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Abstract

Solanaceae family comprises tens of genera and thousands of species, including numerous cultivated plants such as
tomato, potato, eggplant, tobacco, deadly nightshade and petunia, used for human diet, ornamental and pharmaceutical
purpose as well as biological model systems. Plants must continuously defend against attacks from pest, viruses,
bacteria and fungi for improving biotic stress tolerance. Molecular markers linked to specific genes responsible for
resistance / tolerance to pathogens or pests can be used to accelerate the breeding process in order to create new
varieties that are not only desirable for the quality of the end product but are also resistant to biotic stress. This review
brings together data referring to molecular markers linked to various phenotypic traits related to plant biotic stress
resistance and the benefits of resistance versus chemical protection.
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INTRODUCTION

The Solanaceae family comprises species
present on all continents except Antarctica,
species with various durations of life cycle and
adapted to a wide range of life environments.
Members of this family are used not only for
human diet or ornamental purposes, but also in
the pharmaceutical field, since some of the
substances they metabolize have medicinal
properties, and last but not least they are useful
as model plants in scientific research. As the
gene content of the different species remains
constant despite their different phenotypes,
Solanaceae family represents an excellent
model for studying plant adaptation to natural
or agricultural environments (Mueller et al.,
2009).

During their life cycle, plants must
continuously defend against attacks from pests,
viruses, bacteria and fungi. Traditional
cultivated tomato lack genetic diversity.
Therefore, it has been suggested to transfer the
desired resistance traits from their wild type
relatives (Rick & Chetelat, 1995). Plant
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breeders are looking for novel techniques to
hasten the breeding process with the aim of
creating new varieties of plants tolerant/
resistant to biotic stress. In the past three
decades, with the advent of large scale DNA
sequencing, new ways to improve the classic
breeding techniques have been discovered.
More and more genes putatively responsible for
specific or broad resistance to biotic stress are
being revealed every year, and changes in the
DNA composition, either in the coding regions
or in the regulatory regions, led to the
identification of numerous molecular markers
that are linked to tolerance/resistance to biotic
stress. For instance, Paterson et al. (1988) used
for the first time a complete Restriction
Fragment Length Polymorphism (RFLP)
linkage map in tomato to identify quantitative
trait loci (QTLs).

QTL mapping can be used to further
understand the genetic basis of various traits,
including resistance to biotic stress (Barone et
al., 2008). Once QTLs for a specific trait (e.g.
resistance/susceptibility to a certain pathogen
or pest) have been identified, there are two



avenues of follow-up research. In case the
genome of the species under study is not
sequenced, the identified QTL region can be
sequenced. Then, the putative functions of the
genes found within that region can be assessed
by sequence similarity comparisons with
homologue genes from other organisms. In
case the genome of the species under study has
been sequenced, and the genes from that
particular QTL region already identified, the
focus of next studies will be on the gene/genes
connected to the trait of interest, and what are
the differences at DNA level between cultivars
resistant and susceptible to a certain biotic
stress. At this point, molecular markers are
extremely helpful.

Molecular markers point out variations in DNA
and can appear due to DNA mutations, such as
substitutions (point mutations), rearrangements
(deletions or insertions) and repeated DNA
sequences. Markers localized within DNA
close to the genes of interest are called gene
tags (Collard et al., 2005). Plant breeding that
uses molecular markers marker-assisted
selection (MAS) - has numerous advantages:
selection of genotypes at seedling stage (hence
time saving compared to traditional methods of
selection), gene pyramiding (combining
multiple genes responsible for a particular trait
in a single genotype), avoidance of the transfer
of undesirable genes, selection of traits with
low heritability, etc. (Devi et al., 2017). For
example, gene pyramiding is extremely useful
tool when resistance to some biotic stress
factors is controlled in small measure by
several genes, rather than strong resistance due
to only one or two main genes, as is the case of
resistance to late blight (Adhikari et al., 2017).
The present review aims to catalogue data
related to the use of molecular markers in
species belonging to Solanaceae family, to
point out the progress made using them for
developing resistance to different pathogens
and pests that affect species belonging to this
family, as well as the benefits of resistance
versus chemical protection.

An overview on molecular markers used for
Solanaceae family studies

Some of the molecular markers employed to
help the breeding process of cultivated plants
from Solanaceae family are Single Nucleotide
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Polymorphism (SNP), Random Amplification
of Polymorphic DNA (RAPD), Restriction
Fragment Length Polymorphism (RFLP),
Amplified Fragment Length Polymorphism
(AFLP), Simple Sequence Repeats (SSR), Inter
Simple Sequence Repeats (ISSR), Cleaved
Amplified Polymorphic Sequence (CAPS),
Sequence-Related Amplified Polymorphism
(SRAP), Single-Nucleotide Amplified
Polymorphism (SNAP), Conserved Orthologs
Set (COS), Sequence Characterized Amplified
Region (SCAR) (see Table 1).

Once the markers have been mapped to a
specific place in the genome, they can be
linked to wvarious genes responsible to
desirable/undesirable traits and can be used for
selection in the breeding process.

Table 1. Molecular markers used for Solanaceae species

Reference
Barchi et al., 2011
Acquadro et al., 2017
Hamilton et al., 2011
Draffehn et al., 2013
Mosquera et al., 2016
Berdugo-Cely et al., 2017
Enciso-Rodriguez et al., 2018
Santa et al., 2018
Tagliotti et al., 2018
Jimenez-Gomez and Maloof,
2009
Sim et al., 2011
Hamilton et al., 2012
Sim et al., 2012
Iquebal et al., 2013
Viquez-Zamora et al., 2013
Kevei et al., 2015

Celik et al., 2017

Demir et al., 2010
Toppino et al., 2008
11bi, 2003
Aladele et al., 2008
Nwangburuka et al., 2011
Prakash et al., 2011
Ikram-ul-Haq etal., 2013
Kaur et al, 2013
Toppino et al., 2008
van der Voort et al., 2000
Yang et al, 2014
He et al., 2003;

Ruiz et al., 2005;
Grushetskaya et al., 2007;
Sim et al., 2011;
Ning et al., 2012;
Todorovska et al., 2014
Stagel et al., 2008;
Tiimbilen et al., 2011;
Demir et al., 2010;
Barchi et al., 2011
Feingold et al., 2005;
Ghislain et al., 2001;
Ghislain et al., 2009
Kim et al, 2008;
Ibarra-Torres et al, 2015
Chen et al., 2017
Garzon-Martinez et al., 2012

Marker type Species

eggplant

potato

SNP

tomato

Solanum
pimpinellifolium L.

eggplant
pepper

RAPD

okra

eggplant
potato
tomato

CAPS

tomato

SSR eggplant

potato

pepper

russian box thorn
cape gooseberry




van der Voort et al., 2000;
Ghislain et al., 2001;
Isidore et al., 2003;
van Os et al., 2006
Ning et al., 2012
Caranta et al., 1999
Akash et al., 2013;
Kyriakopoulou et al., 2014
Kim et al, 2008
Tanksley et al., 1992
Tanksley et al., 1992

potato

AFLP
tomato

pepper

okra

pepper
tomato
potato
Solanum
pimpinellifolium L.
Pepper

RFLP

Sharma et al., 2008

ISSR Ibarra-Torres et al., 2015
Ruiz et al., 2005;
Shaye et al., 2018

Lietal, 2010
Kim et al., 2008
Lindqvist-Kreuze et al, 2013

Yangetal., 2014

SRAP tomato

eggplant
pepper
potato
tomato

SNAP
Cos
SCAR

Molecular markers application to improve
the resistance of Solanaceae species to some
biotic stress factors

Molecular markers application for viruses
resistance

Resistance to multiple viruses (tomato mosaic
virus, ToMV; tomato spotted wilt virus,
TSWV; tomato yellow leaf curl virus, TY-
LCV) and additional resistance to Verticillium
and Fusarium oxysporum Schlecht. present in
“Anastasia” tomato variety can be detected
using both SSR and SRAP marker systems
(Ruiz et al., 2005). SSR markers used in the
study could be used to discriminate among the
three main cultivar types used in the study, but
not among cultivars of the same type that had
different phenotypes. Nevertheless, all cultivars
studied could be differentiated using SRAP
markers.

Potato virus Y (PVY) resistance can be
classified into two main types of resistance:
extreme resistance (ER), which shows either no
symptoms  or  limited necrosis, and
hypersensitive resistance (HR), that manifests
either local necrotic lesions or systemic
necrosis (Solomon-Blackburn & Barker, 2001).
Kasai et al (2000) developed SCAR markers
linked to Ryaqs gene in potato and PCR - based
DNA markers linked to two ER genes (Rysoand
Ryads) were used for MAS in potato by Heldak
et al. (2007). In pepper resistance gene Pvr4
was tagged using AFLP markers (Caranta et
al., 1999). In the same study, one marker (the
closest to Pvr4 gene) was transformed to CAPS
marker in order to aid MAS, especially pvr
gene pyramiding in a single cultivar.
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Yellow leaf curl virus, transmitted by the white
fly, causes severe loss of production in
tomatoes (Cohen and Lapidot, 2007).
Resistance to this virus has been mapped to
chromosome 11, to the Ty-2 gene (Yang et al.,
2014).

Molecular markers application for bacteria
resistance

Ralstonia  pseudosolanacearum causes the
bacterial wilt in numerous Solanaceae species
(Heyward, 1991). One QTL marker related to
bacterial wilt resistance has been identified in
tomato on chromosomes 6 using SSR markers
(Geethanjali et al., 2010). This QTL has been
confirmed and an additional QTL has been
identified on chromosome 12 by Wang et al.,
(2013) using recombinant inbred lines (RILs).
Recently, Kim et al. (2018) identified 265
SNPs located in these two QTLs that are
responsible for resistance/susceptibility to
bacterial wilt. One of these SNP markers
located within a functional gene on
chromosome 12, Solyc12g009690.1, may be
used to select varieties resistant to bacterial
wilt. In eggplant, resistance QTLs were
identified on chromosomes 3 and 6 (Salgon et
al., 2017).

Streptomyces scabiae Thaxter causes scarring
of the potato tubers surface, reducing their
quality and marketability. Enciso-Rodriguez et
al. (2018) have identified a novel SNP locus for
common scab resistance, mapped in a WRKY
transcription factor region, on chromosome
IX.WRKY transcription factors are known for
their role in controlling systemic and acquired
resistance, as they are either activating or
repressing genes responsible for defence-
related proteins synthesis.

Molecular markers application for fungi
resistance

Early blight is caused by the fungus Alternaria
solani Sorauer. Resistance to this disease is
controlled by multiple genes, out of which none
is conferring a major resistance (Adhikari et al.,
2017). Furthermore, even if some wild species
are resistant to early blight, the cultivated
varieties that are moderately resistant have
undesired traits as low yield and late maturity.
Combining the QTLs from different species by



gene pyramiding may produce a variety
resistant to early blight (Adhikari et al., 2017).
Arafa et al. (2017) identified two genes on
tomato chromosome 6 that could confer
resistance to tomato late blight produced by
Phytophtora infestans Mont., result validated
by SSR analysis. For potato, numerous studies
on QTL mapping have been performed. QTLs
for late blight resistance are present on
chromosomes I, III, V, VII, VIII, IX, XII
(Ghislain et al., 2001; Visker et al., 2003;
Mosquera et al., 2016; Santa et al., 2018). The
conclusion of the QTL studies was that
polygenic resistance is more efficient and
durable as opposed to resistance conferred by
Rpi-genes (R genes to P. infestans), which was
less effective. However, the drawback of
polygenic resistance in potato is the late
maturity associated with the resistance, trait
that is not desired by the breeders and growers
(Danan et al, 2011). Nevertheless, using SNP
markers, Draffehn et al. (2013) were able to
select plants that had improved quantitative
resistance to late blight, but were not
compromised by late maturity. Furthermore,
Mosquera et al. (2016) identified SNP markers
in potato associated with quantitative resistance
to late blight but not linked to late maturity.
One of the R genes to P. infestans in Solanum
bulbocastanum Dunal, a wild Solanum species,
is the RB gene, mapped to chromosome 8,
using RFLP and RAPD molecular markers
(Naess et al., 2000). In a subsequent study,
Colton et al. (2006) developed a PCR-based
DNA marker for tracking the RB gene
throughout the breeding process, while
transferring this R-gene from S. bulbocastanum
to S. tuberosum.

Root rot and seedling damping off is caused by
Phytophthora capsici Leonian in pepper. Kim
et al (2008) constructed a linkage map using
RFLP and SSR markers. They developed
SNAP, SSR and CAPS markers to QTL loci
responsible to resistance to P. capsici.

Toppino et al. (2008) designed CAPS markers
to be used for indirect selection of Fusarium
resistance in eggplant. They initially performed
an initially study of resistance inheritance using
Solanum aethiopicum L. as a resistance donor,
and discovered that one gene, Rfo-sal, was
responsible for the Fusarium resistance.
Subsequent Bulk Segregant Analysis with
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RAPD markers led to the identification of three
RAPD markers linked to the resistance trait,
that were subsequently transformed to CAPS
markers to be used for selection in future
studies.

Molecular markers application for pest
resistance

Even though potato cyst nematode broad-
spectrum resistance in potato was considered to
be a complex inherited trait. Van der Voort et
al. (2000) demonstrated that actually two loci
are responsible for Globodera pallida
resistance: Gpa5 and Gpa6. Both loci were
mapped to chromosomes 5 and 9 using initially
an AFLP marker online catalogue. Thereafter,
the loci were identified using CAPS markers
based on RFLP insert sequences. Gpa 5 locus
is located on chromosome 5 in a region that is
also responsible for fungal and viral resistance.
Gpa 6 appears to be is also located in a
resistance cluster on chromosome 9, which
contains a virus resistance gene in a
homologous tomato genome.

Santa et al. (2018) identified 15 QTLs linked to
resistance to Tecia solanivora, guatemalan
potato moth tuber, out of which 10 were
identified in the phenotypic field trial and 10 in
the storage conditions. Furthermore, seven
QTLs out of the total fifteen QTLs identified
were related to resistance and eight QTLs were
related to susceptibility to T solanivora.

Avila et al. (2019) have identified QTLs for
resistance to tomato-potato psyllid (TPP) in
tomato wild relatives. Some of the accessions
that have shown good resistance to TPP, also
shown resistance to the bacterium Candidatus
Liberibacter solanacearum (Lso).

Sun et al. (2020), using SNP markers, mapped
resistance to aphid, Myzus persicae, to three
QTL loci, two on chromosome 2, and one on
chromosome 4. The QTL loci on chromosome
2 are affecting aphid survival and reproduction,
whereas the locus on chromosome 4 is
affecting aphid reproduction. The fine mapping
of the locus on chromosome 2 affecting
reproduction  identified a DNA region
containing resistance genes of the receptor-like
kinase family containing a leucine-rich repeat
domain (LRR-RLK3s).



CONCLUSIONS

During their development, plants must
continuously defend against attacks from
viruses, bacteria, fungi and pests. Wild plants
have developed in time resistance against such
attacks, but cultivated plants, since they have
been selected through domestication for
different traits (yield, colour, taste, size, etc.)
have lost resistance/tolerance to pathogens and
pests. For instance, compared to the wild
species of tomato, that have a large genetic
diversity, cultivated varieties of tomato have
much less diversity, less than 5% of the genetic
variation of the wild species (Bai & Lindhaut,
2007).

Wild plants, relatives of the cultivated ones can
be used a reservoir for genetic resistance. The
molecular markers can be employed to verify
the transfer of the desired DNA regions that
control useful traits including
resistance/tolerance to biotic stress during the
breeding process. Genetic resistance, along
with other desirable traits (taste, shape, size,
etc.), can be transferred as well by marker-
assisted selection from some established
traditional cultivars. In order to make this
possible, numerous studies to detect which of
the cultivars are resistant to one or more
pathogens /pests have been performed (Mihnea
et al.,, 2019; Mindru et al., 2019). Once the
cultivars with the desired trait are determined,
the breeders may proceed to marker-assisted
selection. The marker-assisted selection is not
only accelerating the breeding process, but is
also making it more efficient and is changing
the breeding focus from phenotype selection to
gene selection (Bai & Lindhaut, 2007).
Chemical protection of cultivated plants is used
successfully against a wide range if organisms
(bacteria, fungi, insects, etc.). However, their
use has several strong disadvantages:
development of pesticide resistance, water, soil
and air pollution, disappearance of pollinators,
etc. Developing plants with genetic resistance
negates the need for chemical protection and
subsequently eliminates its negative effects. As
novel resistance genes are identified, they
should be tagged and used in the creation of
new varieties of plants resistant to common
pathogens and pests.

409

ACKNOWLEDGEMENTS

This research work is supported by the
Romanian Ministry of Agriculture and Rural
Development (MADR-Bucharest), under the
agricultural research and development program
2019-2022, ADER 7.2.6 project.

REFERENCES

Acquadro, A., Barchi, L., Gramazio, P., Portis, E.,
Vilanova, S., Comino, C., Plazas, M., Prohens , J.,
Lanteri, S. (2017). Coding SNPs analysis highlights
genetic relationships and evolution pattern in
eggplant complexes. PLoS One, 12(7): €0180774.

Adhikari, P., Oh, Y., & Panthee, D. (2017). Current
status of early blight resistance in tomato: an
update. International ~ Journal — of  Molecular
Sciences, 18(10), 2019.

Akash, M. W., Shiyab, S. M., & Saleh, M. 1. (2013).
Yield and AFLP analyses of inter-landrace variability
in okra (Abelmoschus esculentus L.). Life Science
Journal, 10(2), 2771-2779.

Aladele, S. E., Ariyo, O. J., & De Lapena, R. (2008).
Genetic relationships among West African okra
(Abelmoschus  caillei) and  Asian  genotypes
(Abelmoschus  esculentus) using RAPD. African
Journal of Biotechnology, 7(10): 1426-1431.

Arafa, R. A., Rakha, M. T., Soliman, N. E. K., Moussa,
0. M., Kamel, S. M., & Shirasawa, K. (2017). Rapid
identification of candidate genes for resistance to
tomato late blight disease using next-generation
sequencing technologies. PloS one, 12(12).

Avila, C. A., Marconi, T. G., Viloria, Z., Kurpis, J., &
Del Rio, S. Y. (2019). Bactericera cockerelli
resistance in the wild tomato Solanum habrochaites
is polygenic and influenced by the presence of
Candidatus ~ Liberibacter solanacearum. Scientific
reports, 9(1), 1-11.

Bai, Y., & Lindhout, P. (2007). Domestication and
breeding of tomatoes: what have we gained and what
can we gain in the future? Annals of Botany, 100(5),
1085-1094.

Barchi, L., Lanteri, S., Portis, E., Acquadro, A., Vale, G.,
Toppino, L., & Rotino, G. L. (2011). Identification of
SNP and SSR markers in eggplant using RAD tag
sequencing. BMC Genomics, 12(1), 304.

Barone, A., Chiusano, M. L., Ercolano, M. R., Giuliano,
G., Grandillo, S., & Frusciante, L. (2008). Structural
and functional genomics of tomato. International
Journal of Plant Genomics, 2008. Article ID 820274,

Berdugo-Cely, J., Valbuena, R. I., Sanchez-Betancourt,
E., Barrero, L. S., & Yockteng, R. (2017). Genetic
diversity and association mapping in the Colombian
Central Collection of Solanum tuberosum L.
Andigenum group using SNPs markers. PloS one,
12(3). 0173039.

Caranta, C., Thabuis, A., & Palloix, A. (1999).
Development of a CAPS marker for the Pvr4 locus: a
tool for pyramiding potyvirus resistance genes in
pepper. Genome, 42(6), 1111-1116.



Celik, I., Gurbuz, N., Uncu, A. T., Frary, A., &
Doganlar, S. (2017). Genome-wide SNP discovery
and QTL mapping for fruit quality traits in inbred
backcross lines (IBLs) of Solanum pimpinellifolium
using genotyping by sequencing. BMC
Genomics, 18(1), 1.

Chen, J. H., Zhang, D. Z., Zhang, C., Xu, M. L., & Yin,
W. L. (2017). Physiological characterization,
transcriptomic profiling, and microsatellite marker
mining of Lycium ruthenicum. Journal of Zhejiang
University-SCIENCE B, 18(11), 1002-1021.

Cohen, S., & Lapidot, M. (2007). Appearance and
expansion of TYLCV: a historical point of view.
In Tomato yellow leaf curl virus disease (pp. 3-12).
Springer, Dordrecht.

Collard, B. C., Jahufer, M. Z. Z., Brouwer, J. B., & Pang,
E. C. K. (2005). An introduction to markers,
quantitative trait loci (QTL) mapping and marker-
assisted selection for crop improvement: the basic
concepts. Euphytica, 142(1-2), 169-196.

Colton, L. M., Groza, H. 1., Wielgus, S. M., & Jiang, J.
(2006). Marker-assisted selection for the broad-
spectrum potato late blight resistance conferred by
gene RB derived from a wild potato species. Crop
Science, 46(2), 589-594.

Danan, S., Veyrieras, J. B., & Lefebvre, V. (2011).
Construction of a potato consensus map and QTL
meta-analysis offer new insights into the genetic
architecture of late blight resistance and plant
maturity traits. BMC Plant Biology, 11(1), 16.

Demir, K., Bakir, M., Sarikamis, G., & Acunalp, S.
(2010). Genetic diversity of eggplant (Solanum
melongena) germplasm from Turkey assessed by
SSR and RAPD markers. Genetics and Molecular
Research, 9(3), 1568-1576.

Devi, E. L., Devi, C. P., Kumar, S., Sharma, S. K.,
Beemrote, A., Chongtham, S. K., ... & Akoijam, R.
(2017). Marker assisted selection (MAS) towards
generating stress tolerant crop plants. Plant Gene, 11,
205-218.

Draffehn, A. M., Li, L., Krezdorn, N., Ding, J., Liibeck,
J., Strahwald, J., & Gebhardt, C. (2013).
Comparative transcript profiling by SuperSAGE
identifies novel candidate genes for controlling
potato quantitative resistance to late blight not
compromised by late maturity. Frontiers in Plant
Science, 4, 423.

Enciso-Rodriguez, F., Douches, D., Lopez-Cruz, M.,
Coombs, J., & de Los Campos, G. (2018). Genomic
selection for late blight and common scab resistance
in tetraploid potato (Solanum tuberosum). G3: Genes,
Genomes, Genetics, 8(7), 2471-2481.

Feingold, S., Lloyd, J., Norero, N., Bonierbale, M., &
Lorenzen, J. (2005). Mapping and characterization of
new EST-derived microsatellites for potato (Solanum
tuberosumL.). Theoretical and Applied
Genetics, 111(3), 456-466.

Garzon-Martinez, G. A., Zhu, Z. 1., Landsman, D.,
Barrero, L. S., & Marifio-Ramirez, L. (2012). The
Physalis peruviana leaf transcriptome: assembly,
annotation and gene model prediction. BMC
genomics, 13(1), 151.

410

Geethanjali, S., Chen, K. Y., Pastrana, D. V., & Wang, J.
F. (2010). Development and characterization of
tomato SSR markers from genomic sequences of
anchored BAC clones on chromosome 6. Euphytica,
173(1), 85-97.

Ghislain, M., Trognitz, B., Herrera, M. D. R., Solis, J.,
Casallo, G., Vasquez, C., ... & Orrillo, M. (2001).
Genetic loci associated with field resistance to late
blight in offspring of Solanum phureja and S.
tuberosum grown under short-day conditions.
Theoretical and Applied Genetics, 103(2-3), 433-442.

Ghislain, M., Nunez, J., del Rosario Herrera, M.,
Pignataro, J., Guzman, F., Bonierbale, M., &
Spooner, D. M. (2009). Robust and highly
informative microsatellite-based genetic identity kit
for potato. Molecular Breeding, 23(3), 377-388.

Grushetskaya, Z. E., Lemesh, V. A., Poliksenova, V. D.,
& Khotyleva, L. V. (2007). Mapping of the Cf-6
tomato leaf mould resistance locus using SSR
markers. Russian Journal of Genetics, 43(11), 1266-
1270.

Hamilton, J. P., Hansey, C. N., Whitty, B. R., Stoffel, K.,
Massa, A. N., Van Deynze, A., ... & Buell, C. R.
(2011). Single nucleotide polymorphism discovery in
elite  North American potato germplasm. BMC
Genomics, 12(1), 302.

Hamilton, J. P., Sim, S. C., Stoffel, K., Van Deynze, A.,
Buell, C. R.,, & Francis, D. M. (2012). Single
nucleotide polymorphism discovery in cultivated
tomato via sequencing by synthesis. The Plant
Genome, 5(1), 17-29.

He, C., Poysa, V., & Yu, K. (2003). Development and
characterization of simple sequence repeat (SSR)
markers and their use in determining relationships
among  Lycopersicon esculentum cultivars.
Theoretical and Applied Genetics, 106(2), 363-373.

Helddk, J., Bezo, M., StefunoVa, V., & GAllikoVa, A.
(2007). Selection of DNA markers for detection of
extreme resistance to potato virus Y in tetraploid
potato. Czech J. Genet. Plant Breed, 43(4), 125-134.

Hayward, A. C. (1991). Biology and epidemiology of
bacterial wilt caused by Pseudomonas solanacearum.
Annual review of phytopathology, 29(1), 65-87.

Ikram-ul-Haq, A. A. K., & Azmat, M. A. (2013).
Assessment  of  genetic diversity in  Okra
(Abelmoschus esculentus L.) using RAPD markers.
Pak. J. Agri. Sci, 50(4), 655-662.

Ibarra-Torres, P., Valadez-Moctezuma, E., Pérez-
Grajales, M., Rodriguez-Campos, J., & Jaramillo-
Flores, M. E. (2015). Inter-and intraspecific
differentiation of Capsicum annuum and Capsicum
pubescens using ISSR and SSR markers. Scientia
Horticulturae, 181, 137-146.

Iquebal, M. A., Arora, V., Verma, N., Rai, A., & Kumar,
D. (2013). First whole genome based microsatellite
DNA marker database of tomato for mapping and
variety identification. BMC Plant Biology, 13(1),
197.

Ilbi, H. (2003). RAPD markers assisted varietal
identification and genetic purity test in pepper,
Capsicum annuum. Scientia Horticulturae, 97(3-4),
211-218.



Isidore, E., Van Os, H., Andrzejewski, S., Bakker, J.,
Barrena, 1., Bryan, G. J., ... & Van Koert, P. (2003).
Toward a marker-dense meiotic map of the potato
genome: lessons from linkage group
1. Genetics, 165(4), 2107-2116.

Jiménez-Gomez, J. M., & Maloof, J. N. (2009).
Sequence diversity in three tomato species: SNPs,
markers, and molecular evolution. BMC Plant
Biology, 9(1), 85

Kasai, K., Morikawa, Y., Sorri, V. A., Valkonen, J. P. T.,
Gebhardt, C., & Watanabe, K. N. (2000).
Development of SCAR markers to the PVY
resistance gene Ry adg based on a common feature of
plant disease resistance genes. Genome, 43(1), 1-8.

Kaur, K., Pathak, M., Kaur, S., Pathak, D., & Chawla, N.
(2013). Assessment of morphological and molecular
diversity among okra [Abelmoschus esculentus (L.)
Moench.] germplasm. African Journal of
Biotechnology, 12(21).

Kevei, Z., King, R. C., Mohareb, F., Sergeant, M. J.,
Awan, S. Z., & Thompson, A. J. (2015).
Resequencing at> 40-fold depth of the parental
genomes of a Solanum lycopersicum * S.
pimpinellifolium recombinant inbred line population
and characterization of frame-shift In Dels that are
highly likely to perturb protein function. G3: Genes,
Genomes, Genetics, 5(5), 971-981.

Kim, H. J., Nahm, S. H., Lee, H. R., Yoon, G. B., Kim,
K. T., Kang, B. C., ... & Han, J. H. (2008). BAC-
derived markers converted from RFLP linked to
Phytophthora capsici resistance in pepper (Capsicum
annuum L.). Theoretical and Applied Genetics,
118(1), 15.

Kim, B., Hwang, 1. S., Lee, H. J., Lee, J. M., Seo, E.,
Choi, D., & Oh, C. S. (2018). Identification of a
molecular marker tightly linked to bacterial wilt
resistance in tomato by genome-wide SNP analysis.
Theoretical and Applied Genetics, 131(5), 1017-
1030.

Kyriakopoulou, O. G., Arens, P., Pelgrom, K. T.,
Karapanos, 1., Bebeli, P., & Passam, H. C. (2014).
Genetic and morphological diversity of okra
(Abelmoschus esculentus [L.] Moench.) genotypes
and their possible relationships, with particular
reference to Greek landraces. Scientia
Horticulturae, 171, 58-70.

Lindqvist-Kreuze, H., Cho, K., Portal, L., Rodriguez, F.,
Simon, R., Mueller, L. A., ... & Bonierbale, M.
(2013). Linking the potato genome to the conserved
ortholog set (COS) markers. BMC Genetics, 14(1),
51.

Mihnea, N., Lupascu, G., Gavzer, S., & Otel, D. (2019).
Influence of the Alternaria and Fusarium spp. culture
filtrates on the growth of tomato plants in early
ontogenesis. Scientific Papers. Series B, Horticulture.
Vol. LXIII, No. 1:411-416.

Mindru, I., Costache, M., Sovarel, G., Cenusa, A. E.,
Hoza, D., & Cristea, S. (2019). Researches
concerning the behaviour of some cultivars of
tomatoes (Lycopersicon esculentum Mill.) in Vidra
area, llfov county. Scientific Papers. Series B,
Horticulture. Vol. LXIII, No. 2:149-153.

411

Mosquera, T., Alvarez, M. F., Jiménez-Gomez, J. M.,
Muktar, M. S., Paulo, M. J., Steinemann, S., ... &
Strahwald, J. (2016). Targeted and untargeted
approaches unravel novel candidate genes and
diagnostic SNPs for quantitative resistance of the
potato (Solanum tuberosum L.) to Phytophthora
infestans causing the late blight disease. PLoS One,
11(6).

Mueller, L. A., Lankhorst, R. K., Tanksley, S. D.,
Giovannoni, J. J., White, R., Vrebalov, J., ... &
Menda, N. (2009). A snapshot of the emerging
tomato genome sequence. The Plant Genome, 2(1),
78-92.

Naess, S. K., Bradeen, J. M., Wielgus, S. M., Haberlach,
G. T., Mcgrath, J. M., & Helgeson, J. P. (2000).
Resistance to late blight in Solanum bulbocastanum
is mapped to chromosome 8. Theoretical and Applied
Genetics, 101(5-6), 697-704.

Ning, L., Jing-bin, J., Jing-fu, L., & Xiang-yang, X.
(2012). Development of molecular marker linked to
Cf-10 gene using SSR and AFLP method in tomato.
Journal of Northeast Agricultural University (English
Edition), 19(4), 30-36.

Nwangburuka, C. C., Kehinde, O. B., Ojo, D. K.,
Popoola, A. R., Oduwaye, O., Denton, O. A., &
Adekoya, M. (2011). Molecular characterization of
twenty-nine okra accessions using the random
amplified polymorphic DNA (RAPD) molecular
marker. Acta Satech, 4(1), 1-14.

Paterson, A. H., Lander, E. S., Hewitt, J. D., Peterson, S.,
Lincoln, S. E., & Tanksley, S. D. (1988). Resolution
of quantitative traits into Mendelian factors by using
a complete linkage map of restriction fragment length
polymorphisms. Nature, 335(6192), 721-726.

Prakash, K., Pitchaimuthu, M., & Ravishankar, K. V.
(2011). Assessment of genetic relatedness among
okra genotypes [Abelmoschus esculentus (L.)
Moench] using RAPD markers. Electronic Journal of
Plant Breeding, 2(1), 80-86.

Rick, C. M., & Chetelat, R. T. (1995). Utilization of
related wild species for tomato improvement. Acta
horticulturae, 412, 21-38. Ruiz, J. J., Garcia-
Martinez, S., Pico, B., Gao, M., & Quiros, C. F.
(2005). Genetic variability and relationship of closely
related Spanish traditional cultivars of tomato as
detected by SRAP and SSR markers. Journal of the
American Society for Horticultural Science, 130(1),
88-94.

Salgon, S., Jourda, C., Sauvage, C., Daunay, M. C.,
Reynaud, B., Wicker, E., & Dintinger, J. (2017).
Eggplant resistance to the Ralstonia solanacearum
species complex involves both broad-spectrum and
strain-specific quantitative trait loci. Frontiers in
Plant Science, 8, 828.

Santa, J. D., Berdugo-Cely, J., Cely-Pardo, L., Soto-
Suarez, M., Mosquera, T., & Galeano M, C. H.
(2018). QTL analysis reveals quantitative resistant
loci for Phytophthora infestans and Tecia solanivora
in tetraploid potato (Solanum tuberosum L.). PloS
one, 13(7), e0199716.

Sharma, A., Zhang, L., Nifo-Liu, D., Ashrafi, H., &
Foolad, M. R. (2008). A Solanum lycopersicum >
Solanum  pimpinellifolium linkage map of tomato



displaying genomic locations of R-genes, RGAs, and
candidate resistance/defense-response ESTs.
International Journal of Plant Genomics, 2008.
doi:10.1155/2008/926090

Al Shaye, N., Migdadi, H., Charbaji, A., Alsayegh, S.,
Daoud, S., Wala, A. A., & Alghamdi, S. (2018).
Genetic variation among saudi tomato (Solanum
lycopersicum L.) landraces studied using sds-page
and srap markers. Saudi journal of biological
sciences, 25(6), 1007-1015.

Sim, S. C., Robbins, M. D., Van Deynze, A., Michel, A.
P., & Francis, D. M. (2011). Population structure and
genetic  differentiation associated with breeding
history and selection in tomato (Solanum
lycopersicum L.). Heredity, 106(6), 927-935.

Sim, S. C., Durstewitz, G., Plieske, J., Wieseke, R.,
Ganal, M. W., Van Deynze, A., ... & Francis, D. M.
(2012). Development of a large SNP genotyping
array and generation of high-density genetic maps in
tomato. PloS one, 7(7).

Solomon-Blackburn, R. M., & Barker, H. (2001). A
review of host major-gene resistance to potato viruses
X, Y, A and V in potato: genes, genetics and mapped
locations. Heredity, 86(1), 8-16.

Stagel, A., Portis, E., Toppino, L., Rotino, G. L., &
Lanteri, S. (2008). Gene-based microsatellite
development for mapping and phylogeny studies in
eggplant. BMC Genomics, 9(1), 357.

Sun, M., Voorrips, R. E., van’t Westende, W., van
Kaauwen, M., Visser, R. G., & Vosman, B. (2020).
Aphid resistance in Capsicum maps to a locus
containing LRR-RLK gene analogues. Theoretical
and Applied Genetics, 133(1),227-237.

Tagliotti, M. E., Deperi, S. L., Bedogni, M. C., Zhang, R.,
Carpintero, N. C. M., Coombs, J., ... & Huarte, M. A.
(2018). Use of easy measurable phenotypic traits as a
complementary approach to evaluate the population
structure and diversity in a high heterozygous panel
of tetraploid clones and cultivars. BMC Genetics,
19(1), 8.

Tanksley, S. D., Ganal, M. W., Prince, J. P., De Vicente,
M. C., Bonierbale, M. W., Broun, P., ... & Martin, G.
B. (1992). High density molecular linkage maps of
the tomato and potato genomes. Genetics, 132(4),
1141-1160.

Todorovska, E., Ivanova, A., Ganeva, D., Pevicharova,
G., Molle, E., Bojinov, B., ... & Danailov, Z. (2014).

412

Assessment of genetic variation in Bulgarian tomato
(SolanumlycopersicumL.) genotypes, using
fluorescent SSR genotyping platform. Biotechnology
& Biotechnological Equipment, 28(1), 68-76.

Toppino, L., Valé, G., & Rotino, G. L. (2008).
Inheritance of Fusarium wilt resistance introgressed
from Solanum aethiopicum Gilo and Aculeatum
groups into cultivated eggplant (S. melongena) and
development of associated PCR-based markers.
Molecular Breeding, 22(2), 237-250.

Tumbilen, Y., Frary, A., Daunay, M. C., & Doganlar, S.
(2011). Application of EST-SSRs to examine genetic
diversity in eggplant and its close relatives. Turkish
Journal of Biology, 35(2), 125-136.

Van der Voort, J. R., Van der Vossen, E., Bakker, E.,
Overmars, H., Van Zandvoort, P., Hutten, R., ... &
Bakker, J. (2000). Two additive QTLs conferring
broad-spectrum resistance in potato to Globodera
pallida are localized on resistance gene clusters.
Theoretical and Applied Genetics, 101(7), 1122-
1130.

Van Os, H., Andrzejewski, S., Bakker, E., Barrena, I.,
Bryan, G. J., Caromel, B., ... & Lefebvre, V. (20006).
Construction of a 10,000-marker ultradense genetic
recombination map of potato: providing a framework
for accelerated gene isolation and a genomewide
physical map. Genetics, 173(2), 1075-1087.

Viquez-Zamora, M., Vosman, B., van de Geest, H.,
Bovy, A., Visser, R. G., Finkers, R., & Van Heusden,
A. W. (2013). Tomato breeding in the genomics era:
insights from a SNP array. BMC Genomics, 14(1),
354.

Visker, M. H. P. W., Keizer, L. C. P., Van Eck, H.,
Jacobsen, E., Colon, L., & Struik, P. (2003). Can the
QTL for late blight resistance on potato chromosome
S be attributed to foliage maturity type? Theoretical
and Applied Genetics, 106(2), 317-325.

Wang, J. F., Ho, F. 1., Truong, H. T. H., Huang, S. M.,
Balatero, C. H., Dittapongpitch, V., & Hidayati, N.
(2013). Identification of major QTLs associated with
stable resistance of tomato cultivar ‘Hawaii 7996’to
Ralstonia solanacearum. Euphytica, 190(2), 241-252.

Yang, X., Caro, M., Hutton, S. F., Scott, J. W., Guo, Y.,
Wang, X., ... & Bai, Y. (2014). Fine mapping of the
tomato yellow leaf curl virus resistance gene Ty-2 on
chromosome 11 of tomato. Molecular Breeding,
34(2), 749-760.



