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PART I 
RESEARCH NOTES 

 
 
Al-Kummer, M. K., and I. B. Taylor  Observations on flowering and vegetative development of Solanum 
lycopersicoides. 
 

In response to the research note in TGC Report 29:29 concerning the problems of inducing flowering in Solanum  
lycopersicoides (Phills and Robinson, 1979), we thought that it might be instructive to relate our experiences with this 
species. Using both vegetatively propagated material and seedlings of S. lycopersicoides (P1365 378), we have not yet 
failed to induce flowering in a growth chamber set at 18 + 1oC, with a short day photoperiod (10 h light/14 h dark) supplied 
by fluorescent tubes with a light intensity of around 1000 FtC. These conditions approximate the 10-15oC, 1000-1200 FtC 
regime recommended by Phills and Robinson. 

The major difference is that they do not specify a daylength and suggest that photoperiod is relatively 
unimportant. Although we have not conducted extensive tests into the interaction of the three main variables (temperature, 
light intensity and photoperiod), we have found that under our standard growing conditions the daylength is critical. Two 
identical groups of S. lycopersicoides have been grown in closely similar growth chambers, both generating 1000 FtC and 
maintaining a constant 18 + 1oC temperature. One group was subjected to a photoperiod of 10 h light/14 h dark, while the 
other was given 16 h light/8 h dark. The former flowered profusely whereas the latter group remained vegetative. These 
results are consistent with our observations of glasshouse grown plants in England. 

In addition to the flowering problem, we initially encountered some difficulty in maintaining our stock of S. 
lycopersicoides. Propagating by means of cuttings has presented no problem. With some genotypes young shoots have 
even arisen from the roots of a mature plant, rendering it unnecessary to take cuttings. We are not aware of spontaneous 
plantlet formation occurring in any other close relative of the tomato and do not rule out the possibility that these 
propagating 'roots' are in fact subterranean shoots. In raising plants from seed we have encountered germination 
problems. Initially this was due to harvesting the fruit prematurely. S. lycopersicoides fruit takes takes an extremely long 
time to mature and this is only marked by the fruit becoming a slightly paler green. In practice we now leave the fruit on 
the plants for approximately four months from pollination. Even after this period the fresh seed usually fails to germinate 
unless the seed coat is cut to facilitate the emergence of the radicle. 
 
 
Avdeyev, Y. I., and B. M. Shcherbinin Ora, the gene for resistance to Orobanche aegyptiaca, may be on 
chromosome 11. 
 

In TGC 27 we reported a tomato line PZU-11 resistant to broomrape, Orobanche aegyptiaca. In the period 1975-
1977, PZU-11 and Bush-Line with the Ora gene were crossed with other varieties and genetic lines. Results show no 
evidence of linkage between Ora and, sp, d, u, o, t Tm-2, Tm, and O; that is, broomrape resistance segregates 
independently of these genes. At that time, we tested 55 F2 jointless plants from the cross: PZU-11 x Mashinny (j). We 
found only one (1.82%) resistant j plant under conditions of severe infection. In 1978 we exposed 256 j plants in the F2 
Volganin (j) X Bush-Line (Ora) to standard-level infection. Only 8 plants (3.12%) were resistant to broomrape - i.e., only 
1/24 of the number expected. According to these data, we believe that Ora is linked with j on chromosome 11. 
 
 
Campion, B., M. Schiavi, and G. P. Soressi Potential of torosa2 for tomato breeding. 
 

To radically solve the problem of mechanically harvesting tomatoes in Italy, we need an ideal plant (ideotype) 
characterized by upright habit, lack of lateral shoots, and bearing 1-3 fruits in the first truss, at which growth stops. 



Such a plant possessing a maximum of earliness and fruit ripening concentration should be mechanically 
harvested by cutting the stems far enough above ground to avoid separation of stones, soil, and green fruits. 

Seeking a genetic basis for such a plant, 7 tomato stocks were crossed with the mutants eramosa, minuta, 
parva, rigida, rigida2 , torosa, torosa2, unicaulis (all of the foregoing = Stubbe's mutants), non-branching (Alexander), 
and lateral suppressor {Darby). The F2 generations were screened in field plantings. "Monostem" phenotypes, very 
close to the above-outlined ideotype, were found in the progenies involving torosa as a parent. Some of these 
monostem plants were crossed with 13 common tomato varieties and the subsequent progenies selected for the 
traits peculiar to the ideotype. 

To check the breeding potential of to2, 21 of the monostem lines thus selected (14 S6, 1 S5, 1 S4, 1 S3, 2 
BC1S5, 2 BC1S3) were compared with the cvs. UC-105 and Chico III. The earliest monostem lines ripen on the 
average of 20 days before Chico III; a maximum of ripening concentration was shown by the I truss - 1 flower - I fruit 
phenotypes; the highest yield performance was shown by monostem plants bearing 2-3 trusses with 2-3 fruits each, 
obviously less concentrated in fruit ripening and not upright. In contrast, the dwarf monostem phenotypes were 
upright, but their fruits were severely affected by radial cracking. A high frequency of "double flowers" and "double 
fruits" (see figure) appeared related with the "monostem" feature. 

  
On the basis of such genetic material we believe it is possible to select "monostem" lines promising for 

breeding very early tomato varieties endowed with optimum fruit ripening concentration and suitable to high density 
population for mechanical harvesting also in non-favorable soils and climates. 
 
 
Farrell, M. and C. M. Rick  Recurring mutants at established loci. 
 

In screening progenies of 1782 M1 plants derived from EMS-treated seeds (cv. VFNT Cherry, synthesized 
by Dr. Paul Smith at U.C., Davis), we found three mutants which complementation tests have demonstrated to be 
allelic to alb, c, and d. Crosses to homozygous standard marker stocks exhibited hairy stems, an incompletely 
dominant trait conferred by the multiply-marked tester on the maternal hairless cv. VFNT Cherry mutants in all F1's, 
which also expressed the mutant phenotypes. The dwarf (d) and albescent (alb) F1's were carried through to the F2 
generation which segregated for the other test markers. The dwarf phenotypes in the F 's segregated inter se, with 
81 of 274 being of scorable size one month earlier than the remaining 194 --- results not significantly different from a 
1:3 ratio (x2 = 2.7). Thus, these two alleles sharing a common locus are of different genetic constitution (mutons of a 
single recon). The new dwarf mutant, a more extreme phenotype with thicker, more rugose and recurved leaves, 
shorter internodes and a slower growth rate, is dominant to the original d allele, which occurred as a spontaneous 
mutation. 



These mutants have been assigned the accession numbers 3-625 (alb), 3-626 (c), and 3-623 (d), and seeds 
are available to members on request. Seeds for the isogenic multiply-resistant, early, brachytic, cherry cultivar 
carrying the normal alleles are likewise available. 

Additional information on the M1 progenitors of these mutants is presented here. 
 
3-625: alb allele (map position 125-0) 

  
 
A chi-square analysis of the two progenies that segregate for both c and dwarf does not indicate independence, and 
further work is being done with the M1 seed. 
 
3-623: d allele (map position 2L-70) 
 
ex 78L1101-142 (Medium Vigorous): 50% fruit set, normal plant diameter 
 

This M1 plant was one of 15 selected for further investigation in our fate-mapping study. All dwarf mutants 
segregate in progenies of fruits harvested from the first two primary branches (being first order divisions off the main 
stem), occurring at a frequency of 0.17 (41 of 242 plants), with the exception of a single mutant on branch 6 (fruit 
mutation frequency = 0.06). This is curious given the 2/5 phyllotaxy of tomato. 
 
Kanwar, 1. S., E. A. Kerr, and P. M. Harney Linkage of Cf-1 to Cf-11 genes for resistance to tomato leaf mold, 
Cladosporium fulvum Cke. 
 

Previous work (TGC 22:15-16 and TGC 27:14) indicated that several genes for resistance to  C. fulvum 
exist. Linkage of the genes named from Cf-1 to Cf-11 has been tested in backcross populations with marker genes 
covering all chromosomes.  Linkage deviations were determined by Chi-square analysis and cross-over values 
computed. Only those which showed significance are reported here in the table. 



The data confirm the approximate locations of Cf-1 to Cf-4. Cf-1 is on Chromosome 1 at position 92. Cf-2 is 
on 6 at 45. Cf-3 is on 11 at 0 and Cf-4 is on 1 at 94. The numbering on chromosome 11 will have to be revised as 
the position of j-2 appears to be about position 11. 

This study has determined the chromosomes on which Cf-5 to Cf-10 are located and gives a rough 
indication of their position. Cf-5 is on chromosome 4 between ful and e at position 50. Cf-6 is on 12 at 26. Cf-7 and 
Cf-8 are on 9 at 49 and 42 respectively. Cf-9 is on 10 at 35. Cf-10 is on 8 at 34. 

Cf-11 is tentatively placed on chromosome 12 at approximately position 29. We also have suggestion of 
linkage with marm on chromosome 9. Further data are being obtained to determine which is correct. 

Several other resistance genes have been tentatively located but tests for allelism are not yet completed. 
These results suggest that we have one more resistance gene on chromosome 1, 3 on 2, 2 on 3, 1 on 4, 1 on 5, 1 
on 7, 1 on 8, and 1 to 3 on 11. 

 



Kanwar, J. S., E. A. Kerr, and P. M Harney  Linkage of Cf-12 to Cf-24 genes for resistance to tomato leaf mold, 
Cladosporium fulvum Cke. 
 

Previous work (TGC 22:15-16; 25:22; 27:14; 27:25; 28:18-19; 28:19) indicates that- many genes for 
resistance to Cladosporium fulvum exist. The linkage relations of the genes previously named Cf-1 to Cf-11 have 
been reported by us in another Note in this Report.  

Thirteen additional dominant resistant genes have been obtained from various accessions of primitive 
Lycopersicon esculentum and L. pimpinellifolium. Their uniqueness has been determined by tests for allelism and 
they are now named Cf-12 to Cf-24. 

This study has determined the approximate chromosomal location of all these genes. From the data, it 
appears that Cf-12 is on chromosome 8 at position 31. This increases the known length of this chromosome and will 
require renumbering of the positions of the other 3 at positions 67 and 0 respectively. Cf-16 and Cf-17 are on 
chromosome 11 (very closely linked between j-2 and a) at positions 22 and 20. Cf-20, Cf-19 and Cf-18 are on 2 at 
positions 50, 84 and 105 respectively. Cf-21 is on 4 between ful and e at 45; Cf-22 is on 1 between br and u at 15. 
Cf-23 is on 7 and is tentatively placed at 36. If this position is confirmed, the locations of the genes on chromosome 
7 will have to be revised. Cf-24 is on 5 between mc and wt at 36 units from mc. Further tests are necessary to 
determine the exact locations of these genes. 



  



Kesicki, E.    The use of immunosuppressors in interspecific hybridization of tomato. 
 

Bates and Deyoe (1973, Economic Botany 27) postulated the use of chemicals which suppress 
immunological reactions in animal tissue for breaking the incompatibility barriers in plants. The use of such 
chemicals was successful in cereals (Bates et al. 1974, Cereal Science Today 19). Present study indicates that 
immunosuppressors also give positive results in tomato, at least in these analyzed combinations: L. esculentum X L. 
hirsutum and L. esculentum X L. peruvianum. 

L. esculentum cv. Potentate, L. hirsutum PI 308182 and L. peruvianum PI 126435 stocks were used. 
Flowers of L. esculentum were emasculated and pollinated with the other species before treatment. The treatments 
were carried out once a day for 14 days after pollination. 

The best results were obtained with Cuprenil in 0.05% solution with the addition of DMSO. This treatment 
distinctly increased the mean number of hybrid seeds per fruit, the percent of seed germination, and the mean 
number of hybrid plants per fruit in the test combination L. esculentum X L. hirsutum (see table). 

Applications of Cuprenil were also successful in crosses of L. esculentum and L. peruvianum. After 
treatment of plants with Cuprenil, 43 F1 hybrids and many seeds of BC1 to L. esculentum were obtained. 

  



Lambeth, V. N., and P. Byrne  Inheritance of pericarp firmness in tomato. 
 

In 1977 research was initiated to select tomato lines of value in breeding pericarp firmness, to determine the 
mode of inheritance of this trait and to develop breeding lines and cultivars with increased firmness.  

Thirty entries, including 12 F1 hybrids having at least one firm parent, 15 inbred lines (parents), 2 slow-
ripening mutants (nor and rin) and one firm-fleshed cultivar Fla. MH-1, were planted in a completely randomized 
block design with 4 replications. Fruits were harvested at the breaker stage on 5 dates in July and August. Half of 
the fruit from each harvest was tested for firmness the following day and half was stored for 7 days at 21oC. Mean 
firmness values before and after storage and mean change in firmness were determined for each entry. Heritability 
estimates were made by regression analysis of offspring on MP means. Tests were also male for heterosis. 

Firmness means at breaker state varied from a high of 1.8658 kg/0.6 cm2 for STEP (USDA 73B696) to a low 
of 0.7600 kg/0.6 cm2 for MO. 31-Y-49A, a soft breeding line. Storage diminished the differences in firmness; 
however, entries that were firm as "breakers' tended to be firm after storage. Inbred lines that appeared to be good 
parental lines for firmness were USDA 73B696, Fla. 1011, Mo. P1571, Md. 101 and Fla. MH-1. 

Mean fruit firmness decreased as the season progressed. Heritability estimates by regression analysis were 
91°P% at the breaker stage and 67% after storage for 7 days at 21oC. These high estimates indicate a major 
contribution of genotype in the expression of firmness. Since the regression coefficient measures narrow sense 
heritability, additive genetic variance played a larger role than dominance or epistatic interactions. For the most part, 
firmness values of hybrids fell close to the MP values: however, two hybrids (entries 4 and 10) were found firmer 
than the firm parent in common (entry 17, STEP 1018). The general absence of heterosis was compatible with the 
high heritability estimates; both indicate that the dominance effect was small. The distribution of segregates in the F2 
and BC generations of the firm-fruited hybrid SHOW-ME is currently under way. 
 
 
Lamm, R. L.  Application of Giemsa and silver staining to L. esculentum. 
 

Kryotypes, with up to eight additional 2S 2S reduced isochromosomes with subterminally located NOR 
regions but lacking satellites, have been raised by C. F. Quiros (TGC 26:11-12, 1976). He has kindly supplied me 
with seed of his material [ No. 762 (134-8)] . For comparison, I have used diploid plants of the F1 cultivar Sonata. 

When applying the Giemsa C-banding technique to mitotic studies I found that both normal and reduced 2S 
arms stained intensively, appearing as large, spot-like C-blocks. In the 2S 2S chromosomes, these blocks were 
fused to single spots. These heterochromatic blocks showed up as chromocentres in the interferes nuclei. 
Endochromocentres were found in some nuclei from squashes of young ovules.  Consequently, endomitotic 
divisions appeared showing diplochromosomes within the nuclear membrane and with the nucleolus still persisting. 

Using the C-banding technique proposed by G. E. Marks {Chromosoma 49:113-119, 1974), the 2S arms 
could be clearly distinguished at all stages of meiosis. At M I of meiosis, the isochromosomes appeared as 
univalents which were dividing either at the firs or second division. Different opinions concerning the formation of 
chiasmata in the 2S arms have been given. From this point of view, it would be interesting to study the chromosome 
pairing in 4n plants by aid of the Giemsa technique. 

In mammalian chromosomes, discrimination between silent and active NOR's is possible by using the silver 
nitrate staining technique. Since my attempts to stain the NOR's of Prism sativum have been successful (Lamm, 
unpubl.), I have applied the same technique to the tomato but so far in vain. With silver nitrate, however, the nucleoli 
are stained intensely. Another point of interest is that, whereas the NOR's of the 2S•2S chromosomes are almost 
silent in the mitotic chromosomes, they seem to be active at the late stages of meiosis; but this observation has to 
be confirmed by further investigations. 



Lesley, J. W., and M. M. Lesley   Linkage of sh (sherry). 
 

The flesh color mutant sherry (sh) originated from seeds of the variety Canary Export exposed to ionizing 
radiation [Zscheile, F. P. and J. W. Lesley, J. Heredity 58 (4)]. Sherry (sh) is recessive and non-allelic to yellow flesh 
(r) apricot (at) and tangerine (t). It is extremely unfruitful. From self pollination 10 fruitful plants were sh and 240 
plants were unfruitful. In a backcross in a greenhouse in winter at Riverside, California, however, 16 were sh+ (red 
fruited) and 18 were sh.  As a rule sh plants differ from the parent variety in having almost entire leaflets (ent) 
compared with the normal dissected condition, and in the frequent production of lateral shoots (lat) in young plants. 
Also sh has fewer flowers and more locule in the ovary (Lesley, J. W. d M. M. Lesley, 1971 TGC Z 1). Sherry is 
closely associated with ent and lat. In backcrosses of sh+ ent+ lat+/sh ent lat x sh ent lat, 18 sh+ plants had normal 
leaflets and laterals, ent+ lat+, one was ent lat and one was ent+ lat. Twenty-five sh plants were ent lat, two were ent 
lat+ and 123 were unfruitful. Recombination between sh and lat ent was 9 percent, apparently due to crossing over. 
About 5 percent recombination occurred between lat and ent. 

Based on the close association with sh, lat and ent were used as indicators of sh. 
Virescent tangerine (tv) is an allele of tangerine flesh (t) in chromosome 10. Another allele at this locus was 

recently reported (Kerr, E. A. 1979, TGC 29). Virescent tang rive s easily recognized in young seedlings. Three F2 
families from the same P1 sh+ d sn tv x sh d+ sn+ t+ with sh and tv in repulsion (trans) contained 228 plants. Laterals 
(lat) and the combination lat-ent were used as indicators of sh. By the Product Method, in all three families together 
sh and tv are linked and 30 cM apart, assuming 3:1 ratios for tv and lat-ent (Table ). The difference in the cross over 
values of lat tv and lat-ent-tv may be due to a difference in the map position of lat and ent. Supposing an increase in 
the standard error of the linkage from 6 to 10 percent, linkage between sh and tv is 30 + 10 cM and is still significant. 
Only the repulsion (trans) phase has been tested. As previously noted (Lesley, J. W. and M. M. Lesley, TGC 21, 
1971), meiosis in the pollen mother cells of F1 sh+ x sh usually was normal with 12 pairs of chromosomes, but one 
pair often had an unpaired region indicating an inversion in the heterochromatin of the long arm of chromosome 10 
(Figure). The data suggest that sh is in chromosome 10 and that several closely linked loci were changed by the 
ionizing radiation, possibly by an inversion. 
Medina-Filho, H. P. Linkage of Aps-11, Mi and other markers on chromosome 6. 
 

The possibility of using Aps-11 to screen for nematode 
resistance (TGC 24:25; Act. Hort. 100, in press) has 
stimulated further investigation on its relationship to other 
genes of chromosome 6. A linkage test has been performed 
using LA1178, a marker stock for the long arm of 
chromosome 6. In addition to the morphological markers yv 
coa c, this stock proved to carry Aps-1+ and Mi+  (nematode 
susceptibility) thus being appropriate for linkage analysis in 
crosses with Short Red Cherry H, a nematode resistant line 
selected from VFNT Cherry by A. Millet. Since LA1178 is 
hairless and devoid of anthocyanin (a-hl; chr. 11), the 
segregations for these two loci were also recorded. 

A test cross population of 1,143 plants was scored for 
yv and genotyped for Aps-I. Among them, 517 plants were 
also scored for coa c a and hl. Another sample consisting of 250 yv plants and 263 + was subjected to nematode 
infestation and scared for resistance. Additional scoring for yv 

  



and Aps-1 was performed on 2,224 yv- plants of an F2 population from the same cross. Summing up the BC and 
F2, a total of 5,591 gametes were analyzed for yv and Aps-1. 

A summary of results is presented in the Table. In general, the relative map distances between yv, coa and 
c conform with previous data. The same is true for a-hl. As expected, they show independence from chromosome 6 
markers. 

Among 513 BC plants scored for nematode resistance, all the green plants (yv/+) were free from galls 
except one which developed a few, tiny galls at the tip of the roots. This plant was then transplanted to a pot with 
additional nematode inoculum and grown to maturity, revealing no change in the severity of the symptoms. Its 
progeny segregated for susceptible yv (associated with Aps-1+) end resistant + (associated with Aps-11 ) thus 
ruling out the possibility that the original plant was a recombinant between yv and Mi. Among the 250 yv plants, 5 
were free from galls. Using the same approach as above, two developed galls at maturity, one died after 
transplanting and the other two which remained free from symptoms proved by progeny test to be susceptible. 
Therefore no bona fide recombinants were recovered. Likewise, all the yv (BC's and F2's) were Aps-1+/+ while the 
green segregants (BC only) were Aps-1+/1. Despite the lack of recombination, since there exist susceptible yv and + 
genotypes, resistant Aps-1+/+, susceptible Aps-1+/+, there is little doubt that yv, Aps-1 and Mi are three distinct 
genes, and thus pleiotropy by a single gene is unlikely. The results of this test indicate, however, that these genes 
are so tightly linked they map at the same locus. 

Previous data by Gilbert (TGC 8:15-17) suggested a distance of 1-2 cM between yv end Mi. Two 
possibilities may account for this discrepancy: a) Gilbert's recombinants might have been escapes since no 
progeny tests were performed; b) natural heterogeneity of recombination values. That the latter does occur is a well 
established fact, yet the causes are poorly understood according to Butler (Can. J. Genet. Cytol. 10:866-892; 
19:521-529). Since all the Hawaiian lines (HES) analyzed earlier, including a few lines from J. C. Gilbert, carry Aps-
1+ (Act. Hort. 100: in press), we could assume that the specific line used in Gilbert's linkage analysis of yv-Mi was 
Aps-1+. The Mi Aps-1+ lines originated from a crossing over between Aps-11 and Mi, end the adjacent genetic 
material of L. peruvianum introduced with Mi and Aps-11 might be present to a less extent in those HES lines. 
Therefore, the chromosome homology of that specific region with the corresponding region of L. esculentum is 
probably greater in the Aps-1+ resistant lines than in those carrying Aps-11. It is noteworthy that studies of induced 
deficiencies indicate that yv is located in or very near the proximal heterochromatin on 6L (Chromosoma 23:452-
454). It is possible that Aps-11 lines also carry part of the heterochromatin of L. peruvianum resulting in reduced 
homology and pairing at that particular chromosome section which would be the major factor preventing the 
recombination. As far as is known the genomes of the Lycopersicon species are homosequential, and the only 
marked morphological differences are in the proximal heterochromatin of some interspecific hybrids where pairing 
is sometimes disturbed (Proc. 10th Int. Bot. Congr. p. 222). Thus, the absence of recombination on the proximal 
region due to alien heterochromatin is conceivable. Despite the inherent difficulties of detecting small differences in 
chromosome structure, a cytological study of meiosis in Aps-1 heterozygotes would be required to corroborate this 
hypothesis. If it is true that the L. peruvianum heterochromatin is repressing recombination, the most logical gene 
order in 6L would be yv Aps-1 Mi. This would explain the occurrence of recombinants between yv and Mi observed 
by Gilbert since his Mi materiel was probably Aps-1+ end the corresponding yv and heterochromatin of such lines 
would be that of L. esculentum. Such an arrangement would allow intimate pairing and the opportunity for crossing 
over. Evidence, however, to prove such a hypothesis is as yet lacking. Other possible causes for heterogeneity in 
recombination values referred to in the literature are differences in genetic background, environment, sex, 
cytoplasm end age of plant. Differences in the genetic background could be e factor since the crosses involved two 
genetics backgrounds. The other factors mentioned, however, are not likely causes since: a) BC and F2 progenies 
were produced in two different greenhouse environments, one of them under ideal growing conditions and the other 
having a wide range of temperature variation. In addition, F2 populations were also produced in the field; b) sex and 
cytoplasm are unlikely causes because BC and F2's comprised the reciprocals; and c) regarding age, F2 plants 
analyzed were produced from F1's up to one year old. 



On the basis of 5,591 gametes analyzed for yv and Aps-1, the estimates of maximum map distance between 
them is 0.00082 cM calculated at the 0.01 probability level, and the distance between (yv, Aps-1) and Mi, 0.00894 
cM, based on 513 plants. 

For practical breeding purposes, absence of recombination on the yv Aps-1 Mi region is welcome since in 
the electrophoretic technique the selection is made for Aps-11 and consequently for Mi. The results obtained show 
that unquestionably this procedure of screening for nematode resistance based on Aps-11 is remarkably reliable. 
Although the possibility of a crossing over between Aps-11 and Mi is remote, a direct test with nematodes in the last 
stages of the breeding programs would detect such an event. 

 
Table. Estimates of recombination values of F2 and test cross populations of the cross yv Aps-1+/+  Mi+ coa c 

a hl  X + Aps-11/1 Mi ++++. Values calculated with pooled data of reciprocal FI's. 

  
Oleszek, W., S. Shannon, and R. W. Robinson    Glycoalkaloid composition of Solanum species of interest for 
tomato breeding. 
 

Glycoalkaloids have been of interest due to their possible role in insect and disease resistance, and have 
also been of concern to potato breeders because of the toxic level of glycoalkaloids in a potato cultivar derived from 
an interspecific cross with a wild Solanum species. The kinds and amounts of glycoalkaloids of Solanum species 
that can be crossed with the tomato, however, have not been established yet. 

Solanum pennellii, S. lycopersicoides and their hybrids with the tomato were compared to L. esculentum for 
foliar glycoalkaloid composition. S. lycopersicoides, like the tomato and all other Lycopersicon species, has tomatine 
as its sole glycoalkaloid constituent. The level of tomatine in the leaves of S. lycopersicoides, however, was 7 times 
higher than in the tomato. The intergeneric hybrid was intermediate in tomatine content. S. pennellii also contained 
tomatine, but at a much lower level than in the tomato. The low tomatine content of S. pennellii is a recessive trait. 
 
 
Pilowsky, Vii. Studies on the reaction of Tm-2a/+ plants at high temperature. 
 

In many tests when tomato lines heterozygous for the Tm-2a gene for resistance to tobacco mosaic virus 
(TMV) were inoculated and grown at temperatures above 28oC, two types of symptoms, local reaction and systemic 
necrosis, were observed. The present study was undertaken to test the possibility that the observed segregation in 
the response of plants of genotype Tm-2a/+ to TMV at high temperature could be the result of genetic differences in 
the parental material. 



In this work, the cultivar Marmande was used as the susceptible parent and line 825, a TMV-
homozygous resistant (Tm-2a/Tm-2a) version of Marmande, was used as the resistant parent. Herein, 
Marmande and line 825 are respectively referred to as 'Marmande Susceptible' and 'Marmande Resistant'. 
Crosses were made between 'Marmande Resistant' and 'Marmande Susceptible', and the F1 hybrid was selfed 
and backcrossed to 'Marmande Susceptible'. 'Marmande Susceptible' served as the female parent in each 
cross. Seeds from crosses between different plants were collected separately and self-pollinated seed was 
harvested individually from plants in parent and F1 generations and saved as families. 

Both cotyledons of 2-wk old plants from different generations were inoculated with a TMV isolate of 
strain 0 in a greenhouse chamber at 20-21oC. Immediately after inoculation, plants of each line were placed in 
two growth-chambers at 30-31 and 20-21oC (control) with a 14-hr photoperiod. The final disease record was 
taken 6-12 wk after inoculation. 

At 30-31oC, 63 to 72% of the F1 plants reacted systemically (Table 1). The F1 progenies showed only the 
local reaction at 20-21oC, as was expected. None of the self-pollinate progenies of the resistant parents 
developed systemic symptoms at either temperature regime. 

When F2 and BC1F1 lines derived from individual F1 plants with each of the phenotypes occurring at high 
temperature (local reaction and systemic necrosis) were inoculated and incubated at 30-31oC, three classes - 
local reaction, systemic necrosis, and mosaic - were observed. In each of these generations, the incidence of 
systemic necrosis in lines derived from necrotic (systemic reaction) and non-necrotic (local reaction) F1 plants 
was found to be similar. At 20-21oC, the F2 and BC1F1 lines segregated for local reaction and mosaic in ratios of 
3:1 and 1:1, respectively, as was expected. Thus, no evidence was obtained that the occurrence of two types of 
symptoms in plants of genotype Tm-2a/+ at high temperature was the result of genetic differences in the 
parental material. Furthermore, segregation for local reaction and systemic necrosis was also found to occur in 
vegetatively propagated populations (clones), each derived from a different F1 (Tm-2a/+) plant. 

The mechanism of localization of TMV infection in Tm-2a/+ plants could be overcome, i.e., systemic 
necrosis occurred, if larger numbers of virus particles were introduced into the cotyledons by repeated 
inoculations prior to their transfer to high temperature. It is therefore concluded that the absence of systemic 
necrosis in some of the Tm-2a/+ plants which were inoculated with TMV only once was due to the fact that the 
amount of virus introduced into the cotyledons by rubbing was less than the minimum required for the 
development of systemic symptoms. 



  
 
Rao, R. N., and Panuganti N. Rao A chromosomal variation associated with susceptibility to lady bird beetle. 
 

In M1 generation of gamma-ray treated tomato cv. Marglobe, one plant had an extra small chromosome and 
a translocation complex of 4. The chromosomes involved in translocation could be arbitrarily numbered as 1.2, 2.3, 
3.4 and 4.1. The chromosome 4.1 was conspicuously small and was believed to be deficient for a large 
heterochromatic segment. The extra chromosome, which was smaller than 4.1, formed together with these 4 
chromosomes a ring of 5 in some plants in subsequent generations, and it was considered to be an isochromosome 
for the short arm having little heterochromatin. It was designated as 3.3. The plants in M2,  M3 and M4 generations 
showed a wide array of genomic constitutions and segregated for susceptibility to lady bird beetle (Henosepilachna 
vigintioctopunctata). The segregation did not, however, follow any set pattern. Compared to the normal resistant 
plants, the susceptible ones had smaller dark green glossy leaves with an uneven surface and there was a marked 
decrease in number of trichomes (both uni- and multicellular) per unit area and considerable numbers of glandular 
hairs (with tetrahedral heads) were present an the leaf surface. The cytogenetic analysis revealed that the 
susceptibility is governed by a dominant mutation arising during the course of the reciprocal exchange of segments 
between nonhomologous chromosomes. The lack of clear-cut monogenic segregations was believed to be due to 
preferential pairing of chromosomes (1.2, 1.2) in certain constitutions (1.2, 1.2, 3.4, 1.4, 3.3 in the following 
situation, where, as frequently observed, pairing occurred as a bivalent and heteromorphic trivalent). The 
chromosomes were directly oriented at meiosis (1.4 and 3.3 in the trivalent going to the same pole frequently); the 
abnormal gamete (with 1.4 and 3.3) segregated 



preferentially into a functional megaspore during megasporogenesis; and certain gametes (carrying deficiencies in 
euchromatin, presumably in chromosome 3.2) were inviable. All of these circumstances led to the nonrecovery of 
the expected genotypic constitutions in the progeny.. But invariably the susceptibility was found whenever the 
smaller translocated chromosome (1.4, on which this supposed dominant mutant gene was located: and which can 
be identified by its size and multivalent formation) was present in the complement, highlighting that the inheritance of 
the susceptibility reaction followed that of the translocated chromosome. 
 
 
Rao, R. N., and Panuganti N. Rao Pachytene chromosome pairing in autotetraploid tomato. 
 

In autotetraploid tomato cv. Marglobe, pachytene pairing in individual chromosome sets was analyzed to 
facilitate an understanding of the relationship between chromosome length, extent of heterochromatin and 
centromere, and the frequency and localization of partner exchanges. There were interchromosomal differences in 
the frequency of partner exchanges in the three regions of the chromosome (heterochromatin, euchromatin and 
centromere). Though the exchanges were distributed all along the, chromosome, the short chromosomes, such as 
10, 11 and 12, had predominantly centric exchanges, but such exchanges were not frequent and were even absent 
in some chromosomes, 2, 4 and 8, in which they were more frequently in eu- or heterochromatic regions. 

The exchanges were more often localized in proximal than in distal regions of the chromosomes. They also 
occurred more frequently in euchromatin than in heterochromatin which might be due to the greater proportion of 
euchromatin. The number of exchanges per set varied from 1 to 2. The occurrence of two exchanges was as 
frequent in medium-long chromosomes, such as 7 and 8, as in long chromosomes, such as 1 and 3, but was not 
found in short chromosomes. 

The four homologues of chromosome 2 (the nucleolus organizer) were stuck together most of the time in the 
heterochromatic short arm and many times also at the centromere and heterochromatin of the long arm. On the 
basis of multivalent formation by this chromosome at diakinesis, such associations between centromeres were 
considered not to involve a partner exchange (Rao and Rao, 1978). But in the rest of the chromosomes, the centric 
associations also were taken to represent exchanges, otherwise the multivalent frequency per cell realized at 
diakinesis and metaphase I cannot be accounted for. 

The results in the present study are not in complete agreement with those of the earlier investigation 
(Gottschalk, 1955). The differences are believed to be due to genotypic differences between the varieties involved in 
these studies. 
 
 
Rick, C. M. Further delimitation of the centromere of chromosome 11. 
 

Thanks to the large population of genes and the availability of useful aneuploids, good progress has been 
made in the localization of the centromere on the linkage map of chromosome 11. The last contribution in this series 
was made by Carl Clayberg (TGC 22:5), who delimited ms-12 to the short arm by the modified ratio technique with 
the tertiary trisomic 2n + 7S*11L. This discovery confined the centromere to the interval between ms-12 and a, in 
terms of the present map, between positions 58 and 68. Since the only her locus in this interval is that of yg-6, we 
utilized the same technique with the same trisomic with the following results. 

The cross was made between 2n + 7S*11L and yg-6, and several trisomics were identified in the F1. The 
latter were selfed and the F2 was produced with the following segregation: 145 2n+, 26 2n yg-6, 13 trisomic +, 5 
trisomic yg-6  As expected, the ratio of yg-6 segregation amongst diploids is not modified because, even if the 
segregation were trisomic, no viable haploid gametes can transmit the translocated chromosome. Trisomic 
segregation should, however, be detected amongst the trisomic progeny if the gene were located on the long arm. 
Since the segregation is normal and significantly different from the all vs. none expected of trisomic segregation, the 
gene cannot be situated on the long arm, hence has to reside on the short arm. The centromere is thereby delimited 
to the yg-6 - a interval, i.e. between positions 61 and 68. 



Rick, C. M. Petroselinum (Pts), a new marker for chromosome 6. 
 

L. cheesmanii f. minor is characterized by highly compound leaves (see front cover). In F2  f. minor X L. 
esculentum and various BC derivatives of this cross, the progenies clearly segregate for this character vs. normal. 
For such segregations, which we have observed repeatedly, the following data are typical. Crosses were made 
between cv. VF 36 and four accessions of f. minor (LA 530, 532, 930, and 1136); 2 backcrosses to VF 36; and selfs 
of compound leaved segregants. Since segregation in each family was similar, the data were pooled to yield the 
totals of 53 normal, 118 intermediate, and 56 compound. The fit to 1:2:1 is good, as manifest in the x2 (0.426). The 
compounding of leaf segments to 3rd and even 4th order is clearly expressed in the homozygotes, and the 
intermediate phenotypes obviously deviate from normal. The evidence therefore indicates the activity of an 
incompletely dominant gene, which is designated Petroselinum (Pts) for the resemblance to plain parsley foliage. 

Since sp segregated in all families, it was also scored with the following dual segregation: 

  
 
This segregation deviates markedly from random and indicates linkage between Pts and sp. A maximum likelihood 
test by Steve Tanksley provides an estimate of 12.5 cM for the sp-Pts interval. Without a 3-point test or other data, I 
cannot be certain of the locus of Pts except that it certainly lies on 6L. 
 
 
Robinson, R. W. Pleiotropic effects of the j-2 gene. 
 

The jointless-2 gene is being used increasingly by tomato breeders. It provides resistance to premature 
separation and loss of fruit during mechanical harvest and increases the proportion of stem-free fruit. Jointless-2 
cultivars have been developed which do not have the delayed and poor concentration of maturity found by Emery 
and Munger (J. Am. Soc. Hort. Sci. 95:407-41.0, 1970) to be associated with j-2 

The j-2 gene was backcrossed to New Yorker to develop isogenic lines. Selfing for 3 generations after the 
sixth backcross resulted in a j-2/j-2 line identical to the recurrent parent and in a homozygous jointless-2, essentially 
isogenic, line. 

Although j-1 reduces the number of flowers per inflorescence, j-2 has the opposite effect. The jointless line 
had an average of 45.8 flowers per inflorescence, compared to 6.1 for the normal counterpart. The superfluous 
flower production did not increase fruit production, however, since fruit set was reduced by j-2. Only 1.4 fruit per 
cluster developed on j-2 plants, in contrast to 6.1 for the + line, an average fruit set on the first two clusters of 3.1% 
for the jointless and 52.5% for the jointed line. The anthers of the j-2 line were often not tightly united around the 
style, possibly reducing fruit set by restricting pollination. 

Leaves occasionally developed in inflorescences of the j-2 but not the + line, similar to the effect that Rick 
and Sawant (Proc. Am. Soc. Hort. Sci. 66:354-360, 1955) noted was produced in sp plants by j-1 and other genes 
affecting development of the abscission layer. Earliness was delayed and yield reduced by j-2. The fruit of the 
jointless line differed from normal by being larger, flatter, rougher, and catfaced, and having more tightly attached 
stems and larger sepals, stem scars, and cores. 

Adverse effects of the j-2 gene can be modified by breeding. Breeders have developed j-2 cultivars without 
excessive flowers per inflorescence, poor fruit set, and malformed fruit. But their success does not appear to be due 
to crossing-over, separating j-2 from closely linked undesirable genes. When jointless-2 cultivars with normal 
inflorescence and good fruit set and type were used as parents, there was an association in segregating 
generations between j-2 and 



excessive flower number, poor fruit set, and rough fruit. In developing the parental j-2 cultivar, the adverse effects 
were evidently prevented not by crossing-over but rather by an independent modifying factor epistatic to the 
undesirable pleiotropic effects of the j-2 gene. 

One such modifying gene is o. Segregants from o X j-2 crosses that were recessive for both of these genes 
all had a good set of smooth fruit, and they did not have the large stem scar and radial cracking that was associated 
with all the j-2 o+ plants, including the few with otherwise good fruit type. Other genes also modify the adverse 
effects of the j-2 gene, since breeders have developed j-2 o+ cultivars, such as MH-1, with good fruit set and type. 
 
 
Schiavi, M., B. Campion, and G. P. Soressi. Allelism test between torosa2 and blind mutants. 
 

The mutant torosa2 (to2) described by Stubbe (TGC 17:10) proves to be particularly interesting for breeding 
tomato varieties suitable to high density population and mechanical harvesting (see Campion TGC 30). 
Phenotypically torosa2 appears quite similar to blind (bl) (TGC 9:9). Both the mutants, in fact, show very few lateral 
shoots, 1-3 fruits per truss and often stop growth after the first or second inflorescence; a peculiar feature is the high 
frequency of flower and fruit fasciation. 

To test their possible allelism, torosa2 (cv. Lucullus) was crossed with 3 different stocks of blind: 1 from Rick 
and 2 from Darby. The F3 progenies examined, however, were restricted to those originated by the F2 family from 
the cross with the blind source from Rick. The results obtained are given in tables 1-4. All the F1 plants were sp+ and 
exhibited 1-6 lateral shoots. In the F2 progenies there were phenotypes without lateral shoots, with 1-6 lateral 
shoots, and undistinguishable from normal. 

The analysis of each F3 family from individual F2 plants evidenced the appearance of like normal phenotypes 
from blind, non-blind, and apparently normal F2 plants. These results strengthen the hypothesis that the two mutants 
are allelic to the same bl locus but each of them possesses at least 1 modifer gene, whose action determines a wide 
variability ranging from blind to apparently normal phenotypes. 

The expression of the bl gene as far as the number of lateral shoots, the cessation of growth, and the flower 
and fruit fasciation are concerned, is, besides, influenced by other genes (sp, d, etc.) and by environmental 
conditions (temperature, nutrition and light). 

 

Such indications point out the importance of the cross material and selection when torosa2 or the blind 
mutant is utilized for breeding purposes. 

  



  



Stoeva, P. Overcoming unilateral incompatibility of Solanum pennellii. (submitted by C. Daskaloff) 
 

Overcoming the unilateral incompatibility of S. pennellii is of particular importance for studying cytoplasm 
cytoplasmic-nuclear relations between pennellii cytoplasm and the genomes of species of Lycopersicon. In this 
respect in the two successful crosses S. pennellii x L. hirsutum f. glabratum and S. pennellii (tetraploid) x L. 
peruvianum (diploid), no cytoplasmic-nuclear interactions were observed. 

Breaking the unilateral incompatibility of S. pennellii was accomplished in two ways: a) by a bridge hybrid 
containing cytoplasm of S. pennellii and genetic material from both S. pennellii and L. esculentum; b) by using as a 
bridge the hybrid proposed by Martin (TGC 16) of S. pennellii x L. hirsutum f. glabratum. Realization of the second 
hybrid was easier, but it was less successful as a bridge because the genetic material from f. glabratum impedes 
the crossing with species of the subgenus Eulycopersicon. When species of the latter subgenus are used as male 
parents, the only successful cross was BC1-P2 (S. pennellii x L. hirsutum f. glabratum) x L. pimpinellifolium. For this 
reason we concentrated on the first bridge hybrid, which was obtained in the following way. Flower buds of S. 
pennellii (LA716 Atico) were pollinated with F2 and BC1-P2 hybrid plants of the cross L. esculentum x S. pennellii. 
Seven plants were grown whose hybrid character was determined by the changed pedicel ratio. These plants were 
used as female parents in crosses with different varieties of L. esculentum and different generations (F1, BC1-P1, 
BC2-P2) of the esculentum-pennellii cross. Such crosses succeeded only with the F1 as pollen parent. Thus the 
bridge hybrid had the constitution S. pennellii (Atico) x F2 (or BC1-P2) x F1 x F1. It was crossed as female parent 
with: L. esculentum (3 varieties), L. cheesmanii var. typicum, L. cheesmanii var. minor, and L. pimpinellifolium. Fruit 
set was 10.26-16.67% per pollinated bud. The hybrid plants of all of the crosses showed high (seed) fertility and low 
pollen sterility (5-52%; mean = 22%). 
 
 
Tanksley, S. D., and C. M. Rick Prospects for the use of isozymes for legal purposes in tomato breeding. 
 

Isozymes and other protein markers are now being used to identify for legal purposes specific cultivars in a 
number of crop species. Allozymes (isozymes encoded by different alleles at the same locus) can be distinguished 
without ambiguity by simple electrophoretic techniques. They can thereby be utilized as unequivocal markers of 
varieties in place of morphological characters, which are often subject to environmental influence. The question has 
naturally arisen about the potential use of such enzyme markers for direct identification of tomato cultivars. In our 
laboratory, variation in the tomato and its close relatives has been studied, utilizing more than ten different enzyme 
systems, accounting for more than 30 loci. The results are not encouraging for those hoping to find existing 
differences between cvs. For the most part, all U. S. and European cultivars examined are indistinguishable 
electrophoretically. The exceptions are most nematode-resistant cvs. (derived from L. peruvianum) which carry Aps-
11, several British forcing cvs. which have Est-11 (probably derived from L. pimpinellifolium in breeding for leaf mold 
resistance), and Stone, John Baer, Marmande, and several other older Euopean cvs. which are fixed for Prx-47. The 
remaining ones -- the great majority -- share the same zymotype for all tested electrophoretic loci. Although our 
sample of enzymes does not by any means exhaust the full reportoire of systems amenable to electrophoresis, the 
results should be indicative of the lack of such variation in modern cultivars. We are therefore pessimistic about the 
prospect of utilizing existing allozymic differences for legal purposes. 

In light of this situation, one might consider introducing specific molecular markers into given cvs. Cultivars, 
land races, and closely related species from Ecuador-Peru contain a wealth of allozymes not found in any modern 
cvs. Thus, in addition to the aforementioned Est-11 and Prx-47 found in North Temperate cvs., Adh-11 , Got-11 , Prx-
42 , and Prx-71 are available in certain Andean cvs. These alleles would have greater appeal to the breeder than 
those requiring wider crosses with other species. A cultivar into which one of these alleles has been introduced 
would be distinguishable from all others solely on the basis of this one genetic character. An additional advantage of 
such allozymic differences is that they have never been observed to exert any 



morphological or physiological effect on the phenotype. Using this method, seed companies could adopt specific 
alleles to identify their products. Whether would-be patent seekers are willing to expend the effort to incorporate 
these rare alleles is another question, but the potential is there. 
 
 
Valkova-Achkova, Z. L. peruvianum, a source of CMS. (submitted by C. Daskaloff] 

 
Cytoplasmic-nuclear relations between L. peruvianum and other species of the genus have not been 

well studied because of the unilateral incompatibility between the self-compatible and self-incompatible 
species and the considerable reproductive isolation of the peruvianum complex. The non-crossability of L. 
peruvianum can be overcome by hybridization at the heteroploid level (diploid peruvianum and tetraploid 
mate) or by the use of inbred lines of L. peruvianum. By means of the first method we obtained hybrids and 
backcross generations between L. peruvianum (female parent) and L. hirsutum f. typicum, L. hirsutum f. 
glabratum, L. minutum, and S. pennellii. F1 L. peruvianum (diploid) x L. hirsutum f. glabratum (tetraploid) was 
used as a bridge between L. peruvianum on the one hand and L. pimpinellifolium on the other. By means of 
the second method we obtained hybrids between L. peruvianum and L. peruvianum var. humifusum and S. 
pennellii. CMS (cytoplasmic male sterility) manifestations were observed only in the combinations L. 
Peruvianum x L. hirsutum f. typicum and L. peruvianum x S. pennellii. The flowers of the plants of BC1-P2 to 
BC4-P2 in the last two combinations grew smaller, the corolla was slightly curled, did not open completely, 
and often the style was hidden in some of its folds. The stamens were progressively reduced in BC1 to BC4. 
Even in BC1 they contained little pollen, whose viability was severely lowered. CMS was manifested earlier 
and was more extreme in the pennellii hybrid (see table). In both combinations the ovules functioned 
normally. In all plants the changes in flower morphology and pollen viability were in one direction and no 
deviations or exceptions were observed. 
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