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ABSTRACT A VP6 fragments was subcloned with BamHI in the binary pMBP-1 vector under Califlower Mosaic
Virus (CaMV) 35S promoter and neomycin phosphotransferase I[ (npt Il ) gene. The recombinant binary vector was

mobilized into Agrobacterium-tumefaciens LBA4404 by the freeze-thaw method and potato (Solanum tuberosum

L. cv Desiree) was transformed by modified leaf-disc cocultivation. Shoots were induced on MS medium with 0.01
mg/L NAA, 0.1 mg/L GA;, 2.0 mg/L Zeatin, 100.0 mg/L. kanamycin, 500.0 mg/L carbenicillin. In order to identify
the copy number of VP6 into potato plant, total genomic DNA was isolated from transgenic potato and analysed by

Southern blotting. Genomic DNA and total mRNA analysis demonstrated the incorporation of the foreign gene into

the potato genome, as well as their transcription.
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of ols} 1 7FaAlo] BIEHA(1992) ojn] @& AW fA
g AEAE EYete] Aatstiat she AFEe] o]FolA
97 9tk Cholera toxin B subunit SRS 7ZHx}e] FAA
FAA AE A2 A AP A d9RAE U
4 A%l e 1 (Arakawa et al. 1997), Human milk protein -
casein (Chong et al. 1997), Hepatitis B surface antigen
(HBsAg) (Mason et al. 1992: Thanavala et al, 1995: Richter
et al. 2000: Kong et al. 2001), respiratory syncytial virus
(RSV)¢] F-protein F-2& &4 2 #Eo] JIAIA
tomatoo]] EAA3A)Z 3 (Sandhu et al, 2000), transmissible
gastroenteritis virus (TGEV)2] spike protein (Tuboly et al,
2000) Fol olm| AEx WHEo] A FPAnr-go] ANH
uh ek oht AF7HAY] AFAFAZ B bl v 2
o] wHER Qlsle] AL M o] o § WS
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7171 $1§ promoter 7, AALEES Fol7] Y3 oy Axt

o B9l SALVHL RS olF T A2 dTEe] 3y
R A=

wloj A AAPg o) 2191 Hle]# A% rotavirus 9t Nor walk
virus2 ¢HA 3=, Norwalk virus= Mason 5 (1996)9)
ofsl gujet AfAAM W up gk oldnlojH e FE
Foo) 2aE 53 ool APNAY 87 ol e
Zog 4#HA 9t} Rotaviruss= 11829 double-strand
RNA genome#} 29 ehd capsid® A so] glom &
7h=ol] 123k VP6 rotavirus particles 531 strain®] Y%
olth (Cunliffe et al, 2001), ¥ A& o]&d VP62
epitope #5921 2F 1350 kb2] FAAFE CaMV35S promoterol]
ofsf walo] RHHLEE TR0l pMBPEEWE R E9A]71
F AR EA A LEAF) LR} Agrobacte rium tumefaciens
& o] &3t FAAITS AL FEle FEHE AEH
A VP6 FAAbe] E ek dE BAste] o] Adel) g 74
WA 75 ARE Febetaia) shedtk

2 Aol AR AE AEE 7IHelA 253 A :
SN 2} (Solanum tuberosum L. cv Desiree)9] d#H
o2 wlok AL Murashige & Skoog (1962)9] 3%
sucrose 7|28 z]e|l vitaminz} 100 mg/L2] myo-inositolS 3
7k WA E ARSIt ZIWE7]e S4E 918 B 4000
lux, 16417} 3357] @ 23°C A A vkt

VP6 U8R FPUisE 2T e AR Etao
wopekon (pSFV-1), VP6 frdate] £29S 913l one
shot competant cell?] ToplO (chemically competent,
shsick Az A% EUE

Q1= Agrobacterium

337

Invitrogen co. USA)-& o|&
&) A binary vector systemS 7FA| AL
tumefaciens strain LBA4404 S AE-5} T

SE{R| Kt

ZepatolgAe] 73l slEdt= VPO straingd A
primer (5'-ATGGATGTCCTGTACTCCTTG -3), ¢+
primer (5-TCATTTGACAAGCATGCTTCTAAT-3)9t
& template 2 ko] 2F 1356 bpe] PCR (DNA thermal cycler
480, Perkin Elmer co.) A& AUk
A 287} pre-denaturation, 95Col|4] 187} dena turing, 50°C
offA] 17} annealing, 72°CollA] 18 330%™ ZEAT = &

09,5 0%

o] ] PCR 95Cel"

Ao 353, 72°ColA 1087+ post-extensiondti T}, o] AL
AA 8 3 Topo TA CloningR vectorel] ligationd}$3th, EcoRl
AEAZE Agdate] 11 3718 IR FEES] 7INES
so1at7] 9l8te] sequencing (AR TIATY FHAA
FAEE] 22)e ANae] VPeel WML EA 22
S B3 TopoVP6E BamHIC 2 sl AA|3dk o}
&, BamHI® 2 Hgt 5 dephos phorylation %] 2)$t pMBP-
vectorel] ligationA]Z1th, pMBP2] S0 ¥ e = pBII21oA
AE Qo™ AAEE promoter] CaMV35S promotero]] )3}
+&H™ kanamycin A ] WS 7EAE AduiAcl
NPTII F4AE 7HA& 2=x T@HE ot &3
pMBPVP6HIE = freeze-thaw HPHOll Ql&ted A, mumefaciens
LBA4404) EJAHch
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A Az 2kl W& 71A s AFH S oF Lo
o} Yol YRS FuF F, YEP(km) wjxjoin B4 2
L2 AHODg oA 0.6) pMBPVP6E X337 e A,
tumefaciens LBA44049} oF 10827} F5uF stic)h 23y
& T dFEololA AZAZ F 24-D7t 2.0 mg/L H7Hd
Hj Aol A 2 7E wikatit. ol& HHAM AESHE A=A
£ 971 ¥k 0.01 mg/l NAA, 0.1 mg/L GA;, 2.0 mg/L
Zeatin, 100.0 mg/L kanamycin, 500.0 mg/L carbenicillino]
A7k MS 7)Ao 4wl gt ATt

FAAZE H7rE wiR A S-S WHA {75 ofd 2
28 AY228H Fagozn JAHEAE 13 A
t}, o]5 4E4e] DNAE Hong 5 (1993)9] whgoz Ha
§ TR NPTII primer2 AH2-8F PCR 8H3-3 AA) 84

Southern blot hybridization

ZH2}e] genomic DNAE Y3} AZFE A | g8 233
CTAB (cethyltrimethyl ammonium bromide) bufferg ©]-8-3h
21E9] genomic DNA EZ)%H (Doyle & Doyle, 1990)%
W e ato] 22390k oF 30 uge) DNAS EcoRICZ 23}
o AAT & 1% agarose geldl 19VE 20717+ A7]gdE3
th2 denaturation #FAE AZ Z nylon membrane
(Schleicher & Schuell co)S.2 Zol3lSith Ho]d DNA &
HEL TAAF]7] 9J8ked UV crosslink (1200 xul/em’)E 2
3] 234 ch ©] membraneg DIG easy hybridization
solution (Roche co. Germany) 2. 2 68°CollA] A7 AL pre-
hybridization 3 &, PCR Dig Labeling Mix (Roche co.
Germany )<} A ZH A2k wle)] wlel THE probe 2 50°C ol A
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6A17F ©%¢ hybridizationd}$iTt, ProbeE RHe o o Wate =), kanamycing 7He YEPHIA oA 2} & Z shut
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RNAZ2| =3} Northern blot hybridization FTEujeksEl JdAHS 0.01 mg/L NAA, 0.1 mg/l. GA,, 2.0
mg/L Zeatin, 100.0 mg/L kanamycin, 500.0 mg/L carbeni

Ay Qi) AFEELS ¥3le] | g ALE AHS oh cillino] FH7FE AguiRlo A Alvjulorst A oF 10Y FF
RNAgents® Total RNA Isolation System (Promega co)& ©] B Al oA Aej2rt SAsH #7157 Alztsion
£3le] total RNAE &89tk AAE RNAS Aast 5 43 $RE MNZrF A4E7] AlZbsisich ZLeiu oF 85350
30 uge 19.8% formaldehyde7t 3% 1% agarose gele]l A = thy-E-o A 2o)A A3} A7 A= 2070
7195 skqch B3 AAe glo] agarose gelol Al membrane  o]de) ] 7Feet HYHE shootsE ¥& F AU ol
© 2 Ho|A|Zth (Turbo blotter system, Schleicher & Schuell 9] A3 M8-S 98] MS 7|2 &AF A3} Hef

co,). Hybridization® color detectionS Southerno| A AAgH 7|7} 2wy NEAZ A9t (Figure 5), 5, ¢4
_‘

A3} FAdstA ST 3] AgE MR ARs MAe 228 AYs AAA )
Ao 24 WAL &3t ul 100 mg/Le] kanamycino]

F3HE Aol A ThA] wiekslg wf Al ok ASE

g2 % 2 WA oM (Figwre 5) 41 U4 $84 (NPTIDS)
Todel wE gAY 1& AE A3 ATh FAA

HIEH|AE 3 AL L XS B0l A 12} Aast xSl A Hong 5-(1993)0] €13t Wy

Topo TA cloning ®Efel] subcloning®® VP6-+Azke] @A & F3haidcy I Az tiie] FHAS /RSl oFf
H/\ME A 02 PCREZ 9slo] dold & U E71 700 bpe] NPT R F5E #R1g + o=t
Mg W7t 98-S #9l3 TOPOTAVP6E Buaic) of  wlA|A)), Z12 s VP6 +HAE 23keHs T-DNAS] &]]o]
£ BamHICE A2 5 pMBP-1 4&x wdWee F2Y & o]FAHSE FE 7Fsaiirh
3le] pMBPVP6EZ ST (Figure 1). A, tumefaciens
LBA4404¢} freeze-thaw HHH-& ©]-83} transformation Al

Smal
@ Xbal BamHI Sacl @ [RB
A I NOS-P [ NPTII lNOS-TH 355-P | VP6ag(1.32kb) NOS-T B

4— 1320 bp

Figure 1. A, Structure of the T-DNA region of binary vector pMBPVP6 for expression of VP6 antigen; B, An excised band with BumH]I containing
VP6ag coding sequence (1320 bp).
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AEskd FAH® A2 do|A Doyle and Doyle
(1990) WS o|43] DNAE F%32 VP6 #Ax So]3
Ql primer¥}E ol&3ted PCRE 433tk PCREZAF
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;}‘ﬁﬂ_‘ﬁ ZZ5 PCRAEE 1% agarose gelolx A7|9%
o2 BEAMeHt £445 (Figure 2) lane NC+= 233835
2] ke A EHo)n, lane PCE VP6-3-A 27} A1ZEE binary
vector pMBPVP6o A ZZ.5 tho]d lane 1-9 FAAS
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d 74z} AEAZEE =29 DNA ddelth 24359 4
EA A= FE 27120 1356 bpe] whHo] EQlE whH, &
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{E M SH=
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PCR 24 B3l a2l Aol 3lE 4709 48A|%
240G ) ©

02 A B ZHE genomic DNAE FZ3]d
Southern ¥41& 334t DIGEAE probed o] &3},
T-DNAS] right border®] & %9 A+ AT A EcoRICE
genomic DNAZE 24A17F A3k & 30 ugel DNAE 1%
agarose gelollA] H23% A3 (Figure 3). DIGEAE VP6
probed]] So]Ho 2 w3 3}\_ GHES I F AUk I
A 193 3 A= T copy R “?J"] HaoH, 7HA 49
A= 270, A 2 7H.,] copyTFE HYOEN Agrobac
terium®] 7% 1~370¢] tiekst copy—;—% BTE oere]
ArAHe} A ATE Bt oleh 7k Axe A
AA AR AEA ] g -] VPe f-4=7E QHA

HOE EQHASL vtk £ §07) copyre] Aol

RNA 2 99 39] Sao] J3L vAty), WO copy
Gt BESE I WEYel ¥ A0R QuA UAY A
Aske R ohleks ATAREE Uk

ol FAMZ A EA A total RNAZ
EA % probeE o]&&td Northern #4

(Figure 4), VP6 329 transcript7} A
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Figure 2. PCR detection of VP6 DNA in transgenic plants. Lane M is
the 1kb DNA ladder, lane NC is the negative control, lane PC is the
positive control; lane 1-9, independent transformants harboring the
construct in pMBPVP6.
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Figure 3. Genomic Southern blot analysis for the VP6 gene from
potato. DNA (30 ug aliquots) was digested EcoRland the VP6 gene
was used as the probe. Lane 1-4 transgenic plant. line NC non-
transgenic plant as the negative control, DNA from a VP6 gene as the
positive control.
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Figure 4. RNA from leaves of transgenic potatoes for pMBPVP6
analyzed by northern blot hybridization. A, Lane C, non-transgenic
control plant; lane 1-9, independent transformants harboring the
construct in pMBPVP6; B, E(Br staining of total RNA (30 ug) was
used as a control for equal RNA loading.



Figure 5. Formation of transgenic plants and microtuber in vitro. A,
Culture of leaf discs after cocultivation; B, Calli and shoot induced on
regeneration media; C, Induction of transformants; D, Microtuber
formation from independent transgenic plant.
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Figure 6. Shoot growth of non-transgenic (NT) and transgenic potato
(T) plants under the high humidity condition. Transgenic shoot shows
weak vitrification on the leaves compare to the non-transgenic plant.

= NPT primerE AH&-3 PCRAEMHC 2 12149 315t} DIG
FEAH probed o]23t] total RNAS 2418 23} /AER

o] Aol Ao, 95% oldel HEAE BT
genomic DNAS #Z3] Southern blot hybridization3l< 7
© | ~3709] copyFE HYo T FAAG AEA ] <
SARQ VP6S- A7} eH A 07 TE o] FlHA:

AAL - 2 Q74 2147) ZEEJATARARIL A2
08714/ eAG R ATHAL(FAME PDC
0140112)°] I3} FAF ALk

ol
—_o

Ho
rqr

Arakawa T, Chong DKX, Merritt JL and Langridge WHR (1997)
Expression of cholera toxin B subunit oligomers in transgenic
potato plants. Transgenic Research 6: 403-413.

Choi KH, Jeon JH, Kim HS, Joung YH, Cho SJ, Lim YP, Joung H
(1996a) Development of herbicide-resistant transgenic potato.
Korean J. Plant Tissue Culture 23:161-165

Choi KH, Yang DC, Jeon JH, Kim HS, Joung YH, Joung H (1996b)
Expression of cold-regulated gene in transgenic Solanum
tuberosum L. Korean J. Plant Tissue Culture 23:311-315

Chong DKX, Roberts W, Arakawa T, llles K, Bagi G, Slattery CW,
Langridge WHR (1997) Expression of the human milk protein -
casein in transgenic potato plants. Transgenic Research 6: 289-
296.

Cunliffe NA, Dove W, Jiang B, Thinwda Cert BD, Broadhead RL,
Molyneux ME, Hart CA (2001) Related Articles Detection of
group‘C rétavirus in children with acute gastroenteritis in
Blantyre, Malawi. Pediatr Infect Dis J 20(11):1088-90.

Haq TA, Mason HS, Clements JD, Arntzen CJ (1995) Oral

immunization with a recombinant bacterial antigen produced in



98 - Korean J. Plant Biotechnology

transgenic plants. Science 268:714-719

Hong W, QiM, Cutler AJ (1993) A simple method of preparing plant
samples for PCR. Nucleic Research 21:4153-4154

Hugh S. Mason, Judith M. Ball, Jian-Jian Shi, Xi Jiang, Mary K.
Estes, and Charles J. Arntzen (1996) Expression of Norwalk
virus capsid protein in transgenic tobacco and potato and its oral
immunogenicity in mice. Proc Natl Acad Sci U S A 93:5335-
5340.

Hussey G, Stacey NJ (1981) In vitro propagation of potato
(Solanum tuberosumL.). Ann Bot 48:787-796

Kong Q, Richter L, Yang YF, Amtzen CJ, Mason HS, Thanavala Y
(2001) Oral immunization with hepatitis B surface antigen
expressed in transgenic plants. Proc Natl Acad Sci U S A 98:
11539-11544

Marjori Matzke, Antonius JM. Matzke, Jan M. Kooter (2001). RNA:
Guiding Gene Silencing. Science 293:1080-1083

Mason HS, Lam DM, and Arntzen CJ (1992) Expression of
Hepatitis B Surface Antigen in Transgenic Plants. Proc Natl Acad
Scil S A89:11745-11749.

Murashige T, Skoog F (1962) A revised medium for rapid growth
and bioassays with tobacco tissue cultures. Plant Physioclogy
15:473-497

Richter LJ,, Thanavala Y, Arntzen CJ and Mason HS (2000)

Production of hepatitis B surface antigen in transgenic plants for
oral immuniztion. Nature Biotechnology 18:1167-1171.

Sambrook J, Fritsch EF, Maniatis T (1989) Molecular Cloning: a
laboratory manual, 2nd edition. Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y.

Sandhu JS, Krasnyanski SF, Domier LL, Korban SS, Osadjan MD,
Buetow DE (2000) Oral immunization of mice with transgenic
tomato fruit expressing respiratory syncytial virus-F protein
induces a systemic immune response. Transgenic Res 9(2):127-
35.

Thanavala Y, Yang YF, Lyons P, Mason HS, Arntzen C (1995)
Immunogenicity of transgenic plant-derived hepatitis B surface
antigen. Proc Natl Acad Sci U S A 92(8):3358-61.

Tuboly T, Yu W, Bailey A, Degrandis S, Du S, Erickson L, Nagy E
(2000) Immunogenicity of porcine transmissible gastroenteritis
virus spike protein expressed in plants. Vaccine 18:2023-2028

Vazquez Rovere C, Asurmendi S, Hopp HE (2001) Transgenic
resistance in potato plants expressing potato leaf roll virus (PLRV)
replicase gene sequences is RNA-mediated and suggests the
involvement of post-transcriptional gene silencing. Archives of
Virology 146:1337-1353

Xie DY, Hong Y (2002) Agrobacterium-mediated genetic trans
formation of Acacia mangium. Plant Cell Reports 20:917-922

(A4YaE 20029 5¢9 69)



