk mi;ksx djds
lh-,u-oh- tSlh LVªDpjy osfj,'ku dk irk yxkuk ,d ubZ
'kks/k dh vksj ys tkrk gSA gky gh esa] xwxy ds MhioSfj,aV
¼Poplin et al-] 2016½ dks lhDosaflax MsVk ls ,l-,u-ih- vkSj
baMsYl dks d‚y djus ds fy, fodflr fd;k x;k FkkA ;g
lhDosaflax MsVk çkslsflax Mksesu esa Mhi yfuaZx dh {kerk dks
çnf'kZr djrk gSA MhioSfj,aV rjhdk ,d LokHkkfod 'kks/k
ç'u mBkrk gS% D;k lh-,u-oh-tSls vU; çdkj ds tsfufVd
osfj,'ku dks lhDosaflax MsVk ls d‚y djus ds fy, Mhi
yfuaZx ykxw fd;k tk ldrk gS tks ,l-,u-ih- vkSj 'k‚VZ
baMYl ls vf/kd tfVy gSa\ vius v/;;u esa] Zhang et al-
¼2019½ bl ç'u dk ,d ldkjkRed mÙkj çnku djrs gSa%
os fn[kkrs gSa fd lhDosaflax MsVk ls d‚ih uacj oSfj,aVl ¼lh-
,u-oh-½ dks lVhd :i ls d‚y djus ds fy, Mhi yfuaZx
dk mi;ksx fd;k tk ldrk gSA

lh-,u-oh- d‚y djus gsrq Mhi yfuaZx dk dk;kZUo;u

lSaiy lzksr ,oa MsVklsV dh rS;kjh

ge ;gk¡ Zhang et al- ¼2019½ ds v/;;u ls lh-,u-oh- igpku
esa Mhi yfuaZx dh mi;ksfxrk dks le>saxsA Zhang et al-
¼2019½ us Illumina Nextseq500 IysVQ‚eZ ds lkFk

ERBB2+MET iw.kZ &,Dl‚u fMtkbu fd, x, ,u-th-,l-
iSuy lhDosaflax ds ek/;e ls 1301 ERBB2 vkSj 1148 MET

lSaiy MsVk ,d= fd;kA ERBB2 ds lh-,u-oh- dh vkof̀Ùk
yxHkx 16% ,oa MET ds lh-,u-oh- dh vkof̀Ùk yxHkx 2%

FkhA ,u-th-,l- iSuy ij vk/kkfjr vk;ud‚ih Vwy ds
mi;ksx ls lh-,u-oh- lsafiyksa dks i‚flfVo vkSj usxsfVo :i
esa yscy fd;k x;kA ,Q-vkbZ-,l-,p- ¼FISH½ ifj.kkeksa ds
la;kstu esa] lh-,u-oh- i‚ftfVo lSaiy ds VkjxsV {ks= esa
yxHkx ges'kk xsu flXuy gksrk gS] blfy, ,sls vuqekfur
lh-,u-oh- dks i‚ftfVo lSaiy ekuk x;kA var esa] Øe'k% 272
ERBB2 vkSj 63 MET lh-,u-oh-&i‚ftfVo lSaiy vkSj 1029
ERBB2 vkSj 1085 MET lh-,u-oh dks udkjkRed lSaiy ds
rkSj ij ,d= fd, x,A

dojst MsIFk dSydqys'ku vkSj uksesZykbts'ku

bl fof/k esa loZçFke fof'k"V thu ;k VkjxsV jhtu ds jhM
uacjksa dh eSfVªDl rS;kj djuk egRoiw.kZ dk;Z gSA blfy,]
lanHkZ ,Dl‚u dks 40 ch-ih- dh ,d LVªkbM ds lkFk dbZ 50
ch-ih- foaMks esa foHkkftr fd;k tkrk gS] ftlesa lkFk dh foaMks
dh çR;sd tksM+h ds chp 10 ch-ih- vksojySi gksrk gSA
,Dl‚u lhDosal ds iwjs fcu ls esy [kkus okys jhM~l dks
çR;sd fcu ij jhM uacj ds :i esa fxuk tkrk gSA jhM~l
uacj ls ;qä ,Dl‚u dks n'kkZus okyh iafä;ksa dks Vªsfuax ds
fy, buiqV eSfVªDl cukus ds fy, ,df=r fd;k tkrk gSA
jhM uacj MsVk ;k eSfVªl esa ekStwn noise ds çHkko dks de
djus ds fy, jhM uacj eSfVªlsl dks u‚eZykbt fd;k x;kA

ÝseodZ fMtkbu

lh-,u-oh- d‚fyax ,YxksfjFke dks ykxw djus ds fy, ,d
MhiyfuaZx ÝseodZ TensorFlow dk mi;ksx fd;k x;k gSA
e‚My] LeNet&5 ftldk mi;ksx MNIST MsVk ¼LeCun et al.]
1998½ dks oxhZ—r djus ds fy, fd;k x;k Fkk] mlh e‚My
dk mi;ksx lh-,u-oh- lsafiyksa dks oxhZ—r djus ds fy,
fd;k x;k gSA blesa ,d convolutional ys;j] ,d eSDl
iwfyax ys;j] ,d Mª‚ivkmV ys;j vkSj nks iwjh rjg ls
dusDVsM ys;lZ gksrs gSaA dusZy ;k Qhpj fMVsDVj dk
vkdkj n × n ij lsV gS tgka duoY'ku esa n dk eku
¿3]5]7]9]11]13]15]17]19]21À vkSj iwfyax çfØ;k esa n ¾ 2 gks
ldrk gSA igyh] iwjh rjg ls tqM+h gqbZ ys;j esa 1024
U;wj‚Ul gksrs gSa vkSj 'ks"k nwljh ys;j esa 2 U;wj‚Ul gksrs gSa] tks
vkmViqV ys;j ds :i esa ;g oxhZ—r djrk gS fd lSaiy
lh-,u-oh-&i‚ftfVo gS ;k ughaA Mª‚ivkmV eku dks lr   ¿0-3] 0-ϵ 
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5] 0-7] 0-9] 1-0À ij lsV fd;k x;k Fkk] vkSj ys;j dks nks
iwjh rjg ls tqM+h ys;lZ ds chp j[kk x;kA Adam ,YxksfjFe
dk mi;ksx xzsfM,aV&fMlsUV&vksfIVekbts'ku fof/k ds :i esa
fd;k x;k gSA yfuaZx jsV 1×10&n ds :i esa fu/kkZfjr fd;k
x;k gS tgk¡ n dk eku ¿4] 5] 6] 7À gks ldrk gSA e‚My dks
30 lSEiyksa ds cSp lkbt ds lkFk 10]000 epochs ds fy,
çf'kf{kr fd;k x;kA

çf'k{k.k vkSj Ø‚l osyhMs'ku

e‚My dh {kerk dks tk¡pus ds fy,] 272 ,u-th-,l-&i‚ftfVo
vkSj 1029 ,u-th-,l-&usxsfVo ERBB2 lSaiy ,oa 63 ,u-
th-,l-&i‚ftfVo vkSj 1085 ,u-th-,l-&usxsfVo MET lSaiy
ewY;kadu gsrq fy, x,A ERBB2 CNN e‚My ds çf'k{k.k ds
fy, 223 ,u-th-,l-&i‚ftfVo vkSj 817 ,u-th-,l-&usxsfVo
ERBB2 lSaiy vkSj MET lh-,u-,u- e‚My ds fy, 51 ,u-
th-,l-&i‚ftfVo vkSj 867 ,u-th-,l-&usxsfVo MET lSaiy
dk bLrseky fd;k x;k gSA ERBB2 lh-,u-,u- e‚My vkSj
MET lh-,u-,u- e‚My ds çf'k{k.k ds fy, Øe'k% 10 QksYM
vkSj 5 QksYM Ø‚l&osyhMs'ku fd;k x;kA

ifj.kke
Zhang bR;kfn us vius bl v/;;u esa flaxy lSaiy ls lh-
,u-oh- dks d‚y djus ds fy, ,d Mhi yfuaZx ikbiykbu
is'k fd;k ,oa bldh {kerk dks vU; fof/k;ksa dh {kerk ds
lkFk rqyuk dhA Zhang et al- ¼2019½ }kjk ,d uohu Mhi
yfuaZx vk/kkfjr fof/k fodflr dh xbZ gSA nks bafMisaMsaV
e‚Myksa dks Øe'k% nks lSaiy MsVklsV] ERBB2 vkSj MET ij
çf'kf{kr vkSj ijh{k.k fd;k x;k gSA urhtru] lh-,u-oh-
dks d‚y djus esa lh-,u-,u- vYxksfjFke vU; ekStwn e‚Myksa
ds eqdkcys T;knk n{k ik;k x;kA çf'kf{kr lh-,u-,u-
e‚My ,d eSfVªDl ls yksdy QhplZ dks le> ldrk gS
vkSj mUgsa fofHkUu lSaiyksa ls vyx&vyx eSfVªDl esa tsfujykbt
dj ldrk gSA e‚Myksa dh {kerk dk ewY;kadu djus ds fy,
,D;wjslh] fjd‚y] çsfltu vkSj LisflfQVh tSls ekiksa dk
ç;ksx fd;k x;kA bl dk;Zç.kkyh esa vU; fof/k;ksa ls vf/kd
,D;wjslh ikbZ xbZA

fu"d"kZ
;g loZfofnr gS fd ,d fMfy'ku ;k MqfIyds'ku dbZ
yxkrkj foaMkst esa jhM uacj esa deh ;k of̀) ds :i esa Li"V

gksrh gSA lh-,u-oh- fMVsD'ku dh ;g dk;Zç.kkyh lh-,u-oh-
dh xksYM LVSaMMZ fof/k ¼FISH½ ds lkFk feydj vkSj Hkh n{k
gksdj vf/kd lVhd :i ls d‚y djus esa l{ke gks ldrh
gSA ,u-th-,l- fof/k;ksa vkSj Mhi yfuaZx fof/k ds chp le:irk
nj ds vk/kkj ij] tks cgqr vf/kd gS] ;g fu"d"kZ fudkyk
x;k gS fd #fp dh thu dks doj djus okys jhM esa d‚ih
uacj oSfj,'kal dk irk yxkus ds fy, yxHkx i;kZIr tkudkjh
gksrh gSA blfy,] Mhi yfuaZx ikbiykbu d‚ih uacj oSfj,'kal
dk irk yxkus ds fy, ekStwnk ,u-th-,l- fof/k;ksa ds fy,
,d csgrj iwjd gks ldrh gSA varr% ;g fu"d"kZ fudkyk
x;k gS fd of.kZr fof/k ls lh-,u-oh-] fo'ks"k :i ls NksVs
fjihV~l dk irk yxkus esa vU; fof/k;ksa ls csgrj çn'kZu
djrh gS vkSj Mhi yfuaZx ikbiykbu ekStwn vU; lh-,u-oh-
igpku ds VwYl tSls ,Q-vkj-bZ-bZ-lh vkSj lh-,u-oh-usVj ls
csgrj gSA
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