
Abstract The PM687 line of Capsicum annuum L. has a
single dominant gene, Me3, that confers heat-stable resis-
tance to root-knot nematodes (RKN). Me3 was mapped
using doubled-haploid (DH) lines and F2 progeny from a
cross between the susceptible cultivar ‘Yolo Wonder’
(‘YW’) and the highly resistant line ‘PM687’. Bulked-
segregant analysis with DNA pools, from susceptible or
resistant DH lines, was performed to identify RAPD and
AFLP markers linked to Me3. There was no polymor-
phism between bulks of ten DH lines using over 800
RADP primers (4,000 amplified fragments analysed).
Using 512 AFLP primers (74,000 amplified fragments
analysed), and bulked DNA templates from 20 resistant
and 20 susceptible plants, we identified eight repulsion-
phase and four coupling-phase markers linked to Me3.
Analysed in 103 DH progeny, they defined a 56.1-cM in-
terval containing the target gene. The nearest were locat-
ed 0.5, 1.0, 1.5 and 3.0 centimorgans (cM) on both sides
of the gene. Analysis of the F2 progeny (162 plants) with
the nearest coupling-phase marker confirmed its close
position. Another resistance gene to RKN, present in
‘PM687’ (Me4), was shown to be linked to Me3, 10 cM
from it. In order to localize Me3 and Me4 on our 
reference intraspecific pepper linkage map, two AFLP
markers were mapped. The Me3 nearest marker was 
10.1 cM from a RAPD marker named Q04_0.3 and 
2.7 cM from a RFLP marker named CT135. We investi-
gated map-position orthologies between Me3 and two

other nematode resistance genes, the tomato Mi-3 and
the potato Gpa2 genes, which mapped in the telomeric
region of the short arm of the tomato and potato chromo-
some 12 (or XII for potato).
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Introduction

Solanaceae, especially peppers (Capsicum spp.) and to-
matoes which are the most-widely cultivated vegetables
in the world (FAO 1996), are susceptible to root-knot
nematodes (RKN). Resistance to these widespread obli-
gate plant endoparasites is of great economic importance
because they severely decrease the yields of susceptible
cultivars (Lindsey and Clayshutte 1982; Fery and Dukes
1984; Di Vito et al. 1985; Thies et al. 1997).

Two RKN-resistant Capsicum annuum accessions,
‘PM687’ derived from the Indian local population PI
322719 and ‘PM217’ derived from the PI 201234 acces-
sion from Central America, were identified in 1985
(Hendy et al. 1985b). Both are resistant to a wide range
of RKN populations (Djian-Caporalino et al. 1999). 
Major resistant genes were described, all dominant 
and acting individually in a gene-for-gene interaction 
(Hendy et al. 1985b). Among them, the Me3 gene has a
broad spectrum against the major Meloidogyne species,
Meloidogyne incognita, Meloidogyne arenaria, Meloido-
gyne javanica and some Meloidogyne hapla populations,
and is not heat sensitive (Djian-Caporalino et al. 1999).

C. annuum is diploid (2n=2x=24) (Pickersgill 1977)
with a large genome [2,702–3,420 megabases (Mb)/1 C],
about 3–4 times the size of the tomato genome 
(Arumuganathan and Earle 1991). Several linkage maps
of the pepper genome have been published (Tanksley
1984; Prince et al. 1993; Lefebvre et al. 1995, 1997; 
Livingstone et al. 1999). Two intraspecific maps were
generated using doubled-haploid (DH) populations ob-
tained from F1 hybrids of C. annuum, and contained
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mainly RFLP and RAPD markers (Lefebvre et al. 1997).
They spanned a total length of 1,582 cM with 227 differ-
ent markers distributed on a total of 18 linkage groups
(LGs) and were estimated to cover at least 67% of the
pepper genome. According to these mapping data, an in-
terval of 1 cM should correspond to a DNA segment of
1.2 to 2.2 Mb. A high marker density is therefore re-
quired for positional-cloning of genes by ‘chromosome
landing’ (Tanksley et al. 1995). Because the cloning 
capacity of bacterial and yeast artificial chromosomes
(BACs, Shizuya et al. 1992, and YACs, Burke et al.
1987) is 200–400 kb (Eun-Young et al. 1999) and
270–1,200 kb (Tai and Staskawicz 1999) for pepper, 
respectively, a mapping precision of at least 0.1–0.3 cM
or 0.1–1.0 cM is necessary to be able to land on one
BAC or YAC clone, respectively.

We have used ‘bulked segregant analysis’ (BSA)
(Giovannoni et al. 1991; Michelmore et al. 1991) to
identify molecular markers tightly linked to the domi-
nant gene Me3. BSA has been already used to map sever-
al genes of agronomic interest in pepper (Caranta et al.
1999a; Moury et al. 2000; Pierre et al. 2000). Two PCR-
based markers, RAPD (random amplified polymorphic
DNA, Williams et al. 1990) and AFLP (amplified frag-
ment length polymorphism, Zabeau and Vos 1993; Vos 
et al. 1995), are particularly efficient for BSA because
several to a large number of loci can be quickly screened
with one primer or one primer combination.

AFLP markers are generated using the polymerase
chain reaction (PCR) on small genomic restriction frag-
ments (80–400 bp). Similar to RAPDs, AFLPs can be pro-
duced with a generic set of primers and do not depend on
sequence information or probe availability, but detect 10-
times more loci (from 20 to 100 in pepper, 
Lefebvre et al. 2000) than RAPDs. The restriction site-
specific adapters, the adapter-specific primers with a vari-
able number of selective nucleotides, and the high-strin-
gency PCR conditions used, allow good reproducibility of

AFLP amplification products (Vos et al. 1995). AFLP
analysis has already been used in the Solanaceae, for to-
mato (Thomas et al. 1995), potato (Van Eck et al. 1995)
and pepper (Caranta et al. 1999a, Lefebvre et al. 2000).
Several resistance genes to nematodes: the Gpa2 gene and
the QTL for resistance to Globodera pallida (Rouppe Van
der Voort et al. 1997; Bradshaw et al. 1998), and the genes
involved in resistance to RKN in peach rootstocks (Lu et
al. 1998), for example, have been mapped using AFLPs.

We have therefore assessed the effectiveness of AFLP
for mapping the Me3 gene in pepper. One coupling-phase
AFLP marker was located 0.5 cM from the Me3 gene in
the DH progeny. This gene could reside in a cluster with
other genes conferring resistance to nematodes in pep-
per, tomato and potato.

Material and methods

Plant material

The genetically very distant C. annuum parents ‘Yolo Wonder’
(‘YW’) and ‘PM687’ (Lefebvre et al. 1997) were used in the
crosses. Resistant tests to Meloidogyne were previously described
by Djian-Caporalino et al. (1999). The resistant line ‘PM687’
originating from India was obtained from the PI 322719 popula-
tion. Two RKN resistance genes have been identified in ‘PM687’:
Me3 is effective against the three main RKN species (M. arenaria,
M. incognita, and M. javanica) and some populations of M. hapla
(Djian-Caporalino et al. 1999). It is only susceptible to one 
M. arenaria population, M. arenaria Ain Taoujdate (Hendy et al.
1985b). The second gene, Me4, controls only M. arenaria Ain
Taoujdate (Table 1). Me5 was identified in ‘YW’ used in the 
crosses as the susceptible parent. It confers partial resistance to 
M. javanica Abou Dhabi (Table 1).

A total of 103 DH lines from the F1 hybrid ‘PM687’×‘YW’,
plus 163 plants from the F2 progeny, were used to detect markers
linked to the RKN resistance gene Me3. DNA was also obtained
from ‘Perennial’, another inbred line of C. annuum (see Table 1)
used to generate the DH200 pepper map (Lefebvre et al. 1997),
and from tomato plants (Lycopersicon esculentum) with Mi-1 and
Mi-3 genes (cv ‘Piersol’ and PI 126443) that are resistant to RKN.

Table 1 List of C. annuum accessions and progenies used for mapping the Me3 RKN resistance gene

Parental material Origin RKN resistance genes Reference
(spectrum of action)

‘YW’ (‘Yolo Wonder’) Inbred line from University Me5 (M. javanica Abou Dhabi) Hendy et al. 1985b
of California (USA)

‘PM687’ Inbred line derived from the local Me3 (Meloidogyne spp.) Hendy et al. 1985b; 
population PI 322719 (India) Djian-Caporalino et al. 1999

Me4 (M. arenaria Ain Taoujdate) Hendy et al. 1985b
‘Per’ (‘Perennial’) Inbred line from University Susceptible to all Meloidogyne Unpublished data

of Punjab (India) populations tested

Hybrid material Name of the Type Number of individuals Reference
progeny

‘PM687’×‘YW’ DH100 DH lines 103 Hendy et al. 1985b; 
Djian-Caporalino et al. 1999

F2 F2 individuals 163 Unpublished data
‘Per’×‘YW’ DH200 DH lines 94 Lefebvre et al. 1995, 1997
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DNA extraction from plants and preparation of DNA pools

Total genomic DNA was extracted from fruits and purified by the
method of Bernatzky and Tanksley (1986). DNA was precipitated
with ethanol and suspended in 1×TE buffer (10 mM Tris-HCl, 
1 mM EDTA, pH 8.0) at 500 ng/µl. Equal amounts of DNA from
susceptible and resistant DH lines (‘S’ and ‘R’, respectively) were
pooled to obtain the different bulks: A, B contained 7 ‘S’; C, D
contained 7 ‘R’; E, F contained 10 ‘S’; G, H contained 10 ‘R’; 
I and J contained 20 ‘S’ and 20 ‘R’, respectively.

RAPD

RAPD amplifications were carried out basically as described by
Williams et al. (1990) with a modified reaction mix [10 mM Tris,
pH 8.3, 50 mM KCl, 1.5 mM MgCl2, 0.01% gelatin, 0.1 mM
dNTPs (Appligene France), 0.1% Triton X-100 (v/v)], 0.2 µM of
primer, 20 ng of template DNA and 2.0 U of Taq polymerase
(Appligene France) in a PTC200 thermocycler (MJ research Inc.)
(total reaction volume=25 µl). Decamer primers for RAPD mark-
ers (70% CG) were obtained from Bioprobe System (France).
PCR conditions were: 92°C for 3 min followed by 45 cycles of 
1 min at 92°C, 1 min at 36°C and 2 min at 72°C, followed by 
10 min at 72°C. Amplification products were resolved by electro-
phoresis on 1.5% agarose gels stained with ethidium bromide.
Generally, 4–8 amplicons were visualized and polymorphic loci
were scored as either present (1) or absent (0).

A total of 800 RAPD primers, from which 144 gave markers
located on our reference intraspecific pepper map ‘Per’×‘YW’,
were screened for polymorphism between ‘YW’, ‘PM687’ and
DNA bulks. The primers revealing polymorphism between parents
and between bulks were then analysed in the DH progeny to deter-
mine the recombination rates and hence the distance with the Me3
gene.

AFLP

AFLP analysis (Vos et al. 1995) was carried out using the hexacut-
ters HindIII or PstI in combination with the tetracutter MseI. In
initial experiments, the restriction fragments were biotinylated,
collected by binding to streptavidin-coated beads (Dynal), follow-
ing the Zabeau and Vos method (1993), and the DNA was dis-
solved in 200 µl of 1×TE0.1 (10 mM Tris-HCl plus 0.1 mM EDTA,
pH 8.0). In later experiments, the bead purification step was omit-
ted, since comparisons revealed that there was no benefit from 
this treatment. In this case, the primary template (resulting from
double digestion and adapter ligation) was diluted 10-fold in
1×TE0.1 buffer.

A two-step amplification procedure was then used (Vos et al.
1995) with minor modifications. Pre-amplification was carried
out with 1-bp extension primers (+A or +C). Selective amplifica-
tion was conducted with 1/10 of the first PCR-amplified 
products, using 3-bp extension-33P-labelled hexacutter primers
(HindIII+3, PstI+3) and a non-labelled tetracutter primer
(MseI+3). The following cycle profile ensured optimal primer 
selectivity: one cycle of 1 min at 94°C, 1 min 20 s at 65°C, 
1 min at 72°C, followed by 12 cycles with an annealing tempera-
ture decreasing by 0.7°C at each cycle and 24 cycles with an 
annealing temperature of 56°C.

The restriction fragments were electrophoresed in 6 or 8%
polyacrylamide gels as described by Vos et al. (1995). Gels were
transferred to Whatman 3 MM paper, dried and exposed to X-ray
films. Every experiment was repeated at least once.

The polymorphic markers were analysed in the DH progeny to
locate them in relation to the Me3 gene. Genetic distances between
the markers and the Me3 gene based on pairwise comparisons
were calculated using the Mapmaker software, version 3.0 (Lander
et al. 1987). A minimum LOD score of 3 and a maximum recom-
bination rate of 0.3 were chosen. The recombination values were
converted into map units (cM) using Kosambi’s mapping function
(Kosambi 1944).

Mapping

One intraspecific map of the pepper genome has been developed
using the DH population obtained from the F1 hybrid of the cross
‘Per’×‘YW’ (Lefebvre et al. 1995, 1997) (Table 1). Two AFLP
primer combinations that were polymorphic between the bulks
were mapped on this population.

Results

Screening RAPDs linked to Me3

DNA pools from resistant and susceptible DH lines, and
the parental lines ‘YW’ and ‘PM687’, were screened
with RAPDs (presence vs absence). Each primer re-
vealed an average of five scorable amplicons (4,000
amplicons scored ranging in size from 0.2 to 2.9 kb).
About half of the 800 random decamer primers tested 
revealed polymorphism between the parental lines. But
four primers (that were not located on our reference 
pepper map) gave four reproducible amplicons that were
present in the resistant pools C and D (seven DH lines
per pool), and absent from the susceptible pools A and B
(seven DH lines per pool). When the four primers were

Fig. 1 Linked AFLP markers to the Me3 locus. A representative
example of six of the 400 HINDIII+3/MseI+3 primer combina-
tions is shown (Lane 1, susceptible parent to RKN ‘YW’; lane 2,
resistant parent ‘PM687’; lane 3, a pool of 20 susceptible DH
lines; and lane 4, a pool of 20 resistant DH lines. A candidate
AFLP marker is indicated by an arrow)
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to the order given in Fig. 2. The Me3 gene resided in 
an approximately 56.1-cM interval covered by 12 
markers. Among those 12 markers, seven mapped less
than 10.4 cM from the target gene and 4 were located
0.5±0.7, 1.0±0.9, 1.5±1.2 and 3.0±1.7 centimorgans
(cM) on both sides of the gene.

The AFLP analysis was also performed in the 163 F2
individuals from the same cross with the nearest cou-
pling-phase marker [HM1 (R)-58 bp, 0.5±0.7 cM from
Me3 in the DH progeny] to confirm linkage with Me3 and
to obtain an accurate estimate of the recombination frac-
tion. The signal of the amplification product appeared
often less intense in the F2 individuals than in the DH
lines. The marker was confirmed to be tightly linked to
the Me3 locus: we obtained five recombinant individuals,
indicating that the marker was located 3.0±1.4 cM from
Me3 in the F2 progeny (data not shown).

Location of Me3 on the intraspecific DH200 pepper map

The repulsion-phase marker HM4 (S)-355 bp and the
coupling-phase marker HM1 (R)-58 bp were polymor-
phic between ‘YW’ and ‘Per’. So they could be mapped
on our pepper intraspecific map (Lefebvre et al. 1995,
1997) generated from the cross ‘Per’ and ‘YW’.

Both AFLP markers were assigned to a 24.2-cM link-
age group of the DH200 intraspecific map, separated by a
distance of 12.3 cM (Fig. 2). The coupling-phase marker
HM1 (R)-58 bp was 2.7±1.7 cM from the RFLP marker
CT135. 

Co-localization of Me3 and Me4

Me4 (from ‘PM687’), controlling only M. arenaria Ain
Taoujdate, seemed to be linked to Me3 (Hendy 1984). We
have considered the data of Hendy (1984) developed on
54 lines (included in the 103 DH lines we analysed), to-
gether with our AFLP mapping data. On the 54 DH
lines, the AFLP markers were located on one side of the

tested on the four pools of ten DH lines, no convincing
polymorphism was retrieved. The tests carried out with
these four primers on the whole DH progeny indicated
that the markers were skewed. These four RAPDs per-
fectly co-segregated in the DH progeny (data not
shown). The distance between Me3 and these four mark-
ers was close to the detection limit (over 40% recombi-
nation). The chi-square test of independence showed that
they were only slightly linked to the resistance gene.

Screening AFLPs linked to Me3

The four DNA pools (E, F, G, H) from ten resistant 
or ten susceptible DH lines, together with the parental
lines (‘YW’ and ‘PM687’), were first screened with 
400 AFLP HindIII/MseI primer combinations. Approxi-
mately 60,000 amplicons ranging in size from 40 to 
400 bp were scored (an average of 150 products per
primer combination). Ninety products (0.15%) obtained
with 65 primer combinations (16.3%) revealed a poly-
morphism between the resistant and susceptible pools
and between the parental lines. The maximum number of
polymorphic amplicons per primer combination was
three. We analysed two additional pools composed each
of 20 DH lines (I, J) to identify markers more closely
linked to Me3. Only half of the markers (42 products, i.e.
0.07%, obtained with 28 primer combinations, i.e. 7%)
were confirmed as being polymorphic between these
new bulks.

The presence or absence of the amplification products
in 103 DH progenies was registered to evaluate genetic
distances between the markers and the locus Me3. Given
the number of the progenies, we used a strict threshold
of 30% of recombination as recommended by Lefebvre
et al. (1995). Six polymorphic amplified fragments were
scored as AFLP markers with the required accuracy;
they were tightly linked on a single linkage group. The
pattern of amplification products obtained with those six
AFLP primer combinations is shown in figure 1. Four
HindIII/MseI AFLPs were linked in repulsion with the
Me3 resistance allele. Two markers [HM5 (R)-300 bp
and HM1 (R)-58 bp] were linked in coupling with the
Me3 resistance allele. To increase the marker density in
the vicinity of Me3, 112 AFLP PstI/MseI primer combi-
nations were used to detect polymorphism between the
susceptible and resistant pools I, J (composed of 20 DH
lines). Each primer combination generated on average
125 fragments (14,000 PstI/MseI amplification products
were scored). Fifty eight products (0.43%) obtained with
35 primer combinations (31.2%) were polymorphic. Ge-
netic distances between the markers and Me3 were evalu-
ated in the DH progeny. Six new markers were placed on
the target linkage group. Four were linked in repulsion
with the Me3 resistance allele. Two [PM5 (R)-250 bp and
PM6 (R)-255 bp] were linked in coupling with the Me3
resistance allele.

The data were analysed with Mapmaker using the
Kosambi function. The best log-likelihood corresponds

Fig. 2 AFLP mapping of Me3 on the ‘PM687’×‘YW’ pepper map
(103 DH lines) and on our intraspecific pepper map ‘Per’×‘YW’
(94 DH lines). Positions of RFLP marker CT135 linked to the Me3
locus on the tomato map (Tanksley et al. 1992), of the PCR-spe-
cific marker (PCR-NR14) linked to the Mi-3/Mi-5 RKN resistance
genes (Yaghoobi et al. 1995), and of the Gpa2 resistance gene
(Rouppe von der Voort et al. 1997) on the distal end of the short
arm of tomato chromosome 12 or potato chromosome XII. (R) and
(S) indicate the allelic origin of the mapped band (R for alleles
coming from ‘PM687’ and S for alleles coming from ‘YW’):
H+ACA/M+AGT encoding HM1(R)-58 bp, H+ACT/M+ATG 
encoding HM2 (S)-70 bp, H+AGA/M+ACC encoding HM3 
(S)-200 bp, H+AGC/M+ACG encoding HM4 (S)-355 bp, H+ATA/
M+AAG encoding HM5(R)-300 bp, H+ATC/M+ACG encoding
HM6 (S)-217 bp, P+ATA/M+CGG encoding PM1 (S)-120 bp,
P+ATA/M+CGG encoding PM2 (S)-121 bp, P+ATA/M+CGG en-
coding PM3 (S)-122 bp, P+ATA/M+CGG encoding PM4 (S)-123
bp, P+ATT/M+AAC encoding PM5 (R)-250 bp, P+ATT/M+ACG
encoding PM6 (R)-255 bp. * According to Yaghoobi et al. (1995).
** According to Rouppe von der Voort et al. (1997)

▲
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Fig. 2 Legend see page 595



However, they co-segregated in the DH progeny. Clus-
ters of RAPD markers have already been found during
the construction of pepper maps (Lefebvre et al. 1997).

AFLP-marker saturation of the target interval was 
accomplished using the frequent-cutter MseI in combina-
tion with two different rare-cutting restriction enzymes
(HindIII and PstI). Comparison of the both hexacutters
revealed that PstI (a GC-rich recognition sequence) de-
tected a higher level of polymorphic sites (31.2%) than
HindIII (an AT-rich recognition sequence) (7%). This
confirms the results of Powell et al. (1997), Young
(1998) and Haanstra et al. (1999) which indicated that
GC methylation-sensitive primers are more efficient in
detecting polymorphisms in barley, soybean and tomato,
respectively, and are more evenly distributed than GC
methylation non-sensitive primers. PstI cleavage is in-
hibited by methylation of the recognition sequence
(McClelland et al. 1994) and transcribed plant DNA is
generally hypo-methylated (Antequera and Bird 1988).
Therefore, PstI probably cleaves predominantly in 
gene-rich chromosome segments. Young (1998) ob-
served effectively that the use of a methylation-sensitive
marker in the soybean genome increased the chance of
placing markers in regions containing actively expressed
genes. This would explain the higher rate of polymor-
phism linked to the Me3 resistance gene observed 
with PstI-based primer combinations (six markers for
400 HindIII/MseI primer combinations and six markers
for only 112 PstI/MseI primer combinations).Twelve
dominant AFLP markers were found to be linked to Me3
in a 56.1-cM interval. The nearest are 0.5, 1.0, 1.5 and 
3.0 cM on both sides of the gene. Four markers were
linked in coupling to the Me3 resistance locus. Me4 that
has a very limited activity (only against M. arenaria Ain
Taoujdate) was nevertheless linked to Me3, active against
the main species of Meloidogyne. Histological studies
(Hendy et al. 1985a) indicated that DH lines containing
only Me4 develop a delayed resistance reaction (some ju-
veniles penetrated roots and initiated a few imperfect 
giant cells) whereas the hypersensitive reaction due to
Me3 starts immediately, sometimes during the first con-
tact with the root epidermis, as is observed with the Mi-1
gene in resistant tomato plants. Future knowledge of the
mode of action of these different genes in pepper might
reveal a number of steps in the signal cascade leading to
nematode resistance in plants.

The most tightly Me3-linked coupling-phase marker
was mapped on the intraspecific pepper map of Lefebvre
et al. (1997) constructed from the DH lines ‘Per’×‘YW’,
2.7 cM from the RFLP marker CT135.

Pepper, tomato and potato are related species of the
Solanaceae family and nematodes are common parasites.
Therefore, it is interesting to investigate the map-posi-
tion orthologies between nematode resistance genes that
have a similar phenotype. Colinearity between RFLP
markers already indicated a high synteny between the 12
chromosomes of the Solanaceae species (Tanksley et al.
1988, 1992; Gebhardt et al. 1991). Moreover, without
exception, homologues of cloned resistance genes
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Me3 gene. Me4 maps 10±4 cM from Me3, HM1 (R)-58 bp
and HM2 (S)-70 bp . These two AFLP cosegregate with
Me3 on the 54 DH lines (Fig. 3).

Discussion

We have shown that the combined strategy using BSA
and AFLP markers is an efficient method for identifying
markers tightly linked to the Me3 resistance gene to
RKN and for the mapping of this gene on the pepper 
genome.

In this study, two kinds of PCR-based markers,
RAPD and AFLP, were compared. While Moury et al.
(2000) succeeded to target the Tsw pepper gene with
RAPDs, DNA fingerprinting by RAPD analysis did not
allow detecting markers linked to the Me3 gene. The per-
centage of polymorphic amplicons between the bulks
was rather low for RAPDs, and the four RAPD markers
found with bulks of seven lines were not confirmed.

Fig. 3 AFLP mapping of Me4 on the ‘YW’×‘PM687’ pepper map
(54 DH lines analysed)



mapped to syntenic positions in other solanaceaous
genomes, indicating that there is conservation of both the
position and the sequence of these genes (Tanksley et al.
1992; Prince et al. 1993; Hammond-Kosack and Jones
1997; Grube 1999; Pflieger et al. 1999). Pepper homo-
logues to the tobacco resistance gene N to mosaic virus
(Whitham et al. 1994; Dinesh-Kumar et al. 1995), to the
potato resistance gene Ry to potato virus Y (Brigneti 
et al. 1997) and to the tomato resistance genes Sw-5 con-
trolling tospovirus (Stevens et al. 1995; Brommonschen-
kel and Tanksley 1997), Pto and Prf controlling Pseudo-
monas syringae pv tomato (Martin et al. 1993; Salmeron
et al. 1996), I2c controlling Fusarium oxysporum
(Bournival et al. 1989), were mapped in the same pepper
genomic regions as those observed in tobacco, potato
and tomato (Caranta et al. 1999b; Grube 1999, Pflieger
et al. 1999).

In tomato, the cDNA probe CT135 (linked to Me3 in
pepper) mapped to two distinct genomic regions: on the
long arm of tomato chromosome 7 (CT135 A) and on the
telomeric region of the short arm of the tomato chromo-
some 12 (CT135B) (Fig. 2). CT135B is tightly linked to
the RFLP marker CT79 and 28.7 cM from the RFLP
marker TG180 (Tanksley et al. 1992). Yaghoobi et al.
(1995) mapped the PCR-specific marker (NR14) of the
nematode resistance genes Mi-3 and Mi-5 from Lyco-
persicon peruvianum var. glandulosum PI 126443–1MH
in this same genomic region of chromosome 12, 6.4 cM
from TG180 (Fig. 2). Mi-3 confers resistance to some
Mi-1 naturally virulent M. incognita isolates (Roberts
and Thomason 1986; Roberts et al. 1990; Veremis 1995;
Veremis et al. 1999) as the pepper gene Me3 does to arti-
ficially selected lines of Mi-1 virulent M. incognita
(Castagnone-Sereno et al. 1996). The Mi-5 gene confers
heat-stable resistance in L. peruvianum PI 126443–1MH
(Veremis 1995; Veremis et al. 1999) when Mi-1 is in-
effective (Ammati et al. 1986), as does Me3 (Djian-
Caporalino et al. 1999). Thus tomato Mi-3 and Mi-5
genes have a similar phenotypic response to the pepper
Me3 gene. If we consider nematode resistance genes
from potato, the major dominant gene Gpa2, effective
against the pathotype Pa2 of the potato cyst nematode
Globodera pallida, was mapped on the distal end of 
potato chromosome XII (Rouppe van der Voort et al.
1997) that is orthologous to the tomato chromosome 12
(Gebhardt et al. 1991). Gpa2 was mapped 13 cM distal
from the PCR-specific marker NR14 (linked to Mi-3/
Mi-5) and 5 cM from the RFLP marker CT79 to RFLP-
CT79 (Fig. 2).

To further examine the relationship between the dom-
inant resistances to the different nematode genera in pep-
per (Me3), in tomato (Mi-3, Mi-5) and in potato (Gpa2),
we attempted to map other markers located on the toma-
to chromosome 12 on pepper maps. NR14–specific prim-
ers did not generate any fragments with pepper DNA
(unpublished data). The RFLP tomato markers CT19,
CT79, TG68, TG263 and TG360 were monomorphic be-
tween ‘Per’- and ‘YW’-DNA digested with five en-
zymes. The RFLP tomato probe CD19 was multicopy

and the polymorphic marker was unlinked. The RFLP 
tomato marker TG180 mapped in a pepper group gather-
ing other RFLP tomato markers located on the tomato
chromosomes 5 (TG379), 11 (TG47, CT120) and 12
(CT120). Thus, TG180 is not linked to CT135 on the
pepper map. Without two collinear markers, we cannot
align the CT135 pepper region to any part of the tomato
chromosomes. Several authors (Tanksley et al. 1988; 
Lefebvre et al. 1995, 1997; Livingstone et al. 1999) dem-
onstrated that a lot of rearrangements differentiate the
pepper and the tomato genome. Indeed, phenotypically
similar resistance genes, like the pepper L gene, the to-
mato Tm-2 and the tobacco N gene for resistance to 
tobacco mosaic virus, or the pepper Tsw gene and the 
tomato Sw-5 gene for resistance to tomato spotted wilt
virus, mapped in distinct genomic regions (Caranta et al.
1999b). A part of the tomato chromosome 12 could be
duplicated in the pepper genome. Presently, our results
did not allow affirming or disapproving that Me3 is in a
syntenic region of Mi-3/Mi-5 or Gpa2. Other RFLP
markers of tomato chromosomes 12 and 7, and of potato
chromosome XII (Fig. 2), will therefore be localised on
our pepper intraspecific map to determine the real rela-
tionship between nematode resistance genes in the Sola-
naceae.

The most-tightly linked AFLP markers we have iden-
tified so far are separated from Me3 by 0.5 cM on one
side and 3 cM on the other side, which corresponds, on
average, to a physical distance of 0.6–1.1 Mb and
3.6–6.6 cM, respectively. These calculations suggest that
the physical linkage of at least one of both identified
markers is not yet sufficient to identify a single BAC or
YAC clone covering the target locus. In any case, the
seven AFLP markers linked to Me3, and located less than
10 cM from the resistance gene, will be converted to
PCR-specific markers and will be used for marker-assist-
ed selection to introgress the Me3 gene into a desired 
genetic background through backcross breeding pro-
grammes.
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