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Abstract- The multiparent advanced generation inter-cross (MAGIC) population is one of a new generation emerging mapping population for plant genetics study. They
are generally created by intercrossing multiple founder lines over several generations. The MAGIC populations offer an alternative to traditional linkage or association
mapping populations by increasing the precision of quantitative trait loci (QTL) mapping resolution and analysis of gene-trait association by taking the advantages of
both historical and synthetic recombination. MAGIC offer great potential both for dissecting genomic structure and for improving breeding populations.
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Introduction

Multi-parent populations (MPPs) have emerged as powerful next-generation
mapping resources combining diverse genetic founder contributions with high
levels of recombination [1-3]. MAGIC population fulfills the major limitations of
existing mapping populations [4-6]. The MAGIC population is called a second-
generation mapping resource [7]. The Complex Trait Consortium [8] introduced
the concept of a multi-parental advanced generation intercross (MAGIC)
population using mice. Multi-cross populations were first proposed for plants by
Mackay and Powell [1]. The first plant MAGIC population was developed in
Arabidopsis thaliana [9]. Subsequently, MAGIC populations have been developed
in wheat [2, 5, 10-11], chickpea [12], rice [4], sorghum [13], maize [14], barley [15],
tomato [16], Strawberry [17] etc.

Genetic properties

The MAGIC populations represent combining of high genetic recombination and
diversity. Linkage disequilibrium (LD) patterns depicted the MAGIC population to
be highly recombined [5]. Huang, et al. [6] demonstrated that a MAGIC population
more clearly illustrated the fine-scale mosaics of founder parental genomes and
wider genetic and phenotypic variation than populations derived from bi-parental
crossing. The characterization of MAGIC maize lines shows that the population is
a balanced, evenly differentiated mosaic of the eight founders, with mapping
power and resolution strengthened by high minor allele frequencies and a fast
decay of linkage disequilibrium [14]. The eight-way population had higher gene
diversity in rice [18]. Upland cotton MAGIC population contained abundant genetic
diversity [19]. High heritability coupled with high and moderate genetic advance
was observed for all the traits studied using MAGIC F2 segregating populations of
Tobacco (Nicotiana tabacum L.) [20]. The MAGIC barley population was
generated from intercrossing among eight parental lines and thus, offered greater

genetic diversity to detect higher-order epistatic interactions [21].

Mating Design and Development of MAGIC population

The MAGIC design concept is similar to that of advanced intercross lines (AlLs)
proposed by Darvasi and Soller, [22], except that AlLs are still derived from a two-
parent cross. MAGIC populations are generally created by intercrossing multiple
founder lines over several generations. Using multiple founders contributes more
allelic diversity than that captured in typical biparental mapping populations. An
eight-parent MAGIC population created of winter-sown wheat (Triticum aestivum
L.) [5]. Three rice (Oryza sativa L.) multi-parent advanced generation intercross
(MAGIC) populations were developed using eight elite Indica rice varieties [18].
Bandillo, et al., [4] developed 4 multi-parent MAGIC populations for rice.

Development steps of MAGIC population:

1. Founder selection: Founder lines must be chosen based on genetic and/or
phenotypic diversity of elite cultivars, geographical adaptation or material of
more diverse origins (worldwide germplasm collections, distant relatives).
Use of landraces as founders may introduce greater diversity.

2. Mixing: In the first stage of population development, multiple parents are
intercrossed to form a broad genetic base. The inbred founders are paired
off and inter-mated, known as a funnel. The result of this stage is a set of
lines whose genomes comprised contributions from each of the founders.

3. Advanced intercrossing: The mixed lines from different funnels are
randomly and sequentially intercrossed as in the advanced intercross. The
main goal of this intercrossing is to increase the number of recombinations
in the population.

4. Inbreeding: The individuals resulting from the advanced intercrossing
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stage is progressed to create homozygous individuals [6]. The scheme derived for
8-way and 4-way cross population shown [18].

Population size

Valdar, et al., [23] compared variations on the first two stages of the collaborative
cross (CC) design and bench marked against biparental advanced intercross RILs
for a trait with 0.5 heritability. They found that a MAGIC population of size 500
could achieve high power to detect single quantitative trait loci (QTL) explaining 5
% of phenotypic variability.

Advantages and disadvantages

The MAGIC population has three major advantages: (i) more abundant genetic
diversity than a biparental population and higher allele balanced frequency than
the panels consisting of diverse accessions in association mapping because of
controlled allelic inputs from multiple parents (ii) negligible impact from population
structure [1, 9, 23] and (iii) increased mapping resolution by taking the advantages
of both historical and synthetic recombination. Negligible population structure
allows the use of simple association analysis with reduced false positive rate [7,
24]. In MAGIC population, the multiple intermating generations have the added
useful effect of introducing more recombinations along the chromosomes within
the population, meaning that the chromosome blocks inherited by each individual
mapping line are reduced in size compared with those of the parent genomes,
thus allowing geneticists to better uncouple the effects of linked genes [25]. The
development of MAGIC is a time-consuming process.

Applications of MAGIC populations

1. Multiline variety: The 12-parent MAGIC population reported by Li, ef al.
[26] has been used to develop the multiline variety Duo-Ji-Xin 3, which is
being commercialized in China [27]. The indica MAGIC population
developed at IRRI [4] has been explored by IRRI breeders for targeting
irrigated and rainfed environments and for direct and indirect use in variety
development.

2. Precise QTLs mapping: The MAGIC populations serve as permanent
mapping populations for precise QTL mapping [4]. Application of the
resource MAGIC population for quantitative trait loci mapping using the
complex traits plant height and hectolitre weight in wheat [10]. The
characterization of the full MAGIC maize population will lead to higher
power and definition in QTL mapping and lay the basis for improved
understanding of maize phenotypes, heterosis included [14]. MAGIC
populations are valuable for QTL identification, 8-way populations being
more powerful [18]. Fine-mapping of quantitative trait loci (QTL) in the
MAGIC lines [9] and Wheat Snn1 locus [28].

3. Linkage map construction: Utilization of a MAGIC population for the first
time for linkage map construction [12]. The linkage map obtained showed
an 87% increase in recombination frequencies compared to biparental
populations [16]. A high-density MAGIC linkage map has recently been
developed in wheat [29].

4. Genome introgressions: The MAGIC populations also present
opportunities for studying the interactions of genome introgressions and
chromosomal recombination [4]. Applications of this resource include
interrogation of the wheat genome [10].

Conclusion

The multiparent advanced generation intercross (MAGIC) populations offer an
alternative to traditional mapping populations by increasing the precision mapping.
The MAGIC populations created by several generations of intercrossing among
multiple founder lines leading to greater accumulation of recombination events.
MAGIC population contained abundant genetic diversity. MAGIC populations are
valuable for multiline variety development, linkage map construction, precise QTLs
mapping and fine-mapping of Quantitative Traits, analysis of gene-frait
association etc.

Application of review: The major application of the MAGIC population is linkage

map construction for fine- mapping of Quantitative Traits in plants.
Review Category: Genome Mapping

Abbreviations:  Multiparent advanced generation intercross  (MAGIC),
Quantitative trait loci (QTL), Recombinant inbred line (RIL), Multi-parent
populations (MPPs), Advanced intercross lines (AILs)
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