0181003

cDNA
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cDNA 6
cDNA

28

60

92

95

96

106



Arabidopsis thaliana
2 2
2n=10 130 Mbp

(Meinke et al., 1998)

2000 12
rDNA
118.7 Mbp (The Arabidopsis Genome
Initiative, 2000) 25,907 614
tRNA 55

DNA DNA

2 1,709

(Riechmann and Ratcliffe, 2000)



1 cDNA

2 3
4 PCR 4 Digital expression
profiling Seria analysis of gene expression (SAGE) (Audic and

Claverie, 1997; Velculescu et al., 1995)
Amplified fragment length polymorophism (AFLP)
(Liang and Pardee, 1992; Ito, 1994; Kato, 1995; Vos et al., 1995)

(Hoheisel and
Lehrach, 1993; Lockhart, et al., 1996; Wodicka, et a., 1997; Schena, et al., 1995)
PCR PCR Adapter Tagged Competitive PCR (ATAC-PCR)

(Ponchel et al., 2003; Kato, 1997)

EST(Expression Sequence Tags)
PCR

1 cDNA
EST cDNA
2 3 1 cDNA



Molecular Phenotype
(Perez-Amador et al., 2001) Physiological
Phenotype



cDNA

cDNA
26,000 26,000

cDNA

cDNA (Takemuraet a., 1999; Hyodo et al.,
2000) cDNA EST

GenBank EST 196,988
(http://www.ncbi.nlm.nih.gov/doEST/dbEST _summary.html) EST
cDNA
cDNA EST
cDNA
cDNA
cDNA cDNA MRNA
cDNA cDNA
cDNA cDNA
EST (Ko, 1990; Patanjali,
et a., 1991; Asamizu, et a., 2000)
EST
1
cDNA cDNA
DNA 1995 Brown

DNA



DNA

PCR

DNA
MRNA RNA

cDNA

Cy3 Cy5
DNA
(Duyk, 2002)
cDNA
1-1
cDNA
cDNA

DNA

(Schena, et al., 1995)

cDNA

10,000

(Seki et a., 2002)

cDNA

DNA

cDNA

cDNA



Escherichia coli
cDNA TOP10F (Genotype:F
{lac®, Tn10(Tet")} mcrA  D(mrr-hsdRMS-merBC) f80lacZD M15 DlacX74 deoR recAl
araD139 D(ara-leu)7962 galU galK rpsL(StrR) endAl nupG ) DHb5a(GenotypeF
f80lacZDM15 D(lacZYA-argF)U169 hsdR17(rK;mK™) recAl endAl deoR thi-1 supE44

gyrA9%6 relAll ") 2

Arabidopsis thaliana Columbia
22
10-14 1/2MS
14
1%
1.2% MS 2
250 mM NaCl
1/2MS 5
cDNA
RNA RNA (Nippon Genes, Tokyo) DNase |
(Promega, USA) 500 ngy RNA (dT)so(Takara,
Kyoto) MRNA 2y mRNA cDNA

Suppression Subtractive Hybridization (SSH)
(Diatchenoko et al., 1996; Gurskaya et a., 1996)
Subtraction Kit(Clontech, USA)

PCR-Select cDNA

cDNA cDNA
Advantage PCR Cloning Kit(Clontech) PCR
TA cDNA TOP10F
DH5a 96
cDNA
cDNA
PCR

10m  10x ExTaqPCR Buffer 8mi
nM M13 Forward primer 2 ni

polymerase(5 units/m, Takara) 100 m

25mM dNTPmix 2m 10
10mMM Reverse primer 0.35 ni

ExTag DNA



15m PCR
PCR 94 -1 5 -1 72 -1 30
10m 96-PCR
PCR 10n 0.1m  Exonuclease I(10 units/m, Amersham Biosciences,
USA) 0.1m Shrimp Alkaline Phosphatase(2 units/ml, Amersham Biosciences)
37 30 81 30
2m Dye Terminator mixture(Applied Biosystems, USA) 1 mi 1niv

M13 Forward primer 4.3 n 0.7
PCR PCR 96
-10 50 -5 60 -4 30
Sephadex G-75(Amersham Biosciences) Multiscreen
N45(Millipore, USA)  G-75 300 m
G-75
3,000 rpm 10
Runl 5m Run2 10m Run3 15m Rund 20 ni 95

3 ABI PRISM 3700 DNA Anayzer(Applied
Biosystems)

3700 DNA SPACE
Ver.3.7(Hitachi software, Tokyo) 3700 text

FASTA 5
100 3 500
N 1
BLASTN BLASTN E-Value  0.0001
Score 100
GenBank BLASTN BLASTX

DNA

DNA DNA

100 M PCR PCR 10m 3M
(pH5.2) 100 m -20 15
4 3,000 rpm 2,150x g 45

70 150 m 4 3,000 rpm 45



3Bm 3x SSC

4 96-PCR
384-PCR -20
384-PCR 4
(SPBIO-E, Hitachi Software)
(Matsunami, Osaka) 60
DNA 1
uv
60 mJ DNA uv
DNA 30
175 ml N 7.5ml 1M
(pH 8.0) 5
30
95 2 95%
cDNA RNA
450 m RNeasy
Lysis/Binding sol. 200 mg 80m Plant RNA Isolation
Aid(Ambion, USA) 15,000 rpm 5
Plant RNeasy Kit(Qiagen, Germany)
RNA 150 m 4M LiCl 150 mi
-70 1 4 15,000 rpm 15
2M LiCl 4 15,000 rpm 15
100
15,000 rpm 5
15,000 rpm 5
/10 3M 4
1 4 15,000 rpm 20 500 m
70 4 15,000rpm 5
100 m /10 3M 3
4 1 4 15,000 rpm 20
500m 70 4 15,000 rpm 5
RNA

Cy3 Cy5

10



30 ny RNA 15n 2 ng/m Oligo dT primer
5-GGATCC(T)18A-3" 5-CAGCTG(T)18C-3

5-CTCGAG(T)18G-3' 14 70 10
3 Cy3 Cy5-dUTP(1 mM, Amersham
Biosciences) 3 mi 6 m 5x Superscript 11
Buffer 3m 0.IMDTT 15m  20x dNTPs(10 mM dATP, dCTP, dGTP, 4 mM dTTP,
Amasharm Biosciences) 0.5 ni RNase Inhibitor Ambion 42
2m Superscrip [1(200 U/m, Invitrogen, USA)
30 42 2
5m 0.5 N NaOH/50 mM EDTA 70 10
5m 1M TrisHCI (pH 7.5) 220m TE
Buffer Cy3 Cy5 1 500 m
Microcon-30(Millipore) 8,000 rpm 15
10m 500 ni
TE Buffer 8,000 rpm 15 10m
2 10 m
DNA
cDNA 20 mi 4x
SSC 0.2% SDS 20x Denhart 37 1
10m . 05m 10%SDS 25nm
10 ng/m polyA(Amersharm Biosciences) 5m  20x SSC 5m  100x Denhart 2 mi
95 3
30 4
cDNA 12.5m 22x
22mm (Matsunami)
32 cDNA
24%x 45mm (Matsunami)
25 n 4x SSC
65 16
1x SSC-0.2% SDS 10 0.2x
SSC-0.2% SDS 10 0.2x SSC 5
2

Scan Array 4000(Perkin EImer Life Sciences, USA)
TIF
Quant Array(Perkin EImer Life Sciences) TIF

11



text Exce

(Microsoft, USA) Actin 8 (ACT8)
Actin 2 (ACT2)
10 ngy RNA 1 40 100 V
(Hybond-N, Amersham Biosciences)
uv 120 mJ
RNA cDNA
PCR PCR [a-*P]dATP 3,000
Ci/mmol, Applied Biosystems Prime
It-11(Stratagene, USA)
(Church and Gilbert, 1984) 60
30 60
2x SSC-0.1%SDS 5
4 0.2x SSC-0.1%SDS 60 15 2

BAS2500(Fuji Film, Tokyo) X

12



cDNA

cDNA

Suppression PCR

(Diatchenoko et al., 1996; Gurskaya et al., 1996) 1-2(A)
self-subtraction
3
cDNA 3
cDNA PCR
0.3kb
cDNA
1-2(B) (Kohchi et a., 1995) cDNA
0.4kb
EST
3 cDNA cDNA
cDNA 3,072
cDNA 1,152 10,368
7,914
1-3
cDNA
804 702
2,215 1,838 2,518 1,972 2,377
1,835 1-1 1-3
1-4
cDNA 1,500
900 (Newman et a., 1994)
4 cDNA
cDNA cDNA
cDNA
702 1,838 1,972 1,835 6,347 cDNA
1 5,173
2 486 3

EST

13

Subtractive Hybridization
Suppression Subtractive Hybridization (SSH)



60 4 8
EST
5,722 1-3
cDNA
702 1,838 1,972 1,835 6,347
GenBank
EST BLSAT 1-1
BLASTN
6,262 85
BLASTX 5,641
706 GenBank EST
est-others BLASTN EST
5,962 385
385 DNA
MRNA 327
327 EST 1-1
cDNA
3 Cy3-dUTP  Cy5-dUTP
cDNA
3 1,152
2 cDNA
Cy3-dUTP  Cy5-dUTP
1-5
cDNA
250 mM NaCl 5
1-6
Cy3 Cy5
Cy3 Cy5
1
Cy3 Cy5
Cy5/Cy3 0.5-2.0 99

14



Cy3 Cy5 R=0.99 1-6(A)

Cy3
Cy5
Cy5/Cy3 2.0 7% 0.5 0.6%
0.5-2.0 7.6 1-6(B) Cy3 Cyb5
R=0.93 1-6
cDNA
Cy5/Cy3 2.0 35
1-2
22
13 (Yoshiba et d., 1995; Gilmour et a., 1992; Wilhelm et

al., 1993; Kuromori and Yamamoto, 1994; Chen et a., 1996; Zhou and Goldsbrough, 1994,
Koizumi et al, 1993; Chang and Meyerowitz, 1986; Seki et al., 2001; Seki et al., 2002)
35
5 D1-Pyrroline-5-carboxylate synthase (P5CS, At2g39800)
Alcohol dehydrogenase (ADH, Atlg77120) Glutathione Stransferase 6 (GST6, At2g47730)
Hypothetical Protein (At1g79270) Putative Protein (At4g27520)

RNA RNA
2 ACT2 ACTS 5
1-7
cDNA Cy5/Cy3
/ 1-7 P5CS  cDNA
Cy5/Cy3 21.3 /
12.8 ADH 56 6.1 GST6
3.9 39 Atlg79270 5.2 3.8 At4g27520 6.2
6.8 cDNA

cDNA

15



cDNA

cDNA
1,500 900
(Newman et al., 1994)
1,500
cDNA
cDNA
cDNA
cDNA
1-4
SSH
SSH
SSH cDNA
Rsal 1
BLSATN LOCUS
5,722
5,000 4,800-5,100
SSH
EST 12 1
26,000
45
BLASTN 45

15 EST

16

cDNA
cDNA
0.6

3

0.8

1-1
1-4
cDNA
1-2
SSH
1-1
4
2-3 cDNA
BLASTX
EST
5,722 EST
EST 1/5
EST

14 14/45

1/5



2004 1 196,988 EST

EST 327
1-1 cDNA
EST
cDNA EST cDNA
cDNA
cDNA
Cy3 Cy5
1-6(A) Cy3
Cy5
1-6(B)
R
R=0.99 R=0.93
R 1
Cy3 Cy5 Z
R
99
cDNA
35 1-2
22
13 P5CS COR15a (At2g42540) COR47
(Atlg20440) ADH Protein phosphatase 2C (PP2C, At3g11410) Metallothionein (MT,
At1g07600) GST6 Thiol protease (Rd21A, Atlg47128) P5CS
(Yoshibaet a., 1995) COR15 COR47
PP2C
GST6 MT

(Gilmour et al., 1992; Wilhelm et al., 1993; Kuromori
and Yamamoto, 1994; Chen et al., 1996; Zhou and Goldsbrough, 1994) RD21

(Koizumi et a, 1993) ADH

17



(Chang and Meyerowitz, 1986)
cDNA

At1g79270 At4g27520
1-2 5
1-7
cDNA
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cDNA

----.> EST

PCR

h

CDNA

-4—4-4-

1-1. cDNA cDNA
cDNA EST cDNA
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(A) 1 cDNA 2

cDNA cDNA
== I:-=.:|
Y 2 N ¥
A r— | = = e —
(== I:-_-:|
C o — 2 = = E—
d
N N j
e a
ab,cd + e B d
* b
a PCR
h ——m e ﬂ B0
L
d

(B)

-»> | = = N
DNA
PCR cDNA
1-2.
(A)Suppression Subtractive Hybridization (SSH) SSH
Subtraction Suppression PCR Subtraction
cDNA cDNA
(B) cDNA
cDNA
PCR



3,072
10,368

I
2,377
l ans
2,518

= 1—[ 1

2,215

6,347

1,835

702

° 1972 5,722

—
EST
BLASTN
BLASTX
1-3.

DNA Space
Ver.3.7 Microsoft Excel
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Genome Protein EST

Library Total ESTS” Independent®  Known® Known Known Novel®

Vegetative apex 2215 1838 1826 1672 1716 109
Root 2377 1835 1818 1669 1757 70

L eaf 804 702 700 651 672 28
Inflorescence apex® 2518 1972 1928 1622 1817 120
Total 7914 6347 6262 5641 5962 327

b c
(Genome, Protein, EST) BLSAT
d EST e SSH

22
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2000 |
1500 | v’,d‘"..
l’r‘n)
y g
1000 |- »
LR
500 [ f ‘)‘ R
N
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0 500 1000 1500 2000 2500 3000
. 804 - 702
m 2215-,1838
23771835
2518 1972)
X 1500- 900
1-4. cDNA
cDNA
0

Newman et a.Plant Physiol. 1994, 106: 1241-1255
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(A)

(B)

1-5. cDNA
Cy3 Cy5cy : Cy3
(A)
Cy3 Cy5 (B)
Cy3 Cy5
(©) ACT2 ACTS
P5CS
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(A)

Cy5intensity
= =
R I <

=
(@]
@

102 104 105 106

Cy3intensity
(B)
>106 [
£10 Cy5/Cy3=2
g o " R=093
o **
>
O
Cy5/Cy3=21
103 104 10> 106
Cy3intensity
1-6. cDNA
Cy3 Cy5 Cy5/Cy3
05 Cy3/Cy5=2 05 (A)
Cy3 Cy5 (B
Cy3 Cy5
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LOCUS Gene Identification Target / Control (+S.D.)
At2g39800 D1-prroline-5-carboxylate synthase (P5CS) 21.27(+4.53)
At1g20440 COR47 8.80(+3.29)
At2g42540 COR15a 7.79(+0.37)
At1g79270 Hypothetical protein 6.77(+1.08)
At3g11410 Protein phosphatase 2C 6.74(+0.45)
At4g27520 Putative protein 6.24(+3.21)
At2g46270 G-box factor 3 6.16(+1.03)
Atlg77120 Alcohol dehydrogenase (ADH) 5.62(+0.52)
At1g62570 Hypothetical protein 5.18(+1.18)
At1g07600 Metallothionein (MT) 4.22(+0.64)
At3g51250 Putative lipase 4.19(+0.77)
At4g23630 Hypothetical protein 4.11(+0.66)
At2g47730 Glutathione S- transferase 6 (GST6) 3.87(+0.17)
At3g05880 Hydrophobic protein (RCI2A) 3.84(+0.88)
At2925450 Putative dioxygenase 3.73(x0.54)
At2g36630 Hypothetical protein 3.68(+0.22)
At4g33150 Lys ne-ketoglutarate reductase 3.63(+0.49)
At1g58360 Amino acid transporter 3.40(+0.62)
At3g06500 Neutral invertase 3.11(+0.09)
At2g38540 Lipid transfer protein 1 3.05(+0.10)
At1g61890 Hypothetical protein 2.92(+0.36)
At1g47128 RD21A 2.82(+0.23)
At5g03240 Polyubiquitin (ubg3) 2.77(+0.13)
At4g12000 Hypothetical protein 2.75(+0.40)
At1g29395 Unknown protein 2.72(x0.17)
At3g03570 Unknown protein 2.66(+0.29)
At2g35680 Senescence-related protein 2.66(+0.37)
At4g15760 Monooxygenase 1 2.50(+0.17)
At3g58750 Citrate synthase-like protein 2.49(+0.33)
At5g47560 Sodium-dicarboxylate cotransporter-like 2.46(+0.16)
At5g18130 Unknown protein 2.40(+0.25)
At3g53420 Plasma membraneintrinsic protein 2a 2.27(x0.14)
At5g16840 Hypothetical protein 2.17(x0.15)
At2g15620 Nitrite reductase 2.16(+0.13)
At2g40880 Cysteine proteinase inhibitor homolog 2.14(+0.15)

26



P5CS

ADH

GST6

At1g79270

At4g27520

ACTS8

ACT2

1-7.

S
ACT2 ACT8
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Microarray Data)

12.8 (21.3)

6.1 (5.6)

3.9 (3.9)

3.8 (5.2)

6.2 (6.9)



(Benfey, 1999)

(Y oshida and Shinmyo, 2000)

cDNA
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Columbia

22
10-14
1
1% 1.2% MS
22 3
RNA

1 RNA

cDNA
cDNA 6,347
400 6,665
PCR PCR DNA DNA
1
4 32
(SPBIO-2000, Hitachi Software)
poly-L (Matsunami)
1 PCR Purification kit(Qiagen)
DNA Speed Vac 10 m

DNA

1

2-1(A) 16 4

Cy5
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Cy3 Cy5 Cy3 a Cy5

b Cy3 Cy5 Cy3 c Cy5
d Cy3 Cy5 Cy3 e Cy5
f Cy3 Cy5 Cy3 g Cy5
h
Cy3/Cy5 ab c/d ef gh
(alb+c/d+eff+g/h)/4d A
A (ab)/A (c/d)/A (e/f)IA (g/h)/A
(ab)/A (c/d)/A (eff)IA (g/h)/A
(ab)/A+(c/d)/A+(elf)/A+(g/h)/A=4 4 4
(ab)/A=1 (c/d)/A=1 (e/f)/A=1 (g/h)/A=1
Cy3 3 Cy3
Cy5 3x 2 6
8
1 1 1
text
GeneSpring (Silicon Genetics, USA)  import

k-means
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LOCUS

Cy3 Cy5
2-1(A)
272
6,393
4
22 4
3
4
6 3
15
CL13

CL11 CL14 CL15

CL14

4x 4 16
Cy3 Cyb5
6,665
6,665 272
5,241
4
3
3
4
2-2(B)
k-means
4
1 4 2
4 4
2-3 2-1
k-means
CL6
CL3 CL7 CL9
CL14
2-3
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RNA

6,393

2-2(A)

15

15

CL1 CL2

2-1



CL6
2-3 2-1
MIPS (Munich Information Center for Protein
Sequences) Functional category

2-2 CL4 CL6
CL4 CL6
TargetP
(http://www.cbs.dtu.dk/services/TargetP/) 2-3
25,225
14%
10% 17% 2-4
38% 48% 42%
CL1 CL2 CL5 2-4
CL1 CL2 CL5
CL2 CL5
2-1 35%
CL14 2-4 CL14
2-1
4-12%
2-1(B)
(2,5) (3.9 (4,13) 2
2-1(A, B) 4
56 24 23 141
WEB
LOCUS
55 22 21 131
2-4
/
2-5 /
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3,000 / 2.5

2-4
cDNA
27
1 28 2-6
MIPS
MIPS MIPS Functiond
category
4 162 2-5

Fructose-bisphosphate aldolase (At4938970)  Glyceral dehyde-3-phosphate
dehydrogenase (At1g42970) Ribulose bisphosphate carboxylase (At5g38410)
Sedoheptul ose-bisphosphatase (At3g55800) Phosphoglycerate kinase (At3g12780)
Fructose-bi sphosphatase (At3g54050)
2-4
(Kagayaet al., 1995; Kwon et d.,
1994; Ewing et al., 1998; Willingham et a., 1994; Podkowinski et al., 2003; Strand et al.,

1997) Alcohol dehydrogenase (ADH, Atlg77120) b-1,3-glucanase
(At4g16260) Aspartate aminotransferase (At5g19550) Glutamate dehydrogenase
(At5g07440) 2-4

(Chung and Ferl, 1999; . Cruz-Ortega, 1997; Schultz, 1998; Purnell, 1997)

APETALAL (AP1, At1g69120) APETALAS (AP3, At3g54340), MADS-box
PISTILLATA, (PI, At5g20240), SEPALLATA3(SEP3, At1g24260) LUMINIDEPENDENS

protein (LD, At4g02560) 2-4 (Gustafson-Brown et al., 1994; Jack et al.,
1994, Li et a., 2001; Honma and Goto, 2000; Zhang and van Nocker, 2002) GRAS

bzIP Scarecrow-like protein
(At3g46600) 2-4  (Sabatini, 2003)
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Osmotin (At4g11650) HSP 90-like protein (At4g24190)
2-4 (Kononowicz, 1992; Yabe, 1994)

putative protein

2-7
31%
TargetP
2-6
56%
2-8
31%

unknown protein hypothetical protein
4 67

24%

50

19%

32%
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16
2-1 Cy3 Cy5
2x 3
2-6
k-means
15 k 15 15
2-3
CL14
CL1 CL2 CL3 CL7 CLb6
2-1(B)
3
2-5 131
3 98
2-2 4
3
ABC ABC 3
(Saedler, 2001) 4

(Benfey, 1999)

Fructose-bisphosphate aldolase (At49g38970)
Glyceral dehyde-3-phosphate dehydrogenase (At1g42970) Ribulose bisphosphate

35



carboxylase (At5g38410) Sedoheptul ose-bisphosphatase (At3g55800) Phosphoglycerate
kinase (At3g12780) Fructose-bisphosphatase (At3g54050)

(Kagayaet al., 1995; Kwon et al., 1994; Ewing et a., 1998;
Willingham et al., 1994; Podkowinski et al., 2003; Strand et a., 1997)

Alcohol dehydrogenase (ADH, Atlg77120)
ADH

NAD" 1 ADH

ADH
(Chung and Ferl, 1999)
Osmotin (At4g11650)  HSP 90-like protein (At4g24190)

10-100
(Kreps et al., 2002)

APETALAL1 (AP1, At1g69120) APETALA3 (AP3, At3g54340), MADS-box
PISTILLATA, (PI, At5g20240), SEPALLATA3(SEP3, At1g24260) LUMINIDEPENDENS
protein (LD, At4g02560) (Gustafson-Brown et al., 1994; Jack et al., 1994; Li et
a., 2001; Honma and Goto, 2000; Zhang and van Nocker, 2002)

2-2
(Seedler, 2001)
unknown protein hypothetical protein
putative protein 67
29%
k-means CL1 CL2 CL5

2-4
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2-8

CL14

19%

15

4.0

Differential Display
(Mandaokar et a., 2003)

35%

CL14

cDNA

37

56%

(Haran et a., 2000)



ribulose 1,5-bisphosphate carboxylase (rbcS)
chlorophyll a/b binding protein (CAB) glyceradehydes 3-phosphate dehydrogenase A

(GapA)

(Yoshidaand
Shinmyo, 2000) hyoscyamine 6b-hydroxylase
(AbH6H) purescine N-methyltransferase (PMT)  mannopine synthase (mas2’)
(Suzuki et al., 1999; Shoji et a., 2000;
Boriguk et al, 1999) mas2’ GFP

(Boriguk et al, 1999) 229

cDNA
(The Arabidopsis Genome Initiative, 2000; Seki et al., 2002)

27
cDNA
2-7 cDNA 26
1kb cDNA At3g54580
1.5kb PLACE
PLACE Signal Scan Search (http://www.dna.affrc.go.jp/htdocs/PLACE/)
as-1element ACGT motif
NtBBF1 binding site  ATATT motif telo-box 5 2-7
(Redman et al., 2002; Klinedinst et al., 2002; Salinas et al., 1992; Baumann et al., 1999;
Elmayan and Tepfer, 1995; Tremousaygue et al., 1999) 26
5
At1g76930 At1g76930
MRNA MRNA

(Huaet a.,2001)
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2-1. k-means

Cluster Genes® Clones®

Expression Pattern®

CL1 375 429  Lesf, Flower/Leaf, Flower/Leaf/Stem
CL2 187 222 Ledf, Leaf/Stem
CL3 190 235 Stem, Leaf/Stem
CL4 479 537 Fower/Stem, Flower/Leaf/Stem
CL5 243 388 Leaf/Stem
CL6 679 780 Flower, Flower/L eaf
CL7 250 307 Stem, Flower/Stem
CL8 326 443 Root/Stem, L eaf/Root/Stem
CL9 408 486 Stem, Root/Stem
CL10 358 412  Flower/Leaf/Root/Stem
CL11 418 515 Root, Root/Stem
CL12 642 818 Root/Stem, Flower/Root/Stem
CL13 182 216 Leaf, Leaf/Root
CL14 86 125 Root
CL15 418 480 Root, Flower/Root
b
Cc
CL1 L eaf Flower/L eaf
Flower/L eaf/Stem
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2-3. k-means TargetP

Cluster No. Plastid Mitochondria  Secretory pathway  Notarget® Total Genes
CL1 143 37 52 143 375
CL2 91 9 16 71 187
CL3 39 12 30 109 190
CL4 59 39 75 306 479
CL5 103 9 32 99 243
CL6 117 83 84 395 679
CL7 32 25 32 161 250
CL8 58 30 35 203 326
CL9 48 33 41 286 408
CL10 46 45 36 231 358
CL11 54 58 48 258 418
CL12 69 67 63 443 642
CL13 35 14 25 108 182
CL14 3 6 30 47 86
CL15 36 66 50 266 418
Genome” 3592 2604 4237 14792 25225
a TargetP
b TargetP
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17% No target
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2-4.

L eaf-specific expression genes

L OCUS Gene ldentification Control L eaf |eaf/Cont.
At3045140  lipoxvaenase (AtLox2) 1385 20193 14.6
At3001500  carbonic anhvdrase, chloroplast precursor 2864 40735 14.2
At1009340  putative RNA-bindina protein 2976 31901 10.7
At4038970  fructose-bisphosphate aldolase like protein 6238 61433 9.8
At3009630  putative 60S ribosomal protein L1 15797 155422 9.8
Atla42970  putative alvceraldehyde-3-phosphate dehvdroaenase 2272 21023 9.3
At5038420  RuBisCO small subunit 2b 5852 53483 9.1
At2039730  Rubisco activase 4546 40369 8.9
At3055800  sedoheptul ose-bisphosphatase precursor 2447 20650 8.4
At5014740 CARBONIC ANHYDRASE 2 2376 19333 8.1
At4037930  alycine hydroxymethyltransferase like protein 3930 31183 7.9
At2017340  unknown protein 23531 181106 7.7
At1a12900 dlvceraldehvde 3-phosphate dehvdrooenase A 4498 33493 7.4
At2039010  putative aguaporin (water channel protein) 2064 15314 7.4
At5064040  photosystem | reaction centre subunit psaN precursor 6965 48129 6.9
At5038410  RuBisCO small subunit 3b 39151 267023 6.8
At5065010  asparagine synthetase 1133 7640 6.7
At1069530  expansin-like protein 1332 8814 6.6
At5009660  microbody NAD-dependent malate dehvdrooenase 2506 16568 6.6
At5066880  protein kinase 6166 37421 6.1
At1a30380  Photosystem | Subunit K (PsaK) 8102 48147 5.9
At4000360  probable cytochrome P450 1595 9354 5.9
At1020340  Plastocyanin (PetE2) 7560 41393 5.5
At4031160  unknown protein 3098 16954 55
At3012780  phosphoalvcerate kinase like protein 8862 48264 54
At4009580  unknown protein 2104 11322 54
At1a20020  ferredoxin--NADP reductase precursor, putative 1699 9059 53
At1a08380  unknown protein 6628 35076 5.3
At4027520  early nodulin-like 2 predicted GPI-anchored protein 1075 5680 5.3
At5040610  dihvdroxvacetone 3-phosphate reductase (dhaprd) 5082 26589 5.2
At2021330  fructose bisphosphate aldolase like protein 1270 6646 52
At5004140  ferredoxin-dependent alutamate svnthase 1566 8089 52
At5053930  unknown protein 1878 9467 50
At1a60950  ferrodoxin precursor 5142 25667 5.0
At3014420  alvcolate oxidase like protein 2444 12161 5.0
At3050820  putative protein 1 photosystem Il oxvaen-evolvina complex 4717 23331 4.9
At3062410  CP12 protein precursor-like protein 2676 12901 4.8
At4021280  photosvstem | oxvaen-evolvina complex protein 3 - like 10786 51490 4.8
At2035330  unknown protein 2789 13312 4.8
At4003280  unknown protein 4217 20029 4.7
At1a21600  unknown protein 3880 18325 4.7
At3004790  putative ribose 5-phosphate isomerase 1314 6170 4.7
At1a79040  unknown protein 5241 24193 4.6
Atl1a11860  aminomethyltransferase-like precursor protein 5393 24358 45
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At1025540
At3024030
At3063160
At1a44575
At2015620
At1016880
At3054050
Atla67080
At4022890
At3002730
At3011630

hvpothetical protein
hvdoxvethvlthiazole kinase, putative
unknown protein

Photosystem |1 chlorophyll-bindina protein PsbS
ferredoxin--nitrite reductase
Unknown protein (F611.12)
fructose-bisphosphatase precursor
unknown protein

unknown protein

thioredoxin f1

putative 2-cys peroxiredoxin

2363
3779
1760
3280
1123
3115
2232
4992
3006
1438
4213

10457
16336
7581
13920
4688
12870
9149
20449
12194
5477
15691

4.4
4.3
4.3
4.2
4.2
41
41
41
41
3.8
3.7
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Root-specific expression genes

L OCUS Gene ldentification Control Root Root/Cont.
At1021310  extensin 3 (atExt3)(AtEXt5) 2550 144463 56.6
At3054580  extensin precursor -like protein 1755 75621 43.1
At4033720  pathooenesis-related protein 1 precursor, 19.3K 1868 78632 42.1
At1011580  unknown protein 1787 74685 41.8
At1la76930  extensin 4 (atExt4) 2485 96613 38.9
At2005510  putative alvcine-rich protein 1689 43558 25.8
At5026280  unknown protein 1841 44900 244
At2017440  unknown protein 1873 45679 244
At1a66270  beta-alucosidase 2158 50672 235
Atla77120  alcohol dehydrogenase 1440 30118 20.9
At3016400  putative jasmonate inducible protein 2405 43071 179
At4a33070  pvruvate decarboxvlase-1 (Pdcl) 2255 39914 17.7
At3061860 ARGININE/SERINE-RICH SPLICING FACTOR RSP31 1575 26908 17.1
At3043190  sucrose synthase like protein 1936 31802 16.4
At5020830  sucrose-UDP alucosvltransferase 2885 44688 15.5
At1a69880  thioredoxin like protein 1913 29059 15.2
At1a66280  beta-alucosidase, putative 1815 26689 14.7
At2001520  unknown protein 2103 28500 13.6
At4011650  osmotin precursor 1358 17828 131
Atla73260  putative trypsin inhibitor (At1a73260) 2373 29976 12.6
At1026250  hypothetical protein 2819 34769 12.3
At1019530  unknown protein 1444 17248 11.9
Atla49570  peroxidase like protein 1593 18158 11.4
At3052930  fructose bisphosphate aldolase - like protein 4106 46562 11.3
At2001530  unknown protein 2461 27764 11.3
At2031390  putative fructokinase 2080 22957 11.0
At5026260  unknown protein 1457 14963 10.3
At3016460  putative jasmonate inducible protein (MDC8.9/AT3016460) 2059 20893 10.1
At2044080  unknown protein (At2044080) 3024 29655 9.8
At2002130  protease inhibitor 11 2524 23148 9.2
At3009100  putative mRNA cappina enzvme, RNA auanvlvltransferase 2280 20134 8.8
At2036220  unknown protein 2161 18969 8.8
At4016260  bete-1,3-alucanase class | precursor 1976 16698 85
At1019180  unknown protein 2329 19670 8.4
At4011320  cysteine proteinase like protein 1568 12916 8.2
At3032980  peroxidase, putative 2157 17569 8.1
At3002550  unknown protein 1697 13736 8.1
At4021830  unknown protein 1752 13956 8.0
At5061220  unknown protein 2557 20103 7.9
At5007350  unknown protein 2442 18544 7.6
At3010040  unknown protein 1353 10039 74
At4032480  putative protein 4039 29443 7.3
At1a66590  hvypothetical protein 8100 58418 7.2
Atla54010  unknown protein 1235 8634 7.0
At1gl7290  alanine aminotransferase (ALAATY) 2461 16879 6.9
At4014320  ribosomal protein 5660 35270 6.2
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At4g10040
At4034050
At3015210
At1009740
At1013260
At1006620
At5019550
At3002220
At1049240
At4038470
AK118194
At3012580
Atl1035140
At1003220
At2016060
At4030450
At3023430
At4009030
At4030280
At2001140
At1009560
At5044380
At1027730
At2038470
AK118085
At1a35580
At5007440
At4031720
At5017920
At3023170
At3016450
At1006640
At1a62975
At5027640
AC009243
At5023020
At2040000
At4026970
At4039675
At5056010
Atl021110
At4029780
At3022850
At5022630
At1a18270
At4039980
Atla76790
At5008690

cytochrome ¢

caffeovl-CoA O-methyltransferase - like protein
ethylene responsive element bindina factor 4
putative ER6 protein

unknown protein

oxidoreductase, putative

aspartate aminotransferase (Asp2)

unknown protein

actin 11 like protein

protein kinase like protein

(No entrv)

putative protein

phosphate-induced (phi-1) protein, putative
unknown protein

class 1 non-symbiotic hemoalobin (AHB1)
alvcine-rich protein

PHOL protein (PHO1)

arabinoaal actan-protein AGP10

xvloalucan endo-1.4-beta-D-alucanase-like protein
putative fructose-bisphosphate al dolase, plastidic form
germin-like protein

berberine bridae enzvme-like protein

putative salt-tolerance zinc finaer protein
putative WRKY-tvpe DNA bindina protein

(No entry)

invertase, putative

alutamate dehvdroaenase 2 (GDH2)
Transcription factor |1 homoloa

5-methvltetrahvdropterovltrialutamate--homocysteine S-methvltransferase

unknown protein

putative lectin

putative Iron/Ascorbate oxidoreductase family protein

putative bHLH transcription factor (bHLH125)

TRANSLATION INITIATION FACTOR 3 SUBUNIT 9-like protein
(No entrv)

2-isopronyvlmalate svnthase-like protein

putative nematode-resistance protein

aconitase like protein

(No entry)

heat shock protein 90

O-methvltransferase like protein

unknown protein

unknown protein

chorismate mutase/prephenate dehvdratase-like protein

unknown protein (At1918270)
2-dehydro-3-deoxvphosphoheptonate aldolase

catechol O-methvltransferase like protein

H-+-transportina ATP synthase beta chain (mitochondrial) -like protein
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5138
6952
5414
1302
3572
3427
2388
8032
13777
2935
5344
3202
1380
2758
1410
1915
1947
2092
1328
2443
2612
1453
2666
3168
3439
3429
4893
2106
13786
3072
1840
6549
1568
6164
2029
2254
8420
2229
1534
5615
1755
2007
1917
1574
3014
3367
1810
2581

30951
41314
31694
7444
20296
19193
13350
43976
74946
15341
27325
16232
6898
13765
6944
9420
9571
10044
6267
11390
12101
6728
12181
14465
15691
15445
22013
9390
58491
12965
7682
27260
6488
25459
8272
9154
33731
8920
6071
22228
6890
7807
7426
6057
11464
12786
6843
9647

6.0
5.9
5.9
57
57
56
5.6
55
5.4
52
51
51
5.0
5.0
4.9
4.9
4.9
4.8
4.7
4.7
4.6
4.6
4.6
4.6
4.6
4.5
4.5
45
4.2
4.2
4.2
4.2
41
41
41
41
4.0
4.0
4.0
4.0
39
39
3.9
3.8
3.8
38
38
3.7



At5028540
Atla17450
At2027080
At4036990
At4017500
At1a18740
Atla72360
At1043800
At3045640
Y 08501

At2036460
Atlq75200
At1a15750
At4034200
At2040140
At5008670
At5002500
At4023850
At3008580
At5064260
At3023030
At4033090
At4013940
At3009630
At1026270
At3003270
Atl1a15670
At5037510
At3046600
At4030440
At4000570
At3001470
At5003300
At3002090
At4024190
At5058430

luminal bindina protein

hvpothetical protein

Unknown protein (At2027080; T20P8.13)

heat shock transcription factor HSF4

ethylene responsive element bindina factor 1
unknown protein

putative AP2 domain transcription factor
stearovl acvl carrier protein desaturase, putative
mitoaen-activated protein kinase 3

(No entry)

putative fructose bisphosphate aldolase
unknown protein (At1g75200)

unknown protein (At1a15750)

Phosphoal vcerate dehvdroaenase - like protein
putative CCCH-tvpe zinc finoer protein
H+-transportina ATP svnthase beta chain (mitochondrial) -like protein
dnaK-type molecular chaperone hsc70.1
acyl-CoA svnthetase - like protein

adenvlate translocator

phi-1-like protein

auxin-inducible aene (IAA2)

Aminopeptidase like protein
adenosvlhomocysteinase

putative 60S ribosomal protein L1

unknown protein

unknown protein

putative protein

putative NADH dehydroaenase (ubiquinone) 76K chain precursor protein

scarecrow-like protein

nucleotide suaar epimerase-like protein
putative mal ate oxidoreductase

homeobox protein (HAT5)

adenosine kinase (MOK16.21)

putative mitochondrial processing peptidase
HSP90-like protein

leucine zipper-containing protein

2935
5776
2281
2187
2856
3434
1747
2008
3027
25396
5095
1889
3292
5582
4775
3853
2684
3366
8686
2277
4728
2053
28084
5638
2139
2153
3749
2937
3179
2562
2112
1958
3210
2604
2962
3934

10838
21035
8302
7878
10238
12216
6211
7111
10701
87893
17588
6382
11115
18750
15808
12712
8764
10860
27684
7169
14735
6381
86648
16907
6400
6421
11140
8664
9147
7235
5731
5214
8236
6638
6836
9057

3.7
3.6
3.6
3.6
3.6
3.6
3.6
3.5
3.5
3.5
3.5
3.4
34
34
33
3.3
3.3
3.2
32
31
31
3.1
3.1
3.0
3.0
3.0
3.0
2.9
2.9
2.8
27
27
26
2.5
2.3
2.3
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Flower-specific expression genes

LOCUS Gene ldentification Control  Flower  Flower/Cont.
At1g24020  pollen alergen-like protein 770 11734 152
At4g03210  putative xyloglucan endotransglycosylase 1516 21075 139
At3g08770  putative nonspecific lipid-transfer protein 747 9771 131
At5g20240 Pl protein (PISTILLATA) 1431 17240 12.0
At2g16590  unknown protein 25455 239270 9.4
At1g69120  unknown protein 578 4657 8.1
At3g54340  flora homeotic protein APETALA3 (AP3) 893 7021 79
At1g53160  squamosa promoter binding protein-like 4 (spl4) 605 3586 59
At1g24260 flora homeotic protein, AGL9 1338 6989 52
At5g23940  Acyltransferase 640 2969 4.6
At3g28500  acidic ribosomal protein P2b (rpp2b), putative 828 3573 4.3
At5g45670  GDSL-motif lipase/hydrolase-like protein 1092 4657 4.3
At3g58760  unknown protein 42447 160354 3.8
At2g28250  putative protein kinase 958 3226 34
At1g55510  branched-chain alpha-keto acid decarboxylase E1 beta subunit 1880 5982 32
At3g41950  (No entry) 85716 268077 31
At3g08520  hypothetical protein 1681 5196 31
At1g53070  protein kinase, putative 969 2863 3.0
At4g01410  putative hypoersensitive response protein 996 2907 29
At3g12740  unknown protein 12521 35635 2.8
At4g02560 LUMINIDEPENDENS protein 27213 76996 28

51



Stem-specific expression genes

LOCUS Gene ldentification Control Stem Stem/Cont.
At1g20620  unknown protein 3111 39346 12.6
At1g28280  unknown protein 2756 28108 10.2
At5g45560  unknown protein 1362 10848 8.0
At2g21660  glycine-rich RNA binding protein 3455 23083 6.7
At3g13750  galactosidase, putative 3730 23631 6.3
At2g34420  photosystem |1 type | chlorophyll &b binding protein 10983 57390 52
Atl1g75800  thaumatin, putative 2951 13247 45
At4g39090  drought-inducible cysteine proteinase RD19A precursor 15061 65899 44
At3g56940  putative dicarboxylate diiron protein (Crdl) 20892 90070 4.3
At5g56870  beta-galactosidase (emb|CAB64740.1) 3466 14548 4.2
At5g19140  auminium-induced protein - like 2530 10535 4.2
At1g05850  putative endochitinase 4433 16333 37
At2g22980  putative serine carboxypeptidase | 1406 5055 3.6
At5909440  unknown protein 4397 15422 35
At3g22970  unknown protein 2967 10347 35
At2g03890  unknown protein 2399 8068 34
At5g49980  transport inhibitor response 1 protein 1743 5712 33
Atl1g75380  wound-responsive protein, putative 3951 12916 33
At5g25280  serine-rich protein 2244 6938 31
At3g59060  putative bHLH transcription factor (b0HLHO65) 1967 5582 2.8
At5g09220  amino acid transport protein AAP2 2132 5809 27
At3g01690  unknown protein 1648 4163 25

52



(A)

Target / Control

(B)

19 o
= 50
12 °
s S 40
: =30
6 o g
4 L 5
2 ﬁ lO PN .
0 0 et IS
N N 1000'0 [ o 100 1000 10000 100000
o Signal int.
(C) o)
£ B 14
£ 14 o
S 12 ¥
© 10 5
g 8 S
S 6 g 0
g 4 5 ¢
I - 2
: 0
1 1000 10000 100000 - - . -
Signal int. o
2-5.
(A) - "
131 (©) . o
22

53
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2-5. MIPS Functional Category

L eaf Root Flower Stem

METABOLISM 18(13) 22(13)  1(1) 0
ENERGY 14(11) 16(13) 0 0
CELLULAR ORGANIZATION 7(5)  6(5) 0 0
CELL RESCUE, DEFENSE, CELL DEATH AND AGEING (1) 53 1 0
TRANSCRIPTION 0 73 55 2
PROTEIN SYNTHESIS 0 2 0 0
PROTEIN DESTINATION 0 1 0 1
CELLULAR COMMUNICATION/SIGNAL TRANSDUCTION 0 301 0 0
CELLULAR BIOGENESIS 0 201 10 0
TRANSPORT FACILITATION 0 22 0 1
CELLULAR TRANSPORT AND TRANSPORT MECHANISMS 0 1(1) 0 0
DEVELOPMENT 0 0 5(5 0
UNCLASSIFIED PROTEINS 26 61 9 14
CLASSIFICATION NOT YET CLEAR-CUT 6 24 5 4

0
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L eaf Root

Flower Stem

32%

68%

B Functionally annotated protein
B uUnknown protein

2-7.
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TargetP

Leaf Root Fower Stem
Plastid 31 8 2 7
Mitochondria 2 11 3 1
Secretory pathway 3 25 4 7
No target 19 87 12 7
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L eaf Root 6%

35%
19%
67%
5%
4%
Flower Stem
10%
32%
57%
19%
32%
O plastid
B Mmitochondria
[ Secr etory pathway
[J Notarget
2-8.

TargetP
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2-1.

LOCUS Gene | dentification Cis-element®
At1g11580 unknown protein as-1,ATATT
At1g19180 unknown protein as-1, NtBBF1, ATATT
At1g21310 extensin3 as-1, NtBBF1, ATATT
At1g26250 hypothetical protein as-1, ATATT
At1g49570 peroxidase like protein as-1, NtBBF1, ATATT
At1g62975 putative bHLH transcription factor as-1, ATATT
At1g69880 thioredoxin like protein as-1, NtBBF1, ATATT
At1g73260 putative trypsin inhibitor as-1, NtBBF1, ATATT
Atl1g76930 extensin4 (No entry)
Atlg77120 alcohol dehydrogenase as-1, NtBBF1, ATATT
At2g01520 unknown protein ATATT
At2g05510 putative glycine-rich protein NtBBF1, ATATT
At2g17440 unknown protein as-1, ATATT
At2g31390 putative fructokinase as-1, NtBBF1, ATATT
At2g36460 putative fructose bisphosphate aldolase NtBBF1, ATATT
At2g44080 unknown protein as-1, NtBBF1, ATATT
At3g02550 unknown protein NtBBF1, ATATT
At3g10040 unknown protein as-1, NtBBF1, ATATT
At3g43190 sucrose synthase like protein as-1, NtBBF1, ATATT
At3g54580° extensin precursor -like protein as-1, NtBBF1, ATATT
At3g61860 ARGININE/SERINE-RICH SPLICING FACTOR RSP31 as-1, ATATT, telo-box
At4g32480 putative protein as-1, ATATT
At4g33070 pyruvate decarboxylase-1 (Pdcl) as-1, NtBBF1, ATATT
At4g39675 (no entry) as-1, ATATT
At5g19550 aspartate aminotransferase (Asp2) as-1, ATATT
At5g20830 sucrose-UDP glucosyltransferase as-1, ATATT
At5g26280 unknown protein NtBBF1, ATATT

a

NtBBF1 binding site  ATATT motif

1.5kb
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(Sullivan and Deng,

2003)
(Gyulaet al., 2003; Chory et al.,
1996) (PF B)
125 kD
N C
N PFB
C 2 PAS
(Montgomery and
Lagarias, 2002) PFB
PFB C15-C16 Z E
PFB Pr
Pfr PFB
660 nm (Red, R) Pr
730 nm (Far-Red, FR) Pfr
31
5 (phyA-E)
PHYA PHYB
phyA Pfr
(Jordan et d.,
1997) phyB R FR
phyA
(very low fluence responses, VLFR)
FR (FR-driven high irradiance responses, FR-HIR) FR
FR (continuous FR, cFR) phyB
(low fluescence responses, LFR) R

(R-driven high irradiance responses, R-HIR) R
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End of Day FR-HIR R-HIR 100 mmol m FR R

24
LFR  0.1-100mmol m? R
FR VLFR  1nmol m?
2001
VLFR FR-HIR phyA
(Kimet al., 2000) R Pfr phyB
(Sakamoto et al, 1996) phyB
PIF3
(Quail, 2000;
Kim et a., 2003; Ni et al., 1999)
R-HIR FR-HIR
FARL FIN219 SPAl two-hybrid
PIF3 PKSL NDPK2
3-2 (Fankhauser, 2001; Quail, 2002) phyA
phyA  VLFR
Pfr FR-HIR  Pr FR-HIR
Pr Shinomura Pfr FR Pr
Pr* FR-HIR (Shinomura
et a., 2000) Pr*
FR-HIR
VLFR phyA
(Yanvsky et a., 2000)
(PCB) invitro
PCB PFB D Ci8
3-3 PCB PFB
PCB
Pr Pfr PFB
10-20 nm
invitro
PFB 18
(Li eta., 1992) PFB PCB PFB
hyl hy2 invitro
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PCB hyl hy2 FR-HIR
(Hanzawa et al., 2002)

hyl hy2 HY1 HY?2
PFB (Muramoto et al., 1999; Kohchi et al., 2001)
PFB 34 HY2
PCB PFB
IXa
PFB PCB
(PEB) (Fankenberg et al, 2001)
PCB
PcyA
PFB invivo PFB PCB
35S
rbcS
pcyA hy2 3-5(A)
PFB PCB
PcyA PCYA1
PCYA1 A
PCYA1 650 nm 715 nm
660 nm 730 nm PCYA1
R/FR 10-15 nm
3-5(C) A
PCYA1 phyA PCYA1
phyA
PCYA1 PCB (PCB-phy)
(Kami et al., 2004) PCYA1
(Okazaki large spectrograph, OLS)
PCYA1 HIR PCYA1 705nm 715nm 720 nm
FR-HIR 3-5(B) 730 nm PCYA1
FR-HIR
PCYA1 10-15nm (Kami
et a., 2004)
FR-HIR 730 nm

PCYA1 FR-HIR
PCYAl
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FR-HIR
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Landsberg erecta (Ler)

phyA phyA-201 PFB PCB
PCYA1 Kami
1/20MS 0.6% agar phyB FR
4 2
4 21 40 1 2
3 1 24
3-6
(Okazsaki
large spectrograph, OLS) 730 715 695 nm
730 715 695 nm 14 1.8 1.6x 10°nmol
m—2
cDNA
PCR 10m  10x PCR Buffer
10m  2mM dNTPmix 2m 10 nM M13 Forward primer 2m 10 nM Reverse primer
0.5m  rTag DNA polymerase(5 units/m, Toyobo) 100 m
15m
PCR PCR 94 -1 5 -1 72 -1 40
PCR PCR 96-well PCR Clenaup Kit(Whatman,
USA) 40 m
PCR Microarray Crosslinking Reagent D(Amersham
Biosciences) 96 384
(Amersham Biosciences) -20 384

LucideaArray Spotter(Amersham Biosciences)
Microarray slides Type 7 Star (metalcoated, DM SO optimized) (Amersham Biosciences)

cDNA 6,347
1,000 7,680 2 15,360
cDNA
RNA
450mM  RNeasy
Lysis/Binding sol. 100 mg 80m Plant RNA
Isolation Aid(Ambion) 15,000 rpm 5
Plant RNeasy Kit(Qiagen) RNA RNeasy
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Column menbrane DNase |(Qiagen)
50 m 2

5ny RNA RiboAmp RNA Amplification Kit (Arcturus, USA)
T7-based RNA amplification

1,000 RNA(aRNA)
Cy3-dCTP
Cy5-dCTP(Amersham Biosciences) aRNA
cDNA CyScribe First-Strand cDNA Labelling Kit (Amersham
Biosciences) 4ng aRNA random nonamers primer
PCR Purification
kit(Qiagen)
DNA Speed Vac 45 m
DNA
DNA
45 m 15m  4x
Hybridization Buffer (Amersham Biosciences)
95 3 30 60 m
24x 60 mm (Matsunami)
1
GeneSpring
Ignore Filter
text GeneSpring (Silicon Genetics)  import
Median Lowess
PCR
PCR SYBR Green
RNA cDNA
cDNA RT-PCR 1% 6 %
Primer
Primer Primer
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31
PCR 100 m 1m  Exonuclease (10 units/m,
Amersham Biosciences) 1m  Shrimp Alkaline Phosphatase(2 units/ml, Amersham
Biosciences) 37 30 81 30
Pico Green (Molecular Probes, Netherlands)
DNA PCR
1-10°
pg 7 cDNA SuperScript First-Strand Synthesis System
for RT-PCR (Invitrogen)
20ng RNA cDNA 15m 2
x SYBR Green PCR Master Mix(Applied Biosystems) 1.5m 10 nM Forward Primer
15m 10 nmM Reverse Primer 0.5nmM DNA 30m
ABI7700(Applied Biosystems) PCR
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730nm  715nm 695 nm
PCB-phyA  FR-HIR

40
(Ler) phyA PCYA1l 730nm  715nm 695 nm
24
64 Ler phyA PCYAl
3-6
730 715 695nm Ler phyA PCYAl
3x3 9
3-7
R 1
730 nm Ler phyA PCYAl 0.80 0.93 0.89
phyA 730 nm
Ler PCYA1
730 nm PCB-phyA PF B-phyA
phyA phyA
715 nm Ler phyA PCYAl 084 094 084
695 nm Ler phyA PCYA1l 0.81 0.80 0.83
730 715nm phyA
715 nm Ler PCYAL
730  715nm PCYA1
715 nm
PCB-phyA  phyA 730 715nm
Ler PCYA1l 730 715nm
phyA
695 nm phyA 695 nm
phyA
Ler phyA PCYA1l
2.0 0.5

Ler 730 nm 757
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472 285 715nm
640 429
phyA 730 nm 52
93 92 1
236 66 324
417 234

1,251

1,251
nm 715 nm PCYAl
nm Ler

PCYAl

PCYAl

PCB-phyA
(Kami et al., 2004)

730 nm
PCYAL 730 nm
(Kami, et d., 2004) FR-HIR
phyA
PCYAL Ler
FR-HIR

phyA

Ler phyA PCYAl

730 nm

phyA
173 122

576 379 197

183 715nm
146 695 nm 393

695 nm
211 1,028

42 10 715nm

695 Nnm 302

PCYAl 730 nm
467 321
250 143 725

1,251

Ler phyA PCYAl

37
Ler phyA PCYAl
695
715nm 730
695 nm  715nm
730 nm Ler
Ler 730 715nm

715 nm

715 695 nm
PCYAl

PCB-phyA
FR-HIR

FR-HIR
phyA phyA
Ler

phyA

FR-HIR
730 nm
0.5

Ler PCYAL
3-9(A)
122 PCYA1 Ler



Ferredoxin-NADP reductase, putative

(At1lg20020) 1 Ler PCYA1
98 PCYAl1 Ler
23
730 nm Ler PCYAL
phyA 69 3-9(B)
69 58 58 PCYA1 Ler
Adenine phosphoribosyltransferase 1, APRT (At1g27450)
Serine protease-like protein (At5g51750) 2 Ler PCYAL
36 PCYA1 Ler
20
PCYA1 Ler 98 PCYA1
Ler 36
134 PCYA1 730nm
FR-HIR

Xyloglucan endotransglycosylase-related protein XTR-7 (At2g35010) Xyloglucan
endo-1,4-beta-D-glucanase-like protein (At4g30280)

PCYAl1 Ler 23 20
43 phyA
FR-HIR
3-3
43 TAIR (TheArabidopsis
Information Resource) GO Annotations functional search
(http://www.arabidopsis.org/tool s/bulk/go/index.jsp)
26 17 33
PCR
PCYA1 FR 10-15nm
phyA
PCR
PCYA1
3-2
24 31

Eukaryotic trandation initiation factor 4A-1 (el F4A-1,
At3g13920)
Lhcb2 protein (CAB, At2g05100) Putative protein 1 photosystem 1|
oxygen-evolving complex (P11, At3g50820) Chlorophyll a oxygenase (CAO, At1g44446)
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3-10(A) (Teppermanet a., 2001)

32
CAB PgI 730 nm Ler PCYAL
Ler PCYA1
715 nm Ler PCYAl
CAO 730 715nm Ler PCYAl
695 nm phyA 695 nm
phyB

Glutamyl-tRNA reductase 1 (HEMAL, At1g58290) Ferrochelatase (FECH, At2g30390)
Heme oxygenase (HY1, At2g26670) PF B synthase (HY2, At3g09150) Mg-chelatase (MGCH,
At5g13630) NADPH:protochlorophyllide oxidoreductase A (PORA, At5g54190)

NADPH: protochlorophyllide oxidoreductase B (PORB, At4g27440)

3-10(B)
HEMA1 MGCH PORA
PORB (Maet a., 2001)
Glu-tRNA HEMA1 730 715nm
Ler PCYAl
MGCH 730 nm Ler PCYAL
Ler PCYA1
715 nm Ler PCYA1 PORA
PORB 730 nm Ler PCYAl
Ler PCYA1
715nm Ler PCYAL
PFB FECH PFB
HY1 HY2 PCYA1 hy2
HY2
Myb-related transcription factor (CCA1, At2g46830) Myb
family transcription factor (LHY, At1g01060) 3-10(C)
32 CCAl
LHY 695 nm phyA
phyA Far-red impaired response protein (FAR1, At4g15090)

Putative auxin-responsive protein (FIN219, At2g46370) bHLH protein (HFR1, At1g02340)
Phytochrome A signal transduction 1(PAT1, At5g48150) Phytochrome A (PHYA, At1g09570)
Photomor phogenesis repressor protein—related (SPAL, At2g46340)

32 3-10(D) FAR1 FIN219
PAT1 PHYA 730 nm Ler PCYAlL
Ler PCYAl
715 nm Ler PCYAl
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SPA1 730 715nm Ler PCYA1l

HFR1 695 nm
Ler phyA
DNA-binding homeotic protein Athb-2 (ATHB2, At4g16780) GIGANTEA protein (Gl,
At1g22770) Phytochrome B (PHYB, At2g18790) 3-10(E)
phyB Gl
3-2 ATHB2 730 nm Ler PCYAl
Ler PCYA1
715 nm Ler PCYAL
695 nm phyA
Ler PCYA1l Gl 730 715nm
Ler PCYAl
695 nm Ler phyA
PCYA1 PHYB

Phytochrome kinase substrate 1 (PKSL, At2g02950) Nucleotide diphosphate kinase |a
(NDPK2, At5g63310) Phytochrome interacting factor 3 (PIF3, At1g09530)

3-10(E) phyA phyB
32 PKS1
NDPK2 730 715nm
Ler PCYA1l PCYA1 PIF3
730 nm Ler PCYAL
Ler PCYA1
715 nm Ler PCYAL
PCR 24 5
CAB PSI HEMA1 MGCH 730 nm Ler
PCYA1 phyA 715 nm
Ler PCYA1
phyA 695 nm Ler phyA PCYAl
PORA PORB FIN219 PAT1 PHYA1 ATHB2 PIF3
730 nm Ler PCYA1
phyA 715 nm Ler
PCYA1 phyA
695 nm Ler phyA PCYAl

11 PCB-phyA 10-15 nm
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CAO SPA1 NDPK2 3

PCYAl

PCYA1
Ler

715 nm

phyA PCYA1l

CCAl1 LHY 730 715nm

695 nm

phyA

phyB

phyA

FECH HY1 HY2 FAR1 PHYB PKSL

HFR1L Gl

22
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730 nm Ler
phyA
Ler
695 nm
phyA
phyA

Ler phyA PCYA1l



PCYA1 (Kami et al., 2004)
PCB-phyA PF B-phyA
Ler phyA PCYAl 730 715 695nm 24
RNA cDNA
1,251
3-7
PCB-phyA  PF B-phyA
730 nm
Ler PCYAL Ler phyA
715 nm
Ler PCYA1
PCR 1
PCB-phyA FR
PF B-phyA
PCB-phyA FR
715 nm 730 nm PCYA1
PCYA1 730 nm phyA
PCYA1 730 nm
FR-HIR Ler
1
PF B-phyA
PF B-phyA 690-750nm (Shinomuraet al., 2000)
PF B-phyA PCB-phyA PCB-phyA
PF B-phyA FR 15 nm
PCB-phyA  675-735nm
730 nm PCYA1
PCYA1 720 nm
(Kami et a., 2004) 730 nm PF B-phyA
PCB-phyA
715nm PCB-phyA  PF B-phyA
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PCB-phyA 735 nm
720 nm 15 nm FR-HIR
PCB-phyA PF B-phyA
720nm PCB PFB D Ci8
2 33
PCB PFB 720 nm
PCB-phy
PF B-phy
730nm phyA Ler
PCYA1 43
Ler PCYAL phyA
FR-HIR phyA
(VLFR) 300-780 nm
(Shinomuraet d., 1996) PCYA1 VLFR
PCYA1 FR
VLFR (Kami et al., 2004) 43
VLFR
43
26 Zn
DNA Putative DNA-binding protein (At1g11950)
GH3 homolog Putative auxin-responsive protein
(At2g47750)
Putative auxin-responsive protein phyA FIN219
FR 1 8,000
Genechip FR 1
FR 26 7
(Tepperman et al, 2001)
phyA FR-HIR
17
Gl LHY CCA1
phyB 695 nm
Gl Ler phyA
PCYA1 CCAl LHY
Ler phyA PCYAL
Gl LHY CCA1 phyA
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phyA

Ler

(Nagatani et al., 1993) 695 nm phyA
695

nm PF B-phyB phyB

PCB-phyB  PCB-phyA 695 nm

phyB PCYA1
R-HIR OLS 680 nm
Ler PCYA1
PCB-phyA PCB-phyB 10-15 nm
Ler PCB
OLS PCYA1
phyB phyAB PCB-phyB
PCB
PCYA1
PCB-phy
phyA
phyA Lm phyB-401
(Maloof et a., 2001; Elich et a., 1997; Kretsch et a., 2000)
PFB PCB PCYA1
PCB-phyA
PF B-phyA
311 phyA FR-HIR
cDNA

cDNA
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3-1.

PFB C15-
C16 2 z E
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Far-Red

SPA1

EID1

v

phyA

v

FAR1

HFR1

PAT1

FIN219

LAF1

FHY1

fhy3

SuUB1

._I

3-2.
Quail PH. Current Opinion in Cell Biology 2002, 14: 180-188

PKS1

PIF3

NDPK?2

pefl

psi2

v

@al integr atD

v

CCA1 LHY
HY5 DOF
TOC1-L co
RPT2 ATHB2
ATHB4 LAF6
v

CAB CHS
GDCH etc.
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Biliverdin | Xa

HOOC COOH

o

Heme Oxygenase PF B Synthase
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(A)

(B)
= 120
(@]
2 L [N PR
8 \ \ \.\ \ —e— Ler
2 60 \ —a— hy2
g \\.\ \\ PCYA
© phyA
E 20 L695 . . . 715 . . . 730 . . .
0o 1 2 3 4 0 1 2 3 4 0 1 2 3 4
L og,,[Photon fluence per pulse (mmol m-2)]
(C) . .
— WT(Ler)
o 650 660 — PCYA1
o T hy2
o
R
%
8
8
e 4
J:
< 715
730 1
550 660 6.'—';0 7OIO 75IO 800
Wavelength (nm)
3-5. (PCYA1)
(A) (B)
(OLY) 695 715 730nm
100 © PCYAl

A Kami et al., Proc. Natl.
Acad. Sci. USA 2004
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Ler
phyA
PCYAl
3-6.
phyB
4

24

FR
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730 nm
715 nm
695 nm

24




10
100 +
10
1
| IR B UL SRR RS R AL AL IR L
1 10 100 1000 10000 1 10 100 1000 10000 1 10 100 1000 10000
R=0.80 R=0.93 R =0.89

1 10 100 1000 10000 1 10 100 1000 10000 1 10 100 1000 10000

R=0.84 R=0.94 R=0.84

1 10 100 1000 10000 1 10 100 1000 10000 1 10 100 1000 10000
R=0.81 R =0.80 R=0.78
3-7.cDNA
(Ler) phyA (phyA) (PCYAD
730 715 695nm 24
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3-2.

Ler phyA PCYAl1
730 nm 715 nm 695 nm 730 nm 715 nm 695 nm 730 nm 715 nm 695 nm

Light-induced 472 379 429 42 92 236 234 321 250
Light-repressed 285 197 211 10 1 66 183 146 143

Total 757 576 640 52 93 302 417 467 393
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Gene expression

50
4.0
3.0

\II\I\I\I\\II\IIIIHIIII\IHII\IIH\IHHIIHI\IHI\ T T T T e T -
A A W peyar 715 ome - 1.2
L M e TIRET VI L 2 08
o O AN UNF /NP N er 730 06
L N T e e 9.0 ‘ 0.4

1 AR I e v WM peyaz 730nm -
A AR S N AR MEF I B ey sosm - ® o0
| R U T D TR IS M s 725 e
L TP iy, 730 rim

3-8.
1,251
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Up-regulated Down-regulated

Ler Ler

phyA phyA

3-9. 730 nm
730 nm Ler PCYAl1l phyA
20 05
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3-3. phyA
LOCUS Gene identification Ler nohvA PCYA1
At1011950 putative DNA-bindina protein 255 0.92 2.75
At1a13280 unknown protein 0.41 1.06 0.41
At1013930 putative hyvdroxyproline-rich alycoprotein 2.66 0.83 2.36
At1a16080 unknown protein 2.76 1.13 254
At1020910 hypothetical protein 035 091 0.36
At1026270 hypothetical protein 041 0.83 0.48
At1a50250 FtSH 249 1.00 242
At1a68010 hydroxvoyruvate reductase (HPR) 521 1.59 5.32
Atla75680 endo-beta-1.4-alucanase, putative 0.36 0.80 0.33
At2014890  arabinooal actan-protein AGP9 0.25 0.88 0.26
At2026500 unknown protein 2.34 1.04 3.33
At2030520 RPT2 11.87 1.44 10.26
At2041680 putative thioredoxin reductase 2.37 1.09 2.78
At2042940 hypothetical protein 2.10 1.32 2.59
At2044080 unknown protein 0.41 0.88 0.39
At2047750 putative auxin-responsive protein 2.10 1.10 2.01
At3001500 carbonic anhvdrase, chloroplast precursor 218 112 2.06
At3017090 protein phosphatase-2c. putative 0.50 0.97 0.50
At3019820 cell elonoation protein, Dwarfl 0.48 0.87 0.46
At3021055 unknown protein 2.36 1.47 2.30
At3026570 phosphate transporter, putative 251 1.30 253
At3047340  alutamine-dependent asparadine svnthetase 223 0.93 215
At3057750 protein kinase - like protein 0.26 0.80 0.27
At3059970 methvlenetetrahvdrofolate reductase MTHFR1 2.03 1.26 2.03
At4002520 Atpm24.1 alutathione S transferase 0.42 0.98 0.49
At4012800 probable photosystem | chain X1 precursor 214 144 213
At4016985 hypothetical protein 2.99 1.23 3.53
At4021280 photosystem Il oxvaen-evolvina complex protein 3 - like 2.58 1.16 2.68
At4021830 putative protein 0.49 1.02 0.33
At4027450 putative protein 042 089 0.37
At4027520 putative protein 3.28 112 354
At4032020 putative protein 047 089 0.39
At4034200 Phosphoalycerate dehydrooenase - like protein 041 0.83 0.29
At4a37870  phosphoenol pvruvate carboxvkinase (ATP) -like protein 035 077 0.38
At5001015  unknown protein 217 1.03 2.32
At5004140 ferredoxin-dependent alutamate svnthase 3.35 1.37 3.88
At5004710  aspartyl aminopeptidase -like protein 210 1.07 219
At5021010  Unknown protein 0.29 0.97 0.25
At5026850 putative protein 0.49 0.91 0.42
At5046800 carnitine/acylcarnitine translocase-like protein 249 1.02 2.33
At5064120 peroxidase (emb|CAA67551.1) 044  0.88 0.37
At5064260 phi-1-like protein 048 093 0.49
At5066800 unknown protein 0.44 0.94 0.45
730 nm /
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3-10. PCR
L (Ler) A phyA (phyA) P
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FR-HIR

10-15 nm

3-11. PCYAL
PCYA1 PCB-phyA
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cDNA

self-subtraction

cDNA

cDNA

1-7

cDNA

cDNA cDNA
SSH
cDNA
cDNA
cDNA
1-4
SSH
SSH cDNA
cDNA
cDNA cDNA cDNA
RNA Cy3 Cy5 cDNA
RNA Cy3 RNA Cy5
1-6
cDNA cDNA
4 cDNA
5,241

k-means
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55 22 21 131 229

dehydrogenase b-1,3-glucanase
67 cDNA
cDNA
3
(PCB) (PCYAY)
(FR-HIR)
PCB phyA(PCB-phyA) FR-HIR
(PFB)
phyA(PF B-phyA)
(OLS) PCYA1
PCB-phyA
PCYA1
OoLS (Ler) phyA PCYAl
715 695 nm 24 RNA
cDNA
PCB-phyA  PF B-phyA
730 nm phyA

DNA
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Alcohol

730
cDNA

PCYAl
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Laser Capture Microdissection (LCM)

cDNA (Nakazono et dl.,
2003) GFP
cell sorter
GeneChip (Brinbaum et al., 2003)
5,817 (Yamadaet al., 2003)
cDNA
(Ma et

al., 2001; Wang et al., 2002; Srand et al., 2003)

94



PCYAl
OLS
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