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ABSTRACT

Brandle, J. E., Stobbs, L. W., and Gleddie, S. 1995. Resistance to a necrotic strain of potato
virus Y among Nicotiana species, somatic hybrids, and tobacco cultivars. Plant Dis. 79:152-
154.

Fifty-four tobacco cultivars, seven species, and four somatic hybrids were examined for resistance
to a Canadian isolate of potato virus Y necrotic strain (PVY™). Four cultivars were resistant
to infection: Virgin A Mutante (VAM), NC744, TN86, and PBD6. Virus was not detected
in inoculated plants by enzyme-linked immunosorbent assay, electron microscopy, or back-
inoculation to susceptible tobacco plants. Resistant plants were similar in appearance to the
healthy uninoculated controls. A single recessive gene from VAM is believed to be common
to the four resistant varieties. Havana 307, Wanda, and Wisana were tolerant to PVY" infection,
exhibiting mild mosaic symptoms with or without veinal necrosis, and similar in overall growth
to the healthy controls. All the registered Canadian cultivars tested were susceptible to PVYY
infection. Of the species tested, Nicotiana kawakami exhibited mild symptoms and reduced
virus titer and N. rustica L. var. NRT exhibited tolerance when inoculated with PVY". No
resistance or tolerance to PVY" infection was found in any of the somatic hybrids tested.
These results demonstrate that genetic resistance to PVY" is present both within the tabacum
genome and among its wild relatives. The utility of the sources of resistance is variable, however.

Potato virus Y strains with the poten-
tial to cause significant crop loss in
tobacco have been present in the United
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States for a number of years (6). Numer-
ous strains of the virus are known, and
recently, a European necrotic strain
(PVY™) was found in Canada (10,11).
Infected seed potatoes were identified as
one source of the virus and the impo-
sition of export quarantines on seed
potatoes led to substantial economic

losses to potato growers (10). Further-
more, tobacco crop losses directly
attributed to PVYN were reported to
exceed $1 million in 1989 (8).

Many members of the genus Nicotiana
and a large number of tobacco cultivars
and breeding lines of N. tabacum L. have
been screened for resistance to the three
prevalent American strains (MM, MN,
and NN) of PVY (6) and to other strains
found in Europe, South America, Africa,
and Asia (2,6,12,15). As a result of these
screening efforts, sources of resistance or
tolerance have been found among M.
tabacum cultivars and other Nicotiana
species. The inheritance of resistance has
been investigated in N. tabacum culti-
vars, but resistance found in species has
not. There has not been any report of
a systematic search for resistance to
PVY™. Given the destructive nature of
the disease, the identification of sources
of genetic resistance that can be used in
PVY" abatement is essential, and the
purpose of this work was to identify
potential sources that could be used in
a tobacco breeding program.



MATERIALS AND METHODS

Plant material. Fifty-four tobacco
cultivars, seven species, and four somatic
hybrids were screened for their reaction
to PVYY. The somatic hybrids were
between N. tabacum cultivar Delgold
and N. rustica var. NRT, N. debneyi
Domin., N. sylvestris Speg., and N.
glutinosa L. (14). Seedlings of the
tobacco cultivars and Nicotiana species
were germinated for 10 days on wet filter
paper in petri plates, then transferred to
5- X 5-cm peat pots filled with a 2:1 mix-
ture of sand and muck. Somatic hybrid
plants were grown from leaf explants of
existing hybrids. Leaves were removed
from greenhouse-grown somatic hybrids,
sterilized by soaking for 1 min in ethyl
alcohol (15.7 M) then 10 min in NaOCl
(0.07 M), followed by three rinses in
sterile distilled water. The leaves were cut
into 1-cm? pieces, and the resultant pieces
were placed abaxial surface down on MS
media (5) supplemented with 0.044 M
benzyl aminopurine (Sigma Chemical
Co., St. Louis). Four weeks later, plant-
lets were removed from the margins of
the leaf explants and transferred to
MSBS5 media (5) for rooting. Roots were
established within 4 wk, and plantlets
were transferred to potting medium in
peat pots as described for seedlings.

Virus. The Ontario tobacco isolate of
PVY"N was used in all inoculations (10).
This isolate is the predominant strain
occurring in tobacco and potato crops
in southern Ontario. A single-lesion iso-
late of the virus propagated through suc-
cessive transfers on Chenopodium
quinoa, was maintained in N. tabacum
cv. Harrow Velvet and used for all
inoculations.

Virus transmission. Virus inoculum
was prepared by triturating systemically
infected Harrow Velvet leaves (1:9 w/v)
in enzyme-linked immunosorbent assay
(ELISA) extraction buffer (4) and inocu-
lating onto Carborundum-dusted leaves
of 20 plants of each of the tobacco culti-
vars, species, and somatic hybrids. Plants
were maintained in the greenhouse (25
C) for 24 days, at which time symptoms
were recorded and plants were assayed
for virus.

Field studies. To observe any differ-
ences in symptom expression under field
conditions, a quarantine planting was
established at the Agriculture Canada
Animal Disease Research Institute farm
in Nepean, Ontario, in accordance with
Plant Health Directorate policy. Thirty
seedlings of each cultivar were sown in
a sandy-silt soil on 10 June in three
replicate groups planted in 30-m rows
with 1-m spacing between plants in each
row. Rows were 1.5 m apart. Plants were
rub-inoculated with PVY" when trans-
planted (10-wk-old seedlings), and stan-
dard agronomic practices were followed
(1). Rows were weeded manually. Virus
symptoms were recorded 20 September,
and foliage was harvested from each

plant for virus assays.

Virus assay. All inoculated plants were
tested using direct double-antibody sand-
wich ELISA (DAS-ELISA), as described
by Clark and Adams (4). A composite
sample of uninoculated leaves was taken
from each plant and triturated in ELISA
extraction buffer (4) (1.9 w/v). Inocu-
lated leaves were subsequently assayed
from symptomless plants in which
systemic movement of virus was not
detected by ELISA. A monoclonal anti-
body (P. Ellis, Agriculture Canada,
Vancouver, BC) prepared against the
Canadian isolate of PVY" was used in
all tests. All assays were performed in
Immulon 2 flat-bottomed Removawell
strips (Dynstech Laboratories, Alexan-
dria, VA) with 200 ml of reagent used
for each of the four steps. Two hundred
microliters of tissue triturates (tissue/
ELISA extraction buffer 1:19, w/v) were
loaded into three replicate wells for each
sample. Alkaline phosphatase (type 7,
Sigma) conjugated to PVY"/immuno-
globulin G at an enzyme/ protein ratio
of 2.5:1 (v/v) was added for 3 hr at 38 C.
Substrate absorbance was measured at
405 nm in a Eurogenics MPR-44 micro-
plate reader (DiaMed Laboratory
Supplies, Mississauga, ON, Canada).
Test samples were considered positive if
their absorbance values exceeded twice
that of healthy control samples.

RESULTS AND DISCUSSION

Fifty-four tobacco cultivars, seven
species, and four somatic hybrids were
screened for reaction to PVYMN. The
following cultivars were judged to be sus-
ceptible based on symptomatology (all
exhibited stunting, mosaic, mottling, and
veinal necrosis in greenhouse and field
trials) and positive ELISA values:
Belgique, Burley 21, Candel, Coker 371
Gold, Danya #3, Delfield, Delgold, Delhi
76, Delliot, Speight G28, Speight G102,
Speight G108, Speight G128, Gold Start
6007, Grande Rouge, Islangold, K 149,
K 326, K 340, K 394, K 399, KY 14,
KY 171, Kutsaga 110, Kutsaga E1, Little
Crittendon, McNair 944, NC37NF, NC
60, NC 82, NCTG51, NK5168, Newdel,
Nordel, Q269-5, RG 22, RG 8, Reams
158, S110, TB5-2, VS 16, VS 21, VS 3,
VS13, Va. 115, and Va. 116. The ELISA
absorbance values (A4gsnm) did not differ
significantly (P < 0.05) from 1.96 £ 0.25
recorded for N. tabacum cv. Harrow
Velvet PVY™M-infected control. Four
tobacco cultivars were resistant to PVY™
infection: Virgin A Mutante (VAM), NC
744, TN 86, and PBD 6. Virus was not
detected on any of the inoculated plants
by ELISA or in leaf dips examined under
an electron microscope. Plants were
identical in appearance to healthy unin-
oculated controls. Back-inoculation of
sap to susceptible N. tabacum Harrow
Velvet failed to produce infection.

VAM carries a single recessive gene
that confers resistance to a variety of

PVY strains (2,9). Two of the other
resistant cultivars, NC 744 (3) and TN
86 (12), also carry the VAM gene. The
breeding background of PBD 6 is
unknown. Havana 307, a cultivar that
is highly tolerant to the major U.S.
strains of PVY and to three other strains
from Chile, South Africa, and Hungary
(7), also was tolerant to PVY™, as were
two Polish cultivars, Wanda and Wisana.
Tolerant lines were characterized as
those with mild mosaic and reduced virus
titer with or without necrotic symptoms.
Absorbance values in ELISA did not
differ significantly (P < 0.05) from 0.38
=+ 0.28 for the three varieties. Tolerant
lines were not stunted and were very
similar in overall growth to the healthy
controls. NCTG51, a backcross deriva-
tive of NC602 (15) that was previously
found to be tolerant to the necrotic
effects of the PVY strain VAM-B and
the stunting caused by the NN and
Spanish strains, was not resistant to
PVYN. All of the registered Canadian
tobacco cultivars were susceptible to
PVYN. ELISA absorbance values did not
differ significantly from the infected
controls.

Tests of species demonstrated that N.
kawakami exhibited mild stunting and
slightly reduced virus titers with ELISA
(Assnm = 0.89 = 0.20). N. rustica var.
NRT was tolerant to PVY" infection,
with low virus titers (A4snm = 0.37 =
0.14) and no visible symptoms. Electron
microscopy confirmed the presence of
low numbers of virus particles in the sap
triturate of NRT. The remaining species,
N. debneyi, N. glutinosa, N. megalosi-
phon, Heurch. & Muell. and N.
sylvestris, exhibited varying levels of
stunting, mosaic, mottling, and veinal
necrosis with ELISA absorbance values
that did not differ significantly (P <<0.05)
from the infected controls.

Of the somatic hybrids, no resistance
or tolerance was found in the N. debneyi
X N. tabacum (HF7A, HF5, HFD21D),
N. rustica X N. tabacum (HDR4, HDR6,
HDRI14), N. sylvestris X N. tabacum
(HDS52, HD525, HD530), or N. tabacum
X N. glutinosa (HDG1, HDGS, HDG7)
hybrids, and ELISA absorbance values
did not differ significantly from the
infected controls.

These results demonstrate sources of
genetic resistance to PVY" in some
tobacco cultivars; however, one of the
sources, the VAM gene, may find limited
application in flue-cured tobacco
because of an association with poor
quality and increased susceptibility to
some insects (13). Sources of tolerance
were identified within N. tabacum, such
as Havana 307, and its introduction
should be possible. N. kawakami is
readily crossed with tobacco, and intro-
gression of tolerance genes from this
species also is possible. Although N.
rustica var. NRT was highly tolerant, the
somatic hybrids of this species and
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cultivated tobacco were not. It is possible
that this tolerance is recessive or multi-
genic or that the chromosomes carrying
the resistance factors were eliminated
during hybridization,
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