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Abstract

Africa supports a population of over 1 billion people with over half of them depending on maize for food and
feed either directly or indirectly. Maize in Africa is affected by many stresses, both biotic and abiotic which
significantly reduce yields and eventually lead to poor production. Due to the high demand for maize in the
region, different improvement strategies have been employed in an effort to improve production. These include
conventional breeding, molecular breeding, high throughput phenotyping techniques and remote sensing-based
techniques. Conventional breeding techniques such as open pollination have been used to develop drought
avoiding maize varieties like the Kito open pollinated variety (OPV) of Tanzania and Guto OPV of Ethiopia. A
combination of conventional breeding and molecular biology techniques has led to improved breeding strategies
like the Marker Assisted Back Crossing (MABC) and Marker Assisted Recurrent Selection (MARS). These
techniques have been used to improve drought tolerance in existing inbred maize lines like the CML 247 and
CML 176. Through genetic engineering, different genes including C4-PEPC, NPKI, betA, ZmNF-YB2, cspB,
ZmPLC1 and TsVP have been cloned in maize. Transgenic maize crops expressing these genes have shown
increased tolerance to drought stress. Although there is substantial progress towards developing drought tolerant
maize, many African farmers are yet to benefit from this technology. This is due to lack of an enabling policy
framework as well as a limited financial investment in biotechnology research.

Keywords: Maize, Drought tolerance, Genetic engineering; Biotechnology; Transgenic crops

1. Introduction

Maize is a staple food to more than 1.2 billion people in Sub-Saharan Africa (SSA) and Latin America. The
whole plant can be used for either food or non-food purposes. It is the second most widely grown cereal crop for
human consumption after wheat in many parts of the world hence its importance towards achieving food security
cannot be overlooked. In Africa, maize production is affected by both biotic and abiotic stresses (Mugo and
Hoisington, 2001). Africa largely depends on agriculture hence the need for improvement in technology to
achieve food security. In SSA, maize contributes up to 51% of all the consumed calories in the diet. However,
yields are variable and sometimes may be as low as 2t/ha (FAO, 2015). Most developed countries use maize as
an animal feed and for the industrial production of ethanol, soaps, paints, corks, powders and pharmaceuticals.
The main use of maize in developing countries remains food consumption.

Agricultural production in Africa faces many challenges as a result of biotic and abiotic stress factors
affecting crop production. Since these stress factors affect maize yield, attempts to reduce their effects and
improve yields have been made through the concerted efforts of conventional breeding and genetic engineering.
Through genetic improvement, genetics and plant breeding, biotechnology principles have been consolidated to
increase the ability of maize to tolerate drought. Drought tolerant traits that have been identified in maize plants
by either conventional breeding or molecular means have been manipulated and delivered to maize to enhance
tolerance to drought.

2.0 Genetic improvement of maize

Genetic improvement of maize refers to the application of any genetics, plant breeding as well as biotechnology
principles with the aim of identifying and exploiting the genetic variation within maize populations. Genetic
improvement of maize for tolerance to drought involves first, the identification of genetic traits which are
heritable and variants which respond to drought stress in any breeding population. This is the most important
requirement to achieving any meaningful progress towards drought stress tolerance. It has been suggested that
drought stress alleles occur at very low frequencies in a breeding population, hence the importance of evaluating
these populations before any work can commence (Blum, 2011). Although natural populations may possess
unique alleles, they are often limited by undesirable traits such as low yields and poor adaptability (Edmeades,
2013). The most important primary trait in any breeding population is grain yield under stress and unstressed
conditions. Other important secondary traits include; leaf erectness, canopy temperature, the number of kernels
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per cob as well as other important cob and grain traits like kernel weight, which contributes to grain yield
(Jansen, 2012).

Earlier improvement attempts in maize involved selection based on plant phenotype, where seeds from
the best maize plants would be stored and used to improve subsequent generations. Today, genetic improvement
is based on the genotype and involves the use of genetic markers which identify polymorphisms between
individuals (Mitra, 2001). The bulk of maize genetic improvement, therefore, is based on techniques which
improve the genotype such as marker assisted breeding and genetic engineering since improving the genotype
can result in the desired phenotype.

3.0 Status of maize biotechnology in Africa.

Biotech crops were commercialized in 1996 with 1.7 million hectares of genetically engineered (GE) crops being
cultivated. By 2011, a 94 fold growth rate had been experienced resulting in about 160 million hectares of GE
crops. Of all the countries which had planted GE crops in 2014, 71% were developing countries with a total area
of 181 million hectares (James, 2014). However, Africa’s share of GE crops was less than 1.6% with only South
Africa, Burkina Faso, Egypt and Sudan having commercialized crop biotechnology. Only South Africa and
Burkina Faso are involved in substantial plant biotechnology with the cultivated land under GE totaling to 2.7
and 0.5 million hectares respectively (Falck-Zepeda et al., 2013). The main targets for improvement in African
maize are agronomic and morphological factors such as yield, drought tolerance, insect resistance, disease
tolerance and resistance to the parasitic weed Striga (Mugo and Hoisington, 2001). By 2014, confined field
trials (CFT) for insect resistance, drought tolerance and herbicide tolerance in maize were going on in Uganda,
South Africa and Kenya (Karembu ef al., 2014). The Water Efficient Maize for Africa (WEMA) project seeks to
deliver the first biotech maize in Africa with resistance to insects (Bt) and drought by the year 2017 (James,
2014).

4.0 Abiotic and biotic stresses affecting maize production.

4.1 Abiotic stresses

Abiotic stress in reference to plants refers to an environmental condition that reduces the growth and eventually
yields to levels below optimum. It is difficult to quantify how these stresses affect plants but their impact cannot
be ignored. The most common abiotic stresses affecting maize production in Africa include; water stress, high
temperatures and unfavourable soil conditions.

Water stress is in most cases manifested as drought and affects vast regions in SSA. About 22% of sub-
tropical regions and 25% of lowland tropical regions experience drought annually. Drought leads to yield losses
of up to 15%, 53% and 30% in maize when it occurs at pre-flowering, flowering and post flowering stages
respectively (Heisey and Edmeades, 1997). When drought stress occurs at maize seedling establishment, it
results in elongation of meristematic cells and reduced cell division, which eventually results in a reduction in
growth rate of the maize seedling. At vegetative stage, maize plants are sensitive to water limitation. Drought at
this stage leads to a reduction in fresh root weight, root length, root-shoot ratio and shoot elongation rate. In
photosynthetic mechanisms, drought affects photosystem-II more than photosystem-I, leading to the production
of high-energy electrons in the leaf, which results in photo-oxidation of chlorophyll. As drought severity
increases, the plant’s production of Reactive Oxygen Species (ROS) increases, leading to damage of chloroplasts
and cell membranes hence subsequent cell and plant death (Aslam et al., 2013). The occurrence of drought
stress a week to and after silking in maize has been observed to initiate kernel and ear abortion (Heisey and
Edmeades, 1997). Although it is difficult to measure the economic impact of drought stress, the obvious effects
include; reduced maize yields, which may reach 100% under severe drought (Ali et al., 2011).

Heat stress refers to the increase in temperatures beyond a certain point sufficient to cause irreversible
damage to plant growth and development. Tolerance to heat, on the other hand, refers to the plant’s ability to
produce significant yields irrespective of the high ambient heat (Wahid et al., 2007). Heat causes crop damage
as a result of the destruction of cellular organization. The damage may be direct or indirect and includes; protein
denaturation, an increase in fluidity of lipid membranes, inactivation of enzymes and inhibition of protein
synthesis. Maize has an upper heat threshold of 38°C. Towards and beyond this threshold, many physiological
aspects are affected and eventually yield decreases. Known physiological changes in maize include; increased
pollen damage, reduced growth rate and reduction in the rate of grain filling as a result of a reduction in the rate
of cell division, reduced starch biosynthesis and sugar metabolism (Cairns et al., 2012). The photosynthetic
activity of leaves growing at optimal temperatures has been shown to decrease when heat rises above 35°C. This
has been attributed to the reduction in quantum yield of electron transfer in photosystem-II due to a decrease in
the photochemical quenching factor (Sinsawat et al., 2004).

Soil stress in crop production is diverse. However, there are some common soil stresses encountered in
SSA such as excess salts, water logging, and metal toxicity. Salts pose a challenge to plants since their excessive
accumulation causes cytotoxicity and prevents the synthesis of enzymes and proteins. Excess salts also affect
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membranes structure and permeability. A salinity induced growth reduction model in maize which mimics the
biphasic model of salinity-induced growth reduction described by Munns (1993) has been observed in maize
(Fortmeier and Schubert 1995). High salt levels reduce the rate of seed germination by lowering the osmotic
potential of the soil solution. This inhibits water uptake by the seed, causing sodium and chloride toxicity to the
embryo. Carbon fixation in maize is inversely proportional to salt stress. In salty soils, therefore, maize plants
have salt-induced reduction in photosynthesis as a result of denaturation of carbon fixation enzymes, reduction in
stomatal conductance and destruction of photosynthetic apparatus (Sinsawat et al., 2004).

4.2 Biotic stresses

Any stress that occurs due to substantial damage to a plant by a living organism is referred to as biotic stress.
This leads to yield reduction especially in Africa where many farmers cannot afford the cost of controlling the
stress causing agent. Pests and diseases are the most common biotic stresses in any crop production system in
the world (Cairns et al.,, 2012). In 2013, 25% of maize crop yield in Africa was lost to diseases alone. Most
microbial pathogens causing maize crop diseases of economic importance in Africa are of fungal origin although
viruses and bacteria also cause significant losses. Maize diseases such as the Turcicum leaf blight, Grey leaf
spot (Northern leaf blight), Crazy top disease (Downy mildew), Head smuts and the common rusts are all caused
by fungal pathogens. The maize streak virus, maize dwarf mosaic virus and the maize lethal necrosis are caused
by viruses. The Stewart’s disease (Bacterial wilt) and bacterial leaf spots are caused by bacteria (Guantai et al.,
2010).

Insects such as moths, for example, the African maize stalk borer and earworms, beetles including the
grain borers and weevils, leaf bugs, maize fleas, and aphids cause maize yield reduction. Maize yield losses due
to the parasitic weed Striga in Africa is enormous, with up to 60% of crop loss in SSA being attributed to Striga
species (Kim et al., 2002). This accounts for annual losses of over 7 billion US dollars in revenue (Suleiman and
Rosentrater, 2015).

5.0 Approaches to improved maize production

5.1 Conventional breeding technique

All the early maize improvement efforts were directed towards increasing yield. The first significant contributor
to maize yield increase in the early 18th century was the introduction of hybrids. A hybrid is a resulting cross of
two different varieties with an aim to get the desirable attributes of each variety such as resistance to diseases,
tolerance to drought, fruit size, colour, taste or any other attribute that may be considered important. Through
crossing inbred lines resulting from inbreeding, maize breeders produced hybrids which had higher yields due to
heterosis (Fraley, 2009). The use of hybrids combined with other emerging improvement techniques and good
husbandry techniques increased the yields of maize and have continued to be used to date. Conventional
breeding, however, is greatly limited by the existing low genetic variation, high costs and the long generation
time it takes to produce a single improved selection (Gao ef al., 2013). Grain yield is influenced by different
factors such as growth rate and nutrient supply. Since many conventional breeding programs include grain yield
as a parameter for selection, there is a need to understand the components that contribute to higher yields so as to
improve the entire selection process.

5. Molecular breeding

Molecular breeding techniques used in maize improvement include Quantitative Trait Loci (QTL) mapping,
Marker Assisted Selection (MAS) and transformation. Among the first techniques to be applied to improve
maize populations was the use of molecular markers. Through these markers, various generations of DNA could
be detected using techniques such as Restriction Fragment Length Polymorphism (RFLP), Simple Sequence
Repeats (SSR’S), Amplified Fragment Length Polymorphism (AFLP) as well as Single Nucleotide
Polymorphisms (SNP’S) (Prasanna and Hoisington, 2003). Genetic engineering of maize is now possible due to
advances in technology involving two major gene delivery techniques; the direct DNA delivery technique and
Agrobacterium-mediated transformation (Wang et al., 2009). These biotechnological approaches have brought
precision and speed in the breeding process.

5.2.1 Direct DNA delivery

There are several direct DNA delivery techniques used in plant transformation. These techniques deliver either
physical or chemically derived DNA into intact cells, whole plants or protoplasts. They include particle
bombardment, where a high-density tungsten or gold particle is coated with the nucleic acid to be delivered to
the plant and accelerated by a helium pulse to penetrate several cell layers at high velocity. When these particles
are delivered to or near the nucleus, the DNA comes off the coat and can be integrated into the plant
chromosomes (Sanford, 2000). The use of Carbide silicon fibers is commonly referred to as silicon carbide
mediated transformation. In this technique, a packed cell volume is mixed with a sterile suspension of silicon
carbide whiskers and the DNA to be delivered into these cells and vortexed (Frame et al, 1994). Since the
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surface of these whiskers is negatively charged as the DNA in the mixture, there is a little affinity between the
DNA and the whiskers which act as sharp needles puncturing the cells and enhancing DNA delivery (Asad and
Arshad, 2011). Transfection techniques use either a polymer (polyfection) or a liposome (lipofection). The
genetic material is coated onto the (poly) cationic carrier or the liposome carrier aggregate due to their
differences in surface charge and is delivered to the target cells once cell membranes of the target cells fuse with
these vesicles (Wagner 1998). Microinjection is another direct DNA delivery approach which involves the use
of a glass microcapillary-injection pipette to inject either a plasmid or sometimes whole chromosomes into a
plant cell. This technique has the advantage of precision in delivery of the transgene and high transformation
efficiency but is not commonly used due to the expensive nature of the equipment needed (Darbani et al., 2011).
The wave and beam-mediated transformation utilize ultrasound waves to increase the permeability of cell
membranes and increase the ease with which micro molecules enter the cells during transformation (Wyber et al.,
1997).

5.2.2 Agrobacterium-mediated transformation

A. tumefaciens-mediated genetic transformation in plants is a six step process which begins by Agrobacterium
attachment and ends when a certain segment called the T-DNA from the Tumour inducing (Ti) plasmid is
transferred into the nucleus of the infected cell (Gelvin, 2010). During attachment or colonization, it is thought
that capsular polysaccharides produced by the a#f region play a very important role (Reuhs et al., 1997). After
attachment, induction of the bacterial virulence system follows. The vir region contains six essential and two
non-essential operons. Vir A proteins detect phenols produced by the wounded plant such as acetosyringone and
other monosaccharides which act synergistically with it (Winans, 1992). Vir G controls the expression of the
other vir genes after phosphorylation by Vir A. The third step involves generation of the T-DNA transfer
complex. At this stage, there is generation of a single-stranded nucleic acid molecule which is just a copy of the
bottom T-DNA strand controlled by vir DI and Vir D2 gene. Once the ssT-DNA-VirD2 complex is ready, the
next step involves its transfer into the nucleus of the host plant. During the transportation process, Vir B proteins
form a channel through which the T-DNA-protein complex passes from the bacteria to the host while Vir D4
generates ATP for the transfer process (De La Riva et al., 1998). Once the T-DNA is inside the plant host cell, it
has to find its way into the nucleus. This is facilitated by a number of Vir and host plant proteins. The Vir
proteins involved are VirD2 and VirE2 which code for plant-active nuclear localization signal (NLS) sequences.
Importin o and cyclophilin family of proteins are the plant proteins involved in this process (Pitzschke and Hirt,
2010). Once the T-DNA is inside the nucleus, stable integration into the host genome is directed by VirD2 which
ligates the T-strand 5’ end of the host chromosome. In maize transformation, this technique was developed in
1996 and is considered superior to direct delivery techniques due to its high frequency of transformation and its
ability to insert single copies of inserts (Ishida ez al., 1996).

5.2.3 Other techniques

The breeding strategy has been improved by the introduction of high throughput phenotyping techniques. Since
yield is a function of many processes in the plant cycles such as vegetative cover and abiotic stresses, studying
these parameters has provided a pointer on expected yields. New tools have been developed based on remote
sensing using spectral reflectance indices, for example, the Normalized Difference Vegetation Index (NDVI)
(Marti et al., 2007). Other tools are based on thermal sensing, fluorescence imaging and multi-sensor imaging
(Jones and Schofield, 2008). Combining these phenotyping techniques and molecular tools has provided a
higher precision and speed in plant breeding and improvement. Early season NDVI in maize was used to predict
end season grain yields while fluorescence and multi-sensor imaging have been used to phenotype maize in the
field (Zaman-Allah et al., 2015).

6.0 Progress in transferring drought tolerance to maize
In maize, drought stress alone triggers the expression of about 163 expression sequence tags (ESTs) which might
or not correspond to individual genes expressed under drought conditions (Zheng et al., 2004). Whichever the
case, the expression of some of these genes like poly(ADP-ribose) lead to the use of NAD+ as a substrate for
DNA repair or cell defense, an energy consuming process which can lead to cell death as a result of ATP
depletion (Briggs and Bent, 2011). The most commonly applied mitigation strategy to inhibit crop death through
activation of stress induced lethal genes has been through silencing of these genes (Vanderauwera et al., 2007).
Other alternatives include altering other genes within the same expression cascade. For example, with PARP,
over-expressing the nudix hydrolase (NUDX) group of genes ensures increased synthesis of the substrate hence
more NAD+ for the required process (Briggs and Bent, 2011). Other strategies used include conventional
breeding especially crossing drought susceptible varieties with tolerant ones. This is, however, an old practice
highly dependent on chance and with high uncertainty compared to biotechnological techniques.

To achieve tolerance to drought in maize, different traits can be targeted for improvement. Targeting
genes which will reduce the Anthesis Silking Interval (ASI) ensures maize plants set seeds even under drought
conditions. Manipulating genes within the carbohydrate regulation pathway has also been shown to enhance
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seed set under limited water. The Abscisic Acid (ABA) pathway is thought to turn on many genes involved in
drought stress tolerance hence targeting genes within his pathway or other genes which can affect this pathway
might trigger tolerance to drought (Ali ef al,, 2011). Commonly used strategies that have been employed to
transfer drought tolerance to maize include; classical breeding, marker-assisted selection and genetic engineering.

6.1 Classical breeding

Breeding in maize for drought stress tolerance has been achieved through strategies such as intra-population and
inter-population improvement schemes as well as backcross breeding. Through these approaches, drought
tolerance and increased yields in tropical maize populations have been achieved at the International Maize and
Wheat Improvement Centre (CYMMYT) (Edmeades, 2013). From these improved populations, inbred lines
which are tolerant to drought and with other desirable traits such as reduced Anthesis Silking Interval (ASI),
barrenness and senescence are picked and used as parents in breeding programs in the strive to develop drought-
tolerant hybrids (Banziger et al., 2004). After this, drought-tolerant hybrids are constantly selected after being
subjected to controlled drought conditions.

Classical breeding has resulted in early maturing maize varieties which take advantage of short rain
periods hence avoid drought. These have been developed through the open pollination strategy where certain
desirable varieties are planted in an open field and the designated female parent de-tasseled hence pollinated by
the other variety. This is usually repeated over time to result in a variety that is uniform and with the desirable
traits. This technique was used in the development of the Kito OPV maize in Tanzania and Guto OPV maize of
Ethiopia which were released in 1983 and 1988 respectively by CIMMYT. The Guto variety matures 20 days
earlier than other local varieties in Ethiopia and 35 days earlier than the Bako composite maize hence avoids
drought (Lopez-Pereira and Morris 1994). In Africa, breeding for drought tolerance gained prominence in 2007
with the advent of the Drought Tolerant Maize for Africa (DTMA) project (Fisher et al., 2015). Through this
project, 15 very early maturing maize OPVs and three very early maturing hybrids which can avoid drought
from their short growth cycle have been bred and released in 13 countries since 2007 (CIMMYT, 2016).

6.2 Marker Assisted Selection (MAS)

Molecular mapping for tolerance to drought has been in practice since the 1990s, addressing plant traits which
are related to drought such as high yields under drought, desirable root morphology as well as osmotic
adjustments (Blum, 2011). In maize, this technique started with the discovery of the association between
markers and traits in the early 1970s which later led to the development of genetic maps. In addition to these
marker technologies, phenotyping and statistical tools are essential in the development of quality marker-trait
associations, commonly referred to as Qualitative Trait Loci (QTL) (Ribaut and Ragot, 2007). In MAS,
therefore, genetic markers are used instead of phenotypic traits to select desirable plants which eventually ends
up accelerating the breeding cycle and the eventual release of new cultivars. The commonly used MAS
approaches to improve drought tolerance in maize are Marker Assisted Back Crossing (MABC) and Marker
Assisted Recurrent Selection (MARS). MAS has enabled breeders to reduce significantly on the amount of field
testing required to develop a new cultivar although the genotype-phenotype associations upon which this
technique is based depends heavily on the accurate phenotyping (Edmeades, 2013).

MABC involves the transfer of only a few genes such as a drought tolerance transgene or a loci into an
adapted variety. The backcrossing parent often has a large number of desirable characteristics but lacks few
characteristics of interest to the breeder. MABC technique was used to convert a normal maize inbred line V25
to a hard endosperm quality protein maize (QPM) variety by crossing it with a donor parent CML176 which
contains the opaque 2 gene. The recipient parent was extra-early early maturing and high yielding but with a
low nutritive value normal endosperm while the donor parent had the desirable QPM but was low yielding.
After several backcrosses, the opaque 2 gene was introgressed to the V25 parent while retaining its desirable
agronomic traits (Babu et al., 2005). This technique was also used in the improvement of an inbred line CML
247 which is susceptible to drought by backcrossing it with a drought tolerant line Ac7643. CML 247 is a
tropical inbred maize line which is high yielding under good watering conditions but has a very large ASI under
drought conditions which might lead to the loss of the desired traits. After backcrossing, the resulting hybrid
was evaluated and found to yield at least 50% higher yield than the control hybrids under high water stress
although less than the controls at low stress (Ribaut and Ragot, 2007). Genotype-environment interaction effects,
as well as the limitation of MABC to improving single traits, have limited the use of this technique in maize
improvement hence breeders prefer the use of MARS technique (Beyene et al., 2016).

MARS involves combining several genes into one genotype by identifying and selecting genomic
regions with relatively complex traits like drought tolerance and yield as well as disease resistance within a
population. This technique is mostly used to breed for disease resistance in maize with an aim of developing
stable disease tolerant genotypes since it has been observed that most pathogens overcome disease resistance
driven by single genes as a result of the emergence of new pathogen races (Collard and Mackill, 2008). A
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pathogen might not easily overcome more than one effective genes by just mutating but may easily overcome the
resistance of a single gene after it mutates. Previously, it was difficult to combine more than one resistance
genes in a single genotype because these genes have a similar phenotypic resemblance. However, with the
advent of DNA markers, the number of resistance genes in a single plant can now be identified with ease.
MARS technique was used in the improvement of maize line NSE331 by crossing it with line NSE626 and using
NSE331 as the recurrent parent. NSE331 inbred line has superior agronomic characteristics but with late
flowering, while NSE626 has average to low agronomic performance although it flowers 8 to 12 days earlier
than NSE331. Therefore, by crossing NSE331with NSE626 and backcrossing using NSE331 as the recurrent
parent, breeders observed that the progeny flowered several days earlier than the parents while maintaining the
desirable agronomic potential of NSE331 (Ragot et al, 2000). Recently, MARS technique has been used to
improve drought tolerance in the commercial CIMMYT inbred lines currently planted in eastern and southern
Africa regions. These commercial lines with prefixes CML were crossed with other drought tolerant donor lines
from CYMMIT with prefixes CZL or VL to obtain 10 good populations which were recurrently selected using
SNP markers to come up with drought tolerant commercial lines (Beyene et al., 2016).

MAS technique in plant breeding experiences a number of drawbacks. It lacks the ability to predict the
phenotype of a given genotype in a segregating population based on the constitution of alleles at a given loci
(Ribaut and Ragot, 2007). Of the two MAS techniques, MARS seems to be more advantageous than MABC as
MARS allows the improvement of more than one maize trait while MABC can only allow improvement of one
or at most two traits at a time.

6.3 Genetic engineering

Several attempts have been made to enhance maize tolerance to drought through the genetic engineering
approach. Transgenic maize highly expressing C4 phosphoenolpyruvate carboxylase (C4-PEPC) gene showed
an increased water use efficiency and dry weight when subjected to moderate drought conditions (Jeanneau et al.,
2002). Shou et al. (2004) produced transgenic maize plants expressing the Nicotiana Protein Kinase (NPKI)
gene which exhibited improved tolerance to drought. The production of the NPK protein consequently induces
the expression of genes responsible for the production of Heat Shock Proteins (HSPs) and Glutathione-S-
transferases (GSTs) in maize which protect the photosynthetic machinery from drought-induced damage.
Engineered maize with betd gene by Quan et al. (2004) showed drought tolerance at seedling, germination and
reproductive stages. Quan ef al. (2004) attributed osmotic stress tolerance in transgenic maize line DH4866 to
the accumulation of glycine betaine in the maize leaves. Maize transformed with the maize transcription factor
ZmNF-YB2 exhibited an improved tolerance to drought stress and an increase in yield under severe water stress
(Nelson et al., 2007).

Transgenic maize referred to as DroughtGard was engineered with a gene cspB which codes for
proteins that stabilize the mRNA under stresses like low temperature in the common soil bacteria Bacillus
subtilis. The transgenic maize exhibited increased productivity during the vegetative growth and grain yield
under water-limited conditions (Castiglioni et al., 2008). The ZmPLCI gene cloned in maize in the sense or
antisense orientation in maize inbred line Ye 7922 increased the expression of Phosphoinositide phospholipase C,
thereby protecting transgenic plants from cell membrane damage. Additionally, damage to PSII which is caused
by drought was less in ZmPLCI transgenic lines than in wild-type hence the gene was thought to protect the
plant's photosynthetic machinery to drought stress damage (Wang ef al., 2008). Transgenic maize plants
expressing transgenes betd and TsVP as a result of pyramiding the two transgenes from cross-pollination
exhibited improved tolerance to drought as a result of increased accumulation of soluble sugars and proline
under drought conditions. An even more desirable aspect of these transgene pyramided plants was their short
ASI and reduced leaf curling under drought conditions (Wei et al., 2011).

7.0 Hurdles to genetic improvement of maize in Africa

There has been a considerable effort towards improving tropical maize through biotechnology in Africa.
However, the passage of genetically modified (GM) maize from experimental stages to commercial production
remains negligible hence little commercial GM maize is in the market (Thomson, 2004). GM crops are
subjected to strict regulations and processes in many countries. Although these regulations aim at exploiting the
benefits which come with biotechnology and at the same time safeguarding humans and the environment from
the potential risk, these regulations may be a bottleneck to GM crop development in Africa. In most African
countries, adopting a GM crop highly depends on political good will and the existing policy framework.

Before biotechnology research can commence in a country, biosafety regulations must be in place so as
to create conducive environments in which GMO research can be carried out. To date, 2016, 170 countries in
the world have ratified to the Cartagena protocol on biosafety, out of which 48 are from Africa. The requirement
to develop a biosafety protocol as stipulated in the Cartagena protocol has been achieved in 27 African countries.
Furthermore, only 24 of the 27 countries have national biosafety authorities hence can conduct agricultural
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biotechnology and research. A major challenge to biotechnology research is the heavy capital investment
required to fund this expensive technology. A considerable amount of money is needed to build research
facilities, furnish these facilities with expensive equipment and purchase required consumable. Substantial
investment is also needed for manpower training to produce specialists in various aspects of biotechnology such
as molecular biology and tissue culture.

8.0 The future of GM drought tolerant maize in Africa

Most of Africa has environmental challenges, especially drought and will benefit from having drought tolerant
maize, which will result in an increase in the acreage under maize. The future of maize biotechnology in Africa
is bright and there is optimism that GM drought tolerant maize will be commercialized in the next few years.
Before this is achieved, however, there is a need for the inauguration of biosafety frameworks as well as political
good will from African leaders to ensure that drought-tolerant maize for Africa is commercialized. Additionally,
agricultural biotechnology must be tailored towards making the drought tolerant maize affordable to the resource
challenged African farmers. For this to be achieved, both private and public sectors will need to invest heavily in
maize biotechnology research. Finally, there is a need for a policy framework that puts into consideration the
benefits accrued from the GM technology especially drought tolerant GM maize for Africa.
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