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WE YR ILT 20 A EAF TR SR D) Rl o Ao S (R A BEAT DG S AE T RO TR 2 o 2 . R ¢
R R ER BTN RE, HIRR LA AR AN S i R . 2SO M Sk e s B S pOR 77 I 4%
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I 2R AR S Tl A7 A T R AR« BESANES oy JR AR
YR RAT GG AR B g e . SR A
JEAR AR AN IR ) B KA [\ i B8R % =, I
2 3 AR BRI A% A 10 5 e AT AR Y P AR
1o ISR AR IR T 52 I A% KR DS G A 2 11 DS R R 4
[Fi) I 4 Y A 0 52 A 3k P A e T RO S D) IR A (1)
JEAA % 7] {5 5 (plastid retrograde signaling), ‘©114H
ELB I, LR T AR 1) S5 A B R D RE R 7 4 K
5o ARSCHETATN I TAE, X2k & ik 2 &
LB EAT 2504

1 SHFEYHRELZBEHELRRRZE

SRR R B e R R B RE B B —A
A o TR SR A4 N —AN TG e 00 IR K
45 ) ——Hi UM SRS K 5 T >k (Waters and Lang-
dale, 2009). Hij it 4 7t B J5 1) & B i 4 v Al s P &b
M7 & DA R 52 6 MR B, e B gk, A
k. TR R IR AT 8 A S5 ) e 45 S IR R AR

T AR R B A B AT, AT HE— R BRI
TR E PR A PTG, B A SRS TR
FS T EAER . AR 06 ) e e %
(phytochrome A/B, phyA/B) k¢ J&3Z W Y6 AT A8 6 1
KaAE 3% (cryptochrome, cry) /& 1 Do e A ik

Woke H - 2013-03-29; 52 H 11: 2013-06-25

(IS %1k Jiao et al., 2007). YR ZAH AR
A ¥ (phytochrome-interacting factors, PIFs)/&—2&
RERE 55 DGRt 2 A B AR FH IR R e - 2 12 g (helix-loop-
helix) Z G # s K1-, 7506 T phyB¥ % 2 N IF4 &
PIF3, J33h E S @Rk, Ei 15 6 A g o DG Ak
R H % 3% (Huq et al., 2004; Bauer et al., 2004). 5%
LW, PIF3 5 15 g o - 2 35 A 10 R 1Y i S A
HEMAL. GUNSLLADGE RS PSITLHCAL, PsaEl
It 7] (f) % i5 (Goslings et al., 2004; Shin et al.,
2009) . PIFLGE W% 55 J5t - 4 25 R 1 46 A OE Tt il
PORCIH) J& 8 AH HAE L, 388 53 45 il - & 35 1) & B
(Moon et al., 2008). /e i3, PIFSZ G DK 3 ZU 410
HCTE AR, Rl LM SRR E .

e — B s B 7R, HOUBSERM B
BOK SR WG AT i 43 AR AL 2R, R0 T8 11 R P S A4
SBR[ SR AR A . AR I T, BT
R BTG 4> A2 41 2 (shoot apical meristem, SAM)
) e s Ao T B, 48 i 43 %4 35 (cytokinin, CTK) A
758 % (gibberellin, GA) IF 2 FH I K] | BB 5%
FERIE R, A R A A R G B Dok . B X
52 i 3 RIB M S 5 i SRR & A DI 1 3£
ik(Lépez-Juez et al., 2008). St (h 2 AL (A 2 A
W JUHE N Al B SRR A R, B A b B T R
A WS FEIKE BT REAAPOLG B TRk
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(photosynthetic electron transport, PET)Z 54117
HEE — RIPAT FAF I AT

P o AR (10 26 % i 2 DA L 5T o i N K A i [
IR o R 22 B0 i 60 1) I S A4 B 1 RE 8 A T A
JBE U I 38 1 Toc/Tic & & 4 2 47 % 12 (Soll and
Schleiff, 2004). Toc/TicH &AM 34 5% 26
TE T HOO R HAT R P - ATTOC337E %)) 1 i
FURIL, HOR Wi OGA B E N KR 5 E s
[f1(Kubis et al., 2003). AtToc159V I HAtTOC-
159, AtTOC132, AtTOC120 X AtTOC90%ifis, Hx}
JE A3 i 2 1 R I H iR A W k£ (Bauer et al,
2000). Toc/Tici)Z m Ik n] e fit— R L4 KL 1
RE B BOGE & A A AT ROk (Jarvis and Soll,
2001; Agne and Kessler, 2009). & T Toc/TicE &)
Z: 5 SRR AL, 2 gn i S A 1 L
Al e . — SRR RE R T, WK
4t % 52 4 K 1 5 [ (light-harvesting  chlorophyll,
Lhe) 4l 3 5 i 43 44 A5 5 R 53 B0RE (cpSRP43/54) T I
oll, METR B A R BFSURW, Lhef) 58 44
N T B E A7 5K (A ALB3 1) T3 Bh (Bellafiore et al.,
2002).

FPENRTG A M SRR B LAY o HT AR Y
[TEZSNE/IR=SIAE SIME SIELSUE 5 SN D= 5%
W B R FR 2. AR AR, g S i
2R RIS 2R 1 9T B R G i HS B AE AR
JBEEo [FINE, MR SRS RABRE S KIT
AP, AE R 8 i AL R R 2 (Hoober et al.,
2007). V250K, AL S 4 LA AL
R ER L BEADYGG H 1 2 BORE TRl & B R/ TP 2k
FE4k I-(Austin and Staehelin, 2011). A AR A
VIPP1 45 [ 1~ UK 3y 2 30 4 & P il 2R 2 4K AR &5 4y
GTPases(Un4l B I+ FZLAE) W] B 18 8 HE A4 W AR 25 1 2
it R AR . VIPPLS AT A AN RE T B IE &
IS HE4A S 3 (Kroll et al., 2001; Aseeva et al.,
2007; Zhang et al., 2012). THF1(thylakoid formation
1) 27 T RPN T rh iy i s AR R R B . 7
thfL I AZ AR R e A I T VF 22 2D SR AR i 1)
#i(Wang et al., 2004; Wu et al., 2011), H-ZE4Ak ik
1) 21 LB B 7 SIS AR T o Rt v b 4 B A B A
(Kelly and Dormann, 2004; Kobayashi et al., 2007).

KW E AR R I 3) A IEHE (Shimoni et al.,
2005). Gao%¥ (2006) MR 7T R, Hedra)aS KPR Ls
PTG HEFZL, FZLSEARAIR 7™ A= K AS R0 (g 1 2
PRS2 HERK /NS, (R L e ma i S R R & AL
AT 2

e ENAERY/E RN e A S 1) U6 Y ge
KA BB AT R . SR, SR 7 Rk
AR SRR TE B LY (Pyke, 1999; Okazaki et al.,
2009). FtsZ1FIFtsZ2 2 %) 1 5 4 1w 43 2L H 1 [R5
12l 73 (Osteryoung and McAndrew, 2001), MHZg{k
o MR 280t A R R A R 4 B4R . R B,
DRP5B(dynamin related protein 5B)#E A [ £ 4T
2441 (Miyagishima et al., 2006), 544754
KRN R B IR GUAH T IC (Okazaki et al., 2009). Jit
1y 242 (FIPDVLFIPDV2JE fl— P i 2 4l 4y, ot
2 i N I A B ) 2 LRI M v TRl 2% (Okazaki
et al., 2009). pdv1Flpdv2EAsidrh 47 K HAKIN]
[ £544 (Miyagishima et al., 2006). #/%, B&x
PDV1HIPDV2 [ 40h g 7 i PR 40 i b 23 7™ A2 /N 22 1)
%44 (Okazaki et al., 2009). FtsZZ: L Pyl 7 2431
(R 4%, A1 BB 2R 358 23 Mo 4 PDV 2R (1 40 352 0F i s T
AhHB I I ¥ DRP5B 5 H 41 Bt (Holtsmark et al.,
2013), X GE SR OAH S B ER, Gl gy
=2 b gk ik . WFUR IR, {E5r A2 PDVIT)
TG PER M PDV AR IR D 5 i R S A Gy
425 [N &5 5% (Okazaki et al., 2009).

2 {MEEHFRMEFEMAE

B R AE Ak I R B R A T AN [ S A
0 P L A% 22 S D RE R 2R A . U ST (Ara-
bidopsis thaliana) 1/ & (Nicotiana tabacum) it
A M P AE AN R TE AR B I SRAE, X5 38 B2 40 il
FARY T REA — 80 A ALIR 40 M-S A 6 5 05
XA ALTIBE 78 70 AA% 42 Ok 2 (Lawson, 2009). F
SN AR B I ZE R, TR 40 B B E
A B R AR 2 0 3 ) 5 R (Waters and
Langdale, 2009). & T H H B & 30 Sx 44 % 5 Dre
]9t 4 4146] - COP/DET/FUS % Ji% 4 (Kwok et al.,
1996), J< T4 Al aA K B LR M2 H b,
LI (1 I S A ER 43 A 20 2R 0 TR AR AE I TR



U A MR, T~ o (R AR ) ey B AR D
PR AT B . SCO ik M S AR T8 7 (1) SE A BT 1
G(elongation factor G, EF-G), H:5874 itk il 1M Fifh,
B, AHANSE I S SRR R, R WISCOAE 11
IR B P A 0. AR, SCOT)
BE MR A 4% 5 RS 715 ‘5 5% (Albrecht et al., 2006;
Ruppel and Hangarter, 2007). #l§7CYO1th& L
T AR E R, 5K EDnalk e, H
A T )R 45 R4 X Sk (Shimada et al., 2007), 4l
RPEARN, XRS5 2P e 2 R AL 8 (B o'
AR RA R AT E R R AR

CAF Y (40 LK (Zea mays)&E) Y& 1E R i
DAL 4 A4 5 TR 40 A [ 5 e P A 40 L ) P
FEHATCOL [ &, FIE MR IR UG 4 AR 4t
JROERIEAT o T K A A P P S A A A B S ) 22 )
R PR A A S, RLRPSIL b uEky;
Y R 20 0 S A D R T, A R AZ A B -1,5- —
W, A REMTER PR [FIIE, P 20 - 2 4
& AT B R HAT % B I P (Majeran et al.,
2005). A S B AR AR — P g i Myb e o)
KT GLK(golden2-like, GLK)ZIGHRH o 1% 515 1,
AEFD) (0 D e HLAR SV, BRI A 2 /D A A 20
GLKIERH, HEZDRe Ll S 5 miuEY =6
AL (B0 F6 My- 25 &5 I I 56 55 ) 55 R 1) R 94 (Papen-
brock et al., 1997; Adhikari et al., 2011; de Dios
Barajas-Lopez et al., 2013). GLKZ iR E KIAEAR[H]) 2
TG 41 M (R Rk A7 e 22 7 (Rossini et al., 2001;
Yasumura et al., 2005). #1557+ A1 & & 11 GLK K K 1%,
RAEAE BEAZ HE D Rk A7 AE D REJL 4% (Fitter et al.,
2002; Yasumura et al., 2005; Waters et al., 2009).
FARZMGLKIAE M 4 i bRk, i[RI 1 ZmGLK2
FEYEAE R AN T IR0 o S AT IR I A 40 S 4
AN ) S & A FEE T ReAH—E(Chang et
al., 2012). Langdale Fl1Kidner(1994) [t #f 57 2% W,
ZmGLK2 1 58 AR i S A U 24 45 A A B OG5 28
ACE, ARSI A 0B R I 2 AR B AT B2 i (Lang-
dale and Kidner, 1994). #EJGLKsH] GEALYE T A
HIGLKEE A, I8 W oh e H B, 3110 £F CARE Y
H e HEXUS SR R B (Wang et al., 2013). FE[A]
IR P [R5 AR T 22 S 3 ] g B 2R DA T X1 T g
bviet =y £/ SO N [ 90 = ) e RV T s i 7 2 N [ b

PORERSE: MM 2R AR KU 339

IR -2 AR A= )% % (Sage, 2004). Covshoff4%(2008)
MIFFFER B, Zmhcfl3658 R R4 EE, PSING %
2, [RJINE I PR 4 i AR T B =, (H AR A A i
IR 254 K 6 AN %2 520 (Covshoff et al., 2008). £k
oh ¢ it Dnad 28 8 11 BSD2 1 55 X 58 AR A A 4 5 o] iy
20 it Hp 2RI AN R0 A Sk AR (Brutnell et all., 1999).
X LG SRR R R DR 2 e R IA N e, b7
TR S R (AN [R) 45 R REAE 2 22 e D) R4t T At o 4R
MM, TV 5E IR A e PR 4 R 208 55 SR8 41 i vh C 4
VIR SRR S ARARATI SRR 2D

3 MRERFIREMFE

At N, O RCAI SE R R B 1AL T
F e Rl NI 1S 5 I PR3 G DA 1)
S BESR AN T B I R o S RS R S T R
(1 RNAZE £ il 6155 7 7k 2 15 1) RNAZE 4 i (plasmid
encoding RNA polymerase, PEP)FI4% 3 K 4 i 1]
RNA % & B (nuclear encoded RNA polymerase,
NEP). WF7CRI, 4wt (1) Vaks F (SIG) K 775 1l
M2k 4A T RNASE G 1 5 55 3 7 45 & R G BEE H
(Lysenko, 2007). {6 T, SIGH T kL k%
ik, GHERDGA R NAZ O I (WPsbD ) 1K1k, [R]
WS RNADN T AR A% %% o ERL R T D488
612 i SIG K I % JE TR . 3X 28 SIG R ) o 4
RNAZE A 1 J5 30 FF S 5 D ) 5%, SIG2MISIGE B
WA FE 7 I 0 Ak LA KR R 1 T BB (Woodson et
al., 2013). 7 LK g% s ZmSIGH 1, H
HRT A T8 AT UM AR T 00 A A S B TR 11 8 55k
MZmSIG2BER T H £ i £ AR SIG K 135 P 4F, 175
LR R AR BE DR 5 vh R — 2 [ AF T (Beardslee et al.,
2002). SIGKEM A ThEE FAFEICA, TAMINA. o
&) HL 4 Je A% 4 W A H A BT e B R DR 41 2R
PERIIhREM 22 50k . it 28 (0 SR A RNAZ 4 |
FESJE N T 4EFERNA RS S M 55 5 24 H (Vaistij
et al., 2000). [ifi“:= 464 %% 14 4K 5 (Chlamydomonas
reinhardtii) M- 2 7455 R 7 R P X i vh g 28 AT I %
TIBUIRAN G FIIPHE . WF90R I, IR 2R ASE
DSl s ) M DF R T 2ok B A R LB IR I 2
oK % KL I CRS1IFICRS2 K AL 58AF, 45 ™ HL 5% 11
2R R VR 2 128 & 7B Ui B2 (Jenkins et al.,
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1997; Vogel et al., 1999; Ostheimer et al., 2003).
LU Gt A 11 T A7 P AR B A ke T 2% T X
VPR SR R BE D (R . AR IR N, SR ST ax
AR OB A 11 21 2 75 2 4% 2w 5 DIM1 1) 2 5 (Tokuhisa
etal., 1998). WIFUAHL, #HED L IR Z
[ AFAE— R AR SR - WA tabl-F155E K 1)
SRAF G4 [ psaB mMRNARNfEHRH ¥, K Katpl
HE DN RAR T B4 {4 atpB/E mMRNAANRERI .

4 WERE-ERER FES

— 71, AZBEDR G 45> 2 5 R 4R S AR R DR 1R R
ik 53— J7 T, AN MR AR I R 52 0k B TR HARIILT
WE 5 R E KINREARBI S 15 5, 73 40 M k% G i)
R) P2 A S P M 2B N B B8 B 4 M . AR R
JUifie KA K

WU, B S A 28 /0 i A A [
ik (plastidial gene expression, PGE). JFiAAfCis 4
Dy (AN 7 N N N = 1NN € = Wate s AP i =
FLE ARG I R A5 A A 1) 22 Tl 458 oK [r) 40 A% A 2 5T
WRE R RIRASAE 5, HE i % 2 B ) R A
(Pfannschmidt, 2010). 43 Rk 2 Uh A
[F) JoT A S 28 L I R 6 o B A% i L JBT Ak s DR 3k e
i (Kanervo et al., 2008). ALK T4 H BB I,
% P % 9 i 4K 2R A (W LHCB) 52 21| 471 i 4% (Pe-
saresi et al., 2006; Koussevitzky et al., 2007). %}
WL R R, A SE R 3R IR i@ 0 AR il rh A7 7
(Pesaresi et al., 2006). [FlHf, A PR 04 Bl T4
WEAMGIE RS AR T A2 4k o FUF T PRINZ A BT {4
JE A IR e WO B T, AR L 0 T A4 i h RNAZR
8 )3 B 0T A R DR A 53 o % TR ) SR AR A AU 1 T
X A4 A AR I8 JEUIR 7 A iU (Chateigner-Boutin et
al., 2008; Arsova et al., 2010). prin25348 A itk
B DA 1) 2R IE 7K P R 1E 5 15 5 8% 5 7 AR A%
i B 5T A B AR I IR £ 9 45 5 (Kindgren et al.,
2012).

I o A (1 AR U R 0 AAR IS 0 o 15 5 T 4 A 3 A
ik . WEFURW], DURRBRS: B ISk b 4i i k% 2 TA)
(A5 AT U o I S AR 52 B 4501 2 A58 DY bR A A 52 5% i
HAER—FME 5 AH AL BRI R Rk o ARS8 sy
SR, DU RIRR IS A RS2 A5 R I A S B AH R

KK (PhANGS) 1) #i%(Cornah et al., 2003; Alawady
and Grimm, 2008; von Gromoff et al., 2008; Zhang
et al., 2012) . % LA 55 41 o A% 2 18] T8 TRAZ I 59 11
guUNSEARARIRAIEST R B, Mg-Js nbkIX (Mg-protol X) Al
Mg-JEU BRI . T L i (Mg-protoMe) S 52 i 12 ik K] %
LI A LN IR 5T Mg-Jst RN PRI 25 0 - 2R A i
YRz FE A ) 235 Fr 75 (Mochizuki et al., 2001; Gray,
2003). De Dios Barajas-Lopez%%(2013)#Eill, Mg-
Ji bR S i P23 3245 BT, AR T AR
0 W AR 33 AT T o A, Mg-Jsin Bk g R 22
L5065 M R AZ L D (1) 3 3k B AR A7 AEAH 55 1 (De  Dios
Barajas-Lopez et al., 2013). Bl 5t & W], Mg-J5ink
IR IXAR 52 A2 4k 5 Lheb 38 (1) A2 AL R AN I L AH %,
TR B B 52 G P A A TR I T g T B0X
55 19774 (Moulin et al., 2008; Pfannschmidt,
2010) . 5 44 T I R R B B (methylerythritol
cyclodiphosphate, MECPP) 2 Jii {4 F 2k ik 3l I
2 Ehas e AR R R I IR AR, U5 AL G A
T8RN R TR ER I RIA o 1T RS TR E S Ok B %
HARE 1) R 5 SR ) (Xiao et al., 2012).

- o AR (1) 28 A SRR 2 T ORI AR 5 T 45 %
LK 1A (Fey et al., 2005; Tadini et al., 2012). %
A3 DR 750 A s R ) R 58 48 A Ay S — Tl A 1)
IEFE, A4 A% DR ) 2k R A O Y A S AR R
A, BETIHE GG AR S Aot 14 (Kindgren et al.,
2012). it (plastoquinone, PQ)#EIA A+ 5 i %
LR FAR IR S5 5 AT R E AR T, PQ
LIS RS 5 B R 5 45 AR L [ S
% R RS 4032 (Fernandez and Strand, 2008).
WFSURIL, 2R, ki 2L I (PETE) $it
R I R I 4 AL il 3 R (AP X2) Al L3 6 1% 5 4 A 3k A
(ELIP2) %534 52 2| PQ A AL 14 I R 2% 1) 1 717 (Schutze
etal., 2008), 2 000 MU S+ 1% i ' WY 2 1
154032 FIPQEAIE J5UIR A 1™ 1 % (Fey et al.,
2005). M&Efkh B HE0,. Oy HoO,Hil
OH-ZE B ARG, e AT BeAE A5 5 0 1l o
SR AR S AN AR AR DR IR ke, AT S 40 i 5 e b i 7 B
55 o KB IR BT P 18 I DR 1) 0k 52 310k | 4
AROSIFFE o [, PQEAAIE [FAR SR 45 5 52 1) b
FEEAF R R o AN INH O, 8 % 3 2R R AP X2
(chloroplast APX2, cAPX2)fil&:fi 5% X FZAT10



MZATL2f¥ 3k, it i 4 A S0 ) REH B AR R
(Rossel et al., 2007; Fernandez and Strand, 2008;
Kindgren et al., 2012). EA 5L iR, O FIH,0,4H
ARG S i PQA AL IR JFUIR AT 115 5 R4
(Laloi et al., 2007). JEILAEHINLHIEA G2, 1
A DA AR 44 77 25 I ROSHE 1 5 A% 5 3 2634 7 1hi
RYET HEAER

GUNLE A A PPRER [, 52 24016 5
Mg- J5 ISR DX B 441 it 245 35 DR 28 12 1 749 3 438 1) 52
GUN L SEAR A 4 i 25 2 s BH A0 1) 7 bk 5 25 30 A%
FIR AR (NI B2 B, 123k R 5842 fA HH LHCB 1)
F L% = (Koussevitzky et al., 2007; Cottage et al.,
2010; Sun et al., 2011). kKl 2 (K057 % B,
GUNLZ /DB 5 T 4 i 25 J5 DR 3R 0 AU A I i 1 e
18, R T = AR B R 1 8 A 5 20 40 A v o
o ABIAJE 2 SRV E ABA N H ELIR A T o1
(cis-acting elements) )% sk [K 7. W 5TiE B ABI4{E
Y B4 T guin- SR A4 rh 52 52 e B DR )L Ui
JPA, 1A R a5 5 s i B A A (Larkin et al.,
2003; Koussevitzky et al., 2007). ABI4[{5RA: 5L
FHXTE S5 I gunR A, R e TR iz
PGE X! A% 4 i T A4 2 14 119 1 7% (Ledn et al., 2012). [A]
I, ABIATE A% AT SCHUIAR LR A 45 2 b 4 3 TR 22 A
o, LR T A 1 40 0t 4604k 9 36 1R 2 v g
(Foyer et al., 2012). fef M SRA5 %12 2 40
R, SR IAE S HE . PTME D ENL
T SRR b FE R 7, A KPTMER (AR 4
KA AE A, HAIE S P PhANG [ 220k, k1
AT SRS 5 . PTMER FIIEINGG A LA T4
58 kDalt) X 35 71 4 i #5% J Rl a2k 0 o1 571 2k Kl it
MER LA B bR R 2R AR T REAE 7E 40 i kx
LR, W R AR T, R E TR IS SR
K+ (Sun et al., 2011). gunlZEAF4AF PTMKIN;
(N-PTM)YERZ TR IR SR B 55 T AR 70, [ ) AR A
HPN-PTMIK ALl 28 3k e [ 4h, 22 W] GUNL X}
PTMISfEM) K 4L % (Le6n et al., 2012). ABI4fE
ptmSE AR {1 K55 B b, N-PTMAE4H A% (1)
BETHCE WhiE 5 I ABIAR A Z AAF/E R R o PTMIT)
PHDIX 1845 & ABIA) 5 81, THATABI4 R IL, X
FhAAE 5 48 A AT O%(Sun et al., 2011).
X gunlptm 1 abidptm B A~ A5 A4S 44K (1) 7 Bt s

PORERSE: M LR AR KD 341

GUN1. PTMEABIAET T [F— {5 @it . i
U, R AR I 45 G s DR 1 PTMEE 452 I 2 AR5 5 1R
FIGUNLAIGH f A% 15 51 ABI4, 331 3 W] 45 F 1 5%
PRAF 5 I S A4 5 1) 40 B #% (1) 3 7% (De  Dios Bara-
jas-Lopez et al., 2013). XN IIME Ti@zEH, 1)
SRAFAETE WIPTMAAAT I 32 S w75 T Mo AR oM 1
PTM-55 4 A% 1 AT A2 i 25 8 1) A ¢ ) ) i

B, AR - A A% Z TAAE ARG I Z) 1) 4 A%
A% 35 11 F AR I - 2 A R B R K Dy RE AR YO0 1) 338 ) £
5, AR S TR 2R

5 MARRE

2 U5 J1, NTRHEY SRR 5 F A
THEIRAI T i# . PATCEAE IR, et AfE
RSSIPIR S SZR N SER RS R S L cpc it (S B (S
A Ay, R SRR 2, 2
BINANZ PN ZE IR, Horh i L% g i i i 2 1 11
BN TR RRIA I . PR -G A S AR
BAREZ AT . SR, — ELA 2T R IK B AA- 20 A%
I SR AR T S0 NS, AR ORI R S 1 23
THLEIIATEAE o ORI AATTZE IR S 2T
I o

SEH

Adhikari ND, Froehlich JE, Strand DD, Buck SM, Kramer
DM, Larkin RM (2011). GUN4-porphyrin complexes bind
the ChIH/GUNS5 subunit of Mg-chelatase and promote
chlorophyll biosynthesis in Arabidopsis. Plant Cell 23,
1449-1467.

Agne B, Kessler F (2009). Protein transport in organelles:
the Toc complex way of preprotein import. FEBS J 276,
1156-1165.

Alawady AE, Grimm B (2009). Tobacco Mg protoporphyrin
IX methyltransferase is involved in inverse activation of Mg
porphyrin and protoheme synthesis. Plant J 41, 282-290.

Albrecht V, Ingenfeld A, Apel K (2006). Characterization of
the snowy cotyledon 1 mutant of Arabidopsis thaliana: the
impact of chloroplast elongation factor G on chloroplast
development and plant vitality. Plant Mol Biol 60, 507-518.

Arsova B, Hoja U, Wimmelbacher M, Greiner E, Ustiin S,
Melzer M, Petersen K, Lein W, Bdrnke F (2010). Plas-
tidial thioredoxin z interacts with two fructokinase-like pro-
teins in a thiol-dependent manner: evidence for an essen-



342 YA 49(3) 2014

tial role in chloroplast development in Arabidopsis and
Nicotiana benthamiana. Plant Cell 22, 1498-1515.

Aseeva E, Ossenbuhl F, Sippel C, Cho WK, Stein B,
Eichacker LA, Meurer J, Wanner G, Westhoff P, Soll J,
Vothknecht UC (2007). Vippl is required for basic thyla-
koid membrane formation but not for the assembly of thy-
lakoid protein complexes. Plant Physiol Biochem 45, 119—
128.

Austin JR I, Staehelin LA (2011). Three-dimensional ar-
chitecture of grana and stroma thylakoids of higher plants
as determined by electron tomography. Plant Physiol 155,
1601-1611.

Bauer D, Viczian A, Kircher S, Nobis T, Nitschke R,
Kunkel T, Panigrahi KCS, Adam E, Fejes E, Schafer E,
Nagy F (2004). Constitutive photomorphogenesis 1 and
multiple photoreceptors control degradation of phyto-
chrome interacting factor 3, a transcription factor required
for light signaling in Arabidopsis. Plant Cell 16, 1433-
1445.

Bauer J, Chen K, Hiltbunner A, Wehrli E, Eugster M,
Schnell D, Kessler F (2000). The major protein import
receptor of plastids is essential for chloroplast biogenesis.
Nature 403, 203-207.

Beardslee TA, Roy-Chowdhury S, Jaiswal P, Buhot L,
Lerbs-Mache S, Stern DB, Allison LA (2002). A nu-
cleus-encoded maize protein with sigma factor activity
accumulates in mitochondria and chloroplasts. Plant J 31,
199-2009.

Bellafiore S, Ferris P, Naver H, Gohre V, Rochaix JD
(2002). Loss of albino3 leads to the specific depletion of
the light-harvesting system. Plant Cell 14, 2303-2314.

Brutnell TP, Sawers RJH, Mant A, Langdale JA (1999).
Bundle sheath defective2, a novel protein required for
post-translational regulation of the rbcL gene of maize.
Plant Cell 11, 849-864.

Chang YM, Liu WY, Shih ACC, Shen MN, Lu CH, Lu MYJ,
Yang HW, Wang TY, Chen SCC, Chen SM, Li WH, Ku
MSB (2012). Characterizing regulatory and functional dif-
ferentiation between maize mesophyll and bundle sheath
cells by transcriptomic analysis. Plant Physiol 160, 165—
177.

Chateigner-Boutin AL, Ramos-Vega M, Guevara-Garcia A,
Andrés C, de la Luz Gutiérrez-Nava M, Cantero A,
Delannoy E, Jiménez LF, Lurin C, Small I, Le6n P
(2008). CLB19, a pentatricopeptide repeat protein required
for editing of rpoA and clpP chloroplast transcripts. Plant J
56, 590-602.

Cornah JE, Terry MJ, Smith AG (2003). Green or red: what
stops the traffic in the tetrapyrrole pathway? Trends Plant
Sci 8, 224-230.

Cottage A, Mott EK, Kempster JA, Gray JC (2010). The
Arabidopsis plastid-signaling mutant gunl (genomes un-
coupledl) shows altered sensitivity to sucrose and ab-
scisic acid and alterations in early seedling development. J
Exp Bot 61, 3773-3786.

Covshoff S, Majeran W, Liu P, Kolkman JM, van Wijk KJ,
Brutnell TP (2008). Deregulation of maize C4 photosyn-
thetic development in a mesophyll cell-defective mutant.
Plant Physiol 146, 1469-1481.

De Dios Barajas-L6pez J, Blanco NE, Strand A (2013).
Plastid-to-nucleus communication, signals controlling the
running of the plant cell. Biochim Biophys Acta 1833, 425—
437.

Fernandez AP, Strand A (2008). Retrograde signaling and
plant stress: plastid signals initiate cellular stress re-
sponses. Curr Opin Plant Biol 11, 509-513.

Fey V, Wagner R, Brautigam K, Wirtz M, Hell R, Dietzmann
A, Leister D, Oelmiller R, Pfannschmidt T (2005). Re-
trograde plastid redox signals in the expression of nuclear
genes for chloroplast proteins of Arabidopsis thaliana. J
Biol Chem 280, 5318-5328.

Fitter DW, Martin DJ, Copley MJ, Scotland RW, Langdale
JA (2002). GLK gene pairs regulate chloroplast develop-
ment in diverse plant species. Plant J 31, 713-727.

Foyer CH, Kerchev PI, Hancock RD (2012). The ABA-
INSENSITIVE-4 (ABI4) transcription factor links redox,
hormone and sugar signaling pathways. Plant Signal Be-
hav 7, 276-281.

Gao HB, Sage TL, Osteryoung KW (2006). FZL, an FZO-
like protein in plants, is a determinant of thylakoid and
chloroplast morphology. Proc Natl Acad Sci USA 103,
6759-6764.

Goslings D, Meskauskiene R, Kim C, Lee KP, Nater M,
Apel K (2004). Concurrent interactions of heme and FLU
with Glu tRNA reductase (HEMAL), the target of metabolic
feedback inhibition of tetrapyrrole biosynthesis, in dark-
and light-grown Arabidopsis plants. Plant J 40, 957-967.

Gray JC (2003). Chloroplast-to-nucleus signaling: a role for
Mg-protoporphyrin. Trends Genet 19, 526-529.

Holtsmark I, Lee S, Lunde KA, Auestad K, Maple-Grgdem
J, Mgller SG (2013). Plastid division control: the PDV
proteins regulate DRP5B dynamin activity. Plant Mol Biol
82, 255-266.

Hoober JK, Eggink LL, Chen M (2007). Chlorophylls,



ligands and assembly of light-harvesting complexes in
chloroplasts. Photosynth Res 94, 387—-400.

Hug E, Al-Sady B, Hudson M, Kim C, Apel K, Quail PH
(2004). Phytochrome-interacting factor 1 is a critical bHLH
regulator of chlorophyll biosynthesis. Science 305, 1937—
1941.

Jarvis P, Soll J (2001). Toc, Tic, and chloroplast protein im-
port. Biochim Biophys Acta 1541, 64-79.

Jenkins BD, Kulhanek DJ, Barkan A (1997). Nuclear muta-
tions that block group Il RNA splicing in maize chloroplasts
reveal several intron classes with distinct requirements for
splicing factors. Plant Cell 9, 283-296.

Jiao Y, Lau OS, Deng XW (2007). Light-regulated transcrip-
tional networks in higher plants. Nat Rev Genet 8, 217—
230.

Kanervo E, Singh M, Suorsa M, Paakkarinen V, Aro E,
Battchikova N, Aro EM (2008). Expression of protein
complexes and individual proteins upon transition of etio-
plasts to chloroplasts in pea (Pisum sativum). Plant Cell
Physiol 49, 396-410.

Kelly A, Dérmann P (2004). Green light for galactolipid traf-
ficking. Curr Opin Plant Biol 7, 262—269.

Kindgren P, Kremnev D, Blanco NE, de Dios Barajas
Lopez J, Fernandez AP, Tellgren-Roth C, Kleine T,
Small |, Strand A (2012). The plastid redox insensitive 2
mutant of Arabidopsis is impaired in PEP activity and high
light-dependent plastid redox signaling to the nucleus.
Plant J 70, 279-291.

Kobayashi K, Kondo M, Fukuda H, Nishimura M, Ohta H
(2007). Galactolipid synthesis in chloroplast inner enve-
lope is essential for proper thylakoid biogenesis, photo-
synthesis, and embryogenesis. Proc Natl Acad Sci USA
104, 17216-17221.

Koussevitzky S, Nott A, Mockler TC, Hong FX, Sachetto-
Martins G, Surpin M, Lim J, Mittler R, Chory J (2007).
Signals from chloroplasts converge to regulate nuclear
gene expression. Science 316, 715-719.

Kroll D, Meierhoff K, Bechtold N, Kinoshita M, Westphal S,
Vothknecht UC, Soll J, Westhoff P (2001). VIPP1, a nu-
clear gene of Arabidopsis thaliana essential for thylakoid
membrane formation. Proc Natl Acad Sci USA 98, 4238-
4242.

Kubis S, Baldwin A, Patel R, Razzaq A, Dupree P, Lilley K,
Kurth J, Leister D, Jarvis P (2003). The Arabidopsis ppil
mutant is specifically defective in the expression, chloro-
plast import, and accumulation of photosynthetic proteins.
Plant Cell 15, 1859-1871.

PORERSE: M 2R AR KT e 343

Kwok SF, Piekos B, Misera S, Deng XW (1996). A com-
plement of ten essential and pleiotropic Arabidopsis
COP/DET/FUS genes is necessary for repression of pho-
tomorphogenesis in darkness. Plant Physiol 110, 731-742.

Laloi C, Stachowiak M, Pers-Kamczyc E, Warzych E,
Murgia I, Apel K (2007). Cross-talk between singlet oxy-
gen- and hydrogen peroxide-dependent signaling of stress
responses in Arabidopsis thaliana. Proc Natl Acad Sci
USA 104, 672-677.

Langdale JA, Kidner CA (1994). Bundle sheath defective, a
mutation that disrupts cellular differentiation in maize
leaves. Development 120, 673-681.

Larkin RM, Alonso JM, Ecker JR, Chory J (2003). GUN4, a
regulator of chlorophyll synthesis and intracellular signal-
ing. Science 299, 902—-906.

Lawson T (2009). Guard cell photosynthesis and stomatal
function. New Phytol 181, 13-34.

Ledn P, Gregorio J, Cordoba E (2012). ABI4 and its role in
chloroplast retrograde communication. Front Plant Sci 3,
304.

Lopez-Juez E, Dillon E, Magyar Z, Khan S, Hazeldine S,
de Jager SM, Murray JAH, Beemster GTS, Bogre L,
Shanahan H (2008). Distinct light-initiated gene expres-
sion and cell cycle programs in the shoot apex and coty-
ledons of Arabidopsis. Plant Cell 20, 947-968.

Lysenko EA (2007). Plant sigma factors and their role in
plastid transcription. Plant Cell Rep 26, 845—-859.

Majeran W, Cai Y, Sun Q, van Wijk KJ (2005). Functional
differentiation of bundle sheath and mesophyll maize
chloroplasts determined by comparative proteomics. Plant
Cell 17, 3111-3140.

Miyagishima SY, Froehlich JE, Osteryoung KW (2006).
PDV1 and PDV2 mediate recruitment of the dynamin-
related protein ARCS5 to the plastid division site. Plant Cell
18, 2517-2530.

Mochizuki N, Brusslan JA, Larkin R, Nagatani A, Chory J
(2001). Arabidopsis genomes uncoupled 5 (GUN5) mutant
reveals the involvement of Mg-chelatase H subunit in plas-
tid-to-nucleus signal transduction. Proc Natl Acad Sci USA
98, 2053-2058.

Moon J, Zhu L, Shen H, Huqg E (2008). PIF1 directly and
indirectly regulates chlorophyll biosynthesis to optimize the
greening process in Arabidopsis. Proc Natl Acad Sci USA
105, 9433-9438.

Moulin M, McCormac AC, Terry MJ, Smith AG (2008).
Tetrapyrrole profiling in Arabidopsis seedlings reveals that
retrograde plastid nuclear signaling is not due to Mg-



344 YA 49(3) 2014

protoporphyrin X accumulation. Proc Natl Acad Sci USA
105, 15178-15183.

Okazaki K, Kabeya Y, Suzuki K, Mori T, Ichikawa T, Ma-
tsui M, Nakanishi H, Miyagishima SY (2009). The plastid
divisionl and 2 components of the chloroplast division
machinery determine the rate of chloroplast division in land
plant cell differentiation. Plant Cell 21, 1769-1780.

Osteryoung KW, McAndrew RS (2001). The plastid division
machine. Annu Rev Plant Physiol Plant Mol Biol 52, 315—
333.

Ostheimer GJ, Williams-Carrier R, Belcher S, Osborne E,
Gierke J, Barkan A (2003). Group Il intron splicing factors
derived by diversification of an ancient RNA-binding do-
main. EMBO J 22, 3919-3929.

Papenbrock J, Grafe S, Kruse E, Hanel F, Grimm B (1997).
Mg-chelatase of tobacco: identification of a Chl D cDNA
sequence encoding a third subunit, analysis of the interac-
tion of the three subunits with the yeast two-hybrid system,
and reconstitution of the enzyme activity by co-expression
of recombinant CHL D, CHL H and CHL I. Plant J 12,
981-990.

Pesaresi P, Masiero S, Eubel H, Braun HP, Bhushan S,
Glaser E, Salamini F, Leister D (2006). Nuclear photo-
synthetic gene expression is synergistically modulated by
rates of protein synthesis in chloroplasts and mitochondria.
Plant Cell 18, 970-991.

Pfannschmidt T (2010). Plastidial retrograde signaling—a
true "plastid factor" or just metabolite signatures? Trends
Plant Sci 15, 427-435.

Pyke KA (1999). Plastid division and development. Plant Cell
11, 549-556.

Rossel JB, Wilson PB, Hussain D, Woo NS, Gordon MJ,
Mewett OP, Howell KA, Whelan J, Kazan K, Pogson BJ
(2007). Systemic and intracellular responses to photooxi-
dative stress in Arabidopsis. Plant Cell 19, 4091-4110.

Rossini L, Cribb L, Martin DJ, Langdale JA (2001). The
maize Golden2 gene defines a novel class of transcrip-
tional regulators in plants. Plant Cell 13, 1231-1244.

Ruppel N, Hangarter R (2007). Mutations in a plastid-
localized elongation factor G alter early stages of plastid
development in Arabidopsis thaliana. BMC Plant Biol 7, 37.

Sage RF (2004). The evolution of C4 photosynthesis. New
Phytol 161, 341-370.

Schiitze K, Steiner S, Pfannschmidt T (2008). Photosyn-
thetic redox regulation of the plastocyanin promoter in to-
bacco. Physiol Plant 133, 557-565.

Shimada H, Mochizuki M, Ogura K, Froehlich JE, Os-

teryoung KW, Shirano Y, Shibata D, Masuda S, Mori K,
Takamiya KI (2007). Arabidopsis cotyledon-specific chlo-
roplast biogenesis factor CYOL1l is a protein disulfide
isomerase. Plant Cell 19, 3157-3169.

Shimoni E, Rav-Hon O, Ohad I, Brumfeld V, Reich Z
(2005). Three-dimensional organization of higher-plant
chloroplast thylakoid membranes revealed by electron
tomography. Plant Cell 17, 2580-2586.

Shin J, Kim K, Kang H, Zulfugarov IS, Bae G, Lee CH, Lee
D, Choi G (2009). Phytochromes promote seedling light
responses by inhibiting four negatively-acting phyto-
chrome-interacting factors. Proc Natl Acad Sci USA 106,
7660—7665.

Soll J, Schleiff E (2004). Protein import into chloroplasts. Nat
Rev Mol Cell Biol 5, 198-208.

Sun XW, Feng PQ, Xu XM, Guo HL, Ma JF, Chi W, Lin RC,
Lu CM, Zhang LX (2011). A chloroplast envelope-bound
PHD transcription factor mediates chloroplast signals to
the nucleus. Nat Commun 2, 477.

Tadini L, Romani I, Pribil M, Jahns P, Leister D, Pesaresi
P (2012). Thylakoid redox signals are integrated into or-
ganellar-gene-expression-dependent retrograde signaling
in the prors1-1 mutant. Front Plant Sci 3, 282.

Tokuhisa JG, Vijayan P, Feldmann KA, Browse JA (1998).
Chloroplast development at low temperatures requires a
homolog of DIM1, a yeast gene encoding the 18S rRNA
dimethylase. Plant Cell 10, 699-711.

Vaistij FE, Goldschmidt-Clermont M, Wostrikoff K,
Rochaix JD (2000). Stability determinants in the chloro-
plast psbB/T/H mRNAs of Chlamydomonas reinhardtii.
Plant J 21, 469-482.

Vogel J, Borner T, Hess WR (1999). Comparative analysis
of splicing of the complete set of chloroplast group Il in-
trons in three higher plant mutants. Nucleic Acids Res 27,
3866-3874.

von Gromoff ED, Alawady A, Meinecke L, Grimm B, Beck
CF (2008). Heme, a plastid-derived regulator of nuclear
gene expression in Chlamydomonas. Plant Cell 20, 552—
567.

Wang P, Fouracre J, Kelly S, Karki S, Gowik U, Aubry S,
Shaw MK, Westhoff P, Slamet-Loedin IH, Quick WP,
Hibberd JM, Langdale JA (2013). Evolution of GOL-
DEN2-LIKE gene function in C3 and C, plants. Planta 237,
481-495.

Wang Q, Sullivan RW, Kight A, Henry RL, Huang JR,
Jones AM, Korth KL (2004). Deletion of the chloro-
plast-localized Thylakoid formationl gene product in



Arabidopsis leads to deficient thylakoid formation and
variegated leaves. Plant Physiol 136, 3594—-3604.

Waters MT, Langdale JA (2009). The making of a chloro-
plast. EMBO J 28, 2861-2873.

Waters MT, Wang P, Korkaric M, Capper RG, Saunders
NJ, Langdale JA (2009). GLK transcription factors coor-
dinate expression of the photosynthetic apparatus in
Arabidopsis. Plant Cell 21, 1109-1128.

Woodson JD, Perez-Ruiz JM, Schmitz RJ, Ecker JR,
Chory J (2013). Sigma factor-mediated plastid retrograde
signals control nuclear gene expression. Plant J 73, 1-13.

Wu WJ, Elsheery N, Wei Q, Zhang LG, Huang JR (2011).
Defective etioplasts observed in variegation mutants may
reveal the light-independent regulation of white/yellow

PORERSE: MM 2R AR T KT E 345

sectors of Arabidopsis leaves. J Integr Plant Biol 53, 846—
857.

Xiao YM, Savchenko T, Baidoo EEK, Chehab WE, Hayden
DM, Tolstikov V, Corwin JA, Kliebenstein DJ, Keasling
JD, Dehesh K (2012). Retrograde signaling by the plas-
tidial metabolite MEcPP regulates expression of nuclear
stress-response genes. Cell 149, 1525-1535.

Yasumura Y, Moylan EC, Langdale JA (2005). A conserved
transcription factor mediates nuclear control of organelle
biogenesis in anciently diverged land plants. Plant Cell 17,
1894-1907.

Zhang LG, Kato Y, Otters S, Vothknecht UC, Sakamoto
W (2012). Essential role of VIPP1 in chloroplast envelope
maintenance in Arabidopsis. Plant Cell 24, 3695-3707.

Research Advances in the Development and Regulation of Plant
Chloroplasts

Baozhu Li’, Xiaoliang Zhao, Lei Peng

State Key Laboratory of Cotton Biology; Henan Key Laboratory of Plant Stress Biology; College of Life Sciences, Henan
University, Kaifeng 475004, China

Abstract Photosynthesis is the physical basis of almost all biological survival and development events. Chloroplasts are
important organelles in green plants for photosynthesis. Although chloroplast development and regulation has been a
research focus, the process and molecular mechanism is not fully clear. This paper summarizes recent studies about
chloroplast process, development regulation and chloroplast-to-nucleus retrograde signaling for better understanding
chloroplast development and regulation.
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