Plant & Animal Genome Conference XXIV e
Computer Demo 1 (C05) January 09, 2016 @

National Institute of Agrobiological Sciences

Database for Comprehensive
MRNA-Seq Experiments In Rice

Yoshihiro Kawaharal, Youko Oono?l, Hironobu Wakimoto?!:2,
Jun Ogatatl, Hiroyuki Kanamorit, Harumi Sasaki!, Satomi Moril,
Takashi Matsumoto! and Takeshi Itoh?

LAgrogenomics Research Center, National Institute of Agrobiological Sciences, Japan
2BITS. Co., Ltd.



TENOR development team

Sample & library preparation DB & software development
* Youko Oono Yoshihiro Kawahara

« Jun Ogata Hironobu Wakimoto

« Takashi Matsumoto Takeshi Itoh

MRNA-Seq sequencing
« Harumi Sasaki

« Satomi Mori

« Hiroyuki Kanamori

Funding

This work was supported by a grant from the Ministry of Agriculture,
Forestry and Fisheries of Japan (Genomics for Agricultural
Innovation, RTR1001).



What is TENOR?

A database that contains large-scale mRNA sequencing
(mMRNA-Seq) data obtained from rice under a wide
variety of conditions.

'NOR m

‘ranscriptome "I\cyclopedia Cf Rice  http://tenor.dna.affrc.go.jp

— Publication
Keyword Searc l

Genome
. E DaF i ‘ About

Kawahara Y. et al.
Plant Cell Physiol. 2015 Nov 16
doi: 10.1093/pcp/pcvl79

Respons.iue




TENOR provides rice transcriptome information

under 10 abiotic stress and 2 plant hormone
treatment conditions (+ no treatment)

X

of Shoot and Root tissues

(seedlings 14 days after germination)

X

at Multiple timepoints
(Oh, 1h, 3h, 6h, 12h, 1d, 3d, 4d, 5d, 10d after treatments)

Total 140 conditions (250 billion bp from 3.5 billion reads)



10 abiotic stress and 2 plant hormone
treatment conditions (+ no treatment)
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‘Oono Y, Yazawa T, Kawahara Y et al. (2014) PLoS One




All experiments were performed
at a single laboratory
under Standardized conditions
using @ Single analysis platform (mMRNA-Seq)

-

- a highly reliable resource

- a standard data set
for comprehensive understanding of genome-wide
gene expression under the various conditions



Use of MRNA-Seq technigque provides

- transcriptional activity at single nucleotide
resolution

- expression profile of unannotated transcripts
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Use of MRNA-Seq technigque provides

- transcriptional activity at single nucleotide

resolution

- expression profile of unannotated transcripts
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Functions in TENOR



Three entrances on the top page

T E N o R by Keywords
by genomic

Transcriptome fI'cyclopedia Of Rice‘/
coordinates | |

;Jexpressmn profiles




Search by Keywords

TENOR

Transcriptome - 'cyclopedia Of Rice

k Enter keywords (Transcript ID or descrlptlon)

SPXdoman ontal g
6 Search”




Search results in a table

SPX domain containing

ranscriptome | 1.cyclopedia (f ice

Showing 1 to 7 of 7 entries

FC: fold-changes relative to the control samples

FDR: statistical significances of differential expressions

Search:

es

Transcript ID

Description
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Low Phospate
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R D e =

0s0710614700-01
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0s09t0521800-00
[~ee=] v Jerpoe ] x|

0s10t0392600-01
e o e

SPX, N-
terminal
domain
containing
protein.
SPX, N-
terminal
domain
containing
protein.
SPX domain-
containing
protein,
Phosphate
(Pi)
homeostasis
SPX domain-
containing
protein,
Phosphate
(Pi)
homeostasis
SPX, N-
terminal
domain
containing
protein.
Similar to
SPX domain-
containing
membrane
protein
Osl_32082.
SPX, N-
terminal
domain
containing
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Search by Responsive expression profile

Thresholds : Fold change (FC) >= 10.0 FDR < 0.01

' Search type : | and 3 Reset | Search |
Tissue Stress Timepoint Response $
Shoot
= Root Search!!

High Salinity

= Low Phospate 7 = 1d

= 5d

= 10d

10d1drec

High Phospate
High Cadmium
Low Cadmium
VeryLow Cadmium
Dry

Flood

Cold

Osmotic

ABA

JA
DevTimeCont

4 up
down

4/ up
down

Specify responsive
expression pattern



Search results In a table

Show [ 10 | entries

Showing 11 to 20 of 33 entries Search:
Root
) o Low Phospate
Transcript ID . Description
bd 10d

FC FDR FC FDR

0s0610324601-00

i D T Hypothetical gene. 19.0 0.000 543 0.000
Jﬁoﬁ?ﬁ:ﬂﬁd Major fz:gitt:;‘fr(;#gfrfam”y 19.4 0000 567 0.000
5;330:;05332230&& Major ?:;_'ti;?:)(r;“f;ﬁami'y 199 0000 365 0000
LSS:ELOEESEE;OL Hypothetical gene. 21.2 0000 422 0.000
Jﬁﬂﬂ?fi()i-‘i SPX, N—termins:jcc;irl;iain containing 290 0000 1279 0000
E_SSEZ:DEEJB&OE—J Hypothetical gene. 31.5 0.000 152.1 0.000
JSD:LDEE4$0LJ Plant ‘zfjta;: giﬁ;a;:st;:ponse 237 0002 544 0002
Jﬁ@fﬂ&fﬁ@&d Tf;ﬂgfﬁgfggi%dﬂﬁize 255 0000 536 0000
h:)sﬂ:;zﬂﬂ‘*&f)@ Similar to EW"E‘E;";'%}‘; (EC 34229 502 0000 174 0000
Jﬁoﬂ4$05-_i Similar to cysteine protease. 209 0.000 26.2 0.000

Showing 11 to 20 of 33 entries First| Previous |1 2 |3 4//Next Last



Links to other viewers and database

Os07t0614700-01 Links to

Genome Browser (GB: GBrowse)
Expression profile view (EPV)
Functional annotation (RAP-DB)
Microarray data (XPro: RiceXPro)
Co-expression gene list (CoEXxp)

0s07t0614700-01 SPX, N-terminal domain containing 290 0000 1279 0.000

(=CE=] "EPv= | RAPOE | “¥Pr- | CoER protein.



RAP-DB: RiceXPro:
Functional annotation Expression data by Microarray

HOME GLOBAL PROFILE DATA SETS EXP_BLAST

rap-do.££

The Rics Annotation Project Database

Home - GBrowse - Details View Kaywords

Deta Catogory [TVl S
0Os07t0614700-01 5 SGBrowse

LOCUS

- > 5 -
e m - ol b
: \ L Ty v -

SPX, N-terminal domain centaining protein,

TRANSCRIPT EVIDENCE

AK243609 (DDBJ, Best hit)

PROTEIN EVIDENCE

Q8H398 (UniProt)

6000

CGSNL GENE SYMBOL

Cy3 signalintensity

CGSNL GENE NAME

CGSNL GENE SYMBOL SYNONYM(S) D D

OsSPX6

13 DAT
20 DAT
27 DAT
34 DAT
41DAT
48 DAT
55 DAT

CGSNL GENE NAME SYNONYM(S)

SPX (SYG/PHO81/XPR1) domain gene 6




Quick overview of expression profiles

Os03t0758350-00

Hypothetical gene. 1507 0000 1752 0002
O o (D G = P 9
OSOthQ’)A ant_Nn
19.01 0000 5433 0.000
8 2200.0
-E 2000.0
OSO6t 1800.0
1600.0 1040 0000 56.69 0.000
-E 1400.0
OSOGt 1200.0
1000.0
. e 19.93 0000 3653 0.000
600.0
DEEl 4.0 2117 0000 4222 0.000
- E Zog:g ll||| ‘u ..I.|I|.m||| LTI T O R S ..,_._...|..||||..||l|..__|.lll L P [ | I e l . . .
OSO?t\ | 1 F WFhd i ) L ) N TN LSl TN IRd AN IeAl )
: 2002 0000 127.87 0.000
|“GE™ ) "EPV™ | RAPDE ) "XPro" | CoEF containing protein.

0Os0
EEEET

] By hovering the mouse cursor over m ; 31.5] 0.000 152.13 0.000
You can quickly overview expression profiles

Plant disease resistance
response protein family 23.73 0.002 5442 0.002
protein.

0s08t0375400-01




Quick overview of expression profiles

0s03t0758350-00
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i 2

2000.0
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1600.0 1940 0000 5669 0.000
EE 1400.0 :

O 061'. 1200.0 '
S 1000.0 1993 0000 3653 0.000

Hypothetical gene. 15.07 0.000 17.52 0.002

19.01 0.000 54.33 0.000
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containing protein.

29.02 0.000 127.87 0.000

or the thumbnail image, 0.000 15213 0.000
W B el BEEFYoU can get the details of the expression profile

in expression profile view (EPV)

Os08t0375400-. . tein famil 2373 0.002 5442 0.002
response protein tami . . . .
e i D) o P pritein Y




Expression profile view (EPV)

0s07t0614700-01
2200.0

2000.0

1800.0 -
Low P Root 10d

1837.81
1600.0

1400.0

12000 Sample condition and expression level are appeared,
10000 when hovering the mouse cursor over each bar

800.0

upper-quartile normalized RPK

600.0

400.0
200.0
0.0 - { 1T » Ld... |..|I L ™ Illl Busan 2

Condition

Output PNG | Logarithmic/Arithmetic scale | Table view | Download CSV

+ Select conditions

« Salinity ©@
Shoot: [|® Cont [J@ 1h
Root: @ cont @ th

« Low Phosphate &
Shoot: | @ Cont @ 1d [J®sd |« 10d
Root: | @Cont [l 1d J#5d J<10d [J« 10d1drec

+ High Phosphate &
Shoot: | wCont Jw1d Jwsd [Jv 10d
Root: | @cCont [l 1d J#sd [« 10d [J© 10d1drec

¥ High Cd @
Shoot: J# cont J@1h e 12n J=1d J@sd
Root: [J#cCont e ih Jwizh Je1d e sd

v Low Cd ©
Shoot: @ Cont Jv1d [Jw4d [J= 10d
Root: #cCont #1d J#4d [J#10d




Functions in Expression profile view

0s07t0614700-01

2200.0

2000.0

1800.0

1600.0

1400.0

1200.0

1000.0

800.0

upper-quartile normalized RPK

600.0

400.0

200.0

0.0

Condition

Output PNG | Logarithmic/Arithmetic scale | Table view | Download CSV

Select conditions

Salinity & N
Shoot: cont [ith
Root: Cont J1h

¥ Low Phosphate &
Shoot: | @ Cont [J@1d J@sd [« 10d
Root: | @Cont JJ@1d J®5d Jw10d |« 10didrec

« High Phosphate You can select sample conditions

Shoot: = @ Cont I-Md I"5d l« 10d > . .

Root: | wcCont J@1d [J«s5d Jw10d ]« 10didrec to be dISp|ayed in the bar plot
High cd ©

Shoot: Jiicont Juith Ju1zn Jod JJosd
Root: [JOcont Jooth Jot2zn Jo1d Josd

Low Cd ©
Shoot: Cont i1d Jo4d o 10d
Root: Cont itd [Jri4ad [ 1od W,




Functions in Expression profile view

s 0s07t0614700-01 RPKM Value ®
o High Salinity Shoot Cont : 97.72 [High Salinity Shoot 1h  : 73.81
190004 Low P Root 10d Low P Shoot Cont :18.18 fLow P Shoot 1d : 52.19

g 1o Low P Root Cont :13.38  |Low P Root 1d :20.33

g 1400.0 fLow P Root 10d1drec 123.96

E oo High P Shoot Cont :18.18  |High P Shoot 1d :39.94

£ o0 High P Root Cont :13.38  |High P Root 1d :22.94

g 2000 | [High P Root 10d1drec  : 28.93

& oo [High Cd Shoot Cont :204.54  JHigh Cd Shoot 1h : 151.45

" ool [High Cd Shoot 5d :41.65  [High Cd Root Cont : 41.03
High Cd Root 1d :121.67  JHigh Cd Root 5d : 184.29

' . ) - Low Cd Shoot Cont 1 49.7 JLow Cd Shoot 1d 129.34
Low Cd Root Cont :51.61  |Low Cd Root 1d : 27.82

Condition

VeryLow Cd Shoot Cont : 49.7 IVeryLow Cd Shoot 1d  : 38.65
Output PNG | - Logarithmic/Arithmetic scale | Table view | Download CSV |  [VeryLow Cd Root Cont  :51.61  [Verylow CdRoot1d  : 35.5

Jory Shoot Cont :37.72  |ory Shoot 1h :32.28
Jory Shoot 12h :10.15  [ory Shoot 1d :19.78
0s0710614700.01 [ory Root 3h :39.68  [ory Root 6h : 30.79
1090 Flood Shoot Cont 1 41.35 [Flood Shoot 1h :9.09
— [Flood Shoot 12h :10.58  |Flood Shoot 1d : 13.71
1000 ] IFlood Root 1h 112,62 IFlood Root 3h :7.03 ~

1600.0

1400.0

1200.0 4

upper-quartile normalized RPK

Condition



A list of co-expressed transcripts

Top 200 co-expressed transcripts ®

Showing 11 1o 20 of 33 entries
0s07t0614700-01

SPX, N-terminal domain containing protein.
i D 3 P

Transcript ID s Description PCC
Show | 10 5 | entries
Showing 1 to 10 of 200 entries Search:
0s06t0324601-00 Hvoothetical Rank * Transcript ID Description PCC
|"GE™ )| "EPV™ ) RAPOE | "¥Pro" || COESH | yponEtical gene. 1 Os07:0614830.00 Hypothetical gene 0.9981
0s06t0324800-01 Major facilitator superfamily 0s03t0146800-01 o _
“&8 | v Jrrpos ] ¥oro | Cobn) protein. (PT9) 2 “58 | e Jrapos] oo | Cobsp) Non-protein coding transcript. 0.9622
0s06t0325200-00 Major facilitator superfamily Y | R ) e g Conserved hypothetical protein. 0.9608
e protein. (PT10) 4 0510t0392600-01 SPX, N-terminal domai taini tei 0.9579
, M-terminal domain containing protein. .
0s06t0325350-00 . e e L) e g
Hypothetical gene. 0s10t0116800-01 . .
| “GH™ || "EFV | RAPDE )| "Yero )| TOE | 5 e8| tpv [rapos] ¥ero | o | Similar to Purple acid phosphatase. 0.9533
0s07t0614700-01 SPX, N-terminal domain containing 0s08t0564000-01 . . .
= ) . { — protein_ 6 “e8 | epv Jrrpos] Yo | corse Pi transporter, Pi homeostasis (PT6) 0.9522
0510t0392650-00 )
0s07t0614850-00 ’ thetical 7 “&8 | eV Jrapos] oo | Cobsp) Hypothetical gene. 0.9500
et bt Lo YPOTEHEar9ens 8 0s03t0406100-01 Similar to ids4-like protein 0.9457
0s08t0375400-01 Plant disease resistance response 0s11t0269366-00
“GE™ ) "EPY™ } RAPDE | "YPro" | o6 | protein family protein. E 68| €pv |RAPDB| ¥Pro | CoFS | 0.9391
0s08t0383800-00 urine catabolism dioxvaenase 10 Osmmﬁz‘r’ﬁﬁﬁ — - 0.9391
i i 0 T &3 By clicking - , You can get o Previous Next b
osost0381400-01 s the list of co-expressed transcripts
(D e (ERV-C).
0s09t0381400-02
Similar to cysteine protease. 209 0000 262 0.000
e D e &= Y P
Showing 11 to 20 of 33 entries First||Previous| (1|2 3|4 |Next |Last

PCC: Pearson’s correlation of coefficient



A list of co-expressed transcripts

2200.0 ¢
2000.0 |
| Top 200 co-expressed transcripts 1800.04
1600.0
SRS 14700-01 SPX, N-terminal domain containing protein. ----- 12000
o8| v |owos] o Ik S B—— ool
— 800.0
” PCC | GCC 600.0,
400.0
_ 200.0
Show| 10 % ]¢  polualll
Showing 1 to 10 of 200 entries Search:
Rank * Transcript ID Description PCC
0s07t0614850-00
1 Hypothetical gene. 0.9981
(e8] "e5v~ | nws | “xove | ees | A
0s03t0146800-01 | T e
i Non-protein coding transcript. 0.9622
i D e P : P
0Os01t0838350-01
3 Conserved hypothetical protein. 0.9608
(=g~ e roos | e eoese e P
0s10t0392600-01
4 SPX, N-terminal domain containing protein. = 0.9579
=o—| v~ [ | ~eveo- | coes [N Sy 8P
Os10t0116800-01 _ el
5 Similar to Purple acid phosphatase. 0.9533
0 D e L . |
0s08t0564000-01
[ Pi transporter, Pi homeostasis (PT6 0.9527 " 7--_|
i D e = PO o (F1e)
0s10t0392650-00 L
7 Hypothetical gene. ™. 0.9500
A D S T JPOTETic e N
0s03t0406100-01
B Similar to ids4-like protein. Sy 0.9457
9 Os11t0269366-00 ‘\D 9391
0s07t0525675-00
10 0.9391 "y,
Showing 1 to 10 of 200 entries 4 Previous Next

Y
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Genome Browser (GBrowse)

chir(l ;24807000 . 24566000
I

24810k 24820k 24830k 24840k zaghok 24850k N
RAP Rep. transcripts {mRNA}
0=0Lt0621900-01 I=0Lt0622056-00 0=0Lt0628500-01 0s01t0622700-02 Ds01t0622001-01 0=01E0623200-01
i 1 [ — <CIN~D B <+ - - .
Dt LOEZLA00-02 Q=01 EOEZ2L00-00 001t HEZZE00-01 st 062250001 An n Ot ate d tr an S C r I t S I n R A P - D B
- (- [ TS ]
050LEOEZ1000-03 0=01t0622300-01 Ds01£0622700-01 Ds01£0623000-00
- I il gl -

0z01t0621900-04

g > and unannotated transcripts

O=01t0622033-01
OO -

b e of o predicted by RNA-Seq data
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cis-regulatory elements
within the 1kb promoter regions

Osnotic, 12h, Shoot

163 103 103
e Bl doli B3
0 i
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128 123 129
64'2§ e =c=e= === ffflﬁ 4 .|l|,I||.]|”|i I == qu.s
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60'23 = M === FES === _,_Eg.o_ﬁ P | | hl]“‘ll la = EEOj

Ja, 1d, Shoot

L AP SRR AR RANR ARSI P 1] | TARANS ¢+ | Transcriptional activity at
> single nucleotide resolution

1770
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High P, 1d, Shoot

31 31 31
15.5% E15.5 Ei5.5
0 i 0

Flood, 1d, Shoot
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.j N | Sy Al PP - .EQ__ l Il " Iltj”‘" la " - EO

Drought, 1d, Shoot
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http://tenor.dna.affrc.go.jp/gb2/gbrowse/rnaseq_db/?name=chr01:24,807,000..24,865,999

Genome Browser (GBrowse)

By hovering the mouse cursor over the transcript structures,
you can quickly overview expression profiles along the chromosome.

24810k

k31 > v -y
US01L0621500!

0501£0621900~1
0s01t0621300~

0g

24820k

nscripts (MRNA)
US01E0622066-00

0501£0622100-00
>

0s01+0A22300-01

24830k

24840k

0s501£0622500-01
0501£0622600-01

ID:0s01t0621800-01 (-)

RAP-DB RiceXPro
Desc: Similar to OSIGBa0097P08.1 protein.

Ix)

o 6000.0

% B E B H @@ unannotatg

% B E B H @@ unannotatg

*HIHHPLACEcis-

5500.0
5000.0
4500.0
4000.0
3500.0
3000.0
2500.0
2000.0

e mmnMIlIH “M\Iﬁ

0s01t0622700-02 0501£.0622901-01

0s01t0622700-01
<m0

24850k 24860k

0501£0622800-01
Ds01t0623000-00
-

0501t0623200-01
<

) ,
24810k 24820k

* B E B H & B RAP Rep. transcripts (mRNA)
USOLLOBZ1500-01 USO1L06£2066-00

O -
0501£0621900-02 %21&0522100*0
0501t0621900-03
0s01£0621900-04
-
0501 0622000-00

0s01t0622033-01
Or e

+ H E B - @ 3 unannotated Cufflinks w/ strand
| LUNS_00004152
“

* B E 8 H B B unannotated PARPNTE

* B & B H @ # PLACE cis-element
- - - -

0s01£0622300-01

,
24830k

050110622500-01

'
24840k

0s01£0622600-01

4
24850k

'
24860k

0s01t0622700-02 0s0110622901-01

0s01t0622700-01
O

ID:0s01t0622300-01 ()

~
x
RAP-DB RiceXPro x

Desc: Similar to Plastid uroporphyrinogen decarboxylase

(Fragment).

800.0
7000
600.0

500.0

0501£0622800-01

0s01t0623200-01
<

0s01£0623000-00
-

-- - - - - - -
* B E 8 H B | Osmotic, 1 * BIE B H B 8 Osmotic, 12h, Shoot 0.0
300.0
200.0
53 5
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*EH H Very low Cd, 1d, Shaut *BEBHEZHA Very low Cd, 1d, Shout ‘ ‘ ||| | |||||
130 \ J
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11 === E(, ..nll.lil.j‘“ s = = TS SRES = et LR ]Hiu -
*EH lnLade 1d, Shoo‘t *HIHIHI.OWCd 1d, Shoot
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beta-phaseolin promoter (Grace et al.); sequence and spacing of
TATA box elements are critical for accurate initiation (Grace et

al.);
TATA; legA; phaseolin;

pea (Pisum sativum); tobacco (Nicotiana tabacum); bean (Phaseoclus
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Shirsat A, Wilford N, Croy R, Boulter D

Sequences responsible for the tissue specific promoter activity
of a pea legumin gene in tobacco.

Mol Gen Genet 215:326-331 (1989)

PubMed: 2710102;

Grace ML, Chandrasekharan MB, Hall TC, Crowe AJ.
Sequence and spacing of TATA box elements are critical for
accurate initiation from the beta-phaseolin promoter.

J Biol Chem. 279:8102-8110 (2004).
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Download data

& Expression profile data (tab-delimited text file)

Normalized RPK values for annotated and unannotated transcripts
under various conditions.

€ MRNA-Seq based unannotated transcripts (GFF, GTF
and FASTA files)

Exon-Intron structures and sequences of Cufflinks and PARPNTE
predicted transcript that are not annotated in RAP-DB.

& cis-regulatory elements (GFF file)

PLACE cis-regulatory elements in 1-kb promoter regions of each
transcript.

€ Gene prediction program PARPNTE (JAR file)

MRNA-Seq and HMM based gene prediction program written in Java
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Here we present TENOR ( ia Of

Rice, http://tenor.dna.affrc.gojp), a database that encom-
passes large-scale mRNA sequencing (mRNA-Seq) data
obtained from rice under a wide variety of conditions.
Since the elucidation of the ability of plants to adapt to
various growing conditions s a key issue in plant sciences,
it is of great interest to understand the regulatory networks
of genes responsible for environmental changes. We used
mRNA-Seq and performed a time-course transcriptome ana-
lysis of rice, Oryza sativa L. (cv. Nipponbare), under 10 abi-
atic stress conditions (igh salinity; high and low phosphate;
high, low and extremely low cadmium; drought; osmotic;
cold; and flood) and two plant hormone treatment condi-
tions (ABA and jasmonic acid). A large number of genes that
were responsive to abiotic stresses and plant hormones were
detected by differential expression analysis. Furthermore,
several responsive genes were found to encode transcription
factors that could control the transcriptional network of
stress responses, but the timing of the induction of these
genes was not uniform across conditions. A significant
number of cis-regulatory elements were enriched in the pro-
moter regions of the responsive genes and were shared
among conditions. These data suggest that some key com-
ponents of gene regulation networks are shared between
different stress signaling pathways. All the resources (novel
genes identified from mRNA-Seq data, expression profiles,
co-expressed genes and cis-regulatory elements) can be
searched for and are available in TENOR.

Rice (Oryza sativa L) is the main staple crop for more than half of
the workd's population. Abiotic stresses, such as high salinity,
drought and low temperature, are the most limiting factors for
agricultural productivity. It has been reported that approxi-
mately 70% of yield reduction is caused by abiotic stresses
(Boyer 1982). Plants have the ability to adapt to various growing
conditions. To engineer crop plants that are tolerant to envir-
onmental stresses and increase actual crop yields, it is important
to understand comprehensively plant responses to abrupt ex-
posure to multiple abiotic stresses. Thus far, a large number of
abiotic stress-responsive genes have been identified in rice
through gene expression analyses. Most of the responsive
genes are thought to have important roles, such as regulation
of signal transduction and protection of cells from stresses, in
stress responses and tolerance. A number of stress-responsive
genes are reported to encode transeription factors (TFs) involved
in the regulation of gene networks. In particular, AP2/ERF,
WRKY, bZIP and MYB family TFs are well known to be key
components in regulatory networks controlling the spatiotem-
poral expression of suress response-related genes (Stracke 2001,
Jakoby et al. 2002, Nakano et al. 2006, Rushton et al. 2010),
However, many of the past genome-wide expression analyses
performed under stress conditions, such as high salinity, drought,
cold and flood, have examined only a few types of stress condi-
tions at the same time. To understand precisely abiotic stress-
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