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Result 1.4. Web-based genebank
information, management and
distribution system

22.5%

1.45

30%

12.0%

Result 2.3. Bioinformatics platform for
handling and analyzing genomic
data

35%

14.0%

0.94

20%

9.0%

Result 1.3. Characterized maize and
wheat genetic resources

25%

12.5%

2.25

35%

14.0%

Result 2.6. Useful maize and wheat
germplasm with enhanced tolerance
to abiotic and biotic stresses and

. _enhanced grain quality

25%

10.0%

3.46

30%

13.5%

Result 2.2. 1dentification of genes,
alleles and biological pathways
involved in tolerance to abiotic and
biotic stresses, enhanced grain
quality, and asexual reproduction
(apomixis)

15%

6.0%

2.95

20%

9.0%

Result 3.1. Improved capacity for
storage and management of genetic
resources by CIMMYT’s partners

60%

6.0%

0.58

40%

6.0%

Result 1.1. Enhanced global collection
of maize and related species
resources, including key genetic
materials

10%

5.0%

0.44

10%

4.0%

Result 1.2. Inventoried wheat and
related species collection, including
key genetic and cytogenetic
materials

10%

5.0%

0.17

10%

4.0%

Result 2.1. Maize and wheat consensus
maps for tolerance/resistance to
abiotic and biotic stresses, and
enhanced grain nutrition

10%

4.0%

1.46

10%

4.5%

Result 2.4. Improved marker-assisted
selection strategies and use by
CIMMYT and its partners

10%

4.0%

0.99

10%

4.5%

Result 3.2. Increased use of genomic
approaches by CIMMYT and its
partners

40%

4.0%

0.62

60%

9.0%

Result 1.5. Statistical and simulation
models for efficient maintenance
and use of maize and wheat genetic
resources

5%

2.5%

0.94

10%

4.0%

Result 1.6. Strategies for on-farm
management of genetic resources

5%

2.5%

0.21

5%

2.0%

Result 2.5. Genetic engineered event of
key genes for ultimate deployment
to CIMMYT partners

5%

2.0%

0.74

10%

4.5%













Genetic Resources

Narrative Summary

Verifiable Indicators

Means of Verification

Assumptions

Goal. Enhance the productivily and nutritional quality of
maize and wheat varietes through the targeted use of
genetic resources

Atleast 25% of the new maize and wheat varieties
produced by CIMMYT and its gartners containing
novel gene combinations derived from elite or
uniapped genetic resources [e.g., landraces and
wiid refatives)

Lbility to access genetic resource
information and seeds via the web
Datakase eports

Hew useful germplasm incorporated
into breeding programs

Scientific articles and reports

Agccess to global genetic resources
Sufficient variation for a frait in
available genetic resourcas
Suitable shenotypic screening
methodolegy for target
traits/environments

# genelic basts of trart phenatypes
Ability o negetiate necessary
freedom-to-operate for any required
inteflestual property

Purpose 1. Global custodianship, characterization and
management of the genetic resnurces of maize, wheat ang

Genetic ressurce information available for at least
25000 maize and 75000 wheat accessicns

Database reports
Scientdfic adicles and reporis

Access lo giobal genetic resources
Willngness fo establish globat

related species Gioba!l maize and wheat genelic resource network | Feedback from partners netwerk
involving at least 75% of the maize and wheat
genebanks
Result 1.1. Enhanced globai coliection of maize and related | By 2087. a 5-10% ncrease in the number and iype | Database reperis Access fo global genetic resources

species resources, including key genstic materials

of maize and related species accessions avaiable
in the gene bank

By 2007, a 5% insrease in the number of requests
for seed

Genebank seed requests

Activity 1.1.1. Improve ihe Latin Amevican, Aldcan and Asian
maize germpéasm collections

Activity 1.1.2. Access key related species and genetic
maleriais of maize into the collestion

Resuit 1.2. Inventoried wheat and related species collaction,
including key genetic and cytogenetic materiala

By 2007, a database with data for atfeast 75040
wheat and related sgecies

Database reports

Achiity 1.2 1. Inventory entire wheat coflection checking
quantity, vishdlity and data quality

Compiete inventory by end of 2006

Database reports

Actvity 1.2.2. Access key genetic and cytogenetic materiais
of wheat inio the coilection

A 25% inc:ease in the numker of genetc and
cylcgenedc siocks by 2008

Database reports

Result 1.3. Charaslenized maize and wheat genefic
reseurces

£4least 25% of the gene bank accessions
characterized at the phenciypic andior molecular
ievels by end of 2006

Database reports
Scientific adicies and reporfs

Suilable shenolypic screening
methodoiogy for target traits
£ genetic basis of iraits

Activity 1.3.1. Phenotype maize and wheat accessions for
key trails

5-10% of the maize and wheat accessions
phenotyped for at least 1 trait each year

Scientdic artictes and reparis
Dalakase reporis

Activity 1 3.2 Fingerprint using molecular markers key maize
and whea! acsessions ang related species

5-10% of the maize and wheat accessions
fingerprinted each year

Scientific aricies and reports
Database reporls

Result 1.4. Web-based genebank information, management

A global web-accessible maize and wheat genetic

Lkilty fo acoess genebank

and disinbution system resource information syslem information gicbally
Achvity 1.4.1. Davelos an updated, web-accessible genebank | Beta-version avaiiable by end of 2005 Evailable soffware
management and information systen Operational version by 2006 User reporis
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Narrative Summary Verifiable indicators Means of Verification Assumptions
Aclivity 1.4.2. Incorporate existing genebank data into the Data entered by end of 2005 Database reports
now system, improving data quantity and quality
Resuit 1.5, Statislical and simulation models for efficient Computer-based models for regeneration of Scientific arlicies and reports
maintenance and use of maize and wheat genetic resources | genebank accessions Computer software
Strategies for sfficient genebank management Gensbank operating manual
Acfivlty 1.5.1. Evaluate statistical ganetic models for Initial models available by 2005 Scientific articies and reports
classifying genetic resources. studying phenotypic and Testing of models in 2006+
genetic diversity, and forming core subsets.
Activity 1.5.2. Develop population genetic models for efficient | Inilia! models available by 2005 Scientific articles and reports
regeneralion and collection of genetic resources. Testing of models in 2006+
Result 1.6. Strategies for on-farm management of genetic Knowledge of gensflow in farmers fields Scientific articles and reports Willingness of farmers {o participate

resources

At least 1 strategy lo improve conservation of farmer
varieties

At least 50 farmers participating in the on-farm
management of genetic resources

Farmer interviews

Activity 1.6.1. Study the effects of gene fiow within and
between farmer grown varieties

Activity 1.6.2. Determine incentives required for in-sifus
conservation of genelic resources

Purpose 2, Effective approaches identified in genetic
resources and transferred to useful maizs and wheat

germplasm for improving critical traits as prioritized by
CIMMYT and its partners

Al least 1 genetic solution in maize for improved
folerance to abiotic stresses (drought, low nitrogen
and acid soil), biofic stresses {siorage insect pests
and pathogens) and grain nutritional quality {QPM,
vitamin A on and zinc)

At |east 1 genetic solution in wheat for improved
tolerance to abiotic stresses (drought, low nitrogen,
heat and sait), biotic stresses {fusarium, septoria
and powdery midew diseases) and grain nutritional
quality {vitamin A, iron and zinc}

improved sources idertified

Novel genetic diversity transfarred
through pre-breeding into adapted
genetic backgrounds

Useful diversity being incorporated
into breeding programs directly or
through use of pre-breeding products
Scientific articles and reports

Sufficient variation for a trait in
available genetic resourcas

A genefic basis of tral phenotypes
Ability to nagotiate necessary
freedom-to-operate for any required
intellectual property

Resutt 2.1. Maize and wﬁeat consensus maps for
toteranceitesistance to abiotic and bictic streasss, and
enhanced grain nutrition

Consansus maps for drought tolerance and insect
resistance in maize by 2005

Consensus maps for drought tolerance and
fusarium resistance in wheat by 2008

Scientific artictes and reports

Traits are contrailed by key
consensus genomic ragions

Acrhfity 2.1.1. Develop and analyze maize and wheat genetic
populations to identify QTL for tolerances to abiotic and biotic
siresses, and grain nufritional qualily components

At Ieast 1 mapping population analyzed per year

Scisntific articles and reports

Activity 2.1.2. Assembile consensus maps for maize and
wheat and display multiple fraits across environments and
populations

Activity 2.1.3. Link genomic regions of interest identified on
maize and wheat consensus map3 with other species (and
vice versa)
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Narrative Summary Verifiable Indicators Means of Verification Assumptions
Result 2.2, \dentification of genes, alleles and biological Genes, alleles andior pathways identified for Scientific arlicles and reporis Sufficient variation for a trait in
pathways involved in tolerance {o abotic and biotic stresses, | improving abiotic stress tolerance by 2005 available genefic resources
enhanced grain quality, and asexual reproduction (apomixis) | Genes, alleles andfor pathways identified for Ability fo produce apomictic seed in
improving biotic stress resistance by 2006 diploid species
Genes, alleles and/or pathways identified for Ability to negotiate necessary
asexual reproduction by 2007+ fresdom-10-operate for any required
inteliectual property
Activity 2.2.1. Identify and validate candidate genes and
biological pathways involved in tolerances {o abiotic, biofic
streases and grain quality in maize and wheat using
functional genomics, allele mining and association genelics
Activity 2.2.2 identify gene systems for conditioning asexuat Nuceflar/ovule-specific and inducible promoters Scientific articles and reports Ability to negotiate necessary
reproduction (apomixis} in cereals identifisd by 2005 freedom-fo-operate for any required
Embryogenesis genes identified by 2006 intellectual property
Cell differentiation genes identified by 2007
Activity 2.2.3. Screen candidate genes from cereals and Screen 10 genes for abiotic stress toleranca in Scientific articlas and reports Ability to negotiate neceasary
other species in maize and wheat for improved lolerances to | wheat by 2008 freedom-to-operate for any required
abiotic and biotic stresses, and nutritional quality using Screen 10 genes for biotic stresa lolerance in wheat intellectual property
genalic enginsering by 2007
Scraen 5 genes for grain nulritionat quality in wheat
by 2007+
Result 2.3. Bioinformatics platform for handling and Bioinformatics platiorm established and funclioning | Scientific arficles and reports
analyzing genomic data by end of 2005 Bioinformatic tools
User feadback
Activity 2.3.1. implement central data repository for CIMMYT- | Data repository available by end of 2005
derived genomic dala
Activity 2.3.2. Identify and adopt key bioinformatics packages | Packages evailabie in 2005+
for analyzing genomic data
Resuit 2.4. Useful maize and wheat germplasm with At least 10 maize and wheat lines as sources for Scientific articles end reporls Sufficient vasiation for a trait in
enhanced tolerance to abiotic and biotic stresses and improved tolerance andior nutritional quality Germpiasm requests available genetic resources
enhanced grain quality produced per year Ability {o negotiate necessary
freedom-to-operate for any required
intellectual property
Activity 2.4.1. Develop novel ‘synthetic’ or ‘bridge’ wheats At least 50 new ‘synthetic’ or ‘bridge’ wheats Scientific atticles and reports
uging wild A, B and D genome donors produced
Activity 2.4.2. Produce doubted haploid populations of wheat { Atleast 10000 doubled haploid individuals per year | Scientific arlicies and reports
for mapping projects and pre-breeding purposes
Activity 2.4.3. Characlerize at the phenotypic and molecular At least 1000 accessions evaluated for key fraits Scientific arlicles and reports

levels key maize and/or wheat genelic resources under
water-stress, low nitrogen, andfor acid soits conditions and
for resistance {o fusarium, septoria and powdery mildew to
identify novel sources of tolerance

each year
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Narrative Summary Verifiable Indicators Means of Verification i Assumptions
Actt#lty 2.4.4. Incorporate novel sources of tolerance into Drought tolerant maize lines by 2005+ Scientific articles and reports
useful maize and wheat germplasm using conventional, Acid soil and drought tolerant wheat lines by 2006+
motscular-marker and‘or genetic engineering strategias for Fusarium and septoria resistant wheat fines by
further use by breeding programs of CIMMYT and its 2006+
partners
Activity 2 4.5. Screen maize and wheat genefic resources for | Maize and wheal fines screened by 2005+ Scientific articles and reports
elevated levels of iron, zinc and pro-vitamin A in the grain
Activity 2.4.6. Incorporate nove! sources of elevated levels of | increased iron and zinc wheat fines by 2007+ Scientific articles and reports
micronutrients into useful maize and wheat germplasm using
conventional, molecular-marker andfor genetic enginesring
strategies for further use by breeding programs of CIMMYT
and its pariners
Resulit 2.5. improved marker-assisted selection strategies At loast 3 10% increase in the number of MAS MAS use reports Good knowledge of gene networking
and use by CIMMYT and its pariners 2s3ays per yeat Scientific articles and reports and interaction
At least 1 new effective MAS strategy proposed by | Improved germplasm Continued demand for MAS
. 2006
Activity 2.5.1. Model use of molecular markers in breeding Al least 1 new strategy by 2006
programs to identify optimat application
Activify 2.5.2. increase the number and efficiency of marker At least 2 new marker systems adopted per year
systems for use by CIMMYT and its pariners
Activity 2.5.3. Establish regional marker laboratories At least 1 regional marker lab established by 2005 | MAS use teporis Continued demand for MAS in the
backstopped by a centrat facility At least 4 regional marker labs established by 2007 regions
Result 2.8. Genstic engineered event of key genes for Maize and wheat germplasm containing at least 10 | Scientific articles and repOrts Ability to negotiate necessary
ultimate deployment to CIMMYT partners transgenic events each for at least 2 genes by 2007 | Improved germplasm freedom-to-operate for any required
inteliectuat property
NARS and pubtic interest in
transgenic varieties
Simple gene solutions for criticat
trails
Aclivily 2.6.1. Produce fow-copy and selectable marker free Agrobacterium transformation system for wheat by | Scientific articles and reports Abifity to negotiate necessary
events of mos! effective genes 2005 freedom-to-operate for any required
Gene excisionfecombination system for maize and inteliectual property
wheat by 2007
Activity 2.6.2. Develop source lines containing thess events At least 6 events in extended field trials by 2007 Scientific articles and reports Appropriate bicsafety regulations for
along with required regufatory information Biosafety applications and approvals | field trials in target countries
Purposs 3. Capacity in genetic resource management, At loast 50 NARS staff trained per ysar Waorkshop and training reports
maintenance and use enhanced globally NARS and farmer feedback
Result 3.1. Improved capacily for storage and management | Quality of maize and wheat global genetic resources | NARS feedback
of genetic resources by CIMMYT's partners increased in at least 5 NARS each year
Activity 3.1.1. Develop usertiendly, portable genetic | Sysiem available by 2006 Softwara reports
resource information system User feedback
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Narrative Summary Veriflable Indicators Means of Verification Assumptions
Actvily 3.1.2 Conduct workshops andfor host visifing | Atleast 1 workshop held each year Workshop and training reports
scientists/students on genebank management (ex-sif and In- | At least 2 scientists/students hosted each year
sifu)
Activity 3.1.3. Help NARS and CIMMYT pariners develop o At least 5 NARS or partners helpsd each year NARS feedback
improve genebank facilities
Resuit 3.2. Increased use of genomic approaches by Atleast 5 NARS scientists frained in genomic NARS reports
CIMMYT and its pariners approaches each year Scientific articles and reports
Activity 3.2.1. Develop user-friendly bicinformatics fools
Activily 322 Conduect workshops andfor host visiting | Atieast { workshop held each year Workshop and raining reports
sciantists/students in the application of genomics (QTL/gene | Atleast 2 acientists/students hosted each year
discovety, MAS} in maize and wheat breeding
Aclivity 3.2.3. Provide appropriate software tools to CIMMYT
partners
CIMMYT Internal High Where CIMMYT Will CIMMYT Will Not Carry
Priority Areas Work With Partners,: Out This Work; Or only if
Partners to Perform the Specific Funding &

Work

Agreements Permit

e  Genetic conservation through use in
genetically enhanced pools

¢  Gene discovery and allele mining
combining phenomics and genomics

Institution

Breeding of maize, wheat and triticale
pops. and lines NOT cultivars) [and in
collaboration with ICARDA, batley for
Latin America]

Establish resource conservation
technology options (RCTs) that fit into
conservation agriculture

Capacity building using information
management systems, knowledge sharing
and learning-by-doing approach

e  Work on livestock

¢  Work on legumes (other than as
part of Consetvation Agriculture
rotations)

e  Macroeconomic studies

¢  Genetic Transformation other
than on drought and insect
resistance

o Breeding of cultivars/varieties
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CIMMYT Internal High Where CIMMYT Will CIMMYT Will Not Carry
Priority Areas Work With Partners,: Out This Work; Or only if
Partners to Perform the Specific Funding &
Work Agreements Permit

Program 1
Genetic
Resources

Collection and conservation of crop-
related bio-diversity

Methodologies for and products from,
trait and gene-based identification of
useful crop-related bio-diversity [demand
driven by regional programs]

Development of fully integrated public-
access germplasm characterization and
enhancement information resources
Methodologies for and products from,
improved efficiency of germplasm
enhancement [demand driven by regional
programs]

Development of holistic knowledge-led
solutions for drought tolerance and
resistance to Fusarium head blight and
rust in wheat [in collaboration with regional

programs]

In sity conservation/farm
management

Untargeted pre-breeding activities
(elimination ongoing in wheat)
Untatgeted in-house up-stream
tresearch (for example, apomixis)
Low breeder priority trait mapping
(yet to be identified)

Low breeder priotity transgenics

®  On-farm management of maize
and wheat genetic diversity

® [systematic] Characterization of
genebank entries

®  Alternatives for communities to
grow unique genetic resources

e  Analysis of policies related to
genetic resources and genetic
diversity

® FEconomic assessment of the
value of genetic resources
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Initial Priorities for Creating a Genetic Resources and Enhancement Unit

Generate knowledge, tools and germplasm to assist wheat and maize breeding
- Genetic understanding
- Genomics tools
- Computational tools

> Improve efficiency and precision of accessing biodiversity

> Better understand underlying genetics of target traits

> Develop genomics tools to help genebank mining and selection in breeding programs
> Generate computation tools to assist all of the above

MAIZE ' WHEAT

R Genomics Tools for Mining Biodiversity
Drought Drought

(genomics) (synthetics and transgenics)
Disease Resistance (MSV) Rusts

(marker-assisted selection) '(MAS and transgenics)
Pest Resistance Fusarium

(transgenics) (holistic approach)

Quality Traits (QPM) | Quality traits
(marker-assisted selection and transgenics) (marker-assisted selection

Computational Tools for Molecular Breeding

12




Defining a Key Set of Priority Products for the Basis of the Business Plan

Primary Product Description

Important
Subsidiary
Elements

Primary Partner Initiatives

Stress Tolerant maize for
enhanced food security and crop
diversification

Quality

Generation Challenge Program

Wheat with enhanced water
productivity and appropriate
quality profiles

Quality

Generation Challenge Program

Rust resistant wheat Fusarium resistance | Global Rust Initiative
Global FHB Initiative

Bio-fortified maize and wheat for HarvestPlus Challenge
improved nutrition and health Program
New traits using technologies to
release the value of global crop
biodiversity
Improved tools and MPB-CRC

-| methodologies for genetic MNC breeding companies
improvement IRRI-CIMMYT CRIL
Capacity building in NARS and GCP Molecular Breeding
SME breeding programs Communities of Practice

NIAB plant breeding training

Resource conservation
technologies for maize and wheat
cropping systems

Speciality maize for income
generation
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Establishing Projects as the Operational Unit for Product Development

Project # Formal Title Associated Flagship Products
[Short Title]
Project 1 Conservation and characterization of and #5 and #6: New Traits through Allele Mining and
Discovery targeted access to maize and wheat related Improved Methodologies for Genetic
biodiversity Improvement
Project 2 Trait enhancement: tools, methodologies, and | #5 and #6: New Traits through Allele Mining and
Tools germplasm Improved Methodologies for Genetic
Improvement
Project 3 Stress tolerant maize #1: Stress Tolerant Maize
Stress
Project 4 Nutritional and specialty traits for maize #4 and #9: Biofortified Maize and Special Trait
Added Value Maize for Income Generation
Project § African livelihoods #1: Stress Tolerant Maize; # 4 and #9:
Africa Biofortified Maize and Special Trait Maize for
Income Generation
Project 6 Maize for Latin America and Asia #1: Stress Tolerant Maize; # 4 and #9:
LAA Biofortified Maize and Special Trait Maize for
Income Generation
Project 7 Water productive wheat with appropriate #2: Wheat with Enhanced Water Productivity
Drought quality profiles
Project 8 Enhanced wheat for more durable resistance | #3: Rust Resistant Wheat
Diseases to diseases and enhanced production potential
Project 9 Wheat grain enriched for health and #5: New Traits through Allele and Gene Mining
profitability of Global Crop Genetic Resources
Project 10 Conservation agriculture for maize and wheat | #8: Resource Conservation Technologies
RCT cropping systems: Safeguarding soils while
increasing water productivity and resource
use efficiency
Project 11 Knowledge, targeting, and strategic #7: Capacity Building
KTSA assessment of maize and wheat farming

systems
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Project Descriptions

CIMMYT?s flagship products that are described in part one of the business plan
will be embedded as outputs from a carefully focused project portfolio. The
individual projects are described below.

Project 1: Conservation and characterization of and targeted access to maize and
wheat related biodiversity [Discovery]

Background
Crop-related biodiversity is the founding asset of the CGIAR and the basic raw material

for the international breeding programs of CIMMYT. The emerging niche of the CGIAR
in the new millennium builds on this foundation but now with greater emphasis on
bioscience-assisted methodologies and intermediate products associated with the efficient
identification of target added value traits and their rapid introgression into elite breeding

material.

Why CIMMYT? .
Structured and well characterized germplasm such as introgression lines, enhanced gene

pools, advanced lines, cultivars, genetic mapping populations and mutant stocks are
becoming an increasingly critical asset for the global plant research and breeding
community. Targeted development, intensive characterization and extensive evaluation
(under diverse field conditions) of this germplasm is increasingly seen as the rate limiting
factor for translation of outputs from the genomics and information technology
revolutions into tangible products for developing country farmers.

Application and translation of upstream research outputs for the development of
intermediate products with multi-disciplinary added value will be increasingly dependent
upon effective data management systems. Thus, a major new strategic focus in the
program is the creation of a fully integrated web-based support system for partners
involved with conservation, utilization, evaluation and enhancement of genetic resources,
whereby all types of data can be integrated, compared and collectively analyzed and/or

queried by anyone anywhere.

Products
e Mecthodologies for[*] trait and gene-based identification of useful crop-related

biodiversity [demand driven by regional programs in combination with new
opportunities arising from advances in biosciences]

e Capacity building and technological backstopping to assist NARS, SMEs and
CIMMYT breeders to make best use of maize and wheat-related biodiversity
(through adoption of new methodologies and uptake of newly targeted germplasm)

e Development of fully integrated, public-access, germplasm characterization
information resources [entirely demand driven by end-users][developing
resources for integrating all available data within germplasm enhancement
pipeline better fits in P2]
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e Generation and/or characterization of near-isogenic, introgression and substitution
lines, enhanced gene pools, synthetic polyploidy genotypes, genetic mapping
populations and mutant stocks for trait-targeted genetic investigations [entirely
driven by trait focus priorities]

e Targeted collection, conservation, characterization and distribution of crop-related
bio-diversity [increasingly demand driven by end-user trait priorities]

[*this converted to additional statement in next bullet as in new vision GREU products
will be methodologies while application for a specific trait target will be in maize and
wheat breeding programs supported by GREU]

With whom do we do it?
Conservation and management of genetic resources: IPGRI, FAO, NARS and ARI’s
together with organizations involved in all relevant intemational agreements.

Targeted access to valuable genetic variation: ARI’s, NARS, IARCs and the private
sector particularly through consortia such as the Molecular Plant Breeding CRC and the
Generation Challenge Program, the IRRI-CIMMYT alliance and through bilateral
arrangements with ARIs and the private sector in OECD countries and strong NARS in
China, India, South Africa, Brazil and Argentina.

Where do we do it? ,

CIMMYT locations: in Mexico but increasingly also in Turkey and Morocco (CWANA),
China, India and the Philippines (Asia), and, Kenya and Zimbabwe (East and Southern
Africa).

NARS locations: collaborating countries of the Latin American Maize Program (LAMP),
and [parallel statement for wheat]. Systemic collaboration with strong NARS in Africa,
Asia and Latin America will become an increasingly important component of our
operational strategy in many cases extended to include the breeding communities of USA,
Europe and Australia. :

Who benefits?
NARS and SME maize and wheat breeding programs with spillovers for their clients:

resource-poor farmers, processors, consumers and families, with spillovers and synergies
with ARIs and multi-national companies in the plant science research community.

Who are the clients?
NARS, SME and IARC breeding programs
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Project 2: Tools and Methodologies for Genetic Improvement [Tools]

Background

The overall objective of this project is to develop and validate new methodologies for
more efficient and targeted identification and manipulation of new alleles and genes for
traits prioritized by end-users in CIMMYT’s regional programs, and, in NARS and SME
breeding programs. The primary goal of these efforts is to enhance the resilience (to
abiotic stresses), yield stability (under biotic stress), nutritional quality (for human and
animal consumption) and the profitability of maize and wheat varieties through the
targeted use of genetic resources.

Why CIMMYT?

Molecular breeding application facilities at CIMMYT and our partners urgently need to
evolve to a new paradigm which is able to take maximum advantage of genotyping out-
sourcing enterprises now emerging all over the world. Similarly, the identification of new
marker associations is very often better achieved in ARIs. Nevertheless, CIMMYT has a
primary niche in developing central information resources and coordinated analysis and
representation initiatives. Similarly, it is CIMMYT’s role to translate, validate and/or
refine appropriate outputs from ARI research to facilitate robust and efficient routine
application in plant breeding programs. In particular, applying quantitative knowledge-
led phenotyping systems, analyzing environmental and genetic background effects,
developing improved methodologies through retrospective analysis of current breeding
systems, and devising new selection systems based on holistic indices and computation
decision support tools.

The project will generate methodologies for, intermediate products from, and capacity
building around, improved efficiency of targeted germplasm enhancement through
development of holistic knowledge-led solutions for genetic improvement of trait targets
defined by CIMMYT, NARS and SME breeding programs. Thus, the current priorities
have been arranged into four trait groups in each crop as follows:

WHEAT Secondary Trait Focus Comments

~ Primary Trait Focus

Drought tolerance Root health factors*

Resistance to rusts Resistance to other foliar
diseases* such as FHB

Quality traits for human* Quality traits* for animal

consumption consumption

Improved productivity under resource conservation technologies* (RCTs)

MAIZE Secondary Trait Focus Comments

~ Primary Trait Focus

Drought and heat tolerance Low soil fertility tolerance*

Pest resistance* Disease resistance* (including
mycotoxins)

Quality traits* QPM and other biofortification* Increasingly also for animal
(including protein content) for consumption and industrial use
human and animal consumption quality parameters

Improved productivity under resource conservation technologies* (RCTs)
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Products

e Web-enabled integrated data management and analysis systems linking genetic
resources, biotechnology, breeding and variety release

¢ Biotechnology and/or computationally-assisted germplasm enhancement tools and
strategies (including molecular breeding decision-support systems)

e Capacity building and technological backstopping to assist NARS, SME and
CIMMYT wheat and maize breeders to make best use of new germplasm
enhancement tools, methodologies and genetic resources

e Ex ante or cost-benefit analysis of impact from GREU outputs (germplasm, tools
and methodologies) in flagship projects
New genetic engineering methodologies and GMC-breeding systems
New maize and wheat molecular breeding tools through translational genomics
from rice and other model systems

¢ New maize and wheat molecular breeding tools through functional genomics
analysis of metabolic pathways important for agronomic traits such as drought
tolerance and developmental biology

¢ [included in previous draft as discussions were at that point still on-going
regarding the split of activities between GREU and commodity programs but now
this output sits squared in the wheat program]

¢ Genetically enhanced high quality maize populations with drought tolerance and
resistance to biotic stresses [included in previous draft as discussions were at that
point still on-going regarding the split of activities between GREU and
commodity programs but now this output sits squared in the maize program]

With whom do we do it?

ARI’s, NARS, IARC:s and the private sector particularly through consortia (G-CP, MPB-
CRC) and the IRRI-CIMMYT alliance and through bilateral arrangements with ARIs and
the private sector in OECD countries and strong NARS in China, India, South Affica,
Brazil and Argentina.

Where do we do it?

Increasingly in the regional locations that offer best proximity to partners and end-users
and greatest operational efficiency. CIMMYT locations include Mexico, but increasingly
also in Turkey, Morocco (CWANA), China, India and the Philippines (Asia), and, Kenya
and Zimbabwe (East and Southern Africa). Strong partnerships are envisaged at NARS
locations in Africa, Asia and Latin America.

Who benefits?
NARS and SMEs maize and wheat breeding programs with spillovers for their clients:

resource-poor farmers, processors, consumers and families, with spillovers and synergies
with ARIs and multi-national companies in the plant science research community.

Who are the clients?
NARS, SME and IARC breeding programs.
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Numbers of accessions received from the cooperating countries
and new introductions to the CIMMYT maize collection, 1993-2005

Country No. of samples received CIMMYT New Accessions
1993 — 2005 1993 — 2005

Argentina 896 758
Bolivia 579 473
Brazil 658 569
Chile 713 469
Colombia 1491 1001
Cuba 101 101
Ecuador 1065 252
Guatemala 751 544
Honduras 42 42
Mexico 9831 5092
Paraguay 440 439
Peru 1224 887
Venezuela 184 151
TOTAL 17975 10778

Figure 1. Indicates the results of the new introductions to CIMMYT maize collection from Latin
America through the cooperative project, 1993-2005. The results indicated more than 11,000
accessions of Latin American maize germplasm have been introduced at CIMMYT.
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Seed Preparation and Distribution
Activities for 2005 are summarized in the following tables.

Wheat 2005
International
Total by Nurseries sets Y Miscellaneous sets 0
program prepared and ’ prepared /o
distributed in 2005
Intensive
Agrosystems
Program 1055 48.12 38 22.49
Rainfed Wheat 870 39.72 46 27.22
Genetic Resources 265 12.1 85 50.30
total 2190 169
Maize 2005
Total by Trals sets Miscellaneous sets
prepared and Yo %
program distributed in 2005 prepared
Intensive
Agrosystems 20.63
Program 130 22 6.92
Tropical 500 79.37
Ecosystem ’ 211 66.35
Genetic Resources 47 14.78
SIDU (shipments
of CMLs) 38 11.95
Total 630 318

Seed preparation of wheat, barley and triticale requires the washing procedure in chlorine as prophylaxis
against karnal bunt (Té/etia indéca), chemical treatment and packing. For maize the seed washing procedure is

not required.

International Nurseries and trials are defined by the breeders every year and offered through CIMMYT
website. Miscellaneous shipments includes bank accessions, CIMMYT maize lines and other materials

produced by the breeders in the frame of special projects

Data Management: During 2005 536 sets of wheat international nurseries data and 200 sets of international
maize trials data have been received for capture, analyses and loading on CIMMYT website for public access

and consultation.
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Outputs of Analysis of Wheat International Nurseries

Progress in breeding wheat for yield and adaptation in global drought affected environments. 2002.
Trethowan, R.M. ; Ginkel, M. Van ; Rajaram, S. Crop Science 42 :1441-1446.

Associations among Twenty Years of International Bread Wheat Yield Evaluation Environments. 2003.
Trethowan, R M. ; Ginkel, M. Van ; Ammar, K. ; Crossa, J. ; Payne, T.S. ; Cukadar, B. ; Rajaram, S. ;
Hernandez, E. Crop Science 43 :1698-1711.

Associations among International Cimmyt bread wheat yield testing locations in high raifall areas and their
implications for wheat breeding. 2004. Lillemo, M. ; Ginkel, M. Van ; Trethowan, R.M. ; Hernandez, E. ;
Rajaram, S. Crop Science 44 :1163-1169.

Managed drought stress environments in Mexico and their association with global wheat growing
environments. Cuernavaca, Mor. (Mexico); 24-28 May 2004. 2004. Trethowan, R.M. ; Reynolds, M.P. ;
Pfeiffer, W.H. ; Ammar, K. ; Ginkel, M. Van ; Crossa, J. p. 135-136. In: Resilient crops for water limited
environments: Proceedings of a Workshgp. Poland, D.; Sawkins,M.; Ribaut, ].M.; Hoisington, D. (eds.). Mexico, DF
(Mexico); CIMMYT,

Differental adaptation of CIMMYT bread wheat to global high temperature environments. 2005. Lillemo,
M. ; Ginkel, M. Van ; Trethowan, R.M. ; Hernandez, E. ; Crossa, ]. Crop Science 45 (6) :2443-2453.

Clasification of the rainfed spring wheat production environments and genotypes in Kazakhstan and Siberia
using multilocadonal data. 2005. Morgounov, A. ; Abugalieva, A. ; Baytasov, A. ; Bekenova, L. ; Berdagulov,
M. ; Crossa, ]. ; Esynbekova, M. ; Koishibayev, M. ; Maltseva, L. ; Murzatayeva, T. ; Rsaliev, S. ; Sereda, S. ;
Shpigun, S. ; Trethowan, R. ; Tsygankov, V. ; Tyunin, V. ; Zelenskiy, Y. ; Zykin, V. p. 246. In: International
Wheat Conference, 7; Mar del Plata (Argentina); 27 Nov-2 Dec, 2005. Abstracts of oral and poster presentations. Abstract
only

Global adaptation of spring bread and durum wheat lines near-isogenic for major reduced height genes. 2006.
Mathews, K.L. ; Chapman, S.C. ; Trethowan, R. ; Singh, R.P. ; Crossa, ]. ; Pfeiffer, W. ; Ginkel, M. Van ;
DelLacy, 1. Crop Science 46 (2) :603-613.

Long-term association of locations for testing spring bread wheat. 1994. DeLacy, I.H. ; Fox, P.N. ; Corbett,
J.D.; Crossa, J. ; Rajaram, S. ; Fischer, R.A. ; Ginkel, M. Van. Exphytica 72 (1-2) :95-106.

CIMMYT's approach to breeding for wide adaptation. 1996. Braun, H.J. ; Rajaram, S. ; Ginkel, M. Van.
Euphytica 92 (1-2) :175-183.

Lines tested in the International Spring Wheat Yield Nurseries (ISWYN) 1964-1994. 1996. DeLacy, L.H. ;
Skovmand, B. ; Fox, P.N. ; Rajaram, S. ; Ginkel, M. Van. Mexico, DF (Mexico): CIMMYT. ii, 62 p.
Serie: CIMMY'T Wheat Special Report (WPSR) No. 39

CIMMYT's approach to breed for drought tolerance. 1996. Rajaram, S. ; Braun, H.J. ; Ginkel, M. Van.
Euphytica 92 (1-2) :147-153.
Analysis of the septoria monitoring nursery. 1999. Gilchrist, L. ; Veldzquez, C. ; Crossa, ). In: Septoria and

Stagonospora Diseases of Cereals: A Compilation of Global Research. Proceedings of International Workshop, 5. Mexico, D.F.
(Mexaca); 20-24 Sep 1999. Ginkel, M. van; McNab, A.; Krupinsky, J. (eds.). Mexico, DF (Mexico); CIMMYT,
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Associations among Twenty Years of International Bread Wheat Yield Evaluation Envitonments. 2003,
Trethowan, R M. ; Ginkel, M. Van ; Ammar, K. ; Crossa, J. ; Payne, T.S. ; Cukadar, B. ; Rajaram, S. ;
Hetnandez, E. Crop Science 43 :1698-1711.

Multivariate analysis for classifying sites: Application to an international wheat yield trial. 1990. Crossa, J. ;
Pfeiffer, W.H. ; Fox, P.N. ; Rajaram, S. In: Genotype-by-Environment Interaction and Plant Breeding. Kang, M.S. (ed.).
Baton Rouge, LA (USA); Lousiana State University. Agricultural Center,

Pattern analysis of the CIMMYT International Bread Wheat Screening Nurseries which considers
experimental error. 1995. Cooper, M. ; Ratnasiri, W.G.A. ; DeLacy, I.H. ; Fox, P.N.. In: International Wheat
Genetics Symposium, 8; Begjing (China); 20-25 Jul 1993. Li, Z.S.; Xin, Z.Y. (eds.). Beijing (China); China
Agticultural Scientech, 1995.

Lines tested in the International Spring Wheat Yield Nurseries ISWYN) 1964-1994. 1996. DeLacy, LH. ;
Skovmand, B. ; Fox, P.N. ; Rajaram, S. ; Ginkel, M. Van. Mexico, DF (Mexico): CIMMY'T. iii, 62 p.

Retrospectve analysis of historical data sets from multi-environment trials -- Theoretical development. 1996.
DeLacy, L.H. ; Basford, K.E. ; Cooper, M. ; Fox, P.N.. 243-267. In: Plant Adapiation and Crop Improvemen.
Cooper, M.; Hammer, G.L. (eds.). Wallingford (United Kingdom); CAB Internadonal : IRRI : ICRISAT,

The CIMMYT wheat program's international multi-environment trials. 1996. Fox, P.N.. 175-183. In: Plant
Adaptation and Crop Improvement. Cooper, M.; Hammer, G.L. (eds.). Wallingford (United Kingdom); CAB
International : IRRI : ICRISAT,

Multi-environment testing and genotype x environment interaction. 1997. Fox, P.N. ; Crossa, ]. ; Romagosa, L.
In: Statistical Methods for Plant Variety Evaluation. Kempton, R.A.; Fox, P.N. (eds.). London (United Kingdom);
Chapman and Hall,

The effect of the accumulation of disease resistance genes on the long-term association of a global sample of

environments for testing spring bread wheat. 2000. DeLacy, I.H. ; Rajaram, S. ; Cooper, M. ; Fox, P.N. ;
Basford, K.E. Theoretical and Applied Genetics 101 (7) :1164-1172.

32






Globalization of Wheat Breeding: Perhaps the most dramatic recent change in the wheat breeding program
has been facilitated by the increased capability of key NARS partners. The traditional shuttle breeding
between two diverse environments in Mexico has served many of CIMMYT’s clients very well. However, this
approach is not adequate for breeding resistance to certain pests and diseases that are not found in Mexico
nor effective for breeding adaptation to certain target environments such as those at high latitudes.
Fortunately the capability of some NARS in Asia, Latin America and the newly independent Central Asian
republics has greatly improved since the Green Revolution. On this basis, CIMMYT wheat breeders are
rapidly decentralizing their shuttle breeding program by joining forces with those NARS, each one
specializing in a different pest or disease or unique environmental profile. This partnership mode of operation
has also released funds for the modernization of the field breeding operation in Mexico.

Utilization of Synthetic Wheats: With climate change and our increasing focus on resource-poor farmers in
matginal cropping systems, drought tolerance has become an over-arching priority. Significant progress is
being made in generating wheat varieties with better levels of drought tolerance by incorporating natural
variation available in widely adapted diploid progenitors. This is being achieved using wide cross technology
which is allowing wheat breeders to recreate the polyploidization step that occutred in evolutionary time prior
to the domestication of bread wheat. However, instead of the relatively narrow range of diversity captured in
those evolutionary crosses, plant breeders now have available to them the full taxonomic diversity available in
the wild relatives of cultivated wheat. As with most crops, the wild relatives are a rich source of pest and
disease resistances and tolerances to environmental stresses. However, genome differentiation between wild
and cultivated species usually confounds attempts to effectively capture such useful variation in their breeding
programs. However, the resynthesis of wheat does not suffer such problems allowing breeders to rapidly
incorporate synthetic derivatives into their mainstream programs. This provides CIMMYT with a unique
niche for capturing the extensive genetic variation available in its enormous genebank (of over 160,000
accessions) and introgressing it into elite breeding lines. In the case of drought tolerance, this approach has
been outstandingly successful. Based on this success, wheat breeders are now applying the same approach to
pest and disease resistance, and nutritional quality traits.

The Role of Global Alliances: As bioscience research and plant breeding become increasingly complex and
expensive, there is an increasing need for mote complex inter-disciplinary, inter-sector and inter-national
alliances to retain the cost effectiveness, agility and velocity of our progress. Two recent international
initdatives go a long way to setting the scene for such alliances. First the Generation Challenge Program, a
$15M a year global program focused on using genomics to release the value of global biodiversity for
breeding abiotic stress tolerance traits, particulatly drought resistance. Second, the IRRI-CIMMY'T Alliance
creating the Crop Research Informatics Lab centred on the application of informatics, biometrics and
modelling to evolve new knowledge-led methodologies for harnessing the bioscience investment in model
species and major crops for improving the pace and scope of breeding progress in cereal crops.

This paper will provide an overview of CIMMY'I’s wheat research and breeding programs and alliances with
particularly emphasis on the role of synthetic germplasm on wheat breeding, past, present and future.
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Table 1. The testcross performance of best 20% of the entries of the trial G25 with CML 479 as a tester at six Mexican locations in 2003-2004.

The trial included S2 lines developed from the breeding crosses of Caribbean landrace accessions and Pool 25Cs;, and single crosses among

CML lines as checks.
YLD AN S PH EH MO EL ED KL KwbD XR gq
Testcrosses and single crosses N
(Mgha)  (Days) (Days) (em) (cm) (%) (em) (cm) (cm) (mm) (1-5%)
G25 C31 HS83-2-1 x CML 479 8.2 69 60 244 125 166 174 47 12 8717 142 2.7
[(Cuba124xCML413)xCML 451]53-2-1 x CML 479 8.0 68 60 242 125 169 177 47 12 885 141 2.6
CML 479 x CML 451 8.0 69 70 236 114 178 175 47 12 884 144 25
[(Cuba94xCMI413)/CML 451]32-1-2 x CML 479 7.9 69 70 239 117 174 178 46 12 885 140 25
G25 C31 HS244-1-2 x CML 479 78 69 60 247 124 173 176 46 13 879 144 27
G25 C31 HS87-2-1 x CML 479 77 68 60 245 122 174 183 47 12 885 143 25
G25 C31 HS284-2-1 x CML 479 77 69 70 250 130 172 17.6 46 12 883 142 25
CML 479 x CML 454 75 69 69 241 123 164 179 45 12 886 137 26
CML 479 x CML 413 58 70 72 243 130 172 168 45 12 882 138 27
Trial Mean 741 6 70 244 123 172 175 46 12 884 140 2.7
09 07 0.0
O
LSD (0.05) 077 115 124 98 791 9 7 014 5 002 053 029
32 29 22 2.0
0 o
CV (o) 557 085 091 207 8 3 4 150 4 135 193 556

* 1 for the best - 5 for the poor

"' Least significant difference for comparisons between entry means for each trait.

i Coefficient of variation

YLD-yield, AN-anthesis, SI-silking, PH-plant height, EH-ear height, MO-moisture, EL-ear length, ED-ear

diameter

KL-kernel length, KWD-kernel width, KRN-kernel row number and EQ-ear quality.
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Table 2. The testcross performance of best 20% of the entries of the trial G26 with CMLA51 as a tester at six Mexican locations in 2003-2004.

The trial included S2 lines developed from the breeding crosses of Caribbean landrace accessions and Pool 26Cs;, and single crosses among

CML lines as checks.

YLD AN SI PH EH MO EL ED KL KWD KRN EQ

Testcrosses and single crosses (-

(ton/ha) (Days) (Days) (cm) (cm) (%) (cm) (cm) (cm) (mm) 5%)

(TrinGp1/G26Cs1/G26Cs) -146-3-2-3 x CML 451 8.4 71 71 235 122 172 181 48 13 922 145 25
[(Snlp105xCMI.287)xCL-02450}-55-1-1 x CML 451 8.4 72 73 244 122 178 185 48 12 910 147 25
[(Snlp105xCMI.287) /CL-02450]-68-1-2 x CML 451 8.3 71 71 241 126 172 183 48 12 913 145 25
CML 287 x CML 451 8.3 71 71 243 122 180 182 47 12 907 144 25
[(Cuba91xCMI287)/CL-02450}-87-1-2 x CML 451 8.2 70 71 234 120 181 170 49 12 921 144 25
G26 C3; HS61-1-1 x CML 451 8.2 70 71 243 119 175 17.7 48 13 933 144 25
(Puerl/G26C31/G26C31) -141-2-1-1 x CML 451 8.2 69 70 240 122 170 182 48 12 918 143 25
CL-02450 x CML 451 8.1 70 72 230 117 180 171 49 12 907 148 25
CML 479 x CML 451 7.9 69 70 231 113 17.6 177 47 12 897 145 25
Trial Mean 8.0 70 71 238 119 176 177 4.8 12 912 145 25
LSD (0.05) © 0.61 1.17 1.26 9.05 7.56 1.05 0.79 015 0.04 0.03 0.63 0.19
CV (%) °© 3.84 0.85 090 194 324 3.04 229 156 1.64 166 222 3.80

* 1 for the best - 5 for the poor

U Least significant difference for comparisons between entry means for each trait.

10 Coefficient of variation

Agronomic traits: YLD-yield, AN-anthesis, SI-silking, PH-plant height, EH-ear height, MO-moisture, EL-ear length, ED-ear diameter

KL-kernel length, KWD-kernel width, KRN-kernel row number and EQ-ear quality.
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(Sumai 3 derived resistance), barley yellow dwatf virus resistance and rust resistance. In addidon, we have
validated several markers for Hessian Fly resistance and Russian wheat aphid resistance and have inidated
crosses between the sources of resistance and elite germplasm from Morocco in order to introgress these
resistances to elite locally adapted cultivars using MAS approaches. Furthermore, several other markers for
some quality parameters such as grain hardness (Pin genes), granule bound starch synthase (GBSS-Null),
GlulB over-expression etc. have been validated. In addition, several genes that confer resistance to stem rust
have been validated and optimized and crosses initiated with germplasm from Kenya and Morocco.

In out In-house molecular breeding efforts, early generations such as F2 or F1Top crosses are utilized for

MAS assays. This is done with the objective of increasing the frequency of favorable alleles in segregating
populations. In order to keep the numbers manageable, we avoid MAS assays for subsequent generations

and finally advanced matetial is screened again to confirm the presence of the markers in fixed lines.
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Type of Routinely Under
Gene/Trait marker Gene Source Used Optimized | Optimization
CCN STS Crel AUS(MTA) *
CCN STS/SSR Cre3 AUS (MTA) *
BYDV STS/SSR BDV2 Public/CIMMYT *
Scab SSR Sum-3 Public/CIMMY'T *
Mark
Crown rot SSR 2.49 Sutherland/Aus *
Root lesion nem STS Rlnn-1 semi-public *
Boron tolerance SSR Bo-1 Public/AUS *
Phairing homolog STS phlb Public *
Multiple rusts STS VPM Public *
Quality SSR GBSS-null Public *
" Quality SSR Gardness Public *
Quality STS GlulBX Public *
High Protein SCAR HGP Public *
Agronomic Traits STS Rhtl Public *
STS Rht2 Public *
SSR Rht8 Public *
SSR PHS Public *
SSR LMA 44 *
Insect Resistance SSR Dn2 Public *
SSR Dn4 Public *
SSR H25 Public *
Rust Resistance STM/SSR Sr2 Public *
STS Sr24 Public *
STS/SSR Sr26 Public *
SSR St38 Public *
SSR St39 Public *
STS Ir19 Public *
STS Lr25 Public *
STS 1729 Public *
STS Lr37 Public *
STS Lrt7 Public *
STS L34 CSIRO/AUS *
SSRs Lr46 CIMMYT *
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[T Launch of Cereal Molecular Breeding Communities of Practice | Jonathan Crouch and Luz George

Progress in molecular breeding research has enhanced plant breeding in a number of ways. Not only is the
time to develop a new variety significantly reduced, breeders can now more effectively and directly control
the alleles to be selected and can improve traits that were not possible using traditional phenotypic screening.
Molecular marker analysis is now a relatively routine component of many modern breeding programs, having
reached significant efficiencies of scale particularly in the private sector. Most public sector breeding
programs, however, have been slow to adopt the use of marker technologies. This is partly due to a
dichotomy between plant breeders and molecular biologists in the public sector and the relatively high unit
costs of genotyping. The GCP and its Molecular Breeding Communities of Practice (MB-CoP), propose to
address both constraints.

Trends in the application of molecular tools and techniques have important implications for molecular plant
breeding in the future. Continual improvement in the capability of labs to generate molecular data has come
through the development of new types of markers allowing increasing automation. However, this has tended
to come with the negative consequence of an increase in the cost of equipment required to achieve high-
throughput low-cost genotyping and in turn, the capacity to see molecular genotyping achieve impacts at the
scale of modern plant breeding programs. In advanced labs and in animal and human research, this has led to
an increased tendency towards centralization and in partcular, a shift to an out-sourcing mode of operation.
We expect the same trends to follow in public sector plant science and breeding, and in tropical agricultural
research and development. Moreovert, we believe that “Molecular Breeding Communities of Practice” are an
effective mechanism to assist the ultimate clients of the GCP to most rapidly and effectively move to the
optimum operational structure for their genotyping needs. Indeed, the increase in commercial enterprises for
human diagnostic genotyping services for example, has also been associated with the growing number and
strength of associations and consortia focusing on improvements in methodologies, quality control and
cooperative research activities. Examples of emerging consortia of this type in plants are the Rice Functional
Genomics Consortium (www.itis.irfi.org/IRFGC), the Maize Genetics Cooperative

(http:/ /w3.ag.uiuc.edu/maize-coop/mgc-info.html), and Promusa (www.promusa.org), among others. In
some cases, a large proportion of members are from the private sector, yet they still see good added value
from sharing their advances and contributing to cooperating research projects. If well coordinated and
propetly funded, the MB-CoP can become an equally powerful force for the evolution and impact of plant
genomics for tropical crop improvement.

Several crop-specific biotechnology networks have been established in Asia, Africa and Latin America during
the 1980’s and 1990’s (Appendix 1). Many of these covered a wide range of activities including upstream
research and capacity building. Unfortunately, in some cases major donors have pulled out from further
funding of such networks. However, all these networks still present an excellent basis for the development of
GCP MB-CoP that can be used to validate, refine and apply new GCP technologies in national breeding
programs. Conversely in other crops, conventional breeding networks have sufficiently matured to become
prime candidates for the introduction of marker-assisted selection systems and other molecular breeding
approaches. However, many of these breeding programs are not receiving international development
assistance or are significantly under-funded, which seriously threatens their long-term impact. Thus, the GCP
will provide seed funds for the MB-CoP that will evolve from former crop-specific biotech networks or
through the molecularization of strong conventional breeding networks. In so doing, we hope to bring the
concept back into the priorities of major donors and thereby leverage substantial funds for scaling the
concept up and out. This catalytic role of seed funds from the GCP will be vital part of the strategy; its
eventual success is indicated by the fact that cumulative/cooperative fund raising is already a reality (see
Appendix 2 for example of funds leveraged by AMBIONET NARS).

Significant investments in infrastructure and human resource development by national programs and
international funding agencies have resulted in a skilled cadre of national research scientists, but there is now



an urgent need to maintain momentum. Modest support of key players in networks such as the Rockefeller
Foundation Rice Biotechnology Program, and the Asia Rice Biotechnology Network (ARBN) and Asian
Maize Biotechnology Network (AMBIONET) in Asia, will allow a decade or more of investment to be
turned to the benefit of the GCP product development and delivery pipeline. Similarly, this decade of
experience with cereal molecular breeding in Asia can be readily translated for the benefit of a range of crops
in Latin America and Africa. Thus, it is the intention of the GCP MB-CoP to generate cooperative activities
that bridge across crops and regions.

The GCP will impact on future plant breeding by providing the technologies and tools for breeders to utilize
DNA markers in their selection strategies and to access new genetic diversity. At its first meeting, the GCP
Stakeholder Committee (Minutes of the GCP Stakeholder Committee meeting, 29-30 November 2004, Rome,
Italy) called attention to the important role of plant breeders, with an appeal to fully include them in GCP
activities to ensure that the outputs and products are relevant, and will benefit farmers and consumers in
developing countries. It has been difficult to achieve this through diverse research projects funded by the
competitive and commissioned grants processes. Thus, SP3 wishes to approach this in a different way, and
prove the concept that this can be achieved through fostering MB-CoP’s.

| | Establishing regional marker labs [
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Chapter 1 - Background and Context

Recommendation or Suggestion in the Text

GREU-Related Action

First, the advances in genomics at the more applied
end are likely to flow quickly through to crop
improvement programmes making greater
investment by CIMMYT in areas such as marker
assisted selection (MAS), molecular fingerprinting of
genebank accessions, transformation technology and
gene and trait mapping, a critical priority if CIMMYT
is to maintain modern and competitive programmes
and assist developing country NARS to access and
use these technologies.

Create integrated molecular breeding programs
facilitated by the creation of maize and wheat
molecular breeder positions

Molecular breeding communities of practice
(proposal submitted to GCP in 2005)

Second, with respect to gene discovery and more
upstream research, CIMMYT is likely to be a very
minor player amongst a large field of alternate
suppliers in developed countries, especially in maize
but increasingly in wheat. Therefore it will need to
concentrate its limited resources in those areas that
are of priority interest to smallholder farmers and
where CIMMYT has a competitive advantage. As a
consequence, CIMMYT will need access to the
advances made by others to ensure its wheat and
maize improvement programmes remain competitive
and it will need to develop the relationships and
mechanisms that facilitate this access.

Focus on coordination and translation of
upstream research through the creation of global
trait-based initiatives with an emphasis on rapid
progress through alliances and out-sourcing

Third, one of CIMMYT’s strong advantages at this
tme is the maize and wheat genetic resources it holds
in trust as these can now be mined much more
rapidly than in the past. However, even here there are
numerous alternative suppliers, and with synteny,
unless CIMMY'T moves to make its collections a key
asset in the global research effort, it will quickly be
replaced by alternatives.

Foster and synergize global networks centered
around CIMMYT germplasm — including
integrated on-line informatics system — through
the creation of core and mini-core collections
based on diverse traits, specific trait-targets and
molecular fingerprinting (latter already funded by
GCP)

Information technology (IT) has also advanced
rapidly over the last two decades so that the
collection, storage and manipulation of very large
data sets are now potentially routine. The capacity to
acquire, store and manipulate large bodies of data is
critical to cutting edge research in areas such as plant
breeding, genetic resources, genomics and geographic
information systems (GIS). Hence if CIMMYT is to
remain competitive in research in these areas it will
need to have up to date capacity in IT.

Use GCP composite and mini-composite
germplasm collections as a focus point for global
communities. Use CRIL as a focus point for
web-enabling genebank to variety selection data
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Chapter 1~ Background and Context cont’d

Recommendation or Suggestion in the Text

GREU-Related Action

The Centre as well as the CGIAR System needs
to work with developing country institutions to
explore new ways of making the technologies
poor farmers need available to them.

Create molecular breeding communities of
practice including the molecularization of the
globally decentralized wheat shuttle breeding
systems

Privatization of the breeding of crops that were
once exclusively in the public domain is
expanding rapidly not only in developed
countries but also in a number of the stronger
developing countries. With the growth in private
investment, public investment is likely to rapidly
diminish.

Build alliances with strong developing country
NARS — China, India, South Africa, Brazil etc —
through molecular breeding communities of
practice

Of ¢ourse, private companies will not invest in
variety development for more marginal areas
where profits are difficult to generate. In
countries and regions that can support a strong
seed industry, corporate rather than public
breeding programmes are likely to become
increasingly important as partners and users of
CIMMY'T’s improved germplasm over the
coming decade. In contrast, in marginal areas
which cannot support a viable commercial seed
industry, government programmes are likely to
be replaced by NGOs.

CIMMYT may consider focusing product
development on marginal cropping systems

CIMMYT needs to give increasing focus to
developing improved traits in widely adapted
genetic backgrounds

GREU needs to focus on developing, validating
and implementing new approaches to accessing
(from germplasm collections) and manipulating
(in breeding programs) targeted genetic vatiation

It would be expected that a joint gene bank
programme would have generated significant
efficiencies.

Create a unified genebank (2005) and implement
operational efficiencies (2006)

The rationale [of the IRRI-CIMMYT alliance]
was the anticipated gains in international
agricultural research and development, especially
in areas such as genetic resources, genomics, IT,
and GIS among others.

Establish CRIL (2005-06), create integrated web-
enabled databases and analytical tools (2006-07)
and scale-out into a pan-CGIAR informatics unit
(2007-08)
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Chapter 2 — CIMMYT’s New Strategy

Defining Vision Statement

“CIMMYT acts as a catalyst and leader in a global maize and wheat innovation network that serves
the poor in developing countries. Drawing on strong science and effective partnerships, we create,
share, and use knowledge and technology to increase food security, improve the productivity and

profitability of farming systems, and sustain natural resources.”

The “mind of the strategy” is described in the plan as a set of initiatives:
- Harnessing maize and wheat genetic diversity for humanity
- Strengthening the global maize and wheat innovation network through policies and institutions,
capacity building, and analysis of strategic global issues
- Reducing vulnerability in dryland, stress-prone, food-grain systems by managing risk
- Improving livelihoods and conserving natural resources in tropical agro-ecosystems
- Safeguarding food security in densely populated areas through sustainable intensification
- Increasing food security in Africa through better technology and improved markets

Recommendation or Suggestion in the Text

GREU-Related Action

A particularly acute issue may be assuring staff
that the planning process genuinely modelled a
change in the organization’s culture to a more
collaborative and inclusive style of working and
was not a one-off exercise. Other problems with
the document ...substantial scale and
complexity ...rhetorical style ...critical elements
difficult to uncover and assess ...jargon and
facile language ...substantial gaps ...what was
substantively different or new. Absence of goals,
priorities, results, leadership and resource
allocation.

Annual planning with stakeholders, donors and
leading experts

Routinely capture of external perspectives
through mini-reviews and colloquiums

Translate Vision, Strategy and MTP into action
plans through the definition of QVIs (translating
the business plan into the MTP into the scientist
workplans).

Provide a way to target and measure impact.

Impact assessment and cost-benefit analysis of
intermediate products (pending)

It appeared to the Panel that for the foreseeable
future the new CIMMYT strategy looks like the
old strategy with nominally different
programmatic “homes.”

Increasing focus of core funds on time bound,
task force style, flagship programs that are clear
pillars of the new vision — for example, CRISCO
leading to the establishment of CRIL

There are clear areas within CIMMYT"s
Programmes where failing to make additional
investments quickly will result in the loss of any
future strategic value for a Programme or
activity.

Focus core investment on primary areas of
strategic value and cut losses in other areas
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Chapter 3 — Research Accomplishments

Recommendation or Suggestion in the Text

GREU-Related Action

There is a need for a stronger commitment and closer
collaboration with the ABC for a steady progress in
moving biotechnology into wheat breeding
programmes.

Create holistic product-driven trait-based teams
and empower maize and wheat molecular
breeders plus maize and wheat program breeders
to define and review the biotechnology research
agenda

The Wheat Programme together with the ABC should
make an internal assessment of costs and opportunities
of biotechnology for its breeding endeavours,
identifying priorities and specifying commitments and
timing.

Mini-reviews with Michel Ragot (Syngenta) and
Wayne Powell (NIAB) in 2005

More attention has to be devoted to more traditional
techniques as production of double haploids in wheat.
Based on the use of double haploids that are available
and are in use in commercial programmes in developed
countries to enhance the rate of producton of
improved winter wheat cultivars, should be seriously
considered for implementation in the IWWIP. Bread
wheat haploids should be produced not just for
research projects, but at a larger scale for the breeding
programmes. Research for production of double
haploids in durum wheat is also needed.

Establish a large-scale winter wheat double
haploid program in CWANA (pending)

Developing proposals for DH research in maize
(on-going)

There is no evidence to show whether productvity in
the resource poor farming areas of the wotld has been
improved and whether the improvements, if any, could
be attributed to the CIMMYT germplasm.

Use molecular fingerprinting in impact
assessment to evaluate this critical statement

Most critical is the need for a full-time data manager
dedicated to the maize research even under the new
programme structure.

Recruit an informatics scientist (with special
focus on ICIS migration) under the CRIL
initdative (2006)

The ABC was largely supported by special project funds
with less than 10% unrestricted funding in recent years.

Establish an institutional strategic commitment
to molecular breeding (on-going)

The Biotechnology Group produced some 65 peer
reviewed publications during 1999-2004 (Table 3.5), on
average 0.6 per researcher annually (1999-2003).

Increase to 2-3 during coming MTP through

quantitative targets in all scientist workplans

These include new tools to identify highly heterotic
combinations in maize which should improve the
efficiency of the breeding process by helping to reduce
the number of hybrid combinations that need to be
made, and reduce the time taken to identify potential
commercial varieties. They also include an increasing
number of molecular markers for QTL’s controlling
stress tolerance, particularly drought tolerance, in both
wheat and maize.

Focus on validation, refinement and large-scale
application of new technologies to improve
germplasm access, utilization and enhancement

It is clear that the demand for marker services in the
breeding programmes will quickly exceed the current
capacity of the service laboratory. Hence there is an
ongoing need to increase the capacity of the laboratory
to meet breeders’ needs.

Restructure the Service Lab under maize and
wheat molecular breeding (research and
application) programs (see below for further
details)
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Chapter 4 — The New Research Programme

Recommendation or Suggestion in the Text

GREU-Related Action

No economic studies are available to underpin the
priority setting process or to identify priority traits
for germplasm enhancement and gene discovery
_projects.

Carry out cost-benefit and ex anze analysis
focused on intermediate products

Amalgamation of the formerly separate wheat and
maize collections into one integrated unit. The
benefits of a single programme would not only be
financial but also political.

Create a unified genebank

The development of a comprehensive data base
management system for the integrated genebank to
enable global web-based access. The Panel notes that
CIMMYT is formally investigating the adoption and
implementation of ICIS which, if it were accepted,
would bring CIMMYT in line with several other
Centres including IRRI. The Panel strongly supports
this decision.

Create the CRIL as an ICIS-based crop
informatics system in collaboration with IRRI
and GCP offering interaction and linkage with a
global community of public and private, north
and south, research and breeding organizations

Completion of the inventory of the entire wheat
collection held by CIMMYT checking seed quantity
and viability, and data quality.

Planned for 2006 in coordination with
implementation of a bar-coding system

Greater emphasis on maize pre-breeding through
development of a breeder’s core subset of tropical
and subtropical lowland accessions based on field
evaluation data. Pre-breeding will broaden the genetic
base of the CIMMYT maize genepools for tropical,
subtropical and tropical highland climatic conditions.

Create maize and wheat core collections (done
through GCP composite and mini-composite
collections in 2005-06) targeted core collections
for maize and wheat should be created in 2006

More targeted research in maize on in situ on-farm
conservation to enhance farmers’ varieties. Such
work has started by analyzing the intra-racial diversity
of the race complexes that are being cultivated by
farmers today. The best accessions representng the
racial diversity and characteristics required by farmers
should be reconstituted and efficiently used.

Refocus EU ear-marked unrestricted core funds
on in situ research and germplasm enhancement

A commitment to molecular characterization of the
wheat and maize accessions it holds in trust using
molecular markers on a priority basis. However, the
Panel was of the view that CIMMYT needed to
greatly enhance its capacity in high throughput
marker technology, either through investment in new
technologies or greatly increased investment in
established technologies. Unless it does this in the
very near future, it will not be able to meet the
demands for these services from the genetic
resources and breeding research and hence its own
Programmes.

Set QVI for application of marker screening and
fingerprinting. The wheat molecular breeder
commits to half the cost (through partial out-
sourcing) and double the throughput of wheat
MAS in 2006. The new maize molecular breeder
will set similar targets for 2007 based on
establishment of validation programs in 2006
and establishment of an effective new platform
for genotyping through out-sourcing
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Chapter 4 — The New Research Programme cont’d

Recommendation or Suggestion in the Text

GREU-Related Action

CIMMYT will also have to review its need for
capacity in bioinformatics, particularly in terms of
operational resources.

Build-up capacity through partnerships and
alliances (including CRIL)

The Panel noted that the use of molecular markers in
maize breeding is lagging behind that in wheat
breeding. This is surprising given the high use of
molecular markers in private maize breeding
programme. The Panel therefore strongly suggests
that CIMMY'T should establish a working group

April review mission with Michel Ragot
(Syngenta) and contribution to Science Council
Genomics Task Force set the stage for building
an alliance with Pioneer and Cornell University
to establish an effective high throughput low

composed of researchers from the Biotechnology
Group and maize breeding to ensure faster
application and efficient use of molecular markers in
maize breeding.

sourcing

cost platform for genotyping through out-

The Panel also noted CIMMY'T’s commitment to the
prevention of the unintended presence of transgenic
materials (GMOs) within its genebank accessions
through rigorous gene bank management and
congratulates the Centre on its comprehensive efforts
in this area.

Scale-up of routine GMO testing (2005-07)

Ex ante impact assessment studies cannot be
successfully designed and carried out without the
effective contribution of breeders, resource
conservation, crop management and others
specialists, for instance, in the construction of
baselines and the identification and description of
technology impact pathways. To facilitate the
establishment of a multidisciplinary approach to
conducting ex ante impact studies, the Panel
recommends that increased integration through time
allocation be secured between ITA staff and non-
social scientists in the other programmes.

Create team for cost-benefit and ex ante analysis
of GRP intermediate products (dedicated session
on this topic during the Science Forum led to a
subsequent commitment to pursue joint fund
raising efforts in this area)

CIMMYT still does not have costings for many of
the components of its breeding activities.

Incorporate cost-benefit analysis into ongoing
molecular breeding simulation projects

It is clear that the demand for marker services in the breeding programmes will quickly exceed the
current capacity of the service laboratory, Hence there is an ongoing need to increase the capacity of the
laboratory to meet breeders’ needs.

Marker assisted selcction has 2 key role to play in the future brecding activities of both wheat and maize.
It is clear that CIMMYT needs to upgrade its DNA extraction capability and develop a high throughput
marker service laboratory dedicated to meeting the needs of wheat and maize breeding as well as the
associated research groups in genetic resources.

An issue for CIMMYT is whethet it should be involved in marker development or access markers
developed by the many public and private insdrutions involved in this area of research. The EPMR
Panel feels that CIMMYT should leave the development of markers to others and instead focus on their
use in the development of germplasm targeted at smallholder farmers except in those rare instances
where markers arc not available or under development for a particular trait of high pdority to

CIMMYT.

CIMMYT also nceds to keep a closc watching brief on devclopments in high throughput marker
technology. New technologies arc on the horizon which would, if they are commercially successful,
offer high througbput, low cost (10-20¢/dara point against current cost of $1-2/data point) molecular
marker applications in wheat improvement. Again CIMMYT’s prime intcrest will be the use, rather than
the development, of these technologies to enhance its wheat improvement activities once they have
been shown to have application.

Restructure the Service Lab as an MAS
Application Research Group

Focus critical mass on methodological
development, refinement and facilitiated
application

Make best use of out-sourcing and
alliances

Foster hubs for molecular breeding
communities of practice in Africa and
Asia
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| 2. New Opportunities

Key alliances and Out-sourcing Partnerships
There are many collaborations and networks associated with GREU activities but the

following ones are fundamental to our operation - for rapid progress, substantial fund raising

from non-traditional sources and significant impact.

GENETIC RESOURCES (P1

Partner Topic Primary contact point
Cornell University, USA Maize diversity analysis Marilyn Warburton
NIAB, England Wheat germplasm Wayne Powell
enhancement
MOLECULAR BREEDING (P2)
Partner Topic Primary contact point
Pioneer Hybrid Maize molecular breeding Yunbi Xu
International, USA
MPB-CRC Wheat molecular breeding Manilal William
(MAS and GMO:s)
NIAB, England Wheat germplasm Wayne Powell
enhancement
CAAS, China Molecular breeding modeling | Jiankang Wang
RESEARCH INFORMATICS (CRIL)
Partner Topic Primary contact point
IRRI Research Informatics Lab Graham McLaren
Wageningen University QTL mapping and Fred vanEeuwijk
The Netherlands QTLxEnv inetraction
CAAS, China Molecular breeding modeling | Jiankang Wang

TRAINING AND CAPACITY BUILDING

Communities of Practice

Partner Topic Primary contact point
AMBIONET Maize molecular breeding in | Luz George
Asia
AMMANET Maize molecular breeding in | Jedidah Danson
Africa
Wheat International Trial Manital William
Network
GCP Global Cereal Luz George
Molecular Breeding
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Critical Strategic Alliances for Modernizing Maize and Wheat Breeding at CIMMYT

[1] Maize molecular breeding
Founding partners: CIMMYT-Cornell-Pioneer/Syngenta/Limagrain
Donors: GCP and/or Gates Foundation

[2] Wheat molecular breeding
Founding partners: CIMMYT-NIAB-ACPFG
Donors: GCP and/or EU

[3] Computational systems for molecular breeding
Founding partners: CIMMYT-IRRI-[ARI yet to be identified]
Donors: Nordic opportunities

[4] Capacity buidling
Molecular breeding communities of practice
Alliance with NIAB for training modern plant breeders

[A] Nomenclature: “Molecular breeding” in the broadest sense of “Modern breeding” —
merging conventional approaches, DH, transgenics, NIRS and other biochemical assays,
MAS and computational systems.

[B] Synergies: In each case creating and leading a community of practice to capture north-
south, strategic-applied, south-south, MNC-SME, public-private sector synergies.

GRP-GREU Infrastructure Building Activities and Plans

2005 2006 2007
ABC Pilot testing Restructure and upgrade | Complete major cultural
outsourcing processes change
Transgenic lab Initiate restructure and | Complete transition to Large-scale high
at El Batan upgrade of processes 100% focus on wheat throughput Agro-mediated
pipeline
Biotech capacity | Luz and Jedidah Build maize transgenics | Establish maize and wheat
in the regions group in BECA transgenic capacity in Asia
Glasshouses Initiate cost recovery Reach complete cost
recovery
Tlald Initiate cost recovery Major upgrade Reach complete cost
(50% of > $300K) recovery
Seed Health & Debt recovery Reach routine GMO
Distribution (8500K) testing targets
Genebanks Initiate combined Complete unification of
operations for increased | the genebanks
efficiency
CRIL Establish CIMMY'T Unify IRRI-CIMMYT Expand to include one
unit units other institution
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| 3. Emerging concerns

Creating an institutional culture capable of operationalizing the business plan

As with all institutional change initiatives in the CGIAR, we are always in danger of
repacking business as usual in 2 new range of boxes. The institutional structure needs to be
sufficiently confident to set the agenda and monitoring systemn and get out the way and let
the scientists get on with the job. Equally the institutional practices/norms need to be
reframed in a way that will empower those product-driven teams and not constrain them. To
a certain extent the state of the breeding programs and the structure of the projects for
wheat are already moving in this direction. The transition will be more complex for maize
but once achieved will have greater impact. Probably the greatest challenge in culture change
is to facilitate a change from the perception of the enemy within to the enemy outside — the
sense that there is more to gain from working together (or more to the point more to lose if
we do not do so) — the creation of a common vision of a single product (improved maize or
wheat production) remains a substantial challenge.

Initiating a transition away from finished products/towards technology-assisted
germplasm enhancement

The business plan calls for a radical new way of working which if successful should leverage
additional funds from both restricted and untestricted sources. This vision is to create the
lightest institutional structure, the least obtrusive administrative structure and then empower
teams that are focused on products ... increasingly traits, tools and methodologies — (i)
delivering better alleles and genes in reasonable genetic backgrounds with tools for NARS
and SME breeding programs to effectively manage that novel genetic variation in their
adaptive breeding programs, and, (i) at the same time developing, validating and helping
apply complete new crop improvement methodologies. For both maize and wheat there is a
substantial job to do in order to coerce scientists to walk the talk of the business plan. And
most critically, to help them see that this new approach is our comparative advantage niche
that will allow us to consolidate a stronger future position — whilst for other historical
activities there are increasingly cheaper and/or more politically suitable providers and we
must be seen to clearly advocate and support those partners to effectively fulfill those
activities. This will have the dual effect of contributing to our capacity building outcomes
whilst at the same time freeing up expertise, scientist time and operation funds to focus on
our newly defined niche areas.

Modermnizing support services

Finance and administration in particular still have a long way to go in order to be a support
rather than a constraint to the research. Many activities were decentralized during the 1990’s
and urgently need to be centralized, computerized and automated where possible to allow
greater operational efficiency. Many aspects of human resources and support services also
need similar attention. Most critically there is a urgent need to modernize and simplify our
policies whilst also giving great attention to ensuring an alignment of policy with practice.
The transition to a high level of cost recovery has been forced upon us at the most difficult
of financial times. Ensuring a smooth transition with the least negative effects (internally and
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externally) remains an enormous challenge. With little surplus funds internally to buffer this
transition the only alternative is to enter a rapid fund raising drive for large projects that fully
fund these cross charges.

Creating a focused fund raising operation with both momentum and responsiveness
We still have a long way to go to convince every scientist that they have a major role and
responsibility in fund raising and that they need to get passionate about it — not in an
unfocused entrepreneurial way but in a highly targeted way completely aligned to business
plan priorities — and not at this stage to bring in new people and activities but rather to
reduce our burden of staff costs on unrestricted budgets and release some of those funds for

strategic activities.

Actioning a transition away from CIMMYT HQ/Mexico-centric operational
structure/towards a globally decentralized structure

It seems clear that Latin America is not our primary target and that maintaining a large
workforce in Mexico will become increasingly cost inefficient. We need to take every
opportunity to shift activities to appropriate high skill low labour cost areas. However, we
need to do this in a way that creates minimum new infrastructural liabilities in the regional
locations. We need to develop our operations in locations where physical facilities are under
the responsibility of others — this also gives us great flexibility to shift again when
appropriate. Equally importantly if gives us an opportunity to build systemic alliances with
partners closer to the farmers and consumers whilst at the same time breaking down the
ivory towers perception of the CGIAR amongst many of our NARS partners.

Becoming a knowledge-based organization

The CRIL provides a perfect foundation for building the necessary infrastructure for a
knowledge-based organization but the functioning of this approach is a much great challenge
~— particularly to change the culture of data ownership — for scientists to see greater value in
sharing their data than hiding it away. CIMMYT has a unique opportunity to capture
substantial international profile by placing all our data on the web — this will encourage
global communities to work more on our germplasm and will also leverage new unrestricted
funding opportunities. This then goes to the core of our future niche — as a trusted convener
and exchanger of knowledge, skills, approaches and germplasm for improved maize and
wheat product systems. In the value chain context, we will have an increasing role in
coordinating the value chains in which we contribute [filling rate limiting gaps ourselves or
advocating/assisting others to do so] and an increasingly focused contribution to fewer more
specific elements of that value chain. Perhaps our greatest role will be to facilitate the
transition from a handover pipeline approach to a value web approach. Our role in
generating data should rapidly decrease while our role in managing, organizing, integrating
and analyzing data from across global providers should be seen as one of our primary
comparative advantage niches. However, there remains a major cultural change challenge to
ensure widespread adoption of this perspective. As we do less ourselves while doing more
facilitating others to do themselves, naturally our training activities should be rapidly
increasing — at the moment, it is unclear that there is a willingness from staff and donors to
fund this critical element.
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Evolving from responsive to strategic management

It is inevitable at a ime of great external pressures (particularly financial) that we have
become overally responsive in our management style. Now is the time for us to articulate to
the outside world that we have heard their concerns, adapted our structures and strategies,
and now we must focus on the tactical and strategic issues that will allow us to achieve great
impact from this new vision. This will include articulating internally a newly positive
atmosphere about our potential for great success yet at the same time ensuring an
internalization amongst each and every staff member that we are on a path of constant
change, of continuous searches for greater efficiency. Nevertheless, within this that the
overarching goal and vision will remain constant. Most critically everyone must see the huge
undertaking facing us in order to convert the rhetoric into tangible outcomes and impacts.
Critically, the administrative support systems of the institute must be strengthened to allow
management to free-up time for strategic and tactical issues.

Transforming from an e-mail centric to an action orientated culture

There is a clear trend for e-mail technology to make us less efficient we must make a
concerted effort to focus more of our time on audiovisual technologies. We must also force
ourselves to seek other more efficient means of sharing the right information to the right
people — there is a clear need for someone to be assigned the responsibility of internal
communication for improved operational efficiency. At the same time it is essential for us to
move to a more structured, disciplined and accountable process of linking the strategic
vision to activities, workplans, outputs and rewards — there is a clear need for us to establish
some institutional norms/best practice processes to guide our operational frameworks. Our
reticence to experiment in the area of internal innovation policy must be quickly dissolved —
we must be ready to accept that operationally we are all often highly inefficient.
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Implications

1.

The importance of being able to carry on in-house the seed testing is well established.
Quantity and quality of the testing, speed and efficiency are guaranteed to maintain
our seed movement efficiency at the level required for our collaborators. If
CIMMYT was no longer allowed to carry out this activity in-house, it would have to
rely on an external laboratory throught sub-contracting in order to work through the
large amount of material the CIMMYT exchange — the cost effectiveness and
timeliness of this option has not been investigated

Although the accreditation would allow us to follow a revenue generation stream by
accepting contract work, we may not chose to do so in view of our not-for-profit
status.

It is not clear if the accreditation of the laboratory will be required by any
phytosanitary service in the world to recognize the validity of the international
phytosanitary certificate

CIMMYT prestige at the Mexican and international level would increase
considerably.

Action-plan for Fund Raising for SIDU ISO9000 Accreditation Process

[1] BoT assistance with championing proposal to Nordic donors — potential collaborations

with KVL, Denmark (for proposals to DANIDA), with the former NLH As (the Agric.
Univ. of Norway), Norway, with SLU main campus (and Alnarp) in Sweden, with the
Nordic Gene Bank, and in Finland for FINIDA. [2] BoT assistance with championing
proposal to USA donors (including foundations). '
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Genetic Resources Program 2005 Overview of Major Expenditures

Expenses EXPENSES BY
2005 SOURCES OF FUNDS
SALARIES Unrestricted EU Restricted
Salaries & allowances IRS $1,169,236 $344,381 $158,164 $666,691
Salaries & allowances NRS $949,413 $221,966 $353,782 $373,665
Consultants $174,169 $12,015 $0 $162,154
Sub total | $2,292,818 $578,362 $511,946 $1,202,510
STAFF COST SAVINGS
2006 Unrestricted EU Restricted
% cost % cost
saving saving % cost saving
TOTAL IRS $137,321 24% 8%
TOTAL NRS $73,032 33%
Other
Expenses | Unrestricted EU restricted
OPERATIONS 2005
ICT charges $250,938 $102,114 $27,625 $121,199
Depreciation $120,915 $102,609 $18,306
Tlaltizapan $119,000 $119,000 $0 $0
Biometrics $29,595 $29,595
Sub total $520,448 $353,318 $45,931 $121,199
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Staff Administrative Home Changes Related to GRP to GREU Evolution

Name 2005 Home Proposed 2006 Primary Project
2006 Home Focus Area
Program
Global FHB Initiative
Tomohiro Ban GRP Wheat Program P8 — Diseases
Jiro Murakami IAP Wheat Program P8 — Diseases
Janet Lewis GRP Wheat Program P8 — Diseases
Global Rust Initiative
| Choong-Hyo Yun | GRP | Wheat Program | P8 — Diseases |
| Hiro Nakamura l GRP |  Wheat Program | P9 — Quality
Drought
Mark Sawkins GRP Position frozen P3 — Stress
Axel Tiessen GRP Maize Program P3 ~ Stress
or P6 - LA & Asia
Eric Nurit GRP Contractendsin | P3 — Stress
June so should just
lapse under GREU
Jose Luis Araus TES/GRP Maize Program P3 — Stress
(50% of salary from
GRED)
Molecular Biology
Enrico Perotti GRP GREU (create P4 — Added value
Developmental
Biology group and
seek funds for wheat
activities)
Jedidah Danson ALP GREU (creating | P6 — Nutrition
infrastructure and
methodologies at
BECA)
Luz George TES/GRP Maize Program P5- LA & Asia
Molecular Breeding
Manilal William RWS GREU P2 [Wheat Molecular
Breeder]
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Final 2006 GREU Staff Portfolio - Administrative homes in GREU*

Genetic Resources (P1)

Tom Payne (wheat)

Masahiro Kishii (wheat wide crosses
and genetic stocks) & Mujeeb Kazi

Suketoshi Taba (maize)

Vacant position (maize population
genetics)

Monica Mezzalama (SIDU)
Germplasm Mining (P1) | Marilyn Warburton New GCP PDF (maize)
Susanne Dreisigacker (wheat)
Molecular Breeding (P2) | Yunbi Xu (maize MAB) Jedidah Danson (maize

transformation in Africa)

Manilal William (wheat MAB)

Debra Skinner (low cost markers
consultant) & Wayne Powell

CRC PDF (wheat transformation)

Computational Systems
CRIL (P1 & 2)

Graham McLaren

Jose Crossa & consultants

Jens Riis & consultants

Guy Davenport & consultants

Jiangkang Wang & consultants

*technological backstopping of GREU-related activities in GMP and GWP will be strengthened

This new structure provides an excellent expertise critical mass but is potentially severely
constrained by insufficient junior scientists which urgently needs to be addressed by the
recruitment of pending post-doc positions, addition of adjunct [visiting] scientists from
strong NARS, creation of seconded scientist positions from public and private sector ARIs.
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Relationship between Projects and Products

Project # Formal Title Associated Flagship Products
[Short Title]
Project 1 Conservation and characterization of | #5 and #6: New Traits through Allele
Discovery and targeted access to maize and Mining and Improved Methodologies for
wheat related biodiversity Genetic Improvement
Project 2 Trait enhancement: tools, #5 and #6: New Traits through Allele
Tools methodologies, and germplasm Mining and Improved Methodologies for
Genetic Improvement
Project 3 Stress tolerant maize #1: Stress Tolerant Maize
Stress
Project 4 Nutritional and specialty traits for #4 and #9: Biofortified Maize and Special
Added Value | maize Trait Maize for Income Generation
Project 5 African livelihoods #1: Stress Tolerant Maize; # 4 and #9:
Africa Biofortified Maize and Special Trait
' Maize for Income Generation
Project 6 Maize for Latin America and Asia #1: Stress Tolerant Maize; # 4 and #9:
LAA Biofortified Maize and Special Trait
Maize for Income Generation
Project 7 Water productive wheat with #2: Wheat with Enhanced Water
Drought appropriate quality profiles Productivity
Project 8 Enhanced wheat for more durable #3: Rust Resistant Wheat
Diseases resistance to diseases and enhanced
production potential
Project 9 Wheat grain enriched for health and #5: New Traits through Allele and Gene
profitability Mining of Global Crop Genetic
Resources
Project 10 Conservation agriculture for maize #8: Resource Conservation Technologies
RCT and wheat cropping systems:
Safeguarding soils while increasing
water productivity and resource use
efficiency
Project 11 Knowledge, targeting, and strategic #7: Capacity Building
KTSA assessment of maize and wheat

farming systems
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