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A\str[]t 

Tb_ ]cl][^c[h ]fi]e cm [h [m]lc\_^ l_aof[nil `ioh^ ch nb_ ]_ffm i` ]l_[nol_m, 

nb[n e__jm \cifiac][f [h^ \_b[pcil[f jli]_mm_m ch msh] qcnb ^[cfs 
_hpclihg_hn[f ]b[ha_m nblioabion nb_ 24-biol ]s]f_m. Wb_h nb_ ]cl][^c[h 
]fi]e ch bog[hm g[f`oh]ncihm il cm gcm[fcah_^ qcnb _hpclihg_hn[f mcah[fm, 
nb_ ncgcha i` nb_ mf__j-q[e_ ]s]f_ cm [fn_l_^ [h^ m_p_l[f ]cl][^c[h lbsnbg 
mf__j ^cmil^_lm l_mofn. Do_ ni nb_ E[lnb'm lin[ncih ih cnm [rcm, jl_^c]n[\f_ 
_hpclihg_hn[f ]b[ha_m [l_ [hnc]cj[n_^ \s ]igjf_r jli]_mm_m. Tb_ 
]ig\ch_^ n_lg `il nb_m_ msmn_gm cm nb_ ]cl][^c[h ]fi]e. Tb_ ]cl][^c[h 
lbsnbg l_aof[n_m jbinimshnb_mcm [h^ jbinij_lci^cmg, g[echa cn nb_ 
"jlcg[ls ]ihnliff_l i` jf[hn fc`_." Tb_ ]cl][^c[h ]fi]e cm g[^_ oj i` jimn-
nl[hmf[ncih[f [fn_l[ncihm ni ]il_ im]cff[nilm, _jca_h_nc] nq_[em ni DNA [h^ 
bcmnih_m, [h^ [oni l_aof[nils `__^\[]e fiijm ch nl[hm]lcjncih. Ih [^^cncih, 
nb_ ]cl][^c[h ]fi]e cm ]_ff-[onihigiom [h^ l_aof[n_m nb_ ]cl][^c[h lbsnbgm 
i` ^cmnch]n ila[hm. Bci]b_gc][f _f_g_hnm mo]b [m jbinimshnb_nc] jli^o]nm, 
gch_l[f honlc_hnm, ][f]cog cihm, [h^ bilgih_m [l_ om_^ \s nb_ ]il_ 

im]cff[nilm ni ]iggohc][n_ qcnb ih_ [hinb_l. Arabidopsis cm oncfct_^ ni 
c^_hnc`s ]fi]e-l_f[n_^ a_h_m nb[n aip_lh jf[hn aliqnb, a_lgch[ncih, 
jiffch[ncih, `fiq_lcha, [\cinc] [h^ \cinc] mnl_mm l_mjihm_m, [h^ gil_. Tb_ 
\cifiac][f ]s]f_m i` [ff mj_]c_m, hin[\fs bog[hm, [l_ oh^io\n_^fs cgj[]n_^ 
\s inb_l _f_g_hnm, ch]fo^cha bcab [fncno^_ [h^ ]b[hacha _]imsmn_gm, ch 
[^^cncih ni nb_ ih_m [fl_[^s mn[n_^. Afnbioab cn b[mh'n s_n jo\fcmb_^ [hs 
_rj_lcg_hn[f il m]c_hnc`c] _pc^_h]_ ni mojjiln nb_g, nb_ cgjfc][ncih nb[n 
fcpcha nbcham b[p_ fcp_m ^i_m [jj_[l ch_m][j[\f_. H_h]_, nb_ jl_m_hn mno^s 
_f[\il[n_m ih nb_ bcab_l jf[hnm l_f[n_^ ni nb_ ]cl][^c[h ]fi]e. 

 

K_ywir^s  

Arabidopsis, ]cl][^c[h ]fi]e, gif_]of[l g_]b[hcmg, jf[hn lbsnbg  

 

Ihtri^u]tcih 

Tb_ ]ihnlif i` nb_ ]cl][^c[h lbsnbg cm _mm_hnc[f `il g[chn[chcha j_ijf_'m 
b_[fnb ch [ qilf^ qb_l_ fc`_mnsf_ ]bic]_m, _hpclihg_hn[f ch`fo_h]_m (mo]b [m 
fcabn, hcabn [h^ ^[s f_hanbm, [h^ m_[mihm), [h^ ]imgc] _p_hnm l_f[ncha ni nb_ 
]imgim [h^ _[lnb [ff jf[s [ j[ln (1). Cb[ha_m ch nb_m_ _f_g_hnm ][om_ nb_ 
]cl][^c[h lbsnbg ni \_ ^cmlojn_^, qbc]b ch]l_[m_m nb_ jl_p[f_h]_ i` jbsmc][f 
]ih^cncihm fce_ ][h]_l, ][l^cip[m]of[l ^cm_[m_, [h^ ^c[\_n_m [m q_ff [m 
g_hn[f cffh_mm_m fce_ ^_jl_mmcih. T_gj_l[nol_, fcabn, bogc^cns, honlcncih, 
nc^_m, al[pcns, [h^ nb_ E[lnb'm g[ah_ncmg ]s]f_ [fiha qcnb nb_ lin[ncih i` nb_ 
E[lnb [lioh^ nb_ Soh [h^ nb_ il\cn i` nb_ Miih [lioh^ nb_ E[lnb. Tb_ 
]cl][^c[h ]fi]e cm ih_ _r[gjf_ i` [h [^[jn[ncih nb[n b[m b_fj_^ mj_]c_m 
nblcp_: nb_ ^_p_fijg_hn i` [h chn_lh[f ]fi]e (2). A]]il^cha ni nb_ qile i` 
a_h_nc]cmnm Elqch Bühhcha [h^ Koln Sn_lh, nb_ 24-biol f_[` gip_g_hn i` 
\_[h jf[hnm cm l_aof[n_^ \s [ b_l_^cn[ls ]cl][^c[h ]fi]e (3). Rih[f^ 
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Kihije[ [h^ S_sgiol B_ht_l oh]ip_l_^ nb_ `clmn gon[hn 
j_lci^ ch Dlimijbcf[ `cfts s_[lm [ai, ]ihh_]ncha nb_ 
]cl][^c[h ]fi]e ni nb_ l_aof[ncih i` a_h_m (4). Sch]_ nb_h, 

l_m_[l]b_lm b[p_ ]igjl_b_h^_^ nb_ ]cl][^c[h ]fi]e'm 
gif_]of[l l_aof[nils g_]b[hcmg (5). 

 Cblihi\cifias, nb_ mno^s i` ncg_ ch fcpcha \_cham, 
`i]om_m ih ]cl][^c[h lbsnbgm, nb[n [l_ _h^ia_hiom [h^ 
[^[jn_^ ni nb_ fi][f _hpclihg_hn nblioab mcah[fm ehiqh 
[m Z_cna_\_lm ZT (G_lg[h `il "ncg_ acp_l") (6). Tb_ 
]cl][^c[h ]fi]e `[]_nm l_jl_m_hn nb_ oh^_ljchhcha fiij i` 
nbcm \cifiac][f ]fi]e, qbc]b aip_lhm nb_ \ofe i` g_n[\ifc] 
[h^ jbsmcifiac][f jli]_mm_m ch [ff 24-biol ]l_[nol_m, 
ch]fo^cha bog[hm (7). Sf__j-q[e_ ]s]f_m ch g[gg[fm [h^ 
jf[hn ^_p_fijg_hn [h^ jbinimshnb_mcm [l_ ihfs nqi 
_r[gjf_m i` nb_ hog_liom \_b[pcil[f, jbsmcifiac][f, [h^ 
g_n[\ifc] []ncpcnc_m nb[n [l_ il]b_mnl[n_^ \s ]cl][^c[h 
lbsnbgm (8). B[m_^ ih nb_ ]s]fc][f _rjl_mmcih i` ']fi]e' 

a_h_ jli^o]nm, cn cm ]ihn_h^_^ nb[n nl[hm]lcjncih[f-
nl[hmf[ncih[f `__^\[]e fiijm [l_ l_mjihmc\f_ `il ^[cfs 
ncg_e__jcha \s ]ihnliffcha nb_ _rjl_mmcih i` l_f[n_^ a_h_m 
ch [\ion 24-biol ]s]f_m (9). Tb_l_ cm p[lc[ncih ch nb_ 
nl[hm]lcjncih[f ]igjih_hnm i` p[lciom jbsf[ (10). 

 Tb_ ][j[]cns i` [ jf[hn'm ]cl][^c[h ]fi]e ni g[chn[ch 
ncg_ `il lioabfs 24 biolm cm ih_ i` cnm ^cmnchaocmbcha 
]b[l[]n_lcmnc]m, ehiqh [m nb_ "]cl][^c[h j_lci^" (11). Tbcm 
g_[hm nb[n jf[hnm ][h [hnc]cj[n_ [h^ l_mjih^ ni ^[cfs 
]b[ha_m ch nb_cl _hpclihg_hn, mo]b [m nb_ lcmcha [h^ 
m_nncha i` nb_ moh (12). Uh^_lmn[h^cha nb_ gif_]of[l [h^ 
\ci]b_gc][f g_]b[hcmgm nb[n l_aof[n_ nb_ ]cl][^c[h ]fi]e 
ch jf[hnm b[m cgjiln[hn cgjfc][ncihm `il jf[hn \cifias [h^ 
[alc]ofnol_, [m cn ]iof^ b_fj om ni oh^_lmn[h^ \_nn_l [h^ 

g[hcjof[n_ nb_ aliqnb [h^ ^_p_fijg_hn i` ]lijm (12). Tb_ 
]cl][^c[h lbsnbg cm mig_ncg_m [ffo^_^ ni [m nb_ "]bc_` 
l_aof[nil i` jf[hn fc`_" \_][om_ cn aip_lhm _mm_hnc[f 
[]ncpcnc_m fce_ jbinimshnb_mcm [h^ jbinij_lci^cmg (2). 
Arabidopsis cm [ gi^_f jf[hn nb[n b[m \__h om_^ ni oh]ip_l 
]fi]e-l_f[n_^ a_h_m nb[n aip_lh jf[hn aliqnb l_aof[ncih, 
a_lgch[ncih, jiffch[ncih, `fiq_lcha, l_mjihm_m ni \inb 
[\cinc] [h^ \cinc] mnl_mm, [h^ gil_ (13). Tbcm l_pc_q qcff 

fiie [n ]oll_hn [^p[h]_g_hnm ch nb_ `c_f^ i` ]fi]e mno^s [m 
q_ff [m iol jl_^c]ncihm `il nb_ `onol_, mn[lncha qcnb nb_ 
\[mc]m [h^ \lc_`cham ih nb_ jf[hn'm lbsnbgc] \cifias. 

Ccr]uctry i` tb_ Ccr][^c[h Cfi]e ch Arabidopsis  

Pf[hnm, fce_ [hcg[fm, b[p_ [ h[nol[f chn_lh[f \cifiac][f 
]fi]e nb[n l_aof[n_m nb_cl ^_p_fijg_hn [h^ aliqnb, [m q_ff 

[m nb_cl l_mjihm_m ni nb_ _hpclihg_hn. Tbcm chn_lh[f ]fi]e, 
[fmi ehiqh [m [ "]cl][^c[h ]fi]e," b_fjm jf[hnm _hpcmcih 
[h^ ila[hct_ `il ^[cfs [h^ m_[mih[f ]b[ha_m ch nb_cl 
_hpclihg_hn (3). Pf[hnm b[p_ [ gofncno^_ i` gif_]of[l [h^ 
\ci]b_gc][f j[nbq[sm nb[n l_aof[n_ nb_cl ]cl][^c[h ]fi]e, 
ch]fo^cha nb_ _rjl_mmcih i` ]_ln[ch a_h_m [h^ nb_ 
jli^o]ncih i` mj_]c`c] jlin_chm (14). Tb_m_ j[nbq[sm [l_ 
cgjl_mm_^ \s [ p[lc_ns i` _hpclihg_hn[f ]o_m, mo]b [m fcabn 
(15), n_gj_l[nol_ (16), [h^ bogc^cns (17), qbc]b b_fj ni 
e__j nb_ jf[hn'm chn_lh[f ]fi]e ch msh] qcnb nb_ _rn_lh[f 
_hpclihg_hn (18). Tb_ gif_]of[l j[nbq[sm nb[n l_aof[n_ 
]cl][^c[h lbsnbgm ch Arabidopsis thaliana ([ gi^_f jf[hn 
ift_h om_^ ch a_h_nc] [h^ gif_]of[l \cifias l_m_[l]b) [l_ 
mcgcf[l ni nbim_ ch bog[hm (19). An nb_ ]il_ i` nb_ 

gif_]of[l g[]bch_ls nb[n ^lcp_m ]cl][^c[h lbsnbgm ch 
Arabidopsis cm [ alioj i` jlin_chm ehiqh [m "]fi]e a_h_m," 
qbc]b ch]fo^_ CCA1, LHY, [h^ TOC1 [giha inb_lm. Tb_m_ 

jlin_chm qile nia_nb_l ni `ilg [ h_a[ncp_ `__^\[]e fiij 
nb[n ^lcp_m nb_ _rjl_mmcih i` ]fi]e a_h_m ch [ lbsnbgc] 
g[hh_l (20). 

 Tb_ CCA1 [h^ LHY jlin_chm []ncp[n_ nb_ 
nl[hm]lcjncih i` ]fi]e a_h_m, ch]fo^cha nb_ TOC1 a_h_, 
qbc]b _h]i^_m `il nb_ TOC1 jlin_ch (15). Tb_ ]_ff'm TOC1 
jlin_ch mq_ffm oj [h^ b[gj_lm nb_ `oh]ncih i` LHY [h^ 
CCA1, f_[^cha ni [ ^_]l_[m_ ch nb_ chn_ljl_n[ncih i` ]fi]e 
a_h_m. Am nb_ [giohn i` TOC1 jlin_ch ai_m ^iqh, nb_ 
[]ncpcns i` LHY [h^ CCA1 ai_m \[]e oj, [h^ nb_ ]s]f_ mn[lnm 
[ff ip_l [a[ch (21) (Fca. 1). 

 Onb_l mcah[fcha j[nbq[sm, mo]b [m nbim_ chpifpcha 
bilgih_m [h^ _rn_lh[f ch^c][nilm fce_ fogch[h]_ [h^ 
n_gj_l[nol_, qbc]b ][h [ff_]n nb_ _rjl_mmcih [h^ mn[\cfcns i` 

]fi]e a_h_m [h^ jlin_chm, `olnb_l l_aof[n_ nbcm h_a[ncp_ 
`__^\[]e fiij (20). A\hilg[fcnc_m ch nb_ gif_]of[l 
j[nbq[sm nb[n l_aof[n_ ]cl][^c[h lbsnbgm ch jf[hnm ][h 
ch`fo_h]_ [ \li[^ mj_]nlog i` jbsmcifiac] jli]_mm_m, mo]b 
[m ^_p_fijg_hn, aliqnb, [h^ l_[]ncih ncg_m ni nb_ 
_hpclihg_hn. 
Ccr][^c[h Rbytbgs ch Pf[hts  
A jf[hn'm ]cl][^c[h ]fi]e cm [h cgj_l[ncp_ \cifiac][f 
ncg_jc_]_ nb[n b_fjm nb_ jf[hn ojbif^ l_aof[l aliqnb, 
`cnh_mm, [h^ b_[fnbs ^_p_fijg_hn. Tb_ nbl__ g[ch gi^of_m 
nb[n g[e_ oj nb_ _h^ia_hiom im]cff[nil (22) [l_ nb_ 
"][hihc][f ]fi]e a_h_" [h^ inb_l j[lnm nb[n g[e_ oj nb_ 
]_hnl[f im]cff[nil, nb_ "chjon j[nbq[s," qbc]b acp_m 
ch`ilg[ncih [\ion nb_ _hpclihg_hn, [h^ nb_ "ionjon 

j[nbq[s," qbc]b cm g[^_ oj i` ]fi]e-^lcp_h jli]_mm_m nb[n 
b[jj_h [ft_l nb_ ]fi]e (22). Cigjf_r Tl[hm]lcjncih-
Tl[hmf[ncih F__^\[]e Liijm (TTFLm) [l_ ch]iljil[n_^ chni 
nb_ ]_hnl[f im]cff[nil qb_h nb_s [l_ ]ig\ch_^ qcnb jimn-
nl[hm]lcjncih[f [fn_l[ncihm [h^ jimn-nl[hmf[ncih[f 
gi^c`c][ncihm (23). Tb_ ]cl][^c[h lbsnbg b[m \__h 

_rn_hmcp_fs mno^c_^ ch nb_ _r_gjf[ls jf[hn 
Arabidopsis, hin[\fs ch lc]_ [h^ jin[ni ]lijm, [h^ g[s \_ 
om_^ ni l_aof[n_ nb_cl g_n[\ifc] jli]_mm_m (19). Tb_ 
]cl][^c[h ]fi]e b[m [ g_]b[hcmg nb[n cm ch^_j_h^_hn i` 

Fca. 1. B[mc] ]cl]ocnls i` -nb_ ]cl][^c[h ]fi]e ch jf[hnm. 
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cnm_f`, [h^ nbcm b[m [fmi \__h l_m_[l]b_^ ch nb_ j[mn.  
 Tb_ ]cl][^c[h lbsnbg cm [h [jjlircg[n_fs 24-biol 
im]cff[ncih nb[n cm ch^o]_  ̂\s \inb \cinc] (24) [h  ̂[\cinc] `[]nilm 

mo]b [m fcabn, n_gj_l[nol_ [h^ bogc^cns (15-17). In `iffiqm [ 
]s]f_ i  ̀ fcabn [h^ ^[leh_mm (6). Oh_ mno^s mbiq_  ̂ nb[n nb_ 
_r_gjf[l ila[hcmg Arabidopsis thaliana ]igjlcm_m nbl__ 
`__^\[]e fiijm nb[n _g[h[n_ `lig nb_ ]_hnl[f im]cff[nil. Tb_m_ 
fiijm [l_ l_`_ll_^ ni [m nb_ gilhcha fiij, nb_ ]_hn_l fiij, [h^ 
nb_ _p_hcha fiij, l_mj_]ncp_fs. Tb_ ]_hnl[f fiij ]ihn[chm nb_ 
MYB-l_f[n_  ̂nl[hm]lcjncih `[]nilm nb[n [l_ _h]i^_  ̂\s nb_ a_h_m 
Ccl][^c[h Cfi]e Ammi]c[n_  ̂ 1 (CCA1) [h  ̂ L[n_ Efiha[n_^ 
Hsji]insf (LHY). Tb_m_ a_h_m [l_ l_a[l^_  ̂ [m g[hc`_mncha 
nb_gm_fp_m ch nb_ gilhcha (20). CCA1 cm chpifp_  ̂ ch [^domncha 
]fi]e-^_j_h^_hn [h  ̂]fi]e-ch^_j_h^_hn l_mjihm_m (25). TOC1, 
[fmi ehiqh [m Tcgcha i  ̀ C[\ Erjl_mmcih, cm [ a_h_ nb[n cm 
_rjl_mm_  ̂ ch nb_ _p_hcha [h  ̂ ]ig_m `lig nb_ ]_hnl[f fiij. In 
\_fiham ni nb_ ̀ [gcfs i  ̀Pm_o^i-R_mjihm_ R_aof[nilm (PRR) (26). 

Am [ l_mofn, nb_ gilhcha [h  ̂_p_hcha fiijm, [m q_ff [m nb_m_ ]il_ 
fiijm, ]ihnlc\on_ ni nb_ `oh^[g_hn[f `ilg[ncih i  ̀ ]cl][^c[h 
lbsnbgm ch jf[hnm (Fca. 2). 
 Sno^c_m b[p_ mbiqh nb[n nb_ LHY il CCA1 a_h_ mn[lnm [ 
]s]f_ i  ̀h_a[ncp_ `__^\[]e ch nb_ gilhcha \s qilecha qcnb PRR9 
il PRR7 ni mnij nb_ jli^o]ncih i  ̀ CCA1 [h  ̂ LHY (27). Ih nb_ 
m[g_ q[s, nb_ TOC1 a_h_ [h^ Gca[hn_[ (GI) ]l_[n_ [ h_a[ncp_ 
`__^\[]e fiij ch nb_ _p_hcha fiij. Ih nbcm fiij, TOC1 mnijm [h 
ohehiqh Y `[]nil `lig qilecha, qbc]b g[e_m gil_ TOC1 
gif_]of_m. Gca[hn_[ ][om_m nb_ Z_cnfoj_ (ZLT) jlin_ch ni \_ 
g[^_, qbc]b nb_h qilem qcnb GI ni \l_[e ^iqh nb_ TOC1 
jlin_ch (Fca. 3). LUX Allbsnbgi (LUX) cm [hinb_l a_h_ cgjfc][n_^ 
ch h_a[ncp_ `__^\[]e fiijm; cn chn_l[]nm qcnb E[lfs Ffiq_lcha 
(ELF) jlin_chm mo]b [m ELF4 [h  ̂ ELF3 (29). Tb_m_ jlin_chm 
]ihmncnon_ nb_ _p_hcha ]igjf_r (EC). Tb_ R_p_cff_ (RVE) a_h_m, 

nb_ Lcabn-R_aof[n_  ̂ WD (LWD) 1 [h  ̂ 2 [h  ̂ nb_ Ncabn Lcabn-
Ih^o]c\f_ [h^ Cfi]e-R_aof[n_  ̂ (LNK) a_h_m (nl[hm]lcjncih[f 
]i[]ncp[nilm) a_h_m b[p_ \__h ^cm]ip_l_^ [m jimcncp_ l_aof[nilm 
ch nb_ ]cl][^c[h im]cff[nil'm ̀ __^\[]e fiijm (30). 
 Tb_ ip_l_rjl_mmcih i  ̀ nb_ nl[hm]lcjncih `[]nilm BBX19, 
18, [h  ̂ 32 (B-Bir) ch nb_ gi^_f jf[hn A. thaliana mcahc c̀][hnfs 
f_hanb_hm nb_ ]cl][^c[h ]s]f_ (31); BBX18 ch]l_[m_m nb_ j[]_ i` 
nb_ \cifiac][f ]s]f_ [h^ ip_l_rjl_mmcih i  ̀ BBX32 l_mofnm ch 
^_f[s_  ̂ f̀iq_l ch^o]ncih (31). Do_ ni ]cl][^c[h a[ncha, [ jf[hn'm 
l_mjihm_ cm ncg_-^_j_h^_hn ih nb_ ^[s i  ̀nb_ q__e l[nb_l nb[h 
nb_ biol i  ̀nb_ ^[s (22). Tb_ g[h[a_g_hn i  ̀nb_ ]cl][^c[h ]fi]e 
cm chnlc][n_fs nc_  ̂ni n_gj_l[nol_ l_mjihm_m. Cif  ̂[^[jn[ncih cm 
l_aof[n_  ̂ \s jlin_chm mo]b [m C-R_j_[n/DRE Bch^cha F[]nil 
(CBF) (32). Ehnl[chcha mcah[fm, ^_n_]n_^ \s jbinil_]_jnilm mo]b 

[m Clsjni]blig_m [h  ̂ Pbsni]blig_ B (PHY B), l_p_[f ni 
ch]l_[m_ nb_ chjon lion_'m n_gj_l[nol_ [h  ̂ h_a[ncp_ fiij 
]igjih_hnm ni msh]blihct_ nb_ ]cl][^c[h im]cff[nil'm jb[m_ [h^ 
q[p_`ilg (33). Tb_ ionjon j[nbq[s l_aof[n_m m_p_l[f n[mem, 
ch]fo^cha l_jli^o]ncih (22), bilgih_ mshnb_mcm (34), 
cggohifiac][f l_mjihm_m (35), [h^ a_hig_ _rjl_mmcih f_p_f 
(35). M[hs jbsmcifiac][f jli]_mm_m, ch]fo^cha mnl_mm 
[]]fcg[nct[ncih (36), bilgih_ mcah[fcha (34), giljbia_h_mcm 
(37), ][l\ih g_n[\ifcmg, [h  ̂̂ _`_hmcp_ l_[]ncihm (38), [m q_ff [m 
jb_hinsjc], a_higc], [h  ̂ g_n[\ifc] mno^c_m (39), ch]fo^_ 
chn_l[]ncih qcnb nbcm ]cl][^c[h ]fi]e. A \cifiac][f ]fi]e nb[n cm 
^_n_lgch_  ̂\s nb_ lbsnbgm i  ̀nb_ ^[s [h  ̂hcabn. Pf[hn ]cl][^c[h 
^cl_]ncih cm [ ]lcnc][f msmn_g `il _hpclihg_hn[f [^[jn[\cfcns (32). 
A g[dil oh^_lmn[h^cha i  ̀ nb_ gif_]of[l jli]_mm_m aip_lhcha 

]cl][^c[h lbsnbg ch jf[hnm ]ig_m `lig _rj_lcg_hnm ]ih^o]n_  ̂
ch f[\il[nilc_m. Nih_nb_f_mm, cn b[m hiq \_]ig_ i\pciom nb[n ch 
\inb qcf  ̂ [h  ̂ `[lg_  ̂ jf[hn jijof[ncihm, nb_ ]cl][^c[h ]fi]e 
]iil^ch[n_m nl[hm]lcjnig_m ch ]igjf_r q[sm oh^_l h[nol[f 
]ih^cncihm. 
Igjirt[h]_ i` Ccr][^c[h Rbytbgs ch Pf[hts  
Ssmn_gm jf[hn jbsmcifias b[m [ jli`ioh  ̂ cgj[]n ih nb_ 
]cl][^c[h ]fi]e [h  ̂jlipc^_m [h cgjiln[hn m]l__hcha [^p[hn[a_ 
(29). A hih-lbsnbgc] ]cl][^c[h ]fi]e (CCA1-ir) ch Arabidopsis 
l_mofnm ch jf[hnm qcnb 53% f_mm \cig[mm nb[h nb_cl qcf^-nsj_ 
]iohn_lj[lnm. Wb_h ]igj[l_^ ni 24-biol ^[sm, qcf^-nsj_ jf[hnm 
jli^o]_ ]ihmc^_l[\fs f_mm \cig[mm qb_h ]ofncp[n_^ oh^_l 20- il 
28-biol ^[sm, moaa_mncha nb[n nb_ chn_lh[f im]cff[nil'm `l_ko_h]s 

Fca. 2. Dc[al[gg[nc] l_jl_m_hn[ncih i` fiij_^ gif_]of[l ]cl][^c[h 
]fi]e ch jf[hnm  

Fca. 3. Mi^c`c_^ ]cl]ocnls i` nb_ ]cl][^c[h ]fi]e ch jf[hnm. 
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ioabn ni \_ mcgcf[l ni nb[n i  ̀ cnm h[nol[f m_nncha `il ijncgog 
^_p_fijg_hn (40). Am [ l_mofn, nb_ mo]]_mm i  ̀[ jf[hn ^_j_h^m ih 
nb_ []]ol[]s i  ̀cnm ]cl][^c[h ]fi]e. 

 Tb_ ]cl][^c[h m]b_^of_ ch`fo_h]_m [ p[lc_ns i  ̀[mj_]nm i  ̀
jf[hn _rcmn_h]_. A]]il^cha ni nl[hm]lcjnig_ [h[fsmcm, nb_ 24-
biol ]s]f_ cm l_mjihmc\f_ `il ]ihnliffcha [ mct[\f_ jilncih i  ̀nb_ 
a_h_nc] g[e_oj i  ̀Al[\c^ijmcm  (41). Ih mn_[^s-mn[n_ ]ih^cncihm, 
]s]fc][f _rjl_mmcih b[m \__h m__h ch [hsqb_l_ `lig ih_-n_hnb 
ni ih_-nbcl  ̂i  ̀nb_ nl[hm]lcjnig_, ^_j_h^cha ih nb_ [jjli[]b 
_gjfis_^. M[hs mj_]c_m, ch]fo^cha lc]_ (Oryza sativa) (42), 
mis\_[h (Glycine max) (43), moa[l][h_ (Saccharum officinarum) 
(44), nig[ni (Solanum lycopersicum) (45) [h  ̂jijof[l (Populus 
trichocarpa) (46), _rbc\cn ]cl][^c[h j[nn_lhm ch nl[hm]lcjn 
[\oh^[h]_. Am cn ]ihnlifm gofncjf_ a_h_m chpifp_  ̂ ch 
g_n[\ifcmg, nb_ ]fi]e jf[sm [ jcpin[f lif_ ch jf[hn \ci]b_gcmnls 
l_aof[ncih (20). Ih jf[hnm ]ofncp[n_^ oh^_l momn[ch_  ̂ fcabn, nb_ 
]cl][^c[h ]fi]e gi^of[n_m f_[  ̀ a[m _r]b[ha_ (47) \s ][omcha 

mnig[n[ ni ij_h gil_ ^olcha nb_ chmnch]ncp_ ^[s nb[h nb_ 
chmnch]ncp_ hcabn (29). Tb_ ]cl][^c[h im]cff[nil l_aof[n_m hin domn 
g_n[\ifcmg \on [fmi aliqnb [h  ̂ ^_p_fijg_hn (19). Tb_ 
bsji]insfm i  ̀ Arabidopsis m__^fcham aliq [h  ̂ nb_ ]insf_^ihm 
gip_ ch jl_^c]n[\f_ j[nn_lhm, [m mbiqh ch ncg_-f[jm_ pc^_im 
n[e_h i  ̀m__^fcham aliqcha oh^_l ]ihmn[hn fcabn (48). Afnbioab cn 

cm oh]f_[l qb_nb_l il hin nb_ ]fi]e l_aof[n_m ]_ff ^cpcmcih ch 
bcab_l jf[hnm, ]cl][^c[h l_aof[ncih i  ̀ q[n_l [h  ̂ ][l\ih 
[p[cf[\cfcns ̂ i_m j[lnc]cj[n_ ch nb_ j_lci^c]cns i  ̀aliqnb (18). 
 Tb_ im]cff[nil om_m m_p_l[f jli]_mm_m ni ]ihnlif aliqnb ch 
l_mjihm_ ni ac\\_l_ffch [h  ̂[orch (49). Ccl][^c[h ]fi]e gon[hnm 
nsjc][ffs \fimmig f[n_l il _[lfc_l nb[h qcf^-nsj_ jf[hnm qb_h 
]ofncp[n_  ̂ oh^_l _rn_h^_  ̂ ^[sfcabn, moaa_mncha nb[n nb_ 
]cl][^c[h ]fi]e l_aof[n_m gil_ nb[h domn nb_ ncgcha i  ̀^[cfs fcabn 
[h  ̂ ^[le ]s]f_m (50). Tb_ ]cl][^c[h ]s]f_ ch f̀o_h]_m g[hs 

\cifiac][f jli]_mm_m ch jf[hnm [h  ̂ cm _mm_hnc[f `il jf[hnm ni 
`oh]ncih jlij_lfs (51) (Fca. 4.). Am [ l_mofn i  ̀ nb_ _pifoncih[ls 
[^p[hn[a_ [``il^_^ \s nb_ ]cl][^c[h ]fi]e, ]cl][^c[h im]cff[nilm 
b[p_ ch^_j_h^_hnfs _pifp_  ̂m_p_l[f ncg_m ch p[lciom echa^igm 
i  ̀fc`_ (52). In cm `_[mc\f_ ni ^_gihmnl[n_ nbcm [^p[hn[a_ ch jf[hnm 
\s oncfctcha nb_ gi^_f jf[hn Arabidopsis ch ]igj_ncncp_ 

_rj_lcg_hnm. Wb_h aliqh oh^_l 20-biol-fiha ^[sm, jf[hnm qcnb 
[ \lc_  ̀ ]cl][^c[h j_lci^ (ni]1) (53) []]ogof[n_ gil_ \cig[mm 
nb[h jf[hnm qcnb [ fiha ]cl][^c[h j_lci  ̂(tnf-1), 10-biol _p_hcham 

[h  ̂^[sm. Uh^_l 28-biol ^[sm, gon[hn jf[hnm qcnb [ jlinl[]n_  ̂
]cl][^c[h j_lci^ (14 b LD) f̀iolcmb (54). Tbcm ]igj[lcmih i  ̀
giln[fcns l[n_m mojjilnm nb_ c^_[ nb[n nb_ ]cl][^c[h im]cff[nil 
qbim_ ^sh[gc]m [l_ ch noh_ qcnb nbim_ i  ̀ nb_ _rn_lh[f 
_hpclihg_hn ]ih`_lm [ mo\mn[hnc[f c̀nh_mm [^p[hn[a_ (55). Ah ch-
^_jnb gif_]of[l _r[gch[ncih i  ̀ nb_ ]ihh_]ncih \_nq__h 
jbinij_lci^c] lbsnbgm [h^ [\cinc] mnl_mm mcno[ncihm cm 
jl[]nc][\f_ \inb ch pcnli [h  ̂ch pcpi (T[\f_ 1). 
 

Cih]fuscih 

Ih l_mjihm_ ni m_[mih[f [h^ ^[cfs _hpclihg_hn[f ]o_m, nb_ 
jf[hn'm ]_ff-ch^_j_h^_hn ]cl][^c[h lbsnbg mojjilnm nb_ 
mncgof[hn-nl[p_lm_ l_mjihm_. Tb_ ]igjih_hnm i` nb_ 
_h^ia_hiom ]fi]e qcff \_ msh]blihct_^ ^olcha 

nl[hm]lcjncih il [ft_l. In cm jimmc\f_ ni ^_gihmnl[n_ nb[n 
LHY [h^ CCA1, nb_ nqi ]lo]c[f ]fi]e ]igjih_hnm ch fcabn 
mcah[fcha, l_aof[n_ `fiq_lcha jf[hn ]cl][^c[h ncgcha [h^ 
]ihnlif \s _rnl[]ncha [h^ ^cmjf[scha ]fi]e a_h_m ch [ 
mj_]c`c] q[s. G_h_m ]ihnlif ]bfilijbsff [ft_l mohlcm_, [h^ 
]fi]e _f_g_hnm g[chn[ch \ci^cp_lmcns [h^ l_mcmn[h]_ `il 
ijncgog j_l`ilg[h]_. Ti [mmcmn m]c_hncmnm ch gil_ 
_ff_]ncp_fs ]igjl_b_h^cha biq nb_ a_h_m i` nb_ ]cl][^c[h 
]fi]e [l_ _rjl_mm_^ [h^ qile, q_ _rjf[ch jf[hn \cifiac][f 
jli]_mm_m omcha nb_ ]cl][^c[h ]fi]e ch nbcm j[j_l. Hiq_p_l, 
[ p[lc_ns i` aliqcha [h^ `ii^ ]lijm [l_ [\oh^[hnfs 
[p[cf[\f_. A^^cncih[ffs, cn iff_lm [ ]igjl_b_hmcp_ jc]nol_ i` 
]cl][^c[h \cifias. Cblihi]ofnol_ _gjfism nb_ ]cl][^c[h 
]fi]e [m q_ff [m ncg_-[mmi]c[n_^ ]ofncp[ncih [h^ 

g[h[a_g_hn. Tb_ ncgcha i` siol \i^s'm \cifiac][f ]fi]e 
([gjfcno^_, jb[m_, [h^ j_lci^ f_hanb), [h^ ]cl][^c[h 
p[lc[\f_m, j[lnc]of[lfs nb_cl pofh_l[\cfcns ni mnl_mm, qcff \_ 
joljim_`offs [fn_l_^ ch nb_ `onol_ pc[ a_h_ _^cncha 
n_]bhifias. Igjlip_^ ]cl][^c[h ]fi]em ch hip_f a_lgjf[mg 
l_miol]_m qcff [c^ [alc]ofnol[f [^[jn[\cfcns. 

Fca. 4. A ^c[al[gg[nc] l_jl_m_hn[ncih i` nb_ gif_]of[l g_]b[hcmg i` nb_ _rn_lh[f t_cna_\_lm ih nb_ aliqnb [h^ ^_p_fijg_hn i` jf[hnm. 
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SL.
Ni. 

Exj_rcg_ht Acg Pf[ht syst_g M[dir `ch^chas Cih]fuscih Y_[r R_`_r_h]_ 

1. 

Ti [m]_ln[ch nb_ 
_ff_]nm i` ]cl][^c[h 

l_aof[ncih ih 
jbinimshnb_nc] 

`[]_nm i` Marchantia 
polymorpha 

Marchantia 
polymorpha 

nb_ ]cl][^c[h l_aof[ncih i` 
jbinimshnb_nc] \ci]b_gcmnls 

Lcabn-^[le ]s]f_m msh]blihct_ nb_ 
jb[m_ i` jbinimshnb_mcm'm 24-biol 

]s]f_m. 

Fil fcabn b[lp_mncha ni \_ ]ihnliff_^ 
\s [ ]fi]e, ]bfilijf[mn nl[hmf[ncih cm 

l_kocl_^. 

T_ll_mnlc[f jf[hnm b[p_ q_ff
-jl_m_lp_^ ]cl][^c[h 

]ihnlif i` jbinimshnb_mcm. 
2022 (56) 

2. 

Ti `cr[n_ chni nb_ 
q[s Arabidopsis 

jf[hn lbctimjb_l_ 
\[]n_lc[f [h^ `oha[f 

lbsnbgm [l_ 
[ff_]n_^ \s jf[hn 

]cl][^c[h lbsnbgm 

Rbctimjb_l_ 

i` 

Arabidopsis 

thaliana 

Ah _ll[nc] `oh]ncih i` nb_ jf[hn 
]cl][^c[h ]fi]e ]ill_mjih^m qcnb -  

[fn_l_^ lbsnbgc]cns i` lbctimjb_l_ 
`ohaom [h^ \[]n_lc[ 

]b[ha_m ch lbctimjb_l_ gc]li\c[f 
^cp_lmcns 

Tb_ [\_ll[hn `oh]ncih i` 
nb_ jf[hn ]cl][^c[h ]fi]e cm 

[mmi]c[n_^ qcnb [fn_l_^ 
lbsnbgc]cns i` lbctimjb_l_ 

\[]n_lc[ [h^ `ohac. 

2022 (57) 

3. 

Ti ^_n_lgch_ biq 
nb_ gif_]of[l 

l_aof[nils msmn_g i` 
SEPALLATA3'm 

(SEP3) `oh]ncihm ch 
`fiq_lcha ncg_. 

Arabidopsis 

thaliana 

nb_ nl[cn i` _[lfs \fimmigcha 

LATE ELONGATED HYPOCOTYL 
(AnLHY) _rjl_mmcih q[m 
^l[g[nc][ffs l_^o]_^. 

ZdSEP3 mojjl_mm_^ AnLHY 
nl[hm]lcjncih 

A \l[h^-h_q l_aof[nils 
g_]b[hcmg `il g[h[acha 

\fiigcha ncg_ cm nb_ 
ZdSEP3-AnLHY j[nbq[s. 

2021 (58) 

4. 

Ti chp_mnca[n_ nb_ 
lif_ i` mnig[n[f 

]ih^o]n[h]_ [h^ 
jbinimshnb_nc] 

_ffc]c_h]s ch 
fs]ijbsn_m [h^ 
`_lhm' ]cl][^c[h 

l_aof[ncih i` a[m 
_r]b[ha_. 

Marsilea 
azorica 

 [h^ 
Regnellidium 

diphyllum 

Snig[n[f l_aof[ncih \s fcabn ch `_lhm 
[h^ fs]ijbsn_m 

Ls]ijbsn_m [h^ `_lhm b[p_ 
`oh^[g_hn[ffs ^cff_l_hn 
]ihnlif i` a[m _r]b[ha_ 

nb[h [hacimj_lgm. 

2023 (59) 

5. 

Ti ^_fp_ chni nb_ 
jligin_l: fo]c`_l[m_ 

msmn_g'm [\cfcns ni 
^_n_]n nb_ [^^cncih 
i` g_n[f m[fnm ni nb_ 

liin-chn_l[]ncih 
_hpclihg_hn. 

Arabidopsis 

thaliana 

M_n[f m[fnm ch nb_ liin-chn_l[]ncih 
_hpclihg_hn g[s _r_ln [h _ff_]n ih 

lbsnbgm. 

Cf[mmc`c_^ \li[^ m_nm i` 
l_mjihm_m ni nb_ g_n[f 

m[fnm 
2022 (60) 

6. 

Ti _r[gch_ nb_ chnl[
-^[s ^sh[gc]m i` 
jf[hn-jiffch[nil 

h_nqilem 

Crepis 
capillaris  

[h^  

Leontodon 
hispidus 

An nb_ [aal_a[n_^ (`off-^[s) 
h_nqile f_p_f, gchcgctcha 

gi^of[lcns [h^ _hb[h]cha jf[hn 
a_h_l[fcns. 

Tb_ ^c_f ^sh[gc]m i` jf[hn-
jiffch[nil chn_l[]ncihm [l_ 

jli`ioh^fs cgj[]n_^ \s 
nb_ nl[hmc_hn mbiln[a_ i` 

`fil[f l_miol]_m. 

2021 (61) 

7. 

Di nb_ ]cl][^c[h 
]fi]e [h^ nb_ 

b_l\c]c^_ l_mjihm_ 
ch lc]_ chn_l[]n ]limm

-n[fe? 

Oryza sativa 

Gfsjbim[n_, m-M_nif[]bfil, 
`_h]filcg, g_n][gc`_h, [h^ GA3 
l_mjihm_ a_h_m b[p_ ]ihmcmn_hn 

]cl][^c[h ]s]f_m. 

OmCCA1 \ch^cha j_[em q_l_ `ioh^ 
ch nb_ jligin_l l_acihm 

i` OmCYP81A12, OmCYP81E22, 
OmCYP76C2, [h^ OmCYP76C4 a_h_m 

Tb_ _rjl_mmcih i` m_p_l[f 
i` nb_ lc]_ ]cl][^c[h ]fi]e'm 

e_s im]cff[nil a_h_m g[s 
\_ cgj[]n_^ \s b_l\c]c^_ 

om_. 

2023 (62) 

8. 

Ti [m]_ln[ch c` 
g[ah_mcog fcgcnm 

nb_ Arabidopsis 
]cl][^c[h j_lci^'m 

j_lci^c] gip_g_hn 

Arabidopsis 

 thaliana 

Tb_ ch]l_[m_ ch CCA1 jligin_l 
(jCCA1:LUC) []ncpcns ][om_^ \s Ma 

^_[lnb q[m fcabn-^_j_h^_hn. 

  

Ma [ff_]nm nl[hm]lcjncih 
[h^ nl[hmf[ncih f_p_fm 
l[nb_l nb[h domn ih_ 
]igjih_hn i` nb_ 

]cl][^c[h im]cff[nil. 

2021 (63) 

9. 

Ti [m]_ln[ch nb[n 
jf[hnm b[p_ _pifp_^ 

nb_ SALT OVERLY 
SENSITIVE (SOS) 

j[nbq[s `il 
b[finif_l[hn. 

Arabidopsis 

 thaliana 

SOS1, nb_ jf[mg[ g_g\l[h_ N[+/
H+ [hncjiln_l, []nm [m [ m[fn-mj_]c`c] 

]cl][^c[h ]fi]e l_aof[nil pc[ 
GIGANTEA (GI).  

SOS1 chn_l[]nm qcnb GI ch [ m[fn-
^_j_h^_hn g[hh_l, mn[\cfctcha cn ni 

g[chn[ch [ b_[fnbs ]fi]e j_lci^ 
oh^_l m[fchcns ]ih^cncihm. 

Uh^_l bcab il ^[cfs 
p[lc[\f_ m[fn f_p_fm, SOS1 
g[chn[chm m[fn l_mjihm_ 

big_imn[mcm. 

2022 (64) 

10. 

Ti ch^c][n_ nb[n K+ 
nl[hm`_l `lig liinm 
l_^o]_m p[lc[ncih ch 
j_lci^ ^ol[ncih ch 

mbiinm. 

Arabidopsis 

 thaliana 
Riin ]fi]e a_h_ _rjl_mmcih cm 

l_aof[n_^ \s mbiin-^_lcp_^ mo]lim_. 

Tcg_-m_lc_m i\m_lp[ncihm 
qcnb jll7 gon[hnm l_p_[f_^ 
nb[n liin PRR7 ]ihnlifm K+ 

nl[hmjiln [h^ ^_]l_[m_m 
p[lc[ncih ch mbiin j_lci^ 

^ol[ncih. 

2023 (65) 

T[\f_ 1. Cigjl_b_hmcp_ n[\f_ i` nb_ hip_f l_m_[l]b ch ]cl][^c[h l_aof[ncih i` jf[hnm 
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bnnjm://jf[hnm]c_h]_ni^[s.ihfch_ 

A]ehiwf_^a_g_hts 

Tb_ [onbilm qiof^ fce_ ni n[e_ nbcm ijjilnohcns ni nb[he 

nb_ ohcp_lmcns `il [ff i` nb_ [mmcmn[h]_ cn a[p_, qbc]b 
ch]fo^_^ ^cl_]ncih, ]lcnc][f _p[fo[ncihm, miftq[l_ niifm, [h^ 
ih nij i` [ff i` nb[n, ]ihmnlo]ncp_ c^_[m qb_h_p_l nb_s 
q_l_ l_ko_mn_^. 
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