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Cassava is one of the major subsistence crops in the world.  It feeds more than a 
billion people every day, though it is today exploited at about only about 15% of 
its current potential.  Many factors account for this situation, most of them due to 
the fact that it is a vegetatively propagated crop, therefore associated with a lot of 
biotic constraints.  However, its natural drought resistance and its semi-perennial 
botanical nature offer incomparable advantages for poor farmers.  Expressing the 
full potential of cassava would turn this subsistence crop into an industrial one.  
This evolution already took place in several Asian countries and South America, 
and in some rare places in Africa.  If the largest number of people in developing 
countries use cassava as a subsistence crop, scientists and businessmen can 
foresee the future of cassava as a crop to solve the food problem in the world 
and to change the economy of developing countries. 
 
During the First Scientific meeting of the Global Cassava Partnership (GCP-
I), we will review the status of knowledge about cassava, to show its 
potential and demonstrate the possibilities to unlock that potential! 
 
The first day of the meeting, dubbed “Donor Day” is entirely dedicated to illustrate 
all the recent initiatives taken in cassava research and development, and to 
promote a discussion about the gaps in knowledge and funding. 
 
During the week, 115 presentations by all the world most knowledgeable 
cassava experts, gathered in 13 concurrent sessions, intend to review all the 
recent advances made in cassava science and cassava improvement.  Three 
days of poster sessions, with over two hundred posters, will provide an 
opportunity to exchange, talk and argue about issues important for cassava. 
 
More importantly, the goal of this International Cassava Forum is to convince 
donors of the necessity to invest more, to strengthen the synergy in the cassava 
community, as well as to encourage more scientists to work with this very 
important crop, the third source of calories in the developing world, which feeds 
more than a billion people every day! 
 
Dr. Claude M. Fauquet 
Organizer of the First Scientific Meeting of the Global Cassava Partnership 
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reflètent pas nécessairement les vues des companies, foundations ou des gouvernements qui 
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 Ghent, City of Science and Biotechnology 
DD02 Claude Fauquet iltab@danforthcenter.org 
 Cassava; a Gift to the World and a Challenge for Poor 

Farmers 
DD03 Joe Tohme j.tohme@cgiar.org 
 Cassava; a Gift to the World and a Challenge for Scientists 
DD04 Mpoko Bokanga m.bokanga@aatf-africa.org 
 Cassava in Africa; Present and Prospective 
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Chairs 
Joe Tohme Claude Fauquet 

j.tohme@cgiar.org iltab@danforthcenter.org 
 

DD05 Rajiv J. Shah rajs@gatesfoundation.org 
 The Agricultural Development Program of the Gates Fdn 
DD06 Joe DeVries jdevries@rockfound.org 
 Agro-Ecology-Based Farmer-Participatory Breeding Holds 

New Promise for Improving Cassava Productivity in Africa 
DD07 Pablo Rabinowicz prabinowicz@som.umaryland.edu 
 Genomics in the Cassava Family: Where We Are and 

Where We Are Going 
DD08 Joe Tohme j.tohme@cgiar.org 
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 BioCassava Plus 
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 Virca: Developing Virus Resistant Cassava for Africa 
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L. Beach lbeach@usaid.gov USAID 
D. Doering don.doering@gatesfoundation.org BMGF 
J. DeVries jdevries@rockfound.org AGRA 
G. Toenniessen GToenniessen@rockfound.org RF 
K. Panneels Panneels@diplobel.fed.be BelgAid 

 
The Golden Cassava Prize 2008 

 
G. Toenniessen GToenniessen@rockfound.org 
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DD01: Marc van Montagu 
President of the First Scientific meeting of the Global Cassava 
Partnership 
Director of IPBO, Ghent University, Ghent, Belgium 
 
Ghent, City of Science and Biotechnology 
Since the 11th century, the City of Ghent, became an important centre for trade and 
manufacturing.  But, apart from a short period in the 16th century it was not considered as a 
centre of education and knowledge building.  The Spanish emperor Carlos Quintos (born in 
Ghent), closed the Protestant Theological University, resulting in a massive emigration of 
scholars to Leiden and Amsterdam.  During the following centuries, where our regions were 
under Austrian and French ruling, the situation did not change much.  After the defeat of 
Napoleon (Waterloo) Belgium was attached to the Netherlands.  The Dutch King (Prince of 
Orange) inaugurated in 1817 two new universities one in Liège and one in Ghent, both 
teaching in Latin.  Ghent started immediately with a faculty of science and after Belgium’s 
independence in 1830, a faculty of engineering was added and the teaching language 
switched to French.  Immediately Ghent attracted outstanding scientists such as the 
chemist Kékulé (structure of benzene) the physicist Plateau (optics and astronomy), the 
mathematician Manson (fractals) the biologist McLeod and many others.  In the 20th century 
teaching switched to Flemish (1930) and the world reputation expanded in engineering with 
Baekeland (plastics), Magnel (concrete) and in medicine with the Nobel Prize Physiology 
(respiratory regulation) to Corneel Heyman.  At the end of the 20th Century, Ghent obtained 
world recognition in micro electronics, molecular biology and plant genetics.  It was in 
Ghent that the Agrobacterium-mediated gene transfer into plants was discovered (1974-
78), followed by the construction of the first GM-plants expressing also agronomical 
interesting properties (1983 – 88).  These were the insecticide (Bt) producing tobacco, the 
herbicide (Basta) tolerant alfalfa and the male sterility leading to hybrid vigour in rapeseed 
(canola) and corn.  At present more than a thousand scientists work in life sciences start-up 
companies, some of which, such as Plant Genetic Systems and CropDesign, were 
acquired respectively by the agrochemical companies Bayer and BASF. 
 
DD02: Claude Fauquet1 and Joe Tohme2 
Co-Chairs of the Global Cassava Partnership 
1) ILTAB, Danforth Plant Science Center, St Louis, MO63132. 2) CIAT, Cali, Colombia 
 
Cassava: A Gift to the World and a Challenge for Poor farmers 
Cassava has been spreading throughout the globe since the XVIth century and since then 
the world’s cassava production has increased steadily and continues to do so, with cassava 
being the fourth most important food crop and the third most important source of calories 
for the developing world.  The global average in productivity is 12 tons/ha, but 80 tons/ha or 
more can be reached, and probably much more with new cassava improvements and 
techniques.  Farmers in 105 countries around the world have recognized the potential of 
cassava, but have not benefited from its full potential.  At 10 tons/ha, it is poverty, at 16 
tons/ha, farmers can have surpluses to generate income, at 25 tons/ha, farmers make 
money!  This week, we will review through 115 presentations and more than 180 posters 
the progress made in our understanding of cassava, and of its problems and the solutions 
to these problems.  But more importantly, this international cassava forum is a unique 
opportunity for exchaning ideas, forming new alliances, creating new projects and 
generating new ideas to improve the synergy between cassava scientists, with the unique 
and common goal of helping poor farmers realize the formidable potential of cassava.  
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DD03: Joe Tohme1 and Claude Fauquet2 
Co-Chairs of the Global Cassava Partnership 
1) CIAT, Cali, Colombia. 2) ILTAB, Danforth Plant Science Center, St Louis, MO63132.  
 
Cassava: A Gift to the World and a Challenge for Scientists 
The Global Cassava Partnership, a network of scientists and developers of cassava, aims 
to improve cassava by promoting the investment of science and technology worldwide.  In 
the past decade the cassava research community has made impressive progress in 
tackling important production constraints in the areas of: assembling large collections of 
landraces and wild species, breeding for pest and disease resistance and added value 
traits, development of low-cost rapid propagation systems, implementation of genomics 
tools for marker-assisted selection and virus diagnostics, development of transgenic 
cassava for nutritious traits and for resistance to viruses, and the establishment of regional 
public and private sector partnership.  Despite these improvements, yields in large parts of 
the cassava production areas are well below the potential of the germplasm developed.  
Limitations exist and are preventing the rapid formation of the next generation of cassava 
scientists on a large scale.  Gaps still persist in the areas of technology transfer and in 
delivering added values for cassava end users.  The GCP has identified several 
opportunities and strategies to improve cassava production systems and they will be 
presented and discussed during the First Scientific meeting of the Global Cassava 
Partnership (GCP-I).   
 
 
 
 
 
 
 
DD04: Mpoko Bokanga 
Director AATF, Nairobi, Kenya 
 
Cassava in Africa; Present and Prospective 
Despite having the lowest yields of any of the cassava producing regions of the world, 
Africa accounts for over half of the world cassava output.  At the end of the 20th century, 
several studies of cassava in Africa recognized the important role that this crop could play 
in the economic development of Africa.  A number of African countries have set up or are in 
the process of setting up special initiatives with political support at the highest level to 
promote the development of this crop.  This report summarizes the constraints and 
opportunities for cassava development in Africa and suggests a strategy for using cassava 
to meet food security and poverty reduction targets such as the Millenium Development 
Goals. 
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DD05: Rajiv J. Shah 
Director of the Global Development Program 
The Bill and Melinda Gates Foundation, Seattle, WA98102, USA 
 
The Global Development Porgram of the Bill & Melinda Gates Foundation 
The foundation’s work is guided by a simple, powerful truth: that all lives have equal value.  
This seems both obvious and audacious to say.  We believe that every person—whether 
they live in New Orleans or New Delhi—should have the opportunity to live a healthy and 
productive life.  Many are familiar with our work on improving global health.  Health and 
development are closely linked, and in 2006 the foundation added a Global Development 
Program, with the goal of reducing poverty and hunger.  In establishing the Global 
Development Program, we asked ourselves: what are the best ways to increase 
opportunities for people in the developing world to lift themselves out of poverty and 
hunger?  One approach we came to very quickly was agricultural development.  So we’ve 
set a goal of working with partners to provide hundreds of millions of small farmers with the 
tools and opportunities they need to improve their productivity, increase their incomes, and 
lift themselves and their families out of poverty and hunger. 
So what are we actually doing?  Simply put, we are working with partners to enhance the 
entire agricultural value chain, through four major programmatic areas. 

• The first program connects smallholder farmers to new or existing markets so 
they can sell their surplus crops and increase their incomes. 

• The second program provides smallholder farmers with better access to 
information and crop management know-how—including sharing their own 
knowledge with other farmers.  It also provides better access to quality seed, 
fertilizer, and other tools for improving soil health and overall farm productivity. 

• A third program provides data, policy analysis, and other information needed by 
policy makers and decision makers. 

• Finally, the Science and Technology program supports R&D to meet the needs of 
smallholders and/or poor consumers. 

Each of these programs is interested in mobilizing the potential of cassava, the second 
most important source of calories in Africa. 
 
DD06: Joe D. DeVries 
Director, Program for Africa’s Seed Systems 
Alliance for a Green Revolution in Africa, Nairobi, Kenya 
 
Agro-Ecology-Based Farmer-Participatory Breeding Holds New 
Promise for Improving Cassava Productivity in Africa 
Cassava-producing ecologies in Africa are diverse and do not permit one-site-fits-all 
breeding approaches.  Farmers require higher-yielding, earlier-maturing cassava varieties 
which are also locally-adapted, have the required taste, texture, and processing traits.  Until 
recently, virtually all cassava breeding in Africa was performed at a single site located in 
southern Nigeria.  In 2002, the Rockefeller Foundation began funding agro-ecology-based, 
farmer participatory cassava breeding programs conducted by national agricultural 
research institutes in Kenya, Uganda, Mozambique, and Tanzania.  In order to combine 
higher yield with local adaptation and high root dry matter, these programs made crosses 
between local land race parents of cassava and exotic parents contributed by the 
International Institute for Tropical Agriculture (IITA) and the Centro Internacional de 
Agricultura Tropicale (CIAT).  This thrust on agro-ecology-based breeding has continued 
under Alliance for a Green Revolution in Africa (AGRA), which has funded national-level 
breeding programs in Malawi and Ghana.  To-date, nine new varieties have been officially 
released, six in Kenya and three in Tanzania, which are characterized by high yield 
potential, high levels of resistance to viruses and fungal pathogens, and high quality roots, 
as determined by high dry matter content.  This year, two varieties are scheduled for 
release in Malawi, while 10 are expected to be released in Mozambique. 
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DD07: Rabinowicz1, Pablo D.; Chan2, Agnes P.; Crabtree2, 
Jonathan; Zhao2, Qi; Lorenzi2, Hernan; Puiu3, Daniela; Melake2, 
Admasu; Orvis1, Joshua; and Wortman1, Jen 
1) Institute for Genome Sciences, and Department of Biochemistry and Molecular Biology 
University of Maryland School of Medicine, Baltimore, MD, USA. 2) J.C. Venter Institute, 
Rockville, MD, USA. 3) Center for Bioinformatics and Computational Biology, University of 
Maryland, College Park, MD, USA. 4) Department of Plant Sciences, University of 
California, Davis, CA, USA. 
 
Genomics in the Cassava Family: Where We Are and Where We Are 
Going 
Cassava belongs to the relatively unexplored plant family Euphorbiaceae, which includes 
crops such as jatropha, castor bean, and rubber tree, as well as the economically important 
weed leafy spurge.  We have generated a whole genome draft sequence of castor bean, 
representing the first genome sequence in the Euphorbiaceae family, and we are engaged 
in the construction of a physical map of the cassava genome, using a partially inbred 
genotype obtained from CIAT.  The same cassava genotype is the subject of the U.S.  
D.O.E. Joint Genome Institutes’ efforts aimed at sequencing the cassava genome.  The 
resources that these projects will deliver to the community will allow not only to gain 
insights on the evolution and domestication in the Euphorbiaceae family, but also to apply 
this genomic in formation for crop improvement.  Once the cassava genome sequence 
becomes available, it will be possible to take full advantage of the rich genetic diversity 
available in cultivated and wild cassava varieties using next-generation sequencing 
technologies.  Whole-genome comparison between a reference genome sequence and the 
new sequence of a different variety has become an affordable way to comprehensively 
analyze genotypic variation, which will have a huge impact in breeding activities. 
 
 
 
DD08: Joe Tohme 
Head of the Biotechnology program 
CIAT, Cali, Colombia 
 
HarvestPlus 
Micronutrient malnutrition, in particular vitamin A, iron and zinc, affects more than one-third 
of the world’s population, especially women and preschool children who are at risk of 
premature death, lower cognitive capacity, and poor quality of life.  HarvestPlus is a global 
alliance of institutions and scientists seeking to improve human nutrition by breeding new 
varieties of staple food crops consumed by the poor that have higher levels of 
micronutrients, through a process called biofortification.  HarvestPlus concentrates on six 
staple foods consumed by the most of the world’s poor in Africa, Asia, and Latin America; 
rice, wheat, maize, cassava, sweet potatoes, and beans.  HarvestPlus research and 
implementation objectives are accomplished through interdisciplinary programs related to 
impact assessment, human nutrition, plant breeding and nutritional genomics, outreach 
communication and researching end users.  The research strategies to develop and deliver 
biofortified crops will be presented as a model for complex global collaboration. 
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DD09: Richard Sayre 
Ohio State University, Dept. Plant Cellular and Molecular Biology, Columbus, OH, USA 
 
BioCassava Plus 
BioCassava Plus is a multidisciplinary team of scientists developing a more nutritious 
cassava for sub-Saharan Africans.  Inadequate nutrition is the single greatest cause of 
excess mortality, morbidity and suffering in sub-Saharan Africa.  The objective of 
BioCassava Plus is to reduce malnutrition by providing complete nutrition in a single staple 
crop, cassava (Manihot esculenta).  Over two hundred and fifty million Africans rely on the 
starchy root crop cassava as their staple food.  Cassava roots, however, have the lowest 
protein to energy ratio of all the worlds’ major staple crops.  A typical cassava-based diet 
provides less than 30% of the minimum daily requirement for protein and only 10-20% of 
the required amounts of iron, zinc, vitamin A and vitamin E.  BioCassava Plus employs 
modern biotechnologies to improve the health of Africans through development and 
delivery of novel cassava germplasm with increased nutrient (zinc, iron, protein and 
vitamins A and E) levels.  Effective delivery of biofortified cassava will be achieved by 
linking optimal nutritional traits with improved post-harvest durability of the storage roots, 
elimination of toxic cyanogenic glycosides, and elevated resistance to viral disease; 
characteristics required to provide ample amounts of foodstuffs and incentives for farmers 
to adopt and sustain biofortified cassava cultivars.  Currently, proof-of-concept has been 
achieved for our target objectives for elevated vitamin A and E, zinc, iron, protein and 
additional constraints including virus resistance, acyanogenesis, and extended shelf life.  
Transgenic strategies for achieving these results will be discussed. 
 
 
DD10: Alicai1, T., Doley2, W.P., Mallowa2, S., Baguma1, Y., Obiero3, 
H., Ndolo3, P., Gichuki4, S., Taylor2, N.J. and Fauquet2, C.M. 
1) NARO-Namulonge, P.O. Box 7084, Kampala, Uganda; 2) Donald Danforth Plant Science 
Center, St. Louis. MO, 63132, USA; 3) KARI-Kakamega, P.O. Box 169, Kakamega, Kenya; 
4) KARI-Biotechnology Centre, P.O. Box 14473, Nairobi, Kenya 
 
VIRCA: Developing Virus Resistant Cassava for Africa 
Cassava production in Sub-Saharan Africa is greatly constrained by viral diseases, 
primarily cassava mosaic disease (CMD) and cassava brown streak disease.  While new 
CMD-resistant cultivars have been a short term solution to CMD, we believe that transgenic 
versions of farmer-preferred cultivars, retaining their desirable agronomic and processing 
qualities, offers the best long term solution to CMD.  The Donald Danforth Plant Science 
Center (DDPSC) has received a grant from the Monsanto Fund to develop and deliver 
transgenic CMD-resistant farmer-preferred cassava cultivars to African smallholder 
farmers.  The virus resistant cassava for Africa (VIRCA) project is based on research 
partnerships between DDPSC and African institutions.  Scientists from these partner 
institutions participate in all steps of product development, including identification of target 
cultivars, generating transgenic events, conducting confined field trials (CFTs) and seeking 
regulatory approval for commercialization.  VIRCA also supports institutional and human 
capacity building as required for biotechnology product development in the partner 
countries.  DDPSC has active partnerships with NARS in Kenya (KARI) and Uganda 
(NARO).  VIRCA Kenya has been ongoing since 2003 and conducted a 12-month mock 
CFT in 2006 and 2007.  VIRCA Uganda has been ongoing since December 2006 and has 
an ongoing mock CFT.  VIRCA has successfully developed biosafety protocols for the 
handling of transgenic cassava in Africa from the laboratory to the field.  CFT applications 
have been developed for both Kenya and Uganda for transgenic field trials in 2008 and the 
Ugandan application is at the stage of NBC review.  VIRCA is exploring two distinct 
strategies to confer CMD resistance in cassava: (1) a gene silencing strategy based on 
expression of short DNA sequences derived from viral targets, and (2) a protein based 
strategy based on expression of an ssDNA binding protein.  VIRCA is a product 
development project and will only be considered a success when CMD-resistant cassava 
has been commercialized and deployed to smallholder farmers. 
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DD11: Opio, F., Mugoya, C., Waithaka, M., Kimenye, L., Nyangahima, 
J. and Akullo, D. 
Association for Strengthening Agricultural Research in Eastern and Central Africa, P.O. 
Box 765, Entebbe, Uganda 
 
ASARECA Initiative to Improve Cassava Productivity and Utilization 
in East and Central Africa (ECA) 
Cassava is a major staple crop for more than 200 million people in Eastern and Central 
Africa (ECA).  It is the second most important staple crop in Africa after maize.  The crop 
has been prioritized by NEPAD as a poverty fighter that will spur industrial development in 
Africa (NEPAD, 2004).  The ASARECA strategy (2007 to 2016) points to the fact that the 
biggest impact on poverty reduction will come from concentrating on staple crops with 
cassava ranking highest among the staples with a growing market.  Production and 
utilization of cassava is constrained by a number of factors, including the lack of novel 
technologies to improve productivity, the absence of frameworks to enhance marketing, 
and the necessity to improve value chains and resistance to endemic diseases and pests.  
The project presented in this paper is an initiative by ASARECA to address the constraints 
along the cassava value chain in an integrated multi-disciplinary and inter-disciplinary 
manner in ECA.  The cassava mega project is a collective effort from ASARECA 
stakeholders in the region. 
 
 
 
 
 
 
 
 
DD12: Mohamed Beavogui 
IFAD, Rome, Italy 
 
The IFAD Cassava Delivery Model 
Since its creation, IFAD provided strong support to the development of the cassava 
industry in Africa.  This paper presents the main activities and outcomes of IFAD’s work on 
cassava in Western and Central Africa (WCA).  Up to the end of 1990’s, the main focus of 
IFAD cassava-related interventions in the WCA was on enhancing production.  Since then, 
it has expanded its activities on processing and marketing in order to remove the market 
gluts.  Current IFAD’s cassava portfolio amounts to about US$ 140 million.  New 
interventions are envisaged.  The development of the cassava industry will continue to 
remain a strategic area for IFAD in the WCA region, owing to its importance for food 
security and income generation for both urban and rural population. 
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DD13: Andrew Westby and Adebayo Kolawole 
Director, Cassava: Adding Value for Africa Project 
Natural Resources Institute, University of Greenwich, Central Avenue, Chatham, Kent ME4 
4TB, United Kingdom.  
 
Developing Value Chains for Cassava in Africa 
The Cassava: Adding Value for Africa Project, supported by the Bill and Melinda Gates 
Foundation, provides an example of a value chain project aimed at linking small-scale 
cassava farmers with growth markets.  Value chains for High Quality Cassava Flour 
(HQCF) are being developed in five African countries to improve the livelihoods and 
incomes of at least 90,000 smallholder households, including women and disadvantaged 
groups.  It will promote HQCF as a versatile raw material for which diverse markets exist.  
Three intervention points will be targeted: 1) ensuring a consistent supply of raw materials; 
2) developing viable intermediaries acting as secondary processors or bulking agents; and 
3) driving market demand and building market share in food processing operations, 
bakeries and industry.  Farmers and farmer/processors will be supported in production and 
primary processing activities through partnership with NGOs or other extension services.  
Business development and other specialists will support intermediary enterprises to meet 
the requirements of end users of HQCF.  End users will be supported in adopting HQCF.  It 
is anticipated that incomes of smallholder households will increase significantly over the life 
of the project.  There will be additional benefits including: employment, reduced raw 
material costs, reduced need to import wheat (particularly relevant with increasing prices), 
development of capacity to upgrade other value chains, and potentially export.  Strong 
roles of national partners are expected to lead to higher levels of sustainability of project 
gains.  The project offers opportunities for learning about development of cassava value 
chains and other staple food crops.  
 
 
DD14: Tom Remington 
CRS, Nairobi, Kenya 
 
The Great Lakes Cassava Initiative: A Partnership Response to a 
Continental Threat 
Cassava is an important crop grown predominantly by women in East and Central Africa.  
Its starchy root and nutritious leaves feed up to 40 million people.  Now the crop is being 
ravaged by two diseases, Cassava Mosaic Disease (CMD) and Cassava Brown Streak 
Disease (CBSD), which can reduce yields by over 70%.  The result is widespread severe 
food insecurity.  The Great Lakes Cassava Initiative (GLCI) commenced on December 1st, 
2007, as a multinational, multi-partner approach led by Catholic Relief Services (CRS) to 
address these disease pandemics.  Funded by the Bill & Melinda Gates Foundation and 
supported by CRS private funds, the four-year, $22.3 million project is operating in Burundi, 
eastern Democratic Republic of Congo, western Kenya, Rwanda, Tanzania and Uganda. 
This builds on a partnership with IITA in a USAID-funded, food security project called the 
Crop Crisis Control Project (C3P).  The only practical means of addressing CMD and 
CBSD is the mass distribution to farmers of healthy cuttings (seed) of resistant varieties.  
This requires a strong government and civil society partnership with research, NGOs, 
CBOs and farmers providing critical support for the development of localized, sustainable 
multiplication and distribution systems.  Over a four-year period, beginning December 
2007, the GLCI project aims to distribute healthy cassava cuttings to over 1 million 
households across the six countries.  Distribution will be evenly spread geographically so 
further diffusion can occur rapidly by traditional means of gifting and bartering.  This will be 
done by strengthening farmer groups to produce cuttings.  More than 5,000 groups 
supported by 53 local NGO partners will be producing cuttings by the end of Year 4.  
Groups will be further strengthened by becoming Savings and Internal Lending 
Communities and building linkages to future markets through Agro-Enterprise Development 
to ensure their sustainability. 
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DD15: Tetsuya Sakurai 
RIKEN, Plant Science Center, Japan 
 
Development and Application of Cassava Microarrays 
Cassava is known for its remarkable tolerance to abiotic stresses; it is an important source 
of energy for humans and animals and is used as a raw material in many industrial 
processes.  Therefore, it is important that we understand the mechanisms underlying the 
abiotic stress tolerance and carbohydrate synthesis in cassava.  Transcript analysis is 
commonly used to understand the abovementioned mechanisms.  In the current era of 
genomic research, genetic resources such as mRNAs (cDNAs) and mutants are important 
for the systematic analyses of gene function.  Full-length cDNAs are substantial materials 
for gene analysis, and it is extremely important to prepare sets of full-length cDNAs from 
agriculturally useful plants for the development of future agricultural improvements.  A total 
of 52 million of ESTs have been collected from various organisms, and deposited in the 
database of ESTs of the National Centre for Biotechnology Information (NCBI).  Increase in 
the transcript information (particularly that of full length cDNAs) of a target organism 
facilitates the designing of micro array probes of better quality.  Furthermore, the amount of 
transcript information of cassava is increasing and is applied for developing cassava DNA 
micro arrays.  The process of designing the cassava DNA microarray probes and the 
recent examples of microarray application will be provided. 
 
 
 
 
 
 
 
 
 
DD16: James V. Anderson 
USDA-ARS, Plant Science Research Unit, Fargo, ND58105-5674 
 
The Post-Genomic Era of Cassava 
The genomics era revolutionized our efficiency at gathering and disseminating scientific 
information required for advancing our understanding of plant biology.  In the case of 
cassava, the genomics revolution has not kept pace with other staple food and fiber crops 
important to global economies.  As a result, genomic research in cassava still holds the 
potential to unlock secrets about biological processes, ecology, and evolution that limit 
productivity in a crop which has tremendous potential to be developed into a stable, feed 
stock for producing alternative energy.  Several genomics-based programs (including 
computational, comparative, and functional) for cassava have been initiated to identify 
genetic traits, metabolic pathways, and signaling networks involved in resistance to 
disease, drought, nutrient deficiency, post-harvest deterioration, and yield.  Several 
sequencing initiatives have resulted in the accumulation of a publicly available dataset of at 
least 76,566 ESTs, which yielded discovery of additional molecular markers (SNPs, SSRs, 
etc.) and led to the development of molecular probes and micro arrays.  Arguably, the most 
important initiative was the agreement by JGI-DOE to sequence the cassava genome.  
Complete sequencing of the cassava genome will provide the cassava community unique 
resources for designing future genomics studies to enhance our understanding of 1) basic 
gene functions and their effects on plant biodiversity, health, metabolism, and yield; 2) how 
products of these genes interact in signaling pathways and networks; and 3) most 
importantly, how this information can be used to benefit plant breeding and manipulation of 
plant growth and development. 
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DD17: Dixon1, Alfred and Ceballos2, Hernan 
1) IITA, Ibadan, Nigeria; 2) CIAT, Cali, Colombia 
 
Megabreeding of Cassava for African Rural Development: Where Do 
We Stand? 
New driving forces are rapidly redefining the world’s food situation.  Income growth, 
globalization, high energy and food prices, and urbanization are transforming food 
production, consumption, and markets.  Changes in temperature and rainfall will have 
dramatic effects on agricultural production in Africa, where cassava provides food 
insurance and is the second most important food crop.  Sub-Saharan Africa is the world’s 
largest producer, and recent projections forecast even higher dependence on cassava in 
the coming decades for both food security and poverty alleviation.  The use of improved 
technologies is crucial to support reliable supply and satisfy demand.  Genetic improvement 
is one of the areas that will contribute significantly to this.  The challenge today is to 
increase cassava production, productivity, marketing opportunities, and profitability.  
CGIAR centers and their partners have developed and released to farmers in a range of 
agroecologies many high-yielding varieties including those used for food, feed and industry.  
In spite of this, constraints still persist: long breeding and growing cycles, emerging pest 
threats, and untapped market opportunities.  Insufficient planting materials of improved, 
high yielding cultivars result in farmers continuing to grow local, low yielding varieties.  
Even improved varieties do not reach their full potential in farmers’ fields and result in large 
yield gap.  Forcing a “breakthrough” in cassava research and development is urgently 
needed from the CGIAR centers, ARIs and NARS, to accelerate the development of 
varieties that are responsive to changing demands and markets.  Increased emphasis and 
funding has to be placed on teaming with partners overseas who have appropriate 
expertise and where some products are already available, to generate basic research 
products and technologies such as upstream biotechnologies.  A synchronized and 
integrated approach for cassava improvement, through increased funding mechanisms, 
networking, new partnerships and strengthening existing linkages, is necessary to address 
the issues of size, facilities, sustained financing, time, access to technologies and products, 
etc.  Cassava research and extension in most national programs in Africa are at present 
characterized by weak infrastructure and limited funding, and a serious lack of trained 
manpower.  The capability of African NARS to undertake cassava improvement research 
with links to CGIAR Centers and ARIs, and the applications of new paradigms for the 
delivery and promotion of improved varieties, are of paramount importance for the 
realization of common goals and objectives.  Some inspiration and encouragement are 
needed to bring together key players with diverse interests and guide them to see their role 
in the cassava revolution.  This paper emphasizes that without the markets, technology will 
go nowhere, and highlights the opportunities, challenges, and strategies for realizing the 
dream of cassava’s potential for Africa’s rural development. 
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DD018: Elcio Guimaraes 
FAO-IGPC, Rome, Italy 
 
A Capacity Building Partnership Initiative to Strengthen Plant 
Breeding Ability Worldwide 
It is important to conserve the plant genetic resources for food and agriculture (PGRFA), 
but it is not enough.  Plant breeding programs around the world have to have the capacity 
to use the PGRFA.  Worldwide there are very active cassava breeding programs, which 
have been responding to farmers’ demands.  However, for such an important food security 
crop the situation in many countries is still far from being desirable, as there are no skilful 
breeders available in the national cassava programs.  Since 2002, FAO and partners have 
been carrying out an assessment to identify critical factors preventing national plant 
breeding programs from meeting developing countrys’ needs.  The result of this work 
indicates that long-term financial support, access to germplasm and new technologies 
(especially biotechnologies), limitations of trained personnel and institutional capabilities, 
and links with seed systems are key elements that prevent the potential contribution of 
cassava breeding to sustainable development.  Therefore, improving productivity and 
production at the national level is not only a matter of training more breeders but rather a 
question of enhancing an integrated set of capabilities and support systems, including crop 
management.  A database with information on more than 60 countries is available at 
http://km.fao.org/gipb/pbbc/.  In light of the above, a Global Partnership Initiative for Plant 
Breeding Capacity Building (GIPB) was launched in June 2006 to address the challenges in 
a concerted and systematic manner. 
 
 
 
 
 
DD19: Alves1, Alfredo; Sampaio2, Maria Jose; and Costa3, Ivo 
1) Embrapa Cassava & Tropical Fruits (CNPMF), Cruz das Almas, Bahia, Brazil; 2) 
Embrapa Headquarters, Brasilia, DF, Brazil; 3) Embrapa Genetic Resources & 
Biotechnology (CENARGEN), Brasilia, DF, Brazil. 
 
Cassava Biodiversity: Major Challenges 
The final declaration of the Conference on World Food Security: Challenges of Climate 
Change and Bioenergy, June/2008, strongly affirmed the need for investing in agriculture.  
This renewed focus on agriculture is very much needed and long overdue.  Cassava is one 
important element in the present debate about agriculture, food, energy and climate 
change.  The crop is a valuable source of carbohydrates, a staple in several developing 
nations in Africa, South America and Asia, and has the highest production potential of 
calories per hectare per day among tropical crops.  It has also been used to develop new 
products for industry applications and recently, as an alternative feedstock for biofuel 
production in some countries.  Cassava is a shrubby species originated in the American 
continent approximately 5000 to 7000 years ago in several different countries.  The large 
number of cultivars represented in the main germplasm collections of several research 
centers indicates the high genetic diversity of this species.  The gene pool is composed of 
cultivated species, which has been ex-situ preserved, and wild relatives, with around 100 
species, many of them endangered, and very few preserved in genebanks.  The major 
challenges in the near future: improve funding for research and capacity building in 
developing countries to allow the utilization of the crops full potential as food, feed and 
energy supplier; implement the Multilateral System of the FAO International Treaty for 
facilitated access, including for Manihot esculenta; move newly collected germplasm 
around the world taking into consideration countries of origin rights to benefit sharing; move 
basic germplasm and elite materials around taking into consideration phytosanitary 
restrictions and its related costs; improve conservation strategies, both in situ and ex situ, 
to maintain genetic material for future generations and most of all, distribute the benefits of 
cassava to the resource poor. 
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Keynote Speaker 1 

 
John Lynam, 

Private Consultant, Nairobi, Kenya 
 

The Development Potential of Cassava in Africa 
 
 
Cassava is one of the principal staple food crops in sub-Saharan Africa but that does not 
guarantee its future role in the agricultural development of the continent.  There are three 
principal expansion paths for cassava.  Firstly, cassava continues to be used as an opening 
crop on the agricultural frontier, principally in the forest areas of the Congo Basin or in post-
conflict situations such as northern Uganda or southern Sudan.  More recently, cassava 
has expanded rapidly in high population density areas where it has been difficult to 
maintain productivity of cereal crops, such as in Malawi.  However, this path is not 
sustainable without as well dealing with declining soil fertility.  The dominant path for future 
growth is to develop cassava as a commercial crop for growing urban markets.  The model 
for this pathway is the expansion of cassava production in Nigeria, responding to the 
demand for an inexpensive, convenience food in urban areas in the form of gari.  Market 
development of traditional African staples following the market liberalization process of the 
1990’s has not proceeded at the same pace as for higher value export crops, and while 
there has been a wealth of work on pilot market projects, there has been few examples of 
sustained growth to match the example of Nigeria.  What is expected to be a long-term rise 
in grain prices globally offers an additional opportunity to position cassava as an African 
urban staple.  This paper explores a research and development strategy for cassava based 
on urban market development, while at the same ensuring participation of the rural poor. 



23 
Plenary Speaker 2 

 
Peter Kearns, 

Environmental, Health and Safety Division, OECD, Paris, France 
 

OECD’s Work on the Safety of Novel Foods and Feeds:   
Cassava as a Case Study 

 
One of the challenging issues that countries have faced in recent years is the safety of 
products derived from modern biotechnology, especially as genetically engineered crops 
are increasingly cultivated worldwide and as human food and animal feeds derived from 
such crops are being marketed.  Products of modern biotechnology, however, are 
rigorously assessed by governments to ensure that they meet standards that ensure 
human health and environmental safety.  Typically, such safety assessments are carried 
out at the national level.  However, to increase efficiency of the risk/safety assessment 
process and reduces duplicative effort (while avoiding non-tariff barriers to trade) many 
countries have recognised the value of working together to harmonise approaches and 
share information used in safety assessment.  The need for such co-operation and the 
value of harmonisation amongst countries has resulted in related activities at the 
Organisation for Economic Co-operation and Development (OECD).  OECD’s Task Force 
for the Safety of Novel Foods and Feeds addresses food and feed safety assessment.  
One of the main outputs of the Task Force are its consensus documents which are 
compilations of information on the major components of specific crop plants, for example, 
key nutrients, toxicants, anti-nutrients and allergens.  This information is of value in the 
safety assessment of new (genetically engineered) varieties, because typically, such safety 
assessment involves a comparison of these components between the new variety, and 
existing traditional varieties.  This presentation will consider the specific example of work 
underway to address the safety of transgenic varieties of cassava. 
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Plenary Speaker 3 

 
Francis Nang’ayo and Mpoko Bokanga 

African Agricultural Technology Foundation  
c/o ILRI, P.O. Box 30709-00100, 

 Nairobi, Kenya 
 

Status of Regulations for GM Crops in African Countries:  
Which Way forward? 

 
In 1992, countries of the world including nearly all African nations, adopted the Convention 
on Biological Diversity (CBD), in effect, reaching a milestone agreement regarding access 
to and transfer of technologies including modern biotechnology as well as on the express 
need for biological diversity to be conserved and utilized equitably for reasons of ecological 
security, economic benefits and indeed human survival.  A few years later, these countries 
negotiated, signed and ratified, a binding international instrument separate from, yet related 
to the Convention, known as the Cartagena Protocol on Biosafety whose objective was to 
contribute to ensuring an adequate level of protection regarding the safe transfer, handling 
and use of living modified organisms (LMOs) resulting from modern biotechnology.  As 
contracting Parties to Convention and the Protocol, it is obligatory for such countries to take 
appropriate legal, administrative and other measures to ensure that development, handling 
and utilization of LMOs is undertaken in a manner that reduces the risks to biological 
diversity and human health by putting in place functional national biosafety frameworks 
(NBFs).  Five years after the Protocol came into force, only a few of the African countries 
have fully met their obligations.  This paper examines the status of Biosafety frameworks in 
countries of Sub-Saharan Africa and discusses the implication that this portends regarding 
the utilization of modern biotechnology applications in addressing food production 
challenges in Africa. 
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S1-1: Mark Manary 
Washington University, St Louis, Missouri 
 
Impact of Cassava Nutrition on Children in Africa 
Unfortunately, childhood malnutrition in sub-Saharan Africa is very common.  Moderate and 
severe malnutrition refers to the consequences of inadequate macronutrient intake, protein 
and energy.  These conditions are primarily the result of consumption of foods with a low 
fat content, or protein content.  The condition afflicts 27% of all children in sub-Saharan 
Africa.  The consequences of this moderate and severe malnutrition are physical and 
intellectual stunting, increased susceptibility to infections and a 6 fold increased risk of 
dying in childhood.  Malnutrition accounts for over half of the child deaths in sub-Saharan 
Africa.  In addition, to macronutrient malnutrition, micronutrient malnutrition is common in 
Africa.  Vitamin A deficiency in sub-Saharan Africa occurs in 42% of children, is the leading 
cause of blindness in children and contributes to 25% of child deaths.  Zinc deficiency 
occurs in 33% of children in sub-Saharan Africa, results in physical stunting and increased 
susceptibility to infection.  Iron deficiency afflicts 66% of children in sub-Saharan Africa and 
results in permanent compromise in cognitive development and physical weakness.  
Cassava is a low energy, low protein tuber used as the staple food of 200 million sub-
Saharan Africans.  It has only 1-2% total protein content and a protein to energy ratio that is 
the lowest among staple foods.  Cassava contains little Vitamin A, zinc and iron.  The areas 
with the highest rates of childhood mortality and malnutrition in Africa correspond to those 
where cassava is consumed in the largest quantities.  Thus there are currently devastating 
consequences of using cassava as a staple food, and tremendous opportunities to 
enhance human health through improved nutrition if more protein and micronutrient rich 
cassava varieties can be produced in Africa.    
 
 
 
 
S1-2: Nutti, Marilia; Carvalho, José Luiz and Fukuda, Wania 
Embrapa Food Technology, Rio de Janeiro, Brazil and Embrapa Cassava & Tropical Fruits, 
Cruz das Almas, Brazil 
 
Institutionalizing the Biofortification Strategy in a Sustainable Way: 
the Case of Brazil 
With worldwide escalating food prices and a growing demand for biofuels, it is vital to 
increase the productivity of cassava in Africa.  With average cassava yields of 7.0 and 11.3 
t/ha in Uganda and Kenya respectively, yield levels in East Africa are low.  While 
differences in agro-ecology explained part of the variation between sites, monocropping, 
weed management and hiring labour contributed to higher yields within sites.  The 
importance of good management practices (improved varieties, monocropping, proper plant 
spacing, timely planting) was confirmed by the higher yield levels - 10.4 and 14.2 t/ha in 
Kenya and Uganda respectively - obtained in farmer managed control plots in 99 on-farm 
trials.  Abiotic factors were more important yield determining factors than biotic factors, 
while weed management also explained an important part of yield variability.  Fertilizer use 
(100-50-100 N-P2O5-K2O) increased cassava yields by 5.8 t/ha, above ground biomass by 
9.0 t/ha and the number of storage roots per plant by 2.7, but did not affect harvest index or 
root dry matter content.  Although cassava production was limited by different nutrient(s) 
across sites, combined NPK fertilizer always resulted in the highest yields.  Fertilizer 
response was related to soil fertility and early rainfall, but did not vary between varieties, 
across management levels or pest and disease pressures.  On the short term, cassava 
productivity in East Africa can be improved by the widespread promotion of simple 
agronomic practices and improved varieties.  On the longer term, fertilizer will be essential 
for the development of sustainable and profitable commercial cassava schemes. 
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S1-3: Maziya-Dixon, Bussie and Dixon, Alfred 
IITA. Ibadan, Nigeria 
 
Stability of Total Carotenoids, Iron and Zinc Concentrations in 
Cassava: Implications for Breeding 
The effects of genotype (G), environment (E), and G x E interaction (GEI) on total 
carotenoids, iron, and zinc concentrations were investigated for two years in 25 yellow-
fleshed and three white-fleshed cassava genotypes at five locations in Nigeria, 
representing the major cassava growing agro ecologies.  The objectives were to study the 
magnitude and nature of GEI, and stability of micronutrient concentrations.  Combined 
analyses of variance using the GLM procedure of SAS indicated that location (L) and G 
effects, and year (Y) x L interaction were significant (p<0.001) for all the traits; G 
contributed most (70%) to total sums of squares for total carotenoids.  G x L was highly 
significant for total carotenoids and marginally for Zn.  No statistical evidence suggested 
that any of GEI partitions (G x L, G x Y, and G x L x Y) for Fe were significant albeit largest 
percentage contribution to total sum of squares by G x L and G x L x Y.  The additive main 
effect and multiplicative interaction (AMMI) analysis revealed that carotenoid concentration 
is a stable trait.  The high G and low E effects, and relative low GEI effects on total 
carotenoid concentration imply that evaluation and selection can be effectively done in few 
environments to distinguish clones with high and stable performance.  Unlike GLM, AMMI 
analysis revealed statistically significant GEI effects on Fe and Zn; GEI had a high 
contribution (> double that of G) to total sum of squares for both Fe and Zn.  Our results 
suggest that   cassava can be bred with high and stable micronutrient concentrations. 
 
 
 
 
 
 
S1-4: Abhary, Mohammad; Taylor, Nigel; and Fauquet, Claude 
ILTAB, Donald Danforth Plant Science Center. St. Louis MO 
 
Expression of a single transgene in storage roots of cassava 
increases protein to 11% dry weight and decreases cyanogens by 
50% 
Cassava is considered a major source of dietary calories in sub-Saharan Africa, however, 
starch rich cassava roots are deficient in proteins, vitamins and minerals.  Our objective is 
to produce transgenic cassava expressing nutritional protein that can accumulate and raise 
protein content from 1% to 4% fresh weight; sufficient to supply the daily requirement of a 
five-year-old child in Africa.  It was previously shown that storage proteins, forming protein 
bodies, are stable and can accumulate at high levels.  Here, we report the production of 
Zeolin protein bodies in mature tuberized cassava roots, accumulating at very high 
concentrations.  Zeolin, a chimeric fusion protein between Phaseolin and γZein, was 
expressed in cassava under the papatin promoter.  Transgenic cassava lines confirmed 
that zeolin accumulates as protein bodies in cassava root cells.  In the highest expressing 
lines the total protein content accumulated to 3.35% fresh weight or 10.6% dry weight.  A 
novel chimera technology that triggers protein body formation for a range of fused proteins 
allowing them to accumulate in transgenic plants was subsequently developed to allow the 
choice of the best amino-acid profile protein to be expressed.  These novel chimera 
proteins expressed in transgenic tobacco BY2 cell lines, showed at least 50% higher 
accumulation than zeolin.  Furthermore, the protein bodies accumulating in the cassava 
roots create a powerful nitrogen sink and as a consequence the plants have 50% less 
cyanide compounds in their leaves and roots.  These plants have a normal phenotype, and 
this data indicates that protein body formation technology holds significant potential to 
improve the nutritional quality of cassava roots. 
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S1-5: Cahoon, E.B., Solomon, F.R., Stevens, R.L., Fauquet, C.M. and 
Taylor, N.J. 
Danforth Center, St Louis, MO63132 
 
Golden Cassava is Now a Reality 
Cassava (Manihot esculenta) is a staple crop for large portions of the population of sub-
Saharan Africa, Central America, South America, and southern Asia.  Storage roots of 
cassava are rich in calories because of their high content of starch, but are deficient in 
many essential micronutrients.  As a component of the BioCassava Plus program 
(www.biocassavaplus.org), we are conducting research to enhance the vitamin E and 
provitamin A (beta-carotene) concentrations of cassava storage roots through 
biotechnology.  Several metabolic engineering strategies have been undertaken to increase 
the β-carotene content of cassava: 1) storage root-specific expression of a bacterial 
phytoene synthase (crtB), 2) storage root-specific co-expression of a bacterial phytoene 
synthase and 1-deoxy-D-xylulose- 5-phosphate synthase (DXS), and 3) storage root-
specific expression of the mutant Or gene from orange cauliflower.  The goal of Strategy 1 
is to increase flux from geranylgeranyl-PP toward the synthesis of β-carotene.  Strategy 2 is 
intended to also increase total flux into the methylerythritol phosphate (MEP) pathway in 
order to enhance β-carotene production without compromising vitamin E levels.  The goal 
of strategy of Strategy 3 is to generate a sink for the storage of β-carotene.  To date, 
Strategy 1 has yielded ~10- to 20-fold increase in total carotenoids in cassava storage 
roots, Strategy 2 has yielded ~20- to 30-fold increase in carotenoids, and Strategy 3 has 
yielded ~2- to 4-fold increase in carotenoids.  In engineered roots with the highest levels of 
total carotenoids, approximately 90% of the carotenoids are present as all-trans-β-
carotene, which has the highest provitamin A value of the different forms of carotenoids.  
Overall, these studies highlight the value of biotechnology for improving the nutritional 
quality of a staple root crop. 
 
 
S1-6: Ihemere, Uzo; Narayanan, Narayanan and Sayre, Richard 
Ohio State University, Dept. Plant Cellular and Molecular Biology, Columbus, OH, USA 
 
Elevating Iron Levels in Transgenic Cassava Roots 
A typical cassava meal (440 g) provides sufficient calories but is deficient in a number of 
micronutrients including iron.  The levels of iron typically present in cassava flour range 
from 5-10 ppm.  To meet the minimum daily allowance the iron levels in cassava need to 
approach 30-40 ppm.  We have recently identified a novel iron transporter, Fea1, from the 
green alga, Chlamydomonas reinhardtii.  The Fea1 protein apparently transports iron 
across the membrane through an ion channel.  Significantly, we have observed that the 
Fea1 protein transports only iron.  We have demonstrated that the Fea1 protein transports 
iron in plants by complementing the Arabidopsis, iron-transporter mutant, IRT1.  Using a 
patatin-driven (root-specific) fea1 construct we observed a four-fold increase in iron 
concentration in the cortex of nine-month old greenhouse-grown roots.  In fact, transgenic 
cassava expressing the fea1 gene had elevated root iron levels at all stages of 
development (3-12 months).  Importantly, we did not observe an increase in the root or leaf 
content of any other metals.  Furthermore, the leaf iron content of transgenic plants 
expressing the fea1 gene was identical to wild-type or mock transformed plants.  
Greenhouse plants grew normally but exhibited an enhanced flowering phenotype among 
the seven different independent transgenic lines tested, suggesting that iron may influence 
the flowering phenotype.   
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S1-7: Gaitan-Solis, Eliana; Taylor, Nigel; and Schachtman, Daniel 
Danforth Plant Science Center, St Louis, MO63132, USA 
 
Zinc Biofortification of Cassava Tuberous Roots 
Zinc is an essential micronutrient required for the nutrition of plants and animals.  The 
cassava starchy roots have low amounts of zinc in the edible part.  Since cassava is a 
major component in the diets of populations in the developing world, increasing zinc 
content in cassava tuber roots will lead to improved human nutrition.  Transgenic cassava 
plants were produced that overexpress AtZIP1 (plasma membrane zinc transporter) and 
AtMTP1 (a vacuolar membrane zinc transporter) under the control of Patatin promoter and 
Figwort mosaic virus (FMV) promoter.  Eighteen transgenic plants had 2 to 9 times higher 
zinc content in tuberous roots than wild type control.  Northern blot analysis confirmed that 
AtZIP1 and AtMTP1 are overexpressed in the edible tuberous part of cassava roots in 
these transgenic lines.  This work demonstrates that the overexpression of Arabidopsis 
thaliana zinc transporters can be used to increase the zinc content in the edible part of 
cassava tuberous roots. 
 
 
 
 
 
 
 
 
 
 
 
 
 
S1-8: Arango1, J., Chavarriaga2, P., Salazar1, B., Welsch1, R., Al-
Babili1, S., Beltran2, J., Ladino2, J., Vacca2, O., Lopez2, D., Garcia2, 
M., Tohme2, J. and Beyer3, P.1. 
1) University of Freiburg, Center of Applied Biosciences, Faculty of Biology, Freiburg, 
Germany. 2) CIAT, Cali, Colombia 
 
Towards "Golden" Cassava: Gene Expression Analysis and 
Identification of Storage Root Promoters 
With the aim of designing suitable DNA constructs to allow cassava storage roots to 
accumulate provitamin A carotenoids, the expression of carotenoid genes was analyzed in 
Cassava varieties capable in accumulating different amounts of carotenoids (White: CM 
3306-4, cream: CM 2772-3 and yellow MBRA 253).  No correlation was detected between 
gene expression level and the carotenoid content.  These studies also revealed the 
existence of two phytoene synthase genes in the cassava genome.  None of these drives 
storage root-specific carotenoid biosynthesis, however, data accumulate showing a 
specialized role in the response to abiotic stress for one paralog.  Towards proof-of-concept 
cassava transformation, efforts were undertaken to clone and validate storage root specific 
promoters.  Promoter-GUS fusions were transformed into carrots as a model system.  In 
addition, DNA constructs were made using various combinations of promoters and 
carotenoid biosynthesis genes and provided to our collaboration partners at CIAT for 
cassava transformation.  These transgenics are now under investigation to assess 
carotenoid accumulation and tissue-specificity of expression. 
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S1-9: Noriko, Iseki 
FAO, Rome, Italy 
 
Codex Alimentarus Related to Biotechnology 
The Codex Alimentarius Commission, created in 1963 by FAO and WHO, has developed 
international food standards, guidelines and recommendations to protect the health of 
consumers and to ensure fair practices in the food trade.  The Codex Alimentarius 
Commission comprises 177 member countries and one member organization.  
 
While the foods standards, guideline and recommendations adopted by the Codex do not 
have a binding effect on national food related legislation, those standards are used as a 
reference in a case of food trade dispute.  Since the Agreement on the Application of 
Sanitary and Phytosanitary Measures of the World Trade Organization (SPS Agreement) 
identifies Codex standards as the international benchmark for food safety standards, 
national regulations consistent with Codex standards are deemed to meet the requirement 
of the SPS Agreement.  The Codex has been also designated as one of the main 
international standard-setting bodies referred in the Agreement on Technical Barriers to 
Trade (TBT Agreement).   
 
In the area of biotechnology, the Codex Alimentarius Commission, through the work of the 
Codex ad hoc Intergovernmental Task Force on Foods derived from Biotechnology (1999-
2003), adopted in July 2003 one risk analysis document “Codex Principles for the Risk 
Analysis of Foods derived from Modern Biotechnology (CAC/GL 44-2003) ” and two food 
safety assessment guidelines: “Codex Guideline for the Conduct of Food Safety 
Assessment of Foods derived from Recombinant-DNA Plants (CAC/GL 45-2003) ”; “Codex 
Guideline for the Conduct of Food Safety Assessment of Foods produced using 
Recombinant-DNA Microorganisms (CAC/GL 46-2003) ”.  These documents have been 
used by a number of countries as a basis for national legislation and regulation. 
 
The above mentioned Task Force was re-established in 2005 and has finalised the 
following three texts in September 2007, and agreed to forward them to the 31st Session of 
the Commission (June 2008) for final adoption.  

- Proposed Draft Guideline for the Conduct of Food Safety Assessment of 
Foods Derived from Recombinant-DNA Animals;  

- Proposed Draft Annex: Food Safety Assessment of Foods Derived from 
Recombinant-DNA Plants Modified for Nutritional or Health Benefits; and 

- Proposed Draft Annex: Food Safety Assessment in Situations of Low-level 
Presence of Recombinant-DNA Plant Material in Food.  
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SP01-01 A01 
Lamptey1, Jocelyn Adeline; Sakyi-Dawson1, Esther; Johnson2, Paa Nii Torgbor; and 
Annor1, George Amponsah 
gannor@ug.edu.gh 
1) Department of Nutrition & Food Science, University of Ghana, P.O. Box LG 134,Legon-
Accra, Ghana. 2) Food Research Institute, Centre for Scientific and Industrial Research, 
Accra, Ghana 
Effects of different processing methods on the nutritional composition and 
cyanogenic content of flour from new and promising cassava varieties 
Cyanogens have long been recognized as a toxic component of edible roots of cassava 
and leaves.  The cyanogenic content of the roots can vary from less than 10 to more than 
500 mg/kg, measured as hydrogen cyanide (HCN) on a fresh weight bases.  Cassava roots 
are processed by a variety of methods into many different food products, depending on 
locally available processing resources, local customs and preferences.  These different 
processing methods are expected to affect the cyanogenic content of cassava.  To 
investigate the effect of different processing methods on the chemical characteristics of 
new cassava varieties, three types of cassava flours were prepared by the method of 
slicing, grating and reconstitution respectively.  Yebeshie and Abasafitaa cassava varieties 
were processed and their proximate composition, starch, non-glucosidic cyanogens, free 
cyanide and total cyanogens studied.  The slicing method resulted in the highest protein 
content in both varieties.  Starch contents of 65.20% and 63.40% were recorded for flour 
from the reconstitution method for Yebeshie and Abasafitaa respectively.  The lowest total 
cyanogen of 0.238mg CN equivalent/kg and free cyanide of 0.058 mg CN equivalent/kg 
were observed for flour from Abasafitaa prepared by the reconstitution method.  Flours 
from the slicing methods had the highest non-glucosidic cyanogens followed by flours from 
the grating method.  The reconstitution method can therefore be effectively used to produce 
cassava flour with a high starch content and lower cyanogenic potential. 
 
 
SP01-02 A02 
Kolapo, Adelodun L. and Sanni, Morenike O. 
adelodunkolapo@yahoo.com 
The Polytechnic, Ibadan. Ibadan. Nigeria 
The fortification of cassava staples:  soybean fortified Gari and soybean fortified 
Tapioca 
Gari and Tapioca are storage cupboard, convenience foods obtainable from tubers of 
cassava (Manihot esculenta Crantz).  They are important staples in Nigeria and many 
African countries.  This paper reports the macro and micronutrient profiles of Soybean 
Fortified Gari and Tapioca.  Fortification of Gari and Tapioca with soy flour and soy residue 
was done at 25% concentration on dry weight basis.  Unfortified Tapioca had a significantly 
lower (P<0.05) proximate values compared with unfortified Gari.  Fortification significantly 
(P<0.05) increased the crude N, P, Fat and Ash content as well as all the monitored macro 
and micronutrients.  Soy flour proved to be a better fortifier.  Data from the present study 
suggests that both SoyFlour Fortified Tapioca (SFFT) and Soyflour Fortified Gari (SFG) are 
potent means of meeting the daily minerals, protein and energy requirements.  In this 
regard, both SFFT and SFG could be used to fight macronutrient and micronutrient 
deficiencies not only in Nigeria and other African countries where these two cassava 
products are staples but also in other cassava consuming developing nations.  These foods 
could be used in achieving the Millennium Development Goals. 
 

S
P

1
 

 



32 
SP01-04 A03 
Beltran, J., Maldonado, B., Chavarriaga, P. and Tohme, J. 
pchavarriaga@cgiar.org 
Agrobiodiversity and Biotechnology Project, CIAT, Cali, Colombia 
Searching for a molecular explanation of differences in carotenoid content of 
cassava roots:  Identification and expression analysis of a Carotenoid Cleavage 
Dioxygenase I (CCD I) gene and ionone quantification in roots.  The factors that favor 
the accumulation of β−carotene in the roots of cassava are not yet known.  Catabolism of 
carotenes may partially explain those differences.  In several plant species it has been 
confirmed that the Carotenoid Cleavage Dioxigenases (CCDs) catabolizes β−carotene 
generating β−Ionone.  We evaluated the expression of a CCD1 homologue, and the 
content of β−Ionone with respect to carotene levels in cassava.  A primer conserved 
approach, and a CCD1 EST sequence from cassava were used to obtain CCD1 sequences 
expressed in roots.  We found a 1410 bp cDNA contig with high similarity to CCD1 
sequences from other species.  The MeCCD1 protein displayed an ORF of 468 amino 
acids, and it was highly conserved with the protein family Carotenoid_Oase.  Using real-
time RT-PCR we measured the expression of MeCCD1 in leaves and roots of 3 and 6 
months old, white (CM3306-4) and yellow-rooted (MBRA253) varieties of cassava.  The 
expression of MeCCD1 was not different. β−Ionone was also detected and quantified by 
means of Gas Chromatography with Mass Spectrometry.  We demonstrated that β−Ionone 
was produced in cassava possibly due to β−carotene catabolism.  In roots of the white 
variety, the levels of β−ionone were significantly superior to those of the yellow variety, 
while the β−carotene levels have been previously shown to be higher in yellow that in white 
roots.  These results suggest an inverse relationship between the contents of β−carotene 
and β−Ionone, which may partially explain differential accumulation of β−carotene in the 
storage roots of cassava. 
 
 
 
SP01-05 A04 
Vimala, B., Nambisan, B., Thushara, R. and Unnikrishnan, M. 
vimalactcri@yahoo.co.in 
Central Tuber Crops Research Institute, Sreekariyam, Thiruvananthapuram-695 017, 
Kerala, India 
Variation of carotenoids in yellow-fleshed cassava (Manihot esculenta Crantz) clones 
Cassava (Manihot esculenta Crantz) is an important food security crop for many tropical 
and sub-tropical countries.  The tubers are mainly used for human consumption, animal 
feed and raw material for industry.  Tuber flesh color and cooking quality are important 
traits for consumption as staple food.  The flesh color of the majority of local clones is 
white, which is devoid of any carotene.  Vitamin A deficiency is recognized as a serious 
health problem in India, as it leads to a considerable proportion of blindness in children.  
Vitamin A is produced in the human body from its precursor β−carotene.  Keeping in view 
of the sustainable crop based approach for alleviating nutrient deficiencies, stress is given 
in the identification of cassava clones possessing high carotene coupled with good cooking 
quality.  Out of the 22 local yellow-fleshed clones, only four clones possessed high yield, 
good cooking quality and moderate amount of total carotenoids (0.36-0.64 mg/100g f.wt) 
and beta carotene content (0.20-0.27mg/100g f.wt.).  The results of the analysis of 150 high 
carotene clones indicated that 83 clones possessed 0.80-1.4mg total carotenoids /100g 
f.wt, 28 clones possessed 0.80-1.11mg beta-carotene /100 g f.wt.  All the high carotene 
clones had poor cooking quality, however all of them were very good for making fried chips.  
The processing studies showed that oven drying was the best method for the retention of 
carotenoids (80-90%) followed by boiling (73-85%).  Protein analysis indicated no 
differences in white and yellow- fleshed tubers. The studies showed that yellow-fleshed 
cassava clones are a good source of pro-vitamin A. 
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SP01-06 A05 
Oliveira, Alcides Ricardo Gomes; Carvalho, Lucia Maria Jaeger; Nutti, Marilia Regini 
and Carvalho, Jose Luiz Viana 
luciajaeger@gmail.com 
Rio de Janeiro Federal University. Basic and Experimental Nutrition Department and 
Embrapa Food Technology, Brazil 
Degradation of total carotenoid in bitter yellow cassava flour 
The degradation of total carotenoid in five bitter yellow cassava varieties was evaluated 
after flour processing and during storage.  The mean degradation found among the roots 
after processing was of 50% (raw root, until zero time of processed flour).  Total carotenoid 
content degradation was observed within less than thirty storage days.  It was also 
observed that the total carotenoid content in yellow cassava roots varied, probably due to 
the characteristics of the varieties used.  After five days of storage the varieties 
‘Anajazinha’ and ‘Bonita’ presented 89% of total carotenoid degradation.  Heat during the 
toasting step of the flour processing, light and oxygen have been the agents that most 
contributed to degradation of flour carotenoids.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SP01-07 A06 
Oliveira, Alcides Ricardo Gomes; Carvalho, Lucia Maria Jaeger; Nutti, Marilia Regini 
and Carvalho, Jose Luiz Viana 
luciajaeger@gmail.com 
Rio de Janeiro Federal University. Basic and Experimental Nutrition Department and 
Embrapa Food Technology, Brazil 
Beta Carotene in raw and home-cooked sweet yellow cassava:  a preliminary study 
Sweet yellow cassava varieties are being investigated because some of them can present 
considerable total carotenoid and β−carotene content.  The objective of this study was to 
analyse the total carotenoid and β−carotene content in seven yellow sweet cassava 
varieties before and after home cooking methods.  The analyses were carried out by HPLC 
and UV/visible spectrometry.  Total carotenoid content in raw sweet cassava roots varied 
from 14.15 (Vermelhinha) to 2.64 µg/g (Cacau amarelo) and the β−carotene content varied 
from 8.11 to 1.99 µg/g (Hibrido 08 and Vermelhinha), respectively.  The Hibrido 2003 14 08 
variety presented the best total β−carotene content 5.65 µg/g when cooked half-submersed 
in water and boiled in a pot with the lid on and the best total carotenoid content (7.21 µg/g) 
after to be cooked with the root half-submersed, boiled in a pot with the lid on.  More 
studies will be carried out in order to improve the results’ reproducibility. 
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SP01-08 A07 
Silva, E.M.M., Rangel, C.N., Ascheri, J.L.R., Watanabe, E., Carvalho, J.L.V. and Nutti, 
M.R. 
marilia@ctaa.embrapa.br 
Embrapa Food Technology 
Development of cassava (Manihot esculenta, Crantz) flour products:  an application 
for biofortified crops 
The objective of this study was to evaluate the possibility of production of food products 
using biofortified cassava flour (CF).  In order to use new flours for the production of bakery 
products, mixtures of different proportions of these flours with wheat flour need to be 
evaluated since an adequate gluten formation is necessary to keep the quality of the 
product.  The extrusion process was performed in a Brabender extruder, single screw at 95 
rpm, and using a laminar matrix of 1mm.  The pellets were dried in an oven with air 
circulation and expanded by frying.  The pellets and their flours were characterized by 
particle size, water absorption index (WAI), water solubility index (WSI) and viscosity.  In 
order to observe the substitution limit for the wheat flour (WF) in bakery products, levels of 
10%, 15% and 20% of CF were used in breads, and 20% in cakes.  These formulations 
were compared to a standard formulation (100% WF).  It could be observed that, according 
to the extrusion parameters studied, the production of pellets using a biofortified raw 
material is feasible.  All the bakery products presented a smaller final volume and a darker 
color, when compared to the standard loaves.  Changes in loaf characteristics were 
accentuated by the increase of the substitution level; thus, loaves with 10% of substitution 
were more similar to the standard.  In spite of these differences, all the products produced 
with CF were considered as acceptable for consumption as the standard. 
 
 
 
 
 
 
SP01-09 A08 
Chavarriaga1, P., Arango2, J., Salazar2, B., Beltran1, J., Ladino1, J., Vacca1, O., Lopez1, 
D., Garcia1, M., Welsch2, R., Al-Babili2, S., Beyer2, P. and Tohme, J. 
pchavarriaga@cgiar.org 
1) Agrobiodiversity and Biotechnology Project, CIAT, Cali, Colombia. 2) Albert-Ludwigs-
Universitat Freiburg, Center for Applied Biosciences, Freiburg, Germany 
Multiple strategies to enhance the accumulation of ProVitamin-A in cassava roots 
Increasing β−carotene accumulation in cassava roots requires several approaches.  One is 
to understand the genetic differences between roots with high and low carotene content.  
The expression of several genes of the carotenoid pathway showed no correlation with the 
accumulation of carotenes in white, cream or yellow roots, while there were differences in 
the degradation of β−carotene to produce β−ionone.  Two psy genes were identified in the 
genome of cassava, though none was responsible for the root-specific synthesis of 
carotenes.  However, one paralog seemed to have a specialized role in the response to 
abiotic stress.  Part of the strategy is using storage-root-specific promoters (i.e., from 
cassava, potato, beets and yams) to express the crtB gene alone or in combination with 
crtY and crtI in cassava.  Root-specific promoters were cloned in front of the GUS gene, or 
the crtB gene, and introduced either in carrot (model for storage roots) or cassava. 
Simultaneously, constructs were prepared with three genes and introduced into cassava.  
The results as of today show that, with the expression of crtB alone, it is possible to 
increase nearly 10 times the β−carotene accumulated in fibrous roots of greenhouse-grown 
transgenic plants.  It is expected that the accumulation of β−carotene rises as these plants 
fill up their roots in the field.  It is also hoped that plants containing three genes exceed 
those with a single crtB gene in the accumulation of β−carotene, as the formers currently 
grow up under field conditions.  As we produce more transgenic plants, and keep moving 
them to the field, we'll realize the promoter/gene combination that promises to be optimal 
for the design of transgenic cultivars richer in β−carotene. 
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SP01-10 A09 
Parra1, S., Toro2, N., Beltran1, J., Chavarriaga1, P. and Tohme1, J. 
pchavarriaga@cgiar.org 
1) Agrobiodiversity and Biotechnology Project, CIAT, Cali, Colombia. 2) Universidad del 
Valle, Departamento de Biologia, Cali, Colombia 
A phytoene synthase (psy) open reading frame from β−carotene rich sweet potato as 
an alternative gene for cassava genetic transformation 
By means of genetic transformation we seek to increase the β−carotene content in cassava 
roots by over-expressing, in a tissue-specific manner, genes of the carotenoid synthesis 
pathway.  Currently we are using the bacterial gene crtB as a source of Phytoene 
Synthase, which has proven to be efficient in enhancing carotenoid production in fruits, 
seeds and roots of several crops.  However, plant derived genes, besides having the 
advantage of being better accepted by the public, may be a more efficient source of PSY, 
as it has been proven with Golden Rice.  We are following the same approach for cassava 
and therefore have cloned the psy gene sequence from β−carotene rich sweet-potato 
storage roots (Ipomoea batatas) by means of rapid amplification of cDNA ends (RACE).  
We obtained a 1029bp open reading frame that has a predicted protein of 342 amino acids.  
The comparison with the Swissprot database showed high similarity (E-value = 3.9x10-176) 
with the enzyme PSY of Lycopersicon esculentum.  Currently we are cloning the Ibpsy 
ORF in an expression vector under a cassava root-specific promoter to transform it into 
cassava cells, to verify that the Ibpsy ORF produces PSY, and that the enzyme enhances 
the amount of Phytoene in cassava cells.  We are also cloning the promoter of the Ibpsy 
sequence to use it as an alternative source of regulatory regions for the expression of 
carotenogenic genes in cassava. 
 
 
 
 
 
 
SP01-11 A10 
Nascimento, Priscila, Fernandes, Naiara and Kimura, Mieko 
kimura@ibilce.unesp.br 
UNESP, Sao Paulo State University, José do Rio Preto, Sao Paulo, Brazil 
Assessment of β−carotene retention during processing of cassava 
The effects of boiling, deep-frying and drying on the β−carotene content of commercial 
cream-yellow variety cassava were assessed.  To evaluate the retention during home 
preparation, five fresh roots were peeled, cut in pieces and quartered longitudinally.  Two 
opposite quarters of all roots were combined and kept raw.  The other two opposite 
quarters were combined and boiled for 30 min or boiled for 20 min and deep-fried in oil for 
8 min.  To evaluate the effect of drying and storage, roots were peeled, sliced and divided 
into three portions of 3 kg each.  One portion was kept raw, the second was dried in an 
oven at 70°C and the last portion was blanched for 1.5 min, drained and dried as 
unblanched slices.  Blanched and unblanched dried slices were ground, packed in small 
polyethylene bags, kept in a cardboard box and stored at room temperature.  β−carotene 
was determined by HPLC using a C18, 3 mm column.  Retention was calculated taking into 
account the weight change during processes.  β−carotene retention (mean of two trials) 
was 81% in boiled, 54% in deep fried and 91% in oven dried cassava.  Blanching caused 
an additional loss of 15% in the β−carotene content, but increased the β−carotene stability 
during the storage.  The initial content of unblanched dried sample was reduced to traces in 
only 20 days of storage while about 50% of the initial level was retained by blanched 
samples after 70 days. 
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SP01-12 A11 
Kimura1, Mieko; Pereira2, Mercio; Fukuda2, Wania; Nascimento1, Priscila; Fernandes1, 
Naiara; Nutti3, Marilia and Carvalho3, José Luiz 
kimura@ibilce.unesp.br 
2) EMBRAPA/CNPMF, Cassava and Tropical Fruits Center, Cruz das Almas, Bahia, Brazil. 
3) EMBRAPA/CTAA, Food Technology, Rio de Janeiro, Brazil 
Stability of β−carotene during freezer storage of cassava analytical sample 
To establish a strategy that would simultaneously attend the breeder’s necessity of 
harvesting a large number of plants and the analytical capacity of the labs, the β−carotene 
stability during freezer storage of cassava samples was evaluated.  Roots of two varieties 
of cassava growing in an experimental field at EMBRAPA were harvested, peeled and 
homogenized in a food processor.  Analytical sample (3-5g) were directly weighed in 
extraction tubes and frozen.  Simultaneously, carotenoids of 200g of the same 
homogenized cassava was extracted with acetone, partitioned to petroleum ether (0,1% 
BHT) and collected in a volumetric flask.  Aliquots were transferred to tubes, dried under 
nitrogen and kept at -18°C. One half of the samples were kept at Embrapa’s laboratory and 
total carotenoid content was determined spectrophotometrically every three days.  The 
other half was transported by airplane to UNESP’s laboratory and total carotenoid and β−
carotene contents were determined by spectrophotometry and HPLC, respectively.  
Comparison of the results from the two labs showed that the transportation time without 
refrigeration (12 hrs) did not affect the total carotenoid content of both samples and they 
were stable during 26 days.  Thus, a second experiment was carried out in UNESP's lab 
using coaxed roots of the same varieties sent by Embrapa.  Both, analytical samples and 
dried extracts, prepared by the same way as in the first experiment and stored at -18°C, 
were stable over 180 days.  These results showed that the analytical samples and dried 
carotenoid extract can be freezer stored for later analysis.  Not having HPLC, the lab can 
send the dried carotenoid extract to another for β−carotene determination. 
 
 
 
SP01-13 A12 
Carvalho, Luiz; Anderson, James; Lippolis, John; and Agostini, Marco 
carvalho@cenargen.embrapa.br 
EMBRAPA Genetic Resources and Biotechnology, Brazilia, Brazil 
Carotenoid associated-proteins in cassava storage root 
An MS-based procedure, combining chromoplast isolation, conventional size exclusion 
chromatography, reversed-phase capillary chromatography (capillary LC) with quadrupole 
time-of-flight tandem spectrometry (nano-ESI Q-TOF MS/MS) was applied to sequence 
trypsin digested chromoplast associated proteins from storage root of cassava. 
Chromoplast enriched suspension was obtained from pigmented cassava cv. BGM019.  
Size exclusion chromatography (resin Sepharose CL 4B 200) was used to separate protein 
fractions.  Pigment-protein complex appeared in fractions 38-57 (Peak 1) representing 
pigment-associated proteins and fractions 109-134 (Peak 2) representing non-pigment-
associated proteins.  Results showed that the SEC pigment-proteins complex presents β−
carotene associated with a set of proteins in Peak 1 and no pigments were observed in the 
Peak II.  The tryptic digested proteins fingerprinting gave 39 peptides (Peak 1) and 110 
peptides (Peak 2).  Peptides sequences were assigned using MASCOT directly from the 
MS spectrum and protein identification either by using a cassava EST database ESTIMA 
(http://titan.biotec.uiuc.edu/cassava) or ProteinProphet algorithm for the cassava no-hit 
EST.  Heat shock proteins of three classes were particularly associated with pigment-
protein complex.  Others classes of proteins together with heat shock proteins showed to 
be present in non-pigmented proteins in chromoplast suspension. 
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SP01-14 A13 
Chavez1, A.L., Ishitani1, M., Sanchez1, T., Dominguez2, M. and Ceballos1.3, H. 
h.ceballos@cgiar.org 
1) CIAT, Cali, Colombia. 2) CIRAD, Montpellier, France. 3) National Univ. Colombia, Cali, 
Colombia. 
Reliability of freezing carotenoids extracts for an efficient tandem selection of high 
β−carotene in cassava 
CIAT is currently improving cassava (Manihot esculenta Crantz) for higher pro-vitamin A 
carotenoids content in the roots.  A rapid-cycling recurrent selection system has been 
implemented based on a tandem evaluation of segregating progenies.  The rapid-cycling is 
achieved by evaluating and selecting at the F1 stage (one plant per genotype) and 
immediately incorporating selected genotypes as parents in crossing blocks.  The tandem 
evaluation implies a selection based on color intensity of the root, followed by total 
carotenoids quantification using the spectrophotometer method the first day of evaluation.  
Roots from selected genotypes had to be harvested, and carotenoids extracted again, for 
β−carotene quantification using the HPLC the following day.  This duplication of work 
implied delays and additional costs which could be prevented.  Two experiments were, 
therefore, conducted using contrasting cassava varieties. In the first experiment the 
extracts were frozen and defrost three consecutive times (1, 2 and 3 days after the harvest 
of the original roots and the extraction of carotenoids) for HPLC quantification of different 
carotenoids.  In the second experiment three aliquots of the extracts were frozen and 
defrosted (only once) two, four or seven days later for HPLC carotenoids quantification.  
Results indicated good stability of measurements.  Therefore, extracts can be obtained the 
day roots are harvested and used for total carotenoids quantification as traditionally done. 
However, the same day an aliquot of the extract is frozen and kept at -80°C until data for 
total carotenoids allows selecting those extracts that will be further analyzed by HPLC. 
 
 
 
 
SP01-15 A14 
A.L., Morillo3, Chavez1, Y., Sanchez1, T., Morante1, N., Dominguez2, M., Tohme1, J. and 
Ceballos1, H. 
h.ceballos@cgiar.org 
1) CIAT, Cali Colombia. 2) EMBRAPA. 3) National Univ. Colombia, Colombia 
Enhancing the nutritional quality of cassava roots to improve the livelihoods of 
farmers in marginal agriculture:  Vitamin A 
Vitamin A deficiency is a prevalent problem in many regions of the world.  It is a 
preventable problem originating in the unbalanced diets of those populations where 
malnourishment remains a problem.  Vitamin A deficiency has been successfully overcome 
by supplementation and fortification of different foods.  CIAT has conducted research to 
evaluate the potential of cassava (Manihot esculenta Crantz) as a vehicle for delivering pro-
vitamin A carotenoids to those populations chronically deficient in this vitamin.  The overall 
objective of this is to improve the nutritional status of people living in marginal environments 
of the tropics, by selecting and promoting cassava genotypes with a high and good bio-
availability of micronutrients and vitamins.  A rapid cycling recurrent selection system has 
been implemented based on a tandem evaluation of segregating progenies.  The rapid 
cycling is achieved by evaluating and selecting at the F1 stage (one plant per genotype) 
and immediately incorporating selected genotypes as parents in crossing blocks.  The 
tandem evaluation implies a selection based on color intensity of the root, followed by total 
carotenoids quantification using the spectrophotometer method and finalized with bet-
carotene quantification using the HPLC.  Significant progress has been already achieved 
increasing total and β−carotene contents in cassava roots.  Whereas in 2004 the maximum 
level of β−carotene was 6 µg/g of fresh root in 2007 the maximum quantified level was 
above12 µg/g of fresh root.   
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SP01-16 A15 
Oliveira1, Luciana; Fukuda1, Wania; Watanabe2, Edson; Nutti2, Marilia; Carvalho2, 
José Luiz; and Kimura3, Mieko 
kimura@ibilce.unesp.br 
1) EMBRAPA/CNPMF, Cassava and Tropical Fruits Center, Cruz das Almas, Bahia, Brazil. 
2) EMBRAPA/CTAA, Food Technology, Rio de Janeiro, Brazil. 3) UNESP, Sao Paulo State 
University, Sao Jose do Rio Preto, Sao Paulo, Brazil 
Total carotenoid concentration and retention in cassava products 
For human health it is important to know the carotenoid concentration in food that is 
consumed.  Thus, the objective of this study was to evaluate the total carotenoid 
concentration and retention in six procedures (traditional flour, oven-dried and sun-dried 
scrapped flour, ‘Gari’ flour, cassava chips and boiled cassava) using two sweet (Gema de 
ovo and Dourada) and two bitter (949 and 1709) cassavas.  Total carotenoid was 
determined spectrophotometrically and retention was calculated on dry weight basis.  Raw 
roots of 949, 1709, Gema de ovo and Dourada varieties presented 12.2, 8.2, 3.4 and 3.3 
ug/g (fresh weight) of total carotenoid, and 44, 41, 39 and 34% of dry matter, respectively. 
Good retention of carotenoids (approximately 72-96%) was observed in boiled cassava 
(100°C, 30 min). Chips (thin slices fried in oil at 180°C) and traditional flour (cassava 
ground, pressed and dried at 120°C) showed the lowest retention (about 26-43% and 50-
59%, respectively) probably due to the high temperature used. However, chips showed 
good stability during two weeks of storage, while traditional flour showed the lowest 
stability.  “Gari” flour, which was also submitted to high temperature but uses fermented 
roots, retained approximately 75-90% of total carotenoids and showed the lowest loss 
during storage.  Intermediary retention was observed in oven-dried (approximately 69-92%) 
and sun-dried (approximately 54-69%) scraped flours.  Although the oven-dried presented 
higher retention than sun-dried flour during the processing, the latter presented higher 
stability during storage.  Another trial will be carried out to confirm the repeatability of the 
present results. 
 
 
SP01-17 A16 
Lambein, Fernand; Defoort, Barbara; and Kuo, Yu-Haey 
Fernand.Lambein@UGent.be 
Institute Plant Biotechnology for Developing Countries, Ghent University, Ledeganckstraat 
35, 9000 Ghent, Belgium 
Crippling Neurolathyrism from over-consumption of Lathyrus sativus and Konzo 
from over-consumption of cassava:  same clinical symptoms suggest similarity in 
aetiology and prevention. 
Grass pea (Lathyrus sativus) is the most drought tolerant legume and cheapest protein 
available to the poor, but prolonged over-consumption can cause an irreversible crippling 
disease neurolathyrism.  A non-protein amino acid β−ODAP (β−N-oxalyl-L-b,β−
diaminopropionic acid) with neuro-excitatory properties is blamed for this.  Cassava 
(Manihot esculenta) is a protein-poor root crop and may be the cheapest source of dietary 
carbohydrates. Over-consumption of insufficiently processed cassava roots can cause an 
irreversible crippling disease konzo.  The residual cyanogens (mainly linamarin) are blamed 
for this disease with clinical symptoms undistinguishable from neurolathyrism.  The 
common feature of grass pea and cassava is the low content of sulphur amino acids and a 
common protective factor against neurolathyrism and konzo is the consumption of cereals 
richer in sulphur amino acids.  A number of risk factors such as poverty, heavy physical 
labor and fever seem to be involved in oxidative stress that is often mentioned in the 
aetiology of neurodegenerative diseases.  The obvious road for making grass pea and 
cassava based diets more healthy is the addition of condiments richer in sulphur amino 
acids and antioxidants.  Improving the balance of essential amino acids in the diet is 
achieved simply by addition of cereals. Addition of onion, ginger or garlic was found to be 
protective against neurolathyrism.  Improving the nutritional quality of grass pea and 
cassava crops by increasing the content of sulphur amino acids methionine and cysteine 
may ultimately be the cheapest solution for the subsistence farmers surviving on those 
crops in environments where other crops are less productive. 
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SP01-18 A17 
Ngudi, Delphin Diasolua; Banea-Mayambu, Jean-Pierre; and Lambein, Fernand 
ddiasolu@yahoo.com 
PRONANUT and IPBO 
Is cassava the cause of Konzo? 
Three generations after the first report on konzo, the etiology of this crippling disease has 
not yet been established with certainty.  In the 1930s Georgiades suggested a toxico-
nutritional hypothesis and recommended further studies on cassava concerning the 
processing and detoxification methods used before its consumption.  Konzo might be 
caused by cyanide exposure resulting from consumption of insufficiently processed 
cassava roots and simultaneous low dietary intake of sulfur containing amino acids.  Until 
now, konzo has been reported only in remote rural areas of central and southern Africa 
especially in DRC, Cameroon, Central Africa Republic, Tanzania, Angola and Mozambique 
where cassava is the staple food.  High consumption of cassava is by itself not sufficient to 
cause konzo and within the affected populations only a few individuals contract konzo.  The 
occurrence of konzo in a community reflects a deterioration of socio-economic conditions 
and those who are affected by konzo are trapped in a spiral of poverty and educational and 
political neglect.  Poverty and lack of education affect people’s capacity to prevent the 
disease as well as their ability to live in areas having less exposure to this risk.  Children 
between 2 and 14 years and women at fertile age are particularly susceptible to konzo.  
The dietary imbalance can be corrected if there is a diet contribution to a better-balanced 
amino acid especially the level of SAA. Promotion of safe cassava processing, introduction 
of new varieties of cassava richer in methionine and better nutrition education can 
contribute to prevent konzo. 
 
 
 
 
 
 
SP01-19 A18 
Ssemakula, G., Dixon A.G.O. and B. Maziya-Dixon 
g.ssemakula@cgiar.org 
IITA, Ibadan, Nigeria 
Stability of total carotenoid, iron and zinc concentrations in cassava:  implications 
for breeding 
The effects of genotype (G), environment (E), and G x E interaction (GEI) on total 
carotenoids, iron, and zinc concentrations were investigated for two years in 25 yellow-
fleshed and three white-fleshed cassava genotypes at five locations in Nigeria, 
representing the major cassava growing agroecologies.  The objectives were to study the 
magnitude and nature of GEI, and stability of micronutrient concentrations.  Combined 
analyses of variance using the GLM procedure of SAS indicated that location (L) and G 
effects, and year (Y) x L interaction were significant (p<0.001) for all the traits; G 
contributed most (70%) to total sums of squares for total carotenoids.  G x L was highly 
significant for total carotenoids and marginally for Zn.  No statistical evidence suggested 
that any of GEI partitions (G x L, G x Y, and G x L x Y) for Fe were significant albeit largest 
percentage contribution to total sum of squares by G x L and G x L x Y.  The additive main 
effect and multiplicative interaction (AMMI) analysis revealed that carotenoid concentration 
is a stable trait.  The high G and low E effects, and relative low GEI effects on total 
carotenoid concentration imply that evaluation and selection can be effectively done in few 
environments to distinguish clones with high and stable performance.  Unlike GLM, AMMI 
analysis revealed statistically significant GEI effects on Fe and Zn; GEI had a high 
contribution (> double that of G) to total sum of squares for both Fe and Zn.  Our results 
suggest that cassava can be bred with high and stable micronutrient concentrations. 
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SP01-20 A19 
Akinbo1,2, O., Labuschagne2, M., Ospina1, C., Marin1, J., Gutierrez1, J. and Fregene1, 
M. 
m.fregene@cgiar.org 
1) CIAT, Km 17 Recta Cali & Palmira, Cali, Colombia.  2) Department of Plant Sciences, 
University of the Free State, Bloemfontein, 9300 South Africa 
Bringing wild alleles back into the primary gene pool: Introgression of high protein 
content from Manihot esculenta ssp flabellifolia into cassava (Manihot esculenta 
Crantz) 
Cassava (Manihot esculenta Crantz) has its origins in wild populations of M. esculenta ssp 
flabelifolia from the Southern rim of the Amazon basin in Brazil.  Cassava has since spread 
all over the tropical world and Sub Saharan Africa is currently the largest producer and 
consumer of cassava.  The key role of cassava in human and animal feeding has led to an 
effort to improve its nutritional quality including protein content.  With the exception of a few 
cassava varieties from Central America, protein content in cassava ranges from 1-2% (dry 
weight basis).  But protein levels of up to 18% have been found in accessions of M. 
esculenta ssp flabelifolia, the progenitor of cassava, from Brazil.  A BC1 family of 227 
individuals was developed from a high protein (11%, dry weight basis) F1 inter-specific 
hybrid obtained by crossing cassava and an accession of M. esculenta ssp flabelifolia with 
high protein content (14%, dry weight basis). Percentage protein content in the BC1 family 
ranged between 0.77-9.61 based on two year field evaluation of the trait at CIAT.  The BC1 
has also been genotyped with 150 SSR markers in preparation for quantitative trait loci 
(QTL) analysis of protein content and the development of molecular markers for efficient 
introgression of the trait widely in the cassava gene pool. 
 
 
 
 
 
 
SP01-21 A20 
Morillo, Ana Cruz; Morillo, Yacenia; Chavéz, Alba Lucia; Fregene, Martin; and 
Ceballos, Hernan 
m.fregene@cgiar.org 
CIAT, Cali, Colombia 
Identification of regions of the cassava genome involved In carotene synthesis and 
accumulation in cassava 
Knowledge of the inheritance and gene action of beta-carotene accumulation in cassava 
can be used to guide the breeding process and also to combine favorable alleles at multiple 
loci that control beta-carotene content in cassava.       The objective of this study was to 
identify simple sequence repeat (SSR) markers associated with beta carotene content in 
cassava through bulked segregant analysis (BSA) of 3 F1 families derived from crossing 3 
unrelated high beta-carotene varieties with 3 low content varieties. Single marker analysis, 
by simple regression, of markers polymorphic in the BSA and total carotene content 
revealed a number of major quantitative trait loci (QTL) controlling beta-carotene content in 
cassava.  The QTLs explained 10- 26% of phenotypic variation.  Five QTLs identified on 
linkage group D were found in all of the families evaluated, suggesting major QTLs that 
control different sources of enhanced beta-carotene content reside on this linkage group.  
Six other QTLs were unique amongst the families.  These results reveal that regions of the 
cassava genome controlling beta-carotene content are common for different sources of 
increased beta-carotene content but also unique with respect to source.  Association of 
molecular markers and beta-carotene content was initially conducted with regression 
analysis; there is a need to conduct the analysis with other more powerful forms of analysis 
including interval and composite interval analysis.  Validation of markers already identified 
are being conducted in S1 crosses derived from selected individuals of the F1 families. 
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SP01-22 H20 
Simmons, Ariel; Abhary, Mohammad and Fauquet, Claude M 
mabhary@danforthcenter.org 
International Laboratory for Tropical and Agricultural Biotechnology (ILTAB). Donald 
Danforth Plant Science Center. 975 N. Warson Rd. St. Louis, MO 63132. USA. 
Calculated ‘Total Protein Content’ versus True Protein Content in Cassava Roots 
With the world food crisis, proteins are in greater shortages for poor people, there is 
consequently a rush towards the search for High Protein Content cassava CVs and 
transgenics.  Measuring protein content in cassava roots provides important information 
about the available protein that has a nutritional value for humans.  The Kjeldahl method 
has been the primary procedure for estimating the total protein content in cassava roots 
using the conversion factor (6.25) presuming that 16% of nitrogen is contained in protein 
and that all the nitrogen in incorporated in proteins.  However, this calculation is wrong in 
the case of cassava.  Earlier reports had proven this factor to be invalid (Yeoh and Truong, 
1996) due to different growth conditions and different germplasms creating huge variation 
in free amino-acids and Non-Protein-Nitrogen (NPN) content.  True protein content should 
therefore be calculated by substracting the NPN content from the total nitrogen (Kjeldahl 
method), or by performing a simple spectrophotometric assay using a dye binding 
aminoacyl-peptide linkage.  In our experiments; total protein content of four cassava CVs, 
60444 from Africa, MMex95, MCol1505, MGua79 from South America gave respectively 
4.6%, 8%, 8%, and 12% total nitrogen (Kjeldahl method).  Free amino-acid HPLC analysis 
results showed 0.9%, 1.7%, 1.9%, and 2.4%.  Spectrophotometric values were 1%, 1.6%, 
1.3%, and 2%, respectively.  These results Indicate that cassava CVs have high and 
variable content in nitrogen but low true protein content and that the Kjeldahl test 
overestimates by a factor of 4 to 6, the true protein content in cassava roots.  It is therefore 
correct to use the term of ‘Total Nitrogen Content’ if the Kjeldahl method is used, but 
strongly advised to use a spectrophotometric test to evaluate the ‘True Protein Content’ of 
cassava roots.  A standard operating protocol is provided. 
 
 
SP01-23 I01 
Abhary, M., Solomon, F.R., Stevens, G., Corbin, D., Fauquet, C.M., Cahoon, E.B., and 
Taylor, N.J. 
Danforth Plant Science Center, St Louis, MO63132 
Stacking transgenes for enhanced VitA and protein accumulation in cassava storage 
roots 
Cassava storage roots are rich in calories because of their very high starch content, but are 
deficient in many essential elements such as vitamins and proteins.  As a component of the 
BioCassava Plus program (www.biocassavaplus.org), we are conducting research to 
independently enhance, through biotechnology, the provitamin A (β-carotene) 
concentrations of cassava storage roots as well as their total protein content.  Using a dual 
gene strategy co-expressing, under a patatin promoter, a bacterial phytoene synthase and 
1-deoxy-D-xylulose-5-phosphate synthase (DXS), we selected plants having more than 60 
µg/g DW with yellow/orange parenchyma root tissue.  Using a single chimeric gene 
(Zeolin), capable of inducing the formation of protein bodies in parenchyma cells when 
expressed under control of the root-specific patatin promoter, we have obtained cassava 
roots with more than 3.5% FW or 10.6% DW total protein content.  These levels of β-
carotene and protein exceed the required daily allowance for African children under the age 
of five.  We are now investigating whether similar levels of provitamin A and protein can be 
achieved in a single root by “stacking” or co-expression of the three genes.  Secondarily, 
we hope to gain information about the frequency of trait-positive events resulting from the 
expression of the transgene combination and to determine if the pro-vitamin A and protein 
traits together result in any deleterious effects on the physiology and agronomic properties 
of cassava.  The triple gene construct has been prepared and introduced into CV. 60444 
embryogenic calli.  The cassava pipeline approach will be applied to select single copy 
plants without backbone vector sequences, and VitAPro plants with at least 30 µg/g DW β-
carotene and 9% DW protein will be selected.  The results obtained from these studies will 
determine our capacity to stack genes for the future development of commercially viable 
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cassava varieties with improved virus resistance and enhanced nutrition for poor farmers in 
Africa. 
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S2-1: Fregene1, M., Moreno1, M., Ospina1, C., Marin1, J., Hurtado1, P., 
Santos1, L., Barrera1, E., Gutierrez1, J., Okogbenin1, E., Egesi1, C., 
Mba2, C., and Buitrago1, C.H. 
1) CIAT, AA6713, Cali, Colombia; 2) IAEA, Vienna, Austria 
 
Cassava Molecular Markers in Cassava Breeding 
Cassava is the most efficient producer of carbohydrate per unit land area under tropical 
conditions.  The high productivity of cassava makes it a reliable source of calories for 
hundreds of millions of resource-limited farmers in the tropics and an attractive source of 
renewable industrial raw material.  To realize the potential of cassava there is a need to 
eliminate production constraints of biotic and abiotic stresses and exploit the considerable 
genetic diversity found in the crop gene pool.  Since the 1980s CIAT has worked with 
advanced research institutions to solve problems of cassava production and bring the 
benefit of plant genomics to millions of poor producers and consumers.  More than 
3000RFLP, 800 SSR, and 9 isozyme markers have been developed for cassava and 
employed in cassava genome mapping, gene tagging, the study of genetic diversity, and 
molecular marker-assisted breeding (MAB).  A set of 1500 SNP markers for high 
throughput genotyping in cassava are being developed from a physical map of cassava in 
collaboration with Advanced Research Institutes (ARIs).  Molecular markers linked to pest 
and disease resistance, root quality traits and early root yield have also been identified.  
Markers linked to resistance to the cassava mosaic disease (CMD) are being used to breed 
for resistance to CMD at CIAT where the disease does not exist but is a threat.  Molecular 
markers in cassava breeding, currently used for selection of a single gene trait, is moving to 
use of molecular in breeding, including whole genome fingerprinting, and the use of 
markers to pyramid multiple sources of resistance. 
 
 
 
S2-2: Wenquan Wang  
Institute of Tropical Biosciences & Biotechnology, CATAS, Hainan 
 
Genomics Based Molecular Breeding in Cassava 
Our researches focus on germplasm evaluation by markers, development of new molecular 
markers such as EST-SSR, construction of high dense genetic maps and finding of the 
QTLs for starch content (SC), dry matter ratio (DW), fresh root yield (FRY) and harvest 
index (HI).  Progress has been made in the area of 1) Over 200 cassava accessions have 
been evaluated using SSR and EST-SSR markers and were ascribed into genetic groups 
revealed that increasing of diversity after germplasm import.  2) A primary cassava 
molecular linkage groups has been established based on over 800 polymorphism markers.  
The map consisted by 18 independent linkage groups cover 1419cM with an average 
genetic distance of 6.4 cM included a total of 223 markers (61 SRAP markers, 91 AFLP 
markers, 43 SSR markers and 26 EST-SSR markers).  3) 23 QTLs for SC and 5 main 
effective, 20 QTLs for FRY and 12 main effective, 26 QTLs for HI with 2 main effective 
have been earthed out.  All the main effective QTLs have been confirmed in more than 3 
environments to be used for MAS breeding.  4) Total of 430 polymorphic EST-SSR markers 
are developed from published EST sequences with a length of 200-480 bp.  All the diversity 
markers are mapping into the linkage groups and part of them are used for genetic diversity 
evaluation.  5) The biological process of sugar and starch accumulation has been 
investigated and samples used for Arg 7 and SC124 clones with a starch content difference 
for the construction of a full cDNA library.  There will be over 20,000 contigs sequenced to 
predict the target genes in starch accumulation pathways.  6) Some microRNAs related to 
cold acclimation and drought stress were found by solexas sequencing and bioinformatics 
analysis and they will subsequently be used to discover genes involved in these processes. 
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S2-3: Gedil, M., Moyib, O.K., Raji, A., Ingelbrecht, I. and Dixon, A. 
IITA, Ibadan, Nigeria 
 
The Use of Comparative Genomics to Tap New Sources of Disease 
Resistance Genes in Cassava and its Wild Relatives 
In the wake of the rapid accumulation of genome sequences in several plant species, 
numerous genome comparative tools and techniques have been utilized to elucidate the 
genetic mechanisms underlying agriculturally important traits such as disease resistance 
(R).  Structural analysis of plant R proteins revealed that most R genes encode 
homologous proteins with TIR-NBS-LRR or CC-NBS-LRR type domains.  In this study, 
several pairs of degenerate primers matching the conserved domains of R genes were 
used to amplify putative resistance gene analogs (RGA) in cassava (Manihot esculenta), M. 
glaziovii, M. eprunosa, and castor bean (Ricinus communis).  In the first phase, PCR 
products derived from two different clones of cassava were separated by cloning and 
individually sequenced.  Each of the 15 recovered sequences was used to perform BLAST 
search against the Genbank as well as against the library of cassava DNA sequences.  
Two of these sequences were similar to previously reported NBS-LRR genes while the rest 
showed varying degree of similarity to cassava ESTs and genomic sequences.  Sequence 
specific primers were designed and used to amplify a fragment in several elite CMD 
resistant or susceptible cassava lines.  Assessment of DNA sequence variation in the 
amplified region is underway.  Further amplification and sequence characterization of other 
conserved regions, using a different set of primer pairs, is also in progress.  Genetic 
information derived from this experiment is expected to facilitate the identification of gene-
targeted marker for molecular breeding.  Furthermore, the findings of this study can be 
complemented with advanced bioinformatics analysis geared towards gene discovery. 
 
 
 
 
S2-4: Egesi1, C., Cuambe2, C., Rosero2, A., Sanchez2, T., Morante2, 
N., Ceballos3, H. and Fregene3, M. 
1) National Root Crop Research Institute (NRCRI), Umudike, Nigeria. 2) Instituto de 
Investigacao Agropecuaria de Mozambique (IIAM), Nampula, Mozambique. 1) CIAT, Cali, 
Colombia. 
 
Controlling Delayed Post Harvest Physiological Deterioration (PPD) 
in Cassava 
Cassava roots do not last more than 48 hours after which they undergo a rapid 
physiological deterioration that renders them inedible.  PPD limits the extent, in space and 
time, that fresh cassava roots can be marketed.  A source of delayed PPD has been 
identified in an inter-specific hybrid (CW 429-1) of cassava and M. walkerae, a wild Manihot 
species native to Northern Mexico and Southern Texas.  The long shelf life trait was 
recovered in individuals of two backcross mapping populations (BC1 generation) in an 
attempt to identify molecular markers associated with delayed PPD.  Up to 33% of the 
individuals in the BC1 population studied showed low PPD values (<35%) with about 6% of 
them exhibiting very low deterioration (<2%). 
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S2-5: Moreno1, Isabel; Tomkins2, Jeffrey; Hurtado1, Paula; 
Okogbenin3, Emmanuel; and Fregene1, Martin 
1) CIAT, Cali, Colombia. 2) CUGI, Clemson Univ., SC, USA. 3) National Root Crop 
Research Institute (NRCRI), Umudike, Nigeria 
 
Progress in Positional Cloning of CMD2: the Gene that Confers 
High Level of Resistance to the Cassava Mosaic Disease (CMD). 
A positional cloning effort was initiated to characterize the CMD2 gene that confers high 
level of resistance to CMD.  A fine mapping population of 1690 individuals from a cross 
between TME-3, the source of CMD2 and the improved variety TMS30572 was developed.  
Two SSR markers, NS158 and SSRY 28 were evaluated in the fine-mapping population 
and 112 recombinant individuals were identified.  Two bulks of resistant and susceptible 
individuals and two bulks of resistant and susceptible recombinant individuals were 
constructed and evaluated with several molecular marker systems in a modified Bulk 
Segregant Analysis (BSA).  Two polymorphic RAPD markers were identified in the gene 
region.  The new markers, RME1 and RME2 were located at 4cM and 8cM to the 
resistance gene respectively.  A 10X bacterial artificial chromosome (BAC) library was 
constructed from cassava variety TME3.  The BAC library was PCR screened with RME-1 
and NS158 markers and 14 RME-1 positives clones and 2 NS158 clones were identified.  
Restriction enzyme fingerprinting with Hind III produced two BAC contigs around those 
markers using the FPC program.  Ends of BAC clones of each contig were sequenced to 
design allele specific and SSCP-SNP markers that were then mapped on the CMD2 region.  
Successive screening of the BAC library led to the construction of a contig of BAC clones 
that stretches for about 11cM around CMD.  Three BAC clones that traverse a 150Kb 
region around the gene are currently being sequenced to search for candidate genes of the 
CMD2 gene that can be tested by genetic complementation. 
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SP02-01 B01 
Akinbo1,2, O., Labuschagne2, M.T., Marin1, J., Ospina1, C., Gutiérrez1, J. and Fregene1, 
M. 
akinbooa@yahoo.co.uk 
1) CIAT, AA6713, Cali, Colombia. 2) Department of Plant Science, University of the Free 
State, Bloemfontein, South Africa 
Quantitative trait loci (QTL) mapping of protein content in backcross derivatives of 
inter-specific hybrids from M. esculenta sub spp. flabellifolia and cassava (Manihot 
esculenta Crantz) 
The domestication process of cassava has led to a decrease in genetic variability 
compared to wild progenitors.  Traits, for example high protein content of storage roots 
(>18% on a dry weight basis), have been found in M. esculenta sub spp. flabellifolia, a 
progenitor of cassava.  The enriched protein trait was recovered in F1 interspecific hybrids 
with a range of 5 - 12% on a dry weight basis, typical levels in cassava are 2%.  A modified 
advanced backcross QTL (ABC-QTL) mapping program was initiated to increase the 
efficiency of transferring the trait into cassava.  Plant material for QTL mapping was 227 
BC1 genotype derived from crossing an inter-specific hybrid of M. esculenta sub spp 
flabellifolia with high protein content (11%) and cassava.  A total of 817 SSR markers were 
screened between parental genotypes of the BC1 population and 40% of the markers were 
polymorphic and used to genotype the entire population.  The high protein content trait was 
evaluated in a replicated field trial and measured as total nitrogen in dry root flour obtained 
from 8 months old plants.  QTLs controlling protein in the root was putatively identified 
using the first year phenotypic data.  The BC1 populations are being evaluated for a 
second year to determine QTL x genotype effects. Selected BC1 progenies with protein 
content and QTLs associated with high protein content will be crossed to elite cassava 
parental lines to continue the process of transfer of the high protein trait into cassava gene 
pool.  
 
SP02-02 B02 
Santha Pillai, V., Sheela, M.N., Sundaresan, S. and Sree Lekha, S. 
santhavp2004@yahoo.com 
Central Tuber Crops Research Institute, Thiruvananthapuram, India 695017 
Genetic diversity in the Indian landraces of cassava based on SSR markers 
Cassava (Manihot esculenta Crantz) is an important tropical tuber crop grown in India.  
Even though cassava is an introduced crop in India it became acclimatized to the agro 
climatic regions in the tropical region of India, which is very similar to the centre of origin of 
the crop.  The number of varieties introduced in the beginning was limited, but a number of 
varieties have evolved over the years.  The landraces available in the country have been 
collected and maintained in the Field Gene Bank at Central Tuber Crops Research 
Institute, Thiruvananthapuram.  The present study is an analysis of the genetic diversity 
available in a cassava growing region in India where mostly local varieties are cultivated.  
Fifty distinct landraces collected from farmer’s field and maintained in the germplasm were 
analyzed for DNA polymorphism using 36 SSR markers developed at CIAT, Cali, 
Colombia.  Each primer showed one or two DNA bands. Genetic similarity between 
varieties was estimated based on presence or absence of a particular band, and a 
Similarity Index Table was prepared.  The similarity between varieties varied from 90% to 
62%.  This gives fairly good variability for the breeders to do selection.  Graphic 
representation of the diversity was made by constructing a dendrogram using the computer 
software NTSYS-PC version 2.0e.  Fifty varieties under the study were grouped into six 
clusters.  Number of varieties in a cluster varied from 5 to 13.  This data will help the 
breeders to select parents from different clusters and also distantly related varieties so that 
a wide spectrum of variability can be realized in the hybrid population.  The DNA 
fingerprinting of the local cultivars documented in the study will help the farmers to 
safeguard the Farmer’s Right. 
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SP02-03 B03 
Kulembeka1, H.P., Ferguson2, M., Kanju3, E., Labuschagne4, M., Herselman4, L.4, 
Mkamilo5, G. and Fregene6, M. 
kulembeka@yahoo.com 
1) A.R.I Ukiriguru, Box 1433, Mwanza, Tanzania. 2) IITA, Box 30709, Nairobi, Kenya. 3) 
IITA, Box 6226, Dar es Salaam, Tanzania. 4) University of Free State, Box 339, 
Bloemfontein 9300, South Africa. 5) A.R.I Naliendele, Box 509, Mtwara, Tanzania. 6) CIAT, 
AA 613, Cali, Colombia 
Progress in determining the genetic basis and genetic linkage mapping of Cassava 
brown streak disease tolerance in Tanzania 
One of the major biotic constraints and threats to cassava (Manihot esculenta Crantz) 
production in Africa is Cassava Brown Streak Disease (CBSD).  CBSD is caused by a 
virus, Ipomovirus, of the family Potyviridae transmitted by a whitefly vector, Bemisia tabaci.  
Sources of tolerance to the disease were identified in Tanzania.  A diallel experiment was 
established to determine the genetic basis of tolerance, and two mapping populations 
established to identify molecular markers associated with the tolerance.  Initially, 15 clones 
showing high levels of tolerance and susceptibility were identified.  Based on molecular 
diversity, resistance levels and flowering, resistant/tolerant lines Namikonga and Kalolo, 
and susceptible lines Albert and Kibaha, were chosen as contrasting parents for diallel 
genetic crosses and development of mapping populations.  For the diallel, six families each 
having more than 50 F1 individuals were generated.  Disease assessment of the progenies 
showed variations within and between families with respect to foliar symptoms and root 
necrosis.  The genotypes were planted for a second season in a replicated trial at two sites 
to determine the environmental component to CBSD resistance.  The crosses Namikonga x 
Albert (CBH1) and Kalolo x Kibaha (CBH2) were selected for mapping population 
development and QTL analysis.  Populations of 230 and 214 genotypes respectively were 
produced through embryo rescue and established in the field in April 2007 for phenotypic 
evaluation.  From a parental screen of 188 SSR loci, 139 and 135 were found to be 
polymorphic in CBH1 and CBH2 respectively.  Genotyping, using polymorphic markers, of 
the CBH1 population is underway. 
 
SP02-04 B04 
Ferguson1, M., Kyalo1, M., Nzuki, I., Kawuki2,3,4, R., Amisse5, J., Gethi6, J., Mkamilo7, G. 
and Pariyo2, A. 
m.ferguson@cgiar.org 
1) IITA, P.O. Box 30709, Nairobi, Kenya. 2) National Crops Resources Research Institute 
(NaCRRI), P.O. Box 7084, Kampala, Uganda. 3) Department of Plant Sciences, University 
of the Free State, P.O. Box 339, Bloemfontein, 9300, South Africa. 4) BioSciences eastern 
and central Africa (BecA), c/o ILRI, P.O. Box 30709, Nairobi, Kenya. 5) Instituto de 
Investigação Agrária de Mozambique (IIAM), Nampula. 6) Kenya Agricultural Research 
Institute (KARI), Katumani, P.O. Box 340, Machakos, Kenya. 7) Naliendele Agricultural 
Research Institute (NARI), P.O. Box 509 Mtwara, Tanzania 
Utility of single nucleotide polymorphisms (SNPs) for monitoring cassava (Manihot 
esculenta Crantz) diversity in the field 
Genetic diversity in the field is important for maintaining ecological balance particularly in 
low input agricultural systems in which farmer-varieties predominate.  In order to monitor 
this diversity it is important to be able to accurately measure it. At the farm or field level, 
varieties are likely to be relatively closely related.  Molecular markers allow the 
measurement of diversity at a larger number of loci that are not affected by the 
environment.  Single nucleotide polymorphisms (SNPs) have the potential to become the 
marker of choice for assessing diversity.  The aim of this study is to assess the utility of 
SNP markers in establishing baselines of genetic diversity of cassava at field level for it’s 
future monitoring, conservation and use in crop improvement.  Germplasm sampling 
missions have been conducted in Kenya, Tanzania, Mozambique and Uganda.  Forty-
four44 leaf samples of farmer varieties were collected for DNA extraction from coastal 
Kenya and the highlands of southern Tanzania, 94 from Uganda and 82 from northern 
Mozambique.  To date the Kenyan and Mozambique samples have been screened for 
polymorphism at 19 SNP loci using SNaPshot technology on ABI 3730 (Applied 
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Biosystems) capillary sequencer.  Preliminary data show that all 19 SNP loci were 
polymorphic in germplasm from Mozambique, and 13 of 16 loci were polymorphic in coastal 
Kenya.  Mean expected heterozygosity (He) and PIC values are reported.  Initial results 
indicate that SNPs may provide an extremely useful, cost-effective, highly discriminatory 
tool for monitoring cassava diversity in the field. 
 
SP02-05 B05 
Okogbenin1, E., Egesi1, C., Olasanmi2, B., Mba3, C., Kahya1, S., Cesar1, O., Hurtado4, 
P., Marin4, J., Gomez4, de Vicente C., and Fregene4, M. 
E.okogbenin@cgiar.org 
1) NRCRI, Umudike, Nigeria. 2) Univ. of Ibadan, Nigeria. 3) IAEA , Vienna, Austria. 4) 
CIAT, Cali, Colombia 
SSR analysis of F1 intra specific crosses of cassava for the identification of new 
sources of CMD resistance in African germplasm 
Cassava mosaic disease (CMD) is the most important constraint to cassava production in 
Africa.  Breeding programs in Africa have been exploiting a single dominant gene (CMD2) 
to combat the disease.  The use of a single dominant gene is however vulnerable to 
resistance breakdown, and the aim of this study is to identify new source(s) of CMD 
resistance.  Crosses between resistant and susceptible parents were done to generate four 
F1 populations segregating for CMD resistance.  The populations are COB4 (TMS97/2205 
x TMS30555), COB5 (TMS97/2205 x NR8212), COB6 (TMS97/2205 x NR8083), and 
COB7 (TMS0505 x TMS30555).  The populations were evaluated for CMD on scale of 1 
(resistance) to 5 (high susceptibility) in 2006 and 2007 at Umudike, Nigeria.  A high 
correlation ranging from r=0.70-075 was obtained for CMD results between 2006 and 2007.  
These populations were screened by bulked segregant analysis (BSA) using four flanking 
markers (two each of SSR and SCAR markers) linked to the CMD2 gene.  BSA revealed 
that segregation in cross COB7 was consistent with CMD2 gene.  The other three crosses 
were further analyzed with 530 SSR markers to find new sources of CMD resistance.  Data 
analysis based on T-test and analysis of variance indicate significant association of two 
markers NS 119 in COB4 (P=0.49) and NS 198 in COB6 (P=0.15) with new sources of 
CMD resistance.  The discovery of additional genes for CMD resistance offers new 
opportunities for pyramiding CMD resistance genes in cassava through marker assisted 
selection. 
 
SP02-06 B06 
Marin J. and Fregene M. 
m.fregene@cgiar.org 
CIAT, AA6713, Cali, Colombia 
Genetic mapping of total carotene content in a S1 population in cassava (Manihot 
esculenta Crantz) 
B-carotene is a precursor of vitamin A, a micronutrient that is often lacking in human 
populations where cassava is the main source of food, especially in third world countries.  
A project is ongoing to increase the beta-carotene content of cassava using conventional 
breeding methods to at least 15ug/g for the benefit of consumers and rural population that 
produce cassava.  To meet this breeding objective there is a need to understand the 
genetics of beta-carotene content in cassava.  Total carotene content was studied in a S1 
population of a Thai variety MTAI8 having cream colored root parenchyma.  Bulked 
segregant analysis using 700 SSR markers was used to quickly identify molecular markers 
associated with total carotene content in the S1 population.  Three SSR markers; NS109, 
rSSRY251, rSSRY313, located in two regions of linkage Group D were identified that 
explain 37.2%, 32%, 27.7% respectively of the total phenotypic variance for beta-carotene.  
These three possible QTLs show mainly additive effects for the total carotenes content and 
provide an opportunity to implement assisted selection markers for total carotene content in 
cassava. 
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SP02-07 B07 
Ovalle, T., Gutiérrez, J., Barrera, E., Ospina, C. and Fregene, M. 
m.fregene@cgiar.org 
CIAT, AA6713, Cali, Colombia 
Simple Sequence Repeat (SSR) marker associated with genes controlling leaf 
retention in cassava (Manihot esculenta Crantz) 
Leaf retention in cassava is related to drought tolerance and can increase fresh root yield in 
varieties with long leaf life.  To understand the genetic basis of leaf retention in cassava, 
five F1 families, obtained from crossing varieties with excellent and poor leaf retention, 
were evaluated for leaf retention at 4, 5, and 6 moths after planting in the North Coast of 
Colombia, a dry agro-ecology.  Two families (SM2615 and SM2783) were chosen for 
Bulked Segregant Analysis (BSA) to identify molecular markers associated with high-leaf 
retention.  A sub-set of 500 simple sequence repeat (SSR) markers were evaluated in 
parental genotypes and high and low leaf retention bulks derived from the F1 families.  
Polymorphic markers were evaluated in individuals of the bulks and later in the entire F1 
family.  Association between markers and quantitative trait loci (QTL) controlling leaf 
retention was based on a Chi-square test.  Two markers, EST-SSRY295 and SSRY 84 
were found associated with good leaf retention in the family SM2783.  The markers initially 
identified were analyzed using a second data set obtained from evaluation of leaf retention 
in the SM2783 family at CIAT headquarters, Valle del Cauca, in 2006/2007 season.  The 
marker EST-SSR 295 continued to show associated with high leaf retention in the SM2783 
family.  Genetic crosses are being made using individuals of the SM2783 family with high 
leaf retention and genotypes with low leaf retention to generate additional populations for 
marker-validation studies. 
 
SP02-08 B08 
Macea, E., Gutiérrez, J., Barrera, E., Ospina, C., Belloti, A. and Fregene, M. 
m.fregene@cgiar.org 
CIAT, AA6713, Cali, Colombia 
Simple Sequence Repeat (SSR) Markers Associated with resistance to green mite 
(Mononychellus tanajoa) in cassava (Manihot Esculenta Crantz) 
The cassava green mite (CGM), M. tanajoa, is a pest of cassava and a serious problem 
during the dry season because it causes defoliation and destruction of the shoot tips of 
cassava plants.  Good resistance to cassava green mites (CGM) was identified in 
individuals of 4 inter-specific hybrid families, CW68, CW65, CW67, and CW66, derived 
from crosses between 4 cassava improved varieties and a single accession of Manihot 
esculenta sub spp flabellifolia.  In order to identify markers associated with resistance to 
CGM, the F1 inter-specific hybrids were back crossed to elite varieties susceptible to CGM 
and evaluated over 3 seasons in the field.  CGM resistance data was used to create bulks 
of 18 resistant and 24 susceptible genotypes from the BC1 families for bulked segregant 
analysis using a sub-set of 530 SSR markers routinely used for genetic mapping at CIAT.  
Eleven SSR markers were initially identified to be polymorphic in the resistant and 
susceptible bulks.  On evaluation in the individuals of the bulks, three markers, SSRY11, 
NS1099 and NS346, continued to be polymorphic and showed clear differences between 
resistant and susceptible individuals.  Regression and Chi square analysis of the molecular 
and CGM field response data revealed that two of the three molecular markers, NS1099 
and NS346, show significant association with resistance to green mites.  The markers, NS 
1099 and NS 346, are being tested in marker fidelity studies in crosses between individuals 
carrying the resistant allele and elite cassava varieties. 
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SP02-09 B09 
Adeyemo1,2, O.S., Davis1, S.J., Chavarriaga2, P., Tohme2, J., Ceballos2, H. and 
Fregene2, M. 
m.fregene@cgiar.org 
1) Max Planck Institute for Plant Breeding Research. D-50289, Cologne, Germany. 2) 
CIAT, Cali, Colombia 
Strategies for enhancing flowering in cassava using molecular tools:  towards a 
more efficient breeding program 
Flowering and its control is one of the most important challenges of cassava breeding.  
Control of flowering in cassava is not optimal since shy and non-synchronized flowering 
results in an inability to use valuable genotypes in breeding. Induction of flowering through 
hormone application, or photoperiod manipulation is difficult, cumbersome and sometimes 
expensive.  Development of a low-cost alternative means of inducing flowering at will in 
cassava, would greatly overcome the problems of flowering asynchronisation being faced 
by breeders.  This will make the many excellent cassava genotypes, with otherwise locked-
up desirable traits, readily accessible for conventional breeding.  Flowering genes 
(Apetala1, Flowering Locus T, Constans and SOC1) from Arabidopsis thaliana under the 
control of an ethanol inducible promoter were introduced into the cassava genotype 60444 
through Agro bacterium mediated transfer using the protocol described by Schopke et al 
1996 with some modifications as developed by CIAT.  Molecular analysis on the putative 
transgenic lines regenerated by real time PCR showed the presence of insert, promoters 
and the selectable marker genes.  Confirmation by Southern hybridization is currently 
underway.  They have been moved to the green house and field trials for floral induction 
with ethanol will follow.  Results will be presented in the poster.  The success of floral 
induction in cassava will make accessible to conventional breeding the many excellent 
genotypes (with locked up desirable traits) recalcitrant to flowering. These genotypes will 
be readily accessible for conventional breeding and ultimately strengthen cassava’s roles in 
rural nutrition, food security, and generation of new sources of cash income for African 
farmers. 
 
SP02-10 B10 
Hurtado1, Paula; Montes2, Luis; Buitrago1, Charles; C. de Vicente3, M; and Fregene1, 
M. 
m.fregene@cgiar.org 
CIAT, AA6713, Cali, Colombia 
Development of a reference sample and microsatellite marker kit to analyze genetic 
diversity in cassava (Manihot esculenta Cranz) 
Cassava (Manihot esculenta Crantz) as a staple crop of worldwide economic importance 
has broad genetic variability representing a valuable resource for breeding programs.  
Assessment of global genetic diversity was conducted recently in a Generation Challenge 
Programme diversity pilot study and GCP global diversity study (CIAT, 2004, 2005).  This 
genetic information provided a complete range of alleles for the development of a sub-set 
of genotypes ideal as a reference set that is representative of global cassava diversity 
analysis.  46 genotypes representing the complete range of allelic diversity known for 
cassava were included in the reference set.  Eight accessions out of the 46 were also 
selected to provide a subset that can be used in any diversity study as control samples 
helping to shape different genetic clusters.  At the same time, results from previous genetic 
diversity and mapping studies using available Cassava SSR markers allowed the selection 
of a set of markers to compose a reference microsatellite kit.  Thirty six SSR markers with 
high PIC (Polymorphic Information Content) values (>0.7), high polymorphism (more than 
two alleles), high resolution of alleles, and genome-wide distribution (at least one per 
linkage group) were selected to make up the SSR kit.  Ten out of 174 candidate markers 
selected from genetic mapping studies and 26 out of 46 candidate markers used in 
previous diversity assessments were selected to compose the kit.  Results of this work 
include lab protocols, description of a set of SSR loci that covers the range of diversity in 
cassava, and reference DNA samples representing the range of genetic diversity in the 
crop. 
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SP02-11 B11 
Egesi1, C.N., Okogbenin1,7, E., Manu-Aduening2, J., Baguma3, Y., Pariyo3, A., 
Mkamilo4, G., Parkes2, E., Gedil5, M., Dixon5, A., De Vicente6, M. and Fregene7, M. 
cegesi@yahoo.com 
1) National Root Crops Research Institute (NRCRI), Umudike, PMB 7006, Umuahia, 
Nigeria. 2) Crop Research Institute (CRI), Kumasi, Ghana. 3) National Crops Resources 
Research Institute (NaCRRI), Namulonge, Uganda. 4) National Root and Tuber Program, 
ARI-Naliendele, Tanzania. 5) IITA, Ibadan, Nigeria. 6) The Generation Challenge 
Programme, c/o CIMMYT, Mexico. 7) CIAT, Cali, Colombia 
A cassava breeding community of practice in Africa:  towards facilitating 
participatory molecular cassava breeding 
Cassava is a major staple and food security crop in Africa.  However, there is an urgent 
need for improved varieties to stop the rapid spread of pest and diseases, especially the 
cassava brown streak disease and the cassava mosaic disease, two resurgent crop 
diseases that have already caused low-grade famine in parts of Africa.  Although National 
Agricultural Research Systems (NARs) are best suited to breed cassava for local needs, 
NARs in the past limited their activities mainly to testing and selection of improved 
germplasm.  Several efforts have yielded important results in Ghana, Nigeria, Uganda and 
Tanzania are now conducting field-based, marker assisted selection (MAS), and 
participatory breeding.  There is a need to build synergies between these 4 breeding 
programs through exchange of experience and improved germplasm to ensure rapid 
production of improved varieties and delivery to farmers, thus a Community of Practice 
(CoP).  A primary activity of the CoP includes the integration of MAS with field-based 
breeding strategies.  The project will also provide training in MAS as well as field-based 
and participatory plant breeding for current and a new generation of breeders.  The CoP 
will therefore create and maintain close links with international centers and NARs breeding 
programs via sharing of germplasm/information and training.  In addition, linkages will be 
built with primary, secondary, and tertiary users of improved cassava varieties to ensure 
prompt uptake of improved varieties.  We report here progress made in developing superior 
cassava varieties through the community. 
 
SP02-12 B12 
Amuge1, T., Okori1, P., Baguma2, Y., Ferguson3, M., Nzuki3, I., Kawuki2, R.S., Pariyo1, 
A., Fregene, M., and Bua2, A. 
blessedted@yahoo.com 
1) Makerere University, P.O. Box 7062, Kampala, Uganda. 2) National Crops Resources 
Research Institute (NaCRRI), P.O. Box 7084, Kampala, Uganda. 3) International Institute of 
Tropical Agriculture (IITA), c/o International Livestock Research Institute (ILRI), P.O. BOX 
30709, Nairobi, Kenya 
Genotyping Ugandan cassava breeding populations using SSR markers for 
resistance to cassava mosaic disease 
Cassava, a crop feeding over 600 million people worldwide still has limited production due 
to cassava mosaic disease (CMD).  Approaches to combat CMD have relied on time 
consuming traditional breeding methods which have hampered cassava’s heterozygous 
nature.  To alleviate this, a study to understand and apply SSR markers to breed for 
resistance to CMD was conducted.  Ugandan cassava progenitors:  Bao, Bamunanika, 
Kakwale, Nyaraboke preferred for good root quality traits but susceptible to CMD; TME5, 
TME14, Nase10, Nase12, 95/SE00036 resistant to CMD were used to generate progenies 
combining good root quality traits and resistance to CMD.  Initially, this population was 
analyzed with 36 SSR markers from the cassava SSR kit to understand the possible 
sources of resistance to CMD.  Analysis was advanced with additional 100 SSR markers 
for more informative polymorphism associated with resistance to CMD.  Six markers were 
validated through bulk analysis of the population and will be employed to map genes for 
resistance to CMD.  This is the first instance involving the mapping for resistance to CMD in 
locally generated Ugandan cassava lines towards adoption of marker assisted breeding.  
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S3-1: Reinhardt Howeler 
CIAT, Bangkok, Thailand 
 
Does Cassava Degrade Soils? 
It is almost a universal belief that cassava is a crop that degrades the soil, both by 
excessive nutrient absorption and by causing serious erosion.  A plausible reason for this 
perception is that cassava is oftentimes found growing on very poor and eroded soils.  The 
question remains whether cassava has caused the degradation or is merely the result of 
that degradation.  It is well known that cassava grows well on light-textured and low-fertility 
soils and has a low nutrient requirement.  Cassava is also very tolerant of low soil pH, down 
to 3.8-4.2, as well as high levels of Al-saturation, as high as 80-85%.  When grown in 
natural soils, cassava is also extremely tolerant of low soil-P, having a critical level for 
available soil-P of only 4-5 ppm as compared to 15-20 ppm for crops like maize, rice,  
beans etc…  This is due to a highly effective association with vesicular-arbuscular 
mycorrhiza (VAM), which occur naturally in practically all soils.  Cassava may, however, 
seriously degrade the soil if it is grown on slopes, as the crop tends to cause more soil loss 
by erosion than most other crops.  However, many simple and effective soil erosion control 
measures are available to reduce this problem.  Thus, when well-managed, cassava does 
not degrade soils any more than other annual food crops, and in the absence of disease 
and pest problems, cassava can continue to produce high yields for many years with only 
small to medium levels of fertilizer inputs, mainly K and N. 
 
 
 
 
S3-2: Kim1, Hoang; Van Ngai1, Nguyen; Howeler2, Reinhardt and 
Ceballos2, Hernan 
1) Nong Lam University (NLU), Linh Trung, Thu Duc, Ho Chi Minh City, Vietnam. 2) CIAT, 
c/o FCRI, Dept. of Agriculture, Chatuchak, Bangkok, 10900 Thailand 
 
Current Situation of Cassava in Vietnam and its Potential as a 
Biofuel 
Cassava in Vietnam is among the four most important food crops.  But it has always been 
considered a secondary crop even though it has played an important role in national food 
security, especially during the difficult years of the late 1970s.  During the past two decades 
of economic renovation, Vietnam has successfully escaped lingering food deficiency.  
Cassava is now an important source of cash income to small farmers, who either use it for 
animal feed or for sale to starch factories.  In 2006, cassava fresh root production in 
Vietnam was about 7.71 million tons, up from only 1.99 million tons in 2000.  This was 
achieved through both area expansion, from 237,600 ha in 2000 to 475,000 ha in 2006 and 
marked increases in yield, from 8.36 t/ha in 2000 to 16.25 t/ha in 2006.  While eighteen 
years ago there were no medium- or large-scale cassava starch factories in Vietnam, there 
are now 60 cassava processing factories in operation with a total processing capacity of 3.2 
- 4.8 million tons of fresh roots/year.  Total cassava starch production in Vietnam was about 
800,000- 1,200,000 tons, of which 70% was exported and 30% used domestically.  
Vietnam has developed an E10 policy requiring the production of 100 to 150 million liters 
per year.  The Petroleum services and tourism company and Japans’ Itochu Co-operation 
has signed an MOU to set up a joint venture to build a 100 million liters per year fuel 
ethanol refinery valued at $100 million using cassava chips as raw material.  Vietnam is 
now probably the second largest exporter of cassava products, after Thailand with 4.46 and 
about 0.81 million tons of cassava products exported, respectively.  Major markets of 
Vietnams’ cassava exports are China and Taiwan, Japan, Singapore, Malaysia, South 
Korea and countries in Eastern Europe.  Besides, animal feed factories also contributed 
significantly to the increasing demand for cassava roots.  Although in Vietnam cassava 
processing is a relatively new business and export volumes are still low, the cassava 
processing factories are new and modern.  That is why Vietnams’ cassava products may 
have a competitive advantage in the world market. 
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S3-3: NeBambi Lutaladio 
FAO, Rome, Italy 
 
Strengthening Cassava-based Systems for Central Africa and the 
Great Lakes Region  
A variety of interventions at national and regional levels, with support from different donors 
and in close collaboration with NARS and IITA, have been carried out in partnership with 
NGOs and community-based associations to respond to cassava-related diseases in 
Central Africa and the Great lakes region.  Yet, most farmers still do not have access to 
quality planting materials of improved and resistant/tolerant varieties and many released 
varieties are yet to be multiplied on a significant scale, made available to mitigate the 
spread and effect of cassava-related diseases.  Interventions included: assisting national 
institutions, community-based associations and active NGOs in establishing cassava 
nurseries, and mass propagating and disseminating disease-free cassava stems; 
strengthening the capacity of relevant local partners in the multiplication and distribution of 
healthy planting materials, and in integrated production and protection management 
through Farmer Field Schools (FFS); and enhancing regional coordination for a better 
response to diseases mitigation and surveillance through information and experience 
sharing, and networking.  To sustain this process, technology choices as well as 
harmonised protocols and technical standards must be supported by strategic plans and 
policies at the national and regional levels.  The vision is that if cassava-based systems are 
improved, they will enhance rural development and raise incomes for smallholders, 
producers, processors and traders.  This vision is in line with the Global Cassava 
Development Strategy (GCDS), which advocates the use of a demand driven and 
commodity chain approach to promote and develop value-added schemes for cassava. 
 
 
 
S3-4: Annike Fermont 
IITA, Kampala, Uganda 
 
The Importance of Agronomy and Fertilizer Use for Cassava 
Productivity: Lessons from East Africa 
With worldwide escalating food prices and a growing demand for biofuels, it is vital to 
increase the productivity of cassava in Africa.  With average cassava yields of 7.0 and 11.3 
t ha-1 in Uganda and Kenya respectively, yield levels in East Africa are low.  While 
differences in agro-ecology explained part of the variation between sites, monocropping, 
weed management and hiring labour contributed to higher yields within sites.  The 
importance of good management practices (improved varieties, monocropping, proper plant 
spacing, timely planting) was confirmed by the higher yield levels - 10.4 and 14.2 t ha-1 in 
Kenya and Uganda respectively - obtained in farmer managed control plots in 99 on-farm 
trials.  Abiotic factors were more important yield determining factors that biotic factors, while 
weed management also explained an important part of yield variability.  Fertilizer use (100-
50-100 N-P2O5-K2O) increased cassava yields by 5.8 t ha-1, above ground biomass by 
9.0 t ha-1 and the number of storage roots per plant by 2.7, but did not affect harvest index 
or root dry matter content.  Although cassava production was limited by different nutrient(s) 
across sites, combined NPK fertilizer always resulted in the highest yields.  Fertilizer 
response was related to soil fertility and early rainfall, but did not vary between varieties, 
across management levels or pest and disease pressures.  On the short term, cassava 
productivity in East Africa can be improved by the widespread promotion of simple 
agronomic practices and improved varieties.  On the longer term, fertilizer will be essential 
for the development of sustainable and profitable commercial cassava schemes. 
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S3-5: Byju, G., Misra, R.S. and Nair, R.R.  
Central Tuber Crops Research Institute, Sreekariyam P.O., Thiruvananthapuram, Kerala, 
India 695 017 
 
Soil Health, Cassava Yield and Nutrient Uptake as Influenced by 
Different Biofertilizers and Biocontrol Agents in Vertisols in India  
Cassava is an important cash crop in India especially in the southern state of Tamil Nadu, 
where about 50 per cent of its cultivation exists, because it is the raw material used for the 
industrial production of starch and sago by 1300 factories and provide employment to 0.4 -
0.5 million people.  Detailed studies conducted at CTCRI, India showed that these soils are 
alkaline in reaction, deficient in nitrogen and phosphorus and micronutrients especially zinc, 
manganese and boron.  Of late, tuber rot infection caused by Phytophthora palmivora has 
been resulting in crop loss of 60 to 80%.  On farm research was conducted during 2007-08 
in Tamil Nadu, India.  The study used a split plot layout, with main plot treatments in RCBD 
and three replicates per treatment.  Main plots were two levels of NPK fertilization and 
subplots were eight treatments of biofertilizers and/or biocontrol agents.  Trichoderma 
along with Azospirillum or AM fungi resulted in significantly higher tuber yield.  The N and K 
uptake at recommended NPK and 50% level were at par.  Application of all cultures in soil 
significantly increased N uptake, which was at par with Azospirillum application.  The P 
uptake was significantly higher for treatments AMF and phosphate solubilising bacteria 
(PSB).  The urease activity was significantly higher in plots treated with recommended NPK 
compared to 50% level.  The urease acivity was increased significantly by Azospirillum.  
Application of all cultures in soil resulted in significantly higher deshydrogenase activity, 
which was at par with application of Trichoderma along with AM fungi.  Application of all 
cultures in soil resulted in significantly higher β−Glucosidase activity followed by application 
of PSB and AMF, which were at par.  The microbial biomass C was significantly higher 
when all cultures were applied to soil, which was at par with application of Trichoderma 
along with AMF. 
 
S3-6: Vanlauwe, B., Pypers, P. and Sanginga, N. 
Tropical Soil Biology and Fertility Institute of the International Centre for Tropical Agriculture 
(TSBF-CIAT), PO 30677, 00100 Nairobi, Kenya 
 
The Potential of Integrated Soil Fertility Management to Improve the 
Productivity of Cassava-based Systems 
Although cassava is ensuring food security for a large number of households in sub-
Saharan Africa, traditionally, little attention has been given to both the research and 
development community to boost its productivity besides the introduction of improved, pest 
and disease resistant varieties.  This is partly related to the perception that cassava can 
produce some yield, even under sub-optimal soil conditions.  With the current renewed 
interest in cassava, driven by its various potential industrial uses, enhanced productivity of 
cassava-based systems has become a major issue, and appropriate use of external inputs 
is indispensable to achieve this goal.  In the context of the African Green Revolution, the 
soil health program has adopted Integrated Soil Fertility Management (ISFM) as its guiding 
framework.  ISFM is defined as the application of soil fertility management practices, and 
the knowledge to adapt these to local conditions, which optimize fertilizer and organic 
resource use efficiency and crop productivity.  These practices necessarily include 
appropriate fertilizer and organic input management in combination with the utilization of 
improved germplasm.  This paper elaborates on the potential of ISFM to enhance the 
productivity of cassava-based systems.  Issues that will be covered include: 1) the use of 
mineral fertilizer and expected responses under varying soil conditions, 2) the use of locally 
available organic inputs in combination with fertilizer, and 3) the integration of legume 
species in cassava-based systems, including aspects of improved agronomy.  Finally, the 
conditions that enable the adoption of ISFM, including access to markets and appropriate 
policy, are also discussed. 



58 
Session Poster 3 - Wednesday July 23, 2008 

 
SP03-02 B13 
Hamdino, Ahmed 
hamdino@yahoo.com 
Horticulture Research Institute, 9 Gamaa Street, Giza12619, Giza, Egypt 
Seed priming:  a promising tool for introducing cassava to smallholder farmers in 
developing countries 
Farmers normally practice cassava propagation by cuttings, so it is considered a labor-
intensive crop.  Moreover, vegetative cuttings also are often responsible for the spread of 
diseases and pests.  The use of true seed instead of stem cuttings for cassava production 
would eliminate these problems and potentially reduce production costs.  Limiting factor is 
lack of quick and uniform seed germination. Investigation of techniques to improve 
germination and emergence are numerous.  One seed treatment method that has proven 
successful in increasing seed vigor in most cases is priming or osmo-conditioning.  Seed 
priming is the process of soaking seed in osmotic solution.  Two greenhouse experiments 
were carried out to investigate the effects of seed priming on cassava seeding growth in the 
nursery.  In these experiments, 8 seed priming agents were tested plus a check.  Results 
showed that priming cassava seeds in PEG and KNO3 significantly increased emergence 
percentage as well as seedling fresh and dry weights and decreased mean time to 
emergence of cassava seedlings.  Seedling leaf production per week responded differently 
to treatments.  Priming in mannitol was most effective in increasing seedling leaf number 
and K2HPO4 was the best treatment in increasing seedling growth rate.  Seed priming 
technique has proved to be an effective method for cassava propagation and can be 
carried out easily by farmers, thereby enhancing introduction of cassava to smallholder 
farmers in developing countries such as Egypt which will contribute greatly in food security 
and poverty alleviation. 
 
SP03-03 B14 
Asumugha1, G.N., Tarawali2, G., Okechukwu, R.U. and Dixon2, A.G.O. 
gnasumugha@yahoo.com 
1) National Root Crops Research Institute, Umudike, PMB 7006, Umuahia, Nigeria. 2) IITA, 
PMB 5320, Ibadan, Nigeria 
Farmer access to agricultural inputs and services in Nigeria:  a CEDP enquiry 
The critical role agricultural inputs play in the modernization and competitiveness of the 
agriculture sector cannot be overemphasized. Inputs identified as critical to commercial 
cassava enterprise in Nigeria include fertilizer, tractor hiring services, fabricators of various 
equipment for processing raw materials, credit support, crop protection products 
(Agrochemicals) and processors of these products.  The principal emphasis of the cassava 
enterprise development project (CEDP) in Nigeria is to support economic opportunities 
through sustainable and competitive cassava production, marketing and agro-enterprise 
development.  The present study aims at identifying and facilitating farmers/producers 
group’s access to these inputs.  Data were gathered through primary and secondary 
sources.  The initial literature and desk review guided information from records and current 
situations in agricultural input provision.  Records of States Agricultural Development 
Programmes, Ministries of Agriculture and organizations involved in input supplies and 
distribution were looked into and staff interviewed to establish background for current 
practices.  A rapid appraisal survey was then conducted using key dealers of these inputs 
to obtain information on input supplies and distribution. Interviews covered major 
participants in the twelve CEDP States in the Niger Delta areas of Nigeria.  The inputs and 
service delivery ascertained from this study was far from ideal.  However, there were some 
modest efforts by some States in aspects of inputs and service provision.  It is 
recommended that States and private agencies responsible for inputs procurement and 
distribution be put in place to avoid government discharging of agricultural input distribution. 
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SP03-04 B15 
Susan, John K., Ravindran, C.S. and Suja, G. 
susanctcri@yahoo.co.in 
Central Tuber Crops Research Institute, Sreekariyam 
Cassava:  a potential food security crop suited to MYR through nutrient management 
strategies under the changing global environment 
Among the various threats to mankind in the new millennium, natural catastrophes, one of 
the consequences of global environmental change, are the most devastating.  Serious 
repercussions of global climate change include declining soil productivity and agricultural 
production.  Therefore, it is imperative that we pursue research in alternate high energy 
food crops like cassava that can withstand adverse environmental conditions. In addition, 
we must realize cassava’s potential yield with proper nutrient management practices.  
Studies conducted at CTCRI for the last four decades revealed that cassava is a crop that 
responds well to the application of manures and fertilizers.  The various nutrient 
management strategies to boost cassava yield are Maximum Yield Research (MYR) 
through a systematic approach in fertilizer use, Integrated Nutrient Management (INM) 
practices involving bio-fertilizers, secondary (Mg) and micronutrients (Zn) and Soil Test 
Based Fertilizer (STBF) recommendation.  MYR, which calculates fertilizer dose fixed on 
the basis of soil nutrient critical levels, absorption studies, green house studies and field 
experiments, could produce a yield of 73% with a B:C ratio of 2.73 over the existing 
package of practices (POP) recommendation.  Application of bio-fertilizers (Azospirillum + 
Phosphobacterium) with the recommended dose of FYM and K and 50% of N and P 
produced tuber yield on par with the present POP.  Use of Mg as MgSO4 @20 kg ha-1 and 
Zn as ZnSO4 @ 12.5 kg ha-1 along with POP was found best for high tuber yield, improved 
tuber quality and soil quality. STBF recommendation based on soil nutrient status resulted 
in yields equivalent to POP. 
 
SP03-05 B16 
Nedunchezhiyan, M., Byju, G., Naskar S.K. and Edison, S. 
mnedun@rediffmail.com 
Regional Centre of Central Tuber Crops Research Insitute, Bhubaneswar, 751 019, Orissa, 
India 
Performance of cassava varieties under partially shaded sub-humid tropics of India 
Cassava (Manihot esculenta Crantz) is a starchy root crop grown mostly in the Southern 
states of India.  It is gaining importance as an industrial crop in the West, East and 
Northeastern states of India.  It has the ability to adapt to wide range of climates and soils.  
It is the preferred intercrop in the interspaces of coconut and areca nut plantations in the 
humid tropics of India.  However, the information on performance of cassava under partially 
shaded conditions in the sub-humid tropics of India is not available.  Hence, a field 
experiment was conducted for three consecutive years (2003-04 to 2005-06) in 
Bhubaneswar, Orissa, India to find out the performance of cassava varieties under partially 
shaded coconut gardens.  The crop received average rainfall of 1450 mm of which 75% is 
received between June and September in all the years of study.  Mostly dry weather 
prevailed during November to April.  The mean relative humidity during the wet season was 
>80% and dry season <70%.  The photosynthetic rate in cassava showed variations within 
the varieties.  The varieties Sree Jaya, Sree Prakash, Sree Vijaya and H-165 recorded 
higher photosynthetic rate during the early crop growth period of 2 and 4 MAP and 
decreased later.  The photosynthetic rate exhibited strong and positive correlation with 
tuber bulking rate. Higher tuber yield was noticed in the variety Sree Jaya and H-165 due to 
a higher number of tubers per plant and tuber mean diameter apart from higher biomass 
accumulation under partial shaded conditions.  HCN, the anti-nutritional factor was found 
lowest in the variety Sree Vijaya (25.2 µg/g) and the variety Sree Jaya followed it.  The 
variety H-165 was found with higher HCN (67.9 µg/g).  Maximum starch content was 
observed in the variety Sree Jaya.  The variety Sree Jaya for human consumption and the 
variety H-165 for industrial purpose may be recommended for cultivation under the partially 
shaded sub-humid tropics of India. 
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Hegde, V., Makeshkumar, T., Jeeva, M.L. and Edison, S. 
vhegde18@yahoo.com 
Central Tuber Crops Research Institute, Sreekariyam P.O., Thiruvananthapuram, Kerala, 
India 695 017 
Management of cassava mosaic disease through various approaches 
Cassava mosaic disease is a severe, widespread and economically important disease of 
cassava (Manihot esculenta) in India.  The causal viruses i.e. Indian cassava mosaic virus 
as well as Sri Lankan cassava mosaic virus are prevalent in the cassava growing areas of 
India.  The present work was aimed at the development of an effective ecofriendly 
integrated disease management strategy for cassava mosaic.  Various approaches namely 
meristem culture, virus indexing, antiviral plant extracts, resistance inducing 
chemicals/microbes reversion phenomenon and barrier crops were used to manage the 
cassava mosaic.  Meristem culture and virus indexing of different cassava varieties 
indicated that meristem culture alone is not effective in the elimination of the virus and 
cassava varieties varied in their response to virus elimination through meristem culture.  
Among various antiviral plant extracts screened, 5% aqueous leaf extracts of Boerhavia 
difusa and Mirabilis jalapa were found to inhibit cassava mosaic virus infection on tobacco 
under greenhouse conditions.  Cassava varieties also differed in their ability to revert from 
cassava mosaic and up to 20% reversion was observed in cassava variety Sree Vijaya.  
Among the resistance inducing chemicals and microbes, application of 1 mM salicylic acid 
or PGPR isolate Pseudomonas fluorescence was found to reduce the CMD symptom 
severity under greenhouse conditions.  Initial attempt to manage the CMD by planting of 
pigeon pea as a barrier crop along cassava field, use of meristem cultured cassava plants 
and spraying of plant extracts like B. diffusa or M. jalapa resulted in partial success.  Efforts 
made on development of suitable IDM for cassava mosaic is discussed in the paper. 
 
SP03-08 B18 
Aye1, Tin Maung and Howeler2, Reinhardt 
t.aye@cgiar.org 
1) CIAT in Asia PO Box 783, Vientiane, Laos PDR. 2) CIAT in Thailand, c/o 
FCRI, Dept. of Agriculture, Chatuchak, Bangkok 10900, Thailand 
Cassava in Laos:  enhancing sustainable production and utilization through farmer 
participatory research 
In Laos, cassava is one of the main food crops for smallholder farmers in remote upland 
areas.  The crop can be utilized not only for human consumption but also as animal feed.  
Recently, cassava has become an important cash crop for either domestic use or for export 
because it has a multiplicity of end uses, including starch, sweeteners and ethanol.  
However, cassava yields in Laos are traditionally very low (7.6 t/ha in 2006) as the crop is 
basically used only for direct human consumption after boiling or baking.  Farmer 
participatory research (FPR) approaches were used to involve farmers more directly in the 
decision making process, by testing new cassava varieties, appropriate fertilization 
practices, and improved cassava harvesting tools, as well as the use of cassava roots and 
leaves for animal feeding.  FPR trials in 2006 showed that yields can be significantly 
increased by adoption of new, improved cassava varieties and through the use of 
appropriate agronomic practices.  Cassava roots and leaves can also be utilized as 
carbohydrate and protein sources, respectively.  Drying or ensiling of roots and leaves will 
reduce the HCN content (<50 ppm).  Livestock can be fed approximately 10-30% of leaf 
silage or leaf meal in the feed ration. In addition, locally fabricated appropriate tools are 
now available for harvesting cassava roots, for slicing roots and for chopping leaves.  The 
harvesting tool can reduce farmers’ labor 2-4 times as compared to harvesting by hoe, 
while the chipping tool increased the work efficiency 5-8 times as compared to chipping by 
knife. 
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SP03-09 B19 
Kim1, Hoang; Van Ngai1, Nguyen; Howeler2, Reinhardt and Ceballos3 Hernan 
hoangkim_vietnam@yahoo.com 
1) Nong Lam University (NLU), Linh Trung, Thu Duc, Ho Chi Minh City, Vietnam. 
2) CIAT c/o FCRI, Dept. of Agriculture, Chatuchak, Bangkok, 10900 Thailand. 3) 
CIAT, Cali, Colombia 
New progress of cassava research and extension in Vietnam 
Vietnam Cassava Program support by MARD in close cooperation with CIAT of the Nippon 
Foundation project, promoted the rapid multiplication and wide distribution of high-yielding 
and high-starch varieties, and the adoption of sustainable cassava production practices, 
especially in the Central Coast, Central Highlands and Northern mountains and uplands.  
Ten million stakes of new varieties, mainly KM94, KM98-5 and KM140, were distributed to 
various provinces in this project. Up to now, more than 350,000 ha of cassava in Vietnam 
have been planted with new varieties; this corresponds to about 75% of the total cassava 
area in the country.  Cassava yields and production in several provinces have doubled, 
stimulated by the construction of new large-scale cassava processing factories.  New high-
yielding cassava varieties and more sustainable production practices have increased the 
economic effectiveness of cassava production.  Many farmers have become rich by 
growing cassava.  For example, in An Vien and Doi 61 communes in Dong Nai province, 
97% of the agricultural land has poor gray sandy soil.  Previously, farmers grew the old 
cassava varieties Gon and HL23 with average yields of about 9-12 t/ha.  In recent years, by 
growing new high-yielding varieties and applying improved cultural practices, the average 
yield in this commune increased up to 16-32 t/ha.  Many farmers are now growing varieties 
KM94, KM140 and KM98-5, obtaining 25-35 t/ha in areas of 3-5 hectares.  In the Cat Lam 
village (Phu Cat district, Binh Dinh province), Bau Can village (Chu Prong district, Gia Lai 
province), Hong Ha village (A Luoi district, Thua Thien Hue province) of Central provinces 
of Vietnam, the total variable cost of cultivation in 2007 was about US$455-567.5/ha, at an 
average root yield of 22.0 t/ha, the production cost would be US$20.68-25.79 /t fresh roots.  
Gross income is US$1,155-1,237.5 /ha.  Net income is US$670-700/ha. On average, labor 
accounts for 59.9% of cassava production costs. In some regions, like the Binh Dinh and 
the Gia Lai, this may be as low as 52.8% and 68.7%, respectively.  The average labour 
requirement is 125 days/ha.  The second largest cost item is fertilizer, constituting 41.8% in 
Binh Dinh province and 24.7% in Gia Lai. 
 
SP03-10 B20 
Anikwe, Martin A.N 
anikwema@yahoo.co.uk 
Enugu State University of Science and Technology, Enugu, Nigeria 
Soil application of gypsum and its effect on soil properties and cassava (Manihot 
esculenta) growth and yield in an Ultisol in southeastern Nigeria 
This study was carried out to examine the effect of gypsum on soil properties, growth and 
yield of cassava (Manihot esculenta) in a degraded Typic pale ustult in southeastern 
Nigeria.  Five rates (0.00, 0.53, 1.05, 1.58 and 2.10 Mg ha-1) of gypsum (Ca SO4) were 
incorporated in the soil before planting cassava (TMS 419) to improve the immediate term 
soil physicochemical properties.  The experiment was set up in the field using randomised 
complete block design (RCBD) replicated three times for two consecutive seasons.  The 
results showed that soil was extremely acidic with pH (H20) of 3.6.  Addition of the 
amendments further reduced (p=0.005) the pH to 3.4 at 120 days after planting (DAP).  Soil 
Ca content increased (p=0.05) by 30-37% at high gypsum application rates (1.58-2.10 Mg 
ha-1).  Soil sulphur content at high application rates with value of 0.024-0.028 cmol kg-1 
also increased (p=0.05) by 9.5-32% relative to that in un-amended plots at 120 DAP.  
Application of gypsum improved soil dry bulk density at 60 DAP from between 1.40-1.54 
Mg m-3 in unamended plots to 1.30-1.32 Mg m-3 in plots with high application rates.  Soil 
saturated hydraulic conductivity also increased (p=0.05) from between 0.0018-0.0024 cm 
S-1 in unamended plots to 0.0040-0.0048 cm S-1 in plots with high application rates.  
Application of gypsum significantly improved plant height in the two seasons from 76.5-92.4 
cm in unamended soil to 130-135 cm in plots amended with 2.10 Mg ha-1 gypsum.  Leaf 
area index (LAI) at 120 DAP for the two seasons studied increased by 32% in plots with 
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high gypsum rates.  Plots amended with higher rates of gypsum gave the highest 
cumulative wet tuber yield of cassava (8.7-10.8 Mg ha-1) in the two seasons.  This was 
higher than the control by 43%.  Although, the soil amendment reduced soil pH, it improved 
soil Ca and S content, reduced compaction and improved water transmissivity.  These 
translated to increased crop productivity. 
 
SP03-11 C01 
Marin, A., Perdomo, D., Albarran, J.G., Fuenmayor, F. and Zambrano, C. 
jgalbarran@inia.gob.ve 
Universidad Central de Venezuela (Facultad de Agronomia). Instituto Nacional 
de Investigaciones Agricolas (Centro Nacional de Investigaciones 
Agropecuarias) 
Agronomical, morphological, and biochemical field evaluation of cassave clones 
from in vitro plants 
Cassava is an important source of energy in tropical countries for both human and animal 
food.  Because of genetic variability in the species Manihot esculenta Crantz, it is 
necessary to know the potential use of genebank accessions.  The purpose of this work 
was to evaluate the performance of some elite materials of cassava (Manihot esculenta 
Crantz), through the agromorphological and biochemical characterization to know the 
potential of these clones.  Experiments were conducted both in vitro and under field 
conditions.  In vitro multiplication was possible in all the clones and showed differences in 
some morphological characteristics, both roots and foliage.  BRA 383 showed the highest 
value in shoot growth, followed by SM 909-25 and CM 7514-7 clones.  In root numbers no 
significant differences were obtained between clones.  In the outstanding clones, CM 4574-
7 and SM 1565-15 were obtained experimental yield of 18 t.ha-1.  93% of the clones 
showed roots with good cooking quality and 80% also had no signs of deterioration even 
four days after harvest.  Additionally, the HCN content was low while the dry matter 
contents were high; these are important traits for industrial uses, such as TAI 8 (44,92%), 
CM 6119-5 (43,87%), BRA-383 (42,58%) and CM 3306-4 (42,65%). 
 
SP03-13 C02 
Pérez, Juan C.; Ramirez, Isabel C.; Lenis, Jorge I.; Calle, Fernando; Morante, Nelson; 
and Ceballos, Hernan 
h.ceballos@cgiar.org 
CIAT, Cali, Colombia 
Correction for missing plants in cassava evaluation trials 
Selection in cassava breeding offers many complications.  A major problem is the impact 
that storing stems has on their sprouting capacity.  Evaluations with a uniform plant stand 
are fundamental for the reliability of their results.  However, it is very difficult to correct data 
for missing plants within an experimental plot.  For several years CIAT has conducted trials 
where the perfect nine-plant stand was accompanied by cases where one to eight plants, of 
the same variety, were missing.  A data set combining 27 evaluations, of 11 varieties, 
during five years, at four contrasting locations has been produced.  Linear covariance 
analysis of crop yield data using plot-stand as the covariate is not a satisfactory approach.  
The simplest model to explain the relationship between root yield and number of plants 
harvested is the power function. With the parameters obtained from this simple model an 
iterative, non-linear, regression procedure, based on the modified Gauss-Newton method 
was then used to estimate a; and b; in the proposed model: Yield Adjusted = Yield 
Observed [1 + (1 - (N Observed / N Optimum) a; N Observed b;].  This function was then 
applied to a large number of ordinary trials to correct yields based on plant stands.  
Experimental error and coefficient of variation were then analyzed to estimate how much 
the correction of root yields, based on plant stand, improved the reliability of the 
experiments.  Hopefully, this formula to adjust yields will help to improve the quality of 
cassava yield trials elsewhere. 
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SP03-14 C03 
Olojede A.O., Ikeorgu J.G and Okereke O.U 
yemiolojede@yahoo.com 
National Root Crops Research Institute, Umudike, Nigeria 
Improving the productivity of cassava-based systems through selection of suitable 
elite cassava genotypes for intercropping in a humid tropical environment 
Nineteen new cassava genotypes were screened for their intercrop performance in the 
humid tropical rainforest of the National Root Crops Research Institute, Nigeria for two 
cropping seasons.  The objective was to select suitable cassava genotypes to improve the 
productivity of the system and also identify plant characters that can be used in the 
monocrop as early selection indices for cassava in intercropping systems.  From the result, 
strong correlation was established between LAI and PAR at 3 MAP along with HI, root 
number, root size, and root yield at harvest in the sole and intercrop root yield. Genotype x 
Cropping system interaction was significant on 2- year average.  Cassava genotypes 
showed intercrop root yield increase over sole ranging from 8-52.9%. While maize yield 
was reduced between 1-46% melon yield was improved by 8-46%.  Ten cassava 
genotypes including two checks used had LER > 1 with yield advantage ranging from 4-
27%.  Bi-plot of cassava root yield on maize grain yield resulted in 3 groups representing 
different production options.  It was concluded that there is need to select cassava 
genotypes for specific intercrop objectives while LAI and PAR intercepted at 3 MAP in the 
sole could serve as indices for initial cassava genotype selection in the sole before 
subjecting such materials to specific intercrop conditions. 
 
 
SP03-15 C04 
Vidal1, Maria; Fernandes2, Lilian; Tavares Filho3, Leonidas; Santos-Serejo4, Janay; 
and Alves4, Alfredo 
aalves@cnpmf.embrapa.br 
1) Universidade Federal do Reconcavo da Bahia (UFRB), Cruz das Almas, Bahia, Brazil. 2) 
Universidade Estadual da Bahia (UNEB), Juazeiro, Bahia, Brazil. 3) FAPESB, Technical 
Assistant Fellowship, Cruz das Almas, Bahia, Brazil. 4) Embrapa Cassava & Tropical Fruits 
(CNPMF), Cruz das Almas, Bahia, Brazil 
Preliminary studies on pollen production and viability in wild relatives and cultivated 
cassava 
Cassava wild species are important sources of useful genes for cassava breeding 
programs.  However, little is known about crossing compatibility among different Manihot 
species.  To better understand the process from pollination to seed production, this work 
aimed to evaluate the genetic variation of some pollen characteristics which are very 
correlated to pollination efficiency.  Preliminary studies have been carried out in wild and 
cultivated cassava species to estimate the potential of production of pollen grains and their 
viability for crossing.  In a working collection of Manihot species at Embrapa/CNPMF, 
anthers from male flowers of different species were randomly collected just before the 
anthesis and stored in ethanol:acetic acid (3:1) for viability analysis or in ethanol 70% for 
pollen counting.  Pollen viability was estimated by the carmine staining method and pollen 
production was determined using the counting of pollen grains suspension in glycerol 50%.  
The diameter of pollen grain was also estimated by micrometric slide method.  All the 
evaluated parameters showed genotypic differences as much among wild species as 
among cassava varieties.  The pollen production varied from 1056 to 2692 grains per 
flower.  In general the wild species produced more pollen than M. esculenta.  The pollen 
diameter varied from 128 to 169 micrometers with the smaller values found in wild species.  
The highest diversity was found in pollen viability varying from 47% to 97%.  These 
preliminary results revealed that the studied parameters have a large variability within 
Manihot germplasm.  Further detailed studies aiming the correlation between these 
parameters and crossing compatibility are currently underway. 
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Kim1, Hoang; Nguyen2, Van Bo; Howeler3, Reinhardt; and Ceballos4, Hernan 
hoangkim@hcmuaf.edu.vn, hoangkim_vietnam@yahoo.com 
1) Nong Lam University (NLU), Linh Trung, Thu Duc, Ho Chi Minh City, Vietnam. 
2) Vietnam Academy of Agricultural Sciences (VAAS). 3) CIAT c/o FCRI, Dept. of 
Agriculture, Chatuchak, Bangkok, 10900 Thailand. 4) CIAT, Cali, Colombia 
Current situation of cassava in Vietnam and the selection of cassava doubled 
haploid (dh) lines derived from CIAT 
In Vietnam, cassava is now the fourth most important food crop and an important source of 
cash income for small farmers, who either use it for animal feed or for sale to starch 
factories.  In 2006, cassava production was about 7.71 million tons, up from only 1.99 
million tons in 2000.  This was the result of both area expansion, from 237,600 ha in 2000 
to 475,000 ha in 2006, and marked increases in yield, from 8.36 t/ha in 2000 to 16.25 t/ha 
in 2006.  There are now 60 cassava starch factories in operation with a total processing 
capacity of 3.2-4.8 million tons of fresh roots/year.  Vietnam has recently developed an E10 
policy requiring the production of 100 to 150 million liters of fuel-ethanol from cassava per 
year.  Vietnam is now the second largest exporting country of cassava products while 
animal feed factories also contribute significantly to the increasing demand for cassava 
roots.  Cassava yields and production in several provinces have more than doubled due to 
the planting of new high-yielding cassava varieties in about 350,000 ha, and the adoption of 
more sustainable production practices.  Since 2001-2007, a total of 24,073 cassava sexual 
seeds from CIAT and 37,210 seeds from 9-15 cross combinations made in Vietnam, 38 
breeding lines (mainly from Thailand), and 31 local farmers’ varieties, have been planted.  
Of these, 98 of the best lines are now in the final stages of the selection process, and the 
most promising, KM140, has recently been released. 
 
SP03-17 C06 
Chiona, Martin 
martinchiona@yahoo.com 
Zambia Agriculture Research Institute, Root and Tuber Improvement Programme 
Progress in Cassava Breeding in Zambia 
Cassava (Manihot esculenta Crantz) is becoming increasingly important in Zambia.  It is 
the second staple for the country and is crucial for crop diversification, food security and is 
being explored as a raw material for industrial uses.  Organized cassava research did not 
start until the early 80’s when the crop was threatened by the mealybug.  The mealybug 
prompted government to invest some money in cassava improvement to arrest the pest 
problem and improve the crop in general.  The focus for crop improvement has been on 
high and stable dry root yield, early maturity, tolerance to pests and diseases, root quality 
characteristics preferred by farmers and participatory selection.  This paper reviews the 
progress from the inception of the cassava improvement to the current status in Zambia. 
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SP03-18 C07 
Opas, Boonseng1; Preecha, Sangsoda2; Anon, Malipan3; Pinit, Kulayasilapin4; and 
Chansawang, Srihata5 
opasboonseng@yahoo.com 
1) Rayong Field Crops Research Center, Muang, Rayong. 21150. Thailand. 2) 
Loie Center for Plant Service and Production, Muang, Loie. 45000. Thailand. 3) 
Lopuburi Center for Plant Service and Production, Khoktum, Muang, Lopburi. 
25210. Thailand. 4) Prachinburi Center for Plant Service and Production, 
Kabinburi, Prachinburi. 25110. Thailand. 5) Mukdahan Center for Plant Service 
and Production, Muang, Mukdahan. 46120. Thailand. 
Evaluation of Cassava Germplasm in Thailand 
Cassava (Manihot esculenta Crantz) is the fourth most important crop in Thailand after rice, 
rubber and sugarcane. It is used for chipping, pelleting, starch extraction and alcohol 
production.  The globalization of economics, however, has opened new opportunities for 
this crop expanding its industrial uses.  Industrial cassava should not only offer competitive 
prices, based on high productivity, but also should satisfy the specific needs of different 
industries.  The Thai cassava germplasm collection of 867 accessions were evaluated in 
terms of their physicochemical, biochemical and nutritional properties in order to obtain 
basic information to be used in increasing its industrial use and the cassava breeding 
program.  Cassava starch samples extracted from the roots were measured for amylose 
content, starch granule size and viscosity, i.e. pasting temperature, peak viscosity, final 
viscosity, setback and breakdown.  Cassava samples from fresh roots were evaluated in 
terms of HCN and starch content.  Cassava samples from dry leaves were measured for 
protein in the leaf. Cassava samples from dry roots were evaluated in terms of moisture, 
ash, fat, protein, fiber, carbohydrate, HCN and root nutrition, i.e. phosphorus, potassium, 
calcium and magnesium. 
 
SP03-19 C08 
Ngeve, Jacob M. 
jmngeve2000@yahoo.fr 
Institute of Agricultural Research for Development BP 2123 Messa, Yaounde, Cameroon 
Genetic and environmental effects on cassava yield and cooking quality 
Growers cultivate cassava for direct ‘boil-and-eat’ consumption and for processing of its 
roots.  Some varieties are known to cook while others, which are usually higher yielding, do 
not cook and are grown for processing only or kept as hedge plants to deter entry of 
animals into the farm.  Difficulties have been encountered in disseminating new varieties 
because of their root cooking attributes.  To study the factors affecting cooking quality in 
diverse environments, five cassava varieties were grown for three years in 5 sites differing 
in soil type, vegetation and rainfall in Cameroon, and their roots harvested at six intervals 
(6, 8, 10, 12, 14 and 16 months after planting).  The highest root yields (26.3 t/ha) were 
obtained at Ekona in the monomodal rainfall forest zone, whereas the most root counts 
were recorded at Bertoua (33 roots/10m2), in the bimodal rainfall zone.  Storage root yields 
were lowest (3.0 t/ha) when roots were harvested at 6 months and highest (18.5 t/ha) when 
harvested at 16 months.  The most root increase (9.3 t/ha) was observed between 8 to 12 
months.  The roots of all varieties were seen to cook when they were harvested early at 6-8 
months.  After 8 months, however, the new varieties did not cook.  Also, the cooking 
duration also continued to increase even for the local check varieties.  Moreover, cooking 
durations of storage roots were longer in Nkolbisson, Bertoua and Ebolowa (all in the 
bimodal rainfall forest zone) than in the other sites.  Soil carbon content was negatively 
correlated (r=0.999***) with ‘mealiness’ but not with cooking duration.  This shows that 
cooking quality is determined by both genetic and environmental factors suggesting that 
further studies to elucidate the role of the environment on cooking quality should 
concentrate on duration of both the rainy and dry seasons, physical and chemical 
properties of the soil, and starch chemistry of the roots.   
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SP03-20 C09 
Mkumbira1, J., Moyo2, C., Chiona3, M., Changadeya4, W., Pungulani, L. and Benesi5, 
I.R.M 
jmkumbira@hotmail.com 
1) Danforth Plant Sciences Centre, Malawi. 2) IITA, Malawi. 3) Mansa 
Agricultural Research Station, Zambia. 4) University of Malawi. 5) Department of 
Agricultural Research, Malawi 
Small-scale farmers’ cassava productivity in Malawi and Zambia 
Small-scale farmers produce almost all cassava in Malawi and Zambia and people have 
expressed doubts on the cassava yield production estimates as reported by FAO.  Field 
cassava yield assessments were conducted in the two countries in 2007 in order to verify 
the production estimates.  In Malawi, the national average cassava yield computed from the 
2007 estimates obtained from FewsNet was 19 t/ha as was obtained from the cassava 
yield assessment exercise.  This is an indication that the 2007 national cassava production 
figures in Malawi were very close to the reality in farmers’ fields.  On the other hand, in 
Zambia, the national average cassava yield computed from the 2005 figures obtained from 
FAO was 5 t/ha while that obtained from the field yield assessment was 18 t/ha.  Thus the 
reported estimated production figures are a gross underestimate of the cassava 
productivity in Zambia. 
 
 
 
 
 
 
 
 
 
SP03-21 C10 
Obiero1, H.M., Fermont2, A.M., Lubondi, J., Akhwale, M.S., and Wambulwa, M. 
hmobiero@yahoo.com 
1) Kakamega Research station, Kenyan Agricultural Research Institute (KARI), Nairobi, 
Kenya. 2) IITA, Kampala, Uganda 
Effect of fertilizer on performance of cassava (Manihot esculenta Crantz) in Kenya. 
The origin of the soils in western Kenya are ferrasols, acrisols and nitisols which are old 
weathered with little plant nutrient stocks.  Continuous tilling depletes the nutrients from the 
soil.  Yields of cassava grown in western Kenya are therefore extremely low.  Cassava is 
one crop in the region, which still gives fairly good yields when all other staples have failed 
due to low soil fertility.  This crop is a heavy feeder and mines plant nutrients from the soil 
even more.  Improved cassava varieties which are resistant to CMD yield six times more 
compared to traditional susceptible varieties, and this calls for new approaches in order to 
uphold on productivity and sustainability.  The main objective of cassava fertilizer trial 
conducted was to assess if farmers can realize full potential of improved varieties to 
address rampant food insecurity status in the country.  The trial was conducted in 2004/05 
and 2005/06 on farmer’s fields in three agro-ecological zones and on-station.  Three 
improved cassava varieties with two levels of soils fertility were tested.  Results indicate 
that extremely poor soils and moisture regime influence overall performance of cassava. 
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S4-1: Plata1, German; Rodriguez1, Fausto; Sakurai2, Tetsuya; Seki2, 
Motoaki; Salcedo1, Andres; Tohme1, Joe; Sakaki2, Yoshiyuki; 
Toyoda2, Atsushi; Ishiwata2, Atsushi and Shinozaki2, Kazuo 
1) CIAT, Agrobiodiversity and Biotechnology Project Cali Colombia. 2) RIKEN Research 
Institute, Yokohama, Japan 
 
Mining a Cassava Full-length cDNA Library for Gene Discovery and 
its Application for Cassava Improvement 
Although still scarce, genome-scale expressed sequence sets in cassava have proven 
sufficient for the identification of a large number of features of the cassava genome; by 
means of comparative genomics and a combination of functional and structural annotations 
on cassava ESTs, several research subjects can be tackled, from the identification and 
isolation of candidate genes to the inference of metabolic pathways and regulatory 
networks.  In this work we describe our approach to the assembly of cassava ESTs, their 
functional annotation, regulatory element prediction and molecular marker design.  We also 
provide an overview of the computational challenges of working with incomplete datasets 
and the problems that arise in the annotation of a non-model plant species.  We present a 
couple of strategies to solve problems in gene correspondence determination and the 
analysis of gene regulation; in particular, we explore ways to identify transcription factor 
homologues as well as microRNA targets as a means to discover functional relationships 
among genes.  The sequence and annotation data hereby produced is currently being 
organized in a relational database for easy querying and data dissemination. 
 
 
 
 
 
 
S4-2: Santana1,2, M.A., Anderson3, J.V. and Horvath3, D.P. 
1) Universidad Simon Bolivar, Departamento de BiologÌa Celular, Caracas, Venezuela. 2) 
Instituto de Estudios Avanzados, Centro de BiotecnologÌa, Caracas, Venezuela. 3) USDA-
ARS, Plant Science Research Unit, Fargo, USA 
 
Transcriptome Responses in Bacteria Infected Cassava  
Bacterial diseases affecting cassava yield and seed production are a major concern in 
tropical countries such as Latin America and Africa, where cassava is one of the most 
important crops.  The main bacterial disease reported in this crop is the Cassava Bacterial 
Blight (CBB) caused by Xanthomonas axonopodis pv manihotis, which can cause yield 
losses of up to 100%.  The aim of the present study was to compare cassava responses to 
bacterial infection through changes in gene expression.  A mixed microarray composed of 
two Euphorbiaceae species, leafy spurge and cassava, containing 23938 genes, was used 
in this study.  RNA was isolated from cassava leaf tissue, collected 24 hours and 7 days 
post infection with Xanthomonas axonopodis pv manihotis (Xam) or Pantoea agglomerans 
(Pan).  Even though only 4129 of the 23938 elements on the arrays were from cassava, 
19052 of the elements had > 80% hybridization efficiency with the cassava probes at an 
intensity level > 2X the average standard deviation of control elements (non-plant DNA 
containing, or spotting buffer alone).  A T-test of bacterial-treated verses control samples of 
the same age leaf tissue revealed differential (p>0.05) of 123 and 142 genes for plants 
infected with Xam and Pan respectively.  Genes encoding proteins involved in defense, 
oxidative burst, pathogenesis (PR), protein synthesis and degradation, senescence, 
photosynthesis, transport, and regulation of transcription were differentially expressed.  
However, in the first 24 hours after infection of cassava with Xam, only 3% of the 123 
differentially expressed genes were observed, whereas in cassava infected with Pan, 66% 
of the 142 differentially expressed genes were observed after 24 hours.  These data 
indicate a delayed genetic response for cassava tissue infected with Xam compared to Pan 
in a compatible reaction, and may provide a genetic basis for the susceptibility of cassava 
to Xam. 
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S4-3: Ingelbrecht1, I.L., Jørgensen2, K., S Bak2, S., Gorodkin3, J., 
Raji1, A., Winter4, S., Lokko5, Y., Gedil1, M., Anderson6, J.V., Møller2, 
B. and Dixon1, A.G.O. 
1) Central Biotechnology Laboratory, and Cassava Breeding Unit, IITA, Ibadan, Nigeria. 2) Department 
of Plant Biology and Plant Biochemistry, and 3) Division of Genetics and Bioinformatics, Copenhagen 
University, Copenhagen, Denmark. 4) Plant Virus Collection, Deutsche Sammlung von Mikroorganismen 
und Zellkulturen, Braunschweig, Germany. 5) Plant Breeding and Genetics Section, International Atomic 
Energy Agency, Vienna, Austria. 6) Biosciences Research Laboratory, USDA-ARS, Fargo, ND, USA 
Utilization of ESTs from Cassava: Progress on Development of EST-SSR 
Markers and an Oligo DNA Microarray  Cassava is one of the most important sources 
of carbohydrates for over 500 million people in the tropics and subtropics.  Cassava can be 
cultivated under conditions considered marginal for most other staple crops and has the added 
advantage of being utilized as an industrial crop for producing starch and derived products.  Thus, 
cassava appeals to resource-limited, small-scale farmers as well as commercial farming systems.  
Due to high levels of heterozygosity and low flowering, breeding of cassava is arduous and 
advances in biotechnology could complement conventional breeding programs.  However, as an 
orphan crop, tools for biotechnology-mediated improvement of cassava are currently limited.  To 
enhance available genomics resources for cassava, we generated and characterized an 18,166 
Expressed Sequence Tag (EST) dataset enriched for drought responsive genes.  This dataset 
contains 8,577 unigenes comprised of 3,194 clusters and 5,383 singletons.  About 63% of these 
ESTs could be annotated, while 11% were homologous to hypothetical genes with unknown 
function.  The remaining 26% were not significantly homologous to sequences in public 
databases.  To increase the repertoire of markers for molecular genetic applications, we identified 
Simple Sequence Repeats (SSRs) from this EST resource and validated these using a diverse 
cassava panel.  We also utilized this EST resource, as well as publicly available sequences, to 
develop a 60-mer oligo DNA microarray: a total of 35,785 ESTs were assembled into 5,230 
contigs and 8,838 singletons and used to design an array with ~11,000 probes for transcriptome 
analysis.  Progress in these areas will be presented.  
 
S4-4: Sojikul1,2, P., Chanvivattana3, Y., Tangphatsornruang3, S., 
Kongsawadworakul1,4, P., Sookmark1,4, U., Triwitayakorn1,5, K., 
Akashi6, K. and Boonseng1, O. 
1) Center for Cassava Molecular Biotechnology, Faculty of Science, Mahidol Univ., Bangkok, Thailand. 
2) Dept. Biotechnology, Faculty of Science, Mahidol University, Bangkok, Thailand. 3) National Center 
for Genetic Engineering and Biotechnology (BIOTEC), Pathumthani, Thailand. 4) Dept. Plant Science, 
Faculty of Science, Mahidol Univ., Bangkok, Thailand. 5) Institute of Molecular Biology and Genetics 
(IMBG), Mahidol Univ., Nakhon Pathom, Thailand. 6) Nara Institute of Science and Technology 
Cassava Molecular Biotechnology Research Consortium in Thailand: 
Genome-Wide Analysis of Cassava Transcriptome  Demands on cassava and 
cassava-derived products in the world are continuously rising, especially in the biofuel industry.  
Various cassava varieties are being developed in order to obtain higher productivity as well as 
starch with desirable properties for industrial applications.  Therefore, insight on cassava 
development and starch biosynthesis is necessary.  The Cassava Molecular Biotechnology 
Research Consortium (CASS-MOL-BIOTECH) was established under the joint research project 
between the National Center for Genetic Engineering and Biotechnology (BIOTEC); Faculty of 
Science, Mahidol Univ.; Ministry of Agriculture and Cooperatives, and several researchers 
sharing an interest in the cassava variety improvement from other universities.  The consortium’s 
extensive research projects can be categorized into six research areas, including gene 
identification and expression analysis, protein structure and enzyme function, genetic 
manipulation, marker assisted selection in breeding program, plant pathosystem and system 
biology.  Based on genome-wide analysis researches, our consortium has generated 100,000 
EST with 9,235 contigs, 9,062 singletons, and 539 EST derived SSR from 14 cDNA-libraries.  
From the EST database and 800 SSR markers from CIAT, polymorphism markers, genotyping 
and mapping population are under investigation.  Moreover, total of 526 transcript derived 
fragments (TDFs) were identified from KU50 storage root at different developmental stages by 
cDNA-AFLP and SSH.  Some TDFs were specifically expressed in storage roots and would be 
further investigated for their effects on storage root development.  In summary, the knowledge 
and technology obtained from this consortium will provide useful information for the variety 
improvement of cassava with high storage root yield, high starch quantity and consistent quality. 
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S4-5: Changying1, Zeng; Yun2, Zheng; Wenquan1, Wang and 
Weixiong1.2, Zhang 
1) Institute of Tropical Biosciences and Biotechnology, State Key Laboratory of Tropical 
Crop Biotechnology, Chinese Academy of Tropical Agricultural Sciences, Haikou, Hainan, 
PRC. 2) Dept. Computer Science and Engineering, and Dept. Genetics, Washington 
University, St. Louis, MO 63130, USA 
 
MicroRNAs in Cassava: Their Conservation and Possible Functions 
in Abiotic Stress Response  
Increasing evidence shows that microRNA mediated post-transcriptional gene regulation 
plays critical roles in plant development and stress responses.  Many microRNAs are 
conserved across closely related species, and are master regulators of expression of 
genes involved in diverse biological processes and signaling pathways.  Our recent work 
and results on microRNAs in cassava (Manihot esculenta) and analysis of their functional 
response to abiotic stress (i.e., low temperature) demonstrate that these small, non-coding 
RNAs are involved in regulating abiotic stress responses in cassava.  Briefly, using a 
combination of computational prediction and experimental analysis, we identified 35 
microRNAs in cassava.  Further experimental study of these microRNAs in other 
subtropical, agri-economically important plants - including castor beans (Ricinus 
communis), barbados or physic nut (Jatropha curcas), and rubber tree (Hevea brasiliensis) 
- shows that these microRNAs are well conserved and may be key regulators of gene 
expression as well as master mediators of stress regulation.  Potential future directions for 
research on small non-coding RNAs in cassava and other plants in the Euphorbiaceae 
family, technical challenges we have to overcome, and possible strategies we may take 
when we move forward will be discussed. 
 
 
 
 
S4-6: Simmons, Ariel; Ceballos, Hernan; and Fauquet, Claude M. 
ILTAB, Donald Danforth Plant Science Center. St. Louis MO 
 
Cassava Root Proteome Landscape Available for Gene Discovery 
Some cassava cultivars are recognized as “protein-rich” cultivars with reports of more than 
10% dry weight as “proteins”.  It was therefore interesting to discover what proteins could 
be responsible for this protein-richness.  To resolve this question we used high-resolution 
two dimensional gel electrophoresis (2DE), done with protein-rich CVs (MMex95, MGua79) 
in comparison to 60444 (African CV and MCol1505 and American CV).  We resolved 
proteins extracted from tuberous root tissues grown in the fields of three to twelve month 
old cassava plants.  Gel analysis revealed an average of 2650 electrophoretically resolved 
spots in a pH 3 to 10 range.  The trypsin digests of about 450 spots that were either the 
most abundant, or the most differential between protein-rich and control plants, were 
subjected to nanoelectrospray quadrupole time-of-flight (QTOF) tandem mass analysis.  
More than 400 protein identifications were obtained.  The proteins fall into many different 
functional categories, including energy, starch biosynthesis, amino acid and other primary 
metabolism, secondary metabolism, disease and defense, protein folding and stability, 
transport, transcription and translation, signal transduction, cell structure and growth.  
However the close comparison study between the two categories of cassava CVs pointed 
to less than 10 differentially important proteins, all involved in the protein synthesis, protein 
shuttling and nitrogen pathways, including vegetative storage protein firstly identified in 
cassava.  From this study it was concluded that the so-called protein-rich CVs, in fact 
contain only a double amount of proteins compared to the control, that no one protein was 
responsible for this doubling amount and that an entire protein synthesis pathway was 
enhanced in these cassava CVs.  This proteome landscape will be deposited in an 
international protein database for use by the cassava community. 
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SP04-01 C11 
Bohorquez, Adriana; Bernal, Diana; Arias, Bernardo; Bellotti, Anthony; and Tohme, 
Joe 
a.bohorquez@cgiar.org 
CIAT, Cali, Colombia 
Isolation of genes differentially expressed during the defense response of Cassava 
(Manihot esculenta Crantz) to whitefly (Aleurotrachelus socialis Bondar) attack 
Whiteflies can cause major yield losses in cassava agroecosystems in the Americas, Africa 
and Asia.  Aleurotrachelus socialis is the most damaging whitefly species in northern South 
America.  A major source of host resistance in cassava is genotype MEcu72.  In this work, 
functional genomic tools (differential substraction and microarrays) are used to investigate 
the defense mechanisms of cassava in response to A. socialis attack, at the gene 
expression level.  MEcu72 (resistant) and CMC40 (susceptible) genotypes were infested 
with A. socialis adults using clip cages, for the isolation of differentially expressed 
sequences using two strategies: First, the genotype MEcu72, infested with A. socialis, was 
used as tester, while infested CMC40 was used as driver.  This may allow the identification 
of constitutively expressed resistance genes. Second, infested MEcu72 was used as tester, 
while the driver was the same non-infested genotype.  The objective is to obtain genes 
implicated in the downstream signaling cascade leading to the resistance phenotype.  A 
total of 6 different subtractive cDNA libraries have been generated from leaves.  Unique 
cDNA bands that are enriched or mainly expressed in MEcu72 line have been isolated and 
cloned.  These cDNAs may represent genes related with the resistance to A. socialis.  The 
cDNA libraries are being spotted on poly-lysine slides for microarray hybridizations using 
cDNA probes from the total RNAs obtained from each treatment at six different collection 
times after infestation (5 hrs, 7, 14, 18, 20 and 27 days).  Microarray-expression profiling 
will be used to identify putative, early response, regulatory, defense-related, and/or 
signaling genes involved in the resistance of MEcu72 against A. socialis.  Results obtained 
from the analyses of microarrays will be discussed. 
 
 
SP04-02 C12 
German, Plata; Fausto, Rodriguez; Sakurai, Tetsuya; Seki, Motoaki; Sakedo, Alfredo; 
Tohme, Joe; Sakaki, Yoshiyuki; Toyoda, Atsushi and Ishiwata, Atsushi 
gaplata@cgiar.org 
CIAT, Cali, Colombia 
Computational analysis of the cassava transcriptome, gene discovery and regulatory 
element prediction 
Although still scarce, genome-scale sequence sets in cassava have proven sufficient for 
the identification of a large number of features of the cassava genome; by means of 
comparative genomics and a combination of functional and structural annotations on 
cassava ESTs, several research subjects can be tackled, from the identification and 
isolation of candidate genes to the inference of metabolic pathways and evolutionary 
processes.  In this work we describe our approach to the assembly of Cassava ESTs, their 
functional annotation, regulatory element prediction and molecular marker design.  We also 
provide an overview of the computational challenges of working with incomplete datasets 
and the problems that arise in the annotation of a non-model plant species.  A couple of 
strategies to solve problems in gene correspondence determination and the analysis of 
gene regulation through secondary structure prediction are presented; in particular, we 
explore ways to identify sequence patterns as a means to discover functional relationships 
among genes.  The sequence and annotation data hereby produced is currently being 
organized in a relational database for easy querying and data dissemination. 
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SP04-03 C13 
Marrero, Josean; Marcano, Joan and Siritunga, Dimuth 
siritunga@uprm.edu 
Department of Biology, University of Puerto Rico Mayaguez, Puerto Rico 
Isolation and characterization of β−cyanoalanine synthase genes from cassava 
Cassava is the most important of the cyanogenic crop plants.  Cyanogenesis in cassava 
involves the breakdown of linamarin and acetone cyanohydrin to yield toxic cyanide.  The 
key enzyme that allows cyanide detoxification in cassava is β−cyanoalanine synthase (β−
CAS), which can convert cyanide and cysteine to β−cyanoalanine and sulfide.  β−CAS 
belongs to the β−substituted alanine synthases family of enzymes, and is closely related to 
cysteine synthase (CS).  CS catalyzes the production of cysteine from O-acetyl serine 
(OAS) and sulfide.  Both enzymes can catalyze either of the reactions, but to a higher level 
its corresponding reaction.  We have successfully identified the β−CAS cDNA from cassava 
leaves.  A partial cassava β−CAS sequence and the β−CAS of rubber tree were used for 
designing primers for PCR using Rapid Amplification of cDNA Ends.  Two different cDNAs 
were isolated, MANes-CASa and MANes-CASb, which show high sequence homology to 
the rubber tree and Arabidopsis genes.  In order to characterize β−CAS, the novel cDNAs 
were cloned in pTV118N for bacterial over-expression using the E. coli cysteine auxotroph 
NK3.  Activity levels of crude protein extracts show that MANes-CASa has CS activity 
levels higher than MANes-CASb and Arabidopsis β−CAS.  Comparatively, MANes-CASb 
has higher β−CAS activity than MANes-CASa and Arabidopsis β−CAS.  The protein 
sequences were analyzed for sub−cellular localization using software tools, since β−CAS is 
known to be located in the mitochondrion.  MANes-CASb shows high probability to be 
targeted to the mitochondrion, but MANes-CASa shows that it could also be targeted to the 
chloroplast, which is the main organelle of cysteine biosynthesis. 
 
 
 
 
SP04-04 C14 
Echeverry-Solarte, Morgan; Figueroa, Annette; Gonzalez, Eduardo; Ocasio, Victor 
and Siritunga, Dimuth 
dimuths@hotmail.com 
Department of Biology, University of Puerto Rico Mayaguez, Puerto Rico 
Expression analysis of genes associated with cyanogenic glucoside pathway in 
cassava 
Cassava has cyanogenic glycosides in its roots and leaves.  These compounds function in 
plants as protective agents against herbivores as well as the translocable form of reduced 
nitrogen.  The genes involved in the cyanogenic pathway CYP79D1/D2, linamarase, alpha-
hydroxynitrile lyase (HNL) and β−cyanoalanine synthase (β−CAS) have been identified, but 
very little is known about their transcriptional regulation.  Our work aims to identify the 
differential expression of these genes using Real Time PCR in vitro cassava plants.  
Conventional PCR and Real Time PCR (with SYBR Green Æ as fluorochrom) was 
developed using cDNA from leaves and roots of three varieties of cassava: MThai16 (high 
cyanide variety), 60444 (intermediate cyanide variety) and MCol 2215 (low cyanide variety).  
Overall, in all 3 varieties the expression of CYP79D1/D2, Linamarase and HNL were higher 
in leaves than in roots, whereas the expression of root β−CAS was equal or higher than in 
leaves.  This is consistent with the hypothesis that cyanogens, synthesized predominantly 
in the leaves, are transported to the roots where it is converted to proteins.  Expression 
pattern of CYP79D1/D2 is correlated with the levels of linamarin present in the variety, with 
the highest and lowest expression being in MThai16 and MCol2215, respectively.  Principal 
component analysis of the expression of all genes suggests a co-regulation in the 
expression between linamarase and HNL, the genes involved in the breakdown of 
linamarin. 
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SP04-05 C15 
Till1, Bradley; Nakitandwe1,3, Joy; Bado1, Souleymane; Afza1, Rownak; Matijevic, 
Mirta; Huynh, Owen A.; Fregene2, Martin; Dixon, Alfred; Hurtado2, Paula Ximena; 
Ceballos2, Hernan and Mba1, Chikelu 
c.mba@iaea.org 
1) International Atomic Energy Agency, Plant Breeding Unit, Joint FAO/IAEA Agriculture 
and Biotechnology Laboratory, Wagramerstrasse 5, P.O. Box 100, A-1400 Vienna, Austria. 
2) CIAT, KM 17 Recta, Cali, Palmira, AA 6713, Cali, Colombia. 3) Current address: St. 
Jude Children's Research Hospital, Pathology Department, MS #342 DTRC 4048, 332 
North Lauderdale St., Memphis, TN 38105, USA 
TILLING and Ecotilling as high throughput reverse genetic strategies for the 
detection of mutation events in cassava 
Rapid discovery of induced and spontaneous mutation events in genomic DNA is a 
powerful tool for elucidating gene function and crop improvement.  Mutagenesis has been 
widely used in forward genetic strategies by exploiting the ability of physical and chemical 
mutagens to cause stable heritable point mutations, usually single nucleotide 
polymorphisms (SNPs).  Such lesions produce an allelic series of truncations and missense 
changes that lead to a range of phenotypes.  Targeting Induced Local Lesions IN Genomes 
(TILLING) uses mutagenesis and nucleotide polymorphism discovery methods for a low 
cost, high throughput reverse genetic strategy that is applicable to most organisms.  To 
develop a TILLING platform for cassava, we are establishing protocols for the efficient 
induction of a high density of point mutations using both chemical and physical mutagens.  
We are also screening cassava starch mutant phenotypes for gamma-irradiation induced 
DNA sequence lesions in candidate genes implicated in starch biosynthesis.  In parallel, we 
are developing the Ecotilling technique for the identification of spontaneous nucleotide 
polymorphisms that are linked to or causing phenotypic variations. We posit the utility of 
using SNPs obtained from Ecotilling assays for genotyping, and using induced mutation 
and TILLING to enhance the efficiency of isolating desired cassava mutants prior to field 
trialing.  Additionally, we will discuss strategies for the exploitation of the forthcoming 
annotated cassava genome sequence for large scale TILLING, and the utility of developing 
mutation grids for cassava. 
 
 
SP04-06 C16 
Raji1, Adebola AJ; Kolade1, Olufisayo; Anderson2, James; Ugwu1, Chike; Gedil1, 
Melaku; Dixon3, Alfred and Ingelbrecht1, Ivan 
A.Raji@cgiar.org 
1) Central Biotechnology Laboratory. 2) Cassava Breeding Unit, IITA, Ibadan, Nigeria. 3) 
Biosciences Research Laboratory, USDA-Agricultural Research Service, Fargo, ND, USA 
Identification and validation of EST-derived microsatellites for genome analyses of 
cassava (Manihot esculenta Crantz) and related taxa in the Euphorbiaceae 
Using bioinformatic tools, we identified 646 Simple Sequence Repeats (SSRs) in silico from 
a unigene set of 8,577 Expressed Sequence Tags (ESTs) in cassava for the development 
of genic microsatellite markers.  A total of 346 primer pairs were designed.  Of these, 96 
primer pairs were tested for polymorphism among diverse, cultivated genotypes of cassava 
(M. esculenta) from Africa and South America and three wild species.  The cassava array 
comprised landraces as well as elite lines, five of which have previously been used as 
parents of mapping populations.  Ninety percent of the primers amplified DNA fragments.  
Candidate EST-SSRs were analyzed on high resolution agarose gels and on ABI 3100 
Genetic Analyzer.  The number of alleles ranged from 1 to 8 which is lower compared to 
microsatellites derived from genomic sources.  Approximately 80% of the microsatellites 
detected only one or two alleles per accession indicating a low degree of duplicated loci, a 
surprising finding for a highly heterozygous species such as cassava.  Several markers 
showed cross-genus amplification across castor bean (Ricinus communis) and leafy spurge 
(Euphorbia esula), thus showing transferability from cassava to other taxa of the 
Euphorbiaceae.  This study provides an in-depth view of the frequency of microsatellites in 
the cassava transcriptome, demonstrates the successful development of genic SSRs, and 
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also indicates that available EST and genomic resources of leafy spurge and castor bean 
can be utilized for microsatellite marker development in cassava. 
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SP04-07 C17 
Kawuki, R.S., Ferguson, M., Labuschagne, M., Herselman, L. and Dong-Jin, Kim 
m.ferguson@cgiar.org 
National Crops Resources Research Institute, Uganda. IITA. University of the Free State, 
South Africa 
Studies on Single Nucleotide Polymorphisms (SNPs) in cassava (Manihot esculenta 
Crantz) 
Single nucleotide polymorphisms (SNPs) potentially provide outstanding opportunities for 
studying populations.  To elucidate this potential in cassava, we have characterized their 
nature in selected genes, and have also examined their usefulness in the context of genetic 
diversity assessment.  This was achieved by direct sequencing of amplicons in a diverse 
set of cassava varieties sourced from Latin America, Asia and Africa.  Of the 28 primer 
pairs targeting low copy genes, at least fourteen (50%) produced single and clear PCR 
products (250 - 700 bp) that were directly sequenced.  From these, high quality sequences 
appropriate for SNP characterization were obtained from nine genes giving an estimated 
frequency of one SNP for every 121 nucleotides.  Nucleotide diversity varied among the 
genes, ranging from 7.8 x 10-4 to 3.8 x 10-3.  Evidence of diversifying selection was 
observed in the catalase gene (D = 2.433; P<0.05) and N-hydroxylating cytochrome P450 
gene (D = 2.116; P<0.05).  Negative and non-significant Tajima D-values were only 
observed for the granule bound starch synthase II precursor (D = -0.991; P> 0.1) and 
Manihot esculenta elongation factor 1-alpha gene linamarse (D = -0.369; P>0.1).  The 
number of haplotypes ranged from 2 in ethylene response factor (ERF) gene to 14 in the 
catalyse gene.  Average haplotype-based polymorphism information content (PIC = 0.407) 
were about two-fold higher than individual SNP (PIC = 0.228).  The Mantel test indicated 
that the distance matrix from individual SNPs and genomic SSR genotypic data are 
interdependent (r = 0.219; P < 0.001). 
 
 
 
 
SP04-08 C18 
Orek Charles1,2,3, Zhang, Peng, Wilhelm Gruissem1, Morag Ferguson4 and Hervé 
Vanderschuren1 
orekchar@yahoo.com.au 
1) Swiss Federal Institute of Technology (ETH), Institute of Plant Sciences, Zurich, 
Switzerland. 2) Biosciences eastern and central Africa (BeCA), c/o ILRI, P.O. Box 30709, 
Nairobi, Kenya. 3) University of Nairobi (CAVS), Nairobi, Kenya. 4) IITA, c/o ILRI, P.O. Box 
30709, Nairobi, Kenya 
Gene expression associated with “Stay Green” trait for drought tolerance in cassava 
Cassava ranks amongst the most important food source for saccharides after rice, 
sugarcane, and maize for over 500 million people in the developing countries within the 
tropical and subtropical belt.  The crop has a high growth rate under optimal conditions but 
some cultivars can also perform well in drought-prone areas and on marginal soils.  There 
is wide variation within cultivars in their ability to maintain yield and starch quality under 
drought stress.  Stay green trait has been characterized in certain cassava cultivars 
showing enhanced ability to retain leaves and to produce more total fresh biomass and root 
dry matter than non-stay green cultivars during drought.  We aim to understand the genetic 
and biochemical basis of the ‘stay green’ trait.  This could lead to selection of cassava 
cultivars able to produce high quality starch, dry matter, and yield in drought prone 
environments and to develop molecular markers to assist in the introgression of the stay 
green trait into cultivars of interest.  A transgenic approach will also be pursued to generate 
drought-resistant cassava lines.  Several cultivars representing a variety of stay green 
phenotype have been selected and they have been subjected to drought treatment under 
greenhouse conditions.  Different parameters were measured to characterize the stay 
green phenotype.  Cassava/Leafy Spurge cDNA microarray will be used to generate gene 
expression data and to identify up and down-regulated genes before and after water stress 
treatment in the drought-sensitive and drought-resistant cultivars.  Transgenic cassava 
lines with a stay green phenotype will be included in the analysis. 
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SP04-09 C19 
Agostini, Marco A.V.; de Souza, Claudia R.B.; Carvalho, Luiz; and Cascardo, J.C.M. 
carvalho@cenargen.embrapa.br 
EMBRAPA Genetic Resources and Biotechnology, Brazilia, Brazil 
Gene expression analyses in pigmented cassava: genes coding for enzymes of 
carotenoid synthesis and chromoplast associated proteins 
Carotenoid accumulation in chromoplasts, especially in non-photosynthetic tissue with 
massive amount like cassava storage root, is likely to be regulated by a variety of 
mechanism including synthesis and sequestering protein system.  Expression analysis of 
12 genes were accessed in order to identify candidate genes responsible for color 
differentiation between white and yellow cassava.  cDNA sequences for six genes related 
to carotenoid synthesis (CasPSY, CasPDS, Cas CRTISO, CasLYCB, CasHYB and 
CasNXS) and six genes coding for chromoplast associated proteins (CasCAP1, CasCAP2, 
CasCAP3,CasCAP4 CasDNAj and CasFibrillin) were obtained from a cDNA domestic 
library and protein sequence respectively.  Results with conventional quantitative real time 
PCR indicated that: (1) - with exception of CasCRTISO, the expression of all other genes 
was at least 2 times higher in yellow than in white cassava root. (2) - the CasLYCB, 
responsible for converting lycopene into β−carotene (the major carotenoid in cassava) was 
6 times higher in yellow than in white root. (3) gene corresponding to all cassava 
chromoplast-associated proteins (CasCAP) was higher in yellow than in white including 
gene coding for CasDNAj (Or-protein) and CasFibillin known as to be related to 
chromoplast development and structure.  However the melt curve pattern for CasCAP2 
showed two distinct peaks for white and yellow root.  These results indicate that a 
differential amplicon, consequently a different gene, exist for the white and yellow 
phenotype and that the one present in the yellow is more efficient in sequestering β−
carotene as showed in company summaries. 
 
 
 
 
SP04-10 C20 
Hernandez, Yndira; Jaimes, Oscar and Infante, Diogenes 
dinfante@idea.gob.ve 
Instituto de Estudios Avanzados, Unidad de Biotecnologia de Plantas, Caracas, Venezuela 
Cloning and sequencing of the HMG COA reductase gene in cassava 
Cassava is one of the most important crops from America, which is cultivated around the 
world in the tropics.  Cassava is the fourth more important crop after rice, wheat and corn, 
being an important component in the diet of more than 1 billion people.  Several diseases 
are an important cause of loss.  To study its defensive response in different cultivars the 
gene coding for the hydroxy-3 methyl glutaryl coenzyme A reductase, HMG-CoA, have 
been cloned and its expression measured under different conditions.  This is a polytopic, 
transmembrane protein that catalyzes a key step in the mevalonate pathway, which is 
involved in the synthesis of sterols, isoprenoids and other lipids.  In humans, HMG-CoA 
reductase is the rate-limiting step in cholesterol synthesis and represents the sole major 
drug target for contemporary cholesterol-lowering drugs.  Preliminary results showed an 
increased expression level in in vitro plants, lowering this expression level during 
acclimatization in green house. 
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SP04-11 D01 
Gutiérrez1, S., RodrÌguez1, L., Pardo1, C., Pinzon1, D., Ortiz, D., Morales1, N., Lopez2, 
C., Restrepo1, S., and Bernal1, A. 
cbiomol@hotmail.com 
1) LAMFU, Universidad de los Andes, Bogota, Colombia. 2) Group of Molecular Plant 
Pathology, National University of Colombia, Bogota, Colombia 
Identification of effector genes in Xanthomonas axonopodis pv. manihotis using 
bioinformatics and a forward genetics screen 
Xanthomonas axonopodis pv manihotis (Xam) is the causal agent of cassava bacterial 
blight, the most limiting and devastating bacterial disease of cassava (Manihot esculenta 
Crantz).  Like other Gram negative pathogenic bacteria, Xam has a type III secretion 
system to inject proteins into the host cytoplasm during infection.  However, little is known 
about the effector proteins that travels through this secretion system and into the host 
cytoplasm.  We are using two approaches to identify genes coding for effector proteins in 
this bacterium.  In the first approach, we isolated genes by homology with reported 
effectors from other Xanthomonads.  This was carried out experimentally using primers 
designed against highly conserved regions of the reported genes, or in silico, using Blast 
analyses against a fragmented genomic sequence of a Xam strain.  This sequence was 
obtained using Solexa technology.  In the second approach, we are implementing an in 
vivo genetic screen for type III effectors present in the genome.  This system consists of an 
orphan avr gene inserted in a transposon to be used as a trap for type III secretion signals 
in the Xam genome.  We have evaluated a plant-avr gene system which would be optimal 
for this genetic screen.  We have a database of candidate effector genes present in Xam. 
The identification of effector genes will greatly contribute to the knowledge on the molecular 
strategies used by this bacterium to cause disease in cassava. 
 
 
 
 
SP04-12 D02 
Bohorquez1, Laura C.; Gil1,2, Juliana; Gonzales1, Carolina; Bernal3, Adriana; 
Williams2, Luis A.; Michelmore2, Richard W. and Lopez1, Camilo E. 
cbiomol@hotmail.com 
1) Universidad Nacional de Colombia, Bogota, Colombia. 2) The Genome Center, 
University of California, Davis, California, USA. 3) Universidad de los Andes, Bogota, 
Colombia 
Identification of putative cassava signal transduction proteins involved in 
compatible and incompatible interactions 
Bacterial blight disease (CBB) caused by the vascular bacteria Xanthomonas axonopodis 
pv. manihotis (Xam) is one of the most severe diseases of cassava, Manihot esculenta.  
CBB is responsible for great yield loss throughout South America and Africa.  The 
resistance of some cultivars to specific strains of the bacteria has proven to be quantitative.  
QTL’s explaining some of the resistance were identified using molecular maps.  Two 
resistance-like genes were localized: RXam1 and RXam2.  The QTL where RXam1 is 
localized was found to explain 16% of the resistance to the Xam strain CIO 136.  This gene 
encodes a Xa21 type of protein with a LRR and a Serine/Treonine Kinase (STK) domains.  
Only one gene, PthB, involved in pathogenesis has been identified in the bacterium as a 
pathogenicity determinant.  This gene belongs to the AvrBs3 family of genes encoding for 
effector proteins.  Little is known about the mechanism underlying the Xam-cassava 
interaction.  In the last few years, experiments determining host and host-pathogen protein 
interactions have been very insightful in understanding disease/ resistance interactions.  
The objectives of this research are to identify potential cassava proteins that interact with 
the resistance protein and the pathogen effector.  For this, we will perform a yeast two 
hybrid cDNA library screen, from SG 107-35 a resistant cultivar.  This library has been 
transferred to pDEST22 and pLAW11 expression vectors.  We have also cloned the STK 
domain from RXam1 and the PthB effector in pDEST32 and pLAW10.  The screening of 
the library employing pthB and STK as baits is ongoing. 
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SP04-13 D03 
Bohorquez1, Suarez Laura Catalina; Bernal2, Adriana; and Lopez1, Camilo 
cbiomol@hotmail.com 
1) Group of Molecular Plant Pathology, National University of Colombia, Bogota, Colombia. 
2) LAMFU, Universidad de los Andes, Bogota, Colombia 
Disease-promoting functions of PthB, a pathogenicity protein from Xanthomonas 
axonopodis pv. manihotis in cassava susceptible plants 
Cassava (Manihot esculenta), a starchy root crop, provides food and livelihood for 1 billion 
people in the developing world.  Cassava bacterial blight (CBB), caused by Xanthomonas 
axonopodis pv. manihotis (Xam), is one of the most important diseases that affects 
cassava.  A single pathogenicity gene, PthB (a member of the AvrBs3 effector family of 
transcriptional activators), has been identified to-date.  Sequence analyses suggest that 
PthB is an effector secreted by the type three secretion system ‘T3SS’; into cassava cells.  
Although the ability of type III effectors to trigger defense responses in resistant plants is 
well understood, the disease-promoting functions of effectors in susceptible plants remain 
largely enigmatic.  However, recent studies have shown that these effectors suppress the 
basal defense response by different mechanisms, which include the modification of gene 
expression in the host plant.  In this project we amplified and cloned the PthB gene in the 
vector pTA7002, which contains a dexamethasone (DEX) inducible promoter and will allow 
the conditional expression of the PthB transgene.  We will introduce the pTA7002-PthB in 
cassava plants and after induction with DEX we will study the changes in the gene 
expression profile using microarrays with 5,700 cassava unigenes.  These results will allow 
us to gain information about the function of the PthB effector in the pathogenicity of Xam. 
 
 
 
 
 
SP04-14 D04 
Ochoa1, Juan C.; Verdier2, Valérie; Beltran3, Jesus; Chavarriaga3, Paul; and Lopez1, 
Camilo 
cbiomol@hotmail.com 
1) Molecular Plant Pathology Laboratory, Universidad Nacional de Colombia, Bogota, 
Colombia. 2) Institut de Recherche pour le Développement (IRD), Laboratoire Génome et 
Développement des Plantes, UMR5096, IRD-CNRS-Université de Perpignan- 911 Av 
Agropolis, 34394 Montpellier, France. 3) Biotechnology Research Unit, CIAT, AA 6713, 
Cali, Colombia 
Functional validation of two resistance gene candidates RXam1 and RXam2 to 
cassava bacterial blight employing RNAi 
Cassava bacterial blight (CBB) is one of the most important diseases affecting Cassava 
(Manihot esculenta Crantz), and is caused by the gram-negative bacteria Xanthomonas 
axonopodis pv. manihotis (Xam).  Previous studies have identified two candidate genes 
that might confer resistance to CBB and have been named RXam1 and RXam2.  Mapping 
studies have demonstrated that RXam1 and RXam2 co-localized with QTLs that explain 
13% of the resistance to Xam CIO136 and 62% of the resistance to Xam CIO151, 
respectively.  RXam1 encodes a protein with Serine/threonine kinase (STK) and Leucine 
Rich Repeats (LRR) domains, and RXam2 codes for a protein containing a nucleotide 
binding domain (NBS) and LRR, which are domains typically present in proteins conferring 
resistance.  In order to validate the function of these genes we will use interference hairpin 
RNA (ihpRNA) to silence the expression of these genes in cassava resistant plants and we 
will evaluate the loss of resistance in the transgenic silenced plants.  For this, we have 
sequenced and cloned fragments of approximately 500pb from RXam1 and RXam2 in 
pENTR-TOPO, a vector compatible with the gateway system.  We have transferred these 
inserts to pHellsgate12, an ihpRNA silencing vector developed by CSIRO that is compatible 
with gateway system and contains the sequences sense and antisense spliced by the PDK 
intron that will produce gene silencing mediated by dsRNA.  These constructs will be 
transformed in Agrobacterium tumefaciens and subsequently into resistant cassava plants 
to silence these candidate resistance genes. 
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SP04-15 D05 
Moreira1, Edith Cibelle de Oliveira; Costa1, Carinne de Nazaré Monteiro; Nascimento1, 
Soelange Bezerra; Arag2, Francisco Lima José; Carvalho2, Luiz Joaquim Castelo Bra; 
and de Souza1, CRB 
bsouza@ufpa.br 
1) Laboratorio de Biologia Molecular, Universidade Federal do Para, Belém, PA, Brazil. 2) 
Embrapa Recursos Genéticos e Biotecnologia, BrasÌlia-DF, Brazil 
A cassava gene related to storage root formation: isolation and characterization of 
its promoter sequence 
Cassava (Manihot esculenta Crantz), belongs to Euphorbiaceae family, is one of the most 
important tropical food crops.  Cassava storage roots are an excellent source of starch (70-
90% of their dry weight) but deficient in proteins, vitamins and other micronutrients.  
Applications of transgenic technologies in cassava can be useful to increase nutritional 
value of roots; however, tissue-specific promoters that guarantee the transgene’s correct 
expression are required.  Here we report the isolation and characterization of a promoter 
sequence of the Mec1 gene related to storage root formation in cassava.  Genomic DNA 
was digested with different restriction enzymes, DNA fragments were circularized by T4 
DNA ligase and used in Inverse PCR assays.  Primers were designed according to Mec1 
cDNA sequence (accession # AY101376 in GenBank, NCBI).  Amplified products were 
cloned and sequenced.  In order to identify putative transcription factor binding sites and 
conserved plant cis-acting regulatory elements the Mec1 promoter sequence (about 1 kb) 
was analyzed using TFSearch algorithm and PlantCare and PLACE databases.  Sequence 
analysis showed that TATA box is located 111 bp upstream of the start codon.  Many 
known regulatory elements were found within Mec1 promoter sequence, such as cis-acting 
regulatory elements related to expression in vascular tissues of roots and light response.  
In order to investigate the activity of Mec1 promoter, a construction containing the GUS 
reporter gene under control of this promoter was used in transient expression experiments. 
GUS activity was detected in bean embryos bombarded with pCAMBIA 3201 and pMec1-
GUS. 
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S5-1: Luiz Carvalho 
EMBRAPA Genetic Resources and Biotechnology, Brazilia, Brazil 
 
Agrobiodiversity of Cassava in the Amazon: A Source of New Traits 
and Utilization of Cassava Storage Root 
Cassava landraces from its center of origin in Brazil have exploited to facilitate the discover 
of spontaneous mutation genes and to develop both ecological and evolutionary 
perspective of gene function related to traits of agronomical importance and germplasm 
conservation.  Six field trips (from 1996 to 1999) were carried out and a GENEBANK 
collection (62 accessions) of landraces with unusual agronomic traits was setup in 
EMBRAPA Genetic Resources and Biotechnology.  Biochemical phenotypes for the 
synthesis and accumulation of carotenoid, free sugar, starch and proteins as well were 
performed.  Six substractive cDNA libraries were prepared and used to construct a high 
quality (phred > 20) EST database with 1645 entries.  A differential expressed protein 
database was established with 906 peptide sequences (MASCOT validated) from 
chromoplast-associated proteins.  Microarray analysis was performed to identify 
differentially expressed gene aiming to identify candidate gene related to color and sugary 
phenotype in the storage root.  Gene expression analysis for coding enzymes for the 
carotenoid and sucrose /starch pathway were also performed with RNA blot and Real Time 
PCR.  With the identified missing expressed gene in a particular clone genotype, near 
introgressed isogenic lines (NIIL) are being developed, evaluated in field plots and used in 
a marker assisted selection backcross (MAS-BC) breeding program.  Advances on the 
results with sugary cassava and carotenoid accumulation mechanism as well as new 
applications of discoveries will be discussed. 
 
 
 
 
 
S5-2: Doyle McKey 
Université Montpellier II; Department of Population Biology, Centre  
 
Ecological Studies of Cassava and its Wild Relatives: Implications 
for the Integrated Management of Genetic Resources 
Insights from ecology and evolution can provide information crucial to the wise 
management of genetic resources.  First, studies of wild relatives of crops can reveal 
diverse traits potentially useful to plant breeders, particularly in the search for genes that 
confer tolerance of drought, low soil fertility, and other environmental risks that are likely to 
increase in importance under global change.  Second, understanding the ecology and 
genetics of cassava populations under dynamic management by traditional farmers offers 
valuable lessons on sustainability from farming systems that have stood the test of time.  
Third, understanding the ecological and genetic functioning of populations is necessary to 
assess the likelihood of gene flow, and its consequences both for the performance of 
cassava populations and the conservation of wild Manihot species in regions where the 
crop and its wild relatives co-occur.  Recent work has revealed diversity among Manihot 
species, and evolutionary change under domestication, in a number of ecologically 
important traits.  I will review what we know about ecological diversity in the genus, the 
evolution of cassava under domestication, the functioning of traditionally managed 
polyvarietal populations of cassava, and crop/wild gene flow; and outline the implications of 
these new results for management and for the conservation of Manihot biodiversity. 
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S5-3: Duputié, Anne; Fabre, Pierre-Henri; Salick, Jan and McKey, 
Doyle 
Botanical Garden, PO Box 299, St Louis, MO 63166, USA 
 
Molecular Evidence of Manihot Phylogeography and Domestication 
A monophyletic phylogeny of the genus Manihot is derived from analyses of 2 nuclear 
genes (of 9 nuclear and 3 chloroplast genes attempted) extracted from 102 herbarium leaf 
samples of 57 of the 98 described species (plus two out groups, Cnidoscolus urens and 
Jatropha gossypifolia).  Mexican and Central American species are basal with a few 
Paraguayan and northern Argentine disjuncts.  More recent clades rapidly radiated in South 
America, perhaps after formation of the Isthmus of Panama (3.5 My ago).  These include 
biogeographically distinct groups from the Cerrado of central Brazil and from the Caatinga 
of eastern Brazil.  Cassava and its close relatives form another distinct clade, upholding 
previous evidence for a western Amazonian domestication of cassava.  Also, there is a 
clade of lianas and a less well-defined mixed group of cerrado and Amazonian species.  
This preliminary phylogeny suggests a recent origin and proliferation of Manihot, first in 
Mesoamerica and then in South America where it was domesticated in the western 
Amazon.  Much further work is needed on fresh material, more species, and with 
emphases on phylogeny of biogeographic clades.  We need to find concrete methods for 
dating Manihot phylogeny without fossils.  Finally, a full taxonomic revision of the genus is 
still required as more material, molecular data, and international collaboration are made 
available. 
 
 
 
 
 
 
 
S5-4: Alves1, Alfredo; Mendes2, Rui; Silva3, Alineaurea; de 
Carvalho4, Paulo and Costa2, Ivo 
1) Embrapa Cassava & Tropical Fruits (CNPMF), Cruz das Almas, Bahia, Brazil. 2) 
Embrapa Genetic Resources & Biotechnology (CENARGEN), Brasilia, DF, Brazil. 3) 
Embrapa Semi-Arid (CPATSA), Petrolina, Pernambuco, Brazil. 4) Universidade Federal do 
Reconcavo da Bahia (UFRB), Cruz das Almas, Bahia, Brazil 
 
Current Status of the Embrapa Wild Manihot Collection  
Within Manihot gender, with around 98 documented species, only one is the cultivated 
cassava (M. esculenta Crantz), considered one of the most important staple foods in the 
human diet in the tropics.  Brazil, which is considered the main center of cassava origin, 
has the largest genetic diversity, dispersed all over the country.  Embrapa has used the 
cultivated cassava germplasm banks as the main source of variability for the cassava 
breeding program in Brazil.  To allow the utilization of wild species useful genes for 
improving cultivated cassava, the establishment and enlargement of a wild species 
collection at Embrapa/CNPMF has been the main objectives of two projects, funded by 
Embrapa and Generation Challenge Programme.  In the last four years, a collection has 
been field established with wild accessions obtained from the following sources: 1) sexual 
seeds and cuttings of wild accessions from CENARGEN’s collection; 2) cuttings from a 
collection of the ‘Universidade Federal do Reconcavo da Bahia’; 3) wild genotypes existing 
at Embrapa/CPATSA; 4) Several collection expeditions accomplished in semi-arid 
(‘caatinga’) and savanna (‘cerrado’) ecosystems.  Currently, the collection has around 920 
accessions of 18 cassava wild relatives, maintained, mainly, under field condition.  Also, a 
seed bank of around 40,000 sexual seeds from wild species has been preserved.  In this 
wild germplasm, the following preliminary studies are being carried out: 1) evaluation for 
resistance to drought, pests and diseases; 2) crossing compatibility between wild and 
cultivated species; 3) cytogenetics, production and viability of pollen grains; and 4) 
molecular markers screening for resistance to pests and diseases. 
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S5-5: Hurtado1, Paula; Ospina1, Cesar; Marin1, Jaime; Buitrago1, 
Charles; Castelblanco1, Wilson; Correa1, Ana; Alfonso4, Paola; Barrera1, 
Edgar; and Gutierrez1, Janneth; Fregene1, Martin; Hearne2, Sarah; 
Ferguson2, Morag; Alves3, Alfredo; Fortes-Ferreira3, Claudia and De 
Vicente4, Carmen 
1) CIAT, Cali, Colombia. 2) IITA, Nairobi, Kenya. 3) Brazilian Agricultural Research 
Corporation Cassava and Fruits Center (EMBRAPA-CNPMF), Cruz Das Almas, Brazil. 4) 
Bioversity International, Rome, Italy. 
 
Assessment of the Diversity in Global Cassava Genetic Resources 
Based on Simple Sequence Repeat (SSR) Markers  
Understanding the existing genetic diversity and its distribution within and among 
individuals, populations, species and gene pools is crucial for an efficient management of 
germplasm collections and also use of plant genetic resources.  Simple sequence repeats 
(SSR) markers were employed to genotype a composite germplasm set of cassava 
representing a sub-set, 3,000 accessions, of global cassava genetic resources held in 
germplasm banks at CIAT, IITA, and EMBRAPA.  Genotyping activities were performed at 
CIAT and IITA and statistical analysis were done based on the generated datasets allowing 
up to 20% of missing data in each genotype.  CIAT and IITA data sets, composed by 2494 
and 2575 respectively, were separately analyzed and then both datasets were joined to 
perform a single analysis.  Genetic diversity estimation and population structure were 
assessed using DARWIN version 5.0 (Perrier et al, 2003), STRUCTURE version 2.0 
(Pritchard et al, 2000a), GENEPOP version 4.0 (Rousset, 2008) and SAS version 2.0.  
Results of cluster analysis, unweighted neighbour joining multidimensional scaling and 
PCoA revealed a clear separation between accessions from Africa and the rest of the 
world.  American accessions shows a high genetic diversity and a separation of some 
Guatemalan accessions from other Latin American samples.  In African accessions a 
substructure was detected separating some Nigerian accessions from the rest of Africa.  
The results confirm findings from previous studies that show how global cassava 
germplasm diversity is structured by region. 
 
S5-6: Hershey1, Clair H. and Debouck2, Daniel 
1) Consultant to CIAT, Manheim, PA, USA. 2) Genetic Resources Unit, CIAT, AA67-13, 
Cali, Colombia. 
 
A Global Conservation Strategy for Cassava and Wild Manihot Species 
The Global Crop Diversity Trust is supporting a series of regional and crop-based studies to 
ensure that the genetic resources of the crops most important to humankind are securely 
conserved in perpetuity.  The goal of the crop strategies is to identify and assess the 
existing ex situ collections, by an evaluation of the holdings, the services provided and the 
needs of the genebanks in personnel, operations and capital equipment.  Most countries 
where cassava is important maintain ex situ field collections, which are vulnerable to the 
risks of soil, weather and biotic constraints.  Many countries also have in vitro collections, 
though most of these are incomplete.  Insufficient trained personnel and facilities were most 
often cited in surveys as constraints for conservation.  CIAT and IITA maintain large 
regional collections, but there are still many accessions in national collections that are not 
safely duplicated.  Most genebanks have basic passport information, but many have not 
been fully characterized or evaluated for useful traits.  Internet access to documentation 
and evaluation should be developed.  Few programs distribute germplasm internationally, 
using techniques available for virus-indexing and in vitro culture for safe interchange.  Ex 
situ collections of wild Manihot represent less than half the known species.  Many 
populations are at risk in their natural environments due to habitat destruction and climate 
change.  Secure ex situ conservation requires further research on seed physiology and the 
species-specific needs for in vitro growth.  A critical update on the taxonomic status of the 
genus is stalled and needs renewed support.  The strategy outlines efficient and effective 
research collaboration and support to provide a high level of security for cassava and wild 
Manihot conservation. 
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SP05-01 D06 
Prapit, Wongtiem; Supachai, Sarakarn; Jinnajar, Harnsetasook; Amporn, Youngmod 
and Reinhardt, Howeler 
prapits@hotmail.com 
Rayong Field Crops Research Center, Department of Agriculture, Muang, Rayong, 21150, 
Thailand 
The transfer of the cassava core collection to Thailand 
The genetic resources collections housed in the genebanks of CIAT in Colombia have been 
assembled with the participation of the countries providing the material, on the 
understanding that the accessions will be made available to the research community world-
wide.  The CGIAR Centers have generally followed a policy of allowing unrestricted access 
to the plant genetic resources in their collections.  The majority of the materials from the 
CIAT collections are duplicated at national, regional and international research institutes.  
The CIAT cassava germplasm collection consists of 6,000 clones.  A subset of 630 
accessions, called ‘the cassava core collection’ was recently established at CIAT.  
Accessions included in the ‘core collection’ were selected to represent as much as possible 
the wide genetic variation found in the total collection. 
 
 
 
 
 
 
 
 
 
 
 
SP05-02 D07 
Youngmod, A., Wongtium, P., Hansethasuk, J., Sarakarn, S., Jutanka, S. and 
Howeler, R.H. 
ayongmod@hotmail.com 
Department of agriculture Ministry of agriculture and Coperatives of Thailand 
Agronomic evaluation and morphological characterization of the core collection 
In 2002 CIAT collaborated with the Department of Agriculture Ministry of Agriculture 
Thailand to send a duplicate of the CIAT cassava core collection containing 630 accessions 
to preserved at Rayong Field Crops Research Center Thailand.  The purpose of the 
collaboration was to keep these genetic resources in vitro at another safe site away from 
CIAT in case of any disaster happened there would be second place in the world that these 
collections are existed.  After the collection arrived, these plants have been subcultured 
and all accessions are being preserved at RYFCRC.  For the in vitro collection, ten plants 
of each clone are being maintained in tissue culture.  After multiplication, the remaining 
plants have been transferred to the greenhouse, and then, after hardening, to the field.  At 
present 90% of these accession have grown and survived in the field.  Nearly 30 characters 
of genotype have been characterized and evaluated and save in database as genetic 
resources that will be useful in breeding efforts. 
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SP05-03 D08 
Hansethasuk, J.1, Wongtium, P.1, Youngmod, A.1, Sarakarn, S.1, Juthanka, S. and 
Howeler, R.H.2 
jinnajar_h@yahoo.com 
1) Rayong Field Crops Research Center, Rayong, Thailand. 2) CIAT Regional Cassava 
Office for Asia, c/o Field Crops Research Inst., Dept. of Agric., Chatuchak, Thailand 
Root quality characterization of the core collection 
By the collaborative agreement with CIAT in Colombia, the Department of Agriculture under 
the ministry of Agriculture and Cooperative of Thailand has received 630 accessions of 
cassava core collection in 2002.  To get the best use of the core collection, chemical 
composition, starch physiological and edible characters of root have to be analyzed.  These 
characters for example cyanide content, percentage of amylose, protein and other 
nutrients, starch viscosity and color and texture of cassava flesh have currently experiment 
at Rayong Field Crops Research Center laboratory.  The results from the analysis are 
saved in database to be a genetic resource for various objectives in breeding program.  
The first year of this project began at 2006, 157 accessions were planted and harvested at 
12 months.  By Riemann balance scale, these accessions have starch content between 
0.8-27.3%.  Total cyanide in fresh roots varies from 28-1685 mg/kg. Amylose content in 
starch is 19.2-31.1%, pasting temperature is 66.6 -72.8°C, peak viscosity of starch solution 
is 446-1029 BU., cool paste viscosity is 30-754 BU., and breakdown is 301-704 BU.  For 
edible characters, found that some varieties has yellow flesh and good texture and protein 
content in dry cassava meat is 0.72-3.2%, phosphorus content 0.073-0.271%, potassium 
content 0.308-2.819%, calcium content 0.006-0.301%, magnesium content 0.045-0.352%, 
iron content 0-21.462 ppm, manganese content 1.163-23.469 ppm, copper content 0-8.815 
ppm. and zinc content 3.59 -14.896ppm.  The rest of accessions are being planted in the 
field and will be evaluated in this year and next year. 
 
 
 
 
SP05-04 D09 
Sardos, Julie; Rodier-Gould, Marguerite; Triaire, Dolores; Dambier, Dominique; 
Malapa, Roger; Noyer, Jean-Louis and Lebot, Vincent 
julie.sardos@cirad.fr 
CIRAD, UPR Multiplication Végétative, Montpellier, France; CIRAD; Montpellier, France. 
VARTC, Root Crops Team, Santo, Vanuatu; CIRAD, Port-Vila, Vanuatu 
Evidence of spontaneous triploidy in cassava (Manihot esculenta Crantz) 
Cassava originated from South America but is now cultivated all over the tropics and is an 
important crop for food and industrial processing.  Polyploidy is a natural mechanism 
largely used in crop improvement, but spontaneous polyploidy has never been reported in 
strictly Manihot esculenta individuals.  In the past, hybridization with wild relatives and 
chemical treatment has led to successful creation of triploids and tetraploids that were 
vigorous and gave high yields of starch but were not suitable for cooking.  We report here 
on the discovery of two strictly M. esculenta spontaneous triploid clones that were selected, 
conserved and propagated by farmers in Vanuatu (Oceania, South Pacific).  These two 
clones were grown in traditional home-gardens and are highly appreciated for domestic 
uses.  Considering their phenotypes, we suspected polyploidization.  Flow cytometry and 
cytogenetic chromosome counting were used to confirm this hypothesis.  Finally, a set of 
11 SSR markers was used to establish the M. esculenta origin of these clones. 
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SP05-05 D10 
Escobar, R.H., Manrique, N., Muñoz, L., Rios, A., Debouck, D. and Tohme, J. 
r.escobar@cgiar.org 
Agrobiodiversity and Biotechnology Project, CIAT, Cali, Colombia 
Implementation of a cryopreservation system to establish a duplicate of the cassava 
core collection 
Cryopreservation is considered an alternative for the establishment of germplasm collection 
duplicates for long-term storage.  This methodology needs to be synchronized with other in-
vitro conservation techniques, so they serve as back ups for ex-situ germplasm 
conservation.  The Encapsulation-dehydration technique has been shown to be the optimal 
method to preserve most of the cassava core collection (approx. 640 clones).  Based on 
their after-freezing response, cassava germplasm has been classified within three groups 
of response, in which 65% of the core collection has shown up to 30% recovery, in the form 
of shoot formation after freezing.  In the current cryopreserved germplasm we maintain at 
least 4 tubes per clone in liquid nitrogen.  Morphological and molecular monitoring of 
recovered clones shows no evidence of change compared to no-frozen controls.  The 
logistical aspects for handling a cryopreserved bank, such as the number of beads and 
tubes per clone, and their position in the tank, are well established.  A database has been 
developed allowing quick identification and location in the tank.  Today we focus our 
attention in improving the response of more recalcitrant clones (35%) to achieve success 
with the entire collection. 
 
 
 
 
 
 
 
 
SP05-06 D11 
Kenji1, Akiyama; Manabu2, Ishitani; Kazuo1, Shinozaki and Tetsuya1, Sakurai 
kakiyama@psc.riken.jp 
1) RIKEN Plant Science Center, 1-7-22 Suehiro-cho, Tsurumi-ku, Yokohama, 230-0045, 
Japan. 2) Agrobiodiversity and Biotechnology Project, CIAT, A.A. 6713, Cali, Colombia 
Conception for organizing information on cassava 
Cassava is a starch crop known for its ability to grow in diverse environments, ranging from 
dry to humid climates and acidic to alkaline soils.  Further, this crop can grow in nutrient-
poor soil and is found worldwide.  Cassava is considered an energy source and is used in 
industries and as food.  Therefore, it is thought that cassava is a relatively better energy 
source than other starch crops, such as corn.  In fact, information on cassava, such as 
published journal articles and sequence registration in public databanks, is increasing, and 
this increase is associated with high expectations.  However, unfortunately, the information 
is scattered and not organized.  Therefore, at present, we are unable to refer to it 
effectively.  Similar to the study of Arabidopsis, comprehensive researches such as a cDNA 
collection and microarray experiments will be performed for cassava.  In fact, we have 
successfully obtained a cassava full-length cDNA collection.  Because it is expected that 
the volume of information will be generated from such research will be large, organization 
of the information will be important.  The TAIR and GRAMENE portals for Arabidopsis and 
monocot crops, respectively, play important roles.  Hence, I would like to explain our 
conception for organizing information on cassava. 
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SP05-07 D12 
Correa-Morales, Ana Maria and Siritunga, Dimuth 
dimuths@hotmail.com 
Department of Biology, University of Puerto Rico, Mayaguez, PR 00680 
Insights to the diversity of Puerto Rican cassava germplasm 
Cassava is an important neotropical crop that is widely grown in Africa, southeast Asia and 
tropical America.  Recently a second diversity center was postulated in Central America in 
addition to the one in Brazil.  However, the Caribbean cassava diversity has not been well 
documented.  The genetic diversity and differentiation of 24 landrace accessions present in 
the Puerto Rican collection was assessed in this study.  In addition to this, DNA of 64 
accessions from CIAT germplasm representing the core collection from Latin America and 
Africa were analyzed for comparison.  Previous diversity studies have shown that simple 
sequence repeat (SSR) markers is the preferred way to estimate the parameters of genetic 
diversity and differentiation in crops.  In this study, 34 SSR loci were used to establish the 
relationships between these local accessions with some of their cultivated relatives from 
Colombia, Costa Rica, Guatemala, Mexico, Ecuador, and Brazil, representing the Latin 
American collection and Nigeria, Cameroon, Benin, Ghana and Sierra Leon, representing 
the African collection. SSR data was analyzed by SAGA-GT (LICOR, Inc), NTSYS-PC and 
GENSURVEY software.  Principal Coordinate Analysis and UPGMA show 4 clusters with a 
main cluster containing majority of the analyzed accessions.  The other 3 clusters are 
Guatemalan and Costa Rican accessions, only Puerto Rican accessions and a mixed 
group of accessions, separately.  This study will contribute to a better understanding of the 
cassava genetic diversity present in Puerto Rico to address a rational conservation and 
management of the cassava resources in the island. 
 
 
 
 
 
SP05-09 D13 
Agostini, Marco A.V. and Carvalho, Luiz 
marco@cenargen.embrapa.br 
EMBRAPA Genetic Resources and Biotechnology. Laboratory of Biochemistry and 
Biophysics. Brasilia (DF), Brazil 
Carotenoid in cassava storage root: Content and type diversity 
Naturally occurring color variation associated with carotenoid accumulation was identified in 
cassava (Manihot esculenta Crantz) storage root of landraces.  Carotenoid separation, 
identification and quantification by HPLC analyses as well as spectrophotometer indicate 
that total β−carotene was the major carotenoid forms present in cassava root and account 
for 54% to 77% of the total carotenoid with one exception in landrace Mirasol were no β−
carotene was find.  Total carotenoid content parallels tissue age as secondary growth of 
the storage root proceeds.  The carotenoid biosynthetic pathway is fully activated in root, 
including the white phenotype.  Color diversity and the yellow intensity gradient were 
associated with the accumulation of different carotenoid types.  White root showed a simple 
carotenoid profile with eight types, whereas the deep yellow root contained a carotenoid 
profile with 17 different forms.  Variation observed in total β−carotene content ranged from 
none in landrace Mirasol accumulating only lycopene (131.9 µg g-1 dwt), to 49.91 µg g-1 
dwt in the landrace MC008 accumulating mainly β−carotene.  The a- and b-ring xanthophyll 
content preferentially accumulate high lutein or violaxanthin, together with β−carotene, such 
as in landraces MC002 and MC016, respectively.  No detection of β−carotene was 
observed, but variable amounts of lutein (an a-ring xanthophyll) were generally present. 
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SP05-10 D14 
Castelblanco1,2, Wilson and Westerbergh1, Anna 
Anna.Westerbergh@vbsg.slu.se 
1) Dept. Plant Biology and Forest Genetics, Swedish Univ. Agricultural Sciences (SLU), 
Uppsala, Sweden. 2) CIAT, Cali, Colombia 
Phenotypic and genetic changes as a result of cassava domestication 
Cassava originates from South America and has been domesticated for more than 5000 
years from its wild ancestor M. esculenta spp. flabellifolia.  The main goal of this project is 
to study the genetic and phenotypic changes that have occurred during cassava 
domestication, especially to identify the genes that control trait differences between 
cassava and its wild ancestor using quantitative trait loci mapping.  An F2 population 
derived from a cross between cassava and flabellifolia is developed and the first linkage 
map between cassava and a wild relative is under construction in our lab.  A systematic 
screening of replicates of more than 200 F2 genotypes and the cassava and flabellifolia 
parents for various stem and root traits has been conducted under controlled conditions in 
a greenhouse at SLU.  Significant differences between cassava and flabellifolia were found 
for plant height, number of nodes, thickness of stem, mean internode length, root 
morphology, total number of tuberous roots, tuberous root weight, protein and starch 
content.  We also found that tuberous roots developed early during growth of cassava, 
while in flabellifolia the tuberous roots started to form when the shoot growth has ceased.  
The F2 population showed large phenotypic variation and F2 genotypes with considerable 
higher tuberous root weight than cassava were observed.  This project will bring insights 
into the domestication of cassava and provide significant knowledge for the development of 
molecular marker tools for the introgression of favorable wild genes into cassava. 
 
 
 
SP05-11 D15 
Anggraini1, V., Sudarmonowati1, E., Hartati1, N.S., Suurs1, L. and Visser2, R.G.F. 
s_enny@hotmail.com 
1) Research Centre for Biotechnology-Indonesian Institute of Sciences (LIPI), Bogor, 
Indonesia. 2) UR Plant Breeding, PO Box 386, Wageningen University & Research Centre, 
Wageningen, The Netherlands 
Characterization of cassava starch attributes of different Indonesian genotypes 
Starch from roots of different Indonesian cassava genotypes with various morphological 
characteristics and eco-geographical origin was isolated, characterized and compared to 
starch from other sources.  The 71 collected cassava genotypes were grouped according to 
different morphological characteristics of roots which included yellow and white for flesh 
color; purple, pink, light brown, cream and white for cortex color; dark brown and light 
brown for external color, as well as conical or cylindrical for root shape.  Starch samples 
were extracted from 17 representative genotypes and showed that amylose content varied 
from 17.1 to 21.3%.  Mean particle size were around 7.3 to 9.7 µm, and the gelatinization 
onset temperature were in the range of 63.5-66.1°C.  All in all this hinted to only minor 
differences among the different cassava genotypes which is a reflection of the small 
genetic basis of cassava in Indonesia.  Seven genotypes were analyzed in more detail for 
their physicochemical properties.  The granule size distribution was in the range of 3.2 µm 
to 17.6 µm for d10 and d90 respectively, and the median granule size around 7.7-10.8 µm.  
Gelatinization temperatures of cassava starch were in the range of 63.5-66.1°C.  
Phosphate content varied from 23.5 to 25.3 nmol/mg starch.  Starch swelling power in all 
starches showed somewhat more differences between different genotypes as far as the 
absolute numbers were concerned but the profiles were similar.  Strength of the gels, which 
are indicated with force, adhesiveness, cohesiveness, and elasticity results, also did not 
show differences.  Although the differences for starch characteristics are rather small still 
there is a genotype based small-scale starch industry in some parts of Indonesia.  Since 
the starches themselves are not showing any physicochemical differences there must be 
other reasons why this genotype specific industry exists which might relate to this industrial 
preference.  Given the current interest in biobased fuels it might be  worthwhile to analyse 
these specific genotypes for these uses.  
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SP05-12 D16 
Calle, Fernando; Lenis, Jorge I.; Pérez, Juan C.; Mafla, Graciela; Debouck, Daniel; 
Ceballos, Hernan; Tohme, Joe and Morante, Nelson 
h.ceballos@cgiar.org 
CIAT, Cali, Colombia 
Multilocal evaluation of the cassava core collection from CIAT 
CIAT hosts in trust (on FAO’s behalf) the world collection of cassava and related species.  
The collection includes 5184 landraces and 400 improved Manihot esculenta clones and 
883 accessions from 33 different Manihot wild relative species.  A subset of this large 
collection (the core collection) was chosen to represent as much as 95% of all the genetic 
variability present in M. esculenta gene pool.  Plants from entire core collection (630 
accessions) were as recovered from the in vitro status and grown in three contrasting 
environments of Colombia (mid-altitude valleys, sub-humid environment and acid-soil 
savannas) in three consecutive years (one evaluation per year).  Evaluation was conducted 
in single ñ row plots with 8 plants per plot.  Not all the accessions could be evaluated 
because some eventually got infected with frog skin disease or simply failed to produce 
enough planting material for the following evaluation.  No replications could be used given 
the scarcity of planting material and the size of the evaluation.  Contrasts with improved 
germplasm suggest that for some traits considerable gains have been made to improve 
cassava (for example to increase dry matter content in the root).  As expected, 
considerable genotype - by - environment affected the performance of these accessions.  
This work is also important to understand the stability of different traits for proper 
phenotypic characterization of cassava germplasm, to avoid duplications and to prevent 
contaminations or mistakes that once they are committed tend to be perpetuated. 
 
 
 
 
 
SP05-13 D17 
Narvaez-Trujillo1, Alexandra; Pham2, Jean-Louis; Second2, Gerard; and McKey3, 
Doyle 
anarvaez@puce.edu.ec 
1) Pontificia Universidad Catolica del Ecuador. 2) Institut de Recherche pour le 
Développement, Université Montpellier II. France. 3) Centre for Functional Evolutionary 
Ecology (CEFE) CNRS UMR 5175, Université Montpellier II. France. 
Gene flow in cassava: the case of Manihot esculenta and Manihot leptophylla in 
Ecuador 
In Ecuador, cassava is produced principally in the Amazon Basin (where Amerindian 
farmers cultivate many varieties) and in coastal regions, where it is cultivated both 
commercially and for subsistence.  Throughout Ecuador, only sweet varieties are grown.  
Of cassava’s two wild congeners in Ecuador, M. brachyloba occurs only east of the Andes 
and M. leptophylla exclusively in coastal provinces.  Allem (2002) tentatively placed M. 
leptophylla within the complex including cassava (M. esculenta ssp. esculenta) and its 
closest wild relatives, M. esculenta ssp. flabellifolia and M. esculenta ssp. peruviana.  
However, we previously reported that M. leptophylla was genetically distant from the 
species in cassava’s primary genepool.  We evaluated whether gene flow occurred 
between a population of M. leptophylla (N = 48 individuals sampled) and a nearby 
population of domesticated cassava (N = 16), using 35 microsatellite markers.  The two 
species were strongly differentiated; many alleles found in M. leptophylla were restricted to 
this species.  However, population structure analysis revealed three genetically distinct 
groups: i) domesticated cassava; ii) the wild species; and iii) one intermediate individual.  
Our a priori classification of individuals as wild or domesticated was only partially 
supported: seven individuals classified a priori as M leptophylla in fact grouped with 
domesticated cassava.  Of these, four were from disturbed areas (rural roadsides) and are 
likely feral individuals.  The single intermediate individual showed a 1:1 proportion of alleles 
from the wild and domesticated genepools.  Despite small sample sizes, our results 
suggest that some gene flow occurs between cassava and this distant wild species. 
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SP05-14 D18 
Deletre1, Marc; Hodkinson1, Trevor; and McKey2, Doyle 
deletrem@tcd.ie 
1) Trinity College, University of Dublin. 2) Centre d'Ecologie Fonctionnelle et Evolutive 
(CEFE), CNRS 
A multidisciplinary approach to the dynamics of genetic diversity of cassava in 
Gabon, central Africa: The introduction syndrome 
Five hundred years after its introduction, cassava in Africa is characterized by considerable 
genetic diversity, whose origin is not clearly understood.  Introduction was followed by a 
process of cultural domestication, in which the plant was integrated into new ecological, 
social and cultural settings.  Five centuries of such ‘cultural’ domestication have shaped 
cassava diversity patterns in Africa.  Reviews have stressed how African farmers have 
adapted farming systems or invented new ones, developing their own experience of 
cassava cultivation.  However, nothing appears to be known about how this acculturation 
process affected diversity of the crop in Africa.  Combining ethnobiology and population 
genetics, we studied traditional cassava farming systems in Gabon, central Africa, to 
investigate how cassava diversity there originated.  Our results support the hypothesis that 
African cassava diversity evolves within a metapopulation, in which some populations are 
sources where diversity is actively created and diffused.  Whether a particular human group 
acts as a source or a sink for cassava diversity appears to have been strongly influenced 
by the historical context of the crop’s introduction and diffusion.  How local populations 
adopted cassava influenced their attitudes toward and interest in the plant; this has had 
durable effects on their creation of varietal diversity. 
 
 
 
 
 
 
SP05-15 D19 
Gillis1, Annika; Matehus2, Juan; Romay2, Gustavo; Ochoa1, Gustavo; Faks1, José; 
and Santana1,2, Maria 
annika.gillis@gmail.com 
1) Universidad Simon Bolivar. Division de Ciencias Biologicas, Departamento de Biologia 
Celular, Caracas, Venezuela. 2) Instituto de Estudios Avanzados, Centro de Biotecnologia, 
Unidad de Polimorfismo, Caracas, Venezuela 
Genetic diversity characterization of a Venezuelan in vitro cassava (Manihot 
esculenta Cranz) collection with Simple Sequence Repeats (SSR) 
Cassava (Manihot esculenta Crantz), is an important root crop in most Neotropical 
countries and is one of the richest carbohydrate sources for millions of people in the 
tropics.  This crop has a diversity of different varieties and/or cultivars with a variety of 
morphological, agronomic and industrial characteristics.  To elucidate the genetic 
differentiation in cassava varieties, recent progress has been made with the application of 
Simple Sequence Repeats (SSR).  In the present study, we characterized the genetic 
diversity of an in vitro Venezuelan germplasm cassava bank, located at Instituto de 
Estudios Avanzados, using the SSR described by CIAT (Mba et al., 2001).  A total of 20 
SSR markers were amplified using genomic DNA isolated from fully in vitro plants of 100 
cassava accessions.  In preliminary analysis of 7 SSR (SSR 12, 51, 63, 102, 103, 105, 
161) a total of 33 alleles (between 2 and 7 alleles per locus) were found with a high level of 
polymorphism.  The genetic diversity value (H) was 0.68.  The highest Polymorphism 
Information Content (PIC) was recorder by de SSR 12 (0.82) and the lowest PIC by SSR 
102 (0.38), hence the SSR 12 was found to be highly informative followed by SSR 51 
(0.78).  With this preliminary study, we can confirm that SSR markers can contribute to a 
better understanding of the genetic diversity present in this Venezuelan collection of 
cassava in vitro plants. 
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SP05-16 D20 
Alves1, Alfredo; Mendes2, Rui; Vieira2, José; Rodrigues3, Andresa; and de Carvalho4, 
Paulo 
aalves@cnpmf.embrapa.br 
1) Embrapa Cassava & Tropical Fruits (CNPMF), Cruz das Almas, Bahia, Brazil. 2) 
Embrapa Genetic Resources & Biotechnology (CENARGEN), Brasilia, DF, Brazil. 3) 
Universidade de Brasilia (UnB), Brasilia, DF, Brazil. 4) Universidade Federal do 
RecÙncavo da Bahia (UFRB), Cruz das Almas, Bahia, Brazil 
Collection expeditions of cassava wild relatives in Brazil 
This work reports the results of three collection expeditions of cassava wild relatives 
accomplished to enlarge the wild species collection established at Embrapa/CNPMF.  The 
expeditions were carried out in two Brazilian environments: 1) Semi-arid region, know as 
‘caatinga’ (thorny forest), northeast Brazil and 2) Savanna or ‘cerrados’ region, central-west 
Brazil. In the ‘caatinga’ expeditions, two collections were performed (21-22/Dec/2005 and 
15-16/Feb/2006) in the central-western of Bahia state, traveling around 1500 km, where 18 
points of collections were recorded and 7 species found: 1) M. caerulescens (5 records); 2) 
M. diamantinensis (1); 3) M. dichotoma (6); 4) M. glaziovii (1); 5) M. jacobinensis (1); 6) M. 
maracasensis (3); and 7) Cassava ‘Sete Anos’ (1).  In the savanna’s expedition, one 
collection was accomplished (17-20/Apr/2006) in the plateau of Brasilia Federal District and 
Goias state, traveling around 1100 km, where 28 points were recorded, with 17 species 
found: 1) M. anomala (2); 2) M. cecropiaefolia (1); 3) M. falcata (1); 4) M. fruticulosa (2); 5) 
M. gracilis (1); 6) M. irwinii (1); 7) M. mossamedensis (1); 8) M. nana (1); 9) M. pentaphylla 
(1); 10) M. salicifolia (1); 11) M. sparsifolia (1); 12) M. stipularis (1); 13) M. tomentosa (2); 
14) M. tripartita (2); 15) M. triphylla (1); 16) M. tristis (1); and 17) M. violacea (8).  
Depending on the plant architecture and vegetative stage, cuttings, mature fruits or 
seedlings were collected.  The handling for propagation and field establishment of the 
collected material are underway.  
 
 
 
SP05-17 E01 
Pariyo1,2, A., Baguma1, Y., Kawuki1, R., Alicai1, T., Omongo, C., Bua1, A., Edema2, R., 
Fregene5, M., Obiero4, H., Gashaka3, G., Nzuki6, I. and Ferguson6, M. 
tkakau@yahoo.co.uk 
1) National Crops Resources Research Institute, Namulonge, Uganda. 2) Department of 
Crop Science, Makerere University, Kampala, Uganda. 3) Institut des Sciences 
Agronomiques du Rwanda, Rwanda. 4) Kenya Agricultural Research Institute, Kakamega, 
Kenya. 5) CIAT, Cali, Colombia. 6) IITA, Nairobi, Kenya 
Genetic diversity of local cassava varieties in the Great Lakes Region of Africa as 
revealed by SSR markers 
Rapid progress in crop improvement depends upon ample genetic variability for the traits of 
interest within gene pools of the target crop species.  Assessment of genetic diversity has 
therefore become a key tool in the repertoire of the plant breeder.  A study to assess the 
genetic diversity of local cassava varieties using molecular markers was conducted in the 
great lakes region of Uganda, Western Kenya and Rwanda.  The approach consisted of 
gathering information from farmers on the cultivars being grown, collection of leaf and stem 
samples, mapping of the collection site using GPS, and on-site morphological 
characterization.  The collections were evaluated with 26 simple sequence repeat (SSR) 
markers and raw data analyzed using UPGMA cluster analysis.  Results reveal wide 
genetic diversity amongst the collection of Rwandan, Kenyan, and Ugandan local cassava 
varieties.  Cassava utilization pattern across the region in the light of these results and 
implications for crop improvement are discussed. 
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S6-1: Visser, Richard GF; Nazarian, Farhad; Kok-Jacon, Geraldine; 
Qin, Ji; Vincken, Jean-Paul; Suurs, Luc; Huang, Xingfeng and 
Trindade, Luisa 
Wageningen University & Research Center, UR Plant Breeding, PO Box 386, 
6700 AJ Wageningen, The Netherlands 
 
Modifying Starch Content and Composition Using Starch Binding 
Domains 
Starch is the major form in which carbohydrates are stored and is present in almost all plant 
organs at one time or another during development.  Storage starch is formed in 
amyloplasts as dense granules ranging in size from 1 uM to over 100 uM.  They are 
composed of an essential linear glucose polymer and a branched glucose polymer termed 
amylose and amylopectin respectively.  Knowledge about starch biosynthesis is required to 
be able to modify starches for industrial or food uses.  This knowledge has been acquired 
by studies in a broad range of plants using both mutants and reverse genetic approaches.  
In this way the function and impact of a number of the essential genes in the starch 
biosynthetic pathway has been assessed.  Modification of starch biosynthesis pathways 
holds an enormous potential for tailoring granules or polymers with new functionalities.  By 
altering the starch structure, granular starches might be obtained with novel physical 
properties and a potentially unlimited range of new industrial applications.  In addition, the 
granule size distribution is significantly modified.  Further biochemical characterizations of 
these transgenic starches are in progress.  The ability to introduce and anchor into the 
starch granule novel activities which would render certain chemical- and enzymatic 
modification procedures obsolete is a final step in producing in planta or postharvest tailor 
made starches.  In this presentation the focus will be on the results leading to different 
sized starch granules and to granules with dramatically changed morphologies that express 
altered physical and chemical properties.  
 
 
S6-2: Nick de Vetten 
Avebe, The Netherlands. 
 
Properties and Functionalities of Amylose-free Cassava Starch 
The ratio of amylose and amylopectin has a great influence on the physico-chemical 
properties of starch. In most crops, starch contains between 20-30% amylose and 70-80% 
amylopectin.  A major drawback of the use of this mixture of polymers in many commercial 
uses is its high viscosity when heated and its tendency to retrograde (recrystallization of 
amylose) at ambient or low temperatures.  This problem of retrogradation can be reduced 
by subjecting starch to chemical treatments.  To avoid the use of these environmentally 
unfriendly chemicals and to reduce production costs it is in many applications desirable to 
have an amylose-free starch.  Crops producing so-called amylose-free or waxy starches 
have been generated, most notably waxy maize and waxy potato.  Via genetic modification, 
through suppression of the granule-bound starch synthase gene, amylose-free cassava 
was developed.  Roughly 35 independent amylose-free cassava transformants were 
selected based on the level of amylose and were molecularly characterised.  Agronomic 
performance in the field will be presented.  Starch was isolated from the transformants for 
compositional analyses and some preliminary application tests.  Based on the properties of 
the different waxy starch sources, waxy maize, potato or cassava starch each have their 
benefits for different applications and market segments.  Amylose-free cassava starch with 
its relative small granule size and low protein/lipid content could have a significant impact in 
many market segments. 
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S6-3: Agostini, Marco A.V. and Carvalho, Luiz 
EMBRAPA Genetic Resources and Biotechnology. Laboratory of Biochemistry and 
Biophysics. Brasilia (DF), Brazil 
 
Apparent Amylose Proportion Estimation in Cassava Starch 
Germplasm evaluation and breeding program, intending to identify amylose free starch in 
cassava, usually needs a reliable high-throughput procedure for a quickly evaluation of a 
large number of samples for initial screening.  A colorimetric method for determination of 
amylose proportion as the polyiodine complex (blue value) has been developed and 
adapted for rapid and particular application for cassava starch.  Knowledge of specific color 
absorption spectrum of the polyiodine complex for starch and its constituent 
(amylose/amylopectin) in cassava was previous established by dilipidization of starch as 
well as amylose and amylopectin purification in a size exclusion chromatography to 
generate a l-maximum for each after I2-KI staining.  An equation was derived based on the 
absorbance readings at two wavelengths at the l-maximum for amylose and amylopectin in 
the starch sample.  For estimation of amylose proportion in starch samples, a procedure 
combining ethanol starch extraction, starch dilipidization with acetone, NaOH solubilisation 
and I2-KI staining was established.  Absorbance readings at the l-maximum for amylose 
and amylopectin in the starch sample were used to estimate apparent amylose proportion 
as % value.  Here we describe this procedure and use it to determine the proportion of 
apparent amylose in starch from storage root of sugary and commercial cassava starch as 
well as to observe amylose distribution in the storage root as the secondary growth 
proceed with the age of the plant at different tissue layers according to tissue fractionation 
model proposed in Carvalho et al (2000). 
 
 
 
 
 
S6-4: Sanchez1, Teresa; Ceballos1, Hernan; Dufour2, Dominique; 
Denyer3, Kay; Smith3, Alison; Fregene1, Martin; Perez1, Juan C.; 
Morante1, Nelson; Rosero4, Amparo 
CIAT, Cali, Colombia. 2) CIRAD, Montpellier, France. 3) National Univ. Colombia, Cali, 
Colombia. 4) Univ. del Valle, Colombia 
 
Characterization of Amylose-Free and High-Amylose Starch 
Mutations in Cassava  
Two important starch mutations have been recently identified in cassava.  The first one is 
an amylose-free spontaneous mutation identified in a self-pollinated progeny.  SDS-PAGE 
demonstrated the absence of GBSS enzyme in the starch from this genotype.  A single 
base deletion in Exon 6, leading to a frame shift that truncates GBSS protein, has been 
identified.  This amylose-free (or waxy) cassava starch showed higher values for peak 
viscosity, gel breakdown and setback when analyzed in the rapid visco-analyzer.  Solubility 
is considerably reduced, while the swelling index and volume fraction of the dispersed 
phase were higher.  Development of a commercial waxy-starch cassava variety has begun.  
The second mutation was identified in the M2 generation of a mutagenized population 
irradiated with gamma rays.  Starch granule morphology is very distinctive.  Granules are 
smaller (average size 5.8 µm) compared with wild type cassava starch (average around 
15.0 µm), their surface is rough and their shape is irregular.  Amylose content was 
significantly higher (ranging from 28 to 36%) than in typical cassava starch (the average 
from starch samples of more than 4,000 different genotypes was 20.7%).  The small-
granule starch mutant produced gels showing no viscosity (5% suspensions) with low 
clarity.  Suspension at higher starch concentrations (8-10%) resulted in very low viscosity.  
Preliminary results suggest that the mutation may be due to a lesion in a gene encoding 
one of the isoforms of isoamylase (probably isa1 or isa2).  Crosses among these two 
mutations are underway in search of a third starch phenotype. 
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S6-5: Morakot Tanticharoen 
National Center for Genetic Engineering and Biotechnology, National Science and 
Tecnology Development Agency 
 
Overview of Cassava Molecular Biology Research in Thailand 
Cassava (Manihot esculenta Crantz) is one of the most important economic and 
subsistence food crops of Thailand as well as many countries in Asia, South America and 
Africa.  Thailand is ranked as the world-leading producer and exporter of cassava-derived 
products.  These include chips, pearls, native and modified starches and those derived 
from utilizing enzyme technology, such as MSG, glucose, fructose, sorbitol, lactic acid and 
citric acid, which find diversified applications in the food, non-food and feed industries in 
Thailand and overseas.  Significantly for Thailand, cassava can also be used to produce 
bioethanol, an alternative eco-friendly fuel for fossil petroleum substitution.  The roles of 
science and technology have significantly contributed to the improvement of cassava 
varieties, cultivation practice, conversion and modification technology and high value 
addition.  At the National Center for Genetic Engineering and Biotechnology (BIOTEC) 
based in Thailand, the R&D program on cassava has been established since 1995 and 
focused on the development of core competencies including characterization of cassava 
starch properties; development of novel, value-added cassava products; supporting of 
industrially oriented applications.  These will be a lot of great value in reinforcing the Thai 
cassava industry competitiveness.  Increasing cassava storage root yields with higher 
starch content is the prime target for the biofuel industry while qualitative improvements of 
cassava starch would offer greater variability of cassava starch to meet specific industrial 
requirements.  At present these highly sought after traits provide major challenges for the 
cassava research community to develop novel cassava cultivars with superior 
characteristics as desired by the industry.  The CASS-MOL BIOTECH collaborative 
research group was set up in 2005 with the mission to implement advances in plant 
molecular biology to achieve comprehensive understanding of the genetic control of starch 
biosynthesis, starch granule formation and storage root development in cassava.  Specific 
approach has been taken for in depth functional analysis of known key genes involved in 
various aspects of starch biosynthesis.  In addition, global approaches including 
transcriptomic and proteomic analysis were performed to generate a large repertoire of 
genetic information which is of immense value for future functional genomic study in 
cassava.  In parallel to these, efficient genetic transformation system for Thai cassava 
cultivars is also being established to serve as a platform for gene function testing to 
characterize important genes controlling vital economic traits.  The wealth of knowledge 
gained from these efforts will help open new avenues for cassava research and make the 
selection and development of novel elite cassava cultivars a faster and more accurate 
process. 
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S6-6: Surapong Charoenrath 
Field Crops Research Institute, Department of Agriculture, 50 Phahonyotin Road, 
Chatuchak, Bangkok, 10900, Thailand. 
 
Cassava and Biofuel: The Thailand Case 
Due to the abundance of rice, cassava (Manihot esculenta Crantz) is not the main source 
of carbohydrates for Thais.  However, cassava is one of the most important commercial 
crops of Thailand.  Production is very easy, requiring minimal tending and cassava grows 
well even on poorly fertile soils.  It is also resistant to drought, and is not infected by pests 
and diseases.  The availability of roots supplied to the starch industry is nearly all year 
round.  Cassava in Thailand is produced for export in the form of pellets and chips for 
animal feed and starch.  Thailand is third in the world’s cassava production, and top among 
cassava exporting countries.  The total area planted in cassava is about one million 
hectares, producing about 20 million tons annually.  The increasing price of gasoline on the 
world market and the threat of global warming demand alternative sources of energy.  
Thailand was one of the first countries in Asia to initiate a "gasohol" or E10 program, 
replacing 10% of normal gasoline with ethanol.  Ethanol is made from renewable and 
locally produced crops, thus helping Thai farmers increase their income.  It is estimated 
that ethanol consumption will increase from 1.0 million l/day in 2007 to 3.0 million l/day in 
2011.  In late 2005, three factories were established to produce a total of 0.27 million l/day, 
all from molasses.  Presently there is only one ethanol factory in the country using cassava 
as its raw material and producing about 80,000 l/day.  However, two additional factories are 
ready to start operation and another 12 factories should be completed by the end of 2008, 
producing a total of 3.4 million l/day.  This will require an additional four million tons of fresh 
roots.  The increasing demand for cassava roots can only be satisfied through increases in 
yield.  This will require renewed efforts in breeding, agronomy, biotechnology and 
improvements in processing technologies, coupled with a dynamic and effective extension 
program using a farmer participatory approach. 
 
 
S6-7: Anga, Simeon Boma; Mahungu, Nzola and Mkandaweri, 
Richard 
Nepad, Abuja, Nigeria 
 
Nepad Pan African Cassava Initiative (NPACI) Strategies 
The costs of fossil fuels are rising and so are the budgets of most African Countries who 
spend between of 35%-45% of their national budgets on importation and subsidization of 
liquid petroleum fuels for their domestic economies.  There is a growing concern that as the 
cost of oil imports continues to rise, most African economies will begin to experience 
severe slow downs, rising food prices as a result of higher transportation costs and even 
outright recession, impairing Africa’s ability to achieve the millennium development goals 
(MDGs).  African households are increasingly turning to fuel woods and animal dung as a 
cheaper source of cooking fuel creating indoor air pollution problems.  Indoor air pollution is 
a leading cause of respiratory disease and other ailments.  Respiratory disease is the 
largest killer of children under the age of five in sub-Saharan Africa and one of four leading 
killers of African women.  NPACI is promoting the production, utilization of cassava based 
Ethanol as an outstanding fuel that enables African countries reduce their importation of 
gasoline for transportation as well as meet their daily household requirements for cooking, 
lighting, heating and refrigeration both cleanly and safely.  Ethanol can be locally 
manufactured and commercialized on a small or large scale; thereby creating the 
opportunity for secure, local ownership of energy systems, from production to end-use.  
This paper outlines NPACI strategy to achieve the enhanced production of ethanol from 
cassava as a household and transport fuel making it affordable, available and accessible 
without compromising food security in Africa. S
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S6-8: James Awoniyi 
Crownek Green Energy Nig. Ltd., Abuja, Nigeria 
 
The Role of The Private Sector in the Transformation of Cassava in Africa: 
The Crownek Green Energy Model 
The most urgent problems facing the world are FOOD, POVERTY AND ENERGY.  
Crownek Green Energy Co. believes that cassava can provide solutions to these problems.  
Some believe that there is a conflict in industrializing the use of cassava despite its present 
food crop status in Africa, but others believe that it is by industrializing cassava that this 
crop can bring the most benefits to African farmers. 
The problems militating against the transformation of cassava into a sustainable food and 
cash crop in Africa are the followings: 

1. The general situation of agriculture in the national economic development 
indexes over the years using Nigeria as a barometer. 

2. The physical and financial ability of component number 1 in the cassava 
production chain. 

3. The present and future financial and marketing structure of the cassava sub-
sector and its implications for the present and the future. 

4. The science surrounding cassava from the laboratories to the farmer’s fields. 
The paper will deal precisely and practically with the above issues and other field-based 
problems identified in the cause of our operations on our fields, and the Crownek Green 
Energy Co model will be presented. 
 
 
 
 
 
 
 
S6-9: Dufour1,2, Dominique; Dufour3, Elodie; Andres2, Escobar; 
Andres2, Giraldo and Teresa2, Sanchez 
1) CIRAD-Persyst, UMR95 Qualisud, Montpellier, France. 2) IUT - Génie Biologique, 
Amiens, France. 3) CIAT, Cali, Colombia 
 
Evaluation of Altitude Cassava for the Starch Production in 
Colombia 
Recent advances in synthetic chemistry, robotics, and assay development have fueled 
rapid expansion of chemical biology into many areas of biomedical inquiry.  For biological 
processes that can be distilled down to an in vitro reaction or simple cellular phenotype, 
high-throughput screening can often identify small molecule modifiers that disrupt the 
process.  These chemical probes have proven to be invaluable tools for fundamental 
biomedical research and for treating disease.  Unfortunately, much of biology cannot be 
reduced to a simple in vitro assay.  As examples, many aspects of normal embryogenesis 
and disease pathology involve complex interplay between various organs and tissue types.  
These organismal processes are best studied in vivo, and consequently have not been 
amenable to large-scale chemical biology.  We have developed methodologies that enable 
a chemical biology approach to be applied to organismal processes in vivo.  By exploiting 
the small size, optical transparency, and fecundity of the zebrafish, the approach has 
enabled us to identify potent, specific small molecule modifiers of many aspects of 
vertebrate development and to discover novel compounds that suppress disease 
phenotypes in vivo.  The small molecules discovered are useful probes for studying 
embryonic development and in some cases can also be developed further to study and 
treat the adult diseases.  We are currently exploring the developmental pathways involved 
in myocardial infarction recovery, acute myeloid leukemia, and anemia and testing whether 
our small molecule modifiers will also be helpful for studying or treating these diseases. 
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Opas1, Boonseng; Preecha2, Sangsoda; Anon3, Malipan; Pinit4, Kalayasilapin; and 
Chansawang5, Srihata 
anonmalipan@yahoo.com 
1) Rayong Field Crops Research Center, Muang, Rayong. 21150. Thailand. 2) Loie Plant 
Production Materials and Technical Service Center, Muang, Loie. 45000. Thailand. 3) 
Lopuburi Plant Production Materials and Technical Service Center, Khoktum, Muang, 
Lopburi. 25120. Thailand. 4) Prachinburi Plant Production Materials and Technical Service 
Center, Kabilburi, Prachinburi. 25110. Thailand. 5) Mukdahan Plant Production Materials 
and Technical Service Center, Muang, Mukdahan. 49000. Thailand 
Physicochemical properties of cassava starch grown in Thailand 
The six commercial varieties of cassava, i.e. Rayong 1, Rayong 60, Rayong 90, Rayong 5, 
Kasetsart 50 and Rayong 72 were planted on different soil series, i.e. Satuk, Warin, korat, 
Chokchai, Surin, Yasothon and Sikhiu, in early rainy season (May) of 2004 at Nakhon 
Ratchasima, the important cassava growing region of Thailand.  Cassava starch samples 
extracted from the roots at 6 and 8 months after planting.  The samples of 5% starch were 
evaluated in term of physicochemical properties using Rapid Visco Analyzer (RVA).  The 
analyses indicated that cassava starch obtained by planting on different soils had the 
highest viscosity on Chokchai followed by Stauk, Warin, Sikhiu, Yasothon, Surin and Korat 
soil series, respectively.  Morever, the viscosity starch of Kasetsart 50 is highest followed 
by Rayong 5, Rayong 60, Rayong 1, Rayong 90 and Rayong 72, respectively.  Harvesting 
at 8 months after planting resulted in lower pasting temperature and higher peak viscosity 
than 6 months after planting. 
 
 
 
 
SP06-02 E03 
Cereda, M.P., Vilpoux, O.F. and Daiuto, E.R. 
Cereda@ucdb.br 
Dom Bosco Catholic University 
Evaluation of starches properties from Brazilian cassava (Manihot esculenta) 
landraces  
Agriculture use wild plants to introduce best agronomic characteristics.  Recently the 
landraces varieties received attention for its great genetic variability.  Cassava is cultivated 
by vegetative way by the old inhabitants from America, and Brazil is one of the origin 
centers.  Previous researchers evaluated cassava landraces to establish its genetic 
variability for botanical characteristics: productivity, chemical composition (including 
cyanide content) and uses.  This paper presents the evaluation of 6 starches extracted 
from landraces for a specific and complex use in food processing, where chemical modified 
starches are usually used.  The starch was extract from landraces (Dg 100, Dg132, DG135, 
DG163, DG272 and DG387) cultivated in the same place.  Samples of commercial cassava 
and corn native and modified starches were used to compare the behavior of landraces 
starches at the same conditions.  The properties under stress conditions (freezing [-18°C], 
sterilization [121°C, with pressure of 1 kgf/cm2 during 2h], resistance to acidity [pH of 3.5, 
with citric acid] and storage under low temperature [+4°C]) have been evaluated through 
water retention, viscosity and consistency of the gels as for food processing.  It was found 
that cassava landraces with starchy gels with a good behavior under each kind of stress, in 
the exception of freezing, where modified starch was better.  It is possible to affirm that 
landraces are keeping a great variability of functional properties for starch uses in 
processed foods.  Still exist in Brazil thousand of cassava varieties and landraces which 
starch has not been tested and a good stock for genes. 
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SP06-03 E04 
Zhao, Shanshan and Zhang, Peng 
zhangpeng@sibs.ac.cn 
Institute of Plant Physiology & Ecology, Shanghai Institutes for Biological Sciences, 
Chinese Academy of Sciences 
Starch modification by RNA interference of GBSSI and SBE expression in cassava 
Cassava storage roots are rich in starch.  Its starch quality depends on the composition of 
amylose and amylopectin as well as the size and crystallinity level of starch granules.  The 
amylose and amylopectin content of cassava starch ranges from 22%-32% and 68%-88%, 
respectively, among different cultivars.  Modified cassava starch and small-size granular 
starch have great potential in various industrial applications, such as paper and textile 
industries.  In starch biosynthetic pathway, granule-bound starch synthase (GBSS) 
synthesizes the amylose component, whereas the amylopectin can be synthesized by 
soluble starch synthase and starch branching enzymes (SBE).  To increase our 
understanding of the starch biosynthesis in cassava and to improve cassava starch quality, 
we have produced transgenic cassava expressing small RNAs homologous to the 
conserved region of GBSSI, SBEI and/or SBEII from several hairpin constructs.  The 
expression of hairpin RNAs are regulated by either the constitutive promoter CaMV 35S or 
the vascular specific promoter p54/1.0.  In order to knock-down the expression of SBEI and 
SBEII simultaneously, the fragments of SBEI and SBEII were concatenated as chimeric 
sequence in two hairpin constructs.  Molecular analysis has confirmed the transgene 
integration in the genome of many putative transgenic cassava plant lines from several 
transformation events.  Iodine staining confirmed the reduction of amylose content in the 
leaves, stems and storage roots of several GBSSI-RNAi transgenic cassava lines.  SEM 
and TEM examination also confirmed the changes of starch granule structure in transgenic 
lines.  The physico-chemical property of cassava starch from transgenic lines and wild-type 
were also determined using a rapid visco-analyzer. 
 
 
 
SP06-04 E05 
Teunissen, Pauline; Duan, Gang; Xu, Sophia; Ruan, Bruce and Shetty, Jay 
pauline.teunissen@danisco.com 
Genencor, A Danisco division, Grain Processing EMEA, Leiden, The Netherlands 
A new no-cook process to produce bioethanol from fresh cassava roots 
Cassava is one of the most important economic crops in South East Asia, South China, 
Latin America and Africa.  The majority of the harvested roots are processed into chips and 
pellets for further processing, including fermentation alcohol.  Till now, the fresh root is 
immediately processed for producing refined starch or starch derivatives, but can also be 
processed to fermentation alcohol.  We describe a new energy efficient process for 
enzymatically converting granular starch of fresh cassava roots to alcohol.  This no-cook 
process uses less water, less steam, produces more fermentable sugars and has improved 
fermentation efficiency when compared to conventional ethanol production processes.  The 
no-cook process is based on our STARGENTM technology which will be described in more 
detail. 
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SP06-05 E06 
Yaiyen, Surachai1; Pao-in, Thanade2; Kornsiripunya, Tippawan2 and Limpaseni, 
Tipaporn2 
syaiyen@yahoo.com 
1) Program of Biotechnology,  Faculty of Science, Chulalongkorn University, Pathumwan, 
Bangkok, Thailand  10330. 2) Department of Biochemistry, Faculty of Science, 
Chulalongkorn University, Pathumwan, Bangkok, Thailand 10330 
Starch biosynthesis enzyme in cassava (Manihot esculenta Crantz) cv. Kasetsart 50 
in Thailand 
Cassava starch is one of the major raw material used in many industries. Starch is 
composed of amylose and amylopectin which were synthesized by a group of enzymes 
including starch synthase (SS), starch branching enzyme (SBE) and debranching enzyme 
(DBE). Starch synthase  synthesizes a(1,4)-glucosidic linkage in amylose and amylopectin. 
Starch branching enzyme involved amylopectin synthesis by catalyzing formation of a-1,6-
glucosyl-a-1,4-glucan. Starch debranching enzyme (DBE), one of the enzymes that 
involved in starch biosynthesis, hydrolyzes alpha-1,6-glucosidic linkages of alpha-
polyglucan. DBE is classified into two types, pullulanase type and the isoamylase (ISA) 
type. In this study, these enzymes were monitored in tuber of cultivar Kasetsart 50 and 
Rayong 1. The enzymes were found in parenchyma and increase with tuber development 
from 3-12 months old. SS showed higher activity per wet weight or amount of protein in 
cultivar Kasetsart 50. SBE were not much different between the two cultivars. DBE showed 
higher activity in both pullulanase and isoamylase in Kasetsart 50. 
 
 
 
 
 
 
 
 
 
SP06-06 E07 
Howeler Reinhardt and Fahrney Keith 
r.howeler@cgiar.org 
CIAT, Cali, Colombia 
Cassava production and utilization in Asia and its potential as a bio-fuel 
Over the past decade the cassava planting area in Asia has slightly decreased but yields 
have markedly increased, resulting in a steady increase in production, from 48.4 million 
tons in 1996 to 67.0 million tons in 2006.  In most countries cassava is utilized domestically, 
but in Thailand it is mainly for the export market.  China is presently a major importer, 
importing about 75% of its domestic requirement.  In almost all countries in Asia, cassava is 
principally used in food, while in China and Thailand it is mainly used for animal feed or 
industrial purposes.  Potential markets for cassava are mainly in the area of starch and 
starch-derived products, for domestic animal feed, and for processed food.  However, 
recently there has been a renewed interest in the use of cassava as a raw material for the 
production of ethanol, mainly as a ‘bio-fuel’ to mix with gasoline to produce ‘gasohol’.  In 
this market cassava has to compete with sugarcane in tropical countries and with maize in 
the temperate zone.  Cassava starch can generally compete with other sources of starch 
on the basis of price in the mass market.  At present, cassava lacks the wide range of 
intrinsic starch characteristics found in some competing crops like maize and potato.  
However, recently CIAT has identified natural and induced mutations that have different 
starch characteristics, such as low or high amylose contents, unusually small starch 
granules etc. that make these lines of particular interest to various processing industries, 
including ethanol production. 
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SP06-07 E08 
Benesi, I.R.M., Labuschagne, M.T., Saka, J.K., Herselman L. and Mahungu, N.M. 
labuscm.sci@ufs.ac.za 
University of the Free State, South Africa. University of Malawi, SARRNET, Malawi 
Effect of genotype on physicochemical and functional properties of cassava starch 
Native starches from different crops, varieties and species have their own unique properties 
although they lack versatility to function adequately in the entire range of food products and 
other industrial uses currently available on the market.  The aim of this study was to 
delineate the effect of genotype on functional and physicochemical properties of cassava 
starch.  Native starch from 10 Malawian cassava genotypes was extracted and underwent 
microscopic examination and Differential Scanning Calorimetry (DSC) analysis.  
Microscopic examination and DSC analysis revealed that genotype had significant effect on 
granule size and functional properties of native cassava starch.  Granule size for starch 
from the 10 Malawian cassava genotypes were within the range of 4-35µm as reported in 
literature.  Cassava starches generally had lower gelatinisation temperatures, and higher 
enthalpies of gelatinisation than for amylmaize starch except for 83350.  Starches with low 
gelatinisation temperatures are preferred for use in hot-setting adhesives in making of 
corrugated boxes as they save energy. 
 
 
 
 
 
 
 
 
 
 
 
SP06-08 E09 
Cortés-Sierra1, Simon; Cortés-Rojas1, José; Chavarriaga2, Paul; and Lopez1, Camilo 
cbiomol@hotmail.com 
1) Universidad Nacional de Colombia, Department of Biology, Bogota, Colombia. 2) CIAT, 
Cali, Colombia 
Silencing of starch biosynthesis genes in cassava plants through RNAi 
Fuels such as ethanol and biodiesel, obtained from plants and their constituents, have 
recently received the world's attention as a true alternative to the global energy supply, 
mainly because they are cheaper and less contaminant of the environment than the 
currently used, non-renewable fossil fuels.  One of the most important raw materials for 
bioethanol production is the sugar obtained from crops as sugarcane.  Bioethanol can be 
also produced from starch from crops as maize, potato or cassava.  However, the industrial 
process to obtain bioethanol from starch requires its decomposition into simpler molecules 
as glucose, which are then fermented by bacteria or yeast.  It is necessary to add several 
enzymes, which require different pH and temperatures, making the process expensive.  
The modification of the starch biosynthesis pathway may allow reducing the cost of 
enzymes.  The starch pathway is relatively simple, requiring just a few enzymatic steps.  In 
recent years several of the genes of the cassava starch biosynthesis have been identified.  
In this project we aim at selectively silencing some genes to produce transgenic plants 
accumulating less starch and more free sugars.  Alternatively, we seek at producing plants 
with different starch qualities.  We have amplified and cloned 400-500bp fragments of the 
genes coding for ADP Glucose Pyrophosphorylase, Starch Branching Enzyme and 
Granule-Bound Starch Synthase in the pHellsgate12 interference hairpin RNA vector, for 
the silencing of these genes.  Agrobacterium tumefaciens-mediated transformation with the 
constructs developed and analysis of transgenic lines is ongoing. 
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S7-1: Dixon1, A.G.O., Mahungu1, N.M., Ntawuruhunga1, P., Kanju1, E. E., 
Ssemakula1, G., Gedil1, M., Mba2, C., Lokko2, Y., Raji1, A., Ingelbrecht1, I., 
Legg1, J., Kumar, L. and Winter3, S. 
1) International Institute of Tropical Agriculture, Ibadan, Nigeria. 2) Plant Breeding Unit, 
Joint FAO/IAEA Agriculture and Biotechnology Laboratory, International Atomic Energy 
Agency Laboratories, A-2444, Seibersdorf, Austria. 3) Deutsche Sammlung von 
Mikroorganismen und Zellkulturen (DSMZ) Plant Virus Division, Messeweg, 11/12, 
Braunschweig, Germany. 
Unleashing the Power of Cassava: New Cassava Varieties for Africa 
Cassava is an appropriate commodity to feature in Africa’s economic development.  
Improved cassava varieties responsive to markets will drive down costs of production, 
harvesting, processing and marketing to make cassava products competitive with other raw 
materials, and improve the quantity and quality of cassava products for diversified uses.  
The future of Africa’s commercial cassava sub-sector can follow two pathways: (1) surplus 
cassava products find no market; the crop continues at subsistence level; and adoption and 
impact of technologies are very limited; (2) markets are available for surplus cassava 
products; cassava becomes more of a cash crop; and technologies are readily adopted 
with large impact at producer and consumer levels.  Providing solutions to the constraints 
to production and commercialization, arresting the limitations, and modernizing cassava 
through genetic improvement geared to more efficient production/postharvest and 
marketing operations would enhance its yields, adaptation, adoption, market opportunities, 
and profit.  Reliable markets will greatly increase yields of improved varieties of cassava as 
farmers will pay more attention to their crop.  Accelerating the development, delivery 
/transfer and promotion of improved varieties responsive to markets would increasingly 
require both the application of modern science and technology and conventional breeding, 
as well as increased partnerships.  The genetic improvement strategies, progress, and 
future directions for developing improved varieties that will empower producers to take 
advantage of existing, potential and growth markets are discussed. 
 
 
S7-2: Kawuki1, R.S., Semakula3, G.N., Orone1, J., Oba1, J., Majara1, C., Mwanga1, 
R.O.M., Baguma1, Y., Pariyo2, A., Alicai1, T., Omongo1, C.A., Ntawuruhunga3, P., 
Labuschagne4, N., Herselman4, L., Ferguson3, M., Edema2, R., Okori2, P., 
Nuwamanya2, E., Amuge2, T., Nuwamanya2, E., Kashub1, S., Fregene5, M. and Bua1, A. 
1) National Crops Resources Research Institute (NaCCRI), P.O. Box 7084, Kampala, 
Uganda. 2) Makerere University, P.O. Box 7062, Kampala, Uganda. 3) IITA. 4) Department 
of Plant Sciences, University of the Free State, Bloemfontein, 9300, South Africa. 5) CIAT, 
A.A. 6713, Cali, Columbia 
Breeding for Better Cassava in Uganda 
Despite the introduction of cassava in Uganda in the early 1850's, cassava improvement 
only began in 1941 by phenotypic varietal selection.  Since then, cassava breeding in 
Uganda has evolved to involve the integration of six disciplines: genetics, agronomy, 
physiology, biochemistry, molecular biology and socio-economics.  One of the current key 
breeding objectives is the genetic improvement of locally adopted cassava varieties, 
primarily for their exceptionally good culinary qualities and yet deficient in resistance to key 
biotic constraints.  Activities to remedy to this situation include: - evaluation and 
characterization of local and introduced gene pools with the objective of identifying 
individuals with useful agronomic traits that meet demands; - continuous generation of 
progenies derived through crossing in various combinations the local varieties with elite 
worldwide introductions; crosses among outstanding local varieties are also included in the 
hybridization scheme; - evaluation and selection, which takes both a central and 
decentralized fashion to meet tailored needs; recombination of progenies in a recurrent 
selection method is an additional activity we undertake to shift population means for some 
desirable traits; - inbreeding with the explicit idea of generating partial cassava inbred lines 
of agronomically outstanding local varieties and in parallel, enhancing the expression of 
useful recessive traits; - development of genetic transformation platform to specifically 
focus on the introduction of the deficient genes (cassava mosaic and cassava brown streak 
diseases) into the local varieties.  The progress made on these initiatives will be discussed. 
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S7-3: Mkamilo1, G., Masumba1, E., Jeremiah1, C., Ndyetabura1, I., 
Kimata1, B., Kulembeka1, H., Mtunda1, K., Kullaya1, A., Muhana1, M., 
Kundy1, A., Kanju2, E. and Fregene1, M. 
1) National Root and Tuber Crops Program, Division of Research and Training P.O Box 
2066 Dar-es-Salaam, Tanzania. 2) CIAT, Cali, Colombia 
 
Towards Cassava Green Revolution in Tanzania 
Tanzania is the fourth largest producer of cassava in Africa with total fresh roots production 
of 7,000,000 tonnes in the area of about 670,000 hectares.  The national average fresh 
roots yield is about 8 t ha-1, which is well below the continent’s average of 10 t ha-1.  Low 
yield is mainly caused by susceptibility of commonly grown varieties to major biotic stresses 
such as cassava mosaic disease (CMD), cassava brown streak disease (CBSD) and 
cassava green mite (CGM).  To address this yield gap, the national cassava breeding 
program in collaboration with IITA and CIAT has been conducting farmer participatory 
evaluation of cassava genotypes, with the support from Rockefeller Foundation (RF) and 
the Office of Foreign Disaster Assistance (OFDA).  RF provides support for cassava 
breeding in the Coastal Lowlands of Tanzania while OFDA has been supporting in the Lake 
Zone of the country (2000-2006).  Of 1611 clones evaluated in the Coastal Lowlands, 176 
have been selected in 2008 for further evaluation under Preliminary Yield Trials having 
fresh root yield up to 64 t ha-1, dry matter 20-54% and resistance to CBSD and CMD.  Of 
900 clones evaluated in the Lake Zone, only 8 were selected by farmers due to fresh root 
yield (10-30 t ha-1), dry matter (30-50%) and resistant to CMD.  The selected clones have 
been proposed for official release in 2008.  Cassava green revolution in Tanzania could be 
achieved through development and dissemination of improved varieties and linkage of 
sustainable productivity to markets. 
 
 
 
S7-4: Zacarias da Silva1, Anabela Matangue; Labushagne2, Maryke 
Tine; Koen2, Elizma; and Kanju3, Edward Eneas. 
1) Agricultural Research Institute of Mozambique (IIAM), Cassava Program, P.O. Box 
3658, Maputo, Mozambique. 2) Department of Plant Sciences, University of the Free State, 
P.O. Box 339, Bloemfontein 9300, South Africa. 3) IITA, P.O. Box 6226, Dar es Salaam, 
Tanzania. 
 
Combined Genetic Distance Analysis as Revealed by Morphological 
and AFLP Markers of Cassava Breeding Parents in Mozambique 
This report focuses on the genetic diversity of cassava cultivars served as parents in the 
breeding programme in Mozambique, through morphological and AFLP markers.  
Seventeen cassava (Manihot esculenta Crantz) genotypes were analyzed using amplified 
fragment length polymorphism (AFLP) markers and morphological traits.  The accessions 
included local cultivars collected in the northern part of the country and representative 
accessions from IITA.  Genetic distance, principal coordinates and combined analysis were 
performed in the study.  Results showed the presence of a narrow genetic base of diversity 
among the parents studied.  The genetic distance for morphological characteristics ranged 
from 0.105 to 0.833, compared to distances obtained from AFLP data, ranging from 0.694 
to 0.917.  These genetic distances varied as 0.456 for morphological, while AFLP was 
0.803.  The combined morphological and AFLP analysis showed high correlations with 
AFLP (r=0.99) and weak and not significant correlation with morphological (r=0.014) 
markers.  A possible explanation is the fact that a dissimilar number of markers were used 
in each isolated technique, where the morphological markers (23) had fragile contribution to 
the combined analysis when compared to AFLP markers (425).  Therefore, the combination 
of both techniques gives a more accurate idea of genetic diversity among genotypes.  The 
genetic basis among the accessions suggests that the cassava breeding programme of 
Mozambique should focus on enriching its germplasm through local collections and 
introductions of exotic germplasm from other parts of the world.  
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S7-5: Parkes, Elizabeth Yaa; Aduening, Joe Manu; Moses, 
Emmanuel; Ampong-Mensah, Godfred; Peprah, Bright Boakye; 
Lotsu, Edem; Quain, Marian Dorcas and Okobgenin, Emmanuel 
Crops Research Institute (CSIR-CRI), Ghana 
 
Advancing Cassava Improvement Using Molecular Tools and 
Farmer Participatory Techniques in Ghana 
Cassava, a cheap and reliable source of carbohydrates and a major staple in Ghana, 
contributing 22% of Agricultural GDP, has assumed industrial and cash crop status.  
Cassava is susceptible to CMD and other devastating diseases and pests, as well as post 
harvest physiological deterioration.  Cassava breeding in Ghana with the support of the 
International Institute of Tropical Agriculture (IITA) has released several varieties.  Adoption 
challenges and susceptibility of some varieties has necessitated this study.  New improved 
varieties are needed to feed the growing cassava-based industry.  Marker assisted 
selected clones resistant to pest and diseases develop by the International Center of 
Tropical Agriculture (CIAT) and evaluated by the Crops Research Institute (CRI) together 
with farmers had outstanding clones CR52A-31 and CR52A-25 with high starch levels 
between 26-30% and yields of 50 to 62t/ha.  Clone CR 52A-25 additionally showed no 
signs of post harvest physiological deterioration after the seventh day.  The family, TAI 8 x 
C-243 selected with MAS showed CMD resistance in all locations.  These materials have 
been crossed to local varieties with unique characteristics for further evaluation.  Molecular 
tools employed and participatory testing has accelerated cassava improvement and could 
ensure effective adoption. 
 
 
 
 
 
S7-6: Sreekumari, M.T., Abraham, K., Unnikrishnan, M., 
Ramanathan, S. and Edison, S. 
Central Tuber Crops Research Institute, Sreekariyam, Trivandrum 695 017 
 
Triploidy Breeding Paves the Way to Produce Starchier Cassava in 
India 
Triploid hybrids of cassava were produced by crossing diploids with induced tetraploids and 
they were evaluated to isolate superior ones having compact plant type, higher tuber yield 
and higher extractable starch content for cultivation in industrial areas.  Most of the triploids 
were better than their parents for tuber yield and starch content.  Farmers’ participatory 
trials were conducted with advanced triploid selections in Tamil Nadu, the industrially 
dominating state in India for cassava starch processing.  The superior high starch triploids 
quickly gained the confidence of the farmers and the industrialists alike and they emerged 
as the most promising cassava clones in Tamil Nadu due to their compact plant type, 
stability of tuber yield (35-45 t/ha) and higher extractable starch content (30.0-32.0 per 
cent).  The compact plant type could accommodate more plants and further increase 
productivity per unit area.  They have currently spread to more than 250 acres in the state 
through secondary adoption by farmers within a span of three years.  Since the price of 
cassava offered by the starch industries is linked to the extractable starch content of the 
tubers, the triploid cassava hybrids have proved a boon to farmers in the industrial areas of 
Tamil Nadu.  The acceptance of triploid clones with higher yield and remarkably higher 
extractable starch hitherto unreported in cassava and its vegetative propagation for 
multiplication suggest the possibility of extending triploidy as a proven tool for the 
production of profitable cassava for industries in the developing countries.  
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S7-7: Kaimian Li 
Chinese Academy for Tropical Agricultural Sciences (CATAS), Hainan, China 
 
Cassava Production Development in China 
Recently, the total cassava planted area in China is about 450,000ha, with a total annual 
production of about 7 million tonnes of fresh roots.  Cassava processing and utilization 
have developed markedly in recent years, and the production of cassava-based products 
has increased from about 30 to 85%.  The production of cassava has changed from being a 
scattered and backyard crop into one that is farmed intensively and grown mostly for 
industrial processing.  The recent increase in cassava yields can be attributed to the 
adoption of new technologies, especially that of improved varieties and good cultivation 
techniques.  Cassava varietal improvement in China has focused on the following aspects: 
a) collection and introduction of cassava germplasm and establishment of cassava 
germplasm bank for cross-breeding; b) establishing a national cassava trial network, 
forming an integrated breeding system of improved varieties, testing and demonstration, as 
well as extension of cassava; and c) multiplication and dissemination of improved varieties.  
On the other hand, the development of cassava-based products and improved market 
channels, as well as changes in government policy also affected the development of 
cassava production in China. 
 
 
 
 
 
 
 
 
 
S7-8: Rajanaronidpiched, C. and Vichukit, V. 
Kasetsart Univ, Thailand 
 
Cassava Breeding in Thailand 
Part of the success of the Thai cassava industry was due to the former traditional variety 
Rayong1.  Rayong1 has excellent agronomic traits, wide adaptation and moderate root 
yield and fresh root starch content.  Intensive cassava breeding program has been 
conducted since 1970s with collaboration with Centro International de Agricultura Tropical 
(CIAT).  A large amount of cassava clones from CIAT germplasm in the form of seeds and 
meristem culture have been shipped to Thailand.  Several varieties with high root yield and 
fresh root starch content have been released.  Higher root yield in new varieties are due to 
higher total biological yield and harvest index (H.I.).  Massive multiplication of new varieties, 
which more than 20 million stakes have been distributed freely to the farmer.  Nearly 100 
per cent of cassava acreage is under new varieties.  During 1970s Rayong1 occupied more 
than one million ha, nowadays only 3,500 ha are under this variety.  Kasetsart 50 is the 
most popular variety with planting area more than 500,000 ha.  This variety is also popular 
in several Asian countries.  National yield average has increased more than 50% due to 
genetic improvement and more fertilizer application.  Further breeding objectives are to 
increase productivity and special root starch quality for specific industry. 
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S7-9: Fukuda1, Wania; Santos1, Vanderlei; Oliveira1, Luciana; 
Pereira1, Marcio; Ceballos2, Hernan; Nutti3, Marilia; Carvalho3, José 
and Dita1, Miguel 
1) Embrapa Cassava & Tropical Fruits, Cruz das Almas Bahia, Brazil. 2) CIAT, Cali, 
Colombia. 3) Embrapa Food Technology, Rio de Janeiro, Brazil 
 
Breeding Cassava for Enhancement of Carotenoid, Iron and Zinc 
Contents 
The goal of this project is to improve the nutritional quality of cassava varieties for pro-
vitamin A, Fe and Zn contents, in the HarvestPlus program.  Initially, a total of 1800 
cassava accessions from the germplasm bank at Embrapa Cassava & Tropical Fruits, were 
screened.  Total carotenoid content in one-year old roots of the 72 landraces selected 
ranged from 0.63 to 15.51 µg.g-1 (fresh weight).  It was observed that accessions with 
higher total carotenoid contents also presented elevated HCN levels.  Based on, the low 
cyanogenic potential required for cassava consumption as boiled roots (where carotenoid 
retention is higher), 7 landraces with total carotenoid concentrations ranging from 1.50 to 
4.49 µg.g-1 were selected as parents.  In the first generation (228 genotypes), hybrids with 
total carotenoid increment of more than 100% in relation to the parents were identified.  
Total carotenoid levels in the population ranged from 0.87 to 10.47 µg.g-1.  Analyses of 
beta-carotenes revealed an approximated, but not linear relation with the total carotenoid 
contents.  In the second generation (136 hybrids) additional increment of total carotenoid 
contents with respect to the first was verified, reaching the maxim concentration of 12.41 
µg.g-1.  Regarding Fe and Zn contents, the 72 yellow landraces initially selected as well as 
all the hybrids of two generations were evaluated by atomic absorption.  Keeping low HCN 
and high total carotenoid concentrations as priority, hybrids with more than 10 µg.g-1 of 
total carotenoids and high levels of Zn and Fe were selected.  These hybrids are currently 
under agronomical evaluations to be recommended as varieties.  
 
 
S7-10: Ceballos, Hernan; Perez, Juan C.; Calle, Fernando; Lenis, 
Jorge I.; Morante, Nelson; Fregene, Martin; Sanchez, Teresa; and 
Chavez, Alba Lucia 
CIAT, Cali, Colombia 
 
Recent Progress in Cassava Breeding Technologies 
Cassava breeding is generally seen as slow and inefficient.  The heterozygous nature of 
the progenitors typically used in cassava breeding, the low multiplicative rate and the 
marginal conditions that define the target environments complicate matters considerably.  
However, important developments have taken place recently that will make cassava 
breeding more efficient.  The introduction of marker-assisted selection for relevant traits 
such as resistance to Cassava Mosaic Disease and use of molecular markers for TILLING 
in the identification of specific mutants are clear examples of their potential.  Genetic 
transformation is routinely done in different laboratories worldwide.  Significant progress 
has been achieved in the process of developing a protocol for the production of doubled-
haploids through anther culture.  The quick availability of large number of homozygous 
progenies and their subsequent use as progenitors in cassava breeding offer many 
different advantages: design of high-performing hybrids, exploitation of heterosis, possibility 
of implementing the back-cross scheme, germplasm conservation and exchange, and a 
greatly facilitated inheritance and molecular studies.  Inbreeding cassava has also lead to 
the discovery of useful recessive mutants, which also suggest that from the genetic point of 
view, cassava has the same kind of mutations found in other (cereal and tuber) crops.  For 
high heritability traits, such as carotenoids content in the root, rapid cycling recurrent 
selection shows excellent genetic gains, similar to those that have been observed in crops 
like maize.  The combination of these technologies is going to have a positive impact in the 
livelihoods of cassava farmers and processors.  
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SP07-01 E10 
N'zue, Boni; Zohouri, Goli Pierre; Sangare, Abdourahamane and Gnaore-Yapi, 
Valentine 
nboni1@yahoo.fr 
Centre National de Recherche Agronomique (CNRA), Km17, Rte de Yopugon, Abidjan, 
Côte d'Ivoire. 
New highly productive clones of cassava (Manihot esculenta Crantz) selected in 
Côte d'Ivoire 
Cassava (Manihot esculenta Crantz) constitutes the second main food crop in Côte d'Ivoire 
after yam, with a volume of annually production estimated at 2.198 millions tons.  Its 
cropping covers approximately all the national territory.  By-products are multiple (attiéké, 
foutou, toh, flour, starch, gari, etc) and are intended to national and regional trade.  In spite 
of these assets, cassava cropping requires the improvement of some interest traits such as 
yield, dry matter and resistance to pests and diseases, in order to increase its productivity.  
Varietal breeding is one of these ways.  In that condition, a clonal trial was set up in July 
2000 on an experimental station at Bouake.  Twenty clones (6 from CNRA and 14 from 
IITA) were confronted to two of the best improved varieties (IM84 and TMS4(2)1425) which 
are proposed to service extension.  The harvest of tuberous roots was realised 13 month 
after planting.  Data indicated that the gap of yield and dry matter rates reached 14 t/ha and 
3% respectively.  According to those traits, 12 clones were selected in order to be 
evaluated in other stations and on farm through varietal tests. 
 
 
 
 
 
 
SP07-02 E11 
Abraham, K. and Sheela, M.N. 
abrahamk@rediffmail.com 
Central Tuber Crops Research Institute, Sreekariam, Trivandrum 695017, India 
The potential of sixth generation inbreds in cassava for genetic improvement 
Sixth generation of inbreds having a very high level of homozygosity was developed in 
cassava for heterosis breeding. The effect of Inbreeding varied among the genetic stocks 
for different characters.  Greater variation for plant vigour was recorded during the early 
inbred generations.  The mean plant height and canopy spread were greater in the S2 and 
S3 generations compared to those of parents.  Only 2.6 per cent of the inbreds recorded 
extreme reduction in vigour in the S2 generation.  Among the tuber characters, inbreeding 
depression was recorded for tuber yield, number of tubers and harvest index.  On the other 
hand there were inbreds which produced substantially higher tuber yield than their parents.  
For the biochemical characters, inbreeding depression was not evident and the starch 
content in tubers was higher among several lines of the fifth inbred generation.  The major 
deleterious effect of inbreeding was the decrease of sexual fertility on selfing as evidenced 
by the reduction in fruit set and seed set and hence only self fertile inbreds could be carried 
over to advanced inbred generations.  From S1 to S5 generation, the mean seed set was 
reduced from 15.2 to 8.5 per cent.  The results indicated that inbreeding in cassava was not 
universally deleterious, but was beneficial for the release of certain desirable recessive 
alleles.  The sixth generation inbreds were homogeneous without any molecular variation 
(assessed by RAPD markers) suggesting the scope of developing useful heterotic hybrids 
and the possibility of true seed propagation of cassava with uniform seedling progeny. 
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SP07-03 E12 
Suja, G. and Susan, John K. 
sujagin@yahoo.com 
Central Tuber Crops Research Institute, Sreekariyam, Thiruvananthapuram, Kerala, India 
Promising short duration cassava varieties for crop intensification 
Over the last two decades, cassava cultivation in uplands has declined, whereas it has 
caught up in lowlands sequentially after main crop of rice or banana and vegetables.  Short 
duration varieties harvestable by 6-7 months are ideal for the better utilization of resources 
by small farmers.  To evaluate the yield performance of 10 short duration/early bulking 
cassava lines and standardise the nutrient management practices, field experiments were 
conducted in series for three years, in lowland situation akin to rice fallow.  Two triploid 
lines and eight diploid lines/varieties were evaluated.  Triploid 2-18 out yielded (38.34 t ha-
1), followed by triploid 4-2, Sree Vijaya, Sree Jaya and Vellayani Hraswa, which were on a 
par (30-32 t ha-1).  These high yielding lines had appreciably higher total biomass, crop 
growth rate, mean tuber bulking rate and harvest index. Starch content was almost the 
same (22-28%).  The diploids, Sree Vijaya, Sree Jaya, Vellayani Hraswa and Kalpaka were 
ideal for cultivation in rice fallows for table purpose due to their high yield, good cooking 
quality and low cyanogen content (29.2-43.8 µg g-1).  The triploids were better suited for 
industrial uses owing to their high tuber dry biomass production.  The five promising short 
duration lines were further evaluated under 4 levels of fertility after a green manure crop of 
cowpea.  The results indicated that the fertility level based on soil test data, which resulted 
in a saving of full P, 10% N and 15% K by the third year, was sufficient for short duration 
cassava. 
 
 
 
 
 
 
 
SP07-04 E13 
Sheela, M.N., Abraham, K., Edison, S. and Easwari Amma, C.S. 
sheelactcri@yahoo.co.in 
Central Tuber Crops Research Institute, Trivandrum Kerala, India 
Gene action in agronomically relevant traits in cassava 
In India, cassava is grown by subsistence farmers of Kerala as a food crop, but farmers of 
adjoining states (Tamil Nadu and Andhra Pradhesh) grow cassava primarily for processing 
into starch and sago.  Even though a genetic map has been developed in cassava, very 
little work was undertaken to study the exact genetic control of different agronomically 
important traits using inbred lines.  Hence combining ability analysis of a 6x6 full diallel 
progenies of inbred lines in cassava for 22 characters was undertaken.  Among the yield 
components, harvest index recorded a significant positive genotypic correlation with yield 
components viz. tuber length, tuber number, tuber weight/plant and stem girth.  Leaf yield 
had significant positive genotypic correlation with plant height, stem girth, leaf retention, 
total number of leaves, tuber weight, and number of tubers/ plant.  High heritability and 
genetic advance were exhibited by leaf yield, leaf spread, top weight and number of 
secondary branches/plant.  Harvest index recorded moderate heritability of 64.9%.  
Internode length, mean tuber weight and tuber length hadvery low heritability and low 
genetic advance indicating non-additive gene action. Hence selection based on such 
characters may not be effective.  The number of gene groups controlling various traits were 
estimated and root yield was found to be controlled by three groups of genes.  Very low 
narrow sense heritability obtained for yield and its components revealed the preponderance 
of non-additive gene action.  Hence there is immense scope for genetic improvement of 
cassava through heterosis breeding using inbred lines. 
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SP07-05 E14 
Nuwamanya, E., Baguma, Y., Kawuki, R., Bua, A. and Rubaihayo, P. 
wamanya@hotmail.com 
National Crops Resources Research Institute 
Assessment of root starch qualities in F1 population derived by crossing Ugandan 
local cassava varieties with elite cassava introductions 
In response to presumed inferior root qualities in some elite cassava introductions in 
Uganda compared to local cassava varieties, a study was undertaken to examine starch 
related quality traits of an F1 population derived by crossing locally adapted cassava 
varieties (Bao, Nyaraboke, Kakwale, Bamunanika) with selections from introduced cassava 
germplasm (SE/95/00036, NASE 10, NASE 12, TME 5, TME 14).  An F1 population 
comprising of 7000 seedlings was derived by the simultaneous introgression of desirable 
agronomic and root quality associated genes.  Of these 1077 seedlings were selected, 
cloned (6-8 plants per genotype) and established in a clonal trial for evaluation of root 
quality traits at harvest.   Harvesting was done 12 months after planting; root samples were 
collected per clone and examined for parameters which either singly or in combination 
influence starch physico-chemical properties.  Starch physicochemical parameters 
investigated showed variations among clones with correlations observed among some 
starch parameters.  Solubility of starch ranged from 1-15 g/100g with swelling power of 
starch ranging from 40 -140 g/100g starch, cold water soluble materials percentage in 
starch was less than 4% in most clones although some clones had percentages as high as 
7% especially those derived from the parent TME 5.  Starch yield which is highly dependent 
on the extraction method used ranged from 18-31%.  Root properties like dry matter 
content, starch content, moisture content of the root and the ash content of starch varied 
among the clones.  These variations are indicative of differences among different varieties 
of cassava from which these clones were derived.  The different properties of starch from 
these clones reveal that different varieties of cassava are suited for diverse uses in food 
and nonfood applications.  This opens up a window for contrasting cassava clones to be 
selected and advanced for production of starch for specialized applications. 
 
SP07-06 E15 
Ojulong, H., Labuschagne, M.T., Herselman, L. and Fregene, M. 
labuscm.sci@ufs.ac.za 
University of the Free State 
Introgression of genes for dry matter content from wild cassava species 
Cassava cultivars often have poor resistance to biotic stresses and lack good quality traits. 
Wild species of cultivated crops have frequently been used as an important source of 
genetic diversity.  Cassava breeders are becoming increasingly interested in incorporating 
genes of wild relatives.  In 2000 CIAT initiated a programme to introgress genes for several 
root yield and quality traits from wild cassava relatives into its germplasm collection.  The 
objectives of this study were to evaluate one resulting inter-specific cross with high 
variability for dry matter content (DMC) and to assess the effect of such a cross on other 
yield related traits.  Crossing of the elite cultivar MTAI8 to the wild relative Manihot tristis 
increased the percentage DMC above the normal average of about 35%, with percentage 
DMC ranging from 34.39 to 42.73%.  The crosses, however, were accompanied by some 
detrimental effects, most noticeable the reduction in harvest index (HI).  It is apparent that 
when selecting for DMC, caution should be taken and HI and fresh root yield should be 
monitored.  Regression analysis singled root weight, percentage DMC and fresh root yield 
out as the most important contributors to dry root yield.  Principal component analysis 
indicated that root weight, roots per plants and DMC contributed most to storage root yield. 
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SP07-07 E16 
Noronha1, Aloyseia; Boaventura2, Veronica; Cavalcante2, Ana; Caldas1, Ranulfo; and 
Alves1, Alfredo 
aalves@cnpmf.embrapa.br 
1) Embrapa Cassava & Tropical Fruits, Cruz das Almas, Bahia, Brazil. 2) Graduation 
student, FAPESB scholarship, Cruz das Almas, Bahia, Brazil 
Manihot wild species as source of resistance to cassava green mites 
Cassava wild species are important sources of genes for resistance to biotic constraints 
that can be used for genetic improvement of the cultivated species, M. esculenta.  Cassava 
green mites (CGM), Mononychellus tanajoa (Bondar), is one of the most important pest 
affecting cassava crop, mainly in semi-arid environment.  Fourteen accessions of six 
Manihot wild species were evaluated for biological aspects of CGM: 1) M. anomala (4); 2) 
M. peruviana (4); 3) M. flabellifolia (2); 4) M. dichotoma (2); 5) Manioba, probably M. 
glaziovii (1); and 6) Mandioca Sete Anos, probably a natural hybrid between M. esculenta 
and a wild species (1).  The study was carried out in laboratory under 25±1°C, 70±10% 
(RH) and 12h of photoperiod.  Daily evaluations on development and reproduction of M. 
tanajoa were performed.  The experimental design was completely randomized with 50 
replications per genotype.  The period from egg to adult varied from 10.08 to 13.99 days, 
with distinction of five groups.  The two groups with the highest periods of egg-adult were 
composed by the four accessions of M. anomala.  The rate of oviposition varied from 0.80 
to 2.18 eggs/female/day with distinction of four groups.  One accession of M. anomala 
presented the shortest rate of oviposition.  The wild genotypes presented lesser fecundity 
of M. tanajoa in relation to the cultivated species (M. esculenta), selected as resistant to 
semi-arid condition in the Northeast Brazil.  These results suggest the presence of high 
levels of source of resistance within wild species of Manihot. 
 
 
 
 
 
SP07-08 E17 
Ferguson1, M., Kawuki2,3,4, R., Labuschagne3, M., Herselman3, L., Amisse5, J., 
Bidiaka6, M., Gashaka7, G., Gethi8, J., Mkamilo9, G. and Ralimanana10, I. 
m.ferguson@cgiar.org 
1) IITA, P.O. Box 30709, Nairobi, Kenya. 2) National Crops Resources Research Institute (NaCRRI), 
P.O. Box 7084, Kampala, Uganda. 3) Department of Plant Sciences, University of the Free State, P.O. 
Box 339, Bloemfontein, 9300,  South Africa. 4) BioSciences eastern and central Africa (BecA), c/o ILRI, 
P.O. Box 30709, Nairobi, Kenya. 5) Instituto de Investigacao o Agraria de Mozambique (IIAM), Nampula. 
6) Institute National Pour L'etude et la recherche agronomique (INERA), Kinshasa, DR Congo. 7) 
Institute des Sciences Agronomiques du Rwanda (ISAR), 47, Rue Député Kamuzinzi, B.P 5016, Kigali, 
Rwanda. 8) Kenya Agricultural Research Institute (KARI), Katumani, P.O. Box 340, Machakos, Kenya. 
9) Naliendele Agricultural Research Institute (NARI), P.O. Box 509 Mtwara, Tanzania. 10) Foibem-
pirenena momba ny Fikarohana Ampiharina amin’ny Fampandrosoana ny eny Ambanivohitra (FOFIFA), 
Antananarivo, P.O.Box 1444, Madagascar 
Characterizing cassava germplasm in seven African NARS breeding programs 
To efficiently manipulate germplasm within a breeding program, plant breeders need to 
understand the extent, nature and structure of the diversity of their germplasm, and how 
this relates to diversity available internationally.  This project aims at characterizing and 
assessing diversity at the phenotypic and genotypic levels in cassava used by seven NARS 
breeding programs in Africa, namely DR Congo, Rwanda, Kenya, Uganda, Tanzania, 
Mozambique and Madagascar.  The assembled cassava set for study includes local 
varieties, breeders’ germplasm, germplasm resources within national genebanks and 
international nurseries.  The principle project outputs will include: (1) development of 
standardized cassava phenotypic characterization methodologies; (2) generation of 
qualitative, quantitative and genotypic data on cassava germplasm available in the NARS; 
3) development of a central database with passport data, farmer-knowledge, pedigrees, 
phenotyping and genotyping data of accessions used by NARS; and (4) an assessment of 
diversity at the national and regional levels in relation to that at the global level through 
comparison with Generation Challenge Program diversity studies.  Data will become 
publicly available following a final data analysis workshop in October 2008. 
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SP07-09 E18 
Fukuda, Wania1; Oliveira, Luciana1; Santos, Vanderlei1; Ceballos, Hernan2; Nutti, 
Marilia3; and Carvalho, José Luiz3 
vssantos@cnpmf.embrapa.br 
1) Embrapa Cassava & Tropical Fruits, Cruz das Almas Bahia, Brazil. 2) CIAT, Cali, 
Colombia. 3) Embrapa Food Technology, Rio de Janeiro, Rio de Janeiro, Brazil 
Development of cassava cultivars with high iron and zinc contents in roots 
This work aimed to quantify iron and zinc contents in yellow cassava genotypes.  Iron and 
zinc contents in roots of 72 cassava landraces selected for total carotenoids in roots were 
quantified.  A group of 172 hybrids of Family 2003, 136 hybrids of Family 2004, and 40 
hybrids of Family 2005, all with yellow roots were also evaluated. Contents for iron in 
landraces ranged from 0 to 56.5 mg.kg-1 with an average of 9.17 mg.kg-1.  In the family 
2003, the average content was 8.2 mg.kg-1 with values ranging from 0 to 51.1 mg.kg-1.  In 
the family 2004, the average content was 13.1 mg.kg-1 with values ranging from 1.0 to 77.5 
mg.kg-1.  In the family 2005, the average content was  23.80 mg.kg-1  with values ranging 
from 20.54 to 30.65 mg.kg-1.  The zinc contents of the landraces ranged from 0 to 26.2 
mg.kg-1 with an average of 4.14 mg.kg-1.  In the Family 2003, zinc content ranged from 0 
to 34.1 mg.kg-1, with an average of 5.2 mg.kg-1.  In the Family 2004, the values ranged 
from 0.5 to 87.1 mg.kg-1, with an average of 12.50 mg.kg-1.  And, in the Family 2005, zinc 
content ranged from 1,97 to 34,38 mg kg-1, with an average of 7,94 mg.kg-1. 
 
 
 
 
 
 
 
 
 
 
SP07-10 E19 
Sanchez, Teresa; Ceballos, Hernan; Debouck, Daniel; Mafla, Graciela; Calle, 
Fernando; Perez, Juan C.; Dufour, Dominique; Morante, Nelson; and Tohme, Joe  
h.ceballos@cgiar.org 
CIAT, Cali, Colombia 
Variation in starch and root quality traits in cassava 
There is wide variation in the description of starch quality traits for cassava and little 
variation had been reported until recently.  CIAT, therefore, initiated a project to evaluate 
and screen for starch quality traits in the entire germplasm collection.  High value traits (for 
example, amylose-free starch and high-protein content) have been identified.  Up to now, 
starch samples from more than 4000 accessions (3272 landraces and 772 improved 
clones) from the cassava germplasm collection have been obtained and analyzed.  The 
size of this sample is very large and the information it provides very robust.  Average dry 
matter content of the landraces was 32.8% whereas for improved clones it was 36.7%, but 
starch content was the same (84.5%).  Cyanogenic potential ranged from 14 to 3274 ppm 
for an average of 325 ppm.  Averages for landraces were slightly higher (339ppm) than in 
improved clones (267 ppm).  Total sugars and reduced sugars were 3.68 and 1.25, 
respectively (landraces) and 4.05 and 1.56 (improved clones).  Average amylose content 
was 20.7% across all the genotypes evaluated.  There was little variation between 
landraces and improved clones for water absorption (4.59%); water solubility (2.17%); easy 
cooking (2.80 min); pasting temperature (65.2°C); maximum viscosity (777 cP); breakdown 
(298 cP); and consistency (156 cP).  Clarity of the gels was 44.5% for landraces and 48.1% 
for improved clones. 
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SP07-11 E20 
Morillo1, Yacenia; Chavez2, Alba Lucia; Sanchez2, Teresa; Morante2, Nelson; Perez2, 
Juan Carlos; Calle2, Fernando; and Ceballos1,2, Hernan 
h.ceballos@cgiar.org 
1) Univ. Nacional Colombia, Cali, Colombia. 2) CIAT, Cali, Colombia 
Heritability estimates of carotenoids content in cassava roots 
With the support of the HarvestPlus initiative, CIAT has conducted research to evaluate the 
potential of cassava (Manihot esculenta Crantz) roots as a vehicle for delivering pro-vitamin 
A carotenoids to those populations chronically deficient in this vitamin.  To maximize the 
certainty of success, three simultaneous approaches have been taken: 1) screening of 
germplasm in search of high pro-vitamin A carotenoids (pVAC); 2) rapid-cycling recurrent 
selection to increase the maximum levels of pVAC currently available; and 3) genetic 
transformation.  The efficiency of recurrent selection depends heavily on the heritability of 
pVAC content in the roots, particularly because the rapid-cycling is based on single-plant 
evaluations and selections at the F1 stage.  Heritability of pVAC content in the roots was 
estimated using the parent offspring regression approach. Initially 19 full-sib families were 
evaluated and four of them selected because of wide segregation for pVAC.  High, medium 
and low-pVAC individuals were selected within each family and self-pollinated.  The S1 
partially inbred families produced were evaluated for pVAC and the progenitor plants were 
grown for a second season and their pVAC levels quantified again.  Heritability for this trait, 
based on the parent off-spring regression was relatively high (> 63%).  This result explains 
the excellent progress attained in increasing carotenoids content in cassava roots during 
the past four years of work. 
 
 
 
 
 
 
SP07-12 F01 
Okechukwu, Richardson; and Dixon, Alfred 
r.okechukwu@cgiar.org 
IITA, Ibadan, Nigeria 
Review of genetic improvement for storage root yield and key pest resistance in elite 
cassava genotypes from thirty-five years of crop breeding in Nigeria 
Cassava (Manihot esculenta Crantz) is crucial to food security and poverty alleviation in 
sub-Saharan Africa.  Today it is also grown in plantations for the industry.  Since 1970 IITA 
has developed thousands of genotypes with varying traits by broadening the genetic base, 
for example by the introduction exotic lines South America lines.  The primary focus of 
improvement has been to increase root yield, early bulking, tolerance to biotic and abiotic 
stresses, and increase dry matter content.  To quantify genetic gain in root yield and pest 
resistance, 581 genotypes cloned and introduced between 1970 and 2003 period, were 
evaluated in 2005/6 and 2006/7.  Fresh root yield increased by 83.9%, dry matter content 
by 3.4%, mosaic disease (CMD) resistance by 30.8%, anthracnose disease (CAD) 
resistance by 8.1%, bacterial blight disease (CBB) resistance by 5.5%, and green mite 
(CGM) resistance by 1.5% between the decades 1970-1980 and 1991-2003.  Genetic gain/ 
year was 1.01% (fresh root yield), 0.06% (dry matter content), 0.44% (CMD resistance), 
0.17% (CAD resistance), 0.07% (CBB resistance), and 0.06% (CGM resistance).  Though 
there was no statistical significance in the net negative genetic gain in CGM resistance, it is 
essential that more emphasis be directed in improving this trait as well as CBB.  Protecting 
cassava against diseases is crucial to enhancing productivity.  Periodic review of crop 
improvement enables breeders to understand factors underlying genetic gains and help 
sustain or improve the weaknesses. 
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SP07-13 F02 
Ceballos, Hernan; Fregene, Martin; Debouck, Daniel; Dufour, Dominique; Tohme, 
Joe; Sanchez, Teresa; Mafla, Graciela; Morante Nelson; and Pérez, Juan C. 
h.ceballos@cgiar.org 
1) CIAT, AA6713, Cali, Colombia. 2) Univ. Nacional de Colombia, Palmira, Colombia. 
High-value cassava germplasm: a reality that will open markets to cassava farmers 
The Global Cassava Strategy initiative identified weak markets for cassava products as a 
bottleneck limiting the capacity of the crop to help farmers out of poverty.  Identifying or 
creating genetic variability to make cassava better suited to meet the needs of different 
industries could help overcoming this bottleneck.  This article summarizes the results from 
traditional approaches (breeding, screening germplasm collections, inbreeding to expose 
recessive traits, mutagenesis and inter-specific crosses).  Significant progress has been 
attained for different traits recently: 1) Tolerance to post-harvest physiological deterioration 
was introgressed from Manihot wakerae and perhaps found in mutagenized populations.  
This trait will drastically reduce the marketing costs of cassava; 2) Commercially relevant 
starch mutations (amylose-free and small-granule/high-amylose) have been identified 
through inbreeding and induction of mutations.  These traits are relevant for the starch and 
bio-ethanol industries; 3) A group of cassava clones from the germplasm collection, with 2-
3 times higher levels of proteins in the roots, has been identified.  This is relevant for the 
feed industry and, obviously, to improve nutritional status of human populations; 4) Rapid-
cycling recurrent selection has doubled the maximum level of β−carotene in cassava roots.  
This is important for human nutrition; for the feed industry and as example of cassava’s 
capacity to respond to proper breeding approaches.  High-value cassava is, therefore, no 
longer a dream but a reality that will have a positive impact not only in the livelihood of 
cassava farmers but in the scientific community: cassava offers a wealth of professional 
opportunities to young scientists. 
 
 
 
SP07-14 F03 
Alves1, Alfredo; Tavares2, Filho Leunidas; Ledo1, Carlos; Sarmento3, Claudia; and 
Santos3, Ariana 
aalves@cnpmf.embrapa.br 
1) Embrapa Cassava & Tropical Fruits, Cruz das Almas, Bahia, Brazil. 2) FAPESB, 
Technical Assistant Fellowship, Cruz das Almas, Bahia, Brazil. 3) CNPq, Student 
scholarship, Cruz das Almas, Bahia, Brazil 
Crossing compatibility between wild relatives and cultivated cassava 
Although cassava wild species are important source of useful genes that can be used in 
cassava breeding programs for resistance to biotic and abiotic stresses, very few studies 
on crossing compatibility between wild and cultivated species have been reported.  To 
address this issue, this work was carried out in the working collections of Manihot species 
at Embrapa/CNPMF.  Nineteen crosses were performed, involving cultivars of M. esculenta 
and accessions of 13 wild species: M. anomala, M. flabellifolia, M. jacobinensis, M. 
peruviana, M. tomentosa, Pornincia (natural hybrid), M. caerulescens, M. cecropiaefolia, M. 
dichotoma, M. glaziovii, M. irwinii, Manioba (probably M. pseudoglaziovii) and cassava Sete 
Anos.  The six first wild species were used in reciprocal crosses and the other seven were 
crossed only as female parentals.  The crossing compatibility was highly genotype-
dependent.  Out of the 13 wild species, only 6 species produced seeds (M. anomala, M. 
flabellifolia, M. jacobinensis, M. tomentosa, M. irwinii and cassava Sete Anos).  The 
average rates of fertilized flowers, fruit set, and seed production were significantly different 
among species and dependent of both donor and receptor of the pollen grains.  Only two 
wild species produced seeds in both ways (as male and female): M. flabellifolia and M. 
tomentosa.  The period from pollination to fruit dehiscence varied from 48 to 97 days and a 
total of 158 hybrid seeds were produced from 972 pollinated flowers. 
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SP07-15 F04 
Ntawuruhunga1, P., Dixon2, A.G.O., Legg3, J., Ssemakula2, N.G., Omongo4, C., 
Obiero5, H., Bigirimana6, S., Gashaka7, G., Singi8, L., Mkamilo9, G., Sino10, C.J., 
Kimani, E., Otim Okello, F., Legg, C. and Walsh, S.  
p.ntawuruhunga@iita-uganda.org 
1) IITA-Uganda, P. O. Box 7878, Kampala, Uganda 
Development and spread of the improved cassava germplasm in the East and 
Central Africa (ECA) region through partnership 
The International Institute of Tropical of Agriculture (IITA) established its East and Southern 
Africa Regional Research Centre (ESARC) in Uganda at the former Namulonge Agricultural 
and Animal Research Institute (NAARI), presently Namulonge Animal and Crops Research 
(NaACRRI) to address issues of cassava, banana and plantain development; coordinate all 
related network activities and work closely with the NARS.  Then IITA-ESARC began 
extensive cassava germplasm development to counter CMD pandemic in the region in 
1995.  More than 50 millions of seeds have been evaluated through the convention plant 
breeding through seedling, clonal evaluation and performance steps from which selected 
genotypes were kept in situ conservation from where the regional cassava national 
programs selected clones for further evaluation in their respective countries.  Burundi, 
Democratic Republic of Congo (DRC), Kenya, Rwanda, Tanzania and Uganda benefited 
immensely.  Through the former Eastern African Root Crops Research Network 
(EARRNET), the region gained significantly from the large germplasm to mitigate the 
cassava mosaic virus disease (CMD) scourge and production was restored.  The present 
paper attempts to summarize the twelve years (1995-2007) of breeding work and 
demonstrates how the germplasm development at this regional centre has been useful to 
the region through partnership and positive collaboration. 
 
 
 
 
 
SP07-16 F05 
Dixon, A.G.O., Okechukwu, R.U., Ssemakula, G., Hanna, R., Thresh, J.M., Hughes, 
J.A., Ingelbrecht, I., Fregene, M., Legg, J., Mahungu, N., Nweke, F. and Legg, J.P. 
r.okechukwu@cgiar.org 
International Institute of Tropical Agriculture (IITA) 
Cassava improvement in sub-Saharan Africa: contributions of IITA and its partners 
Cassava is well recognized for its capacity to address food needs of vulnerable 
communities in unstable environments in SSA.  IITA and colleagues in African NARS, in 
collaboration with CIAT and ARIs have played leading roles in the development of 
improved cassava varieties which are disease and pest resistant, early maturing, and high 
yielding.  Through a combination of conventional and new approaches, over 400 cassava 
genotypes have been developed.  The characteristics of the new generation of cassava 
germplasm broke what had been an apparent yield barrier in cassava improvement 
increasing yields in many locations by at least 50-100% without the use of fertilizer.  The 
improved germplasm is shared with NARS within the region as specific genotypes or 
improved seed populations for evaluation and selection under local conditions.  
Improvement programs in Africa that received these materials have tested them under local 
conditions, selected varieties that outperform local varieties, and released them to farmers 
in virtually every major cassava producing country.  Today, about 30% of the area cropped 
with cassava in Africa is planted with improved varieties.  Without the introduction of more 
productive cultivars with multiple diseases and pest resistance, the effective biological 
control of the cassava mealybug and, to a certain extent, of the green mite, cassava 
production in SSA would be 50% or less of what it is today.  That translates to over 13 
million tons of dry cassava/year, enough to meet the calorie requirements of 65 million 
people.  The significant gains in the crop’s output in farmers’ fields are not only contributing 
to the African diet but also propelling commercialization of the crop.  This paper highlights 
contributions to cassava improvement in SSA since 1970 by IITA and its partners, and 
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suggests areas needing strengthening in the drive to produce better crop varieties for 
different regions in Africa. 
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SP07-17 F06 
Manu-Aduening, Joe and Baning, Isaac 
jmaduening@cropsresearch.org 
Crops Research Institute 
Cassava breeding programme at CSIR-CRI in Ghana 
Cassava is an important staple crop for over 80% of Ghanaians and is currently the number 
crop in Ghana.  It is also the crop with the greatest potential for producing industrial starch 
at a relatively cheaper cost.  For the past two decades, the CSIR-CRI cassava programme 
has been evaluating cassava cultivars from CGIAR centers for adoption by Ghanaian 
farmers, using conventional breeding approach; a process which usually takes between 6-8 
years.  With this approach, only seven high yielding varieties have been released to 
Ghanaian farmers and consumers.  To shorten the breeding cycle, various approaches 
such as participatory breeding and Marker Assisted Selection (MAS) have been used.  In 
2006 a programme which uses hybridization, MAS and participatory evaluation was 
initiated with a view to improving farmer-preferred cultivars which are low yielding and 
susceptible to Cassava Mosaic Disease.  The hybridization programme involved crosses 
between 23 farmer-preferred landraces and disease resistant cultivars.  The resulting F1 
progenies have been planted in crossing block ready for backcrossing to the disease 
resistant cultivars.  The F1 backcross will be evaluated using MAS.  Selected accessions 
will be evaluated with farmers and other stakeholders using participatory approach.  This 
combined approach will shorten the duration of breeding and the varieties developed are 
likely to be acceptable to farmers and consumers. 
 
 
 
 
 
 
 
SP07-18 F07 
Kinyua1, M.G., Okwaro2, H. and Gichuki1, K. 
mgkinyua@africaonline.co.ke 
1) Moi University, 1125, Eldoret Kenya. 2) Kenya Agricultural Research Institute, 57811, 
Nairobi, Kenya 
Mutation induction and hybridization techniques in cassava variety development for 
Central Rift Region of Kenya 
The study involves developing high yielding and disease resistant cassava clones using 
mutation and molecular techniques and hybrid development from selected parents.  Nodes 
from one selected popular Kenyan variety KME1 were irradiated using gamma rays at 
15Gy with un-irradiated nodes used as control.  50 plantlets were regenerated in nutrient 
media.  In a second experiment, 14 parents from an earlier experiment were crossed in all 
possible combinations.  The F1 developed from these crosses were planted and screened 
for resistance to CMD.  DNA was isolated from the mutants to study the polymorphism 
between the clones.  A difference in the rates of growth for the plants was observed.  
Morphological differences noted were in terms of the leaf shapes and petiole colors.  Leaf 
shapes varied from three lobed to five lobed.  Color ranged between pale green to purple.  
The reaction to CMV infection from inoculated susceptible spreader was different among 
the clones.  Differences in reaction to natural infection of the CMD were observed on the 
hybrid populations as well.  The DNA fragments were separated in 4% agarose gel.  The 
materials showed polymorphism suggesting differences / variations within the mutant 
population.  Mutant selections and clones from hybrids that will show resistance and out- 
perform the control in yield and quality aspects will be selected for multi- location testing 
before being released to farmers. 
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S8-1: Leyva-Guererro, Elisa; Zidenga, Tawanda and Sayre, Richard 
Department of Plant Cellular and Molecular Biology, The Ohio State University 
 
Reducing Cyanide–Dependent ROS Production in Transgenic 
Cassava Roots: Impact on Post-Harvest Physiological Deterioration 
Cyanide in cassava is released by the breakdown of the cyanogenic glucoside, linamarin 
via a two step process, beginning with the removal of the sugar moiety of the glucoside 
followed by spontaneous or enzymatic decomposition to release HCN and acetone.  We 
provide evidence for a link between cyanogenesis and post harvest physiological 
deterioration (PPD), a process, which occurs in cassava within 72 hours of harvest. It has 
recently been demonstrated that PPD is associated with a burst in reactive oxygen species 
(ROS) production approximately fifteen minutes after root harvest (Reilly et al., 2003).  We 
hypothesized that cyanide produced during wounding impairs cytochrome C oxidase 
resulting in over-reduced mitochondrial electron transfer complexes (I and II), which react 
with molecular oxygen generating ROS.  To test this hypothesis we compared ROS 
production between wild type and transgenic plants having 1% of the linamarin content of 
wild-type plants.  We demonstrate a substantial (4X) reduction in ROS production in the 
transgenics having reduced cyanogen content.  Additional inhibitor studies also indicated 
that the plasma membrane bound NADH oxidase was not a source of ROS production in 
wounded cassava roots.  In light of these results, we generated transgenic plants over-
expressing alternate oxidase (AOX) as a strategy to reduce ROS and possibly control PPD.  
AOX is cyanide insensitive and provides a mechanism to oxidize complex I and II in the 
presence of cyanide.  Transgenic AOX plants show substantially reduced (-15X) ROS 
production compared to wild-type plants.  These plants are being evaluated for PPD. 
 
 
 
 
 
S8-2: Page, Michael T., Bull, Simon E. and Beeching, John R. 
University of Bath, Department of Biology & Biochemistry, Bath, UK 
 
Extending the Shelf Life of Cassava:  Modulation of the Antioxidant 
Status of Storage Roots 
Cassava (Manihot esculenta Crantz) is a vital source of calories in tropical regions.  
Traditionally it has been grown as a staple on a local scale and harvested only when 
needed.  However, since the level of urbanisation in tropical developing countries is 
growing, distances and times between producer and consumer are increasing.  The 
potential for cassava to become a marketable crop can only be realised if the post-harvest 
constraints currently associated with the crop are alleviated.  The starchy storage roots of 
cassava experience a rapid loss of quality after harvesting caused by a process known as 
post-harvest physiological deterioration (PPD).  PPD is visualized by a discolouration of the 
vascular tissue and ultimately leads to a loss of marketability through a decline in 
organoleptic quality.  Harvesting the storage roots creates wounds leading to the over-
accumulation of reactive oxygen species (ROS), or an oxidative burst.  Unlike other 
tuberous crops, the wound healing process in cassava is inadequate and the return from 
stress to homeostasis rarely occurs under tropical ambient conditions.  This allows a 
prolonged oxidative burst, causing widespread oxidative damage spreading from the site of 
injury.  Through enzyme assays and microarray analysis we have shown that the up-
regulation of defense-related genes occurs in cassava storage roots post-harvest.  
However, it is insufficient in magnitude and timing to prevent deterioration.  Through a 
transgenic approach, we aim to increase the expression of the antioxidant enzymes 
ascorbate peroxidase (APX), catalase (CAT) and superoxide dismutase (SOD) in cassava 
under the control of a storage root-specific promoter.  Through increased ROS-scavenging, 
it is hoped the shelf life of cassava may be extended.  
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S8-3: Kannangara1, Rubini; Jorgensen1, Kirsten; Piotrowski2, 
Markus; Bidstrup1, Susanne; Olsen1, Evy and Moller1, Birger L. 
1) Plant Biochemistry Laboratory, Department of Plant Biology and Biotechnology, 
University of Copenhagen, and VKR Research centre Pro-Active Plants, DK-1871 
Frederiksberg C, Copenhagen, Denmark. 2) Ruhr-Universitat Bochum, Department of Plant 
Physiology, 44801 Bochum, Germany 
 
Localisation of Linamarase Activity in Different Cultivars of 
Cassava 
Cassava is an important root crop in the Tropics but because of its cyanogenesis it poses a 
significant health risk if it is not properly processed when used as a major staple food.  
Cyanogenesis in cassava is initiated by hydrolysis of the cyanogenic glucosides, linamarin 
and lotaustralin to give the respective aglycones, acetone cyanohydrin and 2-hydroxy-2-
methylbutyronitrile with concomitant release of glucose.  This is caused by a b-glucosidase 
activity and is catalysed by the enzyme, linamarase.  The aglycones are broken down 
further to hydrogen cyanide either spontaneously or enzymatically by β−hydroxynitrile 
lyase.  In this study we investigated the localisation of linamarase activity in different 
cassava cultivars using a Fast blue BB salt/6-bromo-2-napthyl-β−D-glucopyranoside (6-
BNG) assay combined with protein gel electrophoresis and microscopy.  SDS-PAGE and 
Coomassie staining revealed nine prominent protein bands in a crude extract of cassava 
latex.  Five of these bands possessed β−glucosidase activity when tested using Fast blue 
BB salt/6-BNG.  Apparent molecular masses of these bands were larger than 250 kDa.  
These five bands were identified as cassava linamarase by analysing their tryptic peptides 
using mass spectrometry.  Similar peptide analysis revealed that the other four protein 
bands represented cassava β−hydroxynitrile lyase, a putative chitinase, a putative β−1,3 
endoglucanase and a putative ribosome-inactivating protein.  Microscopic examination of 
Fast BB salt/6-BNG-stained sections along the tuber length showed obvious differences 
between two high-cyanide cultivars (Orange Flesh and Maunjili) and a low-cyanide cultivar 
(Mbundumali) with respect to the localisation of linamarase activity. 
 
 
S8-4: Rosero1, Amparo; Cuambe1, Constantino; Egesi2, Chiedozie; 
Ceballos1, Hernan and Fregene1, Martin 
1) CIAT, Cali, Colombia. 2) National Root Crops Research Institute, Umudike, Nigeria 
 
Controlling Delayed Post Harvest Physiological Deterioration (PPD) 
in Cassava 
Post-harvest Physiological Deterioration (PPD) limits the potential of cassava, diminishing 
its palatability and commercial value within 24-72 hours after harvest.  A source of genes 
for drastic delay of PPD was identified in an inter-specific hybrid (CW429-1) between 
Manihot esculenta and Manihot walkerae.  We applied an advanced backcross breeding 
(ABC) strategy to identify quantitative trait loci (QTLs) for resistance as a means of 
efficiently introgressing the trait into cassava gene pools.  A half-sib BC1 population 
(BIPD280) from the PPD resistant parent, CW429-1, and 8 elite CIAT genotypes, used as 
susceptible recurrent parents, was developed and evaluated.  PPD was quantified at 7 and 
14 days after harvest (DAH) in the12 months old plans of the half-sib BC1 population.  A 
total of 434 SSR markers covering the whole cassava genome were also evaluated in the 
parents and polymorphic markers evaluated in the progeny.  Results showed significant 
reduction of PPD (between 0ñ46% of PPD) in individuals of the half-sib BC1 population at 
14 days after harvest (DAH).  A positive correlation was found between PPD (14 DAH) and 
scopoletin (0.523, p<0.001), and dry matter (0.288, p<0.001).  Eighty two SSR markers 
polymorphic in the parents and evaluated in the progeny was employed to create a genetic 
map consisting off 17 linkage groups and three QTLs (p<0.01) were found that explain 
3.87-7.66% of  phenotypic variation.  These preliminary results indicate QTLs can be found 
for PPD; work is ongoing to complete the genetic map and identify additional QTLs. 
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S08-5: Lundquist1, Per-Olof; Kuhr1, Monika; Balyejusa Kizito1,2, 
Elizabeth and Westerbergh1, Anna 
Department of Plant Biology and Forest Genetics, Swedish University of 
Agricultural Sciences, Uppsala, Sweden. 2) Med Biotech Laboratories, Kampala, 
Uganda 
 
Nutrients regulate formation of tuberous storage roots in cassava 
To enhance cassava crop yield it is important to understand physiological and 
nutritional factors that regulate storage root formation.  In this study we (i) 
evaluated cultivation methods under controlled growth chamber conditions and 
(ii) conducted experiments to develop our hypothesis that storage root formation 
is negatively affected by high availability of plant nutrients.  Two types of 
treatments in computer-controlled hydroponic growth units with either free access 
to nutrients or nutrient-limited but exponentially increasing availability of nutrients 
were used.  A third type of treatment was regular constant additions of nutrients 
in pots of two sizes.  In the growth units we also tried to mimic the decreasing 
availability of nutrients as it may appear in pots by letting plants grow at gradually 
lower addition rates.  Whole plant growth rate was highest in the free access 
treatment.  Allocation of biomass to roots was higher in the nutrient-limited 
treatments with relative nutrient addition rates of 0.10 day-1 or a short period with 
0.10 day-1 followed by 0.05 day-1 compared to the free access treatment.  No 
storage roots were formed in the free access treatment.  In contrast, plants 
grown in large pots to about the same size as in the growth units although over a 
longer time-period, produced the highest amount of storage roots.  Nutrient-
limited plants in growth units had intermediate production of storage roots.  We 
conclude that production of storage roots on cassava is favored by a gradually 
decreasing mineral nutrient availability. 
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SP08-01 F08 
Solomon, Endris Asfaw  
solomonendris@yahoo.com 
Ethiopian Institute of Agricultural Research (EIAR), Soil & Water Management Division, 
Jimma, Ethiopia 
Variations in growth, tuber yield and hydrogen cyanide (HCN) content of cassava 
(Manihot esculenta Crantz) cultivars in response to potassium fertilization at Jimma, 
Ethiopia 
The effect of potassium fertilization on yield, growth characteristics and root hydrogen 
cyanide content of three cassava varieties (NR-44/72, NW-45/72 and OY-44/72) was 
investigated in a field experiment at Jimma Agricultural Research Centre, Southwestern 
Ethiopia.  Some of the parameters recorded such as plant height, tuber length, stem girth, 
total biomass, and percent DM were strongly affected by potash application, though not all 
were statistically significant.  The initial soil K level of the study area might have contributed 
to the lack of statistically significant response to potassium application in terms of yield and 
some growth parameters.  However, a highly significant varietal difference and variety by 
potash interaction for root HCN content was noticed.  Cultivar NR-44/77 supplied with the 
highest potassium rate (250 kg K2O ha-1) had the lowest root HCN content (50.65 ppm), 
while variety OY-44/72 grown at the control plot (no potash) had the highest root HCN level 
(108.37 ppm). In general, the three cultivars exhibited strong varietal difference and 
inherently high root HCN levels.  Therefore, the results of this experiment highlight the 
positive roles played by potassium application for reducing the poisonous cyanide content 
in cassava plants, which also need to be further investigated using more varieties, locations 
and locally available cheap sources of potassium. 
 
 
 
SP08-02 F09 
Cereda, Marney Pascoli; Cury, Roberto; and Martins, Paulo Sodero (in memoriam) 
Cereda@ucdb.br 
Dom Bosco Catholic University 
Laboratory analyses as instrument for use indications evaluation of small Brazilians 
cassava producers (Manihot esculenta, Crantz).II. Cyanide 
In Brazil cassava domestication has been doing in base of its utilization.  The whole 
cassava plant contains linamarin, a glycoside potentially generator of cyanide by an 
autochthonous enzyme action.  The Brazilian culture values the cassava plants of low 
cyanide content (sweet) for culinary use and high (bitter) for processing (flour or starch).  
Cyanogenic (free and total) expressed as mgCN.kg-1 in dry basis were used to evaluate 
indications of landraces by users.  Cyanide was determined in the whole cassava roots and 
inner peel and pulp separately as Essers (1994).  Landraces collection included 30 from 
Rio Negrois Basin (AM) being 2 of culinary use and the others for Brazilian flour (BF) 
manufacturing; 16 from Rio Solimıes's Basin (AM) all selected for cassava flour and 9 from 
South of SP State border 2 for flour and 7 for culinary use.  The collection was cultivated in 
SP State (22’ 48” South, 48’ 07” West, 469 meters) and harvest 10 to 12 months.  The 
values for free and total cyanide showed low correlation with agronomic descriptors, 
confirming the difficulty in identifying plants cyanide by morphologic characteristics.  There 
was not relationship between the cyanogenic potential and traditional use.  The collection 
presented roots with average of 126.77, maximum 340.65 and minimum 45.68 mgCN.kg-1 
db.  Pulps presented lower contents.  If expressed as fresh pulp all the landraces could be 
considered innocuous in spite of the recommendation for flour production.  The results 
show the danger of considering the traditional producers opinion without analysis to confirm 
the use indications. 
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SP08-03 F10 
Zidenga1, Tawanda; Siritunga2, Dimuth and Sayre1, Richard 
zidenga.1@osu.edu 
1) Department of Plant Cellular and Molecular Biology, The Ohio State University. 2) 
Department of Biology, University of Puerto Rico 
Reducing cyanide-dependent ROS production in transgenic cassava roots; its 
impact on post-harvest physiological deterioration 
Cyanide in cassava is released by the breakdown of the cyanogenic glucoside, linamarin 
via a two step process, beginning with the removal of the sugar moiety of the glucoside 
followed by spontaneous or enzymatic decomposition to release HCN and acetone.  We 
provide evidence of for a link between cyanogenesis and post harvest physiological 
deterioration (PPD), a process which occurs in cassava within 72 hrs of harvest.  It has 
recently been demonstrated that PPD is associated with a burst in reactive oxygen species 
(ROS) production approximately fifteen minutes after root harvest (Reilly et al., 2003).  We 
hypothesized that cyanide produced during wounding impairs cytochrome C oxidase 
resulting in over-reduced mitochondrial electron transfer complexes (I and II) which react 
with molecular oxygen generating ROS.  To test this hypothesis we compared ROS 
production between wild-type and transgenic plants having 1% of the linamarin content of 
wild-type plants.  We demonstrate a substantial (4X) reduction in ROS production in the 
transgenics having reduced cyanogen content.  Additional inhibitor studies also indicated 
that the plasma membrane bound NADH oxidase was not a source of ROS production in 
wounded cassava roots.  In light of these results, we generated transgenic plants over-
expressing alternate oxidase (AOX) as a strategy to reduce ROS and possibly control PPD.  
AOX is cyanide insensitive and provides a mechanism to oxidize complex I and II in the 
presence of cyanide. Transgenic AOX plants show substantially reduced (-15X) ROS 
production compared to wild-type plants.  These plants are being evaluated for PPD. 
 
 
 
 
SP08-04 F11 
Jones, Kimberly; Page, Michael; Bull, Simon and Beeching, John 
kaj20@bath.ac.uk 
University of Bath, Department of Biology and Biochemistry, Bath, UK 
Is post-harvest physiological deterioration in cassava a programmed cell death 
process? 
Ranked as a principle source of carbohydrate, cassava (Manihot esculenta Crantz) has 
huge potential as a robust and reliable commercial crop, but this potential is severely 
compromised by post-harvest physiological deterioration (PPD).  Initiating at the harvest 
wound site, PPD is an endogenous root disorder that rapidly renders the starchy roots 
unpalatable and unmarketable, restricting development of this important crop.  PPD is an 
active process involving an enzymatically-mediated oxidative response.  The harvest 
wound causes physical injury, an abiotic stress, which triggers the release of reactive 
oxygen species (ROS) in an oxidative burst.  The events during PPD resemble plant wound 
responses but rather critically lack adequate wound repair.  Recently, in a cDNA microarray 
constructed from cassava roots over the deterioration period, our group has highlighted the 
antagonistic alteration of genes associated with programmed cell death and apoptosis 
(PCD).  Down regulation of putative anti-PCD-related genes in parallel with up regulation of 
PCD genes suggests a role of PCD in PPD.  Programmed cell death is common to all 
higher organisms and expression of animal anti-apoptotic genes in transgenic plants 
confers a phenotype resistant to ROS-driven stress.  This project aims to test the 
hypothesis that PPD is an ROS-mediated form of PCD through expression of anti-apoptotic 
genes in transgenic cassava.  Evaluating the effects upon PPD will provide a greater 
insight into the mechanisms governing deterioration, with the possibility to modulate the 
response.  Introducing resistance to PPD or delaying onset could revolutionize cassava 
production.  This is a proof of concept project that directly addresses the question of 
whether cassava PPD is a ROS-mediated PCD response and if the expression of  
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SP08-05 F12 
Owiti1, Judith; Beeching2, John; Zhang3, Peng; Gruissem1, Wilhelm and 
Vanderschuren1, Hervé 
jowiti@ethz.ch 
1) ETH, Institute of Plant Sciences, Zurich, Switzerland. 2) University of Bath, Department 
of Biology & Biochemistry Bath, UK. 3) Shanghai Center for Cassava Biotechnology, 
Institute of Plant Physiology and Ecology, Shanghai Institutes for Biological Sciences, 
Chinese Academy of Sciences, Shanghai, China 
Analysis of post-harvest physiological deterioration of cassava storage roots and 
identification of potential candidates for its modulation 
Cassava storage roots play an important role as a basic food source for the developing 
countries and also as starch reserve for the starch industry.  Cassava roots undergo post-
harvest physiological deterioration (PPD) within 24 hrs after harvest, thus reducing the 
crop’s palatability and marketability.  PPD is an active physiological process involving 
changes in gene expression, protein synthesis and accumulation of secondary metabolites.  
It shares many features with wound responses in other plants, except that wound repair, 
which seals the wound sites is inadequate in the detached root.  Information regarding 
changes in gene and protein profiles as well as changes in cell wall metabolism during PPD 
in cassava is currently scarce.  To gain a better understanding of PPD, we are developing 
assays for qualitative and quantitative analysis of cell wall modification enzymes in cassava 
during PPD.  Additionally, we have also undertaken a comparative proteomics approach 
based on iTRAQ labeling of peptides to identify and quantify absolute changes in soluble 
and cell wall proteins during PPD.  Of particular interest will be the identification of enzymes 
involved in cell wall modification and other pathways affected during PPD.  Previous 
studies on changes at the transcript level in cassava at different PPD time points revealed 
significant changes in a subset of genes.  Our study aims at combining the enzymatic 
assays, proteomic analysis, and transcriptomics data to generate a broader understanding 
of PPD process in cassava.  This will offer the possibility of identification of potential targets 
that could be used to modulate the process through transgenesis. 
 
 
SP08-06 F13 
Anderson1, Sunda-Meya and Phambu2, Nsoki 
asundame@xula.edu 
1) Department of Physics & Dual Degree Engineering, Xavier University of Louisiana, New 
Orleans, LA 70125, USA. 2) Department of Chemistry, Tennessee State University, 
Nashville, TN 37209, USA 
Spectroscopic methods for a fast and direct detection of residual cyanide in cassava 
Cassava is a carbohydrate with a high content of cyanogenic glycosides which must be 
removed before it can be eaten.  The presence of cyanide at very low concentration is not 
always detected by most of the standard methods, including the classical indirect 
photometrical method and the more recent direct chromatographic method.  The objective 
of this work is to evaluate spectroscopic methods that can assess quickly and qualitatively 
the release of cyanogenic compounds.  The methods reported herein are able to directly 
detect cyanide at low concentration in a processed cassava sample.  Infrared spectroscopy 
(FTIR), scanning electron microscopy (SEM), and X-Ray diffraction (XRD) techniques were 
used to measure the residual cyanide present in the processed cassava sample, while 
fluorescence and UV-visible spectroscopic techniques were employed to monitor the 
appearance of cyanide in water used for boiling or soaking the cassava sample.  
Attenuated total reflectance infrared (ATR-IR) spectroscopy has been used to identify 
cyanide in water used for soaking.  The thermal kinetics of cassava samples with respect to 
the cyanide content and the role of oxygen and different ions present in water used for 
soaking processes are also discussed. 
 
SP08-07 
Rubini Kannangaraa, Kirsten Jørgensena, Markus Piotrowskib, Susanne Bidstrupa, 
Evy Olsena, Birger Lindberg Møller  
Localisation of linamarase activity in different cultivars of cassava  
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SP08-08 F15 
Carvalho, Luiz; and Agostini, Marco 
carvalho@cenargen.embrapa.br 
EMBRAPA Genetic Resources and Biotechnology, Brazilia, Brazil 
Variation in proteins content of storage root of cassava parallels the carotenoid 
content in pigmented cassava 
Proteins content in storage root of cassava (Manihot esculenta Crantz) have been shown to 
be low but variable.  Detailed characterization of this protein content variation is missing 
and true storage proteins remains to be established.  In this study we are characterizing the 
variants of protein content associated with total carotenoid accumulation as a possibility to 
improve protein content in the storage root of cassava.  Conventional analytical procedures 
was used for protein extraction, quantification in whole tissue, tissue layers, extracted 
organelle (chromoplast) as well as SDS-PAGE and 2DE analysis of buffer soluble proteins 
in several representative landraces of four classes of color storage root.  Results indicate 
that up to 40% more proteins are present in intense yellow landraces in comparison to 
white cassava.  Different levels of correlations of protein and total carotenoid content were 
observed depending on protein quantification method.  The R≤ values were 0.25, 0.52, 
0.92, and 0.96, respectively, for tissue crude protein (% dry weight proteins with Nitrogen-
to-Protein conversion factor of 3.24), tissue buffer extracted protein (mg/g dwt), organelle 
buffer extractable proteins (mg/g dpd), and protein spot numbers counted in 2DE gel.  
Maximum protein content values varied from 3.5(%), 3.9 (mg/g dwt.), 8.5 (mg/g dpd.), 143 
protein spots in 2DE respectively.  Layers of root cross section representing tissue age 
variant due to secondary growth indicate that protein amount distribution is associated 
tissue age being high content in young than elder tissue.  Protein separation in a SDS 
PAGE showed a 20kDa present in pigmented but not in the white cassava. 
 
 
 
 
SP08-09 F16 
Gleadow, Roslyn; Cavagnaro, Timothy; McCaffrey, Stephanie; and Evans, John 
ros.gleadow@sci.monash.edu.au 
School of Biological Sciences, Monash University, Vic, Australia. Research School of 
Biological Sciences, Australian National University, Canberra, ACT, Australia 
Impact of elevated CO2 on growth and toxicity of cassava 
Cassava is one of many crops that produce cyanogenic compounds that release toxic 
hydrogen cyanide when plant tissue is crushed or chewed.  The amount of cyanide eaten in 
cassava flour is reduced by various processing methods, but not completely.  Despite its 
vital importance to human health, little is known about how cyanogen production in plants 
will be affected by climate change.  If cassava is to have a role in meeting global food 
demands in a time of significant global change, we need to ask whether cassava will be 
safe to consume under future atmospheric CO2 concentrations.  We grew cassava in 
greenhouses at three different CO2 concentrations (380, 560, 710 ppm) and two levels of 
nitrate.  Cyanogenic glycoside concentration in leaves and tubers was significantly higher 
under some high CO2 emissions x nitrogen scenarios but not others.  Leaf nitrogen 
concentration was significantly reduced at elevated CO2 in all treatments.  Contrary to 
previous studies, plant growth and photosynthetic rates were not enhanced at elevated 
CO2.  Any increase in cyanogen: protein ratio is likely to have far reaching consequences 
for food security and human health with predicted increases in atmospheric CO2 and needs 
to be considered in development of new cultivars. 
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S9-1: Jørgensen1, Kirsten; Ingelbrect2, Ivan; Jensen1, Susanne; 
Olsen1, Evy; Sørensen1, Charlotte; Kannangara1, Rubini and Møller1, 
Birger L. 
1) Copenhagen University, Faculty of Life Sciences, Department of Plant Biology and Plant 
Biochemistry, Copenhagen, Denmark, 2) IITA, Ibadan, Nigeria 
 
Genetic Transformation of Cassava - Independent of Genotype 
Cassava is a vegetatively propagated crop and its improvement through conventional 
breeding is challenging due to its high heterozygosity and low fertility.  As it has not been 
possible to solve all cassava’s problems connected to agriculture and consumption by 
traditional breeding, another solution could be to use molecular breeding.  Major deficits of 
cassava are low protein content in the tubers, rapid post-harvest tuber deterioration and 
high content of cyanogenic glucosides.  Careful processing of cassava roots is required to 
remove the released hydrogen cyanide, which can cause acute or chronic cyanide 
intoxication.  Unfortunately, processing to remove hydrogen cyanide typically results in loss 
of protein, minerals, and vitamins.  For successful molecular breeding of cassava, a 
genotype-independent genetic transformation method is essential.  So far it has only been 
possible to transform model lines, which have limited agricultural importance.  Here a 
regeneration and transformation method is presented which has been successfully applied 
to all African varieties tested so far with a transformation frequency ranging from 0.2% to 
3.8%.  The method is based on the procedure developed by Li et al. (1996).  This method 
is among others now used to 1) produce acyanogenic cassava (Jorgensen et al 2005), 2) 
improve the nutritional value in the tubers, 3) virus resistance.  The improvement of the 
nutritional value is focused on increasing the protein content in the tubers in varieties with 
and without a naturally increased levels of pro-vitamin A.  
 
 
S9-2: Ladino1, J., Vacca1, O., Lopez1, D., Garcia1, M., Beltran1, J., 
Arango2, J., Al-Babili2, S., Beyer2, P., Chavarriaga1, P. and Tohme1, 
J. 
1) Agrobiodiversity and Biotechnology Project, CIAT, Cali, Colombia. 2) Albert-Ludwigs-
Universitat Freiburg, Center for Applied Biosciences, Schanzlestr 1, D-79104, Freiburg, 
Germany 
 
New Constructs Carrying Multiple Genes to Increase β-Carotene in 
Cassava Roots 
For the enhancement of fl-carotene in cassava roots we are currently testing six constructs 
that carry one or three genes of the E. urodevora carotenoid pathway under the control of 
root specific promoter from cassava, potato, yam and sugar beet.  All constructs have been 
provided by the University of Freiburg.  During 2006 and 2007 there were 35 transformation 
experiments performed, from which either fully developed transgenic plants or cell lines 
were established.  In one of the experiments transformed with the plasmid pPATErwII, 150 
cell lines were produced.  From these, 11 regenerated plants in which two lines contained 
the three genes of the pathway (CrtB, CrtY and CrtL).  In general, regenerating plants from 
these experiments has been challenging.  Often the cell lines are yellow-to-orange in color, 
and difficult to convert to plants.  If plants are established from yellow calli, they are usually 
stunted, loose the leaves quickly, have variegation and grow very slowly.  The constitutive 
expression of genes from the carotene pathway in calli and in young in vitro plants is a 
disadvantage for establishing of transgenosis as it has been proven for tomato.  The 
selection of new transgenic lines containing one or several genes of the pathway needs to 
be focused on calli that are cream colored rather than yellow, as an indication of a better 
control of expression of transgenes in embryogenic cells. 
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S9-3: An, Dong; Zhao, Shan-Shan and Zhang, Peng 
Institute of Plant Physiology & Ecology, Shanghai Institutes for Biological Sciences, 
Chinese Academy of Sciences, 300 Fenglin Road, 200032 Shanghai, China 
 
Improvement of Transformation Efficiency from Somatic 
Cotyledons of Major Cassava Cultivars in China 
To improve transformation efficacy via shoot organogenesis from Agrobacterium-infected 
pieces of somatic cotyledons produced from five Chinese cultivars, several parameters had 
been investigated, including capacities of somatic embryogenesis from axillary buds and 
shoot organogenesis from cotyledon pieces, condition for cocultivation and selection 
regimes.  Cultivars SC124 and SC205 gave high frequencies of somatic embryogenesis on 
induction medium with 85% and 90%, respectively.  The lowest frequency (20%) of somatic 
embryogenesis was found in cultivar GR911.  Germination frequency among tested 
cultivars can be reach up to 70%.  The two-week old green somatic cotyledons were used 
as materials for shoot organogenesis.  After 3 weeks cultivation on shoot induction 
medium, shoots were formed from cotyledon discs.  The frequencies of shoot 
organogenesis among these cultivars range from 40% to 68%.  The cultivar SC205 gave 
the highest frequency with 68% and SC8 had a frequency of 40%.  When the medium was 
supplemented with ethylene inhibitor silver nitrate, increases of shoot organogenesis 
frequency and shoot number have been observed, providing a useful way to enhance the 
capacity of cassava plant regeneration in vitro.  During the cocultivation with Agrobacterium 
tumefaciens LBA4404 harboring the pCAMBIA1301, the continuous weak light and 
temperature at 25°C have proved to be important for higher infection efficiency.  A 
stepwise-like selection from a low selection pressure (10 mg/l Hygromycin B) in the 
beginning to a high dose of hygromycin (30 mg/l) at the end was proved to be better than 
using a constant concentration of the selection agent. 
 
 
S9-4: Taylor, Nigel; Trauterman, Brent; Moll, Theodore; Sahab, 
Sareena; Corbin, David and Fauquet, Claude M. 
ILTAB, Donald Danforth Plant Science Center, St Louis, MO, USA 
 
High Throughput Production and Analysis of Transgenic Cassava  
Continuous production of large numbers of transgenic cassava plants is required to 
develop strategies for nutritional enhancement, virus resistance and support basic research 
in this crop at the Danforth Plant Science Center.  To supply such demand, a “pipeline” 
system has been established capable of producing and analyzing approximately 1000 
independent transgenic cassava plants per year and has resulted in the generation of more 
than 3000 independent transgenic cassava plant lines since 2005.  Friable embryogenic 
callus is produced in the West African variety 60444, transformed with Agrobacterium strain 
LBA4404 and plants regenerated over a 4-5 month period.  Simple, semi-high throughput 
screening systems have been developed and implemented to analyze up to 150 
regenerated plantlets per week at the DNA level, facilitating elimination of transgenic plant 
lines possessing multiple transgene copies and/or those in which vector backbone 
sequences have been integrated into the plant genome.  The logistics and resources 
required to establish and run such a transgenic plant production system will be described.  
In addition, ongoing efforts to improve the quantity and quality of transgenic plants so 
produced and to extend this capacity into East African farmer-preferred germplasm will be 
presented.  
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S9-5: Schlegel1, Kim; Bull2, Simon; Peter1, Noemi; Owiti1, Judith; 
Moreno1, Isabel; Orek1,3, Charles; Zhang1,4, Peng; Gruissem1, 
Wilhelm and Hervé Vanderschuren1 
1) Institute of Plant Sciences, ETH Zürich, Universitätstrasse 2, 8092 Zürich, Switzerland. 
2) Department of Biology & Biochemistry, University of Bath, Claverton Down, Bath, Avon 
BA2 7AY, United Kingdom. 3) International Livestock Research Institution (ILRI) (IITA & 
BeCA), Nairobi, Kenya. 4) Shanghai Center for Cassava Biotechnology, Institute of Plant 
Physiology and Ecology, Shanghai Institutes for Biological Sciences, Chinese Academy of 
Sciences, 300 Fenglin Road, Shanghai 200032, China. 
 
Easy and Reproducible Cassava Transformation:  The “Quest for 
the Holy Grail” of the Cassava Biotechnology Community  
More than a decade has passed since the technical breakthroughs were reported which 
allowed for the production of transgenic cassava plants.  However, capacity for genetic 
transformation in this species remains limited to a few laboratories in the North and within 
the CGIAR system.  Research at ETH has employed friable embryogenic callus (FEC) as 
the target for transgene insertion and plant regeneration.  In our hands the procedure has 
proved time-consuming and labor-intensive.  We consider, therefore, the production of 
FECs and their transformability to be key bottlenecks in the regeneration of transgenic 
cassava plants.  The quality of the FECs is vital for successful transformation but there are 
limited means to accurately determine the regeneration capacity and transformability of a 
given batch of starting material.  Since quality control for FEC production is lacking, time 
and material can be wasted on FECs that cannot be transformed and/or regenerated.  To 
address this issue we have modified existing protocols to optimise their suitability for 
transformation.  The use of various reporter genes (GUS and GFP) has allowed us to 
evaluate our modifications.  Our goal is to improve and simplify the procedure for cassava 
transformation and thereby facilitate dissemination of the technology to countries and 
institutions where it is needed. 
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SP09-01 F17 
Rey, M.E.C., Harmse, J., Taylor, S.H. and Weinberg, M.S. 
chrissie.rey@wits.ac.za 
The School of Molecular and Cell Biology and Department of Molecular Medicine and 
Haematology, University of the Witwatersrand, Johannesburg, Private Bag 3, WITS, 2050, 
South Africa 
Mismatched long-hairpin constructs derived from South African cassava mosaic 
virus induces RNA silencing 
South African cassava mosaic virus (SACMV) has been identified as one of the causative agent 
of cassava mosaic disease (CMD).  In a previous study, two N. benthamiana F2 lines carrying a 
truncated (811bp) Rep transgene in the sense orientation showed significant reduction in viral 
DNA 21 days post inoculation (1 log molecules/ng DNA) compared to the control (105 log 
molecules/ng DNA) and 21nt and 24nt siRNAs were detected, confirming the action of RNA 
silencing pathways in these lines.  This is the first report of successful SACMV knockdown in 
transgenic lines.  To improve viral knockdown levels, we have developed transgene constructs for 
expression of dsRNA for targeted RNAi knockdown of the AC1 and BC1 transcripts of SACMV.  
Secondary structure and potential formation of cruciform-junctions in long-hairpins (lhp) makes it 
difficult to construct, as well as clone and sequence.  Sequence modifications, which include 
mismatches in the non-targeting sense strand, were stably introduced in the sense arm of AC1 
and BC1 long-hairpins to facilitate cloning and prevent sequence disruption by host cell 
recombination.  siRNAs have been detected in transgenic N. benthamiana lines harbouring the 
BC1 and Rep lhp-constructs.  The knockdown efficiency of these constructs is being assessed in 
tobacco.  60444 FECs and MTAI16 cotyledons were transformed with the Rep lhp-construct.  
Twenty-five cotyledon explants were transformed, of which three have been induced to produce 
shoots on selection media.  The remaining explants all stained blue in response to the GUS 
assay.  Transformed FECs are being regenerated.  SACMV knockdown and siRNA detection will 
be investigated and results will be presented. 
 
SP09-02 F18 
Makeshkumar, T., Prakash Krishnan, B.S., Jasusri Jayasimhan, Manju Elizabeth, P., 
Sheela, M.N. and Edison, S. 
makeshkumar@yahoo.com 
Central Tuber Crops Research Institute, Thiruvananthpuram, 695017, India 
Transgenic cassava having replicase gene of Indian cassava mosaic virus: An 
approach for cassava mosaic disease control in India 
Cassava (Manihot esculenta Crantz.) is one of the major root starch crop grown in the 
tropics.  It is popular for its ability to grow in adverse environments and the food security it 
provides.  In India, it is widely cultivated in Kerala, Tamil Nadu, Andhra Pradesh, 
Maharashtra and few North Eastern states for food and industrial purposes.  Among the 
various biotic factors which affect cassava, Indian cassava mosaic disease (ICMD) is a 
serious disease of cassava caused by Indian cassava mosaic virus (ICMV) and Sri Lankan 
cassava mosaic virus (SLCMV).  It occurs in all cassava growing areas and causing a yield 
loss ranging from 20% to 88% in different cultivars.  Various management approaches 
adopted to contain this disease includes, clean cultivation, use of disease free planting 
material and meristem derived plants have not yielded desired results.  In order to 
overcome these problems, Replicase gene (AC1) of ICMV was cloned in pGEM-T Easy 
vector as a candidate gene for developing pathogen-derived resistance against ICMV 
infection.  Sequencing of AC1 gene showed that it had 1055 nucleotides, which encoded 
for 351 amino acids.  Full length AC1 gene constructs were made in pBinAR and pBin19 
plant transformation vectors and mobilized to Agrobacterium tumefaciens strain LBA4404.  
Through Agrobacterium mediated gene transfer method, these constructs were introduced 
into cassava cv. H-226 using cotyledons as explants.  Transformants were selected by 
increasing the concentration of paramomycin from 10mg l-1 to 25mg l-1.  Gene 
incorporation analysis of AC1 gene in transgenic cassava lines were confirmed through 
PCR using nptII and AC1 primers and Southern analysis. 
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SP09-03 F19 
Beltran1, J., Ladino1, J., Vacca1, O., Lopez1, D., Arango2, J., Chavez1, A.L., Al-Babili2, 
S., Beyer2, P., Chavarriaga1, P. and Tohme1, J. 
pchavarriaga@cgiar.org 
1) Agrobiodiversity and Biotechnology Project, CIAT, Cali, Colombia. 2) Albert-Ludwigs-
Universitat Freiburg, Center for Applied Biosciences, Schanzlestr 1, D-79104, Freiburg, 
Germany 
Increasing phytoene and β−carotene content in cassava roots by expression of an 
exogenous phytoene synthase (CrtB) gene 
A current strategy to improve the nutritional quality of cassava storage roots is the over-
expression of carotenogenic genes in a tissue-specific manner.  In transgenic plants, the 
bacterial phytoene synthase CrtB gene catalyzes the conversion of Geranyl-Geranyl 
Diphosphate (GGPP) to phytoene in the first step of carotenoid biosynthesis.  We 
developed cassava transgenic plants using the CrtB gene fused to the CP1+ promoter.  
The promoter was isolated from a Glutamic-rich protein gene from cassava roots.  Several 
transgenic plants were established in the greenhouse.  Roots registered various levels of 
expression of CrtB, with differences of up to 13.16 times.  Expression of the transgene was 
also observed in leaves, suggesting that the CP1+ promoter is not root specific, but 
seemed more specific of vascular tissues.  Although fibrous and not storage roots were 
analyzed, all transgenic lines had increased the content of phytoene and trans β−carotene 
respect to the non-transgenic control.  Phytoene ranged from 3.49 to 15.55 ng/mg of DW 
(control = 1.17).  Trans β−carotene ranged from 0.72 to 9.58 ng/mg of DW (control = 0.98).  
These results confirm that the expression of CrtB in cassava roots evidently generates an 
increase in carotenoid content.  Increased levels of Crtb mRNA did not necessarily reflect 
higher levels of phytoene, although, in a group of seven transgenic events, an increment in 
phytoene was proportional to an increment in β−carotene.  The question that remains is if 
accumulation of β−carotene will also increase during the formation of the storage roots in 
these transgenic plants. 
 
SP09-04 F20 
Beltran1, J., Ladino1, J., Vacca1, O., Lopez1, D., Al-Babili2, S., Beyer2, P., Chavarriaga1, 
P. and Tohme1, J. 
pchavarriaga@cgiar.org 
1) Agrobiodiversity and Biotechnology Project, CIAT, Cali, Colombia. 2) Albert-Ludwigs-
Universitat Freiburg, Center for Applied Biosciences, Schanzlestr 1, D-79104, Freiburg, 
Germany 
Partial functional characterization of the promoters CP1+ and CP2-, derived from a 
cassava Glutamic Acid-rich protein gene, in cassava and carrot transgenic plants 
To obtain a Golden Cassava through genetic engineering it is recommended to isolate 
promoters that drive the expression of carotenogenic genes in the storage root.  A Glutamic 
Acid-rich protein has been shown to be preferentially expressed in cassava roots.  Our goal 
was to evaluate two new versions of promoters (pCP2- and pCP1+) from a similar protein 
isolated in the University of Freiburg, in cassava and carrot transgenic plants.  CP2- is a 
shorter version of the promoter, without the first intron of the gene, while CP1+ is a longer 
version with the intron.  CP2- was fused to a reporter gene encoding β−glucoronidase 
(GUSplus gene) and introduced into cassava (CV. 60444).  Leaves and roots from 
greenhouse grown plants were analyzed for GUS expression.  Although GUS expression 
was detected in leaves and fibrous roots, strong GUS staining was also seen in storage-
roots.  Similarly, the CP1+ promoter, fused to a GUSplus gene, was tested in tissues from 
mature transgenic plants of carrots.  In them, CP1+ drove low expression in leaves and had 
a stronger activity in roots.  The expression of GUS under the CP2- promoter was widely 
distributed on the cassava leaf, including vascular and parenchyma tissues.  Meanwhile, in 
carrots, the CP1+ promoter drove the expression of GUS mainly in leaf vascular tissues, 
the central and lateral veins.  In contrast, in carrot roots CP1+ was much stronger in 
parenchyma cells.  Although, we cannot make direct comparisons between cassava and 
carrot, because the promoters were different, a likely conclusion is that CP1+ has 
preferential activity in roots. 
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SP09-05 G01 
Beltran1, J., Jaimes1, H., Echeverry2, M., Ladino1, J., Lopez1, D., Duque1, M., 
Chavarriaga1, P. and Tohme1, J. 
pchavarriaga@cgiar.org 
1) Agrobiodiversity and Biotechnology Project, CIAT, Cali, Colombia. 2) University of 
Puerto Rico at Mayaguez 
Quantification of copy number and mRNA levels of transgenes in cassava using 
quantitative real-time PCR 
We developed qPCR methods to estimate copy number and quantify mRNA levels of 
transgenes in cassava lines obtained through Agrobacterium-mediated transformation.  
Copy numbers for the genes fl-glucuronidase (GUSPlus) and hygromycin 
phosphotransferase (hptII) were estimated in 15 transgenic lines.  Most lines contained one 
or two copies of each gene; in some, the copy number was different for the two genes, 
suggesting rearrangements of the T-DNA.  Six lines were also analyzed by Southern blot.  
The copy number was concordant in most cases.  Then, using qRT-PCR, the transcript 
levels from both genes were determined in eight lines.  High, medium, and low levels of 
mRNA expression were detected.  For most lines, we found expression of both genes, 
although in other lines we detected gene silencing.  No direct relationship between copy 
number and expression level of transgenes was seen, suggesting that factors like position 
effects or DNA rearrangements led to differential expression.  Quantitative mRNA 
expression data for the GUSPlus gene agreed with results from histochemical GUS 
staining.  We could detect high levels of transgene expression in 3 year-old cassava plants 
maintained in the greenhouse.  These new methodologies are efficient and inexpensive to 
detect transgene copy number and expression.  This is the first time that qPCR is used to 
improve transgene analysis in cassava. 
 
 
 
 
SP09-06 G02 
Lopez1, D., Beltran1, J., Ceballos1, H., Duque1, M.C., Zhang2, P., Gruissem3, W., 
Chavarriaga1, P. and Tohme1, J. 
pchavarriaga@cgiar.org 
1) Agrobiodiversity and Biotechnology Project, CIAT, Cali, Colombia. 2) Institute of Plant 
Physiology & Ecology, Shanghai Institutes for Biological Sciences, China. 3) Institute of 
Plant Sciences, ETH-Zurich, Switzerland 
Transgenic plants carrying an isopentenyl transferase (ipt) gene of Agrobacterium, 
under the control of a senescence-inducible promoter from Arabidopsis, increased 
foliage under field conditions 
There are several reports indicating that the extended retention of green leaves in the plant 
could be important to increase yield in cassava.  The genetic transformation of cassava 
helps for testing the hypothesis that an increase in the longevity of the leaves, and the 
retention time of them in the plant, could result in root yield increases, measured by root 
weight, harvest index and dry matter content among other yield indicators.  We tested the 
transgenic lines 529-28 and 529-48, which carry an IPT gene under control of a 
senescence inducible promoter, for agronomic performance under field conditions.  The 
experiment consisted of a randomized block design, across environments (two planting 
densities).  We measured 39 agro-morphological, qualitative and quantitative descriptors 
like flowering, harvest index, root weight, root dry matter, and foliage weight among others.  
The two transgenic clones did not significantly differ from the control in terms of qualitative 
descriptors, although one clone did no produced or aborted flowers.  As expected, both 
transgenic clones had significantly higher foliage weight (p< 0.0001) either by retaining 
and/or producing more leaves.  We couldn’t discard either possibility.  In terms of root yield, 
no differences in root weight were observed, nor in Harvest Index (proportion of the total 
weight of the plant due to root weight).  The transgenic clones however accumulated less 
root dry matter (p=0.0082), suggesting that maintaining the leaves attached longer, or 
producing more leaves, did not necessarily translate into higher accumulation of 
photosynthates in the roots in this field trial. 
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SP09-07 G03 
Siritunga1, Dimuth, Correa, Ana Maria and Marquez2, Pedro 
siritunga@uprm.edu 
1) University of Puerto Rico Mayaguez, Department of Biology, Mayaguez, PR. 2) 
University of Puerto Rico Mayaguez, Department of Horticulture, Mayaguez, PR 
Transgenic cassava field trials in Puerto Rico 
With the increasing number of transgenic cassava plants being produced for various 
important traits the evaluation of these plants under field conditions is of utmost importance 
to identify any unexpected phenotypes as well as to understand the environmental 
influence on the engineered trait.  Through the BioCassava Plus program we have 
commenced evaluation of transgenic plants in the field at the University of Puerto Rico 
Mayaguez.  Three months old in vitro plants were hardened in soil initially in the laboratory 
and then in a screenhouse approximately for 2 months.  This is then followed by 
transplanting them in the field.  The entire process of field trials with transgenic plants in 
Puerto Rico requires authorization from Animal Health and Plant Inspection Service 
(APHIS) of the United States Department of Agriculture and the Puerto Rican Department 
of Agriculture.  The main criteria to be observed in conducting the transgenic field trials are 
‘confinement’ and ‘isolation’.  Confinement was achieved with the prevention of 
consumption by humans, livestock or other animals with access to the site, limited to 
authorized personnel only.  Furthermore, to prevent animal intrusions the field plot was 
surrounded by a barbed-wire fence.  Isolation of the field trials was achieved by having no 
other unregulated cassava varieties within 100m in all directions and by having a border 
row comprising of non-transgenic cassava.  Furthermore during time of flowering the entire 
field site is inspected for flowers at least once every 2 weeks and all flowers are destroyed 
on site in a 2m deep pit. 
 
 
 
 
SP09-08 G04 
Bull1, Simon; Page1, Mike; Reilly1, Kim; Zhang2, Peng; Gruissem2, Wilhelm; and 
Beeching1, John 
s.e.bull@bath.ac.uk 
1) Department of Biology & Biochemistry, University of Bath, Claverton Down, Bath, Avon, 
BA2 7AY, U.K. 2) Plant Biotechnology Group, Institute of Plant Sciences, ETH Zurich, 
Universitatstrasse 2, 8092 Zurich, Switzerland 
Cassava transformation to minimize post-harvest root deterioration 
Cassava (Manihot esculenta Crantz) is amongst the most important source of calories in 
the world, especially in sub-Saharan Africa where it is a staple food crop.  The plant is 
remarkably tolerant to poor soil conditions and is vegetatively propagated for its starchy 
storage root, which acts as an energy reserve during drought.  Harvesting of the root 
triggers a wound response and the accumulation of reactive oxygen species (ROS), for 
example superoxide radicals and hydrogen peroxide.  Unfortunately, the root is unable to 
sustain a defense gene response to modulate the accumulation of ROS, resulting in the 
oxidation of cellular compounds - seen as a blue/black discoloration along the vasculature.  
This oxidative process is commonly known as post-harvest physiological deterioration 
(PPD) and significantly affects market value, commercial processes and consumer 
availability of the crop.  The biochemical and molecular pathways that ordinarily modulate 
the accumulation and breakdown of ROS in plants pose the focus of our research.  We aim 
to better understand the process of PPD and prolong the shelf-life of cassava roots by 
expressing target genes considered key in regulating oxidative stress, for example 
superoxide dismutase and glutamylcysteine synthetase, in transformed cassava and 
Arabidopsis.  We will present here the techniques employed to produce and maintain 
friable embryonic callus of cassava cultivar 60444 and their transformation by 
Agrobacterium.  This research is in conjunction with other data presented by M. T. Page 
(University of Bath). 
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SP09-09 G05 
Moreno Isabel, Gruissem Wilhelm and Vanderschuren Hervé 
isabelm@eth.ch 
Swiss Federal Institute of Technology (ETH), Institute of Plant Sciences, Zurich, 
Switzerland 
Evaluation of different strategies to engineer cassava brown streak virus (CBSV) 
resistance in cassava (Manihot esculenta). 
Cassava Brown Streak Virus (CBSV) has emerged as a factor causing important losses in 
cassava field in East Africa.  Even though it has been first identified in 1930's, molecular 
diversity and dissemination dynamics remain poorly studied.  Classical symptoms are 
restricted to the storage roots and therefore it renders early disease diagnostic 
complicated.  CBSV is an RNA virus belonging to the Potyviridae family.  The CBSV 
genome encodes for several proteins and the coat protein (CP) coding sequence is the 
only sequence that has been characterized so far.  A first attempt for sequence 
characterization of CBSV was conducted using primers from conserved region of CBSV CP 
family and produced a partial sequence of the coat protein.  The characterized CBSV CP 
sequence was used to produce cassette for expression of antisense transcripts.  In order to 
compare the antisense approach to the RNA interference strategy, we produced an 
expression cassette in which the CBSV CP sequence was put in antisense and sense 
orientation separated by a plant synthetic intron.  Additionally, artificial miRNAs targeting 
conserved regions of CBSV CP were developed using the Arabidopsis database tool.  
Artificial miRNAs expression under constitutive promoters will allow us to evaluate the 
potential of the miRNA pathway for CBSV resistance engineering.  In parallel amplification 
with specific and degenerated potyvirus primers are being evaluated to obtain new CBSV 
sequences in order to increase the number of targeted sequences.  All the generated 
constructs will be transferred to cassava.  Transgenic cassava lines will be tested for CBSV 
resistance. 
 
 
SP09-10 G06 
Infante, Diogenes; Gamez, Elizabeth; Hernandez, Yndira; Jaimes, Oscar; Molina, 
Sandy; Osorio, Mayra; and Sosa, Daynet 
dinfante@idea.gob.ve 
Instituto de Estudios Avanzados, Unidad de Biotecnologia de Plantas, Caracas, Venezuela 
Cassava Biotechnology Program in Venezuela 
A complete biotechnology program for cassava have been implemented that includes an in 
vitro collection (gene bank) of selected cassava cultivars from Venezuela and abroad; 
micropropagation of elite cassava cultivars using different techniques: shoots elongation, 
somatic embryogenesis, temporary immersions reactors (Rita) and a large scale reactor 
with a control system to identify embryos in liquid media is under implementation.  A 
definite media using local ingredients have been developed; this media is an important tool 
to transfer micropropagation techniques to the producers in local communities.  To 
characterize the gene bank and the stability of the micropropagated plants molecular 
markers were used:  Inversed Sequenced Tagged Repeat (ISTR), marker system based in 
Copia-like retrotransposons, Amplified Fragment Length Polymorphism, AFLP, and Inter-
Simple Sequence Repeat, ISSR.  In order to develop improved plants, the synthesis of 
terpenoids compounds using the mevalonate pathway is under study.  This is an important 
cellular metabolic pathway present in all higher eukaryotes and many bacteria.  For this 
purpose the HMG-CoA reductase gene from cassava have been cloned, to evaluate its 
expression levels under different conditions.  The relationship with the producers is 
sponsored by the Venezuelan Ministry for Science and Technology through the Innovative 
Production Network in several Venezuelan states. 
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SP09-11 G07 
Sahab, Sareena; Trauterman, Brent; Yadav, Jitender; Fauquet, Claude M.; and Taylor, 
Nigel 
ntaylor@danforthcenter.org 
International Laboratory for Tropical Agricultural Biotechnology, Donald Danforth Plant 
Science Center, St. Louis, MO, USA 
Pure Mlb® technology reduces vector backbone integration and increases efficiency 
of Agrobacterium-mediated transformation in cassava 
Imperfect T-DNA processing is common during Agrobacterium-mediated transformation, 
resulting in integration of binary vector backbone (VBB) sequences into the plant genome.  
Regulatory restrictions prevent such transgenic plants being developed for commercial 
deployment.  Up to 75% of regenerated cassava and tobacco plants generated in our 
laboratory were found to contain vector backbone sequences.  To reduce this frequency, 
Multiple Left Border (PureMlb) technology, developed by Japan Tobacco was employed to 
modify the vector pCambia2300 to carry up to three, stacked left border (LB) repeats. 
Transgenic BY2 cells, tobacco and cassava plants were transformed with Agrobacterium 
strain LBA4404 carrying PureMlb and regenerants screened by PCR for presence of VBB 
sequences.  In all three systems, use of PureMlb technology reduced VBB integration by 
33%-50% compared to tissues transformed with the conventional, single LB pCAMBIA2300 
version.  PureMlb significantly reduced the frequency of VBB integrations past the LB but 
had no effect on past RB integrations.   
 
 
 
 
 
 
 
 
 
SP09-12 G08 
Corbin, David; Taylor, Nigel; and Fauquet, Claude M. 
dcorbin@danforthcenter.org 
Donald Danforth Plant Science Center 
Building and operating a transgenic cassava production pipeline 
An efficiently designed and well managed cassava production pipeline is essential for 
providing a reliable stream of improved, commercial quality transgenic cassava varieties for 
product development.  This poster describes a pipeline system operating at the Donald 
Danforth Plant Science Center that provides the capacity to produce more than 1,000 
independent transgenic cassava events per year.  This pipeline integrates research, 
management and data tracking tools that enable 1) setting production goals and monitoring 
progress, 2) efficient screening, selection and testing of high-value transgenic events and 
3) unambiguous tracking of plant materials and associated data throughout the plant 
production process.  The semi high-throughput components described in this poster include 
1) a construct-independent non-radioactive Dot Blot screen to determine insert copy 
number, 2) a PCR-based screen to eliminate events containing vector backbone 
sequences 3) use of multiple Excel databases for tracking progress of transformation 
experiments and storing plant screening data and 4) use of a Web-server computer 
database called Cassava Tracker for bar coding and tracking all high-value plant materials 
in tissue culture and greenhouse. Technical and operational features of the pipeline have 
been intentionally designed for easy transfer to organizations engaged in transgenic 
cassava production in Africa and elsewhere. 
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SP09-13 G09 
Sahab1, Sareena; Fitter1, Mindy; Jorgenson2, Kirsten; Fauquet1, Claude M. and 
Taylor1, Nigel 
ntaylor@danforthcenter.org 
1) ILTAB, Donald Danforth Plant Science Center, St. Louis MO, USA; 2) Plant Biochemistry 
Laboratory, University of Copenhagen, DK-1871 Frederiksberg, Copenhagen, Denmark.  
Shoot organogenesis, plant regeneration and transformation optimization studies 
from somatic embryo cotyledon explants of cassava 
Plant regeneration efficiencies of six African cassava cultivars, Tereka, Ebwanatereka, 
Aladu, Serere, 60444 and Bukalasa, and one Columbian cultivar MCol22 were evaluated.  
Primary somatic embryos were induced from immature leaf lobes cultured on Murashige 
and Skoog (MS) basal medium with 4% w/v sucrose and 12 mg/l picloram.  Secondary 
somatic embryos were subsequently induced from the cotyledonary-stage primary embryos 
by culturing on MS medium supplemented with 6 mg/l 2,4-D in the dark.  Maturation of 
green cotyledons was obtained from secondary embryos cultured in light on MS medium 
with 0.1 mg/l BAP.  Green cotyledons were cut to pieces (2-3 mm2 in size) and transferred 
to shoot induction medium consisting of MS with 1.0 mg/l BAP and 0.5 mg/l IBA. After 20 
days the status of shoot organogenesis and regeneration efficiency was recorded.  The 
Kenyan cultivar Tereka exhibited the maximum degree of primordia formation, followed by 
Ebwanatereka, MCol22, Aladu, Bukalasa, Serere and 60444.  Explants that formed shoot 
primordia were subcultured to hormone free MS medium.  Tereka exhibited the maximum 
shoot regeneration frequency with 56% cotyledon explants regenerating at least one shoot, 
followed by Ebwanatereka at 33%, Aladu 10%, MCol22 9%, 60444 8%, Bukalasa 7% and 
Serere at 5%. Regenerants from all cultivars were successfully transferred to the soil and 
showed normal phenotype.  Results are also presented from transformation experiments 
conducted to investigate the effect of variables in the Agrobacterium tumefaciens 
transformation protocol with the goal of optimizing this system for the recovery of 
transgenic plants from East African cassava cultivars. 
 
SP09-14 G10 
Kumria, Ratna; Yadav, Jitender S.; Taylor, Nigel and Fauquet, Claude M. 
rkumria@danforthcenter.org 
ILTAB, Donald Danforth Plant Science Center, 975, North Warson Road, Saint Louis, 
Missouri -63132 
Evaluation of methylation status of transgenic cassava using multiplex PCR 
Cassava is an economically important crop in Africa and suffers heavy losses due to 
cassava mosaic disease (CMD) caused by geminiviruses.  RNAi based silencing of the 
viral replication or PTGS has become an important tool in engineering resistance against 
pathogens, especially viruses.  Our group has been involved in generating virus resistant 
cassava using RNAi constructs.  Methylation of the target sequence is a cause of concern 
for RNAi based viral resistance in plants, as the components of RNAi can mediate 
methylation and silencing of both the virus and transgenic viral sequences.  Selection of 
single copy events can eliminate the presence of aberrant RNA species complementary to 
the transgene but the turnover rate and compartmentalization of the siRNA cannot be 
controlled.  Thus monitoring the methylation status of the potential CG and CnG sites in 
transgenics expressing viral sequences for PTGS based resistance is critical to its success 
in terms of stable resistance.  We have developed a multiplex polymerase chain reaction 
(MPCR) method as a tool for methylation analysis in transgenic cassava.  The reaction has 
been standardized for simultaneous detection of methylation in up to four transgenic 
sequences which could be distinguished on an agarose gel based on their sizes.  The 
MPCR based methylation analysis has been used to correlate methylation with siRNA 
levels, transgene copy number as well as growth conditions. 
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SP09-15 G11 
Kumria, Ratna; Yadav, Jitender S.; Trauterman, Brent A.; Moll, Theodore M.; Patil, B. 
L.; Corbin, David, Taylor, Nigel and Fauquet, Claude M. 
rkumria@danforthcenter.org 
ILTAB, Donald Danforth Plant Science Center, 975, North Warson Road, Saint Louis, MO-
63132 
Correlating siRNA levels and virus resistance in transgenic cassava 
ILTAB has been involved in controlling geminiviruses infecting cassava, namely African 
cassava mosaic virus (ACMV) and East African cassava mosaic virus (EACMV) that cause 
cassava mosaic disease (CMD) significantly impacting cassava production in Africa.  One 
of the proposed strategies is using the post transcriptional gene silencing approach (PTGS) 
approach.  The success of a PTGS based strategy will depend on the presence of high 
amounts of efficient siRNAs produced by the considered gene silencing construct and by 
the ‘efficacy’ of these siRNA sequences.  Hence, it was first envisaged that early detection 
of siRNA in transgenics expressing gene silencing constructs using different regions of the 
viral genome would be an excellent marker for virus resistance.  In addition, this data would 
allow us to potentially establish a correlation between the amount of these siRNAs and 
virus resistance levels evaluated by the inoculation of infectious virus clones, via particle 
bombardment, in greenhouse controlled conditions.  In case of a positive correlation the 
quantification of specific virus siRNAs would help in developing an siRNA based screen for 
transgenic cassava plants by selecting the very best plants at an early stage.  Therefore, 
early siRNA detection in the in vitro transgenic plants are being developed as tools to 
produce transgenic cassava with better resistance to CMD.  In addition a study in space 
and time of the level of expression of these siRNAs is being done in different lines of 
transgenic cassava plants. 
 
 
 
 
SP09-16 G12 
Odipio1, J., Alicai1, T., Doley2, W.P., Baguma1, Y., Taylor2, N.J., Corbin2, D., Omongo1, 
C.A., Bua1, A. and Fauquet2, C.M. 
jodips@gmail.com 
1) National Crops Resources Research Institute (NaCRRI), Namulonge, P.O. Box 7084. 2) 
Donald Danforth Plant Science Center (DDPSC), 975 North Warson Road, St. Louis, 
Missouri, 63132 USA 
Developing capacity for cassava confined field trials in Uganda: Results and 
experiences from the ‘mock’ trial 
Cassava (Manihot esculenta Crantz) production in Uganda is severely constrained by two 
viral diseases; cassava mosaic diseases (CMD) and cassava brown streak disease 
(CBSD).  Research is underway to develop transgenic CMD resistant cassava.  Testing of 
transgenic lines under natural conditions in confined field trials (CFTs) is required for 
selection of best performing lines and resistance strategies.  In order to build capacity in 
conducting CFTs, a trial was initiated in Uganda with non-transgenic cassava, but following 
all procedures and guidelines for conducting a formal CFT.  The test cultivars included TMS 
60444, TMS 30572, Bao, Aladu, Bukalasa and Ebwanatereka.  Tissue culture plantlets 
produced in Missouri (USA) where shipped to Uganda, acclimatized and planted in plots of 
20 plants, with three replications and each plot was surrounded by infector rows of locally 
collected Ebwanateraka.  Four out six cultivars have attained 100% CMD incidence six 
month after planting except 30572 and Aladu, and severity ranging from 2.8 (30572) to 5 
(60444).  Only one cultivar Ebwanatereka has not flowered to date.  Variation in whitefly 
population seems to depend on cultivar; seasonal changes and severity of CMD.  Results, 
lessons and experiences from conducting the trial are discussed. 
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SP09-17 G13 
Mallowa1, S., Alicai2, T., Baguma2, Y., Obiero1, H., Ndolo1, P., Gichuki3, S., Mkumbira4, 
J., Doley5, W.P., Taylor5, N.J., and Fauquet5, C.M. 
mallowa@yahoo.com 
1) Kenya Agricultural Research Institute, Kakamega, Kenya. 2) Natioronal Crop Resources 
Research Institute - Namulonge, Kampala, Uganda. 3) KARI-Biotechnology Centre, 
Nairobi, Kenya. 4) International Institute for Tropical Agriculture, Malawi. 5) ILTAB/VIRCA, 
Donald Danforth Plant Science Center, St. Louis, Missouri, USA 
VIRCA : Building human and institutional capacity for transformed cassava in Africa 
The virus resistant cassava for Africa (VIRCA) project is based on research partnerships 
between the Donald Danforth Plant Science Center (DDPSC) and an African institution 
(currently: Kenya, Uganda and Malawi).  Research is on-going to develop transgenic 
versions of farmer-preferred cassava cultivars, retaining their desirable agronomic and 
processing qualities and with resistance to virus diseases.  Steps of product development 
include identification of target cultivars, generating transgenic events, conducting confined 
field trials (CFTs) of lines that have been developed and seeking regulatory approval for 
commercialization.  Institutionally, VIRCA has helped build CFT sites, biosafety level II 
screenhouses, tissue culture and transformation laboratories make renovations to improve 
existing facilities and buy equipment.  In terms of human capacity, training sessions have 
been organized together with the Program for Biosafety Systems (PBS) for site managers, 
inspectors and field technicians.  There has been made available short specific fellowships 
for biosafety and technical issues to DDPSC.  Postgraduate level training at MSc and PhD 
level for researchers and technicians who are currently working within VIRCA or will be 
incorporated into he project on completion of studies.  A website, exchange visits and joint 
evaluation meetings between researchers in VIRCA countries encourages collaboration 
and collective efficiency as countries learn from each other’s successes and improve on 
developed protocols. 
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S10-1: Legg1, James; Okao-Okuja2, Geoffrey; Obonyo2, Robert; 
Boni2, Simon; Kumar2, Lava; Dixo2, Alfred; Bigirimana3, Simon; 
Tata-Hangy4, Kasongo and Obiero5, Hannington 
1) IITA and Natural Resources Institute, Tanzania. 2) IITA, Tanzania. 3) Institut des 
Sciences Agronomiques du Burundi. 4) Institut National d'Etudes et de Recherches 
Agronomiques. 5) Kenyan Agricultural Research Institute, Kenya. 6) Institut des Sciences 
Agronomiques du Rwanda, Rwanda. 7) Lake Zone Agricultural Research and Development 
Institute, Uganda. 8) National Agricultural Research Organization, Uganda 
 
Fifteen Years of Cassava Virus Epidemics in East and Central Africa 
Although cassava mosaic virus disease (CMD) has been present in Africa for more than a 
century, it is only in recent years that the damage it causes has come to represent a major 
threat to the continent’s food security.  In this paper, we compare and contrast the status of 
CMD in 1993 with the current (2008) situation.  In so doing, we highlight four distinct fields 
of CMD investigation.  These are: molecular biology, epidemiology, vector biology and 
disease management.  An examination of each of these elements reveals that our 
biological understanding and application of management approaches has advanced more 
rapidly over the last fifteen years than over the entire known history of the disease prior to 
1993.  This is in large part a consequence of the emergence and spread of the African 
pandemic of unusually severe CMD, which has acted as a key stimulus for new research 
for development initiatives.  The recent emergence of new threats to cassava production in 
East, Central and Southern Africa will likely see a continuation of this trend.  Although this 
will provide important new opportunities for various groups of cassava stakeholders, from 
upstream researchers, through to grassroots management practitioners, the need for 
effective co-ordination will be greater than ever, and it will be more important than ever to 
strike an appropriate balance between new research, and the application of existing 
research products.  
 
 
S10-2: Winter, Stephan; Koerbler, Marianne; Stein, Beate; 
Pietruszka, Agnes and Butgereitt, Anja 
DSMZ Plant Virus Department, Braunschweig, Germany 
 
The Cassava Brown Streak Viruses Infecting Cassava in East Africa 
Cassava brown streak virus (CBSV) was isolated from Cassava collected at several sites in 
East Africa, confirmed as the causative agent of brown streak disease (CBSD) and 
analysed for its genomic and biological features.  Genome reconstruction of six virus 
isolates revealed an ssRNA genome size of approx. 9100 nt with striking features.  While 
overall the large polyprotein shows the typical arrangement of a potyviral polyprotein, the 
genome of CBSV lacks a sequence coding for a putative HCPro with the P1as the first 
protein of the polyprotein located directly upstream of the P3 protein.  In the 3'- terminus, 
the 58K NIb protein is followed by a stretch of 226 aa coding for a Ham1 like protein 
upstream the 42K putative coat protein indicating for another unique feature in the CBSV 
genomes.  CBSV isolates from Uganda, Kenya and Malawi had a 95% nt sequence identity 
over the entire genome while only 72% nt identities was shared with viruses from 
Mozambique.  A comparison of 3'-terminal sequences of CBSV collected in Mozambique 
and Tanzania revealed 93-98% sequence identities among isolates providing evidence for 
another CBSV group.  Sequence diversity was further expressed in host reactions.  When 
CBSV was inoculated to cassava, a differential response was recorded for cassava 
genotypes and for CBSV isolates.  While several genotypes could not be infected with 
CBSV from Kenya or Uganda, inoculation with a CBSV Mozambique isolate resulted in 
virus infections with striking CBSD symptoms.  The genome diversity and biological 
features of CBSV are discussed.  
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S10-3: Ndunguru1, J., Fofana2, B., Legg3, J.P., Chellappan2, P., 
Taylor2, N., Aveling4, T., Thompson5, G. and Fauquet, C2. 
1) Mikocheni Agricultural Research Institute, Box 6226, Dar es Salaam, Tanzania. 2) 
ILTAB, Danforth Plant Science Center, St Louis, MO63132, USA. 3) IITA, Tanzania. 4) 
University of Pretoria, Department of Microbiology and Plant Pathology, Pretoria 0002, 
Pretoria, South Africa, 5) ARC-Institute for Industrial Crops, Private Bag X82075, 
Rustenburg 0300, South Africa.   
 
Two Novel Satellite DNAs Associated with Bipartite Cassava Mosaic 
Begomoviruses Enhancing Symptoms and Capable of Breaking 
High Virus Resistance in a Cassava Landrace 
For many years, cassava mosaic geminiviruses (CMG), member of the family 
Geminiviridae (genus Begomovirus) are known for causing the destructive cassava mosaic 
disease (CMD) in cassava.  Their two genomic DNA components (DNA-A and-B) are 
sufficient for CMD establishment in the infected plants.  We report here for the first time the 
discovery of two novel single-stranded DNA satellites designated satDNA II and III 
associated with natural cassava mosaic geminivirus infections in Africa.  The satellites 
depend on geminiviruses for replication and movement within the host.  With sizes of 1.0 
and 1.2 kbp respectively, they are distinct from each other (23% nts identity) and from all 
other sequences, but possess putative open reading frames suggesting their possible 
ability to code for functional proteins.  When present in coinfections with geminiviruses, the 
satellites caused novel, severe sysmptoms and increased viral accumulation.  In addition, 
high resistance to cassava geminivirus infection in the landrace TME3, an important 
component of cassava improvement programs, can be broken by satDNA II and III in a 
single cycle of infection.  Concern is raised regarding the impact of these satellites on food 
production, cassava genetic improvement and their possible role in the current pandemic of 
cassava mosaic disease. 
 
 
S10-4: Contreras, N. Elizabeth and Lopez, C. Camilo 
Molecular Plant Pathology, National University of Colombia, Bogota, Colombia 
 
Functional Genomics of the Cassava - Xam Pathosystem 
Cassava bacterial blight caused by Xanthomonas axonopodis pv. manihotis (Xam) is one 
of the most important diseases of this crop.  We are interested in gaining insights about the 
mechanisms the pathogen uses to cause disease and the molecular strategies employed 
by the plant to defend itself.  Several studies have suggested that the cassava resistance to 
bacterial blight is quantitative.  Using primers against conserved domains present in 
different resistance proteins we have amplified several resistance gene candidates (RGCs).  
Two of these RGCs colocalize with QTLs that explain 13% and 62% of the cassava 
resistance to strains CIO136 and CIO151 respectively.  The complete sequence of these 
two genes has been determined and the genes are called RXam1 and RXam2.  The 
structure of the predicted proteins encoded by these quantitative candidate genes is similar 
to the proteins governing basal defense and race-specific resistance, suggesting that 
different kinds of resistance share common elements.  Other cassava genes involved in 
resistance have been identified employing functional genomics tools as ESTs and 
microarrays.  We are also interested in the identification of genes involved in pathogenicty 
of the bacterium.  For this, we are using two approaches.  In the first one, we isolated 
genes by homology with reported effectors from other Xanthomonads.  In the second 
approach, a partial genome sequence for Xam was obtained using Solexa technology.  
This sequence is being queried for similarities with pathogenicty genes reported in other 
bacterial plant pathogens.  
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S10-5: Tony Bellotti 
CIAT, Cali, Colombia 
 
Cassava:  Pest Interactions at the Crossroads 
A wide range of arthropod pests attack cassava causing yield losses, especially in the 
Americas and Africa.  In several regions, the dynamics of cassava production are changing 
as trends in the food, feed and industrial sectors result in an increased demand for high 
quality cassava starches.  In the Americas there is a shift toward larger production units, 
where it is advantageous for farmers to employ a multiple planting and harvesting system 
to meet the constant demands of the processing industries.  Evidence indicates that 
arthropod pest problems will be compounded in these overlapping production systems.  
Populations of certain pests tend to increase when a constant food supply (e.g. young 
cassava foliage) is available.  The most serious pests, those causing economic damage or 
yield losses, are generally those that have co-evolved with the crop, including whiteflies, 
mealybugs, mites, hornworms, lacebugs and stemborers.  Mealybugs, mites and whiteflies 
are major cassava pests in the Americas and Africa while hornworms, lacebugs and 
stemborers are confined to the Americas.  Whiteflies are presently considered the most 
damaging pests of cassava in the Americas and Africa and to a lesser extent in Asia.  A 
large species complex is associated with the crop.  The major specie in Africa is Bemisia 
tabaci, while in the Americas four species are causing yield losses, Aleurotrachelus 
socialis, Trialeurodes variabilis, Aleurothrixis aepim and Bemisia tuberculata.  Several 
sources of resistances have been identified in cassava germplasm and high levels of 
resistance to whiteflies and mites have been detected in wild Manihot species.  These 
findings will be discussed in detail.  An integrated pest management program for whiteflies 
and other pests, based on host plant resistance and biological control, will be presented. 
 
 
 
 
S10-6: Alves1, Alfredo; Fregene2, Martin; Setter3, Tim; Duque3, Luis; 
Ferguson4, Morag; and Mkamilo5, Geoffrey 
1) Embrapa Cassava & Tropical Fruits (CNPMF), Cruz das Almas, Bahia, Brazil. 2) CIAT, 
Cali, Colombia. 3) Cornell Univeristy (CU), Ithaca, NY, USA. 4) IITA, Nairobi, Kenya. 5) 
Agricultural Research Institute (ARI), Mtwara, Tanzania 
 
Identifying the Physiological and Genetic Traits Related to Drought 
Tolerance Mechanisms in Cassava 
To elucidate the mechanisms underlying drought tolerance in cassava and to determine the 
best physiological and genetic traits to be selected for in breeding programs, a collaborative 
work among Embrapa, CIAT, IITA, Cornell University, and African NARIs (National 
Agricultural Research Institutes) has been going on since 2005, funded by the Generation 
Challenge Program (GCP).  Selected contrasting varieties have been screened and 
evaluated in four representative semi-arid environments in Brazil, Colombia, Tanzania and 
Ghana.  Several trials have tested some hypotheses to characterize genotypes for drought 
tolerance traits, including: 1) genotypes that accumulate substantial stem starch reserves 
may be more able to sustain meristems and other respiring organs during a prolonged 
stress; 2) genotypes that maintain deep fibrous root growth would perform better in 
drought; 3) genotypes that maintain partitioning to storage roots and have high harvest 
index yield better in drought; and 4) genotypes that are more effective in closing stomata 
might be more able to maintain water status and retain leaves.  Contrasting cassava 
varieties were crossed at CIAT and segregating populations of F1 seeds obtained.  The 
embryos of each seed were rescued and micropropagated in vitro.  A total of 370 
individuals from three populations were cloned and around five in vitro copies of each 
genotype were shipped to the target sites for multiplication and phenotypic evaluation.  A 
genotypic parental screen has revealed 168 polymorphic SSRs in COL1734 x VEN77 and 
147 in COL 1468 x BRA 255, from 307 SSRs screened.  Genotyping of the mapping 
populations is underway.  
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S10-7: Duque1, Luis; Setter1, Tim; Ceballos2, Hernan; Fregene2, 
Martin and Alves3, Alfredo 
1) Cornell University, New York, USA. 2) CIAT, Cali, Colombia. 3) Embrapa/CNPMF 
 
Evaluation of Drought Tolerance in Contrasting Cassava Varieties 
Genotypes under Field Controlled Water Stressed Environment 
Due to its tolerance to drought and ability to survive uncertain rainfall patterns, 
cassava is considered a contributor to food security against famine.  Our work 
aims to identify traits that contribute to drought tolerance in cassava and could be 
utilized for phenotyping in breeding programs.  Faurty five cassava lines 
representing a range of drought tolerance were assessed for their drought 
tolerance response.  Water stress experiments were conducted in field conditions 
at CIAT in Colombia.  Parameters evaluated included non-structural 
carbohydrate partitioning and remobilization, abscisic acid accumulation, leaf 
retention, relative water content, leaf canopy temperature, and root growth, 
among others.  Results demonstrated that genotypes differed in their response to 
water-stress and well-watered conditions.  Water stress depleted leaf 
carbohydrate, consistent with priority to carbon utilization rather than use as an 
osmotica or osmotic adjustment.  Timing of ABA accumulation differed among 
plant organs.  In addition, leaf and stem ABA was negatively correlated with stem 
and leaf carbohydrate accumulations.  Leaf retention was mild in WW treatments 
(60-80%) and severe in WS treatments (20-40%).  All genotypes maintained high 
RWC (>90%) with little or no variability in both WW and WS treatments.  The 
diverse drought stress responses and parameters evaluated within genotypes 
suggest high genotypic variability and potential usage of specific phenotyping 
schemes. 
 
 
S10-8: Omongo1, C.A., Bua1, A., Legg2, 3, J.P., Asiimwe4, P., Alicai1, 
T., Colvin2, J., Otim1, M.H., Kawuki1, R. and Baguma1, Y. 
1) National Crops Resources Research Institute (NaCRRI), P.O. Box 7084, 
Kampala, Uganda. 2) Natural Resources Institute (NRI), University of Greenwich, 
Chatham Maritime, ME4 4TB, Kent, UK. 3) International Institute of Tropical 
Agriculture-Tanzania, P.O. Box 6226, Dar-es-Salaam, Tanzania. 4) University of 
Arizona, 888 N. Euclid Ave., Tucson, Arizona. 
 
Cassava Whitefly, Bemisia tabaci (Genn.): An Emerging Threat to 
Sustainable Cassava Production in Africa 
Bemisia tabaci (Genn.) has been known in Africa for over a century to be an efficient vector 
of cassava mosaic geminiviruses.  B. tabaci has played a key role in the initiation and 
sustenance of the recent cassava mosaic disease (CMD) pandemic in East and Central 
Africa (ECA).  Additionally, B. tabaci has recently been shown to transmit Cassava brown 
streak virus (CBSV).  Significantly, it seems that the upsurges in B. tabaci populations that 
have been associated with the CMD pandemic may also be linked to new spread of CBSV 
in the mid altitude areas of ECA (approx 1000 m.a.s.l.), previously considered to be above 
the altitudinal limit for vector transmission of CBSV.  The super-abundant populations of B. 
tabaci are also causing direct physical damage to cassava crops in the region 
characterised by leaf size reduction, mottled chlorosis on leaves and sooty mould.  The 
overall impact of these effects is general plant stunting resulting in substantial reductions in 
storage root yields.  This paper highlights key research findings on B. tabaci biology, its 
vector-virus-host relationships, pest capability and progress on its management.  Also 
highlighted are research gaps and need for better collaboration of stakeholders involved in 
seeking solutions to whitefly problems in the region. 
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S10-9: Doley1, Bill; Apio1.2, Hellen; Bagewadi1, Basavaraj; 
Basavaprabhu1, Patil; Fitter1, Mindy; Jayatilleke1, Mala; Jones1, Tira; 
Kumria1, Ratna; Moll1, Theodore; Ogwok1.2, Emmanuel; Pestova1, 
Marina; Sahab1, Sareena; Trauterman1, Brent; Yadav1, Jitender; 
Corbin1, David; Taylor1, Nigel and Fauquet1, Claude 
1) International Laboratory for Tropical Agricultural Biotechnology, Donald Danforth Plant 
Science Center, St. Louis, MO 63132 USA. 2) National Crops Resources Research 
Institute, Namulonge, P.O. Box 7084, Kampala, Uganda. 
 
Controlling Cassava Viruses Through Genetic Engineering 
Viruses are in general quite difficult to control for the simple reason that they multiply by the 
billions in a few days.  The second reason is that viruses are plentiful and diverse and in 
the case of cassava in Africa, belonging to two different families; Geminiviridae (ssDNA 
viruses) and Potyviridae (ssRNA viruses).  In addition there are at least 5 different species 
of geminiviruses and an unknown number of species of ipomoviruses.  Geminiviruses are 
notorious for recombining very easily, and thus capable of generating new viruses; some 
isolates are extremely devastating such as EACMV-UG.  To complicate the situation some 
viruses such as the ACMV and EACMV-UG (geminiviruses) and EACMV and CBSV 
(belonging to the two families) can synergize and create even more devastating diseases.  
Therefore to more efficiently control cassava viral diseases, we have to stop them as soon 
as they infect the plant, via their vector Bemisia tabaci, and we must have the broadest 
type of virus protection possible against both types of viruses.  To achieve this goal, we are 
developing two strategies for geminiviruses and two strategies for ipomoviruses, with the 
ultimate goal to combine them in the same plant.  Currently each of these strategies are 
considered separately in order to optimize their individual capacity and later we will produce 
cassava plants encompassing them all.  The gene silencing strategy is being used for both 
types of viruses with a variety of constructs expressing a variety of virus sequences, to 
determine the most efficient ones, ranging from 19 nt to 1000 nt.  In addition, for 
geminiviruses we are testing an ssDNA binding strategy that is completely aspecific, and a 
coat protein strategy for the ipomovirus.  The best lines are being selected for each 
strategy and field trials in Africa are underway for some lines.  Transgenic cassava plants 
are now being produced with 3 strategies for both types of viruses. 
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SP10-01 G14 
Zhang1,2, Peng; Wang3, Wenquan; Zhang3, Genliang; Kaminek4, Miroslav and 
Gruiseem2, Wilhelm 
zhangpeng@sibs.ac.cn 
1) Institute of Plant Physiology & Ecology, Shanghai Institutes for Biological Sciences, Chinese 
Academy of Sciences, 300 Fenglin Rd, 200032 Shanghai, China. 2) Institute of Plant Sciences, ETH 
Zurich, Universitatstrasse 2, CH-8092 Zurich, Switzerland. 3) Institute of Tropical Biosciences and 
Biotechnology, CATAS, Haikou 571101, China. 4) Institute of Experimental Botany, Academy of 
Sciences of the Czech Republic 
Senescence-inducible expression of isopentenyl transferase extends leaf live, alters 
cytokinin metabolism and increases drought stress resistance in cassava (Manihot 
esculenta Crantz) 
Cassava (Manihot esculent Crantz) can withstand prolonged abiotic stress and survives by shedding its 
leaves. In cassava breeding program, leaf retention has been considered an important trait for better 
yield.  We have developed cassava lines that express the Agrobacterium tumefaciens isopentenyl 
transferase (ipt) gene, which encodes a key enzyme for cytokinin biosynthesis, under control of the 
senescence-inducible Arabidopsis SAG12 promoter.  With these lines we want to test if cassava leaf 
senescence can be delayed via an autoregulatory senescence inhibition mechanism.  After the 
confirmation of transgene integration and expression by molecular analysis and phenotype examination, 
two pSAG12::IPT transgenic lines, 529-28 and 529-48, were chose for further study.  Detached mature 
leaves from in vitro and greenhouse-grown transgenic plants retained high levels of chlorophyll 
compared to wild type leaves after dark-induced senescence.  The transgenic plants also showed 
significant delays in leaf senescence after drought treatment.  Expression of IPT was increased in older 
leaves of drought-stressed 529-28 plants.  During development leaves of pSAG12::ipt lines retained 
higher levels of chlorophyll, total protein and Rubisco.  Lines 529-28 and 529-48, together with wild-type 
60444 plants, were further evaluated in an experimental field in Haikou, China during the 2006-2008 
growing season.  During the 10-month field experiments, leaf senescence was significantly delayed in 
line 529-28 plants compared to wild-type and 529-48 plants.  T-529-28 plant accumulated 4 to 9 fold 
more trans-zeatin O-glucoside and 5 to 7 fold more of trans-zeatin riboside O-glucoside as compared to 
the WT control.  Excess of trans-zeatin and its riboside in leaves of T-529-28 transgenic plants is 
converted to the storage (inactive) O-glucosides to maintain cytokinin homeostasis.  Our study proves 
the feasibility of prolonging the leaf life of cassava and also sheds a light on cytokinin homeostasis in 
cassava leaves. 
 
SP10-02 G15 
Koerbler1, Marianne; Stein1, Beate; Ingelbrecht2, Ivan; Dixon2, Alfred and Winter1, 
Stephan 
Stephan.Winter@jki.bund.de 
1) DSMZ Plant Virus Department, 38104 Braunschweig, Germany. 2) IITA, Ibadan, Nigeria 
Characterisation of resistance in cassava against viruses causing cassava mosaic 
and cassava brown streak disease in Africa 
Cassava mosaic disease caused by diverse geminiviruses (CMG) and Cassava brown streak 
disease caused by cassava brown streak virus (CBSV), are key constraints to the cultivation of 
cassava in Sub-Sahara Africa.  We have collected and characterized the diversity of the most 
prominent geminiviruses from all African cassava cultivation areas and Cassava brown streak 
viruses from East Africa, to use defined viruses for resistance studies.  Virus infections were 
established in cassava by either graft inoculation or, by particle bombardment of cloned infectious 
viruses.  Resistance against cassava mosaic geminiviruses was identified in several breeding 
lines e.g. TME4, TMS96/0529 and TMS96/0160 responding with abortion of virus infections after 
virus introduction.  Other genotypes, e.g. TMS96/0304, became infected, recovered from 
symptoms but maintaining the infection status.  When cassava clones were analyzed for CBSV 
resistance, several genotypes with high CMG resistance became infected with CBSV and 
responded with quite severe CBSV infections (e.g. TMS96/0160).  Interestingly, cassava 
genotypes with an intermediate resistance, e.g. TMS96/0304, initially became mixed infected with 
CBSV/CMG however subsequently aborting CMG, to establish single CBSV infections.  
Differential responses were also recorded for strains of CBSV.  While high resistance in some 
cassava was found against all CMG, differential responses were observed in cassava inoculated 
with CBSV isolates obtained from Kenya and Mozambique.  Only the cassava genotype 
TMS/1089A revealed immunity against CMG and also did not establish infections with the CBSV 
isolates obtained from diverse origins. 
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SP10-03 G16 
Dita1, Miguel; Alves1, Alfredo; Silva2, Aline; Bellotti3, Anthony and Fregene3, Martin 
miguel@cnpmf.embrapa.br 
1) Embrapa Cassava & Tropical Fruits, Cruz das Almas, Bahia, Brazil. 2) Embrapa Semi-
Arid, Petrolina, Pernambuco, Brazil. 3) CIAT, Cali, Colombia 
Evaluation of cassava interspecific hybrids for disease resistance 
Interspecific hybrids from crosses between elite cassava varieties and wild relatives of M. 
tristis, M. flabellifollia and M. peruviana were assessed for disease resistance in different 
regions of Brazil.  Seedlings of several families planted in Sao Miguel das Matas (SMM), 
Tancredo Neves (TN), Cruz das Almas (CA) in the Bahia State, and in Petrolina (PT), 
Pernambuco State were evaluated for disease resistance from 6 to 12 months after 
planting.  In Bahia the incidence of anthracnose, brown leaf spot (BLS), rust, diffuse leaf 
spot and white leaf spot was registered.  In Petrolina only sporadic lesions of BLS were 
found.  Anthracnose, BLS and rust, in this order, were the most severe diseases in Bahia.  
Genotypes susceptible to anthracnose showed intense die-back and high level of 
defoliation.  Similarly, in genotypes highly susceptible to BLS complete defoliation was 
observed.  Respect rust, although some genotypes reached the highest class of the scale, 
disease intensity was lower, when compared to anthracnose and BLS, respectively.  
Regardless of the evaluation sites in Bahia, high variation in the resistance levels inter- and 
intra-families was observed.  Most of the genotypes with high levels of resistance to 
anthracnose and BLS were found in progenies involving M. tristis.  For rust, however, 
higher numbers of resistant hybrids had M. flabellifollia as parent.  In crosses involving M. 
peruviana, only resistance to rust was recorded.  The resistant hybrids identified are 
promising genotypes, not only for the introgression of resistance traits into elite varieties, 
but also to understanding the genetic basis of resistance to diseases. 
 
 
 
 
 
 
SP10-04 G17 
Rodriguez1, M., Matehus2, J. and Santana1,2, M.A.  
msantana@usb.ve 
1) Universidad Simon Bollivar, Division de Ciencias Biologicas, Departamento de Biologia 
Celular, Caracas 1080, Venezuela 
Studies of the pathogenicity of Pantoea agglomerans in cassava 
Cassava (Manihot esculenta Crantz) is a tropical starchy root crop that is extensively 
cultivated in Africa, Asia and America, being one of the most important sources of calories 
and income for more than 500 million people worldwide.  Recently we have described a 
new cassava bacterial disease in Venezuela caused by Pantoea agglomerans (Pan).  
Different strains have been isolated from susceptible cultivars in different regions of the 
country (Anzotegui, Monagas, Portuguesa and Cojedes States).  The aim of this study was 
to characterize the pathogenicity of the isolated Pan strains.  Bacterial strains were grown 
either on LB or minimal media M9, at 30-37°C. Plasmid profile, swimming, twitching, 
swarming, biopellicule and biofilm were assayed in the different strains.  Production of 
biosurfactant was also investigated.  The results indicate the presence of several plasmids, 
however none of them was found to amplified to pthB, the avirulence gene related to all 
pathogenic Xanthomonas axonopodis pv manihotis, the main bacterial disease in cassava.  
These results suggest the presence of a different mechanism of pathogenicity in Pan.  
Swimming and twitching was observed in some of the strains studied as well as the 
formation of biofilm.  Production of biosurfactant also was evidenced after 72 hours of the 
bacterial strain growing on minimal medium at 30°C.  As for other phytopathogenic 
bacteria, all these characteristics are thought to be important factors for pathogen virulence 
and plant infection. 
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SP10-05 G18 
Dita1, Miguel; Alves1, Alfredo; Silva2, Aline; Bellotti3, Anthony and Fregene3, Martin 
miguel@cnpmf.embrapa.br 
1) Embrapa Cassava & Tropical Fruits, Cruz das Almas, Bahia, Brazil. 2) Embrapa Semi-
Arid, Petrolina, Pernambuco, Brazil. 3) CIAT, Cali, Colombia 
Cassava wild species: Diseases evaluation in different regions of Brazil 
It is clear that cassava wild relatives are a reservoir of useful genes to be transferred to the 
cultivated species Manihot esculenta.  However, the number of traits already identified is 
low when compared with the existent diversity.  In this work, cassava wild relatives 
accessions of the Manihot anomala, M. caerulescens, M. dichotoma, M. flabellifolia, M. 
glaziovii, M. jacobinensis, M. peruviana and M. tomentosa were evaluated for disease 
incidence and severity in different regions of Brazil.  Seedlings planted in Sao Miguel das 
Matas (SMM), Tancredo Neves (TN) and Cruz das Almas (CA), in the Bahia State and in 
Petrolina (PT) in the Pernambuco State were evaluated monthly from 6 to 12 month after 
planting.  All the diseases observed are common to the cultivated cassava.  In Bahia the 
incidence of anthracnose, rust, brown leaf spot (BLS), white leaf spot and diffuse leaf spot 
was observed.  In PT, the disease incidence was limited to sporadic lesions of BLS.  BLS 
was the most frequent and severe disease, with the highest values registered in SMM, TN 
and CA.  Regardless of the region, accessions of M. glaziovii were most susceptible and M. 
flabellifolia most resistant to BLS.  Accessions with high levels of resistance for all the 
diseases evaluated were identified, except in M. glaziovii where all the accessions were 
highly susceptible to BLS and anthracnose.  As far as we know this is the first survey of 
disease incidence and severity in cassava wild species in Brazil. 
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Incidence of virus diseases in the semi-arid cassava germplasm 
Cassava is mainly propagated by stem cuttings, and this practice leads to the 
dissemination of viruses.  At least 16 different viruses have been isolated from cassava.  In 
Brazil the following viruses have been identified:  Cassava common mosaic virus (CsCMV), 
prevalent in the southern region, Cassava vein mosaic virus (CsVMV), prevalent in the 
Northeast semi-arid environment and Cassava frog skin disease (CFSD) in the amazon 
region.  The viruses responsible for cassava mosaic disease (CMD) complex have not 
been detected in Brazil.  This study aimed to determine the incidence and distribution of 
CsCMV, CsVMV, CFSD, and CMD complex viruses in the cassava germplasm bank at 
Embrapa Semi-Arid (CPATSA). Leaf samples of 375 accessions were collected and 
submitted to ELISA for CsCMV and PCR for CsVMV and CMD.  The results showed that 
24.8% of the accessions within CPATSA’s collection was infected with CsCMV, CsVMV or 
both.  The most prevalent virus was CsVMV, presents in 98% of the infected accessions 
while CsCMV was found in only 2.1%.  Based on the distribution of the infected plants in 
the germplasm bank and field observations, we suggest a mechanical dissemination of 
CsVMV.  Plants with symptoms of CFSD were not found and PCR diagnosis was not able 
to detect any species involved in CMD complex. 
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Field evaluation of cassava varieties under drought stress in Kenya, Tanzania and 
Ghana 
A collaborative project is underway between IITA, CIAT, EMBRAPA, Cornell University and 
the NARS of Tanzania, Kenya and Ghana to identify the physiological and genetic traits 
that make cassava one of the most drought tolerant crops.  This involves firstly the 
evaluation under drought stress conditions in Tanzania, Kenya and Ghana of local 
varieties, and a selection of genotypes from IITA, with contrasting responses to drought 
stress; and secondly the phenotyping at the same sites of two mapping populations (MCOL 
1734 x VEN 77; MCOL 1468 x BRA 255) and self progeny (MCOL 1734) developed at 
CIAT.  Methodologies for physiological evaluation are being tested.  The project has a large 
capacity building component, both for evaluating the response to drought, and in receiving 
and hardening in vitro cassava plantlets.  Protocols for hardening and rapid micro-
propagation of in vitro cassava plantlets have been developed.  Here preliminary field 
results are presented from Tanzania and Ghana, as well as results from a parental screen 
of the mapping populations using 307 markers comprising of genomic and expressed 
sequence tag (EST) SSRs. 
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Drought tolerance mechanisms in cassava 
Cassava is considered a food security crop in drought-prone regions.  The goals of our 
work are to determine which traits contribute to its maintenance of yield in water stress 
environments.  Our studies in controlled environments indicate that cassava stomata close 
in response to slight decreases in leaf water status and maintain leaf water potential at 
values near those of well-watered controls.  This is associated with rapid and large 
increases in abscisic acid (ABA).  Also, as stress continues, a substantial fraction of leaves 
abscise, thereby decreasing transpirational surface area and further conserving water 
during stress periods.  New leaf production and expansion growth is also highly sensitive to 
water deficit, due to inhibition of leaf cell division, cell expansion.  However, growth 
recovers rapidly after renewed water supply, thereby permitting rapid re-establishment of 
leaf area.  Carbon use is down-regulated by limiting growth and not substantially 
accumulating osmotically active solutes.  Also, petiole and stem carbohydrate reserves are 
gradually utilized and translocated to sinks throughout the plant.  The amount of starch 
stored in stems is considerable, representing a large share of the total non-structural 
carbohydrate in a plant at the initial period of storage root growth.  In summary, the 
mechanisms used by cassava to tolerate water deficit episodes are:  1) rapidly limit 
transpiration such that its tissues are not exposed to injurious low water potential stress, 2) 
down-regulate growth and carbon consumption in leaves and storage roots, and 3) supply 
metabolic needs via remobilization from reserves in petioles and stems. 
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Evaluation of drought tolerance in contrasting cassava varieties under a Brazilian 
semi-arid environment 
To identify some traits that are most contrasting and can be useful attributes in selecting 
genotypes for drought tolerance in cassava, contrasting varieties have been evaluated in 
some field trials in the semi-arid environment of Petrolina, northeast Brazil, where the 
annual average rainfall and potential evapotranspiration are around 560 mm and 1500 mm, 
respectively.  Plants were submitted to two water treatments: irrigation and water deficit 
(irrigated only until 2-3 months after planting-MAP) and evaluated in different periods using 
growth and physiological parameters.  The results showed significant effect of the 
Petrolina’s environment on production’s parameters such as storage roots fresh weight-
SRFW, number of storage roots-NSR, root dry matter-RDM and harvest index-HI, with 
different responses among varieties.  In general, all the parameters were negatively 
affected by water deficit, with more pronounced effect on SRFW (reduction of 57%), 
followed by NSR (38%).  Leaf conductance, leaf retention, leaf size, harvest index, ABA, 
sugars and starch accumulation in the leaves and stems were also differentially affected in 
the cassava varieties.  Under water deficit, leaf retention, leaf conductance, and storage 
root establishment (onset of root bulking), measured within the critical period for water 
stress (until 6-7 MAP), were highly correlated to yield performance at the final harvest (11 
MAP).  The different responses to water deficit for the evaluated parameters has helped us 
to better discriminate varieties as tolerant or susceptible to drought and to define the best 
traits for selecting in breeding programs. 
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Deterioration in cassava due to tuber rot: Present status and future outlook 
Cassava tuber rot has been reported to have infected cassava plantations in Africa, tropical 
America and India and has caused yield losses of up to 80%. Presently, five different 
species of Phytophthora, viz., P. drechsleri, P. tropicalis (South America), P. erythroseptica, 
P. cryptogea (Tropical Africa) and P. palmivora var palmivora (India) are reported to be 
causing the rotting of tubers.  The disease is characterized by the appearance of dark 
colored round to irregular shaped water soaked lesions (15-30 mm diameter) on mature 
tubers in the field.  On advancement of the infection the lesions enlarge causing internal 
browning, oozing of internal fluids and shriveling of the tubers, it emits characteristic foul 
smell & rot.  However, no external symptoms are visible on leaves and stems of infected 
plants. It is a soil borne fungus activated with high soil moisture.  In India the crop is 
cultivated in 2.4 lakh hectars with production of 71 lakhs tons per annum.  Kerala and Tamil 
Nadu dominate and hold 90% of the area and production of cassava in India.  More than 
60% of the area growing cassava in Tamil Nadu is around the Salem belt which is popularly 
known as “Land of Sago” even in international forums.  The major constraints which restrict 
the production in cassava in these areas are cassava mosaic disease and cassava tuber 
rot.  In India cassava tuber rot is reported to be caused by Phytophthora palmivora var 
palmivora and is a serious problem especially in the Salem district of Tamil Nadu where 
more than 900 cassava factories are situated.  The field management trial at these hot 
spots showed that field sanitation, deep ploughing, ridge planting, controlled irrigation and 
application of Trihoderma viridae with neem cake is effective in controlling the disease.  
Since early diagnosis is required for implementing management practices, studies are 
being conducted to detect the pathogen in the soil of the planting site.  A cost effective 
diagnostic kit would serve as a catalyst for the adoption of management practices by 
farmers.  
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Post-harvest pest problems in cassava; an overview 
One of the major causes of post harvest losses in tropical tuber crops including cassava is attributed to 
pests and diseases during storage.  Since the major constraint in cassava is the rapid perishability, the 
tubers are converted into chips and stored for long periods for consumption and for commercial and 
industrial purposes.  Though it is difficult to exactly quantify the full extent of losses, a conservative 
estimate suggests that more than 25% of the food crops in the tropics are lost before they are 
consumed.  Post harvest deterioration in cassava is caused either by physiological or microbial 
reactions.  The rapid deterioration of cassava begins as quickly as 24 hours post harvest.  Most of the 
varieties deteriorate within 3 to 4 days of harvest.  This rapid deterioration is due to physiological 
processes followed by microbiological infection which are initiated at sites of mechanical damage.  This 
causes quantitative and qualitative loss, causing high production and market risk.  The number of fungal 
and bacterial species isolated from cassava stored tubers showed that the post harvest decay of 
cassava is a complex matter involving more than a single initial organism.  Fresh cassava is highly 
prone to Rhizopus oryzae along with Bacillus sp.  Under west African conditions an association between 
post harvest decay and pre harvest infection of the roots with white thread disease caused by 
Rigidoporus lignosis was found.  Soft rot of cassava roots was caused by a complex of fungi 
Lasiodiploidia theobromae, Aspergillus niger, Aspergillus flavus, Cylindrocarpon candidum and 
Trichoderma harzianum.  Most of the fungus invade the tubers through wounds.  Vascular streaking is 
the important symptom in cassava tuber decay.  The species Rhizopus, Penicillium, Aspergillus, 
Fusarium and yeast are also affecting the fungal chips.  Fungal pathogens such as Sphceloma sp, 
Glomerella sp, Fusarium sp, Sclerotium rolfsii and Botrydiploidia sp affect the planting material and the 
stems.  Therefore, it is recommended to select cuttings from disease free plantations.  Stored cassava 
sets proved to be infected by two major pests, viz., Aspidiella hartii and Pseudococcus citriculus.  The 
cassava chips are also infected with a wide spectrum of insect pests which affect the parboiled and 
stored plain chips.  Aracerus fasciculatus, Lasioderma serricorne, Tribolium castaneum, Sitophilus 
oryzae, Rhizopertha dominica and Sitotroga cereallella are categorized as the major insect pests of plain 
dried and par boiled chips of cassava.  Storage techniques such as storing the tubers in moist sand, soil 
and saw dust can help limit the presence of pests.  This prevents dehydration and the controlled 
aeration slows the various enzymatic activities in the tubers.  The techniques for reducing microbial and 
storage pest infection are discussed here. 
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Expression of two resistance gene candidates against cassava bacterial blight in 
cassava 
Cassava (Manihot esculenta Crantz, Euphorbiaceae) is the world’s fourth most important 
food crop.  Bacterial Blight (CBB) is one of the most common diseases affecting this crop.  
CBB is caused by the pathogenic bacterium Xanthomonas axonopodis pv. manihotis 
(Xam).  In plants, resistance to disease depends on resistance (R) genes, which recognize 
specific pathogens and trigger defense responses.  We have identified two resistance gene 
candidates in cassava, named RXam1 and RXam2. RXam1 encodes a receptor like kinase 
(RLK) which is similar to the rice resistance gene Xa21.  The other gene, RXam2 codes for 
a protein with a Nucleotide Binding Site (NBS) which is a motif present in most of the R 
proteins reported to date.  QTL analyses have showed that RXam1 and RXam2 contribute 
to 13% and 62% of resistance to strain CIO136 and CIO151 of Xam, respectively.  In this 
work we have evaluated the gene expression of RXam1 and RXam2 by reverse 
transcription-polymerase chain reaction (RT-PCR) in stems and leaves of SG107-35 and 
MBRA685, two cassava resistant cultivars, which were challenged with the strain Xam 
CIO151.  We observed that RXam1 is induced five days after inoculation in the two 
cultivars and in both tissues.  The RXam2 gene was constitutively expressed in MBRA685.  
The implications of the structure and expression of these genes will be discussed. 
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Application of a simplified protocol for rapid molecular detection of cassava mosaic 
disease at different stages of plant development 
The use of cassava planting materials free of begomovirus infection is essential to Cassava 
Mosaic Disease (CMD) control.  For this, sensitive methods are required for detecting 
infected planting materials so that they can be discarded.  In this work a simplified protocol 
was developed for PCR-based detection of CMD-causing agents at different developmental 
stages of the plants including under field conditions.  Template materials were prepared by 
scraping cassava leaves with the PhytoPASS abrasive membrane to collect plant tissues 
and then suspending them in the KAJI extraction buffer.  The crude extract obtained in this 
way was used directly, after dilution, as the template material for PCR.  Different pairs of 
specific primers were used to amplify DNA sequences specific to ACMV, EACMV and 
EACMV-UG.  It was shown that the different CMD agents were detectable by this simplified 
technology and it remained possible to detect the virus in samples stored on the 
PhytoPASS at room temperature for 3 weeks before suspension in KAJI buffer and PCR.  
This new detection protocol was also successfully used to evaluate the health status of in 
vitro cassava plantlets submitted to chemotherapy to sanitise infected materials.  It was 
observed that within 5 weeks of chemotherapy treatment, the ACMV infection was not 
detectable by PCR while the infection remained detectable for the untreated in vitro 
plantlets.  In conclusion, the protocol developed in this work could be helpful in a durable 
CMD management strategy whatever the production area.  
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Survey for Cassava brown streak virus (Potyviridae: Ipomovirus) in Tanzania 
Cassava brown streak disease (CBSD), a major constraint to cassava production in coastal 
Tanzania, was known to be causing damage only in the eastern coast of the country and a 
few low altitude areas (less than 500 metres above sea level) in the interior.  A survey was 
conducted in 2005 and repeated in a few sites in 2006 to assess the status and 
geographical distribution of the disease in the major cassava growing areas of Tanzania.  
Thirty cassava plants were assessed for CBSD leaf symptoms from each of 91 fields 
(2,730 plants assessed).  At each site, a sample was taken for laboratory testing for CBSV.  
A minimum of one and a maximum of 15 plants at 81 of the 91 sites exhibited CBSD root 
symptoms.  Mean foliar and root incidence of CBSD were 38% and 36%, respectively.  
CBSV tests by replicated RT-PCR, using CBSV CP specific primers indicated the presence 
of CBSV in 67 of the 91 (73%) samples.  The disease was widely distributed across the 
country including sites approximately 1,800 metres above sea level.  For the first time, the 
existence of CBSD in the Lake Zone of Tanzania was reported. 
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Sampling approaches and diagnosis of Cassava brown streak virus (Family; 
Potyviridae, Genus; Ipomovirus) in cassava 
Cassava brown streak disease caused by Cassava brown streak virus (CBSV:  Family, 
Potyviridae: Genus, Ipomovirus) has been present in Tanzania for more than 70 years.  
Current field diagnosis of the disease largely depends on the observation of foliar 
symptoms on infected plants.  This is not reliable due to the uneven distribution of CBSD in 
the aerial portions of the cassava plant and the irregular pattern of symptoms in some 
cassava cultivars.  In this study, approaches to field assessment are documented.  The 
choice of the plant part to sample, sample handling and preservation, nucleic acid isolation 
techniques plus RT-PCR conditions are tested.  For detecting CBSV over large cassava 
stands where rationalization of laboratory tests is needed, bulked leaf samples containing 
different proportions of CBSV-infected leaf tissues to CBSV-free leaf tissues were used and 
the data presented. 
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Non-vector mechanisms for transmission and infection of Cassava brown streak 
virus (Potyviridae: Ipomovirus) in susceptible cassava (Manihot esculenta Crantz) 
Virus infected cuttings and transmission by Bemisia tabaci Gennadius (Homoptera: 
Aleyrodidae) are methods of transmission reported for Cassava brown streak virus (CBSV).  
In replicated screenhouse experiments, transmission of the virus was achieved through 
cutting tools and leaf harvesting with 22% and 7% efficiency, respectively, using cassava 
cultivar, Albert.  Up to 54% transmission efficiency was achieved through sap inoculation of 
cassava cultivar, Mreteta.  Grafting CBSV-free susceptible scions onto CBSV-infected 
rootstocks was the most efficient transmission technique with up to 100% recipients 
infected 2-weeks post-inoculation, and with characteristic tertiary leaf vein chlorosis 
developing in the new scion growth.  The virus was not transmitted through infected root 
debris to seedlings or to virus-free cuttings, and not transmitted to the seeds harvested 
from infected plants.  The presence or absence of CBSV was confirmed by RT-PCR using 
coat protein specific CBSV primers.  The data indicates that CBSV can be transmitted 
through cutting tools and leaf harvesting.  Graft inoculation is the most efficient way to 
transmit the pathogen.  The possibility of transmission through CBSV-infected root debris 
seems remote from the study.  The data also confirms previous studies that CBSV is not 
transmitted through true seed. 
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Virus immunity can be achieved in cassava by high level expression of virus-
homologous small RNAs 
Cassava mosaic disease (CMD), caused by several cassava mosaic geminivirus species, 
is the most important disease of cassava in Africa.  Total loss due to CMD in Africa was 
estimated at more than 34mt (equivalent to 24% of total production) for the year 2005.  
Several approaches have been developed to engineer geminivirus resistance in different 
plant species since the early 90’s, notably in the model plant for virus studies (i.e. Nicotiana 
species).  Unfortunately, most of these transgenics have failed to confer high levels of 
geminivirus resistance.  Engineering geminivirus resistance in cassava did not derogate 
from the rule.  Despite the production of a few transgenic cassava lines with various levels 
of resistance, the resistance conferred by the transgene appeared too variable to ensure 
stable introgression of the feature in cultivated cassava cultivars.  We have produced 
transgenic cassava expressing hairpin dsRNA homologous to a highly conserved region of 
the replication-associated protein sequence (Rep/AC1) among the bipartite cassava 
mosaic geminiviruses.  The targeted virus protein was selected because of its absolute 
necessity for geminivirus replication.  Transgenic cassava lines with high levels of AC1-
homologous small RNAs showed ACMV immunity upon increasing viral load and different 
inoculation methods.  We also report new classes of small RNAs from the expression 
cassette. 
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Efficient mechanical transmission of Cassava brown streak virus to Nicotiana 
benthamiana 
Cassava (Manihot esculenta Crantz) is an important subsistence food crop in Africa where 
it is affected by two main virus diseases, cassava mosaic disease (CMD) and cassava 
brown streak disease (CBSD).  Although CMD has been much investigated, CBSD has 
recently posed a greater threat to cassava production in eastern and southern Africa.  
Successful mechanical transmission of cassava brown streak virus (CBSV) is essential for 
rapid evaluation of transgenes for CBSV resistance in Nicotiana benthamiana, a very good 
laboratory host plant for many viruses including CBSV, as well as on cassava.  
Transmission rate by the whitefly (Bemisia tabaci) from cassava to cassava is very low.  In 
this study, a highly efficient mechanical transmission protocol was developed.  Several 
factors that affect the transmission efficiency and virus expression were identified.  
Appropriate buffer pH, use of two antioxidants (sodium sulphite and fl-mercaptoethanol), an 
abrasive (carborundum) and application of the inoculum on two fully open young leaves 
dusted with abrasive and gently rubbing with fingers resulted in a significantly higher 
transmission rate.  Symptoms of infected plants were visible two days after inoculation 
depending on growth conditions.  Three-week-old N. benthamiana showed severe 
symptoms of CBSV.  Higher temperatures (30°C) favor rapid symptom development 
compared to lower temperatures (<25°C).  Rate of CBSV transmission is low from cassava 
to N. benthamiana compared to between N. benthamiana plants.  Inoculum from ten week 
old infected N. benthamiana plants gave very high levels of infection while no symptoms 
were observed on plants inoculated with sap from young freshly infected N. benthamiana 
plants or from top symptomless cassava leaves.  The inoculation protocol consistently 
resulted in a higher percentage of infected tobacco species N. debneyi. 
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Transient studies on RNAi and coat protein-mediated resistance of cassava brown 
streak disease 
Cassava (Manihot esculenta Crantz) is an important staple and cash crop in Africa, Latin 
America and Asia.  In east and southern Africa cassava brown streak disease (CBSD) 
caused by Cassava brown streak virus (CBSV) is associated with significant losses in 
cassava production.  Previously, the disease was prevalent only along coastal eastern and 
southern Africa, but it recently emerged in Uganda and is spreading rapidly.  Apart from a 
few cultivars which have shown tolerance to CBSD in Tanzania, no effective resistance to 
CBSD has been developed and deployed to date.  The full genome of CBSV is not yet 
known, but it is thought to be monopartite, linear +ssRNA, translated into a polyprotein and 
auto-cleaved into functional proteins with capsid protein (CP) at the C-terminus.  In this 
study, our aim was to develop transient resistance to CBSD through RNA interference 
(RNAi) and CP mediated protection and if positive, to use these constructs in cassava 
transformation.  The full-length CP gene and its N-and C-terminal regions were used to 
generate three RNAi constructs, with RNAi-GFP as an internal control.  In addition, we 
used CBSV-CP for CP-mediated protection studies.  A transient protection assay on 
Nicotiana benthamiana was previously developed for cassava geminiviruses and it showed 
here that both RNAi and CPMR constructs confer high level of protection against CBSV, 
although it is probable that gene silencing is the mechanism involved in the CPMR.  These 
constructs were used to make transgenic N. benthamiana lines and are now being used for 
cassava transformation. 
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Single stranded DNA binding protein mediated resistance to geminiviruses in 
transgenic cassava 
Cassava (Manihot esculenta) is the third largest source of calories for human consumption 
in the tropics but it suffers from Cassava mosaic disease (CMD), the most devastating 
disease in cassava reducing tuber yields by up to 80% and it is estimated that a third of the 
total cassava production is lost to the disease in Africa.  The disease is caused by several 
viruses belonging to the single stranded DNA geminivirus family.  Transgenic technologies 
offer an alternative to conventional breeding for enhancing CMD resistance.  We utilized 
the gene V (G5), a single stranded DNA binding protein gene from Enterobacteria phage 
M13 to genetically transform cassava in order to control a spectrum of geminiviruses that 
infect cassava.  Expression of codon optimized G5 imparted up to 70% virus resistance in 
transgenic cassava plants challenged with three species of cassava geminiviruses - African 
cassava mosaic virus (ACMV), East African cassava mosaic virus (EACMV) and Sri 
Lankan cassava mosaic virus (SLCMV) compared to controls by particle gun inoculation.  
Targeting of G5 to the nucleus enhanced the frequency of obtaining geminivirus resistance 
lines compared to cytoplasmic G5 expression.  Evidence of G5 protein’s ability to prevent 
disease development in cassava when challenged with different geminiviruses represents a 
new approach towards the development of a broad based strategy to control these 
important plant pathogens. 
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SP10-21 H14 
Yadav, Jitender S.; Kumria, Ratna and Fauquet, Claude M. 
JYadav@danforthcenter.org 
ILTAB, Donald Danforth Plant Science Center, 975 N. Warson Rd., St. Louis, MO 63132, 
USA. 
Optimization of a transient assay for the evaluation of virus resistance to the African 
cassava mosaic virus 
An Agrobacterium-mediated transient assay is described for the in vivo evaluation of 
African cassava mosaic virus resistance in Nicotiana benthamiana plants, induced by gene 
silencing.  By simple infiltration of Agrobacterium cells carrying an appropriate gene 
construct, capable of inducing gene silencing into tobacco leaves, transient expression 
assays can be performed within the span of 30 days without using expensive instruments 
or complicated procedures.  Three days after Agroinfiltration with the gene construct, 
tobacco plants can be challenged with the target virus to evaluate the level of resistance 
provided and the level of expression of the siRNA induced by the gene construct can be 
determined by northern blotting of RNA extracted from agro-infiltrated leaves.  Parameters 
such as duration of infiltration period, mode of delivery of the gene construct, mode of 
infection with the virus, leaf type that should be targeted, effect of temperature and 
specificity of resistance were examined to optimize a reliable and sensitive essay.  Our 
results demonstrate the suitability of Agroinfiltration based transient assay for testing viral 
genes for their ability to control target virus in vivo. 
 
 
 
 
 
 
 
 
SP10-22 H15 
Alicai, T., Omongo, C.A., Kawuki, R., Baguma, Y., Pariyo, A. and Bua, A. 
talicai@danforthcenter.org 
National Crops Resources Research Institute (NaCRRI), Namulonge, P.O. Box 7084, 
Kampala, Uganda.  
Responding to the emergent cassava brown streak disease epidemic in Uganda 
An epidemic of cassava brown streak disease (CBSD) has spread in Uganda during the 
last four years and has become well established in at least 25 major cassava growing 
districts. Previously, CBSD was restricted to the coastal lowlands of East Africa from Kenya 
to Mozambique. Incidences of up to 100% and total yield losses characterized by necrosis 
of storage roots have increasingly become common in Uganda. The exact reasons behind 
the CBSD outbreak at mid altitude elevations in Uganda are not known. Preliminary 
evidence suggests that the causal virus, Cassava brown streak virus, associated with 
CBSD in Uganda is distinct from CBSV isolates from coastal Tanzania and Mozambique. 
Since its first report more than 70 years ago, CBSD has received little research attention 
and there are significant knowledge gaps. We have initiated studies to understand the 
epidemiology of CBSD in the field, the biology and transmission of CBSV. Other activities 
target monitoring spread of CBSD, CBSV diagnostics and developing farmer-preferred 
CBSD resistant varieties using both conventional and biotechnology approaches. To 
mitigate the devastating impacts of CBSD, it is important that significant scientific and 
financial resources are urgently dedicated to understanding and developing knowledge-
based solutions to the problem. 
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SP10-23 H16 
Adebayo, Ogunkanmi and Adeniyi, Ogunjobi 
bayogun2000@yahoo.com 
University of Lagos, Nigeria and University of Ibadan, Nigeria 
Molecular characterization of cassava bacterial blight, a disease caused by 
Xanthomonas axonopodis pv manihotis isolated from Nigeria 
Xanthomonas axonopodis pv manihotis (Xam) is the causal agent of cassava bacterial 
blight (CBB) in all cassava growing areas of the world.  CBB disease is a major constraint 
to cassava cultivation, and losses can be extremely severe in regions where highly 
susceptible cultivars are grown.  To build up a well-organized disease management 
approach the genetic diversity of the pathogens population in Nigeria was assessed using 
Amplified Fragment Length Polymorphism (AFLP) marker.  Isolates were gotten from the 
Middle belt and Northern States of Nigeria and thirty-six strains of Xam with two reference 
strains were tested with eight primers combination of AFLP marker.  The 36 strains and two 
reference strains were analyzed using cluster analysis with NTSYS-PC version 2.0.  The 
cluster analysis differentiated the Xam into eight distinct clusters at 65% similarity 
coefficient level.  Cluster 1, 3, and 4 had the 73.7% of the total bacterial strains grouped 
together while the other clusters had two strains each shared the remaining 26.3%.  Cluster 
3 had similar strains from different states together and had the 29% of the entire clusters 
while cluster 4 grouped strains from only two geographically related states together.  The 
genetic analysis presented here contributes to understanding of the Xam population 
structure in Western Nigeria. 
 
 
 
 
 
 
 
SP10-24 H17 
Gashaka1, G., Night1, G., Nyirahorana1, C., Mukakanyana1, C., Mukase1, F., 
Munyabarenzi1, I., Mutumwika1, M., Nkezabahizi1, D., Kayiranga1, D., Asiimwe2, P., 
Legg2, J., Okao-Okuja2, G. and Obonyo2, R. 
ggashaka@yahoo.fr 
1) Institut des Sciences Agronomiques du Rwanda (ISAR), P.O. Box  5016, Kigali-Rwanda. 
2) IITA, Tanzania. 
Cassava diseases and pests in Rwanda in 2007 
Cassava mosaic disease (CMD) is the major constraint to cassava production in Rwanda.  
The disease is caused by cassava mosaic geminiviruses (CMGs) and is spread by use of 
virus infected cuttings and whitefly vector (Bemisia tabaci).  A survey was carried out in 
2007 to obtain updated information on distribution, incidence and severity of cassava pests 
and diseases in Rwanda.  The survey was carried out in major cassava growing regions of 
the country, covering 12 districts.  Results showed that CMD incidence was low to 
moderate, ranging from 20.8%-54.0%, with the highest incidence being 54.0% in Ruhango 
and the lowest (20.8%) in Kirehe.  The overall average incidence for all the districts was 
33.2%.  Cutting-borne infection was highest in Nyamasheke (38.4%) and lowest in 
Kamonyi (11.8%) with an overall average of 21.4%.  Current season whitefly-borne 
infection was highest in Ruhango (28.0%) and lowest in Nyamasheke (2.4%) with an 
overall average of 11.8%.  The mean number of whitefly nymphs on a middle leaf was 5.2 
and the mean number of adults on three youngest leaves was 0.8.  Within-field incidence of 
cassava green mite averaged 42% but damage was very mild.  Typhlodromarulus aripo 
was found in 28% of the fields surveyed, with a mean incidence of 5.7% within fields. 
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SP10-25 H18 
Mallowa1, S., Obiero1, H., Akhwale1, M., Mpapale1, J., Njarro1, I., Okao-Okuja2, G. and 
Legg3,4, J. 
mallowa@yahoo.com 
1) Kenya Agricultural Research Institute, Kakamega, P.O. Box 169, Kakamega, Kenya. 2) 
International Institute of Tropical Agriculture-Uganda, P.O. Box 7878, Kampala, Uganda. 3) 
International Institute of Tropical Agriculture-Tanzania P.O. Box 6226, Dar es Salaam, 
Tanzania. 4) Natural Resources Institute, University of Greenwich, Chatham Maritime, ME4 
4TB, UK 
Changing phases of cassava mosaic disease epidemiology in Western Kenya 
An unprecedented severe cassava mosaic disease (CMD) phenotype that is associated 
with an emergent recombinant begomovirus East African cassava mosaic virus-Uganda 
(EACMV-UG) spread from Uganda.  It was first reported in western Kenya at the frontier 
towns of Malaba and Busia in the mid 1990ís.  The disease has since spread to cover most 
districts in Western and Nyanza Provinces leading to massive economic losses and 
destabilised food security.  An initial diagnostic survey was conducted in 1995 and was 
followed up by similar annual surveys to monitor the spread of the severe form of CMD 
across the western Kenya cassava belt, between 1996 and 2007.  Data were recorded on 
cassava varieties, CMD incidence and severity, number of adult whiteflies and virus 
species.  Dynamics of the CMD epidemic have been described and defined in a series of 
zones pre-epidemic, epidemic early and late post-epidemic.  Dramatic changes in the 
health status of cassava and hence zones, were witnessed in the last ten years.  
Management efforts for CMD in epidemic zones have focused mainly on multiplication and 
dissemination of CMD-resistant varieties with a great deal of success.  The situation in 
‘post-epidemic’ zones is different, however, and offers opportunities for alternative means 
of management utilizing local varieties. 
 
 
SP10-26 H19 
Nawaz1, M.S., Changadeya2, W. and Fauquet1, C.M. 
wchanga@chanco.unima.mw 
1) ILTAB, Danforth Plant Science Center, 975 N. Warson Road, MO63132, St Louis, USA. 
2) University of Malawi, Chancellor College, Biology Department, P.O. Box 280, Zomba, 
Malawi 
Survey of virological cassava infecting begomoviruses in Malawi 
Cassava mosaic disease is caused by circular single stranded begomoviruses.  By 2003 
nine cassava mosaic begomovirus species were recognized of which seven occur in Africa.  
Diseased samples of cultivated cassava varieties from Southern, Central and Northern 
Malawi were collected in 2006-07 and screened for the presence of cassava mosaic 
disease by using the rolling circle amplification-based Phi29 DNA polymerase method.  
Forty different samples from Northern Malawi and thirty-two different samples from 
Southern Malawi were screened.  Full length amplified molecules in the form of viral 
concatamers were screened for single restriction enzyme cutting sites by subjecting each 
amplified product to RFLP.  Monomers for each sample were gel purified, cloned, 
sequenced and analyzed for their closest homologous relatives infecting cassava varieties 
in neighboring countries.  Screening on the basis of full-length DNA-A molecules showed 
that cassava from northern Malawi were mainly infected by EACMCV, EACMZV and only 
few samples were positive for the ACMV-[CM] strain.  DNA-A molecules, isolated from 
Southern samples showed highest homology with EACMMV.  DNA-B component for all 
those samples, which were positive for DNA-A component were also analyzed.  Northern 
samples positive for EACMCV DNA-A or EACMZV had DNA-B components, closer to the 
DNA-B of EACMCV, while DNA-B of ACMV is closer to SACMV or EACMKV DNA-B.  The 
DNA-B of EACMMV in southern Malawi was a recombinant between the DNA-B of SACMV 
and the DNA-B of EACMKV.  The survey in Malawi showed a relatively low level of 
diversity for ACMV as expected and other cassava infecting viruses showed that EACMCV, 
EACMKV and EACMMV were prevalent on cassava in Malawi.  Noticeably, the devastating 
EACMV-UG was, so far, NOT found in Malawi. 
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S11-1: Changhu1, Wang; Eddie2, Tabares; Manuel2, Quintero; 
Hernan2, Ceballos and Zaida2, Lentini 
1) South China Botanical Garden, China. Academy of Sciences, Guangzhou, China. 2) 
CIAT, Cali, Colombia. 
 
Development of Doubled Haploids Through Isolated Microspore 
Culture Can Greatly Benefit Cassava Breeding and Other 
Applications 
Development of doubled haploids through isolated microspore culture can greatly benefits 
the crop breeding program and other applications, as DHs are pure line.  In cassava 
(Manihot esculenta Crantz), it has a unique significance when most cassava clones are 
heterogeneous derived from years of vegetative propagation and widely existed inbreeding 
depression.  The progress of microsporogenesis in cassava has been illustrated by using 
LM, TM and confocal laser scanning microscopy (CLSM) tecniques, allowing the 
establishment of the relationship between the morphological characteristics of the floral 
buds and developmental stages of microspores.  A comprehensive protocol has been 
developed subsequently to enrich the most responsive microspores, i.e. the mid-
uninucleate to early bi-nucleate microspores for androgenesis induction.  By combing a 
partial digestion of the exine with CLSM, the initiation of microspore division in vitro and the 
formation of pro-embryo were confirmed for the first time.  The digestion method of exine is 
promising for releasing the pro-embryo release from the limitation of the thick exine wall. 
 
 
S11-2: Francisco A.P. Campos 
Federal University of Ceara 
 
Proteome Analysis of Secondary Somatic Embryogenesis in 
Cassava 
Using histological analysis of the induction of secondary somatic embryogenesis (SSE) in 
cassava as a guide, we performed 2-DE for protein separation and MALDI-TOF-TOF-MS 
for protein identification in cotyledons of cassava somatic embryos undergoing SSE.  
Reference map obtained by 2-DE within a pH range of 3-10 and a size range of 6 to 97 kDa 
revealed approximately 410 eletrophoretically resolved spots populated primarily by acidic 
(pI <7) proteins with molecular masses between 30 and 75 kDa.  Tryptic digestion of 163 of 
the most abundant spots led to the identification of 86 proteins with a protein identification 
success rate of 53%.  In total, 43% of the identified proteins were involved in metabolism 
and energy and 11.6% in protein destination and storage.  Others are, disease/defense 
(11.6), transcription and protein synthesis (7%), signal transduction (5.8%), cell 
growth/division (3.5%), transporters (3.5%), cell structure (2.3%), secondary metabolism 
(1.2%) and other functional classes (10.5%).  Our studies demonstrate that 2-DE-based 
proteomic approaches combined with histological studies can serve as tools for identifying 
protein markers for the developmental stages of cassava SE while providing clues on the 
underlying causes of the low rate of conversion of cassava somatic embryos into mature 
plants. 
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S11-3: Mbanaso, E.N.A, Nwachukwu, E.C. and Nwosu, K.I 
National Root Crops Research Institute Umudike, P.M.B 7006, Umuahia, Abia State 
Nigeria 
 
Response of Farmer-Preferred Cassava Collections to In vitro 
Culture 
A survey of the major cassava growing areas in Nigeria was undertaken to collect farmer-
preferred cultivars, which will serve as a pool of probable candidates for transgenic 
research at National Root Crops Research Institute, Umudike.  A total of 324 collections 
were made distributed thus, 30.86%, 25.31%, 22.53% and 21.30% from the South-East, 
South-South, North-Central and South-West agro-ecological zones respectively.  Farmers’ 
preference of these were based on special food qualities, high demand by consumers, 
resistance to pest and diseases, comparatively high yields under minimal weeding 
conditions, production of good stakes for planting, ability of roots to store long in situ and 
adaptability to soil types, particularly very marginal soils.  Nodal explants from sprouted 
stakes were introduced in culture and resultant shoots maintained on medium containing 
Murashige and Skoog’s basal salt and vitamins, 30gl-l sucrose and gelled in 2% gelrite at 
16 hours light and 28°C±1.  No plant growth regulators were added.  Observations 
indicated varied responses in culture probably a reflection of more stringent requirements 
for in-vitro multiplication and development of recalcitrant ones.  The need to optimize 
requirements for in-vitro culture and production of target tissue for transfomation is 
indicated. 
 
 
S11-4: Taylor, Nigel; Fitter, Mindy; Apio, Hellen; Jayatilleke, Mala; 
Sahab, Sareena and Fauquet, Claude M. 
ILTAB, Donald Danforth Plant Science Center, St. Louis, MO, USA 
 
Improved Tissue Culture and Plant Regeneration Systems for the 
Production of Transgenic Cassava  
Efficient tissue culture systems are essential for the production of transgenic plants.  With 
somatic embryogenesis forming the basis of all existing genetic transformation systems for 
this crop, research in our laboratory has focused on development of improved systems for 
the induction and manipulation of this process in cassava and its adaptation to farmer-
preferred varieties.  Significantly increased rates of somatic embryogenesis from leaf 
explants have been achieved by switching away from Murashige and Skoog (MS) to 
alternative basal media.  Use of DKW (Driver & Kuniyuki, 1984) or DCR (Gupta & Durzan, 
1985) was found to increase production of organized embryogenic structures (OES) and to 
extend this capacity into older leaf explants than previously possible.  Improved mechanical 
processes and culture procedures will be described for the induction of friable embryogenic 
callus (FEC) and plant regeneration in several East African cassava cultivars in addition to 
the model type cv. 60444.  In addition, progress in regeneration of plants from somatic 
embryo cotyledon fragments with be presented and contrasted with the FEC based 
systems.  
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S11-5: Sheela, M.N., Edison, S., Unnikrishnan, M., Makesh Kumar, N. 
and Krishnan, P. 
Central Tuber Crops Research Institute, Trivandrum, India 
 
Tissue Culture, Micropropagation and Transformation of Indian 
Cassava Varieties 
In India, tissue culture techniques were standardized and routinely used for the production 
of quality planting material through meristem culture and micropropagation and for the in 
vitro conservation of germplasm.  However the development of transgenic cassava was 
hampered due to poor regeneration of popular cassava varieties through somatic 
embryogenesis.  Recently studies were conducted to develop reproducible transformation 
and regeneration protocol in popular Indian cassava varieties to facilitate the development 
of transgenic cassava.  Twenty one popular cassava genotypes including 14 varieties 
released in India were screened for their ability to undergo somatic embryogenesis and 
organogenesis.  The embryogenic callus was induced from immature leaf lobes using 
Murashige & Skoog (MS) medium with sucrose (20%) supplemented with either picloram 
(50 µM).  The effect of picloram and 2,4D were found to be on par in the tested lines.  The 
popular landraces viz. M4, Ambakkadan and the short duration variety, Vellayani Hraswa 
also recorded high regeneration efficiency.  The somatic embryos were matured in MS 
medium with sucrose (20%) and hormones viz. naphthalene acetic acid (1µM) and benzyl 
adenine (2µM) or Thidiazuron (1 µM).  The number of plantlets regenerated per explant 
ranged from 8 (Sree Vijaya) to 24 (H 226).  On Agrobacterium-mediated genetic 
transformation, friable embryogenic callus followed by cotyledons explants of size 2-3 mm 
recorded high transformation efficiency.  Based on present study the cassava varieties with 
high regeneration efficiency viz. H226, H 165, Sree Harsha (triploid), Sree Prabha, 
Vellayani Hraswa and M4 can be used commercially for the development of transgenic 
cassava in India. 
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SP11-01 I02 
Danso1, K.E. and Ford-Lloyd2, B.V. 
kaedanso@hotmail.com 
1) Ghana Atomic Energy Commission, Biotechnology and Nuclear Agriculture Research 
Instititute, Deptartment of Plant and Soil Sciences, P. O. Box 80, Legon, Accra, Ghana. 2) 
School of Biosciences, The University of Birmingham, Edgbaston, Birmingham, B15 2TT, 
UK. 
The effect of abscisic acid and sucrose on post-thaw embryogenic competence and 
subsequent plant recovery from embryogenic calli of cassava 
The effect of sucrose with or without abscisic acid (ABA) in cryoprotective medium on post-
thaw embryogenic competence and subsequent plant recovery from embryogenic callus 
clump of cassava was investigated.  Post-thaw viability depended on duration of 
cryoprotection on the 0.3M sucrose cryoprotective medium.  The presence of only ABA in 
the cryoprotective medium resulted in callus proliferation but loss of post-thaw viability.  
However, the inclusion of sucrose with low concentrations of ABA (5-20 mg/l) in the 
cryoprotective medium decreased callus proliferation but subsequent cryopreservation 
resulted in post-thaw viability and/or embryogenic competence, except at higher 
concentration of ABA (20mg/l) where there was complete loss of post-thaw viability.  Also, 
callus clumps pre-treated with low concentrations of ABA with sucrose prior to 
cryopreservation resulted in significantly higher plant recovery than only sucrose pre-
treated callus clumps.  Plants recovered from cryopreserved callus clumps were 
phenotypically similar to non-cryopreserved callus clumps.  These results indicate that 
cryopreservation of embryogenic calli of cassava is a feasible option for long-term 
conservation of the crops' genetic resources. 
 
 
SP11-02 I03 
Sudarmonowati1, E., Fitriani1, H.,  Anggraini1, V.,  Pereira, I., Wahyuni1, I., Koehorst-
van Putten, H.; and Visser, R.G.F. 
s_enny@hotmail.com 
1) Research Centre for Biotechnology-Indonesian Institute of Sciences (LIPI), Bogor, 
Indonesia 
Production of friable embryogenic callus (FEC) and gene constructs for altering 
amylose content of Indonesian cassava genotypes 
The aim of the research is to obtain high amylose transgenic Indonesian cassava plants bearing 
BEI/BEII genes by transforming friable embryogenic callus. Friable embryogenic callus (FEC) of 
Iding and Gebang, two Indonesian cassava genotypes have been obtained in addition to Adira 4 
by culturing meristem or young leaf lobes on series of media for different period of incubation.  
The response in terms of the production of FEC was depending on genotypes, type of explants 
for inducing primary somatic embryos (PSE), concentration of CuSO4, and transfer pathway.  
Meristems were better than young leaf lobes when 5 mM CuSO4 was added to media for 
culturing Iding while leaf lobes were best cultured on 10 mM CuSO4.  For Adira 4, both 
meristems and leaf lobes cultured on 10 mM CuSO4.  PSE obtained were transferred to 
1/2MS1/2GD containing 10 mg/l picloram and tyrosine for secondary somatic embryo (SSE) 
induction then after three weeks on medium of the same composition, FEC were obtained.  
These FEC is being genetically transformed with constructs containing BEI and BEII genes 
inverted repeat which are being introduced to Agrobacterium tumefaciens while two other 
constructs of antisense are currently in the process of construction.  The transgenic cassava is 
expected to have very high amylose content than 39% of improved Iding obtained so far as 
compared to control of 20-28%. Naturally, Iding has been determined as the highest amylose 
content genotype based on selection conducted earlier and has produced the highest ethanol 
after 72 hour fermentation of genotypes tested.  Due to its superiority, Iding has also been 
propagated in vitro by culturing axillary buds and transferred to the field for comparing growth and 
yield performances with those derived from stem cuttings in two locations in Indonesia.  
Transgenic plants with very high if not amylopectin-free content obtained in the future will be 
subjected to the Indonesian Biosafety regulation assessment  by The National Technical Team 
on Biosafety and Food safety for releasing as new improved variety. 
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SP11-03 I04 
Sheela, M.N., Edison, S., Unnikrishnan, M., Makeshkumar, T. and Jasusri, J. 
sheelactcri@yahoo.co.in 
Central Tuber Crops Research Institute, Trivandrum Kerala, India 
Somatic embryogenesis and regeneration 
In India, the application of transgenic technologies for the genetic improvement of cassava 
was hampered due to lack of regeneration of popular cassava varieties.  Hence the present 
study was conducted to develop reproducible transformation and regeneration protocol in 
popular Indian cassava varieties with high morphogenic response that can be used in 
future transgenic programmes.  Twenty one popular cassava genotypes including 14 
varieties released in India were screened for their ability to undergo somatic 
embryogenesis and organogenesis.  The percentage of embryogenic callus induction 
ranged from 35% (Sree Sahya) to 77.5% (H226).  The embryogenic callus was induced 
from immature leaf lobes using Murashige& Skoog (MS) medium with sucrose (20%) 
supplemented with either picloram (50 µM) or 2, 4-D (8 mg l-1).  The effect of picloram and 
2,4D were found to be on par in the tested lines.  The popular landraces viz. M4, 
Ambakkadan and the short duration variety, Vellayani Hraswa recorded high regeneration 
efficiency.  The somatic embryos were matured in MS medium with sucrose (20%) and 
hormones viz. naphthalene acetic acid (1µM) and benzyl adenine (2µM).  The number of 
plantlets regenerated per explant ranged from 8 (Sree Vijaya) to 24 (H 226). On 
Agrobacterium mediated genetic transformation, friable embryogenic callus followed by 
cotyledons explants of size 2-3 mm recorded high transformation efficiency.  Based on 
present study the cassava varieties with high regeneration efficiency viz. H226, H 165, 
Sree Harsha (triploid), Sree Prabha, Vellayani Hraswa and M4 can be used commercially 
for the development of transgenic cassava in India. 
 
 
 
SP11-04 I05 
Archana Mukherjee, Naskar, S. K., Nedunchezhiyan, M., and Edison, S. 
archanapsm2@rediffmail.com 
Regional Centre of Central Tuber Crops Research Institute, ICAR, Bhubaneswar, 751019, 
Orissa, India 
Culture of pollen in cassava : growth and morphogenesis 
Isolation of viable pollen and regeneration of whole plant are essential for haploid, dihaploid 
production in solving basic and applied problems in genetics and breeding in cassava.  
Regeneration from anther or pollen is limited to our first report on pollen embryogenesis in 
cassava.  Our studies have shown that floral tissue of cassava has the capacity to undergo 
embryogenesis.  Hence a study was taken up to regenerate whole plant from cassava 
pollen.  Pollen were isolated from six different genotypes by macerating 1-4 mm male 
flower buds with sucrose (2%) and maltose (1%) followed by centrifugation, filtration.  
Pollen density (10,000-12,000 microspores /ml) and viability 72 to 80% found to vary 
among the genotypes.  In vitro culture of pollen in liquid and subsequently in solid media 
produced callus in the Murashige and Skoog’s (MS) media containing 0.5-1 mg/l 2, 4-D in 
two to three weeks under dark at 26±10°C.  For growth and morphogenesis subsequent 
culture of callus tissues in different media and their histomorphological monitoring showed 
development of proembryoids.  Enhancement in the embryogenic frequency (2.8%) was 
recorded with supplementation of zeatin (0.5 mg/l) and boric acid (50-100 mg/l) in 
combination with 0.25-0.5 mg/l NAA, BA, GA3.  Of the different combinations and 
concentrations of growth regulators and boric acid tested, shoot organogenesis was 
achieved in three genotypes (H165, H226 and Sree Jaya) in media containing 0.5 mg/l 
each of BA, Zeatin, NAA and 1 mg/l GA3 and boric acid (50-100 mg/l).  Albino as well as 
healthy shoots were developed from same explant source.  Cytological assessment 
showed haploid as well as diploid behavior of callus tissues and diploidy in the regenerants.  
Healthy green shoots produced roots were hardened and established in field for further 
morpho, physiological, biochemical and cyto-molecular assessment.  Results on pollen 
embryogenesis and regeneration of whole plant can go a long way in future 
biotechnological development in isolating superior lines in cassava. 
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SP11-05 I06 
Koehorst-van Putten, Herma; Pereira, Isolde; de Vetten, Nick and Visser, Richard 
herma.koehorst@wur.nl 
 UR Plant Breeding Wageningen Univ., Wageningen, The Netherlands. Avebe, Foxhol, The 
Netherlands 
Improvement of production of friable embryogenic callus (FEC) used for 
transformation of Cassava (Manihot esculenta Crantz) 
For transformation of cassava, friable embryogenic callus (FEC) is used.  Our standard 
procedure takes at least 12 weeks to obtain FEC-like callus.  A faster procedure has been 
developed by changing some variables like: - selecting for primary compact embryos 
(PEC). - chopping the PEC's in small parts and transferring them to a medium which 
contains Ω MS (Murashige and Skoog) and Ω GD (Gresshoff and Doyle)-salts + vitamins 
(ΩGD). - adding tyrosine to ΩGD medium. These improvements result not only in a faster 
FEC-production, but also in a large amount of different independent FEC-lines.  
Incorporating the above described improvements has led to an optimized procedure for the 
Indonesian cultivar 'Adira4' and has resulted in FEC in the Thai cultivar 'KU50' for the first 
time.  Using the above described improvements leads to the production of relatively young 
FEC-lines which have the advantage of a better and quicker regeneration combined with 
less chance of somaclonal variation. Having different independent lines at our disposal we 
were able to show that the different FEC- lines have a varying response to transformation 
using Agrobacterium tumefaciens. 
 
 
 
 
 
 
 
SP11-06 I07 
George J., Edison S. and Ravindran, C.S. 
jgkarott@yahoo.com 
Central Tuber Crops Research Institute, Sreekariyam, Trivandrum, 695 017 
Rapid production of disease free planting materials in cassava 
Low availability of quality planting material is a major hindrance in the cultivation of 
cassava.  The foremost reason responsible for this is the inherent low multiplication rate in 
cassava unlike cereals or pulses.  Another major hindrance is the fast spread of cassava 
mosaic disease (CMD) which is posing a serious threat to cultivation prospects of the crop.  
Studies conducted at the Central Tuber Crops Research Institute, Trivandrum, India during 
2002 to 2006 has evolved a rapid planting material production technology which has 
addressed the twin problems of low multiplication ratio and CMD problem.  The study 
involved optimizing the size of minisetts, optimization of shade requirement for nursery, 
comparative evaluation of direct planting and transplanting, stage of transplanting, mode of 
transplanting and development of agro techniques for CMD free planting material 
production.  Transplanting of minisetts was found to be significantly superior in the growth 
and establishment of the crop as compared to direct planting.  Raising minisetts under 35% 
shade net nursery effectively controlled etiolation and produced uniformly sprouted 
minisetts.  Two stages of nursery propagation was found effective in elimination of CMD, 
the first being micropropagation and the second, multiplication of the micropropagated 
cassava through minisetts.  Establishment in the min field on transplanting minisetts was 
found to be 93%.  A closer spacing of transplanted minisetts (45 x 45 cm) yielded 5.4 
million nodes/ha which was significantly superior to wider spacing.  Apart from enhanced 
multiplication ratio, 29.7 t/ha of tuber was also obtained, which indicated high economic 
returns.  Two node minisetts was found to be the ideal size for quality planting material 
production in cassava.  The study indicated that multiplication ratio in cassava could be 
enhanced to 1:60 from the traditional 1:10, through two node minisetts.  Further, the study 
revealed that planting material requirement in cassava could be reduced to 33% by using 
minisett technique, compared to the traditional practice. 
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SP11-07 I08 
Zanelato, Alexandre Aurelio; da Silva, Antonio Renan B. and Cereda, Marney Pascoli 
cereda@ucdb.br 
Catolic University - CeTeAgro 
Evaluation of two substrates on seedlings production by rapid multiplication of ten 
Brazilians cassava varieties (Manihot esculenta, Crantz). 
Cassava productivity is related with quality of the planting material.  Cassava is traditionally 
multiplied using stalks with 5 to 7 yolks.  Culturally cassava stalks are exchanged between 
producers and areas allowing plagues and diseases transmission.  One hectare of cassava 
culture may produce planting material for 4 hectares.  The rapid multiplication was 
disclosed more than 20 years ago has larger multiplication index.  The technique can help 
producers to have amount of quality and quantity stalks enough for the conventional 
plantation.  The research was developed at Campo Grande, MS, Brazil to evaluate the 
amount and quality of seedlings production by rapid multiplication comparing sands and 
organic substrate Plantmax HA from ten Brazilians cassava varieties: IAC 12, IAC 13, IAC 
14, IAC 15, IAC 90, Cascuda, Roxinha, Fecula Branca, Fibrinha and Espeto.  The mature 
stalks were cut in pieces with two yolks and planted in both substrates (2 cm X 2 cm).  The 
seedlings sprouted near 15 cm were cut with a bistouries sheet.  The average number and 
weight of seedlings was compared by the test of Tukey.  The number of seedlings 
produced for the substrate was just significant for the varieties IAC 13, IAC 15, Roxinha, 
Fibrinha and Espeto.  The sand produced an average of 9.26 seedlings/stalk weight 2.18 g 
and the organic Plantmax produced 10.39 seedlings/stalk weights 2.14 g but the difference 
was not statistically significant.  Just the IAC 14 variety produced more weighed seedlings 
in sand that in Plantmax. 
 
 
 
 
 
 
SP11-08 I09 
Gitonga, N. Mburugu, Kiogora, S.D. Murithi and Omwoyo Ombori 
gitonga35@yahoo.com 
Kenyatta University 
Use of low cost tissue culture materials and chemicals for the initiation and 
propagation of cassava in Kenya 
Lack of clean planting materials has been identified as a key constraint in the production of 
cassava.  Tissue culture technology plays a vital role in the production of clean materials 
through meristem culture and thermotherapy.  However the high cost due to materials and 
equipment make production of and such materials beyond the reach of the resource poor 
farmers especially in the developing world.  The present study was therefore done with the 
objective of reducing the cost of tissue culturing by reconstituting the media using locally 
available salts, chemicals and equipment.  MS medium macro salts were reconstituted 
using fertilizers, micro-nutrients by microfood foliar, and vitamins by vitamin tablets, and 
hormones by foliar feed.  The convectional equipment was replaced with pressure cooker, 
syringes, wooden hood, jam jars, stainless canisters and saucers.  Gelling agent (agar) 
was substituted with support matrices (cotton wool, coarse sand and glass beads) and a 
combination of agar and gelrite.  The cultures were kept in the natural light.  These led to a 
reduction of the cost of tissue culturing by 70%.  Plantlets were obtained within 6 weeks of 
culturing.  Combining agar and gelrite at the rooting stage gave the best response.  In vitro 
regenerated plants were successfully transferred into the soil.  In conclusion, low cost 
tissue culture equipments and chemicals can be used to regenerate plants. 
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SP11-09 I10 
Changhu1, Wang; Tabares2, Eddie; Quintero2, Manuel; Ceballos2, Hernan; Sautter3, 
Christof; Peng4, Zhang; and Lentini2, Zaida 
z.lentini@cgiar.org 
1) South China Botanical Garden. China. 2) CIAT, Cali Colombia. 3) ETH Zurich. 4) 
Institute of Plant Physiology and Ecology, Shanghai, China.  
Development of the microspore in cassava (Manihot esculenta, Crantz) and 
androgenesis 
Although cassava (Manihot esculenta Crantz) is a major food crop for the tropics, some 
fundamental scientific aspects of its biology, such as microsporogenesis and pollen 
formation, had been poorly studied. Unlike other plant species, cassava microspore 
develops an exine wall very quickly after tetrad stage.  The exine is thick, opaque and with 
strong auto fluorescence.  The thick and auto-fluorescent exine wall of cassava microspore 
hinders the use of fluorescence staining for developmental stage examination and 
subsequent monitoring of cell division.  A reliable method was developed for partially or 
fully digesting the exine.  By carefully adjusting the parameters for digestion, microspores 
with different degrees of digested exine could be obtained.  By combining exine digestion 
and light microscopy, transmission electron microscopy and confocal laser scanning 
microscopy (CLSM), the complete process of microsporogenesis was clearly identified.  
The relationship between the floral bud size, the inflorescence morphological 
characteristics, the effect of physiological and environmental factors and the developmental 
stage of microspore was determined.  In cassava the stages of pollen mother cell, meiosis, 
tetrad, early free spore, mid uninucleate, late uninucleate, binucleate and mature pollen 
grain stages were clearly identified.  By combining partial digestion of the exine with CLSM, 
the initiation of microspore division in vitro was confirmed for the first time.  The application 
of this methodology to identify the optimal microspore developmental stage to induce in 
vitro initial division and subsequent androgenesis response in cassava is discussed. 
 
 
 
SP11-10 I11 
Santos L.G., Alzate A., N˙oez, A., Falla, D., Ospina, C., Gutiérrez, J., and Fregene, M. 
m.fregene@cgiar.org 
CIAT, AA6713, Cali, Colombia 
Tissue culture in cassava genetics program-CIAT:  An effective tool to complement 
cassava breeding 
Cassava is vegetatively propagated and a tissue culture facility is an invaluable resource 
for conservation and safe movement of cassava germplasm, especially improved varieties, 
breeding and gene mapping populations.  At CIAT, the tissue culture laboratory of the 
cassava project has used extensively embryo rescue of mature sexual seed for 
establishment and sharing of breeding populations, particularly for use in Marker Assisted 
Selection (MAS), and mapping populations.  Since 2002 more than 14,000 seeds have 
been processed from controlled, open pollinated and inter-specific crosses for target traits 
as varied as resistance to pest and diseases, tolerance to drought, and nutritional traits.  
More than 30,000 plantlets from the embryo rescued seeds, have been shipped to 
collaborators in Africa, Asia, USA, Brazil, and several countries of Europe.  The materials 
sent to partners have had a high economic impact in India and several countries in Africa 
where some genotypes with resistance to Cassava Mosaic Disease (CMD) have been used 
as parents in crosses with local varieties.  Improvements have also been made in the 
hardening of in-vitro plants in the screenhouse reducing by 50% the time required for the 
establishment of plant materials, making this into an effective process of transferring plants 
to the field.  The different tissue culture processes developed at CIAT have allowed a 
significant reduction in time and resources in activities of cassava genetics and breeding at 
CIAT. 
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SP11-11 I12 
Hankoua1, B.B., Mbanaso2, A., Band2, R., Fauquet3, C.M.3 and Taylor3, N. 
bhankoua@desu.edu 
1) Delaware State University, Delaware, USA. 2) NRCRI, Umudike, Nigeria. 3) Danforth 
Center, St louis, MO, USA 
L-tyrosine, a precursor of phenylethanoid glycosides enhances friable embryogenic 
callus production and plant regeneration in a range of agronomically useful West 
African cassava landraces 
The effect of L-tyrosine on the conversion of somatic embryos into high quality, proliferating 
friable embryogenic callus (FEC) and the FEC conversion into normal plants were 
evaluated.  All cultivars were embryogenically competent and the formation of organized 
embryogenic structure (OES) varied largely between the 17 cassava cultivars tested.  
TME1 and TME282 had the highest OES formation (85%) while TME127, TME117, TME2, 
TME1695 and TME8 were the least responsive (less than 20% response). L-tyrosine at 
either 250 µM or 500 µM had no effect on somatic embryogenesis in all the 17 cultivars. All 
cultivars formed FEC. Supplementation of L-tyrosine at either 250 µM or 500 µM into FEC-
IM significantly enhanced OES conversion into FEC most cultivars.  The highest increase in 
FEC production was recorded with TME117 and TME1 at 1.5-3.0 fold increase with 250 µM 
tyrosine.  A linear decrease in the FEC production was observed in cv. 60444 and TME4 
with increasing tyrosine concentration.  No relationship was observed between the ability of 
a cultivar to form OES and FEC.  Only TME3 and 60444 proliferated highly in FEC-medium 
deprive of tyrosine. FECs induced from other cultivars were only prolific on tyrosine-based 
FEC-IM with the greatest response at 250 µM. Recalcitrance to FEC proliferation in 
tyrosine-based media was pronounced in cv. TME1671 demonstrating the genotype-
dependency of the tyrosine effect.  Proliferation of FEC was significantly inhibited at 500 
µM with death of FEC tissues recorded in 60444.  The number of maturing somatic 
embryos obtained from 0.5 g of FEC varied between 27 and 245 depending on the cultivar.  
Normal plantlets were recovered from germinated embryos at a frequency varying between 
66-94% and they established in the greenhouse at high frequency. 
 
SP11-12 I13 
Onyeka, T.J.1, and Dixon, A.G.O.2 
jonyeka@yahoo.com 
1) National Root Crops Research Institute, Umudike, PMB 7006, Umuahia, Abia State, 
Nigeria. 2) IITA, Ibadan, Oyo State, Nigeria 
Response of tissue culture derived cassava accessions to cassava mosaic disease 
(CMD) in Nigeria 
Cassava mosaic disease (CMD) is the most important biotic constraint to cassava 
production in Africa and poses a great challenge to exchange of improved cassava 
genotypes between countries.  The use of tissue culture technique provides a way of 
circumventing the quarantine problem due to CMD.  A total of 267 tissue-culture derived 
plantlets of cassava accessions were assessed for resistance to CMD disease in the field 
in 2006.  CMD severity was evaluated monthly from the first month after planting (MAP) to 
6 MAP.  Clean stem cuttings from the tissue culture derived plants were evaluated the 
following year and compared with the resistances of the tissue culture plantlets.  A 
continuous variation in resistance among accessions (P < 0.001,) and strong relationship 
between severity and incidence (R2 > 0.8) were established in both years.  Based on mean 
severity, 85% of the accessions had scores ≤ 2 with tissue culture plantlets, and only 63% 
had scores ≤ 2 with first cycle stem cutting plants.  Across the two studies, a total of 155 
accessions (61.4%) consistently had mean severity scores ≤ 2, while 13.5% had scores > 
2, and 25% showed inconsistent reactions.  This indicated a weak correlation between the 
two years reflecting the dynamics of the disease in a vegetatively propagated crop.  
Canonical discriminate analysis separated the accessions into four CMD resistance groups 
based on their reactions across the two studies.  The importance of these results to 
resistance breeding and CMD control are discussed. 
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SP11-13 I14 
Jayatilleke, Mala; Apio, Hellen; Fitter, Mindy; Fauquet, Claude M. and Taylor, Nigel 
ntaylor@danforthcenter.org 
ILTAB, Donald Danforth Plant Science Center, St. Louis MO, USA 
Improved procedures for the induction of high quality embryogenic tissues in 
African cassava cultivars 
Production of embryogenic tissues is a pre-requisite for all genetic transformation systems 
in cassava (Manihot esculenta).  Historically, somatic embryos have been induced by 
culture of immature leaf explants or meristems on Murashige and Skoog (MS) based 
medium supplemented with auxin.  Improved methods for the production of organized 
embryogenic structures (OES) have been developed by culture on alternative basal media.  
Use of DKW (Driver & Kuniyuki, 1984) or DCR (Gupta & Durzan, 1985) based media 
significantly increase OES production compared to MS across a range of African cassava 
cultivars tested.  In addition, induction on DKW and DCR was found to extend the capacity 
to induce OES into older leaf explants than previously possible.  Rapid processing of the 
OES to produce friable embryogenic callus (FEC) has been improved by crushing the 
former through 1-2 mm sized metal meshes and culture on Gresshoff and Doy based 
medium.  FEC has been successfully produced from the East African cultivars, 
Ebwanatereka, Tereka and Aladu and the model type cv. 60444 in this manner, and utilized 
in transformation experiments.  Further Information will be presented on the effects of 
explant size and culture conditions on FEC production via this system. 
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S12-1: Steven P. Walsh 
Catholic Relief Services 
 
Quality Management Protocols and On Farm Voucher as Processes 
to Promote Efficient Cassava Delivery 
Catholic Relief Services (CRS) regional seed system projects on cassava, C3P and GLCI, 
have provided valuable experiences in developing and refining tools and processes to 
characterize and better link cassava supply and demand in the context of a disease 
constraint, which is addressed by promoting the multiplication and dissemination of disease 
resistant planting material.  This paper will discuss two processes used in these regional 
programs, quality management protocols and on farm vouchers, which are fundamental to 
promoting effective identification and linking of supply and demand.  The experience and 
challenges with quality management protocols, notably the role and importance of 
decentralized field validation, will be discussed.  The paper will also review CRS’s 
emerging experience piloting the use of on farm vouchers to promote the efficient allocation 
of cassava planting material – highlighting the effects of this new delivery technology for 
cassava on targeting, reducing loss, and tracing material movement.  Because of the low 
multiplication rate of cassava and the relatively high loss rates of vegetatively propagated 
planting material, efficient allocation of planting material is a key outcome of both of these 
processes.   
 
 
S12-2: Chris Legg 
Great Lakes Cassava Initiative 
 
GIS and GPS Applications to Target Dissemination of Disease-
Tolerant Cassava Varieties in the Great Lakes Region of East Africa 
The Crop Crisis Control Project (C3P) and its successor, the Great Lakes Cassava 
Initiative (GLCI) have, as a primary objective, maintenance and improvement of food 
security amongst rural farming households in Burundi, Democratic Republic of Congo, 
Kenya, Rwanda, Tanzania and Uganda in the face of a pandemic of cassava viral 
diseases, notably Cassava Mosaic Virus (CMD).  The main weapon against CMD is the 
dissemination to farmers of disease-resistant varieties of cassava in the form of cuttings.  
The urgency of the task, and constraints of funding, requires that dissemination be targeted 
towards rural households at greatest risk, where impact will be greatest.  Data on the 
incidence and severity of cassava viruses, food security and cassava dependence of 
farming households, and the availability of disease-resistant cassava planting material, is 
collected by routine field surveys, all observations being georeferenced using Global 
Positioning System (GPS) units.  Field data is then integrated with administrative 
boundaries, population and food production statistics in a Geographic Information System 
(GPS) in order to define target areas with greatest populations at risk, and the locations of 
targets compared with availability of planting material.  Planning of primary and secondary 
cassava multiplication sites and dissemination of cuttings is based on GIS targets, which 
are themselves updated as new information on disease distribution and food security 
becomes available. 
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S12-3: Akwasi Adjekum 
Root and Tuber Improvement and Marketing Programme/Ministry of Food and Agriculture, 
Kumasi, Ghana 
 
The Smallholder Rehabilitation Development Project (SRDP) 
Between 1989 and 1993 IFAD, through the Smallholder Rehabilitation Development Project 
(SRDP) supported the Savanna Agricultural Research Institute (SARI) and Crops Research 
Institute (CRI) to evaluate, throughout Ghana, cassava genotypes developed by IITA-
Nigeria.  Three of them were released as improved varieties in 1994.  By 1999, the 
distribution and adoption of these released varieties were still low and only 9% of cassava 
farmers had adopted them.  This was due either to farmer’s scepticism or lack of 
awareness about new varieties.  Between 1999-2005 IFAD and the Government of Ghana 
sponsored the Root and Tuber Improvement Programme (RTIP) to multiply and distribute 
the improved varieties.  By the end of the Programme, 740,000 rural poor farmers had 
accessed these improved planting materials.  This paper highlights the strategies, activities 
and motivational factors that resulted in the successful planting material delivery. 
 
 
S12-5: Erostus Njuki-Nsubuga 
Agro-Genetic Technologies Ltd (AGT) 
 
Tissue Culture:  A Suitable Technology for the Multiplication and 
Distribution of Pest and Disease Free Cassava Planting Material in 
Africa 
Agro-Genetic Technologies Ltd (AGT) is a Ugandan company and it is the first and only 
private company in Uganda to use agro-biotechnology through tissue culture techniques for 
micro propagation of different crops on a commercial basis.  The company produces up to 
8 million TC plantlets per year (depending on the type of crop) and we currently produce 
crops like banana, coffee, pineapple and aloe vera AGT has set up 23 banana nurseries 
and demonstration gardens in different farming communities in Uganda for the purpose of 
distribution and training of farmers in modern agricultural techniques respectively.  We are 
currently exporting TC planting material to Rwanda and Sudan.  The TC example in 
Uganda and the existing laboratory and distribution infrastructures AGT has put in place 
can easily be used for cassava in East and Central Africa.  
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S12-5: George W. Otim-Nape 
Africa Innovations Institute, P.O. Box 34981 Kampala, Uganda 
 

From Crisis to Confidence:  How Uganda was Saved from a Severe 
Cassava Mosaic Disease Epidemic and Lessons for theFuture  
An unusually severe CMD epidemic, associated with a novel recombinant mosaic virus hit 
Uganda in 1989, spread throughout the country and threatened the cassava industry, eliminating 
nearly all the existing varieties and landraces, and causing drastic decline in cassava production, 
famine, and a decline in National GDP in 1997.  The epidemic was fought based on five 
strategies namely: (a) research and technology development (b) development and 
implementation of the National Network of Cassava Workers (NANEC) as a vehicle for 
technology adaptation and out scaling, (c) mobilizing, sensitizing, training extension, NGO staff, 
farmers and other stakeholders (d) packaging and deployment of resistant varieties backed by 
phytosanitary methods (e) massive multiplication and dissemination of resistant varieties 
throughout the country.  The impact of the interventions were phenomenal: the adoption of the 
resistant varieties was massive and the area planted grew rapidly; the incidence and severity of 
CMD dropped drastically in all parts of the country; the declining cassava production trend was 
reversed and area planted to cassava and production increased exponentially, thus eliminating 
famine and food insecurity.  Key drivers for the success were: (a) problem was central to the 
livelihoods of the people, (b) a strong and committed national capacity to deal with the problem, 
(c) dedicated long term funding from Government and development partners, (d) strong, 
integrated and innovation systems approach to the problem, (e) strong partnerships and linkages 
at all levels: national, regional and international, (f) an effective and efficient institutional 
arrangement  (NANEC) to deal with the problem, (g) effective coordination, vision and leadership 
of the team, (h) a supportive policy, political and operating environment, (j) strong media support 
to mobilize the masses against mosaic.  For African R & D success to occur: (a) research must 
address critical problems directly affecting the livelihoods of the people, (b) an integrated and 
innovative systems approach to research for development is fundamental for success, (c) a 
critical mass of competent and dedicated local capacity is a precondition for success, (d) 
dedicated long-term funding is essential for impact, (e) success does not come without massive 
dissemination of research results, (f) a supportive policy, political and operating environment is 
necessary for success, (g) strong linkages and partnerships are necessary at all levels including 
linkages with the private sector and civil society, (h) strong, effective and efficient institutional 
arrangement is necessary to coordinate activities and deliver impacts and (i) supportive media 
campaign is critical to mobilize the mass.  
 
 

S12-6: Escobar, R.H., Muñoz, M., Rengifo, M., Reyes, J., Narvaez; B. 
Anaya, B., Gamez, R., Laignelet, A., Perry, S. and Tohme, J. 
Agrobiodiversity and Biotechnology Project. CIAT, Cali, Colombia. 
 

In vitro Low Cost Technology:  How it could be Implemented 
on a Seed System with Small-Scale Farmers 
In 2006 CIAT established a low-cost method that allowed the production of in vitro planting 
material under rural conditions.  Based on this experience we established two new 
laboratories in the Northern Coast of Colombia to produce yam and cassava plantlets, 
through alliances between an NGO, a national research program, a small-scale farmers 
association and CIAT, with the financial support of the Ministry of Agriculture and Rural 
Development of Colombia.  The conditions on these laboratories have been adjusted to 
reduce contamination during the raining season.  Part of the setting up process involves the 
National Quarantine Service to get certification.  Four clones per each crop have been 
selected by farmers through a participatory approach, with the support of the national 
research program.  We have received visiting scientists from Africa who want to get trained 
on the implementation of low-cost in vitro technology for their countries.  There are also 
attempts in Colombia to establish similar systems for propagation of fruits like lulo 
(Solanum quitoense) and mora (Rubus glaucus).  We recommend that any system that 
produces plantlets for clonal propagation of crops be developed in parallel with strong 
phytosanitary and technical support research programs that include farmer participation in 
order to guarantee success. 

.
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S13-1: Jim Casey 
CS Manufacturing South Africa 
 
A South African Example  
The presentation will show a brief overview of a cassava farming and processing facility in 
South Africa, and will present the markets for cassava in southern Africa.  This presentation 
will address a number of issues including: What assistance is required from a Global 
Cassava Partnership to improve efficiency, competitiveness as a cassava agroindustrialist, 
and processing/marketing operations? What are the types of activities that could be 
promoted so that the cassava sectors (farmers, institutions, private sector, academy), in 
each country could benefit from? What assistance is required from African Governements?  
Example of how subsistence farmers can benefit from joint partnerships between the 
private sector, governrnents and donor funding will be provided.  Examples of cassava 
growing areas conducted by commercial farmers, as well as the benefits of growing 
cassava for subsistence farmers will be illustrated in the talk. 
 
 
S13-2: Antonio Fadel 
Halotek Fadel Industrial Ltda 
 
A Brazilian Starch Processing Industry  
In this lecture the current situation of the cassava market in Brazil and worldwide will be 
discussed.  An instructional video from Halotek Fadel Industrial Ltda, one of the leading 
cassava starch enterprises in Brazil will be presented to show important aspects of 
mechanization of the whole cassava plantation and processing technologies.  Total 
mechanization of the cassava crop provides low cost and the best results.  Planting in 
large-scale farms can be easier, cheaper and faster.  The planter machine makes it 
possible to ensure homogenous seed spacing.  There are also other machines that help in 
weed control, herbicide application, fertilizers application, harvest and transportation.  
Another important factor in cassava cultivation is the selection of the variety which exhibits 
the quality and characteristics desired, thereby satisfying the farmer and the processing 
industries.  Advantages of this industrialized process include: high productivity of roots, 
high tolerance to disease, high starch content during the growing cycles of the roots, short 
roots that make the harvest easier, good aerial growth, adapted to mechanized plantation 
and able to cover the soil quickly, adaptability to different soil conditions.  The aim of this 
presentation is to try to show to cassava growers worldwide that it is possible to mechanize 
cassava production while maintaining low cost, high quality, and efficient production 
processes; thereby increasing root processing efficiency.  
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S13-3: Iranloye, Oluyemisi; Akinyemi, Peter and Anifowose, 
Florence 
Ekha Agro Processing Ltd., Cassava-Based Glucose Syrup, Ogun State, Nigeria 
 
Challenges of Industrial Utilization of Cassava in Africa 
Cassava is one of the major staple food crops grown in tropical Africa.  Prior to this decade, 
it was used solely as a major food stock to alleviate the Africa food crisis (Hahn and Keyser 
1985; Hahn et al. 1987).  This paper presents the prevailing situation in the production, 
modification and utilization of cassava starch derivatives from a manufacturer’s point of 
view in Africa, with emphasis on challenges and prospects of cassava tubers as a raw 
material for several agro-based industries.  It draws special attention on the sustainability of 
an industrial transformation fueled by cassava starch modification and its competitiveness 
in the world market.  The continuous use of cassava as a raw material for agro-industries in 
Africa for domestic and world markets requires more production and processing efficiency.  
Better ways of reducing production cost and increasing productivity must be identified.  The 
supply chain of cassava tubers in Africa needs urgent attention to feed growing industries.  
Furthermore new effective cassava waste management techniques must be developed and 
utilized.  All these can only be achieved by effective collaboration through a working 
relationship between the public sector, private sector, international communities, and 
research institutes. 
 
 
S13-4: Andrea Serpagli 
IFAD, Western and Central Africa Division, Rome, Italy 
 
Regional Cassava Processing and Marketing Initiative 
The Regional Cassava Processing and Marketing Initiative (RCPMI) is an initiative 
launched by IFAD as a response to a call from African leaders through NEPAD.  The 
Initiative, which aims at supporting processing and marketing of cassava in Western and 
Central Africa (WCA), began operations in March 2007 and is entirely funded by the Italian 
Government.  This paper reports on the main actions so far undertaken by the RCPMI via 
the several IFAD-funded projects and grants in WCA; results achieved, lessons learned 
and challenges ahead as far as the processing and marketing of cassava are concerned. 
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S13-5: Bernardo Ospina 
Latin American and Caribbean Consortium to Support Cassava research and 
Development-CLAYUCA 
 
CLAYUCA:  Ten Years of Experience Promoting Sustainable 
Cassava Development in LAC through Public and Private 
Partnerships 
CLAYUCA:  Ten years of experience promoting sustainable cassava development in LAC 
through public and private partnerships.  CIAT played a leading role in the cassava 
research model for the region.  In the late 1990s, CIAT reduced the level of cassava 
research activities in this region and a new model became necessary.  CLAYUCA was born 
in 1999 as an alternative model for cassava research and development in the region.  
Founder member countries include Colombia, Ecuador, Cuba, and Venezuela.  CLAYUCA 
membership has expanded to include Nicaragua, Costa Rica, Haiti, Peru, USA, and three 
African countries: Nigeria, South Africa and Ghana.  CLAYUCA is working to help improve 
living standards and sustainable natural resource management in those areas of LAC 
where cassava plays an important role in agricultural production systems.  Acts as a 
technology clearing-house that works on behalf of its members to bring the best possible 
technologies available for solving priority problems.  Current members of CLAYUCA 
include 29 entities from 12 countries.  Through its membership with CLAYUCA, CIAT has 
regained and strengthened its participation in a regional cassava agenda.  CLAYUCA 
works along the value chain, from improved crop and soil management practices to 
improved post harvest management technologies.  CLAYUCA’s agenda also includes an 
alternative, decentralized approach to produce bioethanol with enhanced small farmers 
participation.  The main cassava-based technologies that comprise the CLAYUCA portfolio 
and some key lessons learned are discussed in this presentation.   
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SP13-03 J01 
Amani, N.G., Akely, P.T., Azouma, O. and Nindjin, C. 
amanigeorges@yahoo.fr 
Université Abobo-Adjamé, Université de Lomé, Togo 
Influence of pressing force on physicochemical and sensory qualities of fermented 
cassava  mash and attieké semoulina 
The quality of attieke semolina is highly dependent on traditional processing technologies.  
Certain effect of traditional processing technology such as pressing force on the quality of 
attieke semolina remains unknown.  The aim of this study was the improvement and 
consolidation of attieke semolina processing using fermented cassava mash pressing 
process.  The effect of pressing force was studied using a traditional press and its effect on 
the quality of derived products evaluated.  The application of three forces 0.91, 1.55 and 
2.58 kN on 1100g of fermented cassava dough with 66% moisture content during 10, 15 
and 20 minutes showed that the application of 1.55 (±0.3) kN force produced the best 
texture in attieke semolina product with better physicochemical qualities and residual 
cyanidric lowered up to 10 mg/ml. 
 
 
 
 
 
 
 
 
 
 
 
SP13-04 J02 
Amani, N.G., Akely, P.T., Nimaga, D. and Kakou, C. 
amanigeorges@yahoo.fr 
Université Abobo Adjamé (Côte d'Ivoire) 
Influence of traditional spontaneous fermented inoculum on sensory quality and 
acceptability of attiéké semolina 
Attiéké like starchy couscous or cassava semolina is a fermented product popular in the 
Côte d'Ivoire and throughout the world.  Preparation of attiéké includes well acknowledged 
steps.  The aim of the study is the improvement of texture quality of the product using 
varying amounts of inoculum (6, 8, 10 and 12%) at fermentation time  (12h) prior to its 
preparation for food.  Comparative studies conducted using inoculum amount 10% with 10g 
sample showed that the dominant erratic microflora consists of lactic acid bacteria (1,4. 10 
9 UFC/g) Enterococcus  (4,4. 10 7 UFC/g) yeasts molds (2. 10 7 UFC/g) which were even 
more estimated and played a important role in the cassava fermentation independent of the 
inoculum amount.  Furthermore 100g sample steam- cooking was submitted to triangular 
test and showed no statistical difference in the textural quality and acceptability. 
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SP13-05 J03 
Chiwona-Karltuna1, Linley; and Brimer2, ND Leon 
LBR@LIFE.KU.DK 
1) Swedish University of Agricultural Sciences, Department of Urban and Rural 
Development, Uppsala, Sweden. 2) University of Copenhagen, Faculty of Life Sciences, 
Department of Veterinary Pathobiology, Section of Biomedicine, Frederiksberg, Denmark 
Cassava entrepreneurship in Malawi, developing novel products and cassava food 
safety 
A cassava transformation process is ongoing in Southern Africa, industrial production of 
food and non-food products from cassava tubers are being developed like never before.  
However, even though this process has been going on in West Africa for decades little is 
known or understood about the instruments to support such a development.  We have 
interviewed a successful entrepreneur and made production site visits to her cassava food 
product industry ‘Alongolele’.  We investigated the products from a general characterization 
point of view and with regard to chemical food safety (cyanogenic glucosides and 
degradation products).  We conclude that: her life story points to a ‘born’ entrepreneur; she 
has basic food processing knowledge; international course participation has stimulated 
initiatives taken; local farmer to farmer planting material exchange ensured stable root 
production, the technical support of researchers international as well as local and the 
Southern African Regional Root Tuber Network (SARRNET) has played an important role.  
She has laid enormous efforts on product safety and chemical analysis of her products 
assessed them to be generally safe.  National, government, international, private, NGO's 
and other institutions can facilitate the cassava transformation process in Southern Africa 
by learning and example from the ‘Alongolele’ case study. 
 
 
 
 
 
 
SP13-06 J04 
Cereda, Marney Pascoli; Cury, Roberto; and Martins, Paulo Sodero (in memoriam) 
Cereda@ucdb.br 
Dom Bosco Catholic University 
Laboratory analyses as instrument for use indications evaluation of small Brazilians 
cassava producers (Manihot esculenta, Crantz). I. Physical-chemical composition 
Brazil is an origin center for cassava domestication and great genetic variation.  Cassava 
domestication has been doing in base of its utilization.  In a landraces collection the use 
indications by users were confronted with laboratory analyses (AACC, 1995) in order to 
evaluate the efficiency of the traditional selection and search for potential uses.  The 
landraces are collected in the North of Brazil as described by Martins (1994): 30 from Rio 
Negro’s Basin (AM) 2 recommended for food use and the others for Brazilian flour and 16 
from Rio Solimıes's Basin (AM) all selected for flour manufacturing.  In the South border of 
SP State 9 landraces were collected 2 for flour and 7 for culinary use.  The landraces 
collection was cultivated in SP State (22° 48' South, 48° 07' West, 469 meters altitude) and 
harvest 10 to 12 months old.  For its importance data for potential cyanide will be analyzed 
in a separate paper.  It was analyzed leaves, stalks and roots.  The leaves highlighted for 
its high nitrogen content and the stalks for the total carbohydrates content.  In a general 
way the domestication was able to select cassava landraces with high starch and dray 
matter contents.  The productivity of starch (kg/plant) had an average value of 2.05 (SP-
landrace) and the minimum was 0.10 (AM), both for flour manufacturing.  The Anta 
landrace with yellow pulp (PA) presented the lowest starch and dray matter contents once 
the selection went to extraction of the cassava juice (tucupy) valorized as sauce in the local 
culinary. 
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SP13-07 J05 
Asumugha, G.N., Oti, E. and Nwosu, K.I. 
gnasumugha@yahoo.com 
National Root Crops Research Institute, Umudike, PMB 7006, Umuahia, Abia State, 
Nigeria 
Value chain enterprise analysis for development of the cassava sub-sector in Nigeria 
Nigerian cassava has been characterized by small-scale farmers/holdings, subsistent and 
primarily cultivated for the traditional food market.  Available information shows that less 
than 4% is exported.  This paper analyses the constraints and opportunities faced by the 
Cassava Chain from the farm to markets.  The goal is to delineate inputs, policies and 
support systems critical to proper functioning of the cassava sub-sector at each stage.  Our 
analyses showed that the strength in the Nigerian cassava industry lies in the presence of 
favorable domestic market, excellent climate for growth, suitable arable land, presence of 
R&D; institutions and hence availability of high yielding varieties.  The weaknesses and 
constraints identified include the fragmentation of farms which in turn affects large 
mechanized cultivation.  There are also fairly mechanized post-harvest activities with 
attendant high cost of machinery for processing.  Others include poor rural infrastructures 
resulting in high transportation costs.  Electricity and water are in short supply for existing 
and potential industries.  There is also poor market information.  Despite these, 
opportunities that can facilitate the sector include current Government policy, especially the 
present protective duties on competing cassava imports and the mandated 10% use of 
cassava flour in bakery and confectionery industries.  High urbanization creates a demand 
for value added cassava products in the internal markets.  Processing starch into high 
value modified starches such as dextrin offers further opportunities.  The threats of 
globalization of the international market will however make Nigeria cassava products to 
face stiff competition. 
 
 
 
 
SP13-08 J06 
Asumugha, G.N. and Nwosu, K.I. 
gnasumugha@yahoo.com 
National Root Crops Research Institute, Umudike, PMB 7006, Umuahia, Abia State, 
Nigeria 
Potentials and investment opportunities of Nigerian cassava products for domestic 
and export market 
This paper attempts to analyze and provide some guides towards investment decisions in 
the Nigerian cassava sub-sector.  It evaluates the economics and marketing system and 
identify technical, institutional, socio-economic and policy opportunities and constraints to 
domestic industrial utilization and export market opportunities of cassava in Nigeria.  The 
products include cassava chips, flour, starch, and pellet.  It also provides recommendations 
on how to make cassava products competitive on domestic and export markets.  Result of 
the sub-sector analysis showed that technically Nigeria is moving towards becoming a 
cassava market leader as climate, market, high yielding planting materials and improved 
processing techniques are now available.  The livestock sector in Nigeria is expanding 
rapidly and a continuing rapid demand for animal feed is predictable.  Processing cassava 
into pellets has the advantage of transport cost reduction and quality enhancement.  
Entrepreneurs in the bakery and confectionery industries are beginning to be familiar with 
the potential of cassava flour.  The Government of Nigeria has embarked on campaign in 
this respect. Also there is continuing research and experimentation with new recipes that 
allow the use of cassava flour.  Starch is the highest present development priority for 
cassava production and processing in Nigeria as it offers the best opportunity for further 
processing into modified starch products for exports.  Ethanol production is already 
receiving attention by the Government and offers a fertile ground for investors. It is 
expected that stakeholders will facilitate and provide self-regulatory services that will 
benefit cassava growers and processors in the country.  
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SP13-09 J07 
Djoulde Darman, Roger 
djoulde@gmail.com 
University of Ngoundere/ Institut Universitaire de Technologie, Cameroon 
Development of a new Rhizopus oryzae glucosidase producer, for cyanide 
detoxication of cassava 
To solve toxicity problems of cyanogenesis of Cassava, exogenous addition of glucosides-
degrading enzymes (β−glucosidases) should certainly be a consideration for upgrading 
processing of cyanogenic cassava where financial and technological conditions permit.  
However in rural areas of Africa, this is not always the best conditions.  We propose thus to 
transfer β−glucosidase inducer genome from Apergillus kawachii to Rhizopus oryzae in 
order to have a single starter for cassava detoxication.  We cloned the gene encoding β−
glucosidase in A. kawachii and analyze the sequence.  Especially we found that both of the 
extracellular β−glucosidases (EX-1 and EX-2) and the cell wall-bound β−glucosidase (CB-
1) are encoded by a single gene.  We then transfer this gene to natural selected Rhizopus 
oryzae in order to produce a new Rhizopus oryzae β−glucosidases producer strain.  The 
mass inoculation of cassava tubers with this modified Rhizopus oryzae β−glucosidases 
producer strain permit a better control of fermentation, yielding a product with a reduce 
cyanide content.  As Rhizopus oryzae has shown abilities to support drying, this can lead to 
easy to use and handle dry starter culture, with complete cyanogens degradation through 
the combined activities of linamarase and the cyanohydrin-degrading enzymes. 
 
 
 
 
 
 
 
 
SP13-10 J08 
Jayaprakas, C.A. and Moorthy, S.N. 
cajprakash@yahoo.com 
Central Tuber Crops Research Institute, Division of crop Protection, Bhubaneswar, 751 
019, Orissa, India 
Mortality of aphids in vegetable crops by biopesticide prepared from cassava 
(Manihot esculenta Cranz) 
Many varieties of cassava (Manihot esculenta Cranz) profusely bear fruits, but these are 
not commercially exploited.  Extracts collected from cassava seeds and leaves in organic 
solvents were tested for their insecticidal activity against aphids in vegetable crops.  Neem 
seed oil was also used as a treatment for comparison.  Laboratory study revealed that 
compared to the treatment of neem seed oil at a dose of 1%, petroleum ether extract of 
cassava seed (PECS) of the same dose provided a high level of control against attack of 
an aphid, Aphis craccivora, on cowpea. Mortality on 1 DAT (day after treatment) was 79.3% 
and it increased to 90.5 and 96.7% on 3 and 5 DAT respectively, as against 22.1% in the 
control batch.  Mortality due to the treatment of neem seed oil was ranged from 83.2 to 
92.0% from 1 to 3 DAT.  Petroleum ether extract of cassava leaves killed 38.2, 58.6 and 
62.0% aphids respectively on 1, 3 and 5 DAT. Field experiment with PECS at a dose of 2% 
achieved high mortality (87.8%) and a significant increase in the yield was recorded from 
the treated plots.  Vegetable crop like colocasia, xanthosoma and ivy gourd are highly 
susceptible to the infestation by aphids and this could be controlled by the treatment of 
PECS.  Current investigation revealed that cassava seed extract is a good source to extract 
insecticidal principles for the management of important insect pests of vegetable crops.  An 
effective formulation with adjuvant will further increase its insecticidal efficiency. 
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SP13-11 J09 
Jayaprakas, C.A. and Divya, R. 
cajprakash@yahoo.com 
Central Tuber Crops Research Institute, Division of crop Protection, Bhubaneswar, 751 
019, Orissa, India 
Olfacto-response of Sitophilus oryzae (L.)(Coleoptera: Curculionidae) and 
Rhyzopertha dominica (F.)(Coleoptera: Bostrychidae) to the food odours extracted  
from stored-products 
Sitophilus oryzae (L.) (rice weevil) and Rhyzopertha dominica (F.) (Lesser grain borer) are 
important pests to stored plain dried cassava chips and other food grains.  Olfacto-
response of these pests to the food odours extracted from plain dried cassava chips and 
wheat grains in solvents like petroleum ether, dichloromethane (DCM), hexane and 
acetone were studied using olfactometer and filter paper method.  S. oryzae showed a 
positive response to the petroleum ether extract of cassava chips and acetone extract of 
wheat.  The study revealed that food odor from plain dried cassava chips in petroleum 
ether attracted over 90% S. oryzae.  Wheat odor in acetone and hexane also attracted S. 
oryzae.  After 15 minutes of release, weevils attracted to acetone and hexane extract of 
wheat were 78 and 75% respectively, however no response was observed to the wheat 
odor in DCM.  In the case of R. dominica, the petroleum ether extract of wheat showed a 
repellent action.  Only 33% weevils moved to the treated area and this reduced to 10 and 8 
at 60 and 90 min. after exposure.  Wheat extract in DCM also repelled R. dominica but 
extract in hexane was as a good attractant.  The odor collected from stored-products in 
activated charcoal, Tenac, Poropak Q etc. found attracting test insects.  Study proved that 
the food odor extracted from the stored-products is a potent source to attract insect pests of 
stored-products.  Characterisation of the active principle(s) will be helpful to synthesis the 
compound and to use as a trap for the management of stored-product pests. 
 
 
 
SP13-12 J10 
Moorthy, Narayana; Sajeev, Moothandassery; and Shanavas, Salim 
snmoorthy@yahoo.com 
Central Tuber Crops Research Institute, Sreekariyam, Trivandrum, 695017, India 
Use of native and modified cassava starch as excipients in India 
Cassava is one of the richest sources of starch and its diverse physico-chemical and 
functional properties make it an attractive raw material for food and industrial applications.  
Easy extractability, bland taste, neutral flavor and low price compared to other starches 
make it potent as excipient in tablet preparations.  However, the poor compressibility and 
flow properties of native starch are the main drawbacks.  In the present study, attempts 
were made to use native and modified cassava starches as binder and disintegrant in tablet 
preparations.  Starch modifications were carried out by physical (heat-moisture treatments, 
drumdrying / pregelatinisation), chemical (esterification, etherification and crosslinking) and 
enzymatic (a-amylase) treatments.  The physico-chemical, rheological and textural 
properties of these derivatives relevant to pharmaceutical applications were evaluated.  
Tablets were made using native and modified starches as binder and disintegrant at 
different proportions and properties (hardness, friability and disintegration time) monitored 
as per the Indian pharmacopoeia.  The results indicated that the heat moisture treated and 
carboxymethyl starch at 10% level showed good disintegration properties over the other 
modified starches and the tablet properties were comparable with those of commercially 
available disintegrants.  When used as a binder, tablets made by using enzyme modified 
cassava starch at 7.5% and starch succinate at 5% were comparable to those made using 
standard modified maize starch as binder.  Being price and quality competitive, modified 
cassava starch can be used as a potential excipient in tablet formulations and possible 
commercialization.  It was also found that a blend of glucomannan and cassava starch has 
excellent excipient property. 
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SP13-13 J11 
Sajeev, M.S., Moorthy, S.N., Sreekumar,  J. and Shanavas, S. 
ms_sajeev@rediffmail.com 
Central Tuber Crops Research Institute, Sreekariyam, Trivandrum, Kerala, India 
Varietal influence on the viscoelastic properties of cassava starch gel 
Cassava starch with its unique physico-chemical and functional properties is extensively 
used for food and industrial applications.  The qualitative and quantitative make up of the 
starch depends upon the varieties, age and growing environment.  Cassava starch is used 
as a gelatinized dispersion by mixing with other ingredients.  The retrogradation of the 
starch gel also plays an important role in deciding the final product quality.  Hence the 
present study was undertaken  to assess the varietal influence on the viscometric, 
rheological and texture profile parameters of starch gel prepared from nine short duration 
lines.  The effect of refrigerated storage on the dynamic rheological and viscoelastic 
characterizes was also studied.  Wide variability existed in all the viscometric properties of 
starch extracted from different varieties (p<0.001).  The rheological properties viz., storage 
moduls, loss modulus and complex viscosity increased and phase angle decreased 
significantly (p<0.001) during retrogradation.  However varietal influence was not 
significant.  Texture profile parameters (viz., hardness, cohesiveness, springiness and 
gumminess) were influenced by both varieties and storage periods (P<0.001).  Pearson 
correlation coefficient between various viscoelastic properties showed that phase angle had 
a negative and positive correlation with hardness and cohesiveness respectively whereas 
storage modulus is negatively correlated with cohesiveness.  Among the texture profile and 
viscometric properties, hardness had a negative correlation with final and setback 
viscosities, springiness positively correlated with trough viscosity, and gumminess 
negatively with set back viscosity.  The study revealed strong varietal influence on the 
viscoelastic properties of the starch gel and the desired properties could be obtained by 
careful selection of different varieties. 
 
 
 
SP13-14 J12 
Cereda Marney P., Tiburtino Lorene, da Silva Antonio Renan B. and Dupuy Nathalie 
cereda@ucdb.br 
Catolic University - CeTeAgro 
Effect climate and photoperiod in cassava IAC 576-70 variety cooking quality 
The consumption of boiled or fried cassava is a Latin America culinary tradition.  Cassava 
presents a period when the roots cooked badly in all countries where is cultivated.  
Research can characterize badly cooked roots but could not explain why.  An hypothesis to 
explain that period links it to physiological stress.  With the objective of evaluating the 
climate influence in cassava cooking quality an experiment was implanted in 20° 26' south, 
54° 38' west, 532 meters.  The weather in the local has a rainy and a dry (rest) season.  
The rainy season months had an average 10 hrs of darkness. Varied IAC 576-70 (yellows 
pulp) was planted in rain season and harvest after 5 months just 10 months.  The 
temperature during the experiment never drops below 18°C.  Peeled roots were cut into 
sticks (1cm2 by 5cm).  The cooking quality was evaluated by the deformation of sticks using 
a digital caliper.  The firmness was measured by the weight (g) necessary to break the 
cooked sticks in patronized conditions.  The results showed that there are clear differences 
along the months that were measured by infrared spectra of dried and grounded samples.  
At the beginning of rest season cassava leaves felled.  Evaluations of cooking (deformation 
and firmness) showed that roots become softer in the rest season except one mouth where 
the roots were hard just when branches flushed by photoperiod and suitable temperature 
influence.  In this mouth the night started to rise gradually until reaching the maximum of 13 
hrs of darkness in rain season.  The results showed that the flushing of cassava may 
induce physiological stress, which in turn affects the cooking, suggesting that there are not 
only one factor involved in the phenomenon which may explain the variables results found 
in the literature. 
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SP13-15 J13 
Anderson1, Sunda-Meya; Kendrick1, Williams; and Phambu2, Nsoki 
asundame@xula.edu 
1) Department of Physics & Dual Degree Engineering, Xavier University of Louisiana, New 
Orleans, LA 70125, USA. 2) Department of Chemistry, Tennessee State University, 
Nashville, TN 37209, USA 
Removal of heavy metal ions from water using cassava waste 
Cassava (Manihot esculenta Crantz) forms an important staple food for more than 500 
million people mostly in humid tropics.  A natural, biodegradable, carbohydrate rich product, 
cassava crop is increasingly finding many industrial applications.  Since cassava produces 
a large amount of cassava skin that is a waste, researchers are exploring the effectiveness 
of that agricultural waste for removal of heavy metal ions in wastewater purification.  This 
project investigates the adsorption of heavy metal ions (Zn2+, Cd2+, Hg2+, Pb2+, UO22+, 
AsO43-, Th4+) onto cassava skin.  A batch equilibrium technique was used to evaluate 
metal ion sorption. BET, SEM, fluorescence, infrared and Raman techniques are used to 
characterize the cassava waste before and after interaction with heavy metal ions.  The 
infrared and Raman spectra show that the C-O groups of cassava skin are the main 
binding sites of metal ions.  The results obtained using AA and ICP techniques show that 
the quantity of metal ions adsorbed onto cassava waste decrease in the order UO22+> 
Pb2+> Zn2+, Cd2+> Th4+ > AsO43-.  Cassava skin is not an effective sorbent for Hg2+.  
The kinetics of both adsorption and desorption of heavy metal ions from water depends on 
the temperature, agitation, and pH value. A deeper understanding of the physical and 
chemical properties of the cassava skin could facilitate the optimization of operating 
conditions and reactor configurations.  These results may be used to improve or modify the 
superficial properties of cassava waste as sorbent. 
 
 
 
 
 
SP13-16 J14 
Fukuda1, Wania; Souza1, Luciano; Oliveira1, Luciana; Santos1, Vanderlei; Coriolano2, 
José Washington; Pinho3, Joao Licinio; and Santos4, Antonio Raimundo 
vssantos@cnpmf.embrapa.br 
1) Embrapa Cassava & Tropical Fruits, Cruz das Almas, Bahia, Brazil. 2) FACIAGRA, 
Araripina, Pernambuco, Brazil. 3) CENTEC, Fortaleza, Ceara, Brazil. 4) EMATERCE, 
Fortaleza, Ceara, Brazil 
Adoption of cassava varieties with yellow pulp for fresh consumption in the Brazilian 
Northeast 
This work aimed to analyze the adoption probability of yellow pulp cassava varieties for 
fresh consumption by farmers of four states (Maranho, Pernambuco, Piau and Ceara) 
located in the Northeast of Brazil.  Thirty-five participatory tests were performed in 28 
smallholder communities.  The varieties BRS Dourada, BRS Gema de Ovo, Abobora, 
Cacau, Cacau Amarelo, Amarelo I, Amarelo II, Aipim Cacau, BRS Rosada and 
Vermelhinha were evaluated.  Several criteria for variety selection were identified.  
However, yield, root length, quality and starch content of the roots were the principal criteria 
used.  There were differences in the variety preference among states.  In Maranho, the 
varieties Amarelo I and Amarelo II presented the higher probability of acceptance.  In 
Pernambuco and Piau the varieties BRS Dourada, BRS Gema de Ovo and Abobora were 
preferred.  In Ceara the most accepted varieties were BRS Cacau and BRS Gema de Ovo.  
The results showed that the participatory selection tests are efficient to assess the farmer 
preferences for varieties.  In addition, using this approach the decisions about the selected 
varieties are taken jointly by scientists and farmers increasing the probability of their final 
adoption. 
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SP13-17 J15 
Egounlety, M.,  Adjakidge, S.A., Yao, A.A.,  Dortu, C. and Thonart, P. 
emoutairou@yahoo.fr 
Faculté des Sciences Agronomiques, Université d'Abomey-Caj 
Production and sensory properties of gari produced 
Cassava mash was inoculated by two strains of freeze-dried Lactobacillus plantarum G2/25 
and VE36 or a mixture of the two cultures at the rate of 0.1% and fermented for 48 hr at 
room temperature (27-33°C).  An uninoculated cassava mash (control) was fermented in 
the same conditions.  Samples were taken at 6 hr intervals and subjected to determination 
of pH, titratable acidity and microflora (lactic acid bacteria, lactobacillus sp. and lactococci).  
The fermentation time at which the above parameters matched those of the uninoculated 
mash (control) was selected for production of inoculated gari that were then subjected to 
sensory evaluation.  Yield, moisture, pH and titratable acidity of the inoculated gari were 
also determined.  The pH of the inoculated mashes decreased significantly (P>0.05) during 
the first 12 hr of fermentation and decreased steadily during the remaining fermentation 
times.  Titratable acidity followed a similar reverse trend with however a 6 hr latent period.  
The inoculation of the mashes with the starter cultures increased the initial levels of lactic 
acid bacteria and Lactobacillus sp of 2 log cycles (from log 6 to log 8).  Lactic acid bacteria 
(LAB) and Lactobacillus sp. of the inoculated mashes grew from 107 to 108-109/g between 
0 and 24 hr fermentation as compared with 105 to 108-109/g in the control between 0 and 
48 hr fermentation.  pH, titratable acidity and microbial count values of the uninoculated 
cassava mash (control) obtained at 48 hr fermentation were already reached within 18-24 
hr fermentation of the inoculated mashes. 24 hr was therefore selected for production of 
gari from Lactobacillus plantarum starter culture-inoculated mashes.  Gari produced from 
freeze-dried Lactobacillus plantarum G2/25 and VE36 or a mixture of the two cultures were 
highly scored by panelists with a whiter color, a slightly sweeter taste, a significantly 
different aroma (P>0.05) and a high commercial yield compared to  the uninoculated gari 
(control).  VE36-gari was the most acceptable. Gari can be produced within 18-24 hr using 
Lactobacillus plantarum starter cultures as compared to 48 hr for the traditional 
uninoculated gari. 
 
SP13-18 J16 
Nhassico1, Dulce; Muquingue1, Humberto; Cliff1, Julie; Boumphrey2, Katie and 
Bradbury3, Howard 
ktboumphrey@hotmail.com 
1) Faculdade de Medicina, Universidade Eduardo Mondlane, Maputo, Mozambique. 2) 
g3baxi partnership, LFI Building, Randallís Rd, Leatherhead, Surrey, UK, KT22 7RY. 3) 
School of Botany and Zoology, Australian National University, Canberra, ACT, Australia 
Control of konzo in Africa by wetting method that removes cyanogens from cassava 
flour 
Cassava produces the cyanogenic glucosides linamarin and a small amount of lotaustralin 
(methyl linamarin) that are potentially dangerous to human health.  These cyanogens and 
their breakdown products sometimes produce acute intoxication leading to death and 
konzo, which is an irreversible paralysis of the legs mainly in children and women of child 
bearing age.  These cyanogens exacerbate goitre and cretinism in iodine deficient regions 
and are implicated with tropical ataxic neuropathy and stunting in children.  Konzo occurs in 
Mozambique, Tanzania, Democratic Republic of Congo, Cameroon, Central African 
Republic and probably other African countries in which cassava flour is also used very 
extensively.  A wetting method that reduces the total cyanide content of cassava flour by 3-
6 fold involves mixing cassava flour with water to a thick paste, which is spread in a thin 
layer on a basket and left for five hours in the shade to allow hydrogen cyanide gas to 
escape.  The wet flour is then mixed with boiling water in the traditional way to produce a 
stiff porridge.  Field tests showed that the method was readily accepted by rural women 
and gave a stiff porridge that tasted better than that made from untreated flour.  Projects to 
rehabilitate those with konzo and prevent further outbreaks are progressing in Mozambique 
and Tanzania, supported by the Australian Agency for International Development (AusAID).  
Laminated colored picture posters describing the wetting method are available for free in 
European and African languages. 
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SP13-19 J17 
Oduro-Yeboah, C., Johnson, P.-N.T.,  Sakyi-Dawson, E.O. and  Budu, A.S. 
cmyeboah@yahoo.com 
Food Research Institute and University, Ghana, Box LG 134, Legon 
The acceptability of five varieties of cassava for Ghanaian food uses based on their 
pasting characteristics 
This study investigated the pasting characteristics of the starches and flours obtained from 
five varieties of cassava.  This study aimed at evaluating the suitability of the cassava for 
paste-like local products.  The starch was extracted using the sedimentation method.  The 
flour was obtained by chipping the cassava into 2 to 5mm thick pieces and was dried at 
54.0°C for 10 hr.  The pasting characteristics of the cassava flours and starches were 
determined in triplicates.  The parameters obtained were pasting temperature, peak 
viscosity, viscosity at 95°C, viscosity at 50°C, paste stability at 50°C, and setback.  The 
Yebeshie cassava flour and starch recorded high peak viscosity, viscosity at 95°C, viscosity 
at 50°C and setback.  Yebeshie cassava starch recorded the highest peak viscosity.  
Yebeshie cassava recorded the greater setback on cooling which is desirable for paste-like 
products like fufu.  The starch from the Yebeshie cassava will have a greater ability to form 
a thicker paste.  This property gave the idea of the texture and quality of the product from 
which the starch will be used for.  For local products like fufu, a high peak viscosity and 
setback are desirable.  Yebeshie cassava was the preferred option for paste-like local 
products. 
 
 
 
 
 
 
SP13-20 J19 
Offoumou, Atté Edouard 
scea2001_ci@yahoo.fr 
Coopara, Agboville, Ivory Coast 
To fight against unemployment and poverty in forming environment 
Current development strategies of African countries only attract large industrial projects, 
and these projects are often initiated by multinational companies in the setting of 
international finance.  This preference, if it has short-term positive impact on the 
productivity of the host countries, through the contribution of new technologies and job 
creation, compromise long-term development of local private initiatives.  Africa is in a 
vicious circle of poverty: inability to promote small and middle size creative enterprises 
creates unemployment in the cities.  This lack of direction corrupts the youth and leads 
them to make poor decisions.  Women, who play a pivotal role in African society, are most 
affected by this situation.  My intervention is an advocacy for a partnership between donors, 
western financial bankers and private promoter participants of the First Scientific 
Conference of the Global Cassava Partnership (GCP).  I propose the creation of a strong 
network of confirmed African businessmen that will benefit from a constant financial and 
technical support to achieve their objectives.  Our mission statement is to identify the 
cassava projects in the producing countries, to propose a North/South partnership, and to 
prevent the exodus of the youth from the small-holder farming system.  This network will 
provide large international businesses the necessary products such as the cassava starch 
and the cassava pellets produced for animal feed.  Africa more than ever needs the help of 
the western world to curb unemployment and to fight against the growing poverty whose 
consequences weigh heavily on the continent.  We are convinced that this proposition will 
be well received by donors and other financial development banks for the most 
underprivileged populations in the world, and we look forward to their support for concerted 
cooperation. 
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X1 J20 
Akullo, D., Opio, F., Mugoya, C., Waithaka, M., Kimenye, L. and Nyagahima, J. 
d.oyena@asareca.org 
Association for Strengthening Agricultural Research in Eastern and Central Africa 
(ASARECA), P.O. Box 765, Entebbe, Uganda. 
Strengthening the Cassava Innovation System in East and Central Africa 
Cassava is a key staple food which is central to the livelihood strategies of many people in 
East and Central Africa (ECA).  Besides its food security role, the crop has great potential 
for commercialization through processing into secondary products within a market-driven, 
commodity chain approach.  However, countries in Eastern and Central Africa (ECA) have 
not fully benefited from the potential of cassava due to limited utilization and low production 
of the crop.  Moreover, the challenges facing the cassava sub sector is exacerbated by 
inefficient value chains and limited participation of the private sector in cassava research 
and development.  The Association for Strengthening Agricultural Research in Eastern and 
Central Africa (ASARECA) has initiated a project to unlock the potential of cassava for 
development using a 'mixed team' approach.  Through this approach, researchers from 
different institutions and countries, with participation of the private sector will complement 
each other in addressing key constraints along the cassava value chain by developing virus 
resistant varieties, promoting use of quality planting materials, product diversification, 
developing standards and policies for cassava, scaling up of technologies and building 
capacity of stakeholders in areas where need for capacity is identified.  The project is 
expected to strengthen the Cassava Innovation System in Eastern and Central Africa for 
increased production and utilization of cassava. 
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Keynote Speaker 1 

 
Hans Rosling 

Hans.Rosling@ki.se 
 

Four Decades of the Evolution of the Cassava Productivity in 
the World  

 
Even the most worldly and well-traveled among us will have their perspectives 
shifted by Hans Rosling.  A professor of global health at Sweden’s Karolinska 
Institute, his current work focuses on dispelling common myths about the so-
called developing world, which (he points out) is no longer worlds away from 
the west.  In fact, most of the third world is on the same trajectory toward health 
and prosperity, and many countries are moving twice as fast as the west did.    
What sets Rosling apart isn’t just his apt observations of broad social and 
economic trends, but the stunning way he presents them.  Guaranteed: You’ve 
never seen data presented like this.  By any logic, a presentation that tracks 
global health and poverty trends should be, in a word: boring.  But in Rosling’s 
hands, data sings.  Trends come to life.  And the big picture — usually hazy at 
best — snaps into sharp focus.    Rosling’s presentations are grounded in solid 
statistics (often drawn from United Nations data), illustrated by the visualization 
software he developed.  The animations transform development statistics into 
moving bubbles and flowing curves that make global trends clear, intuitive 
and even playful.  During his legendary presentations, Rosling takes this one 
step farther, narrating the animations with a sportscaster’s flair.    Rosling 
developed the breakthrough software behind his visualizations through his 
nonprofit Gapminder, founded with his son and daughter-in-law.  The free 
software — which can be loaded with any data — was purchased by Google in 
March 2007. 
 
Dr. Roslng's method of handling statistics brings them to life by comparing 
different categories from a number of countries animated over time.  His non-
profit organization, Gapminder (gapminder.org), provides a Flash-based 
interactive method for generating graphics from the available statistics for various 
countries.  His organization aims to provide graphic formats that can transform 
information acquired from free, searchable databases into concepts that are 
immediately understood.  People will learn more from data when it is presented 
usefully and effectively with his software.  Dr. Rosling will demonstrate this in his 
talk using statistics for cassava compared to other crops. 
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Plenary Speaker 2 

 
Richard Flavell 

rflavell@ceres-inc.com 
The cassava plants of tomorrow 

 
The last 20 years of plant molecular biology have produced a magnificent 
platform of technology for understanding the biology of traits and the 
improvement of crops.  Yet sadly relatively little of this is in adequate use for the 
improvement of most crops including cassava.  Clearly we need the cassava 
germplasm to be characterized with an extensive phenotyping program to 
accompany the molecular haplotyping of all chromosome segments of the 
germplasm.  Only with this will we understand the gene-trait relationships in the 
Manihot germplasm and so be able to breed for specific traits much more 
efficiently.  Then there are the options of adding specific trait improvements using 
transgenes.  There are few plant-derived transgenes that to-date have been 
taken through the rigors of commercialization and proven their value in 
agriculture.  It appears, not surprisingly, that the manifestation of specific traits 
are dependent on the genetic background and so breeding programs need to 
assimilate transgene candidates before finished varieties are created.  What is 
the platform of knowledge and genes available for cassava improvement today?  
Much of this will be covered in the meeting.  Ceres over the past 10 years has 
developed a platform for discovering gene-trait relationships and transgenes to 
aid plant breeding.  This will be described together with our beginnings to use 
this for dedicated energy crops that have received much less attention by 
breeders than cassava.  The challenges are great but now we know the 
technologies that can help us create the crops we dream about. 
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