@y ik Korean ] Plant.Res. 10(2) 107~113(1997)

Acetosyringone$ o]-83 & &% White Clovers] ¥AZ3}

Lﬂ

2oistu §

B =

HIBspeTA

Efficient Transformation of Trifolium repens L. Using Acetosyringone

Tae-Ho Kwon
Institute for Molecular Biology and Genetics, Chonbuk National University,
Chonbuk, Chonju, 560-756, Korea.

ABSTRACT

Transformants of White Clover(Trifolium repens L..) were efficiently produced from immature seed derived
callus cocultivated with Agrobacterium tumefaciens 1.BA4404 harboring plant binary vector, pBI121, using
acetosyringone. The mean frequencies of transformants on the two kanamycin-containing media were 16 to
19% when the immature seed-derived calli were infected with bacteria cultured in the presence of 100uM
acetosyringone compared with 7% in media without acetosyringone. Transgenic white clover was subject to
molecular analysis for integration into plant nuclear genome and expression of B -glucuronidase(GUS) gene.
PCR and Northern blot analyses demonstrated that GUS gene was integrated into white clover nuclear
genome and expressed into its mRNA. The expression of GUS gene into its protein was confirmed by spectrophotometric

assay of GUS activity.
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pBI121-& cauliflower mosaic virus (CaMV) 355&
promoterZ 3l E. colig] B -glucuronidase (GUS)
A AE report FAH A} Z, neomycin phosphotransferase
(NPTID) §AA}FE selection marker® ¥ 331 it}
glole 2w YAAGAE kanamycing X3}
= x| oA} Maslal PCR 2 Northern 413} GUS
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Plasmide ¥ JFAFF

E A e 4 E vectorQl pBll21(Jefferson &,
1987)& AR5t om pBII21 E. coli HB101& ©]
g8t A A A AR FFE
pBI1212 AR o)A A tumefaciens LBA4404E
A8t T}

Stol= Zazw YA ° AEA AL

B AP 8 A EF Q) Osceolad} Grasslands
TahoraZ AE-3td FA A % wiFE A wjA
£ E1o YehliA
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Table 1. Media used in this study.

PAATE AT AR AU BF, FEF
8-102 o] 7 73 vj<uf 22 E] Wessinger 112} Parrott
(1993)2] W o} F3&}a} EC6(Maheswaran¥} Williams,
1984)u]| A] o]} 2,4-D 40mg/LE A 7} § EC6D-40u) X] o] A
embryogenic callusZ FE3tg o 3F HF o2 23]
AT F ¥4 ¥ embryogenic callusE F LA
of Adiult-g 3t 15U Fof YA AG AHE3
At FAHE-2 93 A wnefacienst= S0mg/L kanamycin
2 ¥31$ AB A Y] X (Chilton 5, 1974) 8 Al-& 3}
27°C, = A 343 v Fatd ot

A A ghol] AL8-T A umefaciens LBA4404(pBI121)
= 747} 3-5X10/ml AE7F S £ & 3, 5 -dimethoxy-
4 -hydroxyacetophenone (acetosyringone, dimethyl sulfoxide
o] &2 3} 4° Col} B.3) 100uME T §F EC6D-40ASL
iz o] AEAIZTH 7)o |, W& vl
9] embryogenic callus(¢} 2-3mm)S 28 A& FZu)
F& st A A A YN o E EF
F& AAAZ Fe) 100uM acetosyringone-Z 53
EC6D-40ASHiA] 9] X At3ta] 25°C k= A 3
Azt vl FalE Tt 3 F A 2o Bo] e EGH
& EC6D-40 A 2| & o] &3t] F AA Fof
carbenicillin 500xg/mLe] &/ ¥ EC6D-40MKC LA
iAo 24tz 35 gty FAAEH
embryogenic callusE A3l gc) Add Fhtolo]al
WA embryogenic callusE MSO-Mujj Aol &1 Fo)
embryogenic callus25-E] 2] &9} A L& Fx3
o}

Medium Composition

AB 3g/L. K:HPO,, 1g/L NaH:POs, 1g/LL NH.CI, 0.3g/L. MgSO. - 7TH:0, 0.15g/L. KCl, 0.01g/L
CaCl,, 2.5mg/L. FeSO4 - TH:0, 5¢/L glucose, 15g/L. agar, pH 7.2

EC6D-40 EC6 salts and vitamins, 1g/L yeast extract, 6% sucrose, 40mg/L 2,4-D, 3g/L. Gelrite, pH 5.8

EC6D-40ASL EC6 salts and vitamins, 1g/L yeast extract, 6% sucrose, 40mg/L 2,4-D, 100uM acetosyringone,
pH 5.2

EC6D-40AS EC6 salts and vitamins, 1g/L yeast extract, 6% sucrose, 40mg/L 2,4-D, 3g/L. Gelrite,
100uM acetosyringone, pH 5.8

EC6D-40MKC EC6 salts and vitamins, 1g/L yeast extract, 6% maltose, 40mg/L 2,4-D, 3g/L Gelrite,

100mg/L kanamycin, 500mg/L carbenicillin, 1004M acetosyringone, pH 5.8

MSO-M

MS salts and BS vitamins(Gamborg et al., 1968), 6% maltose, pH 5.8




Polymerase Chain Reaction(PCR) #4

PCR 48] & 9| & genomic DNA & & FAM &
g Fhveteldl A g A A £ 3t white cloverel] A
cetyltrimethyl ammonium bromide(CTAB)E o] £33} 1}
W (Murray ¢} Thompson, 1980)% o] &3lo] 3] &} %]
t}. DNA ZZ & 9% Primer2A & GUS {§H A9
oFZ wtrdol] A} M A Ql oligomers(Hamill 5, 1991) 5 -
GGT GGG AAA GCG CGT TAC AAG-3 3 5 -GTT
TAC GCG TTG CTT CCG CCA-3 & §Al sl Al &
3} th. PCR- 0.5 unit Taq polymerase, 0.2mM dNTP,
94°C 187 WA, 60°C 15 3022} annealing, 72°C 2
B2t extensiondbe] 30 cycle- S whE3t¢ o} PCR-E =3
3t ¥4 E DNAE 1.0% agarose gelel A A7 F
3l 3 ethidium bromide® g4 & ol UVE o] &3
o ZEF DNA(I.2kb)E BQlstct

Northern 4]

A B35 white clover?] Yo 2% E Logemann &
(1987)9) 3l & o] §-3te] Ml RNAE 23 ¥
2l® A A RNAE formaldehyde-agaroseE o] §3}
A 719 %% $ o nylon membraneo] A o]3} ).
Northern hybridization pBI121& BamHI#} Sacl 2.2 X
glete] 92 GUS |AAHE probeZ 3ha] DIG-ELISA
Labeling and Detection kit(Boehringer Mannheim, FR.G.)
o] M Alol mata] ATt

GUS #4%4

Kanamycin?} PCR¥-A & F3te] Aol 8
¥ white clovere] ¢} © & 2g] Jefferson 5(1987)2] W
o 9l&te) GUSEAR S BA AT ©A AR E lysis
$ZF A (50mM sodium phosphate pH 7.0, 10mM -
mercaptoethanol, 10mM EDTA, 0.1% Triton X-100,
0.1% sarkosy)@} 1:59] v] & & vpapAbeto] A 2ol 4]
TeEldts o A5YE GUSe 8= E 3 sed
Abgstg et A8 10xLE ImL ¥H2 <4 (50mM sodium
phosphate pH 7.0, 10mM B -mercaptoethanol, ImM 4-
methyl umbelliferyl glucuronide(4-MUG), 0.1% Triton
X-100)0ll M7 éte] 37°CollA] wH-&A1ZY F 0.4mL9]
2.5M 2-amino-2-methyl-1,3-propanediol S 3 7}él] 3t
$& TEA 2 &Y & ¥FAE(A=4150m) &7

o &
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dlad GUSS 842 §A3AY. & 293d §34
27 & Bradford(1976)9] ol we} A F3tit.

g1 3 1%

White Clover |33 9 A& A3}

AEo JUYFHAE YA T AR Y
Zo| A Agrobacterium& ol g3le WYL L BVH
A BE3 A o2 7 DNATHS o 5 43 A
o2 A8 gAaAUE =298 & don, B3
AuAANes Bag ox dE 34E AU 9
th. A, rumefaciensE o] {8t BlolE F2ujd] 3
g HAS Aoe #®29f Aot

TE Myl foA FFe Aole Holx] gm 3
o}, A o] AFRF slolE F2ue £3d o
2}A) W& 2}o] & B o acetosyringone< X 2] 8-2) &4t
S AF WAL 1.06%9 B&E B WA vigy
f2 2] embryogenic calluse o] Bt} oF THiA = ¥
7.21%2] FAHMY A8 B} $H9H, acetosyringone

MRS AFele FFUY aole BolA &
51l E 4-5%, 9 3.5-5%, vl Rale] A A
A 16-19%2) YA A A& B acetosyringone
& AeletA] RS HET RE =AM HAAE
HEo] o 3wl E A4 Y-S B acetosyringone]
Ael7} gle]E G2 o] FAHG] vj o EHHY
S ¥t} Arabidopsis thaliana®] A AP =
acetosyringone®] Ahg-of o sted 7] E2] 2-3%9] 33
A B o] 5563%E Z713H-S B¢ o 0 (Sheikholeslam
o} Weeks, 1987) Atropa belladona(Mathews =, 1990)
NME 2% HEo] 71%8 78S Byt gt
A 0 R Agrobacterium$ 0] £ A AP0 FJE A
oz g2 UAD DAY A EANA X acetosyringone
S AFR3to 24 H(Hiei %, 1994), 244 (Ishida 5,
1996) %ol A X2 Agrobacterium-3- ©] 838ad 20-30%2) uj
+ 2 HAARETEE BEVH o2 Galg A Eof
9 gPHEE 7HEdtA Ak

At 0 2 Agrobacteriumo] 2 &) 71 g 3A
Agrobacterium®] plasmidol] &) sl HAIA ol &= &
A & vir(virulence)-F A Z}F7F A A X 2 HEH
A Z 2 2 W& o] A= acetosyringoneo] &3t &
%2 0 2 %3 g ohefferson 5, 1987; Shimoda %, 1990;

[¢]



Table 2. Efficiency of white clover transformation by A. tumefaciens LBA4404 on the media with and without acetosyringone.

White clover Treatment Inoculated Frequency(%)
(cultiva) Tissue of AS* calli®** Transforment® (b/a)
Osceola stemn - 187 2 1.06
+ 143 5 349
leaf - 154 3 1.94
+ 172 9 523
immature seed - 97 7 7.21
+ 131 21 16.03
Gardner Tahora  stem - 151 2 1.32
+ 134 7 5.22
leaf - 121 2 1.65
+ 143 5 3.50
immature seed - 104 8 7.69
+ 125 24 19.20

* 100uM 3, 5" -Dimethoxy-4" -hydroxyacetophenone (acetosyringone)
** Cluster of 2-3mm in diameter was counted as a piece of lissue

Chen3} Winans, 1991; Banta &, 1994). Acetosyringone-<
A A el QA BEstn dovt gag AE
ol & ol 7 =B A o] A& ¢kol Agrobacterium
o g A g A Agae] Hu Uk
(Usami %, 1987, Ashby &, 1988; Messens &, 1990).
o] dloll & acetosyringone-2 A}R& wo] AHE E<
T Ae Yo R Ao ASTHE EEC R X3}
AL it glucoseE 4 A7ete] T2 24 vir
A zke] d@o] 10w o] ot ol FAHUTH
(Shimoda &, 1990).

PCRell 2]%t White Cloverd] AR &9l

100mg/L. kanamycineo] 3 7}¥ EC6D-40MK uj A] o]
A FAE A Eu]E MSO-Muj ol A A BA 2 2
o}AlA # 5% kanamycin W/ HolE F2W 2 R E
A A DNAE 28 F-o PCREA S dAsto Y
FAAN ol E F2W ] YU R A A =
A=A Ao AXE AU GUSHFAA &
olAo 2 ARH 2FFY primerE AHE3ta] PCR
4 £l ZZ= o]l DNAE 1.0% agarose geld
A A7 EES X ethidium bromide2 g4 & &t
T UVE ZEZ¥ DNAS Wi =& #<1 % 2 3}, kanamycin
WAl glolE Z 2w 9} positive controlo] A & primer

Fig. 1. Amplification of GUS gena(about 1.2kb) transgenic
white clover plants by PCR: M, DNA size marker ( DNA/Hindlll)
1. normal plant; 2-5, putative transgenic plants,

of fate] FEHE oF 1.2kbe] GUS ##te] DNAM
=23 st oy, FAHTE AF1R & 3lolE
gaddXMe NeErt gAE A o 2d .

ol el A:M=zA A ¥3E kanamycin WA 3}o)
E F2w & A wmefacienso} 23] & &AL}
stolE Z 2o AR A5 A 2o
FAAFA] S FAsA .

Northern ¥4
glol E 21 9 nuclear genome 2.2 1”& GUS
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FA27 B3 o2 mRNAZ 4@ P E &3]
Aot FAAGA Y] U Bo]E F21¥ 9 ¢
o 23E A RNAZ ¥l g ¥ Northern ¥4 & 4
Algtd ot 126l A veRd vhel 3ho] GUSS] mRNA
o} & 9F 2.4kboll | HEtE F o)A 72§ band
£ golstd ot mabA reporterE A& F GUS #4
A stolE #2499 nuclear genomegt o2 41915
o] mRNAZ FA2 o2 AAE S gstsich

N 12 3 4

@ - & <—2.4kb

Fig. 2. Northern blot hybridization of total RNA from leaves
of nontransformed and transgenic plants: N, nontransformed
plant. 1, OTW-7 line: 2, OTW-12 line: 3, GTW-6 line:
4, GTW-14 line.

GUS 849 #F4

A. tumefaciensoll @)at] FolE FEuo TUE
GUSH 27t A A o2 distd A4848 v
Wexe g gaslry] ¢sld, FAAe8A Y
o2 ¥ whlal & A2 3 Bradford(1976) W o] 9]
el WAL PUe ¥ UPF] BAAL o] £
o] 4-methyl umbelliferyl glucuronide® 71 A 2 3+ #

FEMNYE o]l & GUSEA S FH AT F 394
o} Zo]l FAAGA A "t e 4o GUSEA el
atole oy}, & HAAGA NN GUSEA L &
&t GUSHAAZE AAEHA HHE S A Y +
AU

9} 7o UdHe] AP o & A tumefaciensS o] &
3t & FAAVAY F e ANa"dS Adsry
o =98 FAAV] 3lo] E F 241 2] nuclear genome
o2 A =4, #AE B oly g A EA Yl
Al mRNAS} oA 2 HE g S A3t

B A7 e 71E&9 BolE 2 E JHAA
A1 v (White 2} Greenwood, 1987; Voisey 5, 1994a;
Voisey %, 1994b)3} ¥l w &t HFFoll @& o] 7}
ol & AR NHIA g FAR =S 7t
A st en, FAA EYE B9 A2 ¥AS
7t2l slolE 2w S4o - AFfFHOR o] f
d Zlolch

I

3tolE F2W Y W&, I, v & Fd9
embryogenic callusel] 2] & binary vector®]l pBI121&
X338l A rumefaciens LBA44048 J Tl A3}
o ztolE F2u]§ YAHA A ) A nenefaciens
5 o] 83 3lolE Fzu]o] B AH YL acetosyringone
AR T o RM FF 3] Rbols} glo] Ay Ay

Table 3. Beta-glucuronidase activities in leaf extracts from transgenic white clover.

White clover cultiva

Transgenic plant

GUS activity*

Osceola
OTW-3
OTW-7
OTW-12
OTW-15

Gardner Tahora
GTW-1
GTW-6
GTW-9
GTW-14

Non-transgenic

Non-transgenic

41
3,263
8,385
4,453
1,847

12
5,397
1,545
9,592
6,882

‘pmoles 4-MU/min/mg protein
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