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RESEARCH REPORTS 
 
 
Tomato Genotypes Resistant to Phytophthora capsici  
 
Bagirova, S.F.1, Gorshkova, N.S., Inatova, S.1.2 
1Dep. Mycol & Algol., Moscow State University, Moscow 119899  
2Scientific Institute of Vegetable Crops, Mytichi, Moscow Region 
 

Problems in greenhouse tomato growing areas of Russia due to soil borne Phytophthora species, 
causal agents of foot, crown, fruit root, and necrotic lesions on foliage, have been sharply increasing in 
recent years. Phytophthora soil born species were found to be primary colonizers of tomato plant tissue, 
which is secondarily colonized by other fungi often masked by the presence of Phytophthora. Phytophthora 
capsici isolates, obtained from naturally infected tomato plants, were used in bio-assay to find resistant 
tomato forms. Tomato collection (125 patterns) was subjected to screening procedure on seedlings (1-2 
true leaves). Seedlings were grown in sterile sand fertilized with Knops medium. Inoculation was 
performed by spraying of zoospores suspension (6000 zoospores per ml). Zoospores were obtained by 
chilling suspensions of sporangia harvested from oat agar at 10°C for 90 min. Infected material maintained 
at high humidity using plastic covers and incubated at 21-22°C with illumination (16 h daylength). High 
resistance was recorded for patterns with overall means of 85-100% and 50-85% viability of seedlings 
(table). 

 

 
Tomato Genotypes Resistant to Phytophthora infestans 
 
 Bagirova, S.F.', Gorshkova, N.S., Inatova, S.I.2 
 'Dep. Mycol & Algol., Moscow State University, Moscow 119899 
2Scientific Institute of Vegetable Crops, Mytichi, Moscow Region 
 

A field study was conducted in Moscow Region in September-October 1990-1991 to evaluate tomato 
collection for resistance to Phytophthora infestans in naturally occurring late-blight epidemics. Screening of 800 
genotypes, including wild species yielded samples (2%) which showed the greatest resistance to P. infestans on 
leaves, fruits and stems (disease severity less than 10%). 



A list of tomato patterns with highest resistance to P. infestans, natural infestation in the Mytichi 
(Moscow Region) follows: 

L hirsutum (5041)* 
L pimpinellifolium (3731) West 
Virginia 181-1-6-21 West 
Virginia 139-1-2-1-1-1 
West Virginia 700 
West Virginia 63 
Ottawa 30 (3919) 
Hessoline, France 
Heline, France  
Juno (3215) 
Droplet (4316) 
1.132, Moldova 
1.342, Moldova 
BU-13, Belarus 

* Number in VIR catalogue, S. Petersburg, Russia. 
 
 
Tomato Genotypes Resistant to Phytophthora infestans and Phytophthora. capsici 
 
 
Bagirova, S.F.1, Gorshkova, N.S., Inatova, S.I.2 

'Dept Mycol & Algol., Moscow State University, Moscow 119899 2Scientific Institute of Vegetable Crops, Mytichi, 
Moscow Region 
 

Mechanisms of pathogenesis of Phytophthora capsici and P. infestans are known to be different 
Phytophthora capsici produces great amount of maceric enzymes, causing soft root of host-plant tissue. P. 
infestans cause dry root. A screening of tomato collection (68 genotypes) in detached fruits bio-assay was 
performed to select resistant forms to both P. infestans and P. capsici. Fruits were inoculated with zoospore 
suspension 6000 zoospore, per ml. The results indicated slight differences in tomato resistance to these 
pathogens (Table 1). 

 

 
L. peruvianum (2020) 
L. peruvianum v. dentatum (3963)  
L. Humboldtii (2884) 
L. Humboldtii (2884) x L Humboldtii (353) Vishnevidny (342) 
L. pimpinellifolium (3731) 
L. pimpinellifolium (3990) 
CRA-66 
F2 (Xachmasskiy 18 ix L. Humboldtii (35312) 

 
* Number in VIR catalogue, S. Petersburg, Russia 



Screening tomato mutants for abnormalities in VA mycorrhizal symbiosi. 
 
Barker, S.J.1, Stammer, B., O'Connor, P., Dispain, I., and Smith, S.E.2 
 
Departments of Plant Science1 and Soil Science2, The University of Adelaide, S.Australia, 5064 
 

Vesicular-arbuscular mycorrhizal (VAM) symbiosis is a mutualistic plant-fungal interaction that occurs in 
more than 80 % of extant plant species and that has also been shown in some of the earliest land plant fossils 
(Harley and Smith, 1983; Remy et al., 1994). Despite their extensive co-relationship, and although the fungal 
partner cannot yet be cultured in the absence of a plant, many plant species are not obligate symbionts. Thus, at 
least some of the plant genes that are required for successful establishment of the symbiosis are expected to be 
identifiable by mutation analysis. Until recently, virtually no molecular study of VAM had been attempted, due at 
least in part to the recalcitrance of the fungus to axenic culture. However, with the development of a rapid 
synchronous infection method (Rosewame et al., 1996), we have initiated several projects in this area of 
research. 

Tomato plants are natural VAM hosts and show a reasonable growth response when infected 
(Rosewame et aL, 1996). In order to identify genes that might be important in the symbiosis, we have been 
screening a Fast Neutron mutagenised population of Rio Grande 76R, that had provided several distinct 
mutations in Pto and Prf (Salmeron et al., 1994), for altered VAM symbiosis. So far, from a preliminary screening 
of 209 families, we have identified 10 families which contain putative mutations in ability to form the symbiosis 
with the VAM fungus Glomus mosseae, and these are currently being further characterized. 

In addition to the mutant population, we have screened several genetic marker stocks and root 
morphology mutants for their ability to form VAM symbioses. The accessions screened and their designated 
mutations are listed in Table 1. None of these stocks show any abnormality in infection morphology, as might be 
expected from the lack of host specificity demonstrated by the fungus. 

  
 

We are interested in screening biochemical mutants, such as those with altered root exudates, or mutants that 
have altered phosphate, photosynthate or micronutrient status, as these traits may play a direct role in 
establishment of a successful symbiosis. Collaborative interactions are of particular interest to us, and we would 
appreciate contact from anyone holding mutants of these types. 
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Recovery of S-locus homozygotes through wide hybridization in L. peruvianum  
 
Bernatzky, R., Glaven, R.H., and Chawla, B. 
Department of Plant and Soil Sciences, University of Massachusetts, Amherst, MA 01003 
 

In our investigation of self-incompatibility in tomato we have sought to determine functional relationships 
among well characterized alleles in two divergent populations of L peruvianum. The alleles Sm1 and Sm2 
(previously designated S7 and S6, Liang et al. 1994) are from LA2163 (provided by C.M. Rick) and their cDNA 
sequences have been cloned. The sequence of Sm1 is 98% identical to another cloned allele S3 which is derived 
from a line obtained from the State Dept. of Agriculture, Burnley, Victoria, Australia (Mau et al. 1986, Royo et al. 
1994). Sm2 has high homology to S4 from the same population as S3, based on DNA Southern hybridization 
(unpublished). DNA restriction fragments generated with Eco RI allow us to genotype individuals bearing these 
alleles ( Sm1, 1.3 and 6.0 kb: Sm2, 0.6 and 4.2 kb, S3, 3.5 and 6.2 kb; S4 0.6 and approximately 18.5 kb). As with 
many S-alleles of L peruvianum, there is a conserved Eco Rl site within the coding region. 

We made more than twenty attempts to cross Sm1Sm2 X S3S4 (and reciprocal) but succeeded in getting 
poorly developed fruits filled primarily with tiny aborted seed. We obtained only eight viable seed and the 
seedlings did not appear to be hybrid but looked instead like the female parents. Since these materials are 
strongly self-incompatible, we did not emasculate the flowers prior to pollination. RFLP analysis revealed that 
these plants were a result of self-fertilization. In addition, we were able to recover individuals homozygous for 
each of the alleles. We suggest that these illegitimate selfs are a result of the mentor effect of the distantly 
related applied pollen (Knox et al. 1987). We have been previously unable to produce any selfed seed of 
LA2163 through standard bud-pollination, possibly because of the early expression of S-related proteins in 
developing flowers (Rivers and Bernatzky 1994). 

We have used these inbred materials as pollen testers to determine relationships among these alleles. 
Crosses between the different populations are considered to be incompatible if the flowers abscise and 
compatible if fruits set (even though the seeds do not develop well). We conclude that Sm, and S3 are 
functionally different alleles (i.e. compatible) but that Sm2 and S4, are the same alleles. 
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Segregation for a dominant male-sterility, Ms-57, in derivatives of S. lycopersicoides 
 
Chetelat, R. T. 
Dept. of Vegetable Crops, University of California, Davis, CA 95616, USA. 
 

In various derivatives of S.lycopersicoides, we have frequently encountered partial male-sterility in early 
backcross generations. Such sterilities were often associated with other defects (e.g. reduced vigor, abortive 
inflorescence, deformed anthers, etc.), which rarely produced discrete phenotypic classes or monogenic 
segregations. 

In backcross derivatives of one F, intergeneric hybrid (plant 90L4178-1 = L. esculentum cv. VF36 x 
S.lycopersicoides LA2951), clear cut segregation for male-sterile and male-fertile phenotypes was observed. 
The first generation in which this occurred was a BC3 family (93L8235): of 11 plants, 7 were 



sterile, producing no detectable pollen, and 4 were fertile. The nature of the cross suggested the sterility was of a 
dominant nature, and the frequency of steriles was likewise consistent with the predicted 1:1 ratio (X2 = 0.5, not 
significant). Larger BC4, and BC5 populations produced a pooled segregation of 124 steriles 139 fertiles, results 
consistent with a monogenic dominant (X2=0.75, not significant), for which we propose the gene symbol Ms-51. 
Surprisingly, the original F, plant was sufficiently male-fertile to permit direct backcrossing as stamina parent to 
VF36; this apparent lack of Ms-51 expression suggests the presence of a restorer gene(s) in the S. lycopersicoides 
genome. 

Anthers of Ms-51/+ plants are noticeably thinner than normal, but not significantly shortened, hence stigmas 
are inserted, as in VF36. No detectable pollen can be collected by vibration or dissection of anthers. No mature 
pollen grains are observable under the microscope following squashing of anthers in acetocarmine; only very small 
immature or abortive grains or clumps of cells are seen. The phenotype of Ms-51 is similar to that of Ms-48 (Rick 
1987), the only other dominant male-sterility described in tomato, suggesting they might be allelic. 
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Tolerance to Botrytis cinerea in L. esculentum x S. lycopersicoides hybrids.  
 
 
Chetelat, R. T. and Stamova, L. 
Dept. of Vegetable Crops, University of California, Davis, CA 95616, USA. 
 

We know of no reports of resistance to gray mold (Botrytis cinerea) in tomato or its wild relatives, other than 
that of Farley et al. (1976). Observations made during regular seed increases of S. lycopersicoides at the C.M.R. 
TGRC suggested this species might be resistant or tolerant to stem infection by B. cinerea. Accordingly, we 
screened sesquidiploid and diploid L esculentum x S. lycopersicoides hybrids, representing accessions LA1964, 
LA2408, and LA2951 (Rick et al. 1986; Chetelat et al. 1989; Chetelat at al. unpublished, respectively), for resistance 
to gray mold. 

B. cinerea attacks all the aboveground parts of the tomato plant, including leaves, stems and fruit; the stem 
lesions can girdle the shoot, leading to wilting and death. The intergeneric hybrids are generally sterile, and produce 
few fruits. For these reasons, we screened plants for reaction to stem infection by B. cinerea. 

The method involves inoculation of the cut petiole. surfaces of stem cuttings with agar plugs containing B. 
cinerea mycelia. The cuttings are kept in boxes with vermiculite at 90-100% RH for 2 days, after which time the agar 
plugs are removed. Two isolates of B. cinerea were used: TI from tomato and DEL-11 from grape. 

The first symptoms appeared as elliptical water-soaked lesions on the stem, the length of which were 
measured at 3 and 6 days, approximately. The lesions enlarged from 3 to 6 days in the susceptible cultivar VF36, 
whereas no progression of the disease was seen on the S. lycopersicoides hybrids. After 6 days, the average lesion 
length on VF36 was approximately 3 times greater than on cuttings from the diploid or sesquidiploid F, intergeneric 
hybrids. 

Having obtained some evidence of tolerance in the parental hybrids, we have begun to screen derivatives 
from the backcrosses to L. esculentum. Several lines with apparent stem tolerance have been identified, some of 
which were also tolerant in a leaf injection assay.  
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A new source of PVY resistance 
 
Green S. K. and P. Hanson 
Asian Vegetable Research and Development Center, Shanhua (AVRDC), Tainan 741, Taiwan, R.O.C. 
 

A total of 169 Lycopersicon accessions, including L. esculentum, L pimpinellifolium, L. peruvianum, L. 
glandulosum and L. hirsutum have been screened for reaction to potato virus Y (PVY) of the AVRDC. A new 
source of resistance to PVY was identified: AVRDC accession L3683 (L hirsutum PI 365904) from Ecuador. 
Inoculation was done mechanically, at the 2-3 leaf stage with strain PVY-0 and plants were evaluated visually 
and by ELISA at 14 and 42 days after inoculation. The susceptible check, L esculentum cv TK 70, inoculated at 
the same time was 100% susceptible at 14 days after inoculation, whereas 240 plants of L3683 were resistant 
(no symptoms, and ELISA negative) at 42 days after the inoculation. Seeds of L3683 were also sent to Australia 
(J.E. Thomas), Hawaii (J. Cho) and California (J. Kao) and to Thailand (K. Kruapan) for testing with local 
strains/isolates. In all locations, L3683 was resistant. This is interesting since the only other known PVY 
resistance source, L. hirsutum PI 247087 was found resistant to Taiwan and Australian isolates, but susceptible 
to the Hawaii and Thailand isolate.  F1 plants of CLN 236 (L esculentum) x L3683 were susceptible, suggesting 
that PVY resistance in L3683 is recessive. An inheritance study is underway. 
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A functional Cf-4 gene for resistance to Cladosporium fulvum Cke. is present in Cf-8 and Cf-11 
lines 
 
Haanstra, J.a , Thomas, CA.b, Jones, J.D.G b and Lindhout, P.a 
aDept. Plant Breeding, Graduate School of Experimental Plant Sciences, Wageningen Agricultural University, 
P.O Box 386, 6700 AJ, Wageningen, The Netherlands 
bSainsbury Lab., John Innes Centre for Plant Science Research, Colney lane, Norwich NR4 7UH, UK 
 

In the history of tomato breeding for resistance to Cladosporium fulvum many genes have been 
identified and designated, Cf-1 to Cf-24. Lindhout et. al. (1989) showed that there was no race that could 
distinguish between Cf-4 and Cf-8. Moreover, it appeared that these genes were allelic and therefore 
indistinguishable (Gerlagh et. al., 1989). One of .the ancestors of the Cf-8 line (Ontario 7522) is Vantage, which 
is known to contain Cf-4 from Lycopersicon peruvianum (Kerr, 1980; Bailey & Kerr, 1964). Lindhout et al. (1989) 
also characterized the Cf-11 resistance gene by differential response upon inoculation with different races of C. 
fulvum. Remarkably, all races virulent on Cf-11 from Ontario 7716 also were virulent on lines containing the Cf-4 
resistance gene. Cf-11 is the result of a dominant mutation in the Cf-4 



containing breeding line Massachusetts #2, for this gene was found in 'an aberrant plant of the breeding line 
Massachusetts #2'. This plant was resistant to race 4, but susceptible to another race, which later appeared to 
be 2.3.4.11 (Kerr & Patrick, 1977). The Cf-11 line was crossed to other (unknown) lines, resulting in Ontario 
7716, which was used in later experiments. 

Upon inoculation of different plant genotypes with the systemic virus PVX, expressing the avirulence 
gene avr4, Vantage, Moneymaker-Cf-4 (MM Cf-4), Ontario 7522 and Ontario 7716 exhibited necrosis, indicating 
that these lines all contain an active Cf-4 gene. Southern analysis with genomic DNA of these lines digested 
with EcoRl, Bg/ll, Hindlll and EcoRV and probed with a Cf-4 or a Cf-9 probe indicated that the patterns of MM 
Cf-4, Ontario 7522 and Ontario 7715 were identical and different from control lines. 

In experiments using PCR primers derived from the DNA sequence of Cf-9 no difference in PCR pattern 
between MM Cf-4, Ontario 7522 and Ontario 7716 was detected again. Later, specific PCR primers were 
designed, based on the sequence of Cf-4. When used at high annealing temperatures, no difference was found 
between these lines, also after digestion of the PCR products with Bg/ll, EcoRI, Hincll, Hindlll and EcoRV, while 
they did differ from banding patterns of other lines used. 

The experiments mentioned in this paper suggest the presence of a functional Cf-4 gene in the Cf-8 and 
Cf-11 lines. The line Cf-11 seems to harbour another gene, Cf-11, for which a corresponding avirulence gene 
exists. Because the Cf-4 gene was already present in Massachusetts #2 and Cf-11 was found in a plant of the 
same line (Kerr & Patrick, 1977) it seems that the genes were both transferred to Ontario 7716. In a report by 
Kanwar et al. (1980), Cf-l7 was mapped on chromosome 12. But several of the mapped genes in this report 
have been relocated later, e.g. Cf-5 and Cf-9 (Jones et al., 1995; BalintKurti et al., 1994), so his data might be 
conspicuous. Furthermore, it seems very unlikely that Cf-8 can be on chromosome 9, since this gene is allelic to 
Cf-4 (Gerlagh et. al., 1989) and has the same function and DNA structure, as indicated above. Moreover, there 
is no evidence for the existence of a unique functional Cf-8 gene, for no corresponding avirulence gene has 
been found. In conclusion, we propose not to use the designation Cf-8 anymore, but Cf-4 instead and indicate 
that Ontario 7716 harbours two genes: Cf-4 and Cf-11. 
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Effects of starter phosphorus and nitrogen on the vegetative growth, yield and incidence of 
powdery mildew of tomato (Lycopersicon esculentum Mill.) incited by Leveillula taurica 
(Lev) Am. 

 
Hammour, H.E., S.O. Freigoun and Y.F. Moahomed 
Dept. of Plant Pathology, Faculty of Agric. Sciences, Gezira University, Wad Medani, PO Box 20, Sudan 
 

In the Sudan, tomato Lycopersicon esculentum Mill) is the second most important vegetable after onion. 
It is produced on large areas around big cities along the Nile and on seasonally flooded plains. It is a high value 
crop and fetches high prices especially when grown off-season. Powdery mildews are probably the most 
common, conspicuous, wide spread, and easily recognizable plant diseases affecting many kinds of plants. 

In the Sudan, tomato is attacked by many plant diseases including powdery mildew which is caused by 
the Leveillula taurica (Mohamed Eljack, 1994). The disease is becoming very serious on tomato and some 
farmer's fields were completely destroyed. The disease development is influenced by many factors, among 
which is soil fertility (Wheeler, 1978). The objective of this study is to evaluate the effect of phosphorus and 
nitrogen on the vegetative growth, yield and incidence of powdery mildew in tomato. 

The experiment was conducted at the University of Gezira farm on heavy clay soils with no pervious 
history of fertilization for the last  ten years. Tomato "Strain B' seedlings were transplanted when three weeks 
old. Plants were spaced 30 cm apart and 120 cm between rows. Plot size was 6 x 6 meter and the sowing date 
was 15 December. The experimental design was factorial arrangement in a randomized complete block design. 
Starter fertilizer treatments consisted of three phosphorus rates and two nitrogen levels arranged in a 3 x 2 
factorial and replicated four times. Phosphorus treatments equivalent to 0 and 20 lbs/acre were evaluated. 
Starter fertilizers salts were made in solution and applied as 250 ml directly on planting holes. The total number 
of plants was obtained for all treatments, three weeks after transplanting. Plants revealing symptoms of powdery 
mildew were counted at 15-day intervals throughout the experiment  Counts of plants showing symptoms in 
each treatment were expressed as percentage of the total number. Irrigation was at weekly intervals (furrow 
irrigation) and hand weeding was carried out every three weeks. 

Results in Table 1 show that, disease incidence generally increases with fertilizer dose. However, the 
role of phosphorus is more pronounced. This may be related to its effect on vigor as shown by the number of 
branches. Result in Table 2 show that the effect of Phosphorus fertilizer is more pronounced in the early yield. 
However, later on, this effect did not show. At 40 P, which is the highest phosphorus dose, addition of N - 
nitrogen seem to reduce the disease incidence. 
 
Table 1: The effect of starter phosphorus and nitrogen on the vegetative growth and incidence of powdery 
mildew of tomato. 



Table 2. The effect of starter phosphorus and nitrogen on yield and incidence of powdery mildew of tomato 

  
Means followed by different letters are significantly different according to Duncuns Multiple range test at P = 
0.01. 
 

The results obtained show that plant vigor generally increases with fertilizers. The vegetative growth is 
mainly affected by the dose of phosphorus, also there is no interaction, between the phosphorus and the 
nitrogen. This finding is in full agreement with those obtained by other workers. White (1938), found that plant 
height, leaf area and the number of flowers produced increased in response to added nitrogen. Both growth and 
development may be restricted by an inadequate level of phosphorus applied, particularly at the high pH 
(Massey and Winsor, 1969). Phosphorus deficiency also reduced the number of flower buds formed and 
delayed antithesis (Menary and Staden-Van, 1976). In our results, high levels of phosphorus were found to be 
associated with more vigorous growth and higher disease levels. The increased vigor was reflected by the 
greater number of branches and higher early yields. The adverse effects of the disease on crop yield were 
clearly indicated by the lack of significant differences between fertilizer treatments in late-season yields. 
Incidence of powdery mildew is found to be affected by both phosphorus and nitrogen. At 40 P, which is the 
highest phosphorus dose, addition of N-nitrogen seem to reduce the disease incidence, suggesting that it is not 
only the phosphorus that affects the disease build-up but also the ration of P:N. 
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Development of Interspecific Hybrids between Lycopersicon esculentum and L. peruvianum var. 
humifusum and Introgression of Wild Type Invertase Gene into L. esculentum. 

 
Imanishi, S.1, Egashira, H. 1, Tanaka, H.1, Harada, S.2 , Takahashi, S.1, Nishizawa, T. 1, Nishimura, R. 1, 
Takashina, Z. 1 
1University of Yamagata, Fac. Agric. 1-23, Wakaba-cho, Tsuruoka 997, Japan 
2 Kagome Co., Ltd., Research Institute, Nishinasuno, Nasu 329-27, Japan 
 

The strictest barriers hamper the development of the hybrid embryos of L esculentum and L. peruvianum 
var. humifusum. This study was carried out in order to produce interspecifc hybrids and their backcross 
progenies using the ovule selection method (Imanishi et al., 1985; Imanishi et al., 1993). Twenty-three hybrid 
plants (F,) were obtained from 67 fruits (Table 1). These F, plants were confirmed by the morphological and 
physiological resemblance of their traits (prostrate habit, slender stem, tiny leaf segment, high levels of 
anthocyanin, and the scent of Japanese pepper) to those of the pollen parent, L. peruvianum var. humifusum 
LA2153. The first backcross progeny (B1F1) obtained were 9 plants from 61 fruits. Many plants of the second 
backcross progeny (B2F1) were produced, of which 70% were self-compatible. Fruit weight and seeds per fruit of 
the B2F1, indicated that their traits were beginning to match those of the L. esculentum. 
 
Table 1. Ovule culture for the development of the F1, B1F1, and B2F1, generations in the Interspecific 
hybridization of L. esculentum and L peruvianum var. humifusum. 

  
EP: Lycopersicon esculentum c.v. 'EarlyPink' LA2153: L peruvianum var. humifusum 
 
1 The rest of the ovules which did not germinate were dissected for the embryo culture which recovered a 
number of B2F1, plants. 
 

PCR-diagnosis of the tomato acid invertase gene was performed by using one pair of primers (Harda et 
al., 1995) in order to confirm the introgression of the L. peruvianum type invertase gene into the B2F2 
population. Twenty-three lines out of a total of 28 lines that were examined were found to be homozygous for the 
L. esculentum type gene (Table 2). The remaining five lines were found to be of mixed types, including the 
homozygous L. esculentum type, the homozygous L. peruvianum type, and the F1 type gene plants. Seven 
homozygous L peruvianum type gene plants were selected out of a total of 263 B2F2 plants. The content of 
sucrose and hexoses of fruits was determined for each of the invertase - genotypes. The fruits of the 
homozygous L. esculentum type and the F1 type plants accumulated mainly hexoses, glucose and fructose, 
while the homozygous L peruvianum type plants accumulated soluble sugars in the fruit primarily as sucrose 
(Fig. 1). 



 
 
Table 2. The introgression of L. peruvianum type invertase gene into L esculentum assessed by PCR in the 
second backcross generation (B2F2) of L. esculentum c.v. ‘Early Pink’ x L. peruvianum var. humifusum LA2153. 

 
The present study reports the first case of the transfer of the L. peruvianum type invertase gene in B2F2 

population, L. esculentum-equivalent tomato lines. 
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Allelism tests: in is allelic to com, dp is allelic to dgt and pu-2 is allelic to al.  
 
Jones, David A. and Jones, Jonathan D. G. 
The Sainsbury Laboratory, John Innes Centre for Plant Science Research, Norwich Research Park, Colney 
Lane, Norwich NR4 6PD, U.K. 
 

During a study designed to integrate the classical and RFLP maps of the short arm of chromosome I 
(reported by Balint-Kurti et al. 1995), a number of markers that had been previously suggested to map to 
chromosome 1 were assessed. The phenotypes conferred by two of these markers, in (indiga, Stubbe 1958) 
and dp (drooping leaf, Yu and Yeager 1960), were found to resemble those conferred by two known 
chromosome 1 markers, com (complicata) and dgt (diageotropica), respectively. In a separate study comparing 
markers affecting anthocyanin production, the phenotype conferred by pu-2 (pulvinata-2, Stubbe 1965) was 
found to resemble that conferred by al (anthocyanin loser). Experiments were carried out to determine the 
allelism or otherwise of these markers. 

To test for allelism between in and com, the cross GCR703 in-imb x CLS3483 autl-com was performed 
and the F1 progeny were found to be wild type for imb and autl, confirming the cross, but to have the 
indiga/complicata phenotype, indicating allelism between in and com. To test for allelism between dp and dgt, 
the cross LA2605 scf-dp r-wf c gs marm a hp x CLS4783 dgt-rvt was performed and the F1 progeny were found 
to be wild type for scf, c, a and rvt, confirming the cross, but to have the drooping leaf/diageotropica phenotype, 
indicating allelism between dp and dgt. Finally, to test for allelism between pu-2 and al, the cross LA973 pu-2 u x 
GCR382 al u+ was performed using LA973 as the female parent and the F1, progeny were found to have the 
putida/anthocyanin loser phenotype, indicating allelism between pu-2 and al, and to have non uniform fruit (u+), 
confirming the cross. 

Regardless of the order of precedence in the discovery and naming of these mutations, we suggest that 
the well known names com, dgt and al should be retained in preference to the more obscure names in, dp and 
pu-2, which should be altered to comin dgtdp and alpu-2, to reflect both their origin and their location at the well 
mapped com, dgt and al loci, respectively. 
 
Tomato stocks used 
 
GCR stocks were obtained from John Maxon-Smith, HRI, Littlehampton, UK. 
 
LA and 2-stocks were obtained from Charles Rick, Tomato Genetics Stock Centre, Davis CA, USA. 
CLS3483= an F3  Line derived from an aut l com F2 

 segregant of the cross CLS2531 aut l Tm-22 x LA664 com 
CLS2531= an F3 line derived from an aut l  Tm-22 F2 segregant of the cross 2-655A au  l x GCR758 Tm-22 
CLS4783= an F3 line derived from a dgt rvt F2 segregant of the cross LA1186 aut l dgt inv scf x LA1799 rvt 
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The rvt gene maps close to inv on the long arm of chromosome 1. 
 
Jones, David A. and Jones, Jonathan D. G. 
The Sainsbury Laboratory, John Innes Centre for Plant Science Research, Norwich Research Park, Colney 
Lane, Norwich NR4 6PD, U.K. 
 

The rvt (red vascular tissue) gene has been suggested to lie on chromosome 1 (Kerr 1982 a, b, Kerr 
et al. 1988), but this has not been confirmed with respect to well mapped markers on chromosome 1. To test 
this location we crossed LA1799 rvt to the chromosome 1 tester line LA1186 au scf inv dgt and examined 
189 F2 progeny. The segregation data were as follows. 

  
 

The complete absence of inv rvt recombinants suggests that rvt is close to inv. This is confirmed by 
the occurrence of only one scf rvt recombinant and two dgt rvt recombinants which are wild type for dgt and 
scf, respectively, indicating that scf and dgt are close to, but on opposite sides of rvt. Analysis of these data 
using the maximum likelihood method of linkage estimation leads to the following map. 

  
This analysis suggests that rvt is located between inv and scf. However, the recombination distances for rvt 
are based on an F2 in repulsion phase and so are prone to error. Therefore the placement of rvt proximal to 
inv should be considered probable but tentative. 
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FORL resistance in Tm-2 and Tm-22 lines from the TGRC stock. 
 
Laterrot H., Moretti A. 
Station d'Amelioration des Plantes Maraicheres B.P. 94 - 84143 MONTFAVET Cedex, France. 
 

The linkage between the Fr1 allele controlling the Fusarium oxysporum f. sp. radicis lycopersici (= 
FORL) resistance with the Tm-2 or Tm-22 allele for TMV resistance is frequent (Laterrot and Couteaudier, 1989. 
TGC Report N° 39 p 21). Many lines and commercial F1, hybrids resistant to FORL have been found amoung 
the varieties carrying the Tm-22 allele. 

Recently we have tested the 10 accessions carrying the Tm-2 or Tm-22 alleles from the stock of the 
TGRC listed by Rick and Chetelat in TGC Report N° 44: 32-44 (1994). The test was realized with a french 
isolate of FORL, with 18 days-old plantlets. Five lines showing FORL resistance response were tested a second 
time using a second sample of seeds received like the first one from C.M. Rick. There was a problem of seed 
germination with the accession LA 3275 carrying Tm-22 linked to ah. Only one plant was obtained, this plant was 
FORL resistant It is know that ah sometimes causes a poor seed germination (Laterrot, 1973. TGC Report N° 23 
p 24). 
The results of the 2 tests are presented in the table 1. 

 
 
Four accessions resistant to TMV are also resistant to FORL. These lines are carrying the following alleles of 
TMV resistance 
 

LA 1791: Tm-22 allele 
LA 3270: Tm-2 allele linked to nv LA 3273: Tm-22 allele  
LA 3292: Tm-2 allele 

 
Results are uncertain with LA 3275 (only I plant ). 
The line LA 3297 is in segregation for the Fr1 allele. 



 
Resistance to tobacco etch virus in Lycopersicon hirsutum.  
 
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. 
 

Tobacco etch virus (TEV) causes serious economic losses in Solanaceous crops. This potyvirus is 
commonly found on tomato an the east coast of Florida (Zitter, 1991). This virus is also present in South 
America (Zitter, 1991), Cuba (Fernandez, 1979), the Philippines (Xuan et al, 1987), Taiwan (Yoon et al, 1989), 
Thailand (Yoon et al, 1989), and Turkey (Yilmaz and Davis, 1985). TEV causes stunting on tomato plants and 
intense mottling on tomato leaves and fruits. In conditions of natural infection, the crop loss may be total if 
seedlings are infected just after transplanting (litter, 1991). 

Sources of resistance or tolerance to TEV have been reported in L. esculentum PI 183692 (Walter, 
1956) and in Pt 166989 (Alexander, 1959), and in L. hirsutum PI 134417, PI 127827 (Alexander and Hoover, 
1955), and PI 247087 (Hikida and Raymer, 1972). However, no tolerant or resistant tomato cultivars are 
available (Zitter, 1991). The following accessions were screened for resistance to TEV by artificial mechanical 
inoculations. Some of them were previously described resistant to potyviruses (TEV and/or potato virus Y): 

  
The susceptible tomato controls were the INRA line Monalbo and its near isogenic line Momor resistant 

to TMV (Tm-22). Screening for resistance to tobacco etch virus has been realized in growth chamber at INRA-
Avignon, during 1995. Twenty plants of each genotypes were inoculated with the strain of TEV called "CAA 10" 
and coming from California. The symptoms were scored 45 days after inoculation. In order to confirm visual 
reactions, DAS-ELISA tests were performed on each plant 45 days after inoculation. 

Stunt of the plant, distortion and mosaic of the leaves were observed on all the plants of Momor, 
Monalbo, Angela 18.1, P1 126410, F, Sweet 100, F, Sweet Million, F, Micro Tom, PI 134417 and PI 128660. No 
symptoms were observed on PI 247087, LA 716 and LA 1478. Among the 12 tested genotypes TEV was 
detected in the upper noninoculated leaves of all the plants of 11 accessions by ELISA. No virus was detected 
by ELISA in the upper non inoculated leaves of L. hirsutum PI 247087. 



All the genotypes previously described resistant or tolerant to TEV or PVY appear susceptible to our 
strain of TEV, except Pl 247087. This L hirsutum previously reported tolerant to TEV (Hikida and Raymer, 1972) 
appears to be highly resistant to TEV strain CAA 10. P1 247087 was also found resistant to two isolates coming 
from Cuba and one isolate coming from Turkey. This accession is also highly resistant to PVY (Thomas and 
Mac Grath, 1988 ; Legnani et al, 1996). 

The inheritance of its resistance was studied in intraspecific crosses, F2 (P1 134417 x P1 247087) and 
BC, (Pl 134417 x P1 247087) x Pl 247087. Thirty days after inoculation, segregation ratios (31 R:69S in F2 and 
52R:48S in BC,) fitted with the hypothesis of I recessive gene controlling the resistance to TEV in P1 247087, 
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Crossing relationships between some accessions of L. pennellii and L. hirsutum. 
 
Muigai, S.G.S. and J.W. Scott. 
Gulf Coast Research & Education Center, University of Florida, 5007 60th St. E., Bradenton, FL 34203 

 
We have been combining some accessions with different insect resistance chemistries which has 

allowed the generation of some interspecific crossing information. The accessions utilized included LA 1265 and 
P1 126449 from L. hirsutum f. glabratum; LA1353, LA1777, LA386, and P1 127826 of L. hirsutum f. typicum; 
and LA 1340, LA 2560, and LA 1674 of L. pennellii. Plants of these accessions were grown in greenhouse beds 
between 24 Apr-28 May, 1995. Day/night temperatures during this time ranged from approximately 22-32/16-22 
with the air being humid. There were 3 plants per accession used for crossing. The results are in Table 1. No 
fruit or seed was obtained from the L. hirsutum f. glabratum/typicum crosses. This is in contrast to the results of 
Martin (1962) who worked with a group of different crosses. Crosses of these L - h. glabratum accessions with 
L. pennellii were also very difficult. No fruit or seed were obtained from 111 crosses when L. h. glabratum was 
the female, and only 1 of 163 crosses had seed when L pennellii was the female. The crosses of L. hirsutum f. 
typicum and L. pennellii generally succeeded in both directions. An exception was that crosses with LA 1777 as 
the female parent did not result in any seed, while a small percentage of the reciprocal crosses produced seed. 
Also no seed was obtained from LA 386/LA 2560 crosses. The LA 386/LA 1674 cross only resulted in seed 
when the former was the female parent. According to Rick (1979) L. pennellii crosses unilaterally with L. 
hirsutum. Our data indicate L. pennellii/L.h. typicum crosses were successful bilaterally. Results could differ due 
to the accessions used and/or the environmental conditions under which the crossing is done. Our results do not 
make any definitive statement about these interspecific crosses, but do indicate the importance of the particular 
accessions used in such crossing. Researchers may wish to try crossing specific accessions under their own 
conditions rather than assuming that certain crosses or crossing directions will be unsuccessful. 



Table 1. Pollination efficiency for interspecific crosses between L. hirsutum f. glabratum, L hirsutum 
f. typicum, and L. pennelliI at a Bradenton, Florida greenhouse, Spring 1995. 

  



  
2The accession listed first is the female. 
yBased an 20 seeds per cross except for LA 1340 x LA 386 based on 4 seeds. 
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Resistance to alfalfa mosaic virus in Lycopersicon hirsutum 
 
Parrella, G, Légnani, R1, Cohen, S, Gebre-Selassie, K1, Laterrot, H2, Marchoux G.1 
Department of Agronomy and Plant Genetics - Via Universita, 100 - 80055 Portici - Italy 
1INRA - Station de Pathologie Vegetale - BP 94 - 84143 Montfavet Cedex France 
2INRA - Station d'Amelioration des Plantes Maraicheres - BP 94 - 84143 Montfavet Cedex France 
 
Alfalfa mosaic virus (AMV) is a virus with a widespread distribution and has been reported to infect more 

than 600 species of 250 genera belonging to 70 botanical families (Bellardi and Bertaccini, 1993). It is 
transmitted in non persistant manner by at least 22 aphid species (Edwardson and Christie, 1986). 

Natural infections in tomato crops caused by AMV has been reported to occur in Australia (Halisky et 
al.,1960), in France (Marrow and Migliori, 1966), in Germany (Schmelzer, 1969), in Israel (Zimmermann et al., 
1976), in Italy (Camele at al., 1991; Ragozzino, 1995) and in Japan (Okuda at al., 1992). In the Imperial Valley 
(California), losses of 10 to 15% has been reported in tomato fields (Rude, 1982). 

No case of resistance to AMV is known in the Lycopersicon genus. Moreover, no tolerant tomato 
cultivars are available (Zitter, 1993). Screening for resistance to alfalfa mosaic virus has been realized in 
greenhouse at INRA-Avignon, during 1995. The following 10 accessions belonging to 5 species of the genus 
Lycopersicon were screened by mechanical inoculation tests 
 
Lycopersicon esculentum var. cerasiforme : WVa 136 
Lycopersicon pimpinellifolium : "hirsute"; -LA 121; WVa 700 
Lycopersicon hirsutum f. typicum : LA 1777 
Lycopersicon hirsutum f. glabratum : PI 247087 Australia; PI 134417; "Bruinsma" 
Lycopersicon peruvianum : "CMV sel. INRA" 
Lycopersicon pennellii : "Clayberg" 
 

The susceptible tomato control was the INRA line "Momor", resistant to TMV (gene Tm-22). 
Fifteen plants of 16 days old were inoculated with the isolate "LYH 1 " of AMV from a plant of L. hirsutum 

Pi 247087 which was found to be infected by AMV during a field test at the INRA-Avignon in the 1995. This 
isolate caused necrotic symptoms after inoculation on tomato plants. All the plants of each accession were 
checked visually for symptoms development and by DAS-ELISA tests, 15 and 30 days after inoculation. 

No symptom was observed in the basal inoculated and in the upper non-inoculated leaves of all the 
plants of the 3 accessions of L. hirsutum : LA 1777, PI 134417 and "Bruinsma". Moreover, in the same plants, 
no virus was detected by ELISA tests in the upper leaves. 

In all the plants of Momor and of the other 8 accessions, including L. hirsutum PI 247087, typical 
symptoms (local and systemic necrosis) were observed and AMV was detected by ELISA tests in the upper 
leaves of these plants. Further analysis could give more elucidations about the mechanisms and the inheritance 
of the resistance(s) in the 3 accessions of L. hirsutum found to be resistant to alfalfa mosaic virus. 
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A single gene controls the hypersensitive response of Hawaii 7981 to race 3 (T3) of the bacterial 
spot pathogen. 
 
Scott, J.W.1, Stall, R.E.2, Jones, J.B.1, and Somodi, G.C.1 
1Gulf Coast Research & Education Center, University of Florida, 5007 60th SL E., Bradenton, FL 34203  
2Plant Pathology Dept., University of Florida, 2515 Fifield Hall, P.O. Box 110680, Gainesville, FL 32611 
 

Presently three races of the bacterial spot pathogen Xanthomonas campestris pv. vesicatoria infect 
tomato. These are T1, T2, and T3 (Bouzar et aL, 1994). Hawaii 7998 is resistant to T1 with multigenic control of 
the hypersensitive reaction and field resistance (Wang et al., 1994). We recently reported that Hawaii 7981 had a 
hypersensitive response and a high level of field resistance to the T3 strain (Scott et 

al., 1995). Plants of Hawaii 7981, Fla. 7060 (susceptible) and F1, F2, and BC generations derived from 
these two inbreds were injected with 108 cfu/ml of the T3 strain and rated for confluent necrosis at 24 and 48 hr 
after injection. This was done at 24 and 32°C. No confluent necrosis was expressed at 32°C. At 24°C (Table 1) 
100% of Hawaii 7981, 54% of the backcross to Hawaii 7981, and 22% of the F2 expressed confluent necrosis at 
24 hr. At 48 hr 100% of the F, and the backcross to Hawaii 7981, 50% of the backcross to Fla. 7060, and 73% of 
the F2 plants expressed hypersensitivity. The data support control of hypersensitivity to T3 from Hawaii 7981 by a 
single incompletely dominant gene. Two experiments suggest this gene plays a major role in field resistance (data 
not shown). We propose Xv-3 as the symbol far this gene. 
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Additional sources for resistance to Crown and Root Rot disease  
 
Stamova, L. 
Dept Veg. Crops, Univ. Calif. Davis, CA 95616 
 

Fusarium oxysporum f.sp. radicis-lycopersici (FORL) causing Crown and Root Rot disease is very 
damaging in greenhouse and field tomato. The line IRB-301-31 derived from a cross with L. peruvianum is the 
only source for resistance to FORL that have been reported and used up to now (Yamakawa, 1978; Laterrot, 
1988). 

Within the Fuibright visit of the author a number of Bulgarian lines having different wild species in their 
genetic background were tested for resistance to FORL. Six numbers out of 54 totally screened inbred lines 
coming from the cross Ace x L. chilense back -crossed only once to the cultivated tomato, as well as two lines 
with L. pennellii in their pedigrees were found to be in segregation for resistance to FORL. Ten lines from 
crosses with L. pimpinellifolium and eight breeding lines with resistance to other diseases reported previously 
(Stamova, 1990), were proven again to be homozygous resistant. The resistance is dominantly inherited 
(Stamova, 1993). 

To our knowledge this is the first report about resistance top FORL found in L. chilense, L. pennellii and 
L. pimpinellifolium. Allelic test between IRS-301-31 and some of the homozygous resistant lines are under way. 
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Resistance to Tomato Spotted Wilt Virus  
 
Stamova, L. 
Dept. Veg. Crops, Univ. Calif. Davis, CA 95616 
 

The Tomato Spotted Wilt Virus (TSWV) has become a big problem for tomato crops in many regions. 
High level of resistance was reported in L. peruvianum, the resistance being controlled by partly dominant gene 
Sw-5 (Stevens et al., 1992). The same authors have later published resistance to 3 isolates of TSWN found in 20 
L. chilense and 8 L. peruvianum accessions (Stevens et al., 1994). 

In 1995 a number of lines from the breeding program for high D-carotene tomatoes (Manuelyan et al., 
1993) were tested for resistance to TSWV. All numbers under investigation have L. chilense in their pedigrees. 
The plants were mechanically inoculated in seedling stage. The inoculation was accomplished by rubbing the 
cotyledons of the plants previously dusted by carborundum, with an inoculum prepared from infected tomato 
leaves homogenized in cold inoculation buffer. The plants were inoculated twice. Visual symptoms were used as 
a criteria for evaluation of the plant reaction. 



Two weeks after the inoculation the plants were evaluated and 40 lines out of 80 totally screened were 
found in segregation for resistance to TSWV. Ten lines showed more than 50% of the plants resistant to TSWV. 
Later on some of the plants selected as resistant developed typical symptoms for TSWV. The plants selected 
from 10 lines stayed symptomless till the end , when grown for seeds. The plants are vigorous, indeterminate, 
with middle size fruits. 

Our results support those of Stevens et al. (1994) regarding TSWV resistance in L.chilense and also 
their suggestion that "other potential useful TSWV resistance genes probably exist within the genus 
Lycopersicon". 
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Resistance to Pseudomonas syringae pv. tomato.  
 
Stamova, L 
Dept Veg. Crops, Univ. Calif. Davis, CA 95616 
 

Resistance to bacterial speck pathogen Pseudomonasd syringae pv. tomato (P.s.t.) race 0 is controlled 
by the single dominant gene Pto 1 /(Pitblado and Kerr, 1980) or Pto 2 (Pilowsky and Zutra, 1992). Lawton and 
Mac Neill (1986) in Canada and Bogatsevska et al. (1989) in Bulgaria have published about appearance of race 
1 that is pathogenic on Pto I cultivars. Resistance to race 1 was found in L.chilense and L.pimpinellifolium 
(Stamova et al., 1990) and two novel genes Pto 3 and Pto 4 were identified in L.hirsutum var. glabratum, 
controlling resistance to the both races /Stockinger and Walling, 1994/. 

In 1995 we screened for resistance to race 0, fifty seven lines having L.chilense, L.pennellii and 
L.pimpinellifolium in their pedigrees. No one line was found to be homozygous resistant but many lines 
segregated for resistance to race 0, some of them showing more than 50 % of the plants resistant to P.s.t.  
Lines coming from crosses with L.chilense differ in size and color of the fruits, indeterminant and determinant 
plant habit as well as resistance to other diseases. The results support our earlier finding (Stamova, 1990) about 
resistance to P.s.t. in L.chilense derivatives. 

Line 341-94 derived from a cross with L. pennellii (unknown origin) was found to show 38% of the plants 
resistant to P.s.t. To our knowledge a few reports refer to the reaction of L.pennellii to P.s.t., except - that of 
Stockinger and Walling report susceptibility of L.pennellii LA 716 to race 0 and race 1. 

Additional study is needed to clear up the independence or similarity of new found resistance and 
already known resistant genes. 
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Oidium powdery mildew in California  
 
Stamova, L 
Dept. Vegetable Crops, Univ. Calif., Davis, CA 95616 
 

In 1978 Kontaxis and Van Maron reported powdery mildew as a new disease on tomatoes in the United 
States. The case referred to the disease caused by Leveillula taurica, which is now well controlled genetically by 
the gene Lv in the line Laurica, developed by Stamova and Yordanov (1990). Similar attacks of powdery mildew 
on tomatoes have occurred elsewhere in California, including Gilroy, San Juan Bautista and the San Diego 
region. 

In the winter of 1995 we detected a "new powdery mildew" in our research greenhouses at Davis. The 
symptoms of the disease are quite different from those caused by L. taurica. Single white flour spots appear on 
the upper side of the leaves, then enlarge in size and the leaves collapse and dry up. 

The fungus causing the "new powdery mildew" is easily distinguished from L. taurica which grows into 
the leaf and whose sporulation is visible on the lower side of the leaf. The new fungus grows on the epidermis, 
and its sporulation is visible on the upper side of the leaf. Unlike L. taurica, the new fungus also attacks stems 
and petioles. , 

Under natural infection in the greenhouse the new powdery mildew attacked leaves and stems of most 
L. esculentum lines growing at the time, however some derivatives of L hirsutum were symptomless. 

A preliminary investigation showed that the size and shape of the conidiophores and conidia are 
different from L taurica and are typical of an Oidium state (Erisiphales). Mycelia are white and thin. Conidia are 
single and ellipsoid in shape, with average dimensions (LxW) of 37.87 µm ( range 29.43-43.64) x 18.56 µm 
(range 12.66 - 21.31); germ-tubes are simple, cylindrical, and originate from one end or one side of the 
conidium. 

In the late 1980's a powdery mildew appeared in Europe (Lindhout and Pet, 1990; Stamova et al., 1990) 
that causes these same symptoms and was designated by Noordeloos and Loerakker (1989) as Oidium 
lycopersicum. 
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A tentative study of some Solanum relatives for disease resistance  
 
Stamova, L., and Chetelat, R.T. 
Dept Vegetable Crops, Univ. Calif. Davis CA 95616 

 
For some tomato diseases, no resistance is known, and for others resistance genes are ineffective 

against some pathogen strains. This situation led us to search for resistance in some genetically distant wild 
relatives, even if for the present they cannot be directly hybridized with the cultivated tomato. During the author's 
visit in the C. M. Rick TGRC in UC-Davis, the following species have been screened for resistance to some 
diseases: S. sitiens (accessions LA1974, LA2876, LA2877, LA2878, LA2885), S. ochrantum (LA2165, LA2682) 
and S. juglandifolium (LA2134, LA2788). 

All of the above mentioned species were inoculated with a fern strain of cucumber mosaic virus (CMV). 
Plants of the susceptible cvs VF36 and Vendor-Tm2a showed heavy mosaic and shoe-string leaves, whereas no 
CMV symptoms were registered in S. ochrantum and S. juglandifolium accessions after inoculation. The same 
reactions were shown after inoculation with tomato spotted wilt virus (TSWV). Some of the S. sitiens were found 
to segregate for resistance to CMV in respect to stunting of the plants after inoculation. S. sitiens (LA1974) was 
uniformly susceptible after inoculation with 3 isolates of Botrytis cinerea from tomato, grape, and apple. 

In the same greenhouse as these tests, a heavy natural infection was observed for an Oidium powdery 
mildew, apparently new for California. All of the aforementioned Solanum spp. showed resistance, and 
simultaneously the nearby normal cultivars suffered sporulation on leaves, petioles and stems. 

 
 

Identification of co-dominant RAPD markers tightly linked to the tomato spotted wilt virus (TSWV) 
resistance gene Sw-5. 
 
Stevens, M.R., Heiny, D.K.1, Griffiths, P.D.2, Scott, J.W.2, and Rhoads, D.D1. 
Dept. of Agron. & Hort., Brigham Young Univ., Provo, UT 84602 
'Dept. of Biol. Sci., Univ. of Ark., Fayetteville, AR 72701 

Gulf Coast Res. & Edu. Center, IFAS, Univ. of Fla., 60th St. E., Bradenton, FL 34203 
 
The tomato (Lycopersicon esculentum) cultivar 'Stevens' contains a single dominant gene (Sw-5) 

(Stevens et al. 1992) originating from L. peruvianum (van Zijl et al. 1986) which confers resistance to tomato 
chlorotic spot virus (TCSV), ground ring spot virus (GRSV) and common strains of TSWV (Boiteux and Giordano 
1993). 

Restriction fragment length polymorphism (RFLP) analyses position Sw-5 on the long arm of 
chromosome 9 in the sub-telomeric region between CT71 and CT220 (Stevens, 1993; Stevens et al., 1995). We 
identified a randomly amplified polymorphic DNA (RAPD) primer (UBC primer #72 [GAG CAC GGG A]) which 
produces a 2.2 kilo base pair (kbp) polymorphic band linked to Sw-5 in 89R, a tomato - breeding line developed 
at the University of Arkansas (UA). However, when this primer was tested in a Sw-5 segregating tomato 
population from the University of Florida (UF) the 2.2 kbp band was also found to be present in some breeding 
lines susceptible to TSWV (Stevens et al. 1996). These findings indicate this band has limited utility for marker-
assisted selection in a broad range of breeding lines. 

Using both the OF and UA TSWV susceptible and resistant tomato lines, we conducted another search 
for RAPID markers. One RAPD primer (UBC primer #421 (ACG GCC CAC C]) detects a pair of co-dominant 
RAM markers linked to Sw-5. This primer produces a 0.94 kbp band (421R) from DNA in tomato lines with Sw-5. 
Susceptible L. esculentum plants lack the 421R band but contain a unique 0.90 kbp band. Both bands have 
been cloned and partially sequenced for construction of a pair of primers specific to just these two fragments. 
Sequence analyses indicate that the 0.94 and 0.90 kbp bands are allelic; consistent with segregation data. Our 
analysis of the interspecific population (L. esculentum (SAl x L. pennellii [LA716]) used to map Sw-5 (Stevens, 
1993) suggest that the 0.94 and 0.90 kbp bands derive 

2 



from the region between CT71 and CT220. In a population of >200 L. esculentum backcross plants segregating 
for Sw-5, we identified only two plants with probable crossover events between Sw-5 and the 0.94 kbp 421 R 
band. Additional analyses have determined that the TSWV resistance phenotype for these plants was incorrectly 
diagnosed. Thus, the genetic distance in an L. esculentum population is <1 cM between the 421 bands and Sw-
5. We have found the specific primers to be highly reliable in a number of different buffers and amplification 
conditions. The co-dominant resistant and sensitive specific bands differ in size by 0.04 kbp. Therefore, care 
must be used in the selection of gel electrophoresis conditions in order to distinguish homozygous resistant, 
homozygous susceptible, and heterozygous plants. 
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Ptoh, an allele of Pto conferring resistance to Pseudomonas syringae pv. tomato (race 0) that is 
not associated with fenthion sensitivity 
 
Tanksley S, Brommonschenkel S, Martin G. 
Department of Plant Breeding and Biometry, Cornell University 
Department of Agronomy, Purdue University 
 

Pto is a dominant gene on chromosome 5 conferring resistance to Pseudomonas syringae pv. tomato 
(race 0) (Pitblado and MacNeill 1983). It has also been shown that Pto confers susceptibility to the 
organophosphate insecticide, fenthion (Laterrot 1985, Laterrot and Moretti 1989). Recent molecular studies 
have shown that resistance to Ps pv tomato and susceptibility to fenthion is conferred not by a single gene, but 
two tightly linked and functionally similar genes (Pto and Fen) (Martin et al. 1994). Thus far there have been no 
reported successes in breaking the linkage between Pto and Fen. 

Recently Laterrot and Moretti (1992) reported that several accessions of L hirsutum appear to be 
resistant both to Ps pv tomato and fenthion. In an attempt to test the genetic basis of Ps pv tomato resistance 
from L. hirsutum, a cross was made between a single individual of L. hirsutum PI134418 (shown to be 
resistance to Ps pv tomato and fenthion) and the cultivated processing line E6203 (susceptible to Ps pv tomato 
and resistant to fenthion). A single F, hybrid plant was backcrossed to E6203 and 20 BC1 progeny, as well as 
resistant (Rio Grande-R) and susceptible (Rio Grande-S) controls, were screened for resistance to Pst race 0 
strain PT11 (Martin et al. 1993) via a leaf inoculation assay. 4-6 week old seedlings were inoculated by dipping 
in a solution of 4 x 107 Pst colony forming units per ml, 10 mM MgCl2, 0.05% L-77 Silwet (Union Carbide) 
dispersed in distilled water. 

A wide range of reactions was observed in the BC1. Two plants displayed a susceptible reaction 
equivalent to the susceptible control. Eleven plants showed intermediate resistance (fewer lesions that the 
susceptible controls, but more lesions than the resistant controls).  Seven plants displayed a resistance 
equivalent to the resistant controls.  One of these highly resistant individuals was backcrossed again to E6203.  
In this generation the segregation for resistance was more clear cut.  Twelve BC2 progeny were screened: 10 
were highly susceptible and 2 were highly resistant.  Both highly resistant individuals were backcrossed again 
and a total of 11 BC3 (94T693) progeny were screened with Pst . Only a single resistant individual was observed 
in the BC3. 

The single resistant BC3 plant (94T693-2 ) was both selfed and backcrossed to E6203 to produce BC3F2 
(94T890) and BC4 (94989) populations. Individuals from both populations were screened with both Pst race 0 
strain PT11 and, P. syringae race 1 strain T1 (Ronald et al. 1992) and fenthion. In addition, DNA from these 
plants were probed for RFLP segregation of the 



cloned Pto gene (CD186) (Martin et al. 1993). All plants showed resistance to fenthion and susceptibility to race 
1 strain T1 (Ronald et al. 1992), The segregation results for reaction to Pst race 0 strain PT11 and for probing 
with the cloned Pto gene are summarized in Table I and 2. 

  
 

Resistance to Pst race 0 and CD186 (cloned Pto gene from chromosome 5) showed perfect 
cosegregation in both the BC4 and BC3F2 populations indicating that race 0 resistance from L hirsutum 
P1134418 is likely allelic to Pto. We therefore designate the gene from L. hirsutum as Ptoh. Ptoh is similar to Pto 
in that it confers a dominant resistance to race 0 but is ineffective against race 1. Ptoh differs from Pto in that it is 
not associated with fenthion susceptibility. The region of chromosome 5 containing the Ptoh gene showed 
skewed segregation in favor of the susceptible (esculentum) homozygotes in both the BC4 (10 R/S:16 S/S) and 
the BC3F2 (13 RJR- 28 R/S: 20 S/S) generations. The skewed segregation may be due to the interspecific origin 
of the Ptoh gene and may account for the high level of skewing towards susceptible types in the early backcross 
generations. 
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Observation upon the comparative use of two isozyme loci in F, tomato hybrids 
 
Vodenicharova, M.S., Stoilova, Ts.B., Markova, M.D. and Cholakova, N.I.  
Inst. of Genetics, Bulgarian Academy of Sciences, Sofia -13, Bulgaria 

 
In our previous work it was estimated that some isoenzyme molecular forms of the enzymes alchohol 

dexydrogenase and esterase may be used as genetic markers for tomato seed hybridity (TGC Report, 1993, 
No. 43, p. 50). These isoenzyme molecular forms later were sighted as locus Adh-1 and locus Est-1 (Compt. 
Rend. Acad. Bulg. Sci., 1993, No. 46, pp. 89, 97). 

In this study we have compared the application of the two isozyme loci for F, tomato hybridity 
determination. 2113 individual seeds of tomato (L. esculentum Mill.) hybrids and their parental lines, taken from 
different lots and experimental stations in Bulgaria, were analyzed (Table 1). The enzyme extractions, the 
electrophoretic division on polyacrilamide gel and the isozyme visualization were carried out by our previous 
work. 

 

 
 
The two loci for tomato hybridity identification were used only in Kristi and Standard 59 cultivars. These 

tomato hybrids were distinguished for their mother line which had the gene of make sterility: ms-35. The results 
showed complete comparison of the loci Est-1 and Adh-1 as markers of F1 hybridity. In the other tomato hybrids 
that we have investigated, we were not able to use the locus Adh-1 because of lack of alternative isozymes in 
the parental lines. Therefore this locus wasn't applicable to prove F, hybridity in all tomato cultivars, i.e. its 
application was limited. As hybrid marker for the other tomato varieties we used only locus Est-1. There was no 
difference between the locus Est-1 expressions for the proving of F1 hybridity in combinations both from different 
regions of the country and with different origin. The facts of great importance were the quicker esterase 
isozymes visualization and the cheaper chemicals for if. 

The data of this research indicate some universality of locus Est-1 for proving F1 tomato hybridity. 
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Basal Roots  
 
Zobel, R.W. 
USDA-ARS, Cornell University, Ithaca, NY 
 

For the last 100 years or so, plant scientists have been investigating plant root systems to improve growth, 
reduce sensitivity to stressful conditions, or improve tolerance to pathogens like nematodes, Fusarium, etc. 
During this time the plant anatomists characterized the plant root system as having three types of root: the 
radicle or tap-root which is the first to emerge, lateral roots (branches off other roots), and adventitious roots 
(roots originating from non-root, non-meristematic tissues). Because ail three types of root are virtually identical 
in their anatomy, root researchers assumed that they were also functionally (physiologically) equivalent - 
paradigm: Although most plant root systems consist of three developmentally distinct types of root (radicle or tap 
root, lateral roots and adventitious roots), their virtually identical anatomy and morphology suggests that these 
three types are functionally (physiologically) equivalent. 

In the 1970's we hybridized the diageotropica (dgt) mutant with the rosette (ro) mutant and obtained the 
double homozygote shown on the cover of this issue of the TGC Reports. Since dgt does not develop lateral 
roots, and ro does not develop adventitious roots, the resulting homozygote should have had only a tap root - 
indeed this was the original intent. Morphologically, the segregating F2 seedlings showed a ratio of 9:3:4 
(+:dgt.ro) for shoot characteristics, and 3:1 (+:dgt) for root characteristics. The seedlings which were classified 
as ro segregated 3:1 (+:dgt) for the lateral-less characteristic of dgt - double homozygotes. When tested for 
adventitious rooting, none of the ro plants developed adventitious roots, and the double homozygotes did not 
develop lateral roots. The additional roots on the double homozygote have been termed 'Basal Roots" because 
of their location at the base of the hypocotyl (Zobel, 1975). 

These results suggested that there were four types of root rather than the classical three. Further research 
with other plant species has confirmed the existence of four types, and evidence dating back to the 1800's 
(Weinhold, 1967) demonstrate the development of these basal roots on all plant species. This article is placed in 
this issue of the reports, because new data from our lab., with other species, demonstrates that these four types 
of root are functionally distinct as well as developmentally distinct. The following note describes a short 
experiment where we demonstrated the physiological distinctness of the tap, basal, and lateral roots of tomato in 
terms of nutrient uptake. 
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Spatial and temporal characteristics of nutrient uptake; root type differences 
 
Zobel, R.W., L.V. Kochian and T.K. Toulemonde 
USDA-ARS & Cornell Univ., Ithaca NY 
 
Using ion specific microelectrode technology (Toulemonde, 1992), we investigated the spatial and temporal 
characteristics of several different root-types on seedlings of cv. VFN8 (Zobel et al. 1992). We measured the 
rate of potassium (K*) uptake by tap roots at 7 and 14 days after germination and by basal roots at 14 days after 
germination. At 7 days the tap root was 8 cm long and at 14 days the basal roots were 8 cm long. We assn a 
that these roots are a developmentally similar when they are the same length. This may be an unwarranted 
assumption, but suffices for this study. We also measured Nitrate (N03) uptake in tap, basal and lateral roots in 
7, 14, and 21 day old plants (same assumptions as before). 
The results are shown in figures 1-3. 



  



 

  
 
Figure 3. N03- uptake by tap, basal and lateral roots of 21 day old seedlings. (50,45, 6-8 cm 
respectively) (Values are means, error bars represent SE. n=5 in tap root; n=5 in basal roots; n=6 in 
lateral roots) (From Toulemonde, 1992) 
 

It can be seen from these graphs that the different types of root have different spatial patterns 
of uptake (along the length of the root) as well as differential temporal patterns. With potassium 
uptake, the spatial pattern on the tap root changes from day 7 to day 14, with both being different 
than the basal root pattern. The absolute rate of potassium uptake for the tap root actually increases 
from day 7 to day 14. Similar responses are observed with nitrate uptake, except the pattern and rate 
of nitrate uptake for the tap root remains constant from day 7 to day 14 (data not shown). It appears 
that once the lateral rootshave begun to take up nitrate, both tap and basal roots reduce their rates to 
a lower rate which is commonwith the distal parts of the lateral roots. 

This data suggests that different types of root differ in their functional characteristics as well 
as their developmental patterns. The demonstration that they are genetically distinct in terms of 
initiation (Zobel, 1975), combined with this demonstration of differential gene activity related to 
function suggests a need to evaluate root system function based on the separate root types existing 
in that root system. 
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