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A\str[]t 

Tb_ ]ih]_lh [\ion nb_ fcgcn_^ [p[cf[\cfcns i` j_nlif_og-\[m_^ `o_fm [h^ nb_cl 

lif_ ch ch]l_[mcha CO2 f_p_fm ch nb_ [ngimjb_l_ b[m mj[le_^ mcahc`c][hn 

[nn_hncih niq[l^ \ci`o_f [h^ \ci_h_las jli^o]ncih. Tb_ afi\[f jolmocn i` 

momn[ch[\f_ _h_las miol]_m b[m ][n[fst_^ chhip[ncp_ l_m_[l]b chni 

[fn_lh[ncp_ \ci`o_f jli^o]ncih mnl[n_ac_m. Tl[hm`ilgcha CO2 chni om[\f_ `o_fm 

[h^ ]b_gc][fm cm a[chcha _p_h gil_ jligch_h]_. Cs[hi\[]n_lc[, l_hiqh_^ 

`il nb_cl jbinimshnb_nc] [\cfcns, b[p_ _g_la_^ [m jligcmcha ][h^c^[n_m `il 

\ci`o_f mshnb_mcm. Tb_cl [\cfcns ni ]ihp_ln mif[l _h_las [h^ ][l\ih ^circ^_ 

chni p[fo[\f_ \ci`o_fm g[e_m nb_g [ ]igj_ffcha [p_ho_ `il momn[ch[\f_ 

_h_las mifoncihm. Umcha g_n[\ifc] _hach__lcha jlch]cjf_m, l_m_[l]b_lm b[p_ 

_h^_[pil_^ ni ijncgct_ ]s[hi\[]n_lc[f g_n[\ifc] j[nbq[sm, _hb[h]_ 

jbinimshnb_nc] _ffc]c_h]s, [h^ l_^cl_]n ][l\ih `for niq[l^ \ci`o_f 

jl_]olmilm. Nog_liom mj_]c_m i` ]s[hi\[]n_lc[ iff_l a_h_nc] [h^ g_n[\ifc] 

nl[cnm nb[n `[]cfcn[n_ g[hcjof[ncih, [h^ nb_cl jbinimshnb_nc] ]b[l[]n_lcmnc]m 

cgjfs nb[n ][l\ibs^l[n_m, `[nns []c^m, [h^ _p_h [f]ibif ]iof^ m_lp_ [m 

jin_hnc[f l_h_q[\f_ miol]_m `il \ci`o_fm. Tbcm l_pc_q mbiq][m_m 

]s[hi\[]n_lc['m [\cfcns [m [ \ci`o_f miol]_ [h^ _gjb[mct_m nb_ 

nl[hm`ilg[ncp_ ch`fo_h]_ i` g_n[\ifc] _hach__lcha _gjfis_^ ch nb_ ]l_[ncih 

[h^ jli^o]ncih i` "]s[hi`o_fm”.  

 

K_ywir^s  

Bci`o_f jli^o]ncih; CRISPR; ]s[hi\[]n_lc[; a_h_nc] _hach__lcha; a_h_m; 

m_]ih^[ls g_n[\ifcn_m  

 

Ihtri^u]tcih 

Cs[hi\[]n_lc[ il \fo_-al__h [fa[_ [l_ jlie[lsinc], ohc]_ffof[l, [ko[nc], al[g

-h_a[ncp_ \[]n_lc[ [h^ [l_ [h]c_hn jbinimshnb_nc] gc]liila[hcmgm nb[n [l_ 

qc^_mjl_[^ (1). Tb_m_ mchaf_-]_ff_^ ]l_[nol_m ][h jli^o]_ [ qc^_ l[ha_ i` 

\cifiac][ffs []ncp_ ]igjioh^m qcnb [hn[aihcmnc] _ff_]nm ch]fo^cha nirchm. 

Cs[hi\[]n_lc[ ][h jli^o]_ jicmihm, _htsg_m, pcn[gchm, jcag_hnm, [gchi 

[]c^m, [h^ m_p_l[f `foil_m]_hn ^s_m (2). Am [ jbini[oninlijbc] ila[hcmg, cn 

l_kocl_m `_q_l ila[hc] honlc_hnm `il \ci]b_gc][f jli^o]ncih [h^ cm [h c^_[f 

bimn `il f[la_-m][f_ \cin_]bhifiac][f [jjfc][ncihm (3). Tb_m_ \[]n_lc[ b[p_ 

l_]_cp_^ mj_]c[f [nn_hncih [m [h [fn_lh[ncp_ miol]_ `il \ci`o_f a_h_l[ncih. 

Tb_ gimn [^p[hn[a_m i` ]s[hi\[]n_lc[ l[nb_l nb[h nb_ nl[^cncih[f miol]_m 

[l_ nb_ gchcg[f l_kocl_g_hnm `il nb_cl ]ofnol_, nb_ mbiln a_h_l[ncih ncg_, nb_ 

bcab icf ]ihn_hn, [h^ nb_ _[m_ i` a_h_nc] g[hcjof[ncih. Cs[hi\[]n_lc[ [l_ 

]oll_hnfs ]ihmc^_l_^ [h chn_al[f j[ln i` chhip[ncp_ _h_las-_ffc]c_hn ^_mcahm 

`il \ci`o_f jli^o]ncih (4). Tb_ mo]]_mm i` nb_ [jjfc][ncih i` ]s[hi\[]n_lc[ ch 

\ci`o_f mshnb_mcm ^_j_h^m ih nb_cl a_h_nc] _hach__lcha. Tblioab nb_ 

_rjl_mmcih i` nb_ p[lciom `il_cah a_h_m ch ]s[hi\[]n_lc[, nb_ jli^o]ncih i` 
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g[hs p[fo[\f_ ]b_gc][fm cm jimmc\f_ \s l_^cl_]ncha 

g_n[\ifc] j[nbq[sm (5). Ohfs ]s[hi\[]n_lc[ [h^ 

gc]li[fa[_ [l_ ][j[\f_ i` jli^o]cha irsa_h [h^ 

bs^lia_h. Pbini-\cifiac][f mshnb_mcm i` H2 ch gc]li\_m cm 

i` jo\fc] chn_l_mn \_][om_ cn []nm [m [ l_h_q[\f_ _h_las 

][llc_l `lig h[nol_'m gimn [\oh^[hn l_miol]_m: mif[l 

_h_las [h^ q[n_l. Tb_s b[p_ \__h _rjfil_^ ni jli^o]_ 

][l\ibs^l[n_m `il _nb[hif, bs^li][l\ihm, [h^ cmijl_hic^m 

`il a[mifch_, [h^ bs^lia_h [h^ fcjc^m `il \ci^c_m_f [h^ 

\ci`o_f jli^o]ncih (5). Tb_ mshnb_mcm i` fcjc^m \s 

]s[hi\[]n_lc[ [m [ `__^mni]e `il \ci`o_fm b[m nl_g_h^iom 

jligcm_ (6). Cs[hi\[]n_lc[ b[p_ [ jbinimshnb_nc] [h^ 

\cig[mm jli^o]ncih _ffc]c_h]s i` oj ni 10%, qbc]b cm gil_ 

nb[h nb[n i` \inb jf[hnm [h^ [fa[_ (qbc]b b[p_ _ffc]c_h]c_m 

i` [\ion 1% [h^ 5%, l_mj_]ncp_fs) (7, 8).  

 Lce_ `immcf `o_fm, ]s[hi\[]n_lc[f \ci`o_fm ]ig\ch_ 

[fe[h_m, `[nns []c^m, [h^ `[nns [f]ibifm (9). Tb_l_`il_, 

\ci`o_f [jj_[lm ni \_ nb_ \_mn [fn_lh[ncp_ ni ]oll_hn 

nl[hmjiln[ncih `o_fm qcnbion l_koclcha mcahc`c][hn _hach_ 

gi^c`c][ncihm (10). D_mjcn_ [ff nb_ \_h_`cnm, omcha 

a_h_nc][ffs gi^c`c_^ (GM) ]s[hi\[]n_lc[ ni jli^o]_ 

\ci`o_fm l[cm_m ]_ln[ch _hpclihg_hn[f cmmo_m. N[nol[f 

_]imsmn_gm g[s \_ cgj[]n_^ \s bilctihn[f a_h_ nl[hm`_l 

[h^ ]igj_ncncih \_nq__h GM ]s[hi\[]n_lc[ [h^ inb_l 

gc]li\_m (11). Ih 1999, [h _hach__l_^ Synechococcus 

elongatus PCC 7942 mnl[ch nb[n b[^ [f]ibif ^_bs^lia_h[m_ 

II `lig Zymomona mobilis a_h_l[n_^ _nb[hif `il nb_ `clmn 

ncg_ (12). Tb_ `clmn ila[hct[ncih ni mo]]_mm`offs 

g[ho`[]nol_ \ci`o_fm `lig [fn_l_^ ]s[hi\[]n_lc[ q[m 

Afa_hif, _mn[\fcmb_^ ch 2006 [h^ \[m_^ ch Filn Ms_lm, 

Ffilc^[, ch nb_ Uhcn_^ Sn[n_m (13).  

Ehach__rcha ]y[hi\[]t_rc[ `ir cgjriv_^ s_]ih^[ry 

g_t[\ifct_ syhtb_scs 

N[nol[f jli^o]nm [l_ fiq-gif_]of[l-q_cabn ila[hc] 

]igjioh^m qcnb [ p[lc_ns i` \cifiac][f `oh]ncihm, g[hs i` 

qbc]b [l_ kocn_ mnliha. Tb_s [l_ [fmi ehiqh [m m_]ih^[ls 

g_n[\ifcn_m. S_]ih^[ls g_n[\ifcn_m [l_ hin h_]_mm[ls `il 

[h ila[hcmg'm jlij_l ^_p_fijg_hn, aliqnb, il 

l_jli^o]ncih. Tb_s jlipc^_ ^_`_hm_ g_]b[hcmgm [a[chmn 

mnl_mm, [c^ ch nb_ l_jli^o]ncp_ jli]_mm, [h^ _h[\f_ nb_ 

a_h_l[ncha ila[hcmg ni qcnbmn[h^ chn_lmj_]c_m 

]igj_ncncih (14). S_]ih^[ls g_n[\ifcn_m [l_ ift_h 

][n_ailct_^ []]il^cha ni mnlo]nol[f ]f[mm_m nb[n l_f[n_ ni 

nb_cl jli^o]ncih. Tbcm ][n_ailct[ncih b[m m_p_l[f 

fcgcn[ncihm \_][om_ mig_ mo\mn[h]_m ]ihn[ch \ocf^cha 

\fi]em `lig g[hs \cimshnb_nc] j[nbq[sm [h^ mig_ 

mo\mn[h]_m nb[n m__g ni \_ ]fim_fs l_f[n_^ g[s b[p_ 

_hncl_fs m_j[l[n_ \cimshnb_nc] ilcachm. Pifse_nc^_m [h^ hih

-lc\imig[f j_jnc^_m [l_ mcahc`c][hn nsj_m i` m_]ih^[ls 

g_n[\ifcn_m, qbcf_ [^^cncih[f mnlo]nol[f ]f[mm_m ch]fo^_ 

[fe[fic^m, n_lj_hic^m, ]igjioh^m a_h_l[n_^ `lig 

mbcecg[n_, [h^ [gchiafs]imc^_m (14). Ih nbcm l_pc_q, q_ 

chnli^o]_ [ l[ha_ i` m_]ih^[ls g_n[\ifcn_m nb[n ][h \_ 

jli^o]_^ `lig a_h_nc][ffs gi^c`c_^ ]s[hi\[]n_lc[ (T[\f_ 

1). 

 Plcg[ls [h^ m_]ih^[ls g_n[\ifcn_m `ioh^ ch 

]s[hi\[]n_lc[ ch]fo^_ hih-lc\imig[f jlin_chm, 

jifse_nc^_m, n_lj_h_m, [h^ [fe[fic^m. S_p_l[f i` nb_m_ [l_ 

ehiqh ni b[p_ [hnc][h]_l, [hncpcl[f, [h^ UV jlin_]ncp_ 

[]ncpcnc_m [m q_ff [m b_j[ninirc]cns [h^ h_olinirc]cns (15). 

Fcaol_ 1 mbiqm nb_ mnlo]nol_ i` mig_ m_]ih^[ls 

g_n[\ifcn_m mshnb_mct_^ \s a_h_nc][ffs _hach__l_^ 

]s[hi\[]n_lc[. Tb_ om_ i` ]s[hi\[]n_lc[ [m bimnm `il 

jbinimshnb_nc] ]b_gc][f mshnb_mcm b[m [^p[h]_^ al_[nfs ch 

l_]_hn s_[lm. Nog_liom ]s[hi\[]n_lc[f m_]ih^[ls 

g_n[\ifcn_m b[p_ \__h c^_hnc`c_^ ch]fo^cha hih-lc\imig[f 

j_jnc^_m (NRPm), jifse_nc^_m (PKm), NRPm-PKm bs\lc^m, 

lc\imig[f j_jnc^_m (RPm), [h^ jimn‐nl[hmf[ncih[ffs 

gi^c`c_^ j_jnc^_m (RcPPm) jli^o]_^ ^olcha m_]ih^[ls 

g_n[\ifcmg \s hih-lc\imig[f j_jnc^_ mshnb_n[m_m (NRPS) 

[h^ jifse_nc^_ mshnb[m_m (PKS) (16). M[dil \cimshnb_nc] 

j[nbq[sm `iffiq_^ \s ]s[hi\[]n_lc[ `il nb_ jli^o]ncih i` 

m_]ih^[ls g_n[\ifcn_m mo]b [m g[fih[n_ j[nbq[s, 

g_nbsf_lsnblcnif-jbimjb[n_ j[nbq[s, g_p[fih[n_ 

j[nbq[s, [h^ mbcecg[n_ j[nbq[s (17). Tb_ `oh]ncih[fcns, 

jli^o]ncpcns, [h^ _ffc]c_h]s i` g_n[\ifc] j[nbq[sm b[p_ [ff 

\__h _hb[h]_^ \s a_h_nc] niifm fce_ CRISPR/C[m9 [h^ 

lc\imqcn]b_m, qbc]b b[p_ [fmi [mmcmn_^ ch l_gipcha 

g_n[\ifc] \innf_h_]em ch h[ncp_ g_n[\ifcmg (18). 

 Tb_ CRISPR/C[m msmn_g cm [h chn_l_mncha g_nbi^ `il 

a_h_nc][ffs gi^c`scha ]s[hi\[]n_lc[ [h^ gc]li[fa[_. Tb_ 

n[la_n ^_mcah cm mo\mn[hnc[ffs _[mc_l [h^ nb_l_ [l_ g[hs 

]b[h]_m `il n[la_n gi^c`c][ncih omcha nb_ CRISPR/C[m 

msmn_g. Tb_ chm_lncih i` CRISPR/C[m9 a_h_ _^cncha ih [ 

jf[mgc^ \[]e\ih_ ][h l_mofn ch n_gjil[ls a_h_ _rjl_mmcih 

qcnb f_mm nirc]cns ni nb_ _hncl_ msmn_g [h^ _h[\f_ `i]om_^ 

a_h_nc] _hach__lcha \_][om_ C[m9 ho]f_[m_ ^_gihmnl[n_m 

jin_hnc[f f_nb[fcns ch ]s[hi\[]n_lc[ (18). Fil g_n[\ifc] 

_hach__lcha, ^_[]ncp[n_^ C[m9 [h^ C[m12[ ][h [fmi \_ 

om_^ ni l_jl_mm a_h_m. Ti _rjl_mm nb_ ]lsjnig[f^[gc^_ 

\cimshnb_nc] a_h_ ]fomn_l `lig nb_ g[lch_ ]s[hi\[]n_lcog 

Moorea producens, [ mnl[ch i` m_al_a[n_^ ^io\f_ 

l_]ig\ch[hn Anabaena PCC 7120 ch]fo^cha Synechococcus  

Fcaur_ 1. Snlo]nol_ i` p[lciom m_]ih^[ls g_n[\ifcn_m mshnb_mct_^ 
\s a_h_nc][ffs _hach__l_^ ]s[hi\[]n_lc[  

https://plantsciencetoday.online


290 

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

 

Sr. 
Ni. 

Dihir \[]t_rc[ G_h_ i` cht_r_st 
R_]cjc_ht \[]t_rc[ ch 

wbc]b tb_ a_h_ i` cht_r_st 
cs a_h_tc][ffy _hach__r_^ 

N[g_ i` tb_ ^_scr_^ 
jri^u]t syhtb_scz_^ \y 
a_h_tc][ffy _hach__r_^ 

\[]t_rc[ 

R_suft 

1 
Escherichia coli mnl[ch 

GB05- l_^ Fimgc^ `im-DE3-86 Moorea producens 
Nih-lc\imig[f j_jnc^_ 

fsha\s[nirch A 

H_n_lifiaiom 
_rjl_mmcih i` nbcm 

j[nbq[s [ffil^_^ bcab 
ncn_lm i` \inb 

fsha\s[nirch A (25.6 
ga L−1) [h^ cnm 

jl_]olmil ch^if[]n[g-
V (150 ga/f) (21) 

2 Saccharomyces 
cerevisiae CEN.PK2-1C 

DDGS (NpR5600), O-MT 105 
(NpR5599), ATP-al[mj fca[m_ 

(NpR5598), [h^ D-[f[-D-[f[ fca[m_ 
(NpR5597) 

Nostoc punctiform Sbchilch_, gs]imjilch_-
fce_ [gchi []c^ 

Ih]l_[m_ 
S_^ib_jnofim_ 7-

jbimjb[n_ (S7P), [h 
chn_lg_^c[n_ i` nb_ 

j_hnim_ 32 jbimjb[n_ 
j[nbq[s, cm [ e_s 

mo\mnl[n_ `il mbchilch_ 
\cimshnb_mcm (22) 

3 
Escherichia coli BL21

(DE3) psbA2, dxs Synechocystis sp. PCC6803 
1-^_irs-D-rsfofim_ 5-
jbimjb[n_ mshnb[m_ 

Op_l-_rjl_mmcih i` [ 
e_s _htsg_ ch 2-C-

g_nbsf-D-_lsnblcnif 4-
jbimjb[n_ (MEP) 

j[nbq[s, 1-^_irs-D-
rsfofim_ 5-jbimjb[n_ 

mshnb[m_ (DXS) (23) 

4 
Synechocystis sp. PCC 

6803 ispGS, idi, dxr 
Synechococcus 

elongatus PCC 7942 Imijl_h_ 

Ehach__l_^ nb_ MEP 
j[nbq[s ch nb_ 

]s[hi\[]n_lcog S. 
elongatus `il 

jbinimshnb_nc] 
jli^o]ncih i` cmijl_h_ 
`lig CO2. Ehach__l_^ 

mnl[chm []bc_p_^ [ `ch[f 
ncn_l i` 1.26 a L-1 
cmijl_h_ [h^ [h 

[p_l[a_ jli^o]ncih 
l[n_ i` 4.26 ga L-1 b-1 

(24) 

5 

Streptomyces 
sp. mnl[ch CL190, 

Ralstonia eutropha, 
Aeromonas caviae 

NphT7, 
phaBJ, Ptb, buk, pte2, tesB, yciA 

Synechococcus elongatus 
PCC 7942 Bonsl[n_ 

Cogof[ncp_ \onsl[n_ 
ncn_l i` [lioh^ 1.1 a/L 
qcnb 38 ga/L [h^ 541 

µa/L i` []_n[n_ [h^ 
]linih[n_, 

l_mj_]ncp_fs, m_]l_n_^ 
[m \s-jli^o]nm (25) 

6 Pasteurella multocida  galU, PmHS2 
Synechococcus elongatus 

PCC 7942 H_j[lim[h 

jaj7942 ]_ffm sc_f^_^ [ 
g[rcgog 

b_j[lim[h jli^o]ncih 
0.5μa/a-DCW qcnb [ 
ncn_l i` 0.44μa/f (26) 

7 Escherichia coli JM109 had1, fbp, trc-s6pdh, pnt Synechocystis sp. PCC 6803 Sil\cnif 

Tb_ bcab_mn jli^o]ncih 
f_p_f i` mil\cnif 

i\m_lp_^ q[m 2387 ga/
f `il 432 b (27) 

8 

Escherichia coli 
(BW25113), Candida 

boidinii (ATCC 18810), 
Pichia stipites (ATCC 

58785) 

XylE, XylFGH, XR, XI, and XDH 
Synechococcus elongatus 

PCC 7942 Xsfcnif 

Op_l_rjl_mmcih i` XylE 
mo]]_mm`offs ch]l_[m_^ 

nb_ l[n_ i` rsfim_ 
]ihmogjncih [h^ 
[ffiq_^ _ffc]c_hn 

l_^o]ncih ni rsfcnif 
qb_h ]iojf_^ ni nb_ 

NADPH-^_j_h^_hn XR 
(28) 

9 
Brevundimonas sp. 

SD212, Erwinia 
herbicola 

CrtWD, CrtZA, RuBisCO, F/SBPase, 
Rpe, TktA Synechocystis sp. PCC 6803 Amn[r[hnbch 

Ehach__l_^ mnl[ch 
jli^o]_^ [mn[r[hnbch 
oj ni 29.6 ga/a (^ls 
]_ff q_cabn) ^cl_]nfs 

`lig CO2 (29) 

10 Escherichia coli DH5α acnB, dxs, cpcB2, SQS, idi Synechococcus elongatus 
PCC 7942 

Sko[f_h_ 

D_p_fij_^ C[m12[-
g_^c[n_^ CRISPRc `il 

g_n[\ifc] _hach__lcha, 
jbinimshnb_nc] 

mko[f_h_ jli^o]ncih 
q[m cgjlip_^ \s 

l_jl_mmcha nb_ 
_mm_hnc[f a_h_m i` 

_cnb_l acnB _h]i^cha 
`il []ihcn[m_ il cpcB2 

_h]i^cha `il 
jbs]i]s[hch \-mo\ohcn 

ch Synechococcus 
elongatus PCC 7942 

(30) 

T[\f_ 1. V[lciom m_]ih^[ls g_n[\ifcn_m mshnb_mct_^ \s a_h_nc][ffs _hach__l_^ ]s[hi\[]n_lc[ 



 291   POOJA ET AL 

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

elongatus bigifiaiom m_ko_h]_m q[m ^_p_fij_^ (19). Oh 

nb_ inb_l b[h^, nb_ f[]e i` pcn[f g_n[\ifcn_m gcabn chbc\cn 

]_ff ^_p_fijg_hn. Ti [pic^ f_nb[fcns ][om_^ \s nb_ 

ehi]eion i` _mm_hnc[f a_h_m, CRISPR chn_l`_l_h]_ (CRISPRc) 

cm [ jligcmcha ijncih `il nb_ n_gjil[ls l_jl_mmcih i` 

]igj_ncha _mm_hnc[f g_n[\ifc] j[nbq[sm. CRISPRc ][h 

l_jl_mm a_h_ _rjl_mmcih qcnbion ][omcha ho]f_c] []c^ 

mnl[h^ _r]cmcih (20). 

 Cs[hi\[]n_lc[ b[p_ ohcko_ ]ihh_]ncihm qcnb inb_l 

gc]li [h^ g[]li mj_]c_m ^o_ ni nb_cl chnlc][n_ a_h_nc] 

j[nbq[sm nb[n jli^o]_ m_]ih^[ls g_n[\ifcn_m (31). 

Sb_mn[eip [h^ Kbs_h, 1970 `clmn ^i]og_hn_^ _ria_hiom 

DNA nl[hm`ilg[ncih ch ]s[hi\[]n_lc[, [h^ l_]ig\ch[hn 

DNA n_]bhifias _h[\f_^ a_h_nc][ffs ^_mcah_^ 

]s[hi\[]n_lc[ (32). G_h_nc] _hach__lcha'm \caa_mn 

]b[ff_ha_ cm nl[hm`_llcha `il_cah DNA chni nb_ bimn (33). 

S_p_l[f ]s[hi\[]n_lc[f mj_]c_m ][h nl[hm`_l DNA nblioab 

nb_ ]_ff g_g\l[h_ (34, 35, 36). Tb_ \_mn ]s[hi\[]n_lc[f 

bimn mnl[chm `il a_h_nc] _hach__lcha ch]fo^_ h[nol[ffs 

nl[hm`ilg[\f_ Synechococcus mj. PCC 7002, Synechococcus 

elongatus PCC 7942, [h^ Synechocystis mj. PCC 6803 (37). 

Uh^_lmn[h^cha ]s[hi\[]n_lc[f ]_ffof[l msmn_gm [ffiqm om 

ni om_ mshnb_nc] \cifias ni ]l_[n_ h_q msmn_gm 

\s chn_al[ncha _f_g_hnm il ]ihnliffcha nb_g. G_h_nc] 

_hach__lcha ][h \_ om_`of ni jli^o]_ p[fo[\f_ gif_]of_m 

\s ]l_[ncha hip_f \cimshnb_nc] j[nbq[sm (38). R_m_[l]b_lm 

b[p_ ]l_[n_^ ]s[hi\[]n_lc[ nb[n oncfct_ mif[l _h_las, CO2, 

[h^ q[n_l ni g[e_ [ l[ha_ i` ]igjioh^m, mo]b [m _nb[hif, 

cmi\on[hif, [h^ cmijl_h_ (39). Tb_m_ mo\mn[h]_m gcabn \_ 

om_^ ni g[e_ \ci`o_fm [h^ inb_l ch^omnlc[f aii^m. Ah 

ihaicha `c_f^ i` mno^s qcnb _h]iol[acha ion]ig_m cm nb_ 

_hach__lcha i` ]s[hi\[]n_lc[ `il nb_ a_h_l[ncih i` `o_fm 

[h^ ]b_gc][fm (40, 41). 

 Synechococcus elongatus PCC 7942 [h^ 

Synechocystis mj. PCC 6803 q[m a_h_nc][ffs _hach__l_^ 

qcnb [h _nbsf_h_-`ilgcha _htsg_ _rjl_mmcha [ a_h_ `lig 

Pseudomonas syringae (42, 43). Tb_ _nbsf_h_-jli^o]cha 

a_h_m 1-[gchi]s]fijlij[h_-1-][l\irsf[n_ ACC mshnb[m_ 

[h^ [gchi]s]fijlij[h_ ][l\irsf[n_ irc^[m_ q_l_ 

chm_ln_^ chni S. elongatus PCC 7942 (44). Synechocystis 

]_ffm q_l_ ^_mcah_^ ni jli^o]_ [h^ m_]l_n_ afo]imsf 

afs]_lif (GG) \s ^cmlojncha GG ojn[e_ nl[hmjiln_l a_h_m, 

aanC [h^ aanD, [h^ [ l_jl_mmil a_h_, aajR, `il GG 

mshnb_mcm (45). Aphanocapsa (46), Anabaena (47), Nostoc 

(48), Oscillatoria (49), Synechococcus (9), Gloeocapsa (50), 

Agmenellum (51), Arthrospira (52), [h^ Haplosiphon (53) 

b[p_ \__h oncfct_^ ch a_h_nc] _hach__lcha l_m_[l]b ni 

jli^o]_ \ci`o_fm.      

Ehb[h]cha \ci`u_f syhtb_scs tbriuab a_h_tc] 

gi^c`c][tcih i` ]y[hi\[]t_rc[ 

Cs[hi\[]n_lc[, [l_ [h]c_hn ]l_[nol_m nb[n b[p_ \__h ih 

E[lnb `il [n f_[mn 3.5 \cffcih s_[lm. Cs[hi\[]n_lc[ b[p_ [ 

qc^_ l[ha_ i` giljbifiac_m, ch]fo^cha `cf[g_hniom, 

ohc]_ffof[l, [h^ ]ifihs-`ilgcha `ilgm. Tb_s [l_ l_a[l^_^ 

[m \cin_]bhifiac][f a_gm `il bcab-n_gj_l[nol_ ij_l[ncihm 

[h^ [l_ jl_m_hn ch p[lciom a_inb_lg[ffs b_[n_^ l_acihm i` 

nb_ E[lnb. Tb_s [l_ om_^ `il CO2 ][jnol_, nb_ g[ho`[]nol_ 

i` \ci`o_fm, [h^ \cil_g_^c[ncih jli]_mm_m mo]b [m nb_ 

_fcgch[ncih i` jb_hifc] ]b_gc][fm. Binb h[nol[ffs 

i]]ollcha [h^ [lnc`c]c[f ]s[hi\[]n_lc[ ]l_[n_ [ qc^_ l[ha_ 

i` ]b_gc][f mo\mn[h]_m (54). Bci`o_fm qilf^qc^_ `i]om ih 

\cibs^lia_h, \ci_nb[hif, \ci^c_m_f, [h^ \cia[m. Tb_ 

a_h_nc] gi^c`c][ncih i` ]s[hi\[]n_lc[ ch \ci`o_f 

jli^o]ncih cm _[mc_l [h^ gil_ q_ff-^_p_fij_^ nb[h inb_l 

_oe[lsinc] [fa[_ (55). T[\f_ 2 ]ihn[chm [ fcmn i` nb_ 

jli^o]ncih i` \ci`o_fm ch a_h_nc][ffs _hach__l_^ 

]s[hi\[]n_lc[. Fcaol_ 2 mbiqm nb_ mnlo]nol_ i` mig_ 

m_]ih^[ls g_n[\ifcn_m g_hncih_^ ch T[\f_ 2. 

 B[m_^ ih nb_ ]igj[lcmih i` nb_ `[nns []c^ [h^ 

\ci^c_m_f ko[fcnc_m i` ]s[hi\[]n_lc[f mnl[chm ch p[lciom 

g_^cogm nqi mnl[chm, Synechocystis mj. CACIAM05 [h^ 

Microcystis aeruginosa CACIAM03 mbiq_^ \_nn_l 

jli^o]ncih i` `[nns []c^m [h^ \ci^c_m_f ko[fcns ch BG-11 

g_^cog (66). Synechocystis mj. [h^ Limnothrix mj. b[^ 

bcab_l \ci^c_m_f ko[fcns g_nlc]m [n fiq fcabn chn_hmcns [h^ 

N[NO3 ]ih]_hnl[ncih (67). A nb_lgimn[\f_ fcj[m_ a_h_ 

`lig Fervidobacterium nodosum Rn17-B1 q[m chnli^o]_^ 

chni Synechocystis mj. PCC 6803 a_hig_ pc[ ^io\f_-

]limmcha ip_l, ][omcha ]snijf[mgc] g_g\l[h_ bs^lifsmcm 

[h^ FFA l_f_[m_ (68). Synechococcus elongatus PCC 7942 

jli^o]_^ gil_ `[nns []c^m \s ip_l_rjl_mmcha nb_ _l[ a_h_, 

[ GTP-\ch^cha jlin_ch chpifp_^ ch `[nns []c^ [h^ 

bs^li][l\ih g_n[\ifcmg (69). Tb_ fcjc^ jli`cf_ i` 

]s[hi\[]n_lc[f mnl[chm Cyanobium mj., Limnothrix mj., [h^ 

Nostoc mj. [h^ `[nns []c^ ]ihn_hn mbiq_^ nb[n Limnothrix 

mj. q[m \_nn_l `il \ci^c_m_f a_h_l[ncih (70).   

 Bci-icf cm ]ihmc^_l_^ ni \_ [ p_ls jligcmcha \ci`o_f 

[h^ ][h \_ om_^ [m [ `o_f `il b_[n, jiq_l, il [m `__^mni]e 

ch nb_ ]b_gc][f ch^omnls (71). Pslifsmcm n_gj_l[nol_, 

j[lnc]f_ mct_, [h^ hcnlia_h `fiq l[n_ [ff_]n_^ \ci-icf 

jli^o]ncih `lig \fo_-al__h [fa[f \fiigm (BGAB). BGAB 

\ci-icf b[^ [ bcab b_[ncha p[fo_ i` 31.9 MJ ea−1 [h^ [h O/C 

gif[l l[nci i` 0.16 [n ijncgog ]cl]ogmn[h]_m, qcnb [ 

g[rcgog icf jli^o]ncih i` 54.97% (qn%) [n [ `ch[f 

jslifsmcm n_gj_l[nol_ i` 500°C, j[lnc]f_ mct_ \_fiq 

Fcaur_ 2. Snlo]nol_ i` p[lciom \ci`o_fm mshnb_mct_^ \s a_h_nc][ffs 
_hach__l_^ ]s[hi\[]n_lc[  

https://plantsciencetoday.online


292 

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

0.25gg, [h^ hcnlia_h `fiq l[n_ i` 100 gL gch−1 (72). 

Cs[hi\[]n_lc[f ][l\ibs^l[n_m ][h \_ oncfct_^ ni jli^o]_ 

\ci_nb[hif il \cibs^lia_h jli^o]ncih, [h^ fcjc^m [l_ 

]ihmc^_l_^ `il \ci-icf jli^o]ncih (73). Oh_ i` g[hs 

^cff_l_hn ech^m i` \ci`o_fm, qbc]b [fmi ch]fo^_ mifc^, fckoc^, 

[h^ a[m_iom `o_fm ^_lcp_^ `lig \cig[mm, cm \cia[m. A 

\ci`o_f cm [hs ]ig\omnc\f_ `o_f g[^_ `lig l_]_hn (hih-

`immcf) fcpcha g[nn_l (\cig[mm), mo]b [m _nb[hif g[^_ `lig 

jf[hn jli^o]nm, \ci^c_m_f g[^_ `lig jf[hn il [hcg[f icfm, 

il \cia[m g[^_ `lig \cig[mm (74). Bcia[m jli^o]ncih 

l_[]b_^ [ g[rcgog p[fo_ i` 0.4 g3 \cia[m/eaCODc ch 

Arthrospira platensis (75). A. platensis NIOF17/003 _hn_l_^ 

nb_ f[n_ _rjih_hnc[f jb[m_ ih nb_ _cabnb ^[s i` 

^_p_fijg_hn, qcnb [ ^ls q_cabn (DW) i` 0.845 a L-1 (76).  

CRISPR t_]bhifiay [h^ g_t[\ifc] _hach__rcha ch 

]y[hi\[]t_rc[ 

CRISPR cm om_^ `il l_aof[ncha g_n[\ifc] jli^o]ncih via 

_^cncha a_h_m ch nb_ q[s i` mo\mncnoncihm, jichn gon[ncihm, 

[h^ ]l_[ncha a_h_ ehi]eionm [h^ ehi]e-chm. CRISPR/C[m 

cgjlip_m nb_ _ff_]ncp_h_mm i` a_hig_ _^cncha \s 

a_h_l[ncha ^io\f_-mnl[h^_^ ]f_[p[a_ i` nb_ a_hig_, 

qbc]b ch nolh mncgof[n_m bigifiaiom l_]ig\ch[ncih 

nblioab [ DNA l_j[cl g_]b[hcmg ][ff_^ bigifias-

^cl_]n_^ l_j[cl. G_hig_ _^cncha _ff_]ncp_h_mm cm ch]l_[m_^ 

Sf 
Ni Dihir \[]t_rc[/itb_r siur]_ G_h_ i` 

cht_r_st 

R_]cjc_ht \[]t_rc[ ch 
wbc]b tb_ a_h_ i` 

cht_r_st cs a_h_tc][ffy 
_hach__r_^ 

Qu[htcty i` tb_ 
jri^u]t syhtb_scz_^ R_suft 

1 Escherichia coli 
fbaA, glpX, 
tktA, fbp, 
pdc, adh 

Synechocystis PCC 6803 
1.2 a/f, 

]ill_mjih^cha ni 28 
gM _nb[hif 

Op_l-_rjl_mmcih i` nqi 
m_f_]n_^ CBB _htsg_m (FBA 
+ TK, FBP/SBP[m_ + FBA, il 

FBP/ SBP[m_ + TK) _hb[h]_m 
_nb[hif `ilg[ncih (56) 

2 Acinetobacter baylyi ActesA Synechocystis mj. PCC 
6803 

Ernl[]_ffof[l `[nns 
[]c^m jli^o]_^ oj ni 

171.9 ± 13.22 ga/f 

gA]T mnl[ch (_hach__l_^ 
mnl[ch qcnb AcTesA ih cnm 

g_g\l[h_) m_]l_n_^ 60% i` 
nin[f `[nns []c^m q[m 

gihiohm[nol[n_^ (C18:1) 
qbc]b cm nb_ jl_`_l[\f_ 

\ci^c_m_f ]igjih_hn (57) 

3 Marinobacter aquaeolei VT8 
Ptrc, far, 

plsX 
Synechocystis sp. PCC 

6803 

F[nns [f]ibif 
jli^o]ncih oj ni 10.3 

ga/a (^ls ]_ff 
q_cabn) 

CRISPRc [ffiq_^ l_jl_mmcih 
i` slr1510 ch]l_[m_^ 

i]n[^_][hif jli^o]ncpcns 
nbl__`if^ ip_l nb_ \[m_ 

mnl[ch [h^ a[p_ nb_ bcab_mn 
jli^o]ncih (58) 

4 Pseudomonas mendocina Ole, Und, 
fap 

Synechocystis sp. PCC 
6803 

4 ni 77 ga/a ]_ff ^ls 
q_cabn i` `[nns [fe_h_ 

R_jf[]_g_hn i` CAR [h^ 
ADO qcnb Pseudomonas 

mendocina UndB l_mofn_^ ch 
nb_ bcab-sc_f^ ]ihp_lmcih i` 
nbci_mn_l[m_-fc\_l[n_^ FFAm 
chni ]ill_mjih^cha [fe_h_m 

(59) 

5 Pueraria montana cpcB, IspS 
Synechocystis sp. PCC 

6803 

28.9 ± 1.06 μa/f/b i` 
cmijl_h_ 

[]]ogof[ncih 

Tb_ ^cl_]n `omcih i` nb_ IspS 
ni nb_ cpcB a_h_ (cpcb*IspS) 
mo\mn[hnc[ffs _hb[h]_^ (275
-`if^) nb_ ]ih]_hnl[ncih i` 
nb_ IspS jlin_ch ch nb_ ]_ffm 

(60) 

6 Mentha spicata 
lims, SomB, 

CrtE, dxs, 
idi 

Synechococcus elongatus 
UTEX 2973 

Ehach__l_^ mnl[ch 
jli^o]_^ 16.4 ga/f 

i` fcgih_h_ [n [ l[n_ 
i` 8.2 ga/f/^[s 

Lcgih_h_ ncn_l ch nb_ dxs 
[h^ idi ]i_rjl_mmcih mnl[chm 
ch]l_[m_^ mcahc`c][hnfs ni 13 
ga L-1 oh^_l 0.01 gM IPTG 

]ih^cncihm (61) 

7 Anabaena sp. PCC 7129 ASF 
Synechococcus elongatus 

PCC 7942 

Pli^o]ncih i` α-
`[lh_m_h_ (4.6 ± 0.4 
ga/f ch 7 ^[sm) `lig 

CO2 

α-`[lh_m_h_ jli^o]ncih 
l[n_m ch]l_[m_^ ^olcha nb_ 
aliqnb j_lci^ ni 480.3 µa/

L/OD730/^ 195 `lig ^[sm 3-
5 [h^ ni 625.2 µa/L/OD730/

^ `lig ^[sm 5-7 (62) 

8 Clostridium beijerinckii 
als, aldc 
adh, luc, 

lacZ 

Synechococcus elongatus 
PCC 7942 

2,3-Bon[h_^cif 
jli^o]ncih i` ncn_l 

496 ± 42 ga/L 

Ojncgog ]ihmnlo]ncih (B-
alsS, B-alsD, D-adh) 

jli^o]_^ 496 ga-1 [ft_l 72 
b, []bc_pcha [ 180% 

ch]l_[m_ ip_l nb_ hih-
ijncgct_^ mnl[ch (63) 

9 Synechocystis sp. PCC 6803 
aceEF, lpd, 

pdh 
Synechococcus elongatus 

PCC 7942 

Pli^o]ncih ncn_l i` 
cmijlij[hif oj ni 1.9 

gM, 114.2 ga/f 

Ehb[h]_^ `for ni []_nsf-CiA 
cgjlip_^ jbinimshnb_nc] 

[]_n[n_/cmijlij[hif 
jli^o]ncih (64) 

10 Escherichia coli 
pha, Fad, 

nphT7 
Synechocystis sp. PCC 

6803 

Tb_ ]ogof[ncp_ 1-
\on[hif ncn_l i` 4.8 a/
f qcnb [ g[rcg[f l[n_ 

i` 302 ga f/^[s 

Ojncgctcha nb_ 5′-l_acihm i` 
_rjl_mmcih ohcnm `il nohcha 

nl[hm]lcjncih [h^ 
nl[hmf[ncih, l_qclcha nb_ 

][l\ih `for [h^ 
jbinimshnb_nc] ]_hnl[f 
][l\ih g_n[\ifcmg ni 
_hb[h]_ nb_ jl_]olmil 
mojjfs, [h^ j_l`ilgcha 

jli]_mm ^_p_fijg_hn `il 1-
\on[hif jli^o]ncih (65) 

T[\f_ 2. V[lciom \ci`o_fm mshnb_mct_^ \s a_h_nc][ffs _hach__l_^ ]s[hi\[]n_lc[ 
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\s omcha CRISPR/C[m ni ][om_ ^io\f_-mnl[h^_^ ]f_[p[a_ i` 

nb_ a_hig_, qbc]b mncgof[n_m bigifiaiom l_]ig\ch[ncih 

ch [ DNA l_j[cl jli]_^ol_ ehiqh [m bigifias-^cl_]n_^ 

l_j[cl. Tb_ CRISPR/C[m9 n_]bhifias q[m om_^ ni 

^_gihmnl[n_ nbcm ch]l_[m_ ch _ff_]ncp_h_mm `il nb_ `clmn ncg_ 

ch ]s[hi\[]n_lc[ (77). R_]_hnfs, \inb CRISPR-^C[m9 [h^ -

^C[m12[ msmn_gm b[p_ ^_gihmnl[n_^ mo]]_mm`of 

[jjfc][ncihm ch m_p_l[f gi^_f ]s[hi\[]n_lc[, mo]b 

[m Synechocystis 6803 (58), Synechococcus 7942 (30) [h^ 

Anabaena 7120 (78). 

 Ih nb_m_ [jjfc][ncihm, CRISPRc q[m mo]]_mm`offs 

_gjfis_^ `il nb_ ^sh[gc] oj/^iqh-l_aof[ncih i` nb_ 

n[la_n a_h_m ch p[lciom mshnb_nc] j[nbq[sm `il cgjlip_^ 

jli^o]ncpcns i` \ci`o_fm (_.a., `[nns []c^m [h^ `[nns [f]ibifm) 

[h^ inb_l cgjiln[hn g_n[\ifcn_m (_.a., [gchi []c^m, 

mo]]ch[n_, f[]n[n_, [h^ jslop[n_) (79). Tb_l_ [l_ inb_l 

[jjfc_^ [^p[hn[a_m i` omcha CRISPR/C[m9 `il a_hig_ 

_^cncha ch ]s[hi\[]n_lc[ inb_l nb[h ch a_hig_ _^cncha 

_ffc]c_h]s. Oh_ cm mbiln_l bigifias [lgm i` 400\j oj ni 

700\j cm _hioab `il _ff_]ncp_ bigifiaiom l_]ig\ch[ncih. 

Tbcm f_[^m ni ij_hcha oj nb_ jimmc\cfcns i` chn_al[ncha 

a_h_m qcnbch mg[ff a_higc] n[la_n mcn_m, nb_l_\s [pic^cha 

nb_ lcme i` ohq[hn_^ l_]ig\ch[ncih _p_hnm nb[n ][h 

mcahc`c][hnfs [fn_l bimn \_b[pcil [h^ jb_hinsj_. Ahinb_l 

[^p[hn[a_ cm l_^o]cha nb_ n_gjf[n_ jf[mgc^ [giohn `il 

bigifiaiom l_]ig\ch[ncih (80). Do_ ni nb_ [jj[l_hn 

nirc]cns i` C[m9 ho]f_[m_, CRISPR n_]bhifias ^i_m b[p_ 

]_ln[ch ^cm[^p[hn[a_m. Wcnb nb_ om_ i` CRISPR n_]bhifias 

[h^ nb_ l_pifoncih[ls RNA-^cl_]n_^ ^mDNA ho]f_[m_, Cj`1, 

qbc]b cm b[lgf_mm ni ]s[hi\[]n_lc[, [ p_ls _ff_]ncp_ [h^ 

[]]ol[n_ niif `il jli^o]cha g[hs g[le_l-f_mm [fn_l[ncihm 

ch ]s[hi\[]n_lc[ q[m ]l_[n_^ ni ip_l]ig_ nbcm 

cgj_^cg_hn. B_][om_ cn ihfs l_kocl_m [ 42 hn RNA 

]igjih_hn mcahc`c][hnfs f_mm _rj_hmcp_ ni jli^o]_ nb[h 

nb_ >100 hn aRNA h__^_^ \s ][m9 msmn_gm, nb_ ]j`1 msmn_g 

cm l_a[l^_^ [m \_cha gil_ _]ihigc][ffs mioh^ ch mshnb_nc] 

\cifias. B_][om_ nb_ ]j`1 a_hig_ _^cncha niif f[]em 

g[le_lm, cn g[s gi^c`s ]igjfc][n_^ a_hig_m ch q[sm nb[n 

q_l_ jl_pciomfs cgjl[]nc][f. Tb_ h_rn mn[a_ ch _h[\fcha nb_ 

^_p_fijg_hn i` ]s[hi\[]n_lc[ [m _rnl_g_fs jligcmcha \ci

-`[]nilc_m qcff oh^io\n_^fs \_ m][fcha oj nb_ ko[hncns [h^ 

_ff_]ncp_h_mm i` [fn_l[ncihm ni ]igj_n_ qcnb nbim_ i` E. coli 

[h^ S. cerevisiae (81).  

 

Cih]fuscihs 

Bs `ch_-nohcha ]s[hi\[]n_lc[f g_n[\ifcmg, l_]_hn 
[^p[h]_m ch g_n[\ifc] _hach__lcha [h^ mshnb_nc] \cifias 

omcha mijbcmnc][n_^ [h^ ]onncha-_^a_ niifm b[p_ 

^_gihmnl[n_^ hin_qilnbs jlial_mm ch g[echa 

]s[hi\[]n_lc[ [ jligcmcha jbinimshnb_nc] jf[n`ilg `il nb_ 

jli^o]ncih i` \ci`o_fm [h^ g[hs ]iggi^cns ]b_gc][fm. 

Afnbioab nb_l_ b[p_ \__h gofncjf_ mo]]_mm`of jlii`-i`-

]ih]_jn mno^c_m, nb_l_ cm jl_m_hnfs ihfs [ mg[ff [giohn i` 

qile \_cha ^ih_ ni m][f_ oj nbcm n_]bhifias. Sch]_ ncn_l, 

jli^o]ncpcns, [h^ mn[\cfcns [l_ nb_ ]b[l[]n_lcmnc]m nb[n ][h 

ihfs \_ [nn[ch_^ \s ]s[hi\[]n_lc[f mnl[chm nb[n b[p_ 

oh^_laih_ a_h_nc] _hach__lcha, nb_m_ ko[fcnc_m [l_ ]lo]c[f 

`il ]igg_l]c[f l_[fct[ncih. Ih nbcm ][m_, nb_ nb_il_nc][f 

jli^o]ncih l[n_m [l_ ni \_ _rj_lcg_hn[ffs ^_n_lgch_^. A 

]ihmc^_l[\f_ jilncih i` nb_ `cr_^ ][l\ih gomn \_ ^cl_]n_^ 

il l_^cl_]n_^ niq[l^ nb_ ^_mcl_^ jli^o]nm, qbc]b qcff h__^ 

m_p_l[f ]iil^ch[n_^ l_m_[l]b chcnc[ncp_m. Tb_ n_]bhifias 

`il b[lp_mncha nb_ _h^ jli^o]nm gomn \_ ^_pcm_^ ch 

[^^cncih ni ojal[^cha nb_ ch`l[mnlo]nol_ i` ij_h jih^m il 

fiq-]imn \cil_[]nilm. D_mjcn_ m_p_l[f i\mn[]f_m ni nb_ 

_]ihigc] pc[\cfcns i` ]s[hi\[]n_lc[f msmn_gm, nb_ ohcko_ 

pc_qjichn i` nb_m_ jbinimshnb_nc] gc]liila[hcmgm cm 

jckocha nb_ chn_l_mn i` ]ihnchoiom g_n[\ifc] _hach__lm [m 

[ al__h [h^ momn[ch[\f_ jli^o]ncih msmn_g. 
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nb_ `[]cfcnc_m [h^ [mmcmn[h]_. Tb_ `clmn [onbil nb[hem nb_ 

Cioh]cf i` S]c_hnc`c] [h^ Ih^omnlc[f R_m_[l]b (CSIR) `il nb_ 

`ch[h]c[f [c^. 
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