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Investigation of Transformation Efficiency of Rice Using Agrobacterium
tumefaciens and High Transformation of GPAT (glycerol-3-phosphate
acyltransferase) Gene Relative to Chilling Tolerance
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ABSTRACT This study has been focused on improving transformation efficiency of rice using Agrobacterium
tumefaciens. We have demonstrated the effect of this system when the GPAT gene related to the cold-resistance
was transferred by Agrobacterium tumefaciens in rice. Transformation conditions were modified using intron j-
glucuronidase (GUS) expression as a reporter gene in the rice. In this study, mature seed-derived calli of rice {Oryza
sativa L. cv. Dongjin) were pre-cultured for 3 days and then infected with Agrobacterium. When this infected calli
were cultured in the dark for 10 days on co-culture medium containing 50 mg/L of CaCl, 30 mg/L of
acetosyringone, 2 mg/L of 2,4-D, 120 mg/L of betaine, high GUS expression was observed. In the present
transformation system, the efficiency of transformation of GPAT gene was about 54%. Stable integration of GPAT
gene into chromosomal DNA was proven by southem blot analysis of genomic DNA isolated from T, progenies.
The progenies (T1 generation) derived from primary transformant of 5 lines were segregated with a 3 (resistant) : 1
(sensitive ratio) in medium containing hygromycin. This high frequency transformation system can be used as a
useful tool in transformation of another monocotyledon.
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N E

Agrobacteriume "INE g FAAIYE e FAHE
Wo] wlajx] oFe] £ fHArt AE FAA Rdd
T I ol YA Bk 53 7L 7] dE
of AAE AEET oflE GAq AEe] FAHSAE 2
g o] &I ok HE EFet dAE HEY F
sl B 2 AT 103 5 AA gAY a7
wgasd BEE B A7} ogolRs WReg
{Uchimiya and Toriyama 1991; Hiei et al. 1994; Zhang et al.
1997: Lee et al. 1998; Kwon et al. 2000). ©]#3F gty 2E&<)
W& Agrobacterium 5 T H]%F Hz0]7] wjFo
71&9 @ 53 A2 A AEdHe o FEHSIH
o] g U HEHoJof g} T3 AAY A& Bl
A FAAE Z&o] B2 A W F5 AEA e
=9 (Kwon et al. 2000) 2! #AAF] &8 (Henry et al.
1994: Hiei et al. 1994; Lee et al. 1998; Oh et al. 2000)o] & x}
olFE Holg AR ¢o= sMsojor & IA|olt). wEtA
Agrobacterium= ©1-§-3F FAAE WES el Hgato
A §88 Z7A7917] Y M= Agrobac terium <]
T-DNA7} A X Qte 2 # =4 & e 21E gdst
£ A7 FAA 2YE AE7F ARHeE AXE BEIel
AEA S ALt EEHOE o|FojA = HiYAY FYol
F83tck AB7HA Agrobacteriums ©)8-3 FHAHAATE
T-DNA Aololl HLR3} acetosyringoned] Ik, F=
717k 3] /5 5o A T80 TS vA= Ao
B 7EAT (Cheng et al. 1997; Hiei et al; 1994, Zhang et al.
1997).

B A= Agrobacterium 2] T-DNA7Z} 2 EA| X 2] Al
Aol EUE = HAANA GgFE & ASE AZEHE o8 &
AES GUSHARY IEdE FaiA 2ARKIY 28X 1
At AHollA AEH HAY FAATIPHS AHEtA 5
o7 o]87kx]7} =2 GPAT &%} (phosphatidyl glycerol
o] At BXIEE WA oZN WS 2A sk
FAHE TR SYsty AEsE AEAZTE FEA
A o) =g Akt Zo] 2 A9 HF =40tk

i)
2
R

i

o
N

7 EEA B AFsnh S7E £4E B 39
o) AA3A 2,4-D2 mg/L, EFF N6 (Chuet al. 1975) 7 2]
2 FXHlA] (Table 1)ol] E21E A6kt 25C 1, 3000
lux®] @ Z79H 2097+ wekate] callus® K3tk
F5EA0) Aot AGRES BASE AATT e ¥
20 AAT °) F BUHAAL FHED] Bl 9
W28 AT Fo) HPAZE o185tk

cir

S&XE} vector 2 Agrobacterium Bl

Aeae] AR &S ZAME] 98t AMEH
vectors pIGI21Hm e 24 T-DNA Wj3-o intron GUS (f-
glucuronidase), hygromycin phosphotransferase (HygR)%}
kanamycin 84 F21AE ZTds Yt (Figure 1A).
pIGI21Hm Z4& E. coli IMI09E <32 o] 238131,
plasmid DNA 2] $Z2 Bimboim3} Doli (1979)¢] WES o]
L3191tk 249 pIGI2IHMS freezing-thawing WS o] &
le) Agrobacterium tumefaciens EHA1019] @A ASA Ak
H2H3E F+= hygromycin 50 mg/L, kanamycin 100 mg/L
7te YEP A6} A] (Table 1)0] 4] 28°C, 24 ~ 36 A7} v kst
1 ol Al alA] 5L glycerol 60% &2 1112 &gt

ol

o B ot

Table 1. Media used for tissue culture and transformation of rice (Orvza
sativa L.).

Medium Composition

N6 callus induction N6' salts and vitamins, 30 g/L. sucrose. 2 mg/L
24-D, 3 g/L gelrite, pH 5.8

YEP 10 g/L Bacto Triptone, 10 g/L Bacto yest extract,
5 g/L NaCl, 2 g/L. D-Glucose. pH 7.2

AA” salts and amino acids. BS vitamin, 20 g/l
sucrose, 2 mg/L 2.4-D. 0.2 mg/L kinetin, 30 mg/L
acetosyringone. pH 5.8

AA suspension

N6 Co-culture  N6' salts and vitamin, 30 g/L sucrose, 10 g/L.
glucose, 2 mg/L 2.4-D. 30 mg/L acetosyringone,

3 g/L gelrite. pH 5.2

N6' salts and vitamin. 30 g/L sucrose. 2 mg/L
2,4-D, 3 g/L gelrite. 250 mg/L carbenicillin, pH
5.8

N6 Callus
propagation

MS" salts and vitamine, 15 g/L sucrose. 30 g/L
sorbitol, 4 g/L. casamino acids. 0.5 mg/L. NAA, 2
mg/L BA, 0.5 g/ L-proline. 250 mg/L
carbenicillin, (50 mg/L hygromycine).4 g/L
gelrite, pH 5.8

MS Regeneration

MS’ salts and vitamine. 30 g/L. sucrose, 100 mg/LL
myo-inositol, 50 mg/L hygromycin, 100 mg/L
carbenicillin, 8¢/L agar. pH 5.8

Root induction

'Chu et al. 1975, zToriyama and Hinata 1985. ‘Murashige and skoog
1962.
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Figure 1. Schematic diagram of a part of the T-DNA region of
transformation vector. (A) pIG121Hm : Km® Gene for kanamycin
resistance; 35S-PRO, CaM V35S promoter; Intron, the first intron of the
castor bean catalase gene; GUS gene; NOS-TER, 3 signal of nopaline
synthase; HPT gene for hygromycin phosphotransferase (B) pBI101H-Ub :
Km®, gene for kanamycin resistance; Ubiquitin promoter from maize;
GPAT, glycerol-3-phosphate acyltransterase from A. Thaliana; NOS-TER,
3’ signal of nopaline synthase; Hng, gene for hygromycin resistance.

sl -80°Col BA3tA Tk Glycerololl A2 Agrobacterium £
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Agrobacterium 7Y8o] QS & ¢ U= ZSHkA|
H7H 2% 2 Ero WE GUS B8-S oS3 7o) £
AbatA T

CaCl9] % : 5] o] CaCle] &R 0,5
150, 300, 600 (mg/1) 2.2 z}z} ZHsly #HZE A
7t AR 489

Acetosyringone 2] It : Acetosyringone2] FL:E 0, 10, 30,
50, 100 (mg/L) 2.2 747zt 243 FFufokulx|o] 24719
Agrobacterium EHA101 782 A7t £ A28 7+ A
gl R xAgete] FEl gk

24-D¢) =% :24D0.1,2,4.8 (mgL)e] L& 77t %
Ay FeuchAel #HEE AYAE 4 HYFEE A4
SR P

Betaine®] =1 : Z-EuoklA] W] betaine =S 244 0,
60, 120, 180 (mg/L)2.2 =A3 & #3FH AH2E 7 A
2]7-9] wiA)ell 27k & v stk

Ao RE AT BHAE 1097 28C, ¢27oAM +
Tolgsta e, FEmgel ¢ AHAE 500 me/L
carbenicillin H71g HgolA 33 A7 250 mg/Le]
carbenicillin T&E A} A Z2uiAo] 25C, 747 A%F
Z7o A i Fstet vk A ARRE GUS f3xe &
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HEAE Al
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H Ao AMEEE= GPAT (glycerol-3-phosphate acyltrans
ferase)§- A2} Arabidopsis®] phosphatidylglycerol A 8F4l
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A gltl (Yokoi et al. 1998). o] HFHA=
binary vector T-DNA 5ol hygromycin phosphotransferase &}
kanamycin 494 A7 @A AAE S4% (pBII0I-Ub)
24 Agrobacterium EHA101 #30] A ASE 6] It}
(Figure 1B). ¥ 722} ~0) )3k GPAT $78%1¢) &2 ATY
& %3 pIGI21HmM F312H8 o] &3 AgPolA GUSEE ]
M &g BA veid 2218 ARge 2hds] ek
24-D 2 mg/L X3E Nowizjol|A] 357 S5% AHAS
FHako] 37 ekt 3 Agrobacteriumel] 5E7F AN
ok o83t #2250 mg/L CaCl., 30 mg/L acetosyringone, 2
mg/L 2,4-D, 120 mg/L betaine& T3+ F-Fu]x]of] X435 &
1097F 28C o)A} qhldalgiet.

HEXS AEH 2 75

Zzujoryl HHAZRE AgrobacteriumE A 7317 £18

7

of MEAZ carbencillin 250 mg/L. ¥ 71 Hi+E 33 o4
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AT AEI2 FAA Table Dol 0|48 F
C. 3000 lux &) Hxzo A wieatdch 11 %
mycin® 250 mg/L carbenicillin® &3+ MS (Murasige and
Skoog 1962)Z} %3t v A] (Table 1)ol] o]23h & =a40] A%
7b £33t #EEHAE o AFREEZ] HUHHA L B
2] = viA] (Table 1)ol] o]2jsle] 2P0z YA 4
AT ek d7AM #3bt gd HEAE pot
o &AX A AAF 2o A sk

747) 25
2 50 mg/L hygro

Southemn-blot &A1

HAAS A EA S wild type o] 9533 500 mgg zﬂﬂ
do] AAALE EHAZ] F Shure S (1983)¢] DNA &=
WS WA A|A genomic DNAS F&&¢th WA 2x5
24 (0.6 M NaCl, 0.1 M Tris-HCI pH7.5, 40 mM EDTA pH
8.0, 1% SDS)ell 5 M Urea, 5% phenol & ¥ wHksle] 1 xF
Z 208 UE &AM FA7A 4Col PR BT A
EAE dA AAZ BN F 34 I xFE &
S ¥ J7 = 2] phenol:chloroform:isoamylalcohol (25'
24 D)E Ariste] wursly YARE (12,000 rpm, 58)§
FEHE ALt o] Al 20 erES Ht 79:78*]
712 YilEE)ste DNAE FEat%th DNA 20 ugs Bam
HIAZEAE At & 7195 2Jsl 0.8% agrose gelol

383 & nylone membraneo| ZFAFA|ZIT} Hybridization
Southern (1975) ¥hy o] oz} 38)3ted FH o} Probe DNAE
pBluescriptol] 44¥E GPAT2] cDNA (1.4 kb)E FEco RI A} 3t
A4 Aol s Gt [32P] dCTPZ X3 & X-
ray filmol] 10417} F3F ‘Z&3kqith

SR A

X2 TIM FEXES

GPAT 427 2A3dE T, Ae] AEAE 24HANA
Ak § A o2 Aol FAke 2Fo] 7hsd 670
o] AEERE AL 47 FEeck AMFE 2 AT F
AZHE =98 Y7jlz #9 A#g FH hygromycine 50
mg/L X3+ 1/2 MS vl x] o} ﬂJr—“O]"’f' Ak 149 Fof A3
7 HEAe] EEulE ¥ AR oM F43A

N oN [‘E,

Z% 3 o3
HH{2k 7(210]| [F2 GUS SRRl waiHz

Agrobacterium ZFE A Aei29] Aujekr| k] WE GUSH
AAte] W WIE = able 2004 HolFE Az o] 3U7 A
2 FEalAle] Aujoksl Az FolA 7HE 22 GUS spot

TE #FsATE 53] A gE A @2 ATl vlsiA

© o 2ufe] S/HE HAFAch olefdt A 284l
7HE A EL iAol Y71 Ael g AT RN 71EY
BHAZHE AEEYGo] st NEL MELS e g1
g ¢ 9l7) wiEo)T, B4 sk A Hek2 Agrobac
terium FHol A oids] Gold AOoR AztEch =g
2 A7 ARG AARTt o713 AEe dAAE o
FAME B¥H vt At (Sangwan et al. 1992).

SSHI7IZH0| W2 GUS FEIAle| Litle

GUS #72e] w3u== Agrobacterium 358 %F7] 7kl
W} Be AoE HelFUT} (Table 3. GUSS) spordiis 3
Sulok 623E FA3] Z7187) Alztalel 10UA 84372
PV wol BaRen, e Aol el 4437 3l
€ U BEAY A7l w2399 713
HoiFink ek 2ENPILE 1597 SR e ASAE 2
&3 GUS spot = 7HAslh (Flgure 2). 11 ol A7
Agrobacterium ZE8] k] W Fo F71E A /\.4 ZA)
2 SAATlE 2E e i A Bx) dEd) @
WY Wiz LA B AT Ano FAE AP
Kalanchoe (Jia et al. 1989)9} 7+=#2 A& (Cervera et al. 1998)
ME BHIFHAEME o5 AFANME FFMY7IHE 7
Fo) 3drT F717 Fsts B¢ Za‘%i
713 FAlel 7<1‘%5<l7ﬂ 717k vl ek Zi

Table 2. Effect of pre-culture period on transient GUS expression.

pre-culture period No. of blue spots/600 mg

0 158.76
1 199.05
3 308.97

Calli were co-cultivated with Agrobacterium EHA101 (pIG121Hm) on
N6 co-culture medium for 3 days in dark at 28°C.

Table 3. Effect of co-culture period on transient GUS expression.

co-culture period No. of blue spots/350 mg

3 36.2
6 54.5
10 84.3
15 45.1

Calli pre-cultured for 3 days were co-cultivated with
Agrobacterium EHA101 (pIG121Hm) on N6 co-culture medium
for different periods in dark at 28°C.



SSHHUHHX] Lol Z=Mol| e GUSHEAL| Eaidle

Agrobacterium Y9 § FEolgel AMEEHT iAo AE-
Foll @7 F7Hle] F7 ¢ kol wet GUS Bl §
& ApolE —”%—":1 Fck wA CdClz%“E@] o2 GUS f47
o] ENEE 150 mg/l o) ge] g
EollA 7 ‘3%% spotF7h AT °iE} (F]gure 3A). LntH
2 AREEE MSHIRIY CaCl: & 440 mg/le]7] oo
ol A WAE FEul g ] g g A 4Y
Hol| loj= FHHE &8 % FarZ F Qlok A F
SHl7)1 7ol 2H e CaCl. 28 AR wiA|olA] g5l
Fohe Aol vhEH st §~V{L . CaCl. g o] WE §4
H3go AEE 1F RO E By E vl7} ¢lth (Montoro
et al. 2000). ©] 7% FEH YA ] CaCl-& A8 H7tsiA|
AAS AT 7HE aAt e ASE BRI I
ArAAAN A= WA Wl CaCl7t 717F 28E A5
AEHE Al PEE F7) wdol ffellM AF3 wie 7
o) BN 9L Ao] Brhy Gehay

Acetosyringone?] EEo] WE GUS §Hxte] 23 spots
T B AolE HoFQirh ve 22 iy AE] A9l
& acetosyringoneS H7}s= Zo) AR ow F o &
S &, 30~50 mg/L A71E vjAo A 71k kS EHA v

Elstt} (Figure 3B). 1211} 100 mg/l. o]/ge] F ol = vief
3 i Aok dust A ReFich AF7A
H o] gxdsho] AMLE acetosyringone = ARt )
2} 10 mg/L (Yokoi et al. 1999)8} 20 mg/L (Hiei et al. 1994)-%
AHEEIG oY B dApdME IR FRb #3050

Figure 2. Effect of co-cultivation period on transient GUS expression.
Mature seed-derived calli of rice were pre-cultured for 3 days and then
infected with Agrobacterium. These infected calli were cultured on co-
culture medium under the dark condition for different periods of 3 days
(A), 6 days (B), 10 days (C), 15 days (D).
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ZE kA W] 24-D kol W GUS §-312k9) w4
U= 2 mg/l 2.4-D Wiz ol A 50l kst e A2 HE blue
spotr7} 7 wol #aFEdT} (Figure 3C). 18vk 2 mg/L
o]Ate] =LoME blue spot7t ZHAashE AS HAFEQ
ok I2EE A o 234 Hite z%unow] 7kl A
A3 uieh o] FHAF FHUT AEETEHTS o
FHE F Q7] Wil FAAE B o] S ﬁﬂi s
gt} ofe}b FAbet At A2yt d (Barro et al. [998)o 4% B
EELES

S5l A1 9] betaine Fo WE GUS FHAte] FAH
FE-E betaine F-A 2ol HIsiA Hr7HE ] telA GUS
2Rk blue spot7t Z7Fet o8 53] 120 mg/Le] F-
oA 714 ol FAFHUTE (Figure 3D). 2F7HA] 55l Gl
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Figure 3. Effect of different co-culture medium conditions on transient
GUS expression. Calli pre-cultured for 3 days were co-cultivation with
Agrobacterium EHA101 (pIG121Hm) on different co-culture medium
containing CaCl. (A), acetosyringone (B), 2.4-D (C), betaine (D) under
the dark condition for 10 days.
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AL 27t 54%9} 2% 2 HAHUTH (Table 4). B A7)
ARYEL Agrobacteriums 7FENZ AHAZRE A
FAEA 7L B3tE FE ZARE Aoly] W F3

hygromycine A13H4 A2E ZebA HE AR wjA|d
ARsiee ATolE AR A9 EAAuTE B4
2 SR FEE 4 Uk AFVA AgrobacteriumS: ©)
£9 B8] FRABATE ok HHAE ol k] AT
718 (Hiei et al. 1994: Lee et al. 1998; Kwon et al. 2000)3} <1
T]7}8 (Rashid et al. 1996)o] =137, o]2]gh FAAE 4

AT Fle 11 fHFde] MgF g fAHA

é 2l oft

=

Southern blot £A4

Hygromycin 23} AEA 2 £33t TAH ] ZHHd32
=24 TASE dadoz 54 9] dzT =3 I
FHAA DNAE FE3}3, copyse] o] 7h53 Aldta A
Bam HI®.2 33t & GPAT probeE o]&3}a southern £
Mg AAEATE 1 A3 BE FEAY AEAE 2.0kb o]
el f1AA et AEEA oY EF AEAE owEt
MELE F2EA] gtttk wek 4G &A= AFel o
2t MEFE 1 ~47EA] gefsiAl vebsttt (Figure 4).
Hiei (1994) 5¢] ®lo] P23 AFME FAAE 2 A
o AlFol WA copyrh 1 ~ 47074 HEE AT o] 9 2t
o] Agrobacterium& o83 FAHE AEA 9 copys7} vk
okalA] AHLE= AL T-DNA7ZE 21294 A 0] 5o &
Azt AupEo] dojuts AAA W HE Ao A

HEME AEHQ FUHS

To Aol A @A 0= A4ho]
AFY FHAA HAEAZTH T AN A& AEst
hygromycing gt wixjol] A4¢stal 2+ Fake] x84 A
S AESTh 1 23 SAIFAE A H g Ml
£o] Wde] o] Fejuld Agd 3: 12 A 1
elvk TAES A 24 vlgol 11152 #2Evt
(Table 5). ©o]# 3t ¥}AAA BEau)= 8] (Hiei et al. 1994)2}

%79 AFo] F5H 6

Table 4. Transformation efficiency by Agrobacterium tumefaciens
EHA101 (GPAT cDNA) in rice (Oryza sativa L. Dong-jin).

Experiment No. of callus co-  No. of transgenic ~ Efficiency
p cultivated (A) plant (B) (B/A) (%)

1 110 59 536

2 74 26 35.1

Mature seed-derived calli of rice after pre-culture for 3 days were
cultured in the dark on co-culture medium containing 50 mg/L CaCl.,
30 mg/L acetosyringone. 2 mg/L 2.4-D, betaine 120 mg/L for 10 days.
Shoot formed from regeneration medium containing hygromycin after 4
weeks.

ia%

S-4=4= (Ishida et al. 1996)2] Agrobacteriums ©]-&3F H=4

BH2A ) Tl E RIH

o3} ATAAE FY BW B QoA A2 w9
YUY AAE GPAT SARE olgsle] FAABL Ag
@ AFANE @ & o] DALY YAAY HBAE W
S o S APsnL A7, £ SYE 4ARE F
el AFHOE FAHGE RS & 5 AUtk 1AL 0|9}
2ol TS BAAFEL AAE Bl P, 7)o o
2ol BAGNES] FARADo) Yol BANTE AT
Q

sloee} 7o),

A= & A7e SHAATH vlel I3 A3 KISTEPS)
G7 A o] A7) Aol ofal] 3 A9

Kb 1

2 3 456 7 8

23.1

Figure 4. Southern blot analysis of seven transgenic plants (Lane 2-8)
and control plant (Lane ). Each genomic DNA was digested with
BamHI and allowed to hybridize to GPAT cDNA (1.4 kb) probe. An
arrow indicates the positive band position. Molecular markers are
indicated on the left.

Table 5. Expression of hygromycin resistance gene in selfed progeny of
transgenic rice.

Lines No. of No. of plant Expe?ted p
seed tested Hygr Hyg’ ratio

1 105 7 98 1:15 0.032
2 60 41 19 31 1.4
3 95 69 26 31 0.28
4 42 29 13 3:1 1.17
5 68 55 13 31 1.25
6 105 74 31 3:1 1.26

Seedlings longer than 5 cm were classified as resistant. These resistant
seedlings grew in 1/2 MS medium containing 50 mg/L hygromycin for
2 weeks while sensitive seedlings did not. HygR : hygromycin
resistance, HygS : hygromycin sensitive. Significant at the 5% level
based on }2 tests
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AgrobacteriumS 0183 ¥e] a8 FAAZE 9|5t
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