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Major character analysis of CAX1 (cation exchanger 1) transgenic rice plants in /n Vivo

Kyung-Min Kim*'

*School of Applied Ecological Resources, Kyungpook National University, Sangju, 742-711, Korea

ABSTRACT This study was carried out to develop transgenic
rice cultivars with the CAX1 (accession no. U57411) gene.
We successfully selected the transgenic rice plants over-
expressing the Arabidopsis H+/Ca™ antiporter CAX1 (accession
no. U57411) gene in Te generation. The brown rice of the
CAX1 expressing rice contained 13.4~68.0 % more calcium
(Ca”") than that of the wild type and 5 lines were selected
based on the phenotypes compared to the control cultivar
at the GMO field. The CAX1 expressing transgenic rice plants
were similar in phenotype to the wild type during the whole
growth period. Also these selected 4 lines appeared to be
resistant to blast, cold and water solution compared with
the wild type. Difference in 1,000 grain weight of brown
rice was observed among each line but grain shape did not
show any morphological alternations. These results suggest
the enhanced Ca-substrate specificity of CAX1 exchanger
in donor plant. Therefore, intact CAX1 exchanger can be
functionally useful for Ca*" nutrient enrichment of rice with
reduced accumulation of undesirable cation.

Keywords : Rice, CAX1, Gene expression, Discase
resistance, Cold resistance
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R A
A Sl ok A ATAS Foled £ 156l A
o] ¥ 8- A}(pathogenesis-related protein gene)2] W3l
ZIZ A Aol S 7153514 5w (Saijo et al., 2002),
gZko] XA Q] =270 2 biotic stress} abiotic stress
o] BT of AESHH o2 WSt (Knight et al., 1997,
Tahtiharju et al., 1997). A120] 254 232 517|954 Ca>*
< intracelluar o] &A% o] we} A& dszoA] o]FHTh
(Marty, 1999). A= MY Hazate]] 2Ask= thofgt o]
carrier, 71 = £3] Ca’'transporter:= Ca’'9] A|ZZA Y 4=

Lo o of

o

2o 2A3 mul ofz), o]2dt HAZF HEZATFY Ca?'
o5& thaket AT ALY WHS ATS 7HRITHAllen

et al., 1995). Mg* "9} K'9] %%, cold shock, Ha H
So) e WSl ola)A] gl AlEUje] Ca FETt
715k, Alfalfad] 4 4C 2 22| o) Ca™ o] AZY &
Qlo] & #J3] Z7}st4th(Barlka & Pantoja, 1996; Hirschi,
1999; Kitigawa & Yoshizaki. 1998; Monroy & Dhindsa,
1995) BAYEELY] W) tlEo] AEAY Ca’' %23

2240 PeH o 71 o $A%7F FejEn gt
(Cheng et al.,, 2004). Arabidopsiso| X S H'/Ca™ %
2] CAX1(cation exchanger 1, accession no. U57411)2
A& AU o] thokst pattern?] Ca’" HEo] 27} 3o =3
o Sh ABAYAS Bate] el gAYl B §
AAES WAL FBAA AH Pol A5 A
(Hirschi et al., 1996). CAX1S Hxulo] 9|x]8}= Ca’'/H'
antiporter24] NEZ Y2 Ca*' & dal=t], o] SHA}t
I Gl Ca¥ o FAzo] FAUBEA P AR
Aol w3 Welo A 20, o)A 30% o4 otdl
o} Hgo] CAXl $RA) TaEE wopEe) DAz} P
majo) e zhzk AFAEAo] vl 150%2} 60%2] Ca®’
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Z717} EHelE 9l o m(Park et al., 2004), 7FAloA = Sz

HAAA BE 1.5~3.0 vl Z&HEeF Z71E okt
(Oh et al,, 2005). *-2|yeh= AlAl 1+ 40%7F F21Q1 H
xkgoﬂ/q Aﬂ/\}ﬂo] ZQQ oﬂ _7_7(47:]]50] S A= 34\% 7\1]
ZA A4 2742 Z(Jeon et al., 2007) AlAZ ¢l &H A3
AE ARt A7) flsiA = mlRlRE AAolth ol
A AT 2 I AY ol 447 kS 7Nt

S, 24 dA A AP JtHKim et al.,
2008; Jang et al., 2003; Waterer et al., 2000). & A|H2
CAXI AR} EQJE FAADA w2 mgo| A 43t
% %5 B JUA Foiory 5w A

CAX! ENSK B ASe| EXHIZSIE0l B
stolsly] 9lste], 2z

TsollA Te At FAASAUS SHlstr
SAAEE 1207 A=A oS AF[sto] DNA 52
CRSa} 22 o] nfeh 2&615ich AIAE 9l 20meS e-tube
of Wi AAE W1 A|ZE 7ith 700 ul DNA extraction
buffer [2% w/v CTAB, 1.42M NaCl, 20 mM EDTA, 100 mM
Tris-HCI(pH 8.0), 2% w/v polyvinylpyrrolidone(pvp-40),
5.0 mM ascorbic acid, 4.0 mM diethyldithiocarbamic acid],
10 ul RNaseAE EHo| "t} vortex 3+ t}& 65Cof 30
B7F doj=c} 700 ul PCI(Phenol : Chloroform : Isoamylalcohol
25:24:1)E e-tubeo]] Yil, 2057} shaking St} 15,000 rpm
O7 1087 A% &, A5 500 ulE pipette © 2 U]
o] thE e-tubeo] &7 E} 350 ul isopropanolE A5 T
S e-tubeo]| Yl shakingato] 2 4=t} Deep freezer(-70C)
off 202 & AT tha A2olA doflle e- tube# =
0]l 15,000 rpm o2 1087 YA shch 4] 3 5 A7
pelletit F7]31 A= pipetS ©]-&sto] HAUTk 500 ul
70% alcoholZ A A5}l pelletdt F7] 12 70% alcohol-S Hi
Yt} e-tube T4 Fo] ARANT] T HWHSE e-tubeo] &

o] HyshH Al overnight 3F & FEA|ZE JT %5‘42
2 Bl QARje] IS 9J51o], 5-TeCCeCCATTATTTeCACCT
(forward)Q} 5-TgTCATCCCAACCAACCATg(reverse)E- primer
2 3}tk ZF PCR HH2--& 1 ul template DNA, 2 ul 10X
buffer, 0.5 ul 5 mM dNTP, 0.5 ul forward primer, 0.5 ul
reverse primer, 0.2 ul Tag DNA polymerase(2 unit) 52
ZAdoR 2 HrelS 20 plE, PCREEZA7ILE 94T 5
B2t o] Y(pre-denaturation) 3}53aL, 94°C of] 3027}(denaturation),
55C o] 30%(annealing), 72°C o] 4] 30%(polymerization)7t

2
N

2 1 cycle® 3} % 30cycleS 32 %<& DNA A4
& 72C 78713}, Biometra PCR(German) 7|7]5 ©o]-&
slo] =33}t 95 DNA+E 1.2% agarose gelof| A 7]
9Z(100 volts, 1A]7H3}a EtBr(Ethidium Bromide)Z
M3te] UV illuminator2 #0135} th

¢

i

Ho| of U 5ol HHA Fx U FEMs MEN S

2 4—D(2 mg/L), casein hydrolysate(2 g/L), sucrose(30
g/L) W gelrite(5 g/L) 5°] HA7IE Nl X0 A HAAH o
AFEH 9 A At 2 mg/L NAA, 0.2 mg/L kinetin, 30
g/L sucrose ¥ 5g/L gelite50] H71%E Ne-Yiul x|l A &4
= FAAHZA BHAE 0]85}0] Agrobacterium vectorSt)
co-cultivation]] ©]-8-511 11, pCAX1 0] FRAAZIE Agrobacterium
LBA 44049] Hjjofoll= 50 mg/Le] kanamycin®} 250 mg/Lo]
streptomycin®] @7} LBHJX|(10 g/L Trypton, 5 g/L Yeast-
extract, 10 g/L NaCl, 15 g/L Agar, pH 7.0)5 o|-&3}%t}.
H dn] e 2 oRuler fefo] AAE FAHTHA
717] 9l5ke] HAUE(107 cells/mL)Z A2+ Agrobacterium
wjoydof] AYAE 102 A= ZYPAT7] ok, 1 mg/Lo
NAA, 5 mg/L9 kinetin, 30 g/L9] sucrose®} 5 g/L9]
gelrite7} 7 Nevf Aol A 3U7F F-sufefataict. 4
AZtE AEAE 7] Yste] Agrobacterium vectore} 3
kel AYAS 1 mgLo NAA, 5 mg/L2] kinetin, 50 mg/L
9] kanamycin, 30 g/L9] sucrose2} 5 g/L9] gelrite”} 7}
No HiA| oA 15 5-QF HAFEi(2,500Lux) = v oFgt ths, 1
mg/L NAA, 5 mg/L kinetin, 50 mg/L kanamycin, 500 mg/L
carbenicillin, 30 g/L sucrose?} 5 g/L gelrite7} 715 NeHj
ZJo]| o]AstgiTh. wjFz AL 1Y 1447k 2,500 Lux&E %
A WA AEAE st A71AL, AEA %=
26 C7} $-A )3l Yoshida 4=79H(Yoshida et al., 1976)0]|
2 =oF ApF AufskEA] =E ezt ddd o E2
AE EEQ20x17 cm)of] 124 o]Alato] Alofx] Ajulst
pasg

CAX1 &M H HE 84 ¥ s¥H E4

2 Aol AREE Al E= 2006 HE 2008'd S}HA|
of AEetn FAYH NS}t AGargolA A e
oz Aust FAAEC dZ:uiel 3 Agrobacterium
8t Arabidopsis thaliana Ca™ /H™ 443 &
Ts 75]%5

vectors o]-&
Z}Q1 CAXl(cation exchanger 1)0] =45 Ts~
A ER /\}%ﬂ‘ﬁ‘:} ZF A 2S5 AR HA Ol
TAG MAES mAE AFEuel FA}AD

o] FA W %I%%‘Ek ZAHE HRSE 57HA] ARl oA
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| A3 Southern £4 A3} CAX1 prove?] band FAlo]
walo] Vel 7A%(T-14, T-15, T-17, T-18, T-19, T-20,
T-24)& Ta~Ts AFoNA FA8HAT AHEAS 20089
SHAlo] Ta~Teo] 7TAEI HEFQ dFHWE ddez b

3. %, s B EATHE SANY LA vl
2ATE A 100A% SHEoR Z4stel B

o
A
Fatach WAL 2007H A 20089177};q i;thﬂ

= [(FA SeE-Hel T sejwy e ws)w]«100
To ASES FUT DA B F71 483} 37
K 2AE Slste] 2N TER T Beol 4nrt

chambero]| A Ajufj 3} ch. Growth chamber Y] & XA
14 hr(100 lux)/10 hr(¢AFE = abglct. Z4zke] ZA o)A 3
F70 A% AZIEA 1 F0 288 ZAST AL A2
= AlZol diafiA 49 chlorophyllgl-2 SPAD-502(soil plant
analysis development) 2.2 ZA}5}¥ tHMinolta Camera Co.,

Osaka, Japan). 274 15wt 1] 9lo] wo|2

27t 9o) A, %, 312 3urRow ZAshdck

olgstel 715 15 g Avlo] Fope] BL

#j3tof

SRSl CULTURE YZER-mini Techno medica,
Co. (Japan)oﬂ AAelste] EA69ct AA A2 AA7E

91 308 744

O x
—1 O
£33519S 1 Yoshida =7 %(Yoshida et al., 1976)2.& 1 © & vortex 4HS 3 § A3 &, A2 10mlS AF-20
39 HAOR 740g WA 24N 143 mM A 19 e LA Vortexd 4 147 X,
N, 0.37 mM P, 0.51 mM K, 1 mM Ca, 1.6 mM Mgo|H e-tubeo] A 1.5 mlE 71t} 1200 rpm 2E 59t 94
HFE7) 2713550924 empole). 248 QAL Fob  gellold U . 108 F AFAE cubez U F 5
(13A/11X17h, &= FoK30C/207T), 1Y AdSE= 2 3:12 3435 o2, thA] vortexdt T 108 AR 2
solsith ASATAE TAH TAEH BETL UF ARl
HE 5 cm Zo|E HEE A& ZohAE ARH32x25x%10
cm)o] 2.0x0.5 cm 7FE2 o2 AE o 1044 3w o7 u} I} 4 =k
o] 15Y(4~5971)7F 2007 FA A4 A ulsA
o ALAFY ARE edelr] Pal AAH AKEA Table 10]49} 20| FMZ BEFOR Blo] CAX &
Table 1. Frequency of expressed band of CAX1 transgenic lines from each generation.
TC To(Ao)* Ti(A1)* T, T; Ty Ts
PP EB PB PP EB PB PP EB PB PP EB PB PP EB PB PP EB PB
14 1 1 100 2 2 100 4 4 1000 24 21 875 24 19 792 111 54 486
15 1 1 100 1 1 100 4 4 100.0 24 18 750 24 17 708 116 57 49.1
16 1 1 100 1 1 100 1 1 1000 24 18 750 24 11 458 120 0 0.0
17 1 1 100 3 3 100 2 2 100.0 24 12 500 24 12 500 119 56 47.1
18 1 1 100 1 1 100 7 6 857 24 17 708 24 3 125 106 6 5.7
19 1 1 100 9 7 778 4 3 750 24 18 750 24 2 83 75 12 16.0
20 1 1 100 4 4 100 4 4 1000 24 20 833 24 8 333 119 18 15.1
21 1 1 100 5 5 100 1 1 1000 24 12 500 24 8 333 120 O 0.0
22 1 1 100 5 5 100 15 12 800 24 15 625 24 12 500 120 O 0.0
23 1 1 100 1 1 100 1 1 1000 24 17 708 24 12 500 120 O 0.0
24 1 1 100 11 11 100 1 1 1000 24 14 583 24 9 375 116 4 34
25 1 1 100 12 12 100 1 1 1000 24 17 70.8 24 12 500 120 O 0.0
lipum-Anther 5 5 100 42 42 100 - - - - - - - - - - - -
Backjinju 1 1 100 - - - - oo

*QGeneration of anther culture. TC : Transgenic lines and cultivars. PP : No. of putative plant. EB : Expressed band by PCR.

PB : Percentage of expressed band. - : Data not showen. lipum - Anther :

from anther culture. Ty : generation from seed culture.

Putative plants from anther culture. Ay :

generation
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AR FARghE AA; 27 e ] flsk 14,19, 20 ASE2 LEHED 6~ 11A7HA] RojAl=
o ZAtmarker® FHAF AFUES BQASIATHKIm et Ago|qlch FAMEA TATY S AR Bt 14
al, 2004). 71 AAE ofuiFsted dojxl FAAE A=Al ATE AlCstale tiRE BEF dEHSE fARH Y
2 dvle] Zae vag fJste] MAFHE o&ste] BRIt Bashir et al.(2004)2 B ZFAF A FHAIHA]
FAZLA Hof PCRE 04012 Aotk Aulld A E57]E HEFED 10~2297H4] =ofAl= o] At
A2 4550 CAXl GHAAE FAAT o AHPSS T I HI8HT, Park et al(2007)2 S5H FAATA =
Al 7k2] PCR HHEZE 0.0~47.5% HrE2 Gepdon, of  &7]7F Yool vset Jgollal, 43 JadeA
S Ar Aol A 100% WERATE whebA] goR FW o 52 IEHET 717 3~ 69 e Wk B 2
Heh & ng" FARPRAE 27 Addell= e Aok sholch B AT A% sk 39kt A
B o] 7P mdAolgkal Y7t Won et al.2004) RO A xpol7} glof Holuh AEH el AT whekA
= ofufjgol ofgt FAMEA 1Yo r BHs= ATe £ FEAR AdE T, %, e 2 ZEST &
719 S8 o= b= ARSTAAT SEQlohaL Baskgit. ARRE 17, 18, 19, 20, 245 AEBHoH, 14 AEE 910

YAABA T~THHE 37 54 5
F8 FUPPo] S TABS Al Fa 5
£4& 2ABHCK(Table 2). CAXT FRHEA 15,
2 ABEE 24717 REE AENS) v 4TI

(o]

F3, 15 AFS APNRY]) B AR AL o]
b AR s A 02 A% B4 9o ¢
0% BANEA AT i Aelshaal

3T
A77t Beg
o2 AtzHrt

i)

Table 2. Agronomic traits between CAX1 transgenic rice plants and Ilpum.

Tlriilnessgecr?lcic Culm length(cm) Panicle length(cm) Panicle number datazjlze;(jll\l/llinth)
cultivars Ts Ts Ts Ty Ts Te Ty Ts Te Ts Ts
14 48.8+7.4Y 50.5+7.9” 4525+2.2” 19.3+2.2Y 17.8+1.9” 16.6+1.4” 12.3+2.1” 8.0+2.7°) 5.4+1.6” 12 Aug. 12 Aug.
15 441483 46.9+6.0 42.0+44.1 16.9+2.4 18.1+1.3 17.4+12 109424 5.1+3.7 6.75+1.7 1 Aug. 1 Aug.
17 541442 61.5%7.4 63.6+2.1 19.6+2.1 162+1.8 218+08 13.9+23 64425 89+13 4 Aug. 3 Aug.
18 54.5+3.3 52.7£3.2 63.3+1.6 19.2+1.3 147408 21.1+05 11.7+1.9 7.0433 73+05 3 Aug. 2 Aug.
19 50.849.0 71.248.5 63.5+1.9 17.1x1.3 183+1.8 17.7+0.8 13.5+4.0 7.3+2.7 908+13 3 Aug. 9 Aug.
20 54.8+6.8 68.2+5.0 587+2.1 18.1+1.8 17414 20.0+1.1 13.1x2.6 8.3+29 83+1.2 14 Aug. 15 Aug.
24 57.9+3.9 67.1447 599+1.6 18.2+1.4 182+18 182+03 13.7¢1.6 7.3+2.0 97+1.0 3 Aug. 1 Aug
Ilpum 622441 70.0+4.5 61.9+1.9 19.1+1.4 18.1+1.3 20.1+2.8 153424 8.0£2.8 10.5£34 3 Aug. 1 Aug
Y Mean + SD.

Table 3. Resistance value of disease between CAX1 transgenic plants and Ilpum.

Resistance value

Transgenic lines Blast Sheath blight
Ts T Ts
14 12.9 82.92 33.80
15 -348.6 -936.45 -45.69
17 3.36 20.27 -10.14
18 279 60.14 -36.71
19 235 25.97 21.45
20 58.5 65.83 46.74
24 11.51 -30.98 82.98
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CAX1 FHAATARJ] Ts~THtholA LF BEFHET  AFsHA "ot gefs] 452 o] o2 Sy tis) &
H = G (blast) 2} # QY FEub S (sheath blight)o] ®A|  33817] Jsto] YARFY] thekel o] 253 A2 22 A
ZP7F A Uygkon, =G 2|7t BE BEZ giH]  E 4v|Toly AE Q¥ A Fa Q) o5& AR
3l 14, 17, 18, 19, 20 WA 7}7F =4 Vepv Aol o]d &2 A O RA ESF Y o] Edgo| ol =
UE AOE YEpytth 28y HAYFLoEHS 14, 19, E3 Urkes A0RE dyA ok AEdzE= oA thekgt
20, 24 AFo] BAZPE =4 vetgton, s=adat Hel o] 259 Fa3 ART|Eo|t) T Lo] HALREEE cytosol
ARYul2y mE A7} 28 ABL 14, 19,20 02 29 Ca’'Y] o5 thoFst AT AT U ABS
ZALE|QIT Te-18 AlS2 34714 v ot 7pzltta sigich 2 Ao AR Cc4x1 FAHTA =
A o] mE Z7|oA BAEIL, Te20 A5 W7tk AH|RE, Hfo]ewArt S W £55 N 7HeHS B
WSOl g8l AEx7) 7T-8ERH IARRE Aol tha Q9 ofErhal AZbE|o Xt
t}. Hirschi(1999)= AEA7} 54 AEH A dpof] £9& Ts Athe] TAE SHAGA| Thgate] JAF20 270
o AZA Je] L she YAFHCE SO REN ¥ A 4~587 7k AR F 24T ALALEH(17C)<]
Ut Aol it A5 AP SHloe Fash TS growth chamberof| A 35:7F ASA17] A3}, 2242 H ¥
gt delA Qe Adkel fARE AFE UErsth o 24 AN 27 243 17T 9 = A9 QlojA
P A3 9] abiotic stress TS Yot FAMTA|L  2AoAQ 2 AR} AE NARE tiHlE] B o 4F
AEHZ Yoshida 427 H(Yoshida et al, 1976)0] Ca®'S w9} FAHTA B% FA=Q FLA S BYOoL, A
AAG §NE o] gato] e T2 37| gizpx] A 22NN 27 A= EH Y HE| Te-198 A Qs 3
wistick mEF A&} T A 441%5(Te-17, Te-18,  HAT AFEo| YTl om Te-18, 24 AFL YA &
Te-19, Te-24) Tt HEFQ YEFHE O R 47 1A=
3prE o7 ZAo] Z718-S HItKFig. 1). CAX1 FAA 100
AE BEFU YEH} v & o Ego] 5~89, o
B sA]7|E BEFT A5 HFoR A
o] Zpo|7} flglow, gMel Zstr], & T A £
CAXI FRABA7F BEE Brpe AR ZAE 6 e
oy 7| o 2, 4, o], el dAFe S4% f wl
Avts th2 3 72} (Table 4). Te-17, Te-19, Te-202 HE =
T2 dEHEC I, 4, HE]o] AAFol wA e 2f
omn Te-242 HEFFQ AFH ] vl Hejdol= v|xst

AqE B AA S 282 et S A Fig
28} 304 YEFU AT Allen et al.(1995) 9} Bashir et al.
(2004)> B W o] EdF2 A= At 2EHAE

Time period (weeks)

Fig. 1. Growth rate of water solution at CAX1 transgenic plants.

Table 4. Growth rate of water solution(minus Ca’") between CAX1 transgenic plants and Ilpum.

Transgenic lines Plant length Panicles Root length Dry weight of root
& cultivars (cm) (No.) (cm) (mg)
Te-14 15.242.9 6.3 24.0+2.5 462.8+193.3
Te-15 14.94+4.1 5.7 28.8+2.8 424.5+100.3
Te-17 16.6+1.9 7.8 27.0£2.5 617.8£193.3
Te-18 17.3£0.6 7.3 24.643.5 410.0+858.2
Te-19 19.6+1.7 8.4 28.9+2.1 570.2+£220.0
T6-20 17.1£2.7 10.4 25.942.0 541.2£190.0
Te-24 16.9+2.2 7.0 26.6+2.0 944.5+£241.0
Ilpum 15.6+3.9 6.7 20.6+3.5 475.8£176.5
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Transge#ﬁic plants
\

Ilpumbygao
Y gl

Fig. 2. Difference of micro elements between CAX1 transgenic Fig. 3. Difference of phenotype between CAX1 transgenic plants

plants and wild type except Ca™" in water solution.

and wild type in water solution.

Table 5. Difference of growth in cold resistance between CAX1 transgenic plants and cultivars.

Fig. 4. Comparison of SPAD value after cold treatment

Lines & Greenhouse 17C
. % of plant
cultivars Iweek 2Weeks 3weeks 1week 2weeks 3weeks
Te-17 20.846.5 29.842.2 33.544.2 9.543.2 9.9+3.3 11.642.0 100
Te-18 18.549.9 34.246.0 35.8+13.5 12.8542.7 13.542.5 14.142.7 100
Te-19 21.37.2 27.247.1 34.045.3 7.7+£1.9 7.95+1.6 8.843.2 100
Te-20 21.37.6 28.545.6 34.044.9 8.642.4 8.942.3 9.342.5 100
Te-24 23.8+5.1 30.9+5.5 35.4+7.8 10.742.0 10.942.1 11.541.0 100
Ilpum 19.6+6.9 28.0+7.9 32.9+6.8 15.142.2 15.342.8 15.642.9 40
Sangju 27.9+4.6 39.8+£7.6 46.8+8.0 13.4£3.3 17.0£2.3 17.0+£2.8 70
IR36 227473 37.8+4.3 45.342.6 15.942.5 15.043.7 0.0 0
T AFEet fFABEAY 25 Abol7t Wk ZEal A j:» T e 718 719 T
Al o] AENA 4= bl LEFH ] BEIMA = B T2 0 lpum [ Sangju I IR35
A2 Ao 40% 4% FAHOY, FLHRATES] B¢
BEAEE SAEAA A Aol vlg) vha Bgsta
Tk 100%2] 2L Bt 17C 9 Az A A IR36L 5 T,
WEANA 7t QALK Table 5). ol
CAXI FUABAY el BHe 2Ab gfste] A2H O 0]
o] a4 sk W3S SPAD(soil plant analysis development) I
& R8st 2ARMN. 94 Y B9 FLAA
2 7] _|l— Zro] o2z WA T Aol 9lrk 3t ulPlieth °r
et al, 1999), &) FR2W L g A A 5 0 179¢ Greenhouse
gs}u SPAD-502E& o|-g3to] HEFQ UEFHE EFsH
FEAALAS 2 chlorophyll o2 Sk G &=
A AZA A dEHe o ol mtEL A% 548 =
Fio] gtk 1o vlal FAAA G 2 Zgh =
AZ GeE A Aol 77k ASSE BT A
A 2]tofl A chlorophyll a2 M=} Zho] mEgel o
Fejo] vle| HE dEHET =4 SAENOH Ts-18,

(17°C) in CAXI1 transgenic plants.

T5-20 AZL =74 YeElth(Fig. 4). Park et al.(2005)
A1 E-o)| A biotic stress(BH o+ L 3f|=), abiotic stress(2=,
FE, FFHE ) Aol ¥ FE e Ca¥ v e
7 e FHAFCEA ol Awilis T AEE



Table 6. Comparison of Ca’*
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analysis between CAX1 transgenic plants and Ilpum.

Seed generation

Transgenic

lines & T, Ts Ts Ts Ts

cultivars Mg®* K ca* Ca* Ca”" Ca’* Ca”
T-17 37.2% 161.3 (62313')2* (155;350) (.91%_1) é;g) (222:?)
T-18 50.7 155.2 (2628%I) éZi;g) 1(547)1 ééiﬁ% (1l ,‘;2736..12)
T-19 32.6 155.8 (25035.69) (155;65) (117231) (g;:g) (iﬁﬁé)
T-20 58.1 175.3 (1153%46) (15524.'5(; - - -
T-24 29.4 153.8 (25002_ '11) éig:g) (}(1)26_'?) égg:g) (gg(s):;l)
Tlpum 64.8 136.0 (13; 66) 1(8_10';) 1(3?6)9 (701,62) (906,&;

*part per million (ppm).

**rate of increase.
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