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RESISTANCE TO TOMATO SPOTTED WILT VIRUS (TSWV) IN NICOTIANA
ALATA AND N. SANDERAE AND IN HYBRIDS BETWEEN 

N. TABACUM AND N. ALATA 

ABSTRACT

Seven pop u la tions of N. alata, 4 pop u la tions of N. sanderae and sev eral hun dred plants be long ing to three gen -
er a tions of the hy brid (N. tabacum cv. TB-566 tetra × N. alata) × N. alata were tested for re sis tance to TSWV.
Tested plants were ar ti fi cial in oc u lated with TSWV un der green house con di tions. Out of 11 ac ces sions of N. alata
and N. sanderae 7 were found to be com posed en tirely of plants hy per sen si tive to TSWV. In the re main ing four ac -
ces sions there were from 16 to 25% of TSWV sus cep ti ble plants. The hy brids (N. tabacum cv. TB-566 tetra × N.
alata) × N. alata, re gard less of their cytogenetical sta tus, showed hy per sen si tive re sponse to in oc u la tion with
TSWV. The lo cal ne crotic le sions that de vel oped upon in oc u la tion were iden ti cal to those ob served in TSWV-in -
oc u lated plants of N. alata. Bioassay in volv ing the sus cep ti ble spe cies N. glutinosa de tected no vi rus in the tis sues
of ei ther hy per sen si tive or symptomless plants. Hy per sen si tive re sponse to TSWV was faith fully ex pressed in the
hy brids (N. tabacum cv. TB-566 tetra × N. alata) × N. alata, and un like here to fore ob tained re sis tance (cv. Polalta)
did not seem to be as so ci ated with mor pho log i cal abnormalities. It may have a potential as a source of resistance in
commercial tobacco cultivars.
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INTRODUCTION

To mato spot ted wilt vi rus (TSWV) is a tospovirus (Francki et al. 1991) of a very
wide host range and world wide dis tri bu tion. More than a thou sand dif fer ent plant
spe cies are known to be sus cep ti ble to TSWV (Parrella et al. 2003). It is one of the
most patho genic and ag gres sive plant vi ruses cur rently known and the causal agent
of one of the most dev as tat ing dis eases of to bacco. Dis ease symp toms are of ten se -
vere and in clude stunt ing and ne cro sis of stems and leaves (Ger man et al. 1992).
TSWV is trans mit ted from plant to plant and rep li cates by its vec tors. At least seven 
thrips spe cies spread this vi rus (Wijkamp et al. 1993; Sin et al. 2005). Among those 
Thrips tabaci Lind. is the only TSWV vec tor on to bacco in Cen tral and East Eu rope 
and in Po land (Zawirska et al. 1983). In prin ci ple, the vi rus is not trans mis si ble
through di rect plant-to-plant con tact al though it can be trans mit ted eas ily with the
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sap and this prop erty is ex ploited for ex per i men tal pur poses (plant in oc u la tion).
Ge netic re sis tance to TSWV in the plant king dom is rare and has been pos i tively
con firmed for Cap si cum chinense (Black et al. 1991; Cebolla-Cornejo et al. 2003),
Lycopersicon peruvianum (Stevens et al. 1992) and Lactuca sativa (O’Mal ley and
Hartmann 1989). In Nicotiana, the only spe cies re ported as show ing re sis tance to
TSWV of the lo cal le sion re sponse (hy per sen si tive) type are N. alata and the
closely re lated syn thetic spe cies N. sanderae (Gajos 1978, Jankowski 1980, Pop
1979). How ever, the re ports on the re sis tance of those spe cies are not con sis tent
(Ruter and Gitaitis 1993, Winokurowa 1971). In this study an at tempt was made to
screen sev eral pop u la tions of N. alata and N. sanderae (both out cross ing spe cies)
main tained in the Nicotiana Col lec tion of In sti tute of Soil Sci ence and Plant Cul ti -
va tion at Pu³awy for the hy per sen si tive re sponse to TSWV. The aim of the study
was also to ex am ine the ev i dence of the TSWV re sis tance agent in amphihaploid
and amphidiploid hy brids of cul ti vated to bacco N. tabacum cv. TB-566 with N.
alata. 

MATERIALS AND METHODS

One set of ex per i ment ma te rial for this study com prised 7 out cross ing pop u la -
tions of N. alata and 4 pop u la tions of N. sanderae be long ing to the sec tion Alatae
and each hav ing a hap loid com ple ment of 9 chro mo somes. All those germplasm ac -
ces sions were of different origin.

An other set was made up of hy brids de rived from cross ing Nicotiana tabacum L.
cv. TB-566 with the wild spe cies N. alata Link et Otto:

— vege ta tively cloned, self and cross-ster ile (N. tabacum cv. TB-566 tetra x
N. alata) x N. alata BC1 hy brid. Cy to log i cal data of this hybryd (2n=35)
sug gest that it was a near-allohaploid with two N. alata chro mo somes in
disomic con di tion

— R1 gen er a tion of partly self-fer tile near-am phi dip loids, ob tained by cul tur -
ing pith frag ments of the for mer hy brid, each chro mo some-dou bled
regenerant be ing cloned vege ta tively to in crease the num ber of in di vid u als
avail able for screen ing

— selfed R2 gen er a tion of the near-amphidiploid hy brids
The der i va tion, de tailed cytogenetics and no men cla ture of the hy brids is de -

scribed in the pre vi ous pa per (Laskowska and Berbeæ 2005). 
The ex per i ment plants were tested for TSWV re sis tance us ing the method de -

scribed by Tsakiridis and Gooding (1972). The plants were grown in the green -
house and were in oc u lated at the ro sette stage (prior to the tran si tion to the
gen er a tive stage). The inoculum was pre pared by squeez ing out sap from the leaves 
of N. tabacum plants that showed typ i cal well-de vel oped sys temic symp toms of
TSWV in fec tion and sta bi liz ing it with an ad di tion of an anti-ox i dant (Tsakiridis
and Gooding 1972). Af ter 12 days the in oc u lated plants were ob served for TSWV
symp toms. Three weeks af ter in oc u la tion the pres ence of the vi rus in TSWV tested
plants was con firmed by in oc u lat ing N. glutinosa used as a TSWV indicator
species. 
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RESULTS

Re sis tance to TSWV in out cross ing pop u la tions of N. alata and N. sanderae

Of the seven pop u la tions of N. alata screened for TSWV re sis tance six were
found to be com posed en tirely of plants that showed lo cal le sion re sponse (hy per -
sen si tiv ity) (Fig. 1a) and in one - three of the plants de vel oped sys temic symp toms.
Among the pop u la tions of N. sanderae three were found to be partly sus cep ti ble
and in one all plants showed lo cal ized le sion re sponse (Ta ble 1). The lo cal ized le -
sion of hy per sen si tive re sponse con sisted of ne crotic spots 6-7 mm in di am e ter that
ap peared on in oc u lated leaves ca. 5 days af ter in oc u la tion (Fig. 1a, b). In some
cases lo cal le sions were also ac com pa nied by chlorotic spots. The sys temic in fec -
tion, at first man i fested as spread ing and co alesc ing chlorotic spots, ul ti mately led
to leaf and apex distortion, stunted growth and death. 
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Fig. 1. Symp toms af ter in oc u la tion with TSWV: a) lo cal ized le sion of hy per sen si tive on N. alata plant 
and b) N. alata leaf, c) sys temic symp toms on N. tabacum cv. TB-566



The ref er ence TSWV sus cep ti ble to bacco N. tabacum cv. TB-566 re sponded
to in oc u la tion by de vel op ing, five days af ter be ing in oc u lated, ne crotic rings
and small spots on the in oc u lated leaves that grew into large chlorotic ar eas.
Dur ing the next sev eral days the in fec tion symp toms which in cluded vein clear -
ing, leaf dis tor tions, and the char ac ter is tic curv ing of the apex spread to the up -
per por tion of the plant (Fig. 1c). Stunt ing and death fol lowed. The in di ca tor
plants of N. glutinosa died quickly fol low ing the in oc u la tion be cause of ex ten -
sive ne crotic le sions. The ef fec tive ness of in oc u la tions was very high as all sus -
cep ti ble con trols de vel oped sys temic symp toms. 

Re sis tance of N. tabacum × N. alata hy brids to TSWV

A vege ta tively in creased gen er a tion of near-allohaploids (BC1), near-am phi -
dip loids (R1), gen er a tively re pro duced selfed off spring of the near-am phi dip -
loids (R2) and the pa ren tal forms of the hy brid (N. tabacum cv. TB-566 tetra ×
N. alata) × N. alata were tested for re sis tance to TSWV (Ta ble 2). Re gard less of 
their der i va tion, all hy brid plants showed a hy per sen si tive re sponse to in oc u la -
tion in a man ner sim i lar to that ob served in the spe cies N. alata (Fig. 2). Within
5 days from in oc u la tion round ne crotic lo cal spots ap peared on in oc u lated
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Ta ble 1 
Re ac tion to TSWV of the pop u la tions of N. alata and N. sanderae

 Genotype Number of
plants tested

Number of plants

Symptom less Systemically
affected Hypersensitive 

N.alata 89392 12 0 0 12

N.alata D616 12 0 0 12*

N.alata D634 12 3 0 9

N.alata var.grandiflora D112 12 1 0 11

N.alata var.grandiflora D617 12 0 0 12

N.alata var.alba D259 12 0 3 9

N.alata Bia³y Narcyz D718 12 0 0 12

N.sanderae D635 12 0 3 9

N.sanderae D407 12 1 0 11

N.sanderae D408 12 0 2 10**

N.sanderae D409 12 2 2 8

N.glutinosa 12 0 12 0

N.tabacum cv. TB 566 12 0 12 0

  *  — 5 plants  with lo cal ized ne crotic spots and chlorosis
**  — 2 plants with lo cal ized  ne crotic spots and chlorosis



leaves. The spots were 2-3 mm in di am e ter in cloned near-allohaploids and were 
larger, 4 – 6 mm, in near-am phi dip loids and its selfed de riv a tives. The symp -
toms did not spread to non-in oc u lated leaves nor were any other symp toms of
sys temic in fec tion ob served. Fol low ing each in oc u la tion treat ment some
symptomless plants oc curred which could be ex plained, in a given case, by in -
suf fi cient in oc u la tion ef fi ciency. Un der the same con di tions, the plants of
N. tabacum cv. TB-566 de vel oped sys temic symp toms.
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Ta ble 2 
Re ac tion to TSWV of the hy brids (N. tabacum cv. TB 566 tetra x N. alata ) × N. alata 

and their pa ren tal forms 

Genotype
Number of

plants tested

Number of plants

Symptomless Systemically
affected Hypersensitive 

BC1 hybrid 55 4 0 51

R1 generation:

Clone 2 42 8 0 34

Clone 5 42 7 0 35

Clone 9 24 6 0 18

Clone 10 18 3 0 15

Clone 13 25 0 0 25

Clone 22 24 0 0 24

Clone 34 14 4 0 10

R2 generation:

Line 1 12 2 0 10

Line 2 9 0 0 9

Line 3 2 1 0 1

Line 4 14 2 0 12

Line 5 10 3 0 7

Line 6 6 0 0 6

Line 7 5 1 0 4

Line 8 1 0 0 1

Line 9 2 0 0 2

Parental forms:

N.tabacum cv. TB 566 69 9 60 0

N.alata 89392 62 15 0 47



TSWV bioassays us ing N. glutinosa

Twenty one days af ter in oc u la tion the se lected plants of N. alata, N. sanderae
and of the hy brids N. tabacum cv. TB-566 × N. alata were tested for the pres -
ence of TSWV us ing N. glutinosa as the in di ca tor plant. In Ta ble 3 are shown
the re sults of the bioassay. When in oc u lated with the sap from in oc u lated plants
show ing lo cal ized ne crotic spots the plants of N. glutinosa did not de velop any
TSWV symp toms. When the inoculum was col lected from plants in which lo -
cal ized ne crotic spots were ac com pa nied with chlorotic spots N. glutinosa re -
sponded with chlorotic spots which af ter a few days turned ne crotic, the
de vel op ment of the dis ease was usu ally ar rested at that stage rarely lead ing to
plant death and only on two N. glutinosa plants full sys temic symp toms de vel -
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Fig. 2. Hy per sen si tive respons to TSWV in oc u la tion of (N. tabacum cv. TB-566 tetra × N. alata) × N. alata
hy brids: a) BC1, b) R1, c) R2



oped. The in oc u la tion with the sap from plants with clear sys temic symp toms
(curv ing of the apex, dis tor tions of the up per leaves) re sulted in the de vel op -
ment of full sys temic symp toms on N. glutinosa (Fig. 3).
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Ta ble 3
TSWV bioassays us ing N. glutinosa as the in di ca tor plant

Genotype
Inoculation with the sap from plants:

Symptomless Systemically
affected Hypersensitive Localized necrotic

spots and chlorosis

The bioassays reaction: Number of tested N.glutinosa plants/the result of the bioassay

N. alata 89392 0 0 10 / 10 - 0

N. alata D616 0 0 0 5 / 3 +, 2 ++

N. alata D634 3 / 3 - 0 3 / 3 - 0

N. alata D617 0 0 5 / 5 - 0

N. alata D.259 0 2 / 2 ++ 3 / 3 - 0

N. alata D718 0 0 10 / 10 - 0

N. alata€ D635 3 / 3 - 0 2 / 2 - 0

N. sanderae D635 0 3 / 3 ++ 2 / 2 - 0

N. sanderae D408 0 0 3 / 3 - 2 / 2 +

BC1 hybrid 0 0 10 / 9 -, 1 + 0

R1 Clone 2 5 / 5 - 0 5 / 5 - 0

R1 Clone 5 0 0 5 / 5 - 0

R1 Clone 10 0 0 5 / 5 - 0

   - — with out symp toms
  + — slight chlorosis ap pear ing on N. glutinosa plants ten days af ter in oc u la tion 
++ — chlorosis ap pear ing five days af ter in oc u la tion, af ter four teen days N. glutinosa plant died

Fig. 3. Sys temic symp toms on N. glutinosa



DISCUSSION

There are some dis crep an cies in the lit er a ture re gard ing the re sis tance of N. alata
to TSWV. Many in ves ti ga tors re ported the spe cies as re sis tant (Gajos 1978,
Jankowski 1980, Pop 1979). How ever, in the tests per formed by Winokurova
(1971) 6,4% of N. alata plants be came sys tem i cally de fected, and in Ruter and
Gitaitis in ves ti ga tions (1993) N. alata was sus cep ti ble. In this study some pop u la -
tions of N. alata and N. sanderae were com posed en tirely of hy per sen si tive plants
whereas some other seemed to seg re gate for the hy per sen si tive re sponse. A rea son
for that may have been dif fer ent or i gins of N. sanderae and N. alata ac ces sions.
They had been main tained as rel a tively small pop u la tions and, as out cross ing spe -
cies, may have un der gone var i ous changes in the fre quency of genes due to ge netic
drift. Of the two spe cies stud ied, N. alata seemed to be su pe rior to N. sanderae as
the source of re sis tance to TSWV. As a do nor spe cies to pro duce hy brids stud ied in
this pa per, a N. alata ac ces sion was se lected in which hypersensitive response to
TSWV was faithfully reproduced over generations. 

Re gard less of the cy to log i cal sta tus of the (N. tabacum cv. TB-566 tetra × N.
alata) × N. alata hy brids stud ied, the hy per sen si tive re sponse of the N. alata par ent
was well ex pressed, an in di ca tion of the dom i nant na ture of that par tic u lar trait.
Fail ure of some of the plants to de velop lo cal ne crotic le sions fol low ing in oc u la tion 
was prob a bly due to the in ef fec tive treat ment. None of the plants de vel oped typ i cal
sys temic symp toms, which may in di cate that the fac tor/fac tors from N. alata may
give good pro tec tion against TSWV when em ployed in the ge netic mi lieu of
N. tabacum. How ever, se ri ous bar ri ers to hy brid iza tion and to gene trans fer via
con ven tional mat ing en coun tered and de scribed in our pre vi ous study (Laskowska
and Berbeæ 2005) in di cate that meth ods other than conventional sexual transfer
must be applied to this end. 

Our at tempt was not the first one to make use of N. alata as the source of re sis -
tance to TSWV in cul ti vated N. tabacum (Laskowska and Berbeæ 2005). The most
suc cess ful trial was that de scribed by Gajos (1988, 1993) who man aged to breed
the hy per sen si tive re sponse gene, re port edly from N. alata, into N. tabacum as a re -
sult of which TSWV re sis tant cultivars, Polalta and Wiktoria were de vel oped al -
though, in the lat ter cultivar the hy per sen si tive re sponse seems to be rather poorly
ex pressed and er ratic. There are some dif fer ences in volved re gard ing hy per sen si -
tiv ity to TSWV ob tained by Gajos (1981) and that de scribed in this study. Gajos
(1981) did not re port any dif fi cul ties in trans fer ring the re sis tance over suc ces sive
hy brid gen er a tions in con trast to the ex pe ri ence of other in ves ti ga tors who found
such bar ri ers ei ther in the sesquidiploid (Chap lin and Mann 1961) or amphidiploid
(Laskowska and Berbeæ 2005) to be prac ti cally in sur mount able. The hy per sen si tiv -
ity to TSWV of the type ob tained by Gajos (1988) and bred into cv. Polalta is ac -
com pa nied by mor pho log i cal mal for ma tions of the leaves (Niel sen 1993), the two
traits seem ingly linked close enough to each other to make the prac ti cal use of
Polalta-de rived re sis tance very dif fi cult. On the other hand, we did not find any
such de for mi ties in our TSWV-hy per sen si tive hy brids, al though the com par i son is
risky at best be cause it in volves hy brid de riv a tives of very dif fer ent ad vance ment
level. The com par i son of the two re sis tance fac tors (Polalta vs. tabacum-alata hy -
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brids of this study) is fur ther com pli cated by the fact that Gajos’s de scrip tion of the
man ner in which his Polalta was de vel oped is sketchy and lack ing in cytogenetical
de tails. From his ac count it can be in ferred that an other spe cies, N. otophora, was
in volved at some point in the or i gin of Polalta (Gajos 1981). So it is an open ques -
tion whether Polalta-type fac tor and the re sponse de rived from N. alata described
in this study are actually identical in origin. 

CONCLUSIONS

– Out of 11 ac ces sions of N. alata and N. sanderae 7 were found to be com -
posed en tirely of plants hy per sen si tive to TSWV. In the re main ing four ac -
ces sions there were from 16 to 25% of TSWV sus cep ti ble plants. In some
of the plants no symp toms de vel oped fol low ing in oc u la tion

– The hy brids (N. tabacum cv. TB-566 tetra × N. alata) x N. alata, re gard less
of their cytogenetical sta tus, showed hy per sen si tive re sponse to in oc u la tion 
with TSWV. The lo cal ne crotic le sions that de vel oped upon in oc u la tion
were iden ti cal to those ob served in TSWV-in oc u lated plants of N. alata. In
the re main ing plants no symp toms de vel oped.

– Bioassay in volv ing the sus cep ti ble spe cies N. glutinosa de tected no vi rus in
the tis sues of ei ther hy per sen si tive or symptomless plants.

– Hy per sen si tive re sponse to TSWV was faith fully ex pressed in the hy brids
(N. tabacum cv. TB-566 tetra × N. alata) × N. alata, and un like here to fore
ob tained re sis tance (cv. Polalta) did not seemed to be as so ci ated with mor -
pho log i cal ab nor mal i ties. It may have a po ten tial as a source of re sis tance
in com mer cial to bacco cultivars.

REFERENCES

Black L.L., Hobbs H.A., Gatti J.M. Jr. 1991. To mato spot ted wilt re sis tance in Cap si cum chinense ‘PI
152225 ‘ and ‘PI 159236’. Plant Dis ease 75: 863.

Cebolla-Cornejo J., Soler S., Gomar B., Soria M.D., Nuez F. 2003. Screen ing Cap si cum germplasm for re -
sis tance to to mato spot ted wilt vi rus (TSWV). An nals Appl. Biol. 143: 143-152.

Chap lin J.F., Mann T.J. 1961. Interspecific hybridizaton, gene trans fer and chro mo some sub sti tu tion in
Nicotiana. N.Carolina State Coll.Agr.Exp.Sta. Tech. Bul. 145: 1-31. 

Francki R. I. B., Fauquet C. M., Knudson D. D., Brown F. 1991. Fifth re port of the In ter na tional Com mit tee
on Tax on omy of Vi ruses. Arch. Virol. Suppl. 2:1-450.

Gajos Z. 1978. Podatnoœæ dwudziestu dzikich gatunków Nicotiana na zaka¿enie przez wirus br¹zowej
plamistoœci pomidora (Lycopersicum vi rus 3 Smith) w zale¿noœci od wieku roœlin inokulowanych.
Biul. CLPT 1-2: 25-37.

Gajos Z. 1981. Przeniesienie odpornoœci na wirus br¹zowej plamistoœci pomidora (To mato Spot ted Wilt Vi -
rus) z Nicotiana alata Link et Otto do tytoniu szlachetnego poprzez skrzy¿owanie obu gatunków. Biul.
CLPT 1-2: 3-24.

Gajos Z. 1988. Polalta - odmiana tytoniu odporna na wirus br¹zowej plamistoœci pomidora (TSWV) i czarn¹ 
zgniliznê korzeni (Thielaviopsis basicola Ferr.). Biul. CLPT 1-4: 7-25.

Gajos Z. 1993. Vir ginia ZG-4 (Wiktoria) – nowa odmiana tytoniu odporna na wirus br¹zowej plamistoœci
pomidora (TSWV) i czarn¹ zgniliznê korzeni (Thielaviopsis basicola). Biul. CLPT 1-4: 5-19.

Ger man T.L., Ullman D.E., Moyer J.W. 1992. Tospoviruses: di ag no sis, mo lec u lar bi ol ogy, phy log eny and
vec tor re la tion ships. Annu. Rev. Phytopathol. 30: 315-348.

Jankowski F. 1980. •ród³a odpornoœci na TSWV (Lycopersicum vi rus 3) u dzikich gatunków rodzaju
Nicotiana. Biul. CLPT 1-2: 3-8.

Laskowska D., Berbeæ A. 2005. Cy tol ogy and fer til ity of vi a ble hy brids of Nicotiana tabacum L. cv.
TB-566 with N. alata Link et Otto. J. Appl. Genet. 46(1): 11-18.

Niel sen M.T. 1993. In her i tance of re sis tance to to mato spot ted wilt vi rus. CORESTA Meet. Agro-Phyto
Groups, Bu da pest.

Re sis tance to To mato Spot ted Wilt Vi rus in N.alata and N.sanderae and in hy brids be tween … 99



O’Mal ley P.J., Hartmann R.W. 1989. Re sis tance to to mato spot ted wilt vi rus in let tuce. Hort. Sci ence 24:
360-362.

Parrella G., Gognalons P., Gebre-Selassie K., Vovlas C., Marchoux G. 2003. An up date of the host range of
to mato spot ted wilt vi rus. Jour nal of Plant Pa thol ogy 85 (4, Spe cial is sue): 227-264.

Pop I.P. 1979. Re ac tion of some Nicotiana sp. and to bacco va ri et ies to artificia in oc u la tion with To mato
Spot ted Wilt Vi rus. Zesz. Probl. Post. Nauk Rol. 226: 17-26.

Ruter J.M., Gitaitis R.D. 1993. First re port of to mato spot ted wilt vi rus on bed ding plants in Geor gia. Plant
Dis ease 77: 101.

Sin S-H., McNulty B.C., Ken nedy G.G., Moyer J.W. 2005. Vi ral ge netic de ter mi nants for thrips trans mis -
sion of To mato spot ted wilt vi rus. PNAS 102 (14): 5168-5173.

Stevens M.R., Scott S.J., Gergerich R.C. 1992. In her i tance of a gene for re sis tance to to mato spot ted wilt vi -
rus from Lycopersicon peruvianum. Euphytica 59: 9-17.

Tsakiridis J.P., Gooding G.V. 1972. To mato spot ted wilt vi rus in Greece. Phytopatologia Mediterranea 11
(1): 42-47.

Wijkamp I., Lent J. van, Kormelink, R., Goldbach R., Pe ters D.1993. Mul ti pli ca tion of to mato spot ted wilt
vi rus in its in sect vec tor, Frankliniella occidentalis. J. Gen. Virol. 74: 341-349.

Winokurowa N.K. 1971. K waprosu ob ustojcziwosti widow Nicotiana protiw wierchuszecznogo ch³oroza.
Sb. Naucz.-Issled. Rabot 156: 54-59.

Zawirska I., Ruszkiewicz, M., Miciñski B. 1983. The prob lem of to mato spot ted wilt vi rus (TSWV) in Po -
land. Zeszyty Problemowe Postêpów Nauk Rolniczych. 291: 393-405.

100 Dorota Laskowska, Apoloniusz Berbeæ


