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ABSTRACT Two maize transposable elements, immobilized Ac (iAc) and Ds, have been introduced into the
genome of a diploid potato clone (Solanum tuberosum Group Phureja clone 1.22). The iAc is a modified Ac that is
supposed to be unable to transpose but is expected to trans -activate the transposition of a Ds that is unable to
transpose by itself. When the leaf and stem explants of in vitro shoots of the clone 1.22 were inoculated with
Agrobacterium tumefaciens strains harboring binary vectors containing the iAc and the Ds, calli were formed from
the explants on media containing 50 mg/L of kanamycin, and shoots were regenerated from the calli. The
regenerated shoots formed roots when cultured on media containing 100 mg/L of kanamycin, whereas
untransformed shoots did not form roots on the same media. The PCR amplification of the DNA's from the
transgenic plants confirmed that the iAc and the Ds elements were introduced into the potato genome of 1.22.

Key words: Gene cloning, solanum tuberosum , transformation, transposon tagging

AN B e g 20 AY By ohet T AFY FEFE
F U4 AE A AT gloBZ MIAFTY] FE¥E

A 74 2ol o5 T Qe AR AME (Solanum o]l EYA 4viA AT 47 M oA BFY &F
tuberosum Group Tuberosum) 4ujAZ02A Juje] 71 7 Zzo] F712 F3Ho]ok gt} o]0 wiste] oYIAE
AR A ST Qe S. tuberosum Group Andigena2] 9] 48427} cloning® 7S FAAP o3t A3

ARy} FHOT Mol FHSH Ao UA gloH, A 2% HE k¥ ACE oKITIEFTY REFAS A
HHo 7 FAH tiPAo] AgHo] N Aol =9E AT =4 4 Utk
AFEFY F40] g o AT AAHZ Ut (Mok S4aro) AYFARE ARG $F] olFo] AAFHL
1985). Wtdol] 7ta}e) oM IAEL FFI} v tUddld ¥ 2 7H53 autonomous element$t AAolFS E7FgEHY
B3 SARQO T o]fo] 75l (Hawkes 1958). 7 autonomous element ] ZHgo] 9J&jx o]Fo] 7153
), B2 opIZAZ2 2uA|E£o) 12 4uljA] AjupEel nonautonomous element® FEHW, Activator/Disso-
wA QuADE S35t 20 oRAZEE T gl o] ciation (Ac/Ds) system®] 7S Ace A0l Fo] sFsdhd,
2313 9o (Hougas and Peloquin 1960), & Az} A4 Dse Ac9l 2o ofsja{nte] o]Fo] 753ttt (Fedoroff
1984). Actk DsT ARG o]F0] 7H53RRE FAR
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g Efske MAZE 952 A cloning®d AcY DsE
probe & o83l FAAE cloning® F Yot o) 7L A
Q542 EAO 23 FAA} cloning 71&& bronze-1, al,
cl, opaque-2, brittle-1 5 9 44 FHA} cloningo
o] 251t} (Cone et al. 1986; Federoff et al. 1984; O'Reilly
et al. 1985; Schmidt et al. 1987; Sullivan et al. 1991). 18]
U, AY8Aa BAE 0] 88 SA:A cloninge AYHHA}
&} EA +% ¥ cloningo] Ho| QIA] && AZME ol&
o] Brbsaisith wEtM, 44 AAFHAAE 4F 154
2o £t oj&3lele A7 Bol £y JoH, Ac
o] 75 vk (Baker et al. 1986), Arabidopsis®}+ 2 (Van
Sluys et al. 1987), EvlE (Yoder et al. 1988), 724 (Knapp
et al. 1988), 5 (Zhou and Atherly 1990), ¥] (Izawa et al.
1991), ElF Yo} (Kim et al. 1993), A<k 3Yo] (Bae et al.
1994) Tl =g=lo] Ut

Ac®] 842 259 Fo me} thEn, SFdAE Ac
copy 7t F7HETFE Acol ol WIEI} Zadht (Mc-
Clintock 1948; 1951), @ulle] A9 ultfo] Ao ZA Ac
o] copy &7F Z7Hdl weEl Ac9 olF WTIE Frkgith
(Jones et al. 1989). Ac9] ol§ W% 9 Z7k= AARHA &
A ol¢8 F82 cloningoll o Ac7t AH9E E& /4
2ol A 858 ZAAATBE TA7E =Y, Ace] o] 5ol F
23 element 4 11 bp FHHEAT G WA AF &
T AYE AAsA o5 E7FssY Dse] o5 das
AYaAe LS 7H53 immobilized Ac (1Ac)E THE]
iAc$} Ds& genomed] TYUIEZN F-AAE DsE BA 3}
= ¥ho] AEEFT 9t} (Bancroft et al. 1992; Hehl and
Baker 1989). @tz}r, £ AF= AAKHAA HAE ]8435 2
A o ZAF A FEHHA} cloning AA NS &
RZ Agrobacterium& ©]43% FAAZ)] 28 iAcs}t DsE
263 28 722} genomeol] £94817A 8 UTH

M Fuy

=)

A AE * AEHE

72 AsL 2vjA) 29ZE (Solanum tuberosum Group
Phureja) A ¢, £7], w3, A7 59 HAEA Wl 9
sta] WolA|e] Fo) Loldt 1.22 AFE olE3H2H, F
ol s FAE I FANRE HEANEE A
o} ZIjef M ZE sucrose 30 g/L 2 &b 10 o/L7F H7HE
Murashige-Skoog (MS) ¥ X|& o] 83} 22°C, 16A17F 43
o) wolA Avhulekstol A& SR

Agrobacterium A& ¥ vector Z2}A0|=

Agrobacterium A%-& A. tumefaciens LBA44049) binary
vector?l pEND4K (Klee et al. 1985)9} pEND4Ko)| &4%
AY5AR} iAc == Ds7t AHYE TAcDI, TAcD3, TDs 5
2] AZF ZANE vector7t EYE 478 AECEA YEP
"l (Bacto peptone 10 g/L., yeast extract 10 g/L., NaCl 5
g/L, 3A 15 g/L)o] kanamycin 100 mg/L$} streptomycin
20 mg/LE AH7Fet] #A - Mdstgich pENDAKE A%z
L EZ T-DNA border g§71u]g Alolo| kanamycin 3
A2} neomycin phosphotransferase 11 (npr 117} Y=o
Atk TAcDIZ Ace] 9% uisnad g7uig 2 bpst 2
EZ ouingdd G7IE M57F AAE iAc (AcD7} 4
Y=o glem, TAcD3 L Ace] 2EF AutEgd g7ig
AE7} AAHE iAc (AcD3)7}, TDs+ wy-ml (Wessler et al.
1986) &ell Ds7F A=l Aot FAASRLE 9jsh Az MW
HE8 Agrobacterium kanamycin 100 mg/L$} strep-
tomycin 20 mg/LE 713t YEP dAui xS o]-&3}a] 28C
oA S S AR RS AHSIT

Al

b

m

Huo| #axa x| A ui

FAAE A A EAEE AR 2 F 3~4F
ZAFHE R 3 E71%6eH, 92 2 AL A
gRe Z1RE A - AAGE ARSI F AL 5x3
mm 52 A ARESHH 71 3~5 mm Hol2
st ANt A HHe FAME A ¢ vk
B2 Visser £ (1989)¢] ¥HH-g ALE-519 .00, NHiNO; 80
mg/L, CaCl2 14.7 mg/L, NAA 10 mg/L 2 BAP 10 mg/L &
A7e MS Aol X)dsle] SR Bt HAulaet o
3 E7] AHE 1Y 5 A ER Agrobacterium §
o] XA 2] F- sucrose 1.0 g/L, mannitol 4.0 ¢/L, BAP
225 mg/L 2 1AA 0.175 mg/L7t H7H8 $38 £5 1.8%9)
MS wiz] M379)l X dsted 27 wFatsith. M379 wiA]
oA vty HHEL Agrobacterium® AAAAE &
cefotaxime 200 mg/L7} A7FE M379 wiN 2 &7 5~747
vjokst & Az ANEIFE st sucrose 15 g/L, BAP
2.25 mg/L, GA3 5.0 mg/L, cefotaxime 200 mg/L &
kanamycin 50 mg/L7} FA7Hg MS HlA] (M384)2 27 vl
FeH o, 3~4F 7HA 02 AMF M384 wiAE FAFA
th AZ AR vigR AL 22°C, 16A17F Yol

K235} AlXo] kanamycin A& 71X

Az Mo FAHE A P vl oz 52 AL
A zE Agrobacterium AAE 93k cefotaxime 200 mg/L,
sucrose 30 g/l 2 g+ 10 g/L7F 718 MS WA A 457
At e, 12708 g TRAES YoE N2E
sucrose 30 g/, GA: 0.2 mg/L % kinetin 0.1 mg/L7} F71g



MS Aol A 277 e okakel S4BT 248 A
2 kanamycin A4 34 € 22S st Az A
BE 2~3cm 2712 22} kanamycin 100 mg/L, sucrose
10 g/L, thiamine-HCl 1.0 mg/L, nicotinic acid 0.5 mg/L,
pyridoxine-HC1 0.5 mg/L, CaClz - 2H20 1.98 mg/L. ¥ 3+d
9 o/L7k AR 112 xSl MS wjA (2wl Ak
o W2 dRg ZARKIT B2E A= WA o 2

A7 £33 F, 242 $74 4EAE P,
HATE Algel iAcY Ds £l 0ff HX

HHAE Aol sl 59 HEEY iAc ¥ Ds Y o
B2 AATIA A 2 EA 9 YOoERE DNAE &
sla] 418tk DNA &2 Dellaporta 5 (1983)2] &
DNA 7}o]3&H-& AL 2w, DNA £4& polymerase
chain reaction (PCR) £4]3-& o]-£3lgthk PCR £4jo} A}
£33 primerE& iAc ¥ Ds B0]3 oligonucleotide £°]31 2.
], 1Ac primer 12 Ac 97198 (Miuler-Neumann et al.
1984)2] 1650~1675 bpoll & Fsl= 5-TCAAGGAAGC
ATGCT ACAGCTAGTGC-3'&, primer 2+ 2224 ~2247 bp
9] g7 g AR A 5-GTTGCAAAGGATGGCT
TGGCT GTA-3'8 AHE&lg T Ds primer 12 Ds g718i
(Wessler et al. 1986)2] 19~44 bpel] s ZF= 5'-
GAAACGGTATT TATTCGGTAATCAGT-3'g, primer 2
£ 379~400 bp9) g7l AHAHQ 5-AAGTGA
TAATCTGAGCT GTTAG-3'& AF23tgth PCR 7]1&&
EquiBio (Belgium)2] Thermolet thermocyler®] .09,
PCR -2} e] FAE& Tag polymerase 2.5 units, AINTP 200
mM, primer 100 pM3}+ 2.0 uyg2] 2] DNAE ARG
PCR §H3-2 94TCollA} 287t A F, '94C/15% — 55C
130 — 72°C/90%'2] ABE | cycleE 3le] 453] w31
ov, DNA FZo] £ F 72°CollA 387 g 3AjA 4T
MM fFAHEE stk PCR ¥Hg A= w3 12 pE
agarose gel 2719950 23] £4sHh
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e kA e Yt E7] MW gl wWE 1229 e
2 A4 2 Az s 5HE #E87) Sskd Agrobac-
teriumE AFEA G Jdujckize] Y3 &7) HHS
A 7L F7tEA] R wiAlE o} &3l Visser 5 (1989)
o] Wjol) whel wiFst A3} figure 1-AS} o] BE HAUS
o] MAAE FAFIPoH, 98 HFHEL AxE FAHA

ok mebA, AR AESHES 2ANE A3 o HU2 15.8%.
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Z7] L 244%9) A& BJoh (Table 1). 23,
vjR]o] 50 mg/L9] kanamycing H7Fd A wjdzI|dE=
A Ag Ao, Algbo] gt wet g HH
2% AAol At (Figure 1-B). walbA, Visser %
(1989)¢] HMHE ol]g&sted 1.22 7Ijujekixe] U3 £7]
HAE e Ay Hes ¥4 € Ax AEIT 7Fsee,
vix]of] 50 mg/L 9] kanamycing 7} 7A$ Ays 2L A
Z g4 598 JHshes A2E AdEch

M

P

Ao BN M2l ¥ v 23t

vfz)el) 50 mg/L 9] kanamycing H7}E A9 1.229] ¢34
£7] B9 A2 ¥ 2 Ax Aes 5YS A
(Figure 1-B). 124}, kanamycin A4 #-A NPT &
B &8= pEND4K, TAcDI, TAcD3, TDs 59 binary
vector @ AMZEF vector SHANEE H{S= Agrobac-
terium ASEE FAAE Ay A &7 2 A4
Figure 29} 7¥o} 50 mg/L2} kanamycino] H7}g wi=R]ofjA]
T AEa y4 9 Ax A& 7Fssoh 22, Table
28} 7ho] Al AW AF 71H] whet P L FA &) AL
olg Yehlo] 9 Mol 79 37.6% Bl FHY&T B
o) v Z7] AHL 16%EA 9 HUHRTF ARG on, A
2 k& vector A EE B {3k Agrobacterium A%
So HRAE e WAEo] Aol7t Uitk B, A A
23l w22 TAcDIz TDs B Agrobacterium AEs
A2lg o BHEY] AXE FAsIden, £7] U A

Table 1. Shoot regeneration response of the leaf and stem explants
of the potato clone 1.22 cultured on media without antibiotics.

No. of explants No.of explants with

cultured shoots regenerated (%)
Leaf Stem Leaf Stem
19 41 3(15.8) 10 (24.4)

Figure 1. Callus and shoot formation responses of the leaf and stem
explants of the potato clone 1.22. (A) Culture on media without
antibiotics: (B) Culture on media with antibiotics.



$= Azs £3H8 FHe) JAAth (Figure 2, Table 2).
X&5} AlXO| kanamycin XEHY

FAAS 2ol o3 AEstE A2 Agrobacterium$
AAE7] st ALt AEE e} cefotaxime 200 mg/L
7} A7ve MS vl o)A 437F AlthulFet A3, cefotaxime
o} HA7MER] & wiR| M Agrobacterium®] colony BA

Figure 2. Callus and shoot formation responses of the leaf and stem
explants of the potato clone 1.22 inoculated with the Agrobacterium
tumefaciens strains harboring the binary vector of pEND4K (A) and
the recombinant vector plasmids of TAcDI1 (B), TAcD3 (C) and
TDs (D). The explants were cultured on media containing 50 mg/L
of kanamycin. Arrows indicate the explants with regenerated shoots.

Table 2. Callus and shoot formation responses of the leaf and stem
explants of the potato clone 1.22 inoculated with Agrobacterium
tumefaciens strains harboring different vector plasmids.

No. of No. (%) of No. of
Vector
lasmid explants explants explants
plasmds cultured with calli with shoots(%)
Leaf Stem Leaf Stem Leaf Stem
pEND4k 18 50 8 H 0 0
444y Q20
2 3
TAcD1 6 16 (33.3) (18.8) i 0
9 6
TAcD3 37 66 243) O.1 0 0
13 20 1
2
TDs 21 sy (169 @2 0
Total 85 250 32 40 2 0

(16.0) (2.4)

o] WANA ¥strt. whebA, Adjujre w3t ARE 1~2
N8 vt ¥ dHoZ AebA sucrose 30 g/L, GA;
0.2 mg/LL 2 kinetin 0.1 mg/L7} #7}g MS SAulx]|E o]
3t 277 gt As, AR F2o] sHsEt
(Figure 3-A). Z-2uj ke A &3} 2139} kanaycin A3 4
A R Uds Hste A3 HIGRAE 2~3em V)2 F
2} 100 mg/L 2] kanamycino] H7}E w2uRjo] x|Abste
U QRS AR A3, A48 AHR] g2 Axe g
& SAA F3tr Aol BAE o] HAAE A
o o AFstE AxeE o] Hol HAAHor AFsG
t} (Figure 3-B). @ElA], A Ag Ao o8] AE3ta 4
%9 A4S NPT II 3271 E4g5]o] 2dse AR Jg
HR90m, iAcst Dsk EQYHAS Aoz F2HUC o9
7ol &g AZE WAl £ F 4R &7 4
EAE FIT A, figure 3-CF Fro] FAAA A5 AH

9 4EAE Yt

Figure 3. Multiplication and rooting of the transgenic 1.22 potato
shoots. (A) Multiplication of the 1.22 shoots regenerated from the
leaf explants inoculated with the Agrobacterium tumefaciens strain
harboring the recombinant vector plasmid of TDs; (B) Rooting
responses of the control (1.22) and the transgenic (TDs-1 and
TAcDI1-2) 1.22 shoots on media containing 100 mg/L of
kanamycin: (C) Transgenic 1.22 plants grown from the shoots
regenerated from the leaf explants inoculated with the A.
rumefaciens strains harboring the recombinant vector plasmids of
TDs and TAcDI.
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SIS AB0l iAc Y Ds 9| B9l

YAAG M2 I5 4559 iAc ¥ Ds &% AR & AA
A iAcst Ds2) g7uigell sl E0]& 2 oligonucleo-
tide primer5-& ©]8-3l] FAAY A Y5 HEEZHH
%235 DNAo| tigt PCR £4L A3 A5} iAcY BAS$
figure 49} 7Zro] FAAE A2 Y5 4F EF A

<€ 0.6kb

Figure 4. PCR analysis of the 1.22 potato plants transformed with
iAc. DNA primers specific for the iAc were used for the PCR
reactions. Lane M: DNA size marker. Lane C: PCR products of the
DNA extracted from a untransformed 1.22 plant. Lanes 1 and 2:
PCR products of the DNA's extracted from the 1.22 plants
transformed with the iAc.

M C 1 2 3

< 0.38kb

Figure 5. PCR analysis of the 1.22 potato plants transformed with
Ds. DNA primers specific for the Ds were used for the PCR
reactions. Lane M: DNA size marker. Lane C: PCR products of the
DNA extracted from a untransformed 1.22 plant. Lanes 1 and 2:
PCR products of the DNA's extracted from the 1.22 plants
transformed with the Ds. Lane 3: PCR products of the DNA
fragment containing the Ds.

primer&2} iAc @71uEell Aloiriel Axjel oja) AL 0.6
kbe] DNA7ZH H450) iAce] 0] HASUTh Dse) 3¢
=3 figure 59 7o) AAY A Y5 4559 DNAY
Ds& ¥¥3s+= DNA @8 25 0.38 kbe] DNAVF /5o
Ds7t 9 o= Bk

&

kK

AAFAZ FAE o843 204 oI AF BA
A cloning AA e BEZ L5459 AYRFHA Ac
zAst AYass AQakshy olg2 E7FsIES Al
H iAcs} A o)FL B7Fs3h iAcY] FHgo] 93) o] Fo]
7F53} Ds& Agrobacterium& o828 AR Fo 23] 2w)
A 29= 7247 (S tuberosum Group Phureja) A% 1.220]
EdstaiA A7 TR 243 iAcs Ds7b =9€ 122 8
AABNEEES Y5EATh Ace 4565 bpEA] FE 11bp
o] ouigadt g7 AYY Yoy, ojg 2L 11 bp

HHETGE Ac D Ds9) olFel] Wag Ao dA Yot
(Pohlman et al. 1984). £ A7 23 A& 4E0] =4
iAc (AcD1)9] 79 4F Auinditie] F 2bpst 2EX 9
HEE g 9871 &) A= 9t} Hehl 3k Baker (1989)9] &}3ld
ogutdoicio] 4 bp7t AAR Ace] 7AE AT E AT
ul, AcDI 3 H9)7150] 4 222 FE59th e E
M g ARHAAE 018381 cloning® FHAEAME
HHUole] £9 A% Z=AF{AAL Phé (Chuck et al. 1993),
Arabidopsis®] 3AEYA FHA MS2 (Aarts et al. 1993),
Ent§9) Cladosporium fulvum A8 A2 Cf-9 (Jones
et al. 1994) $o] don, Cr-92] 7A$¢ Ds EXo 23
cloning=lgict. weby, £ A7 A3} J59 iAc (AcDD) E
Ds Bf 1.22 4858 888 7% 2uj4 opI2AFT AR
9] fAA EA] € cloningo] 7HsE Rt

Agrobacteriumg ZHE3IA 2 1.229] 7ukilze
U3 Z7) MU YA FEEA g wiACA wig
(4t wiohd AS ZE FHEEC] HAH2AE FAAUY
(Figure 1-A). 1214}, pEND4K, TAcDI, TAcD3, TDs 52
binary vector @ A ZE vector EHANCE HFd=
Agrobacterium ASEZ FFTE A &7 AW LA
H7bg wiRoA wiek (FAAE wPE Ae ¢ FHEY
Z7) Ao Ax YAgo] HZUY (Table 2). Bl&o]
Az s urgo] A vt vigdelMe o HFHY AS
15.8%, 7] AU RS 244%9] A2 QL& vehd
o\t (Table 1), A A vt E TAcDIF TDs Bf
Agrobacterium AEEZ AgH 4 FHET] AZXE A
sdRon, 7] AU A= Azt #3i9 dHo] e
YAt o|ofre Aies 7] HHED Y dHol 1.22 AlF
9] FANY AFZAN Agsie, 271 FHo) vlsl 9 A

i



o] Agrobacterium®} 73ge) 7S Julsl= AT Al
e} g, YAAZ|YY S AR hE vector Heln)
E & YR8k Agrobacterium ASE9 wElME AzjA &
Ago] zolrt gl e (Table 2), Agrobacterium AZA)
Agrobacterium A WE Al Dxo] zlold 71glsh=
Ao FAE FE3 Al Wiz 2% AEs}F Yas)

8 =

AAFAR BAE o438 28A oI AT TAY
FA2}L cloning AAIE NLsl7] sty L4459 AYgHA
A AcE ZAsA AABLE AU5ht 5L B HES
A ZE immobilized Ac (1Ac)8t AHA] o) %2 B3l iAc
9] 8o} o3& o]%o] 7153 DsE Agrobacterium tune-
faciensE ©]&& FAAF] o3 2ujA 2IAF AR
(Solanum tuberosum Group Phureja) A% 1.22¢] =38R
. idc ¥ Ds A9 binary vector§S H-33h= Agrobac-
terium AFEE FAAE AM2d 1.22 7MWz g7
Z7] ¥ AL 50 mg/L2] kanamycino] F7Fg vl o)A
T PAE gAsigon, o HHoZRE ARz} §
SHAY FAS M= & 1.22 AZ2E 100 mg/L9
kanamycino] F7H8 wiAjolA HE wo] A Yo,
FHAAE Ao s F5E AL A2 TY wiAA
FZol HATH iAcst Dse] g71ujgol & SolFq
oligonucleotide primerE-g o}&3la dAAg e Y= 4
=EEYE F29 DNAJ digt PCR ¥4 AAE A3,
AHE-E primerS9] iAct Dsol G71vigol Qoix ) 9)x)o)
o3} od=l= 2719] DNAEC] A5 o] idcs} Dse 1.22
genome Ul £¢e] #l=fch

=S

AAL- B =2 gaaaiws S372 73 (92
2400-15-01-3)2} & Wo} £ =YS.
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