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FOREWORD 
 

The Tomato Genetics Cooperative is a group of researchers who share an interest in tomato genetics, and who 
have organized informally for the purpose of exchanging information, germplasm, and genetic stocks. The Report of the 
TGC is published annually and, in addition to reports of work in progress by members, it contains updates on materials 
available and of the tomato linkage maps. The research reports include work on such diverse topics as new traits or 
mutants isolated, new cultivars or germplasm developed, interspecific transfer of traits, studies of gene function or 
control and tissue culture. 

 
As of May 1, 1995 TGC membership stood at 420 from 45 different countries. Requests for membership ($5.00 

{US} per year) should be sent to Rich Zobel, 1005 Bradfield Hall, Cornell University, Ithaca NY 14853-1901. 
Suggestions for improvement or additions to the reports are always welcome. 

 
Submission for the next report can be sent either to R. Zobel or M. Mutschler anytime before February 1, 1996 

(submissions may be made on IBM or Macintosh compatible discs with an included hard copy). Names for new 
mutants, clones, and RFLPs should be submitted to the nomenclature committee c/o R. Zobel, in advance of 
publication. 
 
Requests for seed stocks should be addressed to the respective suppliers 
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RESEARCH REPORTS 

Self-compatibility in L. peruvianum CMV sel INRA 
 
Abad, J., Ayuso, M.C. and Anastasio, G. 
Petoseed Iberica, S.A. Estacion de Investigacion. 04740 La Majonera, Almeria (Spain) 
 

Breakdown of self incompatibility in L. peruvianum has seldom been reported. Hogenboom (1972) 
found in a population which had been repeatedly reproduced some plants that showed a stable form of 
self-compatibility while others displayed a self-compatible (SC) behavior under high temperatures, 
meaning that in the latter group self-incompatibility was overcome by high temperatures. In 1982 Rick 
described the accession L. peruvianum LA 2157 as highly SC. Recent studies on this accession (Royo et 
at. 1994, Kowyama et al. 1994) have shown that the mutation of the S locus is responsible of the SC 
behavior in this accession. 

While reproducing some Lycopersicon materials, it was noticed that some plants in a L. 
peruvianum line spontaneously set seedy fruits (pollen contamination was not likely because of the 
absence of pollinator insects in the greenhouse). The origin of this line, CMV sel INRA, is the cross 
between two L. peruvianum materials PI 126926- A, x A6 and PI 128648-6 (Laterrot 1984). 

Nineteen plants of this line were self-pollinated to characterize the unusual reproductive behavior 
of CMV sel INRA. The number of pollinated flowers was recorded. Two months later the number of set 
fruits and seeds per fruit were counted. The test of self-compatibility was done as described by 
Hogenboom (1972) using 2nd, 3rd, and 4th cluster from each plant. Self-pollinations were carried out 
under greenhouse conditions in Almerla (Spain) in the Fall period. Six plants of a known self-incompatible 
(SI) L peruvianum accession (LA 2172) were used as control. 

In the L. peruvianum CMV sel INRA line a success of 80% in fruit setting was obtained while no 
fruit setting was registered in the control L. peruvianum LA 2172 (table 1). 

  



According to the average number of seeds per fruit in every studied plant a variable degree of 
self-compatibility was observed in L. peruvianum CMV sel INRA. The distribution of the plants ranges 
from the SI ones (0-1 seeds per fruit) to the fully SC (30 seeds per fruit) (figure 1). It seems that an 
overcoming of the self-incompatibility by a high temperature sensitive reaction is unlikely due to the 
period when the pollinations were done and also for the homogeneous results among the different 
clusters in every single plant (data now shown). This suggests a stable but variable expression of the 
SC behavior, although further studies are needed. 
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Anthocyaninless mutants - potential for improvement of germination ability in Lycopersicon esculentum 
Mill. 
 
Atanassova B. and Shtereva L. 
Institute of Genetics "Acad. D. Kostoff', B A S, Sofia 1113; Bulgaria 
 

As a result of screening for stress tolerance during germination among nearly 400 lines and 
cultivars of Lycopersicon esculentum, we have noticed that the majority (80%) of the lines classified as 
"highly tolerant" carried well known mutant genes affecting anthocyanin synthesis. Eleven mutations 
which affect quantity, distribution and/or synthesis of anthocyanin in tomato are known to date (Rep. of 
TGC 1987, 1993). 

The investigation of the effect of 6 of those genes (aa- anthocyanin absent, ae- entirety 
anthocyaninless, ag- anthocyanin gainer, ah- Hoffmann's anthocyaninless, aw- without anthocyanin 
and b/s- baby lea syndrome) on tomato seed germinability under control and stress conditions was 
performed on isogenic (IL) or near isogenic (NIL) lines described by Maxon Smith, J.W., Ritchie D.B. 
(1982), Philouze J. (1991), Rep. TGC (1993) and kindly provided by J. Philouze (Station 
d'Amelioration des Plantes Maraicheres, Monfavet, France) and Prof. C.M. Rick (Tomato Genetics 
Resource Centre, California, USA). The effect of each one of the genes was investigated on at least 2 
genotypes (Table 1). All seeds included in the study were produced in the same-year and in the same 
place. Germination responses were visually scored as a percentage of germination (radicle protrusion) 
at different intervals depending on the treatments. 
 

  
The results of our investigations showed that genes aa and ag have no effect on tomato 

germination ability. On the contrary, genes ah, ae, aw and bls exercise "enhancing" effect on this 
character, both under control and stress treatments. It was valid for all genotypes studies (initial line 
compared to its IL /NIL respectively). In order to save space in Table 2 we give as an example the 
effect of gene b/s on germination abilities of only two tomato genotypes. The effect of gene b/s on the 
other genotypes as well as the effect of ah, ae and aw genes was similar it varied depending on the 
genotype and the treatments from 30% to several times. Three of the four genes enhancing tomato 
germination abilities (ah, aw, bls) have been classified in the same group as mutants controlling the 
intermediate stages of anthocyanin synthesis because they synthesize flavones and/or flavonols but 
not anthocyanins. Genes aa and ag have been put in other groups different than that of the above 
mentioned genes (Knowles 1967). In this sense it might be supposed that anthocyanin mutations 
concerning flavones and flavonols synthesis may influence tomato germination capacity. 



  
Significant differences have been observed in the reciprocal crosses. The F1, hybrids 

blsbls x bls+bls+, ahah x ah+ah+, awaw x aw+aw+ and aeae x ae+ae+ showed considerably higher 
germination abilities under control and stress conditions than their reciprocal hybrids respectively. 
In this sense the genetic performance of the lines whose tolerance to stress during germination 
was due to genes ae, ah, aw and bls did not differ from the performance of the "ordinary" salt 
tolerant line P1174263 (Fooland, Jones 1991). The probable cause for such a performance is the 
seed structure: diploid embryo, triploid endosperm and diploid seed coat (tissue entirely of 
maternal genotype). In our opinion the influence of ah, ae, aw and bls genes on tomato 
germination ability might be discussed as a result of specific gene effect because of the following 
reasons:1) the four genes are localized on different chromosomes-so the idea for the existence of 
eventual linkage between those genes and genes controlling germination capacities might be 
rejected; and 2) the effect of the genes is independent on the way of obtaining the IL / NIL-
(spontaneous mutation, induced mutation, backcrosses). Having in mind the above mentioned 
characteristics of the genes effect and seed structure as well as the results of the genetic and 
molecular analysis of the plant anthocyanin synthesis (Paz-Ares et al 1986), some pleiotropic 
effect of gene bls, ah, ae and aw, might be supposed. This effect probably concerns physical, 
physiological or other properties of the seed (such as formation of weaker seed coat) permitting 
more rapid germination under control and stress conditions. 

The results reported here may be used as a tool for the improvement of tomato 
germination abilities under optimal and stress conditions on the basis of morphological markers. 
On the other hand because of the seed structure characteristics that condition the manifestation 
of maternal effect in F, during germination the phenomenon may be applied in the breeding of 
hybrid varieties as well. 
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Tomato resistance to Alternaria solani Sor. and inheritance of the trait 
 
Avdeyev, Y.I., Scherbinin, B.M. 
Vegetable Crops Selection Laboratory, All-Russian Scientific Research Institute of Irrigated Vegetable 
and Melon Growing, PO Box 93, Astrakhan 414000, Russia 
 

Annually Alternaria solani Sor. causes 15-40% losses of yield and quality to the fresh 
market tomato production in Astrakhan region and other vegetable producing areas of Russia. To 
identify the most promising sources of resistance for the disease, a collection of cultivar samples 
was studied under artificial infection with the disease agent. Fungal pathogen population was 
isolated from tomato plants exhibiting alternariosis symptoms and identified by cultural 
parameters of fungus Alternaria solani Sor. as described by P. Sorauer (Levkina, 1984). 

Tomatoes were grown under greenhouse conditions with the density of planting 5x5 cm 
45 days seedlings were transplanted on the open test-plot at spacing 0, 9x0, 35 m (with one plant 
each). At the phase of flowering-beginning of ovary formation the test-plants were artificially 
infested by means of spraying the vegetation with Alternaria solani Sor. suspension at a rate of 
15-20 ml per plant with concentration 30-40 conidia in microscopic field of vision (x 120) 
(Avdeyev, Scherbinin, 1988). After disease symptoms had developed the records were taken and 
repeated with 10-20 days intervals. A disease score was given to each individual plant according 
to 5-grade scale: 0 - no disease; 1 - less than 10% of the affected leaf-stem mass of the plant; 2 - 
11-25% of the affected leak-stem mass; 2 - 26-50% of the affected leaves and stem; 4 - over 50% 
of the affected leaf-stem mass of the plant The amount of all the fruits formed on each plant and 
percentage of the fruits affected was also counted. 

Throughout 3 years experiment involving more than 200 variety samples, severely 
damaged leaves (4 grade) were noted in all cultivars in 70-90 days after the artificial infection. At 
the same time in the most resistant samples 9-49% of the fruits remained unaffected by the end 
of the vegetation. In 10-50 days after spraying with the infectious agent the varieties showed 
different levels of disease resistance as judged by the state of their leaf stem mass (1-4 scores) 
and fruits (0-100%); a direct positive correlation was observed between the two indices (r=0, 61-
0,80). As a rule, late-ripening samples were more resistant to alternariosis than early varieties. 
The highest level of resistance was noted in tow samples of L. esculentum Mill. var elongatum 
Brezh.-Paul-1-220 and Paul-2VFN-205. Both were mid-late-ripening, long-stemmed (h' 1.4m) 
plants with mighty vegetation growth and oblong fruits of 30-40 g by weight. F1, hybrids from 
crossing these samples with highly disease-damageable varieties exhibited dominance and 
overdominance of the resistance to alternariosis affection both of leaf-stem mass and fruits that 
proves the interrelationship of these indices. The dominance of resistance was expressed in 
reciprocal combination, i.e. the resistance to alternariosis in varieties Paul-1 -220 and Paul-2VFN-
205 is determined by nuclear genes (Table 1). 



  
The genetic nature of Alternaria fruit resistance trait was studied on hybridic combination 

Paul-2VFN-205 x Start Shot (Table 2). The data obtained suggest incomplete dominance of 
resistance trait in F1-, F2-hybrids and backcross. 

 
Table 2: Tomato inheritance of resistance to Alternaria solani Sor. in hybridic combination 

Paul-2VFN-205 x Short Shot (data in 40 days after spraying the plants with pathogen suspension). 
F2-plants were segregated into resistant (of type P1,+F1,): non-resistant (P2) in the ratio 

71:26 that corresponds to 3:1 at 0.75>P>0.45 (X2=0.168). In backcross non-resistant plants (61-
100% of the affected fruits) counted 23, and the ratio of non-resistant (P2-type) to the rest plants 
(which would correspond to F1, at monohybridic inheritance) was 23:27. This ratio corresponds to 
expected segregation 1:1 at 0.50>P>0.25 (X2=0.320). Meanwhile, it should be noted that variations 
in disease intensity in plant group attributed to F1, were in wider ranges than expected according to 
F1- control. This phenomenon could be explained by the effect of the combination of minor genes 
of both parents resulting in a higher dominance of resistance trait in heterozygous plants in F2- and 
BC,-populations. Monohybridic inheritance of resistance to Alternaria solani Sor. is concluded in 
Paul-2VFN-205 and the symbol "Ad" is proposed to designate incompletely dominant gene, as 
distinct from the known recessive gene "ad" (Clayberg et al., 1971). 
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Identification of the self-incompatibility progenitor alleles of the self-compatible mutation in 
Lycopersicon peruvianum.
 
Bernatzky, R., Zhang, Y., Hackett, G.R. and Glaven, R.H. 
Department of Plant and Soil Sciences, University of Massachusetts, Amherst, MA 41003 
 

LA2157 is the only known self-compatible (SC) collection of L. peruvianum (Rick 1986). The 
mutation is likely due to alteration of the proposed active site of the protein product of the S locus 
(Royo et aI. 1994), although temporal and spatial patterns of protein expression of the Sc allele are 
typical for functional S alleles (Rivers and Bernatzky 1994). We have cloned an independent cDNA 
copy of the Sc allele and mapped it to the S locus using a backcross population (LA2157 X LA2163) X 
LA2163. We then used the Sc clone to identify potential progenitor alleles through DNA hybridization. 
The great diversity in allele sequences allows discrimination of alleles based on Southern blot 
hybridization (Rivers et al. 1993). 

We screened 29 individuals of LA2163 from seed that was originally collected from 12 plants 
(provided by C.M. Rick). LA2163 is from the same locale as LA2157 and is similar in morphology' 
(Rick 1986). The Sc sequence hybridized to four individuals under moderately stringent conditions 
(68°C, 5X SSC during hybridization, final wash at 68°C, 0.5 X SSC). This frequency of DNA cross 
hybridization in natural populations is similar to that found for other S alleles (Lia'ng et al. 1994). We 
further identified five individuals from a mass sib seed lot of LA2163 (provided by C.M. Rick). One 
individual from the original collection and these additional five were found to have identical restriction 
patterns (three enzymes) as that of SC individuals of LA2157. 

These six individuals of LA2163 were determined to be SI through controlled self-pollinations. 
Pollen from these homologous individuals of LA2163 was accepted by emasculated females of  
LA2157. However, pollen from LA2157 was rejected by each of the six LA2163 plants. This indicates 
that the SC mutation, which lacks the ability to reject pollen, still retains sequences responsible for 
pollen recognition that permits pollen bearing the Sc allele to be rejected by these progenitor allele(s). 

This Sc clone and related seed are available to interested researchers. 
 
Literature Cited: 
 
Liang W. et al., 1994. Rep. Tom. Genet. Coop. 44:22-23. 
Rick C.M., 1986. In: D'arcy W.G. (ed) Solanaceae biology and systematics. Columbia University 
Press, New York. 
Rivers B.R. et al., 1993. Mol. Gen. Genet. 238:419-427. 
Rivers B.R. and Bernatzky R., 1994. Sex. Plant Reprod. 7:357-362.  
Royo ,i. et aL, 1994. Proc. Natl. Acad. Sci. 91:6511-6514. 



Mapping the Lv gene 
 
Blaker, N., Reiwich, S. And Yoder, J.I. 
Dept. of Vegetable Crops, University of California, Davis� 
 

Powdery mildew of tomato in California is caused by an obligate pathogen Leveillula taurica. 
In greenhouse and field studies in Bulgaria, researchers (Stamova and Yardanov, 1990) identified 
a single dominant gene, Lv, which confers resistance to L taurica, The resistance gene originated 
in Lycopersicon chilense and was introgressed into a cultivar called Laurica. In this study we 
mapped the Lv gene and linked RAPD markers on an existing tomato genetic map. 

Seventy-one F-3 families, derived from a cross between Laurica and a powdery mildew 
sensitive L. esculentum, were planted in the field in Davis, California. At the end of the field 
season, disease symptoms were elevated and homozygous resistant and homozygous sensitive 
individuals were identified. DNA was extracted from leaves of these individuals and then combined 
to create a sensitive pool and resistant pool of DNA. Using bulk segregant analysis (Michelmore et 
al., 1991), these pools were screened with 520 RAPD primers (Operon Technologies, Alameda, 
CA) in order to identify polymorphic markers linked to the resistance gene. Thirteen 
polymorphisms linked to Lv were detected. Eight of the polymorphisms were cis and five were 
trans relative to the resistance gene. Three of these polymorphic markers were then used as RFLP 
probes on a mapping population derived from a cross of L. esculentum X L. pennellii developed by 
Dr. S.D. Tanksley, Cornell University USA. Our segregation data were analyzed using the software 
program Mapmaker to determine the map location of Lv and the linked markers. 

All three markers were located on chromosome 12 approximately 6.1 cM from the RFLP 
marker CD4B. This is consistent with an earlier report (Chunwongse et al., 1994) in which Lv was 
mapped on chromosome 12 between CT211 and CT219. 
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Broom rape on tomato as a new host for epiphytic state of Xanthomonas campestris pv. vesicatoria 
and Pseudomonas syringae pv. tomato. 
 
Bogatzevska, N. and S. Deneva 
Plant Protection Institue, Kostinbrod 2230, Bulgaria 
 

Xanthomonas campestris pv. vesicatoria (Xcv) and Pseudomonas syringae pv. tomato (Pst) 
have a resident stage either on their host - tomato, or non-host weeds, in which they multiply, and 
are most likely source of inoculum for disease (McCarter et al., 1993; Jones et al., 1986; 
Bogatzevska et al., 1992). Epiphytic growth of bacteria is not host specific (Hirano and Upper, 1983; 
Timmer et al., 1987). Broom rape (Orobanche ramosa and Orobanche muteli Schultz) on tomato has 
limited spread on sensitive cultivars (Druzhba, Ideal, Lira, Venera) in different tomato production 
regions in Bulgaria. 

During the sampling period (1988-1994), from different tomato fields in North and South 
Bulgaria, two species of broom rape were collected from tomato cultivars Lira, Ideal, Venera and 
Druzhba with bacterial speck and spot symptoms. They were analyzed in three phases of the 
development of the main host - when the stem appears in the plant base, during the bloom and 
during the mass seed formation. 

Water filtration from all plants of broom rape were performed using the Bogatzevska's method 
(1988) for Pst and the method of Jones et al., 1986 for Xcv. The presence of Pst and Xcv in the 
filtrates was demonstrated by inoculation on leaves of the test plants (Chico and Ideal). Isolations 
were made from each type of broom rape and bacterium from test plants on KBM for Pst and PDS, 
NYGA for Xcv. The phytopathogenic bacteria were identified with the standard bacterial methods 
(Schaad ed., 1988). The seeds of broom rape were collected in the end of the season and were 
analyzed by the method of Vitanov and Bogatzevska, 1988 with KBM for Pst and XTS, XCV for Xcv 
(Schaad, 1988). 

Pst develops symptomlessly on O. ramosa, that sponges only on sick of bacterial speck 
tomato plants (Druzhba). Xcv is in resident population on O. muteli, that sponges on sick of bacterial 
spot tomato plants (Lira, Venera, Ideal). The results from the analysis of the broom rape seeds show 
that Pst saves its vitality in the seeds of O. ramosa, and Xcv in those of O. muteli. They are main 
sources of infection.  
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Contribution of two races of Xanthomonas Campestris pv. vesicatoria to Bacterial spot of tomato in 
Bulgaria 
 
Bogatzevska, N., V. Sotirova 
Plant Protection Institute, Kostinbrod 2230, Bulgaria Institute of Genetics, Sofia, Bulgaria 
 

Bacterial spot caused by Xanthomonas campestris pv. vesicatoria (Xcv) is one of the most widely 
spread and serious diseases affecting only tomato production in Bulgaria. Two groups of the bacterium, 
the tomato pathotypes XcvT and the pepper-tomato pathotypes XcvPT, have been described in Bulgaria 
(Bogatzevska, Sotirova, 1992). XcvT is widely spread in all cultivars in the Bulgarian regions. Tomato 
strains are divided in two races based on different reaction on tomato genotype Hawaii 7998 (Wang et al., 
1990, Bouzar et al., 1994). The two groups of Xcv strains differ also in amylolytic and pectolytic activities 
(Bouzar et aL, 1994a,b). 

Leaves and fruits of tomato with typical symptoms were collected from different regions and 
cultivars of Bulgaria during the sampling period 1991-1994. Bacteria were isolated on nutrient yeast 
extract NYGA and PDA. The pathogenicity was confirmed by vacuum-infiltration on tomato cultivar Chico 
(Jones et al., 1986) and the pathotypes of Xcv were distinguished by the method of Cook and Stall (1969). 
Bacteria were identified with the standard bacterial methods (Schaad et al., 1988). Tomato races were 
determined according to reactions on plants of the susceptible tomato cultivar Ideal and the genotype 
Hawaii 7998 (Whalen et al., 1993). Pectate utilization and starch hydrolysis on the strains were tested as 
described by Stall et al., 1994. 

This study shows that tomato race I and 2 of Xcv are present in Bulgaria. From 90 XcvT strains 
tested, 55% were race 2 and 45% race 1. After 72h necrosis on leaves of cultivar Ideal plants occurred 
with strains of both races. HR occurred on leaves of tomato line Hawaii 7998 within 24h after infiltration 
with all race 1 strains. Small necrotic spots appeared on leaves of tomato line Hawaii 7998 within 72h after 
infiltration with all race 2 strains. XcvT strains from a Bulgarian collection were assigned to the A or b 
group by testing for amylolytic and pectolytic activity (A strains - race 2 - with consistently non-amylolytic 
and non-pectolytic activity; B strains - race 2 - amylolytic and pectolytic activity). The reaction on tomato 
lines separated the two groups - A strains were race 1, B strains race 2. 
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Naturally epiphytic survival of Xanthomonas campestris pv. vesicatoria on symptomless tomato and 
weeds 
 
Bogatzevska, N., V. Sotirova, S. Deneva 
Plant Protection Institute, Kostinbrod 223D, Bulgaria Institute of Genetics, Sofia, Bulgaria 
 

Several pathovars of Xanthomonas campestris can survive and multiply as epiphytes on hosts 
and non-hosts without producing symptoms of disease (Leben, 1963, 1981; Hirano and Upper, 1983; 
Trimmer et al., 1987; Romantschuk, 1992) Bacterial spot of tomato caused by Xanthomonas campestris 
pv. vesicatoria (Xcv) is one of the most economically important pathogens in Bulgaria. Scv can be 
present as epiphytes on tomato leaves (Leben, 1963; McGuire et al., 1991) and weeds (Laub and Stall, 
1967; Jones et al., 1986; Bogatzevska et al., 1992). 

Twelve weeds species were collected from symptomless tomato fields (cultivars Milana, Lira, 
Bella, Trapezicha) from different regions of Bulgaria during 1992-1994. The weed samples (leaves and 
roots separately) and leaves, flowers and little green fruits of healthy tomato plants were assayed with 
the filtrates method (Jones et al.. 1986) on the test plant Ideal. Isolations were made from suspect 
lesions on NYDA. The pathogenicity of the isolates was proved by vacuum infiltration of tomato (Jones 
et al., 1986). The phytopathogenic bacteria were identified with the a standard bacterial methods 
(Schaad, 1988). The pathotypes of Xcv were distinguished by the method of Cook and Stall (1966) and 
the tomato races by the method of Whalen at al., 1993. 

Results of the fields studies show that Xcv can survive epiphytically for various periods an tomato 
and wide range of annual weed species, some of which have never been reported as natural epiphytic 
hosts. In these studies Xcv generally survived better on foliage than on roots. 

Xcv develops epiphytically on the foliage of the Echinochloa crus-galli, Setaria glauca, Datura 
stramonium, Solanum nigrum and Amaranthus retroflexus; on the roots of Polygonum convolvulus, 
Chenopodium album and on the whole plants of Portulaca oleracea, Galinsoga parviflora, collected from 
fields with a symptomless development of bacterial spot on the main host - tomato. The natural epiphytic 
population of Xcv refers to tomato pathotypes. Race 2 of XcvT is more widely spread, and race 1 is 
found only on weeds collected from the test-field in the Institute of Genetics. 

Xcv develops symptomlessly on leaves, flowers and fruit of the natural host - tomato - and 
epiphytically on the one-year weeds of the common for the culture and the region weed association 
when there is high temperature and low humidity. 
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Conjoint resistances in Lycopersicon genus to Liriomyza trifolii. and L. huidobrensis
 
Bordat, D', Laterrot, H.2, Moretti, A.2 and Pages, C.' 
1. ClRAD-FLHOR -_BP 5035 - 34032 MONTPELLIER Cedex 1, France 
2. INRA Amelioration des Plantes Maraicheres - BP 94 - 84143 MONTFAVET Cedex, France 
 

Various levels of leafminer resistance were observed in Lycopersicon genus (Laterrot et al. 1987). We 
have particularly studied and used the source L. cheesmanii LA 1401 for L. trifolii (Burgess) (Bordat et al. 
1987). 

The resistance to L. trifolii of LA 1401 is controlled by a polygenic system with incomplete dominance. A 
breeding program was realized from LA 1401 with four cycles of backcrosses, with self-pollination or 
intercross between every backcross, then a pedigree selection. The program is based on the trial of the 
resistance under infestation controlled in laboratory (Dalle et Bordat 1993). The resistance lines obtained 
have a determinate growth (gene sp), resistance to Fusarium oxysporum f. sp. lycopersici pathotype 0 (ex 1) 
(gene I) and Stemphylium spp (gene Sm). Their fruits are firm and with a medium size. Three of these lines, 
particularly one (TROP.G9-18) are in large experimentation in different pedoclimatic conditions, and against 
various species and populations of Liriomyza, in Mediterranean basin, subtropical and tropical regions. 

Since the species L. huidobrensis (Blanchard) is enlarging its geographical area, we tested the newly 
selected lines, and the sources of L. trifolii resistance formerly observed. Table 1 summarizes the results of 
the various tests realized with the two species (from Reunion Island). It is clear that the best sources of 
resistance to L. trifolii resistance are also the same as the L. huidobrensis. 
 
 
Table 1. Comportment of various Lycopersicon accessions against Liriomyza trifolii and L. huidobrensis. 
Number of mines by plant, on the tested lines and on the susceptible control Flora Dade, in the same test. 
Infestation of 20 plantlets by accession, with 50 Liriomyza female adults. 

  



Variable Susceptibility of Tomato Lines to Tomato Late Blight 
 
Fry, W.E., D. Legad, and M.A. Mutschler 
Departments of Plant Pathology and Plant Breeding, Cornell University, Ithaca, NY 14853 

 
A trial was run to analyze the susceptibility of tomato cultivars grown in New York State to late 

blight. In the same trial, were included lines from Martha Mutschler's tomato breeding program for 
Early Blight tolerance. The test used was very severe. The tomato entries were evaluated with a 
strain of Phytophthora infestans that is especially aggressive against tomatoes, as well as potatoes, 
and was widespread in New York in 1993 (the US-7 clone). The strain is of the A2 mating type, and 
resistant to metalaxyl. All of the plants in each of the plots were inoculated with a high rate of 
inoculum. The cultivars were assessed several times during the epidemic, and relative susceptibility 
is reflected in the "Area Under the Disease Progress Curve" (AUDPC). A larger AUDPC indicates 
greater susceptibility. 

Although all tomato cultivars and breeding lines were susceptible to late blight, there were 
differences in relative susceptibility among them. Among the named cultivars, Pik Rite and Sunrise 
were the most susceptible (Table 1). West Virginia '63 and Indeterminate Gardener were the least 
susceptible. However, these two varieties are the only indeterminate entries in the test. The 
determinate line Determinate Gardener, which is isogenic to Indeterminate Gardener and differs 
from Indeterminate Gardener only at the sp locus, is as susceptible as Pik Rite and Sunrise. 
Therefore any degree of reduced susceptibility of the two indeterminate lines compared to the other 
named varieties in the test is very likely to be due to their indeterminance, rather than true reduction 
in susceptibility. Interestingly, the recent immigrant strain of P. infestans (US-7) apparently ranked 
named determinate cultivars in approximately the same order as did the previous indigenous 
population of P. infestans. Therefore, there was no indication of differential response of tomato lines 
to different strains of P. infestans used to date. 

Among the determinate tomato lines used, the five entries least susceptible to Late Blight are all 
lines that had been breed for tolerance to Early Blight (Table 1). Two are lines released from North 
Carolina, and the other three are lines bred at Cornell, that are related, in part, to the North Carolina 
lines. This suggests that in selecting for early blight tolerance, some level of decreased susceptibility 
to late blight was also transferred. The lines that show the reduced susceptibility to late blight all are. 
Early Blight tolerant lines, however two other Cornell Early Blight tolerant lines also related to the 
North Carolina tolerance sources were quite susceptible to late blight Therefore possession of this 
source of early blight tolerance does not guarantee reduced susceptibility to late blight. The two 
North Carolina lines are also quite late; the time to maturity of 11-El was rated at 60 days after 
transplantation, compared to the time to maturity of Sunrise and Pik-Red of 51 and 54 days after 
transplantation in a parallel trial on early blight tolerance in 1994. However, maturity alone cannot 
account for the different response to blight, since the Cornell Early Blight tolerant line 93-204-3 was 
also rated as a 60 day line but was very susceptible to late blight, and the Cornell lines 93-211-1 and 
93-317-1 were similar to NC 11-El and NC EBR2 in response to late blight even though they were 
somewhat earlier in maturity than the North Carolina lines (57 days for both 93-211-1 and 93-317-1). 

We cannot determine whether the level of reduced susceptibility in the Cornell and NC lines is of 
practical use; the severity of the test was too high to allow this distinction. We cannot repeat the 
work in 1995, due to a block imposed on further use of tomato strains of P. infestans on or near our 
research farms. Potato strains of P. infestans do produce disease on tomato, although with less 
severity. We are will reexamine the Cornell and NC lines in 1995 using potato strains of P. infestans 
to try to determine whether the level of reduced susceptibility in these lines is of potential practical 
use. Seed of the Cornell lines are also available to interested parties. 



  



Putative role of glandular trichome phenolles in tomato resistance to White fly (Trialeurodes 
vaporariorum West) 
 
Georgieva, I., V. Sotirova  
Institute of Genetics  
Sofia -1113, Bulgaria 
 

Whiteflies (Trialeurodes vaporariorum West) are found world-wide. They are one of the most 
current pests of glasshouse and field tomato and cause serious damage to commercial production. They 
have both direct and secondary effects as vectors of plant viruses (Markham et al., 1991). The resistance 
of wild tomato species to whitefly is connected with both density and type of leaf trichomes. Moreover, a 
positive correlation was observed between the resistance and the presence of glandular secreting 
trichomes (Sotirova, Georgiev, 1981). Furthermore, insect resistance is influenced by different 
substances on the leaf surface (Flanders et al., 1992, Nielsen, Severson, 1992; Luzak, 1993). 

In this report attention is focused on the localization of some phenolic compounds in the trichomes 
of three tomato species with different resistance to whitefly - Lycopersicon esculentum cv. Roma, L. 
hirsutum typicum (with moderate resistance) and L. pennellii (the most resistant). The phenolic 
compounds were tested cytochemically using staining with toluidine blue 0 at pH 4.4. Polyphenols were 
localized using both nitrous reaction of Reeve and vanillin-HCI reaction. The flavonoids were determined 
by their fluorescence after treating with 5% ethanolic AICI3. The fluorescence of favonols was observed 
after staining with 0.5% solution of ethylfiavognost in absolute alcohol. The results obtained after 
cytochemical investigation of leaf epidermis are presented in Table 1. 

  
The susceptible L. esculentum lacks both glandular trichomes and phenolics. On the other hand, 

trichome glands of the resistant L. pennellii were deeply stained after all staining procedures were 
carried out. Additionally, the cell walls of the glandular trichomes showed positive reaction for 
flavonoids and polyphenols after vanillin-HCI reaction. L. hirsutum exhibited moderate resistance, the 
glands of its small trichomes manifested pale fluorescence characteristic for flavonoids and flavonols 
as well as slightly positive nitrose reaction to four polyphenols. In the cell walls of its very long 
trichomes a weak florescence of flavonols was observed. In addition, it ought to be pointed out that the 
trichome glands of L. hirsutum are very small in comparison to the glands of L. pennellii and 
consequently, the amount of the glandular sap on the surface of L. hirsutum leaves is considerably 
less. These results revealed a positive correlation between the resistance of the three tomato species 
to whitefly and the phenolic content in their glandular trichomes. 

The role of secondary plant constituents as feeding deterrents has long been appreciated. 
Although the phenols are not well represented in the list of deterrents, their role in reducing infestation 
has been illustrated (Levin, 1971; Papp, 1993). Our data support the suggestion that not only 
pubescence and the type of leaf trichomes but the phenol content in the glandular trichomes of 
tomatoes are significant for their resistance to whitefly. 
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Can a leaflet be used instead of the whole leaf to monitor Na and K concentrations? 
 
Gonzalez-Fernandez, J.J., R. Fernandez-Munoz, and J. Cuartero  
Estacion Experimental La Mayora - CSIC. 29750 Algarrobo, Malaga, Spain. 
 

Na and K concentrations have been related to salt tolerance in tomato but sampling whole leaves 
produce both damage to plants and an excess of material to be analyzed. Adams (1991) found that the 
terminal leaflet of the fifth leaf could be used in place of whole leaf to monitor the nutritional status of 
tomato plants, thus reducing the loss of photosynthetically active leaf from the sampled plants and the 
amount of material to be processed. In addition, more plants can be sampled, which is essential to broad 
the basis for assessment of the Na status of the leaf. With this in mind, plants of Lycopersicon 
esculentum cv. 'New Yorker', L. pimpinellifolium 'PE-2', and L. cheesmanii 'LA-1401' were grown in 
gravel and irrigated with half-strength Hoagland's solution plus 200 mM NaCl. The terminal, a middle, 
and a basal, leaflet (without central veins) and the rest of the lamina of an expanded leaf were taken 
after 30 days growth in gravel. They were dried and extracted separately with 100 mM acetic acid at 
90°C for 2 hours. After extraction, Na and K contents were determined by flame photometry. 

Na concentration increased from the tip to the base of the leaf in all the accessions, but no 
significant differences between the leaflets were found (Table 1). Na concentration in the rest of the 
lamina was similar to that of the leaflets, except in 'New Yorker in which there were significant 
differences between basal leaflet and the rest of the lamina. Therefore, it is possible to use a single 
leaflet to reliably monitor the Na status of the whole lamina in tomato grown in saline conditions. As Na 
concentration in the terminal leaflet was always the closest to that of the rest of the lamina, we 
recommend the sampling of this leaflet. 

  



K concentration in the leaflets decreased from the base to the tip of the leaf in 'New Yorker' 
and 'LA-1401', with significant differences between the terminal and the basal leaflets in 'New Yorker' 
(Table 1). In 'PE-2', K concentration did not change along the lamina. Besford and Maw (1974) and 
Adams (1991) found that K concentration decreased from the base to the tip in leaves of tomato 
grown with fresh water, although Adams (1991) reported that differences in K concentration between 
leaflets were higher at high air humidity than at low humidity. Differences in K concentration along the 
lamina seem to be related to conditions that reduce transpiration rate, such as salinity or high air 
humidity, which probably constrain K transport to the leaves. In spite of the differences between 
leaflets in 'New Yorker', K concentration in the rest of the lamina was always similar to that of the 
leaflets (Table 1), demonstrating that any leaflet could be used to monitor the K status of the whole 
lamina. 

In conclusion, the sampling of the terminal leaflet to monitor the Na and K status of the whole 
lamina is recommended in salinized tomato to minimize sampling effects on plants and reduce leaf 
material to be analyzed. The removal of the central vein from the leaflet is advisable when Na 
concentration is to be expressed in a dry weight basis, because of the differences in total Na content 
between both tissues. If Na concentration is to be expressed in a water content basis, the whole 
leaflet can be sampled. 
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Leaf-to-leaf profile of Na concentration for assessing salt tolerance 
 
Gonzalez-Fernandez, J.J., R. Fernandez-Munoz, and J. Cuartero  
Estacion Experimental La Mayora - CSIC. 29750 Algarrobo, Malaga, Spain. 

 
Na distribution between young and old leaves has been related to salt tolerance in tomato 

(Shannon et al., 1987). Nevertheless, Na concentration is often given as the average of all the leaves. 
To study the relationship between Na leaf-to-leaf profile and salt tolerance, 30-day old plantlets of 
Lycopersicon esculentum cv. 'Moneymaker', L. pimpinellifolium 'PE-2', and L. cheesmanii 'LA-1401' 
were transplanted to gravel and irrigated with half-strength Hoagland's solution plus 0 and 40% 
artificial sea water (ASW) (1.5 and 20 dSm-1, respectively). Shoot dry-weights were recorded and the 
terminal leaflet (without the central vein) of each leaf was taken after 30 days of growing in gravel. Na 
content was determined by flame photometry. 

Salinity dramatically reduced shoot dry-weights in all the accessions. The percentage of shoot 
dry-weight in salt-treated plants, over that of plants grown without salt, was 19% for 'Moneymaker', 
36% for 'PE-2', and 36% for 'LA-1401'. Therefore, wild accessions showed a higher salt tolerance 
than the cultivated one. 

The average of Na concentration in leaves, within the salinized plants, was highest in 
'Moneymaker' (221 mM) and 'PE-2' (243 mM), with no-significant differences between them. In 'LA-
1401', the average of Na concentration in leaves was 184 mM, significantly lower than those of the 
other two accessions. 

Na concentration in 'Moneymaker' salt-treated plants increased uniformly from the youngest to 
the oldest leaves, and was always higher than concentration in control plants. In 'PE-2' grown with 
salt, Na concentration was constant and similar to the control along the three youngest leaves, then 
increased downwards (up to 400 mM) and became constant again along the oldest leaves. Na 
concentration was nearly constant and similar to that of the substrate (200 mM) from top to bottom in 
'LA-1401' salt-treated plants. 

No relationship between the average of leaf Na-concentration and salt tolerance of accessions 
was found. Concerning leaf-to-leaf profiles, while differences in Na concentrations 



between young and old leaves were observed irrespective of salt tolerance. Two successful strategies in 
Na distribution along the plant could be identified: 'PE-2' maintained a low Na concentration in young 
leaves and used old leaves for storing excess of Na; 'LA-1401' showed a typical halophytic pattern of Na 
distribution, with similar Na concentrations in leaves and substrate. Both strategies were equally 
successful in this case as 'PE-2'-and 'LA-1401' showed similar reductions in shoot dry weight with salt. 
Therefore, Na leaf-to-leaf profile would be more useful than the average of leaf Na-concentration to 
detect differences in salt tolerance between tomato genotypes. 

  



Identification of the RFLP markers flanking male sterile 7 (ms 7) on chromosome 11. 
 
Gorman, S.W. and McCormick, S. 
Plant Gene Expression Center/USDA-ARS/Dept. of Plant Biology, Univ.. Calif. Berkeley, CA 947 
 

The male sterile 7 (ms7) locus was identified from a spontaneous mutation in the cultivar San Marzano of 
Lycopersicon esculentum. ms7 causes pollen abortion sometime after prophase I of meiosis (Rick, 1948). This 
locus was initially placed at position 35 on the classical map after four-point tests of ms7 using an anthocyaninless 
(a) -hairless (hl) -jointless (j) tester stock (Clayberg, 1970). Subsequent expansion and reformatting of the 
chromosome 11 classical map generated the present placement of ms7 at position 46 (Rick, 1980). We used a 
backcrossed population of 210 male sterile ms7 plants to interdigitate the classical and RFLP maps at the ms7 
locus. 

To generate a mapping population for ms7, we identified the ms/ms plants from a ms/ms X Ms/ms 
segregating population and used these as female parents in a cross with L. pennellii (LA716, a self-incompatible 
accession). Although the F1 progeny are fully fertile, there are fertility problems (unrelated to the presence of a ms 
gene) in the F2 of this cross, making it difficult to accurately-score for the ms phenotype. Therefore, we generated 
a backcross mapping population by crossing F1 plants (Ms/ms) as male parents to ms/ms L. esculentum females. 
These plants only display a male sterile phenotype when genetically ms/ms at a male sterile locus. The 
backcrossed progeny were scored for fertility and only the male sterile plants were used for DNA analysis. 

We initiated the interdigitation by estimating that ms7 would lie between RFLP TG47 (reportedly linked to 
hl (map position 48); Tanksley et al., 1992) and TG 147, the next closest marker moving toward jointless. TG147 
is listed as inseparable from another marker, CT182, on the tomato RFLP map (Tanksley et al., 1992). We were 
able to separate TG 147 and CT182 in our male sterile backcrossed population and found that ms7 falls between 
these two markers (summarized in Figure 1). These results suggest that the classical map position for ms7 is 
more distal from the centromere, much closer to j (map position 28) than to hl (map position 48). 
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Pythium vanterpoolii on greenhouse tomatoes in Bulgaria 
 
llieva, E. 
Plant Protection Institute - Kostinbrod 
 

Several Pythium species are recorded as pathogens on tomato plants in Bulgaria: P. 
aphanidermatum (Edison) Fitzp.; P. irregulare Buisman; P. megalacanthum de Bary; P ultimum Trow 
and P. vexans de Bary (Ilieva, 1992; Vanev et al., 1993). 

During the last years the isolates of Pythium different from above mentioned were obtained 
from diseased plants of greenhouse tomato varieties Billi, Orlando, Ramada and Rosella. Identification 
of the isolates was done according to criteria of Waterhouse (1967), Plaats-Niterink (1981) and 
Novtelniva et al. (1985). The isolates were cultivated on com meal and oat meal agar as well as in 
water (small agar blocks, about 5-7 mm in diameter were placed in Petri dish, containing water 
together with a piece of grass leaf, about 2-3 cm length, which was sterilized by boiling for 10 min). 
Pathogenicity of the isolates to tomatoes was tested in experiment with artificial inoculation. The 
inoculum of Pythium isolates in the form of a disk of mycelium on corn meal agar was placed at the 
root tip and stem base. The seedlings (15 in each replicate) were placed in moist chamber at room 
temperature. For comparison isolates of P. aphanidermatum and P. ultimum were included. The 
isolates were identified as Pythium vanterpoolii V. Kouyeas and H. Kouyeas according cultural and 
morphological features. Colonies on corn mean agar consist of some aerial mycelium more 
pronounced on oat meal agar. Main hyphae 3-5 mm in diameter. 

Sporangia terminal or intercalary consisting of swollen subglubose or irregularly ellipsoid 
outgrowth, arranged often in a catenulate manner. Oogonia, formed easily in culture, are globose 
smooth, terminal or intercalar, 11-23 µm in diameter. Antheridia club shaped, usually one (to two) per 
oogonium, monoclinous, rarely diclinous, disappearing after fertilization. Oospores plerotic with central 
reserve globule, 10-21 µm in diameter. 

All isolates included in artificial inoculation tests were pathogenic, causing root and stem rot of 
tomatoes (Table 1). From the results it may be concluded that P. vanterpoolii is somewhat less 
pathogenic to tomato seedlings, causing root and stem rots of young tomato plants in lower amount 
than the two other species P. vanterpoolii is recorded as pathogen of different host plants (Plaats.. 
Niterink, 1981; Novotelnova et al., 1985). This is the first record of Pythium vanterpoolii as pathogen of 
tomatoes in Bulgaria as well as in the available phytopathological literature. 
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Reaction of tomato wild species to Phytophthora root and crown rot 
 
Ileva, E. and V. Sotirova 
Plant Protection Institute, Kostinbrod 

 
Experiments were carried out to study reaction of 28 accessions of wild tomatoes to root 

and crown rot, caused by Phytophthora nicotianae Breda de Haan var. nicotianae - the most 
widespread among 6 Phytophthora spp. recorded on tomatoes in Bulgaria (lleva, 1993). Tomato 
seedlings were grown in steam sterilized soil in greenhouse and artificially inoculated: 

 
a) at the first - leaf stage, by soil drenching with zoosporemycelium suspension from 7  
day old culture and estimating percentage of diseased plants; 

 
b) at the 5 - 6 leaves stage, by stem wounding inoculation techniques and determines 
the regression coefficient, representing the spread of the lesions in mm per 24 hours, 
according to Verhoeff (1965). 

 
The results showed differences in the reaction among the species (Table 1). It is evident 

that none of the wild tomatoes was immune or resistant to Phytophthora nicotianae var. 
nicotianae. Most of the species were highly susceptible. Low regression coefficient, but 100% 
diseased plant at first-leaf stage was observed at Lycopersicon peruvianum var. humifusum PI 
127828 and L. hirsutum. 

Some resistance at the two stages of plant development was noticed among the 
species: L. pimpinellifolium LA 1631 and LA 1651; L. racemigerum and L. esculentum var 
cerasiforme 1567/80, were less percentage of diseased plants and lower regression coefficient 
was observed. Some of them were reported as having useful early blight resistance (Martin et 
al„ 1987). Lycopersicon chesmanii typicum was intermediate in resistance showing also lower 
disease incidence and restricted lesion spread. 



 
Table 1. Reaction of tomato wild species to Phytophthora nicotianae var. nicotianae. 
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Confirmation of the linkage Tm-22, ah, Frl
 
Laterrot, H. and Moretti, A. 
INRA-Amelioration des Plantes Maraicheres - BP 94 - 84143 MONTFAVET Cedex, France 
 

Precedently we have presented (TGC Report 1992, 42:24) as resistant to Fusarium oxysporum f. sp. 
radicis lycopersici (FORL) seven Tm-22, ah tomato lines from AVRDC (Taiwan). One of these 7 lines, CLN 475 
BC1 F2-265-4-19, was crossed with Motelle, an INRA line without TMV and FORL resistances and without the 
ah marker (Laterrot, TGC Report 1993, 43:79-80). 

The F2 generation from this cross was inoculated with an isolate of TMV pathotype O. All the [ah] plants 
were resistant to TMV (0). Then 160 of these [Tm-22, ah] plants were inoculated with an isolate of FORL. All the 
160 plants were resistant to the fungus. In the same test, 100 of the [ah+] susceptible TMV (0) plants were 
inoculated with FORL. Only 1 plant was resistant to the fungus. The progeny from this plant was purple [ah+], 
TMV susceptible and segregating for FORL resistance. So the Tm-22, ah, Frl linkage is very strong. 
 
Sm without vascular fusariosis resistance 
 
Laterrot, H. and Moretti, A. 
INRA-Amelioration des Plantes Maraicheres - BP 94 - 84143 MONTFAVET Cedex, France 
 

The linkage between the resistance to Stemphylium spp. (gene Sm) and the resistance to Fusarium 
oxysporum f. sp. lycopersici pathotype 0 (ex 1) (gene I) has been known from many years (Dennet 1950). The 
resistance to the pathotype 1 (ex 2) of F. oxysporum f. sp. lycopersici (gene 1-2) is localized on the 
chromosome 11 like the gene I (Laterrot 1976). The localization of Sm on the chromosome 11 was confirmed 
and specified (Behare et al. 1991). So a part of the varieties bred for the vascular fusariosis resistance are also 
resistant to Stemphylium (Laterrot et Blancard 1983) (Blancard et Laterrot 1986). Some other varieties are 
resistant to the vascular fusariosis and susceptible to the Stemphylium. Rarely is the cotnary observed. 

A line received in 1991 from the Instituto de Ciencias Agricolas (INCA) in Cuba, with the name 
"Nagcarlan" was introduced in our disease resistance tests. This line is susceptible to the pathotypes 0 and 1 of 
Fusarium oxysporum f. sp. lycopersici but it was resistant to the Stemphylium. As a matter of curiosity, we have 
selfed plants of this line and repeated the tests with the same results. So Nagcarlan from INCA is Sm without I 
nor I-2. Tests with Nagcarlan (= L 232) received in 1978 from AVRDC-Taiwan were realized and it was 
observed susceptible to the both pathogens. 

The two lines do not have the same characteristics. Nagcarlan (INCA) is sp, with fruits u+, j+, flattened, 
3 to 5 locules and pink. Nagcarlan (AVRDC) is sp+ with fruits u+,j+, pink cherry tomato type. 
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Breeding for Oidium lycopersicum resistance 
 
Laterrot, H.1, Moretti, A.', Conus, M.2, Mas, P.' 
1. INRA-Amelioration des Plantes Maraicheres - BP94 - 84143 MONTFAVET Cedex, France . 
2. INRA-Station de Pathologie Vegetale - BP94 - 84143 MONTFAVET Cedex, France 
 

The new powdery mildew currently named Oidium lycopersicum, is increasing in its geographical 
area, particularly in the greenhouses. 

A good level of resistance being demonstrated in the L hirsutum (G1290 and G1560) and L. 
parviflorum (IVT 731089) (Lindhout and Pet 1990), we tested these accessions and 4 other L. hirsutum 
accessions. The inoculation was realized by powdering a local isolate of Oidium on the foliage of 20 to 
25 days old plants. All these accessions were completely resistant. 

Since L. hirsutum PI 247087 was also being used for its PVY resistance we tested various 
generations of plants issued from this program. We observed plants with near complete resistance to 
Oidium among plants issued from 11 generations of selfing, intercross and backcross (4 backcrosses by 
different tomato varieties, from PI 247087).  

It  was difficult to obtain a pure resistant line through pedigree selection alternating with tests for 
Oidium resistance. The genetic system controlling the resistance appears to be oligogenic with 
incomplete dominance. This resistant line named "Hirol 3-21" is being studied for the stability of the 
resistance using various isolates, and is also being observed in various conditions of cultivation, in 
different countries. 
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Isoenzyme composition of hexokinase and enzymes of the pentosephosphate pathway in male-sterile 
tomatoes (Lycopersicon esculentum Mill.) 
 
Markova, M.D., Ancheva, M.B., Ananasova, B.TS.. And Georgieva, Z.H.  
Institute of Genetics, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria 
 

Tomatoes are an interesting subject of biochemical studies because they possess all types of 
gene male sterility (GMS): stamen-less, functional and pollen. The stamen less mutants have been 
better studied (Bhadula and Sawhney, 1991). The effect of the genes determining pollen sterility, which 
for the time being finds broader application in hybrid seeds production, has been relatively less studied 
(Markova et al., 1992). As the carbohydrates are one of the major components of pollen grains we 
studied the isoenzyme composition of key enzymes of the carbohydrate metabolism in pollen sterile and 
fertile tomatoes, namely: hexokinase, glucose-6-phosphate dehydrogenase (G6PDH) and 6-phospho-
gluconate dehydrogenase (6PGDH). 

Stamens of the sterile line of tomatoes Pearson ms-35 of the TGRC collection "C.M.Rick", which 
do not produce pollen, were studied. As well known, the sterile lines are maintained int eh form of 
population of male-fertile (MF) (ms+1) and male-sterile (MS) (msms) plants. Stamens from sterile plants 
were compared to stamens from fertile plants. Preparation of enzyme extractions, electrophoretic 
resolution and isoenzymes staining are described in an earlier work of these authors (Markova et al., 
1992, 1994). 

Figure 1 illustrates the densitometer tracings of hexokinase isoenzymes (EC 2.7.1.1), G6PDH 
(EC 1.1.1.49) and 6PDGH (EC 1.1.1.44). The patterns of the MF stamens contain three hexokinase 
isoenzymes corresponding to peaks 1, 2 and 3 (Fig. 1-A). There are only traces of isoenzyme activity in 
The MS stamens. Hexokinase is the key enzyme in carbohydrate metabolism because it catalyzes the 
first stage of glucose phosphorylation, the resulting product being glucose-6-phosphate (G6P). The low 
hexokinase levels in the MS stamens will probably create deficit of G6P when it participates also int eh 
pentosephosphate pathway (PPP). G6P participates in PPP through the enzyme G6PDH. The 
densitometer tracings of the isoenzymes of G6PDH show that the stamens of the MF and MS 



plants have two isoenzymes each, i.e. they have the same qualitative composition (Fig. 1 B). 
However, judging by peaks height, the isoenzyme activity in the MF stamens is drastically higher 
than that in the MS plants. 

  
Figure 1.  Densitometer tracings of the isoenzymes in stamens of MF and MS line 

tomato Pearson ms-35; A - hexokinase, B - glucose-6-phosphate dehydroqenase, C - 6 
phosphogluconate dehydrogenase; Optical density (O.D.) In MF-11, in MS-2' 

 
A similar picture was observed also in the patterns of the 6PGDH isoenzymes (Fig. 1-

C). Isoenzyme composition incorporates three isoenzymes, both in the MF and the MS 
stamens, i.e. their patterns have the same qualitative composition. However, isoenzyme activity 
in the MF stamens is much higher than that in the MS stamens. According to Tanksley and 
Kuehn (1985), three independent genes in thr tomatoes are responsible for the 6PGDH activity. 

The results show that the isoenzyme composition of the enzymes studied in MS and 
MF stamens of tomatoes is the same. However, isoenzyme activity in the MS stamens is much 
lower, probably under the influence of the ms-35 gene, the decrease being the greatest in the 
hexokinase and the smallest in 6PGDH. 
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Restriction Fragment Length Polymorphisms between tomato lines sensitive or tolerant to bacterial wilt 
 
Olivier, J., Thoquet, P., Sperisen, C., Rogowsky, P., Stephens, S., Bonnema, G., Lewis, C., 
Nazer, R. Tanksley, S., Gebhardt, C., and Grimsley, N. 
Laboratoire de Biologie Moleculaire des Relations Plantes-Microorganismes, B.P. 27 Auzeviile, 31326 
Castanet-Tolosan, France. 

 
Using the detailed genetic map that is based on an interspecific Lycopersicon cross as a 

reference (Gebhardt et al., 1991, Tanksley et al., 1992), we have carried out a survey of enzyme-probe 
combinations on DNAs isolated from 3 lines using a set of probes that are dispersed throughout the 
genome. The results of this survey are shown in Table 1. 

This study was conducted as a preliminary step in mapping the loci important for tolerance to 
bacterial wilt caused by Pseudomonas solanacearum. One tolerant, Hawaii7996, and two sensitive 
lines, Floradel and WVa700, were used. Although WVa700 has small fruits and may be classified as L. 
pimpinellifolium, our data indicate that it does not differ from the two varieties of L. esculentum tested 
in terms of the level of polymorphism found. 

Polymorphisms giving weak signals on autoradiographs or with little difference in band mobility 
in our gel system (0.7% agarose for enzymes 1-7 and 1.0% agarose for enzymes 8-14) are not shown. 
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Tomato tolerance to hot-dry climates 
 
Omara, S.K. 
National Institute for Promotion of Horticultural Exports, Univ. Of Gezira, PO Box 20, Wad Medani, Sudan. 
 

The hot-dry summers of Sudan are very detrimental to the growth and development of tomatoes. A 
shade temp. of 45°C and R.H. as low as 10% prevail during April-June period leading to poor CHO reserves, 
style exertion, dry stigmatic surface, non-viable pollens, and flower and fruit shedding. Along with the TYLCV 
disease which is devastating during summer, these conditions usually lead to very poor productivity or even 
total crop failure. Still, quite a few farmers, encouraged by the 20-fold or more price increase (as compared to 
winter) venture into this activity in spite of the high risk involved. 

Breeding for heat tolerance in tomato started in the University of Gezira in Sudan in 1985. Hundreds of 
cultivars, breeding lines, and wild relatives were screened since then. Selected lines with appreciable heat 
tolerance (shown in Table 1) were intercrossed and a population with a better fruit set under heat stress was 
created. Single plant selections were often selfed, crossed among themselves, or backcrossed to large fruited 
lines, segregants for good fruit set under the heat stress were in abundance from the first rounds of selection 
specially the material which involved L. Pimpinellifolium LA 1478. Heat tolerance derived from the selected 
parents was enhanced by the tolerance to TYLCV derived from LA 1478. 
Progress in combining fruit set and large size was much slower. Certain genotypes, however, like variety 
Indian, were more efficient in restoring commercial fruit size when used as recurrent parents in backcrosses to 
heat tolerance selections. Last year the program released three varieties namely UG 94, UG 46 and Hillo. All 
varieties were smaller in fruit size than Peto 86, weighing 56, 60 and 64 gms respectively compared to 100 
grams or more attained by Peto 86. However, they were far ahead in productivity during summer than the 

s
i

tandard varieties Strain B and Peto 86. This summer of 1995 seven new heat tolerant lines will be farm-tested 

n cooperation with the FAO/ARC program on IPM. Four of these lines have better tolerance to TYLCV. 



Distribution of DNA in heterochromatin and euchromatin of Lycopersicon esculentum pachytene 
chromosomes 
 
Peterson, Daniel G., Stack, Stephen M., Price, H. James, and Johnston, J. Spencer Colorado 
State University, Fort Collins, CO 80523  
 
Based on a karyotype of tomato pachytene chromosomes (Sherman and Stack 1991, 1992), 
heterochromatin comprises 35.6% of the total chromosome length (see Fig. I in Sherman and Stack, this 
issue of TGCR). If euchromatic and heterochromatic segments of pachytene chromosomes had the same 
amount of DNA per unit length, one would expect 35.6% of tomato's genome to be heterochromatin. 
However, when tomato pachytene chromosomes are stained with DNA binding dyes, it is evident that DNA 
density in heterochromatin is greater than DNA density in euchromatin and the width of heterochromatic 
chromosome segments is greater than the width of euchromatic chromosome segments. Both observations 
suggest that more than 35.6% of the chromatin in pachytene chromosomes is heterochromatic. To 
quantitate the amount of DNA in heterochromatin versus euchromatin, pachytene chromosomes from 
tomato microsporocytes were spread on glass slides, Feulgen stained, and analyzed, using a densitometer. 
Ten nuclei were examined. In each nucleus, three absorption measurements (OD units/unit area) were 
taken for heterochromatin, three for euchromatin, and three for background. The average relative DNA 
density in heterochromatin was 0.129 OD units/unit area (± 0.00579) while the average DNA density in 
euchromatin was 0.0267 OD units/unit area (± 0.00228). Thus, the DNA density in heterochromatin is 
(0.129÷±0.0267 =) 4.83 times the DNA density in euchromatin. In addition, since the average width of a 
heterochromatic segment of a pachytene chromosome is 1.22 times that of euchromatic segments, there 
must be (4.83 X 1.22 =) 5.89 times as much DNA per unit length of pachytene chromosome in 
heterochromatin as per unit length of pachytene chromosome in euchromatin. On this basis, the ratio of 
DNA in heterochromatin to DNA in euchromatin is: 
 
heterochromatin (0.356 X 5.89) = 2.10 
euchromatin: (0.644 X 1) = 0.644 
 
Thus [2.10 Ö (2.10 + 0.644) =] 76.5% of the tomato genome lies in heterochromatin and [0.644 Ö (2.10 + 
0.644) =] 23.5% of the tomato genome lies in euchromatin. 
 
Since the 4C DNA amount for tomato is approximately 4.0 pg (Michaelson et al. 1991), (4.0 pg x 0.765 =) 
3.06 pg of the tomato microsporocyte's DNA is in heterochromatin, while (4.0 pg x 0.245=) 0.98 pg of the 
tomato microsporocyte's DNA is in euchromatin. Converting these values to the 1 C (1 genome) DNA 
amount, (3.06 Ö 4 =) 0.76 pg of tomato's genome in heterochromatin and (0.98 Ö 4 =) 0.24 pg of tomato's 
genome is in euchromatin. This means that tomato's functional genes are concentrated in 0.24 pg of DNA, 
a DNA amount that is roughly twice the size of Arabidopsis thaliana's genome (1 C = 0.1 pg, Galbraith et al. 
1991). 
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Unstable Mutations Affecting Floral Development 
 
Poysa, V. 
Agriculture and Agri-Food Canada, Harrow, Ont., Canada 

 
Variant somatic sectors, possessing mutations affecting flower and fruit development, were found 

at a high frequency in an F4 plot of a cross between two normal tomato cultivars 'Ohio 8129' and 'Purdue 
812'. Over the last four years this population has manifested a range of variant phenotypes, most 
interesting being several similar to, but more extreme than, phenotypes of MADS-box gene variants 
(Hareven et al, 1994; Pnueli et al, 1994a; 1994b). 

These include plants with petaloid stamen, and multilocular pseudocarpels (up to 15 cm diameter) 
composed of fused, twisted, leaf-like tissue enclosing placental tissue from which develop new flower-
bearing shoots replacing normal pistillate organs. This is similar to that described for TAG1 Antisense 
plants (Pnueli et al, 1994b). The first two whorls of these plants, however, are also frequently modified, 
producing enlarged, leaf-like sepals and petals. Other plants in the population develop several whorls of 
green petals and stamen, which are not laterally joined. In other plants elongated pedicels, terminating in 
flowers with petals, stamen and carpels, develop at the third whorl. In some carpels, the styles lack 
stigma and fleshy, unidentified tissue replace the ovaries. In others the styles and ovaries display 
extreme hairiness including glandular trichomes. These phenotypes are similar to those of TM5 
Antisense plants (Pnueli et a[, 1994a). Fruit with extremely elongated, pointed stylar ends, similar to 
plants expressing the alien MADS-box gene H24 from antirrhinum (Hareven et al 1994), are found 
frequently in this population. This population produces fruit with gold coloured speckles, stripes or sectors 
at a high frequency. The relationship between these colour variants and floral development variants is not 
clear. Of these aberrant phenotypes, only the fruit colour variants produce viable seed. 

Moreover, these phenotypes are highly unstable, both between generations and within a single 
plant. Over 80% of plants having sectors with highly aberrant flowers or fruit develop phenotypicly distinct 
somatic sectors. The high frequency of somatic sectoring permits seed harvest from these plants. Among 
the progeny of normal and striped fruit from the same plant, normal plants were thrice as common from 
normal fruit (66%), while the frequency of phenotypicly distinct somatic sectors was 0% and 24%, 
respectively. None of the phenotype ratios among progeny corresponds to expected genetic ratios. 

The aberrant phenotype ratios, the very high frequency of somatic reversions, and the range of 
traits affecting tomato reproduction, indicate this could involve a transposable element interacting with 
MADS-box genes. This might represent preferential transposition of the transposable element to non-
contiguous loci affecting the flower development pathway. This material should be of considerable value 
for the analysis of flower development in tomato. 
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Application of ethrel for once over harvest of Fz  population in tomato (Lycopersicon esculentum Mill.) 
 
Rajbut, J.C. 1, Tikoo, S.K.2 and Parulekar, Y.R.' ' Central Experiment Station, Wakawali -415711 (M.S.) 
2 Pioneer Overseas Corporation, Bangalore (India) 

 
Once over harvesting of processing tomato is common practice in the advanced countries. The 

possibilities of F2 hybrids for commercial cultivation for processing has been exploited. However, their cultivation 
may be expensive because of multiharvests. Hence, efforts were made to use ethrel at the rate of 500 ppm for 
uniform ripening of tomatoes in F2 population. The ethrel was sprayed when about 15% plants in the plot showed 
turning stage of fruit ripening. The data revealed that the once harvested yields were 36.3 and 35.8 t/ha in the 
F2S of UCX x Florida 1011 and Peto Early x Florida 1011, respectively which were marginally less than the 
harvests made on the basis of three pickings. The once over harvesting of tomatoes using ethrel can 
substantially reduce the labor cost required for multipickings. Moreover, the bulk of fruits can be sent to the 
processing industries. 

  
 
Possibilities of using F2 heterosis for yield and processing qualities in tomato (Lycopersicon esculentum Mill.) 
 
Rajbut, J.C', Tikoo, S.K.2 and Parulekar, Y.R. 
1 Central Experiment Station, Wakawali - 415711 (M.S.) 
2 Pioneer Overseas Corporation, Bangalore (India) 
 

Development of open pollinated cultivars with all desirable traits for processing is a long term project. Use 
of F1 hybrid is the quickest way of combining the traits into one besides the added advantages of heterotic yield. 
However, the high cost of F1 seeds ($400-500/kg) is the main bottleneck for their use for processing. The 
alternative is to exploit the possibility of using residual heterosis for yield and processing qualities in F2 
population. 

The studies revealed that the ideal F2s can be developed for processing purposes. The F2s of Peto Early 
x Florida 1011 (49.39 t/ha), UC 82 x Florida 1011 (46.55 t/ha) and UCX x Florida 1011 (51.80 t/ha) recorded fairly 
good marketable yield. The first two F2s yielded about 10% less than their F1s. The important features of these 
F2s besides yield are fairly uniform maturity of fruits, medium firm fruits, high juice recovery (95%), good range of 
total solids (6.7 to 7.6%, medium range of T.S.S. (4.5 to 4.75°Brix), high alcohol insoluble solids (1.98 to 2.26%), 
acceptable relative juice viscosity, 



ideal range of acidity for processing (0.32 to 0.38%, medium ascorbic acid content (17 to 19 mg/100 g) 
and deep red color (0.17 to 4.20 O.D.). Since the fruits have to be crushed for processing, variability 
observed for fruit shape and size in the F2 is of no consequence. Hence, these F2s could be used for 
preparation of paste, puree, ketchup etc. The added advantage of F2s over purelines could be their 
better performance under biotic and abiotic stresses as they provide buffering mechanism because of 
their heterozygous nature. The F2 seeds can be produced even at a cheaper rate than the open 
pollinated variety (Chaudhury et al., 1965). Further, it was observed that judicious choice of parents is 
prerequisite to obtain ideal F1s and F2s for processing. 

  



Inheritance of resistance to Altemaria solani (Ell & Martin) Jones & Grout in tomato somaclones 
 
Rodeva V., Stancheva J. 
Matitza Institute for Vegetable Crops, 32 Brezovsko shosse str., Plovdiv-4003, Bulgaria 
 

In the in vitro selection for resistance to plant pathogens, selective media and somaclonal 
variability of the tissue culture, are important aspects because of the possibility for obtaining new forms 
with practical value (Ingram, Helgelson, 1980). 

In this experimental work two tomato somaclones were used: No 10 and No 15. They were 
obtained as a result of in vitro selection on medium containing sublethal concentrations of specific acting 
culture filtrates of A. solani. The parent tissues were from tomato line 83602029 (IIPGR, Sadovo, 
Bulgaria), resistant to studied fungal pathogen. Three generations of each tomato somaclone were 
growth in the field and were tested phytopathologicaly by the method of Dhiman et al. (1980). 

The data of Table I show that the two studied tomato somaclones are different in their level of 
resistance to A. solani compared with the control. Differences are established in the level of attach as 
well as on the leaves and the stems. 
 
 

R1 generation of somaclone No 10 showed a higher level of resistance compared with the 
control, and somaclone No 15 - lower. This proved a possibility for changes in two different directions. 

The coefficient of variation shows a high level of variation in the control compared with the 
different generations of the two somaclones. This is probably a result of the method of propagation. 

In the R2 and R3 generations progressively reduced resistance was observed. This reduction is 
weaker in the case of somaclone No 10. At the same time the stem reaction of this somaclone (R1, R2, 
R3) remains stable and constant. A hypersensitive type of reaction was observed on the stems of the 
plants of the same somaclone. It can be suggested that there are different mechanisms of inheritance of 
resistance between stem and leaf. 
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Leaf water relations of Lycopersicon chilense during a drought cycle 
 
Sanchez Pena, P., Fender, S. E., and O'Connell, M. A. 
Department of Agronomy and Horticulture, New Mexico State University, Las Cruces, NM 880030003 

 
There are at least two wild relatives of cultivated tomato which have been collected in arid and semi-

arid sites, and consequently inferred to be sources of drought-resistance traits for tomato (Rick 1983). 
Extensive study of the abiotic stress tolerances of one of these species, L pennellii, has been performed by 
us and others (Kahn et al. 1993). Virtually no formal description of the drought resistance phenotype of the 
second species, L. chilense has been reported. We have recently characterized the physiological response 
of three accessions of L chilense to drought stress. Plants were either grown from seed (obtained from C. M. 
Rick, TGRC) or propagated as cuttings in the case of the analyses on individuals. Size matched plants grown 
in a sandy soil mix (50:50) were selected and drought stress was initiated by withholding water. Leaf water 
potentials were determined using a pressure bomb, osmotic potentials were determined on freeze thawed 
leaf discs using an osmometer, and turgor potentials were calculated by difference. The number of hours to 
wilt, the leaf water relations at t= 0 and at t= wilt, were determined on seed propagated individuals and are 
reported in Table 1. 
 

While there was quite a bit of variability within and between the L chilense accessions, all members 
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this species maintained leaf water potentials longer than the L esculentum control, UC82. Of the three 
essions tested, LA2880 was the most drought-resistant. All individuals within this accession behaved 
ilarly through a drought cycle, i.e. 10 days to demonstrate symptoms of drought stress. In contrast, 
ividuals within the accession LA1959 differed in behavior, most demonstrating symptoms of drought 
ess after only 3-4 days while one or two individuals lasted for 10 days. In accession LA2748, all the 
ividuals behaved similarly, 3-4 days to drought stress. 

A time course of the leaf water relations during a drought cycle was conducted, using seed 
pagated individuals in the case of LA2880 and UC82, but cuttings of one drought resistant individual in 
 case of LA1959. These results are presented in Figure 1. Drought resistance in L. chilense appears to be 
 result in part of osmotic adjustment. In fact, the turgor potential of the leaves may increase as a result of 
 increasing osmotic potential in these plants. The physical appearance of the plants at wilt is not flaccid 
d drooping, but brittle and erect with extensive leaf curling. Upon rewatering the L chilense accessions all 
over rapidly and initiate new growing points. This is in striking contrast to our experiences with L. pennellii, 
716, which recovered poorly from drought stress. 
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Figure 1. Water potential (A), osmotic potential (B), and turgor potential (C) of leaves of 
tomato, UC82 and L chilense LA1959 (clone #1) and LA2880 during a drought cycle. 

  



Physical map of crossover frequency on synaptonemal complexes from tomato primary 
microsporocytes 
 
Sherman, Jamie D. and Stack, Stephen M. Colorado State University, Fort Collins, CO 80523 
 

Recombination nodules (RNs) are ellipsoidal structures that are found on the central region of 
synaptonemal complexes (SCs) at crossover sites during mid- to late pachynema (Carpenter 1979). 
RNs are visible on tomato SCs (Stack and Anderson 1986a,b; Sherman et al. 1992), and we are able 
to identify each of tomato's SCs based on relative lengths and arm ratios (Sherman and Stack 1992). 
We have examined over 400 of each of the twelve SCs from tomato (var. Cherry) to determine the 
frequency and location of RNs (Sherman and Stack 1995). This data has been used to generate 
maps of recombination frequency for tomato SCs (- pachytene chromosomes, Fig. 1). These physical 
maps of recombination frequency are powerful new tools for relating crossing over to the structure of 
tomato chromosomes. From our analysis of RN maps we conclude that: The variables involved in 
preparing spreads of SCs had no discernible effect on the frequency or placement of RNs. There is a 
1:1 relationship between RNs and chiasmata. Every SC has at least one RN. There are no RNs at 
the ends of SCs, in kinetochores, or in the heterochromatic short arm of SC 2 that carries the 
nucleolus organizer. RNs are much more common per unit length of SC in euchromatin compared to 
SC in heterochromatin. The average number of RNs per SC and the average number of RNs per SC 
arm are determined primarily by the length of SC in euchromatin. When subacrocentric SCs have 
only one RN, the RN occurs invariably on the long arm. When submetacentric SCs have only one 
RN, the RN occurs on the long arm more often than would be expected on the basis of the relative 
length of the long and short arms. Patterns of multiple RNs on SCs indicate RN (crossover) 
interference. RNs probably can occur anywhere on SCs in euchromatin, but RNs are not distributed 
randomly along SCs in euchromatin or in heterochromatin. The lengths of tomato's physical 
recombination (RN) map, classical genetic linkage map, and molecular linkage map all differ from one 
another for a variety of reasons. 
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Figure 1. Diagrammatic idiogram of tomato SCs with map units (centiMorgans) superimposed on 
each SC. SC in euchromatin is represented by a thick line. SC in heterochromatin is represented 
by a thin line. The kinetochore is represented as an open circle. The distance between each 
perpendicular thin line represents one map unit measured from the kinetochore. Note the lack of 
recombination near telomeres and in kinetochores and reduced recombination in pericentromeric 
heterochromatin. Bar= 1 O m 

  



 
Resistance of lines from interspecific hybrids to Xanthomonas campestris pv vesicatoria (Doidge) Dye 
 
Sotirova, V. and N. Bogatzevska 
Institute of Genetics, Sofa - 1113, Bulgaria 
 

Bacterial spot caused by Xanthomonas campestris pv. vesicatoria (Xcv) is a serious disease on 
tomatoes. The pathogen affects all above-ground plant parts and reduces yield (Pohronenzy and Volin, 
1983). Worldwide, selection efforts are directed towards creating varieties resistant to the agent of this 
disease. 

Lines obtained by hybridization with wild species of tomato were tested for resistance to tomato [XcvT] 
and pepper-tomato (XcvPT) pathotypes of Xcv. The plants were inoculated by vacuum infiltration method 
(Bogatzevska, 1988) in phase 5-6 true leaves with two pathotypes of Xcv. The evaluation of disease severity 
was made by Sotirova's and Beleva's scale (1976). 

The data obtained from inoculation of lines from interspecific hybrids with XcvT and XcvPT pathotypes 
are presented in Table 1. With exception line 964, the lines resulting from hybrids with L. pimpinellifolium are 
the most severely affected by the two pathotypes. 

  



The lines obtained from crosses with the wild species L. chilense and L. peruvianum var. humifusum 
and Japanese line Okitso sozai 1-20° (L. esculentum x L. hirsutum f. glabratum) have a degree of resistance 
to XcvT and XcvPT pathotypes. The number of healthy plants is lower in inoculations with XcvPT 
pathotypes. Most of lines with exception LCH 47, 165 and FG 196, have a high degree of resistance to XcvT 
but they are susceptible to XcvPT pathotype. Line LCH 168 is resistant to XcvT pathotype and showed high 
degree of resistance to XcvPT pathotype. The lines LCH 166, LCH 167, LCH 168 and FG 196 have a high 
level of resistance to both of pathotypes. These lines are of interest for selection program for creating 
varieties resistant to Xanthomonas campestris pv. vesicatoria. 
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Susceptibility of wild species tomato fruit to infection of Xanthomonas Campestris pv. vesicatoria
 
Sotirova, V., N. Bogatzevska 
Institute of Genetics, Sofia, Bulgaria 
Plant Protection Institute, Kostinbrod 2230, Bulgaria 
 

Bacterial spot, caused by Xanthomonas campesrtris pv. vesicatoria (Xcv), is one of the most 
destructive pathogens of tomato in Bulgaria and unlike some other bacterial diseases, is a present problem. 
Xcv affects all above-ground plant parts. None of the cultivars presently grown in Bulgaria has appreciable 
disease tolerance. 

Several researchers have reported genotypes that carry some level of resistance to bacterial spot 
(Coyne and Schuster, 1967; Crill et al., 1972; Courthey et al., 1983; Lawson and Summers, 1984; Scott and 
Jones, 1984, 1986; Scott et al., 1989 Sotirova and Bogatzevska, 1993). Although a level of susceptibility has 
been identified in Lycopersicon spp., resistance has not been found. 

The collection that includes 38 accessions of wild species of subgenus Eulycopersicon and 
Eriopersicon genus Lycopersicon was tested for resistance to XcvT (tomato pathotype) and XcvPT (pepper-
tomato pathotype) on fruit infection. Fruits with a diameter 0.3-0.5 mm were inoculated with bacterial 
suspensions from a 48h culture of XcvT and XcvPT at a concentration of 108 cfu/ml. The fruits (50 for every 
accession) were subjected to sand abrasion injury, and inoculum was applied to all fruits with a non 
pressurized atomizer until visible beading of liquid appeared on its surface. After 10-14 days fruits were 
rated for number of bacterial spot lesions as follows: 0-0, 1-(1-5); 2-(6-10); 3-(1130); 4-over 30 lesions per 
fruit. 

Wild species of Lycopersicon have different degrees of sensitivity to both Xcv pathotypes. The spots 
on the fruits of the wild species of subg. Eriopersicon were single, small and necrotic, and those on L. 
pimpinellifolium subgenus Eulycopersicon have a water-soaked zone round necrotic spots. The separate 
samples from each type of subgenus differ by the degree of resistance to XcvT and XcvPT (Table 1). 

Accessions from subgenus Eriopersicon with a high degree of resistance to XcvT and XcvPT 
included L. peruvianum 2338, L. chilense Gl 1557, L. hirsutum typicum P1127826, L. hirsutum LA 386, L. 
hirsutum f. labratum LA 407, L. parviflorum, L. minuthum 913. Accessions from subgenus Eulycopersicon 
with a high degree of resistance of the fruits are L. pimpinellifolium Gi 1587, LA 1651. 

Resistance of the fruits and leaves to both Xcv pathotypes was seen in L. peruvianum LA 385, LA 
2338, L chilense GI 1557. 
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A new processing tomato breeding line carrying the gene Tm-2nv

 
Wanglei Shiying, Tianshuping Yaginghui 
Institute of Horticulture Xinjiang Academy of Agric. Science Urumqi Xinjiang 83000 PR China 
 
Wangmin 
Dept. Of Horticulture Northwestern Agric. Univ. Yangling, Shaanxi 712100, PR China 
 

A processing tomato breeding line 92-75 was selected from the cross between Changguo 201 
(long fruit 201), as the TMV resistant gene TM-2nvcarrier, and Hongmanao 140, 95-43, as the backcross 
and adding parents. It was 6th generation selection derived from the crosses as follows: 

 
[(Hong manao 140 x Changuo 201)F3 x Hongmanao 140j BC2 x 95 - 43 - F6 (92-75) 
 
The line of 92-75 has determinate habit, firmness fruit and good fruit quality. It is selected from 

twelve selection lines using test cross. In the trial during 1993 the F1 hybrid (92-75 line as a female parent) 
was resistant to the strain of TMV isolated in Urumqi Xinjiang province and show heterosis for yield (Table 
1). The hybrid yielded 93.7 MT/ha and was 32.2% higher than that of the control 3344. 
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The tomato anthocyanin without mutation {aw) co-segregates with the dihydroflavonol 4-reductase 
gene 
 
Yusen Tong and John Yoder 
Department of Vegetable Crops, University of California at Davis, Davis, CA 
 

Tomato anthocyanin without (aw) mutation, is well known for its absence of anthocyanins 
during plant development. Previous biochemical analysis in our lab showed that this mutation 
completely lacked an anthocyanin biosynthetic enzyme, dihydroflavonol 4-reductase gene (DFR) 
among the 11 anthocyaninless mutations analyzed (O'Neill et al, 1990). Previous RFLP mapping 
results demonstrated that DFR is located on chromosome two near the locus for aw (Bongue-
Bartelsman et al, 1994). We have since developed a polymorphic population segregating for aw in 
order to better examine the segregation of DFR with aw. 

A line homologous for aw ( LA 271 ) was crossed to Lycopersicon pennellii ( LA 716 ) with 
aw as the female parent. LA 7116 has full wild type levels of anthocyanin expression. 129 F2 
individuals from one selfed  F1 plant were obtained, scored for their anthocyanin phenotype, and 
DNA isolated for Southern analysis using the tomato DFR cDNA as the probe. 

Of the 129 F2 individuals, 32 of them were anthocyaninless and the other 97 individuals 
were fully pigmented. EcoRl digest of the parent DNAs and subsequent Southern hybridization 
using the DFR cDNA as the probe yielded two distinct banding patterns; the aw parent had a band 
of 5.2 kb while the L. pennellii parent had a band of 11 kb. Southern analysis of the F2 individuals 
showed that each anthocyaninless F2 individual contained only the 5.2 kb DFR band while the 
anthocyanin containing individuals all contained the 11 kb band, with or without the 5.2 kb DFR 
band. Therefore, the 5.2 kb band completely co-segregated with the aw phenotype in the F2 
population. This indicated a very tight linkage between aw and the DFR cDNA 

The result has since been confirmed by transformation experiments. A 4.5 kb genomic 
clone of DFR was transformed into aw by Agrobacterium tumefaciens and full wild type 
anthocyanin activity was recovered (Goldsbrough et la, 1994). We have also transformed tomato 
DFR cDNA controlled by CaMV 35s promoter into a line containing aw mutant and anthocyanin 
pigmentation was restored. Based on these results, we conclude that the aw locus encodes DFR. 
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