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ABSTRACT 
At the international level, molecular marker-assisted selection has been used in tobacco (Nicotiana tabacum L.) 
breeding programs. However, its use in the genetic improvement of Cuban tobacco is limited. The objective of this 
research was to identify promising genotypes resistant to multiple diseases by means of DNA markers. Twenty-five 
accessions including Cuban cultivars and their parents were analyzed. As a result, the SCAR Mil27 marker showed the 
presence of the RBM1 region that provides partial resistance to P. hyoscyami in the Cuban dark tobacco cultivars, but 
not in the ‘Criollo’ and ‘Corojo’ cultivars, coincidentally reported as susceptible. The SCAR Php marker linked to the 
Php gene, which confers monogenic resistance to race 0 of P. nicotianae, was validated and its absence was proved in 
the evaluated cultivars. Of the Cuban cultivars only ‘Criollo 98’, ‘Corojo 99’, ‘Corojo 2006’ and ‘Corojo 2012’ were 
identified as carriers of the N gene, which confers dominant monogenic resistance to VMT. ‘San Luis 22’ was the only 
cultivar carrying the Rk1 gene, which confers resistance to Meloidogyne sp. and the va gene, which confers monogenic 
resistance to PVY, was not identified in Cuban cultivars. This research constitutes the first molecular characterization of 
Cuban tobacco germplasm in terms of its resistance to the main diseases. Effective markers are now available for the 
selection of disease resistant genotypes, a fundamental step for their introduction in Cuban tobacco breeding programs.  
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RESUMEN     
Identificación molecular de genotipos promisorios de Nicotiana spp. resistentes a múltiples enfermedades. 
A nivel internacional, se ha utilizado el mejoramiento asistido por marcadores moleculares en los programas de 
mejoramiento en tabaco (Nicotiana tabacum L.). No obstante, su uso en el mejoramiento genético del tabaco cu-
bano es limitado. La presente investigación tuvo como objetivo identificar mediante marcadores de ADN genotipos 
promisorios resistentes a múltiples enfermedades. Se analizaron 25 accesiones entre las que se encontraban culti-
vares cubanos y sus progenitores. Como resultado, el marcador SCAR Mil27 mostró la presencia de la región RBM1 
que brinda resistencia parcial a P. hyoscyami en los cultivares de tabaco tipo Negro cubano, no así en los cultivares 
‘Criollo’ y ‘Corojo’, coincidentemente informados como susceptibles. Se validó el marcador SCAR Php ligado al gen 
Php, que confiere resistencia monogénica a la raza 0 de P. nicotianae y se comprobó su ausencia en los cultivares 
evaluados. De los cultivares cubanos solo ‘Criollo 98’, ‘Corojo 99’, ‘Corojo 2006’ y ‘Corojo 2012’ se identificaron 
como portadores del gen N, que confiere resistencia monógenica dominante a VMT. ‘San Luis 22’ fue el único cultivar 
portador del gen Rk1, que confiere resistencia a Meloidogyne sp. y no se identificó en los cultivares cubanos el gen 
va que confiere resistencia monogénica a PVY. Esta es la primera investigación sobre la caracterización molecular 
del germoplasma de tabaco cubano en cuanto a su resistencia a las principales enfermedades. Ahora se dispone 
de marcadores efectivos para la selección de genotipos resistentes a las enfermedades, un paso fundamental para 
su introducción en los programas cubanos de mejora genética del tabaco.

Palabras clave: pata prieta, moho azul, Nicotiana tabacum L., nemátodos, VMT, PVY, marcadores SCAR

Introduction
In the Tobacco Research Institute of Cuba (TRI), 
there have been obtained tobacco cultivars (Nicotiana 
tabacum L.) which respond to the quality standards 
that identify the Habano brands at international level 
[1]. Despite, under conditions of increasing inocu-
lums due to favorable climatic environments for the 
development of diseases, current cultivars do not 
demonstrate the expected resistance [2].

Breeding programs conducted are based on phe-
notypic evaluation of the target traits [1]. Regarding 
disease resistance, selection is often performed in 

environments with low inoculum pressure, which has 
made effective selection difficult [3]. Moreover, the 
results of the phenotypic evaluation may not be reli-
able due to environmental effects [4, 5]. Since 1990’s, 
the use of DNA molecular markers has provided im-
portant achievements in transferring favorable traits 
into commercial cultivars and hybrids.

Molecular markers are effective in the construc-
tion of high-density linkage maps and in the de-
tection of Quantitative Trait Loci (QTL) and their 
mapping to specific genomic regions. Once a close 

1. Espino M, Espino E. Catálogo de varie-
dades comerciales de tabaco cubano. La 
Habana, Cuba: Instituto de Investigaciones 
del Tabaco, Grupo Empresarial de Tabaco 
de Cuba, Ministerio de la Agricultura; 
2012.

2. González AC, Toledo V. Comportamien-
to de las accesiones del género Nicotiana 
informadas como fuentes de resistencia 
frente a aislamientos cubanos de Phy-
tophthora nicotianae Breda de Haan. Rev 
Protección Veg. 2019;34(1):1-7.
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link is established between a marker and a trait of 
interest, the marker can be used as the basis for in-
direct selection of the target gene or QTL by means 
of Marker Assisted Selection (MAS). MAS limits the 
role of phenotypic evaluation to the establishment of 
marker-trait linkages and provides a much easier and 
highly reliable means of indirect selection for traits 
that are affected by the environment and/or which 
phenotypic evaluation is tedious, slow or expensive 
[4, 6, 7]. This technology allows pyramiding different 
genes of resistance to multiple diseases in the same 
genome, achieving a wide resistance in the same cul-
tivar [4, 8, 9].

Internationally, MAS has been used in tobacco im-
provement programs. Regarding disease resistance, 
the use of DNA markers to identify genotypes re-
sistant to major diseases have been reported and are 
available to the scientific community [10, 11]. How-
ever, the use of MAS in the genetic improvement of 
Cuban tobacco has been very limited [12].

Therefore, the present research was aimed to char-
acterize, using DNA molecular markers, the acces-
sions of Nicotiana spp. in terms of resistance to main 
diseases. Such purpose constitutes an important step 
to introduce MAS in the genetic improvement of to-
bacco in Cuba.

Materials and methods

Plant material
The research was carried out at the Global Leaf 
Agronomy Development (GLAD), Rio Grande, 
Paraná state, Brazil, belonging to the British Ameri-
can Tobacco (BAT) company. A total of 25 Nicotiana 
accessions were analyzed. In the selection, Cuban 
cultivars were considered as well as their parents. In 
addition, controls of susceptibility and resistance to 
the main diseases that affect the crop in Cuba were 
included (Table 1).

The seeds were sown in expanded polystyrene 
trays, with 200 alveoli and Carolina Soil® substrate 
with Carolina Soil® substrate (70 % sphagnum peat, 
20 % carbonized rice husks, 10 % perlite), based on 
the technology for the production of seedlings in float-
ing trays described by García and Andino [22]. The 
trays were placed in protected culture conditions until 
their evaluation.

DNA extraction
In seedbed , the morphological characterization was 
performed on ten seedlings randomly selected for 
each replication (30 per treatment), following the 
methodology proposed by Torrecilla et al. [23]. For 
each seedling, leaf color, apex shape, leaf base shape 
and stem color were evaluated as qualitative morpho-
logical descriptors, at 40 d after seed sowing. Stem 
diameter, plant height, leaves number, length of main 
leaf, width of main leaf and plant fresh mass were de-
termined as quantitative morphological descriptors, at 
20, 30 and 40 d after seed sowing.

Genomic DNA was extracted from 6.0 mm diam-
eter discs of leaves from six plants with 37 days of 
age using Biosprint 96 DNA Plant Kit (Qiagen), ac-
cording to manufacturers’ instructions. DNA quan-
tification was performed in a UV/Visible NanoDrop 

ND-1000 spectrophotometer (Thermo Scientific, 
Waltham, MA, USA) and DNA quality was measured 
by absorbance ratio (Abs260nm-Abs320nm) / (Abs280nm – 
Abs320nm). Samples with values in the range of 1.6-2.0 
were considered to be good quality DNA. DNA iso-
lates were stored at –20 ºC until use.

PCR reactions
The Sequence Characterized Amplified Region 
(SCAR) marker Mil275 was used to identify the pres-
ence of the region that confers resistance to Peronos-
pora hyoscyami de Bary f.sp. tabacina (Adam) from 
Nicotiana debneyi Domim [23], named as RBM1 by 
Wu et al. [21]. The PCR reactions were performed 
in a final volume of 25 µL containing 1× Taq Pol re-
action buffer (Invitrogen, Thermo Fisher Scientific, 
USA; 10×: 200 mM Tris-HCl pH 8.4, 500 mM KCl), 
3% (m/v) PVP, 2.3 mM MgCl2, 200 µM dNTPs, 
0.4 µM of each primer, 1 U of Taq Polymerase  

3. García H, Castro MdC, Oliva O, En-
riquez G. ‘BHmN’Variedad de tabaco 
(Nicotiana tabacum L.) resistente al moho 
azul (Peronospora hyoscyami de Bary f. 
Sp. Tabacina) desde estadios tempranos 
obtenida por nueva estrategia de selec-
ción con su androestéril. Cuba Tabaco 
2010;11(2):17-23.

4. Singh B, Singh AK. Marker-assisted plant 
breeding: principles and practices. New 
Delhi: Springer India; 2015.

5. Laitinen RA, Nikoloski Z. Genetic 
basis of plasticity in plants. J Exp Bot. 
2019;70(3):739-45.

6. Melese L. Marker assisted selection in 
comparison to conventional plant breed-
ing: review article. Agric Res Technol. 
2018;14(2):1-10.

Table 1. Nicotiana spp. accessions used in the characterization by DNA markers of  
resistance to the main diseases affecting tobacco cultivation in Cuba

No. Accession name Observations

1 Criollo tradicional Ancient commercial cultivar 

9 Corojo 99 Commercial cultivar [1]

5 Habana 92 Commercial cultivar [1]

13 San Luis 22 Commercial cultivar [1]

19 Fumo da Corda Resistant to P. syringaea

3 Havana 142 Seed Resistant to Thielaviopsis basicola (Berk. and Broome) 
Ferr. [13] and to Pseudomonas syringae pv. tabaci [14]

11 Corojo 2012 Commercial cultivar [1]

17 DH-3433-17 Resistant to nematodes species M. incognita, TMV  
and to PVYa

7 Criollo 98 Commercial cultivar [1]

15 Burley 21 It carries the N gene from N. glutinosa. Resistant to 
race 0 of P. syringae from Nicotiana longiflora  

Cabanilles [16]

21

22

23

24

25

Nicotiana alata  
Link y Otto

Resistance donor to TSWV [17] 

Nicotiana glutinosa 
Linneaus

Donor of N gene that confers resistance to TMV [18]

Nicotiana debneyi 
Domim

Donor of RBM1 region conferring resistance to  
P. hyoscyami [19]

Nicotiana megalosiphon 
Heurck y Mueller

It is reported as resistant to P. nicotianae [20] and  
to P. hyoscyami [21]

Nicotiana excelsior 
Black

Resistant to P. hyoscyami [15]

2 Corojo tradicional Ancient commercial cultivar. Control of susceptibility to 
Peronospora hyoscyami de Bary f.sp. tabacina (Adam) 

in Cuba [3]

10 Corojo 2006 Commercial cultivar [1]

6 Habana 2000 Commercial cultivar [1]

14 PH-89 Commercial cultivara

20 Nicotiana rustica  
Linneaus

Highly resistant to different Cuban isolates of P.  
nicotianae [2]. Possibly carries the Wz region. This 

region has also been reported to provide resistance to 
P. syringae races 0 and 1 [16]

4 Oven 62 Resistant to P. hyoscyami from Nicotiana debneyi  
Domim [15]

12 Bergerac C Control of susceptibility to Phytophthora nicotianae 
Breda de Haan)a

18 Polalta Resistant to Tomato spotted wilt virus (TSWV) from  
N. alata and to PVY [17]

8 Sancti Spiritus 96 Commercial cultivar [1]

16 TB-2519 Resistant to nematodes species Meloidogyne incognita 
(Kofoid and White) Chitwood, Tobacco Mosaic Virus 

(TMV) and to Potato Virus Y (PVY)a

a Morphological characterization and disease resistance database. Genebank Global Leaf Science & 
Research, Brazil (unpublished data).
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(Invitrogen, Thermo Fisher Scientific, USA) and 30 ng  
of genomic DNA. 

Amplification was carried out in a Applied Bio-
systems™ Veriti™ 96-Well Thermal Cycler (Thermo 
Fisher Scientific) as follows: 1 cycle at 94 ºC for 4 min 
followed by 25 cycles at 94 ºC for 30 s, at 58 ºC 45 s 
and 72 ºC for 1 min, with a final extension at 72 ºC  for 
5 min. The assay was performed three times and the 
expected band size for the fragment linked to this re-
gion was 205 bp. Cultivar ‘Perevi’ was used as a posi-
tive control (carrier of the region) and cultivar ‘Coker 
371-Gold’ was used as a negative control (non-carrier 
of the region).

The SCAR Php marker was used to identify the 
presence of the Php gene [24]. The PCR reactions 
were performed in a final volume of 25 µL containing 
1× Taq Pol reaction buffer (Invitrogen, Thermo Fisher 
Scientific, USA; 10×: 200 mM Tris-HCl pH 8.4, 500 
mM KCl), 3% (m/v) PVP, 5.0 mM MgCl2, 200 µM 
dNTPs, 0.3 µM of each primer, 1 U of Taq Polymerase 
(Invitrogen, Thermo Fisher Scientific, USA) and 30 
ng of genomic DNA.

Amplification was carried out in a Applied Bio-
systems™ Veriti™ 96-Well Thermal Cycler (Thermo 
Fisher Scientific) as follows: 1 cycle at 94 ºC for  
2 min followed by 29 cycles of 30 s at 94 ºC, 1 min 
at 69 ºC and 1 min at 72 ºC with a final extension at  
72 ºC for 5 min. The assay was repeated three times 
and the expected band size for the fragment linked to 
the Php gene was 770 bp. The cultivar ‘Coker 371-
Gold’ was used as a positive control and the cultivar 
‘K326’ as a negative control.

The Qiagen Multiplex PCR Plus Kit (Qiagen, 
USA) with 2× PCR master mix (final concentration: 
1×) was used to identify the presence of the N gene 
[25], Rk1 gene [26] and the va gene [27]. The PCR 
reaction mixture consisted of 1.75 µL of QSolution, 
6.25 µL of Master Mix, 1.0 µL of primer mix (TMV 
5.0 µM, M. icognita 0.75 µM and PVY 0.75 µM) and 
2.5 µL of genomic DNA in a final volume of 12.9 
µL. Amplification was carried out in a Applied Bio-
systems™ Veriti™ 96-Well Thermal Cycler (Thermo 
Fisher Scientific) as follows: 15 min at 95 ºC (initial 
activation step), followed by 35 cycles at 94 ºC for 
30 s, 53 ºC for 90 s, and 72 ºC for 2 min, with a final 
extension of 72 ºC for 10 min. The assay was repeated 
three times.

The number and expected length of the bands for 
the fragments linked to the resistant and susceptible 
genotypes of TMV were two fragments of 1800 and 
1500 bp for the carrier and one fragment of 1500 bp 
for the non-carrier genotypes. Equivalently, for M. in-
cognita race 1 y race 3, there was for the carrier one 
fragment of 360 bp, and two fragments of 360 and 
320 bp for the non-carrier. Finally, for the Potato Virus 
Y (PVY), there were one fragment of 500 bp for the 
carrier and two fragments of 500 and 700 bp for the 
non-carrier. The cultivar ‘Coker 371-Gold’ was used 
as positive control and the cultivar ‘TB 2519’ as nega-
tive control.

All PCR reaction products were visualized in du-
plicate using 1.0 % agarose gel electrophoresis stained 
with 0.5× TBE Unisafe Dye® (Uniscience, Osasco, 
Brazil). DNA bands were separated at 150 V for 3 h 
in 1× Tris-Borato-EDTA buffer, and the size of the 

fragments was estimated from a standard molecular 
weight ladder (100 bp DNA ladder; Kasvi, Brazil).

Results and discussion

SCAR Mil275 marker
All the current Cuban dark tobacco cultivars ampli-
fied the 205 bp band originated by the SCAR marker 
Mil275 and linked to the RBM1 region from N. deb-
neyi [23]. The non-commercial cultivars ‘Criollo’ and 
‘Corojo’, coincidentally informed as highly suscep-
tible to the disease [1], did not produce the amplifica-
tion product (Figure 1, Table 2).

Although all current cultivars of dark tobacco am-
plify the band to 205 bp, their resistance to P. hyo-
scyami infection has been reported to be variable [1]. 
Furthermore, it is noticiable that the cultivar ‘San 
Luis 22’, Virginia type, moderately resistant to this 
oomycete, did not show the 205 bp band character-
istic of the resistant genotypes (Table 2). This was ir-
respective of its resistance coming from N. debneyi 
through the accession ‘Bel 61-10’ [28].

It is known that the interaction with P. hyoscyami 
suggests a polygenic resistance type, from the behav-
ior of different genotypes of N. tabacum to the disease 
[15, 19]. Nevertheless, there is no information about 
the especific genes present in RBM1 and their involve-
ment in the phenotypic response to the pathogen.

Julio et al. [23] evaluated the resistance of 17 double 
haploid lines coming from the F1 BB16 (N. degneyii 
resistance) × TN86 (susceptible) to P. hyoscyami and 
determined a link between the Mil275 marker and 
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7. Tshikunde NM, Mashilo J, Shimelis H, 
Odindo A. Agronomic and physiological 
traits, and associated Quantitative Trait 
Loci (QTL) affecting yield response in wheat 
(Triticum aestivum L.): A review. Front Plant 
Sci. 2019;10:01428.

8. Liu R, Lu J, Zhou M, Zheng S, Liu Z, 
Zhang C, et al. Developing stripe rust 
resistant wheat (Triticum aestivum L.) lines 
with gene pyramiding strategy and marker-
assisted selection. Genet Resour Crop Evol. 
2020;67(2):381-91.

9. Kumar A, Sandhu N, Dixit S, Yadav S, 
Swamy B, Shamsudin NAAJR. Marker-
assisted selection strategy to pyramid two 
or more QTLs for quantitative trait-grain 
yield under drought. Rice. 2018;11(1):35.

10. Bakaher N. Genetic markers in tobac-
co, usage for map development, diversity 
studies, and quantitative trait loci analysis. 
In: Ivanov N, Sierro N, Peitsch M (eds). The 
tobacco plant genome. Compendium of 
Plant Genomes. Cham: Springer Nature 
Switzerland AG; 2020. p. 43-9.

11. Yang S, Li D, Fisher AJ, Pramod S, Xu 
D. CORESTA Guide N 16;  2019.

12. Acanda Y, Rodríguez L, García H. La 
selección asistida por marcadores en el 
mejoramiento genético del tabaco. Cuba 
Tabaco. 2008;9(2):46-51.

13. Johnson J. Breeding tobacco for resis-
tance to Thielavia root-rot, US Dept Agr 
Tech Bull. 1930;11:175.

Figure 1. Agarose gel electrophoresis (1 %) showing amplification products generated by 
Sequence characterized amplified region (SCAR) Mil275 marker linked to RBM1 region 
associated to polygenic resistance to Peronospora hyoscyami of Bary f.sp. tobacco (Adam). 
Six different amplifications were visualized for each accession. Arrowheads indicate the 
expected DNA band at 205 bp. M: 100 bp DNA ladder, PC: positive control (‘Perevi’) and 
NC: negative control (‘Burley 21’), bp: base pairs.
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RBM1. Despite, it showed significant differences in 
the reaction of P. hyoscyami with double haploid lines 
that did not possess the marker Mil275 and suggested 
that additional genetic factors, not segregated with the 
marker, modulate the expression of resistance. 

Although N. debneyi shows high resistance to the 
disease from early stages (seedling phase), this is not 
the case of cultivars [19]. It is possible that not carry-
ing out phenotypic selection in the breeding programs 
from this phase, genes related to resistance of mono-
genic type (qualitative), present in the wild species 
and then absent in the cultivated tobacco, have not 
been carried over.

Particularly, the wild species Nicotiana megalo-
siphon Heurck and Mueller and Nicotiana excelsior 
Black amplified the band to 205 bp, linked to the 
RBM1 region (Figure 1, Table 2). There are no refer-
ences to the SCAR Mil275 marker evaluation in wild 
species belonging to the genus Nicotiana. Milla et al. 
[15] genotyped the species N. excelsior, Nicotiana ve-
lutina Wheeler, Nicotiana goodspeedii Wheeler and 
N. debneyi using eight random amplified polymorphic 
DNA (RAPD) markers in coupling phase and two 
SCAR markers (SUBC180.251 and SOPR06.268), in 
both cases linked to the RBM1 region of N. debneyi. 
They identified a high level of polymorphism among 
species, but only the presence of the RBM1 region in 
N. degneyii.

In our research, the species N. debneyi and N. ex-
celsior were evaluated, coinciding with the study by 
Milla et al. [15], and N. megalosiphon. These acces-
sions are endemic to Australia and belong to the Sua-
veolentes section according to the classification pro-
posed by Knapp et al. [29]. Thus, the SCAR Mil275 
marker may have amplified a common fragment, 
which does not imply the presence of the RBM1 re-
gion in the three species.

The SCAR Mil275 marker can be a valuable tool 
as part of the introduction of MAS in tobacco breed-
ing programs in Cuba. Despite, its evaluation should 
be accompanied with other SCAR markers [15], so 
that, together, they provide a greater correlation with 
resistance to P. hyoscyami. Furthermore, the use of 
this marker should be avoided when the breeding pro-
grams involve wild species belonging to the Suaveo-
lentes section.

SCAR Php marker
Internationally, both monogenic and polygenic resis-
tance have been investigated in the development of 
cultivars resistant to P. nicotianae [30-32]. The in-
trogressed Php gene of the specie N. plumbaginifolia 
confers complete resistance to race 0 of the pathogen, 
not to race 1 [33, 34]. In Cuba, there has only been re-
ported the presence of race 0 in a generalized way [2].
In this research, the SCAR Php marker did not am-
plify the 770 bp fragment linked to the Php gene in 
the N. tabacum cultivars evaluated (Figure 2, Table 
2). This result is consistent with the fact that the re-
sistance shown by current cultivars increases from 
the seedling phase, where it is practically nil, to high 
levels at flowering time [3], which is characteristic of 
genotypes with partial resistance [35].

Only the Nicotiana rustica L. species showed the 
band at 770 bp linked to the Php gene in N. tabacum 

(Figure 2). There were no references of evaluating a 
population of N. rustica for the presence of the Php 
gene with this marker. Otherwise, the detection of dis-
eased seedlings of this species in a population inocu-
lated with P. nicotianae race 0 [36], is contradictory  

14. Knoche K, Clayton M, Fulton R. 
Comparison of resistance in tobacco to 
Pseudomonas syringae pv. tabaci races 
0 and 1 by infectivity titrations and bac-
terial multiplication. Phytopathology. 
1987;77(9):1364-8.

Table 2. Nicotiana accessions screened for the presence (+) or absence (-) of DNA markers 
linked to resistance/susceptibility to Peronospora hyoscyami of Bary f.sp. tobacco (Adam), 
Phytophthora nicotianae Breda de Haan, Tobacco Mosaic Virus (TMV), Meloidogyne in-
cognita (Kofoid and White) Chitwood races 1 and 3 and Potato Virus Y (PVY)

Accession name SCAR Mil75 SCAR Php
TMV

Multiplex
M. incognita PVY

Criollo tradicional – – – – –

Corojo 99 + – + – –

Habana 92 + – – – –

San Luis 22 – – – + –

Fumo da Corda – – – – –

Havana 142 Seed – – – – +

Corojo 2012 + – + – –

DH-3433-17 – – + + +

Criollo 98 + – + – –

Burley 21 – – + – –

N. alata + – ND ND ND
N. glutinosa L. – – ND ND ND

N. debneyi + – ND ND ND
N. megalosiphon + – ND ND ND

N. excelsior + – ND ND ND

Corojo tradicional – – – – –

Corojo 2006 + – + – –

Habana 2000 + – – – –

PH-89 – – – + –

N. rustica L. – + ND ND ND

Oven 62 + – – – –

Bergerac C + – + – +

Polalta + – – – +

Sancti Spiritus 96 + – – – –

TB-2519 – – + + +

SCAR Mil75, SCAR Php: SCAR Mil75 and SCAR Php markers linked to polygenic resistance of N. tabacum 
to P. hyocyami from N. debneyi (RBM1 region) [1], and to P. nicotianae race 0 from N. plumbaginifolia 
(Php gene) [26], respectively.
TMV, M. incognita and PVY: Multiplex marker linked to monogenic resistance of N. tabacum to TMV (N 
gene),  M. incognita, race 1 and race 3 (Rk1 gene) and PVY (va gene), respectively.
+, –: Presence and absence, respectively, of amplification products linked to resistant genotypes. ND: 
Not discerned between resistant and susceptible genotypes.

Mbp PC NC 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2122 23 24

Figure 2. Agarose gel electrophoresis (1 %) showing amplification products generated by 
Sequence characterized amplified region (SCAR) Php marker linked to Php gene associ-
ated to monogenic resistance to Phytophthora nicotianae Breda de Haan. Two different 
amplifications were visualized for each accession. The arrowhead indicates the expected 
DNA band at 770 bp. M: 100 bp DNA ladder (Promega). PC: positive control (‘Coker 371-
Gold’). NC: negative control (‘K326’). bp: base pairs.
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with the immunity shown towards this race of the 
pathogen from genotypes carrying the Php gene [37, 
38]. Therefore, the most accurate hypothesis could be 
related to the amplification of a common DNA frag-
ment between N. rustica and N. tabacum, unrelated to 
resistance to P. nicotianae, similar to what happened 
with the SCAR Mil75 marker for the species N. excel-
sior and N. megalosiphon (Figure 2, Table 2).

However, the SCAR Php marker amplified the 
product linked to the Php gene in the ‘Coker 371-
Gold’ control, previously informed as homozy-
gous Php/Php [37, 39]. It proved its validity when 
Cuban cultivars were not identified as carriers, in 
agreement with that proposed for five of them by 
Martínez-Pacheco et al. [38]. Besides, the SCAR 
marker used here constitutes a more reproducible 
tool than the RAPD marker UBC30490 proposed by 
Johnson et al. [37] and used by Martínez-Pacheco et 
al. [38], therefore, more effective to be used in the  
MAS [40].

Dluge [41] found that when introgressing in chro-
mosome seven of N. tabacum aimed to improve the 
resistance to P. hyoscyami, the RBM1 region derived 
from N. debneyi partially replaces the QTL Phn7.1, 
this region been associated to the resistance to P. ni-
cotianae present in Cuban cultivars. Considering that 
both diseases are the ones that cause more losses to 
the cultivation in Cuba [1, 42], the obtention of resis-
tant cultivars to both P. hyoscyami and P. nicotianae 
becomes a challenge for tobacco breeders [3]. The in-
corporation of the Php gene in the breeding programs 
of Cuban tobacco will allow obtaining cultivars with 
high resistance to both diseases.

Pyramidization in a genotype of qualitative re-
sistance (Php gene), together with the presence of a 
high level of partial resistance, is among the objec-
tives of the genetic improvement of Cuban tobacco. 
The SCAR Php marker can be an effective tool in the 
selection of the most promising genotypes, carefully 
interpreting the results when the breeding programs 
involve wild species belonging to the genus Nico-
tiana. Other molecular markers not included in this 
study and determined for other sources of resistance 
to P. nicotianae, such as the Wz region coming from 
N. rustica [43] or the Phn15.1 region present in culti-
var ‘Beinhart 1000’ [31], could also contribute to gen-
erate genotypes with a higher degree of resistance to 
this pathogen.

Multiplex marker

Tobacco Mosaic Virus (TMV)
From the Cuban cultivars, only ‘Criollo 98’, ‘Corojo 
99’, ‘Corojo 2006’ and ‘Corojo 2012’ were identified 
as carriers of the N gene from Nicotiana glutinosa L., 
when producing amplification products (1.8 and 1.5 kb 
bands) similar to the resistant control (Figure 3, Table 
2). This result is consistent with the resistance/suscep-
tibility reported for the accessions evaluated [44].

It is well established the negative impact of genes 
linked to the introgressed region of N. glutinosa 
that confers resistance to TMV on yields and qual-
ity of Virginia and Burley tobacco, not so for the 
dark tobacco [45]. Lewis et al. [18] demonstrated 
that it is possible to obtain recombination within the  

introgressed region. Marker-assisted backcrossing 
may allow selection against the undesirable alleles of N. 
glutinosa and increases the probability of developing 
disease resistant cultivars of dark tobacco with higher 
yields and quality than the current ones carrying the  
N gene.

Nematodes Meloidogyne incognita (Kofoid and 
White) Chitwood
Only ‘San Luis 22’ was identified as a carrier of Rk1 
gene among all Cuban cultivars (Figure 3, Table 2), by 
amplifying only one band at 360 bp. The lack of the 
Rk1 gene does not necessarily imply the susceptibility 
of the rest of the cultivars, although it is improbable, 
from the study of the parents, that they carry the Rk2 
gene, which is the other gene reported as conferring 
resistance in N. tabacum to Meloidogyne spp. [26].

The phenomenon of resistance breakdown in cul-
tivars resistant to certain phytopathogenic fungi by 
nematodes has been widely documented [46-48]. In 
experiments with plants of double radical system, in 
which the nematodes were inoculated to one root sys-
tem and the fungus to the other, the plant behaved as 
susceptible to the second. This suggested that meta-
bolic and/or physiological changes induced by the 
nematodes could be responsible for resistance break-
age and not the mechanical damage inflicted by it in 
the root of the host plant [49]. In this way, tobacco 
cultivars resistant to P. nicotianae could behave as 
susceptible in areas infested by root-knot nematodes 
such as Meloidogyne spp. Therefore, the introgression 
of genes Rk1 and Rk2 in Cuban cultivars, beyond con-
ferring resistance to nematodes, would be a valuable 
support tool in the control of P. nicotianae.

Potato Virus Y (PVY)
The presence of the va gene in the ‘Havana 142 Seed’, 
‘Bergerac C’, ‘TB-2519’, ‘DH-3433-17’ and ‘Polalta’ 
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Figure 3. Agarose gel electrophoresis (1 %) showing amplification products generated by 
Multiplex marker. The number and expected length of the bands for the fragments linked 
to the resistant and susceptible genotypes of TMV were two fragments of 1800 and 1500 
bp for the carrier and one fragment of 1500 bp for the non-carrier genotypes. Equiva-
lently, for M. incognita race 1 y race 3, there was for the carrier one fragment of 360 bp, 
and two fragments of 360 and 320 bp for the non-carrier. Finally, for the Potato Virus Y 
(PVY), there were one fragment of 500 bp for the carrier and two fragments of 500 and 
700 bp for the non-carrier. One amplification was visualized for each accession. M: 100 
bp DNA ladder (Promega). PC: positive control (‘Coker 371-Gold’). NC: negative control 
(‘TB 2519’). bp: base pairs.
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accessions was shown (Figure 3, Table 2). Although 
PVY is not a pathogen that causes severe losses in 
Cuba, it is remarkable the fact that none of Cuban cul-
tivars was a carrier of this gene, in agreement with 
previous reports [44].

Such result was mainly expected by two causes: i) 
Resistance to PVY is not among the priorities of to-
bacco improvement in Cuba [1]; ii) several adverse 
effects of the va gene have been reported, despite its 
wide use. Resistant lines tend to have short and nar-
row leaves and less productivity [27], so this region 
could be discarded in the traditional improvement 
programs based on phenotypical selection.

Despite the effectiveness demonstrated by the va 
gene, no source has been able to provide complete 
resistance to all isolates of PVY [27]. An additional 
source of PVY resistance in tobacco has been found 
and transferred from Nicotiana africana Merxmüller 
and Buttler. The combination of va and the introgressed 
N. africana region (Nafr) seems to provide a good com-
promise in terms of resistance, yield and quality [50].

The analysis of the amplification products origi-
nated by the multiplex marker primers highlights 
the limitations of phenotypic selection. The N, RK1 
and va genes are not present in most of our cultivars, 
despite being contemplated in the improvement pro-
grams, i.e., at least one of the parents was a carrier but 
its selection in the progeny was not effective.

Conclusions
Overall, this is the first study addressing the molecu-
lar characterization of Cuban tobacco germplasm in 
terms of resistance to the main diseases that affect its 
cultivation in Cuba. Promising genotypes carrying 
genes for resistance to the main diseases were identi-
fied, which will enhance their use in future breeding 
programs. Effective markers are now available for the 
genes and/or QTLs of resistance against the diseases 
targeted in this study, which is an essential step to rou-
tinely introducing MAS in Cuban tobacco improve-
ment programs. Nevertheless, biological screening 
aimed to confirm disease resistance in advanced in-
bred lines will still be a critical step for the develop-
ment of multiple disease resistant cultivars.
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