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Transformation of Maize Controlling Element Ac and Ds into
Armoracia rusticana via Agrobacterium tumefaciens
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For the gene tagging of Armoracia rusticana, maize controlling element Ac and Ds were introduced into A. rusticana via
Agrobacterium-mediated transformation method. We established an efficient in vitro regeneration and transformation
system for gene transfer in A. rusticana. The optimum in vitro regeneration condition has been obtained from leaf, petiole
and root organs on modified MS medium supplemented with NAA 0.1 mg/L plus BA 1.0 mg/L for direct shooting and
with free growth regulators for root induction. For transformation, the leaf, petiole and root explants of A. rusticana were
cocultivated with Agrobacterium tumefaciens, LBA4404 which carries a binary vector pEND4K containing maize
controlling element Ac or Ds, respectively. Selections were performed in the shoot induction medium supplemented with
100 mg/L kanamycin, and 500 mg/L carbenicillin. Transformation frequency showed about 8 to 10% in case of leaf disks.
PCR and Southern blot analyses showed that the Ac and the Ds elements were integrated into the chromosome of donor

plants.
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Agrobacterium& o] 8 9 £ =L AAS] AE
Fol A ALt folgt i, EulE, FFuel, of 7]
T IR W AECA ol FAZ 9ok AAtEat 4
EFo= o713 (Schmidt and Willmitzer, 1985; Van Shuy
et al, 1987) @ 31 (Sohn et al, 1991: Radke et al, 1983)9}
A g B3zt glont, 78 A4zEQ wiFE, huFe
I ZgAe] "o glet oL AMEIA mE JAA
g ubde] S HR] Aty] wFolvh. Amoracia rusticana=
AAEae) &ape, WitAde] 73 thAAAEE 553
7]2} wi-g uto] 913, Wasabia japonicas} & Alw]Ad o]
ejA dEoME i opaEl 2 o] £H 3 9let(v), 1986).
o] AlF2 ¢, ¥, el TE J|FM AEA ] A3t
s8] FHolur] w-Fol Atz AE9] FAAS AA S
drahed vl el AEE Ao

B A 7o) Ab£E $A A= McClintock(1951) o] 23] <

FLq A A" FE5FAA(Ac/DsA)ZA A EA 9
genomeoll Al o] FF 4 g7l Wi EdwolE AT
3 A4, 99, A 2L GAANY AFAAE FEATE=
o1 2}o]tH(Sciaky et al, 1978). ¢|% Ac: SFZo] 1lbpy 9
WE 7] WdS sbA 4565bpe) SAAE auto-
transpositiono] 7}% %3, Dsx Ac7} &A% dut
transpositiong 2 0.7|= §A A s o) ch(Fedoroff, 1989).
ol S FE-fAAe] Ao A WA FHIZ o
FARE S5 0192 A =85l FdWlE F=
g o 2 AEAZYH F4-FA2E gene tagging WYl
°J3led cloningsh= A7} el o] Fojx 2 ¢lvHAltmann
et al, 1992. Chandlee, 1990; Fedoroff et al, 1984: Haring et
al, 1991).
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A QA e AAoct waEtd E dF= Armoracia
rusticanas o]-8-3ted A EH S ANFHA P Agro bacten'um
< e FAARAE g F S A,
Ac % Ds7} =¥ 3AASAES Aiste % gene
taggingS $13 A8 E TEIA S5

ME 3wy
NER SPVEE I E I

gutd e g2 ul£e] Amoracia rusticana: ZA 2| AE
745el AlgE wRe Aol AHe glenz ix]*—l%
o 4= M FEFE S} ¥ FEFE

543817 Hste 40°ColA 147 AEAE dAed -'?‘—,
0% et A 1527k, 2% calcium hypochloritee] ] 202
7V A%, 3-43] dFeE pAsle AR F9E -3
Aol Al 1-2 mm 272 HF, MS Ao X)AFatgict. o
AR FIEFEE 7IWlAM 857 wiokst F &5 x5
mm 37|18, ¥ F717F A mm)d A& Ao 7-8
mmZ, ] 274 08 mm #7119 A& Ze] 10 mm= A
ated 100 ml AMzHEERA TS 5704 SubE- A Abslod o

Wz = MS 7] Bulz|ofl 8 g/Le] agar®} 30 g/Le] sucrose
£ A7} 343, pHE autoclaving Aol 58% A 3s}gch
Wi e 20°C, 3 1500 Lux AFelA 14 1847 21
ok AAZARE Wik 657F5E Az, Fe], AAFoE
Gl ZApstglch AREAA BE AR
naphthalene acetic acid(NAA)<} 6-benzyl adenine(BA)S 7+
Z+ 0, 001, 01, 05, 10, 20, 40 mg/L7tA] gAHRE =2
Z28ste] 2 2] 8lgcHKim and Park, 1983).
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A 3] AHE-E vector: binary vectorq] pEND4KS]
pEND4K ] ZAlo|= E. coli HBIOIS Ab&-slglon, =
% o] 3 Agrobacterium tumefaciens LBA44Me] %.9] 3}
HEH A st A48t Vector T-DNAS] RB¢} LB A}
Jol&= neomycin phosphotransferase II(NPT II) &4 =)}
S5 FrETAAQ] Ac E= transposasel FAS JHAY
AcZAHA & o] 58 4 oA THE dAcst Ds7t 77 Al E o
gltk. 4919 pEND4Ke| Ac, dAcl, dAc2, dAc3 & Ds7} Abg)
9 vectord ZHzt TAc7, TAcDI1, TAcD2, TAcD3, TDsg =
w519l eHLim et al, 1990).
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A. rusticana®] kanamycin WA HATE FAlsl7] $]8hed

4245 5 x 5 mmZ A2 F NAA 01 mg/Ls} BA 10
mg/LE EFg MS wj=)(direct shoot wjx])e] kanamycin
=%E (), 10, 20, 30, 40, 60, 80, 100, 150, 200 mg/L7}A] A7}
st wiokst F A2 EE 2

b
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MEX 2 L 23t

7N Al EAS] 4E 5 mm A7Ae) F2avYs HE)
A3, 9w e AVl 73R de) §Y% 2AeR
AHtsle] NAA 01 mg/Le BA 10 mg/L7} £33 MSH|A|
o preculturedt ¥ YEP wjx]oA] 24 A7} wjokst
Agrobacterium-& preculture-$- wj2] 322 FA3 23t
MSH A iRl HA (10 cell/L)ste) FA, g AS 7
FAR A HdE fiter paper2 o Fo] FH-E A A3
A719 Fdg AR Aol d7H AR E ¥ 23
2§l AAdste] B°C, taolA 24 Al7F F2ujek skl
I ¥, YL A9l Edst wjAe] carbenicillin 500
mg/L-& A7kt Wiz A 7-10 4 zb vkt F, FY wjA|ol
kanamycin 100 mg/L& A7} wiAlE &4 34 F7F 25°C
ol A wioFstalet A2l AlxE MS 7] EujR|e)] A

< F=3ch

PCR &4

Kanamycin 100 mg/L sEol|A] Adkst A 3o Ac
52 Dso AHY) o F-5 #9l5hr] Y5t PCR WhiS A4
Al Z . Ac primer 1& 2071-2097 bp A}ol ¢ 5'-
GGTTGAATTCCATCTAGTTGAGACATC-3' o]a, Ac
primer 2% 2799-2825 bp Alol2] complementary sequenced!
5-ATCTCATTGAGCCTTATAAGTACGATG-3 0] ¢ 0.0,
Ds primer 12 19-44 bp 919 5-GAAACGGTATTTATTC
GGTAATCAGT-3o] 1, Ds primer 2%= 379-400 bp £jx]¢
complementary sequenced] 5-AAGTGATAATCTGAGCTGTT
AG-3¢]¢lt}. PCR ulg-2| "k-3-of 2A)-2 Taqg polymerase 1
unit, dNTP 0.1 mM, primer 5 pM3} 50 ng2] genomic DNA
£ AHgEtd fsiglen, wigd WS o 20 uld
mineral ol |23 2] ste] Hbg =F 9 FE o uksial
2 sk PCR Z2A& predenature(94°C, 120%)8 &
denature(94°C, 152 ), annealing(55° C, 303), elongation(72°C,
N2)E 1 cydeR #|A 45 cycdeE FF A ZF . DNA &F
o] Ft uhg £ 2 72°CellA 587} kA3 A7) o, 4
CAX FAHESE 3de. Hgol Ed DNA: 12%
agarose gel Aol F&3}e] Ac T Ds A2} FEE9]
¥A #alslole}. AH4® PCR 7]7]% Perkin Elmer Cetus
A}2] Thermal Cycler 4808 o] &3} th

Southern Blot &4



CTAB* (Rogers and Bendich, 1988) uWpHoz %3l 3
AAE AEA 2 2T AEAe] DNA:® Hid [ 4
A7) F A7|odFel o 08% agrose gelel &3}
nylon membranes)] AAPA|Z ). Hybridization ¥ 3t
probe= Hind IIIZ A3FA|A 2A|st 16 kbe| Ac =4
Kpn 13} Sal 102 2243} A7 23 06 kbe] Ds t
o]l 2w, [¥P]z HE4]s9lv. Band® HZF
Southern(1975) 8 o] F3}od 5}t

u)

i

flo W

Z2 #
MEXS MEst =4

MSHiA]o] NAAS} BAE 77 01 05 10, 20, 40 mg/L
2 g5 52 2¥ATY o o g9, e 78S A
& o g 65 7]"'}"‘”3—'}"52 i"}ﬂ Az, AxyA
= A 2] %2 7P w3k ¥l 23 1% 7}
siokeh ey Ex vy Agglon, A2 34
QellA 7H Ek 9, Fel eoldeHTable 1).

Pﬂ ol o OL off

Table 1. Organogenesis ratio of leaf, petiole, and root explants in
Arnmoracia rusticana.

Number of Shooting ~ Rooting Plantlet

Explants cultured formation
explants (%) (%) (%)
Leaf 360 31 42 2
Petiole 360 20 24 18
Root 360 11 15 8

ARz F2E, Mz V)R] FAs
4, FeloA Art FAEIE e, 49 A5 BA 01- 20
mg/L A}o]eA] multiple shoot”} FA3E ¢, NAA 01-10
mg/L Abolo| A A7} A e] Az} He3ie] H
9l v} NAASH BA 2% 40 mg/L o] I EorME 7|
RN A = W B K R = N Flgure 1). NAA 01 mg/L$} BA
05-10 mg/Le] ZFAe] TN o, o4, ¥ ZF 423
Aol N% o)AeE 74 %%U}(Flgm‘e 2-A, B, C). Al &7}
P AEALE MS 7|EuA2 A R fEsid
(Figure 2-D). AA2AEAS AHesld] g A= +
glel AlxAo] o]Feig ot 7|FEIEL Az

(Figure 1).

hO

AlgHo| HEFH 2 425

NPT I 822 A% markerZ ¢ 4317] 93} JA=
9L A b A%e] o AL o] Lahed kavamycin
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Figure 1. Plantlets differentiated from leaf explants of A. rusticana
in different combination of NAA(0, 0.1, 0.5, 1.0, 20, 40 mg/L) and
BA(0, 01, 05, 1.0, 20, 40 mg/L).

Figure 2. Plantlets regenerated from leaf(A), petiole(B), and root
explants(C) of A. rusticana. The shoot induced on MS medium
supplemented with NAA 0.1 mg/L and BA 1.0 mg/L, and the root
induced on MS hormone free medium(D).

WS 2AR 23, kanamycin®] %7} 10 mg/L o] 3ol
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Figure 3. The effect of kanamycin concentration(0, 10, 20, 30, 40, 60,
80, 100, 150, 200 mg/L) added to culture medium for investigating
the survival ratio in non-transformed leaf tissues.

\N\os {7 2 I
Figure 4. Shoots formed from leaf disks when they were infected
with pEND4K(A), TAc7(B), TAcDI(C), TAcD3(D), and TDs(E)
in A. tumefaciens LBA4404 strain. On the other hand the leaf disks
were died(F), without the infection of the A. tumefaciens. The
profiles were pictured after incubation on MS medium containing
100 mg/L kanamycin for 2 weeks.

Ay 7)13EE7) A8 E71s 31 oHFigure 3).

A. tumefaciens LBA4404 FF¢ pEND4K: Ac X
pEND4K: Ds vectorE A BA|A A rusticanad] U,
W, Bajo] HZFAZ . Carbenicillin 500 mg/L7} E3Hg Al
23 A A (MS wiA] + NAA 10 mg/L + BA 0.1 mg/L)¢j

Figure 5. Shoots induced from horseradish tissues(A: leaf, B:
petiole, C: root) on selection medium containing 100 mg/L
kanamycin and 500 mg/L carbenicillin. Shoot primodia were formed
after one week of oculation. D: The transgenic plant selected by
leaf disk culture on the selection medium.

Table 2. Shoot regeneration ratio from different explants mediated
with Agrobacterium in A. rusticana.

No. of explants No. of explants
Explants inoculateda producing shoot(%)®
Ac / Ds Ac / Ds
Leaf 0/ % 5(10) /7 4(8)
Petiole 0 /5 2( 4) / 24)
Root 0/ 0( 0) 7/ 00y

aMedium: MS + 01 mg/L NAA + 1.0 mg/L BA + 30 g/l sucrose
+ 8 g/L agar.
bShoots were counted at 30 days after explant culture.

A A% 579 T8 n)A Aas Az 2717t 945
7) A8 ol A€ kanamycin 100 mg/L #jA)e) $7)%
ge) A% 27 FYE A7t YAHT YA AALS
QAL 34F F Ex Adujoel 23] o4 WEHw
Az7h 3k Tk ek Figare 4). dHelNE Azob
o qAHGo PeloHr Azt d4HA ot
(Figure 5). Kanamycin 100 mg/L APWAA 2§74 345 w]o}
AR A S5 FERAA ArDse] §RATES LolA
810% A=, GFNAE 420 JAHY ABAZ FPAL
o} Belol e $0AR AEAZ 9 4 $13H Table 2).



Fgue 6. Electrophoregram
of PCR products from Ds
transformed plant and
ocontrol plant of A. rusticana,
Lanes M: Molecular
marker, C: Control plant,
1. Bacterial plasmid, 2:
Transgenic plant.
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Figure 8. Southern blot analysis of A. rusticana with TDs by the
Ds probe(0.6 kb Ds fragment was used as probe). Lanes 1:
pEND4K(only vector, not inserted Ds fragment), 2: Bacterial
plasmid, 3: Ds transformed plant.

PCR 2412 0|88 T8l RHExIS &ol

PCR W& o] 4-3}e] kanamycin ¥ix|olA Abdd 94

Az AEA qg Dso A 75 AR 43, 0381
kb(19-400 bp7tAe] FEH ) HA A &Y band7} A&
Hick(Figure 6). 28)v}, AcE: =43 FAAF A EA0
M 55 DNAZL HE5A skt
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Figure 7. Southemn blot analysis of A. rusticana with Ac derived
transposon by the Ac probe(l6 kb Ac fragment was used as
probe). Lanes C: Control plant, 1: pEND4K(only vector which did
not containing Ac gene), 2: TAc7, 3: TAcD], 4: TAcD2, 5:TAcD3,
6: Bactenal plasmid, u: non-understood.

Southern Blot 24

AcE FAXYE AEALE L5EY kmt vixjelA A
g AES o) PCR #A o 23le] Ac @3] A4l
oA doteh 1Elste] Ac probed o] 4-3}e] Southemn
$AS AASE, Figwe 749} 20| BE 2249
A L6kb Ao A band7} FelE ek, oo} nba
nontransgenic plant$} pEND4K=FH- E"J gl A &AM
ol#2 band® ZEF A il =3k bacterial plasmid
DNAZE positive control& A}-£-3} lane(6) A FANAESEF
band(u)7} % =k Dso] 7-9-(Figure 8)oj = A3k
Hel e 06kb Aol band7} FelE o] Ds7} 4] &4
YA g =HA5S sl

d|
A

AT K44 $EFAA S5 o209 AZA
Sq5el 2§} AT AL A7 (Almann et
al, 1992: Van Sluy et al,, 1987), @ (Van Sluy et al, 1987),
<l (Baker et al, 1987: Kim et al, 1991 Lim et al, 1990),
W (Izawa et al, 1991), 95F(Zhou and Atherly, 1990), Z=}
(Knapp et al, 1988), Er}E(Yoder et al, 1988) 2 1o}
(Ahn et al, 193: Kim et al, 1993) S8 g§AAd §5
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FAAE genome WollA o5& 4 lh= Ao ghE A
E AgeMe MaFfelo &4 F5HAHAE £Y
szl Z)WuioFel 2gt A g9 AFIAS AENHL

54 5 A % Ds)E A Jold FAx s
AlA AEA el Ac 2 Ds-f-A 7} E431=2& PCR &+
A3} Southern blot Hhdel &jzle] &lale 21 A+ o
$9] Ac & Ds7} 2% gAY S Al

QAT NS A ASle ARAL A2
7} A-$ Ao g dax ¢l ovHPeak et al, 1987), A
Fole 7|WHE Aol UsiARt AAxBEAE FH
812 gfolx A p3beS Vel ARES A EEA, 7|3
B3l=FHo] #Hold ul(Kim et al, 1991), 5ol An et
al, 1993) 52 g7 FAAE AgA o LolaH o4 F
A A g o} w3, o] A EE WK WA XA
A] multiple shoot3 F%3 4 gl&= TEHS 22 .99

A 23t} Al EoA NPT II geneel] ]3t T%}FQFH A9 A
HES kanamycin 15-20 mg/LE AFE-3F o7} 9 2 v} (Semidt
and Willmitzer, 1985; Radke et al, 1988: Shon and Cho,
1991), o] 74-% kanamycin Al'del ¢jst Az 3A o] A
EE2 w2 0 A2 AN o] #el Fo] PAA
A BEEL 04-41%2 2tch. MFnF Yol e
kanamycin A5 EF 100 mg/LE ¥4 A-5ol= AEA 9
AE27L o] Fojg 2w, DNA &4 F32 A8le &
g A3 22 wxo AdhiAlA AEsE AEAH B
7 3AARE A Eeld

Aefggole] A4 Al A| oA ﬁ" W ] A
HAE A PCRE o] &3l FAE AN A4
A 9FE AT Dse] AR —t— A48t forward ¢}
reverse primer 7t8] F&¥ w3 Z o]} 381 bpel A A
band7} H &= 21}, Ac?| 753 DNAFFo| o] FoiA|%)
st 1 ol A HEFeI TYs AEA S DNA
E A}£3F Southern blot H-AJo4 16 kb x4 DNA
band7} <15 ¢17] wjEe] PCR ¥H-o] A7} Qe AL
2 A7+=Eglc). Southern blot 2Afe] 2]3led Ace} Ds:= 7t
7+ 16 kbl 06 kb ¢]=]¢}A] DNA band7} #elHglorz
A" ZE WA= genomedle] -5 fAAF Ac =& Ds7}
EAQse Hlog AzEb

AolA 1gat ukel 2ol AlEe] & AheA B AL
2 5T + 3x $4F 5 HAA Ac/Ds (McClintock,
19D)E A EA HAAIMNAL ofFe] HAA AelA
Z*H %}%% A A EdWelE f7I8le A EAY %

& uhroh B AfelA A rusticana®] 3§AH 3k ¢} A

"o“‘ FH 7 oA zpol= FiaEA dgron) groz o
£ probest A|FEAE AHEate Ac FAAM] A HAE
ZAbsle] YA gA o] FH3A ] Wl #AAE 71
H87F gk Y zsie =3k Ack: auto-transpositiono] 7}
5313 Ds® transpositionol] = Ac®] FAe] STHE AT

el o] 9l7] wjF-ol (Pohlman et al, 1984; Fedoroff, 1989),
Acs} Dso} FAAJAE st F28 ST F, Acel
Ds7t &7 Eo} Slo] A" Eddie]F Aol 715d A
o] c}.

o] A}e) q]%oiTEi Aromoracia rusticana’= A E<] 7zt
7Bz & AFHEE HolH, 33’&1"4% qx
A ol 48 A% A3 7] e ARt A& £
AxL dE AlefE 78] A vl frelgt A Eelg)
I Az o

H 2

AR A Ee F-4-AH2E clonings}r] 913 7|29+
2A A A3k} A E<Ql Amoracia rusticana®] A)E-3}4 9} §
ARBAZ 38}, gene taggingS 317] $3te] binary
vectore] AFE =49 transposon FAA Ac/DsE =9
g A3}, NAA 0] mg/Le BA 1.0 mg/LE §-5-31 MS uj %]
oA A2 shootE F71& 4 dsleH, MS 7]EujA| o
1% 4 WEE HET 4 Aok $94) AoDse)
FAAE Hol HAARAZ A3 8-10% JAANES
Holow, e o= 4% FAHE AZA 7} Qe
At} Kanamycin 100 mg/L XA A4kt 7142 PCR
BA =l Southern blot #-ML §3}¢lwl A7 PCR BAo=
FE DsHAAZ AEd =" Aol el Hez,
Southern blot #4232 X E Ac/Ds 57 =YH 7o %
Jd=H

AL £ e3e gastags] 54712 Q75 (92-24-001-15)
o AYE o} s
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