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The bialaphos is a potent inhibitor of glutamine synthease in higher plants and is used as a non-selective herbicide. We
have used the bialaphos resistant gene (Bar) encoding for an acetyltransferase isolated from Streptomyces hygroscopicus
SF1293. Callus derived from mature seeds of rice (Oryza sativa L. cv. Dong Jin) were co-cultivated with Agrobacterium
tumefaciens EHA101 carring a plasmid pGPTV-HB containing genes for hygromycin resistance (HygR) and Bar. Transgenic
plants showing in vitro resistance to 50 mg/L hygromycin and 10 mg/L bialaphos were obtained by using a two-step
selection/regeneration procedure. Transformation efficiency of rice was about 30% which was as high as reported in other
dicotyledons. Progenies (T1 generation) derived from primary transformant of 17 lines were segregated with a 3 resistant : 1
sensitive ratio in medium containing hygromycin and bialaphos. Stable integration of Bar gene into chromosomal DNA
was proven by Southern blot analysis of genomic DNA isolated from T2 progenies. Transgenic plants (T3) grown in the
field were resistant to bialaphos (Basta) at a dosage lethal to wild type plants.
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Table 1. Media used for tissue culture and transformation of rice
(Oryza sativa L.)

Medium Composition

N6 salts and vitamins, 30 g/L sucrose, 2
mg/L 24-D, 2 g/L gelrite, pH 58

AB 3 g/L KeHPO4, 1 g/L NaHzP0O4, 1 g/L
NH4C), 0.3 g/L MgS04 - 7TH20, 015 g/L
KC}, 001 g/L CaClz, 25 mg/L FeSO4 -
7TH20, 5 g/L glucose, 15 g/L agar, pH 7.2

Nb callus induction

YEP 10 g/1. Bacto peptone, 10 g/L Bacto yeast
extract, 5 g/L NaCl, 15 g/L agar, pH 7.2

N6 salts and vitamins, 30 g/L sucrose, 10
g/L glucose, 2 mg/L 24-D, 30 mg/L
acetosyringone, pH 52

N6 co-culture

N6 salts and vitamins, 30 g/L sucrose, 2
mg/L 24-D, 2 g/L gelrite, 500 mg/L
carbenicillin, 50 mg/L hygromycin, pH 58

NG selection

AA salts and amino acids, BS vitamins, 20
g/L sucrose, 2 mg/L 24-D, 02 mg/L
kinetin, 30 mg/L acetosyringone, pH 53

AA suspension

MS salts and vitamins, 30 g/L sucrose, 30
g/L sorbitol, 2 g/L casamino acids, 1 mg/L
NAA, 3 g/L Bacto yeast extract,

2 mg/L BAP, 100 mg/L carbenicillin, 10
mg/L bialaphos, pH 58

MS salts and vitamins, 30 g/L sucrose,
50mg/L hygromycin, 10 mg/L bialaphos,
pH 58

MS regeneration

MS hormone free

Calluse| S 2! X Hfjot

sh=2ale] 23 E A AR 0% AL T L) 1% F¢
A8 F 2% sodium hypochloride & (200 £L2} Tween 20
A7hel 158 ok wubstdA 9 AMFEs 29 AT
g A2 9F42 33 AT N6(Chu et al, 1975)
callus f-%¥)%)(Table D)o F2-5 243k 25°C, 3000
luxe] Q43 FANA 7-10947F wjokste] callusE frE3ksd
o 95 Mfe AFGFES dAeE: AAsE
callus#-#3HS AFste] F7)¢} FY3t callusfren 2o A
Astdeh. AAA ZEHAAY A E-] #e e
calluse A A8k 347 25°Ce) ghijof 2714 A wjofat
Ak

SZIM 3 vector 2! Agrobacterium Ui 2E

2 A 3o A2 vector: binary vectorq] pGPTV-HB
(Figure 2A)2 A T-DNA Y & 4
phosphotransferase (HygR) 3 phosphinothricin acetyl
transferase (Bar) §-3A8 E& s} 9lom T-DNA $]5-¢]
spectinomycin A &4 FHAE 23 9o pGPTV-HB=
pGPTV-HPT (Detlef et al, 1992)2] nopaline ¥4 promoter
9} reporter §-A kol B-glucuronidase (gus) ¥-$)5 A3t
13-0) ubiquitin promoter (ubi-P)$} Bar fAzLE X 3h3} o
tt59lvh. pGPTV-HBE] #4242 E. coli HBIO1-E SF& o]
23l 20 plasmid DNA®} 322 Bimboim3} Doli(1979)
o WS o] &slget. 5% pGPTV-HB= freezing-
thawing¥h & o] &-8}e] Agrobacterium tumefaciens EHAIOL
(544 DNAWe] kanamycin X34 HA2AE 23 &)
of H§AANE XAt webd FAARE  Agrobacterium-2-
hygromycin (50 mg/L), spectinomycin (100 mg/L),
kanamyein (100 mg/L)¢] 325 4347 £¢% YEP 1A
Wi A (Table 1)ol X FAetach FAASD FF= 479
98 ¥=9 YEP dAuAeM mFE g F 2 o
Acfu) ek &% 9T glycerol YAz 1 @ 12 233}
-80°Cell BEs}ich glycerole] A Ad Agrobacteriumg 4
719} Edg »xo] dFPEA] EgE ABILHw]=|(Table
1)o) streaking®} 32 28° Coll Al 37+ shuf oFst it

hygromycin

Agrobacterium 2t

AB IR A $AH Agrobacterumg HFH FF
o2 3|43t Acetosyringone (3,5-dimethoxy-4-hydroxy-
acetophenone, Aldrich) o] 3% AA (Toriyama and Hinata,
1985) o4 &) &) (Table 1ol 3 A (107 cell/L)8F 3 A wjokd
callis® 3-5% A= HHAIZh HEFD callse EFH o
JA 2 ofEe] £EE& AAHL F, N6 co-culturedi]



(Table D)ol Hadd AFAF & & 23 2 9ef callus
= HAged A IR 10 A% callisE XA
2, 39 7F 8°Ce kA A Agrobacterum=} 5w o5}l
=Y

Agrobacterium Xj74 3 SHEIX3} calluse] Mgt

397 T oFe callus2FE] Agrobacterume A7 5}17)
93ke] 500 mg/Le] carbenicillin{ FAFE: =, 272)0]
¥R QiS5 callusE 33 A2]813, N6 selection ujx]
(Table 1)o] xJAba}gdch 25°C, 3000 luxe] FZAA 304
AE wokste] A9 callusThs Aaioich

HAHE ASH ol My

At Ao A ZAF callusE bialaphos 10 mg/Le] E&
% MS(Murashige and skoog, 1962) -5 3hujlA)(Table 1))
A, AL AR 209 A2 ARERE
o] H7}sA ¢ MS wjA)(10 mg/L, bialaphosst 50
mg/L, hygromycin®] 37}He] o|43te] H2lE FEa3H.
A7)9) wjeke 25°C, 3000 luxe) A&y ZA A Yste) &
=},

MICHe] hygromycin} bialaphos K&t =

Hygromycin#} bialaphos7} Z£%5 s z]o]A] shoot®} root
A HRRes A%e AADE Asel 23407 5 1)
o potsh WAAD AEAZ 334 o|4skm LAeA A
il 0% Ayotsl Ll JUe AL
Zo 4 9802 YA 4% HHL AR AAAE 4
A2 27 A ;} EAT)E of2300] hygromycm4
bialaphos #| 84 7 F-of A}-8-3 }‘Ri‘:}. callus %A ¢} FYgt
sho g FAE B AT Fl hygromycin (50 mg/L)
3} bialaphos (10 mg/L)& A7kat MS wi#]e] Fab5 A4
slaeh wilekE 25°C, 3000 luxo] A4F Zze)A 333}°4
Hom, A HEL FF 25 °ﬂ Z7)9 e Al
& FEste] 2AFER L

r_E‘ OIN Ol’N O}fl_.

Southern-blot A4

Aol P2 AEA et wild type o] &z
500 mgsE AMFHAsl AAALZ FHAIZ] F, 10842
isolation buffer[1095 polyethylene glycol 6000, 0.35 M sorbitol,
01 M Tris-HCl (pH80), 05% spermidine, 0.5% spermine,
05% PB-mercaptoethanol] 2 Wi wulala A1 E-2](15000
pm, 103)8te] AAFE Aok o AKEef SujoFe] lysis
buffer (0.35 M sorbitol, 0.1 M Tris-HCl, 05% spermidine,

transgenic rice 285

0.5% spermine, 0.5% p-mercaptoethanol)e} 1/10w]2ke] 10%
sarcosineS 7}t 25°Coll A 108-7F uk-2A]7]1 & 2u)9F9)
CTAB (cetyltrimethylammonjum bromide) £-o8-8 W37 65°
Coll A} 1043F 9HE-AIFEL o7) o] 22 2] chloroform 4
oS Hrbgk F YAE(2°C, 15000 rpm, 108)38}e] AF=
A& AW, isopropanol#} ethanol ] A& AHAM
DNAE F23}9th DNA 10 g2 BamH[ #} EcoR] & 2%
a3t A719% ol 08% agrose gelo] FHI F
nylon membraneo] ZHAFA]Z ). Hybridization2 Southern
(1975) whwgell wet #3lei ot probe 2HAIE 913k °F lkb
2] Bar ©+%(3' nos terminator ¥3&)-2 pGPTV-HB palsmid
DNAZ A3+&4 BamH] & EeoRl 2 #g)sle] lgjon,
2 =+#-2 ECL-labelling kit (Amershamiit, England)2] d}9
o] F3}e] labeling ¥ 7 &3}t

EZYEOIAM H=H MEd H

Ol

T, T: AR AE AN A9402 442
hygromycin#} bialaphosel] o &}e] *]38}A

FelHE HARRE 2Bk d2 FRHT)
o] &5tk 30°Ce 3§70 A -’F—:'i'*% i 40}"]7‘1 %
AHE o] 5Esle] 0Y7 FEE AT IR AR
20 em®] 7HHL FI o] A st AzAE B9 b
ol e A7)e Aelsidloh ARAZE AlRET gl
vl A AlzA Q) viAeFEARE 0%, F%)E 3 /LY
TER AEIGH

g2 ol @
Hygromycin &4 caliuse| Mgk
Agrobacterium EHALOL o} binary vectorg] pGPTV-HB

Z yAAH A7) FFS A wekd =2 W callus
Figure 1A)S 397 %59k}, 50 mg/Le| hygromycin
o]
s

—_

g™ N6 Aba|e A 304z wiofst Ao 53
7o} 7)Ee] AAFE calluse] YR A EEZYE 2% callus
o] FAleo] Fak(Figure 1B)=|$lom, XA callus®] &34

= A44E callus®] o F-Roll M FAE e Table 2). A
A callus®] ¥ HAE AR wjokzr]e] N6 AldeiA]
o A} A F-R FAo] AAE I Zhislsle dFE Holdst
W 27 F4E 2P callus®] 4 M FoA AL
callus7} SH3tHA Azl wE &5 FAES 7= §4

& 23 Q9

Bialaphos X{&t4] shoot L rootQ] FT



286 Korean J. Plant Tissue Culture

P W

Figure 1. Production of transgenic rice plants in rice (cv. Dong Jin).
{A) One-week-old scutellum derived calli used for co-cultivation
with Agrobacterium. (B) Hygromycin-resistant cells proliferated on
hygromycin-containing medium 30 days after selection. (C) Green
spot calli formed from regeneration medium containing bialaphos
after 3 weeks of culture. (D) Shoot formed from regeneration
medium containing bialaphos after 5 weeks of culture. (E)
Transgenic plants grown in pot cultivated for 5 weeks.

Tabe 2. Trasformation efficiency (T.F.) by Agrobacterium EHA101
(pGPTV-HB) in rice cultivar Dong Jin.

Number of scutellum-derived calli

Co-cult-  Produced Produced Produced TF.

Experiment  ivated HygRs BarRb HyrR and (%)
calli calli plants BarR plants (B/A)
(A) (B)
1 30 68 25 2 2.7
2 80 73 kY D 375
3 &0 ) 30 29 362

a Hygromycin resistant: b Bialaphos resistant
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Figure 2. Transformation vector and Southern blot analysis. (A)
Schematic diagrams of the pGPTV-HB binary vector. pGPTV-HB
carring Bar gene containing promoter (ubi-P), and the fragement
replaced the promoter and f-glucuronidase gene with same
restriction sites on the plant vector pGPTV. Pnos, promoter of
nopaline synthase: HygR, gene for hygromycin phosphotransferase:
NOS, terminator of nopaline synthase: ubi-P, polyubiqutin gene
promoter of maize: Bar, gene for phosphinothricin acety! transferase.
B, BamHI. H, Hindlll, S, Sacl: E, EcoRI (B) Southern blot
analysis of two transgenic plants of Dong Jin (lanes 2-3) and an
wild type plant {lane 1). An arrow indicates the expected band of
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Figure 3. Growth mhibiung effect of bialaphos in wild type and
bialaphos resistant rice plants. Transgenic and wild type plants were
sprayed with Basta of about 3 g/L per 18mZ Transgenic plants
(A) survived bialaphos spraying and grew to maturity while the
conire} plants {(B) stopped growing and died. The photograph shows
plant 3 weeks after spraying.
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