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Current status on expression profiling using rice microarray
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Abstract  As the International Rice Genome Sequencing
Project (IRGSP) was completed in 2005 and opened to the
public, many countries are making a lot of investments in
researches on the utilization of sequence information along
with system development. Also, the necessity of the functional
genomics researches using microarray is increased currently
to secure unique genes related with major agricultural traits
and analyze metabolic pathways. Microrarray enables effi-
cient analysis of large scale gene expression and related
transcription regulation.

This review aims to introduce available microarrays made
based on rice genome information and current status of gene
expression analysis using these microarrays integrated with
the databases available to the public. Also, we introduce the
researches on the large scale functional analysis of genes
related with useful traits and genetic networks. Understand-
ing of the mechanism related with mutual interaction be-
tween proteins with co-expression among rice genes can be
utilized in the researches for improving major agricultural
traits. The direct and indirect interactions of various genes
would provide new functionality of rice.

The recent results of the various expression profiling
analysis in rice will promote functional genomic researches
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in plants including rice and provide the scientists involved in
applications researches with wide variety of expression
informations.
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3% e 5 1070=50] Zrofdt A ¥ A
&3 (IRGSP 2005, http://rgp.dna.affrc.go.jp/IRGSP/)7}
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&t ¥ A= annotation L2 A Eof A NCBI
SAAH ARE £§3151o] pseudomolecule

Ver6.1S TFE 1 5679771 9] WHE 9 AR AR E LA EtT
Uk @A W AR YEE o]-&5Fo] 44K microarray
(Agilent), 45K microarray (NSF), 135K microarray (GreenGene
Biotech), 300K microarray (GreenGene Biotech), GeneChip
array (Affymetrix) 50] A|ZE o] FEE 31 Qlth 27|d&=
oA Als At HIAYHE o]&3F 60K microarray
(GreenGene Biotech)7} A 2F AH-§-3e] of ok &dd
24 5 7|54 Q78 93 B9 ALE] gt
Microarray 5 ©]-8-3F B9 o dFdve A &
 profiling £4 02 $A2 dES 2 A= 2,7000]7)
AEAA) 2R HAE AR Qlon B
28 A4, TS SNl $14 wAL
Aok Busle Ado] S et (Sawoh et al
2007; Jain et al. 2009; Degenkolbe et al. 2009; Yamaguchi et
al. 2006; Furutani et al. 2006). =-uj o] A ¥ microarrayS ©]
S3 FAA P EEAS A A= FHolA dF
O 7 3H3}I Q)= Ac/Ds tagging A Ho]A @ T-DNA
tagging A Y H oA HEE o]-&sto] FHALEA profiling
A FAA A AES 4 skl Ut (Jung et al.
2008a; Lee et al. 2009). £3] A &9 EAHPA SAANES
Al gyt A%, 4 AEY
SolatA A48T Ao FFHH, o

il

I

WE

il o
_>ri

lo

)

g

Ir

-85t =8 5, A, Eg, v B Y A
of ZA 71 Ao R 7| FAFHAAE 1+
& network +=& F4=A o]t} (Briggs et al. 2005).
wheba], 2 microarray & ©]-8-3t R EA]
A olg AEE ST 5 Qe A" 150 AR &
A2 YA EAAE o] &3t 874 F44 &2 d+
of B2 HHlo] nxE glon, B 8 PP A
A Aol o] 88T Qlth (Shinozaki et al. 2007). wHebA]

&9 Ao|ni, ol #/g microarrayell o7 fA-9] T
ARAL g AN wH 28718 D 2%

ol gd %

39 A 4R 7SR AT 27 %

4135 (Kikuchi et al. 2003; Satoh et al. 2007) japonica
#E ¢ Nipponbare ¥ #F< ©o]&sto] dFddA {4
H7IAGEA 9 A% cDNA Ee2jof] #3F A5 5
sttt % HAFAAEYE A 2479
DHAA 7 EE A 2HE 4% cDNA 581446715
o] 32,127719) &A% cDNAE E&314 2 KOME DB
(http://cdna01.dna.affrc.go.jp/cDNA/)E E5}to] dAATLAE
oA FHAFHAAF AEE F/HsL ot o7k A
S GRS Aot ANASAG7IAE R DS
83t WE G HA} annotation A ZZAE (The Rice
annotation Project 2008) 5-of 4= &8 %11 ¢l > RAP-DB
(http://rapdb.lab.nig.ac.jp) S E3l A4 PAHAAHEE I
skal Qlok (3 1). 3k v|=9] mjAIZtel B Al W
ZRAE A= B FAA AR 7| A DwA] % H e NCBI
9] dbEST AEE 7|H¥FC 2 2006 TIGR Pseudomolecules
ver. 45 A4 319G o1 o]|% 2009 TIGR Pseudomolecules
ver. 6.1 ZA5Ho] 56,797711 9] B WA AR A H (33,800
N GAA md)E F7)5FL A}t (Ouyang et al. 2007).
2o W AF1E (Lu et al. 2008)2 indica &39Il
Guangluai 4% Minghui 632 ©]-23}9] 40,0007 9] 2 -$
AAE &4 21 20,0000 7] 2] 2374 cDNAE 2
5}o] RICD DBE &3l ARE 275t Lt} (hitp://www.
negrachicd). ¥ E2} WA G Ae] Ao 2% etel
oA W FA dEeA I AR 73,00070 9 A=
rsto] ¥ T A {AA DBE L50te] BH A
A=A AEE AFskal At (Yoon et al. 2009). 2|+
7}A] NCBI dbESTO| 555 Hd -2k 1,249,1107)
o] ™ unigene &2+ 4097870 F-ARE 235t Qo)
ofZ|gt W WA FHAA FH} FHASS o]&sto] A
A A= w9 Fa% FE FAAY Q"7 e A
(Nakamura et al. 2007) 2 microarray A2t 5-of &= &-&
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Table 1 FL-cDNA clones mapped to five rice genome assemblies (Satoh et al. 2007)

TIGR4 IRGSP4 IRGSP3 Syngenta 93-11 (indica)

FL-cDNA 35,187 32,775 32,745 32,640 31,928 30,354
5’end FL-EST 241,854 212,598 212,539 211,564 208,606 199,001
3’end FL-EST 536,885 483,657 484,358 482,909 482,665 465,775
FL-cDNA locus Chr01 4,026 4,021 4,039 4,050 3,940
Chr02 3,196 3,198 3,215 3,186 3,153

Chr03 3,569 3,567 3,566 3,597 3,607

Chr04 2,531 2,530 2,534 2,477 2,493

Chr05 2,313 2,305 2,310 2,338 2,329

Chr06 2,292 2,293 2,290 2,262 2,266

Chr07 2,183 2,185 2,193 2,165 2,021

Chr08 1,933 1,934 1,939 1,912 1,827

Chr09 1,605 1,605 1,574 1,545 1,515

Chrl0 1,538 1,528 1,536 1,502 1,416

Chrl1 1,685 1,683 1,675 1,486 1,333

Chr12 1,693 1,692 1,705 1,523 1,435

Chr0 (*) 434 497

Total 28,564 28,541 28,576 28,477 27,832

(*) sequence assembled contigs that were not localized to one of the 12 chromosomes

Table 2 Rice microarrays developed up to present and their characteristics

Oryza sativa 3’ tilling Oryza sativa 3’ tilling 60K NSF 45K Agilent GeneChip Rice
135K Microarray 300K Microarray ~ Microarray — Microarray 44K Microarray Genome Array

Number of Arrays

per slide 12 1 1 1 4 2-30
Source The Rice Annotation The Rice Annotation g:rllj;nmge TIGR Ver3 NIAS Sequence N%I?llﬂclijr;gene
Project Database 2  Project Database 1 . and UniGene i
Institute (May 7, 2004)
Number of Genes 31,439 27,448 58,417 40,279 43,803 51,279
Total Number 12 X 135,000 385,000 60,000 43482 43,803 multiple
of Probes
Probe Length 60mer 60mer 70mer 50-70 mer 60 mer 25 mer
Number of Probe 4 10 1 1 1 multiple
sets per Genes
Probe Formation In situ synthesis In situ synthesis spotted spotted Agilent’s 60-mer  Photolithographic
oligomer oligomer oligomer oligomer  SurePrint technology synthesis
LS Yol SFoA FHE vjoFA o Z WA SE microarray photolithography @} solid-phase chemistry®-4]2- o] -&3}o] &
714S o] sy ko] SAA} urE ofAlS AR 4 gho] =22k $Jo] oligonucleotide S FtA] THAl o= W
Stk ¥ microarray A2 A Y] 7IA 2 FHE THE o]t} ¥ GeneChip-2 NCBIQ| unigene A& 20| A japonica
oA AR o ARGE AL T} (F 2). Aoz A 4856470 AL} indica 1,2607] FAAF 5 F 51,2797
9FE spotd microarray= A7) SHARTE AL amayE SAAE o] 831 25mer oligonucleotide S 4] 5107 array
ARG B AFA AAo] DA arayAZ] ol F AMTACH o AL AgIN] 4F FHALARA

2ol "pAlolth AR =AMEAYALAS Yazaki = Aslof o8& o] gt} (Zhu 2003; Narsai et al. 2009). T3+

(20002 ¥ HEFHAL 9,0007HE ©]-§35Fo] cDNA array  NimbleGenAto| A= HAE npo] A 20| 2] B4 ARg-8)
£ Azsle] 23 32 RAY So ARSIt 1 o] & o 60mer oligonucleotide S Aot HH O = 3143971 &

=
A7 A2 AffymetrixAF2] GeneChip A| 28] S 2 AR AR E vlgr o 2 A ZHE 135K microarray 2} 27,448 7]
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SAA AR Z A= 300k microarray5-©] Ut o] €]
inkjet ZHE HFAS 0] 831 AgilentAl2] 44K microarray 2
AEFANEA LA T4 AR AR 52} unigene &
HE o] &sto] AZtElomn 43803 FAAR A4 E o
Qlt} (Frei et al. 2010). 3t u]=+ UC-Davis t}& Pam
Ronald A= TIGR A4 9] §H4AH T ¢ o] € (TIGR
Verd)E o|83}9] 40,2797] SAAE A5 50-70mer
oligonucleotide = A3 ¥l NSF 45K microarray S A|2}5} %t}
(Chou et al. 2004; Jung et al. 2008b). =FUjjoj| A]+= 2000t) % 7]
o+ GreenGene Biotecho| A #]o] Alm A4 W 24
AARE o] &3}o] 58,4177 GH A} 70mer oligonucleotide
£ &ofo|EagtAo] A3ESE 60K microarray S A A5}
Al8S 43)5ko] 2kt (Lee et al. 2009; Sakar et al. 2009).
a3 2 o= 2744870 AR AHEZ A ZE 1072
Z 4= probeZ A% 300k microarraye} 31,4397] -S4
A RS o AZkE 4709 S E probe® A
Hl 135K microarray €} G-o] A Fof| ALE-E Il Qlt}. ofHo
microarray 7| & 25 WHEA| 7]&S 83 CombiMatrix A
2glo] glom 450 FHAE A o] 2l array
O] A&-go] 7hs3t A2 HAEAL gtk o] gt thef
gk microarray ©] |27} &8 A2 AHETHEOR W
Ao 24 719 & Aoz Yz

H microarray S 0188 FLAIEH profiling &4

B 228 dARFAA profile 4

H 60K =2 1™ microarrayE A4 07 o] 831 H
FAZY] HHS FAA ol £4T 4= ok ¥
callus, A3} callus, 'TobFA}, 9, e, E47], £ 59
ZASEHEE total RNAE Eesto] 1 Ud S 4
Hi ol B4 zA oy g dAoA deH o W
dote FAAES gob ¥ 4= Sk 2AIERA S ¢
3lo] b EsLZ 2] 9] callus mRNAE Cy3=2 labelling 312
E33tE 2202 HE AL mRNAE CySE labelling 3}

o callus® 2702 st AThHl 24 Bol wH G
AR WHE AT A3 610 A AE FolA 16
o o4 WFRE AL a8 Bol 4 Mol fHAST
X 5}o] hierarchical clustering 24-& A A3} T 9]
FHAEE 0l RHEA aalluse} o] 1] 294E
Folgatol| Al Wrgdo] W Zlo] 1,5977, Fefol A 1,375
M, Ao A 1,9437], 5710 A 2,7487), Zoj| Al 2,7207),
A3} callusoll A 1,32270 9] - A7} callusol] H] 3l A
of WAL (LH 1). &40 2 FHAF HFEEE
7t 22 oA FEHOE HHS ALY £ EE 2Z o
A4 gdst= Aol tFE otk oy FHA=
MADS box, bHLH AA}Z A 1x}e} Zro] 1 £F7} thoF

Shu thpe quE gkt A0l griolgov]

S
=

=
=
=]
=

regenerating
callus specific

} Flower specific
Leaf specific

} Rootspcific

Heading specific

Germinating seed
specific

Fig. 1 Hierarchical clustering of organ-specifically expressed
genes using rice 60K microarray (data from Baek-Hie Nahm)
Gene expression clustered into 6 groups as germinating seed
(1,597), root (1,375), leaf (1,943), heading (2,748), flower (2,720),
regenerating callus (1,322)

Mo 24 Wk 7 287K BE 4TS 99 2 %
Zo| Al 2 Eo|H O Wy st FAAY] AHL Y3
A3} dropg Aol A 4807Y, FEE] oA 907H, AollA 19874,
Z47| 0| A 4407), Zo A 1827, A3} callusof| A 3487)]
§A22 Aesich 27 Sol Wl §Ae] e
COG EAoj A signal transduction ([T])Z} posttranslational
modification, protein turnover, chaperone ([0])o] &3l= 4
AL o drolo] Eolutd [-7 X} 4807] % cytochrome ¢
Y oY A thAte] Foist= A2} phosphoglycerate
mutase, pyruvate kinase 5 2] E3HE ALY Hojdt= &
Azrel Walo] 2 e A & 4 Utk HEoA
HE ob= SolAAY M= 9071= 6719 245 F
M4 A 0] Bo] W SAA7 A olele A3}
Ashe R URe AR} o 204
5 AxpT
AAIRE B letel 5
9] 97)f35}9] Xiao-Chun Lu H 10K cDNA microarray
£ o]&3to] 4% 23 DNA polymerase & 267] 7
A7} 27] GE2A0IA pregulate H 7S SHelel ek
(Lu et al. 2006). E3t S5 (CAS)9| Mei-Na Li 52
W 2 BolH f4A wHg Agals] sletol v
10K ¢DNA microarray®} 57K GeneChip o] &3} &S
Zoshe Be 5 70 22 M9 THE FAst o
T 5487 FAAE &8kl RT-PCRS F3ko] o=
So] 347) $AAE B sirk. olsh e A 2

frﬂl‘

M

rlo

=
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Sold 44 profiling £ 4]
GeneChip array, gqRT-PCR 5-©
98& AT

$]3}o] cDNA microarray,
&

2q.0
=
| 58502 AgHe] 4%

AALZAJAA L& profiling £4

Mo A $04 WRS 2HelE AZAAAE TIGR
o] A A Ver 60| 4 EAsH AT} 27227018 B4 5}
Fom 797 1FOSZ Ytk (TIGR Ver6, Perez et al.
2010). £5] uo] AT AAEAARE U BAA
Eﬂﬂ/\oﬂ ot Ao Y, FAo| W Fol SolstA 2+
g3t Aom %A 9o olse W o 59
S A 2}o] HhE B A ol = microarrayo] 2|3t transcriptome
profiling®] 4]0 F Q3sfr}.

B 60K microarray ol += 2,2867] 2] AALZHE IR} o Sl
stz oligomer7t £ 2121 Hof low o5 A2 <A}
=9 4d FHE A Eﬂ%@ﬂ/ﬂ 7} 22 o] A calluso]]
uj3) wol waiE

i

2 AN A3} Z+Z+o] %A ]/\1 Eo|3l ofAlo 7 tﬂ—&]
o= ;ﬂ/\}xx-lo Z}

o) An ol ZAA 1097, RelolA $TI, ﬁoM
897N, E<=7101 Al 18471, 2o A 817K, AJEE} callusof A

AT Rk ol 2t Hhefet MAR A AR FAAe] HE 2
22 g glo] 4T T8T ALE ste A= AARE
o 2 AT Bd HolAle S7]ek HollA o darzd
Ao TS A & 23 MADS box 9] &5
Fol W2 2 AT 4 AUt MADS box= of 7]
oA o] 7| Wl wogtrte AMdo] WA LA
AL BOAE Fo|k 90FF ool At ALR
A AL ek B F7]0A o718 = 71
gof Ao Hojsh= AP2 FHixte] Fd o] waktt
ol A¥te RO WA o] TSI AP,
MADS box #7A}7} 22| dheo] 13| s o] Q&
& AT E=3 %4 %—?71 A bHLH O] Rl &7} £ 7

N

Hepst e el 3
© SNF2 97} 9]

o 1 R DEROTEE SR
Hg@ AALZE QAR A A A G R v o] ek
S

| & olslst=d 523 &S 3l microarray 43 9]
WA Botol T Aom Az,

Z] o= microarrayE ©]-&3t TIFY, Myb, RING finger,
Leucine zipper, MADS box5 2] T}oF3H ¥ A A} 24 91 2} 9] wdF
# profiling 24 2 T2 A Buhe] AT B A ATLE Sehs
31 @1t} (Arora et al. 2007; Yanhui et al. 2006; Nijhawan et al.
2008; Ye et al. 2009; Lim et al. 2010). $FH O 2= microarray
£ ol gafe] WA A WL BAT A el
Aol MRl e o] 24 4 ol AHo] ik vhe %

=}
Aol ol e A A9l A HEL A

N

Aol A= AL A Q1A DB (http:/ricetfdb.bio.uni-possdam.
de/)o] AHE vl o 2 v AALRAE QA 2,50070 ] 3t
qPCR primerZ A 2+5t & WF& oFo] 2].& A AL A ¢l 2} o] HF

32 33| A3 2 95}t (Caldana et
al. 2007). o 23k Yl th 2 F- HE 9 AR
A5 712 AR R ol A = A& A o R Azt

FA 9@ A FHA EE profiling E4

W W Ao o WA S A, B, 02 5o
EFRFARAAGE) WAL AR AEo] HyHo
2 UHEAS S A0R YA Atk ol2e 5
Ao $ARLEL ko £45H7]9I5}e] microarray
I\l S8l ALE 4 ok AR 43w B
ojal FAAA WHZH 71%E ATel]gItol
A& 9 ehS 2 A 5H= Homeobox -7 AL BHel A4S
S5l Th (Jain et al. 2008). Homeobox -7 x}+= W o 107%
A8ty olE §-4Ae] WHEH-E microarrays Foko] 2
A3 23 EL 93 AL A=A Aol 4 wHss
oo 43 (0s01g62310, 0s09g21180, OsOlg57890 0s02¢35770)
< TAFAEA7) O RSk As el T 4F &
SdI§ Fol% 0 WHsH e HEEAg A
o] Zhou 52 AZ9 @ 2EYAE, Degenkolbes2 %
Al i'ﬂé% Kawasakis 2 GAEH A9

ANE
Z t‘l__}%—ﬁ_'—éj% ALt} (kawasaki et al. 2001; Zhou
e et al. 2009). o] &gt Thdt AEF

& wAgARe S ANTo R $YERY )
Mol FF AL T T 5 US A0 42E
ohOER A AAF D v A FA4P Y7 2w o
3k

= W Aor dEA Jlon oA FA Y W
A § A4S0 FAPAL micoamay o] §3ko] 243}
At} (Yamakawa et al. 2007). 71 23} 1120 A= waxy &
Az, A& AR Fo] Atfa oz 2 Hasielon

aamylses} BEATY §A%) 5 H O HAS et
Wkt ol gt fFAAke] Ha e FAW A& AEE
wol w4 tmog 93 obge FAe) BA 4aE
Ueld T} 13KDa prolamin T} A o] ShafF ZhAE UrEPi,(
ok FA S ' I B Al FAY mE 9
otof Hofdttt. o]5 A WA HASH] Hsk
135K oligo microarrayS ©]-&3sto] AU AESAH W B
dfo Tojsl= G A ADP-glucose pyrophosphorylase &

AAE NFS AR BAS B4, A, 2ol 5 13
2Ao|xe] HR AT A3t B4 So|How Yl
+ ADP-glucose pyrophosphorylase A} 4 amylase -4
A 5 2% HAS AHelTh £ opague LS
Elfl= Ac/Ds A YHOIAE A EZ microarray S ©]-85
o] &Aze wEe AAs;. 1 AT 8E2] opaque
A Ds A1 Ao A A5 Achu o] walo] TEH

L
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A)

B08021404
A0503191

A09031915

A08041221
*A03041706

A08040811
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A12020912

B)

Fig. 2 Correlation analysis of genes in RiceArrayNet (Lee et al. 2009)
(A) Graphical presentation of coexpressed genes with a ribosomal protein. (B) Correlation tree of trehalose and relating genes.
Trehalose-6-phosphate synthase (A03031616), Trehalose synthase (A03041706, A08031725)

goll o }t A AR

& "X =1 FreigS &
FAAAIEREA S fsto] LEATA Hﬁﬂ s
0] 83} microarray A 32 433} t} (Frei et al. 2010).
11 A3 @ 2420 95Fo] ascorbate oxidase -7 AFEFE
o] =4 Uetston o] fHA = LEAFYA QIL £
AR YUk L EA AL ascobic acid ThAFR}
g Q= Aoz FAHFIAUCE 0|9t Zo] - microarray
‘IHLL chopet WA G AA] MHPAR AT QTL A

g3 AR Belg AEel BE AT 50
AL Qlok

LJ
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=
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N
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=z o -
& oo N nZ b

m ox ol mtl rlu ofw

2
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T

FAAEE network 4 9 DB {LEAF

FAAS} 7155 QA Ae 4 e st WY &
AZAE 7H] A5 EHE network A AT E g 9 &
2E Rdg ofgsto] a7t W A7) o] Fof R 1
2ol ZZ v} of 71 o A Z+E microarray AR S A
SAEEA A7 Wol o] R AERAAE e A
THERA S Soto] AR 2 FAFARE 1H9 7
= Fohke A7 2Es] o] Fo{ Al Tk (Aoki et

al. 2007; Shinozaki et al. 2007; Ludwikow et al. 2008; Lim
et al. 2010). Wo A ZFAEF A0f FApdTo] HeAH #
AAE 7hef networkiZ 4 -5 #3% A AEH A

9} ZA}dtdof OsERP-GH A} (GenBank AF090698) S 200
Ao §AT} 45 G Ao W HTh (Cooper
et al. 2003). 3t 0|5 FAXE PRI § A (GenBank
gi7442184) 5 57/ of71 oA A S et =
SAAR wral AT 4% WRKY FAFRE A A5
Al Az, A, 322 9 YAFA Ho sk AL

Ut B} of 7]t of A WRKY ARz 914}
A A% A% AsAol Sle 20% 7hed
2 A AT (Berri et al. 2009).
AAEQ WO U EHIZA DT
AR 7)Aol AHE
2% AL Gk M 2ol 2ol A L
microarray S ©]-&35}o] 207 Z 2o A A5 183
Fe Q2 23518l sho] SANE 7ho] AFure
a8402 483} RiceArrayNet (RAN) 27
http://www.ggbio.com/arraynet/)& 7|@ste] FHE F
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[-011
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0
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rzd_E:lorﬁz\.‘:n%r-lE:\.‘:_Emiﬁ

3}l QJt} (Lee et al. 2009). o] T2 1S 0] slo] &
4% %) geudRae A2 A3 42 204
A7y Aaddsts Aoz W gloh (19 2). 1 ¢
5 1029 5A4E9] microarray H|o|E|E 7|¥to 2 &
A AT -S B A3 4~ 9= STARNET2 == 13

(http://vanburenlab.medicine.tamhsc.edu/starnet2.html/)o] 37
%31 Qlt} (Jupiter et al. 2009). A microarray S ©]-&5}¢]
FAAY A Ag EA8aE ofy gl DNA % RNASQ}
/ngulo].% W 2S —F_Mﬁ,i;} _/'\_ ol ChIP chlp o RIP
] 0]—‘?—011]_1_1 itk S AR network

Sagol 4 Lt 73
| ¢FolA EEPJ two-hybrid A& o]-&3t
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