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ABSTRACT

 

Cortada, L., P. Manzano, F. J. Sorribas, C. Ornat, and S. Verdejo-Lucas.

 

 

 

2010. The resistance response
of 

 

Solanum huaylasense 

 

accession LA1358 to 

 

Meloidogyne 

 

spp. Nematropica 40:31-40.
Pathogenicity tests were performed to determine resistance in the wild tomato 

 

Solanum huaylasense

 

to four populations of 

 

Meloidogyne 

 

spp. The 

 

S. huaylasense

 

 accession LA1358, the root-knot nematode
resistant tomato cultivar ‘Anairis’ and the susceptible tomato cultivar ‘Bodar’ were assessed against
three 

 

Mi-

 

avirulent populations of either 

 

Meloidogyne arenaria

 

, 

 

M. incognita

 

 or 

 

M. javanica

 

, and to one
naturally 

 

Mi-

 

virulent population of 

 

M. javanica

 

. The relationship between the final and initial popu-
lation, calculated as the number of eggs per plant (final population) divided by the initial juvenile in-
oculum, was used as the dependent variable to determine variability in the reproduction of the four

 

Meloidogyne

 

 populations tested. Reproduction of 

 

M. arenaria

 

 was similar on 

 

S. huaylasense

 

 accession
LA1358 and cultivar ‘Anairis’. Reproduction of 

 

M. incognita

 

 on accession LA1358 did not differ sta-
tistically from the resistant or susceptible tomato cultivars. Reproduction of the 

 

Mi

 

-avirulent popula-
tion of 

 

M. javanica

 

 on accession LA1358 did not differ from the susceptible cultivar ‘Bodar’, and the

 

Mi

 

-virulent 

 

M. javanica

 

 population reproduced similarly on accession LA1358 and both cultivars. This
is the first report on a nematode-species specific resistance in the newly described species of 

 

S. huay-
lasense.

 

 Identification of novel root-knot nematode resistance genes in wild 

 

Solanum 

 

species is the first
step for the deployment of new resistance genes in tomato cultivars to preserve durability of plant re-
sistance to root-knot nematodes.
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RESUMEN

 

Cortada, L., P. Manzano, F. J. Sorribas, C. Ornat, and S. Verdejo-Lucas. 2010. La respuesta de resis-
tencia de la variedad LA1358 de la especie de tomate silvestre 

 

Solanum huaylasense

 

 a 

 

Meloidogyne

 

 spp.
Nematropica 40:31-40. 

Se realizaron pruebas de patogenicidad con el fin de determinar la resistencia del tomate silvestre

 

Solanum huaylasense

 

 a cuatro poblaciones de 

 

Meloidogyne

 

 spp. Se evaluó la variedad LA1358 de 

 

S. hua-
ylasense, 

 

el

 

 

 

cultivar resistente al nematodo ‘Anaris’ y el cultivar susceptible ‘Bodar’ frente a tres pobla-
ciones avirulentas para el gen 

 

Mi

 

 de 

 

Meloidogyne arenaria

 

, 

 

M. incognita

 

 o 

 

M. javanica

 

 y una población
naturalmente virulenta de 

 

M. javanica

 

. La relación entre la población final y la inicial, calculada como
el número de huevos por planta (población final) dividido por el inóculo inicial de juveniles, se em-
pleó como variable dependiente para determinar la variabilidad en la reproducción de las cuatro po-
blaciones de 

 

Meloidogyne

 

 ensayadas. La reproducción de 

 

M. arenaria

 

 fue similar en la variedad LA1358
de 

 

S. huaylasense

 

 y en el cultivar resistente ‘Anairis’. La reproducción de 

 

M. incognita

 

 en la variedad
LA1358 no difirió estadísticamente de la alcanzada en los cultivares de tomate resistente o suscepti-
ble; la reproducción de la población 

 

Mi

 

-aviruleta de 

 

M. javanica

 

 en la variedad LA1358 no difirió de
la reproducción en el cultivar susceptible ‘Bodar’ y la población 

 

Mi

 

-virulenta de 

 

M. javanica

 

 se repro-
dujo por igual en la variedad LA1358 y en ambos cultivares de tomate. En este trabajo se describe por
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primera vez la resistencia especie-específica de 

 

Solanum

 

 

 

huaylasense

 

 a 

 

Meloidogyne

 

. La identificación de
nuevos genes de resistencia en tomates silvestres es el primer paso para la agrupación piramidal de di-
chos genes en cultivares de tomate con la finalidad de preservar la durabilidad de la resistencia frente
al nematodo.

 

Palabras clave

 

: gen 

 

Mi

 

; genes de resistencia; homólogos 

 

Mi

 

, 

 

Solanum

 

 spp., nematodos agalladores, to-

 

mates silvestres.

 

INTRODUCTION

Root-knot nematodes, 

 

Meloidogyne

 

 spp.,
are important pathogens that cause mil-
lions of dollars in economic losses in agri-
culture worldwide (Sasser and Freckman,
1987). In tomato (

 

Solanum lycopersicum

 

Mill.), the 

 

Mi-1 

 

gene confers resistance to

 

Meloidogyne arenaria 

 

(Neal) Chitwood, 

 

M.
incognita

 

 (Kafoid and White) Chitwood
and 

 

M. javanica

 

 (Treub) Chitwood (Rob-
erts and Thomason, 1989). This gene was
first identified in 

 

Solanum peruvianum

 

 L.
accession PI 128657 in the 1940s and intro-
duced through embryo rescue in the com-
mercial 

 

S. lycopersicum 

 

(Smith, 1944). Many
commercial cultivars possess the 

 

Mi-1

 

 gene
which is referred to as 

 

Mi

 

 in this text. The

 

Mi

 

 mediated resistance is phenotypically
expressed only when soil temperature is
below 28°C (Dropkin, 1969). The resis-
tance conferred by the 

 

Mi

 

 gene reduces
nematode reproduction; however, variabil-
ity in the efficiency of the resistant cultivars
to reduce reproduction by various 

 

Meloidog-
yne

 

 populations has been reported
(Netscher, 1976; Roberts and Thomason,
1989; Tzortzakakis 

 

et al

 

., 1998). Despite
these limitations, plants carrying the 

 

Mi

 

gene are considered a reliable, economical
and environmentally friendly method to
control 

 

Meloidogyne 

 

spp. in infested fields
(Sorribas 

 

et al

 

., 2005). Moreover, specific
rotation sequences with resistant tomato
cultivars have been suggested to prevent
the emergence of virulent nematode popu-
lations (Talavera 

 

et al

 

., 2009).

The use of a single genetic source of
resistance (

 

R

 

-genes) in monoculture can
lead to the defeating of valuable resistance
genes (Pedersen and Leath, 1988). Race-
specific resistance associated to monogenic
genes that provide a hypersensitive
response has proved to be non-durable
(Lindhout, 2002). Despite the fact that 

 

Mi

 

-
mediated resistance in tomato has
remained durable for a long time (Roberts,
1995; Castagnone-Sereno, 2002) virulent
root-knot nematode populations has been
reported after repeated exposure to the 

 

Mi

 

gene in agricultural fields (Kaloshian 

 

et al

 

.,
1996; Eddaoudi 

 

et al

 

., 1997; Xu 

 

et al

 

., 2001;
Tzorzakakis 

 

et al

 

., 2005; Verdejo-Lucas 

 

et
al

 

., 2009). In this sense, gene pyramiding
has been proposed as a strategy to reduce
the chances of appearance of virulent pop-
ulations and to preserve the durability of
plant resistance (Pink, 2002). Simulta-
neous deployment of 

 

R

 

-genes has been
implemented to control nematodes (Sacks
and Robinson, 2009), bacteria (Kousik and
Ritchie, 1999; Singh 

 

et al

 

., 2001), virus
(Pérez de Castro 

 

et al

 

., 2008; Vidavsky 

 

et al

 

.,
2008) or fungi

 

 

 

(Richardson 

 

et al

 

., 2006).
Wild 

 

Solanum

 

 species have been widely
explored as a source of new 

 

R

 

-genes to con-
trol root-knot nematodes in tomato. Sev-
eral 

 

Mi

 

-homologues (from 

 

Mi-2

 

 to 

 

Mi-9

 

),
that present resistance either to virulent
nematode populations or to high tempera-
tures have been found in accessions of the
species that integrate the 

 

Solanum peruvi-
anum

 

 Marañón complex (Ammati et al.,
1986; Cap et al., 1993; Yaghoobi et al., 1995;
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Veremis and Roberts 1996a, 1996b, 2000;
Jablonska et al., 2007). This complex has
been recently divided into four new species
(Peralta et al., 2005; Zuriaga et al., 2008): S.
arcanum Peralta (formerly S. peruvianum),
S. corneliomulleri J. F. Macbr. (formerly S.
glandulosum), S. huaylasense Peralta, and S.
peruvianum L. s.str. Both, S. peruvianum and
S. arcanum have provided most of the R-
genes to root-knot nematodes (Ammati et
al., 1986; Veremis and Roberts, 1996a,
1996b). However, no information is avail-
able about the spectrum of resistance of S.
cornelioulleri and S. hualyasense to root-knot
nematodes. Only resistance to the fungi
Alternaria solani Sorauer and A. tomatophila
Simmons has been described in S. huay-
lasense (Foolad et al., 2007). Therefore,
identification and characterization of new
nematode R-genes would be the first step
towards the use of “pyramided” cultivars,
with the aim to preserve plant resistance on
a long term basis. The objective of the
present work was to determine the
response of the wild tomato S. huaylasense
accession LA1358 to three Mi-avirulent
populations of M. arenaria, M. incognita and
M. javanica and one naturally Mi-virulent
population of M. javanica.

MATERIALS AND METHODS

Nematode Screens

Seeds of the tomato cultivars were ger-
minated in seedling trays filled with the
organic planting Germination Mix #3 (Sun
Gro Horticulture; Bellevue, WA, USA).
Tomato cultivars used as controls were
‘Anairis’ (De Ruiter Seeds, highly resistant
to M. arenaria, M. incognita, and M. javanica
according to the seed company) and the
susceptible ‘Bodar’ (Seminis Royal Sluis).
Cuttings from the wild tomato S. huay-
lasense accession LA1358 were treated with
Inavarplant-IV growing hormone (3-indol-

butiric acid at 0.4%; 1-naphthaleneacetic
acid at 0.4%; Captan 15%; Inbar) and
rooted in seedling trays containing vermic-
ulite. Cuttings were maintained in a growth
chamber at 25 ± 1.5°C until new leaves
were produced. Five-week-old rooted cut-
tings and four-week-old plantlets of the
tomato cultivars at the three-true-leaves
stage were transplanted singly into 500 cm3

pots containing a mixture of steam-steril-
ized river sand and peat (v/v) and used for
nematode assays a week later.

Four Meloidogyne populations were used
for nematode screening: Mi-avirulent pop-
ulation of M. arenaria (MA-68), M. incognita
(MI-CROSS) and M. javanica (MJ-05), and
one Mi-virulent population of M. javanica
(MJ-27). The Mi (a)virulent condition of
each population had been reported
(Ornat et al., 2001; Cortada et al., 2009).
Species identification of each Meloidogyne
population was confirmed by SCAR-PCR
reaction (Ziljstra et al., 2000). Nematode
inoculum consisted of eggs obtained from
infected tomato plants ‘Roma’ maintained
in a glasshouse. Roots were macerated by
grinding in a food blender with a 0.5%
NaOCl solution for 30 sec (Bonetti and
Ferraz, 1981), and the suspension was left
to settle for 5 min. Macerated roots were
passed through a 74 µm sieve to remove
root debris, and the dispersed eggs were col-
lected on a 25 µm sieve. Infective second-
stage juveniles (J2) were obtained from
hatched eggs as described by Martínez de
Ilarduya and Kaloshian (2001) and 72-
hour-old J2 used as inoculum. Each plant
was inoculated with 130 J2. Every cultivar-
nematode population combination was
replicated 12 times whereas the accession
LA1358 was replicated 10 times, due to the
insufficient number of size-homogeneous
cuttings. Pots were distributed at random
in a growth chamber and maintained at 25
± 1.5°C; temperatures were registered daily
at 30 min intervals by placing temperature
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probes (Testostor® 171-4, TESTO, Spain)
into the potted soil. The mean daily soil
temperature was calculated as the maxi-
mum plus the minimum temperatures
divided by two. The number of degree-days
accumulated by M. javanica was calculated
using a base temperature of 13°C and
343°C as the minimum thermal time
requirement for one generation (Tzortza-
kakis and Trudgill, 1996). At the end of the
tests, the nematode had accumulated 486°
DD which indicated the completion of its
life cycle. A slow release coated fertilizer
(NPK 17+ 11+ 10 + 2MgO + TE, Osmo-
cote® Pro 3-4M, The Scotts Company, The
Netherlands) was added to the surface of
the potted soil at about 3 g per plant after
transplanting. At the end of the experi-
ment, plants were cut at ground level and
the root systems washed free of soil and
weighed. Eggs were extracted from the
entire root system as described previously
and they were quantified under a com-
pound microscope at 40X. The number of
eggs per plant represented the final nema-
tode population (Pf). The Pf/Pi relation-
ship was then calculated as the number of
eggs per plant (Pf) divided by the initial J2
inoculum (Pi).

Statistical analysis

Statistical analyses were performed
using Statistica software (StatSoft, Inc.,
2004). Fresh root weight of S. huaylasense
accession LA1358 and of the cultivars
‘Anairis’ and ‘Bodar’ were compared by
analysis of variance (factors: nematode
population and tomato variety) to detect
differences between S. huaylasense cuttings
and the cultivars. The Pf/Pi was fourth root
transformed to comply with test assump-
tions and then subjected to factorial
ANOVA, where nematode population and
tomato variety (accession and cultivars)
were included as factors. For each nema-
tode population, the post-hoc Tukey test

procedure was used to determine differ-
ences in nematode reproduction on S. hua-
ylasense accession LA1358 and on the
resistant or susceptible tomato cultivars.
The reproduction index (RI) was calcu-
lated as the number of eggs per plant on
the S. huaylasense accession LA1358 or on
the resistant cultivar divided by the num-
ber of eggs per plant on the susceptible cul-
tivar x100; the level of resistance was
categorized as highly resistant (RI< 10%),
intermediate resistant (10% ≤ RI < 25%) or
moderately resistant (25% ≤ RI < 50%)
(Hadisoeganda and Sasser, 1982). 

RESULTS

The fresh root weight of S. huaylasense
accession LA1358 differed from that of
both tomato cultivars (F(6, 121) = 5.384; P <
0.001) (Fig. 1). The accession and the
tomato cultivars showed a differential
reproduction across the four different
nematode populations tested (F(6,121) =
3.468; P = 0.003) (Fig. 2). The four popula-

Fig. 1. Mean fresh root weight (g) of Solanum huay-
lasense accession LA1358, resistant tomato cultivar
‘Anairis’ and susceptible tomato cultivar ‘Bodar’ six
weeks after nematode inoculation with four Meloidogy-
ne populations. Different letters indicate significant
differences (HSD test). Error bars depict the standard
error of the mean.
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tions of Meloidogyne reproduced at a similar
level on the susceptible cultivar ‘Bodar’.
The S. huaylasense accession LA1358 was
considered resistant when the Pf/Pi values
did not differ statistically from the resistant
cultivar ‘Anairis’. The Pf/Pi values were sig-
nificantly lower on the resistant cultivar
‘Anairis’ than on the susceptible ‘Bodar’
for M. arenaria MA-68 (P < 0.001), M. incog-
nita MI-CROSS (P < 0.01) and M. javanica
MJ-05 (P < 0.01) (Fig. 2), thus confirming
the avirulent character of these popula-
tions to Mi gene. The Pf/Pi value of M.
arenaria MA-68 on S. huaylasense accession
LA1358 was similar (P = 0.07) to that on
the resistant cultivar ‘Anairis’, and lower (P
< 0.001) than on the susceptible ‘Bodar’
(Fig. 2). Reproduction of M. incognita MI-
CROSS did not differ statistically from the
resistant ‘Anairis’ (P = 0.70) or the suscep-
tible ‘Bodar’ (P = 0.13) (Fig. 2). Reproduc-
tion of M. javanica MJ-05 was higher (P =
0.02) on the S. huaylasense accession

LA1358 than on ‘Anairis’, but did not dif-
fer statistically from the reproduction on
‘Bodar’ (P = 0.07) (Fig. 2). As expected,
the Mi virulent population M. javanica MJ-
27 reproduced similarly on the S. huay-
lasense accession LA1358 and both tomato
cultivars (P > 0.60) (Fig. 2). According to
the reproduction index, S. huaylasense
accession LA1358 expressed intermediate
resistance to M. arenaria MA-68 (RI= 20%),
moderate resistance to M. incognita MI-
CROSS (RI = 38%), and susceptibility to
both M. javanica populations (RI > 50%)
(Table 1). The resistant control ‘Anairis’
was highly resistant (RI = 10%) to M.
arenaria MA-68, and expressed intermedi-
ate resistant to M. incognita MI-CROSS (RI
= 12%) and M. javanica MJ-05 (RI= 22%)
(Table 1).

DISCUSSION

The four Meloidogyne populations pro-
duced similar Pf/Pi values on the suscepti-
ble cultivar ‘Bodar’ indicating that the
tested populations had comparable repro-
duction ability in absence of the Mi gene.
Resistance to root-knot nematodes in
tomato has been generally characterized as
the failure of the nematodes to induce a
feeding site in the host after infection,
develop and reproduce successfully (Will-
iamson and Kumar, 2006). As the Pf/Pi
value for M. arenaria MA-68 on accession
LA1358 did not differ statistically from the
one on the resistant ‘Anairis’ but was lower
than on the susceptible ‘Bodar’, it appears
that the accession LA1358 has at least one
of the mechanisms involved in the Mi gene
mediated resistant response. A similar situ-
ation was observed with M. incognita MI-
CROSS but to a lesser degree. Reproduc-
tion of the Mi-virulent M. javanica MJ-27
was similar on the accession and both culti-
vars, confirming that when a compatible
interaction occurs between a Mi virulent

Fig. 2. Pf/Pi values (number of egg per plant/ initial
juvenile inoculum) for four Meloidogyne populations
on Solanum huaylasense accession LA1358, resistant to-
mato cultivar ‘Anairis’ and susceptible tomato cultivar
‘Bodar’ six weeks after nematode inoculation. For
each nematode species, values in the same column fol-
lowed by different lower-case letters are significantly
different according to Tukey’s studentized range test
(P < 0.05). Error bars depict the standard error of the
mean.
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nematode and a resistant plant, no differ-
ences in nematode reproduction occurs
between resistant and susceptible cultivars
(Ornat et al., 2001).

Differences in fresh root weight
between the accession LA1358 and the cul-
tivars can be mostly attributed to the wild
origin of S. huaylasense that showed poor
vigor and a herbaceous nature (Peralta et
al., 2005) in contrast with the F1 hybrid
commercial tomato cultivars used here that
provided vigorous plants. The wild tomato
accession originates from rocky slopes at a
800 m altitude in a very dry area of north
Peru (web site; http://tgrc.ucdavis.edu).
Tomato is usually propagated by seeds but
we used rooted cuttings of the accession
LA 1358 because of the scarcity and low
germinations rate of these seeds. Although
cuttings provided lower root biomass than

the seeds of the cultivars, they allowed mul-
tiplication of the Mi-virulent population of
M. javanica MJ-27 at levels similar to those
reached on the resistant and susceptible
cultivars.

From the species formerly included in
the S. peruvianum Marañón complex, S.
huaylasense is the closest to S. peruvianum
according to molecular data (Moyle,
2008). The fact that both species derive
from an original Solanum ancestor, sup-
ports the hypothesis that all of them share
a common pool of Mi-homologues (Seah et
al., 2007) and hence, it would not be sur-
prising to find a resistant Mi-homolog in S.
huaylasense. Specificity in the resistance
response of some Mi-homologues has been
reported in other wild tomato species from
the Solanum genus, whose Mi-homologues
were phenotypically variable according to

Table 1. Reproduction index of Meloidogyne arenaria, M. incognita and M. javanica on Solanum huaylasense acces-
sion LA1358 and on the resistant tomato cultivar ‘Anairis’ with respect to the susceptible tomato cultivar ‘Bodar’
six weeks after nematode inoculation.

Population
Mi gene

virulence status Tomato
Reproduction

index z Response

M. arenaria (MA-68) Avirulent LA-1358 20 ± 16 Intermediate resistant

‘Anairis’ (R) 10 ± 15 Highly resistant 

‘Bodar’ (S) 100 ± 34

M. incognita (MI-CROSS) Avirulent LA-1358 38 ± 39 Moderately resistant 

‘Anairis’ (R) 12 ± 10 Intermediate resistant

‘Bodar’ (S) 100 ± 44

M. javanica (MJ-05) Avirulent LA-1358 60 ± 37 Susceptible

‘Anairis’ (R) 22 ± 17 Intermediate resistant 

‘Bodar’ (S) 100 ± 34

M. javanica (MJ-27) Virulent LA-1358 88 ± 61 Susceptible

‘Anairis’ (R) 100 ± 44 Susceptible

‘Bodar’ (S) 100 ± 52

znumber of eggs per plant on the S. huaylasense accession LA1358 or the resistant cultivar divided by the number 
of eggs per plant on the susceptible cultivar x100. For each nematode-plant combination, valid n = 12, except for 
S. huaylasense accession LA1358, where valid n = 10.
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the Meloidogyne isolate tested (Roberts et al.,
1990; Huang et al., 2004). Similar results
have been reported for the tomato hybrid
rootstocks Beaufort and Maxifort (Cortada
et al., 2009). This mechanism has also been
observed for other nematode resistance
genes (Nem-R genes) that can be found on
soybean [Glycine max (L.) Merr.] (Luzzi et
al., 1987), tobacco (Nicotiana tabacum L.)
(Bowman and Tart, 1990; Noe, 1992), or
pepper (Capsicum annum L.) (Castagnone-
Sereno et al., 2001), and for other families
of R-genes for resistance to pathogens dif-
ferent from nematodes (i.e. Ty-homo-
logues) (Pérez de Castro et al., 2008). Even
within tomato cultivars, the resistance
response of the Mi gene is phenotypically
variable (Roberts and Thomason, 1989;
Jaquet et al., 2005). Understanding this
phenomenon will be necessary for the suc-
cessful transfer of new root-knot nematode
R-genes into cultivated tomato although
the main obstacle to obtain new resistant
hybrids is the incompatibility between the
germplasms of wild Solanum species and
cultivated tomato (Veremis and Roberts,
2000; Ammiraju et al., 2003). Transference
of the Mi-resistance gene to susceptible
tomato plants has been achieved using
transgenic techniques (Goggin et al., 2006;
Williamson and Kumar, 2006). So far, it
seems that the most feasible way to over-
come germplasm incompatibility to put
new resistance genes from wild Solanum
species at disposal of new tomato cultivars
is the use of tomato hybrid rootstocks (S.
lycopersicum × Solanum spp.) (Santos et al.,
2004).

The identification of new root-knot
nematode R-genes in tomato opens a door
to preserve the efficiency of the Mi-medi-
ated resistance through combination of
different Mi-homologues into one single
genotype. This is the first step towards the
identification of S. huaylasense as a new
source of root-knot nematode R-genes.

Since only one Mi-avirulent population of
M. arenaria, M. incognita and M. javanica
was tested, it cannot be asserted that the
resistance response of accession LA1358 is
nematode-isolate specific. Although all
races of Meloidogyne reproduce on tomato,
it will be necessary to determine the resis-
tant response of S. huaylasense to the differ-
ent races of the nematode to ascertain that
the broad resistance detected in this study
is or is not race-specific. This information is
also important for rotational purposes. In
addition, populations from several geo-
graphic origins and their response under
different agronomic and environmental
conditions (i.e. high temperatures) should
be tested. Comprehension of the species-
specific resistance response of the S. huay-
lasense accession LA1358 will also provide
insights into host mechanisms underlying
specific plant-nematode interactions.

ACKNOWLEDGMENTS

L. Cortada was funded by a pre-doctoral
grant from Instituto Nacional de Investiga-
ciones Agrarias (INIA) of Spain to carry
out this research. Accession seeds were
kindly provided by the Tomato Genetics
Research Center (TGRC), University of
California, Davis. Special thanks go to
Roger Chetelat for providing available
information about S. huaylasense accession
LA1358. We thank C. Andrés, V. Barnés, M.
Blanco, O. Jurado, and B. López for their
assistance with the glasshouse work, plant
care, and sample processing.

LITERATURE CITED

Ammati, M., I. J. Thomason, and H. E. McKinney.
1986. Retention of resistance to Meloidogyne in-
cognita in Lycopersicon genotypes at high soil tem-
perature. Journal of Nematology 18:491-495.

Ammiraju, J. S. S., J. C. Veremis, X. Huang, P. A. Rob-
erts, and I. Kaloshian. 2003. The heat-stable root-
knot nematode resistance gene Mi-9 from Lyco-
persicum peruvianum is localized on the short arm



38 NEMATROPICA Vol. 40, No. 1, 2010

of chromosome 6. Theoretical and Applied Ge-
netics 106:478-484.

Bonetti, J. I. S., and S. Ferraz. 1981. Modificação do
método de Hussey & Barker para extração de
ovos de Meloidogyne exigua de cafeeiro. Fitopato-
logia Brasileira 6:553.

Bowman, D., and G. Tart. 1990. Measured crop per-
formance: tobacco. Tobacco research report. Re-
port 127. Raleigh North Carolina Agricultural
Research Service.

Cap, G. B., P. A. Roberts, and I. J. Thomason. 1993. In-
heritance of heat stable resistance to Meloidogyne
incognita in Lycopersicon peruvianum and its rela-
tionship to the Mi gene. Theoretical and Ap-
plied Genetics 85:777-783.

Castagnone-Sereno, P. 2002. Genetic variability of
nematodes: a threat to the durability of plant re-
sistance genes? Euphytica 124:193-199.

Castagnonse-Sereno, P., M. Bongiovanni, and C. Di-
jan-Caporalino. 2001. New data on specificity of
the root-knot nematode resistance genes Me1
and Me3 in pepper. Plant Breeding 120:429-433.

Cortada, L., F. J. Sorribas, C. Ornat, M. F. Andrés, and
S. Verdejo-Lucas. 2009. Response of tomato root-
stocks carrying the Mi-resistance gene to popula-
tions of Meloidogyne arenaria, M. incognita and M.
javanica. European Journal of Plant Pathology
124:337-343.

Dropkin, V. H. 1969. The necrotic reaction of toma-
toes and other hosts resistant to Meloidogyne: re-
versal by temperature. Phytopathology 59:1632-
1637.

Eddaoudi, M., M. Ammati, and A. Rammah. 1997.
Identification of resistance breaking populations
of Meloidogyne on tomatoes in Morocco and their
effect on new sources of resistance. Fundamen-
tal and Applied Nematology 20:285-289.

Foolad, M. R., H. L. Merk, and H. Ashrafi. 2007. Ge-
netics, Genomics and breeding of late blight dis-
ease and early blight disease in tomato. Critical
Reviews in Plant Sciences 27:75-107.

Goggin, F. L., L. Jia, G. Shah, S. Hebert, V. M. William-
son, and D. E. Ullman. 2006. Heterologous ex-
pression of the Mi-1.2 gene from tomato confers
resistance against nematodes but not aphids in
eggplant. Molecular Plant-Microbe Interactions
19:383-388.

Hadisoeganda, W. W., and J. N. Sasser. 1982. Resis-
tance of tomato, bean, southern pea, and garden
pea cultivars to root-knot nematodes based on
host suitability. Plant Disease 66:145-150.

Huang, H., M. McGriffen, and I. Kaloshian. 2004. Re-
production of Mi-virulent Meloidogyne incognita
isolates on Lycopersicon spp. Journal of Nematolo-
gy 36:69-75.

Jablonska, B., J. Ammiraju, K. Bhattarai, S. Mantellin,
O. Martínez de Ilarduya, P. A. Roberts, and I.
Kaloshian. 2007. The Mi-9 gene from Solanum ar-
canum conferring heat-stable resistance to root-
knot nematodes is a homolog of Mi-1. Plant Phys-
iology 143:1044-1054.

Jacquet, M., M. Bongiovanni, M. Martínez, P. Ver-
schave, E. Wajenberg, and P. Castagnone-Ser-
eno. 2005. Variation in resistance to the root-
knot nematode Meloidogyne incognita in tomato
genotypes bearing the Mi gene. Plant Physiology
54:93-99.

Kaloshian, I., V. M. Williamson, G. Miyao, D. A. Lawn,
and B. B. Westerdahl. 1996. “Resistance-break-
ing” nematodes identified in California toma-
toes. California Agriculture 50:18-9.

Kousik, C. S., and D. F. Ritchie. 1999. Development of
bacterial spot on near-isogenic lines of bell pep-
per carrying gene pyramids composed of defeat-
ed major resistance genes. Phytopathology
89:1066-1072.

Lindhout, P. 2002. The perspectives of polygenic resis-
tance in breeding for durable disease resistance.
Euphytica 124:217-226.

Luzzi, B. M., H. R. Boerma, and R. S. Hussey. 1987. Re-
sistance to three species of root-knot nematodes
in soybean. Crop Science 27:258-262.

Martínez de Ilarduya, O., and I. Kaloshian. 2001. Mi-
1.2 transcripts accumulate ubiquitously in resis-
tant Lycopersicon esculentum. Journal of Nematolo-
gy 33:116-120.

Moyle, L. C. 2008. Ecological and evolutionary ge-
nomics in the wild tomatoes (Solanum sect. Lyco-
persicon). Evolution 62:2995-3013.

Netscher, C. 1976. Observations and preliminary stud-
ies on the occurrence of resistance breaking bio-
types of Meloidogyne spp. on tomato. Cahier ORS-
TOM. Série Biologie 11:173-178.

Noe, J. P. 1992. Variability among populations of Me-
loidogyne javanica. Journal of Nematology 24:404-
414.

Ornat, C., S. Verdejo-Lucas, and F. J. Sorribas. 2001. A
population of Meloidogyne javanica in Spain viru-
lent to the Mi resistance gene in tomato. Plant
Disease 85:271-276.

Pedersen, W. L., and P. Leath. 1988. Pyramiding ma-
jor genes for resistance to maintain residual ef-
fects. Annual Reviews of Phytopathology 26:369-
783.

Peralta, I., S. Knapp, and D. M. Spooner. 2005. New
species of wild tomatoes (Solanum Section Lyco-
persicon: Solanaceae) from Northern Peru. Sys-
tematic Botany 30:424-434.

Pérez de Castro, A., M. J. Díez, and F. Nuez. 2008. Ex-
ploiting partial resistance to Tomato yellow leaf curl



Resistance of Solanum huaylasense accession LA1358 to Meloidogyne: L. Cortada et al. 39

virus derived from Solanum pimpinellifolium
UPV16991. Plant Disease 92:1083-1090.

Pink, D. 2002. Strategies using non-durable disease re-
sistance. Euphytica 124:227-236.

Richardson, K. L., M. I. Vales, J. G. Kling, C. C.
Mundt, and P. M. Hayes. 2006. Pyramiding and
dissecting disease resistance QTL to barley
stripe rust. Theoretical and Applied Genetics
113:485-495.

Roberts, P. A., and I. J. Thomason. 1989. A review of
variability in four Meloidogyne spp. measured by
reproduction on several hosts including Lyco-
persicon. Agricultural Zoology Reviews 3:225-
252.

Roberts, P. A., A. Dalmasso, G. B. Cap, and P. Castag-
none-Sereno. 1990. Resistance in Lycopersicum pe-
ruvianum to isolates of Mi gene-compatible Me-
loidogyne populations. Journal of Nematology
22:585-589.

Roberts, P. A. 1995. Conceptual and practical aspects
of variability in root-knot nematodes related to
host plant resistance. Annual Reviews of Phyto-
pathology 33:199-221.

Sacks, E. J., and A. F. Robinson. 2009. Introgression of
resistance to reniform nematode (Rotylenchulus
reniformis) into upland cotton (Gossypium hirsu-
tum) from Gossypium arboretum and a G. hirsutum/
G. aridum bridging line. Field Crops Research
112:1-6.

Santos, M., F. Diánez, M. de Cara, and J. C. Tello.
2004. Enfermedades del tomate. Pp. 47-61 in
Ediciones de Horticultura Tomates. Producción
y comercio. Compendios de Horticultura 15.
Spain.

Sasser, J. N., and D. W. Freckman. 1987. A world per-
spective on nematology: the role of the society.
Pp. 7-14 in Vistas on Nematology. J. A. Veech,
and D. W. Dickson, Eds. Society of Nematolo-
gists. Hyattsville, MD.

Seah, S., A. C. Tellen, and V. M. Williamson. 2007. In-
trogressed and endogenous Mi-1 gene clusters in
tomato differ by complex rearrangements in
flanking sequences and show sequence ex-
change and diversifying selection among homo-
logues. Theoretical and Applied Genetics
114:1289-1302.

Singh, S., J. S. Sidhu, N. Huang, Y. Vikal, Z. Li, D. S.
Brar, H. S. Dhaliwal, and G. S. Khush. 2001. Pyr-
amiding three bacterial blight resistance genes
(xa5, xa13 and Xa21) using marker-assisted se-
lection into indica rice cultivar PR106. Theoreti-
cal and Applied Genetics 102:1011-1015.

Smith, P. G. 1944. Embryo culture of a tomato species
hybrid. Proceedings of American Society Horti-
cultural Sciences 44:413-416.

Sorribas, F. J., C. Ornat, and S. Verdejo-Lucas. 2005.
Effectiveness and profitability of the Mi-resis-
tant tomatoes to control root-knot nematodes.
European Journal of Plant Pathology 111:29-
38.

Talavera, M., S. Verdejo-Lucas, C. Ornat, J. Torres, M.
D. Vela, F. J. Macias, L. Cortada, D. J. Arais, J.
Valero, and F. J. Sorribas. 2009. Crop rotations
with Mi gene resistant and susceptible tomato
cultivars for management of root-knot nema-
todes in plastic houses. Crop Protection 28:662-
667.

Tzortzakakis, E. A., and D. L. Trudgill. 1996. A ther-
mal time-based method for determining the fe-
cundity of Meloidogyne javanica in relation to
modeling its population dynamics. Nematologi-
ca 42:347-353.

Tzortzakakis, E. A., D. L. Trudgill, and M. S. Phillips.
1998. Evidence for a dosage effect of the Mi gene
on partially virulent isolates of Meloidogyne javan-
ica. Journal of Nematology 30:76-80.

Tzortzakakis, E. A., M. A. M. Adam, V. C. Blok, C.
Paraskevopoulos, and K. Bourtzi. 2005. Occur-
rence of resistance-breaking populations of root-
knot nematodes on tomato in Greece. European
Journal of Plant Pathology 113:101-105.

Verdejo-Lucas, S., L. Cortada, F. J. Sorribas, and C. Or-
nat. 2009. Selection of virulent populations of
Meloidogyne javanica by repeated cultivation of Mi
resistance gene tomato rootstocks under field
conditions. Plant Pathology 58:990-998.

Veremis, J. C., and P. A. Roberts. 1996a. Relationship
between Meloidogyne incognita resistance genes in
Lycopersicon peruvianum differentiated by heat
sensitivity and nematode virulence. Theoretical
and Applied Genetics 93:950-959.

Veremis, J. C., and P. A. Roberts. 1996b. Differentia-
tion of Meloidogyne incognita and M. arenaria nov-
el resistance phenotypes in Lycopersicon peruvi-
anum and derived bridge-lines. Theoretical and
Applied Genetics 93:960-967.

Veremis, J. C., and P. A. Roberts. 2000. Diversity of
heat-stable genotype specific resistance to Meloid-
ogyne in Maranon races of Lycopersicon peruvi-
anum complex. Euphytica 111:9-16.

Vidavski, F., F. Czosnek, H. Gazit, and M. Lapidot.
2008. Pyramiding of genes conferring resistance
to Tomato yellow leaf curl virus from different wild
tomato species. Plant Breeding 127:625-631.

Williamson, V. M., and A. Kumar. 2006. Nematode re-
sistance in plants: the battle underground.
Trends in Genetics 22:396-403.

Xu, J., T. Narabu, T. Mizukubo, and T. Hibi. 2001. A
molecular marker related with selected viru-
lence against the tomato resistance gene Mi in



40 NEMATROPICA Vol. 40, No. 1, 2010

Meloidogyne incognita, M. javanica and M. arenar-
ia. Phytopathology 91:377-823.

Yaghoobi, J., I. Kaloshian, Y. Wen, and V. M. William-
son. 1995. Mapping a new nematode resistance
locus in Lycopersicum peruvianum. Theoretical
and Applied Genetics 91:457-464.

Zijlstra, C., D. T. H. M. Donkers-Venne, and M. Far-
gette. 2000. Identification of Meloidogyne incogni-

ta, M javanica and M arenaria using sequence
characterized amplified region (SCAR) based
PCR assays. Nematology 2:847-853.

Zuriaga, E., J. Blanca, and F. Nuez. 2008. Classification
and phylogenetic relationships in Solanum sec-
tion Lycopersicon based on AFLP and two nuclear
gene sequences. Genetic Resources and Crop
Evolution 56:663-678.

Received: Accepted for publication:
27/I/2010 4/V/2010

Recibido: Aceptado para publicación



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


