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Abstract

Maize (Zea mays L.) is a plant that is grown for human and animal consumption, as well as biofuel and a range of industrial applications throughout the world. By
2020, it is predicted to outnumber wheat and rice in terms of demand. Farmers pick among two types of maize varieties in modern agriculture. Hybrids and open-pollinated
varieties are mostly influenced by the current environmental and economic conditions and availability of seed for the preferred variety type. As a result, minimizing the
time required for inbred development is critical in supplying varieties that fulfill the needs of modern farmers. The use of doubled haploid technology is the most effective
way to accomplish this. The in vivo technique is widely regarded as a valuable tool for improving breeding efficiency. In maize, in vivo haploid induction has been quite
successful and several commercial breeding programs currently use it extensively. Many factors such as anther stage, donor plant, and anther preparation were discovered
to influence in vitro haploid induction (Androgenesis) in maize. Color indicators are widely used to distinguish typical fertilization kernels from those produced via haploid
induction. Because gamete production is hindered in haploid plants, they are sterile. As a result, haploid chromosome duplication is required to permit self-pollination
for seed production and genotype preservation. In the production of maize DH lines and colchicine is the most often used chemical as a chromosomal doubling agent.
DHs are the ideal material for genetic improvement and genetic studies of maize because of their utility in homozygous line creation, recurrent selection, and induction of
mutation, genetic enrichment, and compatibility with other technologies.

Introduction with Africa accounting for nearly half of that for almost 30%
(FAOSTAT, 2015).
Maize (Zea mays L.) is a plant that is grown for human and

animal consumption, biofuel and a range of industrial uses Resource-conserving farming techniques and enhanced

applications all over the world. The crop, together with wheat
(Triticum aestivum L.) and rice (Oryza sativa L.), is a dietary staple
that feeds the majority of people in impoverished areas of
Africa, Asia, and America with their primary source of calories
[1]. By 2020, it is predicted to outnumber wheat and rice in
terms of demand. This abrupt transition will result global
maize demand will have increased by 50%, from 558 million
tons in 1995 to 837 million tons in 2020 [2]. Demand for maize
for human consumption is expected to grow till the end of
the year, at a rate of 1.3 percent every year 2020 in developing
nations. Despite producing less than 8% of the world’s total,
globally, per capita consumption exceeds 127 million tons,

crop varieties that produce more with the similar or less inputs
than other crop variations now utilized are two significant
instruments for satisfying maize and maize-based products
will continue to be in high demand in the future. Farmers
can choose between two sorts of maize cultivars in modern
agriculture. Hybrids and open-pollinated types, and the factors
that determine their selection is primarily influenced by the
current environmental, economic conditions and availability of
seed of the preferred variety type [3]. Crossing two homozygous
inbred lines that are unrelated to create hybrid types is a
regular practice.

From preliminary time to know human being try to
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improve crop genetic variability and to fasten frequency of
production. Converting conventional breeding into modern
molecularly assisted breeding technique is one of main goal of
breeders. To achieve this goal technique of haploid and double
haploid is main strategy. To obtain sufficiently cross-breeding
of maize plants, homozygous inbred lines tendency requires
6-10 generations of self-pollination, i.e. 3-5 years when two
seasons per year may possible [4]. As a result, lowering the
time required for inbred development is critical to increasing
genetic benefits and accelerating the generation of superior
varieties.

When haploid (n) cells successfully undergo chromosomal
doubling, whether naturally or intentionally provoked, they
generate a genotype known as a Double Haploid (DH). In
comparison to the traditional inbred line creation technique,
to get lines with 99 percent homozygozity, it requires at least
6-8 generations, the DH technology greatly reduces by swiftly
establishing completely homozygous lines in 2-3 generations,
the breeding cycle can be completed [5,6]. Plants (sporophytes)
with a gametic chromosomal number are known as haploids
(n). They can occur naturally or due to variety boosting
approaches [7]. Blakeslee, et al. [8] were the first to report it
in Datura stramonium; further reports in tobacco (Nicotiana
tabacum), wheat (Triticum aestivum), and a variety of other
species followed [9].

In maize, haploids can emerge naturally or owing to a variety
of inductions approaches. However, because spontaneous
occurrence is an uncommon occurrence, its practical relevance
is restricted. As a result, many induction techniques have been
researched and developed [10]. In vitro (androgenesis) or in vivo
procedures can be used to generate haploids. Androgenesis is
the process of anther or microspore culture producing haploid
plants from immature pollen [11].

Invitro techniques have had limited success due to the non-
responsiveness of many maize genotypes, as well as the need
for a competent laboratory and skilled workers. in vivo haploid
induction-based DH line creation in maize, on the other hand,
is relatively easier [12,13] with inducer genetic backgrounds
integrating an anthocyanin color marker to permit easy
identification of haploids at both the seed and seedling phases
[14,15].

The in vivo haploid induction-based DH method for maize
breeding is widely recognized as a beneficial tool for increasing
breeding efficiency. The method has been adopted by many
commercial maize breeding projects in Europe [16]. The United
States [17]. And China [18]. Improved inducer lines, more
effective chromosome doubling methods, and protocols for
rapidly introgression transgenes, notably stacked transgenes,
are all being developed to make DHs more appealing [19].

However, in Latin America, Sub-Saharan Africa, and Asia
are all home to tropical maize-growing countries, some public
maize breeding organizations, and small and medium company
seed enterprises, have fallen behind [19,20]. This could be due
to a variety of factors, such as a lack of understanding of DH
technology, a scarcity of tropicalized haploid inducers, or a lack
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of sufficient “know-how” for implementing DH into breeding
programs. As a result, the purpose of this review is to look at
where haploid and double haploid maize breeding is at the
moment.

Literature review

Haploid and double haploid breeding technology in
maize

Riley (1974) provided the first summary of haploid
production, reporting that when A. D. Bergner found haploid
in Datura stramonium in 1921, haploid production began. In
Datura stramonium, this spontaneous generation of haploid
plants has been described by [8]. Similar results have been
recorded in crops such as tobacco (Nicotiana tabacum), wheat
(Triticum aestivum), and a few more species [9]. In 1964,
haploid embryo development from Datura anthers cultured In
vitro revealed the promise of haploid for plant breeding [21].

Breeders/geneticists are encouraged to research alternative
ways of haploid production in order to come up with a way
to make haploids that are twice on a bigger scale due to the
importance of haploid production [22]. Wide hybridization,
parthenogenesis, foreign cytoplasm, pollen irradiation, and
sparse pollination are some of the strategies that have been
discovered as a result of these attempts [23].

Chase was the one who pioneered the use of haploid
in maize breeding operations (1952). For the first time, he
proposed DH-technology in maize based on maternal haploid
inducers. It requires three steps: (I) producing haploid seeds
using induction crosses; (ii) differentiating (iii) doubling the
chromosomes of haploid plants; and (iv) haploid seeds from
typical diploid crossing seeds [24].

Haploid and double haploid production in maize

The importance of haploids and DHs in breeding and
genetics research was quickly recognized, and research into
various methods and reasons for increasing haploid production
frequency began. In maize breeding, several Haploid strategies
for producing haploid and doubling haploids have been
identified. Two gene sets are produced when haploid (n) cells
undergo artificial or spontaneous chromosomal doubling so
that are perfectly identical are resulting in a Doubled Haploid
(DH) genotype [11]. DHs can be manufactured artificially using
in vivo or In vitro procedures at varying frequencies, according
to Barnabds, et al. [25] and Maluszynski, et al. [23].

Parthenogenesis and pseudogamy are the emphasis of
the in vivo method. After that, the haploid embryo is rescued,
cultivated, and chromosomally doubled to produce haploids
with two chromosomes. Glycogenesis (ovary and flower
culture) and oogenesis are the focus of the In vitro process.
The multifactorial modulation of the In vitro androgenetic
response is difficult according to genetic analyses conducted
by numerous researchers. As a result, despite promising, the
method has yielded promising results with select genotypes,
it has yet to become a standard in maize breeding. in vivo
techniques, on the other hand, have been widely used over the
last two decades since they can be significantly enhanced.
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Four steps are normally produced DH lines: (I) By crossing
heterozygous plants with a haploid inducer, haploids can be
produced.; (ii) morphological markers for recognizing haploid
kernels; (iii) chromosome doubling of haploids by colchicine
treatment; and (iv) To obtain DH line seeds, selfing is used
[17,26].

In vitro methods consistently produce the large numbers
of DH lines required by maize breeding programs, whereas in
vivo haploid induction paved the way for large-scale DH line
production, and in vivo haploid induction is now used in almost
all DH production pipelines in multinational companies’ maize
breeding programs [11], (Liu, et al. 2016). Between the 1920s
and 1960s, haploid maize plants were discovered in nature, but
at a low frequency (0.1%), laying the framework for in vivo DH
creation [27]. Because this technique is less dependent on the
donor genotypes from which DH lines are created, the discovery
of Stock 6 [12]. And the development of a range of maternal
haploid inducers in maize revolutionized the application of DH
technology in maize breeding.

in vivo haploid induction can occur in two ways: haploids in
both the maternal and paternal lines [28,29]. In vivo induction
of maternal haploids is the most common induction approach
for maize (Zea mays L.). This method relies on the employment
of specific genotypes with the ability to produce haploids. The
processes of maternal haploid induction have been the subject
of two hypotheses. Wedzony [30] proposes the first hypothesis,
which claims that one of the two sperm cells in the inducer line
pollen is defective but still capable of fusing with the egg cell.
The inducer parent’s chromosomes degrade and are removed
during cell division, from the primordial cells. Chalyk, et al.
[31] propose a second hypothesis in which the egg cell and one
of the two sperm cells are unable to fuse. As a result of this
process, haploid embryogenesis is triggered. After that, the
second sperm cell joins the center cell. The haploids that result
are tiny, have limited plant vigor, and are sterile. Their fertility
must be restored in order for them to reproduce. This can be
achieved through either spontaneous or induced chromosomal
doubling. The doubled haploids (DH) that result are fully
homozygous and homogenous [31] Figure 1.

Various international institutions developed public inducer
genotypes for maternal haploids, which encompass a wide
range of HIR, including 2% for Stocké6 [12]. The first germplasm
to induce haploidy and the ancestor of all modern inducers,
and 8%-10% for RWS [28]. HZI [29]. And PHI [29,33].

1) In planta haploid

embryo induetion detection

Pollen (@ -‘\.‘
(male) |
J

Embryo Sac

aed haploid embryo

2) Haploid plantlet

https://www.peertechzpublications.com/journals/international-journal-of-agricultural-science-and-food-technology 8

Maize haploids can be obtained using In vitro fertilization
(androgenesis). The technique of producing haploid plants
from immature pollen using either Anther or Microspore
culture is known as androgenesis [11]. Androgenesis is induced
in microspores within the anther culture systems, resulting
in microspore-derived embryo-like structures. Embryo-like
structures can regenerate either directly into haploid plants
or indirectly as regenerable calli. Microspores are relatively
straightforward to access and control in cultures because they
are abundant in plant anthers. In maize, obtaining haploids
and DH by androgenesis has not proven to be effective, despite
the fact that androgenesis techniques are well known and
commonly utilized in some crop species. Androgenesis in maize
has been discovered to most maize genotypes are genotype
dependent resistant to culture and show no response [34,35].
Even in various factors such as anther stage, donor plant, and
anther pretreatment, genotypes respond to androgenesis [34-
36].

Color markers are often used by maize breeders to
separate between kernels created by ordinary fertilization
and those produced via haploid induction. Different ways
for distinguishing haploid from diploid kernels have been
discovered [37]. Chase [27]. Developed a phenotypic marker
system based on the R1 locus’s dominant variation allele R1-
nj (Ri-navajo), which codes for anthocyanin coloration. The
inclusion of anthocyanin markers in haploid inducer lines
allows for easier haploid identification at the seed level and
at various stages of plant development. In the presence of the
dominant pigmentation genes A1, A2, and C2, R1-nj induces
high pigmentation of the aleurone layer (endosperm tissue)
in the crown and scutellum (embryo tissue) of the kernel. The
degree and intensity of pigmentation change based on the
donor genotype’s genetic background [38].

According to Greenblatt and Bock [15]. Experiment red
crown mutant was initially used as a selective flag in haploid
induction. They discovered that the donor parent must contain
the inducer line of homozygous for Ri-nj and dominant
pigmentation genes, and the seeds must be colorless. to be
successful. The use of haploid inducers with anthocyanin
genes B1 (Booster1) and Pl1 (Purple1) that result in sunlight-
independent purple coloration in plant tissue (coleoptiles and
root) has been proven to be appropriate in situations where
haploid sorting is not possible at the dry seed stage [33].
Pigmented coleoptiles or roots in this example indicate a
diploid state in the early stages of development, whereas non-
pigmented seedlings could be categorized as haploids [33,38].

3) Chromosome
doubling of haploid

haploid plantlet Doubled haploid

DH

Figure 1: Shows steps of haploid induction. Source: Nathanaél J, et al. 2021 [32].
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21 [32].

The root color marker and the Ri-nj gene have been used in a
few backcross populations at CIMMYT, but the HIR, agronomic
stability, and efficacy of this alternative marker scheme in DH
production must all be determined [11].

Furthermore, Rotarenco, et al. [39]. Proposed employing
nuclear magnetic resonance to detect haploid kernels based
on kernel oil content. Li, et al. [40]. Created the inducer line
CAUHOI, which permits haploids to be identified due to the
lack of Ri-nj-induced scutellum coloring as well as the low
embryo oil content. To distinguish haploid maize kernels from
hybrid maize kernels after maternal haploid induction, Jones,
et al. [41]. Investigated the use of Near Infrared Reflectance
(NIR) transmission spectroscopy. Growth traits such as upright
leaves, weak vitality, and sterility distinguish haploid plants
from diploid plants. Separating haploids from diploids at the
seed level is crucial for commercializing DH technology because
it reduces costs associated with chromosome doubling, green
house, field space, and manpower [11].

Because of defective gamete production, the large
percentage of haploid plants are infertile [42]. As a result,
haploid chromosome duplication is required to permit seed

production and genotype preservation through self-pollination.
Colchicine is the most prevalent chromosomal doubling agent
in maize. It prevents the production of microtubules and
chromosome polar migration, resulting in single cells with
tripled chromosomal numbers [43].

Deimling, et al. [44]. Devised protocols for treating
colchicine, including germination of presumptive haploids
at 26°C for three days, Seedlings are prepared by reducing
the root and trimming the tip coleoptiles, then immersed in
a Colchicine solution (0.06 percent colchicine, 0.5 percent
dimethyl sulfoxide) at room temperature for 12 hours in a dark
room. After that, the treated plants are planted in the field [38].

For the in vivo generation of maize DH lines, several
colchicine-based strategies for large-scale chromosomal
duplication have been devised [44]. And Invitro [25,43]. Another
option is to use nitrous oxide to treat haploids or herbicides
with anti-microtubule properties [36] Figure 2.

Gen editing crispr-cas9 technology

At recent times, remarkable result have achieved by breeders
using molecular technology. Clustered Regularly Interspaced
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Short Palindromic Repeats (CRISPR)/Cas9 technology is a new
gene-editing system, succeeded in improving crop quality [45].
In relative to TALENS, ZFNs, and MNs it is simple, efficient,
and cost-effective technique to edit multiple genomes at
the same time [46,47]. GE-mediated DNA modifications
through (CRISPR)/Cas9 encompass deletions, insertions,
Single Nucleotide Substitution (SNPs), and large fragment
substitution. The plant CRISPR/Cas9 and its derived system
have shown various genome-editing ability, such as gene
knock-in, knockout, knockdown, and expression activation
as well. The following step is the work flow of CRISPR/Cas9-
based gene editing.

Select genes of interest for editing and design spacers
for selected genes - Prepare transformation carrier or
Ribonucleoprotein (RNP) - Deliver foreign nucleotides or
proteins into plant cells - Identify edited lines in To generation
by NGS - Select null plants with the gene edited in T1 and
confirm them by NGS in T2 generation > Obtain homozygous
edited lines and the evaluation of expression of the target gene
> use of the null lines for breeding new variety [48].

Applications of haploid and doubled haploids bree-
ding technology in maize

In comparison to traditional procedures, to get a partly
homozygous plant, it takes generations of self-pollination, DH
technology allows entirely homozygous plants to be obtained
in two generations [17,26,28,33]. DH lines are completely
homozygous and homogeneous, making them good candidates
for plant variety protection According to Rober, et al. [28]. They
also showed that using DH lines enables for commercialization
to begin many seasons earlier than with traditional breeding.

Recurrent Selection (RS) is an important component in
hybrid breeding [49]. Best line selection can be isolated and
used to create hybrids that are superior from prior rounds
[50]. The goal of recurrent selection in hybrid breeding is to
enhance a heterotic group’s General Combining Ability (GCA)
in comparison to other groups, referred to as the “opposite”
pool (s). Recurrent selection based on Doubled Haploid (DH)
lines can be quite efficient in this regard. Using DH lines has
several advantages, including a maximum genetic variance
across test units and improved precision in evaluating the
genotypic value of DH lines and their testcrosses [28]. Due to
recombination and selection, doubled haploids can be used in a
recurrent selection system, in which the population is projected
to improve after repeated cycles of crossing, DH generation,
and selection [51,52]. (Gordillo, et al. 2010).

Another application of DH technology is mutation breeding.
Homozygosity allows fixing of mutations in the first generation
[7]. Pure haploid plants, as an alternative to DH technology,
can be employed for breeding and research. This is due to their
ability to produce normal kernels after pollination with diploid
pollen (Rotarenco, et al. 2012) [53]. In microspore cultivation,
treating microspores with chemical mutagenesis during the
uninucleate stage is a particularly effective way to create
mutants, resulting in pure elite mutant inbred lines [54].

Recycling DH lines has been demonstrated to fast increase
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haploid frequency and restore fertility [55,56]. Chase [55].
Discovered that the stiff stalk synthetic materials produced 0.13
percent haploids, whereas the haploid derived DHs produced
0.43 percent haploids. The original stiff stalk synthetic had a
9.4 percent haploid fertility restoration, and the frequency of
DH derived haploids climbed to 33 percent. Selection appears to
favor genetic or germplasm enrichment for the generation of
haploids and fertility restoration. Using random mating of high
yielding DH lines as a source of resources for the next haploid
selection cycle, maize plant germplasm enrichment for yield,
general vigor, and agronomy can be done. Recurrent selection
or any other breeding plan can be used to enrich inbred lines
with more favorable alleles for yield, insect resistance, stress
tolerance, and other agronomic attributes [51,53].

DH and molecular markers have emerged as two of the
most powerful tools in applied maize breeding projects in
recent years, changing how homozygous lines are formed [57].
DH technology can be used with marker assisted selection
in maize breeding (MAS). The goal of combining MAS and
DNA fingerprinting with DHs is to: (1) select parents with
complementary genotypes to form crosses for use in generating
DH lines; and (2) select parents with complementary genotypes
to form crosses for use in generating DH lines [19]. It’s possible
to use MAS and DHs in repeating selection activities. Bouchez
and Gallais [51]. Used simulations to show that employing DH
lines to pick parents for following cycles of recurrent selection
projects improves the efficiency of recurrent selection methods
for low heritability variables. MAS may be less expensive,
faster, or more effective than phenotyping DH lines to choose
parents for successive recurrent selection projects cycles.

Another way that DH and MAS collaborate is to generate
DH lines from bi-parental crossings with the goal of obtaining
inbred lines that are genetically identical to either parent of the
cross [58,59]. Or finding recombinants at or flanking specified
loci. Finally, the most common combined usage of DH and MAS
is expected to be genetic research such as bulked segregant
analysis and constructing genetic maps [5,6].

Conclusion and summary

Maize is the top three cereals for global food security
significantly in Africa and Latin America. It is demanded
for food, feed, fuel, and industrial purposes over the world.
Adopting DH technology in maize breeding is urgently
needed to meet the expanding demand for maize products. In
comparison to the traditional inbred line creation technique,
the DH technology greatly reduces the breeding round by
rapidly developing entirely genetically homozygous inbred
lines in 2-3 generations. When haploid (n) cells undergo
artificial or spontaneous chromosome doubling, they create
two gene sets that are 100% identical. Artificially produced
DHs can be made using in vivo or In vitro procedures. The in
vivo haploid induction-based DH method for maize breeding is
widely recognized as a beneficial tool for increasing breeding
efficiency.

There are four steps in the DH line. The production method
includes processes such as inducing haploids by crossing
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heterozygous plants with a haploid inducer, detecting haploid
kernels, chromosome doubling of haploids, and selfing to
obtain seeds of DH lines. The use of DHs in maize breeding
is extremely essential. DHs are the ideal material for genetic
improvement and genetic studies of maize because of their
utility in homozygous line creation, recurrent selection, and
induction of mutation, genetic enrichment, and compatibility
with other technologies.
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