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nb_ inb_l [hihsgiom l_pc_q_lm ̀ il nb_cl 
]ihnlc\oncih ni nb_ j__l l_pc_q i  ̀nbcm qile. 

R_jrchts & j_rgcsscihs ch`irg[tcih cm 
[p[cf[\f_ [n bnnjm://bilctih_jo\fcmbcha.]ig/
diolh[fm/ch^_r.jbj/PST/ij_h_[]]_mm_jifc]s 

 

Pu\fcsb_r’s Nit_: Hilctih _-Po\fcmbcha Glioj 
l_g[chm h_onl[f qcnb l_a[l^ ni dolcm^c]ncih[f 
]f[cgm ch jo\fcmb_^ g[jm [h  ̂chmncnoncih[f 
[ffcfc[ncihm. 

 

Ih^_xcha: Pf[hn S]c_h]_ Ti^[s, jo\fcmb_  ̂\s 
Hilctih _-Po\fcmbcha Glioj, cm ]ip_l_^ \s 
S]ijom, W_\ i` S]c_h]_, BIOSIS Pl_pc_qm, 
Cf[lcp[n_ Ah[fsnc]m, NAAS,UGC C[l_ _n].  
S__ bnnjm://bilctih_jo\fcmbcha.]ig/diolh[fm/
ch^_r.jbj/PST/ch^_rcha_[\mnl[]ncha 

 

Cijyrcabt: © Tb_ Aonbil(m). Tbcm cm [h ij_h-
[]]_mm [lnc]f_ ^cmnlc\on_  ̂oh^_l nb_ n_lgm i` nb_ 
Cl_[ncp_ Ciggihm Annlc\oncih Lc]_hm_, qbc]b 
j_lgcnm ohl_mnlc]n_^ om_, ^cmnlc\oncih [h^ 
l_jli^o]ncih ch [hs g_^cog, jlipc^_^ nb_ 
ilcach[f [onbil [h^ miol]_ [l_ ]l_^cn_^ (bnnjm://
]l_[ncp_]iggihm.ila/fc]_hm_m/\s/4.0/) 
 
CITE THIS ARTICLE  
K[g[fip[ L K, Mclt[ebg_^ip M K, Aso\ip M 
S, Yomojip A N, M[g[dihip B O,  O\c^ip N S, 
B[mbclebihip Z K, Moli^ip A A,  Bolc_p Z T, 
A\^ol[ebgihip I Y. Ehach__lcha Dlioabn 
Tif_l[h]_ ch Clijm Umcha CRISPR C[m msmn_gm. 
Pf[hn S]c_h]_ Ti^[s (E[lfs A]]_mm). 
bnnjm://^ic.ila/10.14719/jmn.2524 
     
     

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 
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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.  

  

Autbirs' ]ihtrc\utcihs 

LK [h^ MA – qlin_ nb_ g[hom]lcjn; MM, AY, BM, NO, ZB, AM 

-]iff_]n_^ [h^ [h[fst_^ qilf^ fcn_l[nol_, [h^ jl_j[l_^ 

`caol_m; MA – ]lcnc][ffs l_[^ [h^ _^cn_^ nb_ g[hom]lcjn, 

^l[ft_^ mo\m_]ncihm; ZB [h^ IA -lcailiomfs _^cn_^ [h^ 

[jjlip_^ nb_ g[hom]lcjn. 

 

Cigjfc[h]_ wctb _tbc][f st[h^[r^s 

Cih`fc]t i` cht_r_st: Aonbilm ^i hin b[p_ [hs ]ih`fc]n i` 

chn_l_mn ni ^_]f[l_. 

Etbc][f cssu_s: Nih_.  

 

R_`_r_h]_s 

1. Olcgifis_ IR, B_ff_ JA, Olcgifis_ YM, Ofomif[ AO, Ofif[^_ 
OO. Dlioabn: A Ciggih Ehpclihg_hn[f Dcm[mn_l. 

Angimjb_l_. 2022;13(1):111. bnnjm://^ic.ila/10.3390/
[ngim13010111. 

2. M[hmiil S, Kb[h T, F[liik I, Sb[b LR, Sb[lg[ V, Sihh_ C, 

Rchef_\_ J, Abg[^ P. Dlioabn [h^ afi\[f boha_l: 
\cin_]bhifiac][f chn_lp_hncihm ch momn[ch[\cfcns [h^ 

g[h[a_g_hn. Pf[hn[. 2022;256(5):97. bnnjm://
^ic.ila/10.1007/m00425-022-04006-r. 

3. Ahnqc-Aas_c P, Fl[m_l EDG, Dioacff AJ, Snlcha_l LC, Scg_fnih 

E. M[jjcha nb_ pofh_l[\cfcns i` ]lij jli^o]ncih ni ^lioabn ch 
Gb[h[ omcha l[ch`[ff, sc_f^, [h^ mi]ci_]ihigc] ^[n[. Ajjf 

G_ial. 2012;32(2):324-334. bnnjm://^ic.ila/10.1016/
d.[ja_ia.2011.06.010 

4. Vcff[fi\im-Lój_t MA, Allisi-B_]_ll[ A, Qochn_li-Jcgéh_t A, 

Inollc[a[ G. Bcin_]bhifiac][f A^p[h]_m ni Igjlip_ A\cinc] 
Snl_mm Tif_l[h]_ ch Clijm. Ihn J Mif S]c. 2022;23(19):12053. 

bnnjm://^ic.ila/10.3390/cdgm231912053. 

5. S_f_cg[h MF, Af-Sob[c\[hc N, Afc N, Aeg[f M, Afin[c\c M, 
R_`[s Y, Dch^[liafo T, A\^of-W[dc^ HH, B[nn[afc[ ML. Dlioabn 

Snl_mm Igj[]nm ih Pf[hnm [h^ Dcff_l_hn Ajjli[]b_m ni 
Aff_pc[n_ cnm A^p_lm_ Eff_]nm. Pf[hnm (B[m_f). 2021;10(2):259. 

bnnjm://^ic.ila/10.3390/jf[hnm10020259. 

6. Jimbc RK, Bb[l[n SS, Mcmbl[ R. Ehach__lcha ^lioabn nif_l[h]_ 
ch jf[hnm nblioab CRISPR/C[m a_hig_ _^cncha. 3 Bcin_]b. 

2020;10(9):400. bnnjm://^ic.ila/10.1007/m13205-020-02390-3. 

7. Zbio J, Lo[h X, Lco Y, W[ha L, W[ha J, Y[ha S, Lco S, Zb[ha J, 
Lco H, Y[i D. Snl[n_ac_m [h^ M_nbi^m `il Igjlipcha nb_ 

Effc]c_h]s i` CRISPR/C[m9 G_h_ E^cncha ch Pf[hn Mif_]of[l 
Bl__^cha. Pf[hnm. 2023;12(7):1478. bnnjm://^ic.ila/10.3390/

jf[hnm12071478. 

8. M[ll[ffchc LA, Sihnb_cg_l EJ. CRISPR chn_l`_l_h]_: RNA-
^cl_]n_^ [^[jncp_ cggohcns ch \[]n_lc[ [h^ [l]b[_[. N[n R_p 

G_h_n. 2010;11(3):181-190. bnnjm://^ic.ila/10.1038/hla2749 

9. G[d[l^i HA, Góg_t-Emjchit[ O, Bim][lcif F_ll_cl[ P, C[ll_l 
H, Bl[pi LA. Tb_ Pin_hnc[f i` CRISPR/C[m T_]bhifias ni 

Ehb[h]_ Clij P_l`ilg[h]_ ih A^p_lm_ Sicf Cih^cncihm. 
Pf[hnm (B[m_f). 2023;12(9):1892. bnnjm://^ic.ila/10.3390/

jf[hnm12091892. 

https://plantsciencetoday.online
https://doi.org/10.3390/atmos13010111.
https://doi.org/10.3390/atmos13010111.
https://doi.org/10.1007/s00425-022-04006-x.
https://doi.org/10.1007/s00425-022-04006-x.
https://doi.org/10.1016/j.apgeog.2011.06.010
https://doi.org/10.1016/j.apgeog.2011.06.010
https://doi.org/10.3390/ijms231912053.
https://doi.org/10.3390/plants10020259.
https://doi.org/10.1007/s13205-020-02390-3.
https://doi.org/10.3390/plants12071478.
https://doi.org/10.3390/plants12071478.
https://doi.org/10.1038/nrg2749
https://doi.org/10.3390/plants12091892.
https://doi.org/10.3390/plants12091892.


5 

Pf[hn S]c_h]_ Ti^[s, ISSN 2348-1900 (ihfch_) 

10. Lco Q, Y[ha F, Zb[ha J, Lco H, R[bg[h S, Imf[g S, M[ W, Sb_ 

M. Ajjfc][ncih i` CRISPR/C[m9 ch Clij Qo[fcns Igjlip_g_hn. 
Ihn J Mif S]c. 2021;22(8):4206. bnnjm://^ic.ila/ 10.3390/

cdgm22084206 

11. D_ha B, Xo_ J. HIV ch`_]ncih ^_n_]ncih omcha CRISPR/C[m 
msmn_gm: Pl_m_hn [h^ `onol_ jlimj_]nm. Cigjon Snlo]n 

Bcin_]bhif J. 2023;21:4409-4423. bnnjm://^ic.ila/10.1016/
d.]m\d.2023.09.005. 

12. Diha J, Wo X, Ho Q, Soh C, Lc J, Siha P, So Y, Zbio L. Ah 

cggi\cfct[ncih-`l__ _f_]nli]b_gc][f \cim_hmil \[m_^ ih 
CRISPR/C[m13[ [h^ FAM-RNA-MB `il mcgofn[h_iom ^_n_]ncih 

i` gofncjf_ j[nbia_hm. Bcim_hm Bci_f_]nlih. 
2023;241:115673. bnnjm://^ic.ila/10.1016/d.\cim.2023.115673. 

13. Yo S, Zb[i R, Zb[ha B, L[c C, Lc L, Sb_h J, T[h X, Sb[i J. 

R_m_[l]b jlial_mm [h^ [jjfc][ncih i` nb_ CRISPR/C[m9 a_h_-
_^cncha n_]bhifias \[m_^ ih b_j[ni]_ffof[l ][l]chig[. Amc[h 

J Pb[lg S]c. 2023;18(4):100828. bnnjm://^ic.ila/10.1016/
d.[djm.2023.100828. 

14. Ncha L, Xc J, Zc Y, Cb_h M, Zio Q, Zbio X, T[ha C. Plimj_]nm 

[h^ ]b[ff_ha_m i` CRISPR/C[m9 a_h_-_^cncha n_]bhifias ch 
][h]_l l_m_[l]b. Cfch G_h_n. 2023 S_j 14. bnnjm://

^ic.ila/10.1111/]a_.14424.  

15. Sb[h Q, W[ha Y, Lc J, _n [f. T[la_n_^ a_hig_ gi^c`c][ncih i` 
]lij jf[hnm omcha [ CRISPR-C[m msmn_g. N[n Bcin_]bhif. 

2013;31(8):686-688. bnnjm://^ic.ila/10.1038/h\n.2650 

16. S[gc A, Xo_ Z, T[t_ch S, Almb[^ A, H_ Zbo Z, Pcha Cb_h Y, 
Hiha Y, Tc[h Zbo X, Jch Zbio K. CRISPR-C[m9-\[m_^ a_h_nc] 

_hach__lcha `il ]lij cgjlip_g_hn oh^_l ^lioabn mnl_mm. 
Bci_hach__l_^. 2021;12(1):5814-5829. bnnjm://

^ic.ila/10.1080/21655979.2021.1969831 

17. J[a[h[nb[h D, R[g[m[gs K, S_ff[gonbo G, J[s[\[f[h S, 
V_he[n[l[g[h G. CRISPR `il Clij Igjlip_g_hn: Ah Uj^[n_ 

R_pc_q. Flihn Pf[hn S]c. 2018;9:985. bnnjm://^ic.ila/10.3389/
`jfm.2018.00985 

18. Goi Y, Zb[i G, G[i X, Zb[ha L, Zb[ha Y, C[c X, Yo[h X, Goi X. 

CRISPR/C[m9 a_h_ _^cncha n_]bhifias: [ jl_]cm_ [h^ _ffc]c_hn 
niif `il ]lij ko[fcns cgjlip_g_hn. Pf[hn[. 2023;258(2):36. 

bnnjm://^ic.ila/10.1007/m00425-023-04187-t.  

19. Om[e[\_ Y, W[n[h[\_ T, Soa[hi SS, U_n[ R, Imbcb[l[ R, 
Sbchit[ec K, Om[e[\_ K. Ojncgct[ncih i` CRISPR/C[m9 

a_hig_ _^cncha ni gi^c`s [\cinc] mnl_mm l_mjihm_m ch jf[hnm. 
S]c R_j. 2016;6:26685. bnnjm://^ic.ila/10.1038/ml_j26685 

20. F[ha Y, Xciha L. G_h_l[f g_]b[hcmgm i` ^lioabn l_mjihm_ 

[h^ nb_cl [jjfc][ncih ch ^lioabn l_mcmn[h]_ cgjlip_g_hn ch 
jf[hnm. C_ff Mif Lc`_ S]c. 2015;72:673-689. bnnjm://

^ic.ila/10.1007/m00018-014-1767-0. 

21. Hmo PK, Do\_[or G, T[e[b[mbc Y, S]bli_^_l JI. Scah[fcha 
g_]b[hcmgm ch [\m]cmc] []c^-g_^c[n_^ mnig[n[f ]fimol_. 

Pf[hn J. 2021;105(2):307-321. bnnjm://^ic.ila/10.1111/
njd.15067. 

22. Zbo JK. S[fn [h^ ^lioabn mnl_mm mcah[f nl[hm^o]ncih ch jf[hnm. 

Ahh R_p Pf[hn Bcif. 2002;53:247-273. ^ic: 10.1146/
[hhol_p.[ljf[hn.53.091401.143329 

23. Zbo JK. A\cinc] mnl_mm mcah[fcha [h^ l_mjihm_m ch jf[hnm. C_ff. 

2016;167:313-324. bnnjm://^ic.ila/10.1016/d.]_ff.2016.08.029. 

24. Yimbc^[ T, F_lhc_ AR. Hilgih[f l_aof[ncih i` jf[hn jlcg[ls 
g_n[\ifcmg oh^_l ^lioabn. J Erj Bin. 2023:_l[^358. bnnjm://

^ic.ila/10.1093/dr\/_l[^358.  

25. Oa[n[ T, Imbct[ec T, Fodcn[ M, Fodcn[ Y. CRISPR/C[m9-n[la_n_^ 
gon[a_h_mcm i` OmERA1 ]ih`_lm _hb[h]_^ l_mjihm_m ni 
[\m]cmc] []c^ [h^ ^lioabn mnl_mm [h^ ch]l_[m_^ jlcg[ls liin 

aliqnb oh^_l hihmnl_mm_^ ]ih^cncihm ch lc]_. PLiS Oh_. 

2020;15(12). bnnjm://^ic.ila/10.1371/diolh[f.jih_.0243376 

26. D_s A, S[g[hn[ MK, G[s_h S, M[cnc MK. Tb_ mo]lim_ hih-

`_lg_hncha 1-l_f[n_^ ech[m_ 2 a_h_ SAPK9 cgjlip_m ^lioabn 
nif_l[h]_ [h^ al[ch sc_f^ ch lc]_ \s gi^of[ncha ]_ffof[l 

imginc] jin_hnc[f, mnig[n[f ]fimol_, [h^ mnl_mm-l_mjihmcp_ 
a_h_ _rjl_mmcih. BMC Pf[hn Bcif. 2016;16(1):158. bnnjm://

^ic.ila/10.1186/m12870-016-0845-r 

27. Lio D, W[ha H, Lc[ha G, Yo D. OmSAPK2 Cih`_lm A\m]cmc] A]c^ 
S_hmcncpcns [h^ Tif_l[h]_ ni Dlioabn Snl_mm ch Rc]_. Flihn 

Pf[hn S]c. 2017;8:993. bnnjm://^ic.ila/10.3389/
`jfm.2017.00993 

28. Cbcf]i[n D, Lco ZB, S[h^_l J. Um_ i` CRISPR/C[m9 `il Clij 

Igjlip_g_hn ch M[ct_ [h^ Sis\_[h. Plia Mif Bcif Tl[hmf 
S]c . 2017;149:27-46. bnnjm://^ic.ila/10.1016/

\m.jg\nm.2017.04.005. 

29. Sbc J, G[i H, W[ha H, L[`cnn_ HR, Al]bc\[f^ RL, Y[ha M, 
H[ecgc SM, Mi H, H[\\_h JE. ARGOS8 p[lc[hnm a_h_l[n_^ \s 

CRISPR-C[m9 cgjlip_ g[ct_ al[ch sc_f^ oh^_l `c_f^ ^lioabn 
mnl_mm ]ih^cncihm. Pf[hn Bcin_]bhif J. 2017;15(2):207-216. 

bnnjm://^ic.ila/10.1111/j\c.12603.  

30. R[t[ A, Cb[l[ab S, R[tt[k A, _n [f. Bl[mmc][]_[_ jf[hnm 
l_mjihm_ [h^ nif_l[h]_ ni ^lioabn mnl_mm: jbsmcifiac][f [h^ 

gif_]of[l chn_lp_hncihm. Ih: Tb_ jf[hn `[gcfs Bl[mmc][]_[_. 
Scha[jil_: Sjlcha_l; 2020. j. 229–261. bnnjm://

^ic.ila/10.1007/978-981-15-6345-4_7. 

31. Kcg D, Afjn_ech B, Bo^[e H. CRISPR/C[m9 a_hig_ _^cncha ch 
qb_[n. Foh]n Ihn_al G_higc]m. 2018;18(1):31-41. bnnjm://

^ic.ila/10.1007/m10142-017-0572-r.  

32. N[e[mbcg[ K, Y[g[ao]bc-Sbchit[ec K, Sbchit[ec K. Tb_ 
nl[hm]lcjncih[f l_aof[nils h_nqile ch nb_ ^lioabn l_mjihm_ 

[h^ cnm ]limmn[fe ch [\cinc] mnl_mm l_mjihm_m ch]fo^cha 
^lioabn, ]if^, [h^ b_[n. Flihn Pf[hn S]c. 2014;5:170. bnnjm://

^ic.ila/10.3389/`jfm.2014.00170. 

33. Mill[h S, Echc O, Pspip[l_hei T, _n [f. Igjlip_g_hn i` mnl_mm 
nif_l[h]_ i` qb_[n [h^ \[lf_s \s gi^of[ncih i` _rjl_mmcih i` 

DREB/CBF `[]nilm. Pf[hn Bcin_]bhif J. 2011;9:230–249. 
bnnjm://^ic.ila/10.1111/d.1467-7652.2010.00547.r. 

34. Lc R, Lco C, Zb[i R, W[ha L, Cb_h L, Yo W, Zb[ha S, Sb_ha J, 

Sb_h L. CRISPR/C[m9-M_^c[n_^ SfNPR1 gon[a_h_mcm l_^o]_m 
nig[ni jf[hn ^lioabn nif_l[h]_. BMC Pf[hn Bcif. 2019;19

(1):38. bnnjm://^ic.ila/10.1186/m12870-018-1627-4 

35. Lco L, Zb[ha J, Xo J, Lc Y, Goi L, W[ha Z, Zb[ha X, Zb[i B, Goi 
YD, Zb[ha N. CRISPR/C[m9 n[la_n_^ gon[a_h_mcm i` SfLBD40, 

[ f[n_l[f ila[h \ioh^[lc_m ^ig[ch nl[hm]lcjncih `[]nil, 
_hb[h]_m ^lioabn nif_l[h]_ ch nig[ni. Pf[hn S]c. 

2020;301:110683. bnnjm://^ic.ila/10.1016/
d.jf[hnm]c.2020.110683 

36. Cb_h M, Zbo X, Lco X, Wo C, Yo C, Ho G, Cb_h L, Cb_h R, 
Biot[s_h M, Zioch_ M, H[i Y. Khi]eion i` Aorch R_mjihm_ 
F[]nil SfARF4 Igjlip_m Tig[ni R_mcmn[h]_ ni W[n_l D_`c]cn. 

Ihn J Mif S]c. 2021;22(7):3347. bnnjm://^ic.ila/10.3390/
cdgm22073347 

37. Lc[i S, Qch X, Loi L, H[h Y, W[ha X, Umg[h B, _n [f. CRISPR/
C[m9-Ih^o]_^ Mon[a_h_mcm i` S_gc-Riff_^ L_[`1,2 Cih`_lm 
Colf_^ L_[` Pb_hinsj_ [h^ Dlioabn Tif_l[h]_ \s Ih`fo_h]cha 

Plin_ch Erjl_mmcih P[nn_lhm [h^ ROS S][p_hacha ch Rc]_ 
(Oryza sativa L.). Aalihigs 2019, 9(11), 728; bnnjm://

^ic.ila/10.3390/[alihigs9110728 

38. S[hnimb Kog[l VV, V_lg[ RK, Y[^[p SK, Y[^[p P, W[nnm A, 
R[i MV, Cbchhom[gs V. CRISPR-C[m9 g_^c[n_^ a_hig_ 

_^cncha i` ^lioabn [h^ m[fn nif_l[h]_ (OmDST) a_h_ ch ch^c][ 
g_a[ lc]_ ]ofncp[l MTU1010. Pbsmcif Mif Bcif Pf[hnm. 2020;26

(6):1099-1110. ^ic: 10.1007/m12298-020-00819-q. 

https://doi.org/%2010.3390/ijms22084206
https://doi.org/%2010.3390/ijms22084206
https://doi.org/10.1016/j.csbj.2023.09.005.
https://doi.org/10.1016/j.csbj.2023.09.005.
https://doi.org/10.1016/j.bios.2023.115673.
https://doi.org/10.1016/j.ajps.2023.100828.
https://doi.org/10.1016/j.ajps.2023.100828.
https://doi.org/10.1111/cge.14424.
https://doi.org/10.1111/cge.14424.
https://doi.org/10.1038/nbt.2650
https://doi.org/10.1080/21655979.2021.1969831
https://doi.org/10.1080/21655979.2021.1969831
https://doi.org/10.3389/fpls.2018.00985
https://doi.org/10.3389/fpls.2018.00985
https://doi.org/10.1007/s00425-023-04187-z.
https://doi.org/10.1038/srep26685
https://doi.org/10.1007/s00018-014-1767-0.
https://doi.org/10.1007/s00018-014-1767-0.
https://doi.org/10.1111/tpj.15067.
https://doi.org/10.1111/tpj.15067.
https://doi.org/10.1016/j.cell.2016.08.029.
https://doi.org/10.1093/jxb/erad358
https://doi.org/10.1093/jxb/erad358
https://doi.org/10.1371/journal.pone.0243376
https://doi.org/10.1186/s12870-016-0845-x
https://doi.org/10.1186/s12870-016-0845-x
https://doi.org/10.3389/fpls.2017.00993
https://doi.org/10.3389/fpls.2017.00993
https://doi.org/10.1016/bs.pmbts.2017.04.005
https://doi.org/10.1016/bs.pmbts.2017.04.005
https://doi.org/10.1111/pbi.12603.
https://doi.org/10.1007/978-981-15-6345-4_7
https://doi.org/10.1007/978-981-15-6345-4_7
https://doi.org/10.1007/s10142-017-0572-x.
https://doi.org/10.1007/s10142-017-0572-x.
https://doi.org/10.3389/fpls.2014.00170
https://doi.org/10.3389/fpls.2014.00170
https://doi.org/10.1111/j.1467-7652.2010.00547.x
https://doi.org/10.1186/s12870-018-1627-4
https://doi.org/10.1016/j.plantsci.2020.110683
https://doi.org/10.1016/j.plantsci.2020.110683
https://doi.org/10.3390/ijms22073347
https://doi.org/10.3390/ijms22073347
https://doi.org/10.3390/agronomy9110728
https://doi.org/10.3390/agronomy9110728

