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Acronyms and abbreviations

ABA abcissic acid

ABS access and benefit-sharing

ACCI African Centre for Crop Improvement (South Africa)

ACGT African Centre for Gene Technologies (South Africa)

ADOC allelic diversity for orthologous candidate genes

AFLP amplified fragment length polymorphism

Al aluminium

ARI advanced research institute

ARM Annual Research Meeting

ASR ABA-stress-ripening

BAC bacteria artificial chromosome

BC1F1 backcross 1 hybrid of first generation

BecA Biosciences Eastern and Central Africa

BIOTEC National Center for Genetic Engineering and Biotechnology (Thailand)
BLB bacterial leaf blight

bp base pair

BRRI Bangladesh Rice Research Institute

BSA bulk segregant analysis

CAAS Chinese Academy of Agricultural Sciences

CARBAP African Centre for Research on Banana and Plantain (Cameroon)
CAS Chinese Academy of Sciences

CBB cassava bacterial blight

cDNA complementary DNA

CGIAR Consultative Group on International Agricultural Research

CGM cassava green mites

CIAT International Center for Tropical Agriculture

CIMMYT International Maize and Wheat Improvement Center

CIP International Potato Center

CIRAD Centre de Cooperation Internationale en Recherche Agronomique pour le Développement
CMD cassava mosaic disease

CNRS Centre National de la Recherche Scientifique (France)

cos conserved orthologous sequences

CRI Crop Research Institute (Ghana)

CRURRS Central Rainfed Upland Rice Research Station (India)

CSIRO Commonwealth Scientific and Industrial Research Organisation (Australia)
CSS chromosome segment substitution

CSSLs chromosome segment substitution lines

CWANA Central and West Asia and North Africa

DArT diversity array technology

DFID Department for International Development (UK)

DNA Deoxyribonucleic acid

DREB DREB Dehydration responsive element binding

EBI European Bioinformatics Institute

EC European Commission

EMBRAPA Empresa Brasileira de Pesquisa Agropecuaria (Brazilian Agricultural Research Corporation)
EST expressed sequence tag

FAO Food and Agriculture Organisation of the United Nations



FSTs
GCP
GIS
GPL
GSS
GxE
HPC
HTP
HW
IAEA
IARCs
IBN
ICABIOGRAD

ICARDA
ICRISAT
IER
IFSSA
IITA
ILRI

ILs
INERA
INIA
INRA
INRAN
IP

IPRs
IRD
IRRI

IT
JIRCAS
KARI

kb

LD
LGPL
LIMS
MAB
MARI
MAS
MDGs
MoU
MTP
NAARI
NARS
NCBI
NCGR
NERICA
NIAB
NIAS
NILs
NRCRI
NSFCRC

flanking sequence tags
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Geographic Information System

General Public License

Genotyping Support Service

Genotype times environment interaction

high-performance computing

high-throughput

Hardy Weinberg

International Atomic Energy Agency

International agricultural research centres

Insituto de Botanica del Nordeste (Argentina)

Indonesian Centre for Agricultural Biotechnology and Genetic Resources and Research
Development

International Center for Agricultural Research in the Dry Areas
International Crops Research Institute for the Semi-Arid Tropics
Institut d’Economie Rurale (Mali)

Indian Foundation Seed and Services Association
International Institute of Tropical Agriculture

International Livestock Research Institute

inbred lines

Institut National de I'Environnement et de Recherches Agricoles (Burkina Faso)
Instituto Nacional de Investigacion Agropecuaria (Uruguay)
Institut national de la recherche agronomique (France)

Institut National de Recherches Agronomiques du Niger
intellectual property

intellectual property rights

Institut de Recherche pour le Développement

International Rice Research Institute

information technology

Japan International Research Center for Agricultural Sciences
Kenya Agricultural Research Institute

kilobase

linkage disequilibrium

Lesser General Public License

Laboratory Information Management System

marker-assisted backcrossing

Mikocheni Agricultural Research Institute, Tanzania
marker-assisted selection

Millennium Development Goals

Memorandum of Understanding

Medium-Term Plan

Namulonge Agricultural and Animal Research Institute (Uganda)
national agricultural research system

National Center for Biotechnology Information

National Center for Genome Resources, USA

new rice for Africa

National Institute of Agricultural Biology (UK)

National Institute of Agrobiological Sciences (Japan)
near-isogenic lines

National Root Crops Research Institute (Nigeria)

Nakhon Sawan Field Crops Research Center (Thailand)



OFSP orange-fleshed sweet potatoes

OoPV open pollinated variety

oSl open source initiative

P phosphorous

PASS Program for African Seed Systems

PDG Project Development Guide

PGRFA International Treaty on Plant Genetic Resources for Food and Agriculture
PPD post-harvest physiological deterioration

PROINPA Promocién e Investigacion de Productos Andinos, Bolivia
PSS phenotyping support service

Pupl phosphorus-uptake 1

QTL quantitative trait loci

QTLXE Quantitative trait loci times environment interaction

QxE QTL times environment interaction

R&D research and development

RFLP restriction fragment length polymorphism

RT-PCR real-time polymerase chain reaction

RYMV rice yellow mottle virus

SCAR sequence-characterised amplified regions

SGRP Systemwide Genetic Resources Programme of the CGIAR
SIRDC Scientific and Industrial Research and Development Centre
SNP single nucleotide polymorphism

SP Subprogramme

SPCSV sweet potato chlorotic stunt virus

SPFMV sweet potato feathery mottle virus

SPVD sweet potato virus disease

SSR simple sequence repeat

STS sequence tag site

TIGR The Institute for Genomic Research (USA)

TNAU Tamil Nadu Agricultural University (India)

UAS University of Agricultural Sciences, Bangalore (India)
VARTC Vanuatu Agriculture Research and Technical Centre

WUR Wageningen University and Research Centre (The Netherlands)
YAAS Yunnan Academy of Agricultural Sciences (China)



Overview

Introduction

Launched in 2003 as a 10-year initiative, the Generation
Challenge Programme (GCP, or simply Generation) is now
entering its fourth year and consequently submitting its
fourth Medium-Term Plan (MTP). In the past three years,
GCP has made remarkable progress in intensive research
and strategic planning. A key highlight in 2006 was the
development of a strategy framework, a set of guiding
principles for GCP’s strategic decisions. This strategy
framework is complemented by ‘reference studies’ that
provide data on GCP’s impact targets (farming systems
and crops). This refinement of our research strategy
sharpened our focus and informed the selection of
commissioned projects to be initiated in 2008, in particular
for Subprogrammes (SPs) 3 and 5. However, Generation
remains dedicated to the exploration and characterisation
(genotyping and phenotyping) of diversity in staple crops,
and will continue to support this core effort.

Despite a delayed start date due to unexpected financial
issues, the second round of GCP competitive projects and
the new 2007 commissioned projects should start in July
2007. A major three-year project targeting the
improvement of tropical legume productivity for marginal
environments was also approved in May 2007. GCP
management has been paying special attention to data
quality control, data release, product management and
delivery. Consequently, and looking at the evolution of
GCP through time, we realigned the Management Team to
better address our renewed emphasis on product
management and delivery.

GCP’s niche and network

GCP was created to undertake what is often referred to as
‘upstream’ research—characterising crop genetic diversity
using molecular markers, creating diversity by making
wild crosses or creating mutant collections, identifying
favourable alleles for crop performance using comparative
genomics, quantitative trait loci (QTL) analysis and
‘omics’ approaches, developing bioinformatic
infrastructure and tools to conduct those studies in a
suitable way and ensuring data availability to the research
community. To this end, GCP cultivates partnerships for
innovative science and conducts research to better
understand the genetic basis of GCP target traits. However,
GCP also has, as a major objective, linking basic research
with applied science, by generating useful knowledge and
developing practical tools such as molecular markers for
target traits to complement phenotypic selection and
impact crop breeding for adapted germplasm in target
environments. In this way, GCP bridges the gap between
high-tech bench scientists and the plant breeders and
resource-poor farmers the research is supposed to help. It
is this duality that makes Generation unique within the

CGIAR and the broader agricultural research-for-
development community.

GCP was also assigned a trait of focus: drought tolerance,
which affects almost all crops and all regions worldwide,
thereby providing opportunities to apply useful discoveries
across crops. As no single institution can command the
breadth of expertise and resources necessary to achieve
these objectives, GCP operates as a network that leverages
significant resources—funds, skills, equipment, knowledge
and social capital—through partnerships with a broad base
of public and private institutions and initiatives. GCP
partners are diverse and complementary in their skills. This
ensures seamless continuity of activities all along the
pipeline of GCP activities, starting from characterising and
creating diversity, up to the delivery of value-added crops
for marginal environments. A critical benefit of the
network is that it provides access to vast stores of plant
genetic resources, as well as to cutting-edge technologies
and scientific expertise, bringing all the three together for
crop improvement.

Evolution of the GCP strategy

GCP’s first two years were devoted to establishing and
implementing our operational structure and research
portfolio. In the third year (2006), we started to identify
where we were doing well and where we could be doing
better. GCP’s founding document® had a clear pathway to
get the programme up and running. However, by GCP’s
third year, critical questions began to arise such as: How
should resources be balanced to ensure that GCP
contributes to scientific knowledge while also delivering
products to benefit resource-poor farmers? How should
GCP prioritise regions and crops?

To tackle these questions, the GCP Management Team,
comprising the Director and the five Subprogramme
Leaders, was of the view that a strategic framework?
outlining GCP’s internal reflections on its mission,
structure, research approach and resource allocation would
be useful at this point in GCP’s development, in keeping
with our ultimate goal of ensuring our products impact
crop breeding for the benefit of resource-poor farmers. To
this end, the GCP Strategic Framework was refined,
building upon the existing strategy and clarifying
fundamental issues such as how GCP articulates its
research approach and allocates resources. The strategic
framework is a set of guiding principles for strategic
decision-making and helps identify, and further clarify,

1 A Proposal to Establish a Challenge Programme for Unlocking the
Genetic Diversity of Crops for the Resource-Poor
http://www.generationcp.org/brochure.php under ‘Strategy Documents’
2 Generation Challenge Programme Strategic Framework. February
2007 http://www.generationcp.orgicomm/gep_framework final.pdf




important issues in the large and complex task assigned to
GCP. The strategy is complemented by ‘reference studies’
(such as the one by Glenn Hyman et al®) that provide data
on GCP’s impact targets (in terms of crops and regions).
Those data are key for informed decisions and strategy
implementation.

GCP’s reworked strategy was approved by the Programme
Steering Committee (PSC) in November 2006. This
framework shall guide GCP’s activities in the final years
of Phase | and the beginning of Phase Il (2009-2013).
Now that Generation is fully operational, we are currently
refining the notion of ‘products’ in the context of GCP and
how best to manage them. A major objective is to ensure
optimal flow of upstream research outputs to more applied
research within GCP. The Management Team strongly
believes that Generation’s long-term success will depend
mainly on the ability to learn from our experiences, and to
make the appropriate adjustments in both strategy and
structure.

Products and delivery plan at the heart of GCP

In 2007, GCP will launch its Delivery Plan Kit designed
by a panel of experts in technology transfer, research
management, impact assessment and marketing. For each
new major project, a delivery plan is now required.

Project development and reporting will be further
streamlined by a new Web-based tool for project design
and management, the Project Development Guide (PDG).
Improving the design of our new projects with clear
milestones and workplans will optimise the planning of
research activities and improve project monitoring for our
broad and diverse research portfolio.

Product management and product delivery are intertwined:
product management ensures the flow of products along
the research—delivery chain. It is not all products that are
ideal candidates for value-adding. Product management
helps to identify the best options for returns on value-
adding investments. It comprises identifying, gathering,
storing and packaging the various products. To facilitate
those critical steps, specific Web-based templates for
project proposal and reports have been developed and
implemented for the new 2007 projects (both
commissioned and competitive). The spectrum of GCP
products is really broad and at almost every step along the
GCP research pipeline, products generated can directly
impact breeding efficiency or can be used in the next step
of the pipeline. As an example, the high upstream
germplasm characterisation conducted by SP1 can not only
lead to the identification of a new pool of diversity to be
use in pre-breeding activities by local national
programmes, but will also help identify contrasting lines
for genetic studies under SP2, or lines with favourable

3 Poster summarising this study available at:
http://www.generationcp.org/comm/drought _poverty poster.jpg

alleles for desirable traits to be used as donor lines in
marker-assisted selection experiments in SP3.

GCP products can be classified into five broad categories
(genetic resources, genomic resources, validated markers
for breeding, new tools and methodologies, and training
material). Validation is central to product management and
must precede delivery: it confirms the suitability and
potential benefit of a given product in a given
environment. Once validated, products can be widely
disseminated. Product management is a crucial link in
connecting upstream research and the deployment of
research-based products that will have tangible impacts on
agriculture.

GCP Management Team realignment

Consistent with our view on the importance of product
management and delivery, SP3 and SP5 leader positions
were adjusted from half-time to full-time positions. The
SP3 Leader position now also includes product
management to ensure the flow of products along the
research—delivery chain, while the SP5 Leader, in addition
to managing capacity-building, will continue to be
responsible for product marketing and delivery outside
GCP.

Applying the GCP strategy

A strategy is only of value if it is implemented and in this
regard, 2007 is a watershed year for Generation. Our new
project portfolio for 2008 is defined by several key
elements of our strategy: better integration of activities
across Subprogrammes 1, 2 and 3, more focus on key
strategic crops and target regions for SP3 projects,
promotion and utilisation of the first GCP products (e.g.
Genotyping Support Service), better integration of
breeders in GCP projects and an increasing leadership role
by scientists from national programmes, thus ensuring
‘downstream’ projects are demand-driven.

As we put our strategy into practice, the shape and focus of

GCP Subprogrammes is evolving:

e SP1’s efforts were initially devoted to characterising a
broad germplasm set through molecular markers. The
next step is to phenotype the reference sets identified
under target environments, and to better define the
linkage disequilibrium (LD) in target crops, so as to go
to the alleles through association studies.

o New SP2 projects will now exclusively focus on
identifying genes and to better understand regulatory
pathways involved in drought tolerance, exploring new
approaches through comparative genomics, and taking
advantage of the increasing genomic sequences
available.

e The number of SP3 projects promoting the use of
markers is increasing commensurate with the
knowledge generated in SPs 1 and 2. SP3 validates and
adds value to the products and information generated



by the other subprogrammes. All SP3 projects will
target crop improvement in drought-prone
environments, focusing on GCP target crops and
environments.

e For SP4, the basic infrastructure for information
exchange within GCP has been developed.
Consequently, funding for this line of activities is
expected to decrease to maintenance level. The
development of software, tools and methodology to
sustain GCP’s science will continue as before, while
support to GCP scientists on biological questions and
data handling and analysis will increase.

e The role of SP5 is becoming increasingly critical to
ensure marketing and delivery of GCP products, while
continuing to support capacity-building for target
beneficiaries further down GCP’s delivery chain. The
time has also come to initiate ex ante analysis to
evaluate the impact of key GCP products and to help
refine our target traits and regions based on local
needs.

In addition, there is a clear orientation towards ‘internal’
value-adding within GCP. As an example, there are several
new projects whose first activity will be evaluating the
reference sets identified through SP1 commissioned work.
For example, our new major project on ‘Improving tropical
legume productivity for marginal environments in sub-
Saharan Africa’ includes the evaluation of reference sets of
groundnuts, cowpeas, beans and chickpeas in several
countries across sub-Saharan Africa.

We are also keen on ensuring continuity of our most
promising research activities guaranteed to deliver quick
payoffs. Our new set of competitive projects is clearly
oriented towards short- to mid-term products that can
impact breeding for marginal environments. Therefore,
some of the competitive proposals are on new activities
standing on the shoulders of existing GCP projects.

To illustrate the progression, over the last three years, GCP
has supported a project on the identification and
characterisation of a major gene for aluminum tolerance in
sorghum. The project is led by Cornell University
scientists in collaboration with scientists from the Brazilian
Agricultural Research Corporation (EMBRAPA). The
gene has now been cloned (Altsg). Starting in July 2007, a
new competitive project will carry this work a step further
by identifying superior Altsg haplotypes by association
mapping (Output 3.4), and developing and using
haplotype-specific markers for introgression into pre-
breeding near-isogenic lines (Output 3.14). A major output
of this project is the development of markers to improve
sorghum performance under acid soil in Latin America and
West Africa. This second project is led by EMBRAPA, in
collaboration with African scientists from national

research programmes.

Because the second call for proposals had the benefit of
being informed by preceding and ongoing research, the
call was designed to dovetail with our research priorities.
In this way, we complement competitive projects with
strategic commissioned activities. One of the selected
competitive projects will make available to breeders the
entire genetic diversity of O. glaberrima. The diversity
will be used in classical breeding schemes or marker-aided
selection schemes developing interspecific bridges
between selected O. glaberrima accessions and reference
O. sativa recipient cultivars. To add value to this new
activity, a commissioned project is to be initiated to
produce new NERICA rice for West Africa, including
large-scale phenotyping of glaberrima progenies, training
African scientists at the Africa Rice Center (WARDA) and
capacity-building for Mali’s national research programme.

Finally, we have initiated targeted actions to ensure good
communication, consolidate the research and guarantee the
flow of products considering the portfolio of activities for
a given crop and/or region. For instance, through the 6"
Asian Crop Science Association Conference, and the 2"
International Conference on Rice for the Future in
Thailand in late 2007, GCP will organise a two-day pre-
conference workshop for all Generation partners and
selected stakeholders working on rice in Asia. The fora are
a good platform to showcase GCP’s work, get the GCP
rice community up to speed and explore new opportunities.

In conclusion, we can confidently say that Generation is a
healthy and fully functional challenge programme with a
fine-tuned strategy. The Management Team is fully
committed to implementing our 2006 strategy, as reflected
by the new set of projects identified in 2007 for
implementation in 2008. The research portfolio presented
in this MTP shows greater inter-subprogramme cohesion.
And while the entire set of our mandate crops will
continue to be the focus of some of our activities
especially in SP1, specific research themes have been
identified and will be pursued for important crops
identified in GCP target farming systems. To ensure GCP
is premised on a solid base, the Management Team
committed to the following fundamentals: 1) data release
and quality control (obligatory check points and external
reviews); 2) maintaining some of our existing
infrastructure (e.g. bioinformatics); and, 3) ensuring access
to, and delivery of, GCP products (e.g. helpdesks,
Genotyping Support Service).

Context
Crop improvement for poverty alleviation

For the foreseeable future, public sector research on staple
food crops, especially crops for marginal environments,
will be indispensable for poor households in such
environments. Economic alternatives to agriculture are
often extremely limited in these areas. Yet to promote



more rapid economic growth and improve the welfare of
poor and marginalised populations, investments in
agriculture are among the most promising a nation can
make. GCP contributes to the goals of national and
regional development strategies in our partner countries by
adding value to their efforts to improve agriculture.

The agricultural sectors of many developing countries are
changing rapidly in response to a host of local and global
factors. Farmers in more productive environments can now
diversify beyond staple food crops and have increasing
access to new global and domestic agricultural markets.
Farmers in marginal areas—areas typically characterised
by high-risk crop production, poor agricultural yields and
rampant poverty—are still isolated from markets,
agricultural inputs and support services.

Accessing technology

Advances in plant breeding could literally transform
landscapes in developing countries by addressing threats to
agriculture such as drought. Yet most developing
countries—with the exception of a few large and advanced
national plant breeding programmes—nhave little access to
the new technologies and skills that have improved plant
breeding in wealthy nations.

More than ever before, threats to agriculture underscore
the increasing need for what has been termed ‘translational
biology’—creating strong links between basic and applied
research to support agriculture worldwide, ensuring, in the
case of GCP, that the huge financial resources invested
globally in biotechnologies will impact crop breeding for
marginal environments.

It is farmers in these environments who are the primary
focus of GCP’s research. We now have reference samples
for most GCP mandate crops and we have characterised
genes of high importance for plant performance under
stress. Through our network, we tap into the very latest in
technological achievements to advance our research, and
to adjust our research portfolio accordingly. For example,
sorghum genome sequence is now available. This has
momentous implications for GCP’s work on improving
sorghum, opening new doors for both upstream and
applied research for geneticists and breeders.

The global agenda: agriculture, drought and climate
change

It is clear from events in Europe in 2004 and other regions
of the world that drought can have a devastating impact on
the productivity of many crop species. There is an
increasing consensus of opinion among scientists,
policymakers and politicians that human activities are
leading to changes in global climate, and one likely
consequence will be changes in the magnitude of the
impact of water stress in different and hitherto unaffected

and unexpected parts of the world. For instance, a dry and
cold winter followed by a heat wave in August were key
factors contributing to an estimated fall of 25 million tons
(or 12%) in cereal production in the European Union for
2003/04. In particular, maize suffered from the drought
and heat wave that hit southern Europe in 2003, with an
estimated 20% decrease in productivity corresponding to a
drop in yield to 7.4 t/ha. This type of unpredictable and
extreme weather will likely be more commonplace in
future years and impacts will be dramatic for crops in
marginal environments.

The outlook is bleak and exacerbated by adverse climate
change: global climate models are predicting more
extended, and more extreme, weather events. Among the
effects of climate change, the spectre of more prolonged
and intense droughts is particularly disturbing. Today,
even favourable and irrigated environments are at greater
risk from drought.

The onset of global warming is leading to an increasingly
erratic climate, with a higher localised incidence of
drought and severe storms. The prediction is that sub-
Saharan Africa is likely to suffer most from the combined
effects of higher temperature and reduced rainfall, which
imply a higher frequency of drought conditions during the
crop growing season. Crop improvement on its own cannot
mitigate the full economic loss caused by drought, but it
can play a key role in at least maintaining production
levels in drought-prone areas. For this reason, drought
continues to be GCP’s number one priority in the quest for
greater drought tolerance for food crops in GCP’s target
regions.

Drought is one of the biggest threats facing agriculture
today, with devastating and far-reaching effects on entire
landscapes and regions. It drastically reduces crop yields,
more often than not resulting in total crop failure. The
Food and Agriculture Organization of the United Nations
(FAO) ranks drought as the single most common cause of
severe food shortages in developing countries. In a
comparison of food emergencies between 2002 and 2004,
drought was involved in 50 to 70% of the cases,
significantly surpassing other causes such as conflict,
flooding and economic problems. More than three-quarters
of the world’s maize-growing regions suffer up to 50%
yield losses each year due to drought.

Programme discussion

Generation’s research, capacity-building and delivery
activities are organised under five subprogrammes (SPs)
and executed through three funding schemes: competitive
grants, commissioned research projects and special
projects. The five subprogrammes are the operational
structure for allocating and managing research projects.
Building on CIMMYT’s accounting software, Axapta, we



will develop a customised GCP workflow system. This
Web-based system will ensure easy and seamless access
by our geographically distributed Management Team to
project progress reports and financial information. The
system will further enhance GCP project monitoring and
also promote transparency on GCP’s achievements since
some of the information will be publicly available through
our Web site, and accessible to the entire GCP scientific
community worldwide.

Subprogramme 1: Genetic diversity of global resources
Characterises the diversity of crop germplasm collections
in the custody of the CGIAR and national programmes in
terms of genetic structure and associated phenotypic
variation.

Subprogramme 2: Comparative genomics for gene
discovery

Uses or develops genomic tools and technologies and
evaluates multidisciplinary approaches to better understand
gene function and interaction to improve knowledge of
gene systems across crops.

Subprogramme 3: Comparative trait capture for crop
improvement

Validates gene function and refines molecular breeding
systems and the resulting enhanced germplasm, so as to
increase the efficiency, speed and scope of plant breeding.

Subprogramme 4: Bioinformatics and crop
information systems

Integrates GCP information components and analysis tools
into a coherent information gateway and provides support
for data analysis to the other GCP Subprogrammes.

Subprogramme 5: Capacity-building and enabling
delivery

Empowers scientists in developing country national
programmes to use modern breeding approaches. SP5 also
coordinates the development and implementation of
project delivery plans and is responsible for intellectual
property issues and policy and impact assessment research.

Research framework

GCP’s research framework is unique, composed of three
complementary funding mechanisms—competitive grants,
commissioned research projects and special projects.
These three mechanisms are well-suited to our agile
funding system and also guarantee that GCP’s research
portfolio is fine-tuned to the latest developments in the
dynamic research-for-development world in which GCP
operates. In the logframe, we identify the funding
mechanism for each output. This includes discretionary
funds granted annually to GCP’s half-time SP leaders
(SPLs) to conduct research directly applicable to SP
objectives. Results from this research count as specific
GCP outputs.

1) Competitive grants

a. The 1¥ round of competitive grants comprised 17
projects, each with an annual budget of about
US$300,000. They were launched in January 2005
and are scheduled to end in January 2008. However,
as is common with new programmes, a number of
first-round projects started late, or had a slow start.
Realistically, we expect most of these 1% round
projects to continue beyond January 2008 on a no-
cost extension, which is why they feature in the
current logframe.

b. The 2" round of competitive grants has 6 two-year
(2007-2008) projects of between $300-400,000 per
year. The call went out in February 2006 and the six
projects were selected in October 2006. However,
due to delays in disbursement of EC funds, the
projects are on hold and will commence in mid—
2007.

2) Commissioned research projects: These are typically
one- to two-year complementary projects with an
annual budget ranging between US$ 20,000-300,000.
They are designed to add value to the array of genetic
and genomic resources publicly available through
GCP by addressing a specific need, or by collating
outputs from research projects. New commissioned
projects have been delayed in 2007 due to delayed
funding.

3) Special projects: For these projects, budget and
activities are developed in close collaboration with
donors based on specific requirements. An example is
the three-year project, funded by the Bill & Melinda
Gates Foundation, on ‘Improving tropical legume
productivity for marginal environments in Africa’.
This special project starts in 2007 and its outputs are
reported in this MTP.

The management realises that a good balance between the
three kinds of project is important to optimise programme
efficiency. We want to continue to capture new ideas,
approaches and bring in partners that fit our research
priorities, keeping the flexibility of consolidating our
project portfolio around the most important and most
promising axes. In this sense, GCP would like to have a
competitive call about every 18 months. Given our
financial prospects, we are confident that a third call will
be made by the end of 2007, or in early 2008. Like the
second one, the third call will also be thematic, drawing
from GCP’s Strategy Framework and outputs of the
reference studies.



Centre Financial Indicators

GCP has maintained a healthy financial position, thanks in
large part to support from committed funders. Our major
funders are the European Commission (EC), the UK’s
Department for International Development (DFID) and the
World Bank—they jointly contribute about 90% of our
total income in 2006. The Rockefeller Foundation, the
Swiss Agency for Development and Cooperation and the
Swedish International Development Cooperation Agency
also support GCP.

The EC contribution alone accounts for about 40% of our
annual budget. Because the EC and the World Bank were
unable to arrive at a working arrangement for
disbursement in 2006, the EC contribution was formally
cancelled in November 2006, significantly crippling GCP
operations in 2007. However, most of the 2006 funds
should be recovered in 2007, on top of the 2007
contribution, and the EC’s support to GCP remains
unwavering.

Because the non-delivery of the EC’s 2006 CGIAR
contribution resulted in significant negative impact on the
CGIAR’s 2006 operations, the CG secretariat allocated $6
million from the World Bank’s CGIAR account as partial
compensation for the loss of EC funds. This compensation,
accounted for as 2006 revenue, was calculated on a pro
rata basis for the resources allocated by the EC to different
Centres and Challenge Programmes, and GCP received
$1.3 million.

The $10m-Bill & Melinda Gates Foundation project on
‘Improving tropical legume productivity for marginal
environments in Africa’ will commence in mid- to late
2007. The project will promote modern breeding to
improve the productivity in sub-Saharan Africa of four
legumes (groundnuts, cowpeas, beans and chickpeas). The
three-year project will develop key genomic resources that
are currently lacking, identify molecular markers for
important traits and improve breeding capacity in sub-
Saharan Africa. It will be a collaborative project between
US universities, CGIAR centres, EMBRAPA and NARS
in sub-Saharan Africa.

So despite a temporary setback, funding prospects for GCP
are positive for 2007 and the years that follow. Although
funds are not secured yet, we have indications that DFID
will maintain their contribution to GCP at the same level
as previous years. We have also been informed that
because of the problem that occurred in 2006, the 2007 EC
contribution will include a (partial) compensation of the
2006 non-funding. Switzerland also began supporting GCP
at the end of 2006. The new Bill & Melinda Gates
Foundation-funded legume project represents an increase
of about 20% above our 2006 income.

Alignment with CGIAR Systemwide
Priorities

Generation’s fundamental efforts to develop new
knowledge and products support the United Nations
Millennium Development Goal (MDG) of halving, by
2015, the number of hungry people and those living on less
than a dollar a day. When these efforts result in superior
crop varieties, they offer potential for poor farm
households to improve their food and nutritional security
and income. They also offer the prospect of affordable
food for poor consumers.

Aside from supporting progress towards this first critical
Millennium Development Goal, GCP contributes directly
and indirectly towards the other MDGs.

GCP has several means of establishing and maintaining its
focus, relevance and applicability. All GCP activities fulfil
one—or more—of the CGIAR System Priorities for 2005-
2015. The characterisation of crop diversity is at the heart
of GCP’s work, fulfilling Priority 1a: Promoting
conservation and characterisation of staple crops.
However, the most important for GCP is Priority Area 2:
Producing more and better food at lower cost through
genetic improvement. This Priority Area easily describes
GCP’s own overall objective. GCP activities that fulfil
other System Priorities nevertheless contribute to the
overarching goal of Priority Area 2. These activities fulfil
the following CG priorities:

la: Promoting conservation and characterisation of
staple crops

2a. Maintaining and enhancing yields and yield potential
of food staples

2b. Improving tolerance to selected abiotic stresses

We would like to highlight a change in resource allocation
from what was reported last year for Priority 5D—
Improving research and development options to reduce
rural poverty and vulnerability. Last year, we allocated all
our resources for training and capacity-building in 5D
because we did not realise that 5D aggregates stand-alone
activity in development and capacity-building. In the case
of GCP, training and capacity-building are not an
independent effort: they are both firmly embedded in our
research projects. We therefore decided to shift the
resources previously allocated under 5D to the other
research priorities identified and listed above.

The project narrative section that follows provides a
detailed analysis of GCP Subprogrammes, and how their
outputs to fulfil these CG System Priorities.



Collaboration and Partnerships

The GCP Stakeholder Committee was convened by the
Global Forum for Agricultural Research (GFAR) in
response to an EC recommendation to incorporate GFAR
in the development and implementation of EC-supported
Challenge Programmes. The rationale is to ensure better
representation in GCP decision-making of regional and
sub-regional agricultural fora and other stakeholders such
as farmer groups, NGOs, CSOs and the private sector. The
Stakeholder Committee should serve as a neutral platform
for inter-stakeholder dialogue, and as a link between GCP
and the various stakeholders. The Committee provides
input and feedback to the PSC and recommendations to
improve multi-stakeholder involvement, especially from
the Global South and civil society. The GCP Director and
the SP5 Leader are the liaison with the Committee.
However, the Committee has not functioned as envisioned.
In this period when the entire GCP governance structure is
under review, there are plans by the EC, GFAR and GCP’s
Management Team to revamp and revitalise this vital
Committee, and dialogue has already been initiated.

To fulfil its mission, GCP has forged and nurtured R&D
partnerships in research, breeding and delivery, but more
needs to be done to improve interactions with the private
sector. Like other CGIAR Challenge Programmes,
Generation was created to yield large impacts in the short
term through multidisciplinary approaches. It is therefore
imperative that GCP cultivates partnerships and every
activity in GCP is a collaborative exercise with carefully
chosen partner institutions that have complementary
expertise. The project narratives in the sections that follow
provide details on GCP’s partnerships, and the full list of
GCP partners is in Appendix A.

GCP continues to collaborate with the other three CGIAR
Challenge Programmes in communication, research
planning and impact assessment. We are also exploring
partnership with the HarvestPlus Challenge Programme in
developing the Project Development Guide below.

Because GCP research is mostly ‘upstream’, it is critical
for us to collaborate with organisations involved in large-
scale plant breeding, seed multiplication and seed
distribution. The Program for African Seed Systems
(PASS), jointly funded by the Bill & Melinda Gates
Foundation and The Rockefeller Foundation, is of great
interest to GCP. And the interest is mutual: The
Rockefeller Foundation perceives GCP as an important
player and conduit in developing and bringing new
molecular markers for plant breeding to Africa, while GCP
sees PASS as an efficient pathway for GCP products to be
used by breeders and reach farmers’ fields. In this way,
GCP will train African breeders, involve them in GCP
activities and get a better handle on African breeding
programmes, with the added potential of identifying

fruitful new partnerships. As a first step, GCP has
committed to supporting training at the African Centre for
Crop Improvement at the KwaZulu-Natal University in
South Africa, a centre supported by The Rockefeller
Foundation. GCP will cultivate further collaboration with
PASS as a crucial pathway for product delivery to Africa.

An additional partner for our new project on improving
tropical legumes is the Kirkhouse Trust. The Trust
supports the development of genomic resources for
cowpeas in Africa and is considering branching further out
to beans and/or chickpeas. The Trust has also invested in
enhancing laboratory capacity for molecular markers in
Africa. This is of great interest to GCP as we begin to
consider new approaches for marker work in Africa.

In 2006, GCP signed a Memorandum of Understanding
(MoU) with the Global Diversity Trust for collaboration
on activities of mutual interest, especially conservation,
research and development of plant genetic resources for
food and agriculture (PGRFA).

The role of the private sector for GCP is also evolving, and
growing. We recognise the private sector as key partners
and we are identifying practical ways to involve them
more actively in our research activities. Our goal is to tap
the crop science technology and expertise of researchers
and managers in large transnational seed companies. In
this regard, a couple of initiatives started in early 2007.

First, a project to develop a web-based Project
Development Guide (PDG) was initiated in April 2007.
This initiative, supported mainly by the Syngenta
Foundation for Sustainable Agriculture in collaboration
with GCP, will generate a project management knowledge-
based tool to increase the quality of GCP proposals and
maximise timely delivery of products. The consultant
leading the project has over 20 years of broad international
experience in agribusiness, specialising in product
development, registration and research. In developing the
tool, we are drawing on Syngenta’s private sector
experience.

The other initiative relates to active scientific
collaboration. Over the last few years, scientists at
Syngenta have successfully applied marker-assisted
recurrent selection to improve maize for polygenic traits
like grain moisture content and precocity. A proposal is
currently under discussion to tap into this expertise to
improve sorghum yield under water-stressed condition in
Africa. By tapping into Syngenta’s expertise and genomic
resources, this would be a working example of how
technology developed by the private sector can benefit
plant breeding in the South. In such a scenario, scientists
from Syngenta would be active project partners alongside
breeders from African countries to improve sorghum.



Another subsector of interest is the small- and medium-
size enterprises (SMEs). The niche of SMEs is quite
different and the idea behind the collaboration is to more
widely disseminate GCP tools and value-added
germplasm. SMEs are an excellent channel for reaching
small scale-farmers. In India, through the Barwale
Foundation, contact has already been established with the
Indian Foundation Seed and Services Association (IFSSA),
supported by the Barwale Foundation. IFSSA links public—
private seed sector partnerships for value-adding and to
provide farmers with quality seed. With these new
contacts, we expect Generation to have an impact on seed
production in India. Africa will however be a bigger
challenge and we will start by engaging the private sector
and NGO networks in the seed business. Representatives
from several African seed companies and NGOs will be
invited to GCP’s 2007 Annual Research Meeting (ARM)
in South Africa to discuss potential collaboration with
Generation.
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Governance and Consortium

In 2005, the PSC set up a Task Force on Governance
Structure to review GCP’s governance. The task force
developed a set of options and recommendations for
reform, which were presented during the 2006 PSC
meeting. However, the PSC did not endorse the proposed
recommendation since further clarity was needed on some
fundamental issues on Generation’s identity. Therefore,
the Task Force’s Terms of Reference were revised: new
recommendations for reforming GCP’s governance will be
tabled in 2007, and a final decision made when the PSC
meets in early December. Any changes in governance will
affect the Consortium Agreement,* and could also have
implications for Consortium composition.

Meantime, in 2006, the Australian Centre for Plant
Functional Genomics applied for Consortium membership.
The PSC ruled that the application be shelved pending the
approval of recommendations from the Task Force.
Likewise, for provisional members approved last year (see
Appendix A); their ratification as full consortium members
shall be postponed until the Task Force completes its
work.

4 GCP Consortium Agreement accessible at:
http://www.generationcp.org/whoweare.php




Achievements in 2006
2006 Impact Highlights

New representative samples finalised for six crops and new SSR markers identified for 10 crops for use in large-scale genotyping
Targeted genotyping for candidate genes: 79 drought-related maize genes studied for screening 350 inbred lines

Universal Core Genetic Map for rice developed and advances made in chromosome segment substitution and backcrossing with
wild relatives for several populations (10 in total)

Drought phenotyping network strengthened and a community of practice established for less-studied and slow-to-breed crops such
as potato, cassava, Musa and coconut

New expressed sequence tag (EST) for pearl millet and cowpea, more genomic resources generated for Musa, and contribution to
the production of SNP data across the genomes of 20 rice lines

Transcriptome analysis to bridge the gene—phenotype gap for efficient identification of candidate genes responsible for target traits
Gene for Al tolerance sorghum identified; 288 maize lines phenotyped for Al tolerance and six genes found associated with maize Al
tolerance

Gene for P-deficiency tolerance (Pupl) fine-mapped to within 300 kb (kilobase). Twelve gene-specific markers diagnositic of
Pupland 25 candidate genes identified

o Phenotyping approaches and protocols improved and a publication under development
o Support-systems for marker-assisted selection developed to convert gene-based knowledge into robust molecular breeding

approaches

Molecular breeding systems pilot-tested with simply inherited traits

Markers for virus resistance in cassava and Striga resistance in cowpea available for generating more resistant germplasm
Low-cost, high-throughput markers developed for maize grain quality, and for bacterial blight resistance in rice, providing essential
methodological insights for routine, large-scale marker conversion

Experience and technologies transferred to less-studied crops: wide crosses and molecular marker analysis leading to a new
paradigm in groundnut breeding based on successful use of synthetics in breeding of other complex polyploid crops (e.g., wheat
and canola)

GCP Central Registry and GCP data templates established and data uploaded for public download

ICRISAT's Laboratory Information Management System (LIMS) installed at BecA and IITA-Ibadan

iIMAS software to aid marker-assisted breeding released for testing in 2007

Course on genetic resource policies and freedom to operate assessed

Global Genotyping Support Service for NARS launched, bridging laboratory and field research

Delivery Plan Kit developed for implementation in 2007 to streamline research product management and delivery

Ex ante impact targeting conducted for regions, crops and traits to guide decision-making and resource allocation

Concept for a la carte (tailor-made) capacity-building for applied research NARS teams developed

IP Helpdesk for the GCP community launched to help implement the GCP Consortium Agreement in the context of the broader IP
context

Subprogramme 1: Genetic diversity of for sorghum and on Illumina-detected SNPs for rice; their
global genetic resources throughput and cost efficiency will be determined, for
application of quick genotyping in the thousand-marker

1. Progress in genotyping, marker development and range. More specific method§ have been set up in barley
application for analysing the structure of the for the_revelatlon of non-coding SNPs that may cause
diversity in major food crops allelic imbalance.

The analysis of germplasm structure has progressed . ]

markedly for most of the 21 GCP crops. New 2. Targeted genotyping for candidate genes

representative samples were finalised for six crops and Complementary to structure analysis, the survey of

new SSR markers were identified for ten crops for use in specific candidate genes aims at accessing functional

large-scale genotyping. The SSR genotyping effort per se dlv_ersny. This is pursued in several projects. A study on

has been completed for several new crops, providing a maize gncompassed 79 drought-related genes,_whereby 1-

definite basis for identification of reference samples; 3 amplicons per gene, and 2-3 SNPs per amplicon have

massive data have been deposited in the GCP registry for ~ been found, and will be included into a chip that will be

maize, wheat, barley, chickpea, common bean, lentil, used to screen the 350 inbred lines in _thls study. In a

potato and coconut. Data for pearl millet, finger millet, coordinated study across several species, there have been

pigeon pea, cassava and sweet potato leads are near successful efforts t_o deyelop comparatl_ve diversity studies

completion. New genotyping methods were further for ABA-Stress-Ripening (ASR) protein genes (most

assessed for whole-genome profiling, with focus on DArTs ~ advanced in rice, sorghum and barley), for ERECTA and
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ERECTA-like protein genes (rice, sorghum, barley,
common bean, chickpea, potato and cassava) and for
DREB2A.

3. Genetic base in rice increased

A pilot project on rice refined interspecific introgression
population panels between Asian and African cultivated
rices and further developed interspecific backcrosses with
various wild species. At the end of 2006, the project had
numerous achievements. Five interspecific genetic maps
were developed, two populations (O. sativa x O.
glaberrima) were advanced towards fixation of
chromosome segment substitution (CSS), four cultivated x
wild BC1F1 populations were genotyped, four cultivated x
wild BC2F1 populations were derived, a Universal Core
Genetic Map for rice was established with distributed
clusters of SSR loci, and a set of bioinformatics tools were
developed to facilitate development and exploitation of
CSS lines. This has fostered vibrant international
collaboration, thus opening up avenues for further
research.

4. Andalso...

A drought phenotyping network was strengthened by
integrating modelling approaches with the EMBRAPA
capacities in a multidisciplinary effort. A more general
inventory of capacities has been started. The understanding
of linkage disequilibrium has progressed for rice and
sorghum. A community of practice has emerged for less
advanced and slow-to-breed crops such as potato, cassava,
Musa and coconut. Altogether, this will facilitate
association studies in various types of populations.

Subprogramme 2: Comparative
genomics for gene discovery

1. Enhanced public genomic and genetic resources
Through GCP investments in different consortium
activities, we see increasingly more genomic and genetic
resources in the public domain. Two GCP-sponsored EST
projects have generated new pearl millet EST from
differential cONA libraries, and they were annotated and
submitted to GenBank. This represents a significant
addition to the pearl millet EST resource. Similarly,
additional EST data from cowpea were added to the public
database. Under the project ‘Targeted Musa genome
sequencing and frame map construction’, Musa EST are
anchored to the rice genome, and additional genomic
resources (BAC and EST sequences, SSR markers) are
generated for Musa®. GCP also contributed to the
production of SNP data across the genomes of 20 rice
lines. A full dataset has been generated from Perlegen
Sciences. Preliminary statistics show a total of about

5 See http://www.musagenomics.org
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260,000 SNP calls, yielding an average of 2.6 SNP per
1,000 base pair (bp) between a pair of rice lines.

As of mid-2007, the OryGenes database® developed at
CIRAD has over 140,000 insertion sequences tagged by
flanking sequence tags (FSTs) on the rice genome. This
database can be used to search for knockout inserts in
candidate stress-associated genes and has a 50% success
rate, providing a valuable resource for extracting mutants
of many plant genes.

2. Bridging the gene—phenotype gap with transcriptome
analysis

Work led by National Institute for Agrobiological
Resources (NIAS) has demonstrated the potential of
applying transcriptome analysis to shortlist candidate
genes. The team found that genome-wide expression
patterns in a pair of isogenic lines can inform
chromosomal introgression, and hence can lead to efficient
identification of candidate genes responsible for target
traits. Because advanced backcross or near-isogenic lines
are common products in plant genetics research and crop
breeding, the experimental approach developed by the
group should have broad appeal to the plant science
community, forming a foundation for further research.

3. Candidate genes and genetic regions for stress
tolerance identified

The Cornell-led project on tolerance to aluminium (Al)
toxicity in cereals has made significant progress on both
sorghum and maize Al tolerance. In sorghum, the team
verified that the gene identified via map-based cloning was
responsible for the major sorghum Al tolerance locus,
Altsg. Function of the gene was supported by over-
expression in Arabidopsis, where the gene confers Al
tolerance via its function as an Al-activated root citrate
efflux transporter. For the maize Al tolerance work, the
team phenotyped 288 maize lines for Al tolerance. From
this analysis, six genes were found associated with maize
Al tolerance. Four of these genes are putatively involved in
root organic acid exudation, while the other two may be
involved in cell wall composition. Research on these genes
is ongoing.

The IRRI-led project on identifying genes underlying
tolerance to salinity and P-deficiency in rice has identified
narrow chromosomal regions containing candidate genes.
Markers were identified in the 1.2 kb Saltol region, which
together with genome-wide markers, can be used in
marker-assisted backcrossing (MAB) to transfer Saltol into
popular varieties. The gene for P-deficiency tolerance
(Pupl) was fine-mapped to within 300 kb (kilobase).
Twelve gene-specific markers diagnositic of Pupl were
developed. Based on in silico and RT-PCR expression
analyses, 25 candidate genes were shortlisted. Further

6 See http://orygenesdb.cirad.fr




analyses are being conducted to identify a few candidates
for transformation experiments.

Subprogramme 3: Trait capture for crop
improvement

Subprogramme 3 (SP3) aims to create product-driven
teams that span the innovation-to-impact continuum and
bridge the gap between the development of research
outputs and their actual use in breeding programmes. The
ongoing commissioned projects use various approaches to
develop a better understanding of, and better methods for,
incorporating complex traits, including improved
phenotyping approaches and protocols, MAS simulation
and the development of decision-support tools and markers
development for more efficient breeding. Because SP3
projects build on what has been achieved in SPs 1 and 2,
the resources allocated to SP3 have been modest in
Generation’s first years. It is however clear that the
situation will change given increasing outputs from SPs 1
and 2. SP3’s progress in 2006 is described below.

1. Phenotyping approaches and protocols improved
Several projects have contributed to the improvement of
phenotyping approaches and protocols, but this
information still needs to be disseminated and applied in
the evaluation of GCP material (sets of reference,
segregating populations, etc.). Phenotyping issues were
intensively discussed during GCP’s ARM in 2006. A
recommendation from the ARM is a phenotyping
document currently being compiled by SP3 that includes
contributions from many partners in the GCP community,
describing new approaches or providing guidelines for a
series of crops. This document should be published at the
end of 2007. The SP3 Leader visited EMPRAPA to
acquaint himself with EMBRAPA’s phenotyping platform
and analyse its potentialities for evaluating GCP genetic
materials. This platform can be considered as the first
strand in a GCP network for accurate phenotyping of
GCP’s reference collections and segregating populations
for different crops.

2. Support-systems for marker-assisted selection
developed

The overall objective of SP3 is to apply the new gene-
based knowledge generated by SP1 and SP2, or outside the
GCP, across a wide range of crops (cereals, legumes and
clonal crops) focusing on the target regions identified
recently by GCP. This knowledge must be rapidly
converted by SP3 into robust molecular breeding
approaches and tools for abiotic stress tolerance and
related traits. The traits/approaches and tools are then
evaluated in different germplasm. A range of facilitating
technologies, such as simulation, modelling and decision-
support tools, are essential for rapid and widespread
adoption of these molecular breeding approaches and tools
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among conventional breeding programmes. For example,
simulation work based on wheat breeding at CSIRO aims
to identify optimal strategy (nature and size of segregating
populations) to combine known genes (using perfect or
near-perfect markers) into single genotypes for use as
parents for further field screening.

3. Molecular breeding systems pilot-tested with simply
inherited traits

Good progress has been made in the development of
technologies for gene-based MAS of disease resistance. It
is clear that the main focus for SP3 is still crop breeding
for marginal environments with drought tolerance as the
focus trait. However, the number of validated markers for
drought tolerance is quite limited today and there is an
urgent need to promote the use of markers in some of the
GCP target environments. As a compromise, the use of
markers for simple inherited traits available today will be
considered in terms of their extent to impact crop
performance in GCP marginal target environments. For
example, markers for virus resistance in cassava and Striga
resistance in cowpea are already available to generate
germplasm with enhanced pest and disease resistance.
Low-cost and high-throughput markers have also been
developed for grain quality in maize, and for bacterial
blight resistance in rice. These proof-of-concept activities
provide essential methodological insights for routine,
large-scale marker conversion activities once GCP
develops gene-based technologies for drought tolerance.

4. Experience and technologies transferred to lesser
studied crops
GCP investments are already catalysing exciting new
approaches to breeding less-studied crops. For these crops,
it is important that we move ahead with the technologies
available. For example, the project ‘Unlocking the Genetic
Diversity in Peanut’s Wild Relatives with Genomic and
Genetic Tools’ uses wide crosses and molecular marker
analysis to drive a new paradigm in groundnut breeding
based on the successful use of synthetics in breeding of
other complex polyploid crops, such as wheat and canola.
Given the narrow genetic base of groundnut varieties, this
approach is likely to have large impacts on groundnut
breeding.

Subprogramme 4: Bioinformatics and
crop information systems

Subprogramme 4 (SP4, Project 4 in the MTP) is the most
inward- and support-oriented GCP subprogramme,
facilitating the biometric and bioinformatic components of
GCP research including public access to tools and data. As
a result of this inward orientation, the achievements of
SP4, though considerable, are not always very visible (we
don’t build Eiffel towers: we build roads and sewage
systems). Some of the more visible achievements include:



1. GCP Central Registry and GCP data templates
firmly established

To create access to the data produced in GCP projects,
GCP is implementing a system of web services in all
institutes involved. But since this system is only gradually
taking shape, a parallel short-term low-tech solution has
been implemented. Based on the GCP Domain Models,
which are also used in software development and web
services, templates have been designed that allow the
storage of a wide array of data in a fully interpretable
form, usually in spreadsheets. In this way, GCP scientists
can easily copy their data from their local computers into a
common portable format. These datasets are uploaded to a
GCP Central Registry where they are made available for
download to the world via a website with search facilities.
Also, the datasets that are not yet available for download,
or available in public databases, are documented there with
the contact details of the scientists who created them (Ref
gcpcr.grinfo.net). With the templates now in place, we will
continue to populate the Central Registry with data
formatted consistent with the long-term goal of a system
web service.

2. ICRISAT’s LIMS installed at BecA and I TA-
Ibadan

Partly funded by GCP, ICRISAT has created and installed
a Laboratory Information Management System (LIMS).
This modular system allows proper tracking of samples
and capture and handling of data from laboratory
equipment. Based on a request from the Biosciences
Eastern and Central Africa (BecA) facility and I TA-
Ibadan, GCP supported ICRISAT in adapting and
installing their LIMS in these two institutes. The result is
much more reliable data handling and thus higher quality
data production in these two institutes. It illustrates that
relatively small investments in data handling can increase
the value of the output considerably (Ref
cropforge.org/projects/icrisatlims). LIMS will be
disseminated to more Consortium member institutes and
staff trained to increase efficiency in bioinformatics for
crop improvement programmes, and to facilitate better
data exchange and analysis.

3. iIMAS released

On marker-assisted selection, many software packages are
available to support experimental design, map creation,
QTL location, visualisation and the choice of parents for
breeding. Some packages are commercial but most are
free; most software is good, some is not. As a result, the
choice of software is very difficult for a MAS breeder-to-
be. To support this choice, GCP analysed the workflow of
MAS and selected alternative packages that could be used
for each required functionality. The quality of these
packages was tested, and the best were selected, together
covering the entire workflow. Permission to use the
packages was also obtained from the owners. An interface
was created that allows access to each package handling
the complicated format conversions, documentation was
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written, and the entire package, iIMAS, was released as a
stand-alone application. In 2007, the package is being
extensively tested by potential users from NARS, for
further improvement and to help determine additional tools
to be added to iIMAS.

Subprogramme 5: Capacity-building and
enabling delivery

Subprogramme 5 (SP5, Project 5 in the logframe) is GCP’s
product delivery arm. At GCP, capacity-building is not an
independent stand-alone activity. Rather, it is firmly
anchored in the direct activities of all the other SPs (1 to
4). As Generation matures and generates more and more
products, capacity-building and product delivery are also
evolving and increasingly coming to the foreground. For
instance, Generation’s new strategy requires that all new
project designs have a clear product delivery plan. The role
of SP5 is therefore not an end-of-pipeline activity but right
from conceptual stage. This is clearly illustrated in all the
new projects set to start in 2007. Project kick-off meeting
will identify partner training needs and formulate product
delivery plans, in line with GCP’s new strategy which
emphasises product delivery.

In GCP’s early years, SP5 undertook numerous capacity-
building projects alongside ongoing research in the other
SPs. As we approach the end of Phase | and refine our
approach to capacity-building, SP5 is in a better position to
more accurately identify needs and target users in support
of the other Subprogrammes. In 2006, SP5 began
implementing the product delivery strategy developed in
2005. Main achievements in 2006 included launching the
Genotyping Support Service (GSS) and developing the
Delivery Plan Kit, to be launched in 2007. GSS adds value
to, and ensures continuity of the work of, SP1 to promote
genetic diversity analysis of germplasm; SP2 and SP3 to
support modern plant breeding for NARS; and SP4 in
ensuring data analysis and interpretation. In 2007 and
beyond, SP5 will also strengthen links with SP3 in pre-
breeding product management, ensuring the smooth flow
of GCP research products along the research—delivery
continuum.

Over and above direct GCP activities, SP5 also supports
capacity building in the global arena to ensure partners are
attuned to scientific and policy advances that affect their
work. An example is the 2007 workshop on the
International Treaty on Plant Genetic Resources for Food
and Agriculture. By 2008, course materials will be
available online and on CD/DVD. Another forward-
looking activity in SP5 is ex ante analysis to evaluate the
impact of key GCP products and to help refine Generation
target traits and regions based on local needs. The first
results on impact assessment are already available to guide
GCP’s decision-making and resource allocation.



SP5’s key achievements in 2006 are briefly outlined
below.

1. Genotyping Support Service

The Genotyping Support Service was launched in 2006. It
is a landmark achievement that facilitates access by
national agricultural research systems (NARS) to
genotyping technologies, providing a much-needed bridge
between laboratory and field research worldwide. GSS is
an all-inclusive package that offers cost-efficient
genotyping services, providing access to data and support
(which builds local capacity), and including training for
proper interpretation of genotype and phenotype data to
assist modern plant breeding in the global South. In its first
year, GSS was used by breeding programmes across three
continents, specifically on Musa (Brazil and the
Philippines), groundnut (Bangladesh and Bolivia), potato
(Bolivia and Chile) and cassava (Nigeria, Uganda and
Tanzania). GSS adds value to SP1’s work on genotyping
by promoting the use of molecular markers to assess the
potential value of germplasm and breeding materials for
relevant agronomic traits. This extends the scope and reach
of SP1’s work, bridges the gap between molecular
laboratories and field practitioners, and also generates
useful tools. Also, GSS encourages the application of
validated markers for molecular breeding to advance
activities in SP2 and SP3. Based on user feedback, we will
continue to improve GSS the coming years, and extend it
to cover more crops.

2. Delivery Plan Kit developed

SP5’s role in product delivery is crucial in the
implementation of GCP’s Delivery Strategy. By
developing the Delivery Plan Kit, SP5 spearheaded the
implementation of the strategy. This kit is a tool for
streamlining product management and delivery. It
comprises a set of linked MS-Excel worksheets, which will
be converted to a user-friendly and interactive template
with a glossary and guidance notes. To ensure proper
project design and implementation, the sheets have
prompts on expected products and users of GCP projects,
anticipated constraints to product transfer and user
capacity-building needs, plus intellectual property issues
relevant to the project. The kit will be implemented in
2007 starting with the suite of six competitive projects
awarded in 2006 and the special project on improving
tropical legumes for Africa. The kit was designed with the
help of a panel of experts in technology transfer, research
management, impact assessment and marketing. For each
new major GCP project, a delivery plan is now a pre-
requisite.

3. Early results on ex ante impact targeting

To ensure product delivery and informed decision-making,
GCP commissioned a study as a foundation for a credible,
realistic, needs-driven resource allocation strategy that will
result in measurable impacts to solve the problems of
resource-poor farmers. The study identified geographical
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areas with a high incidence of poverty and high drought
risk, and the crops grown and consumed there. Because the
findings are significant and of global relevance, a paper
summarising this study has been submitted to a refereed
journal for publication. Additionally, a pilot study was
conducted to examine the relative importance of secondary
breeding objectives, relative to drought, for selected crops.
Both these studies will inform and guide research in SPs 1
and 2, and help to better select pre-breeding materials in
SP3.

5. A lacarte capacity-building

SP5 focuses on both the global picture and local needs by
harnessing the benefits of the broader scope to address
local realities. With these two aspects in mind, and in close
collaboration with the other SPs, SP5 developed a new
customised capacity-building concept, which we dubbed
‘Capacity-building a la carte’. This concept guided a
proposal call to identify and provide tailored capacity-
building to applied research NARS teams engaged in
GCP-related research. The call required a customised plan
comprising training needs, mini-grants for basic
equipment, hands-on research in advanced research
institutions and in situ expert technical assistance. We
expect that this team approach to capacity-building will be
more effective than the individual training Fellowship
Programme, which will be phased out in 2009.

6. IP Helpdesk

GCP’s success in its mission largely depends on having
contracts or agreements that conform to the CGP
Consortium Agreement.” These subsidiary agreements and
the provision of necessary materials (including
germplasm) should facilitate research to deliver expected
outputs as global public goods. The online intellectual
property (IP) Helpdesk® is tailored to provide an
understanding of the GCP Consortium Agreement, thereby
facilitating its implementation. The Helpdesk answers
questions on IP issues, and provides the GCP community
with general information on IP and access and benefit-
sharing (ABS). The goal is to help GCP member
institutions, scientists and staff fulfil GCP consortium-
related IP management requirements. Launched in
September 2006, the Helpdesk has three main sections:
GCP Consortium Agreement Information, IP information
and an FAQ section. It also features a ‘Services’ section
which includes a facility for posing questions to a panel of
experts, and a ‘Resources’ section with links to IP
information in the broader global context beyond GCP.
The IP helpdesk is the first in a series of several self-
sustaining self-help services being developed by GCP.

7 GCP Consortium Agreement available at:
http://www.generationcp.org/UserFiles/File/Consortium_agreement sign
ed.pdf

8 |P Helpdesk accessible at:
http://www.generationcp.org/iphelpdesk.php?da=0629604




Deviations from 2006—-2008 MTP

Due to our current uncertain financial situation, most new
activities for 2007 have been put on hold (both competitive
and commissioned projects), but as soon as financial
support is assured, GCP will adjust its research portfolio to
what was originally planned for 2007. We are fairly
optimistic that all pending projects will be initiated in July
2007. This unexpected obstacle has delayed our workplan
for new 2007 projects by 6 months. The project for tropical
legume improvement is one year behind schedule since
project approval was delayed on account of management
staff turnover at the Bill & Melinda Gates Foundation. The
project was to have been approved in the last trimester of
2006 but the approval only came in May 2007.
Consequently, 2007 outputs for all of Generation’s five
Subprogrammes have been carried forward to 2008.

Subprogramme 1

Uneven efficiencies have been observed between
laboratories involved in massive SSR genotyping. A few
laboratories have accumulated delays or will be able to
deliver only part of the expected data. A comparative data
quality assessment will be performed before final delivery
as a public good. The necessity to invest in further
characterisation in other more efficient laboratories will be
determined on the basis of the analysis of available data.
The delayed availability of SSR data has had consequences
on other projects, which depend on them for data
comparison or for the extraction and distribution of
reference samples. SNPs in candidate genes benefited from
increased technical efficiency, but cross-species
comparisons suffered from the complexity of determining
orthology relationships, due to the more and more clearly
documented reality of ancient polyploidy; this will be a
permanent difficulty in GCP, which relies on comparative
genomics, and it points to the need to further develop basic
genomic resources such as ESTs. The integration of
modelling approaches in phenotyping suffered some
misunderstanding between agronomists, geneticists and
physiologists, which resulted in failure of some trials to
deliver proper data. Communication efforts are key to
multidisciplinary approaches meant to reconcile
disciplinary views and produce novel knowledge.

Subprogramme 2

The increasing accessibility of genome-wide gene arrays
has rendered unnecessary the initial plan of developing
‘stress genes’ array. Also, there is still no consensus on
what constitutes a comprehensive set of stress-related
genes. Thus, we will not pursue the development of stress
gene arrays any further. Rather, we will facilitate the use
of whole-genome arrays that have been developed for an
increasing number of species. Results generated from
different array platforms can be integrated into a common
dataset to enable data mining.
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GCP recognises that well-designed genetic stocks are a
prerequisite for gene identification; however, development
of mutant stocks faces delay due to the time required to
advance the seed stocks to achieve homozygosity. Stock
development is a time-intensive activity that requires
institutional commitment, often beyond the normal
lifespan of a GCP project. For GCP investment to be
effective, we will selectively support institutions and teams
committed to the development, maintenance and
distribution of stocks. Furthermore, to realise the benefits
of such genetic stocks, there must be a concrete plan to
promote usage, probably through existing research
consortia.

Subprogramme 3

GCP’s theme-based second call for competitive grants,
opened in February 2006, has two thematic areas that fall
directly under SP3’s objectives. The first is the
identification of superior alleles for aluminium tolerance
genes for deployment into sorghum breeding programmes
(output 4 in the SP3 logframe). The second is the detection
and fine-mapping of QTLs with major effects on rice yield
under drought stress (output 18 in the SP3 logframe). Both
projects have been delayed due to the delay in disbursing
EC and DFID funds. Most of the new commissioned
projects for 2007 have been also delayed for the same
reasons. Output 19, which contributes to the project on
improving tropical legumes in sub-Saharan Africa was also
delayed due to late approval of funding. The evolution
from methodological activities to molecular applications in
breeding was slightly slowed by the transitional phase in
SP3 management: a new SP3 leader came on board on 1
July 2006.

Subprogramme 4

This year’s MTP is clearly a continuation of last year’s;
some activities have been added (see next paragraph), and
some completed so they do not appear in the logframe
anymore. The new activities all concern support to GCP
scientists in designing experiments and analysing their
data. Some activities (Outputs 4.2 and 4.13 in the current
MTP) were to have been completed, but will continue—
the first, as a result of the developments in technology; the
second, anticipating the success of the product, and
therefore making it suitable for adoption by a wider
audience. The output targets listed in last year’s MTP have
largely been met, except in a number of cases (Outputs
4.13, 4.15 and 4.19 in the current MTP) where delay was
inevitable due to problems in hiring staff, or due to the fact
that a number of projects were postponed as a result of
GCP’s financial situation. However, there were no
fundamental methodological problems.

Subprogramme 5

Output targets on developing and translating training
materials were not fully met but are in progress. A total of
six projects were planned. In all but two cases, the reason
for not meeting the time target was that principal



investigators took a conscientious approach and hence the
work took more time than had been anticipated. In
addition, GCP has requested two independent reviews of
the drafted materials to ensure a high-quality product. In
the other two cases, staff turnover saw the departure of
those in charge. However, both cases have now been
solved and the work is in progress.

Output target 5.14 on a product distribution strategy is in
progress but the strategy document has not yet been
developed because it requires closer links with SP3. For
the strategy document to be comprehensive (and hence the
strategy effective) it must be preceded by a revised set of
templates for commissioned proposals and progress
reports. The templates are being developed in SP3 as part
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of the product management function, and will inform SP5
in developing the comprehensive strategy document.

Finally, Outputs 5.6 (implementing mini-grants
programme) and 5.19 (technical backstopping for NARS)
were merged into a new Output (5.6 in the present MTP,
Capacity-building a la carte Programme). This resulted
from the development of the new a la carte concept, which
provides better metrics for impact assessment and is a
safeguard against spreading too thinly. The Capacity-
building a la carte Programme provides an adequate
framework for comprehensive assistance, including
training and mini-grants for basic equipment and technical
backstopping.



Highlights of 2008 Portfolio

2007-2008 Targets

o In-house capacity established for fully documented scientific management of germplasm collections

o Linkage disequilibrium assessment extended to legumes

e More information on genotypic and phenotypic functional diversity: large-scale characterisation of reference

germplasm in drought-stressed environments

o |dentify or develop high resolution germplasm for genetic analysis

o Whole-genome profiling on sweet potato

o Generate new genomic resources for under-resourced crops, starting with sweet potato and pearl millet

o Generate new genetic and physical mapping resources produced for drought breeding in cassava

e Discover genes conferring stress tolerance using well-characterised near-isogenic lines (NILs)

e Implement new phenotyping techniques, especially for drought response

e Produce new ESTs and marker resources for four tropical legumes species: groundnut, cowpea, bean and chickpea

o ldentify orthologous genes across the key legume species

e Improve phenotyping network and establish a phenotyping support service (PSS)

o Validation and integration of new markers for crop breeding in GCP target farming systems

o Molecular breeding strategies transferred to NARS and regional molecular breeding communities established

o Application of modern breeding approaches to tropical legumes (beans, chickpea, cowpea and groundnut) by
integrating markers, phenotyping tools and protocols, and enhanced germplasm

o Web services tools and technology further developed and Web services technology applied in reference GCP
applications

e Bioinformatics and data handling support to GCP scientists

e Methodology for reconstruction of genealogies based on haplotypes related to geographic patterns

e Genotyping Support Service (GSS) extended to more crops

[ ]

to NARS researchers

Capacity-building a la Carte Programme launched for customised high-quality training and sustained technical support

o Project Development Guide (PDG) designed and implemented to systematise and streamline GCP project planning

and management and to ensure product delivery

e Ex ante socio-economic impact studies continued on GCP crops, traits and target regions for better-informed decision-

making and resource allocation

o Policy course on the International Treaty for PGRFA conducted for the GCP community

Subprogramme Highlights

Subprogramme 1: Genetic diversity of global
genetic resources

Year 2008 will see the termination of the large wave of
systematic genotyping for structure analysis and diversity
sampling from the large food crop collections. Data quality
control and data exploitation will require significant efforts
of a large community, as well as publication in a visible,
accessible and detailed fashion. Data and methodologies
will be turned to germplasm bank curators in order to
establish in-house capacity for fully documented scientific
management of germplasm collections. This will be
ensured by significant communication, exchanges and
training efforts from SP1 in close collaboration with SP5
and SP4. Linkage disequilibrium assessment will be
extended to more crops, in particular legumes, in order to
refine the ground for association analyses.
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At the same time, there will be more attention on
generating information on functional diversity. This will
be both on the genotypic side, with the characterisation of
candidate gene SNPs, and on the phenotypic side, with
large-scale characterisations of reference germplasm in
drought-stressed environments. A reference of materials
with contrasting behaviours in relation to drought will be
constituted on the basis of such experiments, as well as a
more general collection of field-proven highly drought-
tolerant (or susceptible) genotypes detected by the whole
community, be it formally in controlled experiments, or
incidentally in opportune circumstances. All this will
contribute to the era of drought-focused specialised
initiatives in SP1.

The identification or development of germplasm with high
resolution power in terms of genetic analysis will be
reinforced. Production of introgression panels, such as rice
chromosome segment substitution lines (CSSLs), as well
as/or other interspecific materials in both rice and barley,
will be emphasised. Production of recombinants from



multiple diverse parents will be initiated for several crops.
In an effort to explore existing materials from germplasm
banks, mining collections will be undertaken for extracting
panels with spontaneous introgression pattern or
spontaneous clinal differentiation which will lend
themselves to genetic analysis of adaptation to drought.
Whole-genome profiling will be undertaken with DArTs
on sweet potato, in order to investigate heterosis, a major
ground for improvement of vegetatively propagated crops.

Subprogramme 2: Comparative genomics for
gene discovery

Genetic resources and genomic toolkits are needed for
individual species in order to capitalise on new knowledge
and tools. Given the steady decline in sequencing cost (and
many sequencing centres now in fact have over-capacity in
sequencing), it is possible for GCP to sponsor (or co-
sponsor) cost-effective targeted sequencing projects for
crops that are currently under-resourced. We plan to
support the GCP community to generate new genomic
resources for two under-resourced crops—sweet potato
and pearl millet—both of which have potential to aid the
exploration of germplasm.

An exciting addition to the SP2 portfolio are new
activities on four tropical legumes species: groundnut,
cowpea, bean and chickpea. Under this set of activities,
we will generate molecular markers and create a reference
map for groundnut. A large collection of ESTs and SNP
markers will be produced for cowpea. For common bean,
the research team will produce drought-induced gene
libraries to aid the identification of candidate genes
controlling water use efficiency, osmotic adjustment or
root development. Similarly, new markers will be
produced for chickpea to construct a reference map with
at least 1000 loci. The genomic resources produced in
each of these species will enable the identification of
orthologous genes across the key legume species.
Together, the legume research network aims at integrating
over 1,000 orthologous markers into the genetic maps for
the four target species. We expect these efforts will enrich
the basic genetic and sequence resources for legumes.
Because these legumes have common as well as unique
drought tolerance mechanisms, cross-species maps will
significantly improve the community’s ability to apply
comparative biology in legume improvement.

New developments in genome-wide expression analyses
and production of genotypes with reliable drought-tolerant
phenotypes give us optimism in identifying genes and
pathways with significant effects on drought tolerance.
Results from a series of experiments using independent
derived NILs support the hypothesis that expression
signatures from one genome are highly correlated with
introgressed chromosomal segments. This presents an
opportunity to pinpoint genes responsible for drought
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tolerance using well characterised NILs. We will support
such approaches to discover genes conferring stress
tolerance.

We expect increasing integration of projects in SP1, SP2
and SP3. This will involve the production of recombinant
genetic stocks that are suitable for phenotyping at
molecular and whole-plant level. Several projects are
planned to implement new phenotyping techniques
particularly for drought response (e.g., carbon isotope
discrimination). A new project will be initiated to explore
the use of large-scale phenotyping methodologies to
identify drought-adaptive mechanisms in bread and durum
wheat.

With the available cloned genes or gene markers tightly
linked to the trait, we are in a position to transfer the
markers for implementatin in NARS breeding
programmes. New projects are formulated in conjunction
with SP3 to deliver these results and tools to breeding
programmes. We will emphasise the validation of genes or
genomic regions for their effects on local germplasm. This
will enable national breeding programmes to package the
necesasry traits into target varieties.

Subprogramme 3: Trait capture for crop
improvement

From now, GCP will increasingly evaluate germplasm for
resistance/tolerance to diverse biotic/abiotic stresses,
validate genes/markers in different target water-stressed
environments, and organise the exchange of potentially
useful germplasm developed by different projects. To
reach these objectives, a phenotyping support service
(PSS) will be established. Its activities will include: the
identification, for GCP target crops, of potential
phenotyping locations with adequate facilities and accurate
levels of expertise; the evaluation of their needs and, in
collaboration with SP5, strengthening them through
training and capacity-building activities; and monitoring
germplasm exchange. Geographic Information System
(GIS) tools may play an important role in the deployment
of PSS to select testing locations that are representative of
target environments, to determine to what extent
phenotyping data collected in a given testing site can be
used in other locations/areas worldwide, and finally, to
better understand GXE and QXE interactions and better
manage germplasm exchange.

In GCP’s early years, most commissioned and competitive
projects employed various approaches for a better
understanding of, and better methods for, incorporating
complex traits, including MAS simulation, decision-
support tools and marker development for more efficient
breeding. This effort has been fruitful and productive (e.g.,
low-cost, high-throughput markers). Many of the products
from these early years are still used by ongoing and new



projects. Subprogramme 3 is now entering a new phase,
emphasising the validation of these products (Theme 3)
and their integration in breeding programmes (Theme 4). It
can be estimated that in 2008 for example, almost 70% of
SP3 commissioned projects and resources will be devoted
to validation and integration of new markers for crop
breeding in target farming systems. Some of the validation
activities will be conducted jointly with SP1 and SP2 and
it is clear that a strong collaboration with SP5 will be
imperative to ensure NARS breeders will have the capacity
and expertise to conduct the work. In the frame of these
‘joint projects’, reference collections developed by SP1
(wheat, cowpea, chickpea and sorghum) will be evaluated
in target environments, while some genes/markers
identified by SP2 will be validated by NARS in Africa
(e.g., aluminium toxicity genes from SP2 projects, etc.).

Other significant developments in SP3 are the increasing
importance of drought and the active participation of
NARS breeders in projects and activities. Previously, most
SP3 projects focused on simply inherited traits pending the
availability of resources for drought tolerance. More
projects are now dealing with drought and other abiotic
stresses. The enhanced involvement of breeders and NARS
in the new projects will ensure quick dissemination of
markers in conventional breeding.

GCP investments are already catalysing exciting new
approaches to breeding less-studied crops. For these crops,
it is important to move ahead with the technologies
available. For this reason, several SP3 projects still focus
on simply inherited traits (e.g., multiple disease resistance
in groundnut, pest resistance in cowpea and virus
resistance in cassava and sweet potato). But for all these
crops, there are efforts to generate the necessary resources
for phenotyping, mapping and developing MAS for
drought tolerance. Through the new project on tropical
legumes, a new set of activities will be initiated in SP3,
targeting the application of modern breeding to those crops
(Output 19). This project will integrate the products
(markers, phenotyping tools and protocols, enhanced
germplasm) generated by other activities on tropical
legumes (Outputs 2, 8, 10 and 20).

Subprogramme 4: Bioinformatics and crop
information systems

The SP4 outputs planned in the current 2008-2010 MTP
could largely be copied from the previous MTP, with the
changes listed in the previous SP4 section on ‘Deviations
from 2006-2008 MTP’. A few new outputs have been
added:

Last year’s Output 4.4. (Web services technology
further developed and applied in reference GCP
applications) has been split in two outputs—Output
4.5 (Web services tools and technology further
developed) and Output 4.6. (Web services technology
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applied in reference GCP applications). This was
opportune given the possibility to strengthen the link
with the European Bioinformatics Institute (EBI), and
thus tapping their expertise more effectively.

In the framework of forging closer links with GCP
scientists and improving their hands-on support,
Output 4.11 (Bioinformatics and data handling
support to GCP scientists) was added. This output
aims to provide a clear overview of all SP4 products
by creating a website and will give quick help
(response time 48 hours) to GCP scientists by
mediating between the user requesting support and the
expert.

In response to a request from SP1 and in anticipation
of new scientific developments, we have added Output
4.17 (methodology development for reconstruction of
genealogies based on haplotypes related to geographic
patterns). This output will explore new possibilities on
analysing genotypic data for structuring genetic
diversity.

In terms of the focus on outputs and the expected impact, a
gradual shift can be observed from infrastructure building
to user support. Apart from outputs directly supporting
specific users, where feasible, all activities are now
expected to have users of the products listed in the
workplans which will ensure they are relevant and user-
friendly. These users have to be specifically identified,
thus allowing GCP management to monitor these activities
from a user perspective. This approach is expected to
continue in the coming years.

Subprogramme 5: Capacity-building and
enabling delivery

A number of SP5 activities will continue from the previous
MTP in support of the other subprogammes. These include
the Fellowship Programme, the Travel Grant Programme,
developing and translating training materials and selected
training courses. Two workshops are planned for 2007.
One will focus on the significance—to the Generation
Challenge Programme—of the International Treaty on
Plant Genetic Resources for Food and Agriculture. The
intention is to raise awareness among GCP collaborators
on their options when acquiring and distributing PGRFA, a
fundamental function in GCP. The second workshop will
be a distance-learning course on genetic resource policies
and freedom to operate. It will also serve as a forerunner
for designing regional courses on the same topics. The
workshop passed a test-run by GCP collaborators (ARM
2006). Results from the test run were used to design a
regional course on the same topic, tested in CWANA
region in November 2006. The course will be offered
online in 2007.

Also in 2007, SP5 will have several new activities
reflecting the increasing emphasis on product delivery,



greater cohesion with research in SPs 1 to 3, and ex ante
impact analysis to guide GCP’s investment decisions.

The Capacity-building a la Carte Programme will be
implemented for high-quality training and sustained
technical support to NARS researchers. The programme
will nurture and strengthen a core community of scientists
(‘champions’ at national research institutions). Such
champions will ensure rapid uptake of GCP results and
products, furthering GCP’s mission and goals. We also
hope that the benefits from this customised and intensive
capacity-building effort will spill over within the
institutions and regions involved.

The Web-based Project Development Guide (PDG) will be
designed and implemented to systematise and streamline
GCP project planning and management and to ensure
product delivery. In collaboration with SP1 and SP3, the
Genotyping Support Service (GSS) will be extended to
cover germplasm characterisation and routine application
of known markers in marker-assisted selection schemes of
breeding programmes for sorghum, millet, groundnut,
chickpea, cowpea, bean, cassava, sweet potato, potato,
coconut and Musa. To further enhance GSS, SP5 will work
with SP4 on a helpdesk for statistical support. On the ex
ante impact assessment front, socio-economic studies will
be undertaken for refined assessment of potential impact
on GCP crops, traits and target regions for better-informed
decision-making and resource allocation. So far, two
studies have been commissioned. The first one focused on
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crop-specific drought severity. The second centred on ex
ante impact analysis of selected marker-assisted selection
technologies supported by GCP (rice for saline and
phosphorus deficient soils, and pyramiding useful genes
from wild relatives of cassava). A third study will focus on
the relative importance of secondary breeding objectives
for sorghum, cassava and cowpea. These studies will
inform research priorities for SPs 1, 2 and 3.

Given the renewed emphasis on product delivery in line
with GCP’s new strategy, SP5 will also undertake product
packaging and strategic marketing to broaden the reach of
GCP research products. As the delivery arm of GCP, and
starting with projects beginning in 2007, SP5 is putting
into practice GCP’s new delivery-centred strategy. More
specifically, SP5 is developing a strategy for product
marketing and distribution. The strategy is in the
preliminary stages. Besides ensuring clear product delivery
plans for the six competitive projects, SP5 will also
conduct complementary customised capacity-building, in
collaboration with all the other subprogrammes, for the
special project on tropical legumes. As with all new
projects from now on, a product delivery plan will be
developed before the project begins. In addition, there will
be a consultative needs assessment for NARS partners in
bioinformatics, and laboratory and field research. The
needs assessment will be the basis for tailor-made
capacity-building for partners in the legume project to
guarantee sustainability and ensure product delivery.



Project Narratives

Subprogramme 1: Genetic diversity of
global genetic resources

Rationale

Providing access to sources of genetic diversity that may
supply genes and alleles involved in key agricultural traits,
especially stress tolerance, is the foundation of GCP.
Through our network of consortium members and partners,
vast germplasm collections are available to GCP. But to
unlock the genetic diversity present in those collections,
the structure of the collections must be understood through
coordinated surveys of molecular and phenotypic
variation. With hundreds of thousands of accessions across
more than 20 crops in gene banks around the world, high-
throughput molecular screening techniques must be
applied to suitable genotype representatives of the
collections. Appropriate methods to characterise
germplasm subsamples for traits such as drought tolerance
also need to be developed, and applied, in order to obtain
reliable and analysable phenotype descriptions
accompanied by relevant descriptions of the environment
and weather conditions. Once the genotypes and
phenotypes have been established, sound association
studies must be conducted to understand their interactions.

This basic rationale has several components. The first
consists of evaluating germplasm collections for enhancing
the description of global diversity. Molecular markers are
the tool of choice and particular attention is paid to
developing and applying user-friendly markers that can be
easily applied by national programmes for integrating and
comparing their own materials. The second component is
the operational portion and consists of developing and
consolidating a global facility for the molecular description
of germplasm with specific attention to efficiency,
throughput, flexibility and accessibility. The third
component addresses how to assess drought tolerance, a
particularly complex and challenging feature. The fourth
component is the actual implementation of germplasm
evaluation within an analytical framework that will yield
information on the underlying genetic factors (genes,
alleles and haplotypes).This combines the comparative
description of molecular polymorphisms and phenotypic
variation and the study of associations. This fourth
component thus rests on complementary modules, which
must be coordinated for the best global efficiency, and
must be managed in the most open fashion, so that it can
attract enthusiasm of national programmes. The fifth
component looks at new approaches for relating genotype
to phenotype by connecting genetic analyses directly to
breeder activities and farmer practices.
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Subprogramme 1, along with the other GCP
Subprogrammes, contributes to the CGIAR System
Priority 2: Producing more and better food at lower cost
through genetic improvement, and specifically targets
Priority 2b: Improving tolerance to abiotic stresses. As
Subprogramme 1 is also specifically concerned with the
characterisation of plant genetic diversity, this project also
contributes to several CGIAR System Priorities, and most
specifically to Priorities 1a and 1b: Promoting
conservation and characterisation of stable crops and
Promoting conservation and characterisation of
underutilised plant genetic resources.

Impact Pathways

Theme 1. Creation of an improved understanding of the
structure of the diversity in major world food crops

The activities within this theme aim to provide better
access to genetic diversity for more efficient plant
breeding. A basic prerequisite for any breeding effort is a
good description of the diversity available in germplasm
collections. Every breeder and germplasm specialist guides
his or her strategy—hybridisation or investigation—with
knowledge on global diversity structure, and uses
reference samples for integrated in-depth characterisation.
Molecular markers help tremendously in acquisition of this
knowledge. The markers chosen for systematic
characterisation are essentially Simple Sequence Repeats
(SSRs, or microsatellites), and the task for a given crop is
usually shared between several laboratories of GCP
Consortium members, under the coordination of the
CGIAR centre that has the conservation mandate for the
crop. For operational reasons, these activities are split into
two batches, Outputs 1.1 and 1.2, respectively
corresponding to the most advanced crops in terms of
molecular tools (“tier 1’ crops: rice, maize, sorghum,
wheat, barley, cowpea, chickpea, common bean, cassava,
potato and Musa), and to the less advanced crops (‘tier 2
and tier 3’ crops: finger millet, pearl millet, foxtail millet,
pigeon pea, lentil, groundnut, sweet potato, faba bean, yam
and coconut).

Particular attention is given to the description of the
technique, the results and the allelic series; in addition,
seeds or DNA samples bearing the allelic series as well as
detailed data and results of analyses are made available, so
that each subsequent study has autonomy in this
comparison. All this is essential for connecting local,
national and regional diversity to the reference GCP global
diversity. These activities will enable national systems to
localise their own germplasm diversity in relation to global
diversity, and thus to be able to request and use the
complement on a rational basis. By itself, Output 1.3 has
high potential to improve the efficiency of breeding



activities worldwide. Due to its allogamous breeding
system and the associated capacity of rapid evolution,
maize receives specific emphasis in order to refine the
description of races outside its continent of origin and to
trace the population dynamics along migrations in Africa
and Asia. This is the focus of a competitive grant led by
CIMMYT (Output 1.6).

Consolidation of the reference germplasm samples as
genetic stocks in the respective CGIAR centres receives
specific support in order to facilitate quick and steady
distribution to breeders and germplasm specialists. This
will help integration of information in the long term and
extraction of trait correlations and phenotype—gene
associations.

Linkage disequilibrium (LD) is one of the factors that
determine if and how association studies can be performed
and is the focus of Outputs 1.4 ,1.5 and to a certain extent
1.22. LD can exist in traditional materials if the germplasm
has gone through significant bottlenecks in its history.
Domestication itself may have induced sufficient
bottlenecks to induce LD. This prospect is being monitored
in rice by Cornell University for Indonesian germplasm.
LD can also be established in cases of admixture between
various forms that are clearly differentiated from one
another. This prospect is being explored by a group led by
IRRI on rice, focusing on the Indica-Japonica
differentiation, and by Agropolis on sorghum, with
emphasis on populations that show clear introgression
patterns in situ in Africa. Through these activities,
expertise will be gained among cereal geneticists and
breeders for implementing association studies in
autogamous crops. LD assessment will be extended to
more species, in particular legumes, in order to refine the
ground for association analyses.

As a complement to this integration effort, a methodology
is under development for resampling diversity in large
collections in order to enable the best use of existing
information for further tapping of the collections (Output
1.7). Rice and chickpea are used for this activity, led by
SGRP. An additional molecular description of a thousand
accessions of each of these data-rich crops will allow the
assessment of the efficiency of algorithms for iterative
selection within data-sparse collections. More generally,
data and methodologies will be turned to germplasm bank
curators in order to establish in-house capacity for fully
documented scientific management of germplasm
collections. This will be ensured by significant
communication, as well as exchanges and training efforts
from SP1 in liaison with SP5 and SP4.

Theme 2. Development of a range of flexible HTP
genotyping techniques accessible in reference laboratories

GCP needs access to laboratories capable of diverse and
preferably high-throughput genotyping. The first round of
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massive characterisation involves mostly SSRs. This is
being handled in a decentralised manner and will have
extensions that can be absorbed by laboratories in some
international Centres. Future needs essentially correspond
to two types of approaches: 1) genome-wide surveys with
anonymous markers, and 2) gene-targeted surveys for
monitoring allelic variation for candidate genes.

Genome-wide surveys with anonymous markers aim at
locating useful genes on the basis of linkage
disequilibrium analysis, be it in segregating progenies of
simple hybrids or more complex populations.

The Diversity Array Technology (DArT) is one of the
potential technologies. DArTs are being validated with
various species, such as rice, sorghum and wheat where
arrays already exist, as well as cassava, Musa and coconut,
for which new arrays are being developed within a
commissioned project implemented by Agropolis, with
DArT Pty Ltd (Canberra, Australia) as the main actor
(Output 1.8). The technology has proven to be highly
efficient in terms of throughput and cost. The diversity
revealed through this activity is completely coherent with
that revealed by SSRs in other GCP activities.

Gene-targeted surveys for monitoring allelic variation at
candidate genes aim to validate the involvement of specific
genes and identify superior alleles. Led by IRRI,
EcoTILLing is being tested as a technology for SNP
discovery and forms the substance of Output 1.9. Results
in rice are very convincing and provide access to a cheap
technique to investigate potential functional
polymorphisms. ICARDA leads Output 1.10 on barley,
focusing on a methodology to reveal SNPs that affect
allele expression. Up to 50 candidate genes will be used as
substrate for revealing allelic imbalance, and these
variations will tentatively be associated with stress
tolerance. The new information on expression
polymorphisms may yield an improved understanding of
adaptive value of molecular variation.

Allele resequencing is the current preferred approach when
high-throughput sequencing is possible, providing full
length sequence variation for the target candidate genes. In
conjunction with Subprogramme 2, an activity is being
initiated through a partnership with the Centre National de
Génotypage (France) and Agropolis involving three
laboratories for identification of orthologous genes, and
five laboratories for providing crop-specific information
and materials. Output 1.11 will generate a database with
detailed information on allelic variation for seven crops.
This database will be useful for planning pertinent
phenotypic evaluation with a view to future association
studies. The seven crops are barley, rice, sorghum,
chickpea, common bean, cassava and potato.

For those crops where large resequencing information is
available, gene-targeted as well as whole-genome profiling



techniques can be accessible through various SNP
genotyping platforms. The current prominent standards are
provided by Illumina and Affymetrix companies. Rice is
used as the indicator crop to assess efficiency and cost of
these techniques in conjunction with other important
initiatives.

In addition to the activities above, a support service has
been established (in conjunction with Subprogramme 5,
Output 5.18) for genotyping populations that have high-
quality phenotypic information, in order to enhance the
access of GCP and NARS scientists to quick and efficient
screening of relevant germplasm.

Theme 3. Establishment and implementation of a scientific
and organisational framework to describe drought
tolerance

Proper phenotyping requires high-quality facilities and
contributions from physiologists, modellers and breeders,
with a specific modelling support for: 1) a quantification of
traits and integration of their impact on yield, 2) genetic
analysis of adaptive traits, and 3) characterisation of target
environments. Before initiating a genetic study, it is
imperative to have a clear view on available contrasting
germplasm for drought (output 1.12)

In Ouput 1.13, EMBRAPA is upgrading existing facilities
within its network of research stations to provide GCP
scientists access to a high-quality, high-capacity
phenotyping service. The network will first serve as a hub
for evaluating cereal reference samples, but will gradually
extend to other crops. The network of environments
covered by EMBRAPA will be further expanded to other
sites in Latin America and Africa.

Concurrently, under the coordination of Agropolis, a
modelling framework that characterises environments for
several target regions for the major crops using long-term
daily weather data is being developed in Output 1.14. This
characterisation includes the major breeding locations, and
a balanced sample of other locations, to represent the
production area of the region. Relevant soil types and
management options will be simulated, and the results will
be summarised by cluster of environment types. The other
main component is an assessment of trait impacts on yield
in several situations. The relevance of traits currently used
in breeding programmes for drought tolerance will be
evaluated by simulating the relationship between these
traits and yield and/or yield components (when possible)
for the main climatic scenarios. In consultation with
breeders in each crop, sensitivity analyses will be
conducted for a series of traits using an appropriate level
of genetic variation for traits that can be simulated. Where
possible these data will be verified using breeder
experiments, and heritability of target traits and their
genetic correlation with yield will be assessed. Several
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case studies of trait integration from plant to crop level
will be undertaken for maize and rice.

In parallel, a phenotyping capacity inventory accessible to
GCP scientists is being produced by Bioversity/SGRP in
Output 1.15, in order to further specify options of
phenotyping protocols and facilities by crops and regions,
including operation costs. This will foster the use of the
best drought-tolerance screening facilities within GCP. In
addition, a support service will be put in place to support
the characterisation of specific populations/samples that
have a high potential for delivering novel information
through genetic analysis.

Simultaneously, a reference of materials with contrasting
behaviours in relation to drought will be constituted in
Output 1.16 on the basis of phenotyping experiments as
well as more general collection of field-proven highly
drought-tolerant (or susceptible) genotypes detected by the
whole community, be it formally through controlled
experiments, or incidentally in opportune circumstances.

Theme 4. Identification of potential genes (or genome
segments) and superior alleles (or haplotypes) through
association studies (in conjunction with Subprogramme 2)

Association studies are undertaken through the comparison
of molecular diversity and phenotypic diversity for target
traits in Outputs 1.17, 1.18 and 1.19. The main expected
outcome is the identification of genetic factors or genome
segments that favourably contribute to trait elaboration and
can be incorporated into breeding progenies through
marker-assisted selection. This will serve all breeders in
the crops under consideration.

Theme 4 builds on the broad set of actions planned under
themes 1, 2, and 3 that yield genotyping and phenotyping
data on the same materials. This theme intersects with
Subprogramme 2, which highlights the best candidate
genes, and together, Subprogrammes 1 and 2 deliver tools
for more efficient breeding products to Subprogramme 3.
The activities under this theme represent the core of the
whole GCP, and will increase in importance during the
period of this Medium-Term Plan.

Early results have been generated in a CIMMY T-led
project in maize, looking at specific environments and
specific target traits through the analysis of unrelated
genotypes (Output 1.17). The project focuses on various
candidate genes involved in plant response to water-
limited conditions: carbohydrates, ABA and polyamines.
The project’s phenotyping activities involve field
evaluations and quantification of specific metabolites in
leaves and silks.

Phenotyping experiments will also be implemented on,
among others, rice, sorghum and pearl millet in order to
enable association studies using the GCP reference



samples. The new project on four tropical legumes funded
by the Bill & Melinda Gates Foundation provides
opportunity for applying the Theme 4 rationale (Output
1.19). Reference samples of groundnut, cowpea, chickpea
and common bean will be distributed and planted in
diverse environments in sub-Saharan Africa and evaluated
for their reaction to major stresses. This will serve as the
basis for identifying markers and developing new
recombinant populations for better adapted breeding
varieties for Africa.

Theme 5. Development of novel populational approaches
for relating genotypes to phenotypes

This theme deals with the co-occurrence, in a panel of
materials, of i) molecular tags; and, ii) desired values for
traits which point to those genes or chromosome segments
that are involved in traits of agricultural interest. This is
commonly undertaken through segregation analysis in
controlled progenies, or, more recently, with association
analyses within unrelated germplasm. The results generally
suffer from several drawbacks: 1) the materials often
represent types that are far from the cultivation standards,
exhibiting potential interactions between traits that may
confound variation for the target features; 2) phenotyping
is often done with a limited number of plants, i.e., few
repetitions over space, and even fewer over time; and 3)
the use of the materials thus monitored is not easy, and
they are seldom incorporated in the breeding process.
Theme 5 is about creating alternatives to this option.

One alternative is to make use of materials and evaluation
data that are regularly produced in mainstream breeding
activities. From the collections of potential parents, to the
advanced breeding materials going to multilocation trials,
and to the elite materials close to varietal release, there is a
wealth of information produced that is not efficiently used
for deriving genetic information that could in turn be used
to enhance global understanding. The condition for using
these materials is that there be significant linkage
disequilibrium (LD) that correlates variation in genetically
linked genes/markers (Outputs 1.22 and 1.23). The general
diversity structure and the level of LD are being assessed
in breeding materials of potato, cassava, yam, Musa, sweet
potato and coconut, in order to assess feasibility and
propose potential case studies.

Applying this rationale even further, the creation of
materials by introgression from distantly related forms
generates opportunities for fine analysis of trait genetic
control and widens the range of alleles amenable to
recombination by plant breeders. CIAT is leading such an
activity on rice, producing a range of chromosome
segment substitution lines from four wild species (Output
1.24). Production of introgression panels, such as the rice
CSSLs, as well as or other interspecific materials will be
further emphasised in rice and in barley (Outputs 1.25 and
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1.26). Production of recombinants from multiple diverse
parents will be initiated for several crops.

Finally, as part of the effort to explore existing materials
from germplasm banks, current collections will be mined
in Output 1.20 to extract panels with peculiar introgression
pattern or clinal differentiation which will lend themselves
to genetic analysis of adaptation to drought.

Contribution to international public goods

The activities under this Subprogramme result in numerous
international public goods, including: 1) a very large
database with molecular marker diversity data on core
germplasm samples of the 20 main food crops worldwide;
2) kits of molecular markers (protocols, DNA for allelic
series, etc.) for comparative diversity studies; 3) accurate
diversity analysis, including geographic pattern
highlighting complementarity and mutual dependence
between political entities; 4) germplasm reference samples
with increasing body of information attached; 5) a
database of multi-species allelic diversity for candidate
genes with potential for drought tolerance; and 6)
improved methodologies for managing, mining and
exploiting diversity in germplasm.

Partnership

Genotyping activities typically involve several GCP
partners for each crop, with tasks split between markers or
between accessions. With the exception of coconut, the
coordinator is the CGIAR centre which has the mandate on
the crop. EMBRAPA and CAAS genotype accessions
from Brazil and China, respectively. However, sending
germplasm out of these two countries remains a major
difficulty, jeopardisng access by other partners to this
material.

Competitive grants open the doors for an impressive range
of partners in advanced research. One such is the project
entitled ‘Allele mining based on non-coding regulatory
SNPs in barley germplasm’, which brings together the
Australian Centre for Plant Functional Genomics Pty Ltd,
the University of Adelaide (Australia), National Institute
of Agricultural Biology (Cambridge, UK) and the
University of Udine (Italy), along with ICARDA and
Tyshreen University (Syria). These organisations bring
innovative approaches inspired by recent developments in
human genetics. Other proposals allow the creation of
broad networks of NARS, such as in the proposals on
genetic diversity and association studies in maize, with
Kenya Agricultural Research Institute, the Scientific and
Industrial Research and Development Centre in
Zimbabwe, the Department of Agriculture of Indonesia,
the National Maize Research Institute of Vietnam, the
Sichuan Agriculture University in China and Nakhon
Sawan Field Crops Research Center in Thailand. Activities
on rice involve Fedearroz in Colombia and the Indonesian
Centre for Agricultural Biotechnology and Genetic
Resources and Research Development.



The project for validating new markers links both the best
actors in the technology and NARS representatives, who
receive training in the technology. As an example, in the
project on validation of DArTSs as a genome-wide
molecular characterisation technology, scientists from the
Rayong Field Research Station in Thailand and the
Coconut Research Institute in Sri Lanka went to DArT Pty
Ltd in Australia for training, together with Agropolis
trainees. Activities aimed at integrating markers in the
process of breeding involve NARS breeding components,
such as the African Centre for Research on Banana and
Plantain (CARBAP) in Cameroon and the Vanuatu
Agriculture Research and Technical Centre (VARTC). The
theme on improving phenotyping approaches attracted the
best groups on crop and whole plant modelling, such as the
University of Queensland and CSIRO, both in Australia.

The ADOC initiative (Allelic Diversity for Orthologous
Candidate genes) deserves special mention Supported by
Subprogrammes 1 and 2, the initiative aims at organising
GCP to rapidly transpose the most recent results in a plant
species to all GCP crops. ‘Gene champions’ such as the
Australian National University in Canberra, Australia, and
Centre National de la Recherche Scientifique in Gif-sur-
Yvette, France, (as well as IRRI) contribute specific
expertise on the most relevant candidate genes and the
corresponding biological analysis; three laboratories of
GCP partners act as ‘ortholabs’ to quickly identify proper
orthologs; five “crop laboratories’ of GCP partners
contribute crop-specific know-how and resources; and the
Centre National de Génotypage in Evry, France, conducts
high sequencing. Working together, the group develops a
GCP database on allelic diversity on key genes across GCP
crops, thereby providing inputs for designing association
analyses.

Subprogramme 2: Comparative
genomics for gene discovery

Rationale

Plant traits for adaptation to environmental stresses are
often controlled by complex genetic systems subject to
influence by genotype x environment interactions. To
effectively combine the right complements of genes and
alleles in a breeding programme, we need to have an
adequate understanding of the genetic mechanisms
underlying the adaptive processes. Such an understanding
is particularly important in cases such as drought tolerance,
where the genetic effects are often small and the
phenotypes are difficult to measure. Advances in genomic
tools and knowledge from model organisms provide
exciting opportunities to dissect the genetic control of
complex traits and identify potentially useful genes. Yet,
practical applications of the new tools for agronomic
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improvement require a level of integration that is often
difficult for individual disciplines to implement.

A main objective of this Subprogramme is to provide a
scientific and collaborative environment to enable gene
discovery and concomitant flow of benefits. Specifically,
we aim at a) developing cross-cutting research platforms
for efficient application of genomic tools and knowledge
to decipher genetic control of complex traits, and b)
identifying genes to alleviate target problems in the most
efficient manner by pooling resources and expertise.
Furthermore, to realise the potential requires capacity-
building on using the new tools and to create the pipeline
to translate results into practice. Importantly, successful
demonstration in solving problems in a few targeted cases
defines the roadmap for broad applications of the new
science.

To meet these objectives, SP2 is designed to maximise the
use of genomic and genetic resources available in the
research community. We support the production of
specialised stocks that will elevate the level of genetic
research in different crops. We apply comparative
approaches to leverage genetic knowledge from multiple
plant species to investigate and validate gene functions
important for stress tolerance. Multi-disciplinary teams are
formed to incorporate the validated genes into breeding
programmes.

Since GCP’s inception, there has been continued growth in
sequence information across all plant species. Improved
efficiency in sequencing technologies also makes whole-
genome sequencing feasible for an increasing number of
species. Rich sorghum genome information is now
available, and that of maize is expected in the new future.
The expanding gene content (sequence) and order
(chromosomal position) information will help define
orthologous genes across species. Parallel to these
advances, gene expression platforms are also increasingly
accessible for many plants. Expression level
polymorphisms and patterns of expression along a
chromosome can become the intermediate phenotype to
bridge the gap between DNA variation and whole-plant
performance. Advances in human and medical genetics
continue to illustrate the power of SNP haplotypes and
association genetics to identify functional genes. SP2
strives to absorb the new knowledge gained and adopt new
approaches where appropriate.

SP2 activities support the CGIAR System Priorities 2a and
2b. The genetic resource and tools developed (genetic
stocks, markers) enhance breeding efficiency and lay the
foundation for efficient gene identification. Within the
GCP context, SP2 outputs feed into the pre-breeding
activities of SP3. The outputs cut across crops and
ecosystems and can contribute to any breeding programme
in the world. In particular, most of the outputs involve
improving the understanding of abiotic stresses (e.g.,



drought, salinity, problem soils) that fully align with
System Priority 2b on abiotic stresses. When these outputs
together are jointly applied to crop improvement
programmes, they contribute to yield stability of staple
food crops (Priority 2a).

Impact Pathways

Theme 1: Assembly of genomics and germplasm resources
through consolidating and developing specialised genetic
stocks

One of the bottlenecks in the development of stress
tolerance in crops is an inadequate understanding of the
genetic basis of stress tolerance. The complexity of stress
response requires a multi-prong approach to reveal the
underlying mechanisms. The four themes of this
Subprogramme—genomic resources, comparative
mapping, genetic pathway analysis and gene validation—
represent a progression of gene discovery through use of
comparative biology. In the first theme (assembly and
production of specialised genetic resources), we recognise
the importance of mutants, isogenic lines, cytogenetic
stocks and chromosome substitution lines as tools for
identification of gene functions. However, with a few
exceptions, most crops have little specialised germplasm to
support gene identification and confirmation.

In its first three years, GCP played a catalytic role by
supporting the assembly of wheat stocks and the
production of mutant collections in bean and true-seed
potato. These start-up activities have stimulated interest
from diverse institutions and research laboratories, thus
increasing the likelihood that more specialised stocks in
other crops will be shared or produced by other initiatives.
The production of new genetic resources and development
of tools will expand the research community’s means for
understanding gene function relevant to stress tolerance.

Just within the past year, new comprehensive genomic
resources for several crops (sorghum, maize, cowpea,
cassava) have been produced, or are in the pipeline. As
genome sequencing becomes less costly, we expect whole-
genome genotyping, ultimately at the sequence level, to be
increasingly feasible. In this context, GCP will engage the
community to produce genomic and genetic resources,
particularly in crop species that are under-resourced.
Under this theme, we will continue to take advantage of
the large collection of rice mutant collections around the
world by supporting phenotyping of these mutants for
stress tolerance. There will be greater focus on the mutant
phenotyping work by linking with the ADOC project. The
new resource-building activities will focus on four legume
species (common bean, chickpea, cowpea and groundnut).
For bean, gene libraries under drought-stress response will
be produced to enable selection of candidate genes
associated with drought tolerance traits. Similarly, EST
and BAC clone sequences will be produced for chickpea,
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cowpea and groundnut. The activities on these four
legumes will create a permanent genomic resource base for
each species, enabling the construction of genetic maps
and marker-aided selection applications at various stages
of genetic analyses and breeding.

Theme 2: Develop comparative maps within and across
species and framework genetic markers for target crops

The second theme of this Subprogramme aims at
generating common markers and consensus maps across
species, and at providing a framework for leveraging
information across different crop species. GCP’s
investments in mapping orthologous genetic markers and
the genomic investigation of Musa are a modest attempt
towards this aim. This was followed by a set of projects:
the “ADOC’ project on allelic diversity of orthologous
candidate genes and cross-species marker project on
legumes. The development of cross-species markers for
legumes will be integrated with the genomic resource
development for the four legume species in Theme 1.
Emphasis will be on identifying orthologous markers that
are related to biotic and abiotic stress tolerance.

For cassava, a physical map with SNP markers will be
produced by a team led by The Institute for Genomic
Research (TIGR). For sweet potato and pearl millet, we
aim for an expansion of genome sequence data which will
be aligned with genetic maps using mapping populations
in breeding programmes. A main emphasis in these
activities is that the genomic resources should be anchored
in well-used mapping or breeding populations. Our
approach is to maximise the return on our investment in a
sequencing project by coupling it with SP1’s development
of genetic recombinant populations, so as to make use of
the sequence data. By developing parallel genomic and
genetic resources, we can reap benefits in a relatively short
time.

The new activities will generate improved genetic maps
for several species, including cassava, sweet potato and
pearl millet. The new efforts are expected to increase the
genetic knowledge base of important crops that have thus
far suffered under-investment. Outputs from these projects
will promote the mapping and genetic dissection of a suite
of traits, particularly drought tolerance.

Theme 3: Assign genes and pathways to phenotypes
through the convergence evidence of genome variation,
expression patterns and phenotypic data

In the third theme—analysis of genetic pathways—
emphasis is on the application of genome-wide tools such
as gene chip technology to reveal the causal relationship
between gene expression patterns and phenotypes. A
unique feature of GCP’s research is the use of
agronomically relevant experimental conditions and
genetic materials such that the genetic knowledge



generated from these experiments is relevant to researchers
and breeders. The adoption of genome-wide approaches
has proven to be fruitful in suggesting new genes or
regulatory mechanisms for validation. Gene expression
studies in first round projects have shown that variation in
gene expression (or expression-level polymorphisms)
offers a new dimension of genetic diversity that can bridge
the gap between genotypes and phenotypes. A whole-
genome view of plant response to stress in relevant
genotypes under realistic agronomic conditions will be
important for identifying QTL of large to moderate effects.

Two on-going research projects aim at discovering genes
and genomic regions controlling broad-spectrum disease
resistance in maize, rice and wheat. The results from these
projects are important as disease resistance is often a
requisite trait in drought-prone environments. New
activities will maximise the use of advanced genetic
materials such as near-isogenic lines to determine if
expression patterns are casually related to target
phenotypes. We foresee the production of a multi-stage
‘expression atlas’ of genotypes with contrasting
phenotypes in near-isogenic lines, followed by co-
segregation analysis between expression patterns and
relevant phenotypes. Parallel projects involving several
crop species would be desirable as they will enable
comparison between genes/pathways, hence providing
support for orthologous candidate genes for validation.
This approach, if demonstrated successful, will provide an
efficient way of assigning gene functions and identifying
relevant pathways.

In order to have the right genetic materials for gene
identification, we must have methods to generate high-
quality phenotypes with respect to drought tolerance. It has
been shown in several situations that drought-
tolerant/response phenotypes can be reliably measured
provided that water stress is properly administered in the
field or under equivalent agronomic conditions. In
conjunction with SP3, we are interested in accelerating the
progress in these proven systems. We will also sponsor
activities to improve current phenotyping methods. The
aim is to fast-track the identification of genotypes with
relevant phenotypes.

Theme 4: Validate genes and pathways through evaluation
of under- or over-expression constructs or variants
(induced or natural) of the target genes

The gene validation activities under SP2’s fourth theme
aim to identify genes with useful functions, for delivery to
breeding programmes. There are four outputs in this theme
concerning the identification of stress tolerance genes in
wheat, rice, sorghum and maize. The cloning of the gene
that confers tolerance to aluminum toxicity in sorghum has
laid the foundation for cloning other tolerance genes in
cereals. Considerable progress is also being made towards
cloning rice genes that control tolerance to salinity and
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phosphorus-deficient soils. These projects will produce a
suite of genes useful for coping with drought-prone and
marginal environments. For example, knowledge of the
tolerance genes against soil problems in sorghum and rice
can be immediately exploited to find similar genes in other
cereals or legumes.

Two outputs are related to wheat. One concerns the
identification of candidate genes responsible for failure of
grain formation in rice and wheat under drought stress. If
validated, such genes would provide new markers for
germplasm selection for tolerance against stress at
reproductive stage. A new addition to the wheat research is
determining drought-adaptive mechanisms in bread and
durum wheat aided by large-scale phenotyping
methodologies. With improved phenotyping techniques,
this project is expected to produce new wheat mapping
resources for gene identification.

In the original formulation of this thematic research, our
main concern was to determine the functions of the target
genes. Such functional validation is a necessary, but
insufficient, criterion to establish the usefulness of the
identified genes. A key issue relating to gene function
validation is whether the alleles identified can add value to
existing varieties. It is important to test this sufficiently
early to ensure that the right alleles are used in breeding
programmes. For example, can the aluminium toxicity
tolerant genes found in sorghum and maize provide
tolerance above that seen in currently used varieties? A
second issue is that the discovered genes must be delivered
in genotypic backgrounds suitable for a target
environment. For example, in order to deploy the
phosphorus-uptake (Pupl) gene in upland rice, it must be
combined with disease resistance in the environment
where disease is a constant threat. Thus, to ensure impact,
secondary traits need be considered such that a “trait
package’ is in place for delivery in advanced breeding
lines. New projects have been formulated in conjunction
with SP3 to evaluate the genes/markers generated from
several SP2 projects.

The outputs from these themes are geographically neutral.
The primary users of outputs from Subprogramme 2 will
be researchers, plant biologists and breeders worldwide.
Uptake of these outputs by researchers and breeders is
expected to expand the capability and increase the
efficiency of NARS breeding programmes, an outcome
beyond the immediate users. At the global level, the
resources and knowledge of gene function generated by SP
2 activities are expected to be taken up by the plant
biology community. The knowledge when applied to a
range of crop systems can increase the potential of finding
new genes from diverse plant species.

A potential factor that may impede the dissemination of
knowledge and new tools is intellectual property (IP)
protection in information and genetic resources where



there is a strong commercial interest. Although GCP
requires complete open access to the results and resources
generated by GCP-funded projects, there are still issues of
prior IPs that may deter total access and sharing. This issue
should be addressed by the appropriate government
authorities to enable faster and freer movement of
materials. A second factor relates to institutional
commitment to produce and use specialised genetic stocks.
GCP has stimulated interest in the production of selective
genetic resources, but further propagation and
dissemination of such genetic stocks will depend on
institutional investment. However, unlike conserved
germplasm, sufficient provisions are rarely available to
maintain specialised genetic stocks for long-term use, a
common problem that deserves close attention by research
institutions.

Project contribution to international public goods

The overall research portfolio of this Subprogramme
focuses on drought-tolerance traits as well as genes and
agronomic characters that improve crop resilience in
difficult environments. The outputs are primarily
resources, knowledge and technologies that are
international public goods consistent with the goals of the
System Priorities 2a and 2b. The key resources and tools
produced are specialised genetic stocks (e.g., mutants and
advanced backcross lines), gene expression data, cloned
genes for specific trait improvement (tolerance to diseases,
water stress conditions, and soil problems) and desirable
gene combinations in elite genetic backgrounds (pre-
breeding materials). These materials will be used primarily
by researchers and breeders within GCP, but many outputs
will be useful to the global research community interested
in applying genomics to improve agriculture. While most
of the activities aim at improving understanding of
complex traits, several projects will produce advanced
breeding materials as key outputs to alleviate problems in
resource-poor areas in Asia (e.g., rice tolerant to P-
deficiency in Indonesia) and Africa (e.g., maize tolerant to
aluminum toxicity in Kenya). These outputs are global in
nature but achieve specific impacts at regional scale.

Partnership

Under the theme developing genomic and specialised
genetic resources, we continue to develop partnerships
with institutes and laboratories that have rich specialised
genetic stocks and ability to generate new resources or
knowledge from these stocks. The partnership includes
major wheat genetic research centres to assemble wheat
stocks, laboratories working on rice mutants from the
International Rice Functional Genomics Consortium;
University of Geneva and CIAT on making legume
mutants; the Scottish Crop Research Institute, the Hebrew
University of Jerusalem and CIP on producing true-seed
mutants of potato. Under the Musa frame map construction
project, the National Institute of Agrobiological Sciences
(NIAS) in Japan, with its sequencing and informatic
capacity, coordinates a collaboration between laboratories
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active in Musa research. The new tropical legumes project
will involve a large number of universities, IARCs, and
NARS partners. For example, University of California—
Davis will lead a network of legume researchers and
breeders to develop cross-species marker resources for
four legume species. In the new projects on generation of
genomic and genetic resources for pearl millet and sweet
potato, we will involve IARCs and NARS producing and
propagating mapping populations. For improved
efficiency, we may consider outsourcing the sequencing
tasks to the private sector.

Under the themes of gene identification and validation for
specific traits, the projects involve contributions from
institutions and laboratories with strong expertise in
biological analysis of target traits, comparative biology
and breeding. For example, the comparative analysis of
tolerance to aluminum toxicity in sorghum, maize and
other cereals span multiple disciplines in comparative
genomics, soil nutrition, physiology and breeding. These
activities involve Cornell University, EMBRAPA and Moi
University in Kenya. Another illustration of bringing
resources and technical expertise together is in the project
on developing tolerance to salinity and P-deficiency in
rice. In this project, IRRI coordinates collaboration with
the University of California—Davis; the University of
California—Riverside; Japan International Research Center
for Agricultural Sciences; University of Dhaka
(Bangladesh); the Indonesian Centre for Agriculture
Biotechnology and Genetic Resources Research and
Development; Agricultural Biotechnology Research
Institute of Iran and the National Institute of
Agrobiological Sciences in Japan. These institutions have
combined expertise in trait and agronomic analysis, gene
expression, transgenics and breeding. Other trait-based
projects have similar types of collaboration covering the
range of expertise needed.

In the upcoming competitive grant projects, new partners
will be brought in to provide the complementary expertise
in the development of genomics resources, marker
validation, mapping, trait analysis and breeding. The
cassava project will involve The Institute for Genomic
Research (USA), the African Centre for Gene
Technologies, the Agricultural Biotechnology Institute of
the University of Pretoria, University of the Witwatersrand
and the University of California—Davis. For analysing
drought-adaptive mechanisms in wheat, the team consists
of CIMMYT, the Australian Centre for Plant Functional
Genomics and the Directorate of Wheat Research (Karnal,
India). Appendix A has the full list of partners.

In summary, the composition of partners in SP2’s
individual projects demonstrates successful leveraging of
institutions and researchers who are not traditionally
oriented to agricultural research, thus substantially
enhancing GCP’s research capacity. With this large pool of
researchers and intellectual capital in place, there are still



more gains to be made by promoting collaboration
between projects.

Subprogramme 3: Trait capture for crop
improvement

Rationale

Subprogramme 3 (Project 3 in the MTP) aspires to link
conventional upstream research outputs with practical
product development. These links are greatly neglected in
public sector research, but their absence constitutes a
major obstacle to the uptake of research results and the
ultimate impact of investments in applied research.
Subprogramme 3 plays a vital role in building links across
the community of plant breeders involved in the
evaluation, validation and refinement of molecular
breeding technologies generated by GCP. The
Subprogramme is equally important in building links
among CGIAR Centres, NARS, small and medium
breeding programmes and SMEs. SP3 plays also a critical
role in adding value to the products and the knowledge
generated by the other subprogrammes to ensure the
investment made by the GCP in upstream research will
impact crop breeding in marginal environments.

The priorities of SP3 are in complete conformity with
CGIAR System Priority 2, producing more and better food
at lower cost through genetic improvements. About 80% of
SP3 activities align with CGIAR Priority 2B, improving
tolerance to selected abiotic stresses, and the remaining
20% align with Priority 5D, improving research and
development options to reduce rural poverty and
vulnerability.

Significant direct spillovers from sequence, gene function
and plant phenotype in model species are expected to
substantially impact progress in those closely related crops
that lack genomic resources and expertise. All crops are
likely to benefit from generic advances in genomic
platform technologies, low-cost marker screening
technologies and molecular breeding simulation and
decision-support systems. Global research progress in
cereals such as rice, maize, sorghum, wheat, or barley is
sufficient to begin the development and application of
gene-linked or gene-based marker systems for components
of tolerance to drought and other abiotic stresses.
Emphasis in these crops in SP3 is more on the translation
and/or application of pre-existing research outputs to
ensure short-term impact on cereal breeding. Conversely,
in legumes and clonal crops, the global genomics resources
are still below critical mass, and current GCP priorities are
defined to ensure rapid and compelling proof of concept in
key representative legumes (groundnut, cowpea) or clonal
crops (cassava).

Beyond providing technologies that help breeders
effectively manipulate beneficial genetic variation for
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drought tolerance, SP3 must consequently validate gene
function and interaction identified in SP2 and/or alleles
identified through association tests by quantifying the
genetic gains achieved from using target molecular
markers in adapted genetic backgrounds under local target
conditions.

Keeping a level of activities dealing with the refinement of
phenotyping and molecular breeding methodologies is still
important in SP3, and these activities and allocated
resources are expected to be maintained at the same level
in the future.

The projects/activities in this Subprogramme are presented
as outputs in the MTP logframe and are organised under
the following themes:

Theme 1: Characterisation of segregating populations and
identification of genomic regions for plant breeding
Theme 2: Development and evaluation of novel breeding
or molecular technologies to better serve modern plant
breeding

Theme 3: Markers/alleles validation in adapted
germplasm under target environments

Theme 4: Application of molecular markers in breeding
programmes

Although diverse, SP3 themes and activities are
complementary and clearly oriented towards the discovery,
validation and application of molecular markers for plant
breeding. Titles for Themes 1 and 2 have been simplified
since the 2007-2009 Medium-Term Plan, while Themes 3
and 4 have been slightly modified to better highlight the
two activities of increasing importance in SP3, ie, i) to
validate, under target environments, alleles identified or
markers developed within GCP; and, ii) to apply these
markers in breeding programmes.

Impact pathways
Theme 1: Characterisation of segregating populations and
identification of genomic regions for plant breeding

This theme represents the “‘discovery’ research activities of
SP3: the evaluation of segregating populations towards the
characterisation and validation of genomic regions
involved in the expression of target traits. The first output
under this theme aims at developing a better understanding
of drought tolerance in cassava by investigating
physiological pathways and their effects on plant
phenotype, and identifying drought-tolerant cassava
genotypes for further use as progenitors by breeding
programmes in Africa.

A second output target is to use genomic and genetic tools
to unlock genetic diversity of groundnut's wild relatives.
Microsatellite-based genetic maps have been produced for
the AA and BB genomes of Arachis. A bank of 3500
assembled ESTs from A. stenosperma and a BAC library
for the AA genome of Arachis (A. duranensis) have been



generated. A range of synthetic amphidiploids have been
created and are currently being evaluated for disease
resistance and drought tolerance.

Output 3 deals with the identification, through association
mapping, of a set of indicative DNA markers available for
allele discrimination and MAS for downy mildew
resistance in maize. This project is led by maize breeding
programmes in Thailand.

Tailoring superior alleles for the aluminium toxicity gene,
AItSB, for further deployment into sorghum breeding
programmes constitutes Output 4. A diverse sorghum
collection has already been phenotyped for aluminium
tolerance and genotyped at AltSB. Superior AltSB
haplotypes have been identified. The molecular markers
identified as outputs of these different activities will be
applied in African countries facing aluminium toxicity
problem due to soil acidity (Theme 3).

The last output of theme 1 (Output 5) is to extend Latin
America’s potato diversity to Africa. Molecular markers
will be used to monitor the presence of key resistance
genes in elite breeding stocks of several Latin American
NARS, the short-days adapted germplasm will be
converted into long-days adapted to be more available for
African NARS, and databases, protocols, gene primers and
germplasm resistant for known resistance genes will be
exchanged. The expected impact is a set of new and more
sustainable varieties deployed to resource-poor farmers in
less developed areas and countries in Latin America and
Africa.

Theme 2: Development and evaluation of novel breeding
or molecular technologies to better serve modern plant
breeding

In addition to the discovery of novel markers, there is also
a need to develop and/or test new methodologies to
improve the efficiency of molecular breeding. This is the
objective of activities under Theme 2. The new
methodologies essentially cover three areas: the
development of low-cost, high-throughput markers, the
refinement of marker-assisted breeding strategies and their
modelling, and the development of innovative phenotyping
protocols.

The first output in this theme is the development of low-
cost, gene-based marker technologies for virus and pest
resistance in cassava (Output 6). Crosses between virus-
resistant and farmer varieties have been done and lines
have been selected through MAS for virus resistance. The
lines will be disseminated in Brazil, Uganda, Ghana and
Nigeria.

As an output of the theoretical research conducted in SP3
and SP4 to improve the development of molecular
breeding systems, simulation models are now being

developed in Output 7 to pyramid multiple genes via
MAS. This exercise of molecular breeding simulation and
monitoring is conducted in collaboration with on-going
SP3 projects (particularly Outputs 4 and 11). MAS
monitoring software, for the entire molecular breeding
community, will be developed in collaboration with
Project 4 (Bioinformatics).

The development of innovative phenotyping protocols is
conducted through Output 8. The objective is to use stables
isotopes (particularly **C) in drought tolerance
phenotyping. The corresponding activities will be
developed jointly with SP2, in collaboration with
FAO/IAEA. Output 8 aims to develop phenotyping
protocols using stables isotopes for cowpea and chickpea,
two tropical legumes included in outputs 19 (theme 4).

Theme 3. Markers/alleles validation in adapted germplasm
under target environments

The general objective of this theme is to validate, under
target environments, alleles that were identified or markers
that were developed in the same output, in Theme 1
outputs, or in other SPs (mainly SP2).

Drought-tolerant rice cultivars have been developed,
through Output 9, for North China and South/Southeast
Asia by highly efficient pyramiding of QTL from diverse
origins. Through Output 10, AFLP markers have been
developed to discriminate among the different races of
Striga that parasitise cowpea in West Africa, and
converted into SCAR markers to facilitate rapid
identification of pathogen diversity in the field. Resistance
markers have also been developed for several races.
Output 11 aims at integrating marker-assisted selection
into conventional breeding to improve wheat in the
drought-prone areas of Northern China. Activities include
the development of a phenotyping network involving
Ningxia, Shanxi, Henan and Hebei Provinces, and a
genotyping platform developed at CAAS for Northern
China. Objectives are to have drought-tolerant QTLs
identified and elite Chinese wheat backgrounds
characterised in diverse target environments, and candidate
accessions carrying target genes/markers and elite Chinese
wheat backgrounds identified for molecular breeding.

Bridging genomics, genetic resources and breeding to
improve wheat and barley production in Morocco
constitutes Output 12. It includes the development of MAS
approaches for drought tolerance improvement, and an
enhanced utilisation of wheat and barley diversity using
exotic/core collections and the reference sets developed by
GCP.

Ouputs 13 and 14 aim to validate genes previously
identified in other GCP outputs or themes. Validation of
AItSB, a major aluminium tolerance gene in sorghum, is
being validated by IRAN, the national research programme



in Niger, while Saltol, a major salinity tolerance gene in
rice generated in theme 2, is being validated by a
consortium of rice-breeding institutions in Bangladesh.

The global objective for the coming years is an evolution
towards a global and rationalised selection/management of
validation projects, using project management techniques
to integrate scientific quality (evaluated from reports, on-
site visits and opinion of experts) and risk factors,
alignment on the strategic plan, competitive advantage for
users (breeder, farmer), synergy with other projects and
products, feasibility and expected adoption.

Theme 4. Application of molecular markers in breeding
programmes

This theme targets the current application of markers
developed by GCP (or by others) in breeding programmes
via the most efficient approaches. Output 15 aims to
integrate genomic tools with conventional screening for
developing NERICA (new rice for Africa) cultivars for
West Africa. Drought tolerance lines have been selected
among various glaberrima accessions and interspecific (O.
sativa/O. glaberrima) breeding lines. This germplasm is
being genotyped using a genome-wide set of 400 SSR
markers in order to characterise quantitative trait loci
associated with recovery ability and phenotyped for two
major diseases (rice yellow mottle virus and bacterial leaf
blight). Markers associated with rice yellow mottle virus
(RYMV) and bacterial leaf blight (BLB) resistance will be
identified. Finally, selected interspecific lines (new
NERICA lines) with desirable traits will be supplied to
NARS scientists for further evaluation and dissemination
in the region.

This project will also train a Malian NARS scientist on
genomic technology. This output is closely linked to an
SP2 competitive project titled ‘Interspecific bridges that
give full access to the African rice allele pool for
enhancing drought tolerance of Asian rice’, through the
‘NERICA platform’. This competitive project aims to
deliver a large set of fertile interspecific lines derived from
crosses between O. sativa and O. glaberrima that will be
extensively used by Output 15.

Output 16 deals with the improvement of virus resistance
in sweet potato. Sweet potato is an important food crop
and due to extreme high pro-vitamin A content orange-
fleshed sweet potatoes (OFSP) can alleviate vitamin A
deficiency in many regions of the world. However, sweet
potato virus disease (SPVD), which is a complex of two
virus diseases—the sweet potato feathery mottle virus
(SPFMV) and the sweet potato chlorotic stunt virus
(SPCSV), is causing serious yield losses, especially in
high-virus pressure zones in Sub-Saharan Africa, where
OFSPs are often not sufficiently SPVD virus-tolerant.
SPVD resistance was found in the clone ‘Resitan’.
Markers for SPVD will be developed using backcross
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populations, AFLP and SSR or SNP markers. In a third
step, OFSP breeding populations and CIP germplasm will
be screened with the marker system to increase the use of
parental material segregating for the phenotype ‘SPVD
Resistance’.

Output 17 focuses on rice in the Mekong region and
involves Thailand, Laos, Cambodia and Myanmar national
programmes. Drought, salinity, diseases and insect pests
(such as blast, bacterial leaf blight, brown plant hopper,
white back plant hopper and gal midge) are the main
constraints of rice production in this region. Genes/QTL
associated with pest and disease resistance and with
cooking quality traits (amylose content, gel consistency,
gelatinisation temperature and aroma) were identified by
BIOTEC’s Rice Gene Discovery Unit. Marker-assisted
selection for the traits mentioned is now being
implemented in well-accepted cultivars in the Mekong
countries. Quality traits are transferred to rice with drought
resistance in Thailand and Cambodia, salt tolerance traits
are transferred to cultivars with good quality in Myanmar,
and rice quality traits are transferred to cultivars with wide
adaptation in Laos.

Output 18 aims at detecting and fine-mapping QTLs with
major effects on rice yield under drought stress for
deployment via marker-aided breeding. Output 19 relates
to the new special project on tropical legumes. New
molecular markers identified for disease resistance and
drought tolerance will be deployed to breeding
programmes in Africa for groundnut, bean, cowpea and
chickpea. Similarly, Outputs 20 and 21 respectively aim to
develop marker-assisted selection for resistance to Striga
gesnerioides in cowpea in West Africa (based on the
products delivered by Output 10) and for resistance to
streak virus in maize in Mozambique.

Output 22 aims at accelerating adoption in Africa of
varieties produced by MAS that are resistant to the cassava
mosaic disease (CMD), cassava bacterial blight (CBB) and
cassava green mites (CGM). For this purpose, molecular
breeding capacities of the National Root Crop Research
Institute at Umudike, Nigeria (the leading cassava
producing country in Africa) will be strengthened and new
CMD-, CBB-, and CGM-resistant cassava varieties will be
disseminated by integrating formal (scientist-led) and
farmer-driven cassava seed systems. Ex ante impact
assessment studies will evaluate the adoption of the new
cassava varieties in target sites.

Output 23 initiates a public—private sector collaboration.
The experience in marker-assisted recurrent selection
gained by Syngenta in maize will be transferred to
sorghum in Africa, through a collaboration between
Syngenta, and two national programmes in West Africa—
Institut National de Recherches Agronomiques du Niger
(INRAN) in Niger and Institut d’Economie Rurale (IER)
in Mali.



Project contribution to international public goods
This Subprogramme is delivering marker technologies that
are available as international public goods to generate
germplasm with resistance to pests and diseases and with
enhanced tolerance to drought, salinity or acid soils. The
new approaches pioneered in SP3 for molecular breeding
(development of low-cost, high-throughput markers,
modelling for better monitoring of marker-assisted
breeding strategies, development of innovative
phenotyping protocols), especially in the understudied
crops, are also international public goods, as well as the
products generated from these approaches, technologies
and protocols (e.g., virus-resistant cassava and sweet
potato, cowpea resistant to Striga, or rice resistant to
bacterial blight). For example, in groundnut, the
combination of wide crosses and molecular marker
analysis has allowed us to repeat the huge success of
synthetics in breeding programmes for other complex
polyploid crops such as wheat or canola. Groundnut’s
narrow genetic base makes it very likely that this approach
will deliver dramatic breeding gains for this orphan crop.

Partnership

Projects in Subprogramme 3 involve myriad players from
the CGIAR, ARIs, and NARS. SP3 fosters innovative
partnerships that allow us to capitalise on national
experience for the benefit of other countries in the region,
and on regional experience for the benefit of other regions.

Projects targeting new methodologies (Theme 2) involve
scientists from the private sector as well as experts in
public institutes with strong expertise in quantitative
genetics. The projects oriented towards the application of
molecular markers in breeding programmes are led by
national breeding programmes with the technical support
of ARIs or CGIAR Centres. But because SP3 focuses on
the application of modern breeding tools, the role of
national breeding programmes is of primary importance,
and they are major partners in most SP3 projects,
particularly in Themes 3 and 4. For instance, EMBRAPA
has conducted pioneering groundnut research through the
creation of amphidiploid synthetics, which effectively
broaden the genetic base of the crop and can have direct
benefits in breeding programmes. The impact of this work
would be heightened if it were conducted where most of
the world’s groundnut consumers live—in Africa and
Asia—so EMBRAPA has passed its synthetic disease-
resistant groundnut lines to Senegal for local testing and
application.

The cassava improvement activities under SP3 are multi-
institutional, involving Cornell University, CIAT and
EMBRAPA, with important implications for African
partners, including the National Root Crops Research
Institute (Nigeria), Namulonge Agricultural and Animal
Research Institute (Uganda) and Crop Research Institute
(Ghana).
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In the current SP3 portfolio, two-thirds of the
commissioned projects are now led by NARS breeding
programmes. To speed this evolution, commissioned
research from 2007 aims to establish regional molecular
breeding communities that share common facilities (e.qg.,
Mekong countries for rice, North China provinces for
wheat), and begin using GCP research outputs in their
breeding programmes to improve drought tolerance. Such
projects offer excellent opportunities for assembling a
diverse group of breeders who work on a set of target
crops and will begin using GCP research outputs in their
breeding programmes.

Another strategy used by SP3 for capturing
interdisciplinary synergies and end-user feedback on
priorities and outputs, is the development of ‘strategic
platforms’ in which the flow or exchange of products
between partners sharing a common objective is strongly
encouraged. As for commissioned projects, the target
cropping systems and regions are defined following the
priorities defined by the GCP Strategic Framework. A first
case concerned the development of NERICA, which is
based on the joint efforts and collaboration between one
competitive and one commissioned project. Similar
strategic platforms are being developed for rice in
Southeast Asia and for cowpea and cassava.

Subprogramme 4: Bioinformatics and
crop information systems

Rationale

The value of the data generated in the first three
Sub