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RESEARCH REPORTS

A spontaneous mutant with lower leaves albino and non ripening fruit.

Avdeyev, Y.I.
Vegetable Crops Selection Laboratory. All-Russian Scientific Research Institute of Irrigated Vegetable and Melon
Growing. P.O. Box 93, Astrakhan, 414000, Russia.
From 2800 plants of the variety of Ranny Ora-94 (Ora, TM-2, BER, ü, 0-80-120 g, sp-50-60 cm), growing
under field conditions were found 3 plants with lower albino leaves and non ripening fruit.
The mutant kept the full complex of variety traits, including high yielding capacity.
Before forming 5-7 leaves mutant plants are normal green coloured. Later the lower leaves grow up to
become light and white. The whitish is spreading from bottom to upwards. From 8-10 leaves the upper 4-5 remain
green. Fruit of the mutant are non-ripening. Under white surface of fruit the pulp has yellow colour (pale) and acid
taste. Fruits became weakly pink in colouring. Seeds are well developed.
The F1-hybrids between mutant and standard varieties do not differ from normal plants.
In F2 populations, the segregation of normal and mutant plants was 23:7, 19:6 and 14:6, that evidence
monohybridic inheritance (Χ2 = 0.04; 0,01 and 0,27).
The found gene may be preliminary named as lanr (lower leaves albino and fruit not ripening).
lnheritance of resistance to fruit cracking.
Avdeyev Y.I. and Ivanova L.M.
Vegetable Crops Selection Laboratory. All-Russian Scientific Research Institute of Irrigated Vegetable and Melon
Growing. P.O. Box 93, Astrakhan, 414000, Russia.
Among our tomato samples, varieties Mashinny and Richanskywere found to be resistant to fruit skin
cracking under field conditions. Varieties susceptible to skin cracking, G-A-8 and Dragotsennost 341, under the
same conditions, have 15-30% of total yield of matured fruits as cracked fruit. For studying the inheritance of
resistance, the resistant Richansky and susceptible Dragotsennost 341 were crossed. In the experiments, 30-day
seedlings of parents and hybrids were transplanted into the test plot at 70x35 cm (with one plant each) spacing.
To stimulate fruit cracking, water was restricted during the period of forming of mature-green fruits in the 1-3
clusters. When the plants had formed fruits in the 3-5 clusters, an abnormally high quota of mineral fertilizers,
(potash and ammonium nitra) at a dose K-60g N-30g individually for each plant, was applied. After that, plants
were well watered. Fruit cracking was scored after 10 days by measuring total length of cracking on ripe fruits
followed by calculation of its average length per matured fruit per plant (1994) or, alternatively, cracking was
scored by common index of damage of all ripe fruits on each plant using a 6 level scale; 1 - cracking 0.1-10%; 2 10.1-20%; 3 - 20.1-30%; 4 - 30.1-40%; 5 - more 40% (1996).

Table 1. Inheritance of resistance to fruit cracking in hybrid F1, (1994)

As shown in table 1 in the 1994 year experiment very high level penetration of the cracking was reached.
Resistant variety had about 20% plants with cracking fruits (radial cracking). In F1 resistance was dominant.
Table 2. Inheritance of resistance to fruit skin cracking in hybrid combination from crossing Richansky (P1) and
Dragotsennost 341 (P2) (1996).

The experiment of 1996 confirmed the dominance of the fruit resistance of Richansky variety in hybrid F1.
In the backcross (P2 x P1) x P2 (Table 2) a segregation on resistant and susceptible plants is near to 18:14. If
monogenic determination of inheritance is assumed then corrected number of resistant plant in the experiment
should be 18 + 16 x 1/9 = 20, and susceptible 32 - 20 = 12. The 20:12 ratio corresponds to theoretical 16:16 (X2 =
2.01; P > 0.15). In the variant of backcross (P1 x P2) x P2 analogically analyzed (with correction) ratio resistant:
susceptible plants is 16:12, that corresponds expected monogenic 14:14 (X2 = 0.57; P>0.4) The result of both
experiments prove a monogenic inheritance of the resistance to cracking of Richansky variety. The susceptibility
of Dragotsennost 341 to fruit cracking is very variable in contrast of resistance trait of Richansky. Results of
experiments coincide with early published conclusion about dominant monogenic inheritance of the resistance to
fruit cracking of Mashinny variety (Avdeyev, 1979). In both cases was in fact considered total resistance to skin
cracking, but not only to concentric cracking. In accordance with results of our experiment the dominant
monogene of resistance of Richansky variety is proposed to call Rsc (resistant to skin cracking).
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Additional analyses of the localization of gene Ora
Avdeyev, Y.I. and Scherbinin, B.M.
Vegetable Crops Selection Laboratory. All-Russian Scientific Research Institute of Irrigated Vegetable and Melon
Growing. P.O. Box 93, Astrakhan, 414000, Russia.
In a previous publication (Avdeyev and Scherbinin, 1980) we reported data suggesting the linkage of
genes Ora and j-1+ . But the frequency of recombination between genes was not counted. Such calculations done
according to accepted method (Orlova, 1991) are presented in Table 1.
Frequency of crossing-over between gene Ora and j-1 is 0.9±0.6% in experiment 1 and 1.6±0.4% in
experiment 2. Both results are similar, but in the view of a higher accuracy of experiment 2 the distance of 2%
between genes j-1+ and Ora is taken. Taking into consideration the results of the previous recombination study
between genes Ora and j-2 (Avdeyev and Scherbinin, 1982) and their lower accuracy than in experiment 2 (Table
1), we suggest that Ora is on chromosome 11 in position 30, and not in position 33, as was proposed earlier.
Table 1. Phenotypic segregations in F2 cross combinations between Ora j+ and ora j-1

Our use of the marker mutants ele, wv, tab for localization of Ora have failed because of weak viability of
the mutant plants in the hot Astrakhan conditions in which experiments with Orobanche aegyptiaca Pers. were
carried out.
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High susceptibility of fruit to Colletotrichum phomoides (Sacs.) Chest in gs/gs lines.
Avdeyev Y.I., Scherbinin B.M.
Vegetable Crops selection Laboratory. All-Russian Scientific Research Institute of Irrigated Vegetable and Melon
Growing. P.O. Box 93, Astrakhan, 414000, Russia.
It's known that gene gs is localized in chromosome 7 and causes green stripe in the epidermis of unripe
fruit and golden in ripe fruit (Rick et al., 1987). From crossing of small-fruit variety Tigerella with VF-145-F5 had
been selected a middle-term ripening line CL-F4-gs/gs with fruits by weight of 60-80 g. This was used for
hybridization with red colour fruit varieties Illinka, Volgogradsky 5/95, Richansky, Moriana, and crimson fruit
varieties Shtambovi Slivovidny and Don Huan. Studies of 147 F3 - F6 lines, selected for homozygosity of gs shows
that all were susceptible to infection of Colletotrichum phomoides (Sacc.) Chest. During the late autumnal moist
period the fruits of all lines gs/gs had clear symptoms of illness - black wet spots.

Heterozygotes gs/+, which were identified by weakly expressed stripes on the fruit, were not effected or only
weakly effected by illness. Under the same conditions, the symptoms of illness were completely absent on variety
Illinka, Richansky, Volgogradsky 5/95, Shtambovi Slivovidny and Don Huan. In a large selection of gs/gs
materials, differing in fruit size (from 60 - 300 g.), fruit form (round, plum-type), plant type (d, sp) and in height
(from 40-120 cm) we could not find plants resistant to Colletotrichum phomoides (Sacc.) Chest of the local
Astrakhan population. It seems that gene "gs" has a recessive pleotropic action on fruit susceptibility to the
infection of Colletotrichum phomoides or there is a recessive gene of high susceptibility to infection closely
coupled with gs.
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Additional tomato stocks screened for abnormal VA mycorrhizal symbiosis.
Barker, S.J.1, Dispain, L, and Smith, S.E.2
Departments of Plant Science1 and Soil Science2, The University of Adelaide, S. Australia, 5064
Our research on VA mycorrhizal (VAM) symbiosis utilizes tomato as a model species for molecular-genetic
characterization of this fungus-root interaction (Smith and Read, 1997). Specifically, we have been screening a
mutagenized tomato population (Salmeron et al., 1994) for plants that fail to establish a normal symbiosis. An
offshoot of this research has been the characterization of the symbiotic status of various stocks held by the
Tomato Genetics Cooperative (Barker et al., 1996), Here we report the mycorrhizal status of additional stocks.
Table 1 lists the accessions that were screened. The remaining tomato accessions showed normal "Arum-type"
VAM symbiosis morphology when tested with the fungus Glomus mosseae. However, the morphology varied for
other Lycopersicon species and for the green fruited accessions, preliminary observations suggested these had
the "Paris-type" of colonization (Smith and Smith, 1996). Further work to more carefully characterize this
morphology in these and additional accessions is now in progress.
Table 1. Accessions tested for VAM symbiotic capability with G. mosseae.
A. L. esculentum chromosome marker stocks B. Other accessions tested to date
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Location of Dwarf on the Classical and RFLP maps
Bishop, G.2, Thomas, C.1 and Jones, J.1
'The Sainsbury Laboratory, John Innes Centre, Norwich, NR4 7UH, U K.; 2Current address, Plant Hormone
Function Group, Frontier Research Program, RIKEN, 2-1 Hirosawa, Wako-shi, Saitama, 351-01, JAPAN. (e-mail
bishopg@postman.riken.go.jp)
The isolation of the tomato Dwarf gene (Bishop et al. 1996), provided a probe for mapping Dwarf on the
tomato RFLP map of tomato. This was carried out using an EcoR I digest of DNA made from an L. esculentum x
L. pennellii F2 mapping population (Tanksley et al., 1992). These data, in conjunction with RFLP data provided by
Steve Tanksley and obtained from the SolGenes database, were used to place Dwarf 4% (recombination) North of
marker TG492, using the MAPMAKER program. The T-DNA of transformant 851Q mapped previously to
chromosome 2 (Thomas et al. 1994) was placed 5.2 % North of Dwarf and 5.4% South of CT229C. Genetic
linkage data between dwarf, 851Q T-DNA and other chromosome 2 mutations were also generated.
Linkage analysis of T-DNA 851Q (Kanamycin Resistance) to wv, aa, and d.
F2 progeny phenotypes generated from the F1 of 851Q X LA1700 (wv-aa-d). + = wild type, wv = white virescent,
aa = anthocyanin absent, d = dwarf.

Linkage calculated using maximum likelihood method (Mather, 1951) with the total for all sets of data.
aa-d
15.8% ±1.5%
851 Q-wv
20.0% ±1.7%
wv-aa
4.1% ±0.8%
851 Q-aa
15.4% ±1.5%
wv-d
20.1% ±1.7%
851Q-d
1.0% ±0.4%
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Location of dwarf on the RFLP and classical genetic linkage map.
Classical linkage map (right) was adapted from Tanksley et al, (1992). RFLP linkage map (left) generated using
the MAPMAKER program using probe polymorphism data kindly provided by Tanksley and from SOLGENES
database. Distance is given in centi Morgans (cM) and % recombination.

Responses of tomatoes with different resistance to heat stress: Cytochemical investigation of some
oxidoreductases in pollen
Georgieva, I., Kruleva, M., Danailov, Zh., Krapchev, B.
Institute of Genetics, Bulgarian Academy of Sciences, Sofia 1113
Research on plant resistance to temperature stress is of special practical interest, as the improvement of
crop plants involves the improvement of their resistance to extreme temperatures. There is convincing evidence
that variation in sporophyte responses to temperature is expressed in the gametophyte (Polito, Weinbaum, 1992)
which provides the opportunities to carry out the gametophyte selection for resistance using pollen test (Zamir,
Gadish, 1987). Tomato is a conventional object for pollen selection.
The primary intent of the present study is to evaluate the dependence between the resistance of tomato
plants to heat stress and changes in the pollen metabolism associated with the metabolic pathways of glucose
catabolism. Besides comparison of metabolic changes in the pollen grains and pollen viability was made.
Tomato seedlings from lines 502 and 498 and as well as from their hybrid were subjected to high
temperature stress in a climatic camera at 42°C for 6 hours. Following treatment the plants were turned back to
25°C. The plant resistance expressed as the degree of increase in seedling length for every genotype of treated
and control variants was determined (Udovenko, 1988). The effect of high temperature on the pollen metabolism
was investigated after treatment of the flowering tomato plants from the same lines for 48 hours at 42°C/28°C
(day/night) and photoperiod 16/8 hours (day/night).
Activities of some oxidoreductases involved in different respiratory pathways were studied cytochemically.
Cytochromoxidase (Cyt oxidase) activity was proved by using NADI-reaction. Dehydrogenases - isocitrate
dehydrogenase (I DH), glutamate dehydrogenase (GDH), alcohol dehydrogenase (ADH) and lactate
dehydrogenase (LDH) were localized by the method of tetrazolium reductases. Peroxidase (POD) was studied by
the method of Graham & Karnovski (Lojda et al., 1979).
The pollen viability was substantiated with the fluoro-chromatine test (FCR) (Heslop-Harrison et al., 1984).
It was established that the female parent - line 502 expressed higher heat resistance, the male parent line 498 was susceptible to heat stress whereas the hybrid showed intermediate heat resistance. The heat
treatment decreased pollen viability in the same manner as the seedling length (Fig.1). The reduction of pollen
viability was associated with depressed aerobic respiration (reduction of cytochrome route), probably suppression
of short respiratory chains where POD is implicated taking part (Rubin, Ladygina, 1974) as well as with increase of
anaerobic glycolysis (ethanolic and lactate fermentation) (Fig.1).
A coincidence of data for the parental line resistance to heat stress with the results from the cytochemical
study of pollen was observed. However, the pollen of the hybrid showed lower IDH and GDH activities and higher
LDH activity than these values of both parental lines (Fig. 1).
Having in mind that glycolytic network may provide an essential metabolic flexibility that facilitates plant
adaptation to environmental stresses (Plaxton, 1996) the observed drastic increase of LDH activity in the hybrid
pollen probably supports the possibility of the hybrid for faster overcoming of negative effects of the heat stress.
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Interactions between PVY pathotypes and tomato lines
Legnani, R.*, Gebre-Selassie, K.*, Marchoux, G.*, Laterrot, H.**.
*INRA-Station de pathologie vegetale - BP 94- 84143 Montfavet, Cedex, France.
**INRA-Station d'amelioration des plantes maraicheres-BP 94- 84143 Montfavet, Cedex, France.
Potato virus Y (PVY) causes serious diseases worldwide on many solanaceous crops. Variability of
virulence of PVY have been previously reported on pepper (Gebre-Selassie et al, 1985), potato (Leromancer,
1993), tobacco (Blancard et al, 1995). On tomato, no pathotypes of PVY are described.
Sources of resistance to PVY have been reported in L. esculentum Angela 18.1, P1 126410 (Nagai and
Costa, 1969), F1 Sweet 100, F1 Sweet Million and in Micro Tom (Stobbs et al 1994), in L hirsutum PI 247087
(Thomas and Mac Grath, 1988) and in L. peruvianum PI 128660 (Nagai and Costa, 1969). The spectrum of
resistance of these accessions is compared in the following table. The susceptible tomato controls were the INRA
line Momor resistant to TMV (Tm-22) and L. hirsutum PI 134417.

These genotypes were mechanically inoculated with 12 different strains of PVY isolated from various hosts
collected from various geographical locations (Legnani 1995). For each experiment ten, twenty one day old plants
of each accession were inoculated and DAS ELISA tests were performed 15 days after inoculation on each plant.
These experiments were repeat twice.

We propose to name the different pathotypes according to the triplet code nomenclature described by
Limpert et al 1994. According to these results, 7 degrees of virulence of PVY are revealed with the range of
tomato used.
The strain CAA 16 (isolated from Pepper in Italy) is not able to infect the tested tomato lines. Until now this
is the first report of a strain of PVY unable to infect tomato. This strain is the sole member of pathotype tentatively
named 0.0.
The strain LYE 90 (Tomato, California) is able to infect Momor but not the other tested genotypes. This
strain is the sole member of the pathotype tentatively named 1.0.
The strain SOTOR (Potato, France) is able to infect Momor, PI 134417, Micro Tom but not the other tested
genotypes. This strain is the sole member of the pathotype tentatively named 7.0.
The strain NIG 1 (Tobacco, California) is able to infect Momor, PI 134417 and PI 128660 but is not able to
infect Micro Tom, Sweet 100, Sweet Million, PI 126410, Angela 18.1 and PI 247087. This strain is the sole
member of the pathotype tentatively named 3.1.
The strain SOT 10 (Potato, Morocco) is able to infect Momor, PI 134417, Micro Tom, PI 128660 but is
unable to infect Angela 18.1. This strain is also the sole member of the pathotype tentatively named 7.1.
The strains SOTNV1 (Potato, France), SOTNTNLb (Potato, Liban), LYE 66 (Tomato, France), LYE 82N
(Tomato, France), LYE 84 (Tomato, Cannary Islands) infect all genotypes except PI 247087. These strains
belonged to the pathotype tentatively named 7.3.
The strains LYE 84.2 (Tomato, France) and LYE 190 (Tomato, France) are able to infect all tested
genotypes (Legnani 1995). These strains belonged to the pathotype tentatively named 7.7. These two strains
were isolated from infected plants of selected lines obtained from PI 247087. To our knowledge this is the first
report of a strain of PVY able to overcome the mechanism of resistance (cell to cell movement) expressed in 21
day old plants of L. hirsutum PI 247087. However, a previously described mechanism of resistance to long
distance movement expressed in 45 day old plants of PI 247087 (Legnani et al 1995) is efficient against pathotype
7.7.
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A locus, Itm, controlling the development of intumescences, is present on chromosome 7
Moreau, P.a, Thoquet, P.a, Laterrot, H.b, Moretti, A.b, Olivier, J.a and Grimsley, N. H.a.
a
Laboratoire de Biologie Moleculaire de Relations Plantes-Microorganismes, CNRS-INRA, B.P. 27 Auzeville,
31326 Castanet-Tolosan. France
b
INRA, Station d'Amelioration des Plantes Maracheres, Domaine Saint-Maurice, BP 94, 84143 Montfavet,
Avignon, France
The spontaneous development of small tumorous outgrowths described over the last century by various
names in diverse plant species (Lang and Tibbitts, 1983a & b, Smith 1988, Ichikawa et al., 1991, and references
therein), and often referred to as "intumescences" in tomato, is strongly influenced by environmental conditions. In
glasshouses and culture chambers under stressful conditions such neoplastic growths may form on a large
proportion of the leaf surfaces and stems. In a study using cuttings from an F2 population of a cross between the
variety Hawaii 7996 (H) and the Lycopersicon pimpinellifolium line WVa700 (W) we noted the segregation of this
character, which developed after 5-7 days on 6-leaf stage plants transferred to a culture chamber at 18°C with low
light intensity, >80% relative humidity and a 12h day /12h night regime. The character was first scored on a
quantitative scale of 0 (no intumescences) to 4 (up to 30% of the surface of leaves and stems covered with
intumescences) in two independent tests. Analysis of the data as a quantitative trait using a whole genome map
(Thoquet et al., 1996), however, revealed that a single locus on chromosome 7 was responsible, and indeed the
population data from 90 individuals could be regrouped into 3 classes as a 1:2:1 segregation (P[c2] = 0,41),
permitting the locus Itm to be placed 14cM distal of TG149 on chromosome 7.
Acknowledgments: We thank the laboratories of Steve Tanksley and Christiane Gebhardt for generously
supplying RFLP probes. The clone hsr201 was a gift from Yves Marco.
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Stability of Frl gene
Moretti, A. 1, Troulet, C.2, Laterrot, H.1
INRA - BP 94 - 84143 Montfavet Cedex France
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Fusarium oxysporum f. sp. radicis lycopersici (= FORL) is an important problem for the tomato especially
in soilless cultures and sometimes in sterilized sandy soil. The FORL resistance issued from Lycopersicon
peruvianum is controlled by the dominant gene Fri. The linkage of Frl with TMV resistance (alleles Tm-2 and Tm22) provides a fast solution to obtain FORL resistant F1 hybrids. Therefore, the Frl gene was used without a
previous study of its efficiency against the pathogen variability.
To estimate the Fri stability we collected FORL isolates in various conditions
- 119 FORL isolates in different French regions.
- 27 isolates from 8 countries : Spain (13), Great Britain (4), Switzerland (4), Netherlands (2), Israel,
Italy, Morocco, Cameroon (1 isolate).
The 146 isolates were studied in climatic chamber by artificial inoculation of 10 plants of 4 near isogenic
lines in the Moneymaker type (Laterrot TGC Report No 46 p. 35)
- Mossol and Motelle, lines without Frl gene
- Momor and Mogeor, lines with Frl gene.
The inoculation was realized by dipping roots and hypocotyl of 18 days old plants during 5 minutes in a
conidia suspension with a concentration of 107 conidia per ml.
Five of the 146 isolates were able to affect the 4 genotypes. Four of these were isolated from FORL
susceptible varieties in France (3 isolates) and in Morocco (1 isolate), and one isolated in France from a resistant
F1, hybrid carrying the genotype FrI/Frl+

These 5 isolates with a high level of agressivity have been studied with 3 different conidia concentrations:
107, 106 and 105 conidia per ml. Twenty plants of 3 near isogenic Moneymaker genotypes were inoculated
- Monalbo, line without Frl
- Momor, line with Frl
- F1 Momor x Monalbo, F1, hybrid FrI/Frl+
The agressivity of 4 among these 5 isolates was confirmed with the concentration 107 on the 3 genotypes.
The fifth having lost its pathogenicity.
With the concentration 106 the agressivity of the 4 isolates was always high on Monalbo line and
comparatively was reduced on Momor and on the F1, hybrid.
With the concentration 105 the agressivity of the different isolates was lower on Monalbo line and near void
on Momor. The comportment of the F1 hybrid was intermediate, near the resistant line, confirming thus the
incomplete dominance of Frl.
This study shows a large variation for the level of agressivity between the FORL isolates. Some of these
shown a strong agressivity but not a virulence change.
A major gene controlling the expression of resistance to AMV in Lycopersicon hirsutum P1 134417
Parrella, G.1, Laterrot, H.2, Marchoux, G. 3, Gebre-Selassie, K 3, Monti, L.M.1.
1
Department of Agronomy and Plant Genetics - Via Universita, 100 - 80055 Portici - Italy
2
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3
1NRA - Station de Pathologie Vegetale - BP 94 - 84143 Montfavet Cedex France
Resistance to AMV (alfalfa mosaic virus) has been already reported in Lycopersicon hirsutum f. typicum
LA 1777 and in L. hirsutum f. glabratum PI 134417 and "Bruinsma" accessions (Parrella et al., 1996; Parrella et
al., 1996). In the present study, PI 134417 was used as donor of resistance in interspecific crosses with L.
esculentum "Momor" (gene Tm-22), and in intraspecific crosses with PI 247087 Australia accession of L. hirsutum
f. glabratum, highly susceptible to AMV. The AMV isolate LYH-1 was used in the study of the inheritance of
resistance to AMV by evaluation of F1, F2 and BC1 generations after mechanical inoculation in greenhouse test.
All the plants material were checked visually for symptoms development and by DASELISA tests, on the
upper non inoculated leaves, 15 and 30 days after inoculation. The age of the plants at the inoculation time was
14 days old.

No virus was detected in the upper leaves and no symptoms were checked both in the inoculated leaves
and non inoculated leaves of all the F1, cross combinations. The two different F2 progenies segregated into
resistant and susceptible classes which fit a 3:1 ratio. Finally the backcross generation tested segregated into
resistant and susceptible classes which fit a 1:1 ratio. All the segregation ratios indicated that resistance is
controlled by a single dominant gene. We propose tentatively to name this gene "Am".
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A method for isolating milligram quantities of "polyphenol-free" nuclear DNA from tomato
Peterson, D.G. and Stack, S.M.
Department of Biology, Colorado State University, Fort Collins, CO 80523-1878
Tannins and other polyphenolic compounds are present in the tissues of many plants including tomato. If
cells are disrupted, oxidized polyphenols can contact and bind to DNA giving it a brown color and making it
useless for most research applications (e.g., Katterman and Shattuck 1983; Couch and Fritz 1990; Guillemaut and
Marechal-Drouard 1992; our observations). To avoid interaction between DNA and polyphenols, many DNA
isolation techniques involve freezing tissue in dry ice or liquid nitrogen during or prior to homogenization.
However, if one is interested in isolating pure nuclear DNA, homogenization of frozen tissue is not desirable as it
results in isolation of a mixture of nuclear, chloroplast, and mitochondrial DNAs. We have developed a relatively
inexpensive protocol for isolating milligram quantities of "polyphenol-free"

nuclear DNA from tomato. This protocol includes the use of reagents which inhibit oxidation of polyphenols
and/or absorb polyphenolic compounds, as well as the nuclear-stabilizing agent 2-methyl-2,4-pentanediol (see
Watson and Thompson 1986 for a review).
Because seedlings possess higher concentrations of nuclei per gram of tissue than do leaves or other
adult tissues, we were interested in developing a DNA isolation technique that would work with tomato seedlings.
To avoid the phenolic compounds associated with seed coats still attached to seedlings, we developed a simple
technique for growing large batches of seedlings hydroponically and quickly removing the seed coats during
harvest. Briefly, styrofoam pellets were arranged in 5 rows on the bottom of a plastic greenhouse tray (53.5 x 27 x
6 cm). A piece of fiberglass window screen was cut to fit in the tray and placed on top of the styrofoam pellets. A
second plastic tray with a 1 inch diameter hole cut in the bottom was then placed in the first tray to hold the pellets
and window screen in place. Water was poured through the hole in the top tray. Once the bottom tray had become
2/3 full, the top tray was removed, and tomato seeds were placed on top of the floating window screen at a density
of 1-3 seeds/cm2. Trays containing seeds were stored at 20°C for 2 weeks (until seedlings were approximately 20
cm in length). Each screen was lifted from the water surface and turned upside down so that roots extended
upward. Seedlings were pulled gently by their roots through the window screen leaving the seed coats behind.
Decoated seedlings were immediately submerged in ice water. In a given DNA isolation, 200-500 g of seedlings
from 10-20 trays were harvested.
When leaves were used for DNA isolation, young leaves were gently picked from plants with forceps. After
removing a leaf, it was immediately submerged in ice water. Approximately 200-500 g of leaves were collected for
one isolation.
To isolate tomato nuclei, seedlings/leaves were removed from ice water, placed in 1000 ml of ice cold
ethyl ether for three minutes. Ether removes waxes and makes cells more friable. The seedlings/leaves were
removed from the ether, washed 4 times in 4°C TE buffer (10 mM Tris, 1 mM EDTA, pH 7.0), and placed in 3000
ml of ice cold extraction medium (1.0 M 2-methyl-2,4-pentanediol, 10 mM PIPES-KOH, 10 mM MgCl2, 2%
polyvinylpyrrolidone, 10 mM sodium metabisulfte, 5 mM 2-mercaptoethanol, 0.5% sodium diethyldithiocarbamate,
pH 6.0). The seedlings/leaves were then homogenized in a Waring commercial blender (high speed for 30
seconds), squeezed through muslin, and filtered again through 20 µm nylon mesh. To lyse mitochondria and
plastids, Triton X-100 was added to the filtrate to a final concentration of 0.5% (Watson and Thompson 1986). The
mixture was placed into approximately twelve 250 ml centrifuge bottles and spun at 1200 x g for 20 min at 4°C.
Supernatants were decanted, and each pellet was resuspended in 0.5 ml MPD buffer (0.5 M 2-methyl2,4pentanediol, 10 mM PI PES-KOH, 10 mM MgCl2, 0.5% Triton X-100, 10 mM sodium metabisulfite, 5 mM 2mercaptoethanol, pH 7.0). The nuclear suspension was halved, and each half (about 5 ml each) was layered onto
one of two 15 ml beds of 50% Percoll (1 part Pharmacia Percoll mixed with an equal volume of MPD buffer) in 30
ml Corex siliconized glass centrifuge tubes. The two tubes were centrifuged in a swinging bucket rotor at 650 x g
for 60 minutes (4°C). The supernatants were then decanted, and each pellet was resuspended in 1 ml of MPD
buffer. Nuclear suspensions (approximately 3 ml total) were transferred to a single 15 ml polypropylene centrifuge
tube. 20% SDS was added to a final concentration of 2%, and the tube's contents were mixed by gentle inversion.
The resulting nuclear lysate was incubated in a water bath at 60°C for 10 minutes. The lysate was cooled to room
temperature, 5 M sodium perchlorate was added to a final concentration of 1 M, and the contents of the tube were
mixed. The tube was spun in a swinging bucket rotor at 400 x g for 20 minutes (20°C). The supernatant
(approximately 6 ml) then was transferred to a sterile polypropylene tube using a 1000 ml plastic pipette tip from
which the bottom 1/3 had been cut off. All subsequent transfers of solutions containing DNA were performed using
such modified pipet tips to minimize shearing of the DNA. The supernatant was mixed with an equal volume of
phenol/chloroform/isoamyl alcohol (25:24:1). Mixing of organic and aqueous phases was done using a test tube
rocker at 18 cycles/min to minimize shearing of DNA. The mixture was centrifuged at 3000 x g in a swinging
bucket rotor for 10 min at 4°C. The upper aqueous phase containing nucleic acids was placed into a new sterile
polypropylene tube, and a second extraction was performed. The aqueous phase was then dialyzed into TE at
4°C. After dialysis, DNase-free RNase T1 (Boerhinger Mannheim) and RNase A (Sigma) were added to final
concentrations of 50 units/ml and 50 µg/ml,

respectively. The mixture was incubated at 37°C for 60 min, made 150 g/ml Proteinase K (Boerhinger Mannheim),
and incubated at 37°C for an additional 60 min. Two phenol/chloroform/isoamyl alcohol extractions were then
performed followed by an extraction using only chloroform. The final aqueous phase was transferred to a small
siliconized beaker, and 3M sodium acetate (pH 5.2, 4°C) was mixed with the DNA solution to give a final sodium
acetate concentration of 0.15 M. Two volumes of 100% ethanol (-20°C) were layered on top of the nucleic acid
solution, and DNA was spooled from the interface using a glass rod. The DNA was dried, redissolved in a small
volume of TE buffer (pH 7,0), and stored at -20°C.
Approximately 2-3 mg of DNA was obtained from 300 g of seedlings or 400 g of leaf tissue. The DNA
possessed no visible coloration. Isolated nuclear DNA had A260 /A280 ratios (adjusted for light scatter at A320) from
1.8-1.93 suggesting little protein contamination. The mean length of the DNA molecules was >13 Kb as
determined by agarose gel electrophoresis. No RNA contamination was observed. The isolated tomato DNA was
completely digestible with 1 U of Hindlll or Baml-H1 per µg of DNA. The tomato DNA possessed normal melting
and reassociation properties (see accompanying papers).
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Characterization of the tomato genome using Cot analysis
Peterson, D.G. and Stack, S.M.
Department of Biology, Colorado State University, Fort Collins, CO 80523.
Cot curves can be used to determine (1) genome size (= 1C DNA amount), (2) the fraction of a genome
composed of single-copy sequences, (3) the minimum number of repetitive classes of DNA, (4) the fraction of a
genome occupied by each repetitive class, (5) the number of repeats in each repetitive class, and (6) the
sequence complexity of all curve components (see Britten et al. 1974 for review). To prepare a Cot curve,
samples of sheared nuclear DNA are dissolved in sodium phosphate buffer, heat denatured, and then incubated
at a renaturing temperature for different lengths of time. DNA sequences reassociate at a rate that is directly
proportional to the number of times they occur in the genome. Thus sequences that occur more than once
(repeated sequences) reassociate faster than sequences that occur only once in the genome (single-copy
sequences). Under standard conditions, the Cot value of a particular sample is the product of nucleotide
concentration (moles/L) and the incubation time in seconds (Britten et al. 1974). Once a sample has reached a
desired Cot value, it is loaded onto a hydroxyapatite (HAP) column. The single-stranded (non-renatured) and
double-stranded (renatured) DNA are separately eluted from the column by heating the column or by increasing
the cation concentration in the column. If the logarithm of a Cot value is graphed against the corresponding
fraction of the genome that has remained single-stranded, the resulting data point is called a Cot point. A graph of
Cot points ranging from little or no reassociation (low Cot points) until reassociation approaches completion (high
Cot points) is called a Cot curve.

Despite the economic and scientific importance of tomato (Lycopersicon esculentum), to our knowledge a
Cot curve has not been prepared for this plant, possibly due to difficulties in isolating large quantities of
polyphenol-free nuclear DNA from some plants (e.g., see Katterman and Shattuck 1983; Couch and Fritz 1990).
We have developed a method for isolating milligram quantities of tomato nuclear DNA free of polyphenolic
contamination (see accompanying TGCR paper, this issue). Using DNA isolated by this method, we performed a
Cot analysis of the tomato genome. Briefly, tomato (Cal-Ace) nuclear DNA was sheared to a mean fragment
length of 375 bp using a Vertis homogenizer (see Davidson et al. 1973). The DNA was dialyzed into TE buffer (10
mM Tris, 1 mM EDTA, pH 7.0), run through a Chelex column to remove metal ions (Britten et al. 1974), ethanol
precipitated, and dissolved in 0.03, 0.12, or 0.48 M sodium phosphate buffer. DNA samples in phosphate buffer
were sealed in siliconized glass ampoules or siliconized glass microcapillary tubes and stored at -70°C.
Hydroxyapatite (HAP) was prepared according to Bernardi (1971), A 2 mm high layer of glass beads was placed
in a BioRad water jacketed column (cat. # 737-6131) fitted with a BioRad flow adapter (cat. # 738-0015). HAP was
added to a height of 1 cm (an approximate volume of 1 cm3). The column was maintained at 60°C using a Lauda
model B1 circulating water bath. A fresh HAP column was prepared for each Cot sample (see Britten et al. 1974).
The tube from which eluant exited the HAP column was directly connected to a flow-cell cuvette in a Hewlett
Packard (HP) 8453 spectrophotometer connected to a HP Vectra VL Series 3 computer. To determine a Cot point,
an ampoule/capillary tube was thawed and placed in boiling water for 5-10 minutes to denature the DNA. The
sample was then immediately placed in a water bath set at a temperature that was 20-25°C below the melting
temperature for tomato DNA in the same buffer as the sample. Each sample was incubated to a desired Cot value
as described by Britten et al. (1974). At the end of the incubation period, any sample in 0.48 M or 0.12 M buffer
was immediately diluted in a 50 fold excess of 0.03 M sodium phosphate buffer (60°C) and loaded onto a HAP
column. Sample in 0.03 M sodium phosphate buffer were applied directly to a HAP column without dilution.
Absorbance readings at 260 nm (A260) of the eluant were taken every three seconds and displayed in graphic
form on a computer screen. Single-stranded DNA was eluted by adding 0.12 M sodium phosphate buffer. Once
elution of the single-stranded DNA was complete, double-stranded DNA was eluted by adding 0.48 M phosphate
buffer. Elution of single-stranded DNA and double-stranded DNA was visualized on the computer screen as two
separate peaks in A260. The single-stranded DNA peak was collected in one polypropylene tube, and the doublestranded DNA peak was collected in another tube. The volumes of both the single-stranded fraction and the
double-stranded fraction were determined. 0.9 ml was taken from each tube and mixed with 0.1 ml of aqueous 10
N potassium hydroxide to denature the DNA. A solution consisting of 9 parts 0,12 M sodium phosphate buffer and
1 part 10 N KOH was used to blank the spectrophotometer. The A260 value (adjusted for light scatter at 320 nm)
of the single-stranded DNA/KOH mixture was determined. The spectrophotometer was then blanked with a
solution composed of 9 parts 0.48 M sodium phosphate buffer and 1 part 10 N KOH, and the A260 value
(adjusted for light scatter at 320 nm) of the denatured "double-stranded" DNA/KOH mixture was determined. For a
particular Cot value, the percentage of single-stranded DNA (% SS DNA) was calculated as follows:
(Vss x Ass) x 100
(Vss x Ass) + (Vds x Ads) = % SS DNA
where Vss = total volume of single-strand fraction, Vds = total volume of double-strand fraction, Ass = A260 for the
KOH-denatured single-strand fraction, and Ads = A260 for the KOH-denatured double-strand fraction.
The logarithms of Cot values were plotted against corresponding percentages of single-stranded DNA. A
least squares analysis of the Cot data was performed, and a best-fit Cot curve was generated using the computer
program of Pearson et al. (1977) (Figure 1). Approximately 12% of the tomato genome was reassociated at the
lowest Cot point (i.e., Cot = 0.000001). This DNA is most likely composed of fold-back sequences (see Britten et
al. 1974). Additionally, 11% of the tomato genome did not reassociate even at the highest Cot value (i.e., Cot
20233). This DNA presumably is degraded and would never reassociate. The curve itself consists of two main
components. The first component consists of repetitive sequences and

includes approximately 12% of the genome. This component is half reassociated (Cot1/2) at a Cot value of 8.9 (i.e.,
Cot1/2 = 8.9) and has a complexity of 1.1 x 108 by (complexity = "...length in nucleotide pairs of the longest
nonrepeating sequence that could be produced by splicing together fragments in the population", Hood et al.
1974). The second component consists of single-copy sequences and includes 65% of the genome. This
component has a Cot1/2 of 819 and a complexity of 5.4 x 1010 bp. Together, components 1 and 2 make up 77% of
the tomato genome. Assuming that fold-back and unannealable DNA are similar in complexity and in proportion to
the DNA in components 1 and 2, the fraction of the genome occupied by repetitive sequences actually may be
nearer (12%/77% =) 16%, and the fraction of the genome occupied by single-copy sequences actually may be
nearer (65%/77% =) 84%. Similarly, based upon reconstruction experiments, colony hybridization, and Southern
analysis of a sheared tomato genomic library, Tanksley and his colleagues have estimated that 80-90% of the
tomato genome is composed of single-copy/low-copy sequences (see Zamir and Tanksley 1988; Ganal et al.
1988).
The repetition frequency (Y) of the DNA in component 1 can be determined by dividing the reassociation
constant (k = 1/Cot1/2) of component 1 by the reassociation constant of component 2 (Hood et al. 1974).
Y = 0.1123/0.001221 = 92.
Thus, on average, component 1 consists of sequences that occur 92 times in the tomato genome.
Tomato genome size (IC) also can be calculated from the reassociation constant of the single-copy DNA
component (ksc = 0.0012). According to Britten and Davidson (1985), ksc = R/G where ksc = the reassociation
constant for the single-copy component, R = the rate constant (M-1 * sec-1) irrespective of complexity and G =
genome size in nucleotide pairs. Under standard conditions (fragments 500 by long in 0.12 M sodium phosphate
buffer, assayed by HAP chromatography), R = 106M-1.*sec-1. Since the conditions used in our study were close to
standard, the genome size of tomato can be calculated as follows:
0.0012 = 106 M-1-sec-1/G
G = 106 M-1 -sec-1 /0.0012
G=8.33x108bp
Because 1 pg of DNA contains 0.965 x 109 by (Bennett and Smith 1976), the 1C DNA amount for tomato is (8.33 x
108 bp) (1 pg/0.965 x 109 bp) = 0.86 pg. This value falls within the range of genome sizes reported for tomato
based upon alternate methods (e.g., 1.0 pg, Sparrow and Mischke 1961; 0.7 pg, Galbraith et al. 1983; 0.95 pg,
Michaelson et al. 1991).
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GC content for tomato DNA based on DNA melting
Peterson, D.G. and. Stack, S.M.
Department of Biology, Colorado State University, Fort Collins, CO 80523-1878
The increase in absorbance at 260 nm (A260) as double-stranded DNA is converted to single-stranded
DNA is known as the hyperchromicity effect. This phenomenon can be visualized by slowly raising the
temperature of a DNA solution while simultaneously monitoring absorbance. A plot of A260 vs. temperature usually
results in a sigmoidal curve where the flat areas at the bottom and top of the curve represent completely doublestranded DNA and completely single-stranded DNA, respectively. The midpoint of the curve (i.e., the temperature
at which half the DNA has denatured) is the melting temperature of the DNA (Tm). The Tm of a DNA solution is
partly determined by the cation concentration because positively charged cations have a stabilizing effect on DNA
duplexes. Tm is also determined by the GC content of DNA because the bonds between GC base pairs are more
stable than AT base pairs. Consequently, Tm can be used to determine the GC content of DNA in a solution of
known cation concentration (see Britten et al. 1974 for a review).
We performed a DNA melting experiment using tomato (Cal-Ace) DNA. Briefly, tomato nuclear DNA was
isolated from seedlings under conditions that avoided contamination of the DNA by endogenous polyphenolic
compounds (see accompanying paper, this issue of TGCR). The DNA was sheared to a mean length of 375 bp
and dissolved in 0.12 M sodium phosphate buffer. The DNA sample and a blank containing only 0.12 M sodium
phosphate buffer were placed in sealed cuvettes in a Beckman DU 640 UV/Visible Spectrophotometer equipped
with a Peltier thermal unit. The blank and sample were heated at a rate of 1°C per minute, and A260 readings of
the blank and sample were taken at each degree (i.e., one reading per minute). To maintain baseline linearity, the
absorbance readings of the blank were automatically subtracted from corresponding sample absorbances.
The melting curve for tomato has the characteristic sigmoidal shape. The Tm of the sample was
determined by first-derivative analysis. The Tm of tomato nuclear DNA in 0.12 M buffer was 83.7°C. We used the
formula of Felsenfeld (1971) to determine the GC content of tomato nuclear DNA. For DNA dissolved in 0.12 M
sodium phosphate buffer,
%GC = 2.44 (Tm - 69.35)
%GC = 2.44 (83.7°C - 69.35)
%GC = 35.0
GC content also can be calculated from the buoyant density of DNA in CsCI. According
to Ingle et al. (1973), tomato main band DNA has a buoyant density in CsCI of 1.694 g/ml. Using the formula of
Mandel et al. (1968):
%GC = [(p -1.660 g/ml)/0.098] x 100
where p = observed buoyant density
%GC = [(1.694 g/ml - 1.660 g/ml)/0.098] x 100
%GC = 34.6
This value agrees closely with the 35% GC we calculated from our tomato DNA melting curve.
Acknowledgements:
This work was funded in part by U.S.D.A. Grant Award No. 95-37300-1570.

Literature cited:
Britten, R.J., Graham, D. E., and Neufeld, B.R. (1974) Meth. Enzymology 29: 363-405
Felsenfeld, G. (1971) pp. 233-244, In: Cantoni, G.L and Davies, D.R. (eds) Procedures in nucleic acid research,
vol 2. Harper and Row, New York.
Ingle, J., Pearson, G.G., and Sinclair, J. (1973) Nature New Biol. 242: 193-197
Mandel, M., Schildkraut, C.L., and Marmur, J. (1968) Meth. Enzymology 12: 184-195.
Response of tomato cultivars partially resistant to TYLCV in Spain.
Pico, B., Diez, M.J., and Nuez, F.
Department of Biotechnology, Genetics and Breeding. Polytechnic University of Valencia, E-46022 Valencia,
Spain.
The tomato yellow leaf curl geminivirus (TYLCV), transmitted by the whitefly Bemisia tabaci, was first
detected in Spain in 1992. Today it seems well established in the Southeastern coast, becoming a serious
problem to tomato production. Recently, it has spread dangerously to more northerly areas, Alicante and Valencia,
where disease pressure is still low (,lords, 1996; Pico et al., 1996).
To date no resistance has been found in Lycopersicon esculentum. Only some tomato varieties have been
reported to be less susceptible than others during severe epidemics. At present, there are some partially resistant
hybrids commercially available. The sources of resistance of these hybrids have not been revealed by the Seed
Companies (Laterrot, 1993), except for the L. peruvianum origin of the TY hybrids (Pilowsky and Cohen, 1995).
In spring 1996, twelve of these varieties and hybrids were screened in the field, in Valencia, to evaluate
their response against TYLCV-Spanish isolates. The disease incidence was monitored from transplanting, in late
April, to early august. TAS-ELISA and PCR techniques were used to detect TYLCV in infected plants. Symptoms
severity was visually scored per plant.
Field infection pressure was low. First TYLCV symptoms appeared between 30-45 days post transplanting
in the susceptible control NE-1. A differential response was observed in the cultivars assayed (Table 1). Columbia,
Roza, and Rowpack were almost as susceptible as the control. These varieties are no so resistant to TYLCV in
Spanish conditions as they have proved to be in some African and Asian countries (Laterrot, 1993). The TY
hybrids developed moderate symptoms and the fruit set was not severely affected. Tomato spotted wilt virus
(TSWV) infection was severe in these hybrids, making more difficult their evaluation under field conditions. F3524,
Tydal, and Jackal reached 100% of plants TYLCV-infected, but developed only slight symptoms at the end of the
assay. Disease incidence was lower (<80%) in the most resistant hybrids F3522, Fiona, and Tyking. These
hybrids developed no symptoms or very slight ones. The effect on flowering and fruit set was irrelevant.
These results point to the last six hybrids, mainly F3522, Fiona, and Tyking, as the most appropriate to
spring-summer plantings, when the TYLCV infection is less severe in the Mediterranean coast of Spain. We are
going to evaluate the response of these hybrids in the higher inoculum pressure conditions of the summer-autumn
growing season, when the environmental conditions are more favorable for Bemisia tabaci.
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* Percentage of plants TYLCV infected 3 months after transplanting. 10 plants were assayed per cultivar.
Numbers in brackets indicate plants death because of TSWV infection. In this case, the % is referred to the plants
alive at the end of the assay.
**Evaluation of foliar symptoms on a scale of 0 to 4, where 0= no symptoms, 1= slight symptoms, 2= moderate
symptoms, 3= severe symptoms, and 4= very severe symptoms, including severe stunting.
***Evaluation of the effect on the flowering and fruit set on a scale of 0 to 4, where 0= no effect, 1= slight flower
shedding, 2= slight flower abortion and shedding. Fruit-set lightly reduced, 3= moderate flower abortion and
shedding. Fruit-set moderately reduced, and 4= severe flower abortion and shedding. Fruit-set severely reduced.

Comparison of two artificial whitefly-mediated inoculation techniques in breeding for resistance to TYLCV
Pico, B., Diez, M.J., and Nuez, F.
Department of Biotechnology, Genetics and Breeding, Polytechnic University of Valencia, E-46022, Valencia,
Spain.
Breeding for resistance to Tomato yellow leaf curl virus (TYLCV) has been often limited by the lack of
reliable and efficient selection procedures (Kheyr-Pour et a1., 1994). Mechanical transmission is not possible in
TYLCV (Mansour and AI-Musa, 1992). Although grafting and agro-inoculation have been sometimes used, the
whitefly-mediated inoculation is the technique most commonly used in breeding programs (Pico et al., 1996).
Variations in field TYLCV incidence make difficult to ensure 100% success in transmission, as well as to control
inoculum pressure in each assay. This situation lead to contradictory results, attributing different resistance levels
to the same genetic source.
Two artificial whitefly-mediated inoculation techniques (mass and cage inoculation) were compared. Four
commercial hybrids and one variety with different levels of resistance to TYLCV were tested using both inoculation
techniques. The tomato cultivar NE-1 was used as susceptible control. Cage-inoculation was conducted in insectproof cages. Ten plants of each cultivar were separately exposed to an average of 15/20 viruliferous white flies
per plant during 48 h. After this feeding period white flies were killed with pesticide. Mass-inoculation was carried
out in a screen-protected greenhouse. NE-1 TYLCV-infected tomato plants, maintaining a high Bemisia tabaci
population, were used as source of inoculum. All cultivars were assayed at the same time. No treatments were
realized to control vector population. TYLCV infection was confirmed by TAS-ELISA and PCR. The severity of
symptoms and the effect of the infection on flowering and fruit-set were visually evaluated per plant (Table 1).
All cultivars reached 100% infection with both techniques. At the end of the assay, symptoms were more
severe after mass-inoculation (2.2-3.7) than after cage-inoculation (1.8-3.3). Severity of symptoms increased from
30 to 60 days post inoculation in the longer and more severe mass-inoculation process. However, the most
resistant cultivars, Tyking, F3522, and TY-20, maintained a moderate symptom severity after cage-inoculation.
The high inoculum pressure of mass-inoculation led to an important effect on flowering and fruit-set, similar in all
the cultivars. In this sense, cage-inoculation better discriminate cultivars with different levels of resistance. Tyking
seems to be the most resistant cultivar. Its response is less influenced by inoculum level. F3522 and TY-20 have a
medium level of resistance that depends on the disease pressure, developing moderate or severe symptoms after
cage or mass inoculation respectively.
The results show the efficiency of these techniques to ensure a 100% of infection in cultivated material. In
addition, this work emphasizes the need of controlling inoculum pressure to evaluate TYLCV response in partially
resistant materials.
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* Evaluation of foliar symptoms on a scale of 0 to 4, where 0= no symptoms, 1= slight symptoms, 2= moderate
symptoms, 3= severe symptoms, and 4= very severe symptoms, including severe stunting. DPI: days post
inoculation, C: cage-inoculation, M: mass-inoculation.
** Evaluation of the effect on flowering and fruit set on a scale of 0 to 4, where 0= no effect, 1= slight flower
shedding, 2= slight flower abortion and shedding. Fruit-set lightly reduced, 3= moderate flower abortion and
shedding. Fruit-set moderately reduced, and 4= severe flower abortion and shedding. Fruit-set severely reduced.

Resistance reactions of accessions of L. peruvianum and L. chilense to spanish isolates of TSWV
RoselIo, S., Diez, M.J., Rambla, J.L. and Nuez, F.
Dept. Biotecnologia-Genetica. Universidad Politecnica de Valencia. 46022 Valencia. Espana.
Some accessions of Lycopersicon peruvianum, L. chilense and materials derived from L, chilense were
inoculated mechanically with two spanish isolates of TSWV. These two isolates were selected for their high
virulence and different biological and biochemical characteristics (Abad, 1996). The accessions tested were
chosen by their high level of resistance to TSWV in field conditions (Table 1). Inoculations were conducted in a
climatic chamber with the following environmental conditions. 25°/18°C of temperature (day/night), 60-65% / 95100% of RH (day/night), 65-85 µmol m-2 s-1 of irradiance and photoperiod of 14h of light. Plants were inoculated at
4-leaf stage. A second treatment was repeated a week after the first inoculation. The tomato line NE-1 was used
as susceptible control . Plants remained in the climatic chamber for two months. Plants were scored for
appearance and severity of symptoms. ELISA assay was performed each 10-15 days. Visual symptoms and
results of ELISA were used as a criteria

to identify infected plants. Data were utilized if the plants used as susceptible controls became infected
by TSWV.
L. esculentum 854-8 and 701-4, developed from L. chilense, react as highly susceptible to
TSWV after mechanical inoculation, in spite of their tolerant behaviour in field conditions (Table 1).
Partial resistance was detected in L. chilense LA 2884 against the two TSWV isolates. Different
accessions of L. chilense have been tested by other authors, giving promising results (lizuka et al.,
1993; Krishna Kumar et al., 1993; Stevens et al., 1994). PI-126944 was immune to both isolates,
confirming previous results obtained by authors (Diez et al., 1995). This also agrees with those
obtained by other researchers (Paterson et al., 1989). Resistance of PI-143679 and Pl-126441
accessions was very high and appear to be dependent on the isolate. The resistance found in L.
peruvianum accessions appears to be useful for their exploitation in breeding for resistance to TSWV.
PI-126944 seems to be the best source for this purpose. However, in previous experiments, the
authors have observed less severe crossability barriers with L. esculentum in PI-143679. This
characteristic made it specially interesting for their utilization as a source of resistance to TSWV in
breeding programs.
Table 1: Resistance reactions to TSWV of some accessions of Lycopersicon.

are extremely grateful for the financial support provided by Instituto Nacional de Investigaciones Agrarias by
means of the Project N° SC93-183-C3-1.
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Studies on seed-borne pathogens of tomato (Lycopersicon esculentum Mill) in Sudan.
Salman, K.A.; Mohamed, Y.F. and Dafalla, G.A.
Plant Pathology Centre, Gezira University, Wad Medani, P.O. Box 20, SUDAN
Tomato is one of the most important vegetable crops and ranks second after onion in Sudan. Almost all
tomato seeds are imported and distributed to farmers through seed retailers. Seed importation is not organized
business, so all kinds of tomato varieties are found in the market. Consequently, problems of climatic unsuitability
and those connected with seed-borne pathogens may lead to substantial yield losses.
Studies conducted during the period extending from 1992 to 1995 using different seed samples collected
from tomato grown in different locations in Gezira scheme (Central Sudan) were examined for the presence of
bacterial, viral and fungal seed-borne pathogens using various techniques.
Through the use of differential media, five different bacteria were isolated and identified following LelIiott
and Stead (1987) procedures for plant pathogenic bacteria identification. Depending upon their reactions towards
the applied morphological, biochemical, biological and some confirmatory tests, they were identified as follows:
Erwinia herbicola, Pseudomonas viridiflava, Xanthomonas campestris pv. vesicatoria, Clavibacter michiganesis
subsp. michiganesis and Pseudomonas syringae pv. tomato. The pathogenicity of the last three listed bacteria is
confirmed and they cause considerable crop losses during in rainy season crop. To our knowledge this is the first
report about the existence of P. syringae pv. tomato in Sudan.
Using two of the incubation methods (Blotter and Agar-plate methods), identification of the fungi was
achieved by using both stem-binocular and compound microscopes, and the following fungi were recorded:
Alternaria tenuis, Aspergillus spp, Chaetomium spp, Cladosporium spp, Fusarium spp, Phoma sp, Rhizopus spp,
and Penicellium spp. With the exception of Fusarium and A. tenuis, all the isolated genera are seed rotters, and
cause germination failure as reported by Sati et al .(1989) and Silva et at. (1991).
Using growing-on test and DAS-ELISA, tomato or tobacco mosaic virus (TMV) was detected in the
majority of the tested seed samples. The commercial varieties, Strain B from

Popvriend Company and Peto 86 from Petoseed Company, showed high incidence of the disease, which
indicates that the imported varieties are playing a great role in the distribution of the virus.
To free the contaminated seed from seed-borne bacteria, nine treatments plus phosphate Buffer Saline
(PBS) as a negative control (table 1) were applied following the technique described by Duffe et al. (1989). To
evaluate the efficiency of these treatments, the Ouchterlony double diffusion test was used. The best results were
obtained when the contaminated seeds were extracted by fermentation and then treated with Hcl and Nahypochlorite (table 1). In treatments were seeds were extracted with acetic acid (No. 3 and No. 5), the three
bacteria were completely eliminated but germination of the seeds was greatly affected. Extraction of seeds with
pectinase enzyme only, has no effect in controlling the bacteria (Treatment No.7). In general, these treatments are
most effective against X. campestris pv. vesicatoria, moderate in C. michiganensis subsp michiganensis and less
effective in case of P. syringae pv. tomato.
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Inheritance of resistance to XcvT and XcvPT of Xanthomonas campestris pv. vesicatoria
Sotirova, V., Bogatsevska, N.2 and Vulkova, Z1.1
Institute of Genetics, Sofia 1113, BAS 2Institute of Plant Protection, Kostinbrad 2230
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Bacterial spot caused by Xanthomonas campestris pv. vesicatoria is a serious disease on tomatoes. Three
pathotypes of the pathogen have been identified (Ritch, Dithapongpitch, 1991). Two pathotypes of Xcv- tomato
(XcvT) and pepper-tomato (XcvPT) have been established in Bulgaria (Bogatsevska and Sotirova, 1992). In
recent years, resistance to XcvT and XcvPT has been discovered in tomato lines obtained by complex
interspecific hybridization (Sotirova and Bogatsevska, 1995). The hybrid population derived from resistant line
LCH 168 and susceptible cultivar Ace were used in the investigation. The plants 5-6 true leaves were inoculated
with the suspension from both XcvT and XcvPT pathotypes by using the vacuum infiltration method (Bogatsevska,
1988). Disease expression was graded by using 5-grade scale described by Sotirova and Beleva (1975). The
disease severity of the plants in F, population from the Ace x LCH 168 cross was close to the midparent value
(data not shown) but was always skewed towards the resistant plants. The F2 population segregated in 3 resistant:
1 susceptible plant with a probability value (P) of 0.20-0.50. The BC1P1 segregated in 1 resistant : 1 susceptible
plant (Table 1). The data suppose that the resistance to XcvT and XcvPT pathotypes of Xanthomonas campestris
pv. vesicatoria was inherited with incomplete dominance and controlled by a single gene.

Multiflor - a tomato line with super large inflorescences
Stanch eva, Y.*, Rodeva, V. and Stamova, L.
"Maritsa" Vegetable Crops Research institute. 4003 Plovdiv, Bulgaria IPIGR - Sadovo, Bulgaria
In segregating progenies derived from a cross between a local tomato cultivar and the small red fruited
tomato L. humboldtii (Becker- Dllingen,1956) we selected a stable line called Multiflor which has super large
inflorescences.
There are mutants in tomato with increased numbers of flowers - an - anantha (Stubbe, 1954) and ca cauliflower (Barton et al., 1955) that produce hundreds of little undeveloped flower structures and the clusters look
like a cauliflower head. Other mutants - an-2 - anantha-2 and an-3 - anantha-3 (Stubbe, 1971) also have large
inflorescences, but the pollen is sterile and the mutants have to be maintained as a heterozygote.
The plants of the Multiflor line have indeterminate habit, short internodes, a few leaves and 4-5
multibranched super large inflorescences. One inflorescence numbers 700 - 1200 normally developed flowers
containing completely fertile pollen. The inflorescence enlarges up to the end of the growing season setting about
50 - 60 middle sized fruits (40 - 55 g) per cluster.
We are going to study the genetics of the above described large inflorescences.
The authors would like to thank Dr. Roger Chetelat from University of California,Davis, U.S.A., for his
helpful information
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Comparing the performance of a pair of processing lines nearly isogenic the I2 gene conferring resistance to
Fusarium oxysporum race 2.
Tanksley, 5.1, Bemacchi, D.1, Fulton, T.1, Beck-Bunn, T.2, Emmatty, D.3, Eshed, Y.4, Inai, S.5, Lopez, J.6,
Petiard, V.7 , Sayama, H.5, Wig, j 2, & Zamir, D .4
1 Department of Plant Breeding and Biometry, Cornell University, Ithaca, NY 14853
2 Seminis Vegetable Seeds, Woodland, CA 95695, U.S.A.
3 Heinz U.S.A., Stockton, CA 95201
4 Hebrew University,Rehovot 76-100, Israel
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The I-2 gene on the long arm of chromosome 11 was introgressed from the wild species L. pimpinellifolium
and confers resistance to Fusarium oxysporum f. sp. lycopersici race 2 (Stall and Walter 1965, Laterrot 1976).
To test the effect of I-2 on the performance processing tomatoes, we transferred the gene from an Israeli
processing line, through 6 sequential backcross generations using marker assisted selection, into the open
pollinated, processing variety E6203. A resistant BC6 plant was

selfed and a homozygous resistant stock was selected from the progeny. This homozygous resistant NIL was then
crossed with E6203 to produce seed heterozygous for the I-2 gene.
E6203 susceptible plants and nearly isogenic heterozygous resistant plants were transplanted into field
plots of 20 plants each at standard densities in the summer of 1996. The sites were in Akko, Israel (IS); Badajoz,
Spain (SP), Stockton, California (CAH); Woodland, California (CAP); and Numata, Japan (JP). There were 3 reps
of the heterozygous resistant NIL and 9 reps of E6203 at each site. The only exception was JP where there were
2 reps of the resistant NIL and 6 reps of E6203. Details of field condition and cultural practices can be found in
Tanksley et al. (1 997a). All plots were harvested at the end of the season and evaluated for plant growth/cover,
maturity, stem scar size, fruit color (internal and external), fruit shape, fruit firmness, pericarp thickness, puffiness,
stem core depth, pH, soluble solid, yield (total, red and green), brix*yield, fruit weight and viscosity. The methods
used for these evaluations are described in Tanksley et al. (1997a). The only exception was for yield which was
not measured at CAH. Analysis of variance was used to compare the performance of E6203 and the
heterozygous resistant NIL with respect to each of the measured traits. Table 1 summarizes those traits for which
a significant difference (P<0.1) was observed.
Table 1. p values derived from ANOVAs comparing E6203 and heterozygous 1-2 resistant NIL.
S = susceptible allele, R = resistance allele. The genotype with the higher value for trait is listed in parenthesis
beside the p value.

E6203 and the heterozygous NIL differed with marginal significance (p = 0.05-0.1) for pericarp thickness,
puffiness, pH and soluble solids (Table 1). The heterozygous NIL tended to have thinner pericarp, puffier fruit,
lower pH and lower soluble solids (average brix 4.75 vs 4.90 for E6203). However the most significant differences
were for yield (both total and red yield). The heterozygous resistant NIL averaged approximately 30% greater yield
than E6203. The yield increase was evident in all locations tested (fig 1).

This is the third instance in which disease resistance genes, in the heterozygous state, have been shown to
increase yield in processing tomatoes. The other cases were for Mi (Tanksley et al, 1997b, this issue of TGC) and
Tm2a (Tanksley et al. 1997a). In both of these

latter instances, the yield effect could be shown to behave in an overdominant manner, being realized only in the
heterozygous state. A 16% yield increase was associated with Tm2a and 37% for Mi. Combined with the 30%
increase reported here for I-2, one would predict that if these effects are additive, then all three resistance genes
together (in the heterozygous state) should increase yield a whopping 83%! Such a large effect seems
implausible, but it will be interesting to give it an empirical test by evaluating NILs in which all three genes are
combined. We are currently in the process of generating such NILs in the E6203 background.
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Comparing the effects of linkage drag in a set of processing tomato lines nearly isogenic for the Mi gene for
resistance to root knot nematodes.
Tanksley, S.1, Bemacchi, D.1, Fulton, T.1, Beck-Bunn, T.2, Emmatty, D 3, Eshed, Y.4, Inai, S.5, Lopez, 6,
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The Mi gene for resistance to root-knot nematodes was introgressed from the wild species L. peruvianum
in the 1940's. Using molecular markers it has been determined that modem tomato varieties containing the Mi
gene still have considerable amounts of foreign DNA linked to Mi (Messeguer et al, 1991). In the most common
version of Mi, most of the short arm of chromosome 6 is derived from L. peruvianum, including the Aps-1 isozyme
gene which has served as a marker for selection (Rick and Fobes 1974). In contrast, the French varieties Motelle
and Mogeor contain the Mi gene with only a very small amount of linked peruvianum chromosomal DNA and
cannot be selected with Aps-1 (Messeguer et al. 1991).
There has been speculation about the agronomic effects of linkage drag due to excessive amount of
peruvianum DNA around the Mi gene, but to our knowledge there are no published reports on this topic in
processing tomatoes. To test this phenomenon, we generated a set of nearly isogenic lines (NILs) for the Mi gene
in the genetic background of the open pollinated, processing variety E6203. To construct these NILs, the Mi gene,
derived from two different sources, was backcrossed 8 times, using marker assisted selection, into E6203 and
selfed in the last generation to produce homozygous resistant lines. One source of Mi was derived from an Israeli
processing breeding line which contains the "long" version of Mi (most of the short arm of chromosome 6 is wild
DNA). We refer to this homozygous Mi/Mi E6203 NIL, as Mi-long. The second source of Mi was the French variety
Mogeor and we refer to this homozygous Mi/Mi E6203 NIL as Mi-short.
The Mi-long, Mi-short and E6203 susceptible control were transplanted into field plots of 20 plants each at
standard densities in the summer of 1996. The sites were in Akko, Israel (IS); Badajoz, Spain (SP), Stockton,
California (CAH); Woodland, California (CAP); and Numata, Japan (JP). There were 3 reps of Mi-long and Mishort and 9 reps of E6203 at each site. The

only exception was J P where there were 2 reps of the Mi-NILs and 6 reps of E6203. Details of field condition and
cultural practices can be found in Tanksley et al. (1997). AlI plots were harvested at the end of the season and
evaluated for the traits listed in Table 1 as described in Tanksley et al. (1997). The only exception was for yield
which was not measured at CAH. Table I summarizes ANOVA's comparing performance of set of NILs for each
trait.
Surprisingly few negative effects were found to be associated with either Mi-long or Mi-short. The most
notable negative effects were on fruit firmness and fruit weight. Both Mi-short and Mi-long homozygotes had
significantly softer fruits than the E6203 control. This effect was most pronounced in the homozygous resistant
NILs. The NIL heterozygous for Mi-long was indistinguishable from E6203 with respect to fruit firmness and the
Mi-short NIL was only marginally softer. This finding suggests that the softness associated with Mi is either
additive or partially recessive and can largely be overcome by using the gene in a heterozygous state. Fruit size in
the homozygous Mi-long NIL was reduced approximately 15% compared with the E6203 check and approximately
6% compared with the heterozygous resistant NIL suggesting an additive effect. Mi-short homozygotes also had
significantly smaller fruit than E6203, but Mi-short heterozygotes were similar in size to the E6203 control. The
most notable difference between Mi-long and Mi-short was that the former registered a decrease in pH and the
latter a decrease in viscosity compared with E6203. The Mi-long and Mi-short heterozygotes had 17% and 37%
greater yield respectively compared with E6203 (fig 1). However, this yield improvement was not seen in the
homozygous resistant NILs which were indistinguishable from E6203 (fig 1).
Despite the fact that Mi-short has less peruvianum DNA than Mi-long, both NILs performed similar to the
E6203 control with respect to agronomic traits. The negative attributes (mainly fruit softness and reduced fruit
size) associated with the resistance gene in both of these NILs were manifested mainly in the resistant
homozygotes and can largely be overcome by using Mi in the heterozygous state. Both Mi-short and Mi-long were
associated with increased yield in the heterozygous state, but the yield increase appears to be greater with Mishort. Whether the yield increase can be attributed to a reduction in nematode damage could not be determined,
but nematode damage was not evident in any of the fields where these tests were conducted.
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Gene ms-10 is one of a number of nuclear male sterile genes reported in tomato which can be used in the
production of F1 hybrid seeds. This gene is on chromosome 2 and is tightly linked to the morphological marker aa
(anthocyaninless) and the isozyme marker Prx-2. A fresh market stock has been produced in which the recessive
ms-1035 is in cis with the recessive aa allele and a rare allele of the peroxidase locus, Prx-21. The peroxidase
allele and the anthocyanin allele provide selectable markers for backcross and seedling selection of the recessive
ms-10 allele (Tanksley and Zamir 1988).
We wanted to test the potential effects of ms-1035, and its associated DNA containing aa and Prx-21, on
the yield and quality of processing tomatoes to determine the feasibility of using this gene for producing F1,
hybrids. We therefore produced two nearly isogenic lines (NIL) for the ms-1035 gene in the genetic background of
the open pollinated, processing variety E6203. To construct these NILs, the Prx-21--ms-1035--aa cluster was
backcrossed 6 times, using marker assisted selection, into E6203 and selfed in the last generation to produce
homozygous male sterile plants. The source of the Prx-21-ms-1035--aa cluster was an Israeli processing breeding
line into which the cluster had been transferred from the original fresh market source described in Tanksley and
Zamir (1988). Two separate BC6S1 families were selected from which male-steriles could be identified in the
segregating generation. We refer to these lines as 95T1293 and 95T1184. Male steriles from each line were
hybridized to the recurrent parent, E6203, to generate two heterozygous, fertile seed batches for field testing.

95T1293 and 95T1184 heterozygous seedlings, along with the nearly isogenic control E6203, were
transplanted into field plots of 20 plants each at standard densities in the summer of 1996- The sites were in Akko,
Israel (IS); Badajoz, Spain (SP), Stockton, California (CAH); Woodland, California (CAP); and Numata, Japan
(JP). There were 3 reps of ms-10 heterozygous NILs and 9 reps of E6203 at each site. The only exception was JP
where there were 2 reps of the ms-10-NILs and 6 reps of E6203. Details of field condition and cultural practices
can be found in Tanksley et al. (1997). All plots were harvested at the end of the season and evaluated for the
traits listed in Table 1 as described in Tanksley et al. (1997). The only exception was for yield which was not
measured at CAH. Table 1 summarizes ANOVA's comparing performance of set of NILs for each trait.
The 95T1184 stock was most similar in performance to the E6203 control. It differed only marginally (P =
0.05-0.10) by having more growth and cover, slightly rounder fruit and a higher overall red yield (Table 1).
95T1293 had many more differences relative to E6203. Not only were the fruit rounder, but they were also
considerably heavier than E6203 and 95T1184 (approximately 10% heavier). They tended to be multilocular with
large stem scars and often took on the appearance of a fresh market type which would be unacceptable from a
processing viewpoint. 95T1293 also had a great total yield caused by an increased yield of green fruit. (Table 1).
95T1184 had fruit shape more rounded than a typical blocky E6203 fruit, but the shape still fell in the
range acceptable for processing tomatoes. The fact that both ms-10 NILs had fruit more round than E6203,
suggests that ms-10 is linked to a gene(s) controlling fruit shape. This result is consistent with the identification of
a fruit shape QTL in this same region of chromosome 2 (Ku and Tanksley, unpublished). ms-10 may also be
linked to a yield gene since this trait was affected (positively) in both NILs. Likewise a fruit weight gene may reside
in the same region of chromosome 2, since 95T1293 had much larger fruit. However, since 95T1184 had fruit
indistinguishable in size from E6203, we cannot rule out the possibility that this effect was due to some undesired
gene(s) which still remains from the donor line in 95T1293.
Because of associated fruit effects, 95T1293 is unlikely to be useful as a processing male-sterile type.
However, 95T1184 is similar enough in type to be acceptable for this purpose and may provide some added
benefit of a slight, but significant, increase in yield.
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Comparing the performance of a set of processing lines nearly isogenic for Pto, a gene conferring resistance to.
Pseudomonas syringae pv. tomato
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Pto is a dominant gene on chromosome 5 providing protection against the bacterial pathogen
Pseudomonas syringae pv. tomato (Pitblado and MacNeill 1983). The disease caused by this pathogen, referred
to as bacterial speck, results in serious losses in many regions where processing tomatoes are grown. As a result,
Pto is being incorporated into most new processing variety releases.
Pto was introgressed into cultivated tomatoes from the closely related wild species, L. pimpinellifolium, and
is associated with as much as 20 cM of linked pimpinellifolium DNA (Martin et al. 1993). Whether this linked
foreign DNA has any effects on processing traits has not been determined. For this reason, we constructed a set
of Pto nearly isogenic lines(NILs) in the genetic background of the processing variety E6203. To construct these
NILs, the Pto gene, derived from an Israeli processing lines (H14-Pto), was backcrossed 6 times, using marker
assisted selection, into E6203 and selfed in the last generation to produce a homozygous resistant NIL (referred
to as Pto-R/R = TA537). In addition Pto-R/R was crossed back to E6203 to produce seed heterozygous for Pto in
the E6203 background (referred to as Pto-R/S).
Pto-R/R, Pto-R/S and E6203 (S/S) seedlings were transplanted into field plots of 20 plants each at
standard densities in the summer of 1996. The sites were in Akko, Israel (IS);

Badajoz, Spain (SP), Stockton, California (CAH); Woodland, California (CAP); and Numata, Japan (JP). There
were 3 reps of Pto-R/R and Pto-R/S and 9 reps of E6203 at each site. The only exception was JP where there
were 2 reps of the Pto-NILs and 6 reps of E6203. Details of field condition and cultural practices can be found in
Tanksley et al. (1997). All plots were harvested at the end of the season and evaluated for plant growth/cover,
maturity, stem scar size , fruit color (internal and external), fruit shape, fruit firmness, pericarp thickness, venation
of the fruit, puffiness, stem core depth, pH, soluble solid, yield (total, red and green), brix*yield, fruit weight and
viscosity as described in Tanksley et al. (1997a). The only exception was for yield which was not measured at
CAH. Table 1 summarizes ANOVA's comparing the performance of the NILs and E6203 for each trait for which a
significant difference (P<0.1) was observed.

For most traits no difference could be detected between the NILs or between the NILs and the E6203
control. The exceptions were puffiness, venation, pH and total yield. The Pto-R/S NIL produced fruit which were
significantly more puffy (more intralocular air) than the E6203: control. The heterozygous NIL (Pto-R/S) also had
more veins in the fruit wall (as determined by visual inspection) than either E6203 or Pto-R/R. Both the puffiness
and venation observed in the heterozygous NIL are undesirable from a horticultural perspective. All NIL
comparisons revealed significant differences in fruit pH (Table 1, fig 1). These results suggest that Pto has a
largely dominant effect on suppressing pH. The greatest suppression was seen in the Pto-R/S heterozygotes.
Total fruit yield (green + red fruit) was also great for the Pto-R/S NIL compared to E6203 or Pto-R/R. However,
there was no significant difference in the yield of red fruit or brix*yield among comparisons of the NILs and E6203.

Based on these result, we conclude that Pto (or linked genes) does not have a major impact on most
processing traits. It would also appear that Pto can be used in either the homozygous or heterozygous state with
similar effect. This result is different than that obtained for Mi (Tanksley et al 1997b, this issue of TGC) and Tm-2a
(Tanksley et al, 1997x) for many trait were affected and for which the heterozygous types have a clear yield over
either homozygous susceptible or homozygous resistant genotype. The main effect of the Pto locus (other than
providing resistance to P.s.) appears to be in lowering fruit pH and increasing venation and puffiness (in the
heterozygous state only).
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Comparing the performance of a pair of processing lines nearly isogenic for Sw-5, a gene conferring resistance to
tomato spotted wilt virus.
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The Sw-5 gene was introgressed into cultivated tomato (Lycopersicon esculentum) from the wild species
L. peruvianum and provides resistance against the tomato spotted wilt virus as well as against two other
tospovirus species, tomato chlorotic spot virus (TCSV) and groundnut ring spot virus (GRSV) (Boiteux and
Giordano, 1993). The gene is located on the long arm of chromosome 9 near the RFLP marker CT220 (fig 1).

Figure 1. Molecular map of chromosome 9 showing position of Sw-5. Black area represents portion of
chromosome from L. peruvianum in the E6203 NIL.
To test the effect of Sw-5 on the performance of processing tomatoes, we transferred the gene from the
variety Stevens, through 6 sequential backcross generations, using marker assisted selection, into the open
pollinated, processing variety E6203. A resistant BC6 plant was

selfed and a homozygous resistant stock was selected from the progeny. Stevens contain L. peruvianum DNA
from TG421 to the end of the chromosome (fig 1) . The size of the introgressed area was reduced in the E6203
resistant NIL by selecting for a crossover between CT96 and CT71 during the backcrossing of Sw-5 from Stevens
into E6203 (fig 1). This homozygous resistant NIL was then crossed with E6203 to produce seed heterozygous for
the Sw-5 gene.
E6203 susceptible plants and nearly isogenic heterozygous resistant plants were transplanted into field
plots of 20 plants each at standard densities in the summer of 1996. The sites were in Akko, Israel (IS); Badajoz,
Spain (SP), Stockton, California (CAH); Woodland, California (CAP); and Numata, Japan (JP). There were 3 reps
of the heterozygous resistant NIL and 9 reps of E6203 at each site. The only exception was J P where there were
2 reps of the resistant NIL and 6 reps of E6203. Details of field condition and cultural practices can be found in
Tanksley et al. (1997a). All plots were harvested at the end of the season and evaluated for plant growth/cover,
maturity, stem scar size, fruit color (internal and external), fruit shape, fruit firmness, pericarp thickness, puffiness,
stem core depth, pH, soluble solid, yield (total, red and green), brix*yield, fruit weight and viscosity. The methods
used for these evaluations are described in Tanksley et al. (1997x). The only exception at CAH where yield was
not measured.
Analysis of variance was used to compare the performance of E6203 and the heterozygous resistant NIL
with respect to each of the measured traits. The linkage drag effects of Sw-5 are less than those reported for two
other resistance genes also introgressed from L. peruvianum, Tm2a (Tanksley et al. 1997a) and Mi (Tanksley et
al. 1997b, this issue of TGC). The lack of linkage drag around Sw-5 may be due to the fact that we used molecular
markers to reduce the size of the introgressed segment during backcrossing. Also, Sw-5 is at the end of the
chromosome where the kilo base pairs of DNA; cM ratio is reduced compared to centromeric regions where Mi
and Tm-2a are located. Thus it is possible that the segment of peruvianum DNA surrounding Sw-5 is much
smaller than those around Mi and Tm-2a. Only two traits, pericarp thickness and green yield, registered a
significant difference between the resistant NIL and E6203 (p <0.1). E6203 had a thicker pericarp (p <0.07) than
the resistant NIL and the resistant NIL had slightly greater green fruit yield than E6203 (P <0.04). However there
was no detectable difference in harvestable yield (red fruit) or brix*yield between E6203 and the resistant NIL. We
conclude that the presence of the segment on chromosome 9 containing Sw-5 and flanking peruvianum DNA has
little or no impact on agronomic traits in the heterozygous state and can be readily deployed for use in processing
tomato hybrids.
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Detection of a very tight linkage between Frl and Tm-2 loci in tomato
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In the present work the genetic distance between the Frl and Tm-2 loci was estimated with the purpose of
facilitating selection procedures for resistance breeding to both diseases and of contributing to the mapping of the
Frl locus in the tomato genome. Since the use of individual F2 plants in linkage analyses for disease resistance
can not exclude the mistaken assignment of phenotypes for each pathogen owing to unforeseen interactions
among the pathogens, F3 instead of F2 families were used (Vakalounakis and Williams, 1991).
The inbred line Motelle (Frl+/Frl+, Tm-2+/Tm-2+ was crossed with the inbred line IRB-301-31 (Frl/Frl, Tm2/Tm-2). Two hundred twenty two F2 plants were selfed, and from each F3 family different groups of 15-60
seedlings were tested for resistance to either F. oxysporum f.sp. radicis-lycopersici or TMV race 0. Since in F2
population there was departure from Mendelian segregation, contingency chi-square analysis was performed to
test for independent segregation of Frl and Tm-2 loci. Recombination fraction and its standard error was
calculated using the maximum likelihood procedure (Koornneef and Stam, 1992). This analysis was facilitated by
the use of the LINKEM computer program (Vowden et al., 1995).
A very tight linkage, equal to 5.1±1.07 map units, was detected between Frl and Tm-2 loci in tomato (Table
1), Since Tm-2 locus is located on chromosome 9 at position 22 (Mutschler et al, 1987), our finding suggest that
Frl be located on chromosome 9 at position 17 or 27.
The evidence of the very tight linkage between the Frl and Tm-2 loci provides obvious advantages to the
tomato breeders working on disease resistance since the selection procedure for one locus secures with a very
high probability the simultaneous selection of the other locus. The very strong linkage between the Frl and Tm-2
loci may explain the fast appearance of commercial tomato hybrids resistant to F. oxysporum f.sp. radicislycopersici in the European market as soon as the fusarium crown and root rot disease appeared. Because F.
oxysporum f.sp. radicis-lycopersici is an important pathogen of tomato, we have began to test numerous TMV
resistant lines coming from various genebanks for possible resistance against F. oxysporum f.sp. radicislycopersici.
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Table 1. Linkage relationship between the Frl locus for resistance to Fusarium oxysporum f.sp. radicis-lycopersici
and the Tm-2 locus for resistance to TMV arranged in coupling phase and determined from F2 segregation data in
tomato
Segregation locus Frl x locus Tm-2

The hybrid Lycopersicon esculentum x Lycopersicon pimpinellifolium f. galapagos - source of high beta-carotenes
and lycopene content in the fruits

Vulkova, Z., Chalukova, M. and Baralieva, D.
Acad. Doncho Kostoff Institute of Genetics, BAS, Sofia 1113 BULGARIA
The gene B/B+, related to the synthesis of beta-carotene/lycopene, is located in chromosome 6 and is
linked to the gene for or indeterminate/determinant stem - sp+/sp. The crossing-over between the two genes
according to Rick (1956) is approximately 1%. As far as we know, the first determinant beta-orange variety is
Carobeta with beta-carotene content around 3.5 mg% (Georgiev et al., 1981).
The species L. pimpinellifolium f. galapagos LA 430 was used as a donor of the dominant allele B. It was
crossed with six determinant varieties of L. esculentum (Drujba, Caroline, Jackipot, Marcury, Luisiana, MH1) with
high lycopene content. The determinant beta carotene and lycopene plants selected in F2 were included in
introgressive hybridization with determinant varieties of L. esculentum. These introgressive crosses were carried
out until BC4-BC6. Average samples from the parental species, F1 and consolidated lines, as well as individual
plants from the segregating progenies were biochemically analyzed for beta-carotene, lycopene, vitamin C and
dry matter content. The data for the quantity of different components were calculated in percentage of the fresh
matter. The progenies of the hybrids Caroline x L. pimpinellifolium f. galapagos and Mercury x L. pimpinellifolium f.
galapagos initiated several beta-carotene and lycopene lines with high values of the beta-carotene, lycopene,
vitamin C and dry matter. As a result a beta-carotene line (Paco-orange) and a lycopene one (LIC -10) were
obtained (see table), with the botanical and economic characteristics of L. esculentum. The fruits of both (Pacoorange and the LIC-10) lines were ovally-flat, uniform in size, with average weight respectively 91 g and 75.75g
(coefficients of variation 12.80 and 14.24).
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