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Abstract

Veinal necrosis of tobacco leaves caused by Potato virus Y (PVY) is a disease of
major economic importance. The appearance of new virus isolates, capable of
breaking the resistance of tobacco, prompts the investigators to search for sources
of resistance among wild species of the genus Nicotiana.

A total of 96 entries, including 68 species, autotetraploid forms and botanical
varieties were screened for resistance. The tests comprised six isolates which be-
longed to three groups, PVYNW, PVYNZ and PVYNTN, that differed for their
serological characteristics and for their ability to break resistance from different
sources. The plants were mechanically inoculated in the greenhouse. Records were
taken of developing disease symptoms and DAS-ELISA tests were performed using
two kinds of antibodies manufactured by Bioreba.

The Nicotiana species varied extensively for their resistance to the isolates used.
The highest number of resistant species was found within the section Paniculatae.
Nicotiana raimondii, diploid and tetraploid forms of N. knightiana, as well as
tetraploid N. glauca were found completely resistant. Nicotiana benavidesii, N.
wigandioides and N. noctiflora were also highly resistant. Among the species of the
subgenus Petunioides only N. africana showed resistance to all isolates. The other
species became infested to various degree depending on the isolate used and they
developed symptoms that varied in appearance and intensity.
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Introduction

The genus Nicotiana ranks sixth largest in number of the Solanaceae family with
70 naturally occurring species. Based on the systematics developed by Goodspeed
(1954) which took account of the differences in general morphology, trichome
anatomy, karyotype analysis and chromosome behaviour of interspecific hybrids,
as well as in geographical distribution, the genus was divided into three subgenera
and 14 sections. Newly discovered species were subsequently added to the classifi-
cation (Burbidge 1960, Chase et al. 2003). In the recent years, molecular methods
both confirmed the correctness of the manner in which Goodspeed placed the spe-
cies in individual sections and also allowed the verification of some erroneous
placements. Based on those new findings, a new systematics was developed in
which division into subgenera was discarded, and only sections were retained
(Knapp et al. 2004). The majority of the species of Nicotiana are native to North and
South America and some are indigenous to Australia and Pacific islands. There is
only one African species of Nicotiana which originates from isolated mountainous
areas in Namibia (Merxmüller and Buttler 1975). Their extensive area of origin as
well as different evolutionary pathways make the Nicotiana species an extremely di-
versified assemblage of plants. As such, they provide an excellent source of varia-
tion for the gene pool in Nicotiana which, due to the long-standing breeding
process, is becoming increasingly narrow.

Nicotiana species are extensively exploited in genetic and botanical research and
they provide a vast reservoir of genes that confer resistance to fungal, bacterial and
viral diseases. One of the major virus diseases in tobacco is brown veinal necrosis
caused by necrotic strains of Potato virus Y (PVY). The necrosis of veins interferes
with the transport of water and mineral salts to leaf tissues while the necrosis of
the leaf blade reduces the assimilation area and photosynthetic capability and also
restricts gaseous exchange thereby affecting the growth of plants (Wen et al.
1999). As a result, quality of commercial leaf is reduced and metabolic pathways
are negatively affected leading to increased nitrate content in the leaves (Verrier et
al. 2001). Breeding for resistance that utilizes available sources of resistance is the
most efficient method to control the disease. The most widely used is resistance
controlled by a single recessive gene, referred to as va, an X-irradiation-induced
mutation produced by Koelle (1961) as well as by its allelic forms (Wernsman
1992, Ano et al. 1995). A similar mechanism of resistance obtained as a result of
mass selection is present in many cultivars grown in different countries (Carsten
and Seehofer 1960, Doroszewska 2008). Unfortunately, that resistance is not ef-
fective against new isolates which belong both to PVYNTN and to PVYNW groups
and which have been arising with increasing frequency across the world (Doro-
szewska and Verrier 2004, Doroszewska 2008).

Consequently, the most important task is to search for new sources of resis-
tance which would be effective against all isolates. The objective of this study was
to evaluate the resistance of Nicotiana species to different PVY isolates to benefit
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the needs of tobacco breeding and to contribute to the description of the bio-
diversity of those species.

Material and methods

The study comprised 96 entries including 68 species of Nicotiana and their
seven autotetraploid variants, 12 botanical varieties of N. rustica and nine botanical
varieties of N. tabacum. All tested accessions came from the collection maintained
at the Institute of Soil Science and Plant Cultivation in Puławy. Testing for resis-
tance was done in the greenhouse under natural sunlight condition during the sea-
sons 2007-2009, starting from March each year. The seeds were sown each entry
into a single pot, the plants were grown until a 3rd–4th leaf stage, and repotted sin-
gly into pots filled with peat growth medium. The inoculation was done at a 5th–6th

leaf stage. In order to prevent possible infection with Tobacco mosaic virus (TMV),
the cv. ‘Samsun H’ showing hypersensitive response to TMV and, at the same
time, highly susceptible to all PVY strains was used for PVY multiplication and iso-
late preparation. Juice from ‘Samsun H’ plants infected with serologically-identi-
fied PVY isolates was rubbed into carborundum-dusted leaves of the tested
entries. The inoculated plants were kept from direct sunlight for 48 h following in-
oculation. Observations were made two times and records were taken of develop-
ing disease symptoms. Following four weeks after inoculation leaf samples were
taken to measure the virus concentration. DAS-ELISA tests were performed using
monoclonal antibodies against necrotic PVY strains (MoAbs antiYN) – IgG112712,
referred to as ELISA 2 and manufactured by the company Bioreba (Gugerli and
Fries 1983). Plants of ‘Samsun H’ were used as positive control and plants of the
respective entry not exposed to the virus as negative control.

The tests were conducted on 30 plants of each entry with five plants being inoc-
ulated with a single isolate. A total of six isolates from the one’s own collection be-
longing to different PVY groups were used:

PVYNW(–) – isolated from a susceptible cultivar (Doroszewska 2008), does
not overcome major resistance sources of va type in tobacco and is not detectable
by monoclonal antibodies (MoAbs antiYN),

PVYNW(+) – isolated from a resistant cultivar, overcomes va resistance in to-
bacco (Doroszewska 2008); it is not detectable by monoclonal antibodies (MoAbs
antiYN),

PVYNZ – virulent necrotic (Gajos 1971), overcomes resistance of most tobacco
cultivars, does not infect potatoes (Chrzanowska and Doroszewska 1997) which
accounts for its low incidence in tobacco fields; it is detectable by two kinds of
Bioreba-manufactured antibodies,

PVYNTNPol(–) – isolated in Poland from a susceptible cultivar (Doroszewska
2008), does not overcome va resistance, detectable by two kinds of Bioreba-manu-
factured antibodies,
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PVYNTNPol(+) – isolated in Poland from a resistant cultivar (Doroszewska
2008), overcomes va resistance, detectable by two kinds of Bioreba-manufactured
antibodies,

PVYNTNGe(+) – isolated from a resistant cultivar in Germany within CO-
RESTA Sub-Group Collaborative Study on Potato Virus Y (Doroszewska 2007),
overcomes va resistance, detectable by two kinds of Bioreba-manufactured anti-
bodies.

Results

Results of testing for resistance of all 96 entries are presented in Table 1 ar-
ranged in accordance with systematic position of species (Goodspeed 1954, Bur-
bidge 1960, Merxmüller and Buttler 1975, Chase et al. 2003).

Depending on the species involved and the challenging PVY strain the tested
species varied for the degree of their resistance to PVY and for the symptoms de-
veloped.

Listed as the first by Goodspeed (1954), the subgenus Rustica comprises three
sections: Paniculatae, Thyrsiflorae and Rusticae.

Currently, in the section Paniculatae are classified eight 24-chromosome species
(Chase et al. 2003) indigenous to South America (Bolivia, Argentina, Chile and
Peru). Seven of them were tested for PVY resistance. The majority of the species
showed resistance to the isolates used in the tests (Table 1). Nicotiana raimondii, N.
knightiana and its tetraploid variant as well as the tetraploid form of N. glauca did
not develop any disease symptoms nor was the virus detectable using the sero-
logical method. Diploid N. glauca did not develop disease symptoms, but the pres-
ence of the virus was confirmed by ELISA in the plants challenged with PVYNZ.
High resistance was also shown by N. benavidesii – infected solely by PVYNZ – and
somewhat lower by N. cordifolia and N. solanifolia as the latter two resisted only
three isolates. The tested species did not develop vein necrosis. If produced by a
challenging isolate, the symptoms were confined mainly to chlorotic spots and
rings or vein clearing in the plants of N. paniculata, N. solanifolia, N. benavidesii and N.
cordifolia.

Nicotiana thyrsiflora, a 24-chromosome species, was discovered in the northern
part of Peru and is the only representative of the section Thyrsiflorae. It responded
with vein clearing and with chlorotic spots to the majority of the isolates, with only
PVYNZ producing necrotic spots (Table 1).

Nicotiana rustica, the sole species in the section Rusticae, is widespread in the
world due to its previous cultivation, although its origin reaches back to South
America. It is a 48-chromosome form. Out of 12 botanical varieties of N. rustica
tested in the study, three were challenged with six isolates and the remaining nine
with only three isolates (Table 1). None of the varieties showed complete resis-
tance although N. rustica var. brasilia and N. rustica var. pumila were found the least
susceptible. The responses varied with the isolate used. The most frequent symp-
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toms included chlorotic spots and vein clearing. Less frequent were necrotic spots
or mosaic-like discolorations.

Tabacum is the second subgenus and it is represented by two sections: Tomen-
tosae and Genuinae.

The section Tomentosae comprises six 24-chromosome species naturally occur-
ring in the eastern Andes in South America. All species of the section were in-
cluded in PVY resistance tests (Table 1). Nicotiana otophora and N. setchelii resisted
the challenge of three isolates: PVYNW(–), PVYNTNPol(–) and PVYNZ, and the re-
maining isolates produced vein clearing and chlorotic spots. Nicotiana tomentosa,
challenged with three isolates, succumbed only to PVYNZ. Nicotiana tomentosiformis
and N. kawakamii turned out to be resistant only to PVYNW(–) and they responded
with chlorotic spots, vein clearing and even with vein necrosis to the remaining
isolates. Within that section, N. glutinosa was the most affected species.

The section Genuinae contains only one 48-chromosome species N. tabacum, but
it comprises a large number of botanical and cultivated varieties. The species is a
natural allopolyploid which arose through interspecific hybridization. The progen-
itors of cultivated tobacco include members of the section Tomentosae and N.
sylvestris. Nine botanical varieties of N. tabacum were tested (Table 1) but only N.
tabacum var. xanthi was exposed to all six isolates. All varieties responded with ne-
crotic symptoms along with chlorotic spots and vein clearing resulting in a rapid
death of plants.

The genus Petunioides is the third named by Goodspeed. At present, it comprises
60 species classified in six sections. Because of such a large number of species that
subgenus is characterized by vast morphological, genetic diversity and also by di-
verse geographical distribution. Number of chromosomes for individual species
varies from 18 to 48. The subgenus is represented by polyploid and aneuploid
forms.

The section Undulatae is made up of three species: N. undulata, N. arentsii and N.
wigandioides, which come from Bolivia and Peru. The former two were infected by
the six isolates and responded mainly with vein clearing and chlorotic spots. In
contrast, N. wigandioides, challenged only with two strains, PVYNW(+) and
PVYNTNPol(+) turned out to be resistant to both (Table 1).

The section Trigonophyllae is represented by two species, N. trigonophylla and N.
palmerii, originating from Mexico and southern United States. Goodspeed (1954)
classified them as two separate species but Wells (1960) recognized N. palmerii as a
subspecies of N. trigonophylla. In addition, molecular studies showed both species
to contain identical sequences of plastid DNA and nearly identical sequences of
nrDNA ITS (Clarkson et al. 2004). Both species were included in the tests for re-
sistance and both became infected developing vein clearing. The tetraploid variant
of N. palmerii developed vein clearing and chlorotic spots (Table 1).

The section Alatae contains nine species with a chromosome number from 18 to
24. They are native to South America and are to be found specifically in Argentina,
Bolivia, Paraguay, Uruguay and Brazil.

Seven species as well as tetraploid variants of N. sylvestris and N. alata along with
two botanical varieties of N. alata, were tested for PVY resistance (Table 1). Both
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variants of N. sylvestris were susceptible and developed the same symptoms of vein
clearing and vein necrosis following exposure to PVYNW(–), PVYNZ and
PVYNTNPol(–). The remaining three isolates produced mainly leaf distortions and
mosaic-like discolorations. Nicotiana plumbaginifolia did not show disease symp-
toms when challenged by the three above-mentioned isolates but the ELISA tests
detected the presence of the virus in all plants inoculated with all six PVY isolates.
All variants of N. alata responded with chlorotic discolorations which very often
ran along the veins. The symptoms developed by the remaining species varied de-
pending on the isolate used.

The species of the section Repandae come from Texas, Mexico and from the
neighbouring islands. They contain 48 chromosomes in their somatic cells. Three
species along with a tetraploid variant of N. repanda were tested. All were suscepti-
ble responding mainly with mosaic-like discolorations, chlorosis and necrosis (Ta-
ble 1).

The section Noctiflorae is composed of five 24-chromosome species of which
only two are to be found in the collection of Puławy and those two were inoculated.
Nicotiana noctiflora did not succumb to any of the isolates used. Nicotiana petunioides
resisted PVYNW(–), PVYNW(+) and PVYNTNGe(+). When challenged with
PVYNZ it did not develop symptoms, but the MoAbs antiY antibodies detected the
presence of the virus in the sap (Table 1).

The section Acuminatae contains eight species with 24 chromosomes each. They
originate from South America and from the United States. Six of the species were
tested for resistance (Table 1). PVY symptoms varied with the species involved
and with the challenging isolate but chlorotic spots prevailed. Severe infection was
produced by the isolates PVYNW(+), PVYNTNPol(+) and PVYNTNGe(+) resulting
in the development of necrosis in the majority of species.

Of the two 48-chromosome species that belong to the section Bigelovianae, N.
bigelovii is native to California and N. clevelandii originates from the south-western
United States and from the south-eastern part of Mexico. Both species were found
to be susceptible to all PVY isolates, and especially N. clevelandii which developed
systemic infection following exposure to PVYNTNPol(–) and PVYNW(+) with total
necrosis and death of all plants as a result (Table 1). Symptoms developed by N.
bigelovii varied from variety to variety and N. bigelovii var. wallacei was the most se-
verely affected developing acute systemic symptoms following exposure to all six
isolates.

The sole species of the section Nudicaules, N. nudicaulis originating from
north-western Mexico, was infected by all six PVY isolates.

The section Suaveolentes is the largest section in the genus Nicotiana. It contains
27 species the majority of which are indigenous to Australia and to several
off-shore islands of the Pacific. One species comes from Africa. Such a large num-
ber makes the species extremely diversified phenotypically and genetically. Chro-
mosome number for that group ranges from 32 to 48.

A total of 22 species and one tetraploid variant of the section Suaveolentes were
included in testing for resistance to PVY (Table 1). An array of symptoms was ob-
served depending on the species and the challenging isolate. Nicotiana ingulba was
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found very sensitive, responding with severe necrosis when exposed to PVYNZ and
with systemic symptoms and plant death following inoculation with
PVYNTNPol(–). Challenged with PVYNW(+) and PVYNTNPol(+), N. excelsior and N.
rosulata also responded with systemic infection. It is only one species, N. africana,
that was completely resistant to all PVY isolates used. The high resistance of that
species was also confirmed by ELISA tests.

The PVY isolates used in testing Nicotiana species for resistance showed differ-
ent serological reactions and different capabilities to overcome resistance from dif-
ferent sources. When compared for the development and severity of symptoms,
the strains PVYNW(–) and PVYNTNPol(–) proved to be the least virulent. Both iso-
lates were collected from susceptible cultivars and they failed to overcome va resis-
tance. Consequently the tested species were infected by those strains much less
frequenly and the symptoms produced were relatively mild. Instead, the isolates
PVYNW(+), PVYNTNPol(+) as well as the necrotic strain PVYNZ collected from
cultivars previously recognized as resistant and which overcame the resistance
from sources within N. tabacum, proved to be much more virulent although the
symptoms varied extensively. However, most of the time they produced necrotic
lesions and in the majority of cases the level of infection was higher.

Discussion

Evaluation for resistance to major strains and isolates of PVY of wild Nicotiana
species, relatives of cultivated tobacco, is an important part of the valorisation of
germplasm resources. This study allowed the verification of PVY resistance status
in 68 Nicotiana species. Up to now it is only Sievert (1972), Głażewska (1977) and
Burk et al. (1982) that made such attempts but their respective studies covered a
smaller number of species. The differences in the results obtained may have been
caused by different virus strains involved and different PVY detection methods
used.

The tests done in this study gave evidence that, out of 96 tested entries, only
five were fully resistant to all six isolates of Potato virus Y (PVY) belonging to three
groups: PVYNW, PVYNZ and PVYNTN. The degree of resistance in the remaining ac-
cessions varied and depended, to a large extent, on the virulence of individual PVY
strains.

Four resistant accessions: N. raimondii, tetraploid variant of N. glauca and diploid
and tetraploid variants of N. knightiana belong to the subgenus Rustica and to the
section Paniculatae. Those species have already been listed as immune by Sievert
(1972) and by Głażewska (1977). Burk et al. (1982) reported mosaic-like symp-
toms in N. knightiana after inoculation with the strain PVYMM. That American
strain was not used in this study. Diploid N. glauca did not show PVY symptoms
and was resistant to five isolates but serological tests showed high concentration
of the virus following inoculation with PVYNZ. That highly virulent strain was the
only one to produce chlorotic rings in N. benavidesii, earlier recognized as a resistant
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species (Sievert 1972, Głażewska 1977). Nicotiana solanifolia and N. cordifolia, de-
clared as susceptible by Sievert (1972), in this study did not develop disease symp-
toms in response to three out of six isolates which was confirmed by ELISA.
Conversely, N. thyrsiflora (Sievert 1972) and N. paniculata (Głażewska 1977),
named as immune by the two investigators, in this study were found highly sus-
ceptible to all six isolates.

Among the botanical varieties of N. rustica, N. rustica var. brasilia was the least
susceptible and N. rustica var. pumila was somewhat more prone to infection.

The species of the section Tomentosae showed fairly high resistance although the
response depended on the isolate. The above-cited Sievert (1972) named three
species – N. otophora, N. tomentosa and N. tomentosiformis – as resistant whereas
Głażewska (1977) put N. setchelli in place of Sievert’s N. tomentosa. In this study all
three above-mentioned species, as well as N. kawakamii, were resistant to at least
one isolate whereas N. otophora and N. setchelli were resistant to three: PVYNW(–),
PVYNTNPol(–), PVYNZ. Burk et al. (1982) applied a biological test to show the
presence of the PVY strain they had used in the sap of N. otophora. Nicotiana
glutinosa was found fully susceptible to all challenging PVY isolates.

Of note are also N. wigandoides of the section Undulatae and N. noctiflora of the
section Noctiflorae. The species were found to be resistant to the isolates used al-
though the verification of that resistance with more PVY isolates would be desir-
able. Those two species were also reported as resistant by Sievert (1972). Nicotiana
petunioides, another member of the section Noctiflorae, turned out to be susceptible
to only two out of six isolates used in this study.

On the other hand, the resistance of N. miersii, reported by Sievert (1972), was
not confirmed either by Głażewska (1977) or by the authors of this study.

As shown by the results of this survey, N. africana, classified in the subgenus
Petunioides, was found to be the fifth immune species. The species was earlier re-
ported as resistant by Burk et al. (1982) and by Lucas et al. (1980). Furthermore,
the species was challenged with more than 40 PVY isolates from tobacco and from
potato and succumbed to none (Doroszewska and Chrzanowska 2001, Doro-
szewska 2004). An attempt to breed the resistance from that species into culti-
vated tobacco allowed the development of breeding lines tolerant of all PVY
isolates (Doroszewska 2009). Likewise, Lewis (2007) reported a tolerant response
in the genotypes obtained through the transfer of PVY resistance from N. africana.

The results presented in this study allowed the selection of species which are
the most resistant to diverse PVY isolates, namely they include N. africana, N.
glauca, N. raimondii, N. knightiana and N. benavidesii. They can be used in the tobacco
breeding oriented for creating new resistant cultivars.
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Streszczenie

ODPORNOŚĆ DZIKICH GATUNKÓW RODZAJU NICOTIANA
NA RÓŻNE IZOLATY PVY

Brunatna nekroza nerwów liści tytoniu powodowana przez wirus Y ziemniaka
(Potato virus Y, PVY) jest chorobą o dużym znaczeniu gospodarczym. Pojawianie
się nowych izolatów wirusa, zdolnych do przełamywania odporności tytoniu,
skłania do poszukiwania źródeł odporności pośród dzikich gatunków rodzaju Nico-
tiana.

Badania odpornościowe obejmowały 96 obiektów, w tym 68 gatunków oraz od-
miany botaniczne i formy autotetraploidalne. Do badań użyto sześciu izolatów na-
leżących do trzech grup: PVYNW, PVYNZ i PVYNTN, różniących się charakterystyką
serologiczną i zdolnością przełamywania różnych źródeł odporności. Rośliny zaka-
żano metodą inokulacji w warunkach szklarniowych. Prowadzono systematyczne
obserwacje objawów chorobowych oraz wykonano testy DAS-ELISA, z użyciem
dwóch rodzajów przeciwciał firmy Bioreba.

Obserwowano duże zróżnicowanie odporności gatunków na użyte izolaty. Naj-
więcej gatunków odpornych stwierdzono w obrębie sekcji Paniculatae. Całkowitą
odpornością na PVY charakteryzowały się gatunki: N. raimondii, diploidalna i tetra-
ploidalna forma N. knightiana, a także tetraploidalna N. glauca. Wysoce odporny
okazał się również gatunek N. benavidesii, a także N. wigandioides i N. noctiflora.
Wśród gatunków z podrodzaju Petunioides jedynie N. africana był odporny na
wszystkie badane izolaty. Pozostałe gatunki uległy porażeniu w różnym stopniu w
zależności od użytego izolatu, wykazując zróżnicowane objawy chorobowe i ich na-
silenie.
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