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A bstract

Light regulates a variety of genes in higher plants. The expression of light-
induced plant genes is regulated at the level of transcription via red- light
photomorphogenic receptor, phytochrome, as well as unknown blue light
photoreceptor(s).  Ribulose-5-phosphate  carboxylase/oxygenase (Rubisco) small
subunit (SSB) and light harvesting chlorophyll a/b (Cab) protein are those of the
best understood genes regulated by light. 5’-upstream flanking sequence (- -400)
of Rubisco SSB and Cab genes is known as a light responsive, enhance-like
element. It responses to red and blue light in transgenic plant system as a tissue
spccific manner. Phytochrome gene is also regulated by light. In contrast to most
of the light regulated plant genes, it is negatively controlled by red light. Search
for the cis- and trans-acting factors responsible for the light signal is in progress to
understand photomorphogenesis and development in higher plants.
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HES 4S B4 F oA PR 4$E ¥ oy, U4 B4E zHs:
AFRE A4 Bk HES A8, 53 48 I3 Aol ugeA Bsdd
(Kendrick and Frankland, 1983). o]A& AlZEo] 3 Aioa] LA Hujek
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ol AL TEEG A 7AW AN, FA%eAe 3x10°
ﬂé}z]-/cmzli (382 Az 10% Igz}/cmz/i) 7}A] 7Z+A %k} (Song, 1983).
DEAEE AN, ANE a2 A9g4Fd RIFAE HoE A FHe FEHe
A3 H F4424 (photoreceptor) F 7t Y= Ao g oAz Yo}, ofAE g
-4 9] 4 8% (red light - far red light) 4§22l phytochrome 9jell= 2 £44
AAo] A3 ez u} @it} (Hahn and Song, 1981; Hahn, 1983; Hahn and
Chae, 1986; Tobin and Silverthrone, 1985).

eitfoz ngAEe FYdH (photomorphogenic), #3134 kg2 F FHE
U¥o] Az 4 Y (2¥ 1) (Hahn, 1983; Hahn and Chac, 1986). A=, ¢ %
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Fig. 1. Possible actions of phytochrome in plant cell. The physiologically

active, Pfr form of phytochrome associates with nuclear and/or protoplast
membranes to transduce fast resoponses or lo activate dormant gene
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expression in higher plants.
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25, & phytochrome 3 #4844 94 538 # olx&= HEY potential
e ion flux & HHAZIE § 2 odyAE GE Yo AEE wFLE Aold.
ol el yhGoz Fhg B 4w¥F od2E phytochrome o 23 w]mi}e]

WEFH Mougeotia 8| %A &5o| et (Haupt, 1973). S, 4 A7 E:

r

Yo] £2=E =Y WGz AEe ol 4%, E3, A, AL 5 o9y
FES Ago] oo lF@r). oy =y whG2 FegAo HIH F AL
chromosome 2] #H $HAdx @S %Eﬁ_ﬁ.iﬂ ok7)5)w, Schopfer (1977) &=
phytochrome ¢l o4& =85 ¥ 52%57F9 4Ex4+5, Lamb and Lawtom (1983)
& W s 2HEE F O1FF ABALE AAY 0l U}

B ol oY AEFHAXS L¥H7izE  rbulose-1,5-bisphosphate
carboxylase /oxygenase (Rubisco) small subunit §#x, light-harvesting
chlorophyll a /b g4)2 (Cab) §# = 9 phytochrome §HAE F40 8 do} ¥ax

3o},

= £

L 9o 93 4F §u4e gz

o) &3 ABGAAL 2L F2  transcription $FoA ZFHEE= AHom
222 %} (Tobin and Silverthomn, 1985). Translation 23 o[4{2] ¢Fi= ribosome
o HAHo] HAF x| o] FrMAdE= Bn (Travis etal., 1974; Willams and
Novelli, 1968) 7} 9-& #ojr}. WL nuclear §HR}E 2 chloroplast §A 72

YHE ZZFWU. olF A & 28 dl&= nuclear $AAE  nbulose- 1,5-



bisphosphate carboxylase-oxygenase small subunit (Rubisco SSB) $#=}s} light
harvesting chlorophyll a/b @#§® (Cab) §#HA7 leny, chloroplast $Az}E.
Rubisco large subunit (LSU) $47$} photosystem I o Tedst= 32kD thylakoid
membrane 74 @ o] 21} (Tobin and Silverthorne, 1985; Fluhr ef al. 1986).

ol4 AT HHUASH o] iRES F§AA (photogene) = Yo 2af
transcription o] FZ == wbd g8 {$AHASL Yoojs) o wde] ZAF I E
shdl, dlE4<l o2 phytochrome §#H =} (Colbert er al., 1983; Otto et al1984) 2}
NADP : photochlorophyllide oxidoreductase 44} (Apel, 1981) 7} gt} o] =
#737e] mRNA & 4% 2440 o) Zrga 2487 22 T2 sha o)
Sel F7Hvh. E1 3} 326 W4%F 9 phytochrome o] ojal ZHs)= 45 $A2F
transcription &0l A A7H AAF Q.9 d}.

4o &J% mRNA e 572 transcription 2 ¥iste] a4l YolF F g
#5 ohe B4 transcriptse] <A HIto) JHMAHE o]Fo] F £ o
Gallagher and Ellis (1982)% ?}_4‘-_01]*']' 7l S5 degRE 95 Ry ¥
WE Aol wE Rubisco SSB W Cab mRNA M4 32 243 v} mRNA £71= 23
transcription X2 F7lefla] 7]¢0H AYL ¢ 4 9t A Silverthrone and
Tobin (1984)= Lumna #] Rubisco ssb ¥ Cab §#dzle] transcription &%}
YUHZAARAZA oI 2RV BelFn Qo dAd Wol GAF AT
FAZe w@We transcription & ZHel] o o]Fo] v HAF 22x¢l
phytochrome 2 E&, olgx= 22 A7l w7 vl Q& J4F-Aoj44 FEA%

Hojd Aoz oz} (Fluhr er al., 1986).
2. Rubisco SSU ¥ Cab $-# =2 @=47)2

Rubiscor= #E-4e] ¢ubs, F Calvin cyce ¢ a2 gSAsjrE
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Table 1. Genes cxpresscd differently in white light and dark grown
(Tobin and Silvertherne,

Protcin

Species

Muthad of
Measuresnent

muitiple
dilferent
unidentiicd
polypepindes

Lemna gibba
Hovdewm vulgure

Pisien vetnvien

mRNA tanslation
DNACRNA hybndization
WRNA ashation
PINACRNA Wy bridizabion
hytiudizable RNA

multiple
chloroplast
polypeptides

Stmams alba
Hordewn vulgore
Zed muys

hybirdizable RNA
hybiidizable NA
hytnidizuble RNA

Rubisco
550

Lemna gibha
Pisum sativim

Nicotiana syhestris

" Glydine max

Zed muys

mENA tanslatton
MRNA tanshton
hybiihizable RNA

Jdn wviira tramciphion
in vovo pubse Tabehng
WRNA tanslation
hybnidizable RNA
hybridizable RNA

Rubisco
LsU

Posum sativam

Zea mays
Spirodela oli-
gorhiza

hybridizable RNA
MmRNA trmshiton
e vivo pulse fabeling
Liybrdizable RNA
hybridizable RNA

chl a/b apoprotein

Hordeum vulgure
Lemna gibba
Pisum sativim

Zea mays

mil A ransiation
MRNA ransation
MRNA trausiation
in Vi transJipnon
hybrihzable RNA

32 kD thylakoid mems
brane protein

Lea mays

hybndizable RNA

phosphoenoi pyruvate
cutboxylase

Zea mays

IR Nes tomslation
hybodizable RNA

glyceruldehyde-3-
phosphate dehydro-
penase (cytosolic
forn)

SEVEI SPeCiey

mRNA namslation

phylocliome

Avena sualtvd

mRNA translition

NADP malic enzyme

Zea mayvs

mRNA vanliton

pyruvate orthophosphate
dikiise

Zew nuiys

hybiithzable FNA

plants



Table 2. Genes
Silverthorne, 1984)

demonstrated to

be regulated

by phytochrome (Tobin

PProtein

Species

Method of
Measurement

Rutiscy
55U

Lemna gibha

Pisum sarivum

Vigna radiata

mRNA wanstation
hybridizable RNA
in vitro tanscription
MRNA tsuslation
Iiyhridizoble IUNA

hybridizable RNA

Rubisco LSU

Pisumn sativien

hybridizable RNA

chil asb apuprotein

Hordeum vulgare

Lemna gibba

Fiswm surivum

Vigna radiata

mRNA tanslation
hybridizable RNA
in vitio lranseription
WRNA tanslation
hybridizable RNA
in viio transeription

hiybridizable RNA

hybridizable RNA

FRNA

Sinapis alba

Puswm sanvum:

Lemna gibha _
Hordviom vulger e

" in vivo labeling

hybridizable RNA
in vitro transeription
in vino banseription

NADPL-protachluo-
phyilide reductase

Hordeum vulgare

MRNA translation
hybridizable RNA

in vilro teanscription

phytoclhtome

Avend sativa

mBRNA franslation

A2 kDb
thylakoid membane pro-
tein -

Serrapris alha
Poswen setivim

hybridizable RNA
hybridizable RNA

and

oHste] 3 BAe] ribulose-1,5-bisphosphate § & ¥ #}¢] 3-phosphoglycerate 2
A}, =g Rubiscol= aA71A27 BF5Y Z A4 oxygenase = F-Eaho]

ribulose-1,5-bisphosphate & F3E

3-phosphoglycerate & A=
(photorespiration) ¥kg-o]= o dct. Rubiscor 454 thylakoid B2 stromaZ
Fdo] EAebe, GEA FIYRAY F 16 %E AA Y. o] AaEE Feltksdl

ojsts 8719 large subunit (LSU, 55kD)s} ¥kg-ZHo] #Hejst= 8¢ small



subunit (SSU, 15kD)2 FA=o] 3ew LSUE 54 DNA <), SSU &= ¥ DNA
o] et& 3} Hoiglch. o] AaE FYAe Wuhg A A =)L stroma W] NADPH
z7, pH 37 9 Mg™ 27150 os) $asE 2 ohid, Wol o 1 W¢do]
Ha Aoy Z#He (Miziorko and Lorimer, 1983; Coruzzi er al. 1984).
Rubisco LSU= & DNA 3 #71¢] copyd &zsted ¢FA4d 10-100 copyz,
Al xg 500-10,000 copyz Exjehs, SSUE chromosome w3 6-12 copy$]
multigene familyZ &M@} (Coruzzi et al.,1984). Rubisco SSU multigene
familyy % 9% coding sequenced 7pA|3  Sleat 5 upstream XE H
Fdownstream®] noncoding HEe] 7] Lolx] HAF Ho|E Helch. wehy
5%.2 3noncoding REL o]&eled multigene family F 54 KA LT
AN THA o)A etoll 4 9g Hold}, clone H FHAE o2 HBo) TUT ¥ 2@
o] 2.2 Northern blot 4#og o 4= it} (Broglie ef al., 1984; Nagy et al., 1985).
M3 Hel #= Rubisco SSBe] $A4 Fxg e (Coruzz er al., 1984), 3742
cxon®} 278 €] introne 2 FAs]e] rl. Exon 1& 57704 ofr)izibe & FA4 4 transit
peptide® encode #txt Yeom o] peptider HFH R olFol VW
signal peptideZ 4] o]%% A", Sl nuclease mapping ol ols g7
transcription start site®] -32 upstreamo]] TATA box 7} 9t -850 CAAT boxr}
=2}, ®3 transcripte] 3° 22 20 nucleotide upstreamoj]= polyadenylation
A% 2 Bol= AATGAA sequuences} Ezj¥r}h. Rubisco SSB= 59 4, 39,
g3 9 Helld o o8 wHEe iEd mRNA $Ed04 dAs= AHF
Boj=a 9} (Coruzzi et al., 1984).

# Rockefeller withe] Chua groupg F4ez £59 Rubisco SSU
$AR9 Cab $AR4E oFale] Tuf 9 SFUCHIZE EUE chE el A

e o] ZAE]E S-upstream sequence § ZAM§ w} v} (Broglie ez af, 1984; Fluhr



et al., 1986). eo]5& S5 2] Rubisco SSB §H4A (pPS 4.0)8 Ti intcrmediate
vector(pMON145) o] clone & % clone ¥ pMON1748 triparental mating ¥H o 2
Agarobacterium tumefacienso] 2ZIch-& HFUelr AMERE Zc. =9
sifF ol MEE callus culture 3} Q-2 transformed calliof4] 2% 2] Rubisco
SSB (pPS 4.0) $#AAe] w@g Northern blotgez E4g Az, -1052e
S’upstream sequence® 7}# pPS4.0 §HA= transcription o] Wl o3 20-50uH
7, B splice )3 polyadenylate H-& ¢ 4+ UA (Broglie er al.,
1984). o]E2 EF BHE BHo) W SxAREL N} YY) B4 il
o] 2] F5+ 2] S'deletion mutantg} CAAT boxE 2 A4x]3 internal deletion mutant
E AFgeted 2L systemell ) R, Supstream B2 o] ARG W F4E
gAo] A s A%S Holxn ey, -35 - 29] TATA box & 234 33 bp
lragment7} o] RHAe] callus MEXNE FHE Pao] GYHoF Beore o
T AA} (Morelli et al., 1985). & &3¢ 2% Rubisco SSB +Azx (8§ 3.6)
o] &% Wy HYelrE -90 deletio;l mutant’} B¥2 £Eol/lE i} FH=
BA4E 7HA=R i} (Timpko et al, 1985). Callus MEZ oY o]ab3} 72
AHE oA 71E callus of] Wg ZAEF 5-10 o] AHH Foflof mRNA ofo]
Frhete B dol Ul Wgol e eA vehtn, W 243 calluse] A T3
Rubisco SSBS] #$% %47 Ae) $Ao) Uoh}2z § @Ae FHsr] ojam,
callus AEAHE R $84] FHE 7|8 SolHel Huoy 248 4 g= 5
127bA EAdo] Atk w#h4 Rubisco SSB §44e FHE BA 7)%g B}
BAEA dehlizl AdAE FUE AES =Y AZALE fAg A=
regeneration A] %l transgenic plant system ol 4] #¢1¥ © g 7} 9

Nagi 5 (1985) & 2% Rubisco SSB-pPS 4.0 (4.0 kb) -$ =9 3'noncoding

ZHE9 16 kb (EcoRI - Clal) fragment® #AAZ B9 (2.4 kb) $HAE



intermediate vector ¢ pMON145¢] clone ¥ ¥ nononcogenic ("disarmed”) Ti
vectorg 7} A. tumefaciens ] mating A]F I Rvioly Gl £ E¥F
whole plant® regeneration A]#H E-9 742 #{= 84S =49 =], -1052 9
Supstream 332 7bd 9% Rubisco SSB-EO §HAE si¥uocl I ehujola
W es] el =HE ¥ ohvg, J[RSe|AE AR YASE 4 ¥ At FEI
$AAE siFUctlA] UMENAEE HolatA wysidct. A, -352 deletion
mutantg o]&¥ A2 AHAE 10s] 717 $de] F4F callus HEE B
wild type 3 A 2 AESL F{E BHE HoAF3 Ad. Callus A=x4
transgenic  plant M| X ¥ o]#3F Aol  calli sy}stemﬂ]zﬂf o} el
phytohormonee] EAjsrz FEF F4E BHS A EHg gFFe
sequencez} B8 ¥ 7}!9_'3 Az+E ¢} ( Fluhr ef al. , 1986). Transgenic plant system$
o83 1 ure FRE g 7|8 Hol4 & ZE upstream F-Fol B d7EE BF
Rubisco SSB-3A §$# A7t -410 upstream X-Eo] # g3t Fluhr and Chua
(1986)8) 7+, $%F Cab-AB80 §#HAE -400 upsream HEeo] EgHe|d
Simpson 5 (1985)¢] €177} 2lc}. e]@) 3t transgenic plantoj] 4] 2] Rubisco SSB §-# =}
9 Cab §AAe] Wy HYF-THAHYF Sl ZHE Fopg FHFl
JNE fEHEZ H4% 4§ phytochrome EA= EE oy w3 »t
g HAFG 2% oy ¥ 4 Yt ( Fluhr and Chua, 1986; Simpson et
al., 1986).

Fluhr % (1986) & €% Rubisco SSB-3A $#x+2] TATA boxE #|AH A7l 327~
-48  upstream sequences] CaMV 35S promotorg fuse AN ¥,
chloroampenicol acetyltransferase (CAT) coding sequenced ¢i7Zste] ol 2%
CATe a-g Fufol4 24 . CATe x2842 8 CAT mRNAR 4o

& AA FrAsged 271 Halel vla dolA st AL ojE2 Hk@

—71—



2%¥E ¢F Rubisco SSB-E9 §H Aol sl % HAleglen] -317 — -82 upstream
sequence of nopaline synthetase (NOS) promtor$} CATE 173 systemoj =
CATe wHe] ol ool ZHES &+ Ak =8 47] 5 $H2¢ upstream
Yzd BEE AFTE (rever orientation) AAY ALE $L8 AFr BAso],
ol 2 Rubisco FHZe] wHzHE HANYZo4 UkHoz e}
enhancers} FAHE 712e)] 2¥ Aoz wWelXct. Hxmz Rubisco SSB -3A ¢ -E9
37 5 upstream FxH Y9 A7 2924 EAe . #H Timpko %
(1985)2 Rubisco SSB-ss 3.6 §d42] 5 upstream JZEH B2(-973~ -93)of) 3+
enhancer §AAQJA-§ 2ol 2] calli system o] &) 831 u} Qo).

o] 4& 2%t Rubisco SSB % Cab §# == -400 7h#l2] 5° upstream -5 o)
Bzd3a 7] Solyd L += regulatory sequenced 7}x)a %l.en], Rubisco SSB
#3878 A Hol= RFF o4 FRY¥ ZPRY EAdm Y= Aoz
2250, Z transformed calliol] 4] Fxgel YHdHoz Fejst= TATA box
TAR-H9, Ho upstreamo] HAXNYE FZHEL EE 7)AFoly $AA wdo)
#ojehs FH7k aReld. 5% FAE- orentationd] FAF YAE T
transcription enhancere] gwrHel E AL BeoJFuelrl. Rubisco SSB $AHAE=
A8 gelld BolatA @} (Coruzzi et al., 1984). ‘;M]laﬂx-li‘ mesophyll
A E &L guard M Egk A ¥ 2 (Zemel and Gepstein, 1985), Rubisco SSB
#AAE HEAE T Q= AENAN BHYE ZEda 2 5 A wEy
Rubisco SSB 4 Cab §#A¢] 5 upstream REE& o= 3 9 JE o <)
ZHs]E enhancer &, oA 7|3 L] silencer 2 ZgPdcim B 4 gl
(Schell, 1987). #H AF7A] ZAH Rubisco SSB {42 2%sk -150 X9j0)
GTGTGGTTTT (AAAA) sequence & 71xz Qeow (2¥2) o]k SV40

enhancer core sequence $ FAStEE 3] F2E B8 Y 754 o] ¥} (Gelvin,



327

-————
3A -3z GGCCAACATACTACAATTGAATTTTCATGGATACAATTCTTACAAAATAAAAATATCGACATAACCACCATC

s 1o v ees @ " r ase LI R B Y nes
EQ -329 ATCTATCTGTCAACACTAACATCGAATGTACTTATCTCATTAGTTTAAITTATTGTTTGATCATGTTTAATC
a7

~257 ACACATTTACACTCTTCACATGAAAAGATAAGATCACTGAGGTAATATCCACATGGCACTGTCCTATTGGTG

—257 CTTATACTGTTGTTAGTTTTTTCAGTTAGCTTAGTGGGCATCTTACACGTGGCATTATTA-TCCTATTGGTG

1 l —————— m

=185 GCTTATGATAAGGCTACCACACAﬂAA—dTTTCAA#TCT TGTGCTTAATATGGCTGCAAACTTIRTCATTT
SEN WEMPEARAY NRNAARRMasve |RamsAa CUSHEIBIAURNNEAERY FIGERDN Keuwsremwpy

~185  GCTAATGATAAGGTTAGCACACAAAACTTTTCAA-TCTIG TGTGGTTAATATGACTECCAAAGTT ATCATTT

—an
=115 TCACTATCTAACAAGATTGGTACTAGGCACTAGCTAAGTACCACAATATTAAGACCATAATATIGGAAATAG
seru

BEE SEREE ¥ NNKE RPPASENAN PP A QUG URSNEE SABCANCARNNVENGSRwsRARSE
=114  TCAGAATUCAACAA-ACTGGTTCTAGGCAGTGGCCAACTACCACAATTTTAAGACCATAATATICGAAANTAG
-B2

d . b4 r +1
—-43 ATAAATAAAAMRCAT TATATATAGCAAGTTTTAGCAGAAGCTTTGCAATTCATACAGAAGTGAGCAAARATGGE
T 2EEW MR [tanvenwwral voevssrranuy ¥ sevenusvErleRER  RM v L A |
-43 AAARAATCAATACATTATATAAACCAAGTTTTAGTACAACGCTTICCAMTTCAACCACAAGARCTAAGAAAGTC
Ay

Fig. 2. Sequence comparison beiween the 3 flanking regions of the pea
tbcS-3A and E9 genes. Identifical bases are marked by asterisks. Box IV
contains the TATA box. Boundaries of the 35 upstream enhancer-like
scquences of the two genes are indicated by vertical arrows. Arrows overline

sequence elements that resemble of S$V40 enhancer core consensus sequence
(Fluhr et al., 1986).

1986; Fluhr et al., 1986).

3. Phytochrome $#A 2] $=4 7]

Phytochrome & #A% 120,000-127,000 ¢} dimer 8 o]Foj% AiguiRg
semicircular ¥ tetrapyrrole chromophore 7} apoprotein 2} cys-321 3} thioether
linkage 2 F-42A%+st2 9} (Hahn and Song, 1981; Hahn, 1983; Hahn and Chae,
1986; Hershey et al., 1985). Phytochrome £ 443 Fosts Pr 83
2 NYYS F4et Phr oo ATAD S5 $14 W2 EAYY. F Pr
# o] phytochrome o] 4% (660nm) & F4ahd HeiHos BHYY Pir goz,
Pirg-& 2HFH% (730nm) & Foobd Heldez 2RI Pr Peoz 4R
(phototransform) =& Aejv}. A& FHedy, FE}H wos GFES

_._73_



phytochrome o) #js] §55&= Aoz dajzxigdc}l (Mohr, 1972; Kendrick and
Frankland, 1983). Pir ¥ phytochrome ¢ o] ¥ 4a¥4L Pfr 2 Pr 3 2
afEdo]l mEEHM 39 24 EWF AEG FL njAe] F84 2Rt Aol
sl 12 dEADe] o]FojA Aoz o)Xz U} (Song er al., 1979; Hahn and
Song, 1981; Song, 1983; Hahn and Chae, 1986). 2L} ol&A = HMFo) o)
2434 Pfr ¥ phytochrome o] 3¢l o]d HAZE Fl chromosome ¥
HEA S FRFAAE BAY A=A 0 Az ol R AL ¢F v} Qi
Phytochrome & W& Fshed AES F53A4 28& ZHEE 2 ohg
phytochrome zt4le] §dA4 W= 2H@ o] & phytochrome §222] Weoj
o wExPE gFEe o F{fHAAYE 2@ negatively control Hre}. F
dkoflA] 712 AYRRE EEP mRNAE in viro translation & cofgke
phytochrome gl Ho] HE = Ubd S 9dojl4] 223 mRNA #] in vitro translation
AHZ ol phytochrome o] Ao HE¥A ¢t (Gottman and Schacfer,
1982). #a)le] etiolated seedling 01]' 527 49 =A% X translatable
phytochrome mRNA § %gsbd 15308 ¥ Hel 2xe7] AFste] o 2472
Fol= Hallg 5% o]z Zhadn, of7lo THYHAFS ZAsW translatable
phytochrome mRNA 7 AF& F73d (Colbert er al., 1983). & HuBL

of

to] Melfez B4 Pir 3¢ phytochrome -2 phytochrome z41¢] ¢ A

.:l‘-_
12 transcription BAlGlA AAl7lE Aelwk. Wl Ay phytochrome $AZ

13

QA A2 ol 7 wiE HEE2 ol o8] == (F2 positive control) &
% FAANAE #EH wl gl @8 cDNA probe & 2183 phytochrome
mRINA ¢ northern blot 74 ZH3Z ®Bw de) o3 ZH=]: translatable
phytochrome mRNA £ mRNA 2] $723 48402 Bse) A2 ¢ + Ao

(Colbert et al., 1985; Hershey er al., 1985a). ¥H n]<=% system & o]&% o2



AFE FUY HAAE HodFD &dl 296]2 genomic library o4 clonedt
phytochrome §A#e] da% HH3 9 ZHHYFo s transcription
FFoll4 ZHEHAY (Lissemore et al. 1987). #Z Hershey 5 (1985b) 2 #&]
pbytochrome 2] ¢DNA 9 genomic DNA & cloning/sequencing #}od
phytohormone apoprotein coding ¥¥2| ojrlicd HEdAIE Arz2 4
phytochrome EA7Z dFo] ME2L 7|7l viA=HQ}. 53] @ Bajiio
o8 A #Eegslo] phytochrome @ujde] ZeldA #HHF 4A $4s= N-

terminal F-E8 F2r7F A3 WAEz WL F2¥ FRE AT + A

X

=]giv}. N-terminal Z¢ 6kD peptide segment = chrorriophore 9} BAEA
H-gstx glen] phytochrome ¢ 484 F2d ¢S o= Aog Pojdr
(Hahn et al.,—1984ab;. Hahn and Chae, 1986; Vierstra et al., 1987). 13}
phytochrome ##H4e2] 5 upstream KXo 4o €3t FzHR e Tz29
447150} B8 AFE obd Hobd 4 At

2 <

ol4 woi o8 z¥¥E AF$Axe] was|ZL Rubisco SSB s} Cab g
phytochrome § 448 402 oo} My, Yol o) ZUHE. $4U4 wAL
+8A7 #d¥ Aoe2 o§AFG (Fluhr and Chua, 1986). Anthocyanin 44 ]
4FAlol FTolst= chalcone synthase §#Hzte] ALel= UV-B Fo] 5-upstream
ZRRE Boleks Aoz <A Ay (Schell, 1987). whats A Ee FgHAE
4%, 3% A A4%el UBE AL MFFe FrEA o 2L



A Ee F834F 714 Wol 9475 A2 Rubisco SSB §AAE Hol= & o]49]
cis-acting B2 XFo] S-upstream R & Ae] siwjHr} (Fluhr e al,
1986). & transformed calli o4 ¥& %l u}g} 7re] TATA box 399 promoter 3
92t (Morelli et al., 1985; Timpko er al.,1985), transgenic plant system of] A]
83] 2 vls} o] TATA box Xr} upstream (-48— -327) of $]x] ¥ transcription
enhancer & $Ahd AAL 712 RPo] Aol (Fluhr er al., 1986). o] g
enhancer #4F =4 F&2 phytochrome #3t ojvel JAF FEAE Hojsin]
(Fluhr and Chua, 1986), 7] EolA%® ztr} (Nagy et al., 1985). & oA %
A5A THE-dot dd=z, gdis $¥sA g wdd goE o
Fie] 983 75l dE B} AL A7t 2%

Phytochrome §H 7= Weil oal 21 d¥e] A, F HAF (F2 w4y)
Z Aol 9j4ll transcription o] HalEln ZH M AP &) £X1H} (Colbert er al.,
1983, 1985). wiebd phytochrome - W& Fete] A} (Pir Yo.r)
R F{AA4 AEE FHd= ke Ade §HA $EE AR F
phytochrome 2 z}41¢] $AA $HS 228 z=As: (autoregulation) 37
AEguAelry, goaz o] {HAS 5F-upstream FE=H BB o] LR} w77 o]
#3]#, Rubisco SSB #HA-5 Well sl o w¥el F3 == #=4d sequence 9}
HEATFSEEA AEF -‘é“%ﬂiz‘% ZENE7AAT L] MR Aol duA =
2

Ag7A Age BYPaso) B EAsEe] o+ phytochrome F29)
e 43, 53] YeHez f4¥ed Pir ¥ phytochrome 3 E243%
Pr#j ¢] phytochrome 2}e]#] Fz3, 7154 Aeolol B3 78, Ba4 e 7+
4@, 53] YfAA 2AFEY FRA4ATF FAAR dpE® 4 U a#g
phytochrome 5§ F¢gAol o F4+d FHAE7 oW AZE T8 G{AA



AdHse A= Ad gz ub A gez FigAe FEMER
ZajoiR, 2 AEALED (i cAMP, Ca’™55)9] Holod R, #4824 e] Supstream
=E 399 #A-gs= trans-acting factor Ezieifo] W] KM AAIHA A7
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