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Abstract Rice (Oryza sativa) is a major cereal crop that has
been developed as a monocot model species. In past decades
rice researchers have established valuable resources for
functional genomics in rice, such as complete genome se-
quencing, high-density genetic maps, a full length cDNA
database, genome-wide transcriptome data, and a large num-
ber of mutants. Of these, rice mutant lines are very important
to definitively determine functions of genes associated with
valuable agronomic traits. In this review we summarize the
progress of functional genomics approaches in rice using
T-DNA mutants.
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AA Al BEAGHsrA 2o 3HE =1 (Harushima et
al. 1998; Sakata et al. 2000; Yuan et al. 2000; McCouch et
al. 2002; Wu et al 2002; Yu et al. 2002; Kikuchi et al. 2003;
IRGSP 2005), A%} 7| 5842 Q3 FAAS v o)
Y& Ao (Hiei et al. 1994; Jeon et al. 2000; Tyagi and
Mohanty 2000), A+ =7] (380-430 Mb)7} H| L& Zlo} &

F3517] £-0]3}H (Arumuganathan and Earle 1991), 7 A %]
o8 Fa3 AEol7] fiZo] ©AY E%l’i!gi &85
Il Uk (David 1991). A+ E%"—‘l%i ezl of 7%
) (4rabidopsis thaliana)o| A 9 H FHAEY 7%
H7b v 5 AEoA AR —.%EJZ] U= B o
B E it} o 2 A LEAFY (LFY) GRS 735 of717%
doA= 3ot B4 AR WAz A| HofshA|y,
tq M—E o Z{ Z]-.‘:_ 0]/\]- 7]-}] 6:]}\4 oﬂ Eﬂ-oq 6‘]-.‘:_ o2y H]—
At} (Kyozuka et al. 1998). 3] ¥e} B, U, &4
5 mge AR Q710G FAO] ok, 4E 4
A= 7|50 XA e r HEH 7ol =t (Gale
and Devos 1998). 12122 ¥ §HAAEQ 7|5 o=
Ae Za BN 8 FHA7b

7AW G SHA (structural genomics) H0FQ)
oPel AR ol B o el
33t 7|52 B A A Fot 7|5 A A (functional geno-
mics) Hoke] AL ofHa] uRSkTh fAHAY 7]
A =57] 93t wpHo = ek oA W v 2ol ¥
A FAolu E}%k?‘l SH ol et AR HEE &
stol 7154 sk Wl Qick o] DNA 3
S o) g3 Ak R $AR WAL BASHE W0l
2531 9lt} (Brenner et al. 2000; Jeon and Kim 2003). ¢
Mol o g EX 029 Wrdo| HelE =HH
o2 Azstel chegt AL Fokol Al 44 )
59 e Aolt ok 2L WO v 7% 7]
= BALS ¢8}lo] T-DNAL}F Ac/Ds &2 Tosl7 Zo|2lx}
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(transposable element)?} 22 E4 DNAE A YUstAY &
R R I L e S B
@1t} (Gierl and Saedler 1992; Jeon and Kim 2003; Krishnan
et al. 2009). 53], B T-DNA 4¢] &R0l ofv| +5
H Fdwo] dlolg ol gASE Foto] B4 AR
o] FdWolof gt &, 5 #EE o Slof 7 wol
o] €& 11 9t} (An et al. 2003; Barrett et al. 2005; Krishnan
et al. 2009).

2 =& A= T-DNA 4F¢jol &Jste] g
Agol A oF BET W FAR ]
o it H ALRTE Rt Bk
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1. B T-DNA S¢IHO| &k
A 25 (homologous recombination)
A 4 Gl EabEel ol A
L e 2] R o]t &2 off wlZo] otz uErE E
(Agrobacterium)S 7] 2 T-DNA 4% SAHO|AE A
AFstel NEAR RAAES 7% A e gk
(Hiei et al. 1994; Azpiroz-Leehan and Feldmann 1997; Zhang
et al. 1997; Jeon et al. 2000, Bouche and Bouchez 2001; Jeong
et al. 2002; An et al. 2005b).
T-DNA AFQ] =i o] AAte]l Ao AR T-DNAZF
As WHEE Aoz AeE o] EPQ Aol £ =]
w, E7) TDNA AFle] o5 A&E S8A7H e $7%

2} 7154 S & (functional redundancy)o] $ittH 53 Hgt
;(]‘_4‘_\__% ﬁéEHf’;]'le, A“Q—‘O‘I—XJ] :Q:O Aﬂa]tﬂ—ﬂ oz H] é/bl—
49l B B Aol Foul, AH TDNAZL A
dE f1X+= PCR HHo] o A F8E 4 Sk

TAIL-PCR (Thermal asymmetric interlaced PCR) W2 T
DNAo] ArE # ¢l zalo] e} degenerate primerS o]-&
], iPCR (inverse PCR) HI'H-2 T-DNA Q| ¢ HE 3} <]
4gel QANAE B AT ELEZ HE T

(ligation)3}o] A E YT DNA 272t o7 o
5}, adaptor ligation PCR W'H-& &% DNAE A

X 112&0

o oo ook rob ok 3

g} m

ok

2z Zet o|fE (adaptor) S HFAIZ 7 T-DNAS} of Y
Elo] AJE A ZefolHE o] &3 PCRE S35l WY
o]t} (Ochman et al. 1988; Liu and Whittier 1995; Siebert et
al. 1995; Kim et al. 2010).

@A of 717t T-DNA E o= 225ko] o]4+e] el
o] g5 o] Ith(Alonso et al. 2003; hitp://signal.salk.edu/
cgi-bin/tdnaexpress). ¥ = WHo| kel A3t oF 107t
shele Zahalo] AAM LR 1990 chelo] S ol

75 FAA AFto] S8 itk (Table 1). A 28
3 Sl T-DNA ¢ HolE 83 ¥ 75 F44 4

79 g fopstnat ak

2. =R8E (forward genetics) =Ad

HHYS Hols ARl AMAE Adste] dd #
A5 FAHst= A4 5438 (forward genetics) 4]
He xdgd &, Ao Add A 7E
grol=d AupAQl ot o] Wi v T-DNA =
Hol Hoto A &to R a7 o &olgh 4 4
g e A 2P S Hol= JAE F
At Al FAAE FAst=T Wol EEEIL

i
g %o

(Table 2). o] 2 4] Jung £(2003)2 1,9957]] T-DNA =
o] At 5 Mol wWstH 189742 HAMo| 2
of 2SI} oS Fo4 TDNA Wi %7 §
GUS (Bglucuronidase)7} W& &= 240l & 71 A
o TONAZF 4H1E 9148 AAstedch 0% 7
8 Wo] 29 §87 5O shhi AB40l AT
¢l magnesium chelatase S Y I 3}ot= A0 2 95O
g EdHol= GEA dekFZo| =9 (thylakoid memb-
ane)ol B4 E7) o} AL o] vlg we AS o
4 Slith Ea 2 Wl SR o] o]4g Hol
T-DNA EQiHlo] shelo] 42 Eof U2l §HAE o
& o= 9T} Jung S(2005)C 14,000 T-DNA =150
ol FollA GUS7L oA HdE E = 270281
Ak o] F 157 2RelolA £ g HET
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Table 1 Flanking Sequence Tag (FST) database for T-DNA insertion mutants in rice

Research No. of lines” /

group No. of FSTs® Update Website Reference

PRGOS 010 ke Torid  An ot o, 2005, Joong o ol 2006
Genoplante 29,263/28,324 2007 http://orygenesdb.cirad.fr/ Sallaud et al. 2004

RMD 33,197/33,197 2010 http://rmd.ncpgr.cn Zhang et al. 2006

SHIP 10,381/10,281 2010 http://ship.plantsignal.cn Fu et al. 2009b

TRIM 18,024/17,937 2008 http://tdna.bts.asia.edu.tw/ Hsing et al. 2007

*the number of rice mutant lines generated by Agrobacterium-mediated transformation using T-DNA vectors

® the number of Flanking Sequence Tags
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Table 2 Functionally characterized genes via forward genetics
approaches using T-DNA mutants in rice

Table 3 Functionally characterized genes via reverse genetics
approaches using T-DNA mutants in rice

Gene Reference Gene Reference
DESI Chi et al. 2009 Os ABF1 Amir Hossain et al. 2010
OsEF3 Fu et al. 2009a OsKu70 Hong et al. 2010
Seed quality related genes Fu et al. 2009b Gibberellin 2-oxidase 6 Huang et al. 2010
Cinnamyl-alcohol dehydrogenase  Li et al. 2009 OsCPL1 Ji et al. 2010
HTD?2 Liu et al. 2009 OsACP6 Kumar et al. 2010
OsPE Puri et al. 2009 OsRPAl Chang et al. 2009
DHI Li et al. 2008a Castor Pollux Chen et al. 2009
Phytochrome B Jeong et al. 2007 OsBCIL family Dai et al. 2009
OsGSK1 Koh et al. 2007 Osphotla Goh et al. 2009

Lee et al. 2007a
Mori et al. 2007
Han et al. 2006
Jung et al. 2006
Kang et al. 2005
Chen et al. 2004
Goh et al. 2004
Jung et al. 2003
Muthukalianan et al. 2003
Shen et al. 2003

Liguleless gene

SPLI8

Rice Immature Pollen 1
Wax-deficient antherl
OsPPDK
Heading-delayed mutant
OsCHLH

OsCHLH
Anther-specific gene
Rolled-leaf

Lol % GUSS} 2] EdFo| TF Rl gl
A= TAIL-PCR2 =35}o] T-DNAo| elgst ¥l
A5 543l UDTI (Undeveloped Tapetuml)© .2 T8
}92H, UDT1 tapetum Ugo 583 TS dfh=
2 A

@ R

i

W oF Jo 1 32
o

o

w

AFXE (reverse genetics) &4

oG8 (reverse genetics) HATHFH-S 1995 o 7| A
ol A A70%E & (McKinney et al. 1995), -2 154 &E
FAAEY 75 Aol -85l gt} (Vitha et al. 2003;
Leonhardt et al. 2004; Li et al. 2004; Adham et al. 2005;
Zolman et al. 2008). ¥ AA| GAZ}Lo 7| Po] ==

of wet 54 FAAE A9ty g EHHolE &4
3lo] 7|52 o 3]‘” Zﬂx}i‘dlﬂ EH¥ (from gene to
phenotype) ©] o2 AWE L o st w0l Fu

AFHH O F 3 %—E]El 1:} (Table 3). o)l A] OsATG10b
$2719] 71578 $I5tel T-DNA Selulo] Alel
T, 54 AEHA 4ROA ERYE B AT #
4t (Shin et al. 2009b). OsATG10b
% Ad Edvolt MhT PR Aeeuw methyl

n 2lA] of Y (2t) Ht o g
AP Helon, AEYA AP & %ﬁ%ol‘)ﬂﬁ At

lo FI

rir
Hl

MIR Ishimaru et al. 2009
OsOGR Kim et al. 2009
OsCBT Koo et al. 2009
Luo et al. 2009
Piao et al. 2009
Shin et al. 2009a

Polycomb group

Erect panicle3

Aldehyde dehydrogenase7
ATG10b Shin et al. 2009b
OslAAl Song et al. 2009

ETRI Wuriyanghan et al. 2009
Xu et al. 2009

Yuan et al. 2009

Hu et al. 2008

Jung et al. 2008b

Li et al.2008b

Peptide deformylase Moon et al. 2008

RIDI Wu et al. 2008

Yu et al. 2008

ABC transporter gene 5
PAIR3

Oswm2

Light-responsive unique genes

Sck and crylAc genes

B-Ketoacyl CoA synthase

OsSSHIa/FLOS Ryoo et al. 2007
OsHMA9 Lee et al. 2007b
OsAGP Lee et al. 2007¢

Woo et al. 2007
Li et al. 2006b
Moon et al. 2006
Jung et al. 2005
Lee et al. 2005
Lee et al. 2004

Constitutively wilted 1
Glutamate receptor-like gene
FONI

Undeveloped Tapetuml
Chlorophyll a oxygenase genes

Cysteine protease

shel ghu o] ofo] F7hEl A& W 2, 0ATGI0b
L s AR A ARA Lo SaE BUE A7
S 9% A7hEA] Zgo] WIS & 4 gk E o
2 o2 A ETHYLENE RESPONSE? ( TRZH 7% AFAl
T-DNA Seltlol ojgdlo] 7yl HP soln] %]

S = o] =] [e)
A gl AR A GURE TEYL B

4 As, Azt A

ME}. 271 &
O ARl GIGANTEAS} TERMINAL
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FLOWERI/CENTRORADIALIS (RCN1) ¥ ZE B3] -,Q,-ﬁx}
ol RAmy3D7} ETR29] 7]%50] A4l of wha} o
B4o] Gasol Yt EdGOR Wal AT (Wuri
yanghan et al. 2009).

3-1. T-DNA & 232 (pool screening)

T-DNA & A~ 38y WHL Drosophilaol| 4] 7)4tE PCR
= o8 Ao r A= LFAEY FdHol 2o
Z8E 2 ok Y= 5 F4AQ; T-DNAC| A H 2
2 3efolvjo] xghe ol 4510 T-DNATF a5 §2
Alolx] 7Hiﬂ§ Zhol| &= A o]t} (Lee et al. 2003; Li et al.
2006a). o]= ﬁJH IS (nested PCR)S A3}

m B

g

54 f X*ZH = T E2HYH Z2 F AR
Ao w 245 Ut} AA| B T-DNA

Aol &9 PCRE 53 5719 OsMADS +HA} (Os-
MADS27, 30, 33, 55, 57)2] S o]} *411421?; 2oy
Tt (Lee et al. 2003). AR S0 2}elE WA 9074
ol &l E=& Fol F 235719 E= J‘é‘ziﬁ A RE
E MADS =19 &d7]A g AR Al Zalo|HE o] &
sto] PCRE o|F T aLANSS #630}043} o] o}
GARE W o 1,000712] T-DNA Eddo] Aoz
T4 £ PCR £4319] 0s4GPS2 4 Os ALPL294 =
Hol| & 543} (Lee et al. 2007c¢).

3-2. T-DNA FST (flanking sequence tag) A4
W= of 71 oll Bls HA| Alsol 2L G/ICY H& o]
& A 9ol gol PCRo|| o] o] qlof & A3y W
= &% =Rl #el= a0l Wk (Yu et al. 2002;
Lee et al. 2003; An et al. 2005a). ©-2}4] ¥ T-DNA S
of At FolM e & EdHolY 54 &&=
9l AFdE T-DNAC] |3t @‘7]/‘1"3& w25t
2] FST (Flanking Sequence Tag; -2 Tag End Se-
quence® £3l) Hlo|E H|o]AE FE38FGITE B FST 4
B+ A3 (Jeon et al. 2000; Jeong et al. 2002; An et al.
2003; Jeong et al. 2006), = 7| 5-FAX ALAYL (Wu et
al. 2003), 23 AFaFo] AL (SHIP) (Fu et al. 2009b),
2~ Genoplante (Sallaud et al. 2004), 9t st&¢ ¥ =
wo| ATAE SORNE 2B 1 ek (Table 1). 97|
7hA] T-DNA E¢Wo] gtol e R EE HA| 179 7 o4
9] FST7} &4 = %lt}. o]& A E+ RiceGE (http:/signal.

salk.edu/cgi-bin/RiceGE) oA Fg+ae|sla
o2 g8y 9Jon, BLAST WHH-&
wolo] tet 4uE 44 A 4 ok

4. Entrapment EX|H (tagging)

Entrapment 3 X2

I l:’l

A A7l GUS B2 green
fluorescent protein (GFP)E E4 %X4X}9Jr g-3lsk o 2
sl gazte] WS selst wolh of

7| enhancer-trap, promoter-trap, gene-trap2] 37} %] =+
U+ 4 9Jth. Enhancer-trap2 TATA-boxQ} A A7) A] Al
£ X35l= 24 X 2 2 E|(minimal promoter)@} 3%
AAE 2= T-DNA7F 2154 9] enhancer A &2 9]0l 4F
AE ool A AR HHe =2 o Qe B
A enhancer-trap ] 83t 31.44372] Eelwlo] 7} AALE]
om, o] F 1,0000] 7| EHAMo|E A&l GUS
015 S 3ol 5HATH (Wu et al. 2003). ©]9} HA GAL4-GFP
§3te o] g3a W T sutE]ict (Johnson et al. 2005).
Enhancer-trap2- ©]-8-3F AJAHE B ZAHo] Hlo|g H|o]
A7} F= 5 o (http://urgi.versailles.inra.fr/OryzaTagLine/) &=
ABlo|E0 BHEF o} B LAY WS AMT 2=
Qlth (Larmande et al. 2008). Promoter-trap@}- gene-trap— 3
2RE7L Qe 4 FAANS 2= T-DNAE A5l
Ashs Wolth Promoterirap e EA 4447 o)<
(exon)o] AHIE o] HokE GBS BT Aol
£ gAY W sHelo] sssteh 24 Chen 5

(2007)2 OsRRM -+ A}%] 5°-UTR (untranslated region)o]|
*J?H T-DNAS| GUS ¢-AH#9] ural HAS 3o, o]
$AA7L 9 W $ (endosperm)ol T So] M 0.2 ATk
A& 9t Gene-trape] 7 $-ofl= thE 2] splice donor/
acceptor A S Zr= 9 E E(intron)S #XA] A A}o] oF
o 7ol Ae, A= £ URY qsle 39l o
o o

g GARe} Ao 5
Ao ol A, of W e ol g3t iz
Aol Hboll A oF 25-59%2] Ao
S B2t (Chin et al. 1999; Jeon et al. 2000; An et
al. 2005b; Chen et al. 2008). Gene-trap 2 E3}¢] H cys-
tein protease 372291 OsCPIo] W3t o A A9 &gl
S HA3FTE OsCPIL v 2F (anther)o| A H& o] 713k
Eakor], TONAL 498 Eatolel 49 312 W
A E = AL wEstATh (Lee et al 2004) B o)
A AEEE B2 fARe GUS BEAYHe 23 5
7ol et AAHS S BalAT o] A5 T
Hol otk ol7 e FBels] gJakol Aol GFPL
luciferase 7+ N v|u} 2] 2 Ql E A GFHAE o] &5}=
HHE ARSI = S} (An et al. 2005D).

$ﬂilﬂ:1

l‘lo _<>¢ o M}r ml

o o
e B
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5. 2 EX|H (activation tagging)

Z(family) 0.2 EA5to] A 27kl 7] 50| FHE L He
o= gl fAAY 7 Aoz EEFo] tet
A et ¥ 4714 Y BAS v R A SHAE
o Tha ZATTHE Zo] WAL, o5 FAKE Aol

o 7]s0°l FEE«e e wol HHEIL At (Jung et al

2008b, 2008¢c). & ThE = 27| AEdEo] BeF<d
AR Aol 716 el 2 A SRl A &0

ol
ol H& F&357] 9ot xAF Y HBtE SR
g 4= = A EAH (activation tagging)©] 7HtE]
MO CaMV (cauliflower mosaic virus) 35S
transcriptional enhancerE A& 7 &of A Y5ty o1H &
AL HALE EA3AA 75 g5 AWl (gain-of-
function mutant)S AYArsl= v o|t} (Marsch-Martinez et
al. 2002; Tani et al. 2004; Jeong et al. 2006). & Z7}A] of 7]
Zf| 9} v of| A 35S enhancer elementS ©]-&3t 7% FAE
ool MEre of AASEAT (Weigel et al. 2000;
Jeong et al. 2002; Jeong et al. 2006; Mori et al. 2007). o] wF
W& o]-&sto] AatE B FHAMo] 2ol oF 40%¢] A
35S enhancer elemento] &J5}o] QAF FAA}O HAAF ZA
o] dojyrS-S 3Hol5t T} (Jeong et al. 2002; An et al.
2005b). L S7HE AAF Zo] Aol P W
oF gt A = Y= AUt 5 HAEH o)A
5S enhancer element7} E7 G A} Bul ol
QAT B $AAE [AE B0 B4} A7 A,
A1) promoter7} @FaF-S wrob A A Q1 ectopic
IS §UT 5 Ak Aol £A5] uol
T} (Neff et al. 1999; Weigel et al. 2000; Jeong et al. 2002).
3 7 95 B0l A TF BT B9t
slo] Alti7t HE AS HE 7|5 At A
T HETh (Weigel et al. 2000). o]& dX A=
=751 75 85 ARl E 0|85kl A& of 7|
2B FAAEY 7sol A EdeH, HFY ok Ent
E 5 UE AE FoAME ZEEIL Stk (Zubko et al.
2002; Mathews et al. 2003).

W SA TR SHHo|E o] 83}9 0s4TI (Oryza sativa
Acyl-transferasel) § AR 7|5 BAG=G] 4E5H
T} (Mori et al. 2007). 13,000 ¢ 7§9] B E=| =% o]
Ao ZEE Spotted leaf 18 EHF | T35t lesion
mimic £AMO|AE AHAT o] S2RE el §4
A5 TAIL-PCRE ©o]§3to] F7gstglomn, gufjolA 2t
W HE-S- (hypersensitive response)of] &J3] Hrdo] Z7lE =

A

1o rlo fo

ol
rel o&,ir

olr of
fillo
oX -

o

Al

p
e

Acyl-transferaseSt A5 AAAS VAT 0sATIS AR
9] 5°-UTR £-¢Jo] 35S enhancer element7} 4} = o] s
ALY HAT Z7hE 9SS ST 27 A
29 0sATIS) AT ZAkRel we W Agy B
Pathogenesis-related (PR) A A}9] 4F& 2719} phytoalexin
=219 momilactone A 2 sakuranetinZ} = Ho| WofA
A9 AL SYa

AFE S8t g, S, vt ZEA 5 o A
oA T-DNA EAHolE A4k 2 £45}
HE T-DNA Ed®o] ko] FST
ALe] 75 Ao anpAoRr g EI ik

ol¢} Bl Eo] Lo 700 o] tfE&F HE AVIAE
¥4 (Massively Parallel Sinature Sequening) &, 2500 7
of 7] ufobA] hal e A5 AE w9 17000] Ao} v}
o|Z& o] o] (microarray) A7} F7H EHo] 1LAE9]
Ar BAo] 7155 % th (Nakano et al. 2006; Rohila et al.
2006; Jung et al. 2008a; Ding et al. 2009). £3| ojo]Z =2 o]
go] AE= AR FAAY HAS SAlo] HofE o 9l
of, Bl FHA2] 7] 5ol B3k oS 7 AEE Ay
= FHoE AgE Zor JtE 24 B {57
Aol e FAAEY WS vpola R off o] & o
of &A5ko] 2,30001 79| Hof ¥F3oh= FHAE A
SISt} (Jung et al. 2008b). o] & WdHo] E3] =23
Aol tiste] T-DNA /o] FST JHE HAMsto 2
N A tiste] T-DNA 4HY] &9 /o] 2hele &
sttt HEH o Aol S ol d454
Y At & 27 AR F83% FHAAE 5
t} (Jung et al. 2008b). ©] Ai}= ulo]=
42 5o £ FHAE AEsal T-DNA S0

_]

wE O N 7

=

e BAY 2L Eotol Y HAY 715
okl o] Ul ENHYS ST (Fig. ). ¢
oOR YEARI 714S FHHOR BEAL WAL F
T ATl v FAAEY 7% FEol WA B
g o lyg

e

Z9 A&l ¥ (Oryza sativa)= @AY Edl 2] Eo|t},
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Genome wide transcriptome analysis
covering 32000 - 41000 genes Log, Light/Dark

Treatment Reference 2

=}
>
=

light vs dark replicate 1 <
light vs dark replicate 2
light vs dark replicate 3
light vs dark replicate 4

Identify Identify
Light-inducible gene indexed mutant
2323 genes (KO or AT lines)

(> 2 fold, <0.01 p-value)

Functional|validation

Identification of mutants defective in light responses

Fig. 1 An integrated high throughput strategy to identify functions of light responsive genes using T-DNA mutants and genome-wide
microarray experiments. The NSF rice oligonucleotide microarray represents 90% of annotated rice gene models. Genome-wide
transcriptome analysis of light- versus dark-grown seedlings revealed that 2,323 genes showed significant light inducible expression
patterns with more than 2 fold change. T-DNA mutants were characterized to determine the functions of selected light-responsive
genes

AAZA ¥ ATAES AH GG BAS SRS A FAAEY 715S HFHOR FHsd WS 28
ou, WE §A% A% A4, A DNA S 28 S AFERL ek £ FAIAL ¥ TDNA B0
P A FRO SAK A P W g Bame] B AMSR /1% fAA Ao thet Ao B3 ok
e 3ASE 5 /s 94 AT 9B 2a% A Sug sk

22 Btk 59 8 S0l SAL 58 59
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