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ABSTRACT

Toeels of malecular biology and genctic enginesring have provided
humankind with unprecedented power to manipulate and develop
novel crop genotypes towards a safe and sustainable agriculture
in the 21" century. Masze (Zew mays L.) baing an important food,
feed and industrially important grain crop has been genetically
engineered for agronomically desirable traits s.e, ingorporation
of gengs for protection against insecl pests, registance to
herbicides and nutritional enhancement. Since biotechnalogy
deals wath specific alterations and modifications of living
organisms through novel techniques of tissue calture and genetic
engineering, the present review emphasises on the utilization of
these techniques for the improvement of malze crop

Key words: Genetic engineering, Zea mays, insect and disease resistance, ahiotic
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INTRODUCTION

Maize or corn {Zea mays L ) is a crop plant belonging to the family of grasses
(Poaceae). Tt is cultivated globally, being one of the most important cereal crops
Due to versatile nature of crop it 1s grown over a range of agro chmatic rones
making its suitability to diverse environments that is unmatched by any other
crop, It is grown from 58°N to 40°5, from below sea level to altitudes higher than
3000 m (amsl), and in areas with 250 mm to more than 5000 mm of rainfall per
vear (Shaw, 1988, Dowswell ef al., 1996) and with a growing cycle ranging from
3 10 13 months (CIMMYT, 2000) However, the major ma:ze production areas are
located in temperate regions of the globe. The United States, China, Brazil and
Mexica account for 70% of global maize production while India has 3% of corn
acreage and contributes 2% of world production only.

Maize is the third most important food grain in India after wheat and rice
The major maize growing states are Uttar Pradesh, Bihar, Rajasthan, Madhya
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Pradesh, Punjab, Andhra Pradesh, Himachal Pradesh, West Bengal, Karnataka
and Jammu and Kashmir, jointly accounting for over 95% of the national maize
production {Anonymous, 2009y, In India, about 28% of maize produced 15 used
for food purpose, about 11% as livestock feed, 48% as poultry feed, 12% in wet
milling industry (for example starch and o1l production) and 1% as seed (AICRT.
2007), In the last one decade, it has regstered the highest growth rate among all
food grains including wheat and rice because af newly emerging food habits as
well as enhanced industrial requirements

With the advent of plant biotechnelogy and molecular biology, scientists
can take advantage of genes that are derived from various sources, including related
and unrelated species, those identified via genetic mapping experiments and most
recently from the efforts of functional genomics (the area aimed at understanding
the function of all genes inan organism} (Sofi ef al., 2007} By application of
molecular genetics and genetic engineering coupled with conventional plant
breeding approaches, these genes can be efficiently incorporated inte modern plant
varieties to make them more sustainable and profitable for resource poor farmers
Use of biotechnology during the last one and half decade has emerged as one of
the important tools to alter the genetic architecture of maize plant for increasing
its productivity by controlling the major insect pests as well as herbicide tolerance
{James, 2009). Besides, various other traits such as nutritional enhancement (high
lysine content, amylase enzyme, phytase enzyme), drought tolerance etc. are alse
being explored and incorporated in maize (Stein and Rodriguez-Cerezo, 2010) 1o
make it commercial and environment friendly. Two main biotechnological
interventions (molecular markers and genetic transformation) have been
successfully exploited to a great extent for the improvement of maize crop and an
attempt has been made to review some of these salient details in subsequent section
of this article,

A. ROLE OF MOLECULAR MARKERS IN MAIZE IMPROVEMENT
Molecular genetics, or the use of molecular techniques for detecting
differences in the DNA of individual plants, has many applications of value to
crop improvement, Such Molecular markers, when very tightly linked to genes
of interest, can beused to indirectly select for the desirable allele, and represents
the simplest form of marker-assisted selection (MAS), whether used to accelerate
the backcrossing of such an allele or in pyramiding several desirable alleles
Markers can also be used to dissect polygenic traits into their Mendelian
components or guantitative trait loci (QTL), thus increasing our understanding of
- the inherntance and gene action for such traits, and allowing us to use MAS as 2
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complement to conventional selection procedures

The Asian Maize Biotechnology Neiwork (AMBIONET), which was
coordinated by CIMMYT and financially supported by the Asian Development
Bank (ADB) during 19983-200% in six Asian countries {China, India, Indonesia,
Philippines, Thailand and Vietnam), provided an impetus for application of
molecular markers for maize improvement by public sector institutions in Asia
AMBIONET helped to strengthen the capacity of partner institutions, and aided
in undertaking collaborative research on (i) DNA fingerprinting and analysis of
genetic diversity in important inbred lines; (31} assigning inbred lines to heterotic
groups; (iil) QTL analyses of some important biotic and abiotic stresses, and (iv)
initiating molecular MAS projects, Several AMBIONET partner institutions
intensified their MAS breeding efforts in maize by attracting funding from thei
host organizations as well as through external funding (Pray, 2006) We shall
highlight here salient applications of molecular markers in the maize genetics
and breeding programmes.

1. DNA fingerprinting and genetic diversity analysis of inbred lines

DNA fingerprinting and genetic diversity analysis using molecular
markers 15 useful in effective management of germplasm collections and
breeding materials. Accurate assessment of the levels and patterns of genetic
diversity using molecular markers is particularly helpful in maize breeding
for (1) maintenance and broadening of the genetic base of the elite germplasm,
{ii) assignment of lines to heterotic groups, (iii) selection of appropriate
parental lines for hybrid ¢ombinations; and (iv) generation of segregating
progenies with maximum genetic variability for further selection
{Mohammadi and Prasanna, 2003) S5R markers have been successfully used
for DNA fingerprinting and analysis of genetic diversity in China (Xie e
al., 2008), India (Mobammadi ¢f &f,, 2008), Indonesia (Pabendon efal,, 2007)
and Thailand (Phumichai er al , 2008)

Marker studies suggest that there is much more diversity in tropical
than temperate lines (Tarter et al., 2004), Many useful alleles for improving
temperate maize may be hidden in the tropical germplasm and should be
uncovered for continued future improvement. For example, & recent study
identified a gene, lvcopene epsilon cyclase (LCYE), related with provitamin
A content in the maize kernel. The diversity of alleles of this gene was
investigated using an allele mining strategy, demonstrating that the
favourable allele is more commeon in the tropical lines (Harjes er af , 2008)
However, the favourable allele for CriR-B1 gene, another important gene
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influencing provitamin A content, 15 more common in the temperate
germplasm (Yan e/ a/, 2009), Thus, the study also indicates the value of
judicicusly using tropical germplasm in temperate maize breeding
programmes and vice versa

While significant diversity exists in the maize genotypes of different
Asian countries, molecular characterization of the Asian maize inbred lines
revealed a relatively narrow genetic base for the CIMMYT lines developed
for the Asian region {(George ef al,, 2004) In contrast to the case in southern
China where 95% of the lines clustered separately from the CIMMYT lines,
lines in the Indonesian breeding programme showed a closer relationship
with the CIMMYT lines, reflecting a long history of germplasm exchange
Core collections of inbred lines and landraces in the Gene Bank have been
tormulated based on geographic origin, phenotyme data and molecular
analyses in China (Wang et a/., 2008) and in India (Prasanna, 2009}

Molecular markers can also play an important role in plant varietal
protection, specifically as tools to distinguish an EDV (Essentially Derived
Variety) from an initial (protected) variety, as these markers allow tracing
of chromosomal segments from the parent to their progeny and make possible
empirical evaluation of genetic relatedness, In addition, DNA fingerprinting
(and thus, distinguishing) open-pollinated varieties (OPVs) is possible using
SSR markers based on a population bulk DNA fingerprinting technique
developed at CIMMY'T.

2. Assigning inbred lines to heterotic groups

The utility of S5Rs for assigning lines to heterotic groups and relating
the SSR-based genetic distance with hybrid yield or heterotic performance
in maize has been explored by a few research groups in Asie (Xu ef al
2005; Mohammadi et af,, 2008, Xie et al,, 2008). Based on the planting
areas of hybrids in 1992-2001 in China, Teng et al. (2004) selected 84 parent
lines of 71 widely used hybrids and enalysed their heterotic groups and
patterns using S5R data. The study led to identification of seven heterotic
groups, and also indicated that to a certain extent, a change of position for
major hetérotic groups of maize took place during the past decade in Chinag
The major heterotic groups were Lancaster, Reid, Tang3PT, Zi330 and E28
in the early 19905, while they were Reid, Tem-tropic 1, M30, TangSPT and
Lancaster in the early twenty-first century Temtropic | was a new heterolic
group of elite germplasm used widely in China, which ¢ontaned tropical
maize germplasm. In another studyv, 187 commonly used maize nbreds in
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China were defined into six subpopulations, namely PA, BSSS (includes
Reid), PB, Lan (Lancaster Sure Crop), LRC {Luda Reb Cob, a Chinese
landrace, and its derivatives), and SPT (Siping- tou, a Chinese landrace and
its derivatives), based on polymorphic data from 70 leci Forty of the 187
lines, which formerly had unclear and/or miscellaneous pedigree records,
were assigned to one of the six groups inferred via structure analysis (Xie e/
al , 2008)

The genetic diversity grouping data of the Asian maize inbreds could
provide valuable information for improving the efficiency of hybrid breeding
Breeding lines developed from natural populations or non-hybrid material
or those lines derived from pools or breeding materials with no clear
information about their constitution of germplasm, may not separate into
clear-cut heterotic groups. This could be one of the major reasons why many
of the tropical maize lines could not be delineated to distinet heterotic groups
A situation was algso observed in a regional diversity study of representative
inbred lines from several Aslan countries (George ef al,, 2004). Studies using
more informative and functional markers based on polymorphic sites in &
large number of agronomically important/yvield-related genes based on
modern genotyping approaches and genomic information may help to define
heterotic groups where it has been difficult to do so,

3. Maolecular diversity in landraces/populations

Although maize hybrids represent the most economically important
portion of the species, breeding populations, open pollinated varietes
{OPVs), landraces, and wild relatives contain the majority of the allelic
diversity, much of which has never been incorporated into improved maize
cultivars. The vast genetic resources available in the North Eastern
Himalayan (NEH) region as well as other regions in India are interesting
from both breeding and evolutionary viewpoints (Prasanna and Sharma,
2005); however, limited efforts have been made 1o characterize and use these
important genetic resources in maize breeding programmes. Using the
‘population bulk DNA fingerprinting® strategy, nearly 250 selected maize
landraces in India have been characterized uging 42 SSR markers. The study
revealed significant intra-population and inter-population diversity in the
Indian maize landraces, especially those from the NEH region, and
highlighted the genetic distinctiveness of ‘Sikkim Primitives' {a landrace
with high prolificacy) from the rest of the accessions,
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4. QTL analysis in Maize
Following the first report on QTLs for yvield-related traits in maize
(Stuber er al,, 1987), maize researchers worldwide have generated numerous
reports of molecular markers tagging genes/QTLs for diverse traits of
agronomic and scientific interest. QTLs for several important traits affecting
maize in Asia have also been mapped, particularly in China and India. These
traits include plant height (Zhang et al\, 2007), downy mildew resistance
(Sabry et al,, 2006), MDMYV (Maize Dwarf Mosaic Virus) resistance (Liu ¢!
al., 2006), common smut resistance (Ding ef @/ , 2008), head smut resistance
{Lieral, 2008), Fusarium moniliforme ear rot resistance (Zhang ef al , 2006),
Banded leaf and sheath blight (BLSB) resistance (Garg ef @/ , 2009), drought
stress tolerance (Prasanna, 2009), water logging tolerance (Qiu er al , 2007),
nutrient components under low nitrogen stress (Liu ef o/, 2008), high-ail
content (Song ef al., 2004), popping zbility (Babu er af, 20058), and CMS-S
(Tie et al., 2006), Such studies have contributed to a greater understanding
of the genetic architecture of various traits in maize
4.1 Downy mildew resistance
- A major emphasis in the Asian maize breeding programmes has
been the improvement for resistance to downy mildews, specifically
Peronosclerospora sorght (sorghum downy mildew, SDM) and F
heterapogoni (Rajasthan downy mildew, RDM) in India, P maydis
{lava downy mildew) in Indonesia, P zeae in Thailand and P
philippinensis in the Philippines. Using a set of RILs derived using
Kil (downy mildew-resistant} and CMLI139 (downy mildew-
susceptible) as parental lines, QTLs conferring resistance to five
different downy mildews in tropical Asia, including SDM and RDM in
India, Philippine downy mildew in the Philippines, Java downy mildew
in Indonesia, and P zeae in Thailand were mapped through a
collaborative study within the AMBIONET project (George er af |
2004), The study identified QTLs with significant effects for resistance
to the five important downy mildews of maize in Asian, of particular
significance was a QTL on chr. & (bin 6.05) that influenced resistance
to all five downy mildews and accounted for nearly 20 and 3 1% of the
phenotypic variance for £ sorghi (SDM) and P heteropogont (RDM)
disense resistance, respectively. Two major QTLs (one each on Chr &
and Chr. 3) were further validated in India using a backcross population
derived from CM 139 (SDM-susceptible) and NAIl116 (SDM-resistant)
(Nair ef af,, 2005).

158



Journal of Research & Development, Vol. 10 (2010) ISSN 0972-5407

4.2 BLSH resistance

The banded leaf and sheath blight (BLSB) disease, caused by
Rhizoctonia solani in maize, is one of the most destructive and
important diseases of maize in South and Southeast Asia Very few
sources of resistance to this disease have been found. In China, &
mapping population consisting of 229 F2 individuals derived from the
cross of inbreds R15 {resistant) and 478 (susceptible} were used to
map QTLs conferring resistance to BLSB, Of the eleven significant
QTLs for resistance, only four {located on chromosomes 2, 6 and 10)
were stable across locations, accounting for 3.72-10.35% of the
phenotypic variation (Zhao er al, 2006). In another study in India, 2
F2.3 mapping population was generated using CA00106 (BLSB-
tolerant) and CM 140 (BLSB-susceptible). Phenotyping was undertaken
using artificial BLSB inoculation at three locations (Delhi, Pantnagar
and Udaipur) which are “hot spots’ for the disease QTL mapping
revealed location-specific QTLs for BLSB resistance, with most of the
favorable QTL alleles contributed by the resistant parent CAO00106
The study also led to identification of three QTLs (on chr. 6, B and 9)
with significant epistatic interactions (Garg ef @/, 2009). The studies
on BLSB in Asia have so far revealed a high degree of genotype x
environment interaction, and complex nature of inheritance of
resistance to the disease It is important to intensify efforts to identify
stable and additional sources of resistance 1o BLSBE and improve the
disease resistance of present maize hybrids

4.3 Drought tolerance

Drought is the most important constraint to maize production and
breeding for drought tolerance is the topmost research priority for maize
in South and Southeast Asia Maize is particularly sensitive to water
deficit stress during the reproductive stages. Substantial progress has
been made, particularly by CIMMYT and its collaborators in Africa
and Asia, in improving, via selection under managed stress, tolerance
to drought at flowering Simultaneously, advances in genotyping and
phenotyping, QTL mapping, and gene expression analyses, has
significantly improved the prospects for identifving alleles with major
effects on drought tolerance and using them in breeding programmes
QTL mapping experiments on drought stress have been undertaken in
China (Xino ef af , 2005; Hao ef al , 2008), India (Prasanna, 2009)
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QTL mapping for drought tolerance of maize in India 1dentified
major QTLs onchr. 1,2, 8 and 10, based on evaluation of a set af 230
CIMMY Tdeveloped RILs at tweo locetions (Hyderabad and Karimnagar)
(Prasanna, 200%). Analyses of the RIL datasets identified QTLs
influencing specific traits under drought stress that co-localised on chr
|, 2, B, and 10 Simularly, analysis of an F2:3 population derived from
the cross X178 {a widely planted, drought-tolerant line in China) 9
BT3 at different locations in central and southern China (Xiao ef o/,
2005; Hao ef al., 2008) resulted in detection of a major QTL for ASI
(anthesis-silking interval} and ear number per plant under drought stress
on chr, 1 {(ln 1.03) and chr. 9 (bins 9.03-9.05), which correspond to
some major QTLs identified in different experiments on drought stress
worldwide {Tuberosa ef &/, 2007), The 'consensus QTLs' for drought
tolerance in maize identified through different experiments worldwide,
including India and China, using different mapping populations, could
serve a3 good candidates for use in marker-assisted breeding to improve
maize production under water-limited conditions

4.4 Low nitrogen stress tolerance and nitrogen use effliciency
Developing maize varieties with tolerance to low soil nitrogen
stress and with high nitrogen use efficiency is gaining importance in
Asia. Association analysis i this regard has been recently undertzaken
i China (Wu ef a/,, 2009, Xie ¢t af, 2008), The natural variations of
genes encoding two eyresolic members of the glutamine synthetase gene
family, Ginl-3 and Glnl-4, were analvzed in a structured population
panel of 187 Chinese maize inbreds with phenotyping tests in two
environments each at three locations in 2 years. A list of beneficial
haplotypes among the lines was identified through this analysis, The
most favourable allele accounted far a phenotypic difference of 42 3%
of grain yield under low N versus well-fertilized. In another study in
China, Liu ef al (2008) identified several QTLs that specifically
expressed under different nitrogen conditions and could therefore help
understand the genetic basis of nitrogen-use efficiency, Powerful
analytical techniques are now available to scan the genome for
significant marker-trait associations, to estimate epistatic effects among
QTLs, and to study QTL 2 environment interactions. The importance
of epistasis and QTL 9 environment iTects on trait expression has been
demonstrated tor plant height (Zhang et af, 2007), common smut
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resistance (Ding ¢/ al., 2008), drought tolerance (Prasanna, 2009),
BLSB resistance (Garg ef @l , 2009), and other traits

Meta-analyses to integrete results from QTL experiments
undertaken in various environments’ locations assumes importance in
understanding the genetic basis of complex traits and devising suitable
strategies to utilize the information in breeding programmes. Wang ef
al (2006) constructed an integrated QTL map, based on 1,201 published
maize QTLs affecting 68 traits, and showed that maize QTLs for various
traits are clustered in all ten chromosomes, Twenty-two plant height
QTLs of maize were co-linear with 64 plant height QTLs of rice, and
43 grain yield QTLs of maize were co-linear with seven grain yvield
QTLs of rnce

The information on QTLs for resistance to vanous biotic &nd
ebiotic stresses as well as for other agronomically important trans using
Asian maize germplasm has steadily increased in the last one decade,
mainly using biparental mapping populations However, many of the
QTL-marker associations remain unvalidated, and also &s elsewhere,
not much translation of this information into products using MAS has
taken place This could be attributed to various reasons, which have
been well elnborated by Xu and Crouch (2008) Nevertheless, the
information still holds significance, and new possibilities to validate
QTLs include correboration of the results by association mapping
studies which some institutions in China and India have initiated. and
creation of Near [sogenic Lines (NILs) to test the effect of individual
QTLs, which should now be done From the trail perspective, there is
still a need for genelic dissection and QTL analysis of traits, such as
nutrient use efficiency, waterlogging tolerance and resistance 1o post-
flowering stalk rots, which are important in several Asian countries

5. MAS for developing improved maize germplasm

Significant progress has been made worldwide in optimizing MAS for
improvement of both qualitatively and gquantitatively inherited traits using
maize as 4 model system, One successful example of MAS for maize
improvement, and of particular use to the developing world, 1s the utilization
of opague2- specific S5R markers in conversion of maize lines into guality
protein maize (QPM) lines wilh enhanced nutntional quality (Prasannz e/
al., 2001; Morns er al, 2003, Babu er af, 20058) A MAS-denved QPM
hybrid, “Vivek QPM Hybnd 9° has been recently released by the Vivekananda

201



Journal of Research & Development, Vel 10 (2010) ISSN 0972-8407

Parvativa Krishi Anusadhan Sansthan (VPKAS) in Almora, India This QPM
hybrid was developed through marker-assisted transfer of the 2 gene and
phenotypic selection for endosperm modifiers in the parental lines (CM145
and CM212) of Vivek Hybrid 9 (Babu er al., 2005, Gupta ef al,, 2008)

The same approach was used to develop QPM versions of several elite,
early maturing inbred lines adapted to the hill regions of India (Gupta et al,
2008) and QPM versions of six elite inbred lines (CM137, CM 138, CM 139
CMI150 and CM151), which are the parents of three single-cross hybnds,
PEHM2 (CM137 9 CMI138), Parkash (CM139 9 CM140) and PEEHMS
(CM150 9 CMI151) (Khanduri er al,, 2009 Scientists at TARI have
pyramided major genes/ QTLs for resistance to turcicum leaf blight
(Exserohilum turcicum) and Polysora rust (Puccinia polysora) in five elite
Indian lines, CM137, CM138, CM139, CM 140 and CM212 (Prasanna, 2009)
Similar efforts on MAS for generation of QPM lines and transfer of major
QTLs for SCMV resistance are being implemented at CAAS, and the MAS
products are in pipeline (Shihuang Zhang, personal communication)

Another potential application of MAS in maize could be for improving
the provitamin A content of grain, Quantifying the provitamin A carotenoid
content of maize samples is difficult, time-consuming and expensive, and
breeding programmes will therefore benefit greatly from use of MAS 1o
reduce the need for phenotypic assays. Following the publication of results
of association mapping studies (Harjes ¢/ a/., 2008), sequence-tagged, PCR-
based markers were developed and demonstrated for use in selecting
favorable alleles of LCYE (lycopene epsilon cyclase), a crucial gene in the
carotenoid pathway More recently, collaborative research between CIMMYT,
the University of lllinois, and Cornell University, led to detection of
important allelic variation and development of useful markers for favourable
alleles of LCYE and ancther critical gene in the pathway, CriR-B1 (carotene
beta-hydroxylase 1) (Yan ef o/, 2009). CIMMY T maize breeders are using
MAS to develop better source lines by combining favorable alleles for both
LCYE and CrtR-B1 in lines with above-average concentrations of provitamin
A; however, they are first validating the effect of these two alleles on
provitamin A concentrations in various maize populations before investing
in widespread use of MAS in breeding programme.

Allele mining and marker development are also underway for other
genes of the carotenoid biosynthetic pathway, including PSY (phytoene
synthase) and CCD (carotencid cleavage dioxvgenases), giving hope that
MAS will soon be possible for several genes which together explain much
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of the variation for provitamin A in maize. Despite the complexities of
improving polygenic traits through MAS, there have been a few successful
examples, including MAS for the improvement of drought tolerance of both
tropical inbred lines and populations at CIMMYT (Ribaut and Ragot, 2006)
Recent efforts are focusing on strategies that combine high-density

genotyping with index-based selection for drought tolerance Marker-assisted
recurrent selection (MARS) refers to the improvement of an F2 population
by one cyele of marker-assisted selection (i€, based on phenotypic data
and marker scores) followed commonly by two or three cycles of marker-
based selection (i.e., based on marker scores only) Bernardo and Charcosset
(2006) examined the usefulness of having prior knowledge of QTLs under
genetic models that included different numbers of QTLs, different levels of
heritability, unequal genec effects, linkage, and epistasis, and concluded that
with known QTL, MARS is most beneficial for traits controlled by 2
moderately large number of QTL (e g., 40) Bernardo and Yu (2007) further
analyzed the prospects for genome-wide selection (GWS) for improving
quantitative traits in maize, and concluded that this approach, although more
expensive, is superior to MARS for improving complex traits, as GWS
etfectively avoids issues pertaimng to the number of QTL controlling a train,
the distribution of effects of QTL alleles, and epistatic effects due to genetic
background

6. Doubled haploid technology and MAS

The use of doubled haploid (DH) techniques to rapidly develop inbred
lines is widespread among commercial maize breeding programmes
particularly in Europe and USA, and Lo a limited extent in Asia. Some of the
leading public and private institutions m Asia are using or have initiated
programmes to develop DH lines in maize using haploidy inducers (Chen
and Sang, 2003; Zhang e/ ol , 2008), with the exception of Vietnam's National
Maize Research Institute (NMRI), which has developed & large number of
stable DH lines in different genetic backgrounds using the anther culture
technique (Cuong ef af, 2007),

Factors making DHs increasingly attractive include the development
of better inducer lines, more efficient chromosome doubling methods, and
protocols to efficiently introgress transgenes, especially stacked transgenes
Unfortunately, the available inducer lines are of temperate adapiation, so
the development of haploidy inducer lines in tropical genelic background,
currently ongoing under a CIMMYT collaborative project with the University
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of Hohenheim (Germany), promises tc be extremely valuable to breeding
programmes in tropical and subtropical regions of Asia and elsewhere,

Although much has been written about the use of DHs In maize breeding
(Forster and Thomas, 2005), there is very little published evidence that DHs
and MAS are commonly used together A likely application of MAS and
DNA fingerprinting together with DHs should be to select parents with
complementary genotvpes to form crosses for use in derniving DH lines
Another application of the combined use of MAS and DHs could be in
recurrent selection projects. Bouchez and Gallais, (2000) demonstrated with
simulations that use of DH lines will theoretically enhance the afficiency of
recurrent selection schemes for traits with low heritability, particularly for
breeding programmes without access to offseason nurseries. Similarly, for
some traits MAS could be cheaper, faster or more effective than phenotyping
DH lines to select parents for subsequent cycles of recurrent selection
projects

A third application in which DH and MAS complement each other 13
to derive DH lines from bi-parental crosses when the objective 1s to obtain
inbred lines genetically similar to either parent of the cross (Smith ef al |
2008) or to identify recombinants at or flanking specific loci. The mos
frequent application of this approach would likely be the use of DH line
conversion protocols instead of slower conventional backcrosses (Forster
and Thomas, 2005}, and application of MAS to identify the DH lines with
closest genetic similarity to one of the parent lines Finally, the mex
widespread combined use of DH and MAS is probably for genetic studies
such as bulked segregant anulysis and developing genetic maps (Chang and
Coe, 2009; Forster and Thomas, 2005)

Because DHs offer a fast way to obtain homozygous lines, they can
save time and increase the efficiency of projects designed to identify or map
marker-trait associations, leading 1o potential use of markers in MAS
breeding projects. A DH population of 83 lines was developed in China from
& cross between Nongxi$3| and Nongxil 10, and was used to map QTLs
influencing grain quality, because of the contrasting phenotypes of the
parents, this population can also be useful 1o map QTLs for yield components,
especially kernel row number (Zhang ef @l , 2008)

B. GENETIC TRANSFORMATION
The development of transgenic technologies that allow introduction and
funcuional expression of foreign genes in plant cells and their regeneration has
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been extended during the last two and half decades to the production of transgenic
plants with improved insect and disease resistance, herbicide tolerance and seeds
with enhanced nutritional qualities and plants that are adopted to adverse
environmental conditions (Srivastava, 2003) Transgenic technology allows plants
with specific qualities to be developed in a much shorter period of time than
when using conventional plant breeding and it also makes possible the intreduction
of characteristics that cannot be achieved through plant breeding alone (Husain
and Srivastava, 2006), Rapid progress in gene manipulation and the desirability
of improving agricultural productivity, both to decrease inputs of pesticides and
fertilizers ns well as 1o benefit quality, have fueled the development of genetically
modified maize plants

In total maize 13 grown in 17 countnes worldwide Major countnes growing
GE maize are USA, Argentina, Canada, Brazil and South Africa. Other countries
include Uruguay, Philippines, Chile, Egypt, Honduras and seven EU countrnies
On a global basis, in 2008, genetically engineered maize occupied 37 .3 million
hectares equivalent 10 24% of the global maize area of 157 million hectares (James,
2008), Therehave been o substantial increase in the deployment of stacked traits
of Bt dnd herbicide tolerance, particularly in USA, The triple gene products in
GM maize, featuring two Bt genes (one to control the European corn berer complex
and the other to control reot worm) and one herbicide trait continued to grow in
adoption in USA in 2008 The ares occupied by maize with insect resistant and

herbicide tolerant genes and the two characters stacked together is given as Table
1

Table 1. Global area of GM maize in 2008

5. No. GM maize containing Area in million hectares
1 Insect resistant gene 7.1
2 Herbicide tolerent gene 5.7
3 Stacked traits 24 %
Total 37.3

Maize has been genetically engineered to insert agronomically desirable traits
i.e. incorporation of a gene that codes for the Bactllus thuringiensis (Bt) toxin,
protecting plants from insect pests and resistance to herbicides (Tables 2 and 3)
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Table 2. GM maize with insect resistance trail

Daveloper Product nama Eventnamel genes  Tralt

Commerzialsed mase gvenie

Mensanto Yiald Gard Catn Borer MOMNE10 Resislance 1o kepidoptorans
Mergants Yield Gard Rootwarm MONBEd Resistance to coleoplerans
Idonsanta Yiela Card VT MCHESDT Resigiance 10 colsoplesans
CowAgre Scences  Herculax | 1507 Resistance 1o lepidoplerans
#nd Pioneer Hi-Bred

Dow AgroSciences  Heroulex RW L1 Rewstance ko cooplarans
And Pioneed Hi-Bred

Syngenta Agrisure C8 B:1 Resstance 1o lepidopterans
Synigenis Agrisura AW RG0S Resistance 1o coleoplarans
Maize avents aurﬁnmu' it at lsast ona caunlry but rot yet commerciansed anywhere

Monganio Yiala Gard VTPRC MONBBI3 Raesislance 1o lepidoplarans

Table 3. GM maize with herbicide tolerance and quality traits

Developer Product name Event name/ genes Tralt

Commercialsed made evenis

Nonsants RoundupReady Corn 2 KBD3 Harbicide loierance (1o gyphosate)
Syngenta Agrisure GT GAZ1 rierticede 1olerance (1o Jyphosas)
Monganio High lysna LY03S Crop compoaiton (high lysns content)
Syngenta nva 32T Crop compostion (amylass content)

Both pest resistance and herbicide tolerant genes/events have also been
stacked. As of now several events of the two traits have been approved in different
countries and are being extensively cultivated, In early 2009, there were nine
different event of GM maize in the varieties cultivated globally and three additional
maize events have been authorized in atleast one country worldwide, but not ye
commercialized anywhere (Stein and Rodriguez-Cerezo, 2009)

I additien, there are five more GM maize events that have entered the
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regulatory system in at least one country but that are not yet authorised anyw here
in the world, namely Syngenta's new lepidopteran resistant maize, Pioneer's
Optimum GAT maize and three GM maize events from China (Table 4)

Table 4. GM maize in the regulatory pipeline worldwide

Cevelopar Product name Event name | genes Trait

Syngenta Agrisura \ipiera MIR1E2 Imsse! raslstance (ko lepicopterans)

Fiongar Hi-Bred  Oplimun GAT 92140 Harbisde lolerance (to ALS inhibitors
and glyphosate)

nva {China) n'a CrytA Inaecl rasislance

n'a (China) n'a n'a Crop composilicn (high lysine conlant)

nia [China) r'a na Crop compesition (phylass enzyme)

In addition to the above seven new events containing traits regarding crop
composition and drought tolerance are at advanced stages of research and
development, as given in Table 5

Table 5, GM maize in the advanced R&D pipeline worldwide

Developer Product name Event name / genes Tralt

Monsanto nia MOMETT 54 Crop composiion (high oleic contant;
Pionesr Hi-Bred Cplimurm Acre Max 1 nfa Insect resisiancs (lo coleoplarans)
Monsanto andg r'a MOMET 450 Abiofic stress tolerance (io drought)
BASF

Dow AgroScences  DHT nia Herbioide lolerance

nia (India) na ory1Ac + codepspd  Insect resislance

Syngenta ria n'a Abiclic siress lolerance {lo drought)
2ALF Flan| MulriDense nia Crop composilion (probein, aming acid
Stience and phylase content)
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GM Maize- a case study of Phillipines

The Philippines iy the first country to allow the first biotech food crop to be
commercially planted in Asia National Bio-Safety Committee of the Philippines
{NBCP) 1s the highest regulatory body with regard to the introduction, use and
transfer of GMOs and Potentially Harmful Exotic Species (PHES) in the
Philippines. Governed by the set of guidelines of NBCP, the Department of
Agriculture (DA) approved in December 2002 the propagation and importation
of Bt corn—the first genetically modified crop approved for fieldtesting in the
country

Bt-corn 1% a variety of corn where & specific gene of Bacillus thuringienses
{Bt), n common soil bactenum used safely since the 1950s by organic gardeners
and farmers worldwide as biological insecticide, 15 inserted to produce a protein
that protects the corn plant from Asiatic corn borers, the number one enemy of
corn. This pest infestation causes up to 80% yield loss as borers feed on the stem,
leaves, and corn ears even before the crop matures, According to DA Bt corn may
inerease corn vields by as much as 40%, end reduce production costs (including
lshor costs) by eliminating the need for commercial pesticides. Thus, Br-corn
gives promise of better incomes for corn farmers, poverty reduction in rural areas,
and enhancement of the country’s self-sufficiency in corn,

From 1996 to 2002, Bt corn has been planted in almost 44 milllon hectares
around the globe and has the potential to increase corn production up to 35 million
MT per year (5% increase in temperate maize growing areas and 10% in the tropical
arens)

Notwithstanding the benefits from Bt corn and the positive experience with
GM crops of developing countries, oppositors to the technology insist that GM
crops run against the natural evolution of crops and have not yet been proven as
safe to humans and the environment. Furthermore, they fear that once GMOs are
released to the environment, their possible harmful effects would be irreversible
In addition, they argue that GM crops will foster dependence of farmers on the
multinational companies that produce the seeds Although highly unpopular among
some environmentalists and consumers, & clearly defined scientific basis to declare
Bt corn as unsafe has not been established. Moreover, more than 50 international
organizations, including the Food and Agriculture Organization (FAO), declared
GM crops, including Bt corn, as safe and nonthreatening to humans and the
environment (Manuzon, Philippine Business Magazine Vol 10. No. 6)

Status of GMO Approvals in Phillipines
According to data from the Bureau of Plant Industry (BP1) which momitors
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importation of GMOs, there were 16 plant and plant-based genetically altered
products approved (as of December 22, 2003) for importation, for direct use for
food, feed or processing in the country (Table &)

Com TC 180T/CRY1F
Com CAT 418
Cawlg RT 73

Coen BL1TE

Com GA 21

Com DLLES

Com T25

Cotlan 1445
Gollan 15985

Fotato 81§ [REETI2-04)

gnd (SPETDZ-05)
Fateto REMT 15104
SEMT 1502 &
SEMT 15-15

Resistante bz cener lepidoplarous pesls i Maze-CryF
and PAT gerss

Lepidaplaran resistance, prasphinssinn lolerance-CrylAg
Ghyphosate (Roundup) Toerence-CRLEFSPE

Inzac] prolected-Bl prolain and PAT prolein fam
Siraplamyces wngschromoganes

Madified EFSPE far loleranza gvnnasats

Pheaphinosiinn (PFT) heckicide tolaranes spacifically
glulosinate ammoniwnbar gene from bastanum
Slraplomyces hvgrescopicus

Phasphinotricin (PFT) hebicide tolarence spacifically
glufoginale-PAT gena frem Sreplomyces whdochramogenes
Talaranca bo raund-up harbecida-CR4EFSPS

Resizlance W lapidoplaren pests-Cry2Ab? gana
Rasislance lo Coicrads polats beetle-Crgll 1A

Fegislanse bz Coloreco patalo beetle, resistance 1o
polats wirs Y (P 1-Crgll 1A and PyPep

Table 6. Approval Registry for the Importation of Regulated Articles for
Direct Use for Food, Feed or Processing

Transformation Event  Introduced Trait and Gene Technology Developer

Com MOM 310 Raslslance s som Borer Cry 18 (k) gera from Bl Mongants Compary

Com Bl 11 Ingecl prolected, herbecide taleranl meze-3t prolain and Syngania Seads
PAT prolain from Streplampces whdosfremagenas

Saybean 40-3-2 Resislanze o herticsa, mund-us CP4 EPERS fom Monsantos Comparny
Agrobacionum zp. Slrain C24

Com ME 603 Glyphosaie lolerance impated by the CR4ZPEFS Wonsanto Company
coding sequenca

Com MOM 553 CryaBh for resistance & ha com reobwomm, Dhabvotica sp.  Monsanto Company

Ficnesr Hi-Bred

Monzanbo Company
Monsants Company
ayngents seeds

Konzants Cormgany
MOnZants Comoary
Bayer Crop Soience
Mongants Company
Mongants Compary

Wonsants Company

Monzanto Compary

Source. www bpide.govph Translarmalion Everd refers % the inlegralian of a transgens inthe cell of tha planl, &9 & resull alfenpg
its nalural make up, In the cese of Bt cormy & relers to the unigua inseron of the 51 gene inda the corn's DINA,
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CONCLUSIONS

The technological opportunities for implementing molecular marker-assisted
breeding in maize have increased tremendously in recent yvears We have provided
only a glimpse of these advances and the efforts made in the Asian institutions,
specifically in the public sector, to utilize molecular markers for diverse purposes
in maize genetics and breeding Significant stnides have been made in China and
India, particularly with regard to understanding the phenotypic and molecular
diversity in the maize germplasm, identification of QTLs mfluencing diverse traits,
especially tolerance to important biotic and abiotic stresses, and MAS for
improving disease resistance and nutniuonal quality. Yet, the application of
molecular marker-assisted breeding tools to accelerate gains in maize productivity
has barely begun in much of Asia, and there is vast potential and need to expand
the scope and impact of such operations Molecular marker-assisted breeding has
special relevance for rapidly improving the low current average yields of maize
in Asin by aiding breeders to address the biotic and abiotic stresses that most
constrain productivity. Breeders will also want to avail molecular tools to more
efficiently add value to new maize cultivars, e g, by enhancing their nutritional
or biochemical qualities for use as food, feed, and industrial material The
scientific and economic capacity in Asia is improving, which in trn, will enhance
the rate and efficiency of breeding progress using modern tools as well as
utilization of advanced genotyping platforms Thus, these efforts will have not
only regional but international impact in the vears to come A major investment
in MAS infrastructure, mcluding year round nurseries, high throughput and
precision phenotyping facilities, and dedicated personnel are required for the Asian
institutions to effectively deploy MAS, maximize selection gains, and minimize
ume required for cultivar development A further challenge is that, as mentioned
above, the investment needed to become and remain competent in molecular
marker-assisied breeding techniques may require innovative models for resource-
pooling, intellectual-property-respecting partnerships. Indeed, our survey indicated
that even the largest commercial seed companies regularly engage in partnerships
for implementing their molecular maize breeding programmes (e g , out-sourcing
of critical activities, and alliances with other private- and 1o a lesser extent public-
sector institutions). Finally and crucially, scientists must ensure that the tools of
molecular marker-assisted breeding are wisely and intensely focused on developing
practical solutions—i e, commercially viable, improved cultivars—to the most
important constraints to maize production in Asia
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