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Virus-Resistance Analysis in Transgenic Tobacco Expressing Coat
Protein Gene of Cucumber Mosaic Virus

SOHN, Seong-Han* - KIM, Kyung-Hwan - PARK, Jong-Sug - HWANG, Duk-Ju - HAHN, Jang-Ho
LEE, Kwang-Woong: - HWANG, Young-Soo

Biochemistry Division, Department of Bioresources, National Institute of Agricultural Science and Technology, RDA, Suwon,
441-707, Korea: and 'Department of Biology, Seoul National University, Seoul, 151-742, Korea. *Corresponding author

Cucumber mosaic virus (CMV) leads to a cause of poor crop productivity and quality. To solve this problem, we attempted
to develop a virus-resistance tobacco plants by using viral coat protein (CP) gene. Transgenic tobacco plants expressing
CMV CP gene were analysed by the resistance upon CMV infection. The virus-resistance was measured in T: generation
by the inhibition of plant growth and the expression of the mosaic symptoms infected with CMV. The transgenic lines
were divided into four groups: highly resistant, resistant, moderate and susceptible based on their growth and symptom
severity. Out of 39 transgenic lines, 16 lines showed significant virus-resistance. And of resistant lines, 2 lines were
designated highly resistant based on the facts that they achieved similar plant height to that of non-infected tobacco plants
and showed lower disease symptom than that of other lines. The steady state level of CP RNA and coat protein level were
measured by northern blot and immunoblot analysis. The CP RNA was highly accumulated in most resistant and
moderate lines but barely detected in susceptible lines. The coat protein was detected in most lines regardless of their
resistance to CMV. From this result, virus-resistance appeared to correlate more with CP RNA level than the level of coat
protein. However, in two highly resistant lines, CP RNA level was unexpectedly low. This unexpected phenomenon need
to be further investigated.
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S ol 72}l Fufe] B A(CMV: cucumber mosaic virus)i=
2o} AR oA AEe] Al FAAEE Ul
T T8 vlelgzo)rh violy A Ak A F 30 nme] 3
(icosahedral, A20mi x]) o] 3 tripartite genome?] He)= H o]
st (Francki et al, 1979). CMVell &3 ¥ A2 7)Fo| a}e}
Aol 7}k gl ot dubH o g maje|m FArole] 7]7} ¢ Al
A2 i A7zre] o silight/dark green) §-& X.o|m(Kaper
and Waterworth, 1981: Martelli and Russo, 1985), satellite
RNA ol e} ¥Ae] Fetx|7]= oH(Palukaitis,
1988). Sanford®} Johnson(1985)-& wlold| A -f-Azle] dK-E2
Ao =8, WEAL AE FARRE A5 vhelie] o
8] #8}A& Bl FANPDR, pathogen-derived resistance)

2 UG o B AR AT WiF) vholeia
CPRFAAE Tt upoleiny A Eas FAsigdct
(Tumer et al,, 1987: Cuozzo et al, 1983: Namba et al, 1991:
Quemada et al, 191: Hull and Davies, 1992). CP-fF# A}l
o)gk AL CP #4229 RNA transcripts level
(Kaniewski et al, 1990: Kawchuk et al, 1991: De Haan et
al, 1992: Smith et al, 1994) = CP w2 (Beachy et al,
1990: Fitchen and Beachy, 1993)¢] 2]8l] Heol= 4~ Qlui
A7t FAle AAEe] dAzME= A A w7
& 2] ok 2oz EFsla wlol A f
T2 CPHAl 2}, replicase 5 Al &< =g 735 wt
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ulo]gl A &4 AA A F 2= Sohn S(19%)e] 90| ma}
Javbles gL tAAE £U0 SagAT
52 74X 3 Sasisich

HE oy
NERE-IIIEIES

B ool Ab4% 2hll( Nicotiana tabacum L)E &3¢
$A2ATY SHALARLT BN o)A E o)
A NC82¢} Samsun %55 77 Fofibto}l Ab4-3slein Q.o
gxte] 3 vlol] A(CMV, cucumber mosaic virus):= ABI
(Sohn et al, 19%)2} Q (PV-289, ATCC, USA) straing A}
43t

vlolEl A X AE A e Yl YAAHA b2
x4 H}M] CMV-ABI, Q straing A Este] AA ek A9 o

P sl Rase] AR DA A2 AUA
f%“é ZAA o) A= gl 824 34 5(Sohn et al, 1995)
S &A8) slE TS 4 Ag FAE MS 7]2wA
(500 mg/L kanamycin) ]H HFolA]AH kanamycinel 3] 7}
g AP S Holx FAANA(T)HE AL 107444
Al 2Ale| o] 4] sl "}%3}9«1‘;}- Hpolgis AHE Al7]E
gl Zabe] oF 5 eme] X Yol S~6nf = FHYLST u}
ole|~F 1~2uje] olo] FAZGAZH L AFY WEoE
ABI, Q strainZ 77} 3~47 AR 0.2 &3 A=Y 100 A F
ol Al g 2~ FAE 22 M.
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RNA gel blot

RNA &)= Prescott®} Martin (1987)¢] ups]-& # & 3le
Abeslol o Ba)gl RNA(20 umg)d Seed(1982)¢] who]
w2l A7jedEstal A7]9dE" RNA¥E nylon membraneo]]
Aol A7) =P-dATPE FA ¥ CPHAA FH(90 bp)&
e} © 2 northern hybridization-g 438 8}93+}

Primer extension

o] =9l¥l CPHAALe] ArA=b & gelslr] H3)
o] Sambrook S(1989)2] ®itHel u}2} primer extensions Al
Alstdeh A 2 -S gl sty A3 primers CPH-A A}
Moz 5onih -‘?—Hoﬂ 9l PE primer (5-CACAGACTC

TTAAGATCCAGT-3)E #A3te] Al43}93 PE primer
%A= DNA 5 end labelling system (Promega, U2010)-3- A}
f3le] wWPyATPR A EA|3}9in).

Western blot

AEAW CP =i A4S ZA517] $lste] YAt
Tl E vlolg| el xZHA dRF A5t GRS
%38} western blot AAEReh =l o 1 gS A
Z£9(50 mM Tris-HCl, pH 68, 1% p-mercaptoethanol,
13 mg/mL leupeptin) o] A} w}ajsled, 214122l (38,000 g, 20
)3 F 100 o] Zxbwlalg 15% SDS—PAGEoﬂ A "A7)ed
2359k A7 ES gel® 10 mM CAPSSHZE Lol (3
{cyclohexylamino) -1-propane sulfonic acid, pH 110, 10%
(v/v) methanol)4o|A] PVDF membrane (Bio-Rad, 162-
0182)¢] AolA17] 12 PVDF membraneol] CMV-ABI strain?]
anti CP mouse polyclonal antibody (Ig), peroxidase conjugate
(BM, 1-110-225)& =32 F-2x|7ichs, whAl ol (peroxidase
conjugate substrate kit, BM, 1-110-225) ¢.2 CPxiwizl A4 3gt
A oJRE Zlolslelr). o)u] Wix: pMAL-c2 (BioLabs,
#800)ol CPR-AAte] ORFuEE AMIAIA AR A&
proteinase factor Xa2 dgtsloe] A}-8-3}glch
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Figure 1. Effect of viral infection on tobacco {N. tabacum cv. NC)
growth. Either cucumber mosaic virus strain ABI or Q was
inoculated on tobacco leaf surface. After then plant growth was
monitored continuously at 1 week interval by mesuring plant height
(a) and at 11 weeks after inoculation, percent plant heights infected
with either ABI or Q were compared to the non-infected (b). Each
point represents the mean + SD out of three samples.

NEHR 53, 9mere Fadel wwiel AUY 4 9]
X

Samsun} NC82 EZ0 2 Mg} S8l 397] A3 4
%(Sohn et al, 1995)2] TiAe} 7RAe] Q&b ABI strains 7}
AAZF A3 Bl Me AAFS PFERAeRE FA3)
o] 7 2¥E ¥ Table 13} 2o}

NCB2 ¥Foz¥E st T §AAHASS ABI
straing ZHAAAS o, Aol 2z dv] 29%~84%
Helol Ex3le] Q straing FAAZ AH(HEZA A
M%~7%) Bt AFAA 7 AL SamsunFwFIA el
3t T YA SA A= ABI strainel] ZFHASH7} Q
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Figure 2. Photographic illustrations of tobacco leaves of two different
cultivars infected with CMV. a, cultivar Samsun: b, cultivar NC:
from A to D, tobacco leaves with increase in mosaic symptoms by
CMV infection.
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Percent distribution
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Figure 3. Distribution of mosaic symptoms on tobacco leaves
infected either CMV-Q or ABI strain. Percent distribution represents
the ratio of number of tobacco leaves with each disease symptoms
llustrated in Fig. 2 to total number of tobacco leaves counted.
Three plants at the same developmental stage were inoculated with
either Q or ABI strain.
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Table 1.
based on plant growth and disease symptoms

Analysis of transgenic lines to determine virus resistance

Transformant ~ Copy Relative growthb Resistant Jeaves(%)°  Resistance ¢
line No. ABI Q  ABI Q
SS-7 ? %H 100 71 93 HR
55-2 1-2 83 100 ™4 ND R
SS-11 1 8 100 50 90 R
SS-7R 1-2 84 95 % 70 R
SS-4 3 83 97 67 78 R
SS-8R 1 80 93 [§§) 100 R
SS-5 2 85 % 49 76 M
SS-9 3 72 100 69 ND M
SS-3 2 83 85 48 66 S
SS-3R 1 79 U 40 % S
SS-28 2 74 68 61 % 5
8S-27 ND 3 8 40 57 S
SS-4R 3 71 NDe 62 ND ND
NC610-1 1 80 97 5 60 HR
NC616-16 2 84 9 30 58 R
NCH24-6 1 83 9 46 60 R
NC3 3 81 23 42 65 R
NC616-20 2 76 % 45 76 R
NC616-8 1 73 86 73 59 R
NC616-10 1 72 86 %5 72 R
NC616-23 2 72 70 63 60 R
NC6I6-13 2 2 81 %5 64 R
NC616-19 1 69 86 8 o4 R
NCH7-14 1 91 91 B 51 M
NCB16-4 2 7 % 40 58 M
NCH7-1 1 76 9 40 55 M
NCBIG-6 ND 73 83 40 5 M
NC2 2 I 79 42 9] M
NC4 1 7 76 R 42 S
NCbB16-17 1 67 83 37 43 S
NC524-9 1 66 83 36 56 S
NCH07-16 2 351 82 37 53 S
NC616-1 1 bl 85 52 41 S
NCH07-3 1 61 7 46 59 S
NCH7-15 1 £0 93 47 52 S
NC616-2 2 60 87 42 63 S
NC616-21 ND 46 £9 18 66 S
NCBI6-5 1 42 69 20 36 S
NC524-8 ND 29 B%) 28 72 S

¢

3

strain®o} AR A 7L Als] ABI straino] Hw A AFe A

2= {37} 2 straine® Jephygoh =3

The second generation transformants that were self-fertilized in the first
generation(Tu).
b Relative growth represents relative plant height of CMV infected
transgenic tobacco compared to that of the non-infected.
The ratios of the resistant leaves were calculated using the equation

[({A+B)/(A+B+C+D)}) x 1]

Viral resistance were scored as highly resistant (HR), resistant (R),
moderate (M) and susceptible (S) based on the analysis of plant growth

and disease symptoms {%).
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Figure 4. Relationship between virus resistance and transgene copy
number of tobacco transgenic lines. HR, highly resistant: R,
resistant: M, intermediate: S, susceptible: 1-2 or ND, the transgenic
line containing 1-2 transgenes or not determined. The number shown

at the top of each bar represents the total number of transgenic
lines showing a designated viral resistancy.
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= ) §AM 84 Sl ABI straino] 79EL )
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u) = 7341 (S, susceptible) .2 ¢lxfH o g At F A+B
Us) 9144 Ajoisjed 240 YrYol BE) F4 AF
Lzl A+BY 9]
oderate) 0.2 ) 23T
P A M-S #Ag AHe
2] 3978 AEF 41%e] F3t= 167)
ATS Moz T&Zﬁa} T 9ldek 53 23 9 My
A9] Bl go] FAlo 7 AE(SS-7, NC610-1)-E I=A
4 (HR, highly resistant) 2.2 H-of3led dulzie] = &4
AZ(R)3} Fsie

Mpoleia 29 trehde 443 WAoE 9ud A
A3 Sohn =(1995)o] ToM©je] EAZ 500 mg/L
kanamycin &-f- wiz|o] A WolAA ZA & CPHHA AS
£ A2 vlastd CP f47e] Agol] wh& A4 Aol
AR F AUNTHFig. 4). &, CPHA} N7} St =)
= Aol nlHALR Fshe FAE Fed & U
=3

RNA gel blotS £8t CPSRX} bl 80|

o] =¥ CPHAArL BAS AT 5 9l
TZ2 A} 1 2oz 2] s}y $)sted HAA 5
A %4l SS-82] % RNAZ primer extensionS 44| &hs]ch
(Fig. 5). Primer exbensmn?ﬂ' A3} CP RNA2] HA} A2t
35S promoter?] TATAA box2H-E] 27 bp o)Al base A9}
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Figure 5. Determination of the
transcription start site for
CMV-ABI coat protein gene.
Primer extention analysis was
done with total RNA isolated
from transgenic line (SS-8). The
3'-terminus  sequence of CaMV
35S promoter was mapped at
left and the primer extension
product was located at right.
The asterisk indicates a major
transcription start site.
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Figure 6. Analysis of steady state levels of coat protein RNA in
transgenic tobacco lines. Equal amounts (20 ug/lane) of total RNA
were electrophoresed on formaldehyde agarose gel, blotted onto
Hybond-N* membrane and hybridized with *P-labelled CP probe.
Virus-resistance and transgene number of each transgenic line were
indicated in parenthesis successively. HR, highly resistant: R,
resistant: M, intermediate: S, susceptible.

oz Folgglt) Base A9 minor band:= 1 £)x|7)
base CRT} 27} o 712 73§ w primer extensionA|
RNA9| o|zh7zel 2l3le] ™ 7oz FAHY A3
AP A & base AZ. AFEH,
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Figure 7. Western blot analysis of Ti transgenic lines transformed
with coat protein gene. Leaf soluble protein (100 ug/lane) of wild
type (NC-CONTROL) and some transgenic lines were analysed by
western blot using anti-CMV CP mouse antibody. CP-Xa
represents coat protein cleaved by protease Xa.

AP4sh g4d A% A¥E uez HE CP
RNA 28 55 st (Fig. 6). s 2w (NC-

control) o} A= CP-frAizbef] a3l $1%|2] RNAZF H&
A kstovt 16702 FAAR A%F AP (R)A S84,
NC524-6, NC616-8, NC616-13, NC616-19, NC616-232 27+
A(M)el NC607-1, NC616-4, NC616-20, NC-3, NC616-16 £
11 A= ok 1 kb J =2 CP RNA7} &)= ¢ cHFig.
6a). ey, 7ZeAd(S)el S$S-28, NC524-6, NC616-17 = 3
AE3 1A (HR)el SS-7, NC610-1& CP RNA7Z} A
o] HE&HA ¢ Ao ey
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3(R)AEl NCOI6-132 <Jo]shijdo] HE =7 gkt
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YA o 2(CP-Xa)o| #Ae] yAdA3 A% CP

gl

e

A B ol A vebd 712 maltose-binding proteing- A
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o #
AB! strain®} HIZ} E4

CMV-ABI straine] gujjell 7Ztg=m % FF 6~8d o] |
v A FAGFEH Ealela FAba gEubA o] el
W7l AAst s Aal dwE E4e) hgHaA o] #Ey
AH(Fig. 2). o]2gt A2 Shintaku $(1992)2] ZA2}et o
Astodet w3 Aol o Wy oA EE A
of FAHALEY ol Ao JAHI IEHE A7)
dA ket oldt WA e £3hH e WL Citovsky(1993)
o] Agkes Mduseld 4 gtk F, upo|gasl Al
EAste Al7lofl WA Alsjo] o] W o Yafo] o
AF FA 7)o wholg)a QlAb7} Azl o2 H9)
2 o] %3 F BA7b oA Az 7R s W Ale] o3ty
H4os Ao 7hgsict
=3 £ dFelA ABIg Q straing] W YAE v]wslgd
uf, gl Akl (Fig. 1) Yok FAN|(Fig. 3)&
t+gt o ABI straino] Q strain®.o} WAl o] 7}bg CMVY

2 BT 4 Ak

o

2]

i

L

rir

£ A7 A AEE Adste 715 Hlde A
At A Aol v A A 9 WA HE
Z ol &t ot fAEE o dupolEadnt WA
2gg Awslr] fld AEe el AEE(0m et al,
1985: Cordrey and Bergman, 1979), %32}, %A (Agrios and
Walker, 1934) 52| HAE o] 43 AF& Fzsle] 243}
Ssi=

2 AW1EE 4] A5 vholeizel 9D B3
A Fe HF2AREE FAsgy w3 WA
e Qrope] WS Aalagieh £k wholeiz strainy
HAAS A st AFA4 BAA wlwA A straing
ARt olejat AxE Fgtsld ABI straine] 34
DAl FRjsln YA AHEY 2AE F N)F2E o
4ot dRoke FAA BA LX) AUAE AHAE
2i7h 7] wFol WAAT ATe] A By r1Ee

Rl |

¥ Aol etgstelel 44

A719] 71F o3 HAg FiH(Table 1), 39742) &2
A 41%el el 167 AEo] AR BHHY T,
o] F N AFL gzl WEle 24E Hol2 o
= A2 HIAAFTEYG A 58] T=AFA
2 PRIl FEIAT A oledt YA A
o2 =3 o727t Qg & Aoy ©ed] 2 A e
Follnt ST o Fuie) AYSH o] A YA
AR s wpdel AA WA Fo AHged

3

do 2 fo |d

5 A7,
et HPs o3

£ A7 22 vlelga AGY w7 E S sjae]e)
32 Zwol ok 2eht A7 AT At 6]
w3l RNA-mediated resistance$} protein-mediated
resistance 3o A o] 77k w7l S-S 0% 4 9ok

2 a7 s & A, vhojga A @ FUHAE
o|AE CP RNAZL o3 ZA&H9oy #RAAEIME=
CP RNA7} Z&5A ¢ko} CP RNAsH A8} 7te] A8
BAg 23T de CPRY AHS ARYelt 25
Dol B BAZ Ro)A) e A2 CP RNA
MRS Frl LA Aoz F=9uh RNAJ
A vz ES A A E7) vlola] A RNAE 3
2L =AM Lindbo et al, 1993: Smith et al,
AEAEH EAd] 23 ulel2ix RNA Ax}
A2 22 gene silencing (Mueller et al, 199)eo} 2|3}«
ol g A life cycled Wallgichs 714 $22 dyEo

%, AFAAZ (RN = FA4485 CPHA1e] RNA
dryake] A9igk uholaiA RNAZL szl A 24z CP
RNA¢}e] Avx)7] el CP RNA7} Eo]# g Has
71 AlZstAY daph A Ee] e x7] WA o] Holg
gt A Aoz wAsls dAos M9" £ 9o
gtk HAXEE CPHAAte] RNA wagko] 2|33 o
o wpelH A7t AYsiA geiztE AEAEY CP
TalH7] AlAste] vlely v Adsitet® FzbAq A
qas B g e ole fabgt ofAto] & e TE
A AFHR)ME Jepge). £ Q379 mxx 4]
|52 244 AEAY CP RNA7ZL #AEHA oA Fig
6, NC610-1), CP RNA7} 2al5 7 22 AR Jepygot
(Fig. 6, SS-7).

olefztE Axg FHE wf wpolaA o FA Aol ot
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