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Introduction

Cassava is a perennial tropical root crop, cultivated for its starchy tuberous roots as a valuable source of calories, and is
planted on about 16 million ha. It belongs to the family Euphorbiaceae and requires at least 8 months of warm weather to
produce a crop. The crop has broad adaptability to a variety of soil and climatic conditions, drought tolerance and ability
to grown depleted and marginal soil (Mathews et al. 1993). The total annual cassava root production worldwide is 184
million t, out of which 50% production is in Africa, 30% in Asia and 20% in Latin America. The average yield varies
widely, e.g. 7to 10 t ha™ in Ghana, which is far below that of India (26t ha'l) and Thailand (37 t ha'l). The low yield in
cassava growing countries is probably due to: poor fertilization, drought, heavily infected of planting material with African
cassava mosaic virus (ACMV; Fig. 1), East African cassava mosaic virus (EACMV), and newly identified virus named
South African cassava mosaic virus (SACMV) (Pita et al 2001), and diseases, and poor quality cultivars. There is a
synergism between ACMV and ESCMV infecting cassava (Fondong et al, 2000), and that could result in a greater DNA
accumulation and consequently inducing severe symptoms (Pita et al. 2001). Cassava crop is an important source of
carbohydrate in adverse climatic conditions. The crop is valued in many areas for food security. In Ghana, the
President’s Special Initiative (PSI), under which the government will promote cassava starch, was launched. The
cassava project will create ready market for 25,000 farmers, and about 70,000 jobs would be created (The Daily Graphic
17" August 2001). In addition, the tuberous roots of cassava can be left in the ground for several years prior to harvest,
providing security against famine (Ihemere et al. 2006). Cassava also has the highest rate of CO, assimilation into
sucrose of any plant measured, and has a great potential for enhancing carbohydrate allocation to sink tissues. It is also
increasingly being used in processed food and fodder products and by the chemical, pharmaceutical, paper and textile
industries (Balagopalan 1998). There is a lack of proper supply of improved cassava planting material to the growers.
The crop is faced with major constraints, responsible for poor yield and threatens food security. Among the most

important are viral and bacterial disease, weeds and abiotic constraints, poor shelf-life of cassava roots after harvesting



— less than three days, which can render it unpalatable and unmarketable

In this article, we will discuss different tools, such as mutagenesis and biotechnology, which can be used to genetically
improve cassava by addressing constraints facing cassava production and consumption, and to identify potential uses of

the crop, e.g. bio-ethanol production.

Cassava nutrition

Cassava is poor in providing sufficient nutrition to the consumers. The tuberous roots are the main source of
carbohydrates (35%), and provides negligible amount of proteins. Fresh leaves have much higher amount of proteins
(7%) as compared to tuber flesh (0.5-1.5%) (Table 1). Starch is the main carbohydrate source in tuberous roots, and its
amount is very low in fresh leaves (Table 1). Future efforts are needed to improve cassava nutrition both in tuberous
roots and fresh leaves by using mutagenesis and latest tools ensuing from molecular biology. The selection of
appropriate genetic material should be made from the natural and induced germplasm for the development of new
cassava cultivars high in nutritional values so that malnutrition and related diseases, e.g. Konzo could be addressed.
Konzo is a neurological disorder and leads to spastic paralysis of the legs; and is attributed to high dietary cyanide in

cassava (Diasolua Ngudi 2006).

Fig, 1. Cassava infected with African cassava mosaic virus (ACMV) in Ghana (right). Healthy cassava is in the
experimental station (left). Picture was taken in BNRI, Accra, Ghana

Table 1. Differences in nutrition components between cassava tuberous root flesh and fresh leaves

Cassava nutrition components (%) | Tuberous root flesh Fresh




leaves
Water 62 80
Carbohydrates 35 7
Proteins 0.5-1.5 6
Fat 0.3 1
Fibre 1-2 2.5
Mineral matter 1 2.7

The peel of cassava roots is much richer in proteins.

Biotechnology

Plant tissue culture refers to growing and multiplication of cells, tissues and organs of plants on defined solid or liquid
media under aseptic and controlled environment. Micro-propagation technique for rapid shoot proliferation is primarily
achieved from any part of the plant such as shoot tip, tiny stem cuttings, roots, and auxiliary buds. The process of micro-
propagation is usually divided into several stages: pre-propagation, initiation of explants, subculture of explants for
proliferation, shooting and rooting, and hardening. It is critical to select proper genotypes and grow mother plants under
the controlled environment, and determine the maximum number of subcultures before initiating new fresh cultures. By
failing to do so, in vitro grown plants will show somaclonal variation in the field. It could become a major economic
problem for the cassava growers. Normally, commercial companies use extensively micro-propagation in large-scale
plant multiplication. However, the high cost of in vitro plant production, low volumes produce, labour intensive, and
somaclonal variation hinder the rise in the profits of commercial enterprises, and therefore it is highly desirable to modify
the technigues to overcome these problems for the supply of high quality planting material to small and commercial
cassava growers. Cassava plants can be regenerated via organogenesis from different type of explants which are
immature zygotic embryos (Fregene et al. 1999), shoot meristem culture for virus free plant production (Biotechnology
and Nuclear Research Institute, Accra, Ghana), cotyledons of somatic embryos (Li et al. 1998), axillary buds and nodal
explants (Konan et al. 1994, 1997), leaf explant (Mussio et al. 1998), and through improvement of shoot organogenesis

with silver nitrate (Zhang et al. 2001).

Somatic embryogenesis This technique is ideal for clonal propagation of woody and fruit plants (Jain and Gupta 2005)
and genetic gain can now be captured through it. Cassava somatic embryogenesis has been induced from floral tissue
(Woodward and Puonti-Kaerlas 2001), young leaf lobes (Joseph et al. 2001, Groll et al. 2001), immature leaves (Ma and
Xu 2002), leaf segments of in vitro plantlets (Takahashi et al. 2000), zygotic embryos (Raemakers 1993, Stamp and

Henshaw 1982, Szabados et al. 1987), and friable embryogenic callus and cell suspension cultures (Taylor et al. 1996).

Formation of somatic embryos from somatic cells by a process of resembling zygotic embryogenesis in one of the most
features of plants and offers a potentially large-scale propagation system for superior clones. Normally, the initiation of
embryogenic cultures is done by culturing immature zygotic embryos, or sometimes with mature zygotic embryos, and off
shoots. The maintenance of embryogenic cultures is critical for preventing somaclonal variation, and therefore, regular
subcultures are done. Likewise, it is critical to cryopreserve immediately after embryogenic cultures are initiated to

prevent variation and preservation of elite germplasm. Abscisic acid (ABA) is added in the culture medium for the



maturation of somatic embryos, which look like zygotic embryos. Well developed somatic embryos are germinated to
regenerate plants (somatic seedlings), and finally are acclimatised and transfer to the field. In conifers, somatic emblings
(somatic embryo-derived plantlets) are being field tested by few commercial companies in North America. Somatic
embryogenesis is highly genotypic dependent, and it would be useful to modify the culture medium accordingly. For
large-scale production of somatic embryos, the ‘bioreactor’ system works well, e.g. ‘temporary immersion system’ (RITA

bioreactor; http://www.cirad.fr/products/rita/en/fonction.htm). The low cost of production of somatic embryos and high

germination rate are highly desirable for large-scale production in a bioreactor. This system has not yet been tried in

cassava.

In cassava, secondary somatic embryogenesis has been induced (Groll et al. 2001). It is the phenomenon whereby new
somatic embryos are initiated from primary somatic embryos (Raemakers et al. 1995). They have several advantages
over primary somatic embryos, such as a high multiplication rate, independence of an explant source and repeatability.
Furthermore embryogenic property can be maintained for prolonged period of time by repeated cycles of secondary
embryogenesis (Raemakers et al. 1995), and has a potential applications in practical plant breeding when vigorous

formation of shoots and roots. In order to achieve it, the quality of secondary embryos is highly desirable.

Somatic embryogenesis has both advantages and disadvantages (Table 2). The major problem with this system is highly
genotypic dependence and that is one of the reasons that it has not been adopted commercially in most of the crop
species. In conifers, Douglas fir somatic embryogenesis system is well adopted and is being routinely used by
Weyerhaeuser Paper Company in the USA.

Table 2. Advantages and disadvantages of somatic embryogenesis

Advantages Disadvantages

Cost effective clonal propagation Low number of field-plant able plantlets
Both shoot and root meristem | Highly genotypic dependent
development in the same step of the

process

Quick and easy to scale-up in liquid
cultures, e.g. bioreactors

Inability to produce somatic embryos
from mature seeds in many plant species

Long-term storage via cryopreservation

Gradual fluctuation and eventual decline
in embryogenic culture productivity

Establishment of genebank

Somatic embryogenic cultures from
seeds or seedlings have unproven
genetic value

Production of somatic seeds by
encapsulation of mature  somatic
embryos (Danso and Ford-Lloyd 2003)

Long life cycle may show genetic
variability or new mutations at the later
stage of development

Somatic seedlings may be rejuvenated

Genetic transformation

Automation of somatic
production

embryo

Somatic seedlings are virus-free

Mutation induction




Doubled haploid production  Since the discovery of haploid production by anther culture in Datura (Guha and
Maheshwari 1964) this technology has come a long way to apply in plant breeding for crop improvement. It is routinely
used in doubled haploid production of barley, brassica, wheat, rice and oats (Jain et al. 1996, Maluszynski et al. 2003,
Palmer et al. 2005, Tenhola.Roininen et al. 2006). Anther culture is an ideal way to produce homozygous pure lines,
which otherwise takes 8 to 10 years by conventional backcross breeding. Cassava is highly heterozygous crop and
cannot be bred to homozygosity easily. The production of haploids will be of great help in producing doubled haploids
and mutation induction. Ceballos et al. (2004) described opportunities and challenges in cassava breeding. They
indicated that the use of doubled haploids in cassava breeding for selection among doubled haploids (DH) would not be
affected by dominance effects, additive effects among DH are twice as large as in the current array of evaluated
genotypes, homozygous lines are genetically fixed —thus their genetic superiority (as progenitors) can be better
exploited than genetically unstable heterozygous parents, and germplasm exchange based on botanical seed is much
easier than that of vegetative cuttings. Furthermore, Ceballos et al. (2004) advocated the use of DH because back
crossing is not feasible in cassava due to constant heterozygous state throughout the breeding process, and since the
crop is highly heterozygous, dominance effects are likely to play role in the performance of the selected material. These
authors argued that genetic improvement of cassava could benefit by inbreeding process but it would take 9 to 10 years
to attain acceptable level of homozygosity. Hence, haploid production is the answer for the production of homozygous
lines by anther or microspore culture. Other advantages are that cleaning planting stocks from viral or other pathogens
could be achieved without meristem culture, mutation breeding would more easily implemented, identification of useful
recessive mutants would be greatly facilitated, and DH would allow designing better performing hybrids compared to less
efficient systems based on heterozygous parents. To the best of our knowledge, there is no available written report on
doubled haploid production in cassava. A research group at Centro International de Agricultura Tropical (CIAT, Cali,
Colombia) started haploid production in cassava. They have yet to see the success. There are not many groups involved
in anther culture of cassava. This area needs attention for haploid production, mutagenesis, and functional genomic

studies.

Genetic engineering Transgenics is an idealistic approach in introducing a trait specific gene in a plant by using
methods such as Agrobacterium-mediated transformation or biolistic. There are several essential factors for the success
of genetic transformation (Puonti-Kaerlas 2001). They include an efficient and reliable in vitro plant regeneration from
multi-cellular explant or a single or a group cells (cell clumps, 2-4 cells per clump), an efficient method for gene transfer,
stable integration of transgene into the plant genomic DNA, an excellent selection marker system for the identification of
transformed cells —e.g. kanamycin, GUS, molecular marker analysis of transgenic plants to determine the integration of

transformed gene, and stable integration of transgene in primary transgenic plants and stably transmitted to their

progeny.

In vegetatively propagated crops such as cassava, primary transgenic plants can either be multiplied either by traditional
vegetative propagation or micro-propagation. Before incorporation of vegetatively propagated transgenic plants, it is
essential to test the stability of transgene in the subsequent progenies. Cassava is susceptible to Agrobacterium,
however the rate of infection is very much dependent on bacterial strain and the cassava genotype. There were three
independent, first reports on regeneration of transgenic cassava in 1996 (Puonti-Kaerlas 2001). Raemakers et al. (2001)

used cassava friable embryogenic callus (FEC) to obtain transgenic plants using particle bombardment, electroporation,



and Agrobacterium tumefaciens. FEC cultures have been obtained in 6 of thel0 tested genotypes. In all genotypes FEC
could be regenerated into plants however, the efficiency differed between the genotypes. Only recently transgenic plants
have been regenerated with enhanced agronomic traits (lhemere et al. 2006). At the International Institute of Tropical
Agriculture (IITA, Ibadan, Nigeria), Hankoua et al. (2006) produced first transgenic cassava via direct shoot
organogenesis from friable embryogenic callus and germination of mature somatic embryos. They suggested the

potential of transgenic approach to improve cassava in Africa.

Zhang et al. (2003) reported the expression of an artificial storage protein (ASP1) gene in cassava leaves and roots;
however, its expression had little effect on the overall amino acid composition of leaf proteins. More recently, Siritunga et
al. (2004) reported the over-expression of hydroxynitrile lyase in roots, leading to accelerated cyanogen removal and
food detoxification. Cassava plants having altered amylose and amylopectin starch ratios have also been generated by
RNAI silencing of the gene encoding granular bound starch synthase. Table 3 indicates a recent list of transgenes

transferred in cassava.

Table 3. A recent list of transgenes transferred in cassava with enhanced agronomic traits

Transgene Trait Reference
ADP-glucose Starch synthesis Ihemere et al. 2006
pyrophosphorylase
(AGPase)
Artificial ~ storage  protein Storage protein rich in Zhang et al. 2003
(ASP1) gene essential amino acids
Antisense  expression  of Inhibition of Siritunga and Sayre
CYP79D1/D2 cyanogenic glycoside 2004
synthesis
sbel and sbell Starch branching Baguma et al. 2003.
enzymes | and Il
Bar gene Herbicide resistant Sarria et al. 2000

There is a great further scope to improve cassava with transgenic approach due to readily in vitro plant regeneration. Its
successful implementation is very much dependent on the availability of trait specific transgene, and also a close

collaboration with cassava breeders, and the acceptance of genetically modified cassava by consumers.

Nuclear techniques for mutagenesis

Nuclear applications in food and agriculture have contributed greatly in enhancing agriculture production of seed and
vegetatively propagated crops (Jain 2005). Even though nuclear technology has benefited greatly agriculture, it has still a
great potential in genetic improvement of cassava and other crops. More than 2300 mutant varieties have officially been

released in many countries (http://www-mvd.iaea.org). Both chemical and physical mutagens are used to induce

mutations. Among them, gamma rays (Fig. 2) and ethyl-methane sulphonate (EMS) are widely used for mutation
induction. Fine embryogenic cell suspension cultures are most suitable for inducing mutations by transferring to the filter
paper and plated on the agar-solidified culture medium for gamma irradiation. Initially LDs, dose is determined, which is

used as an optimal dose for mutation induction. Irradiated cells are further cultured to the fresh medium for the



development, maturation, and germination of mutated somatic embryos. This approach provides mutated somatic
seedlings in a short period and also prevents chimeras problem which otherwise requires to multiply plants up to M1V,
generation for chimera dissociation. Alternatively, shoot tip or bud wood can be irradiated and multiply plants up to M1V,

generation for producing pure mutants by dissociation of chimeras.

Sung and Somerville (USA), working on Arabidopsis thaliana, have discovered a mutation, called “pickle” in plants that
mimics what happens in seeds, which typically are accumulating and storing proteins and oils. This mutation in plants
that makes the tap root accumulates large amounts of oils, proteins, and starch. This finding could also make possible
the creation of more nutritious root crops with better balance of oil, protein, and starch, e.g. in cassava and other root
crops (www.sciencedaily.com/releases/1997/07/970707211536.htm)

Gamma Irradiator

Fig. 2. Gamma irradiator for irradiation of experimental material for inducing mutations

Differences between transgenic and mutant plants Induced mutations and transgenesis have important roles to play
in cassava improvement programs. Both approaches have their own merits and disadvantages (Table 4). Transgenic
research is more precise, and a known trait specific gene (from any source) is transferred in plants. The expected results
are transgenic plants with the specific introduced trait, even though insertion of transgene is at random in plant genome.
Mutagenesis process is random, modifies the genes of an organism, requires an excellent selection system, and a large
population for mutant selection. Both transgenesis and mutagenesis have not yet delivered most wanted traits in
cassava, even though there is a great potential of both approaches in cassava improvement. The transgenic approach
should be applied when conventional breeding fails to solve the problem in cassava improvement. Mutation-assisted

breeding has been quite effective in crop improvement worldwide ((http://www-mvd.iaea.org). Cassava breeders should

interact with genetic engineers and mutation-assisted breeders to work on addressing major problems facing cassava

improvement such as nutrition or viruses.

Cassava mutants induced with gamma radiation A mutant cassava cultivar ‘Tek Bankye’' has been released by the



Ghanaians (IAEA-AFRA 2000). The mutant cultivar was developed in 1988 by radiation treatment (25 Gy) of cassava
cuttings from a segregate of Isunikakiyan —a local Nigerian cassava cultivar, introduced from IITA in 1984) (Asare et al.
1997). The cultivar was officially released in Kumasi in November 1997. This cultivar has an excellent cooking quality
and good pundability. It also has very high dry matter content of about 40%, and very popular among cassava growers.
However, it is susceptible to ACMV. Ahiabu et al. (1997) irradiated Ghanaian cassava cultivar ‘Bosom nsia’ with gamma
radiation and obtained two ACMV tolerant mutants —VT1 and VT2. These mutants were healthy after infection with virus
and did not show any sign of infection. Since this report, there is no available report on cassava mutant resistant to

ACMYV and requires utmost attention on the development of disease resistant mutants.

Table 4. Differences between transgenic and mutant plants

Transgenic plants Mutant plants

Uses tools of molecular biology to | Mutation is a random event
isolate, clone and incorporate genes into

plants

It is a more precise technique than | Requires large population for screening
mutation the best desired mutants

Transgene integrates into plant genome | It cannot be directed to make changes
randomly at the DNA

Changes at both DNA and protein are | Mutants possibly can carry other
well understood. changes in their DNA

It can add new gene/genes in plants. | Mutagenesis can only modify the genes
Gene(s( can be from any source [of an organism. Mutagen treatment
including animals, insect, plants, bacteria | fragments DNA first followed by DNA
repair mechanism, and that results in

mutations
It requires tissue culture protocols for | In vitro mutagenesis also requires
transgenic plant regeneration tissue culture for plant regeneration of
mutants
Consumer’s lack of confidence towards [ Consumers accept food derived from
transgenic food mutagenesis
Transgenic plants has less probability to | Selection system is placed for
carry other changes in their DNA agronomic  desirable trait mutant
selection
Molecular techniques are used to confirm | TILLING (Target induced local lesions
the integration of transgene in plant in genomes), a new strategy for reverse
genetics
Costly research. Developing countries | Cheaper. International Atomic Energy
may have problem to support it. Agency (IAEA, Vienna, Austria)

provides free services of gamma
irradiation of experimental material

Most transgenes are not readily available | Does not concern
to anyone interested in using them

Joseph et al. (2004) used globular somatic embryos of cassava variety PRC 60a and irradiated with 50Gy gamma



radiation dose for the induction of mutations. During the field trials, more than 50% of the regenerated mutant lines
varied morphologically from wild-type plants. Among the different mutant lines obtained, S14 and S15 showed large
morphological variation. Ten-month-old S14 and S15 mutant lines showed 17-fold and 60-fold, respectively reduction in
storage root yield as compared to wild type plants. The storage roots of S15 mutant plants also exhibited nearly 50%

decrease in starch content and a significant reduction (30%) in amylase content.

Space breeding concept Space conditions can induce mutations of plant seeds, and can be helpful to accelerate the
crop breeding. It may be possible to obtain rare mutants that may make a great breakthrough in important economic
characters of the crop, such as yield and quality, which are difficult to get using the other breeding methods on ground.
The plant seeds are sent in the space on a space rocket, and when the rocket is back on earth, plant seeds or in vitro
shoot cultures or microspores are assessed to determine the influence of cosmic rays in generating new mutants. There
are only few countries involved in this type of work, e.g. China. Since 1987, 13 recoverable satellites have been used by
Chinese scientists and researchers to carry more than 80 kg of plant seeds belonging to over 70 species, involving main
cereal, fiber, oil, vegetable, and fruit crops. Through ground planting and selecting experiments by breeders in more than
50 research units covering more than 20 provinces, cities and regions in China, good achievements have been made.
More than 20 mutant cultivars were developed and officially released. In rice, a new cultivar —EYH No.1, has been
released due to its grain yield (14.5 t ha'l). Space breeding involves big investment and good technological support. The
chances of conducting the space experiment are very limited. It is important to make ground simulation on space factors
to conduct research work for revealing the mechanism of space-induced mutation and applying it for plant breeding. In

cassava, somatic embryogenic cultures could be used for cosmic radiation treatment at the ground simulation facilities.
Cassava as a bio-fuel crop

Cassava has a great potential as a food, feed and bio-energy crop. In Brazil, sugarcane is a major bio-energy crop and
has made this country a world leader in bio-ethanol production. Cassava has a potential to become another major bio-
energy crop together with sugarcane. It is an attractive fuel crop because it can give high yields of starch and total dry
matter in spite of limited drought and poor soil. Energy inputs of cassava represent only 5 to 6% of the final energy
content of the total biomass, showing an energy profit of 95%, assuming complete utilisation of the energy content of the
total biomass. Alcohol production from cassava has an overall efficiency of 32%. Cassava could become an industrial
crop by developing cultivars with different starch composition. Useful variations in native starch quality-altering the
proportion of amylase to amylopectin, for instance, which changes the physiochemical properties of the polymer-could
open new market niches at better prices (Marie et al. 1998). Joseph et al. (2004) suggested that different mutants of
cassava, varying in starch yield and composition would be a suitable material to study the mechanism of starch
biosynthesis. Furthermore, it would be easier to identify with molecular techniques genes responsible for starch
synthesis. Dr. Li research group (Beijing, China) has developed a new sweet sorghum mutant cultivar Yuantian No.1 by
seed irradiation with gamma radiation. This cultivar has 20% more sugar than the parental lines and is an excellent
source both as feed and bio-energy crop. In Thailand, Charoenrath et al. (2006) reported the official release of a new
cassava cultivar (Rayong 9) with improved starch and ethanol yields. This cultivar also has good plant type, producing
good quality stakes with a high rate of germination as well as large number of stakes from each plant. In Brazil, Joaquim
et al. (2004) identified a new cassava type with a storage root showing unusual free sugar accumulation and novel

starch. Twenty-seven clones high in free sugar were identified under cultivation in primitive rural community areas.



Clones of CAS36 accumulate over 100 times more free sugar (mainly glucose) than commercial cultivars. Hill et al.
(2006) suggested that transportation bio-fuels such as synfuel hydrocarbons or cellulosic ethanol, if produced from low-
input biomass grown on agriculturally marginal land or from waste biomass, could provide much greater supplies and
environmental benefits than food-based bio-fuels. They found that ethanol produced from corn yields 25% more energy
than the energy invested in its production whereas bio-diesel produced from soybeans, yields 93% more. Cassava can

grow under harsher climatic conditions, and would be an ideal for transport biofuel.

Outlook

Cassava mutants could be developed to produce value added biomass for cost effective production of bio-ethanol. The
use of this crop as a source of bio-energy would generate employment, enhance economic status of growers, protect
environment, and most likely cut consumption of fossil fuel. Arable land for growing cassava may have to increase for
bio-energy production, and that would also create more job opportunities and enhance export of bio-ethanol in energy
hungry countries such as China, India. This can be achieved with biotechnology (Jain 2001), and mutation induction, and

also by exploiting cassava genetic resources and its genetic variation for breeding (Vollmann et al. 2004).

Tissue culture for plant regeneration via somatic embryogenesis and organogenesis has already been achieved.
Somatic embryogenic cell suspension culture is an ideal system for mutation induction either with physical or chemical
mutagens. Even though there are few cassava induced mutants, mutagenesis has a great potential in cassava
enhancing and utilisation of germplasm for developing useful mutant lines. This can be achieved provided there is a
close collaboration between plant breeders and biotechnologists for proper germplasm utilization to develop new value-
added cassava cultivars. Biotechnology is an additional tool to assist plant breeders, and can be helpful in reducing time
for developing a cultivar, e.g. doubled haploid breeding in combination with mutation-assisted breeding. In the past, lack
of interaction between plant breeders and biotechnologist could not deliver goods to crop improvement even though
traditional breeding is faced with maintaining sustainable crop production under the climatic change and ever-growing

human population growth.

TILLING (Target induced local lesions in genomes) is a new strategy for reverse genetics (Henikoff et al. 2004). In
TILLING, traditional chemical mutagenesis is followed by high-through put screening for point mutations. Furthermore,
TILLING does not involve transgenic modifications or cell culture manipulations. It produced an allelic series of mutations

including hypomorphic alleles that are useful for genetic analysis.

The following aspects may be considered for cassava improvement as a crop to food security, nutrition, and marketing:

Meristem tissue culture
- Rapid plant multiplication, including mutants
- Disease-free plant production and dissemination world-wide
- Germless conservation

Low-cyanide cultivars with desired yield and quality



Salinity and drought resistant

Virus resistant, e.g. African cassava mosaic virus (ACMV)

High yielding polyploid cultivars, e.g. triploids

Apomictic lines — for commercial cultivation from cassava true seed
Early-maturing types

Excellent cooking quality

Starch quality

Bio-energy

Improvement of protein content in tubers

Improvement of post harvest storage of tubers- shelf-life

It is highly desirable to develop a mutant data base of available cassava mutants, which can be characterised with
molecular techniques, e.g. amplified fragment length polymorphisms [AFLP] (Sanchez et al. 1999), microsatellite-primed
PCR markers (Carvalho and Schaal 2001), quantitative trait loci analysis (Jorge et al. 2001), and identify useful genes
and determine their functions. This research will lead to functional genomics-led cassava breeding. Mutants are needed

to improve cassava nutrition as well as cooking quality without compromising total crop yield.
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