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ABSTRACT

Plant viruses of tobacco including tobacco
mosaic virus (TMV) and potato virus Y (PVY)
cause severe economic losses in leaf-tobacco
production. Cultural practices do not provide
sufficient control against the viruses. Use of
valuable resistant cultivars is most recommendable
for the control of the viruses. However,
conventional breeding programs are not always
proper for the development of virus-resistant
plants mostly owing to the frequent lack of
their

unwanted properties. Therefore, we tried to develop

genetic sources and introduction of
virus-resistant tobacco plants by transforming
commercial tobacco cultivars, NC 82 and Burley
21, with coat protein (CP) or replicase (NIb)
genes of TMV and PVY necrosis strain (PVY-
VN) with or without untranslated region (UTR)
and with or without mutation. Each ¢cDNA was
cloned and -inserted in plant expression vectors
with 1 or 2 CaMV 358 promotors, and introduced
leaf

tumefaciens LBA 4404. Plants were regenerated

into tobacco tissues by Agrobacterium

in kanamycin-containing MS media. Regenerated
plants were tested for resistance to TMV and
PVY. In these studies, we could obtain a TMV-
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resistant transgenic line transformed with TMV
CP and 6 genetic lines with PVY-VN cDNAs
In this
presentation, resistance rates, verification of gene

out of 8 CP and replicase genes.

introduction in resistant plants, stability of
resistance through generations, characteristics of
viral multiplication and translocation in resistant
plants, and 71esistance responses relative to
inoculum potential and to various PVY strains
will be shown. Yield and quality of leaf tobacco
of a promising resistant tobacco line will be

presented.

1. Introduction

In tobacc_o cultivation in Korea, diseases
caused by viruses are the most severe problems
in leaf-tobacco production and limiting factors
for improving leaf-tobacco quality. The yearly
PVY incidence reaches 5.1 % for burley tobacco
and 1.6 % for flue-cured tobacco, amounting
about 5,300 million bidéem Won (5.9 million
dollars). Also the quality of leaf tobacco is
degraded by the virus infection because infected
leaves have poor contents and physical properties
as raw material for cigarette manufacturing.
Economic losses caused by TMV exceed those
by PVY in flue-cured tobacco plantations alone,
amounting 5,800 million Won (6.5 million
dollars) a year. The disease incidence is 5.3% in
average, and leaf-tobacco yields decrease
approximately by 50% with 30-40 % leaf quality
loss if plants are infecied in early stages.

There are a vaﬁety of ways to control plant
viruses. In case of TMV, treatment of seedlings
with milk at transplanting, sanitation, and
removal of tobacco root debris. may be practical
control practices, but many times they are not
satisfactory in the full control of TMV. PVY is

transmitted by aphids in nature, and control
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methods other than resistance are related to
elimination and reduction of the insect vectors.
Various cultural and chemical methods to control
the insect vectors have been applied to be
unsuccessful in fully controlling PVY infection,
and thus use of resistant plants’ is regarded as
one of the most efficient and reliable control
methods.

In the breeding  of resistant crops, however,
Tesistant genc sources have not been readily
available for many viruses. Also very few
resistant cultivars bred have been extensively
cultivated for the control of virus diseases
because of inferior genes linked to target genes,
rendering other agronomic traits such as
qualitative and quantitative yield worse. .

Development in recombinant DNA techniques
in recent years has made it possible to
incorporate only target -genes into plants for
giving new single traits including disease
resistance. For virus resistance, viral genomes
have been mostly used to transform plants; they
are satellite RNAs, antisense RNAs, the whole
or portion of viral replicase, and viral coat
protein (CP) genes (Beachy, 1993). So far, a
varety of crops were transformed with viral
genes that show resistant to the viruses. Among
them, a few transgenic crops including squash
and papaya have been cornmercialized in recent
years. However, no fransgenic tobacco plants
were admitted for sale except in China where
virns-resistant tobacco plants are cultivating in

more than 2 million acres.

2. TMV-resistant tobacco

2.1 Gene construction and transformation.
During the past five years, we have tried to

develop transgenic plants resistant to TMV by

using TMV coat protein (CP) cDNA using several
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vector systems. Firstly we isolated the CP gene
by genetic engineering techniques, and transformed
tobacco leaf tissues. Regenerated plants were
tested for TMV resistance by the mechanical
inoculation of the virus. A number of
tested for

resistance by inoculating TMV, and 12 transgenic

transformed tobacco plants were

plants showed resistance to TMV infection,
having vector system of pSK 101 or pSK 103,
and Agrobacterium tumefaciens strain LBA 4404
or A281 (Table 1). Among these plants only one
plant to which the viral gene was introduced via
a plant expression vector of pSK101 and carried
by A. tumefaciens LBA 4404 showed high
resistance  to  TMV, symptom
development up to the seed harvesting time. The

delaying

constructed plant expression vector of pSK 101
was shown in Figure 1, consisting of Dral -
BamHI fragment from pBT1.3 containing TMV
CP gene and 3’ flanking sequence which were
inserted into the pBI121 at the sites of Smal
and Sacl. The
kanamycin-resistant NPTII gene, which can be

constructed gene contained

used to select transformants. The size of TMV
CP cDNA inserted in pSK101 plasmid was 434
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Table 1. Resistant regenerated transgenic tobacco plants

Transgenic plant No. Vector CP cDNA (bp) Agrobacterium Tobacco
121-0 pSK 101 434 LBA 4404 NC 82
121-4 pSK 101 434 LBA 4404 NC 82
112-0 pSK 101 434 A281 KF 109
112-2 pSK 101 434 A281 KF 109
112-5 pSK 101 434 'A281 KF 109
112-6 pSK 101 434 A281 KF 109
112-8 pSK 101 434 A281 KF 109
112-11 pSK 101 434 A281 KF 109
312-0 pSK 103 740 A281 KF 109
312-2 pSK 103 740 A281 KF 109
312-1 pSK 103 740 A281 KF 109




bp, which was deleted 50 bp at the 3’terminal
codon.

To confirm the presence of TMV CP cDNA
of transformants,
doubly treated with
including EcoRI and

in the nuclei chromosomal
DNA was
testiction endonucleases
HindII,
which was put to Southern blot hybridization. In
this experiment, TMV CP ¢DNA was detected in

the transformed plants, but not

extracted,

and electrophoresed in agarose gel,

in normal
tobacco plants, confirming that the viral gene
was introduced into the transformed plants.
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Fig. 1. Map of plant expression vector pSK plasmid.

2.2 Resistance of . transgenic tobacco plants

transformed with TMV CP gene.

As already mentioned, out of several resistant
regenerated plants transformed with TMV CP
121-0, was highly
resistant to TMV infection. In this transformed

genes, only one transformant,
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delayed
(symptoms were developed at the later stage of

plant, symptom development was
the infection), and only chlorotic spots appeared
on some of the upper leaves (Fig. 2). Viral
density was lower by 22-30 % up to 30 days
after inoculation in the diseased leaves of the
transgenic plant, compared with those of non-
transgenic plants, when they were assayed by
inoculation test on a local lesion host, Nicotiana
Xanthi-nc, However,
detected in healthy-looking leaves of the transgenic
plant inoculated with TMV,

tabacum cv. virus was
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Fig. 2. Symptom development on leaves of ‘transgenic tobacco (A) and  Nicotiana
tabacurn cv. NC 82 (B) at 6 weeks after inoculation.

2.3 Resistance of the 1st progeny (T)

Six transformants resistant to TMV including

the highly 121-0, were self-
fertilized, and seeds were harvested. They were
planted and inoculated with TMV-infected leaf
sap at 2-4 true leaf stages, and transplanted into
an isolated field In this
pg:rc;zntéges of resistant planis to the total plants

registant one,

experiment, the

inoculated were not more than 30 % at 3 weeks
after inoculation except the progeny of 121-0
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which showed 70.1 % of resistant plants (Fig.
3). The resistance incidence was maintained over
50 % up to the later stage of infection. Contrary
121-0, which
chlorotic spot symptoms, no symptom appeared

to the mother plant, showed

on the resistant T; plants of 121-0, even on

suckers, up to the later stage of infection.
However, among the plants showing no
symptom at the earlier stage of infection,

chlorotic spot symptoms and mosaic symptoms
appeared on leaves and on suckers, respectively,
at the later stages, which was termed as delayed
symptom development.

Virus was not detected in healthy-looking
leaves of resistant transgenic plants when leaf
sap was inoculated on the local "lesion host,
Xanthi-nc tobacco, and tested by serological
reaction using TMV antiserum. Howéver, virus
was sometimes detected in symptomless suckers.
As in the mother plant, TMV CP cDNA was
also detected in all the resistant transgenic plants,
suggesting that the inserted gene was inherited to
the progeny. )
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Fig. 3. Resistance to TMV in self-fertilized transgenic plants (Ty).



Table 2. Percentages of resistant plants according to generations of the resistant transformant (To),
121-0, 8 weeks after inoculation

Ti T Ts

Line No. % Resistance Line No. % Resistance Line No. % Resistance

1210R-1-1 523

1210R-1 30.7 1210R-1-2 30.9

1210R-1-3 88.5

1210R-2-1 93.8

1210R-2 203 | 1210R-2-2 76.8

1210R-2-3 67.4

1210R-3-1 67.4

1210R-3 579 1210R-3-2 97.0

' 1210R-3-3 68.2

1210R-4-1 70.3

1210R-4 65.1 1210R-4-2 69.0

1210R-4-3 80.7

1210R-5-1 100.0

1210R-5 57.0 1210R-5-2 62.3

121-0 588 1210R-5-3 38.7

| 1210R-6-1 99.0

1210R-6 60.6 1210R-6-2 68.3

1210R-6-3 62.6

_ 1210R-7-1 88.6

1210R-7 17.6 " 1210R-7-2 90.4

1210R-7-3 64.7

1210R-8-1 54.6

1210R-8 27.6 1210R-8-2 87.3

1210R-8-3 479

_ 1210R-9-1 58.8

1210R-9 31.9 © 1210R-9-2 61.8

1210R-9-3 94.3

1210R-10-1 75.7

1210R-10 264 1210R-10-2 78.1




24 The progeny analysis of transformed

tobacco plants.

Resistant T, plants were self-fertilized and the
properties of the TMV-resistant progenies were
investigated. In the T generation, transgenic
lines had 17.6 - 65.1% of resistant plants, among
which 4 lines had about the same resistant
plants as T; (Table 2). In the Ts only 3 out of
29 lines had less than 50%, and 5 lines had
more  than  90%  rtesistance  incidence.

It is not known why the TMV resistance of
the transgenic plants increased much in the T
generation. In the T, generation of the highly
resistance T3 lines, most lines were also highly
resistant, having more than 90% resistant plants,
indicating that the resistance lines may be stable
through the next generation. Especially 3 T,
lines had almost 100% resistance. This suggests
that these lines, at least in the T. generation,
can be used practically in fields for the control
of TMV.

In the Ts generation, neither main leaves nor
suckers of transgenic plants "without symptom
appearance” had positive serological reactions to

TMV antiserum as well as positive biological
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Table 3. Detection of TMV in grafted T, transgenic plants

Stock Scion Symptom appearance ‘
Stock Scion
NC82 1210R-4-3 + +
NC82 1210R-4-3 + -
NC82 1210R-5-1 + -
‘NC82 1210R-5-1 + -
NC82 . 1210R-5-2 + +(LC)
1210R-4-3 NC382 + +
1210R-4-3 NC82 - +
1210R-5-1 NC82 - +
1210R-5-1 NC82 - + B
1210R-5-2 NC82 +(LC) +

* LC: local chlorotic symptom (delayed symptom development).



responses of TMV inoculation assay on Xanthi-
nc tobacco. However, in a grafting experiment,
in which transgenic and non-transgenic stocks,
were inoculated with TMV and- grafted by
healthy scions, all non-transgenic plants showed
symptom development (Table 3). This aspect
suggests the mechanism of resistance may ' be
related to the . inhibition of TMV multiplication,
not to the block of TMV infection and movement.

2.5 Agronomic characteristics of transgenic plants,

In field conditions, no nbt_iceablc differences in
plant growth, flowering, plant shape, and number

of leaves of transgenic tobacco plants (Ts) from '

those of normal plants were noticed. Also there-
was no significant difference in leaf-tobacco
production, based on amount of yield and value
(reflecting leaf quality), between the transgenic
and nontransgenic healthy plants. Chemical
components of  transgenic tobacco plants (Ts)
were also similar to those of nontransgenic
healthy plants  (Table 4). This indicates the-
transgenic plants may not be different from the
normal NC82 tobacco except resistance to TMV

infection.
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Table 4. Chemical components (%) of transgenic tobacco plants (Ta)

. . _ Reducing Total .
1
Line Total alkaloids Nicotine Sugar (RS) Nitrogen RS/nicotine
ransgenic 32-39 29 16.0-16.3 2325 5.6-5.7
tobaqco i
NC82 30 2.7 --16.4 2.3 6.2
LSD NS NS NS NS NS

* NS: not significant at 1%

3. PVY-resistant tobacco

3.1 Gene construction and transformation.
Eight PVY-necrosis strain (PVY-VN) genes
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were used for the construction of recombinant
genes for PVY resistance (Fig. 3). They are
full-length CP, CP with no untranslatable region
(UTR), UTR (antisense), full-length replicase
(NIb), 5’-deleted NIb, 3°-deleted NIb, and ADD
mutant of NIb. The complementary DNA (cDNA)
of PVY-VN genes were synthesized through
reverse-transcription primed with oligo (dT) and
polymerization using RNase H-digested template
from isolated RNAs extracted from purified virus
particles. The cDNAs were cloned into plant
expression vector plasmids (pMBP1 or pMBPZ),
and introduced into tobacco plants by co-
culturing tobacco leaf disks with Agrobacterium
tumefaciens LBA 4404 containing the plasmids
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* T pimerE  AMEEI  FFHANreverse
transcription) 9} 3} (polymerization)©. 2 cDNA
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(PMBP1 == pMBP2)e] 223 3 Horsch
et al. (1983)9] Welo] A3} Agrobacterium
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FHARE EH) A E A (Nicotiana tabacum cv.
Burley 21)o] =314t}
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Poly 1;\
I 1557 369
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@ Untranslated CP mutant v—v : |
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I i ! @ 3’ deletion
GDD motif 2% -
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Fig. 4. Viral genes used for the development of PVY resistance



before plant regeneration, essentially based on
Horsch et al (1985).

Induction of callus and shoot formation were
solid Murashige and Skoog (MS)
medium supplemented with 2.0 mg/l benzylamino
and 200 mg/l sulfate as

selection agents. For root induction kanamycin-

done on

purine kanamycin
resistant rtegenerated shoots were transferred to
hormone-free MS  medium supplemented with
100 mg/l kanamycin. After root development (2
‘to 3 weeks), plantlets were transfeired to soil
into in a

and developed the whole plant

greenhouse. Transgenic plants resistant to PVY

WEA §719 shootd] FAL 20 mgl
benzylamino purine™ 200 mg/l kanamycin sulfate
£ 383 Murashige and Skoog (MS) 4] A
B zjoj A =P ow e §7]= kanamycin
o] A3}AJel shootE-E 100 mg/l kanamycino)
3-8 % hormone-free MS #j A4 S =)
2-3 F3 #g] wgo] o7 F HEAE

oo oli3lgion A g wrtA
L4dA Aok PVYel AP FFNG
2EAE AN $87A JIHeH FFE
AYZo oM ANFREAA ALSA FHTH
o] FZHE U HEAHE Tl 4N
BEstel AT @ & PVYS dF ARA

Table 5. Resistance of transgenic plants transformed with PVY-VN genes

Transformants (To) T T,
Gene
Access No. | Resistance characters | % Resistance Line % Resistance
CP-full length all susceptible symptoms - - -
" CPUL- 9 51
CPU1-27 51
CPU1-49 82
CP with no CPU1 no symptom 75.2 CPUL5S 33
UTR CPUI1-63 100
' CPU1-100 100
CPU2 no symptom 79.5 CPU2-1~9 74-99
CPU3 delayed symptom 34.7 not tested
Cliagzi.;egszm CPU-A1 no symptom 0.8 not tested
UTR antisense all susceptible symptoms - - -
Untranslated CP TGAI no symptom 75.0 TGA1-1~5 72-100
TGA2 no sympiom 16.7 not tested
mutant TGA3 no symptom 111 not tested
2NS-1 no symptom 76.7 INS-1-1~19 | 9-100
NIb-full length 2NS-2 delayed symptom 325 not tested .
2NS-3 delayed symptom 5.0 ‘ not tested
NIb-3" deleted | N3’-1~7 no symptom 0-65.7 in the process of test
NIb-5" deleted | N5’-1-3 no symptom 22.2-81.2 in the process of test
ADD-1 . no symptom 25.9 not tested
NIb-ADD mutant| ADD-2 no symptom 38.1 in the process of test
ADD-3 no symptom 18.5 not tested




were fully grown in a greenhouse and self-
fertilized to produce seeds. The progenies were
grown and tested for resistance to PVY in the
greenhouse,

3.2 Resistance of transgenic plants.

Regenerated plants were tested for resistance
to PVY by inoculating PVY-infected plant sap.
Resistant transformants were obtained from 6
genes out of 8 genes transformed; full-length CP
and antisense UTR had no resistance (Table 5).

Resistant plants had no or delayed symptom
development up to the later stage of infection.
diversified in the T,
generation, showing that the progenies of the

The resistance was

transformants with delayed symptom development
generally had lower percentages of resistant
plants. The T, progenies with CP (with mno
UTR), untranslated CP, full-length NIb, 3’-deleted
NIb, and 5’-deleted NIb contained lines of about
75 % resistance. These lines may be transformed
with 1 copy of the corresponding gene, and
segregated 3 to 1 in the Ty generation according
to the Mendel's law of segregation. Several T,
lines derived from these T, lines had 100 %

resistance, supporting the above hypothesis.

3.3 Verification of introduced genes in

transgenic plants. '

Polymerase chain reaction (PCR) analysis was
used for the detection of the introduced gene,
using the same primer sets for the genes. Two
primers derived from npfdl  gene
a 07 kb

fragment. And also two specific primers for

specific

sequences were used to detect
direct detection of each gene were used for PCR
analyses. The amplified DNA samples were then

fractionated by electrophoresis on 0.8% agarose

A4-& F939rh

32 FAAF A EH 2 AA.

HANE ABHE PVYS) 7Eh o =
AL HFW T PPRTE AR AYA
& ZARYS. 2 2F 8% PVY A
=¥ FAAHA F  full- length CPS}
antisense UTRE Ao E 6% HAABA )}
PVYSl AL ehldTh  (Table  35).

A QAN AR A TR
Al WA @AY WA gdel AAY
Atk T AN E Agale] RE=glsy)
HAE ToAlthel A HaAdo] we FAAPA
(delayed symptomo] v}eld 2EA)e] FEdjr)
AFAFgo] vA ekt T AielA e
CP (no UTR), untranslated CP, full-length NIb,
3’-deleted NIb, ¥ 5’-deleted NIbo] A=A 3F
ATEL 75 %9 AFAHFEL Bole A
TE0 ANEH olHF AZEL ovix 3
T FAATE 1 S7HA Ridel Eejo]
A ojs T AdlelA 312 Aol Bl
A gdvk AZEek oY@ Ty AESY T,
A e 100%9) AFHAFELS Rolxs AR
9] & AUk

33 478 NEA =98 §34 FFol.

=98 #Axe DNA ®4e olgd
primerE  ©]8-3}l4 polymerase chain reaction
(PCR) ¥4 WHo2 FAAEA ) =49 #
AAE HAAsAed, 2 § AAE pdl 3
AAZRH FHishe AoZ 0.7kb fragmemE 7
Aete ZAoln & ¥ A 299 §14
& A AAsHE primero]th. 2ZE DNA A
B 0.8% agarose gel AollM W7 dSete] A
Asigry. 2ZE DNA AEo] Wa wao



M+ -1

18

Fig. 5. Detection of PVY-VN NIb gene in the Tt transgenic plants by PCR analysis. M: 1

kb ladder,
1-18: resistant transgenic plants.

gel. Amplified product could be detected from
the all of the

showed no

resistant transformants which

symptom or delayed symptom
development and also in T; and T, the inserted
genes could be detected in resistant transgenic
plants by PCR analyses, but not from the
non-transformed plants (Fig. 5). This indicates
that the genes inserted were inherited to the

progenies.

3.4 Characteristics of resistance of transgenic

plants to PVY.

The transgenic tobacco lines (CPU1-63, CPUI1
-100) with CP with no UTR, which had 100 %
resistance in the T: generation, were further
tested for PVY resistance in the next generation
to examine the characteristics of resistance to
PVY infection.

No PVY disease occurred in T transgenic
the field up to 10 weeks after
mechanical inoculation (Table 6), as no symptom

lines in

was observed on main leaves and suckers of the
transgenic plants. This indicates that the transgenic
lines are homogeneous. In aphid transmission, no
transgenic plants were infected by PVY, while
15 out of 20 plants of Burley 21 were infected.

+: positive control, 1: negative control

(a healthy untransformed plant),

AAY A9 ¥ ddE B ZE AY
A ARG AEA A G W B FA4
AT LA=A dstch (Fig. 5. o=
Ao FAA 22 o =" vhold
28 fHA7F F AdzE FAHAE W
ehie Aozt ¥+ Ao

34 PAAF HEA 9 PVY dF AYA
54.

PVY2] CP (no UTR)Z FAM3E FAHE
Az AE (CPUL-63, CPUI-100)& T, Alth ol A}
100%9] AEgAFEL&L RPEH o5 ASL
o g og Audre A gdH o8 7+
A BHEE FAEAT

Ty AdoAe 418 AEAe ATHET
1053712 2gely} dolef] ofFyH FAS
el R 3 AFW BE AEACNA v
Aol EA % 100%9 AGAHAFLE Ve
At} (Table 6). olzist H-& FAXAF AEFol
FRAHog dYFS Wdse Aol AR
. ARE AE HPAME JFFAE AFE
2 2074 HF EUx ol EHZA 92 wiE ny
A21Ze) Burley 21& 20 7]A% 15 A7}



This suggests that the transgenic plants may be
stable in PVY resistance in natural growth
conditions, in which PVY is usually transmitted
by aphids.

Resistance of the transgenic lines to several
strains of PVY was also tested. All of the
transgenic lines tested showed similar responses

]
CAAAE T Y Ay

PVYe] ol E it o]Re2 Kol PVY A3
4 FEHE A% FUEY 93 Agme
= YEd Re

2 Azhgr
o] FAAH AFo] o8 71X PVY AE
2o dAME APHe YeieAs: =AM
23, ZE ¥FHE AFESo PVYY ARS

Table 6. Resistance of T; lines of the transformant with CP with no UTR tested by mechanical

inoculation and aphid transmission

Line % Resistant plants after mechanical inoculation (Infg:ft’gé‘/ii;;zﬁ::;smn
4 weeks 6-8 weeks 10 weeks plants)(%)
63- 1 100 100 100 0/20 (0)
63- 9 100 100 100 0/20 (0)
63-15 100 100 100 0/20 (0)
100-2 99 100 100 0/20 (0)
Burley 21 0 0 0 15/20 (75)

* Plants were mechanically inoculated with PVY-infected plant sap before transplanting.
* Three Myzus persicae adults for each plant were used for PVY transmission,

to 'PVY strains, they were not infected with
PVY-VN and PVY strain N (originated from the
Netherlands), but 1 to 3 and 1 to 4 out of 10
plants were diseased with strain NN from USA
and Chile strain, respectively(Table 7). However,
the symptoms caused by both strains were mild,
showing chlorotic spots. This suggests that the

of & FA13 vhe-S B = PVY-VNo
U MEIAE AF PVY-No| sjiE ®Ao)
THE A Fko} v]= AE PVY-NNo|u &
g AT gsiMe 10 AR 1348 wm=
1470 A7} ol HE At (Table 7). v} &z}
o F AT 4% 42 PPL oo Pz
gRre] Yvebgth. oleld AFE o5 YAy

Table 7. Resistance to the transgenic lines (T. 3) to PVY strains

Line No. of symptomatic/inoculated plants
VN N NN Chile
63- 1 o/10 0/10 1/10 ‘ 3/10
63- 9 0/10 0/10 1/10 ' 1/10
63-15 0/10 0/10 2/10 4/10
100-2 0/10 0/10 3/10 4/10
Burley 21 10/10 10/10 110/10 10/10

* Plants were mechanically inoculated with PVY-infected plant ‘sap.
* VN: from Korea, N: from the Netherlands, NN: from USA, Chile; from Chile



transgenic lines were resistant to all of the PVY
strains tested.

Other characteristics related to PVY resistance
were also examined. When the transgenic plants
inoculum
10°, 10°, 10%, and 10°
dilutions of infected plant sap, no plant showed

were inoculated with  different

concentrations, 2, 10,

symptom development at low as well as high
concentrations.
In a graft transmission experiment, PVY

infection did not occur in the resistant transgenic

plants grafted to Burley tobacco plants infected

with PVY. However, healthy Burley 21 plants
were rarely infected with PVY when they were
grafted to the resistant transgenic plants
inoculated with PVY. These results suggest that
PVY multiplication may be greatly inhibited in

the transgenic plants.

3.5 Usability of transgenic plants for the

control of PVY.

Agronomic characters such as resistance to
other diseases, growth status, yield and chemical
components wete investigated to determine the
usability of the transgenic plants in the practical
cultivation. ‘

All of the transgenic lines resistant to PVY
showed the same responses to other diseases
such as TMV, black shank, powdery mildew,
and bacterial wilt as the standard cultivar, Burley
21, of Korea (Table 8). Hypersensitive local
lesions were formed on inoculated leaves by
TMV at room temperature, while systemic necrosis
occurred at high temperature (over 28 C). They
were susceptible to major discases as Burley 21.
" Agronomic characters (stalk height, number of
leaves per plant, days to flowering, and mid-vein
rate) and yield of tobacco leaves were not

significantly different between Burley 21 and the

o) F8 BuE 4Ee

F A Ex l 2% PVY A% haiq A4
$ BY Rog Mz

PVY ] EH?} AgAn #dg o2 S4s
T A RAEHAEY, HF FEE €8sty
(o] 28z8.¢ 2, 10, 105 10°, 10°, 10°2 3
) AL dol HFEE7H Hedut
TeEddt TF WHEX ol FHEHe
oo HoaRAE 233 Aos ALHA
o} 3 HJERHE AP FAAEAY v
HAAEAQ] Bulley 21§ W&oz 3x HA
# H4E HEY F S PVYE HETY
A7 PFAAE HFoMe AF wH=zx &
gton HAXAF Ed Buley 2171 T
HEH Aole I8 Hda] WA #y
=9tk o2 A PVYS] Falo] HAA
g AEA AN s dAHARS Vehe
Aolg} sttt

35 PVY WAl B g4

dg 71X HEH 54, & ge
B AR, A S B S 2

MUelM HHHE AT .P,..g./g# 5’:/’\}6}9&‘4.

PVYd] AP ZE FHAE AFL
™V, e 9%, #7key (888) 2 43
of s REolm suale EF vi"]
Burley 213} 22 FA& HAFU} (Table 8).
A 25 Burley 213 o] TMVe] tis)]A
dZoAe AR 5 HE F4be] A3y
Beg Bgoy 1 (28T oPHeME A
YA}7} At Gon, THE FANEE B o
A BF Aoz el

}-—_7:125] _E;}Hoi A3 7“*“':'1‘ %);'._’ 7Hﬁ'c£
4, FEY % dwgvle] S FHHET
Burley 213} #94 e A7) gle ez
vbeElgth (Table 9). T3 du) oo 4 3
33 AR gHol= & Uz Fek



Table 8. Resistance of the transgenic lines (T;) to major tobacco diseases by artificial inoculation

. ™V Powder
) Yy . ;
Lines Normal High Temp. Black shank mildew Bacterial wilt
Burley 21 HR SN S S S
All transgenic :
lincs HR SN S S S
* HR: hypersensitive response (local lesion formation), SN: systemic necrosis.
S: Susceptible
transgenic lines resistant to PVY (Table 9). AAL &g, ALY Uzee v S5 2

Also major chemical components of tobacco leaf
were not different between the transgenic and
non-transgenic plants (Table 10). All of these
results suggest that there may be no additional
change of agronomic characters owing to the
gene transformation in this study except the
to PVY

methods for the transgenic lines may

resistance infection, and cultivation
follow

those for the original cultivar, Burley 21.

=3 BPAAEL F AE A7t
A gt} (Table 10). o2t RE Amg
B 2 dFoA Qe /FAAe] @A e
2 B4 PVYY Ulg AL AdFn
A48 gk Wt gl Aew Az,
ek ARE FF S 4 AEH
Hel W3k Qlojd FEAEG AEY AW
71%2] Burley 219] %3 AuHe] F3w =
Aot

i 2

Table 9. Comparison of agronomic characters between the transgenic lines (Ts) and Burley 21

] Stalk height Days to Mid-vein rate | Yield index relative to
Line Leaves/plant O
(cm) flowering (%) Burley 21
631 140 232 68 29.9 101
63-9 144 243 & | 303 98
63-18 146 232 68 30.4 98
100-2 145 236 69 30.9 101
Burley 21 - 144 233 68 29.6 : 100
LSD NS NS NS NS NS
4. Conclusion 4 4 E
The transgenic tobacco piants transformed with T™™V CP 1} PVY CP (no UTR) FAE 3
TMV CP and PVY CP (with no UTR) genes AAZE v AZax= Zzbo] ulo]g i

showed stable resistance to TMV and PVY,
respectively, through generations. All of the
resistant transgenic plants had the inserted genes,
indicating that the resistances were inherited to

the next generations. In the resistant transgenic

el ohS AAHA HPAL e Aol 2
A welFde. o€ A%y A 48
AN =R FHA} EADel SR
o olF XF4ol ge e AAHE A
& veiEe Aotk g4 QFAE 42



Table 10. Major‘ chemical components of leaves of the transgenic lines (Ts)

Line Aikafcj)it:sl %) Nicotine (%) Total nitrogen (%) | Total nitrogen/ nicotine
63-1 3.44 2.94 3.26 1.1
63-9 3.47 3.01 3.20 11
63-18 3.42 297 3.15 1.1
100-2 351 3.10 3.23 1.1
Burley 21 3.42 3.00 3.29 1.1
LSD NS NS NS NS
plants, viral concentrations appeared to be A vlelgiAe UWEJ)l w9 e AHow

extremely low, probably owing to the inhibition
of viral replication, so that symptom expression
might be very limited. Appearance of mild

chlorotic spot symptoms in some cases of
TMV-resistant transgenic plants also support that
the resistant mechanism may be related to the
inhibition of viral multiplication. The PVY-
resistant transgenic plants were not infected by
PVY through aphid transmission  and graft
transmission as well as mechanical inoculation,
and resistant to various PVY strains. All of
these results suggest that the resistance may be
stable in variable field conditions.

The TMV- and PVY-resistant transgenic plants

had similar agronomic characters (growth.
characteristics, yield, and resistance to other
major pathogens) to the original tobacco

cultivars, NC 82 and Burley 21. In this respect,

cultural practices may not be altered for
cultivating new transgenic lines, which may be
advantages of genetically engincered breeding
over conventional breeding. In case of PVY-
resistant transgenic plants in our study, various
lines with various genes other than PVY CP
(with no UTR) were developed. These lines may
be alternatives if there is any drawbacks in the
CP-transformed transgenic lines,

The resistant

transgenic  plants can be

UehgtEd ol ulolyae HAsl dAw
oz AQztsn olo] ulel WA WH@o] v
$ A¥HATT AL Fzke) TMV A
G4 FAAG JEAAA I3 FNZAo
HAEd ol Abde] o]s HEAY b
olgize] g AdAdr)Zto) Hhelg2e 24
QA Ao ASe ALAHT Yok PVY
AR FAAY dare ZAHIRY ol
ARG AGel s HE Add oA
= EHEA ¢ka, o 71R] PVY AZ S
el ME AEde BATh ol mE An
2 Nol of A4y A:e] Aol TP A
HANE otdEY RHog Br)

TMVL} PVYd] A4 A8 Jeae
5 oy 71X A2H 24 W% B4, e
F8 W tE AP AU 9z =2
Q] NC 822} Burley 217} ¥tle zloly} gl
Aoz eyl oy AHeld Az FA
Ago] T2 AT AFHA Wil 9L A
0.2 AZA=EEY ol J& % v 43
FeH sl 98 %29 o|Folgt QAR
o} 2 A7 PVY 434 ¥AA8 AE o
7§ PVY CP (mo UTR) ©|go|xE o7 717
FARAE AR APH FDAR A8}
MEEGt ol AERSe CPE FAHS
® AFC o4l 2AY A =4 g
& 9le Ao g WowE

NG ARG AE2HE vlo)gro] WA



effectively used for the control of virus diseases, . f8) _ﬁ-l}a‘] 02 AMG-E F oA Fuie
% Suiv FAE 198 5+ oy ¢
of tobacco, and to the stable leaf-tobacco Aol ¢ %HH A 719rE A=l 280
production. Also cultural control practices such ¥ & vt EF ulejz)x WAE 918 AF
as elimination of inoculum sources and pesticide & WA izl %8 WAE7) 98 F¢
sprays for controlling insect vectors can be X T WA wE wLS HAAG F
minimized, decreasing control cost and environmental - oW TR 9L Y F Yvhe AHo
problems. Ut

contributing to the increase of yield and quality

oé:i 4y mlru
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