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Light, one of the environmental stimuli, is fundamental to the growth and development of plants.
Red and far-red light are sensed using the phytochrome family of plant photoreceptors. To investigate
the effect of light on root growth and gravitropism, we used the Arabidopsis phytochrome mutants
grown in several light conditions. The root growth of phyA reared in all light conditions except white
light and was stimulated compared to the WT. The stimulation of root growth was obvious in phyA
grown in red light. On the other hand, the root growth of phyB grown in all light conditions de-
creased, and the lowest rate of decrease was observed in phyAB grown in white and red light. The
gravitropic response of pfiyA was stimulated compared to the WT when it was grown in all light con-
ditions except far-red light. PhyAB grown in all light conditions showed the inhibition of gravitropic
response. The transcript level of ACS, one of the enzymes regulating ethylene biosynthesis, increased
in phyA grown in white and red light, but not in phyA grown in far-red light. In conclusion, these
results suggested that the Py form of phyB regulates the root growth and gravitropism.
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o 97 AFsA T ]é?— Q1 red lightt} far-red lightell 4
A A5 O}HH Aoz Hhg-ahA] Fefal F2h9]
Z 7. 282 ‘ﬂ«] p@/A ¥l darkel| M FHOE 2t}
1, red light} far-red lights #|< HIFH o} 2 Aeti16).
olg3 A= T} Mol ME H5AES 3 = A
A3 dEs 2AdtE A AAgh
agBg 2 AFE white light, dark, red light, far-red
lighte} o] ofeg] "l Z7o|A 7] Arabidopsis phyto-
chrome mutantE ©]&-3}o] phytochrome®] 2 2433 =
A g MAE 8-S welaat g

Mz L e

NSV
Arabidopsis (Arabidopsis thaliana)®] Landsberg erecta (Ler)
wild type (WT)I’Jr PhyA-201, phyB-1, phyA-201phyB-5 mutant
71 28 AR AHESA A= 70% 2 95% ethanol o]
A 7z 58 o B A 3 &, AAEIA|(1/2 MS salts,
1 mM MES buffer, pH 5.8, 1% [w/V] sucrose, 1% [w/v] agar)
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7} & Petri dish (87x15 mm)ol] 4 E =2 AUt} 4TAA aFF
Zot AL A7 g & Petri dishS 202 A% 22T, white
light (50 pmol m™ « ™) o}2hel A 2% &<t LolA AT} B4
2 Led Plant Radiation System (LPRS, GFPM-1600, Good
Feeling, Korea)S AH&-3}%t}.

e 254 vh8nt Z2o| 4 &3

White lightel| A 29 &<t WobA|Z] F2HE white light (50
numol m'zs'l), red light (650~680 nm; 24 pmol m?>e s'l), far-red
light (710~740 nm; 1.3 umol m?e s'l), dark 5 ofg ¥l ZAd
M 1Y S 71 e A3l AR 254 =53
Zo] A =KL AdroA ZA PC CAM (DS 400, REXSA,
Korea)& AM&-3te] #YG3H I capture® AFKIE-2 Image
Tool Program= ©]-3te 243}t

Quantitative Real-Time PCR (gReal-time PCR)

White lightell A 2% &<t obA]Z] A4S white light (50
nmol m'zs‘l), red light (650~680 nm; 24 pmol m?>e s'l), far-red
light (710~740 nm; 1.3 ymol m” ¢ s7), dark 5 oj&] ¥ z7d|
A 5~69 F< 719 1.5~20 emE A B2 oA total RNA
g FEU

Total RNA 3 ng2 2 ¥ first-strand cDNAE AHE-3}o
qReal-time PCR& 4~3) 3} T}. Primer= Table 19 3£A18}9
a1, Zh7e] T %42 primer express 1.5 software (Applied
Biosystems) S ©]-§-5to] <183

ABI Prism 7500 cycler (Applied Biosystems, USA)7}
qReal-time PCR 5% 3} X o] & 3t} qReal-time PCR
< 913 MicroAmp optical 96-well platesell 20 ul®] reaction
mixture (Power SYBR® Green PCR Master Mix 10 ul, 2 tM
Forward primer 2 ul, 2 uM Reverse primer 2 pl, Template
cDNA 6 p)E triplicateZ &8I 8Fo] £
sive covers (Applied Biosystems, USA)i 92 % gReal-time
PCRE th&3} 22 cycle JEIZ = Atk 50C, 242 95C,
104%; 40 cycles of 95T, 15%; 54C, 30%; 72T, 33%. PCR
t‘J&O] ey 5/\] 60°C A1 95C 714 —353 ﬂﬂﬁl 2‘—7}/\]7]

t & optical adhe-

qs 73:%’5‘}E melting curve 415 F83 & 7} product«]
Todts EA3HT

Table 1. Gene-specific primers used for qReal-time PCR ex-
periments

Gene Sequence (5" to 3')

ACS? F AGATCGTCGAGAAAGCATCTG

R GAAGAGGTGAGTGTGGTGAC
g T TCCAGCAATGTGGATCTCTAAGGCA
cun R TCCCGTCATGGAAACGATGTCT

Relative transcript level> Foo ef al [4]°] 4 A3 com-
parative Ct (Critical threshold) methodE ©]-8-3}4 A 4ts}
A} PCR reaction®. 2 B Ct valueE T3 ¥, 7} sample
9] normalized valuew T3 22 F2dl| tl{)sted Al4tst

ATt
ACt = Average Ct (target gene) - Average Ct (Actin)

2 sample oA, WIe thz72 A43t91, 2 sam-
ples] WTshe] Al s §474 @& e 2e 4 o8
sto] #4591,
Control/ Treatment (RQ) =2

Average ACt (treatment) - Average ACt (control))

colef 24

diolele] BAA £4& 93] Sigma Plot software (v8.0,
SPSS)E o]ttt BE Ade W £ TFLAHSE)E HA]
A, p<0.05 49 A S 930 two-way ANOVA test9}

Duncan methodZ AF&-3} 3 Th

Phytochromez} 42| Z10| AJZt
]”“ ol A phytochrome &jgro] FH A A75+= &

B AlE= phytochromeO] Bl wdel v X g3
?i sttt 1 el € A 24 i3t phyBe]
lo] 8H8] 5 01, phyA, B 18] 31 D red lightoll 98] %
YA o AA-E A T3], Far-red lightel] 9] =
= phyA< Arabidopsis dH59] 4174 Aol #Hofst=
F A olt716]. ol# AME S R oZ & AT
+ phytochrome mutant$} WT 21 && darkel| 4] 2743
ﬂ]g A7 B0k A A7) 3 & A7 EoF By do] AL
%743t th(Table 2).

White lightell A 7]& #-2]9] A4S ST 43, 443
o] WT} w3l plyABE 47% AAIE A3, phyBe 16%,
PyAE %F 5% BE A= Ath(Table 2). 22y} AlZto] 22}
= o] 8A17F Fol Z mutante WTSF Bl dte] B5F 20~40%
Aro] Aol A=A pyABt 71 Bol A H AT

Darkol ] 719 ¥]ol| A& 44713} 8AI7F F BF phyBit
o 15% A% ) Aol oA ST, phydsh pyaBS) 4
A7d2 WIS vlaste] ¢F 20~30% %15 At} White lightol
A 71 o) AR 2B dakol A 71 Be) o] GE
AT "o By AAL 243 /5L A A )

Red lightoll A 7] 2]ol A= 4417F 77}Z] = W} vlws}
o pyBe A9 Zol7E S, phyAs oF 50% A% we] A
o] AU 1 phyAB= 45% ‘ZW] ol ol e &
= 8AITHA = 4AI bl M ) Blalste] A e FrE oA

ol
15 rL

Nyt m°"

I

__memﬁéﬁgr.ﬂ
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Table 2. Root elongation in wild type and phytochrome mutants of Arabidopsis grown in the several light conditions

White Dark Red Far-red
4 hr 8 hr 4 hr 8 hr 4 hr 8 hr 4 hr 8 hr
WT 1.20£0.05"  2.93+0.08 0.41+0.05  0.87+0.06 0.77+0.05  1.71+0.08 044+0.01  1.40+0.01
PhyA 1.14£0.06 2.34+0.02 0.51+0.05  1.07+0.03 1.18+0.02  1.97+0.05 0.55+0.01  1.50+0.02
phyB 1.01+0.04 2.00£0.04 0.35+0.08  0.73+0.04 0.69+0.01  1.48+0.03 0.59+£0.01  1.32£0.02
PhyAB 0.64+0.02 1.67+0.07 0.40+0.02  0.90+0.05 0.42+0.03  1.19+0.03 0.60+0.02  1.20+0.01

a: root length (mm) grown during 4 hr and 8 hr and the numbers represent the meantSE (n=8)

HAY FA5 AT 2 EE o] AFE red lightell sl phy
B7} #e] s £318ka, phyBrh itk ] Aol oA

dre 2SS A

Far-red lightoll 4] 7] ¥g]o| A= 4412 744+ mutant
o] W2l Aol WTet wlaste] 20~30% HE FWH I

a2y 8AIZE FolE phyASt phyBe WTSE HlaLste] 79
Zkol 7 ke, phyAB= 15% AAIE At 12 22 phyB
o] Py 7} Arabidopsis ¥ A4S xAdT= AHES
AN E

WTS 7t 9l 27004 71902 o, white lighte} Bl 23}
7 204 B F 40~60% B e Aol AH AT
(Table 2). ©] ATHe Bel7l ARz AR5 e
Wo] g 3dhH, o] W& phytochromed] oJ3] F5 o 43S
zAgdte AS AN pyA9] 75 white light$} red
lighto] M 7181& BF-l= A Aozt gilon, darkst
far-red lightoll A 71 %< o-‘,’—°ﬂ—‘E B white lightell A 7]
9 He)ef vluste] o 50% &= gl JAEHA F, ppA
+ white light®} red hghtoﬂ/ﬂ 7198 W Ago] 71 & Yo
ot 28U phyBot phyABE white lighto} Hlaudle] ZE
B 2 A BFE Aol AAH A

Far-red lighto] 7]%1& @ phytochrome FZ P, e Z
EA st phyAst phyBe] Sl A7l Zhol7t §1%1TH(Table
2). 2184 red lightll A 7190 % ¢ phytochrome 2
P SR E A3 phyar}t phyBRth Be] o] 2359
Ch(Table 2). ©]}9] 23S Fgstd phyBo| P Fei7}
AR 244 #odthe AS AAISL U

Arabidopsis &9l phytochrome©] &AJ35}¢] red light
o} far-red lightS *EZ 3k, UV-B9} blue lightT 32 ol A]
Faate] Heot a2 B 9T TH10]. 1=

2 AT 230N J A5k Ho| HEjo A4S 2HsA
u obd o] EAjstke B} FEAVF WS ARG B
gl s 24T 7heAE AAS Aok ol AHE S
3o13}7] 93kl A charcoal WA S o]&3te] Bk 2+
< A& wE] Bt 1S dAGe AS Adetd 4
g Foll Aok o] A7 ZArF e W o e A%
o MAe YIS 271 B9 45 #AE Fokod £
3

# 9% oz

71t

PhytochromeZ} 42|90 Z25M HtS

#e] F5 A9 3l phytochrome?] gdtel| thaf 2 AT
7k AgE o] gk B} A WE S5 Rl ol
A oz Aeta, A4AQ red light9) far-red lightol 4
A elE okl 2 A6l 18 2E phytochromeOI 2
P%"ﬂ nAE G 2AR] Astel 2t 9 2A0A
S darkol A $HAEE B3 8A7F B F2A

X ofy
ox,
)

mln

_y
tlo
N

White hghtOlW 71 fra el 81 Fet 8 A
W A 234 W] 60°E YE o 7Y & 23S
Bomn, phyAdt vluste WTe 6%, phyBe 20%, phyAB=
F 40% 2 254 w0l AAHUT. S phyBt phyAB=
phyASH WTSF Hlanste] 1A7F e 54 whg-o] Yehve

A 7re] A A H S ThFig. 1A). wehA phyB7t 254 wH-&
ZAshed 2449 9L sk gk

Darkoll 4 71908 W& phyAs white lightol 4 71938 o}

Ze @Ei %TH Elacy °l E] Ao}, WIS th2 mutant

T
w

1B).
Red lightol Al 7] 750l 8AIZE 254 A=
A< shd phyAst Hl ot &1 WT+ 13%, plyBe= 30%, phyAB
© 45% =57 ¥h&o] A E U th(Fig. 1C). White lightell A
71%9s it 234 W8 oA =7} vlefsiA Tt XA 4
02 JAE = 42 white lightol 49} red lightll A A=
2okt agEg 34 i -8k A2 phyBe Pid¥
Bl Aoz F59
Far-red lightoll M 7] 3¢ 54 A5S& & F 413t 744
= ZEA e 2 2ol
J/]' B].U_O]'oq E]'—‘ mutant= =5 9}: 20~30% A= =54
o] FAFUOY phyAd] ZF3 e T2 Y
= 24 FEsiA FX5A 2 %thFig. 1D). Far-red lighto]
] phytochrome> P, e} = EA13H, P, Fel= 254 W6
< 2AA Rste Ado® F3Hh
ol’de] A%E Ae)3hd white light, red light, darkell A

SO = 3T
= T T

7195 W phyds WTSF 2 mutante] B38| 2354 ¥H8-0]
715 = W, farred lightoll A 719& W) plyA= phyBE.Th
2574 dEol ot AAEANL, phyABShE PISd 254
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Fig. 1. Root gravitropic response in several light conditions in WT and phytochrome mutants for 8 hr. The seedlings were germinated
under the white light for 2 days and were grown in white light (A), dark (B), red light (C), and far-red light (D) for 1
day. The seedlings were placed in horizontal position to induce gravitropic response in the dark. (n=9). :

wild type; oo CphyA, — — — —: plyB —— - -
HH-3-S B th(Fig. 1). webA] white light, red light, darkel] 4]
A 259 phyBe Pr HEHIZ EA81HA 2534 TS &
713,

PhytochromeZ} ACS &AL 2

7} mutant®] 2] A W B
5t ethylene A4S éfs}% iiod
cyclopropane-1-carboxylic acid synthase (ACS)] fradat W
& 5439 ArabidopsisE X3 A& 9] oY FolA
ethylene /35 sl 583 Q4+ ethylene A4 7
Ao AAste 45 dFdlste A transcript 550
TH1]. AGSE thoFst 223} ethylene B34 s =4
of e} t2A 2dHe giaASe] 7L o8 dast
HtH18]. Arabidopsis= 12709 ACS FHAE 7HA|1 910
o] FollA ACS2Y 74 HdE qReal-time PCRE ©]&-3}
o AL th(Fig. 2).

ACS 3RS transcript 2 white lightl A 7190&
W phyBet phyABA A A BRI, phyAdl M =4 EE

l-N

Atk o8 gk A= phyB7} #e] =54 dhe e A
v 7FA 2 ACS transcript & £33 A& AAEIL
SAth. Darkell A 7151& W, phyAS] Aol =4 Yty on

— : plyAB

1.6 N7
—_ phyA
S 1.4 I phyB
s [ phyAB
3]
= 1.249 {
i
s
S 1.0 4
(]
$
2 08
8
7]
X 06 -
4
S 0.4 -
©
4

0.2 - iﬁ

0.0 —

White Dark Red Far-red

Fig. 2. Relative transcript level of AC52 gene in WT and phyto-
chrome mutants grown in several light conditions. Total
RNA was extracted from the roots grown in several light
conditions for 5~6 days after germination under the
white light for 2 days.

(Table 2), 8] 254 W= F7H=E At (Flg 1B). 2&4
ACS transcript & ZA S7FstAE FStHh

Red light 14 7190& W phyAQ] 7% transcript 39
WTst ulinsle] S7Hat AL, phydBe oA 9 Ack(Fig. 2). ©|



A= ACS transcript = e T4 W0 B A
43} Zo] phyBe] Ppell ofsf) 2 E = AS AAsta itk
Far-red lightl A1 ACS transcript %2 &5 74383, ¥
g 24 W Y AR E S dAEH e Fds vE

WA kTt

Red light= Ht2joll A Wlo] 2dsh= e doly e ot
Yo Bolshe BE fA4E WAA[12], Arabidopsis9
PvAB= ethylene 74?1 1-aminocyclopropane-1-carboxylic
acid (ACC)7} ZA8HH WTR T B 2354 ko] Ay
ATH17].

234 e e 28y FHAEAA FH AAT}
°1°1L15f %, o] Azl 9t auxin AEE] oJste] dojdtt
14]. Auxin ethylene A &4 & A3}l eth-
HH-S 28she A2 FZH) 3 ethyl-
ene aumeJr JE48S 3l S AT = FEE
3taL[8], ¢+FollA] phytochrome©] A 3t= 229 Wko] F
83 93 v A Jd5] 2y B A5 Aol
9|3} ethylene A§/d ] Arabidopsis ¥2] <] Aol 2% 2]

= FA Bong B A ethylene A4 3= 234
ol gle AoZ Alg H}. $HO 2 Arabidopsis phy-
tochrome mutant®l A ethylene A3/ %} B A3 9 =54

A thate] A5 Foll Ak

ZAtel 2
o =R 20089 ARG A7) SR Yo B
TAFA T A PG wol FPF 7] 2 ATAMG ¢ (KRF-2008-
521-C00240).
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1 2204 719S o e Aol AA = A, 53] double mutant?] phyAB= white light9} red lightel A

2 J7gol 71 Bol AN, PayAS) 254 WS farred lightoll A 71%1S W& A8t
< W 294 719E W WTeh Blaste] ZAE A 8 pydBe Be 27004 BF 254 whgo] 94
Ath. Ethylene A3/ 283k 4%l ACS transcript -2 white light9} red lightol A 7190w phyA
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