J. of Agricultural Chemistry and Biotechnology, Mansoura Univ., Vol 12 (1):5 - 10, 2021

Journal of Agricultural Chemistry and Biotechnology

Journal homepage: www.jacbh.mans.edu.eg

Available online at: www.jacb.journals.ekb.eq

Evaluation of some Tomato Genotypes for Nematode Resistance and

Detection of the Mi-1.2 Resistance Gene
Hassan, M. I. ¥"and A. F. Mahmoud?

!Department of Genetics, Faculty of Agriculture, Assiut University, Assiut, Egypt.

Cross Mark

2Department of Plant Pathology, Faculty of Agriculture, Assiut University, Assiut, Egypt.

ABSTRACT

Response of fourteen tomato genotypes from different geographical regions to root-knot
nematodes (RKN; Meloidogyne spp.) was evaluated for two seasons under greenhouse conditions. Two
PCR-based markers (Mi-23 and REX-1) were used for the detection of the RKN resistance gene (Mi-1.2)
in the tested genotypes. The results showed a wide variation among tested tomato genotypes in their
responses to RKNs. Highly significant differences were observed among tested genotypes for gall index
and egg masses per root system. Based on nematode bioassay, the tomato genotype Strain B F1 was highly
resistant to RKN and ranked in top of resistant genotypes. Floradade and VF145-B were resistant,
Castlerock, Peto86 and Qaha were moderately resistant, Super strain B, E115, Super Marmande, M82 and
Edkawy were susceptible, and E37, E40 and Giza-80 were highly susceptible to RKN. Molecular analysis
with Mi23 and REX-1 markers indicated a heterozygous state (Mi/mi) of Mi-1.2 gene for Strain B Fy;
meanwhile, the remaining genotypes displayed a homozygous recessive state (mi/mi). These finding
suggested that Strain B F1 could be used to develop new tomato cultivars resistant to RKN through tomato
breeding programs. In addition, the results suggested that tomato genotypes that were identified in the
present study as homozygous recessive (mi/mi) for the Mi-1.2 gene and considered as resistant or
moderately resistant may possess other genes controlling RKN resistance. However, further studies are still
needed to determine these genes that control the resistance to RKNs in tomatoes.
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and REX-1 markers.

INTRODUCTION

Tomato (Solanum lycopersicum L.) is one of the
most important vegetable crops worldwide. Tomato is
subjected to attack by various plant pathogens that
threatening its production, including root-knot nematodes,
RKN (Meloidogyne spp.). RKNs are responsible for huge
economic Yield losses, due to their short life cycles and high
reproductive rates (Corbett et al., 2011; Trudgill and Blok,
2001). Disease symptoms include formation of root galls,
damaged root system, chlorosis, wilting, and stunted growth
resulting in reduced production due to the nutritional stress
created in the host plant during pathogenesis (Trudgill and
Blok, 2001; Abad et al., 2003).

Different strategies have been reported for nematode
management, including crop rotation of resistant or less
susceptible genotypes, tillage practices and nematicide
treatments. However, not all managements and practices are
effective in controlling plant nematodes. Breeding for
tomato cultivars resistant to RKN is an alternative and
efficient method for nematode management (Cook, 2000).
Moreover, development of tomato breeding lines resistant
to RKN is an effective tool to reduce levels of nematodes in
the soil (EI Mehrach, 2007).

Cultivated tomato plants are naturally susceptible to
RKN (Banora and Almaghrabi, 2019). Resistance to RKN
in tomatoes was first detected in the wild tomato species
Solanum peruvianum (Bailey, 1941). Smith (1944)
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introduced RKN resistance into cultivated tomatoes, which
was then found to be controlled by the Mi-1 single dominant
gene. The Mi-1 gene became one of the well-known
resistance genes against the most common Meloidogyne
species, i.e. M. javanica, M. arenaria and M. incognita
(Roberts and Thomason, 1986; Martinez de llarduya et al.,
2001; Nombela et al., 2003).

The Mi-1 gene was found to be located on
chromosome 6 of tomato (Williamson et al., 1994). Two
homologs of Mi-1 (Mi-1.1 and Mi-1.2) were identified, but
only the gene Mi-1.2 conferred resistance (Milligan et al.,
1998). Response of different tomato genotypes with the Mi-
1.2 gene against different RKN isolates have been long
reported (Molinari and Caradonna, 2003; Lopez-Pérez et
al., 2006; Cortada et al., 2008, Cortada et al., 2009; Verdejo-
Lucas et al., 2013; Carvalho et al., 2015). Recently, other
nine resistance genes against RKN have been identified (EI-
Sappah et al., 2019).

Numerous molecular markers have been developed
to detect the presence of resistance genes in tomato, of
which Mi-23 (Seah et al., 2007) and REX-1 (Williamson et
al., 1994) are PCR-based markers widely used for the
detection of Mi gene in cultivated and wild tomato species
and to differentiate resistant from susceptible genotypes.
These markers have also the potential to determine the
allelic conditions Mi/Mi (dominant homozygous), Mi/mi
(heterozygous) and mi/mi (recessive homozygous) at the
gene locus (Cortada et al., 2008; Devran et al.,
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2013). Moreover, molecular markers linked to resistance
genes can be also used to identify novel sources of disease
resistance at early stages in tomato breeding programs.
Objectives of the study include evaluation of responses of
fourteen tomato genotypes to RKN under greenhouse
conditions through 2017 and 2018 seasons, and detection of
the Mi-1.2 resistance gene in the tested genotypes using
Mi23 and REX-1 markers.

MATERIALS AND METHODS

Source of root-knot nematodes

The RKNs (Meloidogyne spp.) inoculums used in
the present study were obtained from infected tomato plants
collected from farmer’s fields in Assiut Governorate, Egypt.
Extraction and examination of RKNs

Infected tomato roots collected from farmer’s fields
in Assiut Governorate were cut to pieces and placed into
beakers (1000 ml) with 10% chlorine bleach solution to
cover the roots (Hussey and Barker, 1973). The beakers
were then agitated on a rotary shaker with 100 rpm for 4min.
The roots were then removed from the beakers, and the 10%
chlorine bleach-nematode extract was poured from the
beaker and sieved through a 100um sieve. The nematodes
were then collected on a 20um sieve. Nematodes were
counted under the microscope at 40X magnification with the
aid of tally counter.
Plant material and greenhouse experiment

The plant material used in the present study comprised
of fourteen tomato genotypes (Table 1), including
commercial cultivars and accessions from different
geographical regions (two from Italy, one from Pert, one
from France, seven from USA and three from Egypt). Seeds
of tomato genotypes were sown under greenhouse conditions
at Department of Plant Pathology, Faculty of Agriculture,
Assiut University, Egypt. Tomato seedlings with 3-4 true
leaves were then transplanted singly into sterilized pots (15cm
in diameter) containing 2kg sterilized sandy-loam soil. Pots
were inoculated seven days after transplanting. Infection was
carried out on five plants for each genotype, leaving two
healthy plants from each genotype as control. For nematode
infection, 1ml of inoculums containing 1000 RKN eggs
(Meloidogyne spp.) was used for each plant.

Table 1. Names and origin of 14 tomato genotypes used

in the study.
No. Name Origin
1 E37 Italy
2 E40 Italy
3 E115 Peru
4 Super Marmande France
5 M82 USA
6 Castlerock USA
7 Floradade USA
8 Peto86 USA
9 VF145-B USA
10 Super strain B USA
11 Strain B F1 USA
12 Giza-80 Egypt
13 Edkawy Egypt
14 Qaha Egypt

Three months after the inoculation, the root systems
of tomato plants were removed from the pots, washed with
tap water, and visually rated for gall index (GI). The roots

were then macerated in a blender with 20% commercial
bleach solution for 30-40 sec, the suspension poured onto
200 and 500 mesh sieves. The eggs were then collected for
counting. Egg masses per plant root were recorded for each
genotype. Tomato plants were then rated for number of galls
using a 0-5 scale following Taylor and Sasser (1978) as:
(0) = no galls, (1) =1to 2 galls,
(2) =310 10 galls, (3) =11 to 30 galls,
(4) = 31 to 100 galls, (5) = more than 100 galls.

The nematode bioassay was repeated twice during
2017 and 2018 seasons and the phenotypic data were then
averaged for statistical analysis. Levels of resistance/
susceptibility of tomato genotypes were grouped based on
gall index following Boiteux and Charchar (1996) and Silva
et al. (2019) as follow:
¢ Gal index 1.0 - 1.6 = highly resistant (HR);
¢ Gal index 1.7 - 2.3 = resistant (R);
o Gal index 2.4 - 3.0 = moderately resistant (MR);
o Gal index 3.1 - 4.0 = susceptible (S);
o Gal index 4.1 - 5.0 = highly susceptible (HS).
Phenotypic data analysis

Data of gal index and egg masses/root (two-year
average) of fourteen tomato genotypes were subjected to an
analysis of variance (ANOVA) to test significance of
differences among tested genotypes using IBM SPSS
Statistics V21.0. Values of gal index were transformed to
logl0 (x+1) before analysis. Means were compared by
Duncan’s test. Pearson’s correlation coefficient between gal
index and egg masses/root was calculated.
Molecular marker analysis

Molecular analysis of the current study was conducted
at Department of Genetics, Faculty of Agriculture, Assiut
University, Egypt. DNA extraction from healthy and fresh
leaves of tomato genotypes was carried out using the CTAB
method (Murray and Thompson, 1980). Two PCR-based
markers namely, Mi23 (a SCAR marker, sequence
characterized amplified region) and REX-1 (a CAPS marker,
cleaved amplified polymorphic sequence) were used to detect
the Mi-1.2 resistance gene in the tested genotypes (Table 2).

Table 2. SCAR and CAPS markers used for detecting
the presence of Mi-1.2 resistance gene.

8 £
o8 =
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3 Sequence of forward (F) %’ tE_%8
= and reverse (R) primers &R E-g 2=
= (5'-3) 288 58
ES &
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Y @
R FTGGAAAAATGTTGAATTICTTTIG ., 430
S & RGCATACTATATGGCTTGTTTACCC 380
2@ FTCGGAGCCTTGGTCTGAATT o o0 (20
WS R: GCCAGAGATGATTCGTGAGA 160

SCAR:sequence characterized amplified region, CAPS: cleaved
amplified polymorphic sequence.

Sizes of expected DNA fragments of Mi23 marker were determined
following Seah et al. (2007).

Sizes of expected DNA fragments of REX-1 were determined following

Williamson et al. (1994).
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PCR conditions were carried out following Seah et
al. (2007) for Mi23 and Williamson et al. (1994) for REX-1.
PCR products of REX-1 were digested with the restriction
enzyme Taq | to indicate the allelic conditions at the gene
locus. PCR and digested products were separated on 2%
agarose gels in TBE buffer (0.5X) using horizontal gel
electrophoresis and  photographed using a  gel
documentation system. Sizes of expected DNA fragments
were then estimated.

RESULTS AND DISCUSSION

Nematodes bioassay

Analysis of variance of gall index and egg masses/root
(Table 3) revealed highly significant differences (P<0.01)
among tomato genotypes. The tested tomato genotypes
exhibited wide variations in their responses to RKNs (Table
4). The gall index (0-5) scale ranged from 1.3 in Strain B F;
to 5.0 in E40 genotype (averaged 3.2). Egg masses/root
ranged from 15.8 in Strain B F; to 71.8 in E40 (averaged
44.0). The gal index was positively correlated with egg
masses/root (r= 0.89, P<0.01) as shown in Table 4. It has
been reported that the primary symptom of the infection on
susceptible plants is the formation of galls on the roots. As a
result, the galls disrupt the normal function of the xylem tissue
of the plant (Wubie and Temesgen, 2019). In addition, the
nutrient and water uptake of the plant reduced due to damaged
roots, resulting in yield reduction (Abad et al., 2003). The gall
index and egg masses/root were proven as practical and non-
destructive criteria to evaluate plant responses to RKNs. The
gall index was efficient to discriminate levels of resistance in
tomatoes and allowed the identification of a wide range of
plant responses against RKNs, which vary from highly
susceptible to highly resistant (Silva et al., 2019). The low
number of root galls observed in resistant genotypes were due
to low number of nematodes which penetrated the plant root
(Wubie and Temesgen, 2019). In accordance, root galls and
egg masses were significantly lower in tomato cultivars
resistant to RKNs (Rumbos et al., 2011). In addition, lower
number of galls was observed on tomato cultivar grafted onto
rootstock carrying Mi gene (Wubie and Temesgen, 2019).

In the present study, levels of resistance/ susceptibility
of fourteen tomato genotypes to RKN were classified based
on gal index into five groups (Table 4), of which only Strain
B F1 was classified as highly resistant (HR) to RKN and
ranked in top of the resistant genotypes. Two genotypes
(Floradade and VVF145-B) were classified as resistant (R) to
RKN. Three genotypes (Castlerock, Peto86 and Qaha) were
moderately resistant (MR), five genotypes (Super strain B,
E115, Super Marmande, M82 and Edkawy) responded as
susceptible (S) and three genotypes (E37, E40 and Giza-80)
were highly susceptible (HS) to RKN. These results indicated
the occurrence of remarkable genetic diversity among tested
genotypes for RKN resistance. In the present study, the tested
tomato genotypes belong to different geographical regions.
Accordingly, it has been reported that the genetic background
of plant has a major effect in variability of their resistance to
nematodes (Jacquet et al., 2005; Cortada et al,
2009; Verdejo-Lucas et al., 2009). Evidently, the use of
resistant tomatoes would provide an efficient alternative and
non-polluting method for nematode management (Molinari,
2011, Banora and Almaghrabi, 2019).

Table 3. Analysis of variance of gall index and egg
masses per root system.

Source of Mean square

- d.f -
variance Gal index Egg masses
Genotypes 13 0.066** 1033.269**
Error 42 0.003 14.131
Total 55

Gal index values were transformed to logso(x+1) before analysis.

** stand for significant differences at 0.01 probability level.

Table 4. Responses of 14 tomato genotypes against
RKNs (data are average of 2017 and 2018

seasons).

57 f= £ 8o

T ®© DG 7] c c
No.  Genotypes o £ a8 ég 2%

§o 8& g éc
1 E37 45ab 520b HS 12
2 E40 50a 718a HS 14
3 E115 3.3cde  49.3bcd S 8
4 Super Marmande  3.0def  44.0 def S 7
5 M82 3.5cde 52.8b S 9
6 Castlerock 2.5fgh 39.8f MR 5
7 Floradade 2.0hi 24.3h R 3
8 Peto86 2.8¢fg 41.0ef MR 6
9 VF145-B 18i 24.3h R 2
10 Super strain B 3.8bcd  46.0cde S 10
11 Strain B F1 1.3j 15.8i HR 1
12 Giza-80 48a 69.8a HS 13
13 Edkawy 4.0 abc 51.3hc S 11
14 Qaha 2.3 ghi 3439 MR 4
Mean 3.2 44.0
CV% 376 36.3

Correlation between gal index and egg masses per root: r =0.89, P<0.01
Gal index and egg masses values in the same column followed by
different letters are significantly different according to Duncan's
test (P<0.05). Levels of resistance/susceptibility of different genotypes
were classified based on gal index as: highly resistant (HR), resistant
(R), moderately resistant (MR), susceptible (S), and highly susceptible
(HS).
Molecular marker analysis

In the present study, fourteen tomato genotypes were
screened with the Mi23 SCAR and REX-1 CAPS markers to
detect the Mi-1.2 gene in the tested genotypes. PCR
amplifications with the Mi23 (Fig. 1) revealed a single
amplified product (430 bp) in thirteen genotypes, indicating
a homozygous recessive state (mi/mi). Meanwhile, the
genotype Strain B F1 showed two DNA fragments (430 and
380 bp), indicating a heterozygous state (Mi/mi). Meantime,
PCR amplifications with REX-1 (Fig. 2) revealed a single
amplified product (750 bp) in all genotypes. Digestion of
PCR products of REX-1 with the Taq | (Fig. 3) resulted in
three DNA fragments (750, 570 and 160 bp) only in Strain
B F1, confirming a heterozygous state (Mi/mi). However,
each of the remaining thirteen genotypes exhibited only a
single fragment of 750 bp (digestion doesn't occur),
indicating a homozygous state (mi/mi). These results are in
agreement with the results of Seah et al. (2007) for Mi23 and
Williamson et al. (1994) for REX-1. Obviously, in the case
of homozygous tomato genotypes (mi/mi), the PCR product
of REX-1 doesn’t contain a cleavage site of Taq | enzyme
and thereby Taq | failed to cleave the target DNA fragment,
which resulted in a single band (750 bp).
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Fig. 1. PCR amplicons detected in fourteen tomato
genotypes using the Mi23 SCAR marker for
detection of M-1.2 resistance gene. M: 100bp DNA
ladder. 1: E37 (mi/mi), 2: E40 (mi/mi), 3: E115
(mi/mi), 4: Super Marmande (mi/mi), 5: M82
(mi/mi), 6: Castlerock (mi/mi), 7: Floradade
(mi/mi), 8: Peto86 (mi/mi), 9: VF145-B (mi/mi), 10:
Super strain B (mi/mi), 11: Strain B F1 (Mi/mi), 12:
Giza-80 (mi/mi), 13: Edkawy (mi/mi) and 14: Qaha
(mi/mi). Arrows indicate sizes of expected DNA
fragments (430 and 380 bp) according to Seah et al.
(2007).
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Fig. 2. PCR amplicons detected in fourteen tomato
genotypes using the REX-1 CAPS marker for
detection of M-1.2 resistance gene. M: 100bp DNA
ladder. 1. E37, 2: E40, 3: E115, 4: Super
Marmande, 5: M82, 6: Castlerock, 7: Floradade, 8:
Peto86, 9: VF145-B, 10: Super strain B, 11: Strain
B Fi, 12: Giza-80, 13: Edkawy and 14: Qaha.
Arrow indicates the size of expected DNA fragment
(750 bp) according to Williamson et al. (1994).
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Fig. 3. Digestion of PCR product of REX-1 with Taq |
restriction enzyme. M: 100bp DNA ladder, 1: E37
(mi/mi), 2: E40 (mi/mi), 3: E115 (mi/mi), 4: Super
Marmande (mi/mi), 5: M82 (mi/mi), 6: Castlerock
(mi/mi), 7: Floradade (mi/mi), 8: Peto86 (mi/mi), 9:
VF145-B (mi/mi), 10: Super strain B (mi/mi), 11:
Strain B F1 (Mi/mi), 12: Giza-80 (mi/mi), 13:
Edkawy (mi/mi) and 14: Qaha (mi/mi). Arrows
indicate sizes of expected DNA fragments after
digestion (750, 570 and 160 bp) according to
Williamson et al. (1994).

It has been reported that the Mi23 and REX-1 are
codominant markers, which have been developed to detect
the Mi-1.2 gene and differentiate RKN resistant and
susceptible tomato genotypes. However, it has been
reported that REX-1 gave false positives results for the
presence of Mi-1 gene in some begomovirus-resistant
tomato genotypes (EI Mehrach et al., 2005). Consequently,
REX-1 has proven relatively reliable. Unlike, the Mi23 are
more reliable where it is tightly linked to the Mi-1.2 gene,
the digestion with a restriction enzyme is not required and
allows the potential to differentiate homozygous from
heterozygous genotypes with decreased false positives
results (Seah et al., 2007; Devran et al., 2013). However,
Mahfouze and Mahfouze (2019) found that REX marker
was more accurate than Mi23 marker, as some accessions
gave results with REX and no results was recorded with
Mi23. Numerous tomato genotypes were subsequently
evaluated for nematodes resistance by the detection of Mi-
1.2 gene and determine its allelic conditions using Mi23
(Cortada et al., 2009; Danso et al., 2011; Bhavana et al.,
2019; Mahfouze and Mahfouze, 2019; Santos et al., 2020)
and REX-1 (Cortada et al., 2009; Bhavana et al., 2019;
Mahfouze and Mahfouze, 2019). In the present study, the
Mi23 and REX-1 markers were successfully able to
differentiate between the heterozygous (Mi/mi) tomato
genotype (Strain B F;) and the remaining homozygous
recessive (mi/mi) genotypes.

In the present study, Strain B F; exhibited the lowest
gall index and egg masses/root and was ranked in the top of
resistance tomato genotypes (highly resistant to RKN). This
finding can be explained as the impact of the Mi-1.2 which
was present in a heterozygous state (Mi/mi). It has been
reported that the Mi-1.2 gene was equally effective in the
homozygous (Mi/Mi) and heterozygous (Mi/mi) tomato
genotypes (Cap et al., 1993). However, it has been also
reported that Mi-1.2 gene was more effective in the
homozygous (Mi/Mi) than heterozygous (Mi/mi) state
(Jacquet et al., 2005). Recently, the effect of the Mi-1.2 gens
on tomato genotypes was determined using molecular and
screening assays (Bozbuga et al., 2020). In addition,
responses of tomato genoptypes carrying the Mi-1.2 gene
against different Meloidogyne species have been widely
reported (Molinari and Caradonna, 2003; Lopez-Pérez et
al., 2006; Cortada et al., 2008; Cortada et al., 2009; Verdejo-
Lucas et al., 2013; Carvalho et al., 2015). It has been
reported that the Mi-1.2 gene in tomato confers resistance
not only to the major Meloidogyne species, namely
M. javanica, M. arenaria and M. incognita (Roberts and
Thomason, 1986; Martinez de llarduya et al., 2001,
Nombela et al., 2003), but also to minor species such as
M. hispanica, M. luci and M. ethiopica (Maleita et al., 2011;
Santos et al., 2020). Recently, the Mi-1.2 gene was reported
to be effective against a wide range of Meloidogyne spp
(Gabriel et al., 2020). However, they concluded that further
studies using different tomato genotypes and other
nematode populations are still required to confirm these
results.

Interestingly, although thirteen tomato genotypes
tested in the present study exhibited a homozygous recessive
state (mi/mi) for the Mi-1.2 gene (susceptible banding
patterns), two out of them responded as resistant to RKNs
and three genotypes were moderately resistant. These results
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suggested that these genotypes could possess other genes
different from the Mi-1.2 which may be control RKN
resistance. In accordance, several RKNSs resistance genes
have been reported within Solanaceae (Wubie and
Temesgen, 2019). In addition to Mi-1, other RKNs
resistance genes have also been identified (EI-Sappah et al.,
2019).

In conclusion, the present study reported the
resistance potential of some tomato genotypes from
different geographical regions against RKNs, with different
levels of resistance. The Mi23 and REX-1 markers were
successfully able to distinguish homozygous (mi/mi) from
heterozygous (Mi/mi) tomato genotypes at the Mi-1.2 locus.
The genotype Strain B F; which was identified as
heterozygous (Mi/mi) for Mi-1.2 gene can be used for
developing tomato cultivars resistant to RKN in tomato
breeding programs. The study also suggested that tomato
genotypes which identified as homozygous recessive
(mi/mi) and responded as resistant or moderately resistant
may possess other RKN resistance genes. However, further
studies are still needed to identify these genes.
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