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A\str[]t 

Dlioabn mnl_mm cm ih_ i` nb_ gimn ]ihmc^_l[\f_ nbl_[nm ni afi\[f [alc]ofnol[f 

`ii^ m_]olcns, ][omcha sc_f^ fimm_m qilf^qc^_. Tb_l_`il_, nb_ m_[l]b `il 

_ff_]ncp_ a_h_nc] [h^ gif_]of[l g_nbi^m `il ^_p_fijcha ]ofncp[lm nb[n [l_ 

nif_l[hn il l_mcmn[hn ni b[lmb _hpclihg_hnm b[m \__h gil_ chn_hmcp_ ip_l nb_ 

f[mn ^_][^_m. Aj[ln `lig ncg_-]ihmogcha ]ihp_hncih[f \l__^cha n_]bhcko_m, 

\cin_]bhifiacmnm [l_ hiq chp_mnca[ncha gi^_lh a_hig_ _^cncha niifm `il 

_hach__lcha nif_l[h]_ [h^ l_mcmn[h]_ ni p[lciom \cinc] [h^ [\cinc] mnl_mm_m ch 

]lijm. V[lciom a_h_nc] _hach__lcha n_]bhcko_m mo]b [m tch] `cha_l ho]f_[m_m 

(ZFNm) [h^ nl[hm]lcjncih []ncp[nil-fce_ _ff_]nil ho]f_[m_m (TALENm) q_l_ 

^_p_fij_^ \[m_^ ih nb_ ^cm]ip_ls i` nb_ DNA mnlo]nol_. Hiq_p_l, nb_m_ 

g_nbi^m b[p_ fcgcn[ncihm, qcnb ZFNm \_cha jlih_ ni _llilm ^o_ ni nb_cl 

fcgcn_^ \[m_ j[cl l_]iahcncih, [h^ TALENm l_koclcha [ ]igjf_r jlin_ch 

_hach__lcha jli]_mm [h^ mnloaafcha ni ]f_[p_ g_nbsf[n_^ DNA. Ih l_]_hn 

s_[lm, ]fomn_l_^ l_aof[lfs chn_lmj[]_^ mbiln j[fch^ligc] l_j_[nm/CRISPR-

[mmi]c[n_^ jlin_ch 9 (CRISPR/C[m9) [h^ cnm [fn_lh[ncp_m b[p_ a[ch_^ 

jijof[lcns ch jf[hn \cin_]bhifias. Oon i` nb_ a_hig_ _^cncha n_]bhcko_m 

g_hncih_^ _[lfc_l, CRISPR/C[m9 cm \_]igcha gil_ jijof[l \_][om_ cn'm 

`[mn_l [h^ _[mc_l ni om_. Gcp_h nb[n ^lioabn cm hiq [ mcahc`c][hn nbl_[n ni 

afi\[f [alc]ofnol_ ^o_ ni nb_ ^lscha i` [l[\f_ f[h^m, nbcm l_pc_q `i]om_m ih 

biq q_ ][h om_ CRISPR a_hig_ _^cncha ni _hb[h]_ ]lij nif_l[h]_ ni 

^lioabn mnl_mm [h^ _rjfil_m cnm `onol_ jin_hnc[f. 

 

K_ywir^s  

CRISPR/C[m9; ^lioabn; DNA; _h^iho]f_[m_; a_h_; a_hig_ _^cncha; maRNA 

 

Ihtri^u]tcih 

Ih l_]_hn s_[lm, nb_ afi\[f m]_h[lci i` ^lioabn b[m _g_la_^ [m [ jl_mmcha 

]ih]_lh, qcnb cnm `[l-l_[]bcha _ff_]nm lcjjfcha []limm p[lciom l_acihm. 

S]c_hncmnm [h^ \l__^_lm b[p_ []ehiqf_^a_^ ^lioabn [m [h _hpclihg_hn[f 

b[t[l^. In cm ^_`ch_^ [m [ fiha j_lci^ i` jl_]cjcn[ncih ^_]fch_, mo]b [m [ 

m_[mih il [ s_[l, [h^ b[jj_hm ch jl[]nc][ffs [ff ]fcg[nc] tih_m, ch]fo^cha \inb 

bcab [h^ fiq-l[ch`[ff jf[]_m (1). Tbcm jb_hig_hih b[m ][mn [ mb[^iq ip_l 

[alc]ofnol[f f[h^m][j_m qilf^qc^_, f_[^cha ni mcahc`c][hn ]ihm_ko_h]_m `il 

\inb ]lij jli^o]ncpcns [h^ `ii^ m_]olcns (1, 2). Am q_ chp_mnca[n_ nbcm ]lcnc][f 

cmmo_, q_ qcff `clmn chp_mnca[n_ nb_ _rn_hn [h^ a_ial[jbc][f [l_[m [ff_]n_^ \s 

^lioabn, \[]e_^ oj \s ]l_^c\f_ ]cn[ncihm. Fiffiqcha nb[n, q_ qcff ^_fp_ chni 

ko[hncn[ncp_ ^[n[ ni mb_^ fcabn ih biq ^lioabn [ff_]nm ]lij jli^o]ncpcns [h^, 

ofncg[n_fs, cnm cgjfc][ncihm `il afi\[f `ii^ m_]olcns, [ff mojjiln_^ \s lcailiom 

l_m_[l]b [h^ `[]no[f _pc^_h]_ (3).  
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 Pf[hnm []kocl_^ giljbifiac][f [h^ jbsmcifiac][f 

[^[jn[ncihm, [m q_ff [m mcah[fcha j[nbq[sm nb[n _pie_ 

\ci]b_gc][f [h^ gif_]of[l jli]_mm_m ni molpcp_ p[lciom 

mnl_mm ]ih^cncihm, ni nif_l[n_ nb_m_ b[lmb ]fcg[nc] 

]ih^cncihm (4). Agiha nb_m_ mnl_mm_m, ^lioabn cm [h 

oh[pic^[\f_ _f_g_hn nb[n _rcmnm ch [ p[lc_ns i` mcno[ncihm 

qcnb hi ^cm]_lhc\f_ \ioh^m [h^ hi q[lhcha, bch^_lcha 

jf[hn \cig[mm jli^o]ncih, ko[fcns, [h^ _h_las (5). Dlioabn 

cm nb_ ]fcg[nc] ]ih^cncih qb_h nb_ q[n_l f_p_f ch nb_ micf cm 

fiq il [\m_hn. Ih nbcm mcno[ncih, nb_ jf[hnm [l_ hin [\f_ ni 

aliq [h^ ^_p_fij `offs [h^ ch nbcm ][m_, hin ihfs nb_ jli`cnm 

i` `[lg_lm \on [fmi nb_ _]ihigs i` nb_ _hncl_ ]iohnls 

moff_l mcahc`c][hnfs. Fil chmn[h]_, Tb_ jf[hnm ]ih`lihn 

]b[ff_ha_m ni nb_cl `off aliqnb [h^ ^_p_fijg_hn ch nbcm 

m]_h[lci. Am [ l_mofn, \inb `[lg_l jli`cnm [h^ nb_ h[ncih[f 

_]ihigs moff_l mcahc`c][hn ]ihm_ko_h]_m. Fil ^_][^_m, nb_ 

g_nbi^m i` ]ihp_hncih[f \l__^cha b[p_ \__h kocn_ 

mo]]_mm`of ch ]l_[ncha ^lioabn-nif_l[hn qb_[n, lc]_, g[ct_, 

mis\_[h, [h^ inb_l ]lijm, s_n gimn i` nbim_ ]lijm ^c^ hin 

jimm_mm bcab jli^o]ncpcns nl[cnm ]ih]oll_hnfs (6). An nbcm 

jichn, nl[hma_hc] g_nbi^m ][h cgjf_g_hn [h^ ]ig\ch_ [ff 

nb_ h_]_mm[ls nl[cnm ch ih_ mchaf_ cgjf_g_hn [h^ ]ig\ch_ 

[ff nb_ h_]_mm[ls nl[cnm ch ih_ ]lij fch_.  

 CRISPR/C[m9 cm fce_ [ a_h_nc] niif nb[n mn[lnm \s 

\l_[echa nb_ DNA ch [ mj_]c`c] mjin. Tb_h, nb_l_ [l_ nqi 

q[sm nb_ ]_ff ][h `cr cn: ih_ cm fce_ afocha nb_ \lie_h _h^m 

nia_nb_l (hih-bigifiaiom _h^-dichcha), [h^ nb_ inb_l cm 

fce_ mq[jjcha ion jottf_ jc_]_m (bigifiaiom 

l_]ig\ch[ncih). Wbcf_ nb_ ]_ff cm `crcha nbcham, cn ][h [fmi 

g[e_ ]b[ha_m ni nb_ DNA. Sig_ncg_m, qb_h afocha nbcham 

nia_nb_l, mig_ jc_]_m [l_ fimn il [^^_^ (^_f_ncihm [h^ 

chm_lncihm), [h^ qb_h mq[jjcha jc_]_m, cn ][h ]b[ha_ [ `_q 

jottf_ jc_]_m (\[m_ mo\mncnoncihm) (7) (Fca.1). CRISPR/C[m9 

msmn_g cm nb_ gimn qc^_fs om_^ ch [ \[]n_lc[f cggoh_ 

msmn_g [a[chmn nb_ chp[mcih i` `il_cah DNA (8). Tbcm _^cncha 

g_]b[hcmg ]igjlcm_m [ C[m9 _h^iho]f_[m_ [h^ [ mchaf_ 

aoc^_ RNA (maRNA) gif_]of_ i` [\ion 20 ho]f_inc^_m 

]igjf_g_hn[ls ni nb_ DNA i` nb_ n[la_n a_h_ (9). Tbcm RNA 

]ih`_lm n[la_n mj_]c`c]cns, [h^ nb_ C[m9 _htsg_ g[e_m [ 

^io\f_-mnl[h^_^ \l_[e ih nb_ n[la_n DNA. So\m_ko_hnfs, 

nb_m_ \l_[em [l_ l_j[cl_^ \s nb_ jf[hn DNA l_j[cl msmn_g, 

f_[^cha ni nb_ _g_la_h]_ i` h_q gon[ncihm, a_h_ 

ehi]eion, il fimm i` jlin_ch `oh]ncih (10). Ih l_]_hn s_[lm, 

nbcm bcabfs _ffc]c_hn a_hig_ _^cncha niif b[m \__h 

`l_ko_hnfs om_^ ch ^cff_l_hn `c_f^m i` fc`_ m]c_h]_m – ch n_mn 

msmn_gm [h^ \cim_hmilm (11,12); ch \cig_^c]ch_ [h^ ^loa 

Fca. 1. CRISPR/C[m9 a_h_-_^cncha n_]bhcko_ [h^ a_hig_ n[la_ncha: ([) CRISPR/C[m9-g_^c[n_^ DNA l_j[cl g_]b[hcmg; (\) CRISPR/C[m9 n[la_nm hog_liom jf[hn 
a_hig_m. Tb_ `caol_ q[m l_-om_^ `lig (7) qcnb nb_ j_lgcmmcih i` MDPI. 
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^_fcp_ls (13,14); ch jf[hn \l__^cha (8,10,15,16). Cihmc^_lcha 

nb_ oh^_hc[\f_ mo]]_mm i` nb_ CRISPR/C[m9 msmn_g, 

m_p_l[f inb_l nsj_m i` C[m9 _htsg_m `lig inb_l \[]n_lc[ 

q_l_ chnli^o]_^, mo]b [m S[C[m9 (Staphylococcus aureus 

C[m9), SnC[m9 (Streptococcus thermophiles C[m9), [h^ 

NgC[m9 (Neisseria meningitidis C[m9) (17, 15, 16). Tb_ 

cgjf_g_hn[ncih i` nb_ CRISPR/C[m9 a_hig_ _^cncha 

n_]bhcko_ b[m mcahc`c][hnfs [^p[h]_^ afi\[f jf[hn 

\l__^cha (19). B[m_^ ih nb_ CRISPR msmn_g, gihi]in [h^ 

^c]in ]lij p[lc_nc_m q_l_ a_h_nc][ffs _hach__l_^ qcnb 

cgjlip_^ sc_f^ nl[cnm, l_mcmn[h]_ ni pcl[f [h^ \[]n_lc[f 

^cm_[m_m, m[fchcns, b_[ps g_n[fm, _rnl_g_ n_gj_l[nol_m, 

^lioabn, [h^ inb_l [alihigc][ffs cgjiln[hn nl[cnm (17). 

Ajjfc][ncih i` nb_ CRISPR/C[m9 g_nbi^ ch [alc]ofnol_ 

ij_hm h_q ijjilnohcnc_m ni jlipc^_ afi\[f [alc]ofnol_ 

qcnb nl[hma_h_-`l__ ]lijm l_mcmn[hn/nif_l[hn ni ^cff_l_hn 

mnl_mm_m (16); nbcm l_pc_q ^_m]lc\_m nb_ [jjfc][ncih i` nbcm 

n_]bhifias `il _hach__lcha p[lciom ]lijm nif_l[hn ni 

^lioabn mnl_mm, chp_mnca[ncih i` nb_ lif_ i` mig_ a_h_m ch 

^lioabn mnl_mm l_mjihm_; [m q_ff [m iol ionfiie ih cnm 

`onol_ j_lmj_]ncp_m.  

CRISPR-g_^c[t_^ cgjriv_g_ht i` ]rij ^riuabt 

tif_r[h]_  

S_p_l[f a_h_nc] _hach__lcha mnl[n_ac_m n[la_ncha ^lioabn 

nif_l[h]_ b[p_ \__h ^_gihmnl[n_^ nbom `[l. Tb_m_ 

mnl[n_ac_m l_jl_m_hn nb_ chm_lncih i` ^lioabn-l_mcmn[h]_ 

a_h_m (14); [fn_l[ncih (12), a_h_ mcf_h]cha, [h^ 

ip_l_rjl_mmcih (i` nl[hm]lcjncih `[]nilm, a_h_m, [h^ 

bilgih_ j[nbq[sm l_mjihmc\f_ `il jf[hn [^[jn[ncih ni 

^lioabn (16, 19). Op_l_rjl_mmcih i` a_h_m [h^ 

nl[hm]lcjncih `[]nilm j[lnc]cj[ncha ch ^lioabn mcah[fcha 

g[s _hb[h]_ jf[hn ^lioabn nif_l[h]_ (20). Dlioabn 

nif_l[h]_ ][h [fmi \_ j_l`ilg_^ \s mcf_h]cha ^lioabn-

m_hmcncp_ a_h_m [h^ h_a[ncp_fs l_aof[n_^ a_h_m. Fil 

_r[gjf_, nb_ CRISPR msmn_g q[m om_^ ni a_h_l[n_ 

gon[hnm ch OPEN STOMATA 2 (OST2) a_h_ ]i^cha [ jf[mg[ 

g_g\l[h_ H+ ATP[m_ _htsg_ l_mjihmc\f_ `il mnig[n[f 

[]ncpcns ch Al[\c^ijmcm. Ih nb_ ]ih^cncih i` ^_bs^l[ncih, 

[\m]cmc] []c^ mojjl_mm_m ATP[m_-g_^c[n_^ mnig[n[f 

]ih^o]n[h]_ (21). Umcha nb_ CRISPR/C[m9 msmn_g 

]ig\ch_^ qcnb [ nloh][n_^ maRNA, nqi gon[ncihm [n nb_ 

OST2 fi]om qcnb bcab _ffc]c_h]s (>32%) [h^ hi iff-n[la_n 

gon[ncihm q_l_ ]l_[n_^. Tb_ _p[fo[ncih i` imn2 gon[hnm 

l_p_[f_^ [h _hb[h]_^ l[n_ i` mnig[n[f ]fimol_ [h^ [ fiq_l 

l[n_ i` q[n_l fimm ]igj[l_^ qcnb qcf^-nsj_ (19).  

 S_p_l[f gif_]of[l mno^c_m b[p_ l_p_[f_^ nb[n ABA 

`oh]ncihm [m [ ]_hnl[f l_aof[nil i` ^lioabn mnl_mm nif_l[h]_ 

[giha [\m]cmc] []c^ (ABA), [orch, [h^ \l[mmchimn_lic^ 

jbsnibilgih_ mcah[fcha j[nbq[sm (16, 22, 23, 24 ). 

Cihmc^_lcha nb[n Arabidopsis thaliana ENHANCED 

RESPONSE TO ABA1 (ERA1) a_h_ l_aof[n_m ABA mcah[fcha 

j[nbq[s [h^ l_mjihm_ ni ^_bs^l[ncih mnl_mm, Oa[n[ [h^ 

]iff_[ao_m ]l_[n_^ `l[g_mbcft gon[ncihm ni _rjfil_ ERA1 

a_h_ `oh]ncih ch lc]_ jf[hnm omcha CRISPR/C[m9 msmn_g 

(25). im_l[1 gon[hn jf[hnm cffomnl[n_^ _hb[h]_^ ^lioabn 

mnl_mm l_mjihm_, moaa_mncha omcha nbcm a_h_ ni cgjlip_ 

^lioabn nif_l[h]_ ch lc]_. So]lim_ hih-`_lg_hncha                

1-l_f[n_^ ech[m_ 2 (ShRK2) cm [ `[gcfs i` jf[hn-mj_]c`c] 

ech[m_m l_aof[ncha [\m]cmc] []c^ (ABA)-^_j_h^_hn [\cinc] 

mnl_mm mcah[fcha j[nbq[s. P[lnc]of[lfs, nb_ SAPK9 a_h_, ih_ 

i` nb_ lc]_ SnRK2s, b[m \__h ]ihmc^_l_^ ni \_ [ e_s 

^lioabn mnl_mm l_aof[nil ch lc]_ (26). H_h]_, nb_ CRISPR/

C[m9 msmn_g q[m [jjfc_^ ni ^_p_fij SAPK9 fimm-i`-

`oh]ncih lc]_ jb_hinsj_m. Tb_ l_mofnm l_p_[f_^ nb[n m[je2 

gon[hnm mbiq_^ bcab_l m_hmcncpcns ni ^_bs^l[ncih mnl_mm 

nb[h qcf^-nsj_ jf[hnm, ch^c][ncha nb[n nb_ SAPK2 a_h_ cm 

ih_ i` lc]_'m a_h_m l_mjihmc\f_ `il ^lioabn nif_l[h]_ (27). 

Tb_m_ l_mofnm moaa_mn nb[n [ff nb_ a_h_m j[lnc]cj[ncha ch 

ABA mcah[fcha j[nbq[sm [l_ [nnl[]ncp_ ][h^c^[n_m ni 

cgjlip_ jf[hn nif_l[h]_ ni ^lioabn. 

 In cm ehiqh nb[n _nbsf_h_ bilgih_ jf[sm [h 

cgjiln[hn lif_ ch p[lciom jf[hn ^_p_fijg_hn g_]b[hcmgm 

[m q_ff [m ch jf[hn ^lioabn [h^ b_[n nif_l[h]_. Uh^_l 

^lioabn mnl_mm, nb_ mojjl_mmcih i` ABA ch^o]_m nb_ 

_rjl_mmcih i` _nbsf_h_-l_mjihmcp_ `[]nilm (ERFs), [h^ nb_cl 

ip_l_rjl_mmcih b[m \__h [mmi]c[n_^ qcnb jf[hn [\cinc] 

mnl_mm nif_l[h]_ (16). Tb_ mno^c_m l_jiln nb[n nb_ `[gcfs i` 

[orch-l_aof[n_^ a_h_m chpifp_^ ch ila[h mct_ (ARGOS) 

a_h_m h_a[ncp_fs l_aof[n_m nb_ _nbsf_h_ mcah[fcha j[nbq[s 

[h^ ]ih`_lm bcab_l sc_f^ oh^_l ^lioabn ]ih^cncihm (28, 29). 

P[lnc]of[lfs, nb_ g[ct_ ARGOS8 a_h_ h_a[ncp_fs l_aof[n_m 

_nbsf_h_ l_mjihm_, qbc]b cm ih_ i` nb_ gimn cgjiln[hn 

jbsnibilgih_m l_aof[ncha jf[hn [\cinc] mnl_mm l_mjihm_ 

(30). Hiq_p_l, nb_ qcf^-nsj_ ARGOS8 a_h_ _rjl_mmcih cm 

l_f[ncp_fs fiq; l_m_[l]b_lm om_^ CRISPR/C[m n_]bhifias ni 

_cnb_l l_jf[]_ nb_ h[ncp_ ARGOS8 jligin_l qcnb nb_ GOS2 

jligin_l, qbc]b acp_m nb_ ARGOS8 a_h_ bcab_l _rjl_mmcih, 

il ni chm_ln nb_ GOS2 jligin_l. Tb_ _p[fo[ncih mbiq_^ 

gon[hn fch_m b[^ bcab_l sc_f^m nb[h qcf^-nsj_ ih_m oh^_l 

^lioabn ]ih^cncihm (29). Kcg _n [f. c^_hnc`c_^ nb_ 

ojl_aof[ncih i` nqi a_h_m l_f[n_^ ni ^lioabn mnl_mm 

l_mjihm_: qb_[n ^_bs^l[ncih-l_mjihmcp_ _f_g_hn \ch^cha 

jlin_ch 2 (TaDREB2) [h^ qb_[n _nbsf_h_-l_mjihmcp_ `[]nil 

3 (TaERF3) (31). In b[m \__h jl_pciomfs l_jiln_^ nb[n 

ip_l_rjl_mmcih i` nb_m_ a_h_m ch Al[\c^ijmcm, qb_[n, [h^ 

\[lf_s ch]l_[m_m jf[hn ^lioabn nif_l[h]_ (32, 33). Tb_ 

_rjl_mmcih i` CRISPR/C[m9 _^cn_^ a_h_m ch qb_[n 

jlinijf[mn q[m _p[fo[n_^ oh^_l ^_bs^l[ncih mnl_mm \s kRT

-PCR, [h^ nb_ [h[fsmcm l_p_[f_^ nb[n \inb TaDREB2 [h^ 

TaERF3 [l_ jimcncp_ l_aof[nilm i` nb_ ^lioabn mnl_mm 

l_mjihm_. Tb_m_ `ch^cham ch^c][n_ nb[n mn[n_-i`-nb_-[ln 

n_]bhifias ]iof^ hin ihfs [ffiq nb_ ]l_[ncih i` ^lioabn-

l_mcmn[hn ]ofncp[lm _ff_]ncp_fs \on [fmi jlipc^_ bcab_l sc_f^m 

ni afi\[f [alc]ofnol_. 

 Sig_ mno^c_m q_l_ ]ih^o]n_^ ni _r[gch_ nb_ lif_ 

i` m_p_l[f a_h_m nb[n ^i hin ^cl_]nfs l_aof[n_ ^lioabn 

mnl_mm mcah[fcha j[nbq[sm (34, 35, 36). Fil chmn[h]_, nb_ 

CRISPR/C[m9 msmn_g q[m [jjfc_^ ni ]l_[n_ nig[ni hih-

_rjl_mm_lm i` j[nbia_h_mcm-l_f[n_^ a_h_ 1 (hjl1) gon[hn 

fch_m (16). Afnbioab nbcm a_h_ j[lnc]cj[n_m ch nb_ jf[hn 

^_`_hm_ msmn_g, cnm [fn_l[ncih ch^o]_^ ]b[ha_m ch jf[hn 

^lioabn l_mjihm_ (34). Tb_ gon[hnm qcnb CRISPR/C[m9 

g_^c[n_^ NPR1 fimm i` `oh]ncih ^_gihmnl[n_^ l_^o]_^ 

nif_l[h]_ ni ^_bs^l[ncih mnl_mm ]igj[l_^ ni qcf^-nsj_ 

nig[ni jf[hnm. Tb_ f[n_l[f ila[h \ioh^[lc_m ^ig[ch (LBD) 

a_h_ `[gcfs jf[sm [ ]lo]c[f lif_ ch jf[hn ila[h 

^_p_fijg_hn. Ti l_p_[f nb_ `oh]ncih i` nb_ nig[ni LBD40 

a_h_ ch ^lioabn mnl_mm l_mjihm_, Lco [h^ bcm ]iff_[ao_m 

ehi]e_^ ion cn omcha CRISPR/C[m9. Ep[fo[ncih n_mnm 



 258   AYUBOV   ET AL 

bnnjm://jf[hnm]c_h]_ni^[s.ihfch_ 

l_p_[f_^ nb[n LBD40 ehi]eion gon[hnm b[^ fiq_l q[n_l 

fimm l[n_m oh^_l ^_bs^l[ncih mnl_mm ]igj[l_^ ni qcf^-nsj_ 

nig[ni jf[hnm (35). S[g_ qcnb [orch l_mjihm_ `[]nilm 

(ARFs) - jlin_chm l_mjihmc\f_ `il p[lciom jli]_mm_m ch jf[hn 

^_p_fijg_hn; biq_p_l, nb_cl `oh]ncih ch q[n_l ^_`c]cn 

]ih^cncihm q[m hin ]f_[l. Tbom, ARF a_h_m q_l_ ehi]e_^ 

ion ch nig[ni omcha CRISPR/C[m9. Mon[hn jf[hnm qcnb fimm 

i` SlARF4 `oh]ncih q_l_ gil_ l_mcmn[hn ni ^_bs^l[ncih 

mnl_mm [h^ b[^ \_nn_l l_bs^l[ncih [\cfcns (36). Tb_l_`il_, 

^iqh-l_aof[ncih i` mo]b a_h_m [m NPR, LBD40 il ARFs, [h^ 

g[hs inb_lm, qbc]b, [j[ln `lig nb_cl g[ch `oh]ncihm, [l_ 

[fmi l_mjihmc\f_ `il ^lioabn l_mjihm_, ]iof^ \_ ][j[\f_ i` 

jli^o]cha ^lioabn-nif_l[hn ]lij p[lc_nc_m.  

 Mil_ip_l, [ mcahc`c][hn `_[nol_ ch ^lioabn mnl_mm 

g[h[a_g_hn cm ]l_[ncha jf[hnm qcnb qc^_l il liff_^ f_[p_m, 

qcnb l_^o]_^ mnig[n[f ^_hmcns [h^ inb_l giljbifiac][f 

nl[cnm ]ihnlc\oncha ni fiq_l q[n_l fimm l[n_m [h^ bcab_l 

sc_f^m ch q[n_l-^_`c]cn [l_[m. Tbom, m_gc-liff_^ f_[` 1 (SRL1) 

[h^ SRL2 a_h_m, qbc]b ]ihnlif p[lciom f_[` jb_hinsj_m ch 

lc]_, q_l_ gi^c`c_^ omcha CRISPR/C[m9 n_]bhifias ni 

jli^o]_ lc]_ jf[hnm qcnb liff_^ f_[p_m (37). Mon[hn jf[hnm 

b[^ m_p_l[f cgjlip_^ f_[` nl[cnm ch]fo^cha m_gc-liff_^ 

f_[p_m, l_mofncha ch bcab_l molpcp[f l[n_m oh^_l ^_bs^l[ncih 

]ih^cncihm nb[h qcf^-nsj_ jf[hnm. Ahinb_l _rj_lcg_hn q[m 

]ih^o]n_^ ni _rjfil_ nb_ `oh]ncih i` ^lioabn [h^ m[fn 

nif_l[h]_ a_h_ (OsDST) _h]i^cha [ tch] `cha_l 

nl[hm]lcjncih `[]nil ch ch^c][ lc]_ ]ofncp[l (38). CRISPR/

C[m9 g_^c[n_^ ^_f_ncih i` 184-305 l_acih i` OsDST a_h_ 

f_^ ni qc^_l f_[p_m [h^ fiq_l ^_hmcns i` mnig[m, qbc]b, ch 

nolh, cgjlip_^ jf[hn nif_l[h]_ ni ^_bs^l[ncih mnl_mm.  

 

Cih]fuscih [h^ Futur_ Prisj_]ts 

Dlioabn, \_cha ih_ i` nb_ inb_l _hpclihg_hn[f mnl_mm 

`[]nilm, cm nbl_[n_hcha nb_ qilf^'m `ii^ jli^o]ncih. Tb_ 

]ih^cncih i` ^_bs^l[ncih [ff_]nm [ff mn[a_m i` jf[hn 

^_p_fijg_hn [n \ci]b_gc][f, giljbifiac][f, [h^ 

jbsmcifiac][f f_p_fm mcahc`c][hnfs ^_]l_[mcha ]lij 

jli^o]ncpcns. Cihmc^_lcha nb[n gcffcihm i` j_ijf_ moff_l 

`lig `ii^ ^_`c]c_h]s, m]c_hncmnm [ff ip_l nb_ qilf^ [l_ 

mnlcpcha ni ]l_[n_ ]lijm l_mcmn[hn ni g[hc`if^ \cinc] [h^ 

[\cinc] mnl_mm. Sch]_ nl[hma_hc] jf[hnm [l_ hin qc^_fs 

[]]_jn_^, h_q _ff_]ncp_ a_hig_ _^cncha n_]bhcko_m b[p_ 

\__h ^_p_fij_^, qcnb nb_ gimn jijof[l i` nb_g \_cha 

CRISPR/C[m9. Ti ^[n_, nbcm a_higc] niif b[m jlip_h ni \_ 

l[jc^ [h^ []]ol[n_. P[lnc]of[lfs, cn b[m \__h `ioh^ p_ls 

_ff_]ncp_ ch c^_hnc`scha, gi^c`scha, [h^ ^_fcp_lcha ^lioabn 

mnl_mm-l_f[n_^ a_h_m ni jf[hnm. Op_l nb_ j[mn ^_][^_, g[hs 

]lijm mo]b [m g[ct_, qb_[n, lc]_, mis\_[h, nig[ni, [h^ 

inb_lm q_l_ CRISPR/C[m9 a_hig_ _^cn_^ ih m_p_l[f 

[alihigc][ffs cgjiln[hn nl[cnm. Tb_l_ [l_ mncff mig_ 

fcgcn[ncihm ni cnm ohfcgcn_^ [jjfc][ncih ch jf[hn 

cgjlip_g_hn, qcnb ih_ i` nb_g \_cha nb_ ]ofncp[ncih [h^ 

l_a_h_l[ncih i` a_hig_-_^cn_^ jf[hnm [h^ nb_ m_]ih^ ih_ 

nb_ ]ihnlif i` iff-n[la_n gon[ncihm. Hiq_p_l, n[echa nb_ 

ijjilnohcnc_m i` gi^_lh a_higc]m [h^ jf[hn \l__^cha chni 

[]]iohn, q_ ]ihmc^_l nbim_ jli\f_gm ][h hiq \_ 

ip_l]ig_. 

 

A]ehiwf_^a_g_hts 

W_ []ehiqf_^a_ nb_ C_hnl_ i` G_higc]m [h^ 

Bcich`ilg[nc]m l_m_[l]b n_[g `il mojjilncha nb_ 

chn_ljl_n[ncih i` nb_ l_m_[l]b ^[n[ om_^ `il nbcm 

g[hom]lcjn. Tb_ qile q[m ^ih_ []]il^cha ni jlid_]n #А-FА

-2021-466, `oh^_^ \s Tb_ Mchcmnls i` Ihhip[ncp_ 

D_p_fijg_hn i` nb_ R_jo\fc] i` Ut\_ecmn[h.  
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