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ABSTRACT 1t needs to develop high phosphate-available 4, ZFET &7 vE 394 9 shuE FEEa 9o
rice that is able to minimize environmental pollution AR A Eo] o] L3 4= 9l & F oIl OFe Bk dof I
caused by phosphate fertilizer. Then we have transformed 5] Ao opom st Ea| A Eoko] Ao mrlals)
4 rice transporter genes, OsPT(Oryza sativa Phosphate = —— . ,

Transporter)l, OsPT4, OsPT7 or OsPT8, to rice (Oryza —:Z‘j'% ;)E]-TU]E of&ell 2Rk Qlabe) st ey qlatel
sativa cv. Dongjin) via Agrobacterium-mediated transformation. frads dad.

We tested adaptation in the P-deficient condition of Dongjin A oA A= of7 7hA] Aekehd, 4
(parental) and each transgenic line in the pot and the field — H% Z12]il Fejetd] HZAAE 2+ Ut o= g
conditions. Definite physiological changes have been o] MAI Mylgo] FAL =ZFlo] FHAHL Y3
observed in OsPTs transgenic lines including culm length, (proteoid root &) TAFA <QlAb SHIA|(high affinity

root formation and heading date. Phosphate uptake at
harvesting stage was about three times higher in OsPT1-OX
(overexpression) and OsPT4-OX than in Dongjin (wt)
without P application. There are no variations in total
phosphate-content of brown rice of OsPT1-OX in spite of

phosphate transporter), acidic phosphatase(AP), &7]AF A}
AT} Helo] Bl GARSe) WAL GEg 1 A%
2 citric acid 5 thaF9o] §-7]Ak} acidic phosphatase”} ¥

LU hY

Eooll &ulEo] Rt Fol S7HE L Al ute] 4]

high phosphate uptake. Practically the expression of OsPT] Sl= TS QAR &HEAof Q)3 QlAke] 47 Z7tE]of
has contributed to stabilize grain production without P olAkA R o] ZEE K Dinkelaker et al., 1989; Marschner,

fertilization in rice cultivation than Dongjin.

Keywords : rice, OsPT, Phosphate transporter gene, transformation

1995; Del haize et al., 2001).
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QIAFE o] 73l OsPT(Oryza sativa Phosphate trans-
porter)s GAAE HE 7fdsl7] sto] Agrobacterium L
= FAAeR A=AE hygromycin ¥ A] AoflA] AEsted
t}. o] Ao} hygromycin specific primers2 7 A A wkst
T EQSAA] fRo] teh 2 Auistel maoh o
ol £510] ook +asielck OSPTs TAAE AMS
o DNA B4 A5 3-43719) ol & 1 & A5}
Chen and Ronalds(1999)¢] ®H S 2 genomic DNAE £8|5}
o] gene specific primersE ©]-85}0] PCRE F3f] A5kt
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AlH] ®z2]

FAHSAS 2 AAEEE EA87] fI8ke] 2005~2007
doll A WeF o) SgA gt A2y 2EX
Ao zHzE A|HAES 23 3} . 2005 ZEAFS
3l 1/5,000 a potol] FXW 2 OsPTI, 4, 7, 8-OX(T;) Z+
AeS 7T 124 olstoth ZEAY Al AMEH B

A2EQ H| 247198 A|E o] Heu|ALACFE Q] QAFAA)

ENK)Y} I EFNPK)= o] &5I3ith ZEAIH S A

H|=(1/2 N)K, NK, NPK(N-P,0s-K>0; 9-4.5-5.7 kg/10a)2]
3iﬂ% Qb o] oluf 2] SHFE O & 485}glTh 2006 EA
Al Al GMO 7ol A Fu], FRIAKHNK), #H33(NPK)

AH] 3F 8] 2 2 EZ9 EAH OsPTl, 4, 7, 8-OX(T4)
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& oldsto] EHLZﬂi stk 2007 o= FLE GMO
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Ab Ao AathuzAL F27F S3Eg ok

Fo sHH SE4=A

FAXSA ST BEQ FAWE 5912d0| s}

al o 6
WA FF 184, A4AE 1530 em HEOE AP
GMOZ o] olofsteich. 7|eh A& pagol Estel 4|

eSSt o F9d EARANE 27, Moy
07 9 A%7N0] $EAEH SAARATEA] R O

QEX} £ BETUHO| QMBS G 265

7S BAF] glste] we] 2o AT
HIEAY, 247 W A471e ABA AARE AF
of T 392 AF Azt £ A2 gz o

: 0.5 g& H,SOHCIO, A+ E3jA7l =

T-N& A2AHE5A4]7](FOSS 2300 Kjeltec U.S.A.), QAR

VanadateW], o]2-& FE=AFE20HICP, Perkin Elmer
3300 DV, US.A)E 24514t

FAAATY B T T8 7 AT ERE AIY
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AS S AFlste] Ak A2d & E4isto] 2 mmA| =
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2|34 oFo] &2 IN NH,0AcE A&
(ICP, Perkin Elmer 3300 DV, US.A)ZE &
EFRIAEE wHT s B H.j(NIAST 2000)
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LA}l OsPTI, OsPT4, OsPT73} OsPT8
=) WE} zr *ﬂEH“ﬂ FAAG R E

8P‘R“iﬂ(Fig- 1, Fig. 2), o]% -2A ¥ M4 =9 <l
S 9J5lo] AA primer setZ 231 cHTable 1). 2=
primerE ©|-85to] At FAALA S PCR &4 %,
OFHoFS AlX|3lo] OsPT1-OX, OsPT4-OX, OsPT7-OXi}
OsPT8-OX I AAEE FASHATHFig. 3).
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A 29 EfolA 22 el BlolE Yo T

M C tranformants P M
u—-——-_'—---'—- 4 HPT (471 bp)

Fig. 1. PCR was performed to identify the induction of OsPT
genes with HPT specific primers (M ; DNA marker,
C ; Dongjin(wt), P ; control pOsPT, HPT ; hygromycin
specific sequence).
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pCAMBIA1300-358 Xbal Xbal
- HPT 358 — 358 OsPTs -
L 158 PolyA ATG o= RB

Fig. 2. Constructs of expressing OsPTs and hygromycin
phosphotransferasell (HPT II) genes in the binary
vectors.

Table 1. Gene specific primer sets to detect each OsPTs genes.

LA AES Zr3=11 Qoi(Sanchez-Calderon et al., 2006;
Lopez-Bucio et al., 2002; Dinkelake et al., 1989). QA4
BEAGNA OsPTs-OX AFe] AsHAg Wsle pas)
7] f18to] Yul =EoFoA QlikE FAIS(NK)SFAL ZEA]
He o AT Fig. 49} 2tk 817 9] waje] Lol
OsPT1-OX3} OsPT7-0Xo0| EA o] ]3] Aot /A
T HYUETS FAMASATE 2447F 355, 4.8, 43,32 g©

2 F30B4.9 g)ofl v Agket. whehA Hteje] oy A

Gene Primer Sequence Expected size
OsPT1 113 ATC ACC GGA CTG CGC CGG CG 32
OsPT4 413 GGC GCA GGA CCA GCA CAA GC 199
OsPT7 713 GCC CCT GCA AAC TGT ACT GTA G 22
OsPTS8 8f3 GAG ATG TCA CGG GAG AAC GAG G 36

Dongijin

Fig. 3. Phenotype of the OsPTs-OX, OsPTs transgenic rice plants. White bar represents plant height. The growth of the

OsPT7-OX and OsPT8-OX was better than others.

Dongjin OsPT]

OsPT4

OsPT7 OsPT8

Fig. 4. Root growth of the transgenic rice. Each of the transgenic lines showed different root-developments.
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Table 2. Dry weight of root and T/R ratio of the OsPTs transgenic plants(soil; control, fertilizers; NK). The T/R ratio of OsPTs-OX

was higher than that of wild type.

Dongjin OsPT1 OsPT4 OsPT7 OsPT8
Dry weight of root(g/plant) 49 + 0.0 35+£03 48 £ 0.4 43 + 04 3.2 £0.1
T/R ratio’ 8.4 10.7 8.9 9.3 13.2

" T/R: top/root ratio

Table 3. The effect of the fertilizer treatments on some agronomic traits in the OsPTs-OX. The growth of the OsPT7-OX was

better than others.

Variety Fertilizers' Culm length Panicle length number of panicles = Weight of 1000 brown rice grains
(cm) (cm) (plant) (2
. N_K 76 18 10 24
Dongjin
NPK 82 20 11 24
N K 63 16 11 20
OsPTl1 -
NPK 64 16 13 19
N K 56 15 10 21
OsPT4 -
NPK 58 14 13 21
N_K 82 18 9 21
OsPT7 -
NPK 84 18 10 21
N_K 73 17 11 22
OsPT8 -
NPK 71 18 11 22

" Fertilizers: N K, 9-0-5.7(kg/10a); NPK, 9-4.5-5.7(kg/10a)

Table 4. Comparison of heading date of the OsPTs-OX according to the fertilizer treatments. The OsPTs-OXs showed different

heading date.

Soil" Fertilizers Dongjin OsPT1 OsPT4 OsPT7 OsPT8
’05 Pot NPK NK(-P) 8/16 8/15 8/18 8/14 8/14
’06 Field NPK NK(-P) 8/19 8/17 8/21 8/18 8/18

" The long-term application of the same fertilizers.

=R 7} FAMAA T 54 vlust= o
HE&(T/R &) Hlas] =Skt
107, 8.9, 9.3, 13.2& £3] OsPT1-OXZ} OsPT8-0X
o] ZAH(84)RT} = ZHS B THTable 2). °|2H4 OsPTs
AR drgo] v o) Hle| g WEkE 7hAgkon 1
Blolt 44 W Hol7h 91gL & 4 Usich

ZFA A BIYAB|(NPK)THE] NKFo| A 5RIH =
o] 7% At oy FAHSA G = 0~3% o
of 1FHom o] F OsPT7-0X9] Aso] 7H sttt
(Table 3). 4= 1~27H Ask] o AlS7tol Zpol7} ¢l
qom dndygSe JAAEA G tha Fasiela
AlRIA 7L 2tol= §lglth NKoA &427]+= 539
B|5to] OsPTI, 7, 8-0X AEEL 1~29 Hr walgo

OsPT4-0X ZA2L 938 29 AE L ZcKTable 4).

OsPT1, 7, 8-OX Z%9] &4eF2 NPKT tjH] z+2} 90,

85, 91%= FXB(82%)E} =t 2 lth(Fig. 5). °]

ZHE OsPTs7h WO Re|sof Wol5 doA Qi

240 AT = J=s splen o= &) 1, 7,

7] W Akl AEE & 2 Ut HEo
|

o4l OSPT4-OX A EolA] Thrhet AAHES: A 03]

Aol glo] AT} Aazte] A agol tat Avt Das)
tha A7k,

QIAF BH|ZZI0lM OsPTs—0XQ| QIAkE 2t
Marchner(1995)&= 1 XISHA 014k LubA|o] Wa oz t}
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Fig. 5. The response of yield under the phosphate-deficient
condition (Dongjin of control; 489 kg/10a). The
decrease of yield of wild type was bigger than those
of the OsPTs-OX, except the OsPT4-OX.
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ERTh ZRAIE Ay}, B ESHNKAH A A=A ¢
AFHHP20s, %) OsPT1, 4, 7, 8-0X Al&0| -5X1Ho] H]
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(2000)2] YFHEO]E(NH,) SHHAAlE 123t 24k
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Fig. 6. The change of Pi content in plants of the OsPTs-OX
according to the growth stage (A; tillering stage, B;
heading stage, C; maturing stage, 2006 field test).
The content of Pi of the OsPTs-OX was higher than
that of wild type through the whole growth duration.
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Fig. 7. The characters of Dongin and the OsPTs-OX in the
flowering stage. The white arrow represents the
partly exserted panicle of OsPT4-OX.
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Table 5. The analysis of content of inorganic components of transgenic lines according to the fertilizer and soil conditions in

maturing stage (2006 field test).

variety Soil Fertilizers Av.P,05(%) K>0(%) CaO(%) MgO(%)
Dongjin Long-term+ non 0.34 2.64 0.54 0.22
Conventional non 0.26 1.93 0.48 0.14
N K 0.27 2.12 0.51 0.13
NPK 0.32 1.83 0.44 0.13
OsPT1 Long-term non 0.94 2.36 0.55 0.34
Conventional non 0.93 2.22 0.44 0.20
N K 0.82 221 0.51 0.18
NPK 0.67 2.15 0.60 0.17
OsPT4 Long-term non 0.81 2.16 0.52 0.33
Conventional non 0.93 1.87 0.41 0.19
N K 0.81 2.31 0.42 0.22
NPK 0.76 1.80 0.50 0.21
OsPT7 Long-term non 0.40 2.31 0.55 0.23
Conventional non 0.33 1.86 0.46 0.15
N K 0.31 1.93 0.44 0.16
NPK 0.33 2.10 0.50 0.15
OsPT8 Long-term non 0.33 2.47 0.54 0.19
Conventional non 0.29 1.87 0.43 0.14
N K 0.28 1.85 0.48 0.14
NPK 0.30 2.29 0.53 0.15

" The soil with long-term application of non-fertilizer condition.
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OsPT4 Small

Fig. 8. The segregation of three height-types in the OsPT4-OX
generation(Small, Middle and Tall type(wt)). White
bar represents the culm length.
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Fig. 9. The comparison of Av. P,Os and T-N content between
OsPT transgenic lines and the control in the heading
stage (fertilizers; NK, 2005 pot test).
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Fig. 10. The relative Changes of culm length under the
different nitrogen-conditions in maturing stage
(2007 field test).
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Fig. 11. Content of total phosphate in Dongjin and the
transgenic lines under the phosphate deficient
condition (maturing stage, fertilizers; NK). The
content of phosphate of the OsPT1-OX was higher
than any other.
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VA7 A B Bt 9lgich OsPTs-0X | Qlat
(%) OsPT4-0X >1-0X >7-0X >8-0X 2. & e}
O K(Fig. 9), OSPT4-OXAFE 70| BopawAl % 2
23w gragh i, OPTI-OXAES AESEo| &
ORAE e Bakt Aol ANT F 4GS ANA)
2 OsPT1-0X >4-0X >7-0X >8-OX <=2 =2 OsPT1-0X©]
7V tekFig. 1)
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Fig. 12. The changes of Av. P,Os content of soil (fertilizers;
NK). The content of soil phosphate was more
decreased after cultivation of the OsPTs-OX.
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Fig. 13. Total phosphate content of Dongjin and the

OsPT1-OX depending on plant parts (maturing
stage, fertilizers; NK). The accumulation of
phosphate was almost performed in culm and leaf
of the OsPT-OX.
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