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Abstract Resistance to Cucumber mosaic virus (CMV)
in the exotic melon accession PI 161375, cultivar “Sonw-
ang Charmi” (SC) had previously been described as oligo-
genic, recessive and quantitative, with a major QTL
residing in linkage group XII (LGXII). We have used a col-
lection of near isogenic lines (NILs) with introgressions of
SC into the genome of the susceptible accession Piel de
Sapo (PS) to further characterise this resistance. Infection
of NILs carrying introgressions on LGXII showed that only
NIL SC12-1 was resistant to CMV strains P9 and P104.82,
but not to strains M6 and TL. Further mapping of this
region showed that the resistance, named cmvI maps in an
area of 2.2cM, between markers CMN61_44 and
CMN21_55. Moreover, cmvl confers total resistance to
strains P9 and P104.82, indicating that in these cases it is
not quantitative and that cmvl is sufficient to confer full
resistance to these CMV strains. Candidate gene mapping
of ten translation initiation factors in the melon genome

Communicated by I. L. Goldman.

A. Essafi - A. J. Monforte - J. Garcia-Mas -

A. M. Martin-Herndndez (D<)

IRTA, Centre de Recerca en Agrigenomica CSIC-IRTA-UAB,
Carretera de Cabrils, Km 2, 08348 Cabrils, Barcelona, Spain
e-mail: montse.martin@irta.es

J. A. Diaz-Pendén - E. Moriones
Estacion Experimental “La Mayora” CSIC,
29759 Algarrobo-Costa, Mdlaga, Spain

Present Address:

A.J. Monforte

Instituto de Biologia Molecular y Celular de Plantas
(IBMCP)(CSIC-UPV) Ingeniero Fausto Elio,

s/n CPI “Ciudad Politécnica de la Innovacién

DE LA INNOVACION"- Edificio 8E, 46022 Valencia, Spain

failed to find any of them in the interval between markers
CMNG61_44 and CMN21_55. All these results suggest that
the resistance to CMV present in SC is oligogenic, where
different loci confer resistance to different CMV strains, but
not necessarily quantitative, since at least one of these
genes (cmvl) confers total resistance, similar to that of the
parental SC, and does not need the contribution of other
loci.

Introduction

Cucumber mosaic virus (CMV) has the largest host range
of any plant virus, infecting over 800 plant species and
causing severe damage worldwide in some of the most eco-
nomically important species, such as members of the Sola-
naceae and Cucurbitaceae families. CMV isolates are
placed into two main subgroups, I and II, on the basis of
biological, serological and molecular properties (Palukaitis
et al. 1992). Genetic resistance against CMV is scarce and
partial and polygenic in the few cases reported (Caranta
et al. 2002). There are few examples reported of dominant
resistance against CMV, such as the RCY1 gene in Arabid-
opsis ecotype C24 (Takahashi et al. 2001) or the RT4-4
gene in common bean (Seo etal. 2006). These genes
belong to the NBS-LRR type of dominant genes producing
total resistance through hypersensitive response reaction. In
Arabidopsis, cuml and cum2 have been reported as two
single, independent, recessive mutations that confer resis-
tance to CMYV, affecting cell-to-cell and long-distance
movement (Yoshii et al. 1998). Resistance to CMV, how-
ever, is usually described as partial and polygenic. In pep-
per, Caranta et al. 2002 described a dominant but partial
resistance that showed restriction to CMV long-distance
movement. This resistance was governed by one major-
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effect and six minor-effect QTLs (Caranta et al. 2002). A
similar partial resistance to long-distance CMV movement
governed by QTLs with different effect has also been
reported in potato (Valkonen and Watanabe 1999) and
tomato (Stamova and Chatelat 2000). In cucurbits, how-
ever, resistance against CMV has been described mostly as
recessive (Risser etal. 1977). During a survey of 253
melon (Cucumis melo L.) accessions of different geographi-
cal origins, Diaz et al. (2003) reported that resistances to
CMYV were almost absent. However, there was heterogene-
ity in the responses of some accessions to some strains. For
example, resistance in the Korean accession ‘Sonwang
charmi, PI 161375 (from now on, SC) and Freeman’s
Cucumber was isolate-specific for three strains of the com-
mon type. Freeman’s Cucumber exhibited partial resistance
to isolate B20.2 and total resistance to M6, whereas SC
showed partial resistance to B20.2 and total resistance to
isolate M373. Dogimont et al. (2000) used a collection of
recombinant inbred lines (RILs) between the CMV-resis-
tant parental SC and the susceptible Védrantais to investi-
gate the genetic control of the resistance present in SC
when challenged with three different CMV isolates, P9, TL,
both of subgroup I, and To 72, belonging to subgroup II.
They reported that the trait was governed by several QTLs,
one of them with major effect, located in linkage group XII
of the map of Perin et al. (2002).

Since viruses depend on host factors to complete their
infectious cycle, it is likely that mutations in these host fac-
tors will result in resistance to such viruses (Fraser 1990).
In fact, all recessive resistance genes characterised to date,
either identified in natural mutations or mutagenized popu-
lations, have been found to correspond to mutations in
components of the eukaryotic translation initiation complex
(for a review, see Robaglia and Caranta 2006; Maule et al.
2007). Mutations in eIF4E, elF4AG and their paralogs
elF(iso)4E and elF4(iso)G are involved in resistance
mainly against potyviruses, but also against the potyvirus-
related Barley yellow mosaic bymovirus (Stein et al. 2005),
and potyvirus non-related Melon necrotic spot carmovirus
(MNSV) (Nieto et al. 2006) and Rice yellow mottle sob-
emovirus (Albar et al. 2006). This indicates that the resis-
tance mechanism might be related to inability of the virus
to use the translation machinery to multiply and/or accumu-
late in the resistant cell. In some cases, a combination of
mutations in more than one elF is required to achieve com-
plete resistance. For example, simultaneous mutations in
both eIF4E and elF(iso)4E are required for complete resis-
tance to Pepper veinal mottled potyvirus in pepper (Ruffel
et al. 2006). However, in other cases, viral movement is
compromised rather than viral translation. For example,
elF4E, apart from its role in translation of the viral RNA,
has been implicated in cell-to-cell movement of Pea seed
borne mosaic potyvirus (PSbMV) in pea (Gao et al. 2004).
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Likewise, elF(iso)4E has been suggested to act in Turnip
mosaic potyvirus (TuMV) transport in Arabidopsis, as it
interacts with the viral encoded protein VPg and
elF(is0)4G, and this complex interacts with microtubules
(Lellis et al. 2002). Instead, eIF4E and elF4G (cum 1 and
cum?2) have a role in CMV movement in Arabidopsis by
participating in translation of the MP, but not in translation
of other viral proteins (Yoshii etal. 2004). In this case,
resistance to CMV accounts for the lack of movement of
the virus, rather than for the lack of translation.

Here we have used a collection of NILs containing intro-
gressions of SC in the background of the cultivar “Piel de
Sapo” (PS) (Eduardo et al. 2005) to genetically dissect the
resistance to CMV. We report that the recessive resistance
to CMV is strain-specific and that the major QTL previ-
ously reported in LGXII was, in fact, enough to confer total
resistance to two strains of CMV. We have also mapped ten
eukaryotic translation initiation factors in the melon genetic
map to test them as candidates for the resistance.

Materials and methods
Plants and viruses

Genotypes used for the characterisation of the resistance to
CMYV present in C. melo were: cultivar PS and the Korean
accession PI 161375 cultivar Sonwang charmi (syn.
PI161375) (SC) as susceptible and resistant controls,
respectively, near isogenic lines (NILs) SC12-1, SC12-2,
SC12-3 and SC12-4, with a single, independent introgres-
sion from SC on linkage group XII (Fig. 1) (Eduardo et al.
2005), and an F1 from the cross SC12-1 x PS. Double hap-
loid lines (DHLs) from the cross SC x PS (Gonzalo et al.
2005) were used for mapping of candidate genes. NILs (or
subNILs) with shorter introgressions to increase mapping
resolution were obtained by selecting recombinant F, plants
generated from the cross between SC12-1 and PS using
markers flanking the introgression (see below). Recombi-
nant plants were selected and selfed. F3 plants were scored
with appropriate markers to fix the recombinant chromo-
somes and to determine the exact point of recombination
(see below).

For virus inoculation experiments, seeds were pre-ger-
minated by soaking them in water overnight and then kept
for 2 days in light at 28°C. Seedlings were grown in growth
chambers SANYO MLR-350H in long-day conditions con-
sisting of 25°C for 16 h with 20,000 lux of light and 23°C
for 8 h in dark for all infections except for P104.82 infec-
tions, which required 22°C for 16 h with 20,000 lux light,
and 18°C for 8 h in dark. CMYV strains P9, TL, M730, and
M6 belonging to subgroup I isolates were described previ-
ously (Diaz et al. 2003; Dogimont et al. 2000). M730 is a
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Fig. 1 a Near isogenic lines (NILs) of linkage group XII and subNILs
developed from NIL SC12-1. In red, the introgression from the resis-
tant parental SC. In white, the genome of the susceptible parental PS.
The bar on the right shows the LGXII map with some molecular mark-
ers and their relative genetic distances recalculated after the addition of
new molecular markers to those reported, after Gonzalo et al. (2005),

song-like pathotype (Leroux et al. 1979), able to overcome
SC resistance. P104.82 belonging to subgroup II was kindly
provided by Marisol Luis-Arteaga (Plant Protection Dept.,
CITA, Zaragoza, Spain).

Inoculations and virus detection

Viral inocula were freshly prepared from infected zucchini
squash (‘Diamant F1’, Seminis Vegetable Seeds Iberica,
Almeria, Spain or ‘Chapin F1’, Semillas Fito SA, Barce-
lona, Spain) and rub-inoculated onto the cotyledons of 7- to
10-day-old melon plants. Symptoms were scored visually
30 days after inoculation. Then, viral detection was per-
formed either by DAS-ELISA or by RT-PCR from young
newly developed leaves. DAS-ELISA was performed with
CMV-specific polyclonal antisera from Loewe Biochemica
GmbH (Otterfing, Germany) according to manufacturer’s
instructions. ELISA reactions were measured spectrophoto-
metrically at 405 nm using the plate reader Anthos2001
(Anthos Labtec Instruments GmbH, Salzburg, Austria).
Negative controls consisted of leaf tissue extracts from
mock-inoculated plants of each of the genotypes tested.
Positive controls consisted of leaf tissue extracts from PS
plants infected with the different CMV strains tested. A
sample was considered positive if the A405 nm value was
greater than twice that of the negative control. For RT-
PCR, RNA was isolated from young newly developed
leaves using TriReagent (SIGMA-ALDRICH, St Louis,
MO, USA) according to manufacturer’s instructions. RT-
PCR was made using Superscript RT (Invitrogen Life
Technologies, Carlsbad, CA, USA) and Taq polymerase
(Promega Corporation, Madison, WI) according to manu-
facturer’s instructions. The primers used were CMVCP

in Fig. 3. R resistant to CMV strain P104.82. S susceptible to CMV
P104.82. The black rectangle indicates the region where cmv! is locat-
ed. b Plants from relevant accessions showing symptoms 30 days after
inoculation with CMV P104.82. 1 PS, 2 SC, 3 SC12-1, 4 SC12-3, 5
SC12-1-55,6 SC12-1-99, 7 SC12-1-115, 8 SC12-1-123, 9 PS noninoc-
ulated, /0 SC noninoculated

(5'TTTAGAGTCTTGTCGCAGCAGCAGC) as forward
primer and PCVMC (5’ AGGAGGCAGGAACTTTACGG
AC) as reverse primer, amplifying a 300 bp fragment of the
coat protein.

Development of molecular markers from candidate genes

DNA extraction from melon leaves was carried out using
the Doyle method (Doyle and Doyle 1990) as modified by
Garcia-Mas et al. (2000). For PCR, primers were designed
using Primer 3 programme (http://frodo.wi.mit.edu/cgibin/
primer3/primer3_www.cgi) (Rozen and Skaletsky 2000).
Amplified fragments from both PS and SC were purified
with sepharose columns and sequenced using the ABI
PRISM Bigdye Terminator Cycle Sequencing kit (Applied
Biosystems, Foster City, CA, USA) in an ABI PRISM 3130
sequencer (Applied Biosystems, Foster City, CA, USA).
For SNP discovery, sequences obtained from both parental
lines were aligned using BioEdit (Hall 1999). SNPs were
detected either by enzyme restriction digestion (CAPS) or
SNaPshot (Applied Biosystems, Foster City, CA, USA)
(Morales etal. 2004). Simple-sequence repeat markers
(SSRs) were amplified with primers flanking the repetitive
sequence. One of the primers was labelled with IRD-800
(MWG Biotech AG, Ebersberg, Germany) and fragments
were visualized with a LICOR IR2 sequencer (Li-cor Inc,
Lincoln, New England, USA) as described in Gonzalo et al.
(2005).

Mapping

Molecular markers used to saturate the region in LGXII
were PSI_22-B02 (with forward primer GCAGGCTGAAC
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AAATGTGG and reverse primer CCAAGAACTTTGCCT
CCAAC amplifying a 800 bp fragment polymorphic after
digestion with Hinfl, Deleu and Garcia-Mas, personal com-
munication), SA6U (with forward primer TCCATTGGTT
AAAAAGAAAGACG and reverse primer TTCATTTTT
GTATTCACTGCATTT amplifying a 213 bp fragment),
CMNG61_44 and CMN21_55 (Fukino et al. 2007), ECM67
(with forward primer CTCAACGAGTCGCCCAAG and
reverse primer TTGGTCGACGCTGTAATGTC amplify-
ing a 128 bp fragment) and ECM105 (with forward primer
TTCTTGCAAATTGTCCAGACC and reverse primer
AGAGATTGGCCATCATCGAC amplifying a 87 bp frag-
ment). Markers were mapped in the SC x PS melon
genetic map using the DHL mapping population (Gonzalo
et al. 2005). All of them were SSRs, except PSI_22-B02,
which was mapped as a CAPS. A linkage map was con-
structed independently with MAPMAKER, version 3.0
(Lander et al. 1987). Markers were ordered using the order
command with LOD > 3.0 and distances were calculated
with the Kosambi function (Kosambi 1944). Markers for
candidate genes were mapped by selective genotyping
using the bin-mapping strategy (Howad et al. 2005) as in
Moreno et al. (2007).

Results

Localization of a major QTL for resistance to CMV strains
P9 and P104.82

To characterise the major QTL for resistance to three CMV
strains described by Dogimont et al. (2000), we used a col-
lection of NILs with introgressions of SC into the genome
of PS (Eduardo et al. 2005). This collection contains five
NILs representing LGXII (SC12-1 to SC12-5) (Fig. 1). We
have used in this study NILs SC12-1 and SC12-3, since
they cover the whole LGXII (Fig. 1). To identify the NIL
harbouring the major QTL described by Dogimont et al.
(2000), we performed a series of inoculations in plants
from both NILs using several strains of CMV. As shown in
Table 1, out of all of them, NIL SC12-1 was resistant to

Table 1 Infection of melon accessions with different CMV strains

strains P9 and P104.82, whereas NIL SC12-3 was suscepti-
ble to these virus strains. Conversely, CMV strains TL and
M6 were able to infect both SC12-1 and SC12-3, implying
that the locus for resistance to these two strains was located
in a different linkage group. Control SC was resistant to all
strains except when inoculated with the song strain M730,
which is reported to overcome the resistance present in SC.
Control PS was susceptible to all strains, although strain P9
was less aggressive than P104.82, infecting typically only
30—40% of inoculated PS and SC12-3 plants. Therefore, to
more precisely characterise the resistance present in NIL
SC12-1, strain P104.82 was used, since this strain was able
to infect more than 90% of inoculated plants of the suscep-
tible control PS and SCI12-3. In complementary experi-
ments we observed that NILs SC12-2 and SC12-4 (Fig. 1)
were also susceptible to strains P9 and P104.82 (data not
shown). Therefore, we concluded that the major QTL for
resistance to CMV described by Dogimont et al. (2000)
was effective for only some strains, like P9 and P104.82
and resided in the introgression of SC present in NIL SC12-
1 in the area flanked by markers TJ29 (Gonzalo et al. 2005)
and PSI_22-B02 (Deleu and Garcia-Mas, personal commu-
nication) (see Fig. 1). Furthermore, this major QTL was not
effective against strain TL, contrary to the results reported
by Dogimont et al. (2000). We have named the resistance
to CMV present in SC12-1 as cmv].

In order to fine map the cmvl locus, five molecular
markers (CMN61_44, CMN21_55, ECM67, ECM105, and
5A6U) located in the interval between PSI_22-B02 and
TJ29 were phenotyped in the whole mapping population
(Fig. 1). To delimit the region containing cmvl, 171 plants
of the F2 between NIL SC12-1 and the susceptible parental
PS, were genotyped using the flanking markers PSI_22-
B02 and TJ29. Sixty-six plants were found to contain
recombinations between the flanking markers, and the
markers in the interval were used to define the introgression
present in each recombinant. Four subNILs, spanning the
introgression of SC12-1 associated with the major QTL for
resistance to CMV, were chosen to test susceptibility to
CMYV strain P104.82. As shown in Fig. 1, whereas subNIL
SC12-1-99 was resistant, subNILs SC12-1-55, SC12-1-115

CMV strains PS SC SC12-1 SC12-3 F1 (SC12-1x PS) Planters Jumbo Gulfstream
P9 4/11% 0/11 0/24 6/14 8/20 ND ND
P104.82 12/13 0/9 0/14 13/13 77* 718* 7/9%
M6 6/6 0/20 10/13 13/13 5/5% 5/5% 5/5%
TL 5/10 0/10 10/16 8/12 ND ND ND
M730 6/6* 6/6* 6/6* 6/6* ND ND ND

Numbers are the result of at least two independent experiments except in the cases indicated with an asterisk

# Number of plants showing symptoms/number of inoculated plants
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and SC12-1-123 were susceptible indicating that cmvI
mapped in the 2.2 cM interval between CMNG61_14 and
CMN21_55.

The resistance present in SC12-1 is recessive,
but not quantitative

The evaluation of infections was performed by scoring
symptoms and confirmed by DAS-ELISA in extracts from
young newly developed leaves. DAS-ELISA did not show
any positive reaction in extracts of P104.82-inoculated
SC12-1 plants (data not shown). However, since the resis-
tance in SC had been described as quantitative, we
expected to find some level of viral accumulation in the
young newly developed leaves that perhaps was under the
level of detection of the technique. However, as shown in
Fig. 2, RT-PCR analysis was unable to detect any CMV
presence in our SC12-1 inoculated plants, whereas the viral
nucleic acids were readily detected in young newly devel-
oped leaves of the susceptible NIL SC12-3 and parental PS
(Fig. 2). Therefore, we concluded that the QTL present in
SC 12-1 was necessary and sufficient to confer total resis-
tance to CMV strains P9 and P104.82, similarly to the resis-
tance present in the parental SC. Furthermore, it suggests
that the other QTLs described by Dogimont et al. (2000)
either had no role in the resistance of SC to these CMV
strains or had a redundant role, indicating that the resis-
tance conferred by cmvl is not quantitative, but qualitative.
To further characterise the nature of the resistance present
in SC12-1 as dominant or recessive, the hybrid between
SCI12-1 and PS was inoculated with strain P104.82. As
shown in Table 1, all hybrid plants were susceptible, con-
firming that the resistance to CMV present in LGXII was
recessive.

PS SC12-3

SC12-1 SC

Fig. 2 RT-PCR analysis from the upper systemically infected leaves
of PS, SC12-3, SC12-1 and SC plants. Plants were either mock-inocu-
lated (lanes 1, 4, 7 and 10) or infected with CMV P104.82 (lanes 2, 5,
8 and /1) and CMV M730 (lanes 3, 6, 9 and 12). M lane is the 1 kb
DNA ladder size marker

Mapping of candidate genes

As an approach to identify the resistance gene present in the
SC introgression of SC12-1, we carried out a strategy of
mapping candidate genes involved in recessive resistance
in order to see if any of them mapped in the interval of the
introgression. The Melogen database (Gonzalez-Ibeas et al.
2007; http://www.melogen.upv.es/) was screened to search
for ESTs corresponding to melon orthologues of translation
initiation factors from Arabidopsis thaliana. We retrieved
from the database sequences for one elF(iso)4E, one
elFAG, two elF(is0)4G, four eIF4A, one novel Cap Binding
protein (nCBP) and three polyA binding proteins (PABP)
(Table 2). All of them were mapped in the SC x PS genetic
map (Gonzalo et al. 2005) after SNP discovery and bin-
mapping (Fig. 3), except two sequences encoding PABP
and one sequence with homology to eIF4A that were mono-
morphic between the parental lines (data not shown). The
position of eIF4E was previously known, in LGXII near
marker SA6U (Morales et al. 2005), as it corresponded to
the recessive resistance nsv against MNSV present in SC
(Nieto et al. 2006). Mapping of all these translation factors
is summarised in Fig. 3 and showed that none of them
mapped in linkage group XII, in the area of the introgres-
sion present in SC12-1, except eIF4E. Nevertheless, we
ruled out elF4E as a candidate for the CMYV resistance,
since it co-segregates with marker SA6U, which in our
mapping experiments with the subNILs is located outside
the region delimited by markers CMN61_44 and
CMN21_55 (Fig. 1). Furthermore, melon accessions Gulf-
stream and Planters Jumbo, which harbour the single muta-
tion found in eIF4E that confers resistance against MNSV,
are susceptible to CMV strains P9 and p104.82 (Table 1).
Taken together, these results show that none of the candi-
date genes mapped to date in the melon genetic map corre-
spond to cmvli.

Discussion

We have described here the locus cmv/ for resistance to
CMYV, present in the exotic accession SC and in the NIL
SC12-1. This locus confers recessive and qualitative resis-
tance to several strains of CMV. Resistance to CMV had
previously been reported as oligogenic and recessive (Kar-
chi etal. 1975) and quantitative, with most of the pheno-
typic variation explained by a QTL present in LGXII for
resistance to three strains (Dogimont et al. 2000). These
authors performed a QTL analysis using a RIL collection
between Védrantais and SC. Our analysis has been carried
out using a NIL collection with introgressions from the
same resistant genotype. NIL collections are the best tool to
dissect complex characters, since they permit to mendelize
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sion of SC in NIL SC12-1 is indicated as a grey bar
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traits under polygenic control (Zamir 2001). Our results
show that in fact, the major QTL present in LGXII
explained the whole resistance to strains P9 and P104.82,
but did not confer any resistance to strains TL and M6.
Therefore, the resistance present in this linkage group,
which could be mapped in a 2.2 ¢cM interval flanked by two
SSR markers, is controlled by one unique locus, instead of
being polygenic. Likewise, for strains TL and M6, there
should be one or more loci responsible for the resistance,
defined in other genomic regions which should be further
studied. Therefore, our results suggest that we can re-define
the resistance to CMV as oligogenic for the whole species,
but monogenic—governed by independent loci—for each
set of strains, being at least one of these loci—the one pres-
ent in LGXII—independent of the other(s). This new find-
ing would be important for breeding programmes, since
historically, breeding resistances to CMV in melon have
been very difficult due to its oligogenic nature. Being able
to dissect it into independent monogenic characters would
allow breeders to piramide these loci to produce cultivars
resistant to different CMV strains. Monogenic resistances
controlled by several independent loci have already been
described in C. melo against the foliar pathogen Didymella
bryoniae, the agent of gummy stem blight (Frantz and Jahn
2004), where resistance to this pathogen is controlled by
four dominant and one recessive-independent genes. Simi-
larly, in pea (Pisum sativum L.), independent recessive
resistances against different pathotypes of PsbMV and other
potyviruses have been mapped in linkage groups II and VI
(reviewed in Provvidenti and Hampton 1992) and in Bras-
sica napa, two genes control broad-spectrum resistance to
TuMV (Rusholme et al. 2007).

Recessive resistance genes against viruses described to
date encode for eukaryotic translation initiation factors.
Although only four of them [eIF4E, eIF4G, elF(iso)4E and
elF(is0)4G] have been reported to date as resistance genes
in plants, we can not discard this role for other initiation
factors. For example, eIF4A is a helicase that participates in
unfolding the 5'UTR of capped or uncapped RNAs. In
yeast, a DED1 helicase, like eIF4A, regulates translation of
Brome mosaic virus RNA2 (Noueiry et al. 2000), thus in
plants eIF4A could be involved in virus resistance. Accord-
ing to this idea, we have mapped in the genetic melon map
several translation initiation factors whose sequences are in
the melon EST database (MELOGEN) in order to identify
those mapping in the area of the resistance to CMV present
in the NIL SC12-1. Out of ten candidate genes, only eIF4E
was found to reside in LGXII. However, according to our
results, eIF4E maps in LGXII in a region different from the
locus cmvl, which is defined by markers CMN61_44 and
CMN21_55. Nevertheless, we cannot discard the possibil-
ity that the resistance described here might be encoded by
another translation initiation factor gene whose sequence is
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not present in our EST collection. In Arabidopsis there are
three eIlF4E genes, one elF(iso)4E, one elF4G, two
elF(is0)4G, three additional eIF4G-like genes, nine puta-
tive PABPs, two elF4A genes and four elF4A-like
sequences (TAIR, http://www.arabidopsis.org/browse/
genefamily/elF.jsp), suggesting that additional work is
needed because we may be underestimating the number of
translation initiation factors present in the melon genome
and more will have to be mapped and analysed as candi-
dates for cmvi. Alternatively, other type of plant host fac-
tors required for CMV life cycle steps other than translation
of the viral genome might be involved, such as factors for
short or long-distance movement or suppression of gene
silencing (Voinnet 2001). For example, a phloem protein in
cucumber has been reported to be involved in long-distance
movement of CMV (Requena et al. 2006).

Future work will focus in fine mapping the locus cmvl.
Synteny has already been described between several
regions of the melon genome and Arabidopsis thaliana,
Medicago truncatula and Populus trichocarpa (van Leeu-
wen et al. 2003; Deleu et al. 2007), leading to the cloning
of the nsv gene (Nieto et al. 2006). It would be interesting
to look for a possible synteny between the region surround-
ing the cmvI locus and model species. Additionally, the
identification of the other genes for resistance to other
CMYV strains, present in SC, will require a screening of the
whole NILs collection in order to more precisely dissect the
nature of the interactions between each set of strains and
their determinants of resistance.
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