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17 HLBA 32— 538 R DK 1 Hh 3R HY'S 25 T B R am AR B HY'S JE DR 3 M 1
TR AR . AL, HYS5 FEE R PIN2 & EKE R IR I K
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Abstract

As sessile organisms, plants have to adapt to changing light conditions. Although
intracellular light signaling by cell-autonomous way has been deeply elucidated, the
intercellular light signaling that is essential to whole plant adaptation to environment
remains largely unknown. Here we focus on how above-ground light regulates root growth
and physiology, a representative effect of intercellular light signaling, trying to reveal the
molecular mechanism of light signal transmission between distant cells and organs.

We found above-ground light could promote root growth both in the greenhouse and on
the medium covered by opaque box, through modulating the root meristem activity.
Moreover, inhibition of root growth when shoots were kept in darkness suggested
light-regulated root growth largely depended on the signal derived from shoot.

Changing auxin level of shoot by decaptation or overexpression of YUC1 gene had no
significant effect on the response of root to above-ground light status, indicating
shoot-localized auxin played little role in intercellular light signaling. Meanwhile, sucrose
couldn’t relieve the inhibition of root meristem activity by darkness, which suggested that
other molecules besides photosynthetic product mediated light signal transmission to root.
Interestingly, root meristem activity of hy5 mutant, a light signaling associated mutant,
nearly had no more response to the light and maintained low level, which indicated HY5
gene was essential to light-regulated root growth through intercellular light signaling.

Furthermore, ectopic distribution of HY5-GFP signals in tissue-specific expression of

HY5-GFP fusion gene transgenic plants and grafting experiment proved that HY5 protein



could move long distance from shoot to root. Long-distance HY5 protein derived from
shoot could directly activate local HY5 gene expression, promoting root growth. Moreover,
HY5 gene mediated systemic light-regulated PIN2 protein level in root apex and root
basipetal auxin transport. Combined with the regulation of auxin polar transport, direct
suppression of SHY2 gene by HY5 protein contributed to promotion of root meristem
activity by light.

Most interestingly, the carbon to nitrogen ratio of wild type plants was shown generally
stable under changing light quality conditions, and HY5 gene was found playing important
roles in maintaining the balance between carbon and nitrogen. HY5 protein could directly
bind to the promoter of NRT2.1 gene and promote its expression, leading to nitrate uptake
accelerated by light. Convincingly, grafting experiment showed long-distance HY5 protein
could promote NRT2.1 gene expression in root and accelerate root nitrate uptake.
Furthermore, HY5 gene was also pivotal for the induction of NRT2.1 expression by sucrose,
and ChIP-gPCR analysis showed that sucrose increased the binding affinity of HY5 protein
to the promoter of NRT2.1 gene.

Above all, long-distance HY5 movement contributes to the intercellular light signaling,
eventually promoting root growth by regulating auxin polar transport, and also maintaining

carbon-nitrogen balance by modulating nitrate uptake.

Key words: Arabidopsis, light; HY5 long-distance movement, root growth,

carbon-nitrogen balance
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HuIR_E I A A TR SR IR I B AR AR AR AR AL, 1K — RO R AR
RIAFIONIE . O “FEBEARK” B%F R RE T ENIA AT BRI ] 32
Bz 2 m e ik (1) 77 R R E T, T 2 A 2R 25 T G ) ] 22 A g A K BRI DL 3R
1F LR AAT . HY AR RIA B N 3 SR DA B S K F R TRASE. 4
AL IS B 55 22 AN J7 TH ) 2 FEPEAR A, 9 T 78 5 47 €[] e RO IR T AR A R A B 2 it
A R IR B AR AR AE . 95906 T AE K S8 75 175 [a) AR K bk L i A
LR T FR) 32 P - ) I A AR A AR A A 58, A AR 2 (R ] S P 1 I R AE K SR T v
i 17-7E (de Jong and Leyser, 2012; Palmer et al., 2001). #E47)2% 4 m] ¥R P AEAR KRR EE T A%
E T Y BENE IS J AR AR Ak, AT A5 A 5E AR i A 0T AT e AR 3RATTRNE,
VR AT Z MR AL IAER R, woeli, EE. BE. TRE R SR
PR de 3 S5 M A i, TR AR EES G S FHREAT B R Y, e AT an ] i b A
FE IR T O AR A e AR U R E B

11 EYE KA §NEIRERIXS S BRIAE A

VS ICHIR R ANTIEAREAE, Jaa e IO 2Bk B AV R R EE AR P AR
B RE EACHIRAE, B bR Y AR B BRI 0.19% K KB AEE I 6 &
VE AL Ak 22 Re I LUK AL B W) B0 T8 A A7k, vt Bk B e ARt | i A
(R4 57 AT e & kU5 (Rascher and Nedbal, 2006). S HE, SRS B &
YEF RS RE B P o Bt , T HOG 2 s A Kk 5 U ENE S EIR 2 J7 R
HE {5 Z ¥ i (Fankhauser and Chory, 1997; Kami et al., 2010; Von Arnim and Deng,
1996). YLK K B HREBGRK TSGR A AERK T, Mk
TR B R B AR R FE A SEI 2% A o PRI, FRAT TR AR e i 2 s R A 5 F) AR 4K
MAE) A AR B I3 OO B i B T A6 45 S 1) 5 28 A2 0% Ja 31D L) B A A7 AE 7 [

(s B AR AR D 3P KTy T 2R A7 Ty EE AR



D AP R AR AR BRI 7 7 HLA F 72

111 AEEYENESRARIEF L EEENATINE

YR G AR KK B BB R AE S B AW B AR A B AL, R,
ARSI TR LR 5 2 BB R AR RS . ani&l 1.1 P, D6IEEEE 14l
Yo s SR 2 0 . MERE I UT, DGR & 3 0 BE A R A8 e R A A1 A i
& (Lau and Deng, 2010); Fh¥ 87 & J&5 TE AR )1 i 2 iR D6 R A B de A [l R T 248 2 ik
P A TR B G IS DL T A AR SR 7 A7 1O BE R 04 AR Al DA B R A5 4
Z RO, RIS T s I A Rk T e B DUR) i i s — B3RS 2 B80T,
R T R R A, R AR g S A B RO AR, DRAEA B R BE T8 7 MR
JeRE LIFEN H FEIR A (Arsovski et al., 2012); AW LNk, S A ok A i
DL R AL B i 5E (Griffiths and Halliday, 2011). 43 E¥%(Deregibus et al., 1983)F1% %
(Finlayson et al., 2010)%%, 2 Ut, FEYIEA FEDCIEIAEE T R A F IR TE A
T NE T8 A A 0] AR B AR A ) e AR R AR 1 32 BD6 IR B2 L D6 5T A A O 9 1 1 1
(Cerdan and Chory, 2003; Hayama and Coupland, 2003; Jackson, 2009; Munir et al.,
2004), LAB#PRAE ) e AL AR BRE R 3K AT SIS TR BRh 1
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B 1.1 JeiRE Y B A KA B R (Kami et al., 2010).

Figure 1.1 Light-regulated plant growth and development (Kami et al., 2010).
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1.1.2 Sextiamt EaBRASE RN EIEERYIET

Xtk BRER BRI, Ho BRI A 5 b BDEIRETES 7, B LGS L
P PR 7 AT A T A R A0 ' FE A B AR A R S o FE DY TR M R T T, B B
24 G RRAR N S A FH BUREIR, SGAEHRE K BH BB AL 9t W ] F) F B AL 27 Be DG S A
FH o & v i 25 B TG 7 91 1 (Hohmann-Marriott and Blankenship, 2011). 1 #8473 _E %8
o' S 22 B HA 1) ) 2 A= K (Christie and Murphy, 2013) #1138 [ fz v (Casal, 2012), x4 H
HIERIL A2 AL AR P B RIS B 2 O REREAT e B E . RIS, DBl CREZIRG5R) ik
P R 1% B (Fan et al., 2013; Weston et al., 2000). S fLHI & & Fizz/j(Chen et al.,
2012a; Shimazaki et al., 2007). F£x 2 -5 Hi(Hallik and Kull, 2008) 45 f5 2% 5 M 1 _F 3
HOEETER . AR, StaRAe b it i Ak B ML sh i 250 1 Y2 s 1F
(von Caemmerer and Baker, 2007).

I P RS2 A SO FE IR 1 A2 AR BT AL TR) 2 Ak, 3B A 40 i B A= b B R
FrHERE B RFEDA . TREY], 5ERCTAIRER R R BA B R A KA
#, RIAEGHELZ MR [ E B 2 18 N 2 58 55 (Dodd et al., 2005
McClung, 2006). A &= B K&, Y HL FE R Huw B B R B 32 210 8 ) 5
(Griebel and Zeier, 2008; Roberts and Paul, 2006). 2448, AMIAEAFE, AL KT I/KF
EXPGRAE A E IR 2 IS SRR A 2 AL, AR AT A

1.1.3 FEXFHR A K R IR E =R TS

WHERGE, MRV T A KRS B AR 5 BRI . (AR
B, AL RRJLFE, ANTESRL =0 YUl R 7~ HIAR T ST L AR
FEE G FR3E b MR EEINOE” AR TEHMTH . IRER X — 7R, A
FrE iR B AR RRAS , AEAF R AR 1 — LeBJF 77 45 SRAR P RE AN e S S i | AR0IR
(Yokawa et al., 2013; Yokawa et al., 2011).

R EFELEYIRN IR B A S IhREAh, ARG 2 T B % [ A5 AN ST 13,
PA SN 3 R USOK 73 A g FR e R AR AR KR D g . PRIk, FRATTR MO IR AR Y
AR A 573X 994 U7 T BEAT MR



DA R AR A AR R 70 1 HLA F 7T

HATA Y, ARAHRERAE K R SRR A AN W o R A e 1) o AR AN [ B 4
MR 73 2B AIRZS AN, AR ISR 7 AR et [X o 40 o3 SRR B A 20 AR X 2 g bR
AR AR ARG XA 20 A 31 T IR AS Y LR IX (Verbelen et al., 2006) . AR &5 JL-F- T 26
TR AN L A2 R E TR AT, AR 40 ™ AL i TARAER R A X Al %2
AN [RIEA [ 72 AIUARE 1 2 ] 93 3R S~ Jol 73288, — EL TR 6 R 7 S B P A P e N 81 A 4
fkIX Celongation/differentiation zone, EDZ) mi rEI{Z1E43%E, FHPREM KR LML
R A ZH 2R 1R A i (Aichinger et al., 2012; Cederholm et al., 2012; Dinneny and
Benfey, 2008; Perilli et al., 2012). R4 X AL T 70 R B4 5 B 40 A X EAT A
NG5 0 40 T )~ 188 e 2 T AR AR 23 R AL R /IN IR U T AR IR A K T i (Beemster
and Baskin, 1998; Dello loio et al., 2008).

AR, SO AR KA W IR BN L KR S F KRR A K B A R 1
F0# 4 F (Wilkins et al., 1974; Wilkins and Wain, 1974), 1% [E#E WG R . T
R ) A 02 2] B S5 ) 42 38 1 (Kurata and Yamamoto, 1997; Vinterhalter et al., 1990),
AL, A HRAERR R FSE L AR ) ARG U AN AE B35 52 (Kurata and
Yamamoto, 1997). HHULTT L, JEREXTAS FIYIFAR A K IR IR AT Be H A FE S — 1
B, HSZRUE 1952 4, EEMY# S John G. Torrey Xt 51 % LI 6 R $5A8 [H]
PIAAR A KAFAEAH BLoP J& FIX AL R 45 th T BN & BRI MRSt I\ AN R R AR 356
A K ER B A R 22 5 LSS R 0o AR K R BV FE B 22 57, AR AT e ELE SR 1Ol
S} AR AR AR 728 LE AN [ W b v A7 B4R K22 1) (Feldman and Hirsch, 1994; Torrey, 1952).
BRI, St E DGR AR A A B 2 B, RE B ORI B A A ey i bz
EIGIREIARAIE A 5 T AL SE 5044 RBEATIR AT FT .

BeAh, MREIEH EE P DR A L IRIROK > FE FR TR S . BT R T, AR
WCE TR ICR CREARE R BRI B2 5 Y 78 M 1 AP AE A BT B ok &
(Novék and Vidovi¢, 2003), BEAR 58 AL RENS 025 Sma A I ARV L A 4 3K %
A, AR IR SCE 770 31X A I FE 2 52 B BRI S ot AR Ak 1 52

AT FLR I, FE AR 2R 32 EEAMNT S 1) 38 1k 2 1A 338 RSOAH L 1R S 77 T
2 (Amtmann and Blatt, 2009; Maathuis, 2009). X}F%& (N) SKiJF, 35 b al gaR ik
[ E 22 NOsHI NH PRI, —Meokit, MRAEAS pH g 5 14 1 - 358 r fii 1m) T
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W NH,™, TR B pH FIAE S 70 A2 1) 338 ) BE 2 Hh i i NOg"(Miller and Cramer, 2005).
T 400 R T ORI = AR NOg IR 2REUEE,  H AT eI 7+ b & R I Z AN
AR NOg TRIZEIR, J4 b 47 Bt i 5 A0 ) 86 18 WUt NOs 1) NRT2.1 JEPRUR #2 1 3E
) ThAE(Filleur et al., 2001; Li et al., 2007; Remans et al., 2006b); 11 7£ AR 2 4H X} w57 7K
S ISR 8 R NRTL.L DA Ay AR F6f 338 NO3 ¥ JE2 (1 N #8 (Ho et
al., 2009; Remans et al., 2006a; Wang et al., 2012). t4h, SREAFKZE, RADE
HARKR - IE BT (B (P) T AL LL PO TR AR i (Maathuis, 2009), H i &
LR RE P 3% 18 B A R £ 438 PHT L. PHT2 F1 PHT3 =2%, 1ff PHTL SR
I PO, 2 32 ZE A Fl (Misson et al., 2004). 1175 NOs AL, Wlicd (KD (%535 &
G AR 12 5, BRI ST @R ) KRR Bk 3 205 0 3 Ak
IR E: KT/HAKIKUP (Zf K'/H L4124 HKT/Trk (4afid K'/Na+3tzia k) DL
J CHX (4ahBH &5 1--H 22 /&) (Gierth and Maser, 2007; Zhao et al., 2008). A fRIEFK
T AR AP bR 2 £ SRR R WS i 18 B 3R 0 R IR R 3R K 2 32 B IR A% 1), IR
FHIRCE 77 7o 3 XA IR 2 32 % 15 7 (Amtmann and Blatt, 2009). Lejay 58 A
PAFUNEE 7+ AR 000 R DL R RE RS AL B 260, BT A B T A i B PR R A R, R
o't FEL P 5 5 189 0 R 2 5 1 9 AL 0 U 1 R DR 3RS R AR IR UL NOg ) 26
(Lejay et al., 2003). HHA Lejay &5 AR IARTE A1 F =420 (0 RE FELE S T 4 AR 30 08
Feia B ARk R AR kR ) 7 AR R B ME R, RO Fer BRI 4 L R A
1R 15 4% (Lejay et al., 2003).

1.2 YIRS S8 SFALE

INATTR R AE A R e R BRAR AL BRI 58T SC il sk AT LLB I ) 18 s
SERL, RUE 1772 9 E 5K Priestley it FH X500 ) 5256 K IR 4R G R T LAR D6 AR
NBEUR A S U (Priestley, 1772), 1864 4FAR[EF}2 5K Sachs [FSLEIE ] 1 0] WG (A
W 1) S A K I 1 [X 38 (Sachs, 1864), 1881 4F i AR ST (¥ )L F-FERF 78— i B A
W 2585 0 R0 6 25 A= i 2 B T 4B K 2 (Darwin and Darwin, 1881), 1910 4Fff [E{t,
¥ Klebs Zx4 BT B AL 45 R 8 BN VE LR R T R AR KR T 5 0
(Klebs, 1910). HARIXA B AAT G ARBFE K BRI T OUx i B2

5



DA R AR A AR R 70 1 HLA F 7T

P, ERR T R RHEOKT, G REE A KK E RIARKZ i R e ls A4 P
FEAMEBAERE AR 2 L, WP OUME 5 R R ENHEIIEAE 2 . St R
RBLFE NI FAEI N OGAE 5 17 52 b — A AR R F A, SEE Beltsville AVHF
7t Hp0 1) Borthwick A1 Hendricks #5067 827 58 T+ 1952 R FEF 5T R oK 2 Wi IR SO G 1 I &
ORI R, X — RIS AT A0 NG AE 5 BRI TEAN T Jy IR T A P2
K, T REREAE B ONEEIE HLE ) 2 T _E I TIR AR Z (Furuya, 2005). BE# 20 4
W7 A BRI EOR I RSB AT & e, Nk 70 SEACHIRT - e R AR s AP it
TR T L Jim SR R RIS Sk DRI ZEL 00 e« N T A8 A 1 DR RIS s 2 A6 1 5. e g 5%
WAL A BRI RSN 5E 3, N 264 731 7KF R0y i AN N S iE 5 A 2 A A
Yyarna) i B 615 5 BN SE (Jander et al., 2002; Keller, 1990; Koornneef and Meinke,
2010; Page and Grossniklaus, 2002; Somerville and Koornneef, 2002).

FATVRITE, SOXHEPIIRE 2 BRIR AL 227 St B A B 4% PR 3R I AR A T = A AN [
frg2 e, 322K I 06 BT (light quality) « S5 Clight quantity) . 5% 877 7] Clight direction)
AOGHAKC R (photoperiod) JLANTTTH . BRI, A TN W R (RDG IS, FE P40
BB RN A AR BOL R S8, H AR T ORI R JLSE R 232 1k ek
PRI AT A 2R e R (S phyA. phyB. phyC. phyD A1 phyE). &
BRSO G RN R AN 2R -A R 60 2 CRLES eryl 1 cry2). [ % & CEL4E photl £ phot2).
Zeitlupes 1 (145 ZTL, FKFL Al LKP2) PLJZ KR 540 2k-B [ UVR8(Chaves et al.,
2011; Christie, 2007; Christie et al., 2012; Demarsy and Fankhauser, 2009; Franklin and
Quail, 2010; Somers and Fujiwara, 2009),

#EHAAT, Blerfleaed Rt RER T BB Bfe . 25 By
AV 2SS T BRI 2 W R e T R ERNS 5B E YA LE S
1% S 13 R F12H 43 (Casal and Yanovsky, 2005; Fuglevand et al., 1996; Gyula et al., 2003;
Jiao et al., 2007). A T FUR A AR, AT B A MER YA M S
SIEEE TR (K& 1.2). — B0t HEYI4HAL T R, Dbt Z AR A
AL TRIRES (P, MARIERHIEEIET R CRYL tEH =5k 5 COPL EH4 &
e H R HIfELn i T, COPL H 5 COPY i3 CSN. COP10/DET1/DDB1

(CDD) fE4HIIZ NIE R &R B HYS & Az B 2 R HYS AR
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Ja R P 26S T A f# (Osterlund et al., 2000; Yi and Deng, 2005), HY5 & 4 [154%
fEAS SR O T A 1 1 S 35 52 31 #0141 (Chattopadhyay et al., 1998; Lee et al., 2007;
Zhang et al., 2011); [FIR}, $ STHEYIIE TEAS 2 A PIF 2 [ 7E PRI A U B35S e (Leivar
and Quail, 2011), Kitt, HY5 KA PIF DhReIFaE KA 4 T BUEY LI
TEAS R AFE B SN (B 1.2A) . TIAE NG, 20064 i it 3k Bl
WA NEACIRES (Pf, Pir #EANAIUZ S PIF3 EEH4E G, SE U RN PIF3
B2 R AL, BRI R PIF3 IR Sy oz s AAB I I e 254 26S B H B PR (&
2B); [FIET, WGHMIERAL R 21k CRYL, #ELM CRY1 454 COPL At AL /Hi 2y
CDD BE&1k, Izt =anupirh, mHIGT HYS LR SE S HYS W&
PEF[E 855 T COP1 5 HY5 [#)45 & (Hardtke et al., 2000), X##EE#% AN HY5
B RF R TAF LAARR (B 2B). [MIk, St RAIMH PIF3 fUF%MR & HYS5 B E S
TR R B IR LA, AR OIS @R e 56E SHKINAE
¥ )z i (Bae and Choi, 2008; Chaves et al., 2011; Waters and Langdale, 2009).

A B Red light

)
1
I
@ Farred !
i 1
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(]

Cytosol Cytosol

Nucleus Nucleus

B
& Rk oo ap YN
~

Photomorphogenesis genes Photomorphogenesis genes

& 1.2 YA NGS5 % FEBZRM S FHEA (Waters and Langdale, 2009).

Figure 1.2 A general model of light signalling in plant cell (Waters and Langdale, 2009).



DA R AR A AR R 70 1 HLA F 7T

1.3 {EYIRERESE S RER

TSR I RAFAE T HE A AR B, 1 HAEY MW AS 2 A B AL AT
AJ DL R i 215 1 (Goosey et al., 1997; Sakamoto and Briggs, 2002). 1fi S2br I, 54
T8 NG RIS ) AR AL 2 DL — N E HUBAR A7 78 T 2R 1T 1) (Bou-Torrent et al., 2008;
Montgomery, 2008), Xt ZKER 1 7L B B AlOE I 1SR BN OUE 57 3 i81e
CIntracellular light signaling), [F]H 147 7E 35 i (8] 15 5 & 42 Cintercellular light
signaling), LASEIGAE 5 Wfe] L3 WO B 40 i B s B 4% 34 31 34 B0R W B G RO 4
PRERER B, T ORI AE 4 B A 0 FR B 1 1
RAE EHAS 70 B, BHEEFA T C A M S 26 A A0 R AE K RIE DI REAE A
) 3% B A7 AR Y B A BB . 540, Black A1 Shuttleworth 7547 RL 2 R FIANE Y1
B O AT 5 A S KN 0 R RS, SRS FH AR IR 3 R4 s i, — BT 0
T B WG R A B 2 52 S, XA TG U0 i LI I 7R A 7 A T
S B AR G B 3R B FE IS 5 ) 0T 8 8 A% 3 2 T IRl 8 7 O I AR R IR A g e G
(Black and Shuttleworth, 1974). 2 J&, Lecharny & ILZRHEYAH Fr WG, FHiE
(R4 1,52 31421 (Lecharny, 1979). 4N, Tanaka 25 A\ izE 21 5% 5€ s PR RS TR 1K) 1
IS B0 T U B A i o 28 K] 608 52 ) 8 % (Tanaka et al., 2002), 52 MFFHI2,
Warnasooriya #1 Montgomery >k F 41 25 7 1 B G i (0 3R 1 D7 VA B AR AU B 7 1
PR 1aze 21 6 w] LA ) A {3 31 (Warnasooriya and Montgomery, 2009). A
I ant, Lake &5 N3 30 55 00 RESR 40 F T O BCRA I By BEAS A [R] — PRAEIR | 1) 2 e
FESRG T A )AL RN, R EIR A AR E S R GUE 50 LGB
fE B (Lake et al., 2001). AEHEA—IRAIRZ, 1936 R E MY 5K Chailakhyan
R4 Sachs & Knott 55 N FLHHSCIG S5 AR “ BiAEiER"” (florigen) ML, A
IR G AN BE BN G IR, T B2 O IR S5 7 AR B AR TR A
B EN BRI . BFEFAIZERBUIT “ AR KIDT L4 TEL LR
1FRME, RILFT ZEBIESy “BAEiias” i 240 7 R I ) FETE T R0 Ah SO IR K
JE [ N2 (Corbesier et al., 2007; Kobayashi and Weigel, 2007; Li et al., 2011a; Lu et al.,
2012; Tamaki et al., 2007; Taoka et al., 2013; Turck et al., 2008). 5 = B H)&, BH R



hufll3

il

R FT £E/KHE B[RV R R Hd3a i gefiicly “ PR iZ” (tuberigen) /3 5407
HR 2R ot H IR B KB (Navarro et al., 2011).

Bou-Torrent S5R ¥ HT ARIWFFCIR L, JGfE SAEMEM MET IS S — K E D2
i NS SR AR AR A4S 53242 99 K25 3% (Bou-Torrent et al., 2008). 345 H.4% WG
R RBOL R R KDGE S B TRAGES®RE (B 1.2), BE24E E
VERNES), IR R R RS . RERENE. MREEREs) . 4 E 284k
FI LA R AN 5K 551 22 07 T o 10 A D6AE -5 A M & Ny i D e o 1R, 22 B 300 S 56 el s
TNAFAERIMEE 52T Cintercellular signal) (8% E A/{= 52> F (Interorgan signal)
M Eh EA WA M EE 25 F , MIEDEE 5 36E SAERMOKT BRI S (& 1.3).

Intercellular signaling

Intereellular A
signaling "

2
i

Y

A

anm Intracellular Intracellular o Intracellular
- B LD

\
5 signaling \ Interorgan | signaling signaling
| ] signaling J
- T L1 o
5 a — % ' ," Ak
. (a) Intracellu-l‘e_:[ sgnallng _"/ "-\&_/ - (c) T
o . x e Intracellular phyB-GFP
t Target gene 3 | sngnalmg (c.o1 whole
—r—b ;
& & | [r— -
% signaling
1 Hypocotyl ‘Y
p Imracellular G v Ve Wil
\ . Targetgene- / ‘ signal:ng phy phyl phy ‘d -type
- ) —
o
IRESTOrGaN 5. *=~=nm=n s3> e

signaling = 7H;0T T o

& 1.3 EYHIRAESEFAHEE S %3 E B (Bou-Torrent et al., 2008).
Figure 1.3 Model representing the web of interactions following light perception in the context of

the whole seedling (Bou-Torrent et al., 2008).

MK BT C A T kI B YR B H - mRNA B microRNA
LT RARGUS T LI E PG T SR 7] 5 2 F 18] 4% 3% (Jackson, 2001; Kim and
Pai, 2009; Van Norman et al., 2011). AHLL THIM A (G S FERENFF AR, A
AT H BT B 6AE -5 18 S IR AR 5T i3k e R SR B )5 (Casal, 2013; Chory, 2010;
Gyula et al., 2003). KT FT 3ERFERN “BifbizR” UL “HEEHE" N FHEDK



DA R AR A AR R 70 1 HLA F 7T

J7 I R B2 AR A R 45 A B AR KA 7T 2 AT TEER R EYMIADGE 5 OlRKED) 43
ML 7 T AR5 B i ZE 4] (Corbesier et al., 2007; Li et al., 2011a; Navarro et al., 2011;
Tamaki et al., 2007), {E /27 E MADG A G L et IR BERDG I T 7]
L2 T ARA, H AT AT I 7 ARG A IR Z R MR 08, A1 T8 2
5%t(Bou-Torrent et al., 2008; Kami et al., 2010; Montgomery, 2008).

1.4 #E¥H _EERS SRR FMERRER

AR T (R AR e 82 O AR A 2 i 8] S 28 B TR) D6 AS 5 4% 3 80 1) S A Rl
g1 MAEPIARE -5 e _E 2 18] (P A5 S S AE L A s AN al b o AATTXHE )
o EARATAR UM EAE AR R E A, FAE 18 S F A5 Hales HtHI S5
TE AR A 3SR 3 B 7 970 2 B 351K 75 R (Hales, 1727), T4 H A Hh
P 5 AR TR A7 AE S AROW A It AR R AR R R 2K du Monceau 25 B R4 Tl o 52 Wi AR
A K SEES 2 G (du Monceau, 1758). BWAEFRAIANE, YA AT F3 SR A
ERITHRESR T EEEN .. EnaRERREL - RIIWHNIZES (W0
AUX1 %5) FIFMzEEE (4 PIN KM PGP i) s Bt s A KK &
(Blakeslee et al., 2005; Geisler and Murphy, 2006). BF5t &8, K ZAE TR A KR
R e A 5 7 THD 8 R A2 A B P 1A T T BB (Overvoorde et al., 2010; Saini et al., 2013).
WA, A 53 2 3R 3 I A 5 5 AARE 8 e AL A7 ) b K B B 3 i A R AR At
F k&4 K% Bl (Chen et al., 1985; Li and Bangerth, 2003; Rahayu et al., 2005; Sachs
and Thimann, 1967), T8 &I AEYD R M S WS (strigolactones) 7ERRES & R AN

RE s e b b 84357 1) T2 i (Xie et al., 2010).
A, A AR R YRR B R R s 2 AR AR AE A Y (Aoki et al., 2012),
FEFERR 1 VM3 RE &, IR AR A AR ) 2278 TR RIS SE 24> T TR A 25 (R T 1
F (Kircher and Schopfer, 2012; Lejay et al., 2003; Rolland et al., 2002), K, FEREt &
FEY b 58 5 AR AT P o AME B A ) B L B o) o RIS AT R, ARR AU
IR 52 LI EAR BE (R 52, 38524 B BT R MR SR LSO A E ARG R4t
1542 (Alvarez et al., 2012; Clarkson and L itge, 1991; Forde, 2002a; Gansel et al., 2001;
Orsel et al., 2002). TR Xt & & 77 76 & @i (Burleigh and Harrison, 1999). #k(Grusak
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il

hufll3

and Pezeshgi, 1996)F1%% (Lappartient et al., 1999)%% fy W it th 32 3 30 R Gl Ts, 15
g ntl, 1R 2 SERG WG AN [F) R T REEA % H AN H B HL A (Forde, 2002b; Liu et al.,
2009; Martin et al., 2000),

TP _E RN ) A= ) 15 B A7 78 7 15 11 98 & (Mas and Yanovsky, 2009), U
T Hb b SR A i A= e Oy Jo AR SR DR TOCL 3RIE A TR, (AR AR ER 2222 PR
TR T HERE BRFAE, T AR B ok B b B85 06 & /E -SRI R A S 2 Y
Jr 5] 254k, (James et al., 2008; Mas and Yanovsky, 2009). 53 F &5 ¥k [5)8 T R 4 4= 4
PR, ORUEHE )BT B A A7 A A LA B BE 4 () £ 2595 (Green et al., 2002,
Hartwell, 2005; Ruts et al., 2012).

B, RS EE SR R AE B e 2 TR, BR ETR A ), Ko
AR 2. E1E RNA. /N3 RNA SR 2 K 7R3 E R b 5 4R 22 8] i)
%1% (Jackson, 2001; Jackson, 2002; Puig et al., 2012; Van Norman et al., 2011; Yoo et al.,
2004). SRR B> B Lo o AE B AT B R AE LRI AN R —FE, (5 #E
AR A R B AT AR BRAU S50 N AE A A B 324

15 EIKIBSHRENX

TAMRAPRIERE Y& VE B IEYI BT, & BiE 2 s A KK N EEE S
Polgi. EAR H R A TRHEYD M A OGS T IEER 1 7 T HLEIT 7045 LLBUE 28, (B2 5% i A
B B OGS S A% RIS E FT A IR, TR A BOAR e S E D RE A8 4 )
DT 5 AE R ) M F) B A% 32 R A O AR B A 7 THT o BRAROG T IR S R I
AR K H AT & A I 58 F147 38 (De Simone et al., 2000; Dyachok et al., 2011; Kiss et
al., 2003a; Kiss et al., 2003b; Kurata and Yamamoto, 1997), {HiX$6hff 7734 b #R 42 3 57
12 “MRERLNG” BRI B, THIEJVEA TR AL “MRERE L
XA S S A 25 o0 T AR BORIT T, 15 0 AR 55 0605 5 M SCROBIE 7T, 7T BE AT SR — 1 i) J
WEMEE T4 (Roycewicz and Malamy, 2012; Yokawa et al., 2013; Yokawa et al., 2011).
DR, ESTAE “AREEE LG 25 F I — Lk 7o 45 AR 7T e A& 0 B8 31 50 R WUAR A K 0%
BlpofHhy F G REAR A W B, BT R A AR AR S Bl aX AN ik R o L RS 5 4%
FHI T FET RS, AU IRA WO KRS TG, XHEY)

11



DA R AR A AR R 70 1 HLA F 7T

AR ) A AT FRIBMSCLE PRI o G o o 87 = ' 9 2 R AR A R AT IR 2R, I A e
P a5 5 1% 25T HLE]

Xt e R AR AR KA BE S RURIT T, AN B T8 s e M 18] 2las B TR 6 (5
AL AL, T E T A B AR A A0 ] R GG N A A B AR R
LRRMEEIR R o AN, STARAE K S AR BE B 2 O BRI 4y LT BT AL
XFFIATS TR A 7= iy B M e AR R AR (s 570 R 48D s B0
b B SEIEIASE AHOE BAT S PR 13 5 = 3

12



B bR

BoE MRSTA
2.1 LM SFEEM
2.1.1 SLIGMR

AT (Col-0. Ws HT Ler). RAZHK wei2. tir-t. axr2. phyA phyB. cryl
cry2. pif3 Al pif-Q (pifl pif3 pifd pif5) F7 AL = /47, 35S:YUCL. 35S:YUC3,
yuc3 yuch yuc7 yuc8 yuc9 N K 2 L H 0 B 3 B = g% . B RLZE B T AL
PR T IT B, RAF{R hy5 (Col). hyh-1 (Ws). hy5 hyh (Ws) HiBER& k2%
RS FE 245 Y

2.1.2 BSHIK

KIHFFE Trans 5a.. Trans BL21 /&2 &40 Il AL 5 4 NS ARV ARG R A A,
KA E R GV3101 AL ERAF. wlEHA pBluescript 1l KS. JRAZFRIAE A
PMAL™-c2X . ¥ iA#H & pCAMBIAL1300 5 pCAMBIA2300 A< SEi6 5 17, Tofg
ik pMD18-T I H FAEM T CRiE) HIRAFR (TakaRa). AT microRNA ki
Bk pRS300 Hi Detlef Weigel 2352118 :3%

2.1.3 EERF

DNA PR DI T4 DNA ZEEz#. Phusion &R E DNA KA1 H NEB
2vH], DNA [ &I B AL s IR R AR AR, M-MLV B B
Promega A %], RNA B F] (RRD WHEAEY T CRiE) FRAF (TakaRa),
gPCR SYBR Green Mix Il 1 b 5% 4 U AP EARA BR 2 7], 4027 R 6k i BEL s X )
% (LightShift Chemiluminescent EMSA Kit) iy H Thermo A&, A K W H Sigma
2Aw], HEWGE Marser 1 B 65t BEEWOL A FHA R A 7] (GenStar). MS [ {4
#5J%) 5 Duchefa Biochemie A 7], B iakn Il B AL i B A #] .

13



DA R AR A AR R 70 1 HLA F 7T

2.1.4 S|4 R IREt

it I 51000 & B CL B AE VDR R IC AR & BRIAAE L 5T 9 3R A4 /] Cinvitrogen) 58
Jlo ARG SARET K 5103 WA SRR =3B 7 o

2.1.5 FE{UEE

TES-1332A MEE W HE GERMAE T TR ARAT (TES), HOLLEER
W8N Carl Zeiss &), MHikEi. 2L EME. S EHNAET L VT1200S ¥4 K
Leica A ], # A B REACN T B8 Z A MBS R A TR A 7], 788 PCR 1A Eppendorf

/A\_‘

Zl

2.2 METTHIRIE R ERE

2.2.1 IARATFHYFIE

(1) H 2.6%MIKAIREN CHATINE R Tween-20) 7= 10 min, FHKH
IKEEWE 33, REET 4CHE 3 K.

(2) K P55 1/2MS AR5 775 b, BT8R 16 h t/8 h JBg . H/E
23 CHI %M T TR 3R

(3) HEEKE 6 KRR, BB REREF 16 h GLI/8 h B, EE 23°CHY
M T RS TR . R SR TE T L5 SR SR LR A B AlE A, R AEFE AR LA
FH CA BRI CR A = R TR P Y L o 8 SRR ) o i FH A28 e M 30 1) i 1 S DA OR S
& IR

2.2.2 MFETTHUIRREE(L

(1) FERCHE A BTl B4, B 5 #EAT N i Bk .

(2) FACERIERT L RAIKKEMENRIE . Al )5 b K 808 72

(3) AN B P A EFEAL AT — BT = BRI 5 1) PH 1 5 B AR B BN 5 A R AR
11 10 mL YEP k5 7= 5 (R 7+ 10 g &R AR 10 g BERESRELI LA & 5 g NaCD

14



B bR

Hr, 28°C 200 rpm #R¥ZHEFRIE R . KRB 1 mL BEINE] 100 mL & A HHRLHT
AR YEP A3 3k, 28°C 200 rpm PR HTIRL) 6 ho #EZ IR R LU T#4k
R IT

(4) 28°C 5500 rpm &0 5~8 min YA 1A, FIF LIGWR, A TR B (5%IE
B, 0.02% Silwet L-77) B iF H 1A,

(5) WEHFE IR P BNZ Ylh 10 s K47 . SRJE KR e o B R 3 S b B 97
R DR R, — RJGHUH

(6) #REEIEF TR, ESERUERM T

2.3 BEB IR RV IL

FERS SR ML A FH S TN TE R AL B (U ANIE DG TR AR OSBRI AR A KN,
BN R A B R (ELR B[ ) MIS [i] 455 IR ik 5508 29 JRL R o S R SRR ] )i,
Rr A B PO RE T /0N v B AR B IRk (YR T, 653 1 AR RS 1) T T e = 308 i A2/ e O
REERAL (i b BB AR ), DAIK B4R Jr A1 I I AR R 8 WG I RCR -

2.4 WFIESLIS

(1) EHUT MRSk LB B 3~4 RIEWhE, F IR N gk i A b AL 35 B D DL
PAFEREARE AR . N T IREGEEEACR, VIO R &7, G e s NS EE
GVl R IKARTE

(2) BUEEEFFH) 20 pl Mk AR [T 8 b il B A0 B SR 36 2R 1T, 6 (WA Ao 4 A 5

ARH)N IRAD) FUS AT BTG SE R 1%, 58 BUBHR IR AT -
(3) ZJRIREAERT RN EREFR 1 A, SRIG PR i il o) (R ik

2.5 RT-QPCR i EARIEE

2.5.1 5 RNA BUi2E

(1) HFEE BB A 55 1 mL 1 Trizol RAH (BHEMAT <Trizol 1A
1] 10%). JitiRmEZiES), 15~30°CHE 5 min,

15



DA R AR A AR R 70 1 HLA F 7T

(2) 4°C, 12000 rpm &5.C» 10 min, HU i

(3) A 200 pL WS f7, #2155, 15~30°CH#E 3 min.

(4) 4°C, 12000 rpm E5.» 15 min, UG /KA.

(5) NSRRI TV B S A S, FEVES), 15~30°CH#E 10 min.

(6) 4°C, 12000 rpm &> 10 min, F% Eif.

(7) A 1 mL JKFA ) 75% L BE, itk . 4°C 12000 rpm &0 5 min.

(8) Wifg 2./, 37°CTJ5 10 min.

(9) & EAAF ) DEPC-ddH,0 (—#h 20 pb), WiFRHAKH Al fR17, B T-70C.

2.5.2 R¥F cDNA £—E&HENE L
HL VIR RNA 523 R U f5, HX 2 ug /& RNA, JIA Oligo d(T)1s 5147 1 ug

*Min DEPC-ddH,0 £ 10 pL, 70°CAEYE 5 min, SZEIE T kG 5 min, 2R )5 R L.
F T RALVKIE AR ITINN &R S -

Total RNA+0Oligo d(T)ss 10 uL
5x M-MLV RT buffer 5.0 uL
dNTP mix (10 mM) 2.0 uL
RNasin Ribonuclease Inhibitor 0.5uL
M-MLV RT 1.0 uL
DEPC-ddH,0 7.5 L
AR 25 uL

BEIRS), 42°C/K 90 min, MEEHETE 85°C /K IE 15 min DLUKIE 4
K, RAFT-20C%H .

2.5.3 LATEE PCR

I RN b P AR R I e R A3 1) cDNA it PCR 4 3 ilik,  #fi 7 cDNA i& 4
FIRREAE AL, PRUEAR AT AR BE A T Ly I
N R % € B PCR VAR &

16



B bR

2>SYBR® Premix 10 puL
Forward primer (5uM) 2.0 uL
Reverse primer (5pM) 2.0 uL
Diluted cDNA 5.0 uL
ddH,0 1.0 uL
SRR 20 pL

SIS E B PCR R MNAZF N 95°C 2 min TiAR 4, @ 95°CAR4E 20s, @ 60°CiE
Kk 10s, ® 72°CiIEK 10s, @ HlZREWRIES, O—@ 1EH 40 k. 2 J5M 65T

BEfR 0.5°CRE—IRIOUME 5 EHE 95 CHUA M thZ . Il 5109 iRy 57 1%

AT CtEJa R AACH Ik THE L A AN R &

2.6 Western blot &M ERESE

2.6.1 E¥EEARIEE

(1) BOEEKIFE i R E 2510 K

(2) MR AR 55 200 pl WA CUKTI%) . 1 g MRV il e

1 mL B
(3) Jigidk%, 4°C 13000 rpm 50> 10 min.
(4) Bt 3%, 4°C 13000 rpm 5.0 10 min.

(5) /NI EiE BRI OE T, RIS S IR

FELPD 200 M S A I 7 T 3R

1 M Tris HCI (pH=7.5) 10 mL
5 M NaCl 6.0 mL
1 M MgCl, 2.0mL
0.5M EDTA 400 pL
Glycerol 20 mL
NP-40 200 pL
SR 200 mL

17



DA R AR A AR R 70 1 HLA F 7T

IR AN B SRR R A P R OINN 1 X B 77 (Protease inhibitor complete,
Roche),

2.6.2 Western blot

(1) FicHl SDS-PAGE i
SEERI B (10%), FCFnR:

4>PDesolving buffer 1.75 mL
30% Acrylamide/Bis 2.3 mL
10% AP 70 pL
TEMED 7 uL
ddH,0 2.88 mL
SR 257 mL

TR SR, A 0 B e ] 58 4 LU, WRERIETCK O, SRJRHE T
R R -

4>Stacking buffer 1.5mL
30% Acrylamide/Bis 960 pL
10% AP 60 pL
TEMED 10 uL
ddH,0 3.48 mL
SR %] 6 mL

BN IR AR I e LRI B4 7, AR et i e 4 Jim %

() FEEMHRK S EER MRS, 78R )Ja B Tk &9 10 min,
ZJRIRIEUK AR R RO A ST EARALT, 90 VO RLEEEAT FIK,  FELUKI IR
A8 H R 1B K/ B ) 75 0

(3) HIKGAER G, FERIRGINE, R B R RS2 i b TT 15 min Jim BEAT e B4
TEo BRI R IR . 3 FIRIEIEAR. 70 Bk NC . 3 FEIRIFIELR. FHAMR
IR AT BTN 55, B — DR LR, 90 V. HIJKOK RACIEE, BRI [h)
A H R A 7R/ E . — i, 25~80 kDa K/ AR A 10%11) 73 25 i 74 it

18



o BDRS ik

47 1~1.5h NEH.

(4) HaER)E, HERHIEE T PBST Wl Ee— T, JIN PBST ¥ il 1)
5% IR Wik I AR, T ARRES), =R 2 h.

(5) FHiEf AW, ] PBST W HENE 3 ¥k, BEK 5 mim.

(6) F—HiH PBST B & & LI ATAvRE, e 2 E THF, =i 4~6 h
(8% 4CHERD .

(7) F¥—dr, FH PBST EWRUEE 5 mim, EE T 3 K.

(8) Bt —HiHH PBST WIZ IR & I& Ll kAT M ke, M2 B T HAp, =il 1~2h.
(9) FF4 Hr, FH PBST UL 5 mim, EE T 3 K.

(100 ECL &3¢, XOtHEit,

PRV

@ 4>Desolving buffer: FRHL 18.2 g Tris-base ¥ T 100 mL ddH,O w1, Ik EhER Y
pH % 8.8, ZJ5lIA 0.49SDS.

@ 4>Stacking buffer: FRHEX 6.05 g Tris-base 75T 100 mL ddH,0 ', FK LR pH
% 6.8, ZJahIA 0.49SDS.

@ 6x LR : 50 mM Tris-HCI (pH=6.8), 2% SDS, 10% Glycerol, 0.02%7R M}
WA 0.7%30 % LB

@ 10<HLJKZEPFR: JoFREX 30.2 g [ Tris-base 3% T 500 mL ddH,O ', H A 188 g
fIHZERR, nrm#REhys, 875 pH & 8.3; #AJ5 A 100 mL /) 10% SDS, &G EA SR
1L.

© 1M FREL 5.8 g HZ&ER. 15 g Tris-base ¥ T 700 mL ddH,0 ', 4R/
N 3.7mL 1] 10% SDS. 200 mL H %, /g EHFZE 1 L.

© 1>PBST ¥AWi: #EX 8 g NaCl. 0.2 g KCI. 1.44 g Na;HPO4. 0.24 g KH.PO, ¥ T
800 mL ddH,0 /1, H] NaOH ¥j pH ¥ % 7.4, #RJ5 I\ 500 pL Tween-20, o€ &
1L,

2.7 FERFPELE (ChIP)

Getr 5 o FLUTTE 5256 428 Gendrel 25 A 1K) J772:(Gendrel et al., 2005)i47 .
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DA R AR A AR R 70 1 HLA F 7T

2.8 EAMEZFTIER AL

(1) K DR T 8 e S HE SR X B (PP F A 22 pMAL-c2X BRI HEH, #4b K
R B BL21, B7% PCR ik - 4 HUTURL 4 e BH R ve b o [N 240 pMAL-c2X 75 #ik
R BEAM.

(2) PRECPHPESR TS 10 mL A& 2 FHrE LB ks 77 4E (A5 10 g JlEE
FFE. 59 BERHEEMILL K 10 g NaCD) 1, 37°C 200 rpm F& LK -

(3) ¥ ik 10 mL WA R 1 L g EREFRE (IS A 10 g BEAR. 598
FHEEMW). 59 NaCl LLA, 2 g #i %8, 100 pg/mL & F5 %), 37°C 200 rpm 7 EH
7 ODggo~0.5, A 0.2 mM IPTG, 20°C 200 rpm 53¢ 12 h £ 4.

(4) 4°C 6500 rpm B> 20 min W RF A, 7 BiGH. A Column ZZn (20 mM
Tris-HCI, 200 mM NaCl, 1 mM EDTA PLK lERR NN L mM & AL8. 10 mM B-
ik OREEEE 1 mM IR BE AR . 1 g WK GRE) — A 10 mL ) Column
AU (B SSEN

(5) ¥EIF I EE T-20C it .

(6) M-20CHEUH B, B TAKbRL.

(7) UK X BB AT R 75 AL B 2 min 7245

(8) 4°C, 9700 rpm .0 30 min, HUEiHEW CEREAMSZRD, H Column Sk i%
B RHARIBRRE 5 f5, BT UK P A AifL

(9) T[] 2.5X10 cm Column EH{EIANZ) 2 mL B MM AE (Amylose Resin, 1mL
Amylose Resin —f45 4 3 mg HIE M), H 8 5T Column & 4AFH K Column 2243
o

(10> HINEE LR A L 22 083t Column &5 b (k) ELEEVE RIS, R R IR
AT HIAE 1L mUmin. & P Y S BB AR AR T

(11> FH 12 f%T Column E&F ) Column 22 M »

(12) fIAE 10 mM 2248 Column G ATEeME, MR, e bkt
HH B IR R T

20



B bR

2.9 EPRPEMLEE (EMSA)

(1) B 6%AFA MR I EEIE I (KxFE <E=8 cm %7 cm 1.5 mm):

SXTBE 1mL
30% Acrylamide/Bis 2 mL
80% Glycerol 312 uL
10% AP 150 puL
TEMED 10 uL
ddH,0 6.688 mL
SN LA 10 mL

5XTBE ZE: 450 mM Tris, 450 mM #if2, 10 mM EDTA, pH=8.3.

(2) W EE[E I BN 0.5XTBE 22y, B Wy EFEFL A R B & U7 R TN
I RG, 2 f5 100V HL & =R ALK 30~60 min.

(3) FRHLPKIAEI O] S, R R T

s #1 #2 #3 #4~#n
ddH,0 13 uL 12 uL 12 uL ~puL
10>binding buffer 2 uL 2 ulL 2 ulL 2 uL
50% Glycerol 1uL 1uL 1uL 1uL
100 mM MgCl; 1uL 1uL 1uL 1pL
1 pg/uL Poly(dl dC) 1uL 1uL 1uL 1pL
10% NP-40 1uL 1uL 1uL 1pL
R IREr 0 0 0 ~uL
WA A (6 pg/ul) 0 1uL 0 0

FEME A (6 pg/ul) 0 0 1ul 1puL
0.01pM Fric#REr 1puL 1uL 1uL 1pL
SRR 20 pL 20 pL 20 pL 20 pL

IR S N RAE IR R E 20 mins
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DA R AR A AR R 70 1 HLA F 7T

(4) 1) B3R5 NI 5 pL 5< EREGZ i, RIS, V20 e slil| 21k !
(5) fZIEFrK, FFE, =R 100V HEHIK, FFREE RN T 22 2/3 5 3/4 4t
IS4 1E LYK

(6) HLPK&E AT, $RADKJE i (Positively charged nylon membrane) 7E 0.5%TBE
g iR i %20 10 mins

(7D BUR AR, BHAEREERAE . IROAZBIRAR-2 R RIEIEAR- 7 B -Je e E-2 2
TR U8 AR - BRI AR B P BEAT B TS 55, B TR B — DA B 5B . 380 mA HLILUK
EREATREE, IS [R]— A HIAE 30~60 min.

(8) BefRaii )G, MBI RN — AR THOKAE L 1 min 24, PURIER RS
T 22 RSO R T R R P ) 2 IR AT, PR IEN TN — 2.

(9) FEEAMT TAZHK 10 min 247 . ZRHRSEAG, AT B3 N B lr, e s
TR T R)E GRHEAZ AR 3T B8 AE .

(10) B HEAE1E Chemiluminescent Nucleic Acid Detection Module (89880)i 7 &
T VEREAT

2.10 EKEZWM M zmae F7a040)
PUFE FEAR 2R A K E M M I B G 0 2 R Lewis 1 7 15 (Lewis and Muday, 2009)3347 .

2.11 ANEERERIEH]

ANFEIRFE NO3 [ [ 4435 72 2 1 B 7 2 18 Krouk 5 A ¥ (Krouk et al., 2010),
t1 0.5 mM CaSO,, 0.5mM MgCl,, 1 mM KH,POs, 2.5mM MES  (pH5.8), 50 uM
NaFeEDTA, 50 uM H3BOs, 12 pM MnCly, 1 pM CuCly, 1 uM ZnCly, 0.03 uM NH;MoO,
AT R FE AR TS, R AR FEIE A I AN E & 1 KNO3.

2.12 RIRW NO3 IR R BN E

W 5E J5 12 18 Merigout 25 A (Merigout et al., 2008) 11 Orsel £5 A (Orsel et al., 2004)
. BARE T 0.1 mM CaSO, ¥l HIRIL 1 min, RJFHESH 0.2 mM K®NO;
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B bR

(atom% °N: 99%) 14 751 35 HIEI 5 min, F & T 0.1 mM CaSO, i 2 il
1 min. ¥ PR A FE I AR ST BT b ek, FHIROK ACRS R T B A K
WRFE W EE BRI ST R, TT 80 CHAT PRI T . XA TRAT N A&
8T, THEARIR U NOS i 26

& BN 4B 755 1 mM MgSO,s. 1 mM KHoPO,. 2.5 mM K,S04.
2.2 mM CaCl, 10 uM MnSOy + 24 uM H3BOs. 3 pM ZnSO4. 0.9 uM CuSO4. 0.04 uM
(NH4)sM07024+ 10 mg/L Fe-EDTA A1 0.2 mM K*®NO3 (atom % *°N: 99%).

2.13 HEZE=/NE

23 2R & Bl E F2 1 NI &8 N9 J7EE4T (N et al., 2009).
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D AP R AR AR BRI 7 7 HLA F 72

E=ZE FR

3.1 M ESEREIERME KL E

X B BT R S it B 2 B A R UM T 4 5 R 3% D5 D 1 A7 7 Y 3 (1 A8
(Huxley, 1969), >y T B TR A= K AnAAT & R A0 SO I B FE R AR A, AT LA AR 04
FIIT AW AN G, MEA RPN AR .. & 3.1A FiR, fE—&iRiiH
N, BEOGIRIEE I, AT (Col-0) MM e AR K. TRk ®|—EdfE, M
Fr AT SR SR KT R BRI gk, [RIR SR SR IR, S5 R IROE 1 i
AR R AE Y R4 BE 2 A ALY N T 2 A2 K 1 25 S AH — E(Downes, 1970; PEAT,
1970). [RINFFRATTIE A, b b 05 s HEE 5 B2 00 AR P S S (e ik 1 SO0 R I 3 R AR AR 110
RE (K 3.1B). EAERGRIIEIE (575 umol s m?) 4F T, Jesmmnsi i R 45
PSR FEAN B o FoR 25 B0 B b I i R 1) A mT AR A% 30 B It N AR R 4R
KKH.

&l 3.1 SRS I il b BRI A by R e R B3R 3R AL .
Figure 3.1 Coordinated regulation of root and shoot growth by light quantity.
Soil-grown wild type Arabidopsis under variable light quantities in greenhouse for 21 days, photos of

shoot (A) and root (B) were shown as above. Scale bar, 1cm.
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F=w 4R

N T ASRAE [ AR5 R I B R AR AR A B WG 1), il 3.2 Flos, AT
HENTHRT MS [ A IR R AR Y IO 4 i R ek &, DUR EARAE Y B 2R A Kt
R AR AR AN EL R MG AR o 3t e G 5 i J0L Rl 7 400 1 KO T 28 S S £ 58 7 1
O, G 3.8 il b FSEARAL TG S B T IR AR L, TESEIRATTH B
TR 2 SR WG R 22 58 A R . DL OB R REAl, 5 22T RS TR
A A PR E B HIRIT AT

=

1
] -
AN -

i il""

e o S P
—8hodt(L), root(B) =1 —Shoot (D), root(D)

B 3.2 FETEAEFREN RN LERNLYE.
Figure 3.2 Local light treatment of shoots or roots of young seedlings in petri dish.

L, light; D, dark.

B ARARYE LR A OO TR A K R B RS R (B3.1B), HEAE Lk
TR 4 SR WG R 1 24 T E— DR st BB R AR SE T LRI IR I AE KR E -
3 RS I ET AR B RS ST AR FR S B T G R, WSS T R R SR e, 3
R RS IR PR B2 AR AR 43 A X AR SR T MR . S5 R BoR, 3 KRG — B AL T R
R AR A BE A 1 E O IRR3G sif 2 2 08 (18] 3.3A), EMRAMK 545 Ar
W B IR IEAECIE S Kurata 55 AR 4005 I 40 B 7E 430 D06 IR S 58 2% 1F
N HHAT AN [E D s AL B AT 2 ) S 06 4 SR SRR B (Kurata and Yamamoto, 1997). iX
YT HE N BRI PR A0 AR W S AT DA B E Ot HE R AR AL R T

TATENTE, R A X R/ HRI Gy AR 4 M £ H 1) 2 /0 — RO 0 T #8 s 7 AR
IRAPR I 5 25 A Z T AT BE /0, FRER & E T HEPIR A K A8 7 (Dello loio et
al., 2008). fl 3.3B Frax, i bEOGHRAGG R B E (R A TR RN, d ]
RARRE TR AR A H R 22, X W] RRIE Th AR A 2 AR e ) 2 B OB R
R RN, FRATIERT LA BIAR IR0 AL 0 N FIHES AN [R5 T AN AE S 2 1)
Ak (&3.3B).
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DA R AR A AR R 70 1 HLA F 7T

A Light intensity (umol-s-'-m2) B Light intensity (umol-s'-m2)
0 2 10 35 0 2 10 35

B 3.3 1 _EOGIRXT RS T AR B AR R A X R/ BT %
Figure 3.3 Light stimulus received by shoots promotes primary root growth.
Shoots of 3 dpg light-grown wild type seedlings were exposed to different intensities of light for another
3 d, while roots were kept in dark, then primary root growth (A) and root meristem cell number (B)
were detected. (A) Arrowheads indicate the position of primary root tip of 3 dpg seedlings, scale bar, 1
cm. (B) Confocal images of root tip of 6 dpg wild type seedlings. Arrows indicate the cortex TZ, scale

bar, 50 um.

BE—2 BRI, SR IRIEIR A SRR AL X RN 22 [ A7 — 8 IR IR AR A
(& 3.4), X7t AR AT Aeal s R AR 2R 0 70 A2 B 0t M A AR B 2R G

4
—a— Root length

o —o— Root meristem cell number

[}

£ 3

©

o]

5

3 2+

=

I

n: P/.__/-—i

-

2 10 35
Light intensity (umol-s'-m?)

&l 3.4 JEIRIEERIR AR SRR EX KD H KR,
Figure 3.4 Light-regulated root growth is associated to root meristem cell number.
Shoots of 3 dpg light-grown wild type seedlings were exposed to different intensities of light for another
3 d, while roots were kept in the darkness. Ratio means primary root growth or root meristem cell

number under light relative to that in the darkness.
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F=w 4R

FERIAERK GRS, RARTH R4y EARIFELR BB AR £ R EER
& H (Aichinger et al., 2012; Petricka et al., 2012), FATHT Tt & BUAR 2T 41 i (IR 745 5F:
A2 EGsRAR RN (B 3.3B), N1 #E— DUt IR AL, JRATTH F B et A LA
Lot Rl ) 208 SRt — D A AR -4 xf 6 HE A S e il 3.5 o, AL sl
AR IS4 7 A B B VE B R 20 VA 32 DGR 252 m, [AII, ST AR AR T4
FRAMIR BE R E ) — L O BL TR 4 WOX5. SHR. SCR. PLT1 J¢ PLT2 % [ 7E0t T HIRG
IR IA A AAAE B B 22 57, I e AU DG IO A 2 YR AR T 4H L ) i i
7 AR R PR

T
3=

pWOX5:GFP pWOX5:.GFP
Light Dark

pPLT1.eGFP - PLT2-eGFP
Light (1 i

& 3.5 RN r FF RN T4 H S A AR B35 IR .
Figure 3.5 Root stem cell niche is not affected by light.
3 dpg light-grown wild type seedlings were treated by light or dark for another 3 d, then status of root

columella cells and expression pattern of root stem cell niche marker genes were analyzed.

ETREBIAAR R, FTATERIEA GER LS T EMR AR (F 3.3A,
K 3.6), 1 HMBEMEE A H B SO &4 (K 3.6), X584 T smAs it
WAEH TR A ERK A FRE R BRI —280 (K 3.1B).
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D AP R AR AR BRI 7 7 HLA F 72

Light intensity (umol-s™-m2)

shoot: O 10 35
root: O 0 0

3.6 #h EJGHRAZBHUBE IR A R A .
Figure 3.6 Shoot derived light promotes lateral root deveopment.
3 dpg light-grown wild type seedlings were exposed to variable light quantities for another 10 d, while

roots were kept in dark all the time. Scale bar, 1 cm.

R G5 SR B, b I S n] DA B B A AR S T AR B AR KR B AR
BB
XA — FARMERRATEE R, JCREMEAT G 1E Y s fg 25
fitlt, b6 B SR AR — € G Bl A BB In G aR OGS ER, AT R &
R Z AN, DRUESGEAE F RS RN AR R B Ak 75 1O R e A 2Rt
RESARIRATHT I R DG Re 8 B F R BRI A KK T, AR B2 T E1E
=) Chngers) W ?
Kircher &5 NI ik 1 00 B T4l i 1 iR AT &V 7 A B RERE A2 i = AR
R BE FARBIRAC, AbATT AT RE R B0 A1 P R B SR AR A 740, T ELJE R X AR F)
KRB HAMFAERFZ R, XIFRAERR T IREREZ AN, M 2R e & R E 5
YR SHR A K R B 77 4 R gt 20 (Kircher and Schopfer, 2012). a2, iXA4ME
SYFRATREAE 1 FATZ AT FR BRI ML A6 A5 S5, TS50 RO AR g A2 4 A 3
TEENATT o BRI, AT L EERE— DA, REREAE G IRA PAR AR AR R o B
TR B R EEER .
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40 - a [ 1% Suc
35 - a B 3% Suc
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25 A1 b
20 1 be

15 4
10 A

Root meristem cell number

Light Dark

& 3.7 REBEABEERARGR ARG RN AR S A R AT KO o
Figure 3.7 The inhibitory effect of root meristem activity by dark couldn’t be compensated by
sucrose in petri dish.
3 dpg light-grown wild type seedlings were transferred to 1% or 3% sucrose contained MS medium and
simultaneously treated by light or dark for another 3 d, then root meristem cell numbers were detected.
Values (means &= SE) with different letters were significantly different as determined by Tukey’s tests at

the 95% confidence level, n > 20 seedlings.

N T R g b E O EORHAR AR K B R 45 R S KRR RS SRS S, FRATTHE
e 7 e e i e R A R RS D0 2 4 RS SRR MR R RO AR AR K . 25 BN 3.7 BT
N, AN RERE B G NI R I TP R TR A AR B H RE G 2, XD
BT VIRERE 3 2 A TR AMEA DR B Z 6 IR T BRSBTS . ek
Xiong %5 NS I SEIAIESE T AEES IR, CO, (R A 78 42 2 PR I 1 e A1
FF=1 Chi AR BRAEAR AL B4 FHELIE (Xiong et al., 2013), /2 UG IEE e &
VB F AR FR A RE 5 AT AL 3 B0 201 FH R A b A 055 37 2k v 1) 60 2 W IR W P4
o Btk FRATFERSFREE A 2 FEREG T AR KA AR AR 70 f2 TR0 a1 22 W 1 3 7
Rl R 22 KR S, BT R SRS AR AR K A A AN R D HE K T
AL, TR BTk Z MO E S Y.

BRI, FE T Bl g, AT E M E G ROHR AR K B B 2 80T Fes p LA A
(SRS ST
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DA R AR A AR R 70 1 HLA F 7T

3.2 JFefk#hth FARIISIRMEK LS

AR EDCRERE NS IR IR I AR A, 10 B ZRIRES T B2k 1B A2
o EERSy . BIE, 9 TSI IR A AR BRI A ARRRE L, BATTRE L
Fa T A E AR 2> AR P 0 70 45 0l B B TR S F) AN TR 2H 5 A

0]
N
o

Root meristem cell number

& 3.8 SR i) A AR T B
Figure 3.8 Shoot is essential to light-regulated primary root growth.
3 dpg light-grown wild type seedlings were treated by local light for another 3 d, then primary root
length (A) and root meristem cell number (B) were detected. (A) Arrowheads indicate the position of
primary root tip of 3 dpg seedlings, scale bar, 1 cm. (B) Root meristem cell number of 6 dpg seedlings.
Values (means & SE) with different letters were significantly different as determined by Tukey’s tests at

the 95% confidence level, n > 20 seedlings.

Xt b B AR 80 25 7 G IR BRI A AS RIS RR AR B 3 R, R PR i fef
KAMRIR AP H - S5 R 3.8 s, 2 Ealghr e RIG A B s, Es b3y
6] G P AR BT — B R A0 N, EARA A W] R A2 ], [RIIN AR R 70 2L 40 0 2
H A8 o DM LUBOR I, b 350 A TR 45 JR I RS 1 (] i AR B4 IOk
RIS I B 2B R AL S 1 b ANTRR 3 e 3 Ak T TR IR P R 4w R AR R A 20 A
L (1 3.8), XM 7 A X AR AR A R IR 2 AR T AR ) 3L 3 T £
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F=w 4R

A, BATIE BB FR O e 1 P U R T AR B A R R O B . R B
XFPAL RN A 2 7 KA, FRE SRR AR A AR A H - 25 R a0
3.9 o, BIMEZ) P MRS BRI, b b 0 A4 2 BRGS0 ) 1 AR £
KA.

Light intensity (umol-s''m-2)

shoot: 35 0
root: 35 35

& 3.9 JEIRE MR R S EHOERREHIK R
Figure 3.9 Shoot-derived light is essential to light-regulated lareal root development.
Roots of 3 dpg light-grown wild type seedlings were kept under light for another 7 d, simultaneously

shoot was exposed to light or not. Scale bar, 1 cm.

R AR AU, BRSO CRER AR B I AR E AR,
MGRIER AR K B ZR A T3 B ARG 5 808 B RDEAE 5 AL #E
R KIEEEINZ .

O.)
N

BRREREZEFSSAES A EERIRIES

e R 6 AR A AR 75 Bk B AR BB BRI GAE 5 B B DGR 5 itk =,
FRATHARAE “ R BEA0L o T AR PR A R T 23 30 WO ™ SX AR s AT I IR) 15 5 5
i ik -

TR ST RE B ML EAF 50 Bk FH i BRSO an B 3.10 P fi it i
TR AERDRY, o BRI R 2 AR RS S VIR, %05 S YRR sh EAR AR (et
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DA R AR A AR R 70 1 HLA F 7T

FRAAR (B 3.10A); T 2 b H AL T BEE s, XA OGS 5P A g
A, FEARRECA Bz AE T A K AZ B0E] (B 3.10B). {EXx Tk EizfE
SYIRAETIRIEYIRDE, Hh B AR WG 2 A S, ARFERAR RO 2R E b
EErizES, ERMERFEREZ2H0E (& 3.10C, D). Kk, H3ATHBIER
AR AR L ' i R A B S AS R ABURK AR RIS S S 2 R N SR X A2 ol L 1%
ARG R A ARIXA AL A M RD G SV s 2 5 A s EE )

A WT B WT
4 N
Y shoot |
root |
s - *
e/
shoot (L), root(L) shoot (D), root(L)
c “mutant” D “mutant”
7 N
shoot | Y shoot |
....... JEEEPE L SECECPH FEPEH
root | f root |
- \ - \
e/
shoot (L), root(L) shoot (D), root(L)

& 3.10 ik 5t RA KK REE SRR REE.
Figure 3.10 Strategy for identifying intercellular signal responsible for light regulated root growth.
For wild type, (A) when shoot is exposed to light, intercellular light signals accumulate in shoot and
then move to root to promote root growth, (B) while in dark condition there is few light signal
accumulated, because root can’t receive light signal from shoot, root growth is inhibited. (C and D) For
mutants that lose the ability to produce intercellular light signal, inhibition of root growth occurs no

matter what status of shoot is.

TAEIE, Zhma A KRS KE a2 R, mHAEKRARSG RN AE
KRBTSR T S8 1)1EF (Friml, 2003; van Berkel et al., 2013). Kk, 254 K
MAERKREAZHZEE S5 H R TOCRIERAE K K E RS S Y 5e ?
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Figure 3.11 Shoot localized auxin isn’t intercellar signal essential to light-regulated root growth.
(A) Response of free IAA level in shoot to the changes of light quantity. 10 d light-grown wild type
seedlings were treated by different intensities of light for another 4 d, free IAA content in the shoot was
measured. (B) Root meristem cell numbers of auxin-associated transgenic or mutant plants regulated by
light received by shoots. Root of 3 dpg light-grown wild type seedlings were kept under light for
another 3 d, simultaneously shoots were exposed to light or not, root meristem cell number was then
analyzed. (C) Photo of decapitated and intact wild type seedlings. 5 dpg light-grown wild type seedlings
were decapitated or not, 2 d later decapitated seedlings and intact seedlings were both treated by light or
dark for another 3 d. Arrowhead indicates the new leaf. Scale bar, 1 cm. (D) Decapitation has no effect
on the reponse of root growth to the aboveground light conditions. Decapitation method was the same to
that described in (C), and root meristem cell numbers were analyzed after 3d-light treatment. Values
(means X SE) with different letters were significantly different as determined by Tukey’s tests at the

95% confidence level, n > 20 seedlings.
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DA R AR A AR R 70 1 HLA F 7T

AT E SR 1 b B E ) A BOK R A RE I I A SO BRI B Eg . 45 R an ]
3L1A 7R, AR B AE K F AT SEEAR TR N, (R AR K R KT
FRA BEAEGOR A IN TG 0o IX WG s FBOE IR B35S, Jeh AR KRR IR A
HE S B Ah SO R R R

AN, BEARFBRZER (decapitation) T LARR 25 5505 3 8> 250 AR K R A K
(Arite et al., 2007; Brewer et al., 2009; Domagalska and Leyser, 2011; Foo et al., 2005;
Hayward et al., 2009; Johnson et al., 2006), {EZ2ATRILLER 7 2R MW I, HE
R AR AR At b B i B i A B 1 s 87 5 B AR A 4 R IR . % 2 R (8 3.11C,
D), X/ 2K B KR IR IFAXGE 5 WAV b5 [ AR A0 4 5 7
A= B R

BE—20, AT R IIG I &yt b E 3 0 AR K KPR AN S PR AR ) A = AR
WERM (B 3.11B). HAVHIE, ST PN M YUCCA (YUC) J[HIZEHH
BRI AEK RS BOEE TR T R 1FE FH (Mano and Nemoto, 2012; Zhao, 2012),
YUCL1. YUC2. YUC4 H1 YUCE JE[Fxf b3t A= 28 1) & UK #E 3 BTk, 1 YUC3.
YUCS5, YUCT7. YUCS8 #1 YUCO Jt K| Il 171 57 A= K R AEAR 5 Bl (Won et al., 2011; Zhao,
2012), DRI ek PR SR 0K (1 o548 2 B2 ) AR K R AE R BRI & i 2 /b
N 3.11B frow, X T B EAR R A S 2 1) 35S YUCT ek KR 77, Hidth 3
Ak TR 8 BRI B AR S 40 A= At i 25 H sk 2> 5 B A R A2 3 [ A BN PR 2R IR AN A AE
BENZES, XU A KERER EE BRI 2 AR KR TR IR
FEAAR R B RE A

BIRATRIN BRI, T AR ERAEMRI G 8 £ (1) 35S:YUC3 B R R 7, I
MRAIFAERE I AE D B H AL T 6 R B2 30 5 M b AR AL T Hr 22 ARG I AN AE 2 2
st (E3.11B), 1 B2k K R & U R A2 44 wei2(Niyogi and Fink, 1992; Radwanski
and Last, 1995). A=K 2 5244 JU 24544 tir-t (Calderon Villalobos et al., 2012) LA}z 4= K &
B55814% Aux/IAA B [ 55 IR 578 7k axr2(Nagpal et al., 2000)fFIHR 22 43 A= 8 775t Hb
ORI A F O F TR, (B 3.11B), X EBLE RER LI BRI
KR AR Z R TARRA MM AR R . A SR A K R A YUC3. YUCS.
YUCT7.YUC8 1 YUCO =X ) Dl i ik 2 T R ARAR AR IR 3 28 X FR3E s TS S8 o0f b D HeE
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AR RO BE MR (K] 3.11B), X AJREZH T H Ef& M AEKRE
KRR EL4ERy P IRE A KRE S@it.

PAESERE W, 2 A KR EIFAEZES 5OUE SRR AE. i
R, Zaim A R AR AR A M B AR A AR A B S s fa R IR A K R B BT
e, EREHFASEREDLE T AR L F.

3.4 COP1-HY5 E SRRy “RaEAIES" FEEEZRI TR

TS RAMY) h O KB AREIZ R E E E . RNA 2845 (Jackson,
2001; Kim and Pai, 2009), [Alit, FEPIMAOGIE S AL R Al BEAE N Sl
T A SR AR TR R 1 EE IR

40
35{ = shoot(L), root(L) o
= shoot(D), root(L)
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Root meristem cell number

a @g\@ ,\c& &£ é’o GoQ\ N (0*0‘? N
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3.12 JfE S BBAH KRR ERIRI S A 68 F et s LIRS K RN
Figure 3.12 Root meristem activities of light signalling associated mutants regulated by light
stimulus received by shoot.
Roots of 3 dpg light-grown seedlings were kept under light for 3 d, simultaneously shoots were given
light or not, root meristem cell numbers were analyzed. Values (means &= SE) with different letters were

significantly different as determined by Tukey’s tests at 95% confidence level, n > 20 seedlings.
HAETR 2 RGN SO IS e G8E, FT R CEp IR 2155
E B AR TR 1 2 2 4193 (Turck et al., 2008), 1fij H. Navarro 25 \ i/ B4 2 h ik
BLFT FER A SO K B i 221015 3 (Navarro et al., 2011). [k, R4GES FT 3%
Rl B/ ot A KR B EARNE . W& 3.12 Fis, DIReskiE iR
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DA R AR A AR R 70 1 HLA F 7T

Pk -1 FRIAR AR 20 A 40 MU A B 76 b b5 Rp 4 SRS AL 3R I 2 2 s/, 5 B AR AL R I
REFES, U FT EEFX REME SRR A KK E H G 2otk

BEAh, AREEASC TR RGNS TR, 62 ATk phyA phyB. cryl cry2
(IR 2 43 B R 775 b b IROIRZS 1 ROBE BUH BT T B, (HOE IR KB B35 iR e (&
3.12), WERHE NN REMENAS T IARR A KIEA R E TR 1 pifd AL
1 pifl pif3 pifd pifs PUZABR (pif-Q) MIARARAKIRYERF IEH 1) RGN, 5B
REAGFAREER (H 31D, U PIF #RHFAS 5N S R RRA K
KA KT

AEEIRE, DR IERREAL, copl-4 FEARMRA /4 41 HS AR FF 41 1F) 1
HH (F 31D, X$iH COP1 £:F S 5u(E SxRAEK K G s, A T8
14, copl-4 RAFMAENG T NI AL FARSRBLR 1 4 A= B ) MR B VE R IE R 11 &
G eSS YRR AT REAL T COPL BRI R iF . HULFEIRT, hy5-1 S48 14 LA hy5 hyh
XUTEAFAAR HIRR A5 HE A A5 H A LB A R0 0 2 i/, T LT Sty 38 s e 2 e 42 2
LS (B 3.0, XU HYS SR ECRRIS IR E K E B RIE T
JEH GBI ThAE . 1T HY5 S A [RIVEE R HYH (Holm et al., 2002) 50 58245 I AS i %
SRR A3 R BE St E IR AN, (1B 3.11), X Sb4E I COP1-HYS5 {5 Sk
SHEYIL RS S PRI A KRR T 4R BEAEH .

3.5 COPI-HYS 5 S1RR A& “WIEE XM rITHhEE

COP1-HY5 {5 5B Ft s e AW M DG E SR ? JATRIE, MIAES
(RGMES) EEMAERKKEEE S —REFT LRI “4ifdE g £k
(Non-Cell-Autonomous) g (Green et al., 2002; Jorgensen and Lucas, 2006; Maizel,
2006). P, FeAi1 i AL ZVRS 1% J5 3 770 il ik COPL B HYS PR, Aarill AT
e AARAEE EMERER . 1 HRHSUR MR ) 7 e IS E R R RN
At3g25820 %:[F](Chen et al., 2004). 7EHh I 345 5 31K (1) CAB3 % [ (Warnasooriya and
Montgomery, 2009)PA J 7E 2L 3R1A 1) UFO %[l (Eckardt, 2008)X} ¥ (1) )5 8T

GE: SRAFHLVR R EIE COPL, HYS 3 [RHU I T I I — #8730 LA H AR S % 1

AT ST
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Figure 3.13 Non-cell-autonomous function of COP1 gene.
Hypocotyl length(A) and root meristem cell number(B) of 6 d light-grown tissue specific promoter
driving COP1 gene transgenic lines, values (means & SE) with different letters were significantly
different as determined by Tukey’s tests at 95% confidence level, n > 20 seedlings. (C) 18 dpg plants

in greenhouse. Scale bar, 1 cm. Sequence of primers to amplify promoters is shown in Appendix.1.

copl-4 FEARARE) T WA AH LB AR A 2 W 25 AR A0 1 . an ] 3.13A, X T N IRAH K,
COP1 7E bR e KA Re W] W 52 28 B AR A, (AR B 2R R S R IE A
REVRIZ AL . T COPL X B p I Fr 2R B i) H (1] 3.12C) 2T 1 IRl B COP1
B DRt RS AT REFEAN LA AR T ThRE. (R, XA RETE AR X
55 KA AL STk, Ry BEA S e M5 5 M AL T iU Sk B AR A .

X TR T56E 5 B QD 2R () 4&5:, COPL =& W HAG B &L 1) “ 48
MR E 1 ThEE, Y COPL JEDNAEHh b 3ds 2R B8 copl-4 AIARAR 440
M H R B AERUKSE (] 3.13B) . T fE 2290 71k COPL JE A A RE VK AR
RifFRS (B 3.13B), EFFAEMIEST MRk FZR M AR ERIXE—H . MY
gk, COP1 E:[RTEARKEFRIEE KA ik E copl-4 RAAMARMEL (K
3.13B), XS A SCHTH A ILHI et EE R R A (B 3.8) 4G
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Figure 3.14 Non-cell-autonomous function of HY5 gene.
Hypocotyl length(A) and root meristem cell number(B) of 6 d light-grown tissue specific promoter
driving HY5 gene transgenic lines, values (means 4= SE) with different letters were significantly
different as determined by Tukey’s tests at the 95% confidence level, n > 20 seedlings. (C) Ectopic
distribution of HY5-GFP signal in transgenic lines expressing HY5-GFP in shoot specifically, scale bar,

100 pum. The sequence of primers to amplify promoters is shown in Appendix.1.

25 COPL 25 AT I N iEdL 4y, HY5 B S xR A K AT “aifade g =
PE” MIZhEENE ? FRATAIL HYS SERFEHL BB, 220, RAFRREHREE KA hys
GEARI T IR R (] 3.14A), XTI HY5 JFERI7E 75 MR fl K B 77 1T L 4%
MR E AR A, (H, FRATFER I HYS JERZEHD B3, 2500, MRk
BIIARETE AWK hys SRR AL g B R A (Bl 3.14B), XWRELE
hy5 AR 7 55 T HYS 5 RIE AR iR IR A 5 AR T B o A B4 4r 4k B E 11 Bt
1o BRI, EOUFAEIIRE B, AR LU R 2RI HYS-GFP (53 R R I+
R #) HY5-GFP 28 RIS AL /0 A, Wik 3.14C, DATEHL - 3R4F 7R 1AX HY5-GFP @&
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LK) hy5 pCAB3:HY5-GFP ek AU R 7+ 9B, FAl T AN R LASE - PR 4 g s ) 1)
HY5-GFP {55, 1M HAEMR CEFEIRAS), JhZ A0 A e Frig i« Hp s 2
W EAE S, $A4h, HYS-GFP 5 9E 2P FE MY R4t (K 3.14C), X
IR HY5-GFP {5518 AT ftidid 4545 R G0k AR KPR i %
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Figure 3.15 Effect of loss of HY5 function on the transcription of HY5 gene in shoots and roots.
Total RNA were isolated from shoots and roots of 7 dpg shoot (L)/root (D) growing seedlings, RT-gPCR
was subsequently made to analyze gene expression, gPCR results were calculated using the AACt

method. The sequence of primers used in gPCR is shown in Appendix.2.

WESRH | EBRA 1 HYS B E ] DA AL AR (14 3.14C), AT HY5 B[ A fEHY
EESERAEAIAE B BT AE (B 3.14A), TERRE A R AEE EHER TR (K
3.14B) ? XRTTREE T HYS BERI/EH b FIAR SR8 2 B A2 Z 00 AT 4|
Rer) o BFUABATHE— S5 K IAE hy5 SRAR R, HYS PR 5 K P AEAR Aop P Y
AT B E RS, iAEd EENAA B (K] 3.15). REGEERZ, A1k
Kb A EI ) hy5 FEARAR BB IE S8 A5 T 22 56 2 AN 1 CGA 8250 TGA S EENR2
1k, &4 Bk HYS FER7EZ R AR T 25 [ 22 57 (8] 3.15), $iHH HY5 B:RITEAR #1Y
FIBKHT HYS AWM IEF TR 1A SCH LU 73R IE HYS 2R 2 L hy5 A8 iy
T, IXARPTRERH L T HYS BE[RI ) “au il B £ DR ” FEARFR M & 44 (18] 3.14B),
St MEBA TP AEAR SC I 3.7 550 FE T AR

B2, BEMRAS RS FOBIRURAS RS (] 3.12) BLR “Htifak i 31
AP (B 3.13 1 3.14), XM/~ COPL & A NI /> HYS ERRATRES 5
ORI R AKX A TR “ MR E S 7.
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DA R AR A AR R 70 1 HLA F 7T

3.6 HY5 EHBEEMN M LB ZREPHIFIEERAVEK

ORGP AE KX AN SRR “HRIEDGE S 7 B KRGS SIURHE, RIWT LA
BOZ MM MBS B M BEAT 542, PR TR HYS JERI M) A5 2 1 B & R GiE
SAIRS B IR IE, BRATHE SRS R R HYS-GFP b & L s SR T hys
PSUC2:HY5-GFP %1 il 5B F A, G2 E NG AR R hys SRR FIR (&
3.16A), ALK AL TE hy5 R H W82 5] HY5-GFP 15 5 kA HYS 2 [K =) 2 15 17
TESH P ) 25 AR T o

ZERRIR, AR RRE R oA ) HY5-GFP /55 (8] 3.16B), 1 Hit
TERGA hy5 SRR AR At 82 21 R 10155 (&l 3.16D Al F), 17 [ il s e e 2
£ (hys/hy5) BIfili A H HEBAA R RS 5 B AE (K 3.16C F1 E). HY5-GFP {55
() AR & RGNS S RN IRHE. E— RT-gPCR i KIL, A0 T 9%
PRIIBA X B HYS-GFP mRNA #iH 5L R7K-F, JRATFEM S HY5-GFP {55 1)
fiti A hy5 HE P A K 5] HY5-GFP mRNA [K477E (] 3.16G), X it B /& HY5-GFP
BB M F A PR B AL B ZE AR I AR

teAh, MK 3.16D FILAEH, KEEEZEEER HY5-GFP tH R 2 M fE4EE
WA AL B, W RE HYS B EERN R TR AR AT e - B2 i 45 R4
FRYH) S A Sy S A T 4 L ) (K B B RS B
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Figure 3.16 HY5 protein moves long distance from shoot to root to promote primary root growth
in a root-HY5-dependent manner.
(A) Grafting experiment using 3 dpg hy5 pSUC2:HY5-GFP transgenic plant as scion and hy5 mutant as
stock (hy5pSUC2:HY5-GFP/hy5), and hy5/hy5 graft as negative control. Arrowhead indicates junction
of scion and stock. (B-G) HY5-GFP protein shows long-distance movement. For
hy5pSUC2:HY5-GFP/hy5, HY5-GFP signal was not only detected in leaf of scion (B), but also
obviously found in root(D) and root tip(F) of stock. Meanwhile, no signal found in hy5/hy5 stock(C and
E). (G) RT-gPCR analysis of the level of HY5-GFP mRNA. Results were calculated using the AACt
method, and the sequence of primers used in gPCR is shown in Appendix.2. (H) Root meristem activity
of grafting chimera. Grafting experiment was conducted using 3 dpg hy5 pSUC2: HY5-GFP transgenic
plant or hy5 separately as scion, with hy5 or wild type as stock. 7 d later successful graft chimeras were
selected to measure the primary root length. Values (means =+ SE) with different letters were

significantly different as determined by Tukey’s tests at the 95% confidence level, n > 15 seedlings.
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DA R AR A AR R 70 1 HLA F 7T

AT RATR IS 508 T R A AR K (B 3.3), BESRFRATTEAG I HYS
BEAREGS S5HBOGRER AKX TR “HEDEES 7, BB M B3R
) FRI HYS 2 R (R e I A K WE 2 FRAT TR AR SR R J2 1 5 VA M b3
() HY5 & 2 SRR A KRR . 452K 3.16H Fis, 4LL hy5 RAFAKH
RAVE NG ARBEAT IG5, B4 hy5 pSUC2: HYS5-GFP #4555 350 b T84 hys %8
ARAR I A SR A IR 1K 5042 B 7S B B B (R R VR, [RIIN XHAR i 3 6
et (BB ARE R . A RBIRE, U AR I ARE AR AR, #48 hys
pSUC2: HY5-GFP #%FENAHLL T34 hy5 ZRARPARN B2 38 0 7 AR A= 4m A i 5 H

(& 3.16H), [RIEWIAR ARt A 21 2 3 iR AR A (Bl R ). ikt i B
SR Hh BRI HY'S 8 R AR K 0 T 45 06 U T AR HYS JE IR 10 IE % Thig . X Fh
FRAGE FT LAARREFRATT R T A DL AITE hys RABMARTS 5t T b BRI HYS BERIXHR A KA
H&gudE | F IR (B 3.14B).

HYS5 & AR I B ) SR K PR S mT R 3 ik, DA AR B 381 HYS 8 A 7E
MRES HYS BPRIE R (1G0T~ o MR R AE K (8] 3.14), #ERE HYS SEHZ Y
AT TG TR FARAKR “ D E S .

3.7 HY5 ZEEAERMBEEEE B FEERIE

B RATER S, L EFR) HYS 81 A 7 s B ERER R FE 7 U0 T i
#HYS FF A Gt FRRERARAE K BRI e 2 5 A ) R R R T AR, Bk
SREFAETU R TT ) HYS JE[E 7R B RO R AR S A RIE ), S/ B
RKFIEARFF (K 3.15), WA N 2L THE HYS &AM E K IR s3I 2
R AR e 2

WATVRI, HYS BEPRIFEH N AR b ) 208 2 DL B30 0O 9w, Wil 3.17 fiy
A~ HE AR RN pHYS:GFP REE AU R T il LA Ab T RR SIS, RIS AR GFP
155 HH LG T b F 358 WG R K7 B35 PR . T 2% pHYS:GFP 2258 %1 hys ¥ 5t LS,
I hy5 pHY5:GFP 7T (AR GFP 15 5 W25 08 55, JF Hook b B35 WOGCIRAS A2 4k
HAFAELEMI S, RESEERFERURKE (B 3.17) . FREE R UL HYS Sk T
PR 1 b HEUIRES Y AEAR 82 5 ik HYS PR B HEH SCHEmEH
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Figure 3.17 HY5 gene function is essential for its own transcription in root.

Leaf

Root tip

Wild type background pHY5:GFP transgenic plant was crossed into hy5 mutant to obtain hy5
pHY5:GFP. 3 dpg light-grown pHY5:GFP and hy5 pHY5:GFP seedlings were given light associated
treatment shown as figure for another 3 d, then the GFP protein abundance of shoot or root was detected

by confocal analysis. Scale bar, 100 um.

i EELIEHIRAS T, hy5 pHY5:GFP fLEGIFHR o GFP {55 AR b T 27 2E RS 5
BEWIS (F 3.17), X5AHTH RT-gPCR BRI A 2+ 41 (K 3.15),
ZH AU ] HYS e RIS R A SO T ThRE I HYS 2R H

P E IS S, AR IR B H 3 HY'S & R M HYS A
M SRAKCE (B 3.18), Watsein, HY5 FE RIAE MR ES 056 Sk R IR fsiok B T3 38
HY5 & H .

SR U], M T ARES HYS JEP] )2 IA AT EE OGRS H), X 4
BKSEHD B HYS & K B #2 3)) AR S 0E 2 HYS JE IR ) % s R S8 L
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Figure 3.18 HY5 protein derived from shoot promotes the expression of HY5 gene in root.
Total RNA were isolated from the stock part of different chimeras, hy5 or hy5 35S:HA-HY5 grafted to
wild type seedlings, RT-gPCR was subsequently made to analyze gene expression, gPCR results were

calculated using the AACt method and the sequence of primers used in qPCR is shown in Appendix.2.

HB2 HYS B HYS JE R R i 2 1 P BRI 2 (R e 2 AT et
Ji Gy LTiE (ChIP) (75 7R48 I HY'S & I BETS 45 & HYS B8 10 )5 30 7 X 4k &5
& 3.19B fiias, fE HYS FERIFE AR A AL i B Jieks ) 2 -257~-58 XI5, Ri4nf&] 3.19A
B 6 5 IX A HYS SR AT KR E 4. N T PIIEZRi g &, JAE
F ChIP-gPCR K 11 XF 51414 53 18 ChIP S8 ia ARl hys SRAAFT hy5
pCAB3:myc-HY5 3L LA 2 DNA, #3E4745 DIt . 45 Wil 3.19C, XLk
WOy B I SRR R 5 R I LUAEAE A X B (1~11 XBY HeA F##in 1, x4
25 R ChIP-gPCR ¥ #8 1) FUZ PR HYS SER A B, FH%0A 2 4MEHR N HYS 741 1)
S . DRk, AT ChIP-gPCR HYEE SR UL HYS & [ 5 n] UGS & H S 2 R 1) 5 5)
T X3

B2, BERBHA LS (EMSA) 455N, HY5 & AR E R/ H 45 A HY5
BN s an oz i Bl -257~-58 [X sk & G-box JofF#I DNA J B (&13.19D).
I, 454 ChIP-gPCR M4 (& 3.19B, C) LLJ HY5 RRIFiLFrz it (K
3.18, K1 3.15), EMSA SEEG 45 SR8 HYS JERI)RIA /2% HY5 B0 HiE 454
WHER), B HY5 & E EEEHE HYS BRI % .
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Figure 3.19 HY5 protein directly binds to the promoter region of HY5 gene.
(A) Schematic representation of HY5 gene architecture. Thick and thin lines correspond to coding and
noncoding regions, respectively. Bars with numbers indicate the DNA fragments tested by ChIP-gPCR.
(B) Analysis of myc-HY5 enrichment in different regions of HY5 promorter. Anti-myc was used to
immunoprecipitate myc-HY5 protein and the amount of Actin2 gene from the ChIP samples was
quantified by gPCR to normalize the results between the control and test samples. (C) Analysis of the
copy numbers of each indicated region of HY5 promoter tested in the ChIP-qPCR. The sequence of
primers used in gPCR is shown in Appendix.3. (D) EMSA experiment to confirm HY5 protein directly

binds to the promoter region of HY5 gene, and the sequence of probe is shown in Appendix.4.

BbAh, ERHOE IR A BB IS hy5 pHYS5:HY5-GFP #6FE RIZh i AR 48, FRATT
KIL HY5-GFP £ A SRAEMRI S E IR 2 A7 70 A i) (& 3.20A). HAR HY5 HH
e Mt b FR RS sl AR (1] 3.16), {ER B BB HY5-GFP & E AR H> H A EAR
Y R AN P BEE MAG IS (B 3.16D, 3.20B), AT 3.20C 7”& T Mt Bk
PR ESRSN F ORI HYS B EVRIR AR IE 1 HY'S B (1 25 0] 40 A o SR T3 -0
HY5 & FEAR 0TS A HYS BRI k2B X — IR I (14 3.15, & 3.17 Al
K 3.18), IELFATDAAEREKEESS HY5 & (A RIRARAH HYS BEAM KR, BIHYS &A
TEAMUEDEAE SR s B, @i “ ARMIERIE” 1177 2R BOR MRS 5 1EH,
NI A5 1 M RO AR AR K TR B0 (1 4%
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Figure 3.20 Distribution of local HY5 protein and HY5 protein derived from shoot in root tip.
(A) HY5-GFP signal in root of hy5 pHY5:HY5-GFP transgenic plant. (B) HY5-GFP signal detected in

the stock root of hy5pSUC2:HY5-GFP/WT graft chimera. (C) Model displaying the distribution of local

HY5 protein and long-ditance HY5 protein in root tip.

3.8 i EXBRET HYS FHERARE KEM MMM AT RS ERE

AT S R U] HYS AR S 5HADGE S SRR AR, B4 HYS
FEPRZ an AT P AR AR 1) 23 AR e T R AR B AR e 7 FRATFEA ST &5 ] 3.3 i
3, B S RAEKRIFAS S5HEDGE SRR ERE IR, HEAEKER
B CRARAR wei2. AR RARA tir-t LLKAF 54841 7) axr2 TRASAKHIIR I 7 A= G Bhoxt
Hh EYE RS AL IR BUR (B 3.11B), X I Fys IR R A&k B I 3K
SR TR R A A KR IIER

AT NBIBE RN, | PIN SR B AR E A i 4 i 8 L R ) AR K R AEAR AR T
iy 228 I (A B2 o Ar o TR 9 73 AR A 2R )3 3 AT AR 2R 1 3 1) £ FH (Blilou et al., 2005;
Grieneisen et al., 2007; Osterlund et al., 1999; Sabatini et al., 1999). Bt skt E IR A=
KRR R AT RR A AE KR RHIEM, A HYS FEEFER AR il 4
KE HYE 5B A R LB R A K R GE e ?
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F=w 4R

PINL 8 O AR K SR AR AR 2R ) Tl (1 ia B LA AR R ZEROME A, il 3.21A Fiw,
AT I pPINL:PINI-GFP ¥R 7 5% 5 £ 06 NI, b B & ARG RS A &
PIN1-GFP {EML IS B 7K P A5 i 5 A7 5 10 =4 FEAR BB A T4 25 JR G I, AH = — 30
PIN1-GFP (h i Bt N\ BE A FE I, AT PIND 25 (I 7ERS Ab p (1 R ILER MB35 00,
G H A REM M. BIRFLE 2008 4F Laxmi 25 N ph i 1 S5 605 5 55
AR PIND 25 P19 o2 I 5 o I 41 3k 4 9 8 VR0 30 22 YOV JIE 7 (Laxmi et al,,
2008), {HFATIR) bk 4 HR 0 BE i3k — 2D i i . E OB R IEAXAR 2 PINL 25 11 5 (1) 52 or
FAE RGNS . [FIN, hyb hyh RASRTS 50T PINL 8 A EAR IR 7K P40 ffd 5E o7
XGRS B A R AEE R R (8] 3.21A).,

AREBWR, BATRIN FE KRR R LI IEIZHH PIN2 & 0 Foy
MAAEE R RGP, 1 3.21B ffizn, 24 pPIN2:PIN2-GFP [y b ififl 44k
PARG AP — BT A S, — B G RURRIRF P PIN2-GFP (17K P23 B 25 FRAIK, R IR
2R PIN2 25 [ & X6 0 S N2 T B3 . Ak, BATTE K IR AbAE SRR
HIRR IR, HH ) PIN2-GFP 7E3b b WG 7K ST 35 w8 T4 b A T R 4 R i
[R7K-F (& 3.21B), UM FOGREAR SR LUAIER R PIN2 B2 /K F. [RIIS, R4
R B E IR HR IS PIN2 2R /KT 22 o T M a5 5 HYS 2 A IR
(1, BRIy HYS B[RS FE DR HYH R ) RARAE 1 PIN2-GFP fEAR AR b i 25 AR 244 4k
FREBUR MK, 25k 7 8 A4 R R B0 Hh_EO RIS BRI OB (& 3.21B).

HEAh, BATE RIDEIEAMGEMARA PIN2 FE AR & E, 1 HIERmIEL T4z
fRas (B13.21B), X5 Laxmi 8 N ZBTHIOC T IG5 S MM IR 2R PIN2 S EIK
SRV 2 i 5 7 IR A — B0 (Laxmi et al., 2008), HEERDIRAS T PIN2 2 A ERR
R BR T B AL T UL LASS, S AR 4 e AL TR B (K 3.21B).
ML, BATFER R, SRR PIN2 S ARk E3E TR, b
FS AR PIN2 B (1 1 BT 8 A7 2 DIAR B H WOE N3R5 R0, T AN 2 ith b
RURA RIS (& 3.21B). XIE/REEIER A KIEYIRIES, PIN2 FH L
240 M s AR T RE AN 2 A5 5 A TR 4 i S 440 Bl e A7 (¥ 3 245 8 Ak T BB 52 5 0k R
MM AR B R 2 (LA TS5 1. G FARR PINL A & PIN2 A
1E 5 5 B30 5 AT S AP YR BRRE R, A T AR AR S DO 2 AR DA i
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D AP R AR AR BRI 7 7 HLA F 72
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Figure 3.21 HY5 and its homolog mediated root local auxin transport regulated by light.
(A-C) HY5 mediated response of PIN1 (A), PIN2 (B) and PIN7(C) in root to light stimulus. 3 dpg
light-grown seedlings were treated by light or dark as shown, distribution of each protein fused with
GFP or GUS reporter in root tip was analyzed, scale bar, 100 um. (D and E) HY5 mediated regulation of
polar auxin transport by light systemically or locally. 3 dpg light-grown seedlings were locally treated
by light or dark shown as figure, then root acropetal polar auxin transport (D) and root basipetal polar
auxin transport (E) were analyzed. Values (means £ SE) with different letters were significantly

different as determined by Tukey’s tests at the 95% confidence level, n > 15 seedlings.
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F=w 4R

SRR, o AR AR i i (R RE 4 B A Y PINT ZEAR IR 17K 56 I
N5 PIN2 HE ARIIS 202510 (& 3.21B, C). HEFHEHIME, K PINT A EX
FEHI R MR KR E AR T b EFRAEHIRES, i H HYS 5 R I [l 2 R 7E e it
PR RN A T R EE N ThAe (& 3.21C).

BESR R AR A K A Mk g i A H RBEAE R IR PIN BRI /KSF- 32 31 HYS BRI A 5
IS5 BT, T4 MRIRAE K 3R AR M58 B 9T 32 75 DR L 52 B AR R B T T e 2 3%
MTCARIAEZR H ARC NI 28 CH-IAA) SAAMIE A K 00 2 R AG A 411 (10 AR 52 (14
B, RIS AR R AE K R M iz #iRE /1 (Polar Auxin Transport, PAT). 45 R B IR,
JeAE 5 ISR K R AR MRS H & O TR - L350 3 1, DR At b Ak T e 452 2
R AR R IE K R T s (K 3.21D) A Eistiitiaf (B 3.21E)
RS2 SZ )T ], T ELh b WO Be A8 A A RS PRI AE K R I B R AR 1 1S i e
AERFER =K (B 3.21D, ED.

MR AR 2R 1 1) HE S A M2 e 0 R 32 R AS (R 2 5 PIN2 2 K 1 1
AR SE A A L) (B 3.21B, E), FHAHL FYRlE A /DRl iRAe PIN2
B AACFRARG R T KRR SRR ), TR R ). IR,
HY5 He[R & AL HYH 78 iR AR 3 7 4E% CHMfE A, fE PIN2 ZEEK
SELE hy5 hyh R8RS S FHIZEIL (18 3.21B), MRAAEKZ 1 33 b s Sy e e
hy5 hyh AE0RTE 5 X6 RS B RIUSPE BB BRI, TLP R Tl e AR
N (P 3.21E),

A K R AEAR R B R T A M S e L R P 5 HYS JE IR 56 28 U R AN ) 3
I ASFEB R, BRI hy5 hyh AR (AR AR (1 1r) TH i B P58 B 6 0 Ak SR A5 87 A R —
SHEYZ SRS B UARFEE BRI S. (K 3.21D). EIARA A4 K R MR [ T
IZHI PINT 5 /KPP OBIRORAS (M 5 PIN2 -4 AHALL, (H2 FTREER D PINL
EAMTH, E AT EEs s HYS JER R A I AR, S s 7 2
FEIRNHIRF I .

BeAh, AT HYS FER oK RSN 1 HRZR PIN2 A PINS BRI HIERIA,  MifE
BE7KF_EXF PINL AT PINT (RIEAEAE TS (K 3.22), WE/RE HYS /- SHIDG R
MR PINT 5 H KIS IR T RE R AR G P b AR HYS {22 7 PIN2 [
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e ss, ARLFRAT TS et 5 s SLUTHEAE PIN2 JE K JE 31 BT 2kb b 3R A 2
W HYS B A E AN X B AR 2.

454 COP1-HYS {5 S H s R A AE A A T (B 3.1, A7 Eik

ML REL, H FGREE RAE S HYS 3% 7 HRR PIN EAN SEKERNE
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Figure 3.22 Effect of HY5 gene on root PIN gene expression.
Root tip (approximate 5 mm) of 6 dpg light-grown wild type and hy5 were used to analyze the
expression of respective PIN gene by RT-gPCR. Results were calculated using AACt method and Actin2

gene was used to normalize the data. The sequence of primers used in qPCR is shown in Appendix.2.

714h, Dello loio &5 ANRIE A K2 AE 51121 IAA3/SHY2(SHORT HYPOCOTYL 2)
e PRI 1T PIN =R ) 2 RS AR AR A0 M 1) 23 2E 7 A AR I e 8 52 AR 4 43 A 21
,/\EI’Jj(/J\(DeIIo loio et al., 2008; Tian et al., 2002). [k, [FFEZET PIN WA A5

REJIHI HY5 5 SHY2 & BAFAE R R ?

A B RT-QPCR 2047 & B, SHY2 FERIZE hyS SRAS AR iRk B &
TH AR (K 3.23A), FH HY5 FEARIANH] SHY2 JEF {5k, X5 Tian 55 A
' BRI SHY2 25 K 0k (1 45 L2 — B (Tian et al., 2002). Ak, AT —5
BT R I HY'S % SHY2 Ji R ik (1 452 — Fh B3R E A 750, R ChIP-gPCR 43
W B SHY2 JE [R5 S 4h A i T4 200bp X dkp HYS A KEE 4 (K 3.23C,
D), 1M H EMSA SZiIEN] HYS 8 FER S e B RS & i X I &5 G-box ) DNA
FEB (E 3.23E),

ﬁﬂ]ﬂ

F
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Figure 3.23 Direct suppression of SHY2 gene by HY5 protein regulates root meristem activity.
(A) SHY2 expression level increases in hy5 mutant root tip. Root tip (approximate 5 mm) of 6 dpg
light-grown wild type or hy5 on the MS medium were used to analyze the expression of SHY2 gene by
RT-gPCR. Results were calculated using the AACt method, and Actin2 gene was used to normalize the
data. The sequence of primers used in qPCR is shown in Appendix.2. (B) Downregulation of
endogenous SHY2 expression partially rescues the root meristem phenotype of hy5 mutant. Values
(means X SE) with different letters were significantly different as determined by Tukey’s tests at the

95% confidence level. (C) Schematic representation of SHY2 gene promoter region. Thick and thin lines
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correspond to coding and noncoding regions, respectively. Bars with numbers indicate the DNA
fragments tested by ChIP-gPCR. (D) Analysis of myc-HY5 enrichment in different regions of SHY2
promorter. Anti-myc was used to immunoprecipitate myc-HY5 protein and the amount of Actin2 gene
from the ChIP samples was quantified by gPCR to normalize the results between the control and test
samples. The sequence of primers used in gPCR is shown in Appendix.3. (E) EMSA experiment
conducted to confirm HY5 protein directly binds SHY2 gene promoter region, and the sequence of

probe is shown in Appendix.4.

SHY2 i#id 4% PIN /1 S AE KRR s F ok i A0 70 28 (R idkdu s fb, i
LR IRR S A AN A% H (Dello loio et al., 2008), AT AT ELEF A2, hy5 5
AR HIRR IS 3 AR 40 M K H A2 T A8 /b JF HILAR SR SHY2 B i sk R & THa (B
3.13, K 3.23A), M2 HYS XS TR A LA IR % 2 KT SHY2 e ?

“ NI micorRNA” Cartificial microRNA) A A 45 Rth PR HE L ] (1) 3R 3B 7K ~F
(Ossowski et al., 2008; Schwab et al., 2006). [Ftt, AT hy5 FRAA ik N GEFE %
JEAKP EAE R YR SHY2 2% mRNA & &1 A T microRNA #ifgk (ki H
TELRT A http://wmd3.weigelworld.org/cgi-bin/webapp.cgi), %15 hy5 35S:amiR-SHY2
FeRDHUF T, oM SHY2 FEBEZK-FHIBEARXS hy5 FRASARAR I A2 B8 ) BITR B 1E L o
53R n& 3.23B ffin, hys 35S:amiR-SHY2 LK 4 i (AR 9 70 AL 40 B 25 H AHEE hy5
RAKEEFEEZ, (HIFETEEE 2B ARKY, XRY] HYS FEFIR AT §E R 27
I SRR SHY2 F: R i Rk R T RS20 A 2K 5

3.9 b ESEBRKH HYS AR EAD IR BRI R R 1

— Mk E, el R IEEE e DU AR Y % A 1 F (Eberhard et al.,, 2008; Sargent,
1940). 1ff LUGEAE P RERE AR IR (C) S KEFRAIITREA (N ZH
RS- 47 S R T 3 A K R B b 75 1 (Stitt and Krapp, 1999; Zheng, 2009), i, #iF
R A A 3 bR ARV 5 3t L BRI I O S 1 T [ E B AN IS AR, B 4R P 8-
HRR A R R G NG IR A ZE A

FL b, AATRAEAR 22 R o A AR M 3R S 2R T 7 A2 32 2D IR E
(Bot and Kirkby, 1992; Hansen, 1980; Scaife and Schloemer, 1994). fE%i7 pH. &S 7
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R IR, PRI AR 2 58 2 MU NOs LASREUAUR, 1IR3 NH,"(Miller and
Cramer, 2005). FRATFEINFG I oh A DRI L (NOs) B2 Bl 40 SO o 1) 15
N (B 3.24), A EERZ, hys FASAMRIIL NOs [ S xf Hh_EEHE A28
WILFATAAAEN N (K] 3.24), X UGS 5Kt HYS 5 PR SeB8L R I+ 1 AR

ENiORRE

gmo
% - WT
% 2801 —o-py5
o £ %01
Z -
£ £ 40 -
° E
& ‘© 201
£
N D T 1 1
% 0 10 35

Light intensity (pmol-s-m?)

B 3.24 JEHEMKHE HY5 ZFE (2R &3 R
Figure 3.24 HY5 gene is essential for light to promote nitrate uptake by root in Arabidopsis.
Light-grown 10 dpg wild type and hy5 mutant seedlings were given variable light quantities for another

4 d, root nitrate influx was measured simultaneously.

H AT, R0 L3 SR 53 76 3% 3 B 8 IR o — R B s B A SEOL )
(Amtmann and Blatt, 2009; Gojon et al., 2009), 2 Fg 77 H &5 1 5T I NOs ) = /& NRT
3K F i i 2 B AL (Wang et al., 2012). FRATA I, HE L 7E 50 R 6 IR Rl

(10~35 umol s m?, REFRIL), HREA NRT 32 B35 (K] ) 22 5 B 25 b [ 0494 58 i 134
(B 3.25A), X 5 3RATIARIR UL NO5 fr I8 26 B 4 Hhy_F e Fro 38 i 38 oK fry &5 SR 2
FEHEWIEI (B 3.24) . Z TR TS R IR 5 A ) A U 18 SR 1) NRT2.1 E ]
SR FFAR AU NOs 22 1 3= A 5k (Remans et al., 2006b), FATiX B 5 hy5 KR
WL NOs %A b 2k [ AR —ZX 2, NRT2.1 BRI {I3RIATE hy5 SR A
FREARFF BRI RCT (& 3.25A), 1X i B DGR AR i NRT2.1 2k fO e BEAR #t
THIEDE(ES HYS AR X T4 5 2 Hh R WKk B RN 4% (sensor) 1 F
[*) NRT1.1 J:[Fl(Ho et al., 2009), ‘B EAR 1[G Hh FoGaR AR )R IEEFH BIR BT
NRT2.1 F[K], HIFZ0E B LALO HYS BRI B B B AV (1&] 3.25A0 ¢ M [ 14w i
FSE A RIS B ) NRT3.1 36 K 2 IA 0 R AR - A R 45 Uk (1 3.25A),
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A 3.25 #h EJeiEE HYS ¥ NRT2.1 2R RIE.
Figure 3.25 HY5 mediates light aboveground promoted NRT2.1 gene expression in root.
(A) Response of root nitrate transporter genes expression to light abovground. Shoot of 3 dpg
light-grown wild type and hy5 mutant seedlings were exposed to different intensities of light for another
3 d, while roots were kept in dark simultaneously. Then total RNA were isolated from nearly all root
part, RT-gPCR was subsequently made to analyze the expression of uptake genes for nitrate. LI
indicates light intensity aboveground (light intensity, umol s m™). (B) Contribution of shoot derived
light to the expression of genes for nitrate uptake. Root of 3 dpg light-grown wild type and hy5 mutant
seedlings were exposed to light for another 3 d, simultaneously shoots were given light or not. Then
total RNA was isolated from nearly all root part, RT-gPCR was subsequently made to analyze the
expression of genes. Results were calculated using the AACt method, and Actin2 gene was used to
normalize the data. The sequence of primers used in gPCR is shown in Appendix.2. Dark column

indicates shoot (L), root (L), and grey column indicates shoot (D), root (L). L, light; D, dark.

AL sl, AT R IR B I CHIEO T, 350 e 4k B S b BT A5 R 5
NRT1.1 JEAFT NRT2.1 A R IEHB R 25 N (B 3.25B), W& s b b ' BE AR i b
IR A SRR BRI, XS5 REEFATZ AT R TR IR I NRT2.1 2 [A]
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[ 5 52 B MR RGeS 5 1R B HED RS 2 AN I 4 (Forde, 2002a) . %
e, FATKIARGUES HYS & A2 seBiih s A SR G R 0 OG5, RIS
B gs R EIRTE hys SRR NRT2.1 JE R A /K-F 1 iR 5 e G IRRES HAAEAE
BERMHEINE (K 3.25B), Xt T itid 29 NRTL.L B Rk S, hyd R4
IFREI 5B AR B AANE (& 3.25B).

A 2000 -1500 -1000  -500 AE“;
1 1 1 1
' 273475 67
B 3.5
€ 3.0 1
£ 2.5 -
S 2.0 -
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L
o 1.0 T
S 0.5 A
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c MBP — 4+ — — — = =
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Competitor — — — _ r——————
Bound probe = . & o

Free probe ~ (i) @ &5 @5 @B @D @9

226 HY5 BEHEES S NRT2.1 ZFEREZ T
Figure 3.26 HY5 protein directly binds to the promoter region of NRT2.1 gene.
(A) Schematic representation of NRT2.1 gene promoter. Thick and thin lines correspond to coding and
noncoding regions, respectively. Bars with numbers indicate the DNA fragments tested by ChIP-gPCR.
(B) Analysis of myc-HY5 enrichment in different regions of NRT2.1 promorter. Anti-myc antibody was
used to immunoprecipitate myc-HY5 protein and the amount of Actin2 gene from the ChIP samples was
quantified by qPCR to normalize the results between the control and test samples. The sequence of
primers used in gPCR is shown in Appendix.3. (D) EMSA to confirm HY5 protein directly binds to the

promoter region of NRT2.1 gene, and the sequence of probe is shown in Appendix.4.
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FREEREFW, th FOCRRKE R SiE S HYS & A ME A NRT2.1 R %R
SBE TV AR R I FR B4 HY'S B FEAR 02 i 2 NRT2.1 = PRI SRk 1 W 2
ChIP-gPCR [M&5 R Eox NRT2.1 BRI e aafir sl HIF4) 1300bp 11X Bt DNA REHE
HY5 A KREE4 (B 3.26A, B), AN, EMSA M2 R MK HYS5 & H A LAFEE
HPE R B ZBUX I DNA (K] 3.26C). R, XL R HYS S AEAR NS
NRT2.1 F: KA 1 5 ) 1 X35, B EAR 3k NRT2.1 R 1 RIE.

A B =
N4 512
= X >
24 £2 9]
: mg
; o ¢
£ 2 Z7 9]
= rg E
5 11 o 1 34
5] r -
o £
0 - & 0-
6\\“‘ 46\\1\“ 6"‘\‘6 46\\“‘
) P{\A W k\'\

B 2.27 # EB HY5 F AR NRT2.1 2 F HFRIEF IR BRI FEE,

Figure 2.27 HY5 protein derived from shoot could promote the expression of NRT2.1 gene and
increase the uptake of nitrate of root.
Shoots of hy5 mutant and hy5 35S:HA-HY5 seedlings were grafted to root part of wild type seedlings
respectively, roots of survival chimeras were used to isolate RNA to analyze gene expression (A) and

simultaneously used to detect root nitrate influx (B). Sequence of primers used is shown in Appendix.2.

AL, WML AIRERN], KA TH LEH HYS AR 52 et
MR NRT2.1 BRIk (8 2.27A) I BLAE S W] 2 b i AR 0T 1) NO3FR IR i
(K 2.27B). XUiH] HYS5 & A/ENIIADGAE 5 B EZH 7 AMUS 51 EOIR R A4
KRR, T HIEx A G E IR R A R & IRkl (FATIX BLRHR R TR 3
T ERHEEREH.

WK, A — e Y5 F N REAE 3G I tE 4 4= 9 & (Khoshgoftarmanesh et al., 2011;
Kohls and Baker, 1989; Traore and Maranville, 1999). A 1& I, 7EEFERH NOs K EF
AR 25 mM SE I P, B AR B0 RE T R e B DA T B A RE S NO5 YA JEE A48 o 17 Y
MmN (1813.28A, B); 1 hys RASMRHIEEE AE NO3 WK DN 5 mM Il Sk B e i
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W, Rp)E T EAEANF 1) NOg W25 NI A TR FFAZHPIRZS (& 3.28A, B),
IXARFTRESE R hy5 fiRHH R /KF I NRT2.1 25 530 hys B RIIR #4182 NOs 1 RE
TIESNF D NOs & BERIARF M ERA Bt Qs 2 AT .

A S 8.0 Ba 0.50
E . - WT E 045 { —eWT
t_:u . —o— hy5 t_:u 0.40 A —o— hy5
j=1 [=1
5 60 5 0.35 1
j=1 (=1
= 50 — 0.30 1
£ o =
'ag; -09_" 0.25 1
= 40 2 0.20 -
e
3 3.0 a 015
L 0 011 5 25 50 0 011 5 25 50
NO; concentration (mM) NO; concentration (mM)

3.28 HY5 BERIAWRRIKEXIR T LW E K.
Figure 3.28 HY5 gene affects plant biomass in variable nitrogen concentration in petri dish.
3 dpg light-grown wild type and hy5 mutant seedlings were transferred to the medium containing
different concentration of nitrate respectivly for another 10 d, fresh weight(A) and dry weight(B) of

seedlings were analyzed, n > 50 seedlings.

JEERSE AR R A E R, FRATTISEI0 25 SR, L EO IR 3 5
[ N AR U IS, T HL HYS &R FE 9 R G5 il B NRT2.1 BRI A&
BN G T BRI R B . e B AR (C) SAREIRIE (ND £
R RS A ST AR R (CIN ratio) “FHTILESME, HHFFREY NRT2.1
e PR XS T W VA ADLP B U R 4 T LY D RE(Lttle et al., 2005).  BEAR HY5 &
XPHRER NRT2.1 F R 8 BAT B E R, A AT FN3E HYS JE R fER ) #
P CIN P16 LASE 7' AR 1 de it o 15 R 4 0 1 L 1 2

BRECTPEEAY (CNBM, AR “FREL RS AN 1) CINRSHEA
e TR AR IR B S R A KA (Bryant et al., 1983; Tuomi et al.,
1988), RHE LAY, CIN LREFVHT S AE ) IE N A A AR A i St AT o0 AT
I = LR TEA R P AR K R I 3 CIN bUAf, 45 R s B AR AU
FA AT BRI CIN LUAEAE AN T s AR (I HE A EORFFRRGE (K 3.29), T [RIES hy 58
ARR ) CIN LU S B 3 i Fr A K (K 3.29), F B HYS ZEF Dh Rk
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LA REDRAEILL R T ARG AR A B A7 25 A T AR R BT o X T hyS SEAR A b e
585G CIN LB AIHEIN, B T e SR K2 hyS SRAR A AR &R I+ AN A F A 85 i A AL IR s
2 MR T 207 HEYIBR RCIRES 1 R0 o
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3.29 MBEFFHE_LAF C/N EXTSPFFOGHE IR BEAR AL SR
Figure 3.29 Response of plant C/N balance to changing light quantity.
21 dpg wild type and hy5 mutant seedlings grown under different light quantities in greenhouse were
dried thoroughly to measure C/N ratio. Values (means + SE) with different letters were significantly

different as determined by Tukey’s tests at the 95% confidence level. n > 30 seedlings.

HY5 J ] 58 502 ] SEER MR CIN P47 CRAEAE )i DL IR B O s AR e 2 22
R HRIEFR hy5 SRR o - SRR SR R4 3 BEBE MK (Oyama et al., 1997), 841
AR I hy5 i bR £ 3R & SR FUEF AR AR 28> (] 3.30A) . LR & 1)
DS — R B R K )% A E A (Fleischer, 1935; Hallik and Kull, 2008;
Mauzerall, 1976), £ N )aA =4 3 B X BB 1 & & 0 35N 52 315210 (Everson et al.,
1967). AHFLRY], MEAHENE-6-BER AN (T6P) & MH) TPS1 K R IA /K1)
PAZE B S BRBR KA S P& 5, R0l REAE & 21 ik (Wahl et al., 2013), FRAITAIN
TPS1 E:[AI7E hy5 i B FEACEAH LU E A B 2 R % (18] 3.30B), XIE7R HY5
B AE M i 3 7O KA & (EER R BRI,

AL, SWEET 5k PR SN 't & 7 W0 RERE M GRS - PR 4 i 4% 328 21149 B #4
RAE T REHI1EFH (Chen et al., 2012b), FRATTAHL SWEET 2 R SR 1 AR 22 B A 135
IEABAE hyS SRASURI E A L TR AR 2% TR (& 3.30C), RH HYS A e
PAYIRERE H B AL SR R IE IR . R DU YR BIRIE (C) 12
R4 Y B UEURT P 22 TR) ) 73 BCAE AR AR B2 AR AT RE 32 21 HYS R 1%
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Figure 3.30 Carbonhydrates status of shoot influenced by HY5 gene.
(A) HY5 gene regulates chlorophyll content of shoot. Shoots of 7 dpg light-grown wild type and hy5
mutant seedings were used to detect the content of chlorophyll a+b, values (means = SE) with different
letters were significantly different as determined by Tukey’s tests at the 95% confidence level, n>20. (B)
HY5 promotes the expression of TPS1gene in shoot. (C) Expression of SWEET genes for sucrose efflux
in shoot is also regulated by HY5. Shoots of 7 dpg light-grown wild type and hy5 mutant seedlings were
used to isolate total RNA to analyze gene expression by RT-gPCR. The gPCR results were calculated
using the AACt method and Actin2 gene was selected to normalize the data. The sequence of primers

used in gPCR is shown in Appendix.2.

B JVFEAE /AN« /KRG R A SR Bt i & MG B B8 (2 AR 6T NO5™i8 1 ¥
it (Li et al., 2013; Zhou et al., 2009), X ISt &G A LERE CIN P4 1) — AR 45 (1 1
E AT RENE e U8 (2 Ut B AR R R AR i NRT2.1 JERRI R (8] 3.31A), 15
NARBIZ, 1€ hyd RAMTINERERE LR E T 7 SARE NRT2.1 BRI R IA 1 A
71 (1 3.31A), UiWIREREE SAR R NRT2.1 ZE K (R IE KT HY5 LR ThfE. HY5
B DR 6 RERE S T B SR R R (L B, BE 68 M\ 17K R BRAT T A T R LY
HYS5 R R UE AP TE o AR A A A EFR AP X — B (181 3.29).
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3.31 FEFEXT NRT2.1 ERREKFEXKBT HYS EERSSRES .
Figure 3.31 HY5 binding affinity is critical for sucrose promoting NRT2.1 gene expression.
(A) 3 dpg light-grown seedlings were transferred to different concentration (1%, 3% and 5%) of sucrose
contained MS medium for another 3 d; roots were isolated to analyze gene expression by RT-gPCR. (B)
Sucrose does not affect the transcription of HY5 gene in root. The qPCR results were calculated using
AACt method and Actin2 gene was used to normalize the data. The sequence of primers used is shown
in Appendix.2. (C) GFP abundance of pHY5:GFP and pHY5:HY5-GFP transgenic plant in WT
background have no significant response to the increase of sucrose in medium . (D) Sucrose does not
increase the binding affnity of HY5 protein to the promoter region of HY5 gene. (E) Sucrose
significantly increases the binding affnity of HY5 protein to NRT2.1 promoter region. ChIP experiment
was conducted using plant grown on different concentrations of sucrose contained MS medium.
Anti-myc antibody was used to immunoprecipate the HY5 associated chromatin, and Input DNA

obtained in ChIP procedure was used to normalize the results from samples grown on different sucrose

environment.
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REPEEAR TR i@ I HYS SRR R 15 5 T NRT2.1 3L RIRIA MVEFNE ? FRfi1im
i RT-qPCR 43 Hi1 % B A0 5 R B I 6 B 2 s DL g SR AR b HYS JER IR (K
3.31B), M HAMEREbE AL HE 5 2 2 1N pHY5:GFP # R KU R S+ il GFP {55
fsRRE (& 3.31C), REABEPEI AN HYS LM P RFEFACE. Hoh, HERE
HALI A AR HYS BB A e (K3.310), thaidil, Rt A2y
MR HYS 2 7K R 3 AR o I AR SCRTTIE A T HYS 8 Fiid B 45 & NRT2.1
BRI A 7R RE NRT2.1 SR, (K] 3.26), Fik, FEFEZEZE#Mm T HY5
B A% NRT2.1 5685 3 7 (145 40 ?

ChIP-gPCR 45 R H, EMIVAR L (MFE S H i A1 2 HYS Bk A J R H 37
BRI ESE (KB 331D), HAMHF HY5 X NRT2.1 B G237 B e R E
i (& 3.31E) . XA SRR AR o HY5 JE K138 (& 3.31B, C),
BB EERE NRT2.1 JER 5 (& 3.31A) 204, 1M F R [X 45t
7 HYS5 B AL A A REEER, G Mot — 5ot

EREERB], REG(ET HYS EE AR /LRSI 155K AL S
K, A RSB LR N BB T bt bR DL R A7 400 1 A e AR R A e )
T O T SE I E B A B B AR R A LUOE B R RS AR A B e
S
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ENE 5%

4.1 +1ig

4.1.1 SOREERNE KK T i EERES

AR N 5 AR A S AR B A T N A I ) E AL R 70 o BRAR SR TR K
KRB RN SRR 2 MY E 2 F R 2 KB 7T 8 (Dyachok et al., 2011,
Kurata and Yamamoto, 1997; Lake and Slack, 1961; Macdonald, 1976; Torrey, 1952;
Vinterhalter et al., 1990; Wilkins et al., 1974), {H&iX ¥ 57 KAS & 105 IR 77 3 bt
TR, B FRIL L NATTRIAE T RAE R R, 2 RO IR B R Fe A0 H 5L
R )P A2 K (Macdonald, 1976). 22 r=4= 1% PE 4 (Yokawa et al., 2011) %5515 AAT1H)
WFFEIFEAS— 78 BE L5 S WUAR AL T3 X 1B D' B R i bz

HL b, MEBEREAAC AP IR A B L8 7 ADREFER
(Roycewicz and Malamy, 2012; Xu et al., 2013; Yokawa et al., 2013; Yokawa et al., 2011).
AR BAIEET MS BIRRTFRE AL TR RE O R (K 3.2), URESEY)
FORR AL AE RIS ) ARIRES . B 8 s i6 DR TC W JR 8 WG S, AT LI RE I D941
BRI EO6 R B 3G s e fig fe it B PR A KA E (K 3.1, 18 3.3 F1 3.6).
B, DLRRI FRoAR B AR anfer e 2 ' 9 e ORI SR VI R A B T-3RA1
SNV AT & N A A7 AR, 17 Bk N EAT T 40 O RER A K& S R
S YIR AT e

Jea 8 L Ak TR ) S 55 TR R RN O U0 T T AR A K K R AR T 3 D
e ERRAE S YR CRICGROVIEDEE S, SARGHES) (K 3.8), Mt
ZIm AR A SRR S E A R AR A NG IR A T AR R R, R W] i A
KERAMFERE LLANE S 2 5 S EOGRERARA KR (K 3.7, 83110, &
A W TR B E VI RERE 2 A B SRR R RG-S Y0 AR DG TR P UL R I EAR A
TR A B R HE TN RE(Kircher and Schopfer, 2012), i Schr b, 535 Mk R = 1)
CO, AR I HIC B AE AN W0 LT 58 e i 15 7 3k o (R B i 5 A (Xiong et al.,
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2013), JIt LAREREAS P B AT 7T 44 b BRI e AR AE Q) R 3R . Ak,
A WS I R Wk |G T B AR K R IR R IR SR IR A A K R B sz BE 3 3L
IR AR 73 A X AR /N AL AR K AR 5 1) 2 Y (Chen and Xiong, 20093, b), 37 FrkATk
DI 220 G O AE K R I S EOG R FARA KA (B 3.1D).

412 HYS EHR RS MHARESHYIR

RGN R LIA R A4 E Z [AME BRI R b 277 5,
) SRR A dr ek R v i 07 O, b SRR R R RS K E E R
(Jackson, 2001; Kim and Pai, 2009). A YIHEHTAE A7 (1)955 B 12 2% (Heil and Ton,
2008; Shah, 2009). fE 417K %2 JEA= 4155 35 JHlri (Hahn et al., 2013) LS A 453 ) Bl R <,
a5 138 4k (Gorsuch et al., 2010; Kangasjarvi et al., 2009; Rossel et al., 2007)%5%% . 4
SCIRAT R IRV AR A K E SRR 1 RO M B FR K AR A R G B

(K33, El3.24).

N FHEY TR G R NG SV EEZAFEEE . EH . mRNA, dE445 RNA
DL A g 4545 (Benning et al., 2012; Jackson, 2001; Kehr, 2009; Kim and Pai, 2009; Yoo
et al., 2004). FAT&K I COP1-HY5 15 SHEHALA A Kouf Hy OB HR K RGeS b rp R 4%
HEEMVEA (B 3.12), BRI COPL-HYS {5 5B A “difudk | 31" 13l
Ae (& 3.13, K3.14) JFEFUEY] T HYS S A& KRR IR, 8B i
MY b ARz S AR (& 3.16). AMWAnt, M FOGIGE FHRES HYS5 3L K 1RIE
BN R B 3 B HYS SR EREOE (B 3.17, 14 3.18), RWH FEZ6IE S
) HYS 8 KRR S R 5 2 3 S AR R D B . (R, X Eegh IREE ] HYS a1
NHEDGE T I E A Sy, 250 I B IR R GEE [N .

MR, ERALEMENREIEE D N EH MRS (nontargeted
movement) F1H KIPE#5) (targeted movement). & H HITERBh— BHE 5 & A A 20
Ji e AR ES B V) A G HL 2 1) T 82 9 21 & (Crawford and Zambryski, 2000), Tfij
HY5 & A E NI 2 7 4% 5 R T (Lee et al., 2007; Oyama et al., 1997), BE7< HY5
HEAER RIS AR RY BT . THESE L, B ATEREY T R I B AT 40
o [5) 7% B 68 7 R % 3 R -7 2] A R AR /D % (Jackson, 2007; Kurata et al., 2005; Maizel,

63



DA R AR A AR R 70 1 HLA F 7T

2006; Xu and Jackson, 2012), % KN1 (KNOTTED1) & H(Kim et al., 2003; Lucas et al.,
1995). SHR (SHORT ROOT) % -] (Nakajima et al., 2001) . LFY (LEAFY) & [ (Sessions
etal., 2000)55 . &K H A B BRI 3 7] § 3= 2 HH 8 E 7 FIRFIE L€ (Jackson, 2007), it
FeAR M KN1 & H B2 VA 5 AMEEA Oy KNL S BRI a R s e /), sfiZ&
R AR B K LB i) (Lucas et al., 1995). AUINL, w542 T BUAS BN A% e iz
ff) SHR 25 3 ) 4= £ 2% 5 A [ 315 1 (Gallagher et al., 2004), 1459872 ) SHR & A
B e s 5 X AEVK 2 H % 50 1% (Gallagher and Benfey, 2009). [Klitt, %@ hifE 5 5%
VRS TR s I 3tA B AENLH], TR RSG5 S HYS 8 B e SEIL4H i 1R )
F 5l M 75 AT TR R AN BT FT

IR R, BARIRATIE HYS S EENMEDUE SIEEA SN
RO EOGHR [N, (H HYS SRR AT RETEA R Z 50 S R gt SouE S Ui
DG(ES@Ae) WME—P. BOVRANTBISEI 4 R Bon, HYS EARMRA R iE
LRI N DG REORFEA AT ERER I DhREAN, XHVE TR (An@E. B B K Is P
HIZIAR DGR A B F B R A Tk (B R BoR), BARRXIE T E AT F 2 T5
AT P RAIE. IO — rEAEERZ, OGRS MRK AL (B 3.1,
Kl 3.6 MK 3.9), MAKREER 7R AHIMIADGE S B hys RAZKE MR % H
KPR 2 B W), JRATHENLX AT EE S hyb M NRT2.1 H: R H) Rk 7K
AR (K 3.25), BNAHIFRY] NRT2.1 B 1 RIEHIZ NOs HIZIRE, ARSIl
R & A= 18 F (Little et al., 2005).

4.13 £ RESRIARGE SRR

AR BN TR S YR, AMUTEAED A KR G R IR 2 J7 T4 40 i 4y
Kot HEWHIE . S B KAESE IR F 0 e HifZ (Woodward and Bartel, 2005),
117 H X 85 PR 5 DL 5 R A K05 3t H AT 3 G B K /E H (Teale et al., 2008;
Vanneste and Friml, 2009). 1R 2 7T # R WA K RIES R EMAEA RS E TS
A YRR DL & A FFL A (Halliday et al., 2009). FRATTAR I, EH GRS T Il E r i
i (FERZIRMM D) PAKRERERAZIDRRHREE (& 311A), X5
ZLOGIG BRI AN R 7 A 4 P A 2R A AR K B K R ARGE B A= — U (Liu et al.,
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2011). BEAb, EERZFumAKER G RN FEORIE CGERAGEHAESH) WIF AR 4R
R ERE S5t eI A m . (B 3.11D). X Ui BARAE KR e Kt
k% EEH —Fh RGNS 595 (Jackson, 2001), {HX E A SARA K w6 g
M RGE T IF R KTk . REWL, A KEEANBEHEFNRERKRRE 2 AHE
B I TR 460 AN 7] Z 40 (Overvoorde et al., 2010), FAITR A K 15 54524 (n
tir-t £ axr2) 2815 BRI 70 423G B LA B B DGR B 2w v (1] 3.11B)),
e 7~ A AR A 73 AR e 0T 1 E O BRI OB i 2638 A T ARG ANt ) AR K 3R A5 5 s 4%

H PIN & F 4 S AR A AR A SRR MR Fa R AR S 4 £ 70 2 03 AT B R H AR 2 1Y
S 1A ZhBE(Blilou et al., 2005; Grieneisen et al., 2007), Sassi 25 N fRiE T COP1 A
IR PINL K& PIN2 (2R K 3 AR MR R 6 BEORHOU Re JF th b EAIRR 2R K
EE, AR COPL A S BRETA T o 3 A s AR K &R AR S St s, i
27 EMRA A K (Sassi et al., 2012). {HAE, FATANIET COP1 & AKX MR IFA
AU A . e, 2R KR IR IR AR A K& e HT R B A K
BREFER 7 (Chen and Xiong, 2009a, b), BEiEITE PIN &5 S 0 1Al AR H K R 8532 Hn 114 25 g
AREXN ERPERKIRATREIHA L EZIEM . 3, COPL & 78 B FPAR EF 4 i
58 7 A SR A AZ P i (von Arnim and Deng, 1994), X FiE i T HE M0 1R ik 52
COP1 [ SEHUR Y _FOBIR £ 4% PIN A 3 AR K RAEMR IR M 185

AR SLBATRIARER PIN R, 45502 PIN2 &AM PIN7 2 [ HI/K P06 T 1a1 2
JelE CEI A _E A2 id D5 S 2 BMRERR O™ BAEH, 1 HYS BN
KRB B RS SR R A dE 7 AR HE /A (& 3.19B, C). 4R &,
HY5 R R HFRPEEEA S TREBT PIN BRI K E Wit F IR R4
PRSI 3.21E), A E MRz M i e st M 42 7 ARSI A= IX 4 73 2 o AL T 31
(Blilou et al., 2005; Grieneisen et al., 2007). [Fif, HY5 &5 X MRS SHY2 JE K Rk 1)
HIEANHI IR 22 5T TR AEXEES) (B 3.23), BRI R RAERRE
i SHY?2 & Ba | AR AMNE R PIN (3855, S EURR A X AL 7040 32 2 (2 12t
111 4 18 73 S A il (Deello loio et al., 2008). {H & HY5 H F4 DGR SHY2 2
DRI 2R 0 )R 4 5 A i 43 43R0 SHY 2 P4, 3 PR 42 B0 B FE AR 2R 7 A X Sl A7 AE 2
REERE F A B 1 Al A AR AN I 5T
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ENERERZE, PINL EEERIA M A e o EOGRE (a6 1k
AL P ) T 2 T AEE W5 77 B AR A R A NS B 100 o 735 W15 77 2 AR K 1) 4641
5 PIND 7E B3 WG AR SR A 20 i Hh 3 22 PSR 37 14 75 3047 ££ (Bllilou et all., 2005;
Galweiler et al., 1998) (& 4.1A), 11440/ 7 LA 3230 H SRR A CRPAR iR 4E
YERRAE JR TG b RN b BB AL T AT WOGIRES D, RO “IMBOLR” 5, dhitgnfiu
PINL 7€ fr EBLX I 2 57 K X X B PINT HEH W Rt e A T Fe 3
ML QC X B PINL I 5H 2 s 4k Rp 75 o i Ar FPIRES (Bl 4.1B). BAATRE
225038 PINL 7E R — 0 H ) 5 A A T IR 5 B IR FRAS (RAHAZAL) frI(Geldner
etal., 2001), fH7E[F—H LA R X8R R AFE A AS [F € AR CRIEARAL) 1
BEEHRIE . T2 h EE AT AR, PINL 7EAR S0 A rp 48 K 22 H0a0 e 4o 76 A 38
M (B 4.1C) . K9 PINT B9 2RI E AL F AR T K E B9 PRIz fi(Muday and Murphy,
2002), FrLAEl 4.1 B85 R B fEE Y B AR BV AE R AR b, M BB HRAR AT AR AR R
A A AT 0 T AR RIS f AP A “ IXBCE )7 LR, s BRI KR iz
WAR T REAFAE “HRZ 07

4.1 HESLRMEBOLRNREE PINL-GFP & A Y4 i e AL R o
Figure 4.1 Respective effect of direct light and indirect light on the subcellular location of
PIN1-GFP in the region of root tip.

F b, ERRIIEA D EX SRR RIE KRR S BT DR5 15
HPERIEM “YR3% X (oscillation zone), DR5 [T ERE WA KRR TFER
AN DX 35k P S 5 1 AR 10 1 (Moreno-Risueno and Benfey, 2011; Moreno-Risueno et al.,
2010; Van Norman et al., 2011), ESRILATH HTIFATE R PINL 8 7 A7 (9 X 3801 2 5
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(Bl 4.1B) H5RIAEK RTINS — € M RK R, (HARERR
BAE PIN BN A KRG @02 2 Y87 (Covington and Harmer,
2007). AN anit, AR BN ) A= Yo 32 ) T b R S0 SRR AE S
(111442 (James et al., 2008; Mas and Yanovsky, 2009), 1R 2 W 5T #8% I HY5 &K 518
VMM EDIAER, HYS EEAMUAT LS Ay oooft CCAL EEAMEAEM, 1M
HIGRE B 45 G4 Meh oot 22 R LHY/CCAL Ha sh TR Z A R M ERE, S
ST Y A Y8 1% 3l (Andronis et al., 2008; Li et al., 2011b; Maxwell et al., 2003).
REGHERNE RGMES HYS A RS 5SHMN 1 B SR E ARG S
Yol A A AT BT AR NI T o B AT A WEE R HYS FLFIXHR IS PINL HHH
V40 B E Ao mi B 4 EOGRRIGREm (& 4.1A), X AJ BB EAE — RN B 2 1IN [A] 558k
MBI TR LR, DR IOAR R A K R IR 5 7T 5 02 15 [ FEAFAE “ IR
X7 PLA HYS Jk BRIAE AR m] B R FE I DI BE .

4.1.4 HY5 EEEBEYHR A LEE R LRT S ZEFER

Hh R AR SR SR B A F IR AR R, AR PR e . R
VSRR 4, XU A AR IR A K R B AR Ok, i XA AR
G 18 H g 2 1 DA 3 80N AR R PR B AE {1 %2 OG5 % (Lara and Andreo, 2011;
Nunes-Nesi et al., 2010; Zheng, 2009). B 7K, Fi%ic XHE H NRT2.1 /£ WY
B P-4 P o 4% B R Th g (Little et al., 2005; Zheng, 2009). &A1& I HY5 & H
TER R TPAR TS B e % NRT2.1 BRI p ik, AT A5 F o BEOR AR IR o 25 U
HIETT (& 3.24, & 3.25 F11& 3.26); AManth, HYS5 FePE7E LR I 1 b A 520
42 B BT P0G F R T ELIE#% SWEET H: [ (0 23 155 6 & = i AR AL & 4 ik 43
PR A% (F3.30), ik, XRATRE(EAS HYS /ENN S FYCIRI RG0S 55m T
FEADIE LG R AR A I R P B A R T (18] 3.29)

HY5 & A7 RS S EADE SR (C) R (ND R
A, FATKAT LK B IR R BR 2T AR 2 s 1) i TR R LA o T R4k
Sebr b AR AEAE BLRE R B B AR, BATTHR A b6 A = R R DU G
R G IaH A, AR IS NIt I 7 A B 8 U T AR NOg I ISt (Lejay et all,
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2003; Li et al., 2013; Zhou et al., 2009), XK /REEPRELIGK (C) IR T LLEH
MAAR ST (ND Wl Lejay %5 NFLZEAE Ik & D0 R TFAR b e 25 5 e O
30T S 3 K, T L 7 e v B e AR R AR P T AV S AR NRT2.1 BRI Rk,
AT S0 45 SR 3R A RE G NRT2.1 ZE R RIA 5 5 5 OB (HKXO (AL IRER
WAL G A5 5 5 53824 5% (Lejay et al., 2003). A BB M, FRAT A B X
NRT2.1 JE PR RIE 1) 5 TP T HYS KDEe (& 3.31A), RIEENEIR n] R e 4 it
HY5 & FH 4% NRT2.1 BRIk, X EIIERE HYS FE S HKX HHRHBEE 5
EARAFAEAE A B3R BRI OC R o FRATTHE— 25 IR 57 2 B R B - AS 52 M 40, B AR
HY5 3 R )55 5 ) HY'S 2R AR E (] 3.31B, OO, i &2 T HY5 & A% NRT2.1
B E T4 &R )1 (B 3.31E), M-S NRT2.1 FEFFRE K 1I$Em . HFEE
SNARIZ, BRI HYS EAXT H SN E s T g &6 7 (B 3.31D),
XS b 5 REREASE AR HYS B RIA R AR (K 3.31B, C), T M A ik
BRI HYS & A I Te 1 (0 R AENLRE A R T SRR AT AL

Scbr b, AT ET AR AR SRR, X b R A A
WRAC T4 DA R 2 B 5 22 5 T 1 i A B R AT THE A /K7 e A s 2 Tt 4%
i 7 K& KB 5 (Nunes-Nesi et al., 2010; Sang et al., 2012), {H %22 41 Jfa () A 4 4> 14
SKUF, FRATTIRIIX 0 53 B TR 7 R0 ] R A PR B G A7 DA R B AR AR A

415HY5, XBEHEZMEAZNEESREF

HY5 B RS2 5K B o0 18 DR B 5 4 A N D615 5 1% i Ae rh AR s ¢
4 (A7 (Ang and Deng, 1994; Lau and Deng, 2012), A A, A0 5% K& B0 HY5 &
RITE ' BE 5 A ) 2% (Alabadi and Blazquez, 2008; Cluis et al., 2004; Jia et al., 2013; Lau
and Deng, 2010). Y¢H& 535 & (Catal&et al., 2011)AH BAE FH 52k Y0 13 72 vh # y v E
REER “BEHT” KAt TN RE, HYS EEENRGENIE SR
] A SE AP UAE R PR K P BRI 5 A O HABIMG R 7 (A . 3 (e IR
). R EHEYNERTRT R T CiEYEER . BEHE S MBS A EAE
ITHEE, W ORIERE A R A B 3 L 4D 7 A 455 R AR 4K,
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IR, YRR E RO IR AR BE Z AN T I Y, Hh 2 — sl E
Sy i AN (AN R ) 22 8 e 1 DA S A R B I AR B I R, Bl R AR
T LR TH AN N Z OIS AEEE . B, YU SEBL 2 Hud MO
ML At A DA AR LA AT £ T NATHBCE RER AN AT T, I 3RAA SR T HYS
B A PRI ERE T RBICR S AR B AR AR ZCTH 0 b EDBIRAR A S N R R
FRICHERE S AR il () K 54 1 R4 A BB At o 10 HLASSCIR N A2 % HYS
HeRE IR S Hoth 2 M R R 1« RS TR 7 " HOGAE 5 RGUIMEAL S A BEHEAT TR,
T AATT A T VAR G ] S BRR AR 3 3l M s B R B 1 ARk B R S E R
B
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4.2 45ig

b b WGE, AR I HYS B KR 28 2 AR IR BE R HYS B R4
HY5 B RITERRAIEL AT PIN A5 00 AR A I8 Sk 5 A AR 2 43 A= [X 400 Mt g 734
SACE R, IR HYS 8 A EARR B A s HE R NRT2.1 [F5R3K, AT S
P G RO AR AR KRR A Gt FR R o AN SN, HYS BRPREsZmafE 4 b3
B KAG B VIR AS FETEAR 30 78 A A 5 RE R AR RSO ], 32 T CRIE AR 4 H
AT, FRATUAE 4.2 X BRI HHTRIR, LoRE HYS &AWl AR EDEE S 1
HEMN I (RGUET) - FAEYH_ECIE R

——

g —= Photosynthesis
R ZN

.
sucrose efflux

C/N balance

|

Nitrate uptake

V%, "

n

¢

Polar auxin transport (PAT)

f

Root meristem activity

S

Bl 4.2 3 ESCIRSHR A KRB R R K AL IR,
LT REAR RS, SREMERE HYS EE.
Figure 4.2 Model of root growth and nitrate uptake regulated by light abovegrund.

Red circles indicate sucrose and green ellipses indicate HY5 protein.
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Appendix.1. Sequence of primers for vector construction

EIL/ELN S5 (510 3)
pHY5-F CTTCGTCGTCAGGATTAT
pHY5-R TTTCTTACTCTTTGAAGATC

pAt3925820-F
pAt3925820-R
PCAB3-F
PCAB3-R
PUFO-F
PUFO-R
pSUC2-F
pSUC2-R
HY5-FXb
HY5-RSal
GFP-FSal

GFP-RPst

HY5-Fxb(HA)

HY5-Rsal(stop)
I miR-SHY2

Il miR-SHY2

CGTCTAGATGTCAATTTTCATGGCACATCGAG

GGACTAGTGATTTAGTAGACTATTCTCTTATTCGTG

CGTCTAGAAATCAAGAGAAAATGTGATTCTCGG

GCACTAGTGAAACTTTTTGTGTTTTTTTTTTTTTTI
ACTTGTCGACGAATTCTCTGTTTTAATTGCCCCA
GCTCTAGATTTAGCTGAAAAATGAAAAGATTTGG
ACTTGTCGACTTTGTCATACATTTATTTGCCACAAG
GCTCTAGATTTGACAAACCAAGAAAGTAAGAAAA
CGTCTAGAATGCAGGAACAAGCGACTAG
CAGTCGACAAGGCTTGCATCAGCATTAG
CAGTCGACATGGTGAGCAAGGGCGAGGAGC
GACTGCAGTTACTTGTACAGCTCGTCCATG

GTCTAGAATGGCTTACCCATACGATGTTCCAGATTA
CGCTGCGATGCAGGAACAAGCG

AGTCGACTCAAAGGCTTGCATCAGC
gaTCATACATTATCTGTTCGCGGtctctcttttgtattce

gaCCGCGAACAGATAATGTATGAtcaaagagaatcaatga




i

Il miR-SHY2 gaCCACGAACAGATATTGTATGTtcacaggtcgtgatatg

IV miR-SHY2 gaACATACAATATCTGTTCGTGGtctacatatatattcct

ffs% 2. & PCR FTHI I 751
Appendix.2. Sequence of primers for RT-gPCR

BE N A2 R JE & PCR 5[#F¢%1 (5'to0 3"

CTGGATCGGTGGTTCCATTC
Actin2

CCTGGACCTGCCTCATCATAC

GAACGAGAACCAGATGCTTAGAC
HY5

TGCAATATTAGCTCTCACATCCC

CAGAACGAGAACCAGATGCTTAG
HY5-GFP

CAGATGAACTTCAGGGTCAGC

GGCATGGCTATGTTCAGTCTTGGG
PIN1

GCCAACGGCATAAGAAGCAACG

TCACGACAACCTCGCTACTAAAGC
PIN2

TGCCCATGTAAGGTGACTTTCCC

GGAGCACCTGACAACGATCAAG
PIN3

CTTGCTGGATGAGCTACAGCTTTG

TGCCTAACGGACTACACAAGC
PIN7

GCCACATCCCACCTGAAAGC

GGGCAAGATCTATGTTCATTGG
SHY2

ACCTTTTGCCCTGTTTCTGA

GGGGACTAATATTCACGGCTCT
AMT1;1

CCAACCCGTGATCACAATG
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AMT1;2

AMT1;3

NRT1.1

NRT2.1

NRT3.1

TPS1

SWEET10

SWEET11

SWEET12

SWEET13

SWEET14

SWEET15

ATGGGACCGTTGTTTTATGG

CTCGTTTGGGACCACTCAAT

CCTCAAAAGGCTCAATCTGC

TAGCTGATCGAGGGAAAGGA

TCTAAGACCGCTTCAACGGATCG

ACTGTTGGACCATGAGCGTGTG

AACAAGGGCTAACGTGGATG

CTGCTTCTCCTGCTCATTCC

GGCCATGAAGTTGCCTATG

TCTTGGCCTTCCTCTTCTCA

GGTCATTTCTTGGGGAAGGA

TCTCCTGATGATGACTTGGC

TTGGTGCCACAAGACAGTGC

GATGACGCTGATCAGACCCAAAT

GCGAACAAGTGTACCTGCGG

ACCAACCACCACGTGTACCC

TCGTCCGATCGGTGAACACA

ACTAGTACACGTGGACAATGGTGA

AACGACCGTCATACCCGGTG

CGGATCGGTCATGTTCTGGC

AAGCCCAAAACGGTGTCGGA

CTGGTCCTCTAAGTCACCACCA

AAGCGCCGTTATGTGGTTCG

GGTCCACCGATTCCGTCACA




i

bt 5% 3. ChIP-gPCR Fit I 51 ¥ 11 F7 %1
Appendix.3. Sequence of primers for ChIP-qgPCR

FEIN B A4 AR £ & PCR 5|#Fr%1 (5't03")

GGCAGCTTAAAAGACTGGCTT

HY5 fragment 1
ATCACAACAAAACCATCCGTTATC
TTAAAAATCTGGCAGCTGAGGTT
HY5 fragment 2
CTTTTACTTTTTCCTTAGGTTCGAC
AGATGTTGTGGTCGAACCTAAGG
HY5 fragment 3
GTGAGATAGAGCATTCAAGTAACATAG
GTTTGATGATGCTGTGAATAGAATG
HY5 fragment 4
TGACGACAATGTTGATGAGTTTCT
CAGAAACTCATCAACATTGTCGTC
HY5 fragment 5
CCGCCATAAACCAAACAAAGT
TTCACGACACTTTTGAAAGCACTGCC
HY5 fragment 6
CAAGGATCCAAAGGCAATTGAG
ATTCACTCTCGATATCCGTTCG
HY5 fragment 7
AGAGAGAGAGGGAAAGATTTGTTG
TTTCCCTCTCTCTCTCGCCTGA
HY5 fragment 8
TGGAGCAGAGCTTGATGACCT
CATATCTTCTCCCAACGAGTGAT
HY5 fragment 9

TTCTGGGGGAGACTAAAAGTTGT

TCACAACTTTTAGTCTCCCCCA
HY5 fragment 10

CCTCGCTTCCTTTGACTTTCT

HY5 fragment 11 ACAAGCGGCTGAAGAGGTGT
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CCAAGTCTTTCACTCTGTTTTCC

AGTTGTTGTAGCTAAGACATTGTCA

SHY2 fragment 1
GCATGAATATCCGCAGGCT
TTATCTTACGTTCCACTGACGG
SHY2 fragment 2
AACATTCTCTTCTTGGTTCAGTCAT
GCGTGATGAGTACTGAGTAG
SHY2 fragment 3
AAAGAGTTGTTAAGAACTTATGTTATAACTT
CTTAACAACTCTTTGCATAGTACCGAT
SHY2 fragment 4
GCTGTCTTTGTTTATGTTACAGCGTG
CTCAGGTTCCAAAACAAAACTACAAG
SHY2 fragment 5
GTTAAAGCCCACAACTTTTGTCTC
GTTTTTGGCTCTTCAACACCC
SHY2 fragment 6
CTTTTCTTACCAAGAACAACAACCG
GTAAGAAAAGATTATGAGCTTACGATCC
SHY2 fragment 7
ACTTTCTTTTTCTCCCATCTGTCC
GGAGAAAAAGAAAGTGTCCCCAC
SHY2 fragment 8
CTGATGATGAAGATGAGAGGCTT
AGCAGCTTCTCTATATCTCTCCTCT
SHY2 fragment 9

GATTCAATCTCCTTCTCAGTATCAG

TTTACAAAGTGGTTCCTTCACGA
NRT2.1 fragment 1

CCAACAAATTAAGGATCTTCGG

CTGGATGACATTAAAGTTCATACTTC
NRT2.1 fragment 2

GTACCGGACAAAAGAGAATCCT

NRT2.1 fragment3 GAGAAAAGATAATGAGCTCATCGAA




i

GTGCGGTGGATTGATATGTAGA

AAATTCAGATCCGCTAGCTACTAC
NRT2.1 fragment 4

CGTATGTCAATGTATATGTGATGG

CGATTTCAATTTTTCACACCGA
NRT2.1 fragment 5

AGTATTCACAAAAGGGGAAGATG

ACAGTTACAATGACAAAGATAACCC
NRT2.1 fragment 6

CTTAAGGTTTAAAAGTTTGGTCCTC

TTAGCCTATCCTGTATCACTGTATG
NRT2.1 fragment 7

AGGTTGCCGATATCCTTCCA

TTGGTGATAAGCGAGAGACTAGG
NRT2.1 fragment 8

TCTTTGCAAGTTTGAGATTTGATTC

b 3% 4. EMSA REF(H17 51
Appendix.4. Sequence of probes for EMSA

AT AR HEFFFS) (5't03")

GCTAACCAGATCTAACGGCTAAAATCCACCCAC
HY?5 probe GTTCCAATCTCAATTGCCTTTGGATCCTTGTAT

ATAGAGAGAGGTGATATGCCCATATGGCATACCA
SHY2probe ~ CATGTGGTGGGGGATTCGAAGATTTGATCTGGA
CCGTC

TTATCAAATCCCAACTTGTTGGAAATTTGACACG
NRT2.1probe  TcAGCGAGATTGATCGATACGCACTTAGTCGT
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Chen, X, et al., Fu, X. HY5 protein movement contributes to long-range signaling in
control of the balance between carbon and nitrogen nutrients in Arabidopsis. (Manuscript
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