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Tomato is one of the most important vegetable crops cultivated and consumed worldwide. Demand is increasing daily because of increase in per capita fresh fruit consumption. Despite the economic importance of tomato, it has relatively short shelf-life after ripening and experiences remarkable post-harvest losses. This study was aimed at using marker-assisted backcrossing (MABC) to transfer shelf-life gene (alc) into the genetic background of two elite Ghanaian tomato breeding lines. The MABC derived lines at BC2F3 were evaluated to confirm selections using molecular markers. All the MABC-derived lines gave significant extended shelf life compared to the checks except for Alc-LA3134, the alc donor parent, which was, however, not significantly different from one of the backcrosses (BC2F2.3-E-80-19-26). This confirms that the genetic regulation of the shelf-life trait is dependent on the alc gene. The performance of the donor check (Alc-LA3134) against the 12 MABC-derived lines indicated no significant differences for the fruit firmness (except for BC2F2.3-E-80-19-4), number of locules per fruit and shelf life (for only BC2F2.3-E-80-19-26), thus suggesting similar backgrounds of the MABC as the recurrent parents. A considerable increase in the shelf-life value was observed among the MABC-derived lines. The introgression of the alc gene into cultivated tomatoes for extended shelf-life could reduce post-harvest losses of tomato in Ghana.
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1 Introduction

The demand for tomato is increasing daily because of increase in per capita fresh fruit consumption. Nonetheless as a perishable fruit vegetable, it has a relatively short-life after ripening (Zapata et al., 2008). The onset of fruit ripening involves rapid production of ethylene at the breaker stage of the fruit that moderates a series of reactions during fruit ripening. During this period, fruit tissues soften, starch is converted to sugar, and secondary metabolites influencing appearance, taste and aroma accumulate (Seymour, 1993). One of the key softening enzymes of tomato is polygalacturonase (PG). This enzyme only surfaces and accumulates in fruits during ripening. The occurrence of PG enzyme strongly associates with the onset of cell wall degradation. The natural synthesis of ethylene starts before the synthesis of PG enzyme and the exogenous ethylene that facilitate the accumulation of the enzyme in mature fruits (Grierson and Kader, 1986; Casals et al., 2021). The crop is characterized by remarkable post-harvest losses generally due to its high perishability and the poor storage conditions under which fruits are kept. Several strategies exist to reduce storage losses such as refrigeration, heat treatment, modified atmosphere packaging (MAP) and treatment with 1-methylcyclopropent and calcium chloride (Arah et al., 2016). Additionally, clustered regularly interspaced short palindromic repeats (CRISPR)-CRISPR-associated protein-9 (Cas9) also has the potential to improve many traits rapidly (Wan et al., 2021). Moreover, the process of ripening of the tomato fruit can be controlled through RNA Interference (RNAi) which shuts down gene expression of ethylene biosynthesis enzymes and cell wall degrading enzymes such as endo polygalacturonase (PG) and pectin methyl esterase (PME) (Carrari, 2007). Nevertheless, these strategies are expensive, time consuming and requires societal acceptance. Consequently, genetic enhancement of the most important fruit quality characteristics appears to be the best choice available.

Studies on the physiology and genetics of tomato have resulted in the identification and characterization of several ripening mutant genes such as alcobaca (alc), non-ripening (nor) and ripening inhibitor (rin). Whereas fruits of alc mutant gene delayed ripening and produced uniform ripening in tomato, fruits of nor and rin do not display any climacteric rise. All three mutants demonstrate little or no polygalacturonase (PG) activity during ripening. Gavrish and Korol (1991) reported that acceptable colour is developed in the heterozygous state of the alc alleles. In addition the extended shelf life is greater than the normal (Dhatt, 2001; Kitagawa et al., 2005) and develops good flavour attributes (Kopeliovitch et al., 1982; Agar et al., 1994; Seroczynska et al., 1998). Traditional breeding has utilized of alc, nor, and rin genes for the development of lines and cultivars with delayed ripening (Kopeliovitch et al., 1979) using the backcross approach. In backcross breeding, the main goal is to incorporate one or few genes from a donor into the background of an elite variety and recover the recurrent (elite) parent’s phenotype as quickly as possible (Semagn et al., 2006). In the past, this was usually achieved by conventional backcross method, but that requires many generations over several years before recovering the background of the elite cultivar. The development of genomic resources in the past two decades has allowed introgression of genes using molecular markers. The use of single nucleotide polymorphic (SNP) markers and high throughput screening in marker-assisted backcrossing (MABC) programmes has allowed more rapid recovery of the recurrent parent’s phenotype (Mammadov et al., 2012).

The MABC technology allows the tagging of regions of each chromosome so that the process of the recovery of the recurrent parent’s phenotype can be followed (Semagn et al., 2006). This approach has been developed to avoid problems associated with traditional breeding by shifting criteria for selection from phenotypes to genes that regulate the traits of interest, either directly or indirectly. Integrating molecular approaches with traditional breeding for long shelf-life could significantly increase the storage life of tomato. A marker-assisted backcross (MABC) strategy (Hospital and Charcosset, 1997) was thus chosen in order to introgress the alc gene into the genetic background of two promising elite Ghanaian tomato breeding lines.



2 Materials and methods


2.1 Location and experimental period

The experiment was conducted during the period from August 2017 to December 2018 in the greenhouse of CSIR-Crops Research Institute, Kwadaso, Ghana and the Ag-Biotech facility, Monterey, California, USA.



2.2 Plant materials

This study involved using two elite Ghanaian tomato breeding lines as recurrent parents for incorporation of long shelf-life gene derived from tomato mutant alcobaca (Alc-LA3134) as a donor parent. The two recurrent parents used were CSIR/CRI-P002 and CSIR/CRI-ATS06; these are breeding lines from the CSIR-Crops Research Institute, Kumasi, Ghana. They are popular open-pollinated tomato varieties and were developed through pure line selection method (Osei et al., 2015). The CSIR/CRI-P002 and CSIR/CRI-ATS06 varieties have semi-determinate plant growth with regular and horizontal leaf type and attitude, respectively. The fruit shape of CSIR/CRI-P002 is typically bell shaped with exterior green immature and red mature fruit colours. CSIR/CRI-ATS06 has a rounded shape with light green colour for immature fruit and red colour for mature fruit. The varieties can be planted throughout the year with average yield of 20 tons/ha. These varieties are desirable to tomato farmers because of their relative high yield, fruit quality and adaptability. However, they lack firmness and long shelf life. The donor parent, LA3134 (alc), is a ripening gene mutant of Solanum lycopersicum obtained from Tomato Genetic Resource Center (TGRC), UC-Davis, USA (accession no. LA3134). The gene ‘alc’ from the locus name alcobaca greatly delays fruit ripening processes and is noted for prolonging the shelf-life of tomatoes. The donor is also characterized by determinate plant growth habit and rounded fruit shape with big fruit size but lacks important farmer-preferred horticultural traits.



2.3 Population development

Each of the recurrent parents, CSIR/CRI-P002 and CSIR/CRI-ATS06, was crossed with the donor parent LA3134 (alc) (Figure 1) during the major season of June 2017 at CSIR-Crops Research Institute, Kwadaso to produce F1s. The F1 seeds were later grown and tested for hybridity using SNP markers from Ag-Biotech. This was done at the early stages of plant growth to detect the presence of the marker allele and eliminate false hybrids.




Figure 1 | Scheme of F1 development between two elite CSIR/CRI tomato breeding lines and alc (Donor) line (LA3134).



The true F1 plants were then crossed back to the recurrent parents (CSIR/CRI-P002 and CSIR/CRI-ATS06) during the minor season of August 2017 to produce 88 and 86 BC1F1 plants respectively (The F1 plants were used as females while the recurrent parents were males) (Figure 2). Individual plants of the BC1F1 population were screened for the marker (alc) at early growth stages in April 2018. Plants that carried the desired marker allele and had the most SNPs from the recurrent parent were crossed back to the recurrent parents to create BC2F1 populations in July 2018. For this study, the final backcrossing population ended at BC2F1. Individual plants of the BC2F1 population (88 plants) were likewise screened with the SNP marker for the target trait (alc) and 19 other polymorphic SNP markers. Plants with the alc SNP marker and the most SNP markers for the recurrent parent were then selfed and harvested to produce BC2F2 generations. Progenies of this backcross-selfing (BC2F2) were screened in December 2018 to detect the markers, and the seeds were harvested from individuals carrying the homozygous donor parent marker alleles of the target trait in March 2019. Fresh leaf tissues were harvested from individual plants from selected backcross populations (BC1 & BC2 generations) including selfed individuals from BC2 population of the final generation developed from CSIR/CRI-P002 and CSIR/CRI-ATS06 tomato breeding lines. Each recurrent parent (CSIR/CRI-P002; CSIR/CRI-ATS06) comprised of 86, 88 and 86 plants of backcross populations for BC1F1, BC2F1 and BC2F2, respectively. These were placed in known positions of 96-deep-well plate and shipped to Ag-Biotech, Inc. via USDA-APHIS office in the USA. Leaf samples of parents were also included in each plate as controls. Twenty-two SNPs that were polymorphic in the original 140 SNPs were used to test these BC1 plants.




Figure 2 | Scheme of backcross population development between two elite Ghanaian breeding lines and donor line with alc gene. Source modified from Babu et al. (2005).





2.4 Introgression of alc gene (MABC scheme)


2.4.1 Foreground selection

Target gene linked marker (Sly10-14) and selected SolCap SNPs were initially tested for polymorphism between donor and recurrent parents to establish their usage in the MABC programme using 19 SNP markers located across the chromosomes. Information on the primers is a trade secret of Ag-Biotech. These markers were associated with chromosomes 2 to 12. Most of the markers were designed from SolCap SNPs (M. Massoudi, Personal communication, 2017). The A/T SNP linked with the shelf life mutant gene, alc was used to design the SNP marker, Sly10-14 (Casals et al., 2011; Osei et al., 2019). For each backcross one generation, the F1s were tested for hybridity for the introduced gene using the foreground marker. This was to validate that the selected plants carried the target gene. The successful F1 plants, which showed the target marker, were used for further backcrossing and for the final selfing. The backcross populations were genotyped using SNP marker Sly10-14 for foreground selection to detect heterozygous plants in these populations. At BC2F2 generation, the foreground marker was used for selecting homozygous plants that carried the marker allele from the donor parent.



2.4.2 Background selection

An optimized subset of 140 SNPs markers that were derived from the 7,725 SNP array developed by the Solanaceae Coordinated Agricultural Project (SolCap) were used (Panthee et al., 2017). The polymorphism rates between the tomato lines aided in the selection of the markers. The tomato genotypes or lines were screened using the 140 SNPs with a minimum of 10 SNPs for each tomato chromosome. One hundred and forty (140) SolCap SNPs were converted to allele-specific primers by Ag-Biotech, Inc. Information from Yogendra and Ramanjini (2013) and Vrebalov et al. (2002) was used to design KASP primer sets by Ag-Biotech, Inc. A total of 19 SNPs that were unlinked to the target gene were used for background selection. Here individuals with genetic background closest to the recipient line in each case were selected. The recovery was calculated according to Van (2008) and Douglas Maxwell (D. Maxwell 2018, personal communication). The progeny with the greatest proportion of recurrent parent genome (RPG) SNP markers and the alc SNP were selected.




2.5 Evaluation and validation of MABC derived lines of BC2F3

The seeds from the homozygous BC2F2 for the donor parent marker alleles were evaluated on field in June 2019 to validate the shelf life (alc) gene. Sixteen tomato genotypes comprising three parents and 12 BC2F2.3 lines selected based on the SNP markers and one farmers’ variety as check (popular local variety) were used for field evaluation. The experiment was conducted at Wenchi (Latitude =07044’53.2” N; Longitude = 002004’25.4” W) in the Transition agro-ecological zone of Ghana. The tomato seeds were nursed and transplanted in June 2019 for planting. The soil was sandy loam. Wenchi has bimodal rainfall pattern but gave irregular rains from June, 2019 to September 2019 during the period this experiment was conducted. The experiment was laid out in a randomized complete block design with three replications. Each experimental unit consisted of two rows of 24 plants at 60 cm x 50 cm inter and intra row distances respectively. The experiment was conducted under a rain-fed condition with supplemental drip irrigation. Standard agronomic and plant protection measures were adopted to grow a healthy crop. Data collected include days to 50% flowering, plant height (cm), number of fruits per plant, yield per plant (g), yield per plot (kg), fruit firmness (N/cm2), number of locules, pericarp thickness (mm), total soluble solids (TSS) and shelf-life (days).

The Recurrent Parent Genome (RPG) recovery was calculated according to Van (2008) and Douglas Maxell (personal communication, 2018). Data from the field evaluation were subjected to analysis of variance (ANOVA) using R statistical software version 3.6 and mean separation using LSD at p<0.05.




3 Results


3.1 Parental polymorphism survey between recipient parents and the donor parent

Nineteen (19) SNP markers revealed polymorphism between CSIR/CRI-ATS06 and Alc-LA3134 whereas seven SNPs were polymorphic between CSIR/CRI-P002 and Alc-LA3134 (Tables 1 and 2). These SNP markers were employed for the confirmation and selection during the introgression programme.


Table 1 | Parental polymorphism survey between CSIR/CRI-ATS06 (recipient) and Alc-LA3134 (donor).




Table 2 | Parental polymorphism survey between CSIR/CRI-P002 (recipient) and Alc-LA3134 (donor).





3.2 Confirmation of alc gene in F1, BC1F1, BC2F1 and BC2F2 generations of two elite lines

Nineteen polymorphic SNPs were identified for the cross, CSIR/CRI-P002 x Alc-LA3134 and 18 polymorphic SNPs displayed successful F1s. For the cross, CSIR/CRI-ATS06 x Alc LA3134, 22 SNPs were polymorphic and 20 SNPs indicated successful F1’s. Of the 88 and 86 backcross individuals (BC1F1) produced from CSIR/CRI-ATS06 x Alc-LA3134 and CSIR/CRI-P002 x Alc-LA3134, only 23 and 39 plants were positive for the alc gene in the backcross populations, respectively (Table 3). Of the 23 BC1F1 individuals from CSIR/CRI-ATS06 that were positive for the alc gene, six plants produced SNP score of more than 30 with the highest SNP score of 34 in BC line (E1 x E)-79. Similarly, in the CSIR/CRI-P002 BC1 population, 39 BC1F1 individuals were positive for the alc gene. The highest SNP score was 10 and was associated with seven plants.


Table 3 | List of BC1F1 and BC2F1 produced and the number of true F1 at each generation positive for the alc gene.



Of the total of 38 BC2F1 individuals from CSIR/CRI-ATS06 (line BC2-E-80) that were positive for the alc gene, only four plants produced SNP score of recurrent genome recovery (RGR) of more than 19 with the highest SNP score of 21 for BC lines (BC2- E-80-1, BC2-E-80-4, BC2-E-80-34) (Table 3). Similarly, in line BC2-E-22 population of CSIR/CRI-ATS06 where only six plants showed positive for the alc gene, only three plants produced more than a 16 SNP score for RGR with the highest SNP score of 20 for BC2-E-22-27 (Table 3). A total of 42 BC2F1 plants (line BC2-A-80) that were identified to be positive for the alc gene produced more than a 10 SNP score of RGR for 18 plants. The highest score of 12 was identified for BC2-A-80-36 (Table 3). In addition, of the total of 43 BC2F1 individuals from CSIR/CRI-P002 (line BC2-A-13) genotyped, 13 lines had SNP scores of more than 10 for RGR with the highest RGR of 12 for BC2-A-13-45 (Table 3).

Of the 86 BC2F2 plants representing CSIR/CRI-ATS06 BC population for plant numbers E-80-19 and E-22-27, only 15 and 22 plants were identified as homozygous for the alc gene, respectively (Table 4). Likewise, in the CSIR/CRI-P002 BC population, out of the 86 BC2F2 plants generated from BC2F1 (plant numbers A-80-70 and A-13-39), 19 plants from each population were identified to be homozygous for the alc gene (Table 4).


Table 4 | List of BC2F1 lines selected for selfing.





3.3 Variability of measured traits in MABC-derived lines and their field performance

There were significant differences among the parents and MABC-derived lines for all the studied characters (Table 5).


Table 5 | Mean squares of studied traits in parents and MABC derived lines.




3.3.1 Field performance of MABC-derived lines

The field performance of the four checks (local, CSIR/CRI-P002, CSIR/CRI-ATS06, Alc-LA3134) against the 12 MABC-derived hybrids are presented in Table 6. Among the 12 MABC-derived hybrids, a subset of six hybrids of the BC2F2.3-A lines were not significantly different from CSIR/CRI-P002 (parent check) for days to 50% flowering, plant height, number of fruits per plant, fruit yield per plot and TSS. Similarly, all six of the MABC-derived hybrids of BC2F2.3-E lines were not significantly different from the parent check (CSIR/CRI-ATS06) for the 50% flowering, plant height, number of fruits per plant, fruit yield per plot and brix. From the result, it is clear that the Alc-LA3134 (donor check) was significantly different from MABC-derived lines for days to 50% flowering, plant height, number of fruits per plant and TSS. For the fruit yield per plot, the donor check (Alc-LA3134) was however, not significantly different from only the BC2F2.3-E lines. Field performance of the donor check (Alc-LA3134) against the 12 MABC derived lines indicated no significant differences for the fruit firmness, pericarp thickness, number of locules and shelf-life. Nonetheless, there was significant differences between the 12 MABC derived lines and the other parent checks (CSIR/CRI-P002, CSIR/CRI-ATS06) including the local check for the fruit quality and the shelf-life traits. Within the 12 MABC-derived, lines were also significant differences for fruit quality and shelf -life traits.


Table 6 | Mean performance of parents and MABC derived lines of BC2F2.3.







4 Discussion

A successful marker-assisted backcrossing strategy requires the availability of polymorphic markers closely linked to genes controlling traits desired in the recurrent parent (Hasan et al., 2015). These polymorphic markers are very useful for MABC scheme in each backcross generation. A marker which is monomorphic bears no value in selection work because this type of marker cannot differentiate the two parental genotypes. With the recent development in the field of molecular marker analysis, single nucleotide polymorphic (SNP) markers have enormous potential to improve efficiency and precision of conventional plant breeding via Marker Assisted Selection (MAS) (Gregorio et al., 2002; Bundo et al., 2022). The results from this study indicated patterns of genetic variation at different loci on chromosomes within parental materials. This agrees with (Sim et al., 2012) who in a similar study revealed patterns of genetic variation through the use of high-design SNPs for genotyping of tomato. The selected polymorphic SNP markers distinguished the parents and consequently justified the choice of the markers for selection of the generated populations. Thus, these SNP markers could be used to select for the recurrent parent.

A successful backcrossing programme is also dependent on the ability to select for the donor gene at each backcross generation and the ability to recover the recurrent parent’s phenotype. The application of DNA-based molecular markers offers a chance to carry out indirect selection of target traits at any stage of the plant growth and or selection for recurrent parent background or against unwanted donor parent genome. In the present study, while screening for plants possessing the alc gene among the BC1F1 plants, a total of 23 and 39 plants were observed for CSIR/CRI-ATS06 and CSIR/CRI-P002, respectively, to be positive as BC1F1. When the confirmed positive F1 plants are backcrossed with the respective recurrent parent, one out of every two progeny BC1F1 plants is expected to have the entire shelf-life gene. Nonetheless as noticed earlier, in the present study, some of the number of positives generated from the BC1F1 cross from CSIR/CRI-ATS06 deviated from the typical Mendelian pattern of segregation, probably due to selfed seeds, which might have resulted in fewer number of positive plants in that backcross. According to Sayed et al. (2002) even though markers will generally segregate in a Mendelian manner, distorted segregation ratios may be encountered. Identification of positives for alc gene in BC1F1 generation through phenotypic screening is very difficult and is time consuming. Phenotypically, it will require harvesting and holding of fruits on the shelf until they are unmarketable or wrinkled to estimate the shelf life and confirm presence of alc gene based on fruit colour and length of shelf life. Molecular markers can thus, be used as supplement for phenotyping, since they allow selection at the early stage of the plant (seedling stage) and even during the off-season, thus making breeding more cost-effective by growing more generations per year and reducing the number of breeding lines that are needed to be tested. This facilitates elimination of undesirable lines at early generations (Ribaut and Hoisington, 1998). Like other genetic markers, the SNP marker used in the present study is gene specific to alc gene. The foreground marker used in this study, Sly10-14-SNP, has been validated in earlier study (Osei et al., 2019). Hence, this marker can be used to complement classical breeding techniques in order to select segregating plants that have the recessive alc gene at early stage rather than waiting to observe the phenotypic characters (storage life). It must be noted that even though the phenotype of Alc/alc vs. Alc/Alc is detectable, the difference may not always be very great so one might not be absolutely certain of the Alc/alc genotypes. Selfing every plant is another option, but it would take a long time to get the fruit and to check if you had any alc/alc plants. In the analysis, it was figured that the alc gene for shelf life was located on chromosome 10 which is consistent with the literature (Mutschler et al., 1988). Based on Chi-square analysis to validate the alc gene on F2 generation data, the segregation ratio obtained from the cross was in good agreement with the theoretical ratio of 1:2:1. Clearly, this was expected, given that Sly10-14-SNP used in the present studies was a functional marker for shelf-life trait that has been validated (Osei et. al., 2019).

Application of marker-assisted backcrossing enables the successful transfer of recessive alleles, which is difficult to do when using conventional approaches. This selection involved the use of markers tightly linked to long shelf-life in tomato to screen BC1F1 progenies for the presence of alc gene. They were able to successfully identify individuals that carried homozygous loci from the heterozygote ones though they were phenotypically indistinguishable. The selected BC2F1 plant had a very high similarity to the recurrent parents for most of the plant characters, despite the fact that the selected BC1F1 plant from the cross displayed a low resemblance. Even though there is no apparent reason to explain this higher percentage of recurrent parent genome recovery, it can be assumed that this could be because of some unknown mechanisms which might have resulted in transfer of some chromosomal segments from recurrent parent genome to be transmitted as such transferred to the progenies in the second cycle of backcrossing. Also, it must be noted that the SNP marker recover was not as complete as would be desirable; it would be best to have at least 10 polymorphic markers per chromosome or even more. Chen et al. (2002) reported similar results where they report recovery of a higher percentage of recurrent parent genome at each backcross generation as compared to expected values. In general, RPG recovery can be accelerated by using markers for background selection (Servin and Hospital, 2002; Sowjanya and Sridevi, 2021). The results agreed with many other MAS studies in tomato (Menda et al., 2013) demonstrating that continued selection in a self-pollinated BC2 generation with the aid of molecular markers would lead to a higher recovery in RPG. Nonetheless, some studies have reported otherwise (Jairin et al., 2009), and this could be because background screening was not done in the early backcross generations. The background selection is paramount in eliminating such deleterious genome regions of the donor parents that may negatively affect the final product. This is extremely useful because the recurrent parent recovery can be greatly accelerated. Traditional backcrossing takes a minimum of six backcross generations to recover the genome of the recurrent parent, with some fragments of the donor genome still lingering on. However, the genome of the recurrent parent can be achieved at the BC2, BC3 or BC4, with background selection thus shortening the process by two of the four backcross generations when markers are employed for background selection. In this study, the phenotype recovery of the recurrent parent was achieved at BC2. The MABC approach in the present study has clearly demonstrated the ability to accelerate the breeding process of high-yielding tomato lines with long shelf-life fruits. Within two backcross generations, a considerable increase in shelf life was observed among the selected lines derived. Through MAS, we advanced two backcross generations within one year. When conventional breeding strategies are applied, the advancement of two backcross generations with selection for the long shelf-life character would take two years or more, and it might be very difficult to differentiate reliably between individuals heterozygous for more than one of the genomic regions contributing to the trait. Identification of homozygous BC2F2 lines is very important because if the selected BC2F2 lines contain one or more of the target genes in heterozygous condition, they will segregate in the next generation. In the present study, only homozygous lines with the desirable gene combinations were selected for further advancement and evaluation, thus, ensuring homozygosity of the material with respect to shelf life. It has been observed that the recovery of plants with alc gene was more frequent and more in number, this may be due to the fact that the marker was closely linked to the gene on chromosome 10. The use of gene specific marker Sly10-14 will be of prime importance for the selection and tagging of alc gene associated with shelf life. Identification of homozygous plants from the segregating populations is of extreme importance in MAS. This helps in the stabilization of the genotypes in shortest possible time. This is evident from the results observed. Selected F1s were carefully genotyped for presence of the alc gene with the respective linked markers. The homozygous F2s carrying the alc gene were selected and backcrossed with the respective recurrent parents. The positive BC2F1 of CSIR/CRI-ATS06 and CSIR/CRI-P002 plants were then selected, selfed and advanced for further generations for agro-morphological traits, yield, fruit quality and shelf life. Background selection was thus achieved to select the individuals with the genetic background closest to the recipient line in each case.

The significant difference observed between the MABC derived lines and recurrent parents for shelf life, fruit firmness, pericarp thickness and number of locules confirm that the genetic regulation for these traits are dependent on the alc gene. The non-significance between the recurrent parents and the MABC derived lines for days to 50% flowering, plant height, number of fruits per plant, number of fruits per plot and TSS suggest similar backgrounds of the MABC as the recurrent parents. These results demonstrate that genetic gains to improve shelf-life have been achieved through the use of molecular markers following some recovery of the recurrent background into the MABC-derived lines. This agrees with Ribaut and Hoisington, (1998) who used MABC to improve drought tolerance in maize. The use of MAS to improve shelf-life, therefore, appears very promising. The significant difference observed between the MABC derived lines and recurrent parents for shelf-life, fruit firmness, pericarp thickness and number of locules confirm that the genetic regulation for these traits are dependent on the alc gene. The non-significant difference between the recurrent parents and the MABC-derived lines for days to 50% flowering, plant height, number of fruits per plant, number of fruits per plot and TSS suggest similar backgrounds of the MABC as the recurrent parents. These results demonstrate that genetic gains to improve shelf life have been achieved through the use of molecular markers following some recovery of the recurrent background into the MABC-derived lines. This agrees with Ribaut and Hoisington (1998) who used MABC to improve drought tolerance in maize. The use of MAS to improve shelf-life, therefore, appears very promising.



5 Conclusion

Using marker-assisted selection, it was possible to introgress genomic regions from ripening mutant donor parent Alc-LA3134 into the genetic backgrounds of two elite recurrent parents (CSIR/CRI-ATS06 and CSIR/CRI-P002) over two generations. The use of markers allowed rapid recovery of the backgrounds of the CSIR/CRI adapted/improved tomato lines. The findings clearly reflect the reduced accuracy of phenotypic selection compared to background selection using markers. The field performance of the MABC-derived lines has confirmed that the genetic regulation for shelf-life is dependent on the alc gene.
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OEBPS/Images/table6.jpg
Tomato genotypes  D50F(days) PHT(cm) NFPPLT FYPLOT(kg) FF(N/cmz) PT(mm) BX(%) NOL SL(days)

BC,F, 3-A-13-39-30 2233 64.00 16.66 52.00 54.83 5.15 6.66 433 39.66
BC,F,3-A-13-39-33 22.00 65.00 17.33 52.00 54.83 5.15 6.83 433 41.00
BC,F;3.-A-13-39-65 2233 64.57 18.00 51.94 54.83 5.13 6.76 4.00 40.00
BC,F, 3-A-80-70-23 22.00 64.88 16.66 51.66 54.80 5.17 6.66 433 45.00
BC,F, 5-A-80-70-4 22.33 65.76 17.33 51.66 54.80 5.16 6.00 4.33 45.33
BC,F, 3-A-80-70-8 22.66 65.66 17.33 52.00 54.80 5.17 6.33 433 45.00
BC,F;3-E-22-27-1 25.00 68.29 13.66 62.00 54.67 5.25 5.16 433 47.66
BC,F, 3-E-22-27-23 25.00 68.40 14.66 62.29 54.67 5.24 5.00 4.66 46.66
BC,F, 3-E-22-27-8 2533 68.00 14.66 61.66 54.67 5.26 5.16 433 45.00
BC,F, 5-E-80-19-26 25.66 68.33 15.00 61.33 54.70 5.19 533 433 50.33
BC,F, 3-E-80-19-30 25.00 68.04 14.00 60.84 54.70 5.20 5.00 4.66 42.33
BC,F, 5-E-80-19-4 2533 68.68 13.66 62.12 54.47 522 5.16 433 41.33
CSIR/CRI-ATS06 (check) 2533 68.41 14.00 62.18 5431 4.74 5.10 5.00 28.66
CSIR/CRI-P002 (check) 22.00 64.33 18.00 52.04 54.53 4.90 6.93 5.00 23.66
ALC-LA3134 (check) 2833 51.93 9.66 61.18 54.82 5.54 4.06 4.00 5033
Local (check) 21.00 69.76 1233 38.40 51.94 4.37 593 6.66 16.33
Mean 23.85 65.88 15.18 55.95 54.52 511 575 4.56 40.52
Ccv 2.38 1.01 594 1.86 0.25 297 491 9.49 3.83
LSD 0.95 1.07 1.51 1.74 0.23 0.25 047 0.72 2.59
MSE 0.32 0.44 0.81 1.08 0.01 0.02 0.08 0.18 241

D50 ,Days to 50% flowering; PHT, Plant height; NEPPLT, Number of fruits per plant; FYPLOT, Fruit yield per plot; FF, Fruit firmness; PT, Pericarp thickness; TSS, Total soluble solids;
NOL, Number of locules per fruit; SL, Shelf life; CV, coefficient of variation; LSD, Least significant difference; MSE, Mean squared error.
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BC,F, lines selected for selfing

BC,-E-80- 19[BC,- (E xE1) x E-80-19]
BC,-E-22-27 [BC,.. (E xEl) x E-22-27]
BC,-A-80-70 [BC,- (A xAl) x A-80-70]
BC,-A-13-39 [BC,- (A XAl) x A-13-39]

No. of BC,F, plants produced

86
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86
86

No. of positive BC,F, plants for alc gene

15
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Name of BC,F, crosses

BC,=F, x CSIR/CRI-ATS06
BC,=F, x CSIR/CRI-P002

Name of BC,F, crosses

BC,=BC, x CSIR/CRI-ATS06-80
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*, %, # =Significant at P = 0.05, 0.01, 0.001 probability levels respectively; df, degree of freedom; D50F, Days to 50% flowering; PHT, Plant height; NFPPLT, Number of fruits per plant;
FYPLOT, Fruit yield per plot; FF, Fruit firmness; PT, Pericarp thickness; TSS, Total soluble solids; NOL, Number of locules per fruit; SL, Shelf life; CV, coefficient of variation.





