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A\str[]t 

R_m_[l]b ih nb_ h[nol[f l_miol]_m `ioh^ ch g_^c]ch[f jf[hnm [h^ _h^ijbsn_m 
g[e_m cgjiln[hn ]ihnlc\oncihm ni [ qc^_ p[lc_ns i` `c_f^m, ch]fo^cha ^loa 

^_p_fijg_hn, [alc\omch_mm, \cin_]bhifias, [h^ momn[ch[\f_ ^_p_fijg_hn. 
Eh^ijbsn_m [l_ [ alioj i` gc]liila[hcmgm nb[n ][h \_ ^cm]ip_l_^ ch nb_ 
lbctimjb_l_ i` jf[hnm \_cha om_^ ch g_^c][f nl_[ng_hn. Tb_m_ 
gc]liila[hcmgm b[p_ nb_ ][j[\cfcns i` jli^o]cha [ qc^_ l[ha_ i` jlcg[ls 
[h^ m_]ih^[ls g_n[\ifcn_m \s oncfctcha [ p[lc_ns i` ^cmnch]n \cimshnb_nc] 
j[nbq[sm. S_p_l[f ^cff_l_hn n_]bhifiac_m, mo]b [m a_h_nc] gi^c`c][ncih [h^ 
[lnc`c]c[f chn_ffca_h]_ (AI), jf[s [ mcahc`c][hn lif_ ch nb_ []]_f_l[ncih i` 
_h^ijbsnc] l_m_[l]b. Tb_m_ g_nbi^m [c^ ch nb_ ^cm]ip_ls [h^ mshnb_mcm i` 
hip_f ]igjioh^m qcnb g_^c]ch[f jligcm_, nb_ jl_^c]ncp_ [h[fsmcm i` 

\ci[]ncp_ ]igjioh^m, nb_ c^_hnc`c][ncih [h^ ]f[mmc`c][ncih i` _h^ijbsn_m, 
[h^ nb_ ijncgct[ncih i` jin_hnc[f \ci[]ncp_ ]igjioh^m. Ih fcabn i` nbcm, nb_ 
]oll_hn l_pc_q `i]om_m ih jlipc^cha [ ]ih]cm_ ]igjl_b_hmcih i` nb_ 
ch`fo_h]_ i` \ci[]ncp_ ]igjioh^m m_]l_n_^ \s mj_]c`c] _h^ijbsn_m ih 
g_^c]ch[f jf[hnm nblioab nb_ [jjfc][ncih i` mcahc`c][hn n_]bhifiac_m ch nb_ 
`c_f^ i` _h^ijbsnc] l_m_[l]b. 

 

K_ywor^s  

Alnc`c]c[f Ihn_ffca_h]_; \[]n_lc[; \ci[]ncp_ ]igjioh^m; Eh^ijbsn_m; `ohaom; 
g_^c]ch[f jf[hnm  

 

Intro^u]tcon 

Mc]li\_m l_mc^cha ch jf[hn liinm n_h^ ni \_ \_h_`c]c[f `il jf[hnm, mbiqcha 

jf[hn-gc]li\_ chn_l[]ncih. Mc]li\_m []kocl_ aii^ honlcncih[f p[fo_m `lig 
jf[hnm [h^ m_lp_ ni jli^o]_ p[lciom \ci[]ncp_ ]igjioh^m (1). Ih l_nolh, nb_s 
jlipc^_ _mm_hnc[f honlc_hnm ni jf[hnm [h^ b_fj nb_g molpcp_ ch _rnl_g_ 
]fcg[nc] ]ih^cncihm, [m q_ff [m j_l`ilg [ ]lo]c[f lif_ ch [ momn[ch[\f_ 
_hpclihg_hn (2). 

 Bci[]ncp_ ]igjioh^m mo]b [m kochifm, jb_hifm, mn_lic^m, [fe[fic^m, 
j_jnc^_m, `f[pihic^m, jifse_nih_m, [h^ n_lj_hic^m (3) [l_ jli^o]_^ \s nb_ 
_h^ijbsn_m, ch]fo^cha \[]n_lc[, []nchi\[]n_lc[, [h^ `ohac, nb[n l_mc^_ ch 
msg\cinc] [mmi]c[ncih qcnb jf[hnm [h^ [l_ ch al_[n ^_g[h^ (4, 5, 6). A^^cncih[ffs, 
_h^ijbsn_m, qbc]b [l_ `ioh^ ch nb_ liinm i` jf[hnm om_^ `il g_^c]ch[f joljim_m, 
[l_ [ ]lo]c[f miol]_ i` honlc_hnm `il jf[hn aliqnb [h^ ^_p_fijg_hn. A]]il^cha ni 
l_jilnm, nbl__ g[ch ech^m i` _r]b[ha_m nb[n [l_ [^p[hn[a_iom _rcmn \_nq__h 
_h^ijbsn_m [h^ bimn jf[hnm: (c) _hb[h]_g_hn i  ̀ nb_ aliqnb i` nb_ g_^c]ch[f 
jf[hn, (cc) _hb[h]_g_hn i` nb_ g_^c]ch[f jf[hn’m l_mcmn[h]_ ni mnl_mm, [h^ (ccc) bcab
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-p[fo_ m_]ih^[ls g_n[\ifcn_m (2). Tb_l_ cm p[lciom [^p[h]_^ 
^_p_fijg_hn [a[chmn j[nbia_hc] mj_]c_m chbc\cncha nb_cl 
aliqnb [h^ gi^of[ncha nb_ honlc_hn \[f[h]_ ch j[nbia_hm 

[h^ jlipc^cha \_h_`cnm ni _rcmncha _h^ijbsn_m (7). V[lciom 
mj_]c_m i` g_^c]ch[f jf[hnm [h^ _h^ijbsn_m jli^o]_ mcgcf[l 
aliojm i` \ci[]ncp_ ]igjioh^m T[\f_ 1 mo]b [m [fe[fic^m, 
n_lj_hic^m, `f[pihic^m, mn_lic^m, jb_hifc]m, _n]. _r[gjf_ `lig 
Catharanthus roseus, Alternaria mj. q[m cmif[n_^ [h^ `ioh^ ni 
jli^o]_ pch\f[mnch_ ([fmi ][ff_^ pch][ [fe[fic^), In q[m 
^cm]ip_l_^ nb[n Fusarium oxysporum, [hinb_l _h^ijbsnc] 
`ohaom, jli^o]_m pch]lcmnch_ (pch][ [fe[fic^m) qb_h cn cm 
cmif[n_^ `lig Catharanthus roseus (1) jimm_mmcha hog_liom 
[^p[hn[a_m (3) [m mbiqh ch Fca. 1. Tb_m_ m_]ih^[ls 
g_n[\ifcn_m jimm_mm \_h_`c]c[f, gofnc`oh]ncih[f []ncpcns qbc]b 
jligin_m bog[h b_[fnb [h^ q_ffh_mm, [h^ [fmi om_^ `il ^loa 
^_p_fijg_hn (1, 3) mbiqh ch Fca. 2. 

 Hiq_p_l, l_m_[l]b mbiq_^ nb[n a_hig_ m_ko_h]cha 

i` hog_liom _h^ijbsn_m _rbc\cnm nb_ [\m_h]_ i` 
]igjl_b_hmcp_ \cimshnb_nc] j[nbq[sm `il nb_ jli^o]ncih 
i` jbsni]b_gc][fm (4). Ih [^^cncih, jf[hn m_]ih^[ls 
g_n[\ifcn_m (PSMm) nb_gm_fp_m j_l`ilg m_p_l[f nsj_m i` 
lif_m ch jf[hn ^_p_fijg_hn [h^ aliqnb, ch]fo^cha ^_`_h]_ 
l_mjihm_ mcah[ffcha (8), chh[n_ cggohcns (9), [h^ l_mjihm_ 
ni _hpclihg_hn[f mnl_mm (10). Tb_s [fmi jlipc^_ l_mcmn[h]_ 
ni ]_ln[ch j[nbia_hm [h^ j_mnc]c^_m, b[p_ mcahc`c][h]_ ip_l 

jf[hn-gc]li\_ l_f[ncihm, [h^ nl[hm`ilg nb_ gc]li\c[f 
]iggohcnc_m qcnb jf[hnm (11). Rbcti\[]n_lc[ b[m \__h 
l_jiln_^ ni _h]iol[a_ jf[hn ^_p_fijg_hn \s cgjlipcha 

liin b[cl \l[h]bcha, jligincha _[lfs hi^of[ncih, 
cgjlipcha hi^of_ `oh]ncih, ch]l_[mcha f_[` mol`[]_ [l_[ 
[h^ \cig[mm, [h^ gimn cgjiln[hnfs, ch]l_[mcha honlc_hn 
om_ _ffc]c_h]s (12), biq_p_l, ^_]l_[mcha nb_ [jjfc][ncih i` 
]b_gc][f `_lncfct_lm [h^ j_mnc]c^_m (13). Folnb_lgil_, nb_ 
m_]ih^[ls g_n[\ifcn_m `lig `oha[f [h^ \[]n_lc[f 
_h^ijbsn_m ]ihnlc\on_ ni nb_ _hb[h]_g_hn i` nb_ aliqnb 
i` g_^c]ch[f jf[hnm. A^^cncih[ffs, nb_m_ _h^ijbsn_m b[p_ 
[hnc\[]n_lc[f, [hnc][h]_l, [hncirc^[hn, [h^ [hnc-
ch`f[gg[nils jlij_lnc_m [m q_ff (14) (Fca. 2). Mil_ip_l, 
nb_l_ [l_ ]_ln[ch \cin_]bhifiac][f n_]bhcko_m mo]b [m 
CRISPR-C[m9, TALEN, [h^ ZFN `il nb_ a_h_nc] cgjlip_g_hn 
ch _h^ijbsn_m qbc]b b_fjm ni _hb[h]_ nb_ jli^o]ncih i` 
n[la_n_^ \ci[]ncp_ ]igjioh^m [h^ [fmi b_fjm ni _hb[h]_ 

nb_ cggoh_ g_gils ch nb_ g_^c]ch[f jf[hnm (15, 16, 17). 
Tb_ a_h_nc][ffs gi^c`c_^ _h^ijbsn_m jlipc^_ nb_ ][j[]cns 
ni molpcp_ [^p_lm_ mcno[ncihm [h^ nif_l[n_ ^lioabn, qbc]b 
_hb[h]_m nb_ ^ol[\cfcns, sc_f^, `_lncfcns, [h^ b_[fnb i` ni 
bimn jf[hn (8) Fca. 3 ^_jc]nm [ff jb[m_m i` _h^ijbsnc] 
l_m_[l]b ih g_^c]ch[f jf[hnm, `lig nb_ c^_hnc`c][ncih i` 
jin_hnc[f _h^ijbsnc] mj_]c_m ni nb_ ]igg_l]c[fct[ncih i` 
_h^ijbsnc]-^_lcp_^ g_^c][ncihm. 

S.No. Bco[]tcv_ Compoun^ En^opbyt_ Pl[nt Sp_]c_s R_`_r_n]_s 

1 G[f[hnb[gch_ Paenibacillus lautus Leucojum aestivum (18) 

2 Vch\f[mnch_ Curvularia verruculosa Catharanthus roseus (19) 

3 T[rif (j[]fcn[r_f) 
Annulohypoxylon mj. 

MUS1 
Taxus wallichiana (20) 

4 S[ceim[jihch 
Fusarium acuminatum 

Fusarium oxysporum 
Bupleurum scorzonerifolium 

(21) 

  

5 R_mp_l[nlif 
Aspergillus stellifer AB4 

Quambalaria cyanescens 
Vitis vinifera (22, 26) 

6 Gchm_himc^_ Ra3 Chaetomium mj. Panax ginseng (24) 

7 Egi^ch Epicoccum nigrum Hypericum perforatum (25) 

8 D_h^li\ch_ 
Trichoderma 

Longibrachiatum MD33 
Dendrobium nobile (26) 

9 Cif]bc]ch_ Diaporthe perseae Glorosa superb (27) 

10 Amc[nc]imc^_ 
Colletotrichum 

Gloeosporioides 
Centella asiactica (28) 

T[\l_ 1. Ehi^jsn_m jli^o]_ p[lciom \ci[]ncp_ ]igjioh^m \s omcha g_^c]ch[f bimn jf[hnm. 

Fca. 1. V[lciom m_]ih^[ls g_n[\ifcn_m jl_m_hn ch g_^c]ch[f jf[hnm. Fca. 2. Tb_ S]b_g[nc] ^c[al[g i` AI qcnb cnm l_f[ncih ni ML [h^ DL. 
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 Ti [h[fst_ [h^ chn_ljl_n nb_ p[mn [giohnm i` ^[n[ 
jli^o]_^ \s mo]b mno^c_m, [lnc`c]c[f chn_ffca_h]_ (AI) ][h \_ 
_rnl_g_fs cgjiln[hn. Alnc`c]c[f chn_ffca_h]_ ]iof^ c^_hnc`s 
[h^ ]f[mmc`s _h^ijbsnc] gc]li\_m omcha nb_cl a_h_nc] [h^ 
\ci]b_gc][f jli`cf_m (29). M[]bch_ f_[lhcha [failcnbgm ][h 
^_n_]n mj_]c`c] _h^ijbsn_m [h^ nb_cl g_^c]ch[f jlij_lnc_m 
`lig f[la_ DNA [h^ RNA m_ko_h]_ ^[n[m_nm (30). Alnc`c]c[f 
chn_ffca_h]_ ][h b_fj `[]cfcn[n_ nb_ ^cm]ip_ls i` jligcmcha 
g_^c]ch[f mo\mn[h]_m (31). Ti jl_^c]n nb_ []ncpcns i` h_qfs 
c^_hnc`c_^ _h^ijbsnc] \ci[]ncp_ ]igjioh^m, g[]bch_ 
f_[lhcha [failcnbgm ][h \_ nl[ch_^ ih f[la_ ^[n[\[m_m i` 
]b_gc][f ]igjioh^m [h^ nb_cl jlij_lnc_m. Tbcm ][h [c^ ch 
nb_ ^cm]ip_ls i` hip_f [a_hnm [h^ g_^c][ncihm (32). 
Eh^ijbsnc] gc]liila[hcmg aliqnb ][h [fmi \_ ijncgct_^ 
qcnb AI. M[]bch_ f_[lhcha [failcnbgm ][h g[rcgct_ 
_h^ijbsnc] aliqnb \s [h[fstcha _hpclihg_hn[f `[]nilm fce_ 
n_gj_l[nol_, jH, [h^ honlc_hn [p[cf[\cfcns (33). 

Rol_ o` _n^opbyt_s on m_^c]cn[l pl[nts 

Fungal endophytes 

Eh^ijbsnc] `ohac [l_ l_mjihmc\f_ `il nb_ jli^o]ncih i` 
aliqnb-jligincha jf[hn bilgih_m (4), `il _r[gjf_; 
Azospirillum mjj. _hb[h]_m nb_ aliqnb i` Triticum aestivum 
L., [h^ nb_s [fmi jli^o]_ \ci[]ncp_ ]igjioh^m qbc]b 
ch]l_[m_ nb_ mnl_mm l_mcmn[h]_ ch bimn jf[hnm (34, 35). Bs 
m_]l_ncha ch^if_ []_nc] []c^, Mycena dendrobii ]iof^ 

_h]iol[a_ m__^ a_lgch[ncih ch [^^cncih ni nb_ aliqnb i` nb_ 
bimn jf[hn Gastrodia elata (36). Folnb_lgil_, cn b[m \__h 
l_jiln_^ nb[n \s jligincha nb_ jli^o]ncih i` hcnl[n_ 
l_^o]n[m_ [h^ nb_ mn[l]b-^_al[^cha _htsg_m, 
Piriformospora indica []]_f_l[n_^ nb_ aliqnb ch nb_ liinm i` 
ni\[]]i (37). Tb_ bimn jf[hnm i` _h^ijbsnc] `ohaom 
\_fihacha ni nb_ a_hom Neotyphodium g[s \_h_`cn `lig 
[fe[fic^m jli^o]_^ \s nb_m_ ila[hcmgm \iimncha nb_cl 
l_mcmn[h]_ ni chm_]n [nn[]em (9). T[\f_ 2 mbiqm nb_ ch`fo_h]_ 
i` `oha[f _h^ijbsn_m ih p[lciom g_^c]ch[f jf[hnm. 

Bacterial endophytes 

B[]n_lc[f _h^ijbsn_m [l_ `ioh^ ch p[lciom jf[hn 
]igjih_hnm, ch]fo^cha nb_ m__^, liin, mn_g, f_[p_m, [h^ 
`fiq_lm (43-45). Eh^ijbsnc] \[]n_lc[ _hb[h]_ nb_ \cig[mm 
[h^ m__^ a_lgch[ncih ch nb_ bimn jf[hnm, nb_s jl_m_hn [n nb_ 
^cff_l_hn mn[a_m i` jf[hn ^_p_fijg_hn (46). Tblioab [ 
p[lc_ns i` g_nbi^m, ch]fo^cha nb_ jli^o]ncih i` 
jbsnibilgih_m, hcnlia_h `cr[ncih, [h^ jbimjbilom 
mifo\cfct[ncih, _h^ijbsn_m [c^ ch nb_ aliqnb i` jf[hnm (47, 
48). B[]n_lc[ mo]b [m Streptomyces, Bacillus, Paenibacillus, 
[h^ Pseudomonas (49-51) l_jiln_^ ni jligin_ nb_ aliqnb 
i` jf[hnm, ch^o]_ mnl_mm l_mcmn[h]_, [h^ _hb[h]_ nb_ 
g_n[\ifcmg i` nb_ g_^c]ch[f jf[hn (14). A]nchigs]_n_m 
mojjiln nb_ _]ifias ^o_ ni nb_cl _hpclihg_hn[ffs 
`[piol[\f_ h[nol_. Tb_s b[p_ \__h l_]iahct_^ ni a_h_l[n_ [ 
l[ha_ i` [hnc\cinc]m, \ci]ihnlif [a_hnm, [h^ ]igjioh^m nb[n 
_h]iol[a_ jf[hn aliqnb (52-55). A]nchigs]_n_m _hb[h]_ 
nb_ micf `_lncfcns [h^ jli^o]ncih i` nb_ jf[hn [h^ [fmi 
ch]l_[m_ nb_ hcnlia_h f_p_f (15). T[\f_ 3 mbiqm nb_ _ff_]n i` 
\[]n_lc[f _h^ijbsn_m ih p[lciom g_^c]ch[f jf[hnm. 

Artc`c]c[l cnt_llca_n]_ [n^ cts su\s_ts 

Alnc`c]c[f chn_ffca_h]_ (AI) l_`_lm ni nb_ gcgc]echa i` bog[h 
chn_ffca_h]_ jli]_mm_m \s g[]bch_m, j[lnc]of[lfs ]igjon_l 
msmn_gm. In nl[chm g[]bch_m biq ni gcgc] bog[h 
]b[l[]n_lcmnc]m ch]fo^cha f_[lhcha, do^acha, [h^ g[echa 
^_]cmcihm (61). Alnc`c]c[f chn_ffca_h]_ (AI) m__em ni l_jfc][n_ 
bog[h chn_ff_]no[f []ncpcns \s omcha ehiqf_^a_ [m nb_ 
i\d_]n, i\n[chcha ehiqf_^a_, l_m_[l]bcha [h^ [h[fstcha nb_ 
p[lciom q[sm ch qbc]b ehiqf_^a_ cm _rjl_mm_^, [h^ nb_h 
omcha nb_m_ _rjl_mmcihm (62). 

Fca. 3. Ih`fo_h]_ i` \ci[]ncp_ ]igjioh^m `lig _hnijbsn_m ch 
g_^c]ch[f jf[hnm. (Bci R_h^_l miftq[l_). 

S.No. M_^c]cn[l Pl[nt Funa[l En^opbyt_ Imp[]t on Pl[nts R_`_r_n]_s 

1 Cymbidium sinese Mycena archdicola Ih]l_[m_ bilgih_m ch nb_ bimn jf[hn. (38) 

2 
Dendrobium nobile, 

D. chrysanthum 

Epulorhiza mj., Mycena mj., 
Tulasnellales, 

Sebacinales,Cantharellales 

Igjlip_ [\miljncih i` honlc_hnm [h^ 
jligin_ m__^ a_lgch[ncih ch g_^c]ch[f 

jf[hnm. 
(39) 

3 Dendrobium candidum Mycena dendrobii Ih]l_[m_ bilgih_m ch nb_ bimn jf[hn. (38) 

4 Sesbaniasesban 
Funneliformis mosseae, 

Claroideoglomus etunicatum S_]l_n nb_ jf[hn bilgih_m (40) 

5 Cucumis sativus Phoma glomerata, Penicillium mj. S_]l_n jbsnibilgih_m (41) 

T[\l_ 2. Eff_]nm i` Foha[f _h^ijbsn_m ih g_^c]ch[f jf[hnm. 

S.No. Host Pl[nt B[]t_rc[l En^opbyt_s Imp[]t on Host Pl[nt R_`_r_n]_s 

1 Coriandrum Sativum Bacillus siamensis Ehb[h]_ nb_ aliqnb i` mn_g [h^ liinm. (56) 

2 Teucrium polium Bacillus subtilis 
Igjlip_ nb_ [l_[, q_cabn, [h^ f_hanb i` 

nb_ liin. (57) 

3 Panax ginseng Micrococcus luteus Ehb[h]_^ \cig[mm i` m__^m. (58) 

4 
Atractylodes 

Macrocephala Pseudomonas fluorescens Ih]l_[m_ sc_f^ i` g_n[\ifcn_m. (59) 

5 Lonicera japonica Paenibacillus L_hanb i` mbiin, liin, [h^ `l_mb [h^ ^ls 
q_cabn ch]l_[m_^. 

(60) 

T[\l_ 3. Eff_]nm i` \[]n_lc[f _h^ijbsn_m ih g_^c]ch[f jf[hnm.  
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 Tb_ [\cfcns i` [ g[]bch_ ni f_[lh \s cnm_f` `lig ^[n[, 
cgjlip_ cnm _ffc]c_h]s ^_j_h^cha ih jlcil _rj_lc_h]_m, [h^ 
g[e_ jl_^c]ncihm cm ehiqh [m g[]bch_ f_[lhcha, qbc]b cm [ 

mo\m_n i` [lnc`c]c[f chn_ffca_h]_ (AI). Tb_ `iol \[mc] 
][n_ailc_m i` g[]bch_ f_[lhcha c._., moj_lpcm_^, 
ohmoj_lpcm_^, m_gc-moj_lpcm_^, [h^ l_ch`il]_g_hn 
f_[lhcha [l_ ^_n_lgch_^ \s nb_ f_[lhcha jli]_mm_m [h^ 
g_nbi^m (63). D__j f_[lhcha (DL) cm [ g_g\_l i` [ f[la_l 
alioj i` g[]bch_ f_[lhcha n_]bhcko_m \ocfn ih [lnc`c]c[f 
h_ol[f h_nqilem [h^ l_jl_m_hn[ncih f_[lhcha (64). Tb_ 
S]b_g[nc] ^c[al[g i` AI [h^ cnm l_f[ncih ni ML [h^ DL cm 
l_jl_m_hn_^ ch Fca. 2. 

AI [n^ cts `un]tconcna 

Tb_ `c_f^ i` [lnc`c]c[f chn_ffca_h]_ cm p[mn [h^ ch]fo^_m 
hog_liom [jjli[]b_m [h^ g_nbi^ifiac_m. B_fiq cm [ 
a_h_l[f mogg[ls i` biq AI qilem [h^ mig_ i` nb_ 
cgjiln[hn jlch]cjf_m chpifp_^: 

D[n[ Ciff_]ncih: AI msmn_gm f_[lh [h^ g[e_ ]bic]_m omcha 
g[mmcp_ pifog_m i` ^[n[. Tb_ chcnc[f mn[a_ cm ni ]iff_]n 
[jjlijlc[n_ ch`ilg[ncih `lig gofncjf_ ^[n[ miol]_m, mo]b 
[m cg[a_m, n_rn, [o^ci, pc^_i, il hog_lc][f ^[n[ (64). 

D[n[ Pl_-jli]_mmcha: Aft_l a[nb_lcha nb_ ^[n[, cn cm 
`l_ko_hnfs h_]_mm[ls ni jl_-jli]_mm cn, qbc]b chpifp_m 
]f_[hcha, ]ihp_lncha, [h^ [ll[hacha cn ni g[e_ cn 
[jjlijlc[n_ `il AI [failcnbgm (64). 

M[]bch_ f_[lhcha: Tb_ jli]_^ol_ `il ML gi^_ffcha cm ni 
chjon ^[n[ `il nl[chcha, om_ [ g[]bch_ f_[lhcha [failcnbg 
`il f_[lhcha; [h^ `ch_-noh_ nb_ f_[lhcha [failcnbg'm 
j[l[g_n_lm ni cgjlip_ []]ol[]s. Aft_l nb_ f_[lhcha cm 
]igjf_n_^, nb_ gi^_f cm hiq `ilg_^ (63). 

N_ol[f h_nqilem: Mi^_lh AI [h^ g[]bch_ f_[lhcha l_fs 
b_[pcfs ih h_ol[f h_nqilem. Tb_s [l_ chmjcl_^ \s nb_ 
ila[hct[ncih i` nb_ bog[h \l[ch [h^ [l_ g[^_ oj i` 
chn_l]ihh_]n_^ hi^_m il [lnc`c]c[f h_olihm. B_][om_ h_ol[f 
h_nqilem ][h oh^_lmn[h^ ]igjf_r j[nn_lhm [h^ 
]ihh_]ncihm qcnbch ^[n[, nb_s [l_ bcabfs _ff_]ncp_ `il 
^cffc]ofn di\m (65). 

D__j f_[lhcha: In _gjb[mct_m nb_ [jjfc][ncih i` gofnc-
f[s_l_^ ^__j h_ol[f h_nqilem. Tb_m_ ^__j h_nqilem g[s 
[onig[nc][ffs f_[lh bc_l[l]bc][f ^[n[ l_jl_m_hn[ncihm, 
[ffiqcha nb_g ni mifp_ gil_ ]igjf_r jli\f_gm (66). 

Ih`_l_h]_ [h^ ^_]cmcih-g[echa: Fiffiqcha nl[chcha, nb_ AI 
gi^_f ][h g[e_ jl_^c]ncihm il do^ag_hnm ih jl_pciomfs 
ohehiqh ^[n[. Tbcm cm l_`_ll_^ ni [m ch`_l_h]_. (67). Fil 

_r[gjf_, [h AI msmn_g nl[ch_^ ih ^cm_[m_^ il b_[fnbs 
jf[hnm g[s \_ om_^ ni ][n_ailct_ h_qfs []kocl_^ cg[a_m 
[m ^cm_[m_^ il b_[fnbs. 

N[nol[f f[hao[a_ jli]_mmcha: Tb_ `c_f^ i` [lnc`c]c[f 
chn_ffca_h]_ ehiqh [m "h[nol[f f[hao[a_ jli]_mmcha" (NLP) 
cm ]ih]_lh_^ qcnb ^_mcahcha [failcnbgm ni oh^_lmn[h^ [h^ 
chn_l[]n qcnb bog[h f[hao[a_ (68). T_]bhcko_m mo]b [m 
f[hao[a_ nl[hmf[ncih, ^cacn l_]iahcncih, 
b[h^qlcncha l_]iahcncih, [h^ ]b[n\inm `[ff oh^_l nbcm 
][n_ails. 

Cigjon_l pcmcih: Ahinb_l cgjiln[hn `c_f^ i` AI cm ]igjon_l 
pcmcih, qbc]b _h[\f_m chn_ffca_hn g[]bch_m ni _p[fo[n_ [h^ 
]igjl_b_h^ pcmo[f ^[n[ `lig cg[a_m il pc^_im (69). In cm 

om_^ ch ^ig[chm mo]b [m i\d_]n ^_n_]ncih, `[]c[f 
c^_hnc`c][ncih, [onihigiom p_bc]f_m, g_^c]ch[f jf[hn 
l_]iahcncih, jf[hn ^cm_[m_ ^_n_]ncih, [h^ mi ih. 

Rol_ o` AI cn pl[nt-\[s_^ _n^opbytc] r_s_[r]b 

Ih _h^ijbsnc] l_m_[l]b ih g_^c]ch[f jf[hnm, [lnc`c]c[f 
chn_ffca_h]_ (AI) b[m [mmog_^ [h ch]l_[mchafs mcahc`c][hn 
lif_. H_l_, [l_ mig_ _r[gjf_m i` AI [jjfc][ncihm ch nbcm 
`c_f^ mbiqh ch Fca. 4. 

Prediction of bioactive compounds 

Alnc`c]c[f chn_ffca_h]_ ][h b_fj ni jl_^c]n nb_ \ci[]ncp_ 
]igjioh^m ^_p_fij_^ pc[ _h^ijbsnc] gc]liila[hcmgm ch 
g_^c]ch[f jf[hnm. Pl_^c]ncha nb_ jli^o]ncih i` \ci[]ncp_ 
g_n[\ifcn_m \s _h^ijbsnc] `ohac ch nb_ g_^c]ch[f jf[hn 
Panax ginseng omcha g[]bch_ f_[lhcha [failcnbgm cm 
mno^c_^ (70). Tl[hm]lcjnigc]m [h^ [lnc`c]c[f chn_ffca_h]_ 
n_]bhcko_m `il \ci[]ncp_ ]igjioh^ jl_^c]ncih [h^ 
m_f_]ncih [l_ [fmi mno^c_^ (71). Oh nb_ _rnl[]ncih i` 
\ci[]ncp_ ]b_gc][fm `lig ohlcj_ M. acuminata j__f omcha 
gc]liq[p_-[mmcmn_^ _rnl[]ncih (MAE), nb_ [mmi]c[ncih 
\_nq__h l_mjihm_ mol`[]_ g_nbi^ifias (RSM) [h^ [h 
[lnc`c]c[f h_ol[f h_nqile jl_^c]ncih gi^_f q[m _r[gch_^ 
(72). 

Discovery of new endophytes and natural products 

Alnc`c]c[f Ihn_ffca_h]_ ][h [c^ ch nb_ ^cm]ip_ls i` hip_f 
_h^ijbsn_m [h^ h[nol[f jli^o]nm qcnb jin_hnc[f g_^c][f 
[jjfc][ncihm. AI cm oncfct_^ ni [h[fst_ nb_ a_hig_ i` nb_ 
_h^ijbsnc] `ohaom Aspergillus terreus cmif[n_^ `lig nb_ 
g_^c]ch[f jf[hn Huperzia serrata ni c^_hnc`s h_q h[nol[f 
jli^o]nm qcnb [hnc-ch`f[gg[nils [h^ [hnc-nogil 
jlij_lnc_m (73). Ih [ l_pc_q, _g_lacha g_nbi^m `il 
^cm]ip_lcha h[nol[f jli^o]nm `lig jf[hn gc]li\cig_m 
q_l_ _r[gch_^, qcnb [ `i]om ih nb_ jin_hnc[f i` ^__j 
f_[lhcha [m [ niif `il \cijlimj_]ncha, \ci]b_gc][f hip_fns 
jl_^c]ncih, [h^ l_aof[nils ]ihnlif i` _h^ijbsn_m (74). Fil 
ch-^_jnb ^[n[ [h[fsmcm [h^ `il_][mncha ch nb_ m_[l]b `il 
[hnc][h]_l f_[^m, g[]bch_ f_[lhcha b[m jlipc^_^ jin_hn 

Fca. 4. AI [mmcmnm ch Eh^ijbsnc] l_m_[l]b jb[m_m. 
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[jjli[]b_m ni c^_hnc`s [hnc][h]_l f_[^ ]igjioh^m qcnb [h 
_gjb[mcm ih h[nol[f jli^o]nm `lig jf[hnm [h^ nb_cl 
l_f[n_^ gc]li\_m (75). Bcijlimj_]ncha ^cff_l_hn mj_]c_m 
[h^ lohhcha f[\il[nils m]l__hcha n_]bhcko_m [l_ 
nl[^cncih[ffs _gjfis_^ ni c^_hnc`s h[nol[f ]igjioh^m, 
jli^o]cha ]igjf_r ^[n[. Tbcm mnl[n_as, g_[hqbcf_, 
`l_ko_hnfs ]ih`lihnm ^cffc]ofnc_m [h^ bcab l[n_m i` fimm. Ti 
mifp_ nb_m_ cmmo_m, g[]bch_ f_[lhcha (ML) [h^ [lnc`c]c[f 
chn_ffca_h]_ (AI) [l_ \_cha om_^. Tb_ [l_[ i` h[nol[f 
jli^o]n-\[m_^ ^loa ^cm]ip_ls [failcnbgm b[m oh^_laih_ [ 
l_pifoncih [m [ l_mofn i` l_]_hn [^p[h]_m ch AI, hin[\fs ch 
ML. AI niifm b[p_ mbiqh mo]]_mm ch ]f[mmc`scha nbcham, 
`ch^cha bc^^_h j[nn_lhm, [h^ aliojcha ]igjioh^m 
[]]il^cha ni nb_cl jlij_lnc_m (76, 77). 

Optimization of endophyte-based production 

Alnc`c]c[f Ihn_ffca_h]_ ][h cgjlip_ g_^c]ch[f jf[hn 
_h^ijbsnc] gc]liila[hcmg \ci[]ncp_ ]igjioh^ 
jli^o]ncih. Alnc`c]c[f Ihn_ffca_h]_ ijncgct_^ \ci[]ncp_ 
]igjioh^ mshnb_mcm \s nb_ _h^ijbsnc] `ohaom Fusarium 
solani cmif[n_^ `lig nb_ g_^c]ch[f jf[hn Lithospermum 
erythrorhizon (78). R_mjihm_ mol`[]_ g_nbi^ifias (RSM) 
[h^ [h [lnc`c]c[f h_ol[f h_nqile-a_h_nc] [failcnbg (ANN-
GA) q_l_ chp_mnca[n_^ omcha [ mchaf_-`[]nil [h[fsmcm i` nb_ 
_ffc][]s i` ]ofnol_ mcno[ncihm ojih nb_ ko[hncns i` ]_ffof[m_ 
jli^o]_^ \s _h^ijbsnc] `ohac i` T. cuspidata ni i\n[ch 
`[]nilm `il cgjlipcha nb_ _htsg_ []ncpcns jli]_mm i` 
jli^o]ncih (79). Fil ijncgctcha [h^ jl_^c]ncha nb_ 6-
acha_lif ]ih]_hnl[ncih ch Zingiber officinale m[gjf_m `lig 
60 ^cmnch]n fi][ncihm [lioh^ nb_ mn[n_ qcnb p[lscha 
[alc]ofnol[f [h^ ]fcg[nc] ]cl]ogmn[h]_m, nqi ^__j f_[lhcha 
[failcnbgm i` nb_ Alnc`c]c[f N_ol[f N_nqile (ANN) gi^_f 
q_l_ om_^ (80). 

Identification of endophyte-host interactions 

Alnc`c]c[f chn_ffca_h]_ ][h \_ om_^ ni c^_hnc`s nb_ 
[mmi]c[ncihm \_nq__h _h^ijbsnc] gc]liila[hcmgm [h^ 
nb_cl bimn jf[hnm. In cm om_^ ni _r[gch_ nb_ nl[hm]lcjnig_m 
i` nb_ bimn jf[hn Camellia sinensis [h^ nb_ _h^ijbsnc] 
`ohaom Colletotrichum tofieldiae [h^ ^cm]ip_l a_h_m 
chpifp_^ ch nb_cl chn_l[]ncih (81). 

 Umcha a_h_nc], giljbifiac][f, [h^ \ci]b_gc][f 
nl[cnm, [lnc`c]c[f chn_ffca_h]_ (AI) ][h [h[fst_ f[la_ ^[n[m_nm 
i` jf[hn m[gjf_m ni jchjichn jimmc\f_ _h^ijbsnc] mj_]c_m 
(73). In ][h [mmcmn ch mn[h^[l^ctcha nb_ jli]_mm i` cmif[ncih 
[h^ g[chn[chcha ]ofnol_ ]ih^cncihm `il _h^ijbsn_m ni 
_hmol_ nb_cl pc[\cfcns [h^ aliqnb (82). In cm ][j[\f_ i` 
[mm_mmcha nb_ g_n[\ifc] jli`cf_m i` _h^ijbsn_m ni `ch^ 
\ci[]ncp_ mo\mn[h]_m qcnb jin_hnc[f g_^c]ch[f [jjfc][ncihm 
(75). Alnc`c]c[f Ihn_ffca_h]_ ][h [c^ ch nb_ [h[fsmcm i` a_h_nc] 
[h^ \ci]b_gc][f ^[n[ a_h_l[n_^ \s _h^ijbsnc] l_m_[l]b 
ni c^_hnc`s hip_f ^loa ^_p_fijg_hn n[la_nm (83). Alnc`c]c[f 
Ihn_ffca_h]_ ][h \_ om_^ ch nb_ ^_mcah [h^ ijncgct[ncih i` 
^loam \[m_^ ih _h^ijbsnc] ]igjioh^m, l_mofncha ch nb_ 
]l_[ncih i` hip_f g_^c]ch_m (84). Ih [^^cncih, AI [fmi 
[h[fsm_m ]fchc][f nlc[fm `il _h^ijbsn_-^_lcp_^ 
jb[lg[]_onc][fm, nb_l_\s _hb[h]cha nb_cl _ffc][]s [h^ 
m[`_ns. Aj[ln `lig nbcm, AI ][h [mmcmn ch nb_ 
]igg_l]c[fct[ncih i` _h^ijbsnc] l_m_[l]b \s c^_hnc`scha 
jin_hnc[f g[le_nm, ^_p_fijcha g[le_ncha mnl[n_ac_m, [h^ 
ijncgctcha mojjfs ]b[chm (85). 

Con]luscon 

Eh^ijbsn_m _rcmncha [m _]i-`lc_h^fs \ci[a_hnm b_fj ni 

[]bc_p_ [ momn[ch[\f_ _hpclihg_hn ch nb_ `onol_. B[]n_lc[f 
[h^ `oha[f _h^ijbsn_m [c^ ch nb_ al_[n_l ^_p_fijg_hn i` 
g_^c]ch[f jf[hnm \s ch]l_[mcha nb_ l[n_ i` jf[hn bilgih_m. 
Cill_mjih^chafs, nb_s ch]l_[m_ g_^c]ch[f jlij_lnc_m \s 
cgjlipcha nb_ m__^ a_lgch[ncih mn[a_ [h^ honlc_hn 
]ihn_hn. B_mc^_m, `i]om ][h \_ acp_h ni p[lciom n_]bhcko_m 
fce_ l_a_h_l[ncih, a_h_nc] gi^c`c][ncih, [h^ 
_f_]nlijil[ncih qbc]b acp_ [ bcab sc_f^ i` n[la_n_^ 
\ci[]ncp_ ]igjioh^m qbc]b acp_m hog_liom \_h_`cnm ni 
g_^c]ch[f jf[hnm. Folnb_lgil_, nb_ [^p[h]_g_hn i` 
n_]bhifiac_m mo]b [m AI b[m \__h ch]iljil[n_^ ni 
l_pifoncihct_ nb_ `c_f^ i` _h^ijbsnc] l_m_[l]b ch g_^c]ch[f 
jf[hnm. Tb_ ][j[\cfcns i` AI ni [h[fst_ f[la_ ^[n[m_nm i` 
a_higc] [h^ g_n[\ifigc] ^[n[ ][h b_fj c^_hnc`s mocn[\f_ 
_h^ijbsn_m qcnb jb[lg[]_onc][f jin_hnc[f [h^ [c^ ch nb_ 

^_p_fijg_hn i` h_q ^loam. 

 Ih^__^, nb_ l_m_[l]b i` _h^ijbsn_m ih g_^c]ch[f 
jf[hnm b[m mbiqh AI ni \_ i` _hilgiom p[fo_ ni bog[h 
mi]c_ns. Op_l[ff, nb_ mno^s i` _h^ijbsn_m ih g_^c]ch[f 
jf[hnm ch ]ihdoh]ncih qcnb [lnc`c]c[f chn_ffca_h]_ b[m 
_hilgiom jin_hnc[f ni [^p[h]_ ^loa ^cm]ip_ls, ^_p_fij 
gil_ jin_hn nb_l[jc_m, [h^ [^p[h]_ bog[h b_[fnb. 
R_m_[l]b_lm ][h mj__^ oj nb_ ^cm]ip_ls [h^ ^_p_fijg_hn 
i` hip_f g_^c]ch[f ]igjioh^m `lig nb_m_ h[nol[f miol]_m 
\s oncfctcha AI. 

 

A]knowl_^a_m_nts 

Tb_ [onbilm [l_ al[n_`of ni IERP-GBPNIHE [h^ Gl[jbc] El[ 

(D__g_^ ni \_ Uhcp_lmcns) `il jlipc^cha a_h_l[f mojjiln. 
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