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Transgenic Tobacco Plants Introduced with cDNA of
Cucumber Mosaic Virus Satellite RNA
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ABSTRACT : The ¢cDNA of CMV-As satellite RNA was introduced into tobacco plants (Nicotiana
tabacun cv. Samsun NN) using a binary Ti plasmid vector system of Agrobacterium tumefaciens.
The cDNA of satellite RNA introduced into tobacco plants was detected by polymerase chain
reaction (PCR) and molecular hybridization analyses. Symptom development was distinctly suppre-
ssed in the transgenic tobacco plants when inoculated with CMV-Co. CMV concentration in
the transgenic tobacco plants was decreased to 1/40 of non-transgenic tobacco plants. The kanam-
ycin resistance gene of the transgenic tobacco plants was also detected in the progeny.

Key words : cacumber mosaic virus, satellite RNA, binary Ti plasmid vector, transgenic plants.

o] ®mzlel= w}o)E)(cucumber mosaic virus,
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). SIMRNAE CMVe] HALdHe] Fojgeis A}
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eF 13Kb2l T-DNA 9] pBI 121-& ©] 839l o™
(13), A. tumefaciens= pTi Ach 544 T-DNA #-&-0]
A&% pAL 44045 7t 3 A tumefaciens LBA
44042 2123 c11). E. coli HB101 ¢} A=A FH-2
Sleigh 5(27)9] el F3ted AAshadem, pBI
121-& conjugative plasmid & pRK 20138 o]-&-3}
triparental mating H(2)l &std A umefaciens
LBA 44042 =347t}

AlSH|e| HEMEL A tumefaciens binary Ti pla-
smid vectorel] 2%+ ell(Nicotiana tabacum cv. Sam-
sun NN)ol #2452 Horsch 5(12)9 leaf disk
W wjel AAlskch. & kanamycin (25 ug/ml) 2
rifampicin(100 pg/ml)-& -5 LB A| el 4] 28°CE
204)7F wlokgk 2miel CMV-As $IARNA-cDNA7}
=15 A tumefaciens LBA 4404 v ool whul &
nE AT A4 oF 6mme| leaf diskE 2~557F
AR A7) & g-naphthaleneacetic acid(NA) (1 mg/l)
2 benzylaminopurine(BA) (0.1 mg/l)& -3 MS
AN &7 °F 3000 lux®] FHabel ] w)okal
g} vk 59 Fol= A tumefaciens LBA 4404=
AAE o2 NA % BAY &7 cefotaxime(500
pg/ml) S 48 MSwiA] el leaf diskE o]A3}u 2>
w, o 25 Fole FAAIA L ALE FHoR
e BEA S cefotaxime(500 ug/ml) 2 kanamycin
(200 pg/mlye- 73 MSHiA] ol leaf diskE o]A3t
9}, Kanamycin WAdul =] ol 4 A AHgt Al B4 = ka-
namycing ¥33 rooting WA 2 &7 LZAIF I,
2E AEAE Fol olAste] A S48
o}
DNAZ| =& CMV-As $J4RNA2} cDNA7}l &=
YR Y A5 &) St 4 FAdx%
AZHE DNAZ FE3tc) ol E coli R 4 -
mefaciens=3-€] plasmid DNA+ alkaline lysis®(3)
of oste] FEatpion, W dxHoRFE Y
DNAE CTAB(cetyltrimethylammonium bromide)#
(2522 FEstdch

SHEIME cDNAS| &l A mmefaciens X AE
Ao =419 CMV-As $JARNA2] cDNA & #HA
3l7] 2lsle] PCRYEE ol4-slsiel. PCR2 Scharf
5(26)2] Wb el F38te] thermal cycler(Perkin Elmer
Cetus)™ GeneAmp RNA PCR kitE A}8-3}ed A
Alslel e, o]dg CMV-As $]4RNADNAS| %
& #3) primery ©] RNAS) 714 2(6)& =3}
3aetE §-GGGTCCTGTATAGGA-Y, 5'4wE 5
GTTTTGTTTGATGGA-3 ¢} oligonucleotide g 343
gko] A}4-3}9ith. PCR-& GeneAmp RNA PCR %

ZFH(X5) 10ul ¥ =3 DNA 10~100ng3t A 2
100pM2] o 2} primer, 0.1 mM MgCl, 0.1 mM
dNTPs % 5 unit Tag DNA polymeraseZ} &3H=
S0pl ¥H-geYolA 253|(denaturation 94°C 14, an-
nealing 45°C 2%, extension 72°C 2#) AAlgtsith

EXAEEAY. EAA A2 Southern WHH(28)
o] &3}o, enhanced chemiluminescence(ECL) gene
detection kit(Amersham)&- ©] 43+ 3}&-Fo|d| A2
(5)°ll whe} AA1Ekd 2w, probes pUC 11940 4H3) 5l
CMV-As9] $1A4RNA-cDNA(PCMS A9E Xbal Y
Sacl #2]&te] agarose gelollA 2|8 ¥ horsera-
dish peroxidase(HRP)Z 3 A]3}%ith

SHAIXME chofol| e CMVel HBAE. 3dA
A EA ] CMV AHFAHYEL HAHRNAE 7R
AR e CMV-Co AE@A)E AH&-3tdc). A&
e CMV-CoE HET HIAE2TH 3 @9
wo g wle|gjagE £33 F 3pyml FE9
CMVE carborundum(400 mesh)& o]&-3}e] 3~4
g71¢ FAs F v AA0G o] el wet
FAHEE AR e, 25~30°Ce] 24l Fx
AEF vehbes ¥4 Esilch g9 gl
225 wlolyx9] FEve E%(Vigna unguiculata,
White eye)ellA]e] =FHwules ZFAsgck =
CMV-CoE HE3la 2098 ¥ P45 9 v]gA
A5 o] ke A = 49 2XE 702
g4 AF3ted, 1mle] 001 M QA (pH 7.5)9
wtf gt ohg P& 2FIE FH A 9y
ez Agste] YAs i wuleE AbAskelh

HEMEIEH | FOHAE. CMV-As $4dRNAS]
cDNAZ} =9ig s o] {24 AL
ZAAE7) $lsle] YA il ERYE HFE A
Ale] 222 kanamycin(300 yg/ml)e X3shE agar
w2l x| dstedct shEe ke Fake W FAQ0
C)ell T2 AAH A& eblle 43 golstA]
g s e FE 3FFe A
ojuf HEZ Z-2 il wPAAR o] FAE
Hr g wgste] wlwsiglch

2 =

2|MRNA-cDNA2| A tumefaciens22| £&l.
CMV-As $]4RNA¢] th3t ¢cDNA 4+ plasmid ve-
ctor(pBI 121-CMS A9)Z A H3= E coli HB 101
< pRK 2013(E. coli HB 101) 2! A. tumefaciens LBA
4404<} 3l kst ¥, kanamycin, rifampicin 2 st-
reptomycing 38k A=uiA]oA HAHAH FE
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Fig. 1. Southern blot hybridization of the satellite
cDNA introduced into A. tumefaciens LBA 4404 by tri-
parental mating. A:pCMS A9 (lane 1) and pBI 121-
CMS A9 (lane 2) were digested with Xbal/Sacl. The
plasmid DNAs extracted from transformed 4. tumefa-
ciens (lanes 3~5) and nontransformed A. rtumefaciens
(lane 6) were also digested with Xbal/Sacl, and then
the cDNAs were separated by electrophoresis on a 1.5%
agarose gel. M:ADNA as a size marker digested with
EcoT14 1. Arrow indicates the expected DNA fragment
containing CMS A9. B: The plasmid DNAs were tran-
sferred onto nylon membrane and hybridized by ECL
method. The Xbal/Sacl fragment (CMV satellite cDNA)
of pCMS A9 was used as a probe.

g Addslgc) Fig 1-AE A z]ol 4] AE3 4.
tumefaciens 2H-€] %% plasmidE southern blot
hybridization& $l3}e] Xbal % Saclo & AHxlslod
1.5% agarose geloll 4] A 7]<353F A3} 2 (Lane 3~5),
Ze E4R A3 F #7453 pCMS AY(Lane
1) 2 pBI 121-CMS A9(Lane 2) $JARNA-cDNA%}
7+ 21|l A ¢DNA band”} #<¢1=¢lc) Fig 1-B&
pCMS A9& Xbal % Sacle.Z Axldt cDNAZ
probe® A}8-31e] ECL W ol 2]3}ed southern blot
hybridizationg AA1g+ A2 A7|odFed A gFa=
o} 400bpe] DNA band €3 7 ZA4wke$ o}
eb o 22X A rumefaciens LBA 4404 Aol pBI

M1 234567 89101121314 M

Fig. 2. Electrophoresis on a 1.5% agarose gel of PCR
products of satellite cDNA introduced into A4, tumefa-
ciens LBA 4404. Lane 1 and 2:Amplified DNA frag-
ments of pCMS A9 and pBI 121-CMS A9, respectively.
Lanes 3~13:Amplified DNA fragments of plasmid
DNA from transformed A. wmefaciens. Lane 14 : Ampli-
fied DNA fragments of plasmid DNA from nontrans-
formed A. tumefaciens. M : ADNA as a size marker dige-
sted with HindIIL
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Fig. 3. Southern blot hybridization of PCR products
of satellite ¢cDNA introduced into tobacco plants. A:
Amplified DNA fragments of pCMS A9 (Lane 1), pBI
121-CMS A9 (Lane 2), transformed A. tumefaciens (Lane
3), nontransformed tobacco plant (Lane 4) and transfo-
rmed tobacco plant (Lanes 5~15) were separated by
electrophoresis on a 1.5% agarose gel. B:The gel plate
was transferred onto nylon membrane and hybridized
by ECL method. The Xbal/Sacl fragment (CMV-As sa-
tellite cDNA) of pCMS A9 was used as a probe.
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121-CMS A9¢] =81=glS-o] Fal=ct

9 pBI 121-CMS A9° 2 FAAZAIZ] 4. ume-
faciensE5-8] %% plasmidE CMV-As $J4RNA
2] oFzte} primerg o]43te] PCR Yo & FFHA]7
A AE < 400bpe] DNAZF 2= A3g v}
eb i o2 A rumefaciens LBA 4404 3|l pBI
121-CMS A9¢] £<g]o] #al= sltkFig. 2).

SHEIM3L chiljo] T2El 2/A4RNA-cDNAS| #ol.

3243 thil o] DNAZYE] CMV-As $14dRNA-
cDNAS] 4] #-52 #alslr] sisted, Ad=u)A] el
A A7) $AAFH el & AFHEe] CTAB
o2 DNAS $%s3lch o] DNA & $14RNA9
obe} primerE o]4sle] PCRE AAd ¥ o
ZZ 28-S 1.5% agarose gelollA Ar195§ A
oF 400bpe] DNAE u|%3 2~3%9 AEA

DNAZ2] %o} gl 5| ¢lrhFig 3-A). &4 pCMS A9
2 Xbal 2 Saclo.g A cDNAE probeE o]
43}o] ECL yh o2 ¢]¢] PCRl| 23 $FHAES
o] AF2. 2 southern blot hybridization& A3 A=,
10419 A8 el $J4dRNAY cDNA
probest EApmatuk-g-& viebliti(Fig. 3-B).
HEXNME chifje] CMV HRIZHS Axgal. 33
A A CMV 7ol B2 B2 AHE
e ARG BASE 3~497]9 FAAI &l 10
AA 2 wYAAE o] CMV-Co AEFS HE
sk 2 A3 FE 159 F 9 gARS AEAE
HAAg A wlee] A AFH¥A A4S
el =g vlsle] FANE AEAe 243 AEA
o] pgAtelel A2l Aoz} ¢l (Fig 4 ab,c)

o% 7t AEAS ol WY WAL WFLAY

Fig. 4. Symptoms in the non-transgenic (a and d) and transgenic tobacco plants (b and e) inoculated with CMV-
Co. ¢ and f:non-transgenic healthy plants. Photographs were taken 15 days after inoculation.
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Table 1. Assay of CMV-Co concentration in infected
leaves of transgenic and non-transgenic tobacco (Sam-
sun) plants

No. of local

lesions on cowpea®

Transgenic Inoculum® Transgenic  Non-
plant .
plants  transgenic

plants

CS 8 Terminal leaf 40 1763

2nd leaf from top 0.5 124.5

CSs 17 Terminal leaf 8.0 1280

2nd leaf from top 15 161.8

*Inoculum was 0.2 g of each leaf 20 days after inocula-
tion.

"Average number of local lesions produced on four
primary leaves of cowpea (White eye).

AEA M= A RAle]lz BAL. Yellled) b
st AR AEA M= RAA ek wa}
o2 FAte] MHEHAL ¥ Yrix g E TS
veblisio} (Fig.4: d,e,f).

g WA o] WA oL HAAI ol 24
(CS 8, CS 1TE o]4-3l A 2 BA o)+
HpelB 2e B g FHol FAHE FEHER o
3t A% éﬂr, stgro) AgelA <ofzhe] wiul

T

Tt bsle @48 Rolrle slglon, wigAA
2 AEA FA9 HFo vlste oF 140 Ax:e
Hiate] A gitHTable 1).

YHETE Bl FOHHE. ArbgRel st

delzl A3 duje] S1 A FAE date
agar ¥ 2|l A kanamycin|A& ZAMg A7}, A
AA 8 Fas Ao YAshe MASG A%
shAl Eabe AHAe] vz oF 3019 F-elu)E Yel
Wit} (Table 2). 3H# w3 A A 5hA) 2] 22k kana-
mycin i x|l ] BF Azpo] oAl qic)

a

]

CMV-As A2 SI4RNAYE EA418H7] b o2
CMVA &5l Blsle] gl & 8| £ 7154 Z ol 4]
- m ok WAL LA ZITH). o) $14RNAS]
EAe 23te] whuly Emlxe] o Szl W
AL w7l CMV-Y AFQ22)0lvt CMV-I;N

)3 HlZ3tsdS w, CMV-As $J4RNA 7} 7
A7 BEAMHoz B 4 gl CMVEY 94
RNAE 237H4] 30% olAbo] HaiEg]ovk7), o)&
AAARNAL| Bxl7z2 BAste] B ExzHQ &

o

=

A1
E

fr 2

Hefsh A A 119 A 1E, 1995

Table 2. Genetic analysis of the SI progeny of the tra-
nsgenic tobacco plants

Transgenic Kanamycin resistance
plant (+/—y Ratio XG 1)
CS 8 202/61 331:1 045
CS 17 225/68 331:1 0.51

“No. of kanamycin resistance seedlings/no. of seedlings
susceptible to kanamycin,

d
-~

AARA Y] 7lee HAHA o3 gloew, tw
CMVS] Zhedel 213k 7152 Aol 7HAd5te] Ao
W sle] Aes & ®
(6,8,14,15, 16,22,29). o9} zre] CMVE H A
Mok SIURNAS) QAe ol 8sto] CMV A4
HAAE AEAY Mo we o] LopHlm,
23 ’éfﬂ"ﬂ*‘]“ CMVe] ZA& oAl P2
g9 Ao Agsta o} (1, 10,17, 19, 20,23).
Baulcombe 5 (1) CMV I;N Al%52 94
RNAZ®| cDNA= A3t thil= CMVE] 7Hod el
A ek WAL JAans I ¢ glded,
et BAL FAUAT Fohel ABAAAE
g S Raustck =T o] Ay ¢4
RNA®] ¢cDNA”} monomert} dimer®] o ez
A" AFelx olEo] WA v o o
= ztol7b S-S Easiich &9 o] A%
@il = CMV o] 99| % tomato aspermy virus (TAV)
2] Ztdel et A3 BAE Jehgglon,
olf CMVe] H-$-& Eal|zke] u|gagh A Ed) 4
Hoh AR oo TAVE Z9e Ax
o] Balgko] amA derhe AL Hauge g
WAKE Ade AFTE vlolEa Ay EAlska
£ 73S AR vl $ek(10). Pack¥} Hahn(23)%=
CMV 1;N 71%2) $14RNA<DNAE o8]
AR lE S w, CMV-Y A9 2
o upE wAud "—114]349% ) H4E3 CMVY
30K =de] zhadckw Byspglch vt o
#1’dRNA®| cDNAE ErtEe] FAHD AHS o
e CMV-Yo|| disixe 73 Add oxass
vehfigley, CMV-K A5S HE3dE ool

o

HAEe] oA axrt veplx] ‘3%%2 Al wlo]
22 2JARNA A A2 A ulola]s 2

2144 RNAQ Ax# &4 75289 Fiztgo
wzba] z}e)rt 9lg-& AlAbslelTi(17).

$252 CMV-As AEo] 7Ixx 9l 4
RNA9] cDNAE =447 #AA% du] & §4 *%}
gtk ol WAAY o]l CMVE FEahe
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wHol s sm_»} grEel $AA% i
Hol Al wHHA wkm AN} fFababA A
Astoirh 1% JARDA ) F98 ulelels FE

5 2AES o A o oF 1/409]
npolel vt AEHe] CMVE Zhdell dfsto] g%
AgAds epligdch 9, AP S1 F
25 42 2 kanamycin A& ZAF8HS of Ka-
namycin WA 2] AAZE ok 3112 Rejse] wde
elnel FabstAl A" Aol 1A E

wahd o2 CMV-As AlE9 $ARNAS
cDNA £ =44171 dd4d% o] 44 IAA
7R3} A CMVY A%E 9 o2 nlolgsd thit
HAE ] AR EAE EA3t] YA A EA 9
AL7tedE AES Aot

2 o

CMV-As $]ARNAS ¢cDNAZE Agrobacterium tu-
mefaciens LBA 44042] binary Ti plasmid vectorZ
o]-8-3to] el EgjA]F e, PCR ¥ #Abazt
A4 ZA2HE 4RNA-cDNA7L Fufol] =9
HAgol #AHAAt CMV-Co AEE ]88 F9
AS A4 FAAS HEAANA A HAEd
Al &5}7} vepen], S A% oz~
FEo A9 o 1/400)9]ch Ed HAA
# AEAe FdAA 2%, kanamycin WA A

A7) ure s ik,
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