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ABSTRACT: MAGIC (Multi parent advanced generation inter cross) breeding programme is the key to
improve the traits like plant height in self pollinated crops like tomato (Solanum lycopersicum L.). Present
investigation was planned to find the variability for plant height traits in MAGIC F, and F; populations.
Using the observed variability present in the tomato MAGIC F, population, the selection was done for the
plant height trait. The mean value observed for plant height was 117.60 cm with a range of 38.00 cm to
181.00 cm in MAGIC F, population. The trait followed normal distribution indicating the variability of a
segregating population. And in MAGIC F; population wide range of variation was observed for plant
height as the mean values for each accession ranged from 37.40 cm to 181.60 cm with grand mean 110.09
cm. The effectiveness of selection for these characters was estimated in F; generation and then compared
with F, generation thus found the expected response to the selection. This indicates the effectiveness of

selecting plant height characters in early segregating generations.
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INTRODUCTION

Tomato (Solanum lycopersicum L.) is commonly
consumed vegetable crop of Solanaceae family. Tomato
is grown across the world as it has wide adaptability to
a variety of environments. It has a haploid chromosome
number of 12 (2n=2x=24) with a genome size of 900
MB (Bordiya and Kang 2017). The cultivated tomato
originates from wild relatives found in the Andean
regions of Chile and Peru (Pailles et al., 2017). Tomato
was first domesticated in Mexico. It is believed that the
Spanish explorer Cortez might have been the first to
transfer to Europe in the mid 16" century (Rick and
Fobes 1975). It remains in the focus of the horticultural
industry, as an increase in its cultivation ever since the
mid-nineteenth century all over the world (Morales,
2001).

MAGIC strategy has been used to intercross multiple
alleles which provide more abundant genetic diversity
and high mapping resolution as the number of
recombination is more (Bandilo et al., 2013). The term
MAGIC was first coined by Mackay and Powell (2007)
and was advocated by them and Cavanagh et al. (2008)
for crops. A very large set of recombinant inbred strains
from a set of genetically diverse inbred mouse strains
was constructed by Complex Trait Consortium and a
strategy called a collaborative cross (Churchill et al.,
2004). This strategy has been successfully used for fine
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mapping of the QTL in mice (Mott et al., 2000). The
first MAGIC population in the plant is developed for
Arabidopsis thaliana (L.) Heynh using this population,
several known QTL for different traits were mapped
with high precision, and a few novel QTLs were
identified (Kover et al., 2009).

The MAGIC population is developed mainly to
promote intercrossing and to shuffle the genes. The
benefits of using MAGIC population are; each of the
parents can be analysed for more targeted triats based
on its selection which are used to make the multi parent
crosses (Marriage et al., 2014). Multiparent populations
are now attractive for variability present in the
population for the selection of particular character.

The availability of variation for selection and the
selection methodology were helped to achieve crop
improvement in any breeding method (Malieshappa et
al., 1988). The genetic variability can be achieved by
crossing appropriately chosen parents. The rate and
progress achieved through selection depends on the
various factors like availability of genetic variability,
selection intensity, breeding methodology and its
genetic association with other related characters. A
complex character like plant height exists in different
tomato MAGIC populations with association of
different genes which results in different relationships
and also largely influenced by environment. Further,
the effectiveness of early generation selection is

14(4a): 559-563(2022) 559



reduced by genotype and the environmental interaction
reduces (Rahman er al., 1986). Large environmental
differences may lead to failure of parental plant height
to be indicative of the plant height of progeny. So,
direct selection for improvement of plant height
attribute in segregating population may not be effective.
This approach also results in the development of inbred
lines (ILs) that would carry a various allelic
combination that can be prospected for identification of
agronomically superior ILs. Keeping these points in
view the present study was aimed at studying the
response of selection for plant height characters through
mean between F, and F; generations in tomato MAGIC
population.

MATERIALS AND METHODS

Eight parental lines INDAM-2013-4, INDAM-2013-6-
1, D-3-2, EC-625651, F-6059, H-24, EC-529080 and
EC-538380) were pairwise crossed to produce two-way
hybrids. The two-way hybrids were further intercrossed
in a diallel fashion to generate four-way crosses. The
eight-way crosses were made by intercrossing F, plants
of the four-way crosses. SSD method was used to
advance Eight-way cross plants to develop the eight-
way MAGIC F; population. The F; plants were selfed
to generate 600 F, plants. Further these individual F,
plants were advanced to F; population, by selfing each
MAGIC F, plants. The MAGIC F, population was
evaluated at College of Horticulture, Bengaluru.
Further, twenty plants from every 600 MAGIC F;
individual plant was evaluated in the field during 2018-
19 at Kolar for plant attributes. Plant height was
measured from the ground level to the top of the
primary branch just before the last harvesting in
centimeters from all the 20 plants of MAGIC F, and F;
population and averaged.

The field trials were conducted at College of
Horticulture, Bengaluru for F, generation during 2018
and at Kolar for F; generation during 2019 summer
season. Ploughing and harrowing was done for the main
field to bring the soil to the fine tilth and the FYM @
25 t/ha was incorporated into the soil. Seeds were sown
in seedling nursery and three-week-old seedlings were
transplanted in the main field. Each line was
transplanted in a ridge of three-meter length spaced 45
cm apart with intra row spacing of 60 cm. The
evaluation of MAGIC F; population with eight founder
lines was done in an Augmented Block Design. A set of

twenty blocks were raised wherein each block 30
MAGIC F; population. In each MAGIC F; population
20 plants were maintained and eight founder lines were
repeated in all blocks. All agronomic practices were
performed as per the package of practices of UHS,
Bagalkot. The mean of MAGIC F; generation and their
corresponding mean of individual plant selections in
MAGIC F, generation were used for selection process.

RESULTS AND DISCUSSION

A wide range of variability for plant height trait was
observed in tomato MAGIC F, population (Table 1).
The mean value recorded for the plant height was
117.60 cm with a range of 38.00 cm to 181.00 cm.
Spectral variability observed in the MAGIC F,
population for the plant growth habit was depicted in
Plate 1. The trait under study followed normal
distribution (Fig. 1) indicating the variability of a
segregating population. And in the MAGIC F;
population wide variation was observed for plant height
as the mean values for each accession ranged from
37.40 cm to 181.60 cm with grand mean 110.09 cm
(Table 1). This indicates that early segregating
populations have the different heights due to each
genotype having a different capacity of growth. Similar
results were also reported by Bharathkumar (2014);
Renuka et al. (2017) in tomato.

The contribution for the trait viz., indeterminate plant
growth habit was found to be higher from the parent,
EC-538380. Most of the MAGIC F, individuals
expressed the phenotype of indeterminate growth habit.
Kulkarni (2003); Kaushik ef al. (2011); Mohamed et al.
(2012) were also in accordance with the genetics of
tomato growth habit.

The plant height performance of F; families raised from
the F, populations on the basis of the crosses showed
much encouraging results (Table 1). All the 600
families could be isolated as promising families for
later generation. Thus there was practically a great
relation between the plant height of individual F,
selection and the mean plant height of corresponding F;
families. Similar type of finding was also reported by
Islam et al. (2012). Thus selection for the trait like plant
height based on phenotypic performance in -early
generation is effective. In respect of plant height
MAGIC F; generation showed high mean performance
and percentage of population mean than in MAGIC F,
generation.

Table 1:Estimates of variability for plant height trait among founder lines, MAGIC F, and F; population.

Parental lines MAGIC population
A B C D E F G H F, F;
Mean | Mean | Mean | Mean | Mean | Mean | Mean | Mean | Mean+SE Range Mean+SE Range
PH 9436 | 89.50 | 57.54 | 83.22 | 82.34 | 50.88 | 82.74 | 109.88 | 117.60+0.96 | 38.00- 110.09+0.98 | 37.40-181.60
181.00
PH: Plant height (cm)
A: INDAM-2013-4 B: INDAM-2013-6-1 C: D-3-2
D: EC-625651 E: F-6059 F: H-24
G: EC-529080 H: EC-538380
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A:INDAM-2013-4; B: INDAM-2013-6-1; C: D-3-2; D: EC-625651; E: F-6059; F: H-24; G: EC-529080; H: EC-538380
Fig. 1. Frequency distribution of the mean values of plant height trait among 600 tomato F, MAGIC lines field
evaluated during 2018 at COH, Bengaluru.

Plate 1a. Spectral variability observed in the MAGIC F, population for the plant growth habit at COH, Bengaluru
during 2018-19.
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Plate 1b. Spectral Variabty observed in the 600 MAGIC F, population for the plant growth habit at COH,
Bengaluru during 2018-19.
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CONCLUSIONS

The parent, EC-538380 contributed to the indeterminate
plant growth habit and the parent H-24 contributed to
the determinate plant growth. Most of the MAGIC F,
and F; individuals expressed the phenotype of
indeterminate growth. A wide variability for the trait,
plant height was observed in the both MAGIC F, and F;
populations and followed a normal distribution. This
investigation suggested that the selection for the plant
height trait can be made in the early segregating
generation, keeping aside the major quantitative
characters as yield for selection in later generation.

FUTURE SCOPE

1. Advancement of the MAGIC F, population to
MAGIC RILs to get a stable and homozygous
population.

2. Large scale field evaluation of tomato MAGIC RILs
to know the variability for plant height trait.

Acknowledgement. Authors are thankful to the Department
of Biotechnology and Crop Improvement, College of
Horticulture, Bengaluru for providing the necessary research
facilities.

Conflict of Interest. None.

REFERENCES

Bandillo, N., Raghavan, C., Muyco, P. A., Sevilla, M. A.,
Lobina, 1. T. and Dilla-Ermita, C. J. (2013). Multi-
parent advanced generation inter-cross (MAGIC)
populations in rice: progress and potential for genetics
research and breeding. Rice Science, 6, 11-13.

Bharathkumar, M. V. (2014). Development of F; hybrids with
resistance to early blight (Alternaria solani) in tomato
(Solanum lycopersicum L.). M. Sc. (Horticulture).
Thesis, University of Horticultural Sciences, Bagalkot.

Bordiya, Y. and Kang, H. G. (2017). Genome-Wide Analysis
of Chromatin Accessibility in Arabidopsis Infected
with  Pseudomonas  syringae.  Plant  Pattern
Recognition Receptors (Pp. 263-272). Humana Press,
New York, NY.

Cavanagh, C., Morell, M., Mackay, 1. and Powell, W. (2008).
From mutations to MAGIC: Resources for gene
discovery, validation and delivery in crop plants.
Current Opinion in Plant Biology, 11, 215-221.

Churchill, G. A., Airey, D. C., Allayee, H., Angel, J. M.,
Attie, A. D., Beatty, J., Beavis, W. D., Belknap, J. K.,
Bennett, B., Berrettini, W., Bleich, A., Bogue, M.,
Broman, K. W., Buck, K. J., Buckler, E., Burmeister,
M., Chesler, E. J., Cheverud, J. M., Clapcote, S.,
Cook, M. N., Cox, R.D., Crabbe, J.C., Crusio, W. E.,
Darvasi, A., Deschepper, C. F., Doerge, R. W., Farber,
C. R,, Forejt, J., Gaile, D., Garlow, S. J., Geiger, H.,
Gershenfeld, H., Gordon, T., Gu, J., Gu, W., De haan,
G., Hayes, N. L., Heller, C., Himmelbauer, H.,
Hitzemann, R., Hunter, K., Hsu, h. S, Iraqi, F. A.,
Ivandic, B., Jacob, H. J., Jansen, R. C., Jepsen, K. J.,
Johnson, D. K., Johnson, T. E., Kempermann, G.,
Kendzi- Orski, C., Kotb, M., Kooy, R. F., Llamas, B.,
Lammert, F., Lassalle, J. M., Lowenstein, P. R., Lu,
L., Lusis, A., Manly, K. F., Marcucio, R., Matthews,
D., Medrano, J. F., Miller, D. R., Mittleman, G.,
Mock, B. A., Mogil, J. S., Mon- Tagutelli, X.,

Nayana & Fakrudin

Biological Forum — An International Journal

Morahan, G., Morris, D. G., Mott, R., Nadeau, J. H.,
Nagase, H., Nowakowski, R. S., O’hara, B.F.,
Osadchuk, A.V., Page, G.P., Paigen, B., Paigen, K.,
Palmer, A., Pan, H. J., Peltonen-Palotie, L., Peirce, J.,
Pomp, D., Pravenec, M., Prows, D. R., Qi, Z., Reeves,
R. H., Roder, J.,, Rosen, G. D., Schadt, E. E.,
Schalkwyk, L. C., Seltzer, Z., Shimomura, K., Shou,
S., Sillan-Paa, M. J., Siracusa, L. D., Snoeck, H. W.,
Spearow, J. L., Svenson, K., Taran- Tino, L. M.,
Treadgill, D., Toth, L. A., Valdar, W., De Villena, F.
P. M., Warden, C., Whatley, S., Williams, R. W.,
Wiltshire, T., Yi, N., Zhang, D., Zhang, M. and Zou,
F. (2004). The Collaborative Cross, a community
resource for the genetic analysis of complex traits.
Nature Genetics, 36, 1133-1137.

Islam, M. S., Mohanta, H. C., Ismail, M. R., Rafii, M, Y. and
Malek, M. A. (2012). Genetic variability and trait
relationship in cherry tomato Solanum lycopersicum
L. var. cerasiforme). Bangladesh Journal of Botany,
41(2), 163-167.

Kaushik, S. K., Tomar, D. S. and Dixit, A. K. (2011).
Genetics of fruit yield and it’s contributing characters
in tomato (Solanum lycopersicom). Journal of
Agricultural ~ Biotechnology ~ and  Sustainable
Development, 3(10), 209 -213.

Kover, P. X., Valdar, W., Trakalo, J., Scarcelli, N.,
Ehrenreich, I. M., Purugganan, M. D., Durrant, C. and
Mott, R. (2009). A multiparent advanced generation
inter-Cross to fine- map quantitative traits in
Arabidopsis thaliana. PLoS Genetics, 5(7), 1-15.

Kulkarni, G. P. (2003). Investigations on bacterial wilt
resistance in tomato. Ph.D. Thesis, University of
Agricultural Sciences, Dharwad (India).

Mackay, I. and Powell, W. (2007). Methods for linkage
disequilibrium mapping in crops. Trends in Plant
Science, 12, 57-63.

Malieshappa, C., Patil, S. S. and Parameshwarappa, R.
(1988). Studies on selection response for yield and its
impact on other characters in F; and F, generation of
safflower. Karnataka Journal of Agricultural
Sciences, 1, 8-12.

Marriage, T. N., King, E. G., Long, A. D. and Macdonald, S.
J. (2014). Fine- mapping nicotine resistance loci in
Drosophila using a multiparent advanced generation
intercross population. Genetics, 198, 45-57.

Mohamed, S. M., Ali, E. E. and Mohamed, T. Y. (2012).
Study of heritability and genetic variability among
different plant and fruit characters of tomato (Solanum
lycopersicon L.). International Journal of Science and
Technology Research, 1(2), 55-58.

Morales, F. J. (2001). Conventional breeding for resistance
Bemisia tabaci transmitted Gemini viruses. Crop
Protection, 20, 825-834.

Mott, R., Talbot, C. J., Turri, M. G., Collins, A. C. and Flint.
J. (2000). A method for fine mapping quantitative trait
loci in out-bred animal stocks. Proceedings of the
National Academy of Sciences USA, 97, 12649-12654.

Pailles, Y., Ho, S., Pires, LS., Tester, M., Negrdo, S. and
Schmockel, S.M. (2017). Genetic diversity and
population structure of two tomato species from the
Galapagos Islands. Frontiers in Plant Science, 8, 138.

Rahman, M. A. and Bahl, P. N. (1986). Evaluation of early
generation testing in chickpea. Plant Breeding, 4(1),
82-85.

Renuka, D. M., Sadashiva, A. T. and Mahantesh, J. (2017).
Genetic variability studies in cherry tomato (Solanum

14(4a): 559-563(2022) 562



lycopersicum L. var. cerasiforme Mill). International Rick, C. M. and Fobes, J. F. (1975). Allozymes of Galapagos
Journal of Current Microbiology and Applied tomatoes: polymorphism, geographic distribution, and
Sciences, 6(10), 2085-2089. affinities. Evolution, pp. 443-457.

How to cite this article: Nayana R.S. and B. Fakrudin (2022). Effect of Selection Response on F, and F; Generation for Plant
Height Character in Tomato MAGIC Population. Biological Forum — An International Journal, 14(4a): 559-563.

Nayana & Fakrudin Biological Forum — An International Journal — 14(4a): 559-563(2022) 563




