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Abstract A set of 118 simple sequence repeat (SSR)
markers has been developed in melon from two different
sources: genomic libraries (gSSR) and expressed se-
quence-tag (EST) databases (EST-SSR). Forty-nine
percent of the markers showed polymorphism between
the ‘Piel de Sapo’ (PS) and PI161375 melon genotypes
used as parents for the mapping populations. Similar
polymorphism levels were found in gSSR (51.2%) and
EST-SSR (45.5%). Two populations, F, and a set of
double haploid lines (DHLs), developed from the same
parent genotypes were used for map construction.
Twenty-three SSRs and 79 restriction fragment length
polymorphisms (RFLPs), evenly distributed through the
melon genome, were used to anchor the maps of both
populations. Ten cucumber SSRs, 41 gSSRs, 16 EST-
SSR, three single nucleotide polymorphism (SNP)
markers, and the Nsv locus were added in the DHL
population. The maps developed in the F, and DHL
populations were co-linear, with similar lengths, except in
linkage groups G1, G9, and G10. There was segregation
distortion in a higher proportion of markers in the DHL
population compared with the F,, probably caused by
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selection during the construction of DHLs through in
vitro culture. After map merging, a composite genetic
map was obtained including 327 transferable markers:
226 RFLPs, 97 SSRs, three SNPs, and the Nsv locus. The
map length is 1,021 c¢cM, distributed in 12 linkage groups,
and map density is 3.11 cM/marker. SSR markers alone
cover nearly 80% of the map length. This map is pro-
posed as a basis for a framework melon map to be merged
with other maps and as an anchor point for map com-
parison between species of the Cucurbitaceae family.

Introduction

Melon (Cucumis melo L.) is a crop of the Cucurbitaceae
family, grown in temperate and tropical regions world-
wide. Fruits of C. melo exhibit a wide range of mor-
phological variation, including fruits from a few grams
to several kilograms, climacteric to non-climacteric,
oblong to very elongated shapes or high to low flesh
sugar content (Kirkbride 1993; Stepansky et al. 1999;
Liu et al. 2004; Monforte et al. 2004a). High genetic
diversity has been shown in studies using molecular
markers (Stepansky et al. 1999; Mliki et al. 2001; Akashi
et al. 2002; Monforte et al. 2003).

Even though 162 major genes controlling different
aspects of melon biology have been described (Pitrat
2002), most of them have not been mapped. The genetic
inheritance of most important agronomic traits is largely
unknown due, at least in part, to the fact that full
linkage maps have not been available until recently
(Oliver et al. 2001; Périn et al. 2002a). With the available
maps, quantitative trait loci (QTL) involved in fruit
quality traits were detected in three different crosses of
European cultivars and exotic Asian accessions (Périn
et al. 2002b; Monforte et al. 2004b), providing the first
results of the genetic control of important fruit qualities.
However, the use of linkage maps in melon breeding
programs is still very limited. The map from Périn et al.



(2002a) consists mainly of amplified fragment length
polymorphism (AFLP) and intersimple sequence repeat
(ISSR) markers. These markers are dominant and can-
not be transferred readily to other populations. The map
from Oliver et al. (2001) contains a large number of
codominant transferable markers, mainly restriction
fragment length polymorphisms (RFLPs). These mark-
ers have not been widely adopted by the melon research
community, because the laborious RFLP procedures are
not available to all laboratories.

Microsatellite or simple sequence repeat (SSR)
markers are preferable, because they are easy to imple-
ment and amenable for high-throughput in most labo-
ratories. SSR markers are highly polymorphic,
codominant, and readily transferable among mapping
populations.

A set of SSR markers (Katzir et al. 1996; Danin-
Poleg et al. 2001; Chiba et al. 2003; Ritschel et al. 2004),
produced sufficient polymorphism within melon germ-
plasm, and is useful in map construction (Danin-Poleg
et al. 2001; Monforte et al. 2003). A subset of these SSRs
has been included in some melon maps (Danin-Poleg
et al. 2000, 2002; Oliver et al. 2001; Périn et al. 2002a;
Silberstein et al. 2003; Ritschel et al. 2004). Unfortu-
nately, these SSRs cover only part of the melon genome
and are not sufficient in bridging between melon maps
(Danin-Poleg et al. 2000; Ritschel et al. 2004).

Genome mapping is a continuous process. However,
most populations used for melon genome mapping are
transient F, (Braudracco-Arnas and Pitrat 1996; Oliver
et al. 2001; Daning-Poleg et al. 2002; Silberstein et al.
2003), not suitable for long-term mapping projects.
Recombinant inbred lines [(RILs) Périn et al. 2002a] and
double haploid lines (DHLs) can be propagated by seed
and are suitable for such objectives.

In the this study, a new set of SSR markers has been
developed to build a framework genetic based mainly in
SSRs. Thirteen cucumber SSRs (Fazio et al. 2002), 59
melon SSRs, and three single nucleotide polymorphism
(SNP) markers were added to the melon genetic map by
merging F,-based (Oliver et al. 2001) and a newly
developed DHL-based maps. The extended genetic map
is proposed as a bridge with other melon genetic maps to
further develop a reference map containing highly
polymorphic and transferable markers.

Material and methods
Plant material and DNA extraction

Two mapping populations (F, and DHL) were obtained
from the cross between the Korean accession PI 161375
and a ‘Piel de sapo’ (PS) inbred line from Semillas Fit6
S.A., Spain. The 93 F, individuals were obtained and
maintained in vitro, as described by Oliver et al. (2001).
Seventy-seven DHLs were developed by in situ-induced
parthenogenesis through pollination with Co®® gamma-
irradiated pollen, in vitro rescue of parthenogenic em-
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bryos, in vitro chromosome-doubling by colchicine
treatment, and self-pollination of acclimated plants
(Gonzalo 2003), adapting a protocol previously devel-
oped for Dianthus caryophyllus (Dolcet-Sanjuan et al.
2001). Total DNA was extracted from young leaves of
DHL plants, as described by Doyle and Doyle (1990),
with minor modifications (Oliver et al. 2001).

RFLPs

RFLPs were obtained as described by Oliver et al.
(2001). The prefix of the RFLP indicates the origin of
the clones: MG, melon genomic DNA; MC and CM,
melon cDNA (Oliver et al. 2001; Baudracco-Arnas and
Pitrat 1996); and AEST, Arabidopsis cDNA (Paterson
et al. 1996).

SSR markers

Two sets of SSR markers were used for map construc-
tion. A first set consisted of 39 SSR markers developed
previously, including 22 melon and three cucumber
SSRs from Danin-Poleg et al. (2001) and 13 cucumber
SSR markers, labeled with prefix CSW-, from Fazio
et al. (2002) (Table 1). A second set of SSR markers
consisted of newly developed markers from two different
sources: genomic libraries and database sequences.
Simple-sequence repeat markers from genomic li-
braries (gSSR) were developed at Newe Ya’ar Research
Center, according to Danin-Poleg et al. (2001). Clones

Table 1 List of simple sequence repeat (SSR) markers from melon
and cucumber used for map construction and developed previously
as indicated in the source

Melon SSR Source® Cucumber SSR Source®
CMACCI146 1 CSAT425° 1
CMAG59 1 CSCCT571 1
CMATI141 1 CSGA057 1
CMAT35 1 CSWCTO1 2
CMCAA145 1 CSWCTI10 2
CMCT505 1 CSWCTI11 2
CMGAI104 1 CSWCTI12 2
CMGA108 1 CSWCTI16 2
CMGA128 1 CSWCTI18B 2
CMGAI15 1 CSWCT22A 2
CMGALI65 1 CSWCT2P 2
CMGA172 1 CSWCTTO02 2
CMTAI134a 1 CSWGATO1 2
CMCT134b 1 CSWTAO2 2
CMGA36* 1 CSWCTO03B 2
CMTA170a 1

CMTAA166 1

CMTCI123 1

CMTCI13 1

CMTCI160b 1

CMTC168 1

CMTC47 1

4] Danin-Poleg et al. 2001, 2 Fazzio et al. 2002
®The primers amplified two loci named with the suffixes -a and -b
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containing SSR motifs from small-insert genomic li-
braries were selected by hybridizing filters containing
their DNA, with the primer (CT),, end-labeled with
[y—*P]-ATP (Katzir et al. 1996; Danin-Poleg et al.
2001). Positive clones were selected for DNA sequenc-
ing. These SSRs were labeled with the prefixes CMTCN-
, CMCTN-, CMGAN-, CMAGN-, CMATN-, and
CMTAAN-. SSR markers from expressed sequence-tag
database sequences (EST-SSR) were obtained from the
GenBank database and EST sequences developed by
IRTA analyzed using the SPUTNIK software (http://
espressosoftware.com/pages/sputnik.jsp). Only micro-
satellites with dinucleotide repeats longer than 10 or the
equivalent length in nucleotides with tri-, tetra-, or
pentanucleotide motifs were considered for primer de-
sign using Primer 3 (Rozen and Skaletsky 2000). EST-
SSRs were labeled with the prefix TJ-. The SSRs
CMCTN-86, CMATN-89, CMCAN-90, and CMATN-
101 were also obtained from public EST databases at
Newe Ya’ar Research Center.

Temperature-gradient PCR in a PTC-200 Thermo-
clycer (MJ Research, Waltham, Mass., USA) was per-
formed to obtain the optimum annealing temperature for
each primer pair. PCR reactions were performed in a final
volume of 15 pl with 1x Tag buffer [20 mM (NH4)SOy,, 75
mM Tris-HCI (pH 8.8), 0.01% (v/v) Tween 20], 2 mM
MgCl,, 166 uM dNTPs, 0.6 uM each primer, 1 U Taq
DNA polymerase (PE Applied Biosystems), and 60 ng
DNA. The cycling conditions were as follows: an initial
cycle at 94°C for 1 min, followed by 35 cycles at 94°C, 30 s,
40-60°C, 30 sand 72°C, 1 min, and a final cycle at 72°C for
5 min. Amplification products were visualized with UV
light after electrophoresis in 2% agarose gels with 1Xx TBE
(0.9 M Tris-borate, 0.002 M EDTA, pH 8.0), stained with
ethidium bromide.

Tests of SSR polymorphism between PS and PI
161375 and genotyping of the polymorphic SSR markers
were performed by standard polyacrylamide gel elec-
trophoresis separation of [**P]-labeled amplification
fragments or by analysis of IRD-800-labeled amplicons
in a LI-COR IR? (LI-COR, Nebraska, USA) automatic
sequencer. PCR reactions with radioactive labeling were
as described above, except that the final dCTP concen-
tration was 2 pM, and 0.1 pl [a—**P]dCTP (3,000 Ci/
mmol) was also added to the reaction. Cycling condi-
tions were also as above. Labeled fragments were sepa-
rated in 6% denaturing polyacrylamide gels in 1x TBE
buffer and 7.5 M urea at 60 W. Gels were dried and
exposed to X-ray films. For LI-COR analysis, micro-
satellites were amplified as above, except that 2 pmol of
each primer (one labeled with IRD-800) was used. Five
microliters of loading buffer (95% formamide, 20 mM
EDTA, 0,05% bromophenol blue, 0.05% xylene cyanol)
were added to the PCR mix, samples were denatured at
100°C for 5 min, and 0.8 pl was loaded onto a LI-COR
IR? sequencer using 25-cm plates with 6% acrylamide in
I1x TBE and 7.5 M urea. Electrophoresis was performed
at 1500 V, 35 mA, and 31 W at 50°C until the PCR
products were visible. The molecular weight of each

microsatellite band was estimated by comparing its
migration with the IRD-labeled STR molecular size
marker (LI-COR). Polymorphic SSR markers were used
to genotype the DHL population as described above.

SNPs

SNPs for the ESTs EST5.5, EST1.41 and ESTI1.11 were
detected in the DHL population with cleaved-amplified
polymorphic sequence assays or with the ABI Prism
SNaPshot ddNTP Primer extension kit (Applied Bio-
systems, Foster City, Calif., USA), as described by
Morales et al. (2004).

Linkage analysis and map construction

Segregation distortion at each marker locus was tested
against the expected ratios (1:2:1 for F, and 1:1 for
DHL) using a chi-square test with JoinMap, version 3.0
(van Ooijen and Voorrips 2001). Distortion was declared
significant at P <0.005. Loci with a distortion between
P<0.05 and P>0.005 and linked to a loci with signifi-
cant segregation distortion at P<0.005 were used to
define the confidence interval of the position of the pu-
tative locus causing the distortion.

Linkage maps were constructed independently in
each population with MAPMAKER, version 3.0
(Lander et al. 1987). Markers were associated with the
group command with LOD > 3.0. Markers within groups
were ordered using the order command with LOD > 3.0
and were considered as the framework for each linkage
group. Markers that could not be resolved were located
using a LOD >2.0. Distances were calculated with the
Kosambi function (Kosambi 1944). The remaining
markers were then located with the ¢y command.

F, and DHL maps were compared based on the
positions of common markers. A framework marker
order was set, taking into account those marker groups
that maintained the same order in the two populations,
using a LOD>2 in each individual map. Total map
length was compared by a paired ¢-test using the longest
distance between common markers within each linkage
group. Heterogeneity tests of recombination rates within
linkage groups were performed with JoinMap and were
declared statistically significant at P <0.005. The com-
posite map was obtained after merging the individual
maps using the framework marker order as fixed order
with JoinMap. Maps were drawn with MapChart, ver-
sion 2.1 (Voorrips 2002).

Results
Development of SSR markers and polymorphism

Eighty-five primer pairs flanking SSR motifs were de-
signed from positive genomic clones after screening



Table 2 Primer sequences, motifs, and expected product size for genomic SSRs
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SSR designation

Sense primer 5’ to 3’ (top)
Antisense primer 5" to 3’ (bottom)

Core repeat motif and
number of repeats

Expected
size (bp)

CMTCNI1
CMCTN2
CMGAN3
CMCTN4
CMCTNS
CMTCN6
CMCTN7
CMTCNB8
CMTCNO9
CMGANI12
CMTCNI14
CMTCNI18
CMCTNI19
CMGAN21
CMATN?22
CMGAN24
CMGAN2S5
CMTCN30
CMAGN32
CMAGN33
CMCTN35
CMCTN38
CMTCN41
CMAGN45
CMTCNS0
CMAGNS2
CMCTNS3
CMTCNS6
CMAGNG61
CMTCNG62
CMCTNG65
CMTCNG66

CMTCNe67

CCCTTCATTTTCATCATCC
GAAGACGGCAAATTGAGCT
CTGAAAGCAGTTTGTGTCGA
AAAGAAGGAAGAGGCTGAGA
GTTAAAGGCTATGGTATAGAAC
AGAATAAGGTCCACATAAGG
AAAACAAAAGCTCTCCACGA
CTTTCCTTTATTATGCCTACG
CACCTTAAAGTTTAGCCCC
AAAAATGCAATGAACTGAGCGC
GCATTGCTCGATCAGTTTTAC
ACTCCGTCAAGATCCCAAAA
AATGACACTGCCCACATTCT
AGGTTTTTCAATGGAGGGGA
CCTCCGCCACATATTACAAT
TTCATCTTGACACGTAAGAG
CCCCCATATTCATCAAAACT
CTTCCTTTTTTTCACACCCT
TTTTTGTCGTTATATGAGGG
GTTGCATAATGCTAATTTGG
TATATTGGCTTTGGCTCTCG
GATTCGTTATCTCGACCAAC
ACCAATCCATCACTCTCACT
GAAAGAATGGGGGAAAAGAG
GAATGATTGGAGCAACCAGT
GCTTTTTGAATTTGTGCAGGG
GCTGTAAAACGAAACGGAGA
CGATCTTCTTTATTCTTCGCC
CGGCAATCATCTTATCTTTC
AAGATTGAAGTGGGAAAATG
TAACTATGATGAAGAGTT
TGCCAAACTATAATCACACTA
AGCCAATGTGAAGGATGAACA
TGCAATTAGCCTCTTCTCTA
GGAGGGAAAGGAAAGAGAGA
GGCAAGAAGATGGCAAAGAT
CAGATTAGAAGAAAAAGAGG
AGCAGACAGCATATAAAGCT
CTGTCTGCTATTCTCCACTTGG
TGTATGCCACGTAGCGAAAC
CCAATAATGTAATCGTCTTGG
GTTCCAAACTTTCTACCAATCA
TAAAACACTCTCGTGACTCC
GATCTGAGGTTGAAGCAAAG
CCCCAAGATTCGTATTAATC
TGGTAGTAGAGATGATATAC
CCCACAAGAGAGAGAGAGAG
GTGTGACAGGTAGATTGTTGG
TCTACTTCCATGAATCCATC
TAGAATGGTTAGGAAACCCT
CCACCAACATAACACACAAC
CTCTCACACTGTTGGGAAGA
CCACATTTGATGGAAATCTT
CATTTTATAGCTTATCTTCCG
CTTTTCTCTTCTTCTATTCTC
ATCCAAAAGGAATCGGAAAG
GGAGACACAAGGAATATGTG
ATAACAAAGGGGCATAACAC
AAGATCGCCTCTATCACAG
ATTTGTACTCCCAACGCATC
TTAGGTGTATTTGATCTC
AATTTTATGGCTCAAGGTTC
CTCCGATCAATTTTACATCT
GAATAAACTTGGTGTCCAAC
TCTCTTACAACTCTTTGTCG
GGTTCAAGGATTCATCGTTG

(TO)ss

(CDi2

(GA)1o

(CT)21(CT)a3
(CT),AT(CT);5(AT)s(AC)s
(TC),TT(TC)y6
(CT)ao
(TC)1oNg(TAA)g
(TOm

(GA)y

(TC)1s

(TC)1 1 Nay(TC)1o(TA) 12
(CDi2

(GA)1o

(AC)7(AT)s
(TA)(GA),

(GA)o

(TO)13

(AG)14
(AG),AA(AG)TT(GA);
(CTo
(CT);sN5(CT)C(CT);
(TO)2

(AG)14

(TO)16(TA)12

(AG)1s

(CT)e

(TOm
(AG),AA(AG)s
(TOis

(TO)1s

(TO)17

(TO)12

155
172
203
126
211
151
130
164
207
179
165
172
103
135
166
182
164
193
169
122
186
141
129
100
134
135
149
96

142
145
119
127

145
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Table 2 (Contd.)

SSR designation Sense primer 5’ to 3’ (top) Core repeat motif and Expected
Antisense primer 5" to 3’ (bottom) number of repeats size (bp)

CMAGN68 GGAAGGAAATTAGCATGCAC (AG)y 190
GCCACTCTGTCTTTCTTCC

CMCTNT71 TCAATTTTTGCCAAACAAGC (CDn, 160
CAAGGACACAGATTTAATAC

CMAGN73 ATCCAACTCGACCAAGAAAC (AG)19 130
CAGCTCTACAACAACATCTC

CMAGNT75 TGGGTTTTCTTCTACTACTG (AG)g 157
TGCTTTTACTCTCATTCAAC

CMAGNT79 CTTCACTAAAACTACAAGAG (AG)3 153
TTCCAACTTATTCATCCCAC

CMGANS0 ATATTGATTGCTGGGAAAGG (GA), TG(GA)4,TCT(CCTTT)s 159
CTTTTTTGGCTTTATTGGGTC

CMGAN92 GAGAGAGAGAGAGAGATG (GA)s 140
GGTTGGGTACTCCGAGTTA

CMGANY%4 GAGAGAGAGAGAGAGATCTAAAC (GA)g 167
GTCATGTCCGGTTATCTTGT

CMTAANI100 CGAATCTCCGGAACAGACAC (TAA)9Ng(GA)9(AT); 175

CCGTCTACAAGCGTGACTGTC

genomic libraries with oligonucleotide probes (gSSR).
Two hundred and twenty-eight ESTs containing 330
SSR motifs (EST-SSR) were identified from a total of
1,262 melon ESTs (a proportion of 18% of EST with
SSR motifs), and primers pairs were designed to flank 33
selected EST-SSRs. The dinucleotide motif TC/GA was
the most common in the gSSRs, whereas trinucleotide
and higher order motifs were common in the EST-SSRs:
52% of EST-SSRs had trinucleotide motifs and 9% had
higher order motifs.

Amplification products were in general within the
expected size range. A total of 57 (49.6%) of the 118
SSRs studied were polymorphic, with similar polymor-
phism levels found in gSSRs (51.2%, Table 2) and EST-
SSRs (45.5%, Table 3) markers.

Fifty-five primer pairs amplified a single reproducible
polymorphic locus and two, CMTCN66 and TJ12,
amplified two polymorphic loci each, giving a total of 59
new polymorphic SSR loci. All polymorphic SSR loci
showed codominant inheritance in the F, population.

F, linkage map

Seventeen newly developed melon gSSRs and nine
cucumber SSRs (CSW-) were added to the 261 marker
(235 RFLPs and 26 SSRs) data set of Oliver et al. (2001),
giving a total of 287 mapped loci. The map spans a total
genetic distance of 1,240 ¢cM in 12 linkage groups (G1—
G12), an average of 103 cM per linkage group, ranging
from 56 cM (G9) to 155 cM (G12), a marker density of
4.3 cM/marker, and longest gap of 32 ¢cM in G6 between
markers CSWCTI11 and MC294. Only six markers
(2.1%) localized in G1 showed significant segregation
distortion (P <0.005) from the expected Mendelian ra-
tios (Fig. 1), caused by an excess of individuals in the
heterozygous genotypic class and a lack of individuals in

the homozygous genotypic class for PI 161375 alleles
(Oliver et al. 2001).

Double haploid line map

A total of 173 polymorphic markers were used to con-
struct the genetic map with the DHL population.
Twenty-three previously designed SSRs (Katzir et al.
1996; Danin-Poleg et al. 2001) and 79 RFLPs were se-
lected from the F, map to evenly cover the melon gen-
ome and to provide anchor points between both maps.
Ten cucumber SSRs (Fazio et al. 2002), 41 gSSRs, 16
EST-SSR, three SNPs (Morales et al. 2004), and the Nsv
locus (Morales et al. 2002) were included in the previous
data set. Markers were grouped in 12 linkage groups.
The map spanned 1,223 c¢cM, with an average of 102 cM
per linkage group, ranging from 82.9 cM to 154 cM.
Map density was 7 cM/marker, and the maximum gap
was 42 cM between markers MC279 and MC134 on G6.
Twenty-two markers (12%) showed significant segrega-
tion distortion (P <0.005). Fourteen of them, with an
excess of PS alleles, were localized on G5, G6, G8, and
G12 (Fig. 1). The remaining markers, with an excess of
PI 161375 alleles, were localized on G1 and G3.

Map comparison and map merging

The marker order was the same in both F,- and DHL-
based maps. Full linkage maps from both populations
can be obtained from the journal Web site as Electronic
Supplementary Material (S1 to S12) or by request to the
authors. Map lengths were not statistically different
(P>0.2), although significant heterogeneity (P <0.005)
was detected between some marker pairs, such as
CSGA057-CMGAS59 on G1, CSWCTO01-CM101b on
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GY9, and CM47-MC219 on GI10, with higher re-
combination rates in the DHL population in all cases.

After map merging, a composite genetic map was
obtained including 327 markers: 226 RFLPs, 97 SSRs,
three SNPs, and the Nsv locus (Fig. 1). The position of
nine RFLPs could not be resolved after map merging.
Map length was 1,021 cM, slightly smaller than the F,
and DHL maps. Comparison between individual and
merged maps can be obtained as Electronic Supple-
mentary Material or by request to the authors. Map
density was 3.11 cM/marker, with a maximum gap of 30
cM on G12 between markers MC42 and MC224.

Both gSSRs and EST-SSRs were evenly distributed
throughout the melon genome, with an average of 8
SSRs per LG, ranging from 4 (G7) to 12 (G2 and G4).
The new SSRs contributed to reducing the gap length
between codominant markers, e.g., TJ2 on G1 and also
expanded some linkage groups, such as CMTCN56 on
G1. Assuming that each SSR marker has a window of 10
cM on each side of its position, the set of SSRs used in
the current map covers 795 cM, 78% of the length of the
composite map.

Discussion
SSR characterization

The polymorphism for SSR markers between the parent
genotypes of the mapping populations was high (49%)
regardless of their origin, confirming that both genomic
libraries and EST sequences provide useful SSR markers
and that the PS x PI 161375 cross is a highly polymor-
phic one. The isolation of SSR sequences from genomic
libraries is tedious and labor intensive. EST sequences in
public databases are useful source for searching for SSR
sequences. EST-SSRs are associated with transcribed
genes that can be used as candidate genes.

A large number of melon ESTs (18%) in this study
contained SSR sequences. This proportion of ESTs
containing SSRs is high in comparison with these found
in other crop species, including rice (1.6%, Temnykh
et al. 2000), grape (2.5%, Scott et al. 2000), and barley
(7.5%, Thiel et al. 2003). However, only 16 EST-SSR
(1.27%) of the ESTs surveyed could be mapped in the
population, implying that tens of thousands of ESTs
should be screened to obtain a map with several hundred
EST-SSRs.

Most of the gSSRs had CT/GA repeats, confirming
the high efficiency of screening with CT/GA probes to
isolate SSRs in melon (Danin-Poleg et al. 2001). Tri-
meric SSRs (CAT, CTT, TCT, AAG) were common
among EST-SSRs, as found in other plant species
(Temnykh et al. 2000; Chin 1996; Thiel et al. 2003). This
difference may be due to the suppression of non-trimeric
SSRs that could cause frameshift mutations in coding
regions (Metzgar et al. 2000). EST-SSR markers showed
similar levels of polymorphism to gSSRs among the
parent genotypes (45% vs 51% respectively), although it

»
>

Fig. 1 Composite linkage map of melon (Cucumis melo L.) after
merging the F, and double haploid line (DHL) maps. Linkage
groups are represented by vertical double lines and labeled G1-G12.
Loci are listed to the right, and recombination distances (in
centiMorgans) to the left, of each linkage group. Loci in boldface
define the framework of each linkage group. Underlined loci were
scored in both populations; those in italics were scored only in the
DHL population and the remainder only in the F, population. Loci
in brackets could not be mapped after map merging; these markers
are in their most likely map positions, according to those calculated
with the individual populations. Boxes on the left of the linkage
groups indicate regions with distorted segregation (P <0.005) in the
population indicated. Solid boxes indicate excess of ‘Piel de Sapo’
alleles, white boxes excess of PI 161375 alleles, and dashed boxes
excess of heterozygous genotypic class and lack of PI 161375
homozygous. The confidence interval of the position of the putative
locus involved in the distorted segregation is shown with bars,
including markers with distortion at P <0.05

is well documented that EST-SSRs are less polymorphic
than gSSRs (Cho et al. 2000; Thiel et al. 2003; Eujayl
et al. 2002). Cho et al. (2000) found that G/C-rich
polytrinucleotides had the lowest values of genetic var-
iability, suggesting a different variability potential
depending on the trinucleotide motif. Differences in the
trinucleotide motif may explain the higher polymor-
phism observed in this set of melon EST-SSR markers,
as the trimeric EST-SSRs isolated in melon were rich in
A/T (CAT, CTT, TCT, AAG motifs), whereas in the
previous reports, the majority of trimeric EST-SSRs
were rich in G/C (CGC, AGG, and ACG motifs).

Melon map

Markers evenly distributed in the F, map (Oliver et al.
2001) were used to transfer a basic map framework to
the DHL population. The maps developed in the F, and
DHL populations were co-linear. Map lengths were also
very similar except in three regions on G1, G9, and G10.
The two populations were generated from the same
hybrid, although the DHL map reflected only recombi-
nation events in the female gamete. Differences in
recombination rates between female and male gametes
(Plomion and O’Malley 1996; Wang et al. 1995), sam-
pling errors, or selection during the in vitro processes
may be the reasons for the recombination differences
between the two maps in some genomic regions.

A higher proportion of markers in the DHL popu-
lation showed segregation distortion compared with the
F,, as it has been extensively reported in other species
(Mannien 2000; Chani et al. 2002; Guzy-Wrobelska and
Szarejko 2003). Some of this distortion may be caused
by selection during the steps needed to construct DHLs
through in vitro culture (Dufour et al. 2001). Markers
with distortion only in the DHL population are candi-
dates to be linked to genes selected during DHL con-
struction.

The differences in segregation distortion and local
recombination rates between populations did not pro-
duce any significant difference between the maps. These
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results confirm the validity of the previous map (Oliver
et al. 2001) and the suitability of the DHL population as
the base population to saturate the melon genetic map.

A map was constructed exclusively with RFLP, SSR,
and SNP markers that are typically co-dominant, and
highly or moderately transferable after merging F,- and
DHL-based maps. The merged map was slightly shorter
than individual maps (1,021 cM for the merged map vs
1,240 c¢cM for the F, map and 1,223 ¢cM for the DHL
map). Individual maps were built with MAPMAKER,
whereas JoinMap was used to build the composite map.
MAPMAKER usually produces larger linkage groups
than JoinMap, even when using the same data set and
the same settings (Liebhard et al. 2003). These differ-
ences may be explained by differences in the algorithms
used by these softwares. JoinMap uses map distances to
build the map and calculate the chi-square for the
goodness of fit of the constructed map, whereas MAP-
MAKER uses recombinant frequencies for adjacent
intervals, assuming no interference, to calculated likeli-
hoods to search the best order and then recombination
frequencies are translated into mapping distances (Stam
1993). Therefore, when the Kosambi mapping function
is used, some degree of discrepancy may occur when
using these softwares. Nevertheless, the discrepancy
observed in this study was minor and we think that it
was not relevant. Thus, 59 newly developed melon SSRs,
13 previously developed cucumber SSRs, and three
SNPs were added to the original melon map, filling some
gaps and increasing the map density. SSRs were
apparently distributed randomly throughout the melon
genome as has been observed in other plant species such
as rice (Temnykh et al. 2000) or Prunus (Aranzana et al.
2003). The association of SSR sequences with centro-
meric regions, observed in species such as tomato (Bryan
et al. 1997; Areshchenkova and Ganal 1999), was not
observed.

Most previous melon maps have been constructed
with a large proportion of dominant anonymous
markers (Wang et al. 1997; Périn et al. 2002a; Silberstein
et al. 2003), making full map comparisons and map
merging not possible. The set of co-dominant molecular
markers used here covers the whole melon genome.
Interestingly, SSR markers alone cover nearly 80% of
the map. A selected sample of these SSRs can be used as
bridges with other published maps to build a melon
consensus maps.

Framework maps based on SSRs and RFLPs could
be used for genetic analysis in other melon populations,
allowing the comparison of the positions of major genes
and QTLs what will help to improve our knowledge
about the genetic control of important fruit quality
traits. Finally, given that some of these SSRs are also
transferable to cucumber (Danin-Poleg et al. 2000),
Cucurbita pepo (Paris et al. 2003) and other Cucumis
species (Garcia-Mas et al. 2004), they could also be used
as anchor points for map comparison between species of
the Cucurbitaceae family.
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