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ABSTRACT

Kim, J. W., Sun, S. S. M., and German, T. L. 1994. Disease resistance in tobacco and tomato
plants transformed with the tomato spotted wilt virus nucleocapsid gene. Plant Dis. 78:615-
621.

The nucleocapsid protein (N) gene was cloned from the tomato spotted wilt virus (TSWV)
Hawaiian L isolate. The 777-nucleotide N gene had 97 and 99% homology with a tomato
(CNPH1) and two lettuce (L3 and BL) isolates, respectively. Leaf disks of Nicotiana tabacum
cv. Xanthi nc and cotyledons of Lycopersicon esculentum cv. VF36 were transformed with
Agrobacterium tumefaciens harboring a binary vector with a chimeric TSWV N gene cassette.
Significantly lower numbers of local lesions and several days delay of symptom development
were observed when R, transgenic tobacco plants expressing the TSWYV N gene were challenged
with TSWV. The R, transgenic tobacco plants transformed to produce an antisense RNA
were as resistant as plants producing sense RNA. Only 50-80% of the transgenic tomato plants
became infected after mechanical inoculation with TSWV in the greenhouse. These results
demonstrate that expression of the sense or antisense RNA of the TSWV N gene can be used
in both tobacco and tomato plants to achieve genetically engineered resistance.

Tomato spotted wilt virus (TSWV)
causes important plant diseases in tropi-
cal, subtropical, and temperate regions
throughout the world which are virtually
impossible to control by conventional
methods. The host range of TSWV en-
compasses 500 species in more than 70
plant families that include important
ornamental, fruit, and vegetable crops.
In commercial vegetable crops, losses can
be extremely large due to an infection
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incidence of 50-90% (1,4-6,18,19,21,25,
36,38).

TSWYV, the type member of the Tos-
povirus genus in the family Bunyaviridae
(18), has 80- to 110-nm, spherical par-
ticles bound by a membrane acquired
from the host during maturation. Virions
are composed of four proteins (ca. 300,
78, 58, and 29 kDa): a putative poly-
merase (L), two glycosylated membrane
proteins (Gl and G2), and the nucleo-
capsid protein (N), respectively (31,37).
The genome consists of three single-
stranded RNA molecules of 2.9 kb (S
RNA), 4.9 kb (M RNA), and 8.9 kb (L
RNA).

The genome organization and gene
expression strategy have been established
based on the recently published nucleo-
tide sequences of genomic RNAs of the
Brazilian CNPHI isolate (10,11,15,26).
The L RNA has a large open-reading
frame (ORF) in the viral complementary
sense encoding the putative 331.5 kDa
polymerase protein (L) that is translated
from a subgenomic RNA (10). The M
RNA contains two ORFs, one in the viral
sense with coding capacity for a 33.6 kDa
protein (NSm) and the other in the viral
complementary sense that encodes a
124.7 kDa precursor for G1 and G2 (26).
The S RNA has one ORF encoding a
52.4 kDa protein (NSs) in the viral sense
and another encoding a 28.8 kDa nu-
cleocapsid protein (N) in the viral com-
plementary sense, and both proteins are
expressed by means of subgenomic
RNAs (11).

Coat protein-mediated protection
(CP-MP) has been reported for anumber
of different positive-strand viruses (2,34).
Since it was first demonstrated with to-
bacco mosaic virus in tobacco (Nicotiana
tabacum L.), CP-MP has also been
demonstrated for TSWV in tobacco,
showing that CP-MP can be used for
negative-stranded viruses (20,29,33).
Although no universal mechanism has
been accepted for CP-MP, data derived
from work with both positive- and nega-
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tive-sense viral systems indicates that the
resistance of transgenic plants may be
due to expression of RNA rather than
the accumulation of coat protein (9,16,
28,39).

We cloned the N gene from the
Hawaiian L isolate of TSWV and ex-
pressed it as a chimeric nuclear gene in
tomato (Lycopersicon esculentum Mill.),
a systemic host to TSWV, and N. taba-
cum cv. Xanthi nc, a local lesion host
to TSWV, to develop agronomically use-
ful resistance and to study the mechanism
of resistance to TSWV. Plants expressing
the N gene show delayed disease devel-
opment and reduced viral accumulation.

MATERIALS AND METHODS

Purification of virus and viral RNA.
The TSWV Hawaiian L isolate, origi-
nally obtained from lettuce, was main-
tained in Emilia sonchifolia (L.) DC. ex
Wight and propagated in Datura stram-
onium L. by mechanical inoculation.
Eight days after inoculation, TSWV was
purified based on the method of Gon-
salves and Trujillo (21). The viral gen-
omic RNA was extracted from purified
virus preparations by the method of
Chomczynski and Sacchi (7).

N gene cloning and sequencing. Two
cDNA libraries were generated by a
random priming method or by using a
synthetic oligonucleotide (5-ACAACTT
TTACGTCATCATG-3’) synthesized
based on the sequence of TSWV-CNPH]1
S RNA (nt 2,761-2,781) (11). Double-
stranded cDN A was synthesized from the
purified viral RNA as described by Gub-
ler and Hoffman (22). The blunt-ended
cDNA was ligated with PstI linkers and
inserted into the Pstl site of pBluescript/

RB

KS+ (Stratagene, La Jolla, CA). Fol-
lowing transformation of Escherichia
coli DH5e, colony hybridizations were
carried out using the synthetic oligo-
nucleotide as a probe. DNA was isolated
from selected clones (35) and sequenced
using Sequenase (USB, Cleveland, OH)
following the protocols recommended by
the manufacturer. The nucleic acid se-
quence data of both DNA strands were
determined using the Genetics Computer
Group program of The University of
Wisconsin (12).

Construction of plant transformation
vectors. The N gene sequence was iso-
lated from the clone pBS-NC4.5 that
contained a 1.5-kb insertion. The N gene
sequence was excised by PstI and Pvull
double digestion and blunt-ended by
mung bean nuclease. Plant expression
plasmids were derived from the pBI221
expression vector (Clontech, Palo Alto,
CA) by replacing the Smal-SstI DNA
fragment corresponding to the GUS se-
quence with the N gene sequence. The
Sstl site was made blunt-ended with
mung bean nuclease, and the vector and
the insert sequences were religated. Fol-
lowing transformation of E. coli DH5a,
both sense and antisense plasmids were
selected as pBI221-N46 and pBI221-
N112, respectively, based on the direc-
tion of N gene sequence with respect to

the direction of transcription. The DNA

fragment 35S-N-NOS was excised from
the expression plasmids by EcoRI and
HindIll double digestion. The EcoRI site
was blunt-ended, followed by HindIIl
linker addition. The HindIII fragment
containing the 35S-N-NOS chimeric
gene was then ligated into the HindIII
site of the pBI121 plant transformation
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Fig. 1. Construction of Ti plasmid vectors that express TSWV N gene in plants. Steps involved
in the construction of these vectors are described in Materials and Methods. RB and LB,
right and left border of T-DNA; NOS-p, nopaline synthase promoter; NOS-t, nopaline synthase
terminator; NPTII, neomycin phosphotransferase IL; 35S-p, cauliflower mosaic virus 35S RNA
promoter; GUS, B-glucuronidase; TSWV-N, tomato spotted wilt virus nucleocapsid protein
gene. The restriction enzymes are Hi, HindIIL; Sm, Smal; Ss, SstI; Er, EcoRI; Xb, Xbal;
Bm, BamH]I; Bs, BstXI; Ap, Apal; Ps, Pstl; Dr, Dral; Pv, Pvull.
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vector that contains an NPTII kanamy-
cin resistance gene and a GUS reporter
gene. This plant transformation vector
(pBI121-N46 and pBI121-N112) was
transferred from E. coli DHSa to
Agrobacterium tumefaciens LBA4404 by
triparental mating (13).

Agrobacterium-mediated transforma-
tion and regeneration of tobacco. Leaf
disks of N. tabacum cv. Xanthi nc were
transformed with A. rumefaciens carry-
ing sense and antisense constructs of the
TSWV N gene; and shoots were regen-
erated by the method of Horsch et al
(23) on a medium consisting of Mura-
shige and Skoog salts and vitamins (32),
3% sucrose, 6-benzyl-aminopurine (1.0
ug/ml), a-naphthaleneacetic acid (0.1
ug/ml), carbenicillin (500 ug/ml), kana-
mycin (300 ug/ml), and 0.2% phytogel.
The transformed shoots were transferred
to a hormone-free medium with carbeni-
cillin (500 ug/ml) and kanamycin (100
pg/ml) for rooting, and subsequently
transferred to soil.

Agrobacterium-mediated transforma-
tion and regeneration of tomato. Cotyle-
dons of L. esculentum cv. VF36 were co-
cultivated with A. tumefaciens carrying
sense and antisense constructs of the
TSWYV N gene in the presence of tobacco
feeder layer cells based on the method
of Fillatti et al (17). Cotyledons were then
transferred to 2Z regeneration medium
containing Murashige and Skoog salts,
Nitsch vitamins, 3% sucrose, zeatin 2
pg/ml), carbenicillin or ampicillin (500
ug/ml), kanamycin (50 ug/ml), and 0.2%
phytogel. The shoots were transferred to
a hormone-free medium with carbenicil-
lin or ampicillin (500 ug/ml) and kana-
mycin (50 pg/ml), then transferred to
soil.

Southern and Northern analysis.
Genomic DNA was isolated from to-
bacco and tomato leaves as described by
Doyle and Doyle (14). The purified DNA
(10 pg) was digested with HindIll, sepa-
rated by gel electrophoresis, blotted onto
Hybond N+ membrane (Amersham, Ar-
lington Heights, IL), and hybridized to
a “P-labeled N gene probe from pBS-
NC4.5 following the protocols of the
manufacturer.

Total RNA was isolated from tobacco
and tomato leaves using the method of
Verwoerd et al (40). The purified total
RNA (10 ug) was separated by formal-
dehyde gel electrophoresis, blotted, and
hybridized to an N gene probe as de-
scribed above.

Protein analysis. A leaf disk was
collected from individual transformed
plants, and double antibody sandwich
enzyme-linked immunosorbent assay
(DAS-ELISA) was performed initially to
screen for expression of the N gene using
polyclonal rabbit IgG against TSWYV.
Subsequently, ELISA-positive plants
were used for Western immunoblot an-
alysis. Leaf tissues were homogenized
with sodium docecyl sulfate-polyacryla-



mide gel electrophoresis (SDS-PAGE)
sample buffer, and 50-100 ug of total
soluble proteins were separated by 12.5%
SDS-PAGE (27) and electroblotted onto
nitrocellulose membranes. The immuno-
blots were reacted sequentially with
TSWV IgG and either radiolabeled '*I-
protein A (3) or nonradiolabeled protein
A (ECL method of Amersham).

Virus inoculation of transgenic plants.
Self-pollinated R, progeny plants from
10 transgenic tobacco lines and four
transgenic tomato lines were selected to
test the segregation of the N gene using
DAS-ELISA, and subsequently were
used for TSWYV inoculation 4-6 wk after
sowing. Inocula were prepared by grind-
ing systemically infected E. sonchifolia
leaves in phosphate buffer (0.033 M
KH,PO,, 0.067 M Na,HPO,) supple-
mented with 10 mM sodium sulfite. All
inocula were made fresh and kept on ice.
Eight to 12 tobacco plants (6-10 fully
expanded leaves per plant) were dusted
with Carborundum and inoculated with
inocula diluted 1:20. The local lesion
development was observed for 9 days.
Forty to 50 tomato plants were inocu-
lated three times with 1:10 inocula on
large leaves during a 2-wk period. Sys-
temic symptom development was ob-
served for 2 mo.

RESULTS

Cloning of TSWV N gene and con-
struction of expression vectors. cDNA
synthesis from the total viral genomic
RNAs of a TSWV Hawaiian L isolate
was carried out using two different prim-
ers. Using an oligonucleotide that was
synthesized based on the S RNA se-
quence of the CNPH1 isolate (nt 2,761-
2,781), we obtained clone pBS-NC4.5
with a 1.5-kbp inserted. Using the ran-
dom primed method, we obtained clone
pBS-RP5.3 with a 0.9-kbp inserted (Fig.
1). Sequence analysis of these clones
revealed that pBS-NC4.5 covers from
1,325 nt to 2,778 nt, and pBS-RP5.3
covers from 1,956 nt to 2,878 nt with
respect to the S RNA sequence of the
CNPHI1 isolate. Clone pBS-NC4.5
includes 160 bases of the NSs ORF, the
complete sequence of the intergenic
region (502 bases), the N gene ORF, and
15 bases at the 3’ end. Clone pBS-RP5.3
contains the complete N gene ORF with
31 bases at the 5° end and 95 bases at
the 3’ end. The two clones completely
overlap with respect to the N gene, yield-
ing a 777-bp ORF that encodes the 29K
nucleocapsid (N) protein. To confirm
that the clones contained an ORF en-
coding the TSWV N protein, in vitro
transcripts were produced using T7 poly-
merase after the clones were restricted
with EcoRV. These transcripts were
translated in vitro in a wheat germ sys-
tem. The results of these experiments
demonstrated that the 29K protein from
these reactions co-migrated with TSWV
N protein during electrophoresis and was
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Fig. 2. Comparison of the nucleotide and deduced amino acid sequences of the TSWV N
gene of TSWV-L (Hawauan), CNPH| (Brazilian), L3 (Bulgarian), and BL isolates. The complete
nucleotide and amino acid sequences of the Hawaiian L isolate are shown. Nucleotide and
amino acid changes in the other isolates are indicated above and below the correspondmg
Hawaiian sequences, respectively. Dots indicate identical nucleotides, and a star, termination
codons.

Table 1. Numbers of nucleotide (nt) sequence changes and amino acid (aa) changes among
TSWYV Hawaiian L, Brazilian CNPH]1, Bulgarian L3, and Batavia BL isolates

TSWYV L CNPHI1 L3 BL

L e 22 nt 12 nt 7 nt
CNPHI1 7 aa 13 nt 21 nt
L3 0 aa 7 aa v 18 nt
BL 3 aa 8 aa 3 aa
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selectively immunoprecipitated with an-
tiserum to TSWV (data not shown).
Clone pBS-NC4.5 was chosen for iso-
lation of the N gene. The DNA fragment
excised by Pst1 and Pwull restriction
enzymes was inserted into the expression
cassette vector, pBI221, to create a chi-
meric gene containing the 35S promoter
from cauliflower mosaic virus (CaMV)
and a polyadenylation signal sequence
from the nopaline synthase gene (NOS).
Both sense and antisense plasmids were
selected based on the direction of the N
gene with respect to the direction of tran-
scription. The sense plasmid was denoted
as pBI221-N46 and the antisense plasmid
as pBI221-N112. Ultimately, the 35S-N-
NOS chimeric construct excised with
HindIIl was inserted into the HindIII
site of the plant transformation vector
pBI121 flanked by a kanamycin resist-
ance gene (NPTII) and a GUS reporter
gene, resulting in pBI121-N46 (sense) and
pBI121-N112 (antisense) (Fig. 1).
Nucleotide sequence analysis. The in-
dividual nucleotide sequencing results
from the oligomer primed clone (pBS-
NC4.5) and the random primed clone
(pBS-RP5.3) showed a complete match

in the N gene ORF. The sequence of the
Hawaiian L isolate was compared to the
published sequence of the Brazilian
CNPHI (11), Bulgarian lettuce L3 (30),
and BL isolates (33) (Fig. 2). The
nucleotide changes among all four iso-
lates scatter evenly over the N gene ORF.
As summarized in Table 1, seven to 22
nucleotide base changes resulted in zero
to eight amino acid substitutions. The
three lettuce isolates (L, L3, and BL)
share 99% sequence homology in both
nucleotide and amino acid sequences
while having 97% homology with the
tomato isolate (CNPH1), suggesting that
all of these isolates are very closely re-
lated. Yet the tomato isolate is clearly
divergent from the lettuce isolates (L, L3,
and BL).

Expression of N gene in transgenic
plants. Leaf disks of N. tabacum cv.
Xanthi nc and cotyledons of L. escu-
lentum cv. VF36 were inoculated with
A. tumefaciens containing the pBI121-
N46 or pBI121-N112 binary vectors.
Transformed cells were selected for
kanamycin resistance and GUS expres-
sion. Forty-six transformed tobacco
plants and 54 tomato plants were trans-
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ferred to soil.

Genomic Southern blot analysis of the
tranformed plants revealed that 29
tobacco lines (60%) and 10 tomato lines
(19%) were positive for N gene integra-
tion. These trangenic plants contained
the expected 2-kb size HindIlI fragment
harboring the N gene cassette (Figs. 3A
and 4A). The copy number of the
chimeric N gene, as estimated by genome
reconstruction experiments, ranges from
one to five for all transgenic plants.
Twenty lines of transgenic tobacco had
the sense construct, and nine lines had
the antisense construct. In tomatoes,
only lines expressing the sense construct
were obtained. All the transgenic plants
were initially assayed histochemically for
GUS gene activity. Only 31% of tobacco
plants were GUS-positive, but all 10
tomato lines were GUS-positive. The 10
lines of tomato plants and 10 lines of
randomly selected tobacco plants were
chosen for further study for N gene
expression and viral protection assays.

DAS-ELISA of R, progeny of four
tomato lines and five tobacco lines with
the sense construct, and Northern
analysis of R, progeny of five tobacco

4642

4662
- 4641
4642
4645
 VF36

4653

Fig. 3. (A) Southern blot hybridization analysis of transgenic tobacco
lines for integration of the chimeric TSWV N gene cassette. One (N1)
and 10 (N10) copies of the N gene control were included for copy
number estimation. (B) Northern blot analysis of N gene transcripts.
TSWYV, S, and SN indicate the position of TSWV S RNA and N
gene subgenomic RNA, respectively. (C) Western blot analysis of
nucleocapsid protein produced in tobacco lines with sense (4604, 4605,
4608, 4621, and 4631) but not antisense (1123, 1124, 1125, and 1129)
constructs. Xanthi is wild type Nicotiana tabacum cv. Xanthi nc.
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Fig. 4. (A) Southern blot hybridization analysis of transgenic tomato
plants for integration of the chimeric TSWV N gene cassette. One
(N1) and 10 (N10) copies of the N gene control were included for
copy number estimation. (B) Northern blot analysis of N gene
transcripts, TSWV, S, and SN indicate the position of TSWV S RNA
and N gene subgenomic RNA, respectively. (C) Western blot analysis
of nucleocapsid protein produced in tomato lines with sense constructs.



lines with the antisense construct, indi-
cated that the N gene segregated at a
ratio of either 3:1 or 15:1, suggesting that
the parent R, plants contained one or
two loci of the N gene (Table 2).

Total RNA was isolated from trans-
genic plants and analyzed for N gene
messenger RNA (Figs. 3B and 4B). The
size of the chimeric mRNA is expected
to be the total of the 777-nt N gene ORF,
the 43-nt 5 leader sequence, the 173-nt
3’ untranslated region, and the poly-
adenylate residues, for a total length of
1.02-1.20 kb. Results showed that all of
the N gene mRNAs from individual
transgenic plants co-migrated with the
N gene subgenomic RNA, indicating a
length of 1.2 kb. Results of Northern
analysis indicated a difference in N gene
RNA levels (Figs. 3C and 4C) among
transgenic plants: tobaccos 4604, 4605,
4608, 4621, 1123, and 1125 expressed at
high levels and 4631, 1124, and 1129 at
low levels; tomato 4651, 4652, and 4654
at high levels and 4662 at low levels.

Expression of TSWV N protein in
transgenic plants was also confirmed by
Western blot analysis (Figs. 3C and 4C).
In tobacco plants expressing TSWV N
gene antisense RNA, TSWV N protein
was not detected. The plants expressing
sense TSWV N RNA produced a 29-kDa
protein that reacted to TSWYV antiserum
and co-migrated with the viral N protein
standard. The amount of N protein de-
tected in the R; progeny by immunoblot
analysis varied significantly among indi-
vidual plants.

Infection of transgenic tobacco and
tomato plants with TSWV. Transgenic
R, tobacco lines expressing TSWV sense
(lines 4604, 4605, 4608, 4621, and 4631)
and antisense (lines 1123, 1124, 1125,
1126, and 1129) N gene RNA were chal-
lenged by inoculation with TSWV. Six
to eight leaves from each plant were
inoculated with freshly ground TSWV-
infected leaves in buffer (1 g of leaves
per 10 ml of buffer), and symptom
development was monitored daily up to
9 days in the greenhouse (Fig. 5). In N.
tabacum cv. Xanthi nc, a local lesion
host of TSWV, necrotic localized lesions
were clearly visible on inoculated leaves
at 3 days after inoculation. Transgenic
tobacco plants expressing N protein
showed a lower number of localized ne-
crotic lesions initially than did wild-type
tobacco plants and required 2-3 days
more to express the same number of local
lesions as wild-type plants. The levels of
N protein in transgenic plants as judged
by the intensity of signals from Western
blots did not correspond with the degree
of protection from TSWYV infection. In-
terestingly, the antisense tobacco plants
had fewer localized lesions than did the
sense tobacco plants, and again the
Northern blot signal level did not cor-
respond with the degree of protection
from virus infection.

Transgenic R tomato lines expressing

TSWV N protein were also mechanically
inoculated with TSWV. To ensure that
infection occurred, tomato plants were
inoculated three times during a 2-wk
period. L. esculentum cv. VF36 is a
systemic host for TSWV. After the first
inoculation, symptom development was
monitored for 8 wk (Fig. 6). Three weeks
after inoculation, all the control to-
matoes showed typical systemic symp-
toms of TSWV infection. Less than 10%
of the transgenic tomatoes showed symp-
toms at 3 wk; and at 8 wk after inocu-
lation, only 50% of the plants were in-
fected by TSWV. Only 30% of line 4652
became infected. DAS-ELISA of these
plants showed that the absence of symp-
toms corresponded with the lack of virus
accumulation.

DISCUSSION

Comparison of the TSWV N gene se-
quence among four different isolates
showed that the tomato isolate (CNPHI1)
(11) is different from lettuce isolates (L,
L3, and BL) (24,33). The amino acid
changes in the tomato isolate at numbers
42, 50, 88, 187, 230, and 255 are inde-
pendent from the amino acid changes of
the lettuce isolates at numbers 124 and
199, except that both types of isolates
showed a difference at number 213. It
has been reported that different isolates
of TSWV have different serological re-
lationships against either polyclonal or
monoclonal antibodies directed to nu-
cleocapsid proteins (8,41). The above
demonstration of amino acid changes be-
tween tomato and lettuce isolates could
be used to differentiate TSWV isolates
in a more defined manner. Interestingly,
the tomato isolate uses the opal termi-
nation codon (UGA), and the lettuce
isolates use an ochre termination codon
(UAA).

After inoculation with TSWYV, disease
development in transgenic plants ex-

pressing TSWV N protein was different
from that in the control plants. A smaller
number of necrotic localized lesions de-
veloped in the transgenic tobacco plants
compared to the control plants, and there
was a 2- to 3-day delay in reaching a
similar number of local lesions in some
transformed plants compared to control
plants. The antisense transgenic tobacco
plants developed similar lesion numbers
to the sense transgenic tobacco plants
when inoculated with TSWV. This is an
interesting result because the antisense
RNA to the TSWV N gene is the same
as the N gene compliment in the viral
RNA strand.

The R, tobacco plants were analyzed
for the segregation of N gene to identify
the genetic characteristics of their parent
R, plants (data not shown). The homo-
zygous R, plants showed higher expres-
sion of N gene mRNA than did hetero-
zygous plants, and the local lesion num-
bers of the homozygous plants were less
than those of the heterozygous plants in
tobacco with the sense construct, sug-
gesting a positive correlation between
mRNA level and resistance. However, in
antisense transformants, there was no
relationship between homo/heterozy-
gous tobacco lines and the antisense N
gene transcription level.

Four lines of transgenic tomato were
challenged with TSWV. At 5 wk after
the first inoculation, all of the control
plants were infected systemically, but less
than 50% of the inoculated plants from
three transgenic lines (4651, 4654, and
4664) were infected, and only 23% of line
4652. The nonsymptomatic transformed
tomato plants were maintained without
observing further virus symptoms for up
to 8 wk. High expression of the coat
protein is not necessary for the higher
protection from virus infection, but low-
expressing plants showed lower protec-
tion. Since the N gene mRNA is com-

Table 2. Segregation of the TSWV N gene in the progeny of self-pollinated tobacco and tomato

plants and chi-square (x?) analysis

2¢ 2¢

Transgenic X X
plant +N* —N° @3:1) (15:1)
Tobacco
4604 53 22 0.63
4605 109 8 20.22 0.01
4608 90 10 12.00 1.75
4614 58 17 0.28
4621 82 39 3.59
4631 73 27 0.21
11203 25 0 7.89 1.82
11204 85 15 5.33 11.30
11205 98 21 3.61
11206 102 23 2.74
11209 52 17 0.01
Tomato
4651 47 19 0.32
4652 36 9 0.32
4654 34 13 0.11
4662 47 22 1.95

*+N = progeny that express the N gene.

®—N = progeny that do not express the N gene.
¢ x? of 3.84 is significant at the 0.05 probability level.
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and development of systemic symptoms was observed for 8 wk.
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plementary to the 3-prime end of the
TSWYV S RNA, it could act by inhibiting
transcription from the viral template.
Our results are consistent with the RNA-
mediated resistance described for TSWV
in systemically infected tobacco (9).

We demonstrate here that a major
vegetable crop, tomato, expressing the
TSWYV N gene is resistant to TSWV in-
fection in greenhouse conditions. Field
trials of these tomatoes will be required
to demonstrate the practical nature of
this genetically engineered resistance.
Previous reports on N gene mediated
protection of tobacco plants from TSWV
infection covered exclusively the protec-
tion responses of systemic hosts (20,29).
This study documents similar protection
responses in a local lesion host.
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