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Transformation of Rice (Oryza sativa L.) with Phosphate Transporter cDNA
from Tobacco (Nicotiana tabacum L.)
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ABSTRACT In order to improve phosphate use efficiency of rice using phosphate transporter (PT), transgenic rice

plants containing a tobacco PT gene were developed. Calli from Dongjinbyeo (Oryza sativa L.) were cocultured with
A. tumefaciens LBA 4404 harboring PT gene. Multiplied calli were transferred to MS medium supplemented with 50
mg/L hygromycin, 500 mg/L. carbenicillin, 2 mg/L kinetin, 0.1 mg/L NAA. After 2 weeks, hygromycin resistant

shoots were obtained from the calli on the selection medium. The putative transgenic shoots were transferred to
rooting MS medium supplemented with 250 mg/L cabenicillin. Plant regeneration rate from the calli was about 52%.
Stable incorporation of the tobacco PT gene into rice genomic DNA was confirmed by PCR and Southern blot

analysis.
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ZHE Ao I4Ho|t} (Theodorou and Plaxton 1993). ¢l
A skt oUAE avlste] AlEutE ZhRd el
Wz FErh (Marschner 1995). Q14 F-529F o5 Al
Fupzt vaz)de] gl EA)sk= Qb %Ak (phsophate
transporter, PT)& £&to] 2532102 o|Fo|xt}, ¥l o] A
Topeld QWS FrERE AES s AurER FAHAE

F 2ol Arabidopsis (Muchhal et al. 1996), EvlE (Liu et al.
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1998), 747} (Leggewie et al. 1997), &} (Baek et al. 2001)
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AlEAg ¢ Callus %

AEH TGN BFEe FX8E A3
Rk

Aezate] 98 AASTL 2% sodium hypochlorite (100
pl Tween 20 A7hell 5087k wykstel ZRAFSIREOM, B
42 53 AAE3 5 2 mg/L 2,4-D7} H7}E Ne (Chu et al.
1975) callus 5% ®iAoll 1SHEA jAabstgek 25C, Y2700
A 4F7 o gt $ dHSAME & BFAHAE callusE &
g8t callus SEulR|o} LA 397 25°C, GZANA Au)
&ttt
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Agd A" Eule 1RsE A5} (phosphate
transporter, PT) §-742H= 7#k9] kAt 448 &3
o2 o]83td wie] ¢cDNA library28E B34}
(Baek et al. 2001). 22|38t PT -§AAE FaFfollA Fokit
£ ubiquitin promoterE zH= pGA 1611 vectorell A 2=3ts}
o] (Figure 1) freezing-thawing WS ©]£3lo A.
tumefaciens LBA 44049 =315t} (An et al. 1988).
pGA-PT #7344 AxEA7F =UE A. tumefaciens LBA
44045 4 mg/L tetracyclinee] £33 AB (3 g/L KoHPOq, 1
g/L NaH,POs4, 1 g/L NH4CI, 0.15 g/L. KCI, 0.2 g/L
MgSO47H20, 0.012 g/L. CaCl,2H-0, 0.025 g/L FeSO47H;0,
5 g/L glucose) HAulRIo) A 28°C, QHAERo) A T2A17F Ft
Z el ok (250 rpm) QA Th Agrobacterium ¥ Fl-S AAME
23l 8k £ 100 pM acetosyringone©} H71E AAM
(75 mg/L. glycine, 877 mg/L glutamine, 266 mg/L aspartic
acid, 50 mg/L casamino acid, 65.5 g/L sucrose, 35 g/L
glucose, NH:NO3 9} KNO;E A 9]8}3 2.74 ¢/l KClo] A
7k8 MS 71841A], pH 5.2) QA x| 108] 3|4 ate] duf

o3t callusE 3087 JFSFATh Agrobacteriums 53

| RB l_‘l Pros lHygB Tn:H Pubi I NtPT l Tnos H LB l

Figure 1. Partial structure of the binary vector, pGA-PT, containing
phosphate transporter (PT) expression cassette. Abbreviations used
are : Pnos, nopaline synthase promoter; Hyg B, hygromycin
phosphotransferase gene; Tnos, polyadenylation signal of the
nopaline synthase gene; Pubi, polyubiquitin gene promoter; NtPT,
Nicotiana tabacum phosphate transporter; RB, T-DNA right border;
LB, T-DNA left border.

callus= 100 pM acetosyringone, 2 mg/L 2,4-D, 10 g/L
glucose7} H7}E Ng wx]ol] X|Atatad 21°C, gATElolA 3Y
7wyt
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FAASA 134 A2E As) FFHEE callusE 500
mg/L carbenicillin, 40 mg/L. hygromycin B, 2 mg/L 2,4-D
7b A7FE Ne wiRlell &7 F 25°C, /deholir wiFatinh
HAAA 24 AEE s S4E callusE 500 mg/L
carbenicillin, 50 mg/L hygromycin B, 1 mg/L 2,4-D, 0.5
mg/L BA7} ZA7HE No vjA|dll &30 F 25C, geiel A u
kbt AauRlo] A Z=4H callusE 250 mg/L
carbenicillin, 2 mg/L kinetin, 0.1 mg/L NAA, 20 g/L
sorbitol, 50 g/L. sucrose7} 7@ MS (Murashige and
Skoog 1962) A &3} wj=|ol] x|AFal7 25°C, A&z Z70
A vl oFatach AE sk Wil 2stE AEAE MS 7]
Aol &7 HHE FEHL Lol HEAE potol o4 5]

291 ¢80 F 5L AR
PCR

AurE AR B AEA ) 03 PCREAS §3lo gl
PT §2219] A i-& gRlak3th Hong 5 (1993)9] W
o] W} F%3 8 genomic DNA S Hulj2] olabg2} £
Azt Eolx Ak primer (5 -TGAGAAAGCTTAGTC
ATGGC-3)¢ Hurg primer (5 -ACACGAATTCA
CAAAACTGC-3)E AFE38ld PCRE AAlslg k. PCR #F
Lol 25 yie] FAL 10 mM Tris-HCL, pH 8.3, 50 mM KCl,
1.5 mM MgCla, 200 nM primer, 200 M dNTP, 33 DNA
10 ng “18] 3 Taq polymerase 1 unito]th PCR #F3-2 95
ColA 187} pre-denaturation ¥H2-2 73X & ZZut-3 (94
ColA] 50%, S5°CollA 50%, 72°ColM 187 Hh3)S 303
AP HE AGEE 72CAM 37 A
PCR 2HE-2 0.5 ug/L EtBro] X3 1% agarose gelojj A A
719% & UVstallA gelstitk

Southern blot £A

PCRE %3] AR 2EA 9 genomic DNAETE
ZZ3 DNA 9#& 1% agarose geldlA] H7jd5d F,
capillary transfer ¥ (Southern 1975)& o] &3}y UdE
glo| A o)x)Fth Dig-High Prime Labeling kit (Boenringer
Mannheim, Germany)Z ©]-&3&to] FTAE Gl <libes
Z FAx &3]3 Dig Nucleic Acid Detection kit
(Boenringer Mannheim, Germany)Z ©]£-3}e] Southern ¥

Hg Fasg,
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Callus Myt

gope] olabpdat AR TYUR A, rumefaciens LBA
44049} -5 B9 callusE o 357 wjdatct 1
A3 B callusol A F2jo] AAIE Y AWsele A4S B
Qouk, QY callust PHA ZHaAY T= Zug
callus®] dB A EZZEE callus7} sl e &2 =
4 s,

23} Qe B9 ZHT callusB AESHAS] A e
ok A 179 AYE x70) FHUOH, 25 FRE N

)=}
n
o} Wa)7} Pt (Figure 2A). AEA] A 23h= 23} A
2 callus2RE] oF 52%9 £ &S Yepglon, 24 E
] Ze)7k 3cem oY W - A=A K-S Y3 MS
71 B Rl o)A &t%iTh (Figure 2B).
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a9y, vy 12 MS iAo o213 $ABRNNE= Q
TRARE 25r9] e whdo] 3Tk (Figure 3). o3&

A S Wale] WE Q4 Ak Fol ol AP

e
©% K, Fe, Zn, Cu 5¢] A%l m& 2] ohds} AR
U olell st 25 A7 Bastele AZH,

Figure 2. Transgenic rice shoots transformed with NtPT cDNA
growing on the medium containing 50 mg/L hygromycin (A).
Regenerated rice plantlets growing in the rooting medium (B).

PCRZ} Southern blot 241

AEsHE FAEA WEY e A3 Y 55
gelsl7] 93l genomic DNAE F&3ty Gule] QA4S
b A SolH I primer & ©]43td PCRE 331
o} O A RE A HEANA GdEHE A7 1T
kb @e] FEFUAYL 2 A EANME oFF3 band=
283l sttt (Figure 4A). Lane 12 QlAESa S8 2}
7} AZ3E binary vectorol|A] ZZH WHolH, lane 3, 4, 5,
6,7 FAHES B2 e T%¥ DNA d¥ojt. 3448
H AEAAME oAE 7] 1.7kbe DNA 52 TS
B 5 glon, gad8sr 42 AEA (lane 2)dAM =
DNA ©Ho] SE=|A] gro} gl Q4HFEAF F4127} B
Alzdoll 4UE Aoz FHHA

g e Qlibrdat FAAE BICE AMESH] PCR $%
DNA wh#ol| 3t Southern blot ¥4-& AAjg A3} pGA-
PT A %23 DNAY F2AAZ 4ZA EFoIA 1.7 kb9 band
7t AZ=H AT (Figure 4B). o] A AEA| o Hhj ]
AAFFAL FHA7E AR EUHA
Fojtt,
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Figure 3. Dark spots (arrowed) on leaves of the regenerated rice
plant growing in MS basal medium.
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Figure 4. PCR (A) and Southern blot analysis (B) of NtPT
transgene. A. M, Lamda DNA/Hind Il DNA rnarker; lane 1, pGA-
PT plasmid vector; lane 2, nontransgenic plant; fanes 3-7, transgenic
plants transformed with pGA-PT. 1.7 kb amplification products are
arrowed. B. Lane 1, pGA-PT plasmid vector; lane 2, nontransgenic
plant; lanes 3-7, transgenic plants transformed with pGA-PT. 1.7 kb
fragments hybridized with the PT probe are arrowed.

7t 8] JPE 9o I FoA ke 4 7)E|
e d4E FE ARG AES U2z A Ho
Arabidopsis (Muchhal et al. 1996; Smith et al. 1997), Ew}
E (Liuetal. 1998), 72} (Leggewie et al. 1997)¢] F-7)21Ak
F4AAAS) FFYG BAEY0) A48 WAL ek 19
e RI1QAE R SAAe] e W 088 93 Bl
] oﬂq.g u]z‘z A1 A o]t}

=
Nolg K& ASHE AL ) 2k

med £ AT A% 9 ANGEA 3348 o ARE
A FF Tgol B ¥ 39 /el 24 £ UL A
S ZldiEnh B kAl fFAAE 099 USRS
g3l o] g 7hset AEF MNP £88 5 glg Ao7
A zHt.
H Q2

A sl A QA T4 &80 B2 W FEE MY
stk Gl o] QIAbpERE FAALE Wl YAASs }C’ir/}
AW RE FEE callus® guhel QR AR
AH A. rumefaciens LBA 44048) ZE0] k3t T A dhu 2] o]
Al Z418 callusE 250 mg/L carbenicillin, 2 mg/L kinetin,

0.1 mg/L NAA7} 37bd MS vl Rjol] £A ¢k 2F ZHE &
HEAE A9tk Carbenicillin 250 mg/L #71E MS 7] &

Aol A EA o] S Fieste] AR AEAE AN

o} AW callusE oF 52% 9] &4 ALseS Bk
AR AEs AEA gk PCR 48 F3)38l 33
4%1 B A Sl gl Qakpdal AR A EHA eSS

=) DNAoﬂ EHGF Southern blot 4] A3}, 2 A&
AelAE band7} AEHA oy FAAS A EA A=
QaEERE FAR S 1.7 kbe] band7t HEE o} )
TR gl QS A7 e H e ©YEAS

o] El=qirt.
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