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vkuqoaf”kd :i ls la”kksf/kr cSdksyksok;jl % dhV çca/ku esa ,d egRoiw.kZ
lk/ku % ,d leh{kk

lkxj Mh1] jRuk çHkk2]3] lkSE;k flag4

lkjka”k
Baculoviruse dhV ok;jl ds lcls cM+s ifjokj dk çfrfuf/kRo djrs gSa vkSj estcku fof”k’Vrk ¼host specificity½] i;kZoj.k lqj{kk
vkSj vU; fu;a=.k ,tsaVksa ds lkFk laxrrk ¼compatibility½ lfgr mudh vuwBh fo”ks’krkvksa ds dkj.k ,dh—r dhV çca/ku esa egRoiw.kZ
lk/ku ds :i esa dke djrs gSaA ck;ksisLVkbM~l ds :i esa muds Qk;ns ds ckotwn] wild&type cSdqyksok;jl dh dbZ ck/;rk,as gSa] ftues
çfrcaf/kr estcku lhek ¼restricted host range½ vkSj ;woh ¼UV½ çdk”k ds fy, Hks|rk ”kkfey gSaA tsusfVd bathfu;fjax iqu% la;kstd
cSdqyksok;jl ds fodkl ds ek/;e ls bu ck/kkvksa dks nwj djus ds fy, ,d vk”kktud –f’Vdks.k ds :i esa mHkjk gSA gky ds fodklØeksa
esa BACMID flLVe ¼cSDVhfj;y —f=e xq.klw=½ dk fodkl ”kkfey gS tks lkbV&fof”k’V iqulaZ;kstu vkSj Vªkaliksft”ku ds ek/;e ls
vkuqoaf”kd gsjQsj dh lqfo/kk çnku djrk gSA Hkfo’; ds vuqla/kku fn”kkvksa esa lgfØ;kRed çHkkoksa dks çkIr djus vkSj estcku jsat dks
O;kid cukus ds fy, dbZ U;wjksV‚fDlu dh lg&vfHkO;fä ”kkfey gS] ftlls fVdkÅ dhV çca/ku ds fy, vuqoakf”kd :i ls
la”kksf/kr cSdqyksok;jl dkQh ewY;oku lkfcr gks ldrs gSaA

”kCn dqUth% BACMID, cSdqyksok;jl] tsusfVd bathfu;fjax] dhV ok;jl] dhV çca/ku A
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çLrkouk
dhV fo’kk.kq dbZ vkFkzkZsi‚M çtkfr;ksa ds egRoiw.kZ jksx tud
gSaA mUgsa dhVks dh ,d foLrr̀ J̀a[kyk ¼feyj vkSj c‚y] 1998½
ls ntZ fd;k x;k gS] vkSj bu estckuksa ds lkFk mudk tqM+ko
yack gS] yxHkx 200 fefy;u ls vf/kd o’kksaZ ls dhV fo’kk.kq
lw{e n”khZ] ck/;dkjh ¼obligate½] var%dksf”kdh;] jksx tud
bdkb;ka gSa ¼Bhandari and Paudel] 2024; Swati et al.]
2023; Sharma et al.] 2024½A ;s ok;jl lc ls ljy
thfor :i gSa] tks U;wfDyd ,flM rFkk mls ?ksjus okys çksVhu
[kksy ¼dSfIlM½ ls cus gksrs gSaA U;wfDyd ,flM ç—fr esa
laØked gS tcfd dSfIlM :ikRed xq.k çnku djrk gSA
çR;sd ok;jl esa ,d çdkj dk U;wfDyd ,flM gksrk gS] ;k

ABSTRACT
Baculoviruses represent the largest family of insect viruses and serve as important tools in integrated pest management due to their
unique characteristics including host specif icity, environmental safety and compatibility with other control agents. Despite their
advantages as biopesticides, wild-type baculoviruses have several limitations, including restricted host range and vulnerability to UV
light. Genetic engineering has emerged as a promising approach to overcome these obstacles through the development of recombinant
baculoviruses. Recent advances include the development of BACMID systems (bacterial artificial chromosomes) that facilitate
genetic manipulation through site-specific recombination and transposition. Future research directions include co-expression of
multiple neurotoxins to achieve synergistic effects and broaden the host range, whereby genetically modified baculoviruses may
prove quite valuable for sustainable pest management.
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rks Mhv‚Dlh jkbcksU;wfDyd ,flM ¼Mh,u,½ ;k jkbcks U;wfDyd
,flM ¼vkj,u,½A U;wfDyd ,flM Mcy ;k flaxy LVªSaMsM gks
ldrk gSA U;wfDyd ,flM dSfIlM ds lkFk fey dj U;wfDy;ks
dSfIlM ;k ok;fjvku cukrk gS A dhV fo’kk.kq d.k ;k rks <ds
gq, ¼enveloped½ ;k fcuk <ds ¼non-enveloped½ gks ldrs
gSaA ,d f}ijr fyfiM f>Yyh ftls ok;jy f>Yyh ;k
ok;jy fyQkQk dgk tkrk gS] dbZ tfVy ok;jl ds U;wfDy;ks
dSfIlM dks ?ksj ysrh gSA fo’kk.kq ;k rks vdsys ;k ,dkf/kd esa
lqj{kkRed fØLVyh; çksVhu eSfVªDl esa varfuZfgr gksrk gS
ftls occlusion body ¼vksch½ ds :i esa tkuk tkrk gSA vkt
rd] ok;jl dh 6590 çtkfr;ksa dks baVjus”kuy desVh v‚u
VSDlksu‚eh v‚Q ok;jl ¼vkbZlhVhoh½ }kjk ifjHkkf’kr fd;k
x;k gS] ftuesa ls 1100 ls vf/kd ok;jl dhVksa ds 20 ls
vf/kd fofHkUu ifjokjksa ls lacaf/kr dhVksa dks laØfer djus ds
fy, tkus tkrs gSaA 1100 dhV fo’kk.kqvksa esa ls 50% ls vf/kd
fo’kk.kq ,d gh ifjokj cSdqyksfofjMs ¼Baculoviridae½ ¼,cjys
,V vy] 2012½ ls lacaf/kr gSaA

cSdqyks ok;jl dhV fo’kk.kqvksa ds cM+s ifjokj ls cuk
gS vkSj lcls xgu v/;;u fd;s x;s dhV jksx tudksa esa ls
gS] bUgsa O;kid :i ls dhV fu;a=.k ,tsaV vkSj çksVhu
vfHkO;fä osDVj nksuksa ds :i esa mi;ksx fd;k tkrk gSA
cSdksyks ok;jl esa ;g ,d f}-pj.kh; laØe.k çfØ;k gS
ftlesa thuksVkbfid :i ls leku] ysfdu QsuksVkbfid :i
ls fHkUu ok;jl :i mRiUu gksrs gSa] tSls] baVªklsY;qyj jksM+k
O;qRiUu ok;jl ¼intracellular occlusion derived virus]
vksMhoh½] ;k cká dksf”kdh; ok;jy larku ¼budded virus
;kchoh½A vksMhoh ,d dhV ls nwljs dhV esa laØe.k QSykrk
gS] tc fd choh ,d laØfer dhV ds Hkhrj ,d dksf”kdk ls
nwljh dksf”kdk esa laØe.k QSykrk gS ¼xzsukMksl] 1980½A

thukse vuqØe fo”ys’k.k] :ikRed] tSfod vkSj
Qkbyks tsusfVd fo”ks’krkvksa vkSj bls laØfer djus okys
estcku ds vk/kkj ij tsgys ,V vy ¼2006½ us cSdqyksfofjMs
ds lnL;ksa dks oxhZ—r fd;k vkSj pkj çtkfr;ksa ds varxZr
j[kkA vYQk ckdqyks ok;jl lHkh ysfiMksIVsjk&fof”k’V U;wfDy;ks
i‚yhgsMªks ok;jl ¼,uihoh½ gSa vkSj muds vkschDykfld
dbZ&i{kh; ¼i‚yhgsMªy½ vkdkj ds gSa tSlk fd Vkbi çtkfr
v‚VksxzkQkdSfyQksfuZdk eYVhiy ,uihoh ¼,lh,e ,uihoh½
esa ns[kk tkrk gSA bl thul ds lnL;ksa }kjk mRikfnr
vksMhoh esa çfr vkof.kZr fo’kk.kq esa ,d ;k dbZ U;wfDy;ksdSfIlM
”kkfey gks ldrs gSa] ;g fo”ks’krk vU; tsusjk ds lnL;ksa esa
ugha ikbZ tkrh gSA chVk ckdqyks ok;jl esa ysfiMksIVsjk&

fof”k’V xzSuqyks ok;jl ¼thoh½ ”kkfey gSa vkSj type species
lkbfM;k ikseksusyk thoh ¼lhihthoh½ gSA xSek ckdqyksok;jl
gkbeuksIVsjk&fof”k’V ,uihoh gSa tSls fd i‚yhgsMªy vksch ds
lkFk fu;ksfMfç;u ysdksusVh ,l,uihoh ¼vdsys vkoj.k okys
,uihoh½A var esa] MsYVk ckdqyksok;jl fMIVsjk&fof”k’V ,uihoh
gSa ftuesa 0-5&15 ekbØksu ds fØLVyh; vksch gksrs gSa ftuesa
dbZ fo’kk.kq gksrs gSaA bl ok;jl dk viral occlusion eSfVªDl
çksVhu vU; rhu tsusjk ds ok;jl dh rqyuk esa dkQh cM+k gSA
MsYVk ckdqyks ok;jl dh çdkj dh çtkfr D;wysDl fufxziky
ilU;wfDy;ks i‚yhgsMªks ok;jl ¼CuniNPV½ gSA cSdqyks ok;jl
dh vf/kdka”k çtkfr;k¡ vYQk vkSj chVk cSdqyks ok;jl ds
Hkhrj ikbZ tkrh gSaA

cSdqyks ok;jl dh laØe.k çfØ;k

laØe.k ,d vfr laosnu”khy ykokZ }kjk vksch&nwf’kr Hkkstu
tSls iÙks [kkus ls vksch ds varxZzg.k ds ckn gksrk gSA ,d ckj
fuxyus ds ckn] vksch dks {kkjh; ¼ih,p 8&10½ ykokZ feMxqV
{ks= esa ys tkrk gS tgka vksch i‚yhgsfMªu ds :i esa ?kqy tkrk
gS vkSj feuVksa ds Hkhrj vksMhoh dks NksM+us ds fy, ?kqyu”khy
gks tkrk gSA fQj released vksMhoh dks laØe.k LFkkfir
djus ds fy, feMxV ,fiFksfy;y dksf”kdkvksa rd igqapus ds
fy, feMxV esa ik, tkus okys isfjVªksfQd f>Yyh  ¼ih,e½ ls
xqtjuk iM+rk gSA ,d ckj tc os ih,e ls xqtjrs gSa] rks
fo’kk.kq e/; vkar midyk dksf”kdkvksa ls tqM+rs gSa vkSj muesa
ços”k djrs gSa vkSj midyk f>Yyh ds lkFk foy; djrs gSa]
ftlls U;wfDy;ks dSfIlM dksf”kdkvksa esa ços”k dj ikrs gSaA
estcku dksf”kdkvksa esa ços”k djus okys fo’kk.kq] ijek.kq fNæksa
ds ek/;e ls dsaæd rd igqaprs gSa vkSj estcku dksf”kdk dsaæd
esa çfr—fr cukuk ”kq: dj nsrs gSaA feMxV ,fiFksfy;y
dksf”kdkvksa ds dsaæd esa ok;jy çfr—fr ds ifj.kke Lo:i
dbZ larfr U;wfDy;ks dSfIlM dh mifLFkfr gksrh gS vkSj
budded virus ¼choh½ ds :i esa mHkjrh gSA pwafd choh dks
,d dksf”kdk ls nwljh dksf”kdk esa laØfer djus ds fy,
tkuk tkrk gS] midyk dksf”kdkvksa ds ckn os ”okluyh
dksf”kdkvksa vkSj Vªsfd;ksCykLV rd igqaprs gSaA ”okluyh ds
usVodZ ds ek/;e ls vkxs c<+rs gq, vkSj xfr”khy VªsdksCykLV
ds Hkhrj LFkkukUrj.k }kjk] ok;jl gseksfyEQ dksf”kdkvksa vkSj
xksukM] gkbiksMfeZl] ekalisf”k;ksa] raf=dk xSfUXy;k vkSj
isfjdkfMZ;y dksf”kdkvksa lfgr vf/kdka”k ykokZ Årdksa esa
fuokl djus okys estcku Årdksa ds ek/;e ls rsth ls QSyus
esa l{ke gSA bu Årdksa ds laØe.k vkSj fouk”k ds ifj.kkeLo:i
varr% ykokZ dh èR;q gks tkrh gS A
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cSdqyksok;jl esa dbZ vuwBh fo”ks’krk,a gSa] ftUgksaus
ekbØksfc;y dhVuk”kdksa ds :i esa muds mi;ksx esa #fp iSnk
dh gS] tSls] ¼i½ estcku fof”k’Vrk] ¼ii½ estcku dhV esa
fo’kkärk ¼iii½ dksbZ vof”k’V fo’kkärk ugha] ¼iv½ i;kZoj.k
vkSj Lru/kkjh lqj{kk ¼v½ yach ”ksYQ thou] ¼vi½ ikjaifjd Lçs
midj.kksa dk mi;ksx djds vklkuh ls yxk;k tk ldrk gS]
¼vii½ ,fitwfVd mRiUu djrk gS vkSj ¼viiI½ vU; fu;a=.k
,tsaVksa ds lkFk vuqdwyrkA

nwljh vksj] fofHkUu ck/kkvksa esa lhfer  host range;
egaxk in vivo mRiknu; lhfer cktkj vkdkj vkSj vis{kk—r
de ykxr] çHkkoh; dkjZokbZ dh /kheh xfr] fo”ks’k :i ls
de {kfr lhek okyh Qlyksa esa] lkSj ;woh çdk”k ds çfr
laosnu”khy vkSj older instars ds çfr de fo’kkärk
”kkfey gSA bu ck/kkvksa ds dkj.k vkuqoaf”kd bathfu;fjax
rduhdksa ds ek/;e ls thu lfEeyu ;k thu foyksiu ds
ek/;e ls iqu% la;kstd ¼recombinant½ ok;jl ds fodkl
dh vko”;drk gksrh gSA tsusfVd bathfu;fjax ds ek/;e ls]
iqu% la;kstd cSdksyksok;jl dks fodflr fd;k x;k gS]
ftldk y{; dhV fof”k’V fo’k thu dks lfEefyr djds
dkjZokbZ dh xfr dks c<+kuk gS] tks gkeksZu vkSj ,atkbeksa dh
vR;f/kd vfHkO;fä ;k fuf’Ø;rk ls ”kkjhfjd çfØ;k dks
çHkkfor djrk gSA

dhV gkeksZu thu dh vfHkO;fä

dhVksa dh òf) vkSj fodkl eq[;r% gkeksZu }kjk fu;af=r gksrk
gSA ,d ;k vf/kd dhV gkeksZuksa ds fo?kVu] vfr vfHkO;fä
;k fuf’Ø;rk ds ifj.kkeLo:i vlkekU; of̀)] Hkkstu can gks
tkuk vkSj ;k èR;q gks tkrh gSA rks] dhVksa ds gkeksZu dks
,udksM djus okys thu dk lfEeyu vkuqoaf”kd :i ls
la”kksf/kr cSdksyks ok;jl mRiUu djus ds fy, mi;ksx dh
tkus okyh igyh j.kuhfr FkhA c‚EcsDl eksjh ,e,uihoh
¼ch,e ,uihoh½ dk ,d iqu% la;kstd ok;jl tks ,d lfØ;
ew=o/kZd gkeksZu ¼Mh,p½ dks ,udksM djrk gS] taxyh çdkj
ds ok;jl ¼ek,Mk ,V vy] 1989½ dh rqyuk esa ykokZ dks
ekjus esa 20% rst ik;k x;k gSA dqN vU; gkeksZu ftUgsa iqu%
la;kstd ,uihoh esa O;ä fd;k x;k gS muesa ,Dyksfl;u
gkeksZu] çksFkksjkfl dksVªksfid gkeksZu] juvenile gkeksZu ”kkfey
gSa] ysfdu bu gkeksZuksa dh vR;f/kd vfHkO;fä ls taxyh
çdkj dh rqyuk esa u’V djus dh xfr esa dksbZ egRoiw.kZ
lq/kkj ugha gqvkA

dhV-p;ukRed fo’k dh vfHkO;fä

iqu%la;kstd cSdksyks ok;jl esa ,aMªksDVksul v‚LVªsfyl fcPNw
ls dhV p;ukRed fo’k ,,vkbZVh thu dh vfHkO;fä ds
ifj.kkeLo:i u’V djus dh xfr c<+ xbZA bl thu okys ,d
iqu%la;kstd ok;jl us taxyh çdkj dh rqyuk esa ykokZ dks
ekjus esa 40% rsth fn[kkbZ vkSj estcku Hkkstu esa 60% dh
deh ns[kh ¼balksXyw ,V vy] 2001½A ;g laØfer ykokZ dh
ekalisf”k;ksa ds leUo; dks fu;af=r djus esa vleFkZrk ds
dkj.k gSA bl U;wjksV‚fDld i‚yhisIVkbM dh fØ;k dk LFkku
dhV lksfM;e pSuy ij gSA ,,vkbZVh - O;ä djus okys
cSdksyks ok;jl ls laØfer ysfiMksIVsjl ykokZ] ns”kh fo’k ds
batsD”ku ls çsfjr i{kk?kkr ds y{k.kksa ds leku çdV gksrk gS
¼,yklj ,V vy] 2001½ vkSj dbZ ”kkjhfjd çHkko ikbjsFkzksbM
dhVuk”kdksa ds leku gksrs gSa tks fd leku y{; ij Hkh dk;Z
djrs gSa ¼x‚MZu ,V vy] 1992½A vU; mi;ksxh dhV&p;ukRe
dU;wjksV‚fDlu gSa SFI1 ¼;wjksih;e dM+h] lsxsfLVª;k ¶yksjsafVuk
ls çkIr½ vkSj ButaIT [nf{k.k Hkkjrh; yky fcPNw es lkscqFkl
VSeqyl ¼oqn;k fxjh ,V vy] 2001½ ls çkIr]A dqN fo’kkä
inkFkZ lg-vfHkO;ä gksus ij lgdkjh çHkko Mky ldrs gSa]
tSls fd LqhIT1 vkSj LqhIt2] tks yh;qjl fDouDosfLVª,Vl
fcPNw ls çkIr gksrs gSa ¼jsxso ,V vy] 2003½A

Endogenous cSdksyks ok;jl thu dk foyksiu

cSdksyks ok;jl - ,UdksMsM bfDLVLVsj‚bM ;wMhih –Xywdks
lkby VªkalQsjst ¼egt½ laØfer dhV ykokZ esa bfDLVLVsj‚bM
gkeksZu dks fuf’Ø; dj nsrs gSa] bu ;kSfxdksa dks Xywdkst ;k
xSysDVkst ds lkFk la;qfXer djdsA bl fuf’Ø;rk ds
ifj.kkeLo:i] dhV dk lkekU; fodkl] tSls fd fueksZpu]
#d tkrk gS] ftlls ykokZ pj.k yack gks tkrk gS A ykokZ c<+rs
vkSj [kkrs jgrs gSa vkSj varr% cM+h la[;k esa i‚yhgsMªk iSnk
djrs gSaA bl çdkj] mnkgj.k ds fy, laØe.k ds ckn dhV
ds Hkkstu dh vof/k dks c<+kus dk dk;Z djrk gS] ftl ds
ifj.kkeLo:i dhV ds otu esa of̀) gksrh gSA ;g thu nks
cSdksyks ok;jl tsusjk ls lacaf/kr dbZ ok;jl esa ik;k tkrk
gS tks ysfiMksIVsjk] vYQkck dqyksok;jl vkSj chVk ckdqyks
ok;jl dks laØfer djrs gSaA ok;jy thukse ls bZthVhthu
dks gVkus ls bZthVhthu okys ok;jl ds lkis{k ?kkrd le;
esa 10&20% dh deh vkSj Hkkstu {kfr esa 40% dh deh ns[kh
xbZ gSA
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Virulence of̀) ds fy, tsusfVd bathfu;fjax

,Ugkaflu ,d esVkyksçksVht gS tks vke rkSj ij cSdqyksok;jl
}kjk O;ä fd;k tkrk gS tks isfjVªksfQd f>Yyh esa dhM+ksa ds
vkarksa ds E;wflu dks u’V dj nsrk gSA VªkbdksIyqfl;kuh thoh
¼Trichoplusiani GV½ ls çkIr ,Ugkaflu thu ds lfEeyu us
fofHkUu dhV çtkfr;ksa esa ,lh,e,uihoh virulence dks 2 ls
14 xquk rd c<+k fn;kA blds foijhr] fyekafVª;kfMLij
,e,uihoh ls nks ,Ugkaflu thu dks gVkus ls virulence
{kerk 12 xquk de gks xbZA ¼Ø‚ej ,V vy] 2015½A ,lh,e
,uihoh dks vkuqoaf”kd :i ls ,d vYxy ok;jl
ikbjhfeMhufMej&fof”k’V Xykbdksflyst] lhoh&ihMhth dks
O;ä djus ds fy, bathfu;j fd;k x;k gS] rkfd ;g ;woh
fuf’Ø;rk ds çfr de laosnu”khy gksA bl rjg ds iqu%la;kstd
dk vfrfjä ykHk ;g Fkk fd LiksMksIVsjk ÝqfxijMk dks ekjus
ds nkSjku bldh virulence 16 xquk c<+ xbZ FkhA

cSdksyks ok;jl tsusfVd bathfu;fjax esa gkfy;k
fodkl cSdksyks ok;jl thukse dk fodkl gS tks thok.kq
estcku esa thok.kq —f=e xq.klw=ksa ¼bacterial artificial
chromosomes½ ds :i esa çfrfyfi cukus esa l{ke gS] bu
iqu%la;kstd cSdksyks ok;jl dks cSfDeM ¼bacmid½ dgk
tkrk gS ¼ tSu ,V vy] 2025½A ;hLV —f=e Øksekslkse
¼YAC] okbZ,lh½ vkSj Lru/kkjh —f=e Øksekslkse tSls vU;
mPp lfEeyu {kerk okys oSDVjksa dh rqyuk esa cSfDeM~l dk
eq[; ykHk dbZ ihf<+;ksa rd lfEeyu çlkj ¼insert
propagation½ dh fLFkjrk gSA ,d ckj cSDVhfj;k gksLV esa
LFkkukarfjr gksus ds ckn] cSdqyks ok;jl thukse dks
lkbV&fof”k’V iqulaZ;kstu] vkjbZlh&, e/;LFkrk le:i
iqula Z;k stu ;k Vªk aliksft”ku ¼Rec&A mediated
homologous recombination½ ds ek/;e ls vklkuh ls
gsjQsj fd;k tk ldrk gS ¼gls ,V vy] 2013½A igys
fodflr csdfeM esa ,lh,e,uihoh thukse ”kkfey Fkk] ckn
esa c‚EcsDl eksjh ,uihoh] gsfydksoikZ vkfeZxsjk flaxy&U;wfDy;ks
dSfIlM U;wfDy;ks i‚yhgsMªksok;jl ¼fg;j ,l,uihoh½ vkSj
lkbfM;kiks eksusyk xzSuqyksok;jl ¼lhihthoh½ ds fy, Hkh
csdfeM flLVe fodflr fd, tk jgs gSa ¼fgYVu ,V vy]
2008; okax ,V vy] 2003½A

fu’d’k Z
u’V dj us dh c<+h gqbZ xfr ds fy, vkuqoaf”kd vuqdwyu ls
tqM+s lkekU; dkjdksa esa ls ,d ;g gS fd ok;jl ftruh rsth

ls estcku dhV dks ekjrk gS] mrus gh de vksch mRiUu gksrs
gSaA blfy,] bu iqu%la;kstd cSdksyks ok;jl dk cM+s iSekus
ij in vivo mRiknu ,d pqukSrh cu tkrk gSA blfy, tSo
lqj{kk] O;kolk;h dj.k vkSj dhVksa ls çfrjks/k fpark dk fo’k;
gSA ,d vU; scope ,d ,dy iqu%la;kstd cSdksyks ok;jl
}kjk ,UdksM fd, x, nks vyx&vyx U;wjksV‚fDlu dh
lg&vfHkO;fä ds laca/k esa gS tks dHkh&dHkh estcku ds thfor
jgus ds le; esa deh ds lkFk&lkFk estcku lhek dks O;kid
cukus esa ,d lgfØ;kRed òf) çnf”kZr dj ldrk gSA

fgrksa dk Vdjko

ys[kd ?kks’k.kk djrs gSa fd blesa dksbZ fgrksa dk Vdjko ugh gSA
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