Theor Appl Genet (1999) 99:1068-1074

© Springer-Verlag 1999

A.W. van Heusden - M. K oor nneef
R.E. Voorrips - W. Briggemann - G. Pet
R. Vrielink-van Ginkel - X.Chen - P. Lindhout

Three QTLs from Lycopersicon peruvianum confer a high level
of resistance to Clavibacter michiganensis ssp. michiganensis

Received: 26 February 1999 / Accepted: 12 March 1999

Abstract Lycopersicon peruvianum LA2157 originates
from 1650 m above sea level and harbours several bene-
ficia traits for cultivated tomatoes such as cold toler-
ance, nematode resistance and resistance to bacterial
canker (Clavibacter michiganensis ssp. michiganensis).
In order to identify quantitative trait loci (QTLS) for bac-
terial canker resistance, a QTL mapping approach was
carried out in an F, population derived from the interspe-
cific F, between Lycopersicon esculentum cv Solentos
and L. peruvianum LA2157. Three QTLs for resistance
mapped to chromosomes 5, 7 and 9 respectively. The re-
sistance loci were additive and co-dominant with the
QTL on chromosome 7 explaining the largest part of the
variation for resistance in the F, population. The combi-
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nation of this QTL with either of the other two QTLs
conferred a resistance similar to the level in the resistant
parent L. peruvianum. Some RFLP markers flanking this
QTL on chromosome 7 were converted into SCAR
markers alowing efficient marker-assisted selection of
plants with high resistance to bacterial canker.
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Introduction

Bacterial canker, caused by Clavibacter michiganensis
ssp. michiganensis (Smith) Davies et a., isawilt disease
in tomato (Lycopersicon esculentum Mill.) that occurs
mainly in subtropical and tropical areas and can cause
serious yield losses (Strider 1969; Emmatty and John
1973; Chang et al. 1992). This disease has also been re-
ported in moderate climates. C. michiganensis is trans-
mitted through seed and can survive in the soil for at
least 2 years (Bryan 1930; Thyr 1968). Resistance has
also been found in severa wild relatives of tomato (Thyr
1968, 1969, Laterrot et al. 1978; Stamova et al. 1985) .
Though the resistance levels in these sources were quite
high, the presumed polygenic inheritance and unreliable
disease tests have limited the introgression of these resis-
tances into commercia cultivars. In preliminary experi-
ments (Lindhout, unpublished results) five accessions of
Lycopersicon peruvianum were identified as sources
with high resistance levels. The resistance was character-
ised by alack of wilt symptoms and a limited growth of
bacteria. The bacteria could still spread and multiply in
resistant plants but seeds of heavily inoculated plants re-
mained completely free of bacteria.

Genetic analysis of this resistance trait was hampered
by the incompatibility of the L. peruvianum accessions
and the cultivated tomato (Hogenboom 1973) . However,
asin L. peruvianum a large variation for resistance to C.



michiganensis has been observed, a genetic analysis was
executed with intraspecific BC,; populations within L.
peruvianum (Van Ooijen et al. 1994; Sandbrink et al.
1995) . By using a QTL mapping approach, five possible
QTLs were identified for resistance to C. michiganensis
ssp. michiganensis. The resistant accessions of L. peruvi-
anum are morphologically very distinct from L. esculent-
um and the structure, size and density of vascular bun-
dles and other internal factors might influence the patho-
genesis of C. michiganensis ssp. michiganensis. In order
to identify resistance genes in L. peruvianum that are
also effective in a L. esculentum background, a genetic
analysis should be carried out with a segregating popula-
tion derived from an interspecific cross. A segregating F,
population obtained from an interspecific F; between the
susceptible L. esculentum cv Solentos and the resistant
L. peruvianum LA2157 was used to investigate the in-
heritance of resistance to C. michiganensis with the use
of restriction fragment length polymorphisms (RFLPs).

Materials and methods

Plant material

Embryo rescue was used to obtain an F; progeny of the interspe-
cific cross between the susceptible L. esculentum cv Solentos
(De Ruiter Seeds) x L. peruvianum LA2157 (Briiggemann et al.
1996). The single fertile F; plant which was obtained yielded
hundreds of selfed seeds, allowing us to raise an F, population of
324 plants.

Disease test

The bacterial strain C. michiganensis Cm 542, known to be highly
aggressive (Van den Bulk et al. 1991), was used to inoculate young
F, plants at the sixth leaf stage by injecting the stem with 10 pl of a
bacterial suspension (107 /ml) and simultaneously dissecting the
top with a scalpel dipped in the same bacterial suspension (Sand-
brink et al. 1995) . Wilting symptoms of the infected plants were
recorded at 20, 22, 27, 32, 39, 46, 54, 61, 68, 75, 82, 90, 96 and
104 days after inoculation according to the following disease scale:
0 = no symptoms; 1 = one leaflet wilted; 2 = two leaflets wilted;
3 = some leaves partially wilted; 4 = most leaves wilted.

DNA isolation and RFLP analysis

Before inoculation cuttings were made of all plants. These cut-
tings were used for collecting leaf material. Genomic DNA was
isolated from leaf material as previously described (Van der Beek
et al. 1992) . Five micograms of DNA were digested with restric-
tion enzymes (EcoRI, EcoRV, Hindlll, Dral, Haelll, and Xbal)
fractionated on a 0.8% agarose gel, blotted onto Genescreen*
(Dupont, Nemours) membranes and hybridised with radioactively
labelled probes (see Table 1). Washing and exposure procedures
were performed as previously described (Van Ooijen et al. 1994).

RAPD analysis

Bulked genomic DNA was used as a template for PCR amplifica-
tion. A single 10-mer oligonucleotide primer (Operon Technolo-
gies) was employed in each PCR amplification. The reaction mix-
ture (25 pl) consisted of 1.5 pl of DNA (30 ng), 2.5 il of SuperTaq
buffer (10x), 0.25 pl of mixed dNTP (10 mM), 0.25 ul of primer
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(100 ng/ul), 0.2 Wl of SuperTaq enzyme (5 U/W), completed with
MQ water. The reaction solution was overlaid with one drop of
mineral oil. Amplification was performed in an Omnigene
Thermocycler for 45 cycles of 1 min. at 92°C, 2 min. at 35°C, and
2 min. a 720 C followed by a fina extension step of
10 min at 72° C. Amplification products were separated by elec-
trophoresis in a 1.5% agarose gel with 1 x TBE buffer (0.089 M
Tris; 0.089 M boric acid; 0.002 M EDTA, pH 8) at 90 V and sub-
sequently visualised with ethidium bromide and UV light.

SCAR-markers

In order to convert RFLP markersinto SCAR (seguence character-
ised amplified regions) markers, the RFLP-probes (Tanksley et al.
1992) were sequenced in both directions using the Dye Terminator
Cycle Sequencing Ready Reaction Kit (Perkin EImer). Prior to se-
quencing, the DNA was purified using the Geneclean 1l kit (Bio
101 Inc.) followed by a phenol/chloroform extraction. Primers
were chosen using PRIMER version 0.5 software (Whitehead In-
stitute for Biomedical Research). With these primers DNA from L.
esculentum cv Solentos and from L. peruvianum LA2157 was am-
plified. These equally sized amplification products were purified
and sequenced. New primers were designed to exploit the differ-
ences between the two parental sequences. PCR reactions were
carried out in atotal volume of 50 pl containing 60 ng of genomic
DNA, 100 ng of each primer in 10 mM TRIS-HCI, pH 9.0, 50 mM
KCl, 1.5 mM MgCl,, 0.01% (w/v) gelatine, 0.1% Triton X-100,
0.2 mM dNTPs and 0.5 units of Tag DNA polymerase (Supertaq,
SphaeroQ, the Netherlands). After a denaturation step of 2 min
and 30 s at 92°C, a further 30—-35 cycles were carried out under
the following conditions: 1 min denaturation at 92°C, 1 min an-
nealing (for Tm see Table 5) and a 2-min extension at 72°C, with
a5-min extension at 72°C for the final cycle.

Linkage analysis

Marker data were analysed using JoinMap2© (Stam and Van
Ooijen 1995) . Grouping of the markers was initially done with a
minimum LOD-score of 3.0. Unlinked markers were assigned to
linkage groups according to two criteria: their highest LOD values
for linkage with other markers and the resulting linkage groups
corresponding with known chromosome maps (Tanksley et al.
1992) . After grouping markers no LOD threshold was set for
mapping markers within one group. The recombination threshold
was set at 0.49 and the Kosambi mapping function was used to
convert recombination data to map distances. For data analysis the
non-parametric rank sum test of Kruskal-Wallis was used (see for
example Lehmann 1975) . This test measures the association be-
tween marker genotype and disease index and is therefore not af-
fected by distorted segregation ratios (Van Ooijen et al. 1994) .

Results

Genetic linkage map

A genetic linkage map was generated from segregation
data of an F, population derived from the cross L. escu-
lentum cv Solentos x L. peruvianum LA2157 using
51 RFLP markers and 324 plants. This map will be re-
ferred to as the esc x per map. The markers were chosen
to obtain an even distribution over the genome (Table 1).
Only one RFLP-marker was placed in another linkage
group as compared with the map of L. esculentum x L.
pennellii, hereafter referred to as the esc x pen map
(Tanksley et al. 1992) . This marker, TG133, was strong-
ly linked to loci of chromosome 8 and not to those of
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Table1 Genetic linkage map

of 51 RFLP markers deter- 1 2 3 4 5 6
mined in a segregating popul a-
tion of 324 plants from the CT233 0 TG145 O TG40 0 TG49 O TG623 O TG178 O
cross L. esculentumx L. peru- TG24 29 TG34 39 TG130 25 TG339 19 TG363 48 TG118 7
vianum. Map positions were TG184 30 TG154 53 TG287 38 TG23 58 TG153 9
calculated with JoinMap with TG51 43 TG62 54 TG185 82 TG162 36
the Kosambi mapping function. 1G59 96 TG215 75
The chromosome numbersare ~ 1G19 114
indicated above the linkage TG281 153
groups, the distances from the
top marker arein cM
7 8 9 10 11 12
TG438 0 TGl76 O TG254 O TG230 O CD17 0 TG180 O
TG149 49 TG133 24 TG223 23 TG148 20 TG286 38 TG565 61
TG166 60 TG41 29 TG35 58 TG103 39 CTe5 54
TG61L 68 TG282 45 TG1l44 64 CT20 71
CT52 87 TG160 77
TG418 98
TG342 105

chromosome 2. The total map distances between the
markers were nearly identical in the esc x per map
(877 cM) compared to the esc x pen map (879 cM).
However, three markers (TG342, TG418 and CT52) at
the distal end of the long arm of chromosome 7, that co-
segregated completely in the esc x pen population could
be separated in the esc x per map, spanning a region of
18 cM. In comparison with the esc x pen map there no
obvious condensed regions on the esc x per map were
identified.

Distorted segregation

Twenty eight out of the 51 markers showed segregation
patterns different from the expected 1:2:1 ratio at
P<0.05. Nineteen of these markers were skewed in the
direction of a surplus of homozygous L. peruvianum
(PP) loci and five in the direction of homozygous L. es-
culentum (EE) loci, whereas the remaining four were
skewed because of an unexpectedly high or low number
of heterozygotes. Distorted segregation was not random-
ly distributed over the chromosomes: significant devia-
tions from the expected 1:2:1 due to a surplus of L. peru-
vianum alleles were observed for markers on chromo-
somes 2, 4, 7 and 8, while markers on chromosome 6
showed a distorted segregation due to more L. esculent-
um alleles (TG162, TG286, TG178 and TG118) or to
less heterozygotes (EP) than expected (TG215). The av-
erage percentage heterozygous per plant in the F, popu-
lation was 50 with a standard error of 11.1 and a range
from 12 to 81%. The average percentage EE was
20+£9.0% (range 2-46%) and of PP 30+10.8% (range
4-64%). The ratio of parental aleles, E:P, in the F, pop-
ulation was 46:54.

Identification of quantitative trait loci (QTLS)
for resistance to C. michiganensis ssp. michiganensis (Cm)

An F, population of 324 plants was raised, inoculated
and evaluated for disease symptoms together with
24 plants of each parent. All 24 plants of the susceptible
L. esculentum parent were scored in class 4 (most leaves
wilted). More variation was observed in the 24 L. peruvi-
anum plants: 1 plant in class 3, 11 plants in class 2,
5 plants in class 1 and 7 plants in class 0. For all
324 plants of the F, population and the parent plants the
disease symptoms were scored on 14 different dates. The
highest score ever recorded for each individua F, plant
on one of these dates was used for the initial linkage
analysis. The level of disease symptoms and the segrega-
tion of 51 RFLP markers were analysed by using the
Kruskal-Wallis test statistic and three QTLs were identi-
fied on chromosomes 5, 7 and 9 respectively (Fig. 1, Ta-
ble 2). Four of the markers on chromosome 7 (TG61,
CT52, TG418 and TG342) gave a significant effect but
the highest score was found with TG61. All resistance
alleles originated from the resistant parent L. peruvian-
um. None of the alleles was dominant and all QTL ef-
fects were additive (Table 3).

The combined presence of two out of three QTLs for
resistance further reduces the level of disease symptoms
(Table 3). Combining the QTLs on chromosomes 7 and 9
reduced the average wilting after infection ailmost to the
level of the resistant parent. The average increase in wilt
symptoms over time for both parents, and the F, individ-
uals classified according to the genotype of TG61 on
chromosome 7, showed that the effects of the resistant
aleles were rather stable (Fig. 2 a). The effects of two
other QTLs were similar (data not shown). Figure 2 b
shows the increase in the average disease level of geno-
types selected for two QTLs (on chromosomes 7 and 9).
Similar disease curves, athough with slightly smaller
differences, were observed for al genotypes with two
out of the three QTLs (data not shown). There was a
strong negative correlation between the number of L. pe-
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Fig. 1 Frequency distribution of genotypes in the F, of the L. es-
culentum x L. peruvianum cross based on the disease index classes
of the three loci with a significant effect on resistance to Cm.
TG61 (chromosome 7), TG363 (chromosome 4), and TG254
(chromosome 9); EE = homozygous L. esculentum, EP = hetero-
zygous, PP =homozygous L. peruvianum
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Table 2 Chromosomes (A) and

markers (B) associated with A B C D
disease resistance level. Num-
ber of plants (C) and signifi- 5 TG363 235 00005
cance levels (D) 7 TG149 311 0.01
7 TGle6 311 0.001
7 TG61 311 0.0001
7 TG342 300 0.0001
9 TG254 307 0.005

ruvianum resistance alleles and the average wilt symp-
toms (Table 4): al 16 plants with only one resistance al-
lele showed wilting of all leaves (a maximum disease
score of 4.0), while all 45 plants with five or six resis-
tance alleles had only one or two wilted leaflets (a dis-
ease score equal to or lower than 2.0).
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Table 3 For two QTLs the F, population has been divided into
nine possible classes, the average disease rating in every class has
been calculated and the number of plants is given between brack-
ets.EE(n): L. esculentum homozygotes, EP(n) heterozygotes and
PP(n) L. peruvianum homozygotes. The two parents homozygous
are for the three | oci

Marker

TG61 EE(n) EP(n) PP(n)
TG363

EE(n) 4.0(5) 3.8(34) 3.6(8)
EP(n) 3.8(16) 3.0(49) 2.6(40)
PP(n) 2.6(17) 3.1(34) 2.4(29)
TG61 EE(n) EP(n) PP(n)
TG254

EE(n) 3.6(11) 3.2(27) 3.8(17)
EP(n) 3.5(40) 3.2(79) 2.4(27)
PP(n) 3.5(15) 2.3(62) 1.7(25)
TG363 EE(n) EP(n) PP(n)
TG254

EE(n) 3.9(8) 3.8(30) 3.4(90)
EP(n) 3.3(27) 3.1(53) 2.1(23)
PP(n) 3.6(21) 2.5(42) 2.3(18)
L. esculentum 4.0(24)

L. peruvianum 1.3(24)
Additional markersin the TG61-TG342 interval

on chromosome 7

The most prominent QTL was located in the

TG61-TG342 region on chromosome 7 that spans 14 cM
in the esc x pen map, with only one known marker
(CD62) inthisinterval. Marker TG342 was part of aclus-
ter of 11 co-segregating markers. To identify more mark-
ers in this region, random amplified polymorphic DNAs
(RAPDs) were used in combination with bulked segre-
gant analyses (BSA; Michelmore et a. 1991).0One bulk
consisted of ten plants with a disease index of 0 and ho-
mozygous for L. peruvianum-aleles TG61 and TG342;
the other bulk consisted of ten plants with a disease index
of 4 and homozygous for L. esculentum alleles at these
loci. A total of 286 10-mer primers (Operon Technolo-
gies, Alameda, Calif.) were used revealing more than
1000 RAPDs, but no additional markers in the target in-
terval were found. With two primers (OPF07; 5'-CCGA-
TATCCC-3', OPU13; 5'-GGCTGGTTCC-3") a bulk-spe-
cific amplification product was identified (OPFO7-450
and OPU13-900). To determine genetic distances, segre-
gation of these markers was evaluated for a selection of
50-70 F, plants. No recombinants were found between
TG61 and OPFO7-450 while the other marker was locat-
ed proximal to TG6L, i.e. outside the interval of interest.
Bonnema et al. (1997) showed a large difference in
recombination frequency in a region on chromosome 1
between the esc x per and the esc x pen maps. In a simi-
lar way we tried to unravel the TG342 cluster on chro-
mosome 7 of the esc x pen map by analysing the genetic
distances between the markers of this cluster present on
the esc x per map. Three RFLP-probes from the TG342
cluster (TG418, CT52 and TG113) were selected and



1072

4.00
3
$ 3.00
£
s _
(2}
3
3 2.00
el
[0}
o i
@
2 1.00 1
<
ooty ?
0 Ak PR
20 27 39 54 63 83 97
Days after inoculation
- - -®- - - Solentos
—ll— EE (TG61)
—A—— PP (TG61)
---@--- LA2157
4.00
*®
x .o
8 300} 4
C )
£ 1 ;
(7] -
3
2 200 4
©
Q
o 4
©
£ 1004
*®
0 09 o 0|

20 27 39 54 63 83 97
Days after inoculation

Solentos
EE (TG61/T G254)
PP (TG61/T G254)

---@®--- LA2157

Fig. 2 Average disease ratings of genotypes in the F, of the L. es-
culentum x L. peruvianum cross as measured on 13 different dates
after inoculation. The upper panel shows parental values and the
three different groups of the F, based on the TG 61 genotype(EE =
homozygous esculentum, EP = heterozygous and PP = homozy-
gous peruvianum). The lower panel shows the progress of the dis-
ease in time of groups of F, plants classified according the combi-
nation of two QTLs (TG254 and TG61). The average disease rat-
ing is calculated for those F, plants that were homozygous for both
loci

converted into SCAR-markers. After sequencing, two
primers were designed for each probe aimed at amplify-
ing fragments in the range of 400-500 bp (Table 5). With
these primer combinations, equally sized products of L.
esculentum cv Solentos and L. peruvianum LA2157 were
amplified and sequenced. Many differences were found
between the “TG418" sequences of Solentos and

Table 4. Average disease

scores of plants with 1-6 of the Number Average disease
L. peruvianum alleles (P) arthe  ©f P-alleles  rating(n)
three QTLsfor resistance to C. 0 ©
michiganensis 1 20(16)

2 3.5(50)

3 3.4(75)

4 2.9(48)

5 2.0(38)

6 1.6(7)

LA2157: in Solentos a 17-bp deletion, a 50-bp insertion
and 14 single base-pair changes were identified. Subse-
guently, two primer sets were designed aimed at specifi-
cally exploiting these differences; one for a L. esculent-
um-specific SCAR (107 bp) and the other for a L. peru-
vianum specific SCAR (159 bp) (Table 5). There were
substantially less differences between the Solentos and
L. peruvianum fragments generated with the “CT52” and
the “TG113" primers. Comparison of the “CT52" se-
guences gave 99.3% homology but the three base-pair
differences were sufficient to design specific primers. No
specific primers could be successfully designed to ex-
plore the two base-pair differences in the “TG113" se-
guences (99.5% homology). The specific primer sets of
TG418 and CT52 were used to map these SCARs (Fig.
3). These two SCAR markers mapped at 7 cM and 18
cM proximal to the TG342 locus in the esc x per map,
while they were at the same locus in the esc x pen map
(Fig. 3). In this region of 37 cM on chromosome 7 it was
not possible to find the marker with the closest linkage
to the resistance gene, because no obvious differencesin
resistance levels were found. The SCAR-markers of
TG342 and TG61 are being used to develop nearly-iso-
genic Lines (NILs) for this region of chromosome 7 of
L. peruvianum.

Discussion

The present research aimed at identifying QTLs confer-
ring resistance to C. michiganensis ssp. michiganensis.
A genetic map was generated based on the interspecific
F, of L. esculentum x L. peruvianum. The 877-cM map
covers a large part of the total genome while the map
distances were similar to those of the known esc x pen
map (Tanksley et a. 1992) . Both in this and in earlier
studies (Bonnema et a. 1997) markers were identified
with no recombination in the esc x pen map that spanned
more than 10 cM in the esc x per map. Suppression of
recombination might be caused by an inversion in the
corresponding chromosomal regions in L. pennellii. The
fact that the overall map lengths are similar, indicates
that there might be genomic regions in the esc x per map
with reduced recombination compared to that in the esc
X pen map. To find these regions it is necessary to study
the segregation of many more than 51 markers in the esc
X per F, population and compare them with the same
markersin an esc x pen F, population of the same size.
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Table 5. A. Three primer com-

binations based on the A Primers sequences ™ (°C) PCR
sequence of the original three ~ RFLP product
RFLP-probes. B. Allele-specif- ~ Probe (base-pairs)
ic primer combinations for the
two RFLP markers TG418 and ~ 1G418 F:5'-atggctccaatatgectgac-3' 60 500-550
CT52 designed to exploit the R:5-cactccaccccttettecta-3'
differencesin the sequencesof ~ CT52 F.S'-atcgaattctigictgaggagg-3' 55 440
L.esculentum and L. peruvian- R:5'-tcectcggaasatataccgt-3
um TG113 F.5'-ttcaagaccaaacaccctttt-3' 55 393
R:5'-ttagtccaatgggctaagtgt-3'
B PCR
SCAR product)
marker (base-pairs)
TGA418Esc F:5'-caggtgttgtaactgagagcg-3' 55 107
R:5'-cactccacccecttettecta-3'
TGA418Per F:5'-gagctcattaataatcatacaga-3' 55 159
R:5'-cactccaccecttcttecta-3'
CT52Esc F:5'-cccatctttcatgecttcg-3' 10 cycli 62 303
R:5'-tccctcggasaatatacegt-3' 25 cycli 55
CT52Per F:5'ttcccatctttcatgecttca-3' 10 cycli 62 98
R:5'gccttaattttcagecaacce-3' 25 cycli 55

The observed distorted segregation of markers in in-
terspecific populations in Lycopersicon towards a sur-
plus of alleles from the wild relative has been reported
before (De Vicente et a. 1993; Goldman et al. 1995;
Maliepaard et a. 1995; Paran et a. 1995). The skewed
segregating markers were not randomly distributed over
the genome, but were concentrated on chromosomes 2,
4, 7 and 8, with a distortion in the direction of a surplus
of L. peruvianum alleles. Remarkably, chromosome 7
showed severe skewed segregation ratios in many inter-
specific Lycopersicon populations. This suggests a re-
duced fitness of L. esculentum aleles on chromosome 7
or areduced transmission of gametes with such alleles.

With a large population and 51 RFLP markers three
QTLs were identified with a substantial influence on re-
sistance to C. michiganensis ssp. michiganensis. These
QTLs were located on chromosomes 5, 7 and 9; a com-
bination of any two of them conferred a high level of re-
sistance. Although the density of the markers on the map
does not exclude the possibility that some QTLSs are not
detected (especially on chromosomes 3 and 12) we be-
lieve thisis not very likely because of the high degree of
differences in resistance level already explained . The ef-
fect was largest for the QTL on chromosome 7. In a L.
peruvianum intraspecific BC, population Sandbrink et
al. (1995) identified five loci with significant effects on
chromosomes 1, 6, 7, 8, and 10 involved in resistance to
this pathogen. Several reasons may explain the differ-
ences between the results of these two studies. Both the
number of analysed plants and the threshold values were
higher in the present study, reducing the chance of de-
tecting ghost QTLs. Minor QTLSs that were observed in
the intraspecific cross may reflect genetic differences be-
tween the susceptible L. peruvianum accession
(LA2172) in the first experiment and the susceptible L.
esculentum in our experiment; in both studies the same
resistant parent was used. For instance, the QTL on chro-

mosome 10 was not detected in our experiment because
this QTL originated from the susceptible L. peruvianum
of the intraspecific population. In addition, bacterial can-
ker is awilting disease and wilting is dependent on plant
physiology and morphology. Conceivably the genes in-
volved in physiology and morphology might aso influ-
ence resistance. This may explain why there is so little
overlap between the results of the intra- and inter-specif-
ic mapping studies. The QTL on chromosome 7 close to
TG61 had a substantial influence on resistance and there
were also indications for aQTL in the same region in the
study with the intraspecific population. This QTL might
be the most important resistance gene. Because the influ-
ence on resistance is amost equally high over the com-
plete fragment of 37 cM, the possibility of more QTLsin
this region cannot be excluded, especially because dis-
ease resistance genes are known to occur in clusters on
some of the chromosomes (Hammond Kosack and Jones
1997) . A bacterial wilt resistance gene (Danesh et al.
1994) is known to be located on chromosome 7 exactly
in the same region as our bacterial canker resistance lo-
cus. Further molecular and genetic analyses of these
QTLs may give insight into a possible similarity or com-
mon ancestry.

After identifying the QTL on chromosome 7 we were
interested in finding more markers in this region and in
the determination of the exact order of these markers.
However, bulked segregant analysis and the screening of
many 10-mer primers did not result in any additional
marker in the gap between TG342 and TG61. On the esc
X pen map the distance between the two markers is 14
cM and only one marker is present in this interval where
15 would be expected where markers to be equally dis-
persed over the genome. This suggests a distorted rela-
tion between genetic and physical distance, which might
be due to a hotspot of recombination. Since recombina-
tion between TG61 and TG342 was higher in the esc x
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per cross than in the esc x pen cross (37 cM compared
with 14 cM) we expected that the RFLP cluster near
TG342 in the esc x pen map might show some recombi-
nation in the esc x per population. For this reason we
successfully converted two markers from this cluster into
SCARs. It is surprising that the two remotely related
Lycopersicon species, L esculentum and L. peruvianum,
showed more than 99% DNA segquence homology.

It is essential for map-based cloning strategies to find
markers linked as closely as possible to a resistance gene
and also to minimise linkage drag in a molecular marker-
assisted breeding program. Additional research, such as
the fine mapping of the resistance loci and the re-confir-
mation of the resistance in progeny of those F, plants
with two L. peruvianum QTLs in an otherwise purely L.
esculentum genetic background, is necessary. For this
purpose we are developing nearly-isogenic lines (NILS)
by backcrossing with tomato and selecting for molecular
markers flanking the two regions with the desired resis-
tance loci. The presence of only afew loci in L. peruvi-
anum LA2157 that confer resistance to C. michiganensis
ssp. michiganensis, and the identification of the chromo-
somal regions harbouring these loci, opens the way for a
successful and fast introgression of the resistance in to-
mato with the use of molecular markers and without the
need of |aborious disease tests.
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