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Transformation of Rice (Oryza sativa L.) with Sucrose Transporter cDNA
from Potato (Solanum tuberosum..)
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ABSTRACT The transport and allocation of photosynthetic assimilate is an important regulatory factor in plant
productivity. In order to modify assimilate partitioning in rice, transgenic plants containing a potato sucrose
transporter (SuT) gene were developed. Calli derived from rice seeds (Oryza sativa L. cv Dongjin) were cocultured
with A. fumefaciens LBA 4404 harboring the SuT gene. 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. Roots were induced from the putative transgenic
shoots on rooting MS medium supplemented with 250 mg/L cabenicillin. Plant regeneration rate from the calli was
about 150%. Stable incorporation of the potato SuT gene into rice genomic DNA was confirmed by PCR and

Southern blot analysis.
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A2 AES 23} Fuo AE7 FulE T3t AY
S5 S G AE 4 g AE FRst FikE
< s FAEE SSMHES sucrose FEIR 7 A
o FFEC: Sucroser ©AUAEC] ASE FASRRE
B Eo] HggFoln FAYAL ZHg IZskA] 97) WE
of AEdA F23 T AR MYHJSH (Armold
1968), =2 QoM FHAE sucroses AIBEE Eif 489
FHE B3I olFEte] AU A BAYOE o
L5t} (Ward et al. 1998).

Sucrose 8] ©]F2 2] &A= sucrose TEA| 28]
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TeH0R o]Rox =, HAHAER] AlFA (Riesmeier
et al. 1992), 7+3} (Riesmeier et al. 1993), @4l (Lemoine et
al. 1999), M#g] (Noiraud et al. 2000), | 713 (Sauer and
Stolz 1994; Stadler et al. 1999; Meyer et al. 2000) 53 Tz}
AJAEQl 24 (Aoki et al. 1999), ¥ (Hirose et al. 1997;
Matsukura et al. 2000) 594 sucrose 5} F4X7} £
ol Fzbe) e} WH 2 EAo] AAE WEAR Uk

qEAEY AT} G Ee] ZAYsHe sucrose FEARE
37KR) f8o) EAlskE AR @A Ark A A 2 A
Eoo EAlste 98289 Y FEAIR T AXE Qe E
Erehe %S st ZEE/Y 35558 (proton/suc-
rose symporter type)o|th F Wal & Jxuie] s
Axel FEARIE, o] FEAE AZAZFE AETZ TS
T43E YEZE G54} (sucrose/proton antiporter) O]
o 02 g2 AR E5ls 4829 f= &
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42} (plasma membrane efflux carrien) 2 2| 7}7lole] &
A= HSHMIZEE YBOZ FS uSIAY, ARe &
3 o]5® P& AR (sink) 02 FZ3h= olt} (Bris-
kin et al. 1985).

Riesmeier 53 Gahrtz 52 At A7olelx el
sucrose TEAE MM EQ] yeasto] &AM F3 yeasto]
Al sucrose7t ¥ FrEE SN
al. 1993; Gahrtz et al. 1996).

2 AFe sucroseE AACE AR A sucrose
545 vl FAAEES sucrose £EEE Wl oHE
AE9] AEF gk EAE ZAbeA AAlEkgith

(Riesmeier et

Callus 7=

FENZH TETEAERNAM EFol e T
a2 A& A AT 2% sodium hypochloritedl] 508
b agketel ERAASIGOH, HFTE 53 AHE F 2

mg/L 2,4-D7} #7FE Ng (Chu et al. 1975) callus f-5 v} %]
ol 1584 A8tk 25T, dxdl ] 470 viekst & &
AT Z 2 EHs callusE 233 callus SEHA]
o &7 397 25C, g7 A gsith

Sucrose T&At 22| ¥ HEXE

Ao AFEE 7RI sucrose % AL (sucrose trans-
porter, SuT) FAx= 729 total RNAE o]&3sle] RT-
PCR& 3l Felststh £28 SuT 4348 E3hguolA
Fopuke ybiquitin promoterE 2= pGA 1611 vectoroll )
238kl (Figure 1) freezing-thawing W& o] 83} A,
tumefaciens LBA 44044 =39t (An et al. 1988).

pGA-SuT F-A2 AZFA7F =YR A. tumefaciens LBA
4404 F 4 mg/L tetracycline®] ¥£3¥ AB (3 g/L KoHPO4, 1
g/L NaH,POs, 1 g/L NH4CI, 0.15 g/L KCI, 0.2 g/L
MgSO. - 7H20, 0.012 g/L CaClz - 2H20, 0.025 g/L
FeSO4 - TH20, 5 g/L glucose) HAH]x|ol| A 28°C, LA 2

‘&,_{ Pnos lHygB |Tnos H Pubi lStSuTl Tnos Hﬁ]

Figure 1. Partial structure of the binary vector, pGA-SuT, con-
taining sucrose transporter (SuT) 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; StSuT,
Solanum tuberosum sucrose transporter; RB, T-DNA right border;
LB, T-DNA left border.

T2A7F E9F AB)ek (250 rpm) 3k et Agrobacterium ¥y
gl PARF Bl 585 £ 100 uM acetosyringone©)
HA71E 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, NHsNO: 9} KNO: & #9311 2.74
g/L KCio] 718 MS 7]2uiA], pH 5.2) ARz 10w
3|4 ste] Aujket callusE 3087 HEdAth Agrobac-
teriume FHZ3 calluse= 100 uM acetosyringone, 2 mg/L
2,4-D, 10 g/L glucose7} A7}E Ng vjR]o] At 21°C,
Srate ol A 37 Wl oksld T} (Yoo and Yun 2000).

Agrobacterium=} FEj3t callusE 500 mg/L carbeni-
cillin, 40 mg/L. hygromycin B, 2 mg/L 2,4-D7} A7} Ng
Xl £71 F 25, el Wi gatHa FAAJAE 1
A stk FAADA 23 NRE 17 Mol 223
callusE 500 mg/L carbenicillin, 50 mg/L hygromycin B, 1
mg/L 2,4-D, 0.5 mg/L. BA7} H7}8 Ne Wi=lell 271 % 25
C, el v ket AAlEtsch 2aF A R]e A F2
H callusE 250 mg/L carbenicillin, 2 mg/L kinetin, 0.1
mg/L NAA, 20 g/L sorbitol, 50 g/L sucrose”} F71E MS
(Murashige and Skoog 1962) A £3} Ao XAks}a 25°C,
A&z oA stttk Mgt v 38 A=
£ MS 7|12z A & fRT, doiR AEAE
potdl] o]23ted ZHX 3T F 54 HAUTH

SuT FAAe] B genome WE ZHojoi= PCRH

- Southern blot ¥41-& =3la] ZAFsI4 T Hong 5 (1993) 2

e olgstel AuE W WLAIAZHE genomic
DNAE 3FZ3l7 genomic DNA$} 7H2}e] sucrose %32}
FAR Bo)x Aurst primer (5 -TCACTAAAGCTTATG
GAGAATG-3)¢} w8k primer (5 -AAGTGGTACCTT
CTCCTTCTTC-3)E A}&3}e) PCR-E AA)319t) PCR ut
Lo 25 yLe] 24 10 mM Tris-HCl, pH 8.3, 50 mM
KCl, 1.5 mM MgCls, 0.2 uM primer, 200 uM dNTP, 3
DNA 10 ng Z18]3 Taq polymerase 1 unito]$it}y. PCR
2 95 CA|A 587} pre-denaturation ¥H&2 7% & =
S (94CoHA 18, 54CAA 18, 72CollA 287 )&
3] FY3AY HF S 72°CAA S8 AAEA
PCR A2 0.5 pg/ml EtBro] ¥3}% 1% agarose gelofA]
A7 YF F UVatilA gelstdth

Genomic DNAo] 3t PCR &40 2]} 7+A+¢] SuT &
AA} Aozt ElE W FAAS AEAE tF2E Rogers
9} Bendich (1988)9] WHH$& W&o DNAE &34k

v



%23 DNA 10 ugS Hind 2 2347 & 0.8% aga-
rose gelol|A] A7]% %53l capillary transfer ¥ (Southern
1975)2.2 nylon membraneol| “Ao]A|Zith SuT #HAte] 7
%32 Dig Nucleic Acid Detection kit (Roche, Germany)
ol-gate] AAIBIATE FF WSS 65ColA 1647+ A8}
fdom @237} T membraneS 0.5X wash solution 0. &
68°CollA 1587k 23] A H3dch

dn o 1@
& callus Mgt

22 sucrose FEA AT TUR A, tumefaciens
LBA 44049} F-3aokst B9 callusE oF 337 w433
o O] calluse WlYE F24lo] A=y Zhsigl o,
A7 calluse A S48EF o ZHE calluse] I
NEZREE callus7t 283l WE $22 228k ¢
A S48k callusE Awtste] A& AQRs AFE A}

I} Al R A5}

al E3] 249 callusS AE3F wj=]ol 2443t
th A 1749 AFE o] FHJoH, 25 FHE A%
o} H7h FAEAT (Figure 2A). 2184 AlE3= 50
mg/L hygromycin Boj} X3S zre 23 M callus2 5
B % 150%2] Ed&S YERAEY], o)3te] B2 A3k
& AEE callus2HE 17 o]y AZ7F FAEHU7) B &
oty £21EA Y] Zol7t Icm o) 4Y W AAF AEA A&
S S8 12 MS 7]1E2a Ao Alcjul sl o (Figure 2B),
Aol A 1097 <=3 F 24 potol] o]std EAHA
< AAEkseh (Figure 2C).

A& FAEA WE sucrose 544 1A AY o
& #2371 93 genomic DNAE #%3l1 7R
sucrose 5t A o] &<l primer #-& ©]835}4 PCR
< T35t Lane 12 sucrose &42 4471 A2
binary vectordlA Z=Z3 Q#o)y, lane 3, 4, 55 A3
3 HZRY TEE DNA dHo|th. 32489 AE oA
T o4 27120 1.6 kbe] DNA ©¥Ho] ZZ 9oy, §3
Ak k2 AEA (lane 2)9) A= DNA fHo] FZ 5%
2ot ZA49] sucrose 52 FAA7E W A4t AE A
o2 FAYQt) (Figure 3A).

PCR #4& 53 2722 Akqle] &19 3719 21 &4 9}

HAL SuT REAE O1S8F Ho| HEH

ok

t-99

PSSR b A EAZHE] genomic DNAE F2 3o
Hind T A|$8 42 438MA71 & 772} SuT probeE ©]£3}
o Southern 415 HAIE A3 AT 3719 HEA
EXFeA 6.7 kb o)/39) Tl HEEHA S (lane 2~4), T
Z A EAAE Bl HAEHA] &94th (lane 1). Southern
T2 FFHE YA wet ) (lane 4) e 270
(lane 2, 3)¢) ©¥o] ZHEH ZCFE Hol R sucrose
$2F A= B9 genomedl] 171 B 270 ol4ol AtYd
A0Z #4¥ch (Figure 3B). olsh 2e Az= Mgl

Figure 2. Transgenic rice shoots transformed with StSuT ¢cDNA
growing on the medium containing 50 mg/L hygromycin (A).
Regenerated rice plantlets growing in the rooting medium (B).
Transgenic plants grown for 5 months in soil (C).

Figure 3. PCR (A) and Southern blot analysis (B) of StSuT
transgene. A; M, lamda DNA/Hind III DNA marker; lane 1, pGA-
SuT plasmid vector; lane 2, nontransgenic plant; lanes 3-5,
transgenic plants transformed with pGA-SuT; 1.6 kb amplification
products are arrowed, B; Lane 1, nontransgenic plant; lane 2-4,
transgenic plants transformed with pGA-SuT.
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FAAZ 2 EA og FHAAR] A sucrose THAF {4
A7F FFAHOE AU Anlgth

EF3ES ofg nEs)Ro g B 2E /&L AE
Aoy A BEE BAZE A8 sucrose FEARE F3
AHEY AAFH BuE 2-3te FAT 89U RegE ¢
AR Utk Sucrose 552 Vicia faba®) Ago) a3t
L Zot B35 oA oA HE 5o (Harrington et al,
1997) 930 A sucroseE Z 73—?—01]" ZolH £e] §3}
v A B AT B 1 YellMe d9 Y
239 A7t AF 3719 35~T5% ol Egsto] £
2ol FFAol bsdk QAN Fhat wdHh (Lem-
oine et al. 1992). A 8% sucrose 5 Yo} Qg
u A AP YA sucrose FHEAF AR HARE A
U =3kl o8] SAEHY sucrose TF B A
o olafAut 2=}t (Sakr et al. 1993). Y2 sucrose 5
B 439 3% 43 iﬁ’% sucrose &4 Al
B2E AST YoNA) sucrose 44 T@ FAF 9T
£ 3= 7oz 4HAL Ut} (Chiou and Bush 1998).

E37)1R)A ol =& )49 sucrose’t FAHH suc-
rose7t AEZ o] AFOZ HAHAT AE W
sucrose™ FSA ZAA HAEES AX JHAANEZ £
o] ¥|E3r|#o g 443} (Lemoine 2000). A #A X2 2
sucrose AA7FA S 72} BAE sucrose T Ak] o)F] FA
B2 sucrose $4AH= sucrose v’}‘—%\—i%oﬂ %"o 3 QIS ‘3]
At} I EE sucrose ALY HHZHS
sucrose #8 THE & A A °ﬂ 71045% *’F ‘}l'é
RAoE 7|d€th

webs] & A7 AHE T 2
W AEY AP &, FER
&, Hely Boe & A

[s]
Mol BeE FRE AL F AL A

2 sucrose S5 A FAAE

H?BHE:%, AEF, sHEgot

15kl B35 e s s A
o2 AztHr

3 2

E3abEe] el &8 JIHS B3 A Y THsAE
ZARLIAL 2R sucrose A FAAE vlo] AL
stk =AW ZRE $ 53 callusE 7HAH9] sucrose $344
Trxaxm S A. tumefaciens LBA 44049} TEu)orst

F, A Qo)A =249 callusE 250 mg/L carbenicillin, 2
mg/L kinetin, 0.1 mg/L. NAA7} 37+g MS wixie] A <F
2% ZRE AAEAF 9ot Carbenicillin 250 mg/L 37+
B MS 7|2 uiR)olA AAEA Y 2SRt ARt
AE2HE At A2 calluste oF 150%9 & 2 EA
AEskes Btk AL AEA ] e PCR 45 53
s} 7ExEY] sucrose A FAAE AFYR FAAFT H 4

= M A Al g Southern
S FAA A sucrose FEA FA
p.ale)
40

EAHAEE AT

2l
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