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YRR G, AR ESRPHEEN 2
PRSI T, GHRREE . b, WJERERESE. frixet
Kb, Ol o FEE . FEAHOBU G2 AR B [\ 1),
ettt % (phytochrome, phy) A 4 216 /328 21 )6 52 44
OGS a, KHAR GBI A G R,
BEHYIRDCESE R 6 Sk, MR %
IR AGAT hy—Fh S5 BB 3 JE AR 1 12 9. AL
FETHTNIIFFUSCR, ROGRE 2 A5 5 30 e ) R AL
BT T 28R FIHE

1 keI BEENLE

TR AR — R Ak, DLADGE 206 (RIFR) K
AT A7 AE o A8 8L UNL W) UL 7S T (Arabidopsis
thaliana) ', JGi (0 = M43 0002 ALK &KL,
I B AR 08 G R 1) SR AR A R R
YEH(Chen et al., 2004). YEH A F L) 7K N A BT
— R AR AR, S22 EE A N
JEDANE 5 X S Cog — SR DI E A7 X (AR 1G4
[X) (Rockwell et al., 2006; Fankhauser and Chen,
2008; Nagatani, 2010; Ulijasz et al., 2010). J:/#2Z
DRt 7 X3 T 5 i I A (AT
2007). physEL2Ff ARS8 BB A AAAE: 206
TP IE SP Az 216G T AP A% 1 R D6

ke H #1: 2014-08-06; #2572 H 11: 2014-11-02

B EA (phyA) FIGE T 2B (phyB) i) DLS — 845 5711
9 oy FAH EAE L, 3K T e A 1s B4 M iz 2
W75 B (Hiltbrunner et al., 2005; Rockwell et al.,
2006; Pfeiffer et al., 2012). et AERE BRI
EI5 WAL % (Bae and Choi, 2008), £MHA G
PRI 0 38 73 7~ 15 40 B 23 9] PR AT T A P R ok
JE TG ERG SRS . MM ST, physZKIika
FE5ANEC T, B M phyAZIphyE, ‘eI TH] DU HJE B[R]
PR SY5 284 (Clack et al., 2009). phyAFphyB &
RFERDCEEE, S5 YHYERRENEANTT
[ (Franklin and Quail, 2010; Kami et al., 2010).
PhyAfEhy — M L6225, U1 AN B 2 il 3]
JOIBAS A . phyBAE A L0641 70 7 IT %, 1E
ZI0f5 5l i A AR R OB I 1 T (Nagy and Scha-
fer, 2002). JERUE R AR TR 3L gh i e i
L6 200G T 7 AEAN R ) T A i g i T —
)73 1A o

TERAFE T, ORI T V2 S5O R A5 5 40 1A
K GEAE R (Chory, 2010). 1 L85 B A 5848 R ] LAy
2 K. IR RARRIN LI AFFEOLIE SR
ORI Rl B N LR 1 2 N o S
JAE TR S T OG5 S AP 1 208 24 45 o X LE5E
A5 fAfu 4 de-etiolated 1 (detl) (Chory et al., 1989).
constitutively photomorphogenic 1 (copl) (Deng et
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al., 1991). COP91 15 5 4 73 2 4 {4 (Serino and
Deng, 2003). suppressor of phytochrome A-1051-4
(spal-4) (Laubinger et al., 2004)#Iphytochrome in-
teracting factors 1,3,4,5 (pifQ) (Leivar et al., 2008b,
2009; Shin et al., 2009). % T B AT 5 K R AL #R &
Bt m), e ONJGAE Sl s A it S i 5 5 o i
b, XL TEARAK ) R A 5 20 B B0 phy B &5 A 2 (K]
[l AZAYHB (Y?®H mutant of phyB)JE# HHAL(Su
and Lagarias, 2007; Hu et al., 2009), % Hphysi@it
) T e A7 T RS BT S .

295 AR K R T HL 5 phy AT phyB I i Bk 2 28
AR, FE T IR T AR KA i R R
B, XS SRR phy A phyB 5 5 HHAETE BRI, B
FHAE2AME 5 BB h #RAFAE B[ . )l far-red elon-
gated hypocotyl 1 (fhyl) (Whitelam et al., 1993;
Desnos et al., 2001). fhy3 (Whitelam et al., 1993;
Wang and Deng, 2002). long after far-red light 1
(lafl) (Ballesteros et al., 2001). far-red impaired
response 1 (farl) (Hudson et al., 1999)#fllong hy-
pocotyl in far-red 1 (hfrl) (Fairchild et al., 2000)%%,
1EphyAfE 58 B A7 E BB, Tithe elongated hy-
pocotyl 5 (hy5)RA A& 7EphyARIphyB/5 5 i i H #f
R H B G (Koornneef et al., 1980; Oyama et al.,
1997). &L kiE i hemera (hmr) & —fh# ) phyfE 5
RAE, EAMAELLEAZ 2006 N R H KB T IR
i, T BAEM SR K E 5 T W AFAEBREE (Chen et al.,
2010). HTHMRTENMIFZFI SR ARHA E A7, BT L
ARER— M EDBEEH .

IR 22 TRAR AR Y 25 ik B G A 't i 8 R R ) e
KT, AHEIER TR (HYS. LAFL, HFR1.
FHY3FIFARL) A [ 1 15 K1 (PIFS) o S 285
W ST IR R W 2 R Y PR R ) — S SC B
#l(Chen and Chory, 2011).

2 AW ERBEBUBIFAELESERSD
H1ER

2.1 phyAR) BB L 5 A BEER 1L 1E

Hefte % —ZOB T I HIsIEE (Yeh et al., 1997).
1 B2 1L 1 3 & (Avena sativa) phyATERANE HE
6 15 ) (Yeh and Lagarias, 1998). il i #f 7t 44k

G BB =R ECY), HuntflPratt (1980) % I
Fa—RMEL. AAFHENEY T TR,
48 O B B I 34 W R 1k 47 A (Lapko et al.,
1996, 1997, 1999). M, 2B AL i (Ser8A
Ser18)fii T phy AN ZEf# [X (N-terminal extension,
NTE); % — ML 15 (Ser598) fir T Niiii Al Cifi 22 8] {47
XA, JE I HE R B AR AR AR phy AT IX 3
MERRAAL S, RIENRIRSF (B1). Cherry4s
(1992)#ix 1ENTE [X 35 4] T phy AR AE 90775 14 72 06 75 17
¥ NTE [X 35 ) Ser8 Fl Ser18 47 i # 1 v Ser8Ala fl
Ser18Alan] LUl il phyA I 8 2 16 A AT, AT 38 o
phy AR AEYEVE . FE 5 B A h R I8 IX 24 A 1)
phyASE [, MR I X 4 s Uk, JF 5 H %
1k % B (Stockhaus et al., 1992). X LU 57 45 53 B,
NTE [X 35 [ 8% B2 fk 3 2L 7 phyAfS 5 320, 2
5 5 SRR 0L R (Emmler et al., 1995; Jordan
et al., 1996, 1997; Casal et al., 2002), {H&iXLL ik
FR AL AT A B ARAE RS 5 I I ANE 2 . Han
5 (2010) ¥ 8T 7 % 30 AR 400 455 28 16 R b 1¥) phyASer8-
AspFliphyASer18AsprEAE ) i I P fift i 22 A8 b . X
JKHE(Oryza sativa) FphyARIHE 5L E£ H, KiEphyA N
sty X 35 ) Ser & ¥ o Ala & 5 \ M %L (Nicotiana ta-
bacum), [FJ#F AT DL A5 B0 5k DA A 550 8 21056 JE B
J&(Stockhaus et al., 1992). %45 ] LLidt— Dk
A4 FE B T R phy AT Ser8 Fll Serd 847 15 1 41,
WAL, AT LIS G978 21 6 4% e B, i AR L 2 1ol
P8 A ) 285 S 2 A IS o

3 phy AR o — MR AL A7 1 Ser598 F 4 Jy
Alaff i 7 KA FkphyAser598Ala & — Fh A3 i M (1) 4k
SRR AL i AR, B YRR B S A R
PE, ULEHJE R K Ser598 47 s MR 1 X T A A 1) 6
BRI E . A BE AR, phyATER S PKA
(protein kinase A)fE{L R AERERRILIE, & AGIEA
PR KA (Lapko et al., 1996).  [H] A 6 il
7 4E e 3 phy A 5 phy ASer598Ala phy A 4 fi#,
RIE A ERERAZN, U Ser598Alats #iJf A
SN phy AR 8 1 P il 7£ FR IR 2% 111 T 22 phy A-GFP
EphyAser598Ala-GFP# R e i, TE4 )6
MR, 2MphyA-GFPRlG B AR I A% e fr, I
HIERUAZPE i, XS ARL B p 2 (8] A 58 A E 2 1A
o XEEFFELE RN, Ser598AlaZ A o mphyA
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Heifs FHINAZ LB AZBE S e . Ei9RphyAser598Ala ser598Ala /5 x5 M H S5nucleoside-diphosphate
SR R K5 B B R 1L R 71, H2&phyARZE NphyA- kinases (NDPK2)I¥#H H.4EF(Choi et al., 1999), [A]

[}
=)

OO nC

oW

(LR RL LR NS W N N
DD WD DD WD \

W oo

1
Figure 1



244 FEY)EH 50(2) 2015

1082

1122
1128
1128
1128
1129
1129
1130
1130
1130
1130
1123

W = 100% W 275%

Bl1 5 AR phy A 0 2 7 5105 b

At #IF§IFphyA; As: #edZphyA; As3: #EZphyA 3%, Os: /KifphyA; Hv: KZE T FphyA; Ta: /NEphyA 17, Bd: —FUEHE
phyA 3%; Zm: £ KphyA; Sh: =#phyA; Sp: BlEEphyA; St L ZphyA. *ERHzZphyAd 4 E IR IL AT i Ser8. Serl8
FSer598

Figure 1 Multiple sequence alignments of monocot and dicot phyA proteins

At: Arabidopsis thaliana phyA; As: Avena sativa phyA; As: Avena sativa phyA type 3; Os: Oryza sativa phyA; Hv: Hordeum vul-
gare subsp. vulgare phyA; Ta: Triticum aestivum phyA type 1; Bd: Brachypodium distachyon phyA type 3-like; Zm: Zea mays
phyA; Sb: Sorghum bicolor phyA; Sp: Sorghum propinquum phyA; St: Solanum tuberosum phyA. * indicates phosphorylation
sites at Ser8, Serl8 and Ser598 identified in oat phyA



A FsRE L

AE 1o ] 5 4 1
AL RR(

A Mty

s

IS B8, 2% ) 18l R A A 5% e 5 PIF3 R AH B AF H
(Kim et al., 2004). phyA¥BEX A7 i AbT - ik i
5 G r I 4 A LR, A R S
X Rl & A Be ) B AR (R 2), BGRB8
DA — AR A A 5 U8 7 AU phyA S 5 5 43
T2 [ AR EAE F (Kim et al., 2004).

TERLEE T T R I phy AR AR % B2 . )F H.phyA
()16 18 4k mT LA 5 3 5 COP1/SPALFIFHY 1/FHY 3
1 5¢ 45 (Saijo et al., 2008), {H & IX 4L 1)) g ) & 2 1
AN AR 4 . 54 R K R phyAZSBL, LR 3T
phyA Nt DX 3806 T45 5 1 A% 34 th AR FL 2 (Cherry et
al., 1992; Jordan et al., 1997), {HJ& 7> ¥4l /i I+
phyA N iy 5 A8 44 - A7 R I IR Ak mT DL 1y e 42
phyAfs 5. TERLFIF o, K 07 A= B HEE PHYARE N
phyA-20158 7 fA i, R B e m] DAY 52 phy A ) S 2
R RAR I PHY Aser598Ala%%: A phyA-201 58
AR, R IR SE DR R AR R IR G AR R BB, BTk
T 2 AE R BE (X SerS 984 i & A W IR Ak A7 A — Pl
HIHLEI(Kim et al., 2004). 1H )& H §iid %A WE 4 UF 52
L7 I+ 1 Ser5984 £ 1) HAK U RE, It LLIE 75 BLER AN
HFTCAL A T+ phy A IR b6 HL A5 510 B 11 5

H i, *HF Y phyA & @i e & A e
M2 M43, AAMIER R, phyAnT L1t

AR BB RS SR T BRI BT 245

«—

B2 Sl =5 B R B 1B X (Ryu et al., 2005;
Galvao et al., 2012)

(A) FEZZphyALs FRITBERR AL AL il N &AL 3k (N) RN C i 4514
W (COOH) HATE £k, ORFREYFEMEE, ©5HILR
Cys321 (C321)HethiEse. /N TE R R BEX (H), Hla)
kRN AL N BB DI — MR LAY A Ser598. HirB4
I M phy AT 3FHEITE A 151 N-Z B (Ac-N), 45 HE (&
FEFEphyA 32147 191 e ziR b LA K B AN X 35 [ 557
P22 8. JaRi 3R 00 B R AL AT AYENG X S (Lapko et al.,
1999); (B) A i P (0 6 Rl €0 3 4 A8 Sl A Gk R Dl il £
#, MWIMFF R T XM R s, AistEratieaznr
L H WA LA S A — SE SR  Ea S D0 B R L . IR AL 1)
e (n o bl — LB i (PAPPS FIPAPP2C) LBk . A%
P (R A (0 32 0 N g RS Xl 2 W RR AL AN 1T A T i R Ak A
S ERGEERH, B S TiHE 50 T85& a8, mika
R A TR et B R 2 o WAk, BRI VS L
MRS NS5 T 4G R AET K. X LEHLH T80 iE
PIFFAAE2RIIRAS, — i PIFSE G o 2 IR Ak AT B0 1) 42
Hef5 ', S —Flod a3 th T3 2 B AL T LAAS BE B 12 1k
PIF, S 380UE meE S,

Figure 2 A proposed model of phosphorylation modification
in the phytochrome signaling pathway (Ryu et al., 2005;
Galvéao et al., 2012)

(A) Domain structure and phosphorylation sites in oat phyA.
The N-terminal (N) and C-terminal domains (COOH) are
shown by rectangles. @ indicates phytochromobilin, cova-
lently attached to Cys321 (C321). The middle of the small
rectangle represents “hinge region (H)”, the phosphorylation
site at Ser598 is shown by arrow in the middle. Three types of
posttranslational modification of oat phyA have been reported
previously: N-acetylation (ac-N), phytochromobilin ligation to
Cys321 and phosphorylation in the N-terminal region at Ser7.
Phosphorylation at the N-terminus was suggested to be the
site of phytochrome “autophosphorylation” (Lapko et al.,
1999); (B) Light triggers photoconversion of the Pr-phyto-
chromes to the Pfr-phytochromes, which initiates the phyto-
chrome-mediated photosignaling. Pfr-phytochromes are pho-
sphorylated by their intrinsic kinase activity as well as by
phytochromes-associated kinase(s) and are reversibly
dephosphorylated by phosphatase, such as, PAPP5, PAP-
P2C. The Pfr-phytochromes dephosphorylates in the N-ter-
minal extension and the hinge region is relieved from phosphory-
lation mediated destabilization, exhibiting a high affinity to signal
transducers. However, the unphosphorylated Pfr-phytochromes
were not. Furthermore, the phosphorylated Pr-phytochromes
possess a very lower affinity toward signal transducers. These
mechanisms lead to the existence of two state of PIF. One is PIF
was phosphorylated by phytochromes results in the negative
regulation of light signaling. Another is phytochromes were
dephosphorylated and could not phosphorylate PIF, which results
in the positive regulation of light signaling.
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At: #Fg7rphyB; As: #edZphyB; Os: /KFEphyB; Hv: KFEWHphyB; Ta: /hEphyB; Bd: —HENE I phyB; Zm: £ KphyB 2;
Sh: = %phyB; Sp: #l=%phyB; St: L% phyB. *F /R~ FF 7rphyBH &4 € B RR {b 7 £ Ser86 1 Tyr104

Figure 3 Multiple sequence alignments of monocot and dicot phyB proteins

At: Arabidopsis thaliana phyB; As: Avena sativa phyB; Os: Oryza sativa phyB; Hv: Hordeum vulgare subsp. vulgare phyB; Ta:
Triticum aestivum putative phyB; Bd: Brachypodium distachyon phyB-like; Zm: Zea mays phyB 2; Sh: Sorghum bicolor phyB; Sp:
Sorghum propinquum phyB; St: Solanum tuberosum phyB. * indicates phosphorylation sites at Ser86 and Tyr104 identified in

Arabidopsis phyB

cryptochromel (Cryl). phytochrome kinase sub-
strate 1 (PKS1)Fflauxin/indole-3-acetic acid (Aux/
IAA), 1H&38 %A ERY) HHE ] X 24518 (Ahmad et
al., 1998; Fankhauser et al., 1999; Col6n-Carmona
et al., 2000). *I T FFphyARIBERRILE, Bk
WKW, — i T phyA N X 1 56 8 15 1
FHY1, fER/FRYGH: it 5 i iR AL, 4006 N i
i 4L FHY 17 B phyAZ: 5(Shen et al., 2009; Chen et
al.,, 2012), [A R ALFHY 1K T 4 15 M X
phyA A% K phyASHYSHIPIF3f I B, 45
B3 phyATE @ 2006 N ¥ 5 2 & M 0 241 3 k0.
(Yang et al., 2009; Chen et al., 2012), X4t B
B, phyABERR L E R B0 HUE SR AR B 2
HAr, AU, —SE AL S phyAMH
1B F 9+ L iRtk phyA, 1X 85 (1 Hflower-specific
phytochrome-associated protein phosphatase (Fy-
PP) (Kim et al., 2002). phytochrome-associated pro-
tein phosphatase type 2C (PAPP2C) (Phee et al.,
2008) flphytochrome-associated protein phospha-
tase 5 (PAPP5) (Ryu et al., 2005), %3 P ke 2=
EFYPP 5 ETFAEA T IR A4 J7 G 58 1 OB B R
TR, I FyPP Rk N 3 B B AR O R
T R (Kim et al., 2002). phy 5 PIF37E 4% N
FHEAE FH 9544 PIF3BE IR A0 AT A7 e 9 15 645 5, 10
PAPP2C ] L) 5 phyA#H H.1E H] 31 ¥ phyA 2= i 2 AL,

XA HAEL % T phyA 5PIF3[I 454, M S EPIF3
AR RE R A, B A GE 5 Il B R R E A
(Phee et al., 2008). PAPP5 & —J5RI iRy, 5
e phyAZE G T B — RFFIR I G, 7T LLX phy AR
3 TN B IR A A7 AUHEAT R BERR AL, TR Y 4 )
Z Ak, mphyAfE B e, IF B 2B ER AL
e phy AN 1 H 5 NDPK2MIPIF3/ 45 & hE 1. 1E
U0 R T Fp 2 0k T R i PAP PSR 3 S50 L 0 41 % i
JK, papp-528AE 7R U B H 8 4T UM B (Ryu
etal., 2005). XLk BUIER, phy AR 2 R AL 7E 6
R HGE SIE R EEEA.

2.2 phyBHYBEER (L 5 R BER (LAE

HtbphyA, H il 5% T phyBi BRI AT e 50 o W5
KRB, PAPPSTE XL RAF Mk papp-55t 41 e &, PAPPS
1 12 I 76 74 41 pull-down 52 56 Hh 7T LL 5 phyB AH . {F
F, 3 HLAE i 3 R M bk 7 phyB 5 PAPP5S 3L 52 7 75 )6
i, 3 — 25 SEIGUE B, phyBAE NPAPPS Y,
PAPPS5 7E 14 41 7] L) ¥ phyB 2% i B2 1k (Ryu et al.,
2005). BEEAHVFZIIEERW], phyBY o) — KRG
PAPP2CYEMAME AT LIAH EAEH, Jf Hax AR
Je 5HE M phyBAH B AEH, £ 406 B H T PA-
PP2C 5phyBAt e i T4 % 1, 7F IS 4 1F F I E
L% . EBERR 1k phyB Al ULk PAPP2C £ M2 1L,
I LB AR AR 1R papp2c i 241 6 1 v & (Phee et al.,
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2008). ixuezs Ly, AR AL AE phy B 15 (5
SIHEADCEASE R EEEH.

i, Ferenc Nagy3Si =il i i itk se a6 kK 3l 1
L T phyB B B A AL 55, UEBH T phyBTEREY) 7k P
REPEBEIR AL . ToIR /e IS ELL G241 T, phyB N i)
Ser86/ L #R A W R AL . i I Hb S BT R XTI
) phyBHISer86/47 i, KIMZAL s AEA [FIP)Fh
S AR ST (BT 3) o JE AT R UL Tl R A A PR
phyBS®APYEP, % Bl 41 06 L A ik, (H23X
PR 1) 22 7, AEAR SR BE 2000 F VIR . 7E
phyB 1 Ser86 # 1 y Alask Asp Jf B A ol 48 ixX 46 il &
HE B RS M W TS R IR AR S AR R SRR T
BB R i phyB 5 PIF3 ) 45 4 6 I B R (B12) . [F)
i, phyB APy P rfit 7 Sl 4 78 40 I A% P4 F A
ZRFAEW /T (Medzihradszky et al., 2013). H T,
AN 4 2 BT phy B B B B 1038 2 BT R R
A F A phyBREBR 1b, AT 2 3 208 phy B 1) A% 43
fio FIRSEREH, BERRIOESZ AT 2 5 ek 1)
& ii(Medzihradszky et al., 2013).

B FIWE TR I, 7EphyBRINGA7E— D& H
23NN E IR R EL (M X 35, MU {PCSM (phosphoryla-
tion cluster of signaling modulation)[X 3z, 4#%)%%
FPEH S, PCSMX 1T 2 G 2 IR 9 B 1k, 1X L8
LR bR T 2R IR IR, B AHE— IR IR AL
#i(Tyr104) (Nito et al., 2013), %A% S AEAS R Fhrp
#5584 PR~ (1 3) o BF T A ILLE $0LFE T H AL SOV IR A 1
phyB™Y MR e bk 5 phy B AR 6, I HaZRA%
I %A phyBiE 7. phyBY™ e R g 515 5 4 T
PIF3M B4 &, AR MR E KAk, P
S FRIE R REBE R AL 1Y phyB ™Y M0Pe 2 (it bk T L
XPOGEEUR . ECHE N 2R E RE , BT Y
TE N PR BN FLAE R AR R OCBE, P AR 2R 1 R L
phyBAE NTEIGAF T AL HHoBr A ) — Fh i 26 /5 12 4,
XTHI TG B 2R A5 5l B R EE 2 1) & 3 (Nito et
al., 2013).

3 PIFsHYRAER 1K 1&1%

3.1 PIFs#RETHIThEE

PIFs/& —RbHLHE K 1, 1A i 15 06 T 4 2
(Leivar and Quail, 2011). 19984, Peter QuailsZ%;

FE R T PIFSK KL 51 PIF3, X A4 1H I & PIFSTE
T E R IS BEE 1R B A HEAl(NI et
al., 1998). HH#l, ¥ & F KPIFstEPIF3. PIF1/
PIL5. PIF4. PIF5/PIL6FIPIF7, "EAITAT LA 61+
H DK B G-box X3R4 &, AF Dy e Sl 1 s s 4|
T AE A (Hug and Quail, 2002; Hug et al., 2004; De
Lucas et al., 2008; Leivar et al., 2008b, 2009; Moon
et al., 2008; Hornitschek et al., 2009). PIFSTEY:HL
R FHGI R A AR RER . £ L EAd R
H1, PIFL. PIF3. PIF4. PIFSFIPIF7HIHIREI I T ik
B K (Hug and Quail, 2002; Fujimori et al., 2004;
Huqg et al.,, 2004; Khanna et al., 2004; Oh et al.,
2004; Al-Sady et al., 2008; Lorrain et al., 2009)., 7t
2Rk B, PIFL. PIFSHIPIFSHN ] 4% 1)
RE, TGS 3 A R K ) 95 (Hug
et al., 2004; Moon et al., 2008; Leivar et al., 2009;
Shin et al., 2009; Stephenson et al., 2009). %4k,
PIFLIL T H2KEH% b & 1R 1L (Toledo-Ortiz et al.,
2010). pifQIEAMRLE MG S&AF T~ R LML
%(Hu et al., 2009; Leivar et al., 2009), iX b4k H i
B, PIFSZIRAE TR 2540 Tl DM RS T A i g, 411
H A AR, HIEDhEE LA TR (Leivar et al.,
2008b; Shin et al., 2009).

3.2 PIFER MR ISR ThEE

PIFEE A N DX 380, & it 3 i1 Xk, Comfl
FbHLH DNASS & X 48 = B A, N PR R ~F X
., FK N EE phyB &5 & [X 15 (the active phytoch-
rome B-binding region, APB), iZ% X% T 5 phyBf
Rt gs & R FERI(Khanna et al., 2004). PIFLA!
PIF3A0 & — /N M7 (1) X 380RR O 380 phy A4 & X 33
(the active phytochrome A-binding region, APA), %
X 3ont 5 phy Al 45 & 2 42 7 1 (Al-Sady et al., 2006;
Shen et al., 2008). PIF1FIPIF3fE-5 6L phyA
FlphyB 45 & (Al-Sady et al., 2006; Shen et al.,
2008), TMPIF4. PIF5. PIF6HIPIF7 X it S5phyB4i&
(Ni et al., 1998; Huq et al., 2004; Khanna et al.,
2004; Leivar et al., 2008a). Y:#ifphys/&, physf!
RIEAMMAZ N SPIFstR AM AR, 15 PIFsH ik
T A I 1 V2 3R E Bl A4 4 T [ i (Al-Sady et
al., 2006). J; 175 3 PIF SRR A6 1 B fift 5 22 5 A VE T 1



phys B A1 E.1F I (Al-Sady et al., 2006; Shen et al.,
2008). PIF3.5 Mtk (fphys3t e 7 2 ot ikt 7 2
5 G phys B #: 40 H.1F H (Bauer et al., 2004;
Al-Sady et al., 2006; Chen and Chory, 2011). Z£4¢
(IPIF3E A AN fiE 5 phyARIphy B4 &, B LUK A 1]
phys i ‘3 1 PIF3 % iR 1t LA J¢ [% fi# (Al-Sady et al.,
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Research Progress in Phosphorylation Modification of Phyto-
chrome Signaling

Jing Yue, Liping Guan, Siyuan Meng, Jing Zhang, Suiwen Hou
MOE Key Laboratory of Cell Activities and Stress Adaptations, School of Life Sciences, Lanzhou University, Lanzhou 730000

Abstract Light is the unique source of energy for plants. Plants have evolved a variety of photoreceptors to sense light
information. The elements in the light signaling pathway are mainly regulated by several post-translational modifications
such as phosphorylation and dephosphorylation. Photochromes, the known auto-phosphorylating serine/threonine
kinases, can be dephosphorylated by a few protein phosphatases. Investigation of the autophosphorylation sites in phy-
tochrome A (phyA) and phytochrome B (phyB) has revealed that the autophosphorylation of phy is essential for their
function and plays a significant role in regulating phytochrome-mediated signaling. The phosphorylation of phyto-
chrome-interacting factor (PIF) induced by the light-activated photoreceptor is critical for PIF degradation and photo-
morphogenesis initiation. This review focuses on the recent progress in understanding phosphorylation modification in
phytochrome signaling, providing valuable information for further research in this field.
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