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Abstract - This study was carried out to develop new cultivars using the Ts generation of transformed rice by PCR analysis
with DNA marker in each generation (from T3 to Ts). In the previous study, we successfully developed the transgenic rice
plants over-expressing the Arabidopsis H'/Ca™ antiporter CAX 1 (accession no. U57411) gene. The calcium concentration
in brown rice of transgenic plants was higher than that of donor plants, lipum, and was selected 3 lines out of 25 lines at
cultured GMO field. The major agronomic traits such as culm length, panicle length and panicle number of 3 lines at
transgenic plants (Ts) were similar to wild type. Also these lines appeared to have disease resistance to rice blast, cold
resistance as compared with donor types. The grain shape was similar to donor plant, however, the 1000 grain weight of
brown rice was different from transgenic plants. These finding would be used for basic data of new variety registration.
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2] Bgo] A1 wE 2AE ATA, AT, oo
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F8 FAQIAMO|tH(Hassan et al., 1995), Calreticulin®]
A9 2 A e A6 S
D4 AR Bo] Asu o] gt Aol Aleld wgo] o
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2004; Knight et al,, 1997; Marty, 1999, Sanders, 1999,
Tahtiharju et al., 1997). HZETo|A 2] o|& transporter, &
3] Ca”* transporter:= A|ZA U] thoksl 0] £E9] ErE 2
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o] EA(Kim et al., 2004b)E Ts plant 8AZ(Ts—6
Ts—7, Ts—16, Ts—17, Ts—18, T5—19, Ts—24, Ts;—25)<
o] &srh. SAIAEE 12071 AEAE 20074 SHA

AR e S ETtE: GMO ASER] 50 X 15 em
of AAEER 25 128 AFA shc

Agjd PCR &4

Eﬂ Q% H o fﬂrﬂ} FEok3ich Al
e—tubed] Y1 HAaF Wi, EHS 0|85l AlRE F
t} 700 ul DNA extraction buffer [2% w/v CTAB, 1,42
M NaCl, 20 mM EDTA, 100 mM Tris—HCI(pH 8.0), 2%

-389 -



HHPHNGRE Korean J, Plant Res, 21(5) : 388~394(2008)

w/v polyvinylpyrrolidone(pvp—40), 5.0 mM ascorbic
acid, 4.0 mM diethyldithiocarbamic acid], 10 1l RNaseA
£ FHo| gt vortex g thE 65C o 3087F Yol
t} 700 ul PCI(Phenol : Chloroform : Isoamylalcohol
25:24:1)E e—tube©f €11, 2087} shaking 3} 15,000
rpm O &2 1087F Y4le &, A5 500 ul & pipette &2
o] ThE e—tubed] %71t} 350 ul isopropanolE A
TN T2 e—tubeo] ¥l shakingdto] 2 4]=t}. Deep
freezer(~70C)o] 205 E9F Aelg Tk Ao o]
Q)= e—tubeE =0]11 15,000 rpm &2 1087F Y4 it}
U4 3 A7 pellettt 7]l WA= pipetZ 0§50
ATk 500 pl 70% alcohol= A A3}l pelletdt H7] L
70% alcohol-2 WAL} e—tube =74 Fo] AXAF &
Bt 5 e—tubeo] Fal Ytaro]| RustHA overnight
o T SRR Gt BHoa Sl Ao TS o
510, 5'-TgCCgCCATTATTTgCACCT (forward)2} 5—TgTC
ATCCCAACCAACCATg(reverse)S primer® 3}t 7t
PCR HES912- 1 nl template DNA, 2 nul 10X buffer, 0.5 1l
5 mM dNTP, 0.5 nl forward primer, 0.5 1l reverse primer,
0.2 ul Tag DNA polymerase (2 unit) 9] &Ao=& &
BREHS 20 nl 2, PCREEAIEE 94°Col| 5871 o H(pre—
denaturation) 3}, 94C ]| 30%7Hdenaturation), 50C
o] 30Z(annealing), 72C o)A 30Z%(polymerization)7-S
1 cycle® 30 & 30 cycle 3901 %= DNA AL
72°C 7E7F5l0], Biometra PCR(German) 7]7|& o]&-3}o]
F3sE3iet. 9% DNA= #17]9-5(100 volts, 1A17H) 3}
i1, 1% agarose geloA| ¥l EtBr=2 HAste] UV
illuminator= &o1s}3ict

FUAGAT SH=A
BEF AFH} S o] FABA CAX 1 A
of Wlo] 95 AT SR T 20064 3}

A, pE 52ATHY BAE 2R
slolth, AE @ 10744 surEow Z4s)
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Table 1. Frequency of PCR analysis of § lines in Ts generation

Lines No. of plants No. amplified DNA (%)

Ts-14 111 54(48.7)
Ts-15 116 57(49.1)
Ts-17 119 0( 0.0)
Ts-18 106 6(5.7)
Ts-19 75 0( 0.0)
Ts-20 119 18(15.1)
Ts-24 116 4(3.5)
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Table 2. Agronomic traits of Ts transgenic rice

BARSE7IHl el e P v AT 2kt
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Table 49} Zro] o}
AHTA = AFEZ 19.3~19.4%2 qE}‘,;t
ke 69.4~69.5%%]
o Hla] YEHLE 69.0%0|th 8 FHEES 12.7~12.8%
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=
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Lines Culm length Panicles length No. of Heading
(cm) (cm) panicle date
Ts-18 68.2+5.0" 17.4+1.4 8.3+2.9 Aug. 14
Ts-20 67.144.7 18.2+1.8 7.3£2.0 Aug. 03
Ts-24 70.0+4.5 18.1£1.3 8.0£2.8 Aug. 03
[lpum 70.0+£3.2 14.7+0.8 7.0£3.3 Aug. 03
¥ Mean + SD.
Table 3. Concentration of minerals in brown rice of 3 transgenic rice
Lines K>0 (ppm) CaO (ppm) MgO (ppm)
Ts-18 651.0 8.0 121.6
Ts-20 456.5 154 121.6
Ts-24 458.4 35.0 121.6
Ilpum 782.0 10.1 121.6
Table 4. Comparison of plant NIR analysis between control and Ts seeds
lines Amylose (%) Fat (%) Moisture (%) Protein (%) Starch (%)
Ts-18 19.4 2.0 12.8 7.6 69.5
Ts-20 19.4 2.0 12.7 7.6 69.5
Ts-24 19.4 2.0 12.7 7.6 69.5
[Ipum 19.0 1.9 13.1 7.7 69.0
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Table 5. Grain characteristics of Ts seed

Brown rice (mm)

. - — 1000-grain weight of
lines Grain length Grain width Grain thickness 'Length/ brown rice (g)
(A) B) width (A/B)
Ts-18 5.28+0.207 2.76+0.12 1.96+0.06 1.9240.19 21.46
Ts-20 5.3040.13 2.7140.15 1.8740.08 1.96+0.12 20.32
Ts-24 4.98+0.13 2.76+0.10 1.9540.05 1.81+0.09 19.13
[Ipum 5.13+0.14 2.72+0.11 1.83+0.12 1.89+0.09 18.80
¥ Mean + SD.

F5319] Aolo} 1 AL THoF F Ao A,

AlZo| A= SPAD ghat AR g dat Aol Slrkar
3} HH(Lee et al,, 2001; Piekielek and Fox, 1992),
SPAD-502 £47]& o]&sto] HEES UFHE g3t

A el ek A2Ag A Ca™ o F7h= Agizel
2 WZkizol] RS VTR AR ATE oA
TH(Kitigawa and Yoshizaki, 1998), & 9] Aijyto

oo 4 glema ofo] digt o] Ut ATt BR

FUAGAE2| chlorophyll & Aj2-22] -9 ALAl AL 2 AtEE R,

&S 5730t (Fig. 1). Chlorophyll g2 WHE54 Ts At} =dY Ade AR Z3K(Table 6), T4
dFuof vlgf i AFHEC g SAEN o, 53 Aele mEFol vls] WAZH%) oA 11.6~68.6 =
Ts=5, T5-18 Ae2 &7 Yebgth E3h A2 2 27 e, Aol Sle JoR yEhEd e

H o

BEFQ GFHo| vle] tiAlA ez 9k, 53] Ts-
Ts—19 Al 7H =7 Uehth cAx 1 #3449 g4
A= abiotic stresso] Tk AL 7HA= Aoz
BEY QItKHirschi, 1999; Hwang et al,, 2005; Kitigawa
and Yoshizaki, 1998; Knight et al,, 1997; Monroy and
Dhindsa, 1995). 53] 4124 U] Ca” &2 S7h= A2
LEg 20 tieh AR WS #AY e Aew S
A= =1, o]= Monroy2} Dhindsa(1995)7} Alfalfad]
A 4CE AAT] P& A HAE Q% E2)5h= Ca™ 9
frélo] S7tE o] A2A /o] F7He = Ak} Hlsgh

AE Ee 59 AR Sa3t 432 5, teAd A%
A Z=2of Bedwo] glok A2 Wol 24 #1000~
200 nM= YA ALY AF7 | AE uM-—mM &
o] IF Zgo| AL jht}, 3 AEA7E £ &
Eg2 oo 905 o AlZd Yo 2 e gAHe
2 F7Ihe R Wt Aol tigh A=) A Sl
= 2939t 98kS skt U] QItiBashir and Pantoja,
1996; Hirschi, 1999; Kitigawa and Yoshizaki, 1998;
Monroy and Dhindsa, 1995), & oA o] &% CAX 1

AR A2 AEAUdlA Zee] 43 s

35

Growth rate by culture of cold treatment (%)

120

SPAD value (mg)

2k
0
llpum IR36 T55 T56 T5-7 T5-8 T5-16 T5-17 T5-18 T5-19 T5-20 T5-24 T5-25

Cultivars and lines

lpum IR36 T5-5 T5-6 T5-7 T58 T5-16 T5-17 T5-18 T5-19 T5-20 T5-24 T5-25

Cultivars and lines

Fig. 1. Comparison of growth rate (A) and SPAD value (B) at 3 weeks after cold treatment(17-1C ) at growth chamber in Ts plants.
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Table 6. Value of blast disease with Ts plants

2857140 of3) AMEl BAAI ] AB) AEepy B4

Line No. of total No. of spot Average of disease Control value
plants $OLSp incidence (%) (%)
[lpum 50 27.1 0.45
27.9
Ts-18 108 36.1 0.33
Ilpum 80 133.7 2.22
68.6
Ts-20 118 109.1 0.92
Tlpum 68 129.2 2.30 e
Ts-24 120 246.0 2.04 '

Hoist= ca”/u* antiporter S-AA7F == FAAZF
Bt AL Aot B2 AFHo) FE FFAU
VNIZARE AEE AT AR AE

HQ

Arabidopsis thaliana Ca” JH 4243 44 cAX 1
(cation exchanger 1)°] =% ¥ FAXSHA o gt &
TAIE ok o33 gt Agrobacterium 0%
A cAX 1 W T5 AlHE tdo=2 CAX 1 HiETE =9
oS gelekilnt w94 A %, 4 9 1P
< BES(YRH) A fApselom, TR0 Ae e =3
: & WEFHTE OFF A A o
AJshaL, A5k g e E"é‘%Oﬂ “41?1 Wrg/do] yrebstT

3 M A FAEHA L& AL
skal FY24 Fdo] 43t 3 74105—; s P“‘E} How
T Altholl thE EA4ZRAIS AH Ca” Fafo] HgFos
A FA == ATS Adsto] AldiSA4dstH %f o

o FARY WAsh Y 2Hee 7| 2ARR o]8E o] A
= Ao ® AlmHd,

¥

Bl 254 ARE 7S/ (TA S
2007050108000402) 1} &R 21EA e} GHKRF—2007—355—
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