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Agropolis International
brings together institutions
of research and higher
education in Montpellier
and Languedoc-Roussillon
in partnership with local
communities, companies
and regional enterprises, and
in close cooperation with
international institutions.
This scientific community
has one main objective—
the economic and social
development
of Mediterranean and
tropical regions.

Agropolis is an international campus devoted to agricultural and
environmental sciences. There is significant potential for scientific and
technological expertise: more than 2 200 scientists in more than 110
research units in Montpellier and Languedoc-Roussillon, including 300
scientists in 60 countries.
Agropolis International is structured according to a broad range of
research themes corresponding to the overall scientific, technological
and economic issues of development:
• Agronomy and Mediterranean
and tropical agricultural production sectors
• Biotechnology and food technology
• Biodiversity, natural resources and ecosystems
• Water, environment and sustainable development
• Rural development and societies
• Food and health
• Food quality and safety
Agropolis International promotes the capitalisation and enhancement
of knowledge, personnel training and technology transfer. It is a hub
for visitors and international exchanges, while promoting initiatives
based on multilateral and collective expertise and contributing to
the scientific and technological knowledge needed for preparing
development policies.

Genomics accessible
to partners in the South
Genome diversity analyses and
results, and applications for breeding
varieties that are more productive
and resistant to the main biotic and
abiotic stresses present in tropical
environments, should be readily
accessible to research teams in
developing countries.
Research and training resources are
being focused on a limited number
of platforms in the North and South
to benefit maximally from the rapid
progress in complex integrative
biotechnologies. The Agropolis
advanced research platform
contribution, backed by two proposal
requests (1999 and 2001), has very
substantial specific advantages:
• scientific training: direct hosting
within experienced multidisciplinary
teams specialized on tropical
environments, plants
and cropping systems;
• in terms of common scientific
interests and shared benefits;
• apprenticeship and technology
transfer, but also scientific
collaboration with the best teams,
thus enabling researchers from
the South to be key stakeholders
in scientific and technological
development, and not simply users;
• and last but not least, relevant
ministries and the main French
research organizations have shown,
with the 2nd call for tenders of the
Agropolis platform, that is possible to
consolidate a thematic, coordinated
and integrative French contribution,
while guaranteeing optimal
management and complete funding of
hosting by our laboratories.
Agropolis International is especially
grateful to the French Ministry of
Foreign and European Affairs and the
Research Ministry, CIRAD, CNRS,
INRA and IRD for their
support to this platform.
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The Agropolis advanced research platform has enabled scientists
from developing countries, researchers from national programmes
and international centres to conduct their research programmes in
French laboratories with excellent experience on ‘genomic studies
applied to tropical agriculture’. This has provided them with access
to the most modern and advanced equipment, and training and
supervisory capacities of these laboratories.
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enomics encompass all techniques and methods
implemented to study genome structure, functioning and
evolution. Gaining insight into the hereditary material
of living organisms can facilitate the understanding of biodiversity
sources and mechanisms and provide a basis for the selection and
breeding of crop varieties.

The projects were designed to meet priorities put forward by
partners in the South. This included scientists and policy makers,
whose aim was to promote the scientific and technological
development of their own nations, while not yet having the
required infrastructures. For French research institutions,
the Agropolis advanced research platform facilitated the
implementation of innovative scientific programmes. It also
broadened the scope of application of their fundamental research
by strengthening and diversifying partnerships in developing
countries.
The projects presented in this booklet were carried out within
the framework of two proposal calls put forward by the Agropolis
advanced research platform in 1999 and 2001. Due to their
tropical scope, most of these projects were conducted in an
Agropolis International member research organization, with two of
the most fundamental research projects undertaken outside of the
Languedoc-Roussillon region (France). This confirms the increasing
role of Agropolis International as a gateway to French agricultural
research overall.

A technology

platform

Scientific cooperation requests
from developing countries are
highly varied and mainly focused
on technological and training
assistance.
few emerging countries
(China, India, Brazil) are
still able to independently
conduct and manage top
notch scientific and technological
research, which means that they are
on equal ground with other partners
in international collaboration
projects. Most other developing
countries would need to get
collectively organized (on a regional
or subregional level) so as to be able
to procure essential equipment for
research.

A

Subregional technological
platform projects, such as the
BECA platform in Kenya which
has just been set up (cf. box ‘BecA
regional technological structure’,
p. 53), involve strong South-South
cooperation interactions, but are not
yet numerous enough to fulfil the
broad-ranging demand of national
scientists and decision makers
(laboratory experiments, training,
etc.) The main problems associated
with the creation of such regional
platforms are: the time required
to set up multinational structures,
the cost of advanced technological

to the needs of developing countries

equipment, maintenance issues,
recruitment of expert scientific
and technical management teams
(despite the rising number of well
trained scientists and engineers
from the South), and the problem of
keeping up to date with the rapidly
progressing knowledge (especially in
the fields of molecular biology and
bioinformatics).

the most advanced scientific devices.
The platform has thus supported
national research strategies of
developing countries, helping them to
carry out their research programmes
and promote scientists of the South
in their local scientific development
stakeholders’ role. It has also
provided support—via the research
complementarity—for programmes
already initiated within French
organizations. These latter bodies
have thus found scope for application
of their own fundamental research.

The Agropolis advanced research
platform has provided an effective
alternative international hosting
framework while awaiting the
development of operational and
With diversified specialised
competitive networks in developing
expertise, the Agropolis advanced
countries. This framework—
research platform has facilitated
benefiting from advanced technical
cooperation between French research
support centres—
organizations
was set up within
with active
the Montpellier L-R
The Agropolis advanced teams and
Génopole, with the
laboratories
research platform
aim of facilitating
specialized in
supported national
partnership
plant genomics
research strategies of
research in the
(CIRAD, CNRS,
field of ‘genomic
INRA, IRD)
developing countries
studies applied to
and national
tropical agronomy’
agricultural
(cf. box Why genomics? p. 56).
research institutions in developing
countries or international agricultural
The Agropolis advanced research
research centres (belonging to the
platform has enabled scientists
Consultative Group on International
attached to different national,
Agricultural Research, CGIAR).
regional and international structures
(mainly from developing countries)
This platform has thus provided
to come to France to develop their
a technological tool for training
own advanced research, especially
and research, while producing
project components that they want to
international goods and promoting
carry out in partnership with top level
innovative North-South
French laboratories equipped with
partnerships.

Agropolis advanced research platform

© M. Lartaud (CIRAD)
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Agropolis platform
setup and operations

Agropolis advanced research platform

In response to an initiative
of the Consultative Group
on International Agricultural
Research (CGIAR) in 1997,
which promoted links between
hosting platforms in the North,
France proposed to set up
(in Montpellier) an advanced
research platform on genetic
resources, genomics and plant
biotechnologies open
to researchers from
developing countries.

6

wo successive calls for
research proposals in the
field of genetic resources of
species of agricultural interest were
put forward to motivate researchers.
Bursaries were thus offered to foreign
scientists to enable them to obtain
research training in France.

T

The first funding for the platform
obtained in 1999, following CGIAR’s
donation of $500 K, led to the
selection of five projects (out of
10 submitted proposals) involving
researchers from international
centres and developing countries.
Based on this initial experience,
the programme then launched a
second call for proposals in late 2001.
Funding support was obtained from
the French Ministry of Foreign and
European Affairs and the Ministry
of Research, along with four French
research organizations (CIRAD,
CNRS, INRA, IRD). Over 40 requests
were obtained, often for aid to
establish research partnerships. This
led to the submission of 25 proposals
by laboratories in developing
countries, and several requests
could not be addressed due to a lack
of time. A college of international
experts evaluated these 25 proposals.
Nine projects were selected on the
basis of scientific and technological
quality criteria rather than cost or

duration factors. Negotiations were
then launched in collaboration with
the supervisory bodies and research
organizations.
The platform was set up to provide
hosting within French research
teams, involving a combination of
training on new technologies and
research. This hosting was completely
financed: travel and lodging
expenses deducted from the overall
budget, laboratory and operational
costs covered by the concerned
organizations committed themselves
when the offer was first submitted.
The Agropolis advanced research
platform benefited from the
specificity of the ‘regional agricultural
research pole’, which involves several
hundreds of researchers specialised
in integrative biology, genetics and
genomics:
• attached to multidisciplinary teams
that regularly host foreign scientists
directly
• having high specific expertise
• conducting studies on issues
similar to those that prevail in
developing countries, especially
on their plants, while also being
aware of their constraints. Many of
these teams have substantial field
experience in developing countries,
and are thus able to provide technical
coordination and relevant advice on
the selected projects.

S Rice, a monocotyledon
plant model
© Agropolis International

© M. Dukhan (IRD)

Most of the projects took place in
the Languedoc-Roussillon region
(France) since Agropolis International
has its headquarters in Montpellier
and especially since many research
units are based in this region.
From an operational standpoint,
Agropolis International managed
the projects: monitoring approved
budgets allocated for research,
administrative, logistical and
financial aspects (living allowances,
reception expenses for foreign
scientists visiting France for a period
ranging from a week to several years),
partly thanks to its specialized Guest
Scientist Office (cf. box Guest Scientist

Office, p 56). Based on its broad
experience and knowledge on local
administrations with which it has
many contacts, this office was able
to very efficiently facilitate over 30
scientific visits of researchers from
12 African, Latin American and Asian
countries over the 5-year programme
period.
The Agropolis advanced research
platform contributed to training
and also helped stakeholders
from developing countries in
their scientific and technological
development quests by encouraging
them to take on leading roles in the
projects.

The financial support of supervisory
bodies and organizations was
essential to ensure the success of
the programme. Similar initiatives
launched so far by other European
countries did not bear fruit due to
the lack of such support (funding
and steady operational commitment)
combined with top quality scientific
and technical coordination.

Agropolis advanced research platform

X Génopole: advanced
equipment available
for genomics
researchers
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Results:

impacts
and

benefits
SUGARCANE
µsatellite markers
CIRAD & INRA
ICAR

VIETNAM

PIGEON PEA
AND SORGHUM
Insect resistance
and GM varieties
CIRAD / ICRISAT

INDIA

INDIA

BIOTECHNOLOGY
Bioinsecticides
CNRS / Centre
Biotechno. Sfax

CITRUS
Genetic diversity
CIRAD & INRA
VASI

NATURAL RUBBER
Genetic mapping
and QTLs
CIRAD
RRIT-DOA
KU

INDIA &
MEXICO

COFFEE
Rust resistance
IRD & CIFC (Portugal)
CCRI

THAILAND

GARDEN ARABIS
Arabidopsis-Ralstonia
pathosystems
INRA & CNRS
FABI

INDIA

RICE
Rice yellow
mottle virus
IRD / Africa Rice
Center (WARDA)

S. AFRICA

DURUM WHEAT
Drought tolerance
genes
INRA Montpellier
INRA Rabat

CÔTE D’IVOIRE

MOROCCO

TUNISIA

SUMMARY OF PROJECTS CONDUCTED WITHIN THE FRAMEWORK OF THE PLATFORM

BANANA
BSV virus
CIRAD
Bioversity International & IIHR (India)
CINVESTAV (Mexico)

Agropolis advanced research platform

In the development-oriented
agricultural research
framework, the programme
achieved two key results:
• training of researchers
of the South (on various
technologies);
• production of new biological
or genomic resources for
developing countries.

T

wenty-nine foreign
researchers were thus
received for short or long
visits in France (some scientists were
hosted several times during separate
visits).

New genetic tools are leading to major
changes in plant breeding methods

Depending on the project, the results
also included:
• scientific knowledge production;
• development of technological
products (genetic maps, DNA
microarrays, BAC libraries, etc.);
• publications (articles, posters, PhD
theses, etc.).
The titles of 14 projects (as proposed
in the proposal calls) are listed below
(two projects focused on similar
topics were pooled):
• DEVELOPMENT of microsatellite
markers to study tropi cal biological
resource diversity

CASSAVA
ESTs and DNA chips
UP-CNRS & IRD
CIAT

• KEY GENETIC FACTORS and location
of physiological components
determining the productivity of
natural rubber crops assessed using
the QTL approach in Thailand.
Construction of a genetic map based
on microsatellite markers

COLOMBIA
• GENE CANDIDATES for the tolerance
of symbiotic nitrogen fixation to
phosphorus deficiency in common
bean (Phaseolus vulgaris L.)

RICE
Rice blast resistance
genes
CIRAD
CIAT

• ANALYSIS of Arabidopsis-Ralstonia
pathosystems
BRAZIL

MEXICO
COMMON BEAN
Gene candidates
for nitrogen fixation
INRA
CIAT & INIFAP

DEV. COUNTRIES
MATERIAL
Topic
French or European
institutions (Leader)
IARC and South institution

Design: O. Piau (Agropolis Productions)

BANANA
Translocations
and DNA library
CIRAD
Bioversity International & CNPMF

• MAPPING of Musa acuminata
translocation break points through
molecular cytogenetics
• STRUCTURAL AND FUNCTIONAL
GENOMICS of banana streak virus
integration into the Musa genome
• DROUGHT TOLERANCE in durum
wheat
• TRANSGENIC sorghums to control
stem borers. Genetic transformation
of pigeon pea to evaluate insecticidal
genes for the management of
resistance to the legume pod borer
(Helicoverpa armigera)

© A. d’Hont (CIRAD)

• BIOPESTICIDES produced via
heterologous expression of Bacillus
thuringiensis and Photorhabdus
luminescens and isolation of new
strains
• GENETIC IMPROVEMENT of coffee
varieties for resistance to leaf rust
(Hemileia vastatrix)
• DEVELOPMENT and effective use
of ESTs for studying two important
agricultural features of cassava:
starch biosynthesis and resistance to
cassava bacterial blight
• RESISTANCE to the rice yellow mottle
virus
• UNDERSTANDING deleterious effects
caused by avirulence/virulence gene
combinations in order to develop
durable resistance to rice blast
disease.

Agropolis advanced research platform

COLOMBIA
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Molecular markers
to enhance tropical biological
resource characterization
and management
in international networks

Conservation of crop plant
genetic resources is essential
for the sustainability of
agricultural production.
Environmental degradation
can lead to substantial in
situ diversity loss, whereas
the future of ex situ
germplasm collections is
uncertain, especially for
vegetatively propagated
species maintained in fields
where plants are subjected
to high pest and disease
pressure, thus sometimes
leading to their rapid
extinction.

Agropolis advanced research platform
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Visiting scientists

Kien Trinh Hong (Vietnam Agricultural
Science Institute,VASI), during an 8 month
visit to France in 2003, contributed to the
citrus component of the project. He analysed
molecular diversity in 285 Vietnamese citrus
accessions for seven nuclear microsatellite
markers and highlighted diversity patterns in
Vietnamese citrus material for the first time.
A study of five chloroplastic microsatellite
markers provided further information on the
maternal phylogeny of this material.
Selvi Athiappan (Sugarcane Breeding
Institute) contributed to the sugarcane
component of the project during an 8-month
training visit in 2002-2003. As part of this
training, she analysed 57 Ustilago scitaminea
spore samples with 22 microsatellite markers
and obtained a first image of the diversity
pattern of this pathogen.

M

oreover, the hesitancy
of source countries
concerning access
and exchange of their biological
resources—which they often want
to restrict—complicates an already
worrying situation. It is thus urgent
to develop sustainable genetic
resource management strategies
within international networks,
especially for plant species that
research centers of the Consultative
Group on International Agricultural
Research (CGIAR) do not take into
account.
One key element in such network
management is the ability to
conduct unequivocal standardized
analyses of accessions of different
collections with reliable and easy
to use molecular tools. Another
concerns the identification of core
collections on an international
scale, thus streamlining genetic
resource conservation initiatives.
Identifications of such core

collections are based on preliminary
assessments of genetic diversity
patterns in target species.
The properties of microsatellite
markers (codominance, high
diversity, repeatability) make them
especially interesting for analysing
both intra- and inter-specific genetic
diversity patterns. Markers based
on the PCR amplification method
are suitable for studies undertaken
via international networks and they
can also be readily transferred to
laboratories in developing countries.
CIRAD thus decided to develop these
microsatellite tools for different
tropical and subtropical plants and
pathogens that do not come under
the mandate of the international
CGIAR system. In the presented
project, partners implemented this
approach on a complex of model
species, i.e. citrus (the world’s
top fruit crop), and applied these
molecular tools to assess sugarcane
smut, a widespread fungal disease.

© Y. Froelicher

Diversity of electrophoretic profiles
of the Ci07D07 microsatellite locus within the Citrus genus

W Plant molecular biology: using the
RFLP technique to study DNA markers
of genetic diversity

Partnerships
Programme Biotechnologies et
ressources génétiques végétales (Biotrop)
CIRAD, Montpellier, France
Project leaders (French team):
Ange Marie Risterucci, ange.risterucci@cirad.fr
and Patrick Ollitrault, ollitrault@cirad.fr
fax: +33 (0)4 67 61 56 66

Results obtained
Microsatellite markers were
developed and reference profiles
defined for two models—citrus and
the fungus causal agent of sugarcane
smut disease—in this project.
One hundred microsatellite markers
were developed and around 50 were
described (in a reference collection
of 34 citrus fruits) in order to develop
a molecular tool to enhance network
management of citrus genetic
resources. Seven markers were used
to characterize over 400 traditional
Vietnamese citrus fruits (the choice
of different markers was determined
during preliminary studies
according to the polymorphism
they revealed). This molecular tool
efficiently differentiated 90% of all
accessions (demonstrating high
diversity in Vietnamese citrus fruit),
while defining a global pattern that
was consistent with the known
evolutionary trends in this species
group.

Concerning sugarcane smut
and prior to this project, some
microsatellite markers were cloned
and sequenced from the genome of
the Ustilago scitaminea fungus, and
primers were defined and tested for
about 20 of these markers.
The presented project involved a
broad diversity study on 142 isolated
teliospores from about 15 countries
worldwide and analysed using 17
polymorphic SSR loci. All isolates but
one turned out to be homozygotic
for all loci, indicating that selffertilization is the main reproductive
mode in U. scitaminea. Genetic
diversity is very low in America and
Africa and all isolates belong to a
single inbred line. This line was also
noted in some Asian regions where
most of the diversity was detected.
These observations suggest that
this fungus originates from Asia and
that it has seldom migrated to other
continents. •••

Sugarcane training coordinator:
Angélique D’Hont, angelique.dhont@cirad.fr
fax: +33 (0)4 67 61 56 05

National Bureau of Plant
Genetic Resources (NBPGR)
Indian Council of Agricultural Research (ICAR),
Department of Agricultural
Research and Education (DARE),
Ministry of Agriculture, New Delhi, India
Project leader (Indian team):
J.L. Karihaloo
fax: +(91) 11 5731495

Sugarcane Breeding Institute
Indian Council of Agricultural
Research (ICAR)
Coimbatore, India
Project leader (Indian team):
Selvi Athiappan, selviathiappan@yahoo.co.in
fax: +(91) 422 2472923

Station de Recherche Agronomique
de San Giuliano
SRA, INRA-CIRAD, San Nicolao, Corsica, France
Citrus training coordinators:
Yann Froelicher, yann.froelicher@cirad.fr
and François Luro, luro@corse.inra.fr

Vietnam Agricultural
Science Institute (VASI)
Thanh Tri Hanoi,Vietnam
Project leader (Vietnamese team):
Nguyen Van Ly, vasi@hn.vnn.vn
fax: +(84) 4 861 39 37

Agropolis advanced research platform
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Molecular markers...
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Publications

Citrus component
Froelicher Y., Dambier D., Costantino G., Lofty S., Didout
C., Beaumont V., Luro F., Brottier P., Risterucci A.M.
and Ollitrault P., 2003. Development of Single Tagged
Microsatellite Sequence (STMS) for networking
management of citrus germplasm. 7th International Congress
of Plant molecular biology. Barcelona, Spain. Poster session.
Froelicher Y., Dambier D., Costantino G., Lofty S., Didout C.,
Beaumont V., Brottier P., Risterucci A.M., Kien T.H., Luro
F. and Ollitrault P., 2004. Isolation and characterization of
Citrus SSR Markers on Mandarin. 10th International Citrus
Congress. Agadir (Morocco), 15-20 February 2004.
Froelicher Y., Dambier D., Costantino G., Lofty S., Didout
C., Beaumont V., Brottier P., Risterucci A.M., Luro F. and
Ollitrault P., 2006. Characterization of microsatellite
markers in Citrus reticulata Blanco. Submitted to Molecular
Ecology Note.

Sugarcane component
Raboin L.-M., Selvi A., Oliveira K.M., Paulet F., Calatayud C.,
Zapater M.-F., Brottier P., Luzaran R., Garsmeur O., Carlier J.
and D’Hont A. Evidence for the dispersal of a unique lineage
from Asia to America and Africa in the sugarcane fungal
pathogen Ustilago scitaminea (submitted to Fungal Genetics
and Biology).

Conclusion
and prospects
The training of two young
researchers (from the preparation
of DNA extracts to electrophoresis,
reading and analysing the results
using different software packages
for the purposes of assessing the
genetic diversity or constructing
linkage maps) has enabled efficient
transfer of molecular analysis tools to
developing countries, thus fulfilling
the needs of research projects
developed by their respective
organizations.
There is an ongoing collaboration
with Vietnam within the framework
of a decentralized cooperation
project (Corsica-Vietnam), which
will ultimately give rise to a national
germplasm collection in Vietnam.

New partnerships have also been
settled with managers of other
national citrus collections (Cyprus,
Spain, Morocco, Tunisia, Turkey),
especially within the framework of
the Citrus rootstock Breeding for
Efficient Water and Nutrient Use
(CIBEWU) cooperation project
with INCO Mediterranean Partner
Countries (MPC) to standardize
characterization of their collections.
Collaborations with India and other
Asian countries are under way to
accurately determine the diversity
pattern of the causal agent of
sugarcane smut disease in Asia and
to assess its impact with respect to
smut resistance management in
varietal improvement programmes.

Washington Navel
Valencia Late
Tarocco
Ellendale
Clémentier commun
Sunki
Ovwari
Ananas
Cléopatra
Beauty
Ponkan
Willow Leaf
Nasnaran

SWEET ORANGE

MANDARIN

Etrog
Corsican

Agropolis advanced research platform

Digité
Citrus macrophylla
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Classification of cultivated citrus fruits
on the basis of 48 microsatellite loci
(NJ tree using Dice genetic distances)

Eureka
Lisbonne
Rangpur
CITRON/LEMON/LIME
Meyer
Brazil Sweet
Citrus histrix
Citrus halimii
Citrus latipes
Citrus juno
Duncan
Star Ruby
GRAPEFRUIT
Marsh
Chandler
Pink
PUMMELO
de Nice
Maroco
SOUR ORANGE
Granito

© P. Ollitrault
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Citrus fruit
diversity
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Key genetic factors and location
of physiological components
determining the productivity of
natural rubber crops assessed
using the QTL approach
in Thailand

T
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he Genmap project (cf.
Partnerships) focused on
the genetic basis of rubber
tree (Hevea brasiliensis) functioning
with the aim of developing more
productive varieties (clones). Tapping
a natural rubber tree diverts sugars
produced by photosynthesis, to
the detriment of tree growth while
enhancing latex production
in latex cells located in
the bark. The research
project developed in
Thailand included a
major assessment
of the physiological
mechanisms of
latex production.
Latex tapping
systems were
streamlined on the
basis of previous tools
and results, especially a
biochemical analysis of the state
of latex tissues (‘latex diagnosis’)
whereby the metabolic functioning
of different Hevea clones (grafted
varieties disseminated by vegetative
propagation) was characterised.

Agropolis advanced research platform
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Natural rubber is a renewable
agromaterial derived from
rubber trees—this product
competes with but also
complements synthetic rubber.
It has specific technological
qualities that are highly
appreciated, especially for
manufacturing tires. In
Thailand, which is the top
world producer, natural
rubber trees are cropped
almost exclusively on family
smallholdings.
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Research carried out by CIRAD from
1995 to 2000 led to the publication of
the first Hevea genetic map. This map
is useful for analysing the genetic
basis of resistance to South American
leaf blight. The Genmap project then
focused on constructing another
genetic map with a new generation of
microsatellite markers—the aim was
to use this map in a genetic study of
latex production factors, especially
latex diagnostic parameters.

Conclusion
and prospects
Long-term breeding of new clones
has enabled growers to use the
physiological potential of the species
to boost performance. This is why a
combined genetics and physiology
approach was adopted in this
research on natural rubber
trees in Thailand.
Plant breeding has
become increasingly
complex since
Mendel’s simple laws
were first discovered—
mathematical models
of constantly changing
genetic traits (so-called
quantitative traits that
are assumed to be controlled
by many genes) are now used to
enhance the breeding potential. The
phenotypic expression of these traits
is highly modified by environmental
variations, thus affecting their
heritability and therefore the
breeding efficiency. However, with
the recent development of genetic
mapping (cf. Molecular genetic
markers and genetic mapping), for
the most heritable agronomic traits,
loci linked with genes that are highly
involved in the expression of these
characters can now be pinpointed
on the genome. Genomic analysis
is increasingly sophisticated and
important genes can thus be
readily identified, cloned and their
functioning studied. •••

© A. Clément-Demange

© A. Clément-Demange

S A plot with adult
rubber trees in Côte d’Ivoire
W Tapping a rubber tree
X Harvesting latex

Hevea rubber trees

Rubber trees were initially cropped after their domestication in 1876, with the first transfer
of seeds from Brazil to Southeast Asia. The paradox is that rubber cropping has never actually
been developed in South America, i.e. the area of origin of Hevea brasiliensis, due to the
presence of South American leaf blight caused by the fungus Microcyclus ulei. Rubber cropping
was first developed by agroindustrial groups in Asia during the colonial era and then gradually
became a key activity on family smallholdings of less than 5 ha, subsequently accounting for
75% of the total cropping area. In 2004, Thailand supplied 35% of the 8.4 million t of natural
rubber produced worldwide.
Grafted clones obtained by vegetative propagation currently represent the best adapted
material available for rubber cropping. A rubber tree plot is tapped 6-8 years after the grafted
trees are planted and they can then produce for 20-30 years. Tapping (harvesting latex) is
periodically done every 2-5 days. Tapping techniques have gradually changed to optimise the
cycle involving latex flow, coagulation and regeneration in latex tissues in the bark. Annual
per-hectare dry rubber production can range from 300 to 2500 kg, depending on the
production system and plantation age.
Contact: André Clément-Demange, andre.clement-demange@cirad.fr
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Visiting scientists

The Genmap project is a short-term component
of a longer-term cooperative integrated research
programme involving CIRAD, the Rubber Research
Institute of Thailand (RRIT) and Kasetsart
University in Thailand, with the support of
Agropolis International and the French Ministry
of Foreign and European Affairs.This programme,
which covers the 1998-2010 period, was aimed at
increasing the productivity and quality of products
and adapting rubber growing to the ecological and
socioeconomic conditions on plantations.
Kanlaya Prapan (a young Thai
researcher of RRIT) visited France for 12
months in 2001-2002 to genotype progeny
and construct most of the genetic map of the
studied hybrid.
Napawan Lekawipat (RRIT) came to France
to finalise the genetic mapping work over a 5
month period in 2005 (this visit was financially
supported by a fund that complemented that of
the Agropolis advanced research platform), so it
was thus possible to meet the objective initially
set out in the Genemap proposal.

Agropolis advanced research platform

Rubber trees (Hevea brasiliensis, Euphorbiaceae family) produce natural rubber—a renewable
agromaterial that is used by the industrial sector and which accounts for 40% of all
elastomers (natural and synthetic rubber) used worldwide. Latex is not a sap but rather
a milky emulsion containing rubber particles and consisting of the cytoplasm of latex cells
present in trunk bark. In the last 20 years, Hevea wood has also been utilised to an increasing
extent, mainly for furniture making, and has become a secondary product of cultivated
natural rubber trees, currently accounting for 15% of the profits from rubber tree plots.
Rubber trees have been intensely utilized since the discovery (in 1839) of vulcanization, i.e.
a process that maintains the elasticity of natural rubber, which is an essential feature. 70% of
this production is absorbed by the tire manufacturing industry.
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Key genetic factors ...

Genomics now involve combinations
of different yet complementary
methods, and information obtained
on one species can be used for
other species (research is thus being
mutually enriched and efforts are
gradually converging). The method
implemented in the Genmap
project combined genetic mapping
with a field analysis of the Hevea
family studied (screening for QTLs
associated with agronomic traits
measured in field trials in Thailand).
The Genmap project included the
following successive phases:
• Performing a ‘model’ cross (year
2000) by manually pollinating the
two RRIM600 and PB217 parents, i.e.
two cultivated clones that represent
two different metabolic types. The
aim was to obtain a broad range of
variability in 334 progeny of this
cross in order to fulfil the scientific
objectives, and also to find clones
combining complementary qualities
in this progeny.

• Genotyping 334 progeny for 267
available and relevant microsatellite
markers. For each progeny, the
two alleles occurring at the same
locus were identified (PCR and
electrophoresis).
• Genetic mapping of the cross (cf.
Genmap genetic map) via software
processing of genotyped progeny
data (JoinMap3 software), focused
on the joint or separate presence
of alleles of different markers. Loci
corresponding to the different
markers were thus found to be
located on each of the 18 Hevea
chromosomes, with the distances
between two markers corresponding
to the crossover percentages noted
between them.

• Establishment, by software
processing, of progeny classes
associated with each allele per
marker, calculation of the values
of the agronomic traits of these
classes, and identification of loci that
determine most of the variation in
certain traits (QTLs).
The Agropolis advanced research
platform supported phases 2 and
3 of this project. The Hevea genetic
mapping took 17 months of research
time. The use of microsatellite
markers represented substantial
progress relative to the past use of
RFLP markers in terms of research
time (PCR efficiency), number of
genotyped individuals, distribution of
mapped loci on the genome and the
polymorphism of assessed alleles.

• Field analysis (from 2002 to 2010)
of the main agronomic traits of 196
progeny, especially growth and latex
production traits, biochemical traits
associated with metabolic types of
production and rubber quality traits.

Molecular genetic markers
and genetic mapping
X Kanlaya Prapan preparing
a polyacrylamide gel
to separate PCR-derived
microsatellite markers

CIRAD
Montpellier, France

Agropolis advanced research platform

Project leaders (French team):
Marc Seguin and André Clément-Demange
andre.clement-demange@cirad.fr
fax: +33 (0)4 67 61 55 96
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Rubber Research
Institute of Thailand (RRIT)
Department of Agriculture (DOA),
Bangkok,Thailand
Genetic improvement team
Project leader (Thai team):
Kanikar Teerawatanasuk, kanikar2001@yahoo.com
fax: +(66) 2 579 0585

Kasetsart University (KU)
Thailand
Project leader:
Poonpipope Kasemsap, agrppk@ku.ac.th
fax: +(66) 2 942 8467

© A. Clément-Demange

Partnerships

So-called ‘molecular’ genetic markers directly
concern the DNA molecule in which they
correspond to noncoding zones (loci). They are
said to be genetically ‘neutral’ because they do
not influence the evolution of the species, and
identification of their alleles in an individual
does not depend on the tissue studied or on
the medium conditions. The so-called linkage
disequilibrium genetic mapping technique has
developed considerably since a high number
of these markers have become available. This
technique involves investigating the extent of
character recombination in progeny due to
crossover (intra-chromosomal rearrangements that occur during meiosis). Because of these
rearrangements, alleles from two loci that were initially present on the same chromosome
have a certain degree of probability of being separated in two different gametes (i.e. when a
crossover occurs in the space between them).
There are DNA zones (called linkats) where very little crossover occurs and where the same
combinations of alleles for neighbouring loci are preserved. Genetic mapping involves analysing
the frequency of association of respective alleles from two loci, for all available marker pairs.
The markers can thus be located in relative positions to each other, while identifying the linkats
and detecting ‘super-linkats’ corresponding to different chromosomes from the studied species
(Hevea brasiliensis is a diploid species with 18 chromosome pairs). Each distance between two
markers is expressed as a crossover percentage (1 centimorgan = probability of 1% crossover
during meiosis), and genetic maps are drawn up on this basis.

Contact: André Clément-Demange, andre.clement-demange@cirad.fr

Agropolis advanced research platform

The expected technical milestones
were achieved through this project—
progeny genotyping and genetic
mapping of the cross—and specific
methods were developed for
natural rubber trees, such
as the adaptation of an
accelerated genotyping
technique using a DNA
sequencer.
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The training obtained
by the two hosted Thai
researchers led to the
transfer of expertise to the
original Thai institute and
promoted a dynamic collaboration
with the Thai partners in this project.
The Thai institute now implements
the PCR method and microsatellite
markers developed by CIRAD, so the
conformity of the planted material
can now be efficiently controlled in
Thailand. Essential sequences were
posted for free public access on the
EMBL/GenBank website. In addition,
field operations in Thailand are being
continued with the support of CIRAD
scientists.

The RRIT-DOA institute has also just
awarded a thesis bursary to a new
young researcher (Ms. Rachanee
Ratanawong) so that she can work
within the framework of the Genmap
project to obtain field measurements
and screen QTLs, under the
academic supervision of
Kasetsart University,
with training
provided by CIRAD.
In addition to the
scientific aims, the
Genmap project
thus provides an
efficient research
training support
for groups of 5-10
Thai researchers and
technicians.
Other short- and medium-term
milestones to be achieved through
this project include determining the
possibilities of utilizing the expected
complementarity between clones
with different metabolisms via
hybridization, identifying QTLs that
can serve as early breeding criteria
for the studied hybridization and
selecting new efficient relevant clones
from the progeny of this cross.
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© A. Clément-Demange

S Genmap genetic map for a hybrid
of two Hevea clones (RRIM600 and PB217)
Map constructed on the basis of two parents and 334 progeny of the RRIM600 x PB217 cross
and characterized by 247 microsatellite markers and 198 AFLP markers (JoinMap 3 software).
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Publications

Lekawipat N., 2005. Development of genetic map of RRIM600
x PB217 based on microsatellite markers. Cirad-Biotrop,
Montpellier, January-May 2005. Doras-Rubber : Towards
the improvement of the productivity of the rubber tree.
Genmap component : “Variability analysis and genetic
determinism of some physiological characteristics of the
rubber productivity in Thailand”.
Prapan K., Clément-Demange A., Teerawatanasuk K., RodierGoud M. and Seguin M., 2004(a). Genetic mapping and
field study of a full-sib family (RRIM600 x PB217) in Hevea
brasiliensis (Genmap project). First results. “ Towards the
improvement of the productivity of the rubber tree “.
Kasetsart University - RRIT-Doa - INRA-Piaf - CIRAD
Seminar, Bangkok, 27-28 May, 2004.
Prapan K., Seguin M., Rodier-Goud M. and Clément-Demange
A., 2004(b). Hevea brasiliensis : Déterminisme génétique
et localisation de composantes physiologiques de la
productivité de l’hévéaculture par approche QTL en
Thaïlande. Réalisation d’une carte génétique ancrée sur
marqueurs microsatellites. Programme Agropolis “PlateForme de Recherches Avancées”, composante Genmap du
projet Doras-Rubber, CP_SIC 1676, January 2004.

The long-term milestones are still
the main focus of this research,
involving the development of a Hevea
genome documentation database
to locate genes of interest that are
regularly identified by other genetic
and molecular physiological research
initiatives on this species.

Agropolis advanced research platform

Transfer, development
and project follow-up
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Candidate gene to enhance
phosphorus use for symbiotic
nitrogen fixation in common bean
(Phaseolus vulgaris L.)

The common bean—
which was domesticated over
6000 years ago in South and
Central America and now
grows on all continents—
is a main dietary source
of protein for humans in
many countries, especially
developing countries.

ZZ

Visiting scientists

Aline Lopez (CIFN) visited France twice in
2003 (for 6 months and 3 months), when she
carried out trials involving cross-inoculation of
common bean RILs with rhizobia from French
soils and with the CAP45 mutant of the
parental R. tropici CIAT899 strain.

Agropolis advanced research platform

Silvina Gonzalez-Rizzo (CIFN), during
a 5-month training visit to France in 2002,
conducted a study to compare different
common bean lines with rhizobia from the
R. tropici CIAT899 reference strain and
mutants.
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Carmenza Munoz (CIAT Colombia)
visited France for 3 months in 2002 and
participated in developing a cDNA library;
she then returned to CIAT (Colombia) with
RNA and cDNA extracts from common bean
nodules.
Matthew Blair (CIAT Colombia) visited
France for 1 month in 2002 to supervise the
development of a cDNA library from nodular
RNA.

W

orld common bean
yields are especially
low (around 0.5 t/ha)
as compared to those achieved in
developed countries (over 2 t/ha),
since this food crop is often grown in
relatively infertile soils.
However, this legume can normally
grow in soils with a low nitrogen
content, without adding expensive
and potentially polluting nitrogen
fertilizers, through its symbiotic
relationship with rhizobia. These
soilborne bacteria induce nodule
formation on roots and sometimes
stems in many legumes in which
they transform N2 into ammonium,
which the legume plant then uses
to synthesize amino acids. This
nitrogen fixation still requires
intense respiration, which depends
on the oxygen permeability of the
nodules. This permeability may be
upset by excess salt and phosphorus
deficiency which, along with drought,
are the main environmental factors
hampering rhizobial symbiosis in
soils in tropical and Mediterranean
areas.

its SNF and PUE capacities and the
second for its agronomic features
and tolerance of the yellow mosaic
virus. Lines were identified in the
progeny of this cross for their marked
difference in SNF and PUE capacities
when grown under hydroponic
conditions in Montpellier (France).
These contrasted lines were assessed
to determine their molecular
and biophysical features within
the framework of a programme
supported by the Agropolis advanced
research platform and CIAT.
© O. Schumpp

DZ
Within the biodiversity of common
beans in Latin America, the region
where this plant species originated
and was first domesticated, lines with
a high symbiotic nitrogen fixation
(SNF) potential and phosphorus use
efficiency (PUE) were selected and
hybridized with varieties having an
interesting cropping potential in a
CIAT-INRA cooperation programme.
An interesting cross between two
varieties (BAT 477 and DOR 304)
was obtained—one was selected for

IZ

Agropolis advanced research platform

Project goals

Results obtained

ZZ

The main aim of the project was to
find genes that enable common beans
to efficiently use phosphorus for
symbiotic nitrogen fixation and growth
in low-fertility soils and to gain insight
into the mechanisms involved.

Physiological analysis of
hydroponically grown common
bean lines was performed using
biophysical (nodule permeability)
and histological (nodule cortex
cell size) measurements under
sufficient or deficient phosphorus
supply conditions. These data
were correlated with aquaporine
gene expression observations in
microscopic nodule sections.

Drevon J.J., Alkama N., Blair M., Garcia A., Hernandez G.,
Hinsinger P., Jaillard B., Lopez A., Roger L., Souche G., 2004.
Genetic improvement of phosphorus use efficiency for
symbiotic nitrogen fixation in common bean (Phaseolus
vulgaris) and its consequence on soil P dynamic. 14th
International Nitrogen Fixation Congress. October 2004,
Beijing, China.

The project has focused especially on
analysing the diversity of aquaporine
gene family sequences (membrane
channels that enable diffusion of
neutral molecules such as water).
Previous studies had actually revealed
high aquaporine concentrations in
nodule cortex, suggesting that these
proteins may be partially responsible
for variations in nodule oxygen
permeability.

These results were compared with
above-ground and nodular biomass
at harvest, which is an SNF and PUE
indicator. Interaction specificities
were detected for some native
rhizobia strains that were found to
be more efficient than CIAT899 with
some lines.
In mutant rhizobia (lacking a high
affinity phosphorus transporter)
as compared to parental rhizobia,
nitrogen fixation was only lower in
lines with a low PUE.

© O. Schumpp

X Nodule cross-section
T In situ hybridization
of carbonic anhydrase in a BAT477 nodule

EC

EC: External cortex • DZ: Distributing zone • IC: Inner cortex
IZ: Infected zone • MC: Middle cortex • VT: Vascular trace
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Gonzalez, S. PhD thesis in Molecular Biology at the Université
d’Orsay, research under way at CNRS Gif/Yvette (France).
Lopez A. PhD thesis in Microbial Ecoloty at UNAM (Mexico),
research under way at both CIFN in Cuernavaca (Mexico)
and INRA in Montpellier (France).

Conclusion
and prospects
The common bean lines assessed
in this project were found to be
interesting enough to be used as a
research tool in new international
programmes (concerning the
bacteriology and screening of legume
genes) on bean improvement and
growth in relatively infertile soils,
especially within the framework
of the Aquarhiz (INCO) and
Grainlegume (IP Quality of Life)
projects of the 6th European Union
FPRTD.

Partnerships
Laboratoire Rhizosphère et Symbiose
(UMR1222), Département Environnement et
Agronomie, Écologie des forêts,
prairies et milieux aquatiques
Team “Biodisponibilité des éléments minéraux”,
Montpellier SupAgro, France
Project leader (French team):
Jean-Jacques Drevon, drevonjj@supagro.inra.fr
fax: +33 (0)4 67 63 26 14

Centro de Investigación
sobre Fijación de Nitrógeno
(CIFN, now Centro de Ciencias Genómicas
CCG), UNAM Universidad
Nacional Autonoma de Mexico
Molecular Genetics Department,
Cuernavaca, Mexico
Project leader (Mexican team):
Esperanza Martinez-Romero, emartine@cifn.unam.mx
fax: +52 (73) 175 581

Instituto Nacional de Investigaciones
Forestales, Agricolas y Pecuarias
CEVAMEX-INIFAP, Mexico City, Mexico
Project leader (Mexican team):
Jorge Acosta Gallegos, jamk@prodigy.net.mx
fax: +52 (595) 46528 ou 46728

Centro Internacional
de Agricultura Tropical
CIAT, Cali, Colombia
Project leader:
Matthew Blair, m.blair@cgiar.org
fax: +(57) 2 4450 073

Agropolis advanced research platform

Six recombinant inbred lines of
common beans (RILs) obtained by
crossing BAT 477 and DOR 304 were
selected for their differing SNF and
PUE capacities. Nodule cortex RNA
(uninfected external cell layers) was
extracted from these and the parent
plants, and then sent to CIAT where
various differential screening methods
were used to detect candidate genes.

Publications
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Pathosystems linking
the Arabidopsis plant model
and the bacterium
Ralstonia solanacearum

The Ralstonia solanacearum
bacterial species is endemic
to tropical and subtropical
regions. It causes many
diseases in over 200 host
species worldwide, including
around 50 monocotyledon
and dicotyledon plants,
some of which are varieties
of agricultural interest like
potato, tomato, groundnut
and banana.

T

he presented project
involves fundamental
research, but subsequent
agricultural applications are also
planned with the aim of developing
crop varieties with sustainable pest
resistance.

Project goals
The research teams carried out
separate but complementary
activities. The project focused on
characterizing African strains of the
bacterium Ralstonia solanacearum.

Results obtained
This project gave rise to a collection
of African strains of the bacterium
Ralstonia solanacearum. Strains of
different geographical origins (South
Africa and East Africa) were first
isolated from several plant species
such as potato and tomato, as well
as from more specific hosts (e.g.
eucalyptus), and then characterized.
The strains were analysed to
determine whether they belong to
the R. solanacearum species using
a PCR-AFLP technique, which is
efficient for biovar classification. •••

The main aims of the programme
were:
• To establish a new pathosystem
between African isolates of this
root pathogen and the Arabidopsis
thaliana plant model. This
preliminary work was meant to pave
the way to meeting the following
objective.
ZZ

Visiting scientists

Agropolis advanced research platform

Alain Gaume (Swiss scientist posted
at FABI) visited France for 2 months in
late 2002 and for 3 months in 2003 for
postdoctoral training. During this training,
he participated in the phenotypic and
molecular characterization of a resistant
Arabidopsis mutant.
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Joanne Weich (FABI student) was
involved in two training sessions of 6 months
and 3 months during 2003. This researcher
carried out most of the research presented
in the framework of a PhD thesis that she
defended at the University of Pretoria.
Dave Berger (FABI professor and
project leader) visited the French partner
institution during two 1-week visits.

• To identify different genetic factors
that determine the resistance to
R. solanacearum than those already
analysed by the French team.
• To develop a genomic
strategy through the analysis of
transcriptomes of plants resistant or
susceptible to R. solanacearum.

W An Arabidopsis
plant model X
© CNRS / INRA

© Y. Marco

S The Arabidopsis-Ralstonia solanacearum pathosystem,
the causal agent of bacterial wilt

Laboratoire Interactions
Plantes Micro-organismes (LIPM)
INRA-CNRS UMR 441, Castanet-Tolosan, France

© CNRS / INRA

Project leader (French team):
Yves Marco, marco@toulouse.inra.fr
fax: +33 (0)5 61 28 50 61

Forestry and Agricultural
Biotechnology Institute (FABI)
Botany Department,
University of Pretoria, South Africa
Project leader (East African team):
Dave Berger, dberger@postino.up.ac.za
fax: +(27) 12 362 53 27

Agropolis advanced research platform

Partnerships
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Pathosystems Arabidopsis/R. solanacearum...

© Y. Marco

The pathogenicity of African
R. solanacearum isolates was
tested on tomato, eucalyptus and
Arabidopsis. Hence, 25 African
strains of the pathogen were
inoculated on seven Arabidopsis
ecotypes (associated with a specific
ecosystem). The pathogenicity of
these strains was found to be highly
variable and the defense responses of
the hosts also differed (according to
different known ecotypes).

© Y. Marco

S Eucalyptus trunk
contaminated by Ralstonia
solanacearum bacteria (necrosis
of conducting vessels)
X Symptoms noted on eucalyptus
trees contaminated by Ralstonia
solanacearum bacteria

The South African team selected
the so-called CK strain (sampled on
eucalyptus) for its studies, since it
could induce specific resistance that
differed from that studied by the
French team. The latter team had
developed different mutants of the
CK strain that are unable to induce
disease in host plants. These strains
were used as negative controls (since
they could not induce symptoms) in
transcriptome analyses. In parallel,
two Arabidopsis ecotypes
(Kil-0 and Sf2), which are
respectively resistant
and susceptible
to the CK strain,
were hybridized to
obtain F1 plants to
be used to analyse
the genetic basis of
resistance to the CK
strain.
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Naidoo S., Denby K.J., Berger D.K., 2005. Microarray
experiments: considerations for experimental design. South
African Journal of Science, 101, 347-354.

Agropolis advanced research platform

Reddy S., Gaume A., Weich J., Denby K.J. and Berger D.K.,
2002. DNA Microarrays: A New Tool for Bacterial Wilt
Research. Bacterial Wilt Newsletter, Issue 17.
http://ibws.nexenservices.com/BWNL_home.htm
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Weich J.P., Poussier S., Trigalet-Demery D., Berger D.K. and
Coutinho T.A., 2005. Molecular identification of African
isolates of Ralstonia solanacearum. Journal of General Plant
Pathology, in press.
Weich J.P., 2004. MSc dissertation, Botany, University of
Pretoria. Studies on the interaction between Arabidopsis
thaliana and African isolates of Ralstonia solanacearum.
Weich J.P., Poussier S., Trigalet-Demery D., Trigalet A.,
Nakabonge G., Berger D.K. and Coutinho T.A., 2003. Rapid
identification of African strains of Ralstonia solanacearum.
Poster, SASPP (41st Congress of the Southern African
Society for Plant Pathology), 19-22 January 2003,
Bloemfontein, South Africa. (Received an award
for the best poster at the Congress).

Finally, the South African
team studied the transcriptome
of plants that are susceptible or
resistant to the selected pathogenic
agent. This study focused on
transcriptional changes associated
with resistance and bacterial wilt.
Gene expression profiles altered
during interactions between
Arabidopsis and African Ralstonia
strains were also investigated.
In this programme, the South African
partner aims to construct DNA chips
(containing clones of crucial genes in
the plant defense reaction) that could
be hybridized with RNA extracted
from plants inoculated with virulent
and avirulent Ralstonia strains.

A PhD thesis based on studies on
Arabidopsis biochips was successfully
defended in 2006.
A genetic study is also under way
at the University of Pretoria to
determine whether the resistance of
African Ralstonia isolates is linked
to a single gene or a combination of
genes.

Conclusion
and prospects
The start of the South African project
was hampered by infrastructural
problems (defects, especially in
the culture rooms used for the
inoculation experiments). It is
also unfortunate that the trained
scientists have not become part of
the permanent staff of FABI, which
would strengthen the expertise level
of the laboratory (especially from a
molecular standpoint) at the
University of Pretoria.
The project did lead to
the presentation of a
PhD thesis (Joanne
Weich) in 2004. Top
quality equipment was
also set up in the new
FABI bioinformatics
building at the University
of Pretoria, thus enhancing
the growing conditions for
Arabidopsis plants.
The comparison of resistance
components studied in the two
selected pathosystems should
be especially instructive upon
completion of the different activities
(which are still under way).
Solid yet informal partnership ties
have been bound between the
French and South African teams. This
collaboration should be continued
in order to benefit from the research
already achieved, but this would
require funding which is currently
not available.

Mapping translocations
in the banana genome using
molecular cytogenetic techniques

Genetic studies on
banana have been
relatively limited to
date. They have focused
especially on assessing
kinship between different
wild varieties (ancestral
diploid varieties) and
current cultivated
varieties (triploid).

V

ery little detailed
information is currently
available on the mechanisms
of character transmission in banana.
Breeding is thus still carried out using
a traditional phenotypic approach
based mainly on analyses to find
interesting complementary traits
derived from parents in different
genomic configurations.
For over 15 years, CIRAD has been
developing an original strategy
geared towards obtaining new
triploid varieties from natural or
improved fertile diploids. A high
number of progeny can thus be
obtained (contrary to standard
crossing strategies with current
varieties that are mainly sterile),
thus enabling selection and genetic
analysis of characters.

New banana genetic improvement
strategies based on genetic mapping
and analysis of genetic factors
determining traits of agronomic
interest are being developed to
overcome issues that hamper current
improvement methods. One of
the main problems concerns the
presence of structural heterozygosity
between homologous chromosomes
(due to chromosome anomalies that
occur during meiosis, i.e. so-called
translocations) as well as the lack
of knowledge on their impact on
character transmission. The “banana
cartogenetic mapping” project
aims to determine the mechanisms
underlying translocations from a
formal genetics standpoint, and
to ultimately transfer the research
results for the benefit of banana
breeders. •••

© F. Bakry
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Visiting scientist

Alberto Vilarinhos (EMBRAPA) was
hosted by UMR PIA for 3 years, during his
PhD training, with the aim of developing
a BAC library to identify and locate
translocation sites in the banana genome.

Plate-forme Agropolis

The agricultural research and engineering
school of the French Ministry of Agriculture
and Fisheries, Montpellier SupAgro, provided
support for the PhD thesis of Alberto
Vilarinhos.

X ‘Dessert’ banana
plantation in Brazil
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Mapping translocations in the banana genome using molecular cytogenetic techniques

CIRAD’s goal was to streamline
the banana breeding process. This
project is being carried out within
the framework of the Global Musa
Genomic Consortium coordinated by
Biodiversity International under the
PROMUSA programme.
The research was aimed at
identifying and characterizing
translocations in banana so as to
enhance genetic analyses and gain
insight into the hereditary factors
controlling target traits.

Plant material studied
Two banana cultivars were studied:
• The Calcutta 4 clone (Musa
acuminata burmannicoides): diploid
(2n=2x=22) belonging to the NorthA translocation group, structurally

homozygous (no structural difference
between homologous chromosomes),
differing from the Central group by
two translocations. Banana varieties
were classified in different groups
according to the chromosome pairing
pattern observed during meiosis in
hybrids. The absence of translocation
or the presence of one to two
translocations was typical in these
groups.
• The Madang clone (Musa
acuminata banksii): diploid
(2n=2x=22), structurally homozygous,
belonging to the Central translocation
group, i.e. the control group without
any translocations.

Project goals
The project was aimed at developing
tools to map translocations in

banana and applying these tools
to map translocations in order to
differentiate Calcutta 4 and Madang
clones.
Different technologies had to be
developed and/or adapted to be able
to meet these objectives, mainly:
• the construction of a library of large
banana DNA fragments or a bacterial
artificial chromosome (BAC) library;
• the development of cytogenetic
mapping via in situ fluorescent
hybridization of BAC clones for
translocation mapping.
The project was also based on a
genetic map constructed at CIRAD
from an F2 population (second
generation obtained by selfing)
derived from a cross [Calcutta 4 x
Madang] between two fertile and
highly homozygotic varieties.

Banana
© F. Bakry

X Bunches of cv. Bluggoe
(cooking) bananas that
are triploid and interspecific
(M. acuminata/M. balbisiana)

Partnerships
Joint research unit: Polymorphismes
d’intérêt agronomique (UMR PIA)
CIRAD, Montpellier, France
Project leader (French team):
Angélique D’Hont, angelique.dhont@cirad.fr
fax: +33 (0)4 67 61 56 05

Internal research unit: Systèmes
de culture bananes, plantains et ananas
CIRAD, Montpellier, France
Project leader (French team):
Fréderic Bakry, frederic.bakry@cirad.fr
fax: +33 (0)4 67 61 56 66

Agropolis advanced research platform

Bioversity International
PROMUSA Programme
(Global Programme for Musa Improvement)
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Project leader:
Nicolas Roux, n.roux@cgiar.org
fax: +33 (0)4 67 61 03 34

Centro Nacional de Pesquisa de
Mandioca et Fruticultura Tropical
(CNPMF)
Empresa Brasileira de Pesquisa Agropecuária
(EMBRAPA)
Project leader (Brazilian team):
Jorge Luiz Loyola Dantas, loyola@cnpmf.embrapa.br
fax: +55 (75) 3621 8097

Bananas are currently cropped in around
100 tropical and subtropical countries
(India Uganda, Ecuador and Brazil are top
producing countries). Banana is a food
product (a low-fat nutritious edible fruit with
a high sugar, potassium, vitamin A, B6 and
C content) which produces fibres that are
used industrially (paper, cardboard, rope) and
generates considerable income due to the
low production expenditures. Banana cropping
consolidates the economy in European
overseas regions (Guadeloupe, Martinique)
where exports of bananas (over 80% cv.
Cavendish) generate substantial income.
Bananas belong to the Musaceae family. They are high monocotyledon herbaceous
plants that are monocarpic (only flower once) and the pseudostem is formed
by the coiling of leaf sheaths around each other, with an edible flower (bunch)
emerging from the centre. Banana breeding programmes have been set up
to create new varieties, especially lines that are resistant to the many pest
infestations affecting this fruit. Genetic variations concern the plant size, sucker
vigour, number of hands per bunch, fruit size and sources of resistance to the
main pests and diseases. Problems associated with typical characteristics of
cultivated bananas must be overcome through the different breeding phases, i.e.
sterility, triploidy (threefold more chromosomes than in common plants of close
species) and the multispecific origin.
In banana, fertility has been counterselected by breeders for generations
in order to obtain seedless and very pulpy edible fruits. Cultivated bananas
are parthenocarpic (bulkier fruits develop without fertilized ovules or their
transformation into embryonic seeds) and preserved cultivars therefore have
to be vegetatively propagated from suckers. Cultivars are di-, tri- (the most
numerous as they are the hardiest) or tetraploid and their genomes differ
(denoted A and/or B). Most cultivars derive from haploid (11 chromosomes) wild
species, i.e. Musa balbisiana (one B genome) and Musa acuminata (one A genome).
Contact: Frédéric Bakry, frederic.bakry@cirad.fr

Research conducted
A BAC library of the Calcutta
4 (diploid AA) accession was
constructed during the first phase
of the project. BAC libraries now
represent an essential genomic
research tool. The first BAC library
obtained consisted of a collection
of large DNA fragments extracted
from leaf cell nuclei from the Musa
acuminata Calcutta 4 clone. It
includes 55152 clones of fragments
with a mean size of 100 kb spanning
9-fold the haploid nuclear genome
(by virtual overlap of different DNA
fragments).
Based on previous adjustments, two
other BAC libraries were constructed
by UMR PIA (attached to CIRAD/
INRA/Montpellier SupAgro) for the
Musa genus: from cv. Grande Naine
(triploid AAA, belonging to the
Cavendish subgroup); the second
from the Pisang Klutuk Wulung
(PKW) accession (diploid BB,
belonging to Musa balbisiana).

These BAC libraries are efficient tools
that are now freely available for use by
the international community involved
in the Global Musa Genomics
Consortium. They are essential for the
development of different applications,
e.g. gene cloning, genome
sequencing, physical mapping,
comparative genomics, etc. One
new project undertaken using this
tool involved comparing the banana
genome organization with that of rice,
and assessing their colinearity. Partial
sequencing of the banana genome
was thus initiated in this international
setting.
A second project was aimed at
investigating and characterizing
integration of the banana streak
virus (BSV) in the banana genome
and identifying the mechanisms
responsible for activation of the
integrated sequences. These BAC
clones are also tools that can be
effectively used to screen for single
sequence repeat (SSR) microsatellite
markers in specific genomic regions.

The second research phase involved
the development of a BAC-FISH
cytogenetic mapping technique.
In the Musa family, cytogenetic
studies are hard to carry out
because the chromosomes are
small (600 million bases for 11
chromosomes) and morphologically
very similar. The fluorescent in-situ
hybridization (FISH) method was
used for cytogenetic mapping of
BAC clones anchored to the genetic
map via genetic markers (cf. FISH
hybridization technique). •••
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Vilarinhos A.D., 2004. PhD thesis in Integrative Biology at the
Université Montpellier II – Montpellier SupAgro en biologie
intégrative. “Cartographie génétique et cytogénétique chez
le bananier : caractérisation des translocations“.
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A wild banana (M. acuminata
malaccensis) bunch
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Mapping translocations in the banana genome using molecular cytogenetic techniques

Translocation
Translocations are chromosome rearrangements involving the displacement, after
cleavage, of one (or several) chromosome segment(s), followed by its (their) integration
at a different site.
Translocations can spontaneously occur during gamete development
(at meiosis) due, for instance, to accidental chromosome
entanglement during the first phase of cell division, thus
producing anomalies during the chromosome pairing phase.
The most common so-called ‘reciprocal’ translocations
correspond to an exchange between the extremities
Multivalent
of nonhomologous (not belonging to the same pair)
chromosomes. Many combinations are, however, possible and
complex phenomena can involve over three breakages and/
or more than two chromosome pairs. Recombination anomalies
can lead to the formation of monovalent, trivalent (pairing of three
homologous chromosomes instead of two in usual bivalent cases), or even hexavalent
chromosome configurations during meiosis.
© F.
Ba
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Translocations make it very hard to understand the key genetic factors underlying
banana traits—these anomalies markedly complicate modelling of the transmission of
characters of agronomic interest and their transfer to progeny.

© F. Carreel

Moreover, banana chromosomes are especially small, and standard cytogenetic
procedures are not sensitive enough to identify chromosomes involved in translocation,
or to explain the translocation features. It is thus important to develop a method
to analyse these differences between chromosome structures. Translocations can be
identified by in situ hybridization techniques.
Linkage group II on
the genetic map for
a Calcutta 4 x Madang cross

Agropolis advanced research platform

The anchor markers used were
restriction fragment length
polymorphism (RFLP) and SSR
sequences, etc., associated with a
locus.
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Loci to map were chosen according
to the established genetic map.
The study then focused on linkage
group II, a potential bearer of
translocations, based on the noted
segregation distortion (linked with
disturbances in the separation of
chromatids during meiosis, likely due
to structural differences between the
parental genomes), analysis of the
distribution of markers in linkage
groups, and finally the comparison
between genetic maps.
Some markers distributed on linkage
group II were selected and used
to screen the BAC library. Indeed,
markers on the genetic map are too
small to be used directly for in situ
hybridization—it is thus essential to

Contact: Angélique D’Hont, dhont@cirad.fr

identify BAC fragments that contain
them and then they can be utilized.
The BAC-FISH results showed that
linkage group II was derived from
the artificial linkage of markers
belonging to several chromosomes.
These artificial linkages were due
to the presence of at least two
translocations in the Calcutta 4
clone as compared to the Madang
clone, and these translocations
likely involved three chromosomes.
The present results highlight the
importance of the translocation
phenomenon in the banana genome
structure.
The tools and techniques developed
revealed the link between the genetic
maps and the chromosomes. This
translocation mapping and analysis
of their impacts on recombination
and segregation of involved regions
will provide essential information on
the choice of parents to be used in
breeding programmes.

Transfer, development
and project follow-up
This project led to the transfer of
useful knowledge since the Brazilian
researcher was trained on different
library construction, genetic and
cytogenetic mapping techniques and
conducted theoretical research on the
impact, in banana, of translocation
on the allele distribution in the
progeny. The results have already
led to the publication of an article
(a second one is in preparation), to
a successfully defended PhD thesis,
and the studies are still under way at
CIRAD. A Brazilian researcher, Claudia
Fortes Ferreira, also came to France to
participate in the project in 2005.

© A. Vilarinhos & A. D’Hont
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2

1. Chromosomes of the Calcutta
4 (2n = 22) accession after FISH
with BAC 52P01 (detected via FITC,
green) and BAC54N07 (detected
with Texas red staining, red)
2. Chromosomes of the Calcutta
4 (2n = 22) accession after FISH
with BAC 52P01 (detected via FITC,
green) and BAC59I20 (detected with
Texas red staining, red)
3. Screening the BAC library
with mapped probes

The fluorescent in-situ hybridization (FISH) technique is used to locate
DNA sequences directly on chromosomes (in situ). This technique is
based on the capacity of two strands of complementary DNA to pair up
and form double strands (pairing process). Target sequences are labelled
with fluorochromes and can be detected on chromosomes under a
fluorescence microscope.
FISH hybridization is a multistep procedure:
• labelling target sequences with a fluorochrome;
• plating chromosomes on a microscope slide;
• denaturation of DNA fragments (disassembly of two DNA strands);
• hybridization of the labelled sequence and chromosomes;
• detection of hybridization signals and location of the sequence
on chromosomes.
Several probes are labelled with different fluorochromes so as to be
able to detect several sequences simultaneously on one or several
chromosomes.

3

Contact: Angélique D’Hont, dhont@cirad.fr
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Bacterial artificial chromosome-fluorescent
in-situ hybridization (BAC-FISH) technique
used with BAC library clones to identify ‘labelled’
sequences on banana chromosomes
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Study on integrating
the banana streak virus in
the banana (Musa) genome
Banana varietal
improvement strategies
involving the creation
of interspecific hybrids
[Musa acuminata x
Musa balbisiana] were
temporarily suspended
after endogenous
pathogenic sequences of
the banana streak virus
(BSV) were detected in the
M. balbisiana genome.

T

hese so-called endogenous
pararetroviral sequences
(EPRV BSV) can generate
infectious viral particles and induce
typical symptoms associated
with BSV infection, such as the
appearance of chlorotic streaks
on leaf blades, rupture of the
pseudostem and fruit peel, delayed
ripening and, in the worst cases,
withering of the whole plant.
When under biotic and abiotic
stress (e.g. hybridization or in vitro
culture), healthy plants bearing the
M. balbisiana genome (denoted
B) develop the disease even
though they have not been directly
contaminated by the virus. Breeding
and diversification of healthy banana
or plantain plants whose genomes
contain at least one B chromosome
could therefore give rise to BSVinfected plants and lead to largescale dissemination of this virus.
This activation phenomenon, which
could lead to outbreaks of the disease
in banana cropping areas, is currently
impossible to predict and control.
The aim of this project was to
characterize the molecular features
of EPRV BSV in the M. balbisiana
genome along with Musa genes
involved in EPRV BSV activation.

Agropolis advanced research platform
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Visiting scientists

Juan Carlos Noa-Carrazana
(CINVESTAV, postdoc) was hosted by
CIRAD and Biodiversity International and
supervised by Pietro Piffanelli (CIRAD UMR
PIA) over a 16-month period in 2002-2003,
with the aim of participating in studies to
identify and characterize EPRV BSV sequences
integrated in the Musa genome.
Gandra Saiprasad (IIHR, postdoc)
was hosted by CIRAD and INIBAP and
supervised by Franc-Christophe Baurens
(CIRAD UMR PIA) over a 15-month period
in 2003-2004. He contributed to studies to
characterize genes involved in the activation
of integrated sequences.

Project goals
The overall aim of the project was
to develop tools and molecular
resources to gain further insight
into the integration and activation
of endogenous BSV sequences in
the banana genome. The focus was
first on locating viral sequences
and understanding the molecular
mechanisms involved in their
activation.
Two genomics approaches were
implemented in the project. First,
a structural genomics approach,
whereby M. balbisiana gene libraries

were screened using BSV probes,
and then BAC clones containing BSV
sequences were identified, analysed
and sequenced for subsequent
comparison of insertion sites of
these sequences in the M. balbisiana
genome. Secondly, a functional
genomics approach, involving
differential screening was conducted
to correlate the gene and integrated
sequence expression patterns and
then to characterize the selected
candidate genes.

Results obtained
An experimental study was first
undertaken with CINVESTAV and
involved analysis of integration
sites (regions in the Musa genome
containing BSV sequences).
Three BAC libraries (already
constructed and validated at
CIRAD) were screened using probes
spanning the complete genome
of four different BSV strains. The
results highlighted that the entire
viral genome of these four strains is
present in the M. balbisiana genome.
However, no EPRV BSV sequences
were detected in the A genome
of M. acuminata after screening
the libraries of two separate M.
acuminata varieties (Calcutta 4
and Cavendish), which respectively
have diploid (AA) and triploid (AAA)
genome structures.
Structural analysis of BAC clones
containing BSV sequences revealed
that these sequences have separate
integration sites and that each one
corresponds to integration of the
entire, but highly rearranged, viral
genome.
Once the virus integration sites were
identified, BSV sequences present
in BAC clones were sequenced at
CINVESTAV (Mexico), NIAS (Japan)
and Génoscope (France) with
complementary financial support.
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Partnerships
Joint research units (UMR CIRAD
INRA–Montpellier SupAgro) and
Internal research units (UPR CIRAD),
Montpellier, France:
• UMR Polymorphisme d’intérêt agronomique (Pia)
• UMR Biologie et génétique
des interactions plantes-parasites
pour la protection intégrée (Bgpi)
• UPR Amélioration génétique d’espèces à
multiplication végétative
• UPR Systèmes de culture à base de bananiers,
plantains et ananas
Musa
balbisiana
banana plant

Project leader (French team):
François Cote, francois.cote@cirad.fr
fax: +33 (0)4 67 61 65 33

© F.C. Baurens

This genome function analysis
approach should pave the way to
the development of hybridization
strategies that eliminate the risk
of BSV expression in the hybrids,
while enhancing the understanding
of factors involved in integrated
sequence activation.

Conclusion
and prospects
This project was aimed at studying
genetic and molecular factors that
determine the activation of BSV
integrated sequences. The objectives
were achieved—international
cooperation, technologies (molecular
tools and resources such as molecular
markers and BAC clones) are being
successfully transferred to developing
countries. Moreover, scientists from
developing countries were trained
on different structural and functional
genomics techniques within the
framework of this project.
The project is continuing with the
development of DNA chips, and
virology studies are under way to assess
different aspects of viral population
diversity, integration, etc.

Project leader (Mexican team):
Laura Silva Rosales, lsilva@ira.cinvestav.mx
fax: +(52) 462 62 45 849

Indian Institute of Horticultural
Research (IIHR)
Division of Biotechnology, Indian Council
of Agricultural Research (ICAR),
Bangalore, India
Project leader (Indian team):
Lalitha Anand, lalitha@iihr.kar.nic.in
fax: +(91) 80 2846 6291

Bioversity International
Programme PROMUSA
(Global Programme for Musa Improvment)
Consultative Group on International
Agricultural Research (CGIAR)
Project leader:
Nicolas Roux, n.roux@cgiar.org
fax: +33 (0)4 67 61 03 34
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In addition, studies carried out in
collaboration with IIHR (India)
focused on characterization of
genes involved in the activation
of integrated sequences that can
generate viral particles. A multigenic
family was detected close to a BSVsequence insertion site. Phylogenetic
analysis of this family could provide
further details on the mechanisms
of BSV insertion in the M. balbisiana
genome. The expression of these
potential activator genes was
analysed.

Centro de Investigación y de Estudios
Avanzados del Instituto Politécnico
Nacional (CINVESTAV),
Mexico City, Mexico
Unidad Irapuato (Unidad de Biotecnología e
Ingeniería Genética de Plantas)
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Characterization
of drought tolerance genes
in durum wheat

Cereals are grown on over
60% of the total cropping
area in Morocco. Durum
wheat—a key crop for the
economy of this country—
accounts for over a third of
the cereal cropping area,
generally in areas under
harsh climatic conditions.
With the increased dryness
noted in recent years, it is
especially important for
Morocco to have access
to drought-tolerant varieties
that can produce
satisfactory yields.

Agropolis advanced research platform
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Visiting scientists

Mustapha Labhilili visited France for 2
months in 2002 and for 1 week in 2003.
Fatiha Bentata visited France for 1 month
of training in 2002 (and 1 week in 2003).
Both of these researchers participated in
developing a cDNA library for a durum wheat
variety that had been subjected to water stress.
They then isolated and characterized some clones
coding for genes induced by water stress.

Project goals

Results obtained

This project was aimed at promoting
the use of genes associated with
drought tolerance so as to improve
cereal varieties grown in arid regions.

Despite the delay in starting the
project, the first steps (described
below) were successfully completed.
However, all of the planned studies
could not be completed because
of the substantial decrease in the
initially scheduled training time
(reduced from 10 to 3.5 months) due
to a major team reorganization at the
partner institute in Rabat.

The aim was especially to identify
and utilize new families of genes
involved in drought tolerance in
durum wheat. Previous studies
carried out to find genes linked
with stress tolerance led to the
characterization of the ‘Lea’ gene
family in different plant species,
especially wheat and barley. Late
embryogenesis abundant (LEA)
proteins are classified in several
families.
A correlation with the drought
tolerance trait was noted in one
of these families, i.e. the dehydrin
group. Several clones coding for
these dehydrins were isolated in
previous studies and used in this
project as primers to screen for new
clones having a high percentage
of sequence identity with these
dehydrins.
The work involved characterizing
genes expressed when the plants
are affected by a moisture shortage,
preparing cDNA libraries from
a few selected genotypes and
sequencing them in order to
identify the corresponding proteins.
The programme then aimed to
map the identified genes, identify
the quantitative trait loci (QTLs)
responsible for the variability in
drought tolerance and finally to
develop markers genetically linked
with the studied trait. The ultimate
goal was to facilitate the selection of
the most drought-tolerant genotypes
using the developed molecular
markers.

Agropolis advanced research platform
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The physiological evaluation and
field trials (conducted in Morocco
and at Icarda, Syria) led to the
identification of the four durum
wheat varieties best adapted to
growing in dry areas. The conclusions
of the physiological study were
confirmed by a comparative study of
gene expression products on the four
selected phenotypes.
Different crosses between the tested
varieties were performed and the
resulting hybrids were propagated
until the F3 generation.
Two cDNA libraries were constructed
from two characteristic genotypes,
i.e. Stojocri, which is drought and
cold tolerant, and OmRabia cyprus,
which is drought tolerant and
adapted to the arid conditions of
Morocco.
These libraries led to the
development of a collection of genes
that were mainly obtained from the
Moroccan institution. Genes isolated
from this library could be used:
• for promotion and surveys of cereal
genetic resources adapted to arid and
semiarid regions;
• for construction of a genetic map of
the durum wheat functional genome;
• for characterization of QTL markers
(quantitative loci responsible for
the variability in the target trait) to
facilitate breeding of new droughttolerant varieties.

Durum wheat
(cv. Durelle)

Moreover, 96 clones selected from
a cDNA library (prepared from
durum wheat roots that had been
subjected to water stress) and
coding for proteins involved in water
stress tolerance are being mapped
using RFLP markers in Moroccan
populations.

Conclusion
and prospects
This project strengthened
the partnership between the
Moroccan INRA and the French
(INRA, Montpellier SupAgro) and
international (Icarda) institutions.
Cooperation ties facilitated the
transfer of biotechnological tools to
promote genetic improvement of the
‘water-stress tolerance’ trait in durum
wheat.
The study is continuing with the
isolation and characterization of
new durum wheat genes associated
with drought tolerance. A study on
the expression of genes associated
with drought tolerance is also under
way within the framework of a
development-oriented agricultural
research project (PRAD).
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Bentata F. Utilisation de l’appareil LICOR 6400 pour la mesure
des effets du déficit hydrique sur la photosynthèse, la
transpiration, la conductance et autres paramètres.
Postgraduate report, Université de Kenitra, Morocco.

Partnerships
Unité de Biochimie et de Biologie
Moléculaire des Céréales (UBBMC)
INRA/Montpellier SupAgro,
INRA-UBBMC, Montpellier, France
Project leader (French team):
Philippe Joudrier, joudrier@supagro.inra.fr
fax: +33 (0)4 99 61 23 48

Laboratoire de Biotechnologie
Programme Céréale d’automne
Institut National de la Recherche
Agronomique, Rabat, Morocco
Project leader (Moroccan team):
Mustapha Labhilili, Labhili@awamia.inra.org.ma
fax: +(212) 37 7714 80
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First, around 20 different durum
wheat varieties (varieties more or less
resistant or susceptible to drought)
were assessed from agronomic and
ecophysiological perspectives. In the
ecophysiological analysis, selected
plants underwent a photosynthesis
evaluation, and transpiration and
conductance were quantified in
a greenhouse under water deficit
conditions (using a LICOR 6400
apparatus).
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Genetic transformation
of pigeon pea and sorghum:
creation and field assessment
of pest-resistant transgenic plants

The two projects developed
with the International Crops
Research Institute for the
Semi-Arid Tropics (ICRISAT)
and CIRAD were aimed
at controlling insect pests
of two important crops in
semiarid tropical regions—
pigeon pea (legume) and
sorghum (grass).
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S

orghum is a staple food for
people living in semiarid
tropical areas and this
plant is especially susceptible to
pest attacks. The lepidopteran Chilo
partellus, whose infestation rate
sometimes reaches 100%, is one of
the most serious pests—destroying
sorghum stems and thus keeping
plants from reaching the flowering
stage, along with many other grasses.

Pigeon peas are grown in many
countries and represent an important
dietary source of protein. Helicoverpa
armigera is a polyphagous insect
that is active year round and causes
major damage to both pigeon pea
and cotton crops. Intensive chemical
treatments are conducted to control
this pest, especially on cotton, but
the treatment efficiency is gradually
declining.

This stem borer is hard to control
via pesticide treatments since it lives
within the plant. There is no known
resistance within the diverse range
of sorghum varieties, so a transgenic
approach would seem especially well
adapted to controlling this pest.

Misuse of pesticides eliminates
natural enemies and gives rise to
resistance mechanisms in the pest
species. New control methods are
being developed or investigated to
deal with these problems. These
integrated pest management

 SORGHUM PROJECT
Nadoor Seetharama visited France for
4 months in 2001 and prepared molecular
constructs for Bacillus thuringiensis gene transfer
into sorghum.
Jean-Michel Vassal, Isabelle Pieretti and
Monique Royer (CIRAD) visited ICRISAT
for 1 week (August 2002) with CIRAD and
ICRISAT support.

Agropolis advanced research platform

 PIGEON PEA PROJECT
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Lavanya Madakasira (ICRISAT) visited
France for 6 months (September 2002 to
February 2003) to construct the synthetic
cry2Aa gene and prepare molecular constructs
for pigeon pea genetic transformation.
Kiran Sharma (ICRISAT) visited France
for 2 weeks (December 2003) to assess the
project research progress and prospects.
Due to restructuring of ICRISAT during the project,
all visits to France that had been planned for
Indian researchers could not take place and some
experiments thus had to be conducted at ICRISAT
in India.

Pigeon pea
© M. Royer

Pigeon peas (Cajanus cajan) are being
cropped to an increasing extend in some 50
countries on the Indian continent, Southeast
Asia, East Africa (Kenya, Tanzania, Uganda,
Malawi, etc.) and the West Indies (Dominican
Republic, Puerto Rico, Guadeloupe).
This legume represents an important dietary
source of protein (20-22% protein content
in the peas and leaves). It is often cropped
in rotation with cereals. It is also grown on
tiny plots in subsistence farming conditions
(Cape Verde, Benin). Moreover, it is often
used as mulch and, more recently, as fodder.
The total area under pigeon pea crops in
India is over 4 million ha, but there can be
substantial crop losses caused by the podinfesting Helicoverpa armigera pest.
Contact: Monique Royer, monique.royer@cirad.fr

Transgenic cotton varieties resistant
to H. armigera and Heliothis virescens
(a lepidopteran closely related to
H. armigera but found only on the
American continent) were thus first
marketed in 1996 and are already
cropped in USA, India, China,
Africa (Burkina Faso, South Africa),
Argentina, Australia, etc.
Research was launched on sorghum
and pigeon pea at ICRISAT to develop
and field assess plants that have been
genetically modified by artificial
insertion of ‘pesticide’ genes coding
for toxins produced by the bacterium
Bacillus thuringiensis (cf. GMOs to
the rescue of agriculture in the South?
p. 35).

The lepidopteran
sorghum stem borer
Chilo partellus is hard
to control with pesticide
spray treatments
The aims of the ‘Sorghum project’
were to develop transgenic varieties
resistant to the lepidopteran C.
partellus and assess them in the field.
CIRAD provided ICRISAT with access
to a set of molecular tools that had
been prepared within the framework
of a European project geared towards
developing transgenic rice varieties
resistant to Chilo suppressalis (a
lepidopteran closely related to Chilo
partellus). These tools facilitate the
transfer of four B. thuringiensis toxin
genes (cry1Aa, cry1Ab, cry1Ac and
cry1B) into monocotyledon plants. •••

Sorghum crop field. Inset, a close-up
view of an attack by the lepidopteran
Chilo partellus on an adult sorghum plant

Partnerships
CIRAD
Montpellier, France
Project leader (French team):
Monique Royer, monique.royer@cirad.fr
fax: +33 (0)4 99 62 48 08

International Crops Research Institute
for the Semi-Arid Tropics (ICRISAT)
Agri-Biotech Park, Patancheru, India
Project leader (Indian team ‘Sorghum project’):
Nadoor Seetharama, n.seetharama@cgiar.org
fax: +(91) 40 2324 1239
Project leader (Indian team ‘Pigeon pea project’):
Kiran Sharma, k.sharma@cgiar.org
fax: +(91) 40 2324 1239
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strategies are mainly aimed at
reducing chemical pesticide use, while
ensuring efficient pest control and
safeguarding the regulating action of
beneficial parasites and predators.

© M. Royer

© M. Royer
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Genetic transformation of pigeon pea and sorghum

A first generation of transgenic
sorghum varieties was obtained by
the microparticle bombardment
technique using a construct in which
the cry1Ac gene is under control of
a ‘wound-inducible’ promoter. This
promoter induces expression of the
gene only when the plant is attacked
by an insect, thus reducing toxin
production. These Chilo partellusresistant plants have already been
transferred to greenhouse conditions.

©M
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A second generation of transgenic
sorghum varieties was obtained
by the genetic transformation
(transgenesis) technique via
the bacterium Agrobacterium
tumefaciens using molecular
tools developed at CIRAD.
In these tools, synthetic
B. thuringiensis
toxin genes cry1Aa
and cry1B are
under control of
a ‘constitutive’
promoter (that
induces expression
of the gene in
all plant tissues
continuously over
time) or a woundinducible promoter. Plants
showing resistance to C. partellus
were characterized by molecular

analysis (DNA analysis and toxin
quantification). The T3 generation
of these plants is currently being
assessed in the greenhouse.

The lepidopteran
Helicoverpa armigera
is a polyphagous pigeon
pea pest that is active
year round
The main aim of the ‘Pigeon
pea project’ was to develop new
transgenic varieties that are resistant
to the lepidopteran H. armigera.
Research carried out
at CIRAD led to the
identification of four
B. thuringiensis
toxins active
against H.
armigera, i.e.
Cry1Aa, Cry1Ab,
Cry1Ac and
Cry2Aa. Studies
on the receptor
sides of these toxins
in H. armigera larvae
highlighted the specific
behaviour of the Cry2Aa toxin and
[Cry1Ac + Cry2Aa] was found to be

Agropolis advanced research platform
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It is also an essential food crop for millions of
poor farmers in semiarid tropical regions of Africa
(grown on about 14% of the arable land) and Asia
since it requires less water than other cereals.
Sorghum has become even more important in
recent decades as it is also being cropped for
forage (harvested green before seed ripening, or
dry).
The area under sorghum in India is 9.2 million ha,
including 5 million in the rainy season and
4.2 million ha in the dry season. Sorghum is
infested by over 150 insect species, including the
Chilo partellus stem borer, which causes reductions
in both seed yield and forage quality.

A first generation of molecular
constructs was prepared at CIRAD.
These can be used to transfer
cry1Aa, cry1Ab and cry1Ac genes
via Agrobacterium tumefaciens
under control of specific promoters
(promoter of the CaMV virus 35S
gene or of the Arabidopsis thaliana
EF1-α gene). These constructs were
taken to ICRISAT and different
pigeon pea plants expressing
B. thuringiensis toxins were obtained
in the T0, T1 and T2 generations.
These transgenic plants were
transferred to the greenhouse,
assessed for their resistance to
H. armigera and characterized by
molecular analysis (DNA analysis and
toxin quantification).
A new synthetic gene coding for
the Cry2Aa toxin was also prepared
at CIRAD, along with a second
generation of constructs that
facilitate the transfer of this gene in
combination with cry1Ac.
Genetic transformation of the pigeon
pea with this second generation of
constructs was scheduled at ICRISAT
for 2006.

S Adult female Helicoverpa
armigera, an insect pest of
pigeon pea crops
© M. Royer

Sorghum
Sorghum is mainly used for human consumption
(55%, over 600 million people depend on it) and is
the 5th ranking cereal crop in the world. This staple
crop is grown on an area of around 44 million ha in
some 100 countries. USA, India, Nigeria and Mexico
are the main producing countries.

the most promising combination
with respect to delaying or reducing
the risk of resistance development.

T Sorghum field
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GMOs to the rescue of agriculture in the South?
Two categories of genetically modified
organisms (GMOs) are currently cultivated—
those in which a gene has been inserted
which provides the plant with resistance to a
herbicide, and those in which one or several
genes providing resistance to some insects
have been inserted (some even bear both gene
types). In both cases, these GMOs are of no
interest for consumers.
The first type of GMOs is produced by large
multinational corporations so as to enable
them to sell high volumes of herbicides. Poor
farmers in developing countries manually
weed their fields and the elimination of these
practices would not be socially or economically
interesting or feasible for the concerned
governments.
It is a different story for GMOs that are
resistant to pest insects. Countries that already
cultivate transgenic cotton in Africa, Latin
America and Asia, for instance, have noted
a very sharp reduction in the quantities of
pesticides used by smallholders, often with minimal precautions,
and thus with substantial economic and phytosanitary gains for
these users. However, here again, multinational corporations that
produce the resistant seeds are the greatest beneficiaries. From
a consumer standpoint, transgenic cotton does not have a softer
texture nor is it cheaper than nontransgenic cotton.
In vitro culture
of pigeon pea

The latest report of the International Service for the Acquisition
of Agri-biotech Applications (ISAAA, www.isaaa.org) indicates that
GMOs currently only concern two traits and four plants (soybean,
maize, cotton and oilseed rape). This report also stresses that
almost 80% of GMOs are only grown in five countries, i.e. USA,
Argentina, Canada, Brazil and China. It is thus clear that GMOs
produced so far hardly benefit poor farmers of the South.

The cooperation between France
and ICRISAT is mutually beneficial.
French institutions have benefited by
gaining access to the ICRISAT in vitro
culture laboratory and have also been
able to test their research strategies
on original plants. Indian researchers
at ICRISAT (and, indirectly, the
international community that
they serve) now have a supply of
transgenic sorghum and pigeon pea
plants that were planted in the field
in 2003. They can thus begin a series
of evaluations (including biosafety
tests) and transfers of acquired
resistances into different varieties—
these initiatives will take several years
to complete.

But what should we think about current research that is geared
towards producing GMO varieties, including research:
• carried out only by public research organizations, thus producing
international public goods?
• that uses open source technologies and genes?
• involving only transfers of genes between plants (not from a
microorganism or animal to plants) and often between very
closely related plants?
• concerning plants that provide staple foods for the poorest
people?
• on traits that are the main constraints to agricultural production
in marginal agroecological areas where the poorest farmers are
concentrated?
• on nutritional traits, thus aimed at improving the health of the
most disadvantaged people?
• that is only carried out when conventional breeding strategies
have failed, or are impossible (e.g. because of a particular
reproduction mode of the plant), or very difficult due to the
nature or origin of the sought-after trait?
• that has successfully passed all the biosafety tests (for the
environment and health) according to current international
standards?
Many public research teams (but unfortunately very few in
France) are presently working along these lines, with the aim
of developing future GMOs that could benefit farmers and/or
consumers who are most in need of innovations.
Contact: Yves Savidan, yves.savidan@agropolis.fr
Note: the opinion put forward here is only that of the author and does
not in any way represent an institutional position.

ICRISAT1 scientists hope to
ultimately obtain insect-resistant
sorghum and pigeon pea varieties
that can be cropped by farmers.
This ultimate aim could be hard to
fulfil because of: (i) the many legally
binding toxicological tests required
prior to marketing new transgenic
plant varieties, and (ii) the many
patents held by multinational
corporations concerning the use of
B. thuringiensis toxins and
transgenesis techniques.

1 Unfortunately, no prospects for further
collaborations between CIRAD and ICRISAT are
presented here since the French team concerned
is no longer conducting research on this topic.
Future prospects therefore only concern studies
undertaken by ICRISAT.
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Publications

Sorghum project
Girijashankar V., Sharma H.C., Sharma K.K., Swathisree V.,
Prasad L.S., Bhat B.V., Royer M., San Secundo B., Narasu
M.L., Altosaar I., and Seetharama N., 2005. Development
of Transgenic Sorghum for Insect Resistance against the
Spotted Stem Borer (Chilo partellus). Plant cell reports 24:
513-522.
Pigeon pea project
Lavanya M., Uraichen S., Pieretti I.,Vassal J.-M., Sharma K.K.
and Royer M., 2003. Genetic transformation of pigeonpea
to evaluate insecticidal genes for resistance to the legume
pod borer, Helicoverpa armigera. Poster presented at the
7th International Congress of Plant Molecular Biology
(Barcelona, 23-28 June 2003).
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Conclusion
and prospects

GMO opponents as well as pro-GMO campaign instigators
(mainly campaigns of governments, that especially need to
market their surplus agricultural produce, to sway the opinion in
favour of the benefits of GMOs in fighting hunger and poverty),
therefore have solid grounds for criticizing the current debates.
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Biopesticides produced
via heterologous expression
of Bacillus thuringiensis and
Photorhabdus luminescens and
isolation of new strains
This project was carried
out within the framework
of programmes already
under way in each of the
partner institutions. The
research was aimed at using
biotechnologies to design
new biopesticides to protect
both plants (from pests)
and the environment (from
imbalances and pollution).

ZZ

Visiting scientists

Ammar Iben Aoun visited France for
2 months in 2002, within the framework of
this platform, with another 7-month visit in
2003-2004 funded by the French Embassy
in Tunis. These training visits enabled him to
clone genes and study their expression in
entomopathogenic bacteria.

Project goals
The project was aimed at developing
products formed through the
fermentation of biopesticides, which
in turn involve efficient bacterial
strains.
The capacity of these bacteria to
simultaneously produce two types of
toxin was the innovation focus. This
offered the advantage of broadening
the pesticide action spectrum so as
to be able to detect synergetic effects
of toxins, while also minimizing the
frequency of pest insect resistance to
biopesticides.
One of the key aims of the project
was to generate bacterial strains
(e.g. Bacillus thuringiensis) to host
heterologous expression, i.e. able
to optimally express their own
biopesticide along with that initially
expressed by another bacterium
(Photorhabdus luminescens).

• Cloning of target genes involved
in the synthesis of biopesticide
toxins other than those of naturally
entomopathogenic bacteria (causing
diseases in insects): Bacillus
thuringiensis (Bt) and Photorhabdus
luminescens (Pl). The creation of
plasmid clones (plasmids containing
cloned genes) able to express
pesticide toxins (Bt or Pl) in a
naturally non-pathogenic bacterium
(Escherichia coli).

T Photorhabdus luminescens

Publications

Tounsi S., Iben Aoun A., Blight M. and Jaoua S., 2005. Evidence
of oral toxicity of Photorhabdus temperata strain K122
against Prays oleae and its improvement by heterologous
expression of Bacillus thuringiensis cry1Aa and cry1Ia genes.
Submitted to Biotechnology and Applied Biochemistry.

© M. Blight
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This was a convincing and
enriching experience for both teams
collaborating in the project. The
results obtained to date include:

W Photorhabdus luminescens bacteria,
a naturally bioluminescent entomopathogen

North-South exchanges also took place with the
financial support of CNRS, which facilitated a
visit of a French scientist to the Laboratoire de
Protection et Transformation des Plantes in
Tunisia.

Tounsi S., Pimenta A. and Blight M.A., 2005. Identification of
genes specific to Photorhabdus asymbiotica human isolates
and absent from insect specific Photorhadus spp. Submitted
to FEMS Microbiology Letters.

Results obtained

© M. Blight

Slim Tounsi participated in the cloning of
P. luminescens and B. thuringiensis bacterial
genes during a 2-month training visit in 2003.

ZZ

The goal was also to study the
expression of genes encoding
biopesticides in order to be able to
analyse the behaviour of these toxins
(especially in terms of crystallization)
and investigate their structure.

Oral toxicity increase factor

Pl + CryIII
and Cry
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9
Pl + CryI

6

Pl + CryII

© M. Blight
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Photorhabdus luminescens (PL) bacteria
in contact with Cry toxins (Cry I or Cry II).
A marked increase in their oral toxicity
to insects was noted.

• Studies on the expression
of transferred genes through
microscopic observation and protein
analysis. Analysis of the production
of Cry toxins of Bt in Pl and E. coli
revealed that the two Cry toxins
were produced and accumulated in
crystalline bodies in a way resembling
that of naturally produced toxins in Bt.
• Biochemical characterization of
recombinant and nonrecombinant
biopesticides which required
preliminary toxin purification
(isolation).
• Studies on the toxicity (oral toxicity
and by injection directly in the insect)
of insect larvae, i.e. tobacco hornworm
(Manduca sexta), wax moth (Galleria
mellonella) and olive moth (Prays
oleae).
• Studies on the toxicity of purified
toxins produced in E. coli and Pl
bacterial strains. The synergetic effect
of combined genes in a strain is much
greater than that of isolated strains,
even greater than the sum of the two
strains.
Briefly, plasmid clones expressing Bt,
Cry1 and Cry2 toxins were created
under the control of an inducible
promoter. We demonstrated that the
expression of Bt toxins (in E. coli and
P. luminescens) conferred oral toxicity
to the bacteria and that crystalline

bodies accumulated in the bacterial
cytoplasm as in B. thuringiensis.
Finally, it was confirmed that the
expression of Tc toxins in
P. luminescens made the bacteria orally
toxic and that the coexpression of
Cry1 or Cry2 considerably boosted this
effect.
This project substantially enhanced
the understanding of Cry and Tc
toxins, and it is continuing with
biochemical studies on Tc proteins.
Tc toxins (from Photorhabdus)
are currently being purified for
subsequent in vitro biochemical
analysis of the toxic complex and
potential interactions between Tc and
Cry proteins.

Conclusion
and prospects
Most of these studies were carried
out by the Tunisian researcher.
His involvement in the project
and results subsequently qualified
him for a 1-year associate research
posting at CNRS. This postdoctoral
training was an extension of previous
work since S. Tounsi had studied
genomic differences between
P. luminescens pathogenic to insects
and a few species isolated in Australia
derived from infected human tissues.
He revealed the presence of at least
one gene specific to ‘human’ strains
and absent in ‘insect’ strains.
This gene closely resembles a
mammal macrophage invasion factor
found in Salmonella strains infecting
humans.

Partnerships
Laboratoire de Pathogenèse comparée,
Institut de Génétique et Microbiologie
CNRS UMR 8621, Université Paris Sud, France
Project leader (French team):
Mark Blight, blight@cgm.cnrs-gif.fr
fax: +33 (0)1 69 82 31 60

Centre de Biotechnologie de Sfax (CBS),
Laboratoire de Protection
et Transformation des Plantes
Groupe Biopesticides et Métabolites
Secrétariat d’Etat à la Recherche Scientifique
et à la Technologie,Tunisia
Project leader (Tunisian team):
Samir Jaoua, samir.jaoua@cbs.rnrt.tn
fax: +(216) 74 27 59 70

Further collaborations
• Richard Ffrench-Constant,
University of Bath, UK (toxicity tests in M. sexta).
• Christina Nielsen-Le Roux, INRA, Domaine
de la Minière, France (toxicity tests in G. mellonella).

This project also represents a
contribution to the potential
development of new biopesticides
to be used for controlling insect
pests of crops. It enabled productive
collaborations between the
laboratory at Sfax (Tunisia) and
that of Didier Lereclus (INRA,
Guyancourt, France). Close
collaborations are ongoing between
the laboratories in Tunisia, CNRS
and INRA: M. Blight and S. Jaoua are
thesis referees for a student in the
INRA laboratory, and the thesis was
defended in December 2005 at the
Université de Tunis El Manar.

Agropolis advanced research platform

Larval stages of the
tobacco hornworm
(Manduca sexta)

• Optimization of gene transfer
systems and the construction of
recombinant Bt and Pl strains through
intraspecific transfer of genes coding
for the respective biopesticides of each
strain.

sted

Bacteria te
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Genetic improvement
of coffee varieties
for resistance to leaf rust
(Hemileia vastatrix)

ZZ

Visiting scientists

Nayani Surya Prakash Rao (CCRI)
visited France twice within the framework of
a postdoctoral training programme (4 months
in 2002 and 4 months in 2003). These training
visits were devoted to the analysis of the SH3
rust resistance gene.
Ganesh Doss (CCRI) visited France for
8 months (late 2003, early 2004) during his
postdoctoral training, when he focused on
studying the expression of genes associated
with rust resistance.
In addition, CIFC (in Portugal) collaborated in
studies conducted to assess the resistance of
plants and to prepare rust isolates.

ZZ

Publications
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Prakash N.S., Marques D.V.,Varzea V.M.P., Silva M.C., Combes
M.C. and Lashermes P., 2004. Introgression molecular
analysis of a leaf rust resistance gene from Coffea liberica
into Coffea arabica L. Theor. Appl. Genet., 109: 1311 – 1317.
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Ganesh D., Petitot A.-S., Alary R., Santos P., Ribeiro A.,
Silva M., Guerra-Guimaraes L. and Fernandez D., 2004.
Characterization of coffee gene expression during
resistance to parasites by real-time quantitative RT-PCR.
Paper presented at the 20th International Conference on
Coffee Science, 11-15 October 2004, Bangalore (India),
ASIC ed., Paris.
Prakash N., Marques D.V.,Varzea V.M.P., Silva M., Combes
M.C. and Lashermes P., 2004. Identification and mapping
of AFLP markers linked to a leaf rust resistance gene in
coffee – A step towards marker assisted selection in coffee,
20th International Conference on Coffee Science, 11-15
October 2004, Bangalore (India), ASIC ed., Paris.
Lashermes P., Combes M.C., Mahé L., Noir S., Prakash N.S.,
Varzea V.M.P., 2005. Progress in genetic and physical
mapping of a leaf rust resistance locus in coffee. In “Durable
Resistance to Coffee Leaf Rust”; L. Zambolim, E.M.
Zambolim and V.M.P.Varzea (Eds.) UFV,Viçosa (Brazil), pp.
333-361.
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ultivated coffee varieties
are especially vulnerable
to unforeseen natural,
biological and climatic events due to
their very low genetic diversity. Coffee
leaf rust is a major agroeconomic
constraint due to the susceptibility
of Coffea arabica—the most widely
cropped (tetraploid) coffee species
in the world—to this disease. In the
worst situations, especially
in India, coffee leaf rust
can be responsible for
losses of up to 80% of
the entire coffee crop.
Current chemical
control methods
are expensive and
detrimental to the
environment.
© IRD

Coffee leaf rust is a very
widespread disease
affecting coffee leaves
which is caused by
the parasitic fungus
Hemileia vastatrix. Over
40 physiological species
of this fungus coexist
and infect different
coffee genotypes.

Breeding very hardy coffee
varieties following transfer
of one or several resistance
genes is thus a highly interesting
option. However, rust resistance
genes identified in Coffea arabica
have not provided lasting coffee leaf
rust resistance, even when utilized
together, because their resistance has
been quickly bypassed, thus giving
rise to new resistant fungi. The focus
is therefore now on a promising new
alternative method whereby resistant
varieties are created via the transfer
of natural resistance genes from wild
diploid species into cropped varieties.

Project goals
The overall aim of the project was to
enhance the rust resistance of coffee
varieties cropped in India (especially
C. arabica). It was essential to gain
further insight into the genetic and
physiological basis of resistance
developed by different coffee species
in order to be able to take advantage
of this resistance.
Interactions between coffee trees
and leaf rust are dictated by the

host-pathogen interaction system
according to the ‘gene-to-gene’
concept (a gene product codes
for a protein that interacts with a
protein of the pathogen). Previous
studies revealed that rust resistance
in coffee trees is controlled by at
least nine resistance genes (denoted
SH1 to SH9) that act alone or in
combination. Some of these genes
occur in the tetraploid
species (containing 44
chromosomes) C.
arabica (SH1, SH2, SH4,
SH5), while others
are only found in
the diploid species
(containing 22
chromosomes) C.
canephora (SH6, SH7,
etc.) or C. liberica
(SH3).
The strategy adopted in this
project was based on two key steps
to characterize resistance genes, with
the aim of subsequently launching a
few avenues of research to develop
coffee varieties with sustainable rust
resistance:
 Identification of genetic molecular
markers and analysis of resistance
gene introgression mechanisms
The goal was to find ways of
combining several resistance genes
in the same plant (using a ‘gene
pyramiding’ approach whereby genes
with wide ranging resistance are
‘pyramided’ to obtain lasting field
resistance), but major resistance
genes first had to be identified. The
studies subsequently focused on an
analysis of introgression mechanisms,
especially introgression of the SH3
gene of Coffea liberica (diploid) into
Coffea arabica.
 Analysis of gene expression in a
‘hypersensitive reaction’ to leaf rust
The project was then geared towards
characterizing the different steps
(especially the earliest) leading to

© IRD

F2 Population (Matari x S.288)

C. liberica

Plants without SH3

Plants with the SH3 phenotype

Genetic map of an introgressed
fragment bearing SH3

S Example of a molecular genetic marker associated
with the SH3 resistance gene from C. liberica
W Coffee leaf rust symptoms caused by Hemileia vastatrix

Results obtained

of resistance genes of diploid species
(e.g. C. liberica or C. canephora)
in C. arabica does not seem to be
limited by differences in chromosome
structure, or in sequence homology.
Gene transfer from wild to cultivated
plants should be relatively easy since
the differences noted between them
are minor.

 Genetic mechanisms underlying
the SH3 resistance factor
Progeny of hybrids obtained by
crossing a C. arabica line that had
been introgressed by C. liberica
for the rust resistance trait (SH3
factor) with a C. arabica line that
was susceptible to leaf rust were
analysed. Plants were inoculated
with pathogenic fungus strains
having different virulence levels.
Segregations were analysed to
highlight the monogenic mechanisms
underlying the SH3 resistance factor
(i.e. SH3 gene).

 Physiological and molecular
analysis of resistance
Microscope observations (rates
of spore germination, mycelium
penetration, etc.) of host-pathogen
interactions in virulent and
susceptible lines gave interesting
results since they were comparable to
the gene expression data.

 Molecular markers associated
with the SH3 resistance gene
The amplified fragment length
polymorphism (AFLP) technique,
which enables simultaneous
generation of many markers, was
used to detect molecular markers
of the SH3 gene. The segregating
population (F2 progeny) was studied.
The interspecific origin of the SH3
gene was confirmed. Moreover, a
genetic map of the chromosome
fragment bearing the resistance
gene was identified. Markers were
developed to be used for markerassisted selection.

Conclusion
and prospects

Overall, the pattern of introgression
by C. liberica of the line bearing the
SH3 factor was studied. Introgression

A recent international conference
held in Brazil (Viçosa, 26-28
September 2005) on the topic
“Durable resistance to coffee leaf
rust” highlighted that there is global
concern about this issue and that it is
the focus of substantial research.

Clear differences in gene expression
were noted in plants inoculated with
virulent fungus strains relative to
plants inoculated with strains that do
not induce rust resistance.

The first phase of this project led to
the identification of a rust resistance
gene, thus facilitating coffee breeding
manipulations and interventions.
A knowledge database was also
developed through this project
that will enhance future functional
analysis research.
French scientists were invited to
a conference in India, and the
partnership ties between IRD and
CCRI were considerably strengthened
during the project. This collaboration
should be continued once additional
funding is obtained.

Partnerships
Résistance des plantes
aux bioagresseurs (R186 - RPB)
Département Ressources Vivantes, IRD,
Montpellier, France
Project leader (French team):
Philippe Lashermes, Philippe.Lashermes@mpl.ird.fr
fax: +33 (0)4 67 41 61 85

Central Coffee Research Institute (CCRI)
Coffee Board, Research Department, Regional
Coffee Research Station, Chickmagalur, India
Project leader (Indian team):
Nayani Surya Prakash Rao, nayanirao@yahoo.com
fax: +(91) 8932-224147

Centro de Investigação das Ferrugens
do Cafeeiro (CIFC)
(Coffee Rust Research Centre), Oeiras, Portugal
Project leader: Vitor Varzea
fax: +(351) 21 4423023
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resistance expression in coffee trees—
the expression levels of different
genes involved in ‘hypersensitive
resistance’ (leading to cell necrosis)
were thus assessed. Candidate genes
had been previously identified in
cDNA libraries available at IRD.
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Development and effective
use of ESTs for studying starch
biosynthesis and resistance
to cassava bacterial blight

 cDNA libraries and EST collection

Characterization
of a cassava EST
collection and
development
of a DNA microarray

A large collection of ESTs was
characterized via these cDNA
libraries. EST sequences are highly
useful for studying cassava biology
and represent an essential resource
for the scientific community working
on this plant or other related species
of the Euphorbiaceae family. They
enable researchers to get an overall
picture of the expression of part of
the genome by making it possible
to quickly detect and isolate new
genes and identify genes specific to
certain tissues or genes involved in
biotic or abiotic stress processes. EST
sequences are excellent markers •••

Genes can now be quickly and
efficiently identified and known
sequences related to their biological
functions via new approaches
and techniques such as massive
sequencing of expressed sequence
tags (ESTs) and DNA microarrays.
ESTs can also facilitate gene cloning.

In the first phase, several libraries
were developed with cDNA from
tissues of several cassava cultivars
(disease resistant/susceptible plants,
plants with high/low dry matter
contents). These libraries (developed
within the framework of master’s or
postdoctoral research) are focused on
five separate cassava varieties.

© CIAT

Partnership
Laboratoire Génome et développement
des Plantes (LGDP)
UMR 5096 - CNRS/Université de Perpignan
(UPVD)/IRD
Perpignan, France

his project involved
research in the fields
of phytopathology and
functional genomics. The objectives
were twofold: to gain insight into
the mechanisms underlying genetic
variations that determine cassava
starch characteristics and to identify
genes involved in resistance to
bacterial blight, one of the main
diseases affecting cassava.

T

This project focused on
developing molecular
tools to more effectively
utilize the genetic diversity
of cassava. The practical
aim was to study two
key agronomic traits and
develop tools capable of
identifying target genes
to be subsequently used
for agricultural and
industrial purposes.

Agropolis advanced research platform

Project leader:
Michel Delseny, delseny@univ-perp.fr
fax: +33 (0)4 68 66 84 99
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Unité de Recherche « Génomique et
développement des plantes » (R121)
Département Ressources Vivantes (DRV)
IRD, UMR 5096 - CNRS/UPVD/IRD
Project leader (French team):
Valérie Verdier Michel, verdier@mpl.ird.fr
fax: +33 (0)4 67 41 61 81

Biotechnology Research Unit
International Center for Tropical Agriculture
CIAT, Cali, Colombia
Project leader (Colombian team):
Joe M. Tohme, j.tohme@cgiar.org
fax: +(57) 2 445 0073

Cassava
plants

J.L. Maeght © IRD

Cassava (Manihot esculenta Crantz, Euphorbaceae) originates from the Amazon basin
and was introduced in Africa and Asia in the 17th century by the Portuguese. It than
spread through countries with a humid tropical or equatorial climate and diversified into
many varieties. Cassava is a subsistence food for over 500 million people but, despite
its importance as a staple food in many developing countries, it is often overlooked in
agricultural development policies.
Cassava plants are cropped for their roots (secondarily for their leaves, which are a source
of protein and vitamin A and B). The tubers are a high source of carbohydrates (containing
30% starch) but have a low protid, lipid and vitamin content and a poor quality due to their
high water content. Two main varieties are cropped, i.e. bitter cassava (Manihot utilissima)
and sweet cassava (Manihot opi). Bitter cassava is the most profitable but contains a toxin
which can be eliminated by extended steeping in water to destroy, by fermentation,
the interstitial material binding the fibres and containing toxic cyanide. Sweet cassava is
cropped to a lesser extent but may be consumed right after being harvested (the toxin
is located on the peel surface and can thus be readily eliminated by peeling). This plant is
used to prepare porridge and is also consumed as dried pancakes, which are steamed, or in
many other ways.
Cassava is also a basic raw material for preparing different processed products. It has
a high potential because of its starch component—it is an interesting material for the
food industry (baby food) and the manufacturing sector (making carpets and rubber
latex) because of its high viscosity, stress and freeze resistance. In Asia and Latin America,
the roots are processed into livestock feed and starch (especially flour and oilcake in
Thailand)—it thus has a considerable domestic market growth potential.
Cassava cropping has many advantages, i.e. cultivation is easy (reproduction by cuttings
with weeding) and the plants thrive in poor soils in which other crops cannot be grown.
Cassava requires very little fertilization, pesticide treatments or water. The harvesting
period is broad ranging (between 8 and 24 months after planting), so the crop can be left
in the ground until required when unexpected food shortages occur. Its mean annual yield
is usually around 10-12 t/ha, but it can be as high as 40 t/ha in good conditions. Brazil,
Nigeria, Thailand, Democratic Republic of the Congo and Indonesia are the main cassavaproducing countries in the world.
Contact: Valérie Verdier, verdier@mpl.ird.fr
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Visiting scientists

Véronique Jorge (French) visited
Colombia for 2 months in 2000 as part of her
18-month postdoctoral research (conducted
at CIAT within the framework of the
platform). She was especially involved (with
Camilo Lopez) in the construction of cassava
cDNA libraries (starch and bacterial blight),
sequencing and EST analysis.
Silvia Restrepo (Colombian) worked
for 1 year on the project supported by
a postdoctoral bursary (DSF IRD). She
developed hybridization techniques and
microarray analyses and participated in the
construction of cassava cDNA libraries.
Camilo Lopez (Colombian) visited
France over a total 36 month period as part
of his PhD thesis research (DSF IRD) on the
“development and functional use of ESTs
involved in cassava-Xanthomonas axonopodis pv.
manihotis interactions”.
Chikelu Mba (Nigerian, CIAT postdoc)
visited France for 4 months to construct
cassava/starch libraries.
Mauricio Soto (Colombian) visited France
twice for 2 month stays and participated in
the analysis of microarrays and validation of
characterized genes.
Moreover, several CIAT (Biotechnology Research
Unit) assistants and students collaborated in
the studies (microarray analysis, cDNA libraries,
collection of plant material) during short stays in
France and visits of French researchers to CIAT.

Agropolis advanced research platform

Cassava

S Cassava crop,
Northeastern Thailand
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Development and effective use of ESTs...
V. Verdier © IRD

that can be implemented to
investigate relationships between
species within the cassava Manihot
genus, and other Euphorbiaceae
species like castor and natural
rubber. They can be used to
boost the number of markers of
‘candidate genes’ that could have a
potential role with respect to traits
of agricultural interest, and which
could be located on the genetic map
of cassava.
Several ESTs were mapped through
this research. They were selected
according to their similarity with
genes known to be involved in
bacterial blight resistance or starch
biosynthesis.
Providing access to this EST
collection should also facilitate
the cloning of interesting genes in
all similar species, thus reducing
standard breeding times (often
requiring 10-15 years of research).
Characterization of around 12000
sequences facilitated the description
of a ‘unigene set’ of 5700 unique
expressed sequences (unrepeated),
deposited in an international
database with free public access.

Agropolis advanced research platform

V. Verdier © IRD

To our knowledge, this is the first EST
catalogue developed in cassava—this
is a major milestone of the present
project.
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Bacteria on the surface of leaves clustered around stoma

 DNA microarrays
This broad-ranging EST collection
was used to construct a ‘cassava DNA
microarray’. Biochips are powerful
tools that can be used to study gene
expression profiles. Most studies
using DNA microarrays have been
carried out on model plants. Contrary
to cassava, considerable information
on the genome of these plants was
already available, e.g. garden arabis
(Arabidopsis, a model dicotyledon
plant), rice (a model monocotyledon
plant) and tomato (model Solanaceae
species and for all fleshy fruits).

The first cassava cDNA microarray
contains around 6000 genes whose
expression was studied. The
genome is identical in each cell
of a given organism, but can have
specific genetic expression that may
differ temporally (depending on
the development stage), spatially
(depending on the cell tissue or
organ type) and/or with respect
to the features of the specific
biotic conditions (stress, pathogen
presence, etc.). A genetic expression
study can lead to the identification
of active sequences in a tissue, for
a state and at a given development

Cassava DNA microarray
The biochip concept (or DNA
microarray) was launched in
the 1990s and is based on a
multidisciplinary technology
integrating microelectronics, nucleic
acid chemistry, molecular biology,
image analysis and bioinformatics.
DNA microarrays thus benefit
from the combination of different
miniaturization techniques derived
from electronics (e.g. robot-driven ink
jet printing) and also from nucleotide
chemistry.
This concept offered new prospects
for sequencing, mutation analysis, gene
expression, etc.—DNA microarrays
can be used to very quickly measure
and view differences in expression
between genes on a whole genome
scale.

The DNA microarray principle is linked with the
complementary nucleotide sequence hybridization
technique. The so-called ‘plot’ hybridization unit
is the key element of DNA microarrays. There
are many copies of these plots on the chip, and
their size is chip-limiting factor, which is offset
by their density (number of plots/surface unit)
and complexity (number of target genes).

Cassava DNA
microarray

DNA fragments (called probes), multiplied by the PCR amplification
technique, are deposited and immobilized on a solid support or
matrix, e.g. a glass microscope slide (hence the term ‘microarray’).
The probes, which are grafted on the support or synthesized in situ,
are oligonucleotides (single stranded) specific to different known
genes or cDNAs. Their role is to detect complementary labelled
targets present in the mixture of cDNA fragments to analyse
(mRNA extracted from cells, tissues or organisms and transformed
into cDNA). Following probe preparation and hybridization with
target genes, the hybridization signal is revealed and processed. The
hybridization signals are detected, depending on the type of labelling,
by radiographic measurement (radioactive labelling) or fluorescence,
and then quantified.
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time. It provides direct information
on the cellular function of a gene or
on its development role.

in a biological process) level or be
associated with development or
adaptation.

Effective use of the
cassava EST collection
and DNA microarray

The functions attributed to genes
were formalized using a classification
scheme proposed by the Gene
Ontology (GO) consortium. GO is a
knowledge formalization principle
that is widely used by large-scale
international genomic databases
for the annotation of genes, gene
products and sequences. It is designed
to be generic enough to describe
phenomena in the same way for all
living organisms. The GO tool aims
to develop a structured vocabulary
for describing certain molecular and
cellular biology domains. It spans
three domains: general biological
processes accomplished by the
ordered action of molecular functions
that describe the individual activities
of gene products and locations or
cellular components.

The constructed DNA microarray was
used to study gene response kinetics
after infection by a pathogen, i.e. the
bacterium Xanthomonas axonopodis
pv. manihotis (or Xam). This chip
enabled characterization of genes that
show variable expression in the plant
during an ‘incompatible interaction’
(resistance) and several induced
and suppressed genes were thus
identified. The results showed that
many genes were expressed 7 days
postinoculation. These results could
be correlated with phenotypical,
histochemical and physiological
findings that highlighted relatively late
expression of resistance mechanisms.
The project objectives were
completely met in the gene
identification phase and the research
was thus broadened into a ‘gene
function study’. This involved
analysing the type of biological
function actually fulfilled by one or
several products encoded by genes
(proteins). This function could be
defined on a molecular (biochemical
action) or cellular (involvement

Metabolism and cell growth
are thus the most represented
functional categories in the cassava
EST collection. Most sequences
correspond to genes with just a
single copy or belonging to small
gene families. The identified
multigene families (corresponding
to kinase proteins, cytochrome P450
and ubiquitin) are also the most
represented in Arabidopsis and
tomato genomes.
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ESTs, expressed sequence tags

Genes are transcribed into messenger
RNA (mRNA) molecules that are
subsequently translated into protein in
the cytoplasm. However, all genes are not
expressed in a spatiotemporally uniform
manner—genes serving as a common base
for all cells represent just a fraction of all
genes expressed by the genome!
The aim of the ‘EST approach’ is to
quickly obtain, in high quantity and costeffectively, fragments of mRNA sequences
that could serve as gene identification
markers. An EST sequence is a kind of ‘tag’
linked to a fragment of a terminal end of

complementary DNA (cDNA), specific to
one of the ends of an mRNA fragment.
cDNA is utilised since it has the advantage
of being more stable than the mRNA
molecule and it can be stored, copied and
sequenced.
Programmes for sequencing cDNA from a
given biological material involve:
• constructing a cDNA library from
selected tissues (cDNAs are cloned for
the collection);
• automatic, systematic but partial cDNA
sequencing, i.e. one-shot sequencing of
each cloned cDNA fragment (sequencing
several hundreds of nucleotides from each
cDNA end) in order to obtain ESTs.
ESTs represent part of a genome
expressed in a plant at the tissue sampling
time—they are thus representative of

what is involved in a tissue at a single
instant and/or at a given development
stage. EST data are stored in databases and
are thus infinitely reusable, comparable and
mixable. They represent the expression
rates of many genes, under different
conditions, and can thus provide responses
to many biological questions.
The aim of the present programme was
to produce high quantities of ESTs, so that
scientists would have access to a large EST
database, thus enabling them to simplify
and control genomic sequencing, as well as
isolate and clone target genes.

Contact: Valérie Verdier,
verdier@mpl.ird.fr
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Genes cannot be directly identified
by reading a DNA sequence. A giant
step forward was made when an
indirect method was developed for
the identification of gene transcription
products.
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Development and effective use of ESTs...
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Bacterial blight symptoms (angular spots) on cassava leaves

Several candidate genes associated
with resistance and several genes
involved in starch biosynthesis
were characterized. A comparison
of two genotypes differing in their
starch storage capacities enabled
in silico identification (i.e. through
an interdisciplinary bioinformatic
approach) of several differentially
expressed genes. Some of them
code for proteins involved in sugar
metabolism and thus indirectly in
starch biosynthesis.

Agropolis advanced research platform

Further studies could focus on
describing gene polymorphism. With
ESTs, it is now possible to pinpoint
regions in which linkage groups (sets
of linked loci) are preserved (synteny)
between different Euphorbiaceae
genomes.
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The frequency of isolated point
mutations (stable DNA sequence
variations concerning a single base,
i.e. so-called single nucleotide
polymorphism, SNP, pronounced
‘snip’) was determined for some
genes of interest. This information is
important for developing large-scale
mapping strategies.
This research also led to the
identification of genes with a high
divergence rate and the development
of studies on cassava evolution and
phylogeography (genes with a high
number of SNPs could be used).

Transfer, development
and project follow-up
In addition to the technical
successes, this project promoted a
major transfer of tools and knowledge
between France and Colombia. A
French research assistant specialized
on transcriptome analysis shared his
experience with different scientists
involved in the project. A ‘DNA
microarray’ training course was held
at CIAT (Cali) in December 2004.
Young Colombian researchers from
the University of Los Andes and
CIAT visited France for short training
sessions within the framework of an
ECOS-Nord project in support of the
present project.
The project received support
from the Génopole LanguedocRoussillon (high-speed sequencing),
Génopole Midi-Pyrénées (plates
and amplification) and the CIAT
genomics platform (microarrays).
The functional use of ESTs involved
in the host-pathogen interaction was
a thesis topic (C. Lopez).
The cassava DNA microarray
constructed in this project is
available at CIAT (Cali) and can
be used within the framework of
an international convention. It is
an especially efficient tool with
considerable research potential.

Cassava has become one of the main
genomically characterized ‘orphan
plants’. The knowledge acquired is
exportable, especially for genetic
analysis of plants of the same family
(Euphorbiaceae) or for studying
expression profiles in species that
are relatively closely related to
cassava, e.g. millet (Gramineae),
yam (Dioscoreaceae), etc., which
are widely cropped in developing
countries. Studies are already being
set up in collaboration with different
teams working on natural rubber
(Thailand).
The methods developed could
be used in many complementary
studies, e.g. for studying a
‘compatible’ type cassavaXam bacteria interaction, for
characterizing the presence and
expression of genes that are
important in some wild cassava
species, or for identifying genes
involved in sugar metabolism and
starch biosynthesis, etc.
The studies carried out benefited
from international dissemination
within the framework of the Cassava
Biotechnology Network (CBN).

J.C. Pintaud © IRD

Agropolis advanced research platform

S Agricultural products
marketed in the Amazon:
cassava and peach-palm fruit

45

Pathogenicity of the rice yellow
mottle virus and durability
of resistance

X Virtual image
of the rice yellow
mottle virus (RYMV)
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Visiting scientists

Yacouba Séré (WARDA project
coordinator) and Günther Hahne
(former WARDA Research Director)
both visited the French partner institute.
Sorho Fatogoma visited France three times:
4 months in late 2001, 8 months in 2002, and
6 months in 2003. During these training visits,
he gained skills on different molecular analysis
techniques, e.g. serological and molecular
typing, sequencing, phylogenetic analysis.

T

on the durability of their resistance.
Indeed, some virus isolates in West
and Central Africa were found
to be able to overcome
the different forms of
resistance. Some avirulent
isolates also became
virulent after their
inoculation in resistant
rice varieties. It is thus
essential to assess
the durability of these
resistances in conditions
close to those found in
the field before inserting
these traits in rice varieties for
efficient RYMV control.

In recent years, two sources of natural
resistance were characterized and
introduced (by introgression) in
economically interesting varieties—
one providing partial resistance and
the other high resistance. The partial
resistance trait delays symptom
expression and occurs in many
varieties of the Oryza sativa japonica
subspecies.

The aim of this project was to assess
the durability of RYMV resistance
conferred by high resistance genes.
This involves ‘simulating’, through
an appropriate experimental design,
the field behaviour of resistant
varieties. This project involved three
complementary phases:
• Constructing a representative
collection of virus isolates derived
from wild and cultivated rice species
and related grasses, RYMV hosts,
mainly in West African forest regions
• Determining the serological,
molecular and pathogenic properties
of isolates in the collection and
relationships between these
properties
• Determining key parameters of
resistance durability: effect of the
transmission mode, the quantity of
virus inoculated (or ‘viral load’) and
the cultivar (or ‘genetic base’). •••

RD

he emergence of this
disease is linked with the
intensification of
rice cropping in recent
decades, especially
with the introduction
of Asian varieties
that are highly
productive but
susceptible to
the rice yellow
mottle virus. This
disease is caused
by the rice yellow
mottle virus (RYMV),
which has high serological,
molecular and pathogenic diversity.
RYMV is transmitted by a beetle and
by contacts between infected and
healthy plants during cultivation.
©I

The rice yellow mottle
virus causes the main
disease affecting rice
crops in Africa and
Madagascar. This
emerging disease was
first reported in Kenya
in 1966 and is now
found in rice-growing
regions throughout
tropical Africa.

Plants bearing the high resistance
trait, which is the most efficient, show
no symptoms. This trait is quite rare
and is only found in a few African
O. glaberrima rice varieties and in cv.
Gigante of the Asian O. indica rice
species. Planting varieties bearing
these resistance genes in rice fields
is planned in the short run to reduce
the RYMV disease impact. However,
prospects for controlling the disease
by these varieties depend directly

Project goals

Rice variety susceptible
to the rice yellow mottle virus
(RYMV). This virus induces a
substantial decrease
in rice crop yields in Africa.

Agropolis advanced research platform
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Pathogenicity of the rice yellow mottle virus and durability of resistance

position so as to determine the
pathogenic/phylogenic correlations.

Results obtained
A large collection of rice yellow mottle
virus isolates has been assembled
at WARDA. It includes isolates from
all rice-growing regions of Côte
d’Ivoire, which is one of the main rice
producing countries in West Africa.
It also includes isolates from other
African countries such as Guinea
in the west of Côte d’Ivoire, and
Togo, Benin and Niger in the east.
These isolates were characterized
by serological analysis and partial
sequencing of a representative
sample from the collection. Genetic
relationships between isolates were
thus determined. The pathogenicity
of these isolates was then established
and compared with their phylogenetic

Partnerships
Laboratoire de Phytovirologie des
Régions Chaudes (LPRC)
IRD, Montpellier, UMR Montpellier SupAgro/
INRA/IRD Diversité et Génomes
des Plantes Cultivées (DGPC)
Team “Résistance des Plantes aux Parasites”
Project leader (French team):
Denis Fargette, Denis.Fargette@mpl.ird.fr
fax: +33 (0)4 67 41 63 30

Laboratoire de Phytovirologie
des Régions Chaudes
Africa Rice Center-WARDA
Benin
Project leader (Ivorian team):
Yacouba Séré, Y.Sere@cgiar.org
fax: + (229) 21 35 01 88

Two criteria were taken into account
in the pathogenic diversity study.
The aggressiveness of isolates
(quantitative measurement)
reflects the severity of symptoms
in susceptible plants. The virulence
(qualitative measurement) reflects
the ability of isolates to break the
resistance.
We demonstrated that there was
no correlation between these two
pathogenic components. Moreover,
isolates that were virulent against
partial resistance were not virulent
against high resistance, and viceversa. Isolates that were able to break
the high resistance were found in
the different West African strains
isolated from cultivated and wild rice
species and from savanna and forest
regions. This resistance-breaking
phenomenon was confirmed after
repeated inoculation of an avirulent
isolate under close to natural
conditions.
Resistance breakage was obtained
by different modes of inoculation
resembling modes of field
contamination. The extent of high
resistance breakage depended directly
on the viral load inoculated, i.e. under
a certain concentration, inoculation
of a virulent isolate did not induce
infection in the highly resistant
variety.

The pathogenicity of virulent isolates
depended on the genetic base in
which the high resistance gene was
inserted. This could lead to quick
and severe resistance breakage or,
conversely, to weak and delayed
breakage. Inoculation of a virulent
isolate into a variety containing both
the high resistance gene and the
major partial resistance QTL delayed
resistance breakage, thus highlighting
the additive nature of the two
resistances.

Conclusion
and prospects
The results of this project underlined
the risks of overcoming resistance
to rice yellow mottle virus and
highlighted the conditions required
to achieve durable resistance.
Some virulent isolates were able to
spontaneously break high resistance,
even though they had not yet been
used in the field.
In addition, avirulent isolates could
become virulent under certain
conditions (massive and repeated
inoculation). These virulent forms
were noted in different RYMV strains
collected from different regions and
were isolated from both cultivated
and wild hosts. The frequency of these
virulent isolates is the only uncertain
factor. The frequency noted in this

© J.L. Notteghem

© J.L. Notteghem

RYMV
symptoms
in the field
1

2
© WARDA
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1. Initial patch
of RYMV
in a rice field…
2. ...which spreads
throughout the plot...
3. ...and causes
widespread
drying of plants
4. A destroyed rice plot
(Burkina Faso)

3

4
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Isometric rice yellow mottle virus (RYMV)
with an electronic cryomicroscopy image (right)

However, these differences might
have been due to variations in the
experimental conditions (inoculated
viral load) and/or to the resistance
breakage definition (systemic,
localised or viral propagation
symptom expression).
These results indicate that there is a
real risk of breakage of high resistance
in the field by virulent virus strains
that already exist or that are selected
after contact with a resistant rice
cultivar.
Resistance durability could be
enhanced through genetic and
epidemiological research. It was
shown that the expression of the high
resistance gene differed according
to the genetic base in which it was
inserted, thus indicating the presence
of resistance genes other than RYMV
resistance genes. Pyramiding of
partial and high resistance delayed
resistance breakage. Moreover, the
association of several resistances
could enhance RYMV resistance
durability.

Breakage of high resistance by a
virulent isolate was only possible
above a concentration threshold.
All cropping practices (ratoon
control, nursery protection, and
other prophylactic measures) that
lower the inoculum pressure could
also increase resistance durability.
In conclusion, the project on the
durability of rice resistance to
RYMV should be continued in three
directions: (i) a virological study
on the molecular basis of virulence
in order to determine the potential
of RYMV to overcome the different
high resistance alleles, (ii) a genetic
study to screen for new sources of
resistance (genes or alleles) and
their combination in suitable genetic
bases, (iii) an epidemiological field
study on highly resistant cultivars
grown in areas with a high natural
inoculum pressure.
These multidisciplinary studies will
help to determine the conditions
required for sustainable control of
the rice yellow mottle virus. They
will involve collaborations between
research teams that have acquired
complementary experience in these
fields.
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study with so-called forest strains was
lower than that of savanna strains
reported in other studies.
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Study on rice blast
resistance genes

The Magnaporthe
grisea fungus causes rice
blast, which is the main
constraint to rice cropping.
This disease can completely
devastate unprotected
rice crops, thus leading to
economic and food security
problems—as rice is the
second ranking food cereal
grown in the world—in all
rice-growing regions and
under irrigated or rainfed
cropping conditions.

R

ice blast control is currently
based on a combination of
methods, with the essential
use of resistant rice varieties being
essential. The main problem is
resistance breakage, i.e. when socalled virulent new pathogenic
strains arise in populations as a result
of natural selection.
Resistance ‘durability’ is associated
with the nature of this resistance and
the diversity of local populations
of the fungus and their adaptation
capacity.
It is crucial to gain greater insight
into the resistance genes involved
and to assess their durability so as

Durable resistance was sought
through a strategy that combined
characterization of the fungus

Agropolis advanced research platform

Rice blast
symptoms on leaves
and panicles
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Visiting scientist

Fernando Correa (CIAT Colombia) was
hosted twice in France, in 2000 and 2001, for
a total of 6 months, to conduct genetic studies
on the avirulence of the rice blast pathogen.

Project goals
The overall aim of the project was
to enhance the understanding of
interactions between the causal
agent of rice blast and rice in order
to develop strategies for utilizing
varietal resistance to enhance
resistance durability.

© D. Tharreau
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to be able to develop more resistant
new rice varieties. The diversity of
the pathogen and its adaptation
potential should also be analysed.

© F. Correa-Victoria

Pi-2
+Pi-33
Pi-33
Pi-1+
Pi-33
Pi-1+Pi-2
+Pi-33

Pi-2

Assessment of the field resistance
of rice lines bearing one or several
rice blast resistance genes

Resistance and
susceptibility of the
IR64 rice variety after
inoculation with two
Magnaporthe grisea
strains
© D. Tharreau

Results obtained
Rice lines containing resistance
genes Pi-1, Pi-2 and Pi-33 were
developed and tested in the field and
greenhouse after inoculation with
isolates representative of the diversity
of the pathogen in Colombia. Only
lines containing all three genes
turned out to be durably resistant in
Colombia.
Different crosses between pathogen
strains were also performed to
determine why some virulence
combinations are not found in
natural populations of the fungus.
Despite access to a collection (CIAT
and CIRAD material) of over 2000
strains collected in 55 countries, it
was impossible to select two strains
with complementary virulence
spectra and that could be crossed.

These results confirmed that no
strain exists that is simultaneously
virulent against the three resistance
genes identified as potentially
interesting.
These results support the hypothesis
that the combination of these three
resistance genes could confer durable
resistance.
Introgression—by marker-assisted
selection—of the three major
resistance genes was conducted
in ‘elite’ (i.e. that can be used in
different ecosystems) rice varieties.
A study to identify molecular markers
associated with target genes (called
Pi-1, Pi-2 and Pi-33) was carried out
after defining the strategy to adopt,
choosing elite varieties and initiating
the crosses.

Conclusion
and prospects
The search for suitable molecular
markers is under way and the
collaboration between the
research teams is ongoing. The
complementarity of the CIAT and
CIRAD teams was beneficial for the
project, with respect to knowledge
(pathogen populations in Colombia
and genetic factors determining
resistance), expertise (assessment

of resistance in the field and under
controlled conditions, crosses
between strains, etc.), and the
availability of biological material
(pathogen strains from Colombia
and many other countries, rice
lines, etc.).
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pathogenicity and an analysis of
key genetic factors determining this
pathogenicity, with the following
specific aims:
• to analyse virulence genes and
their combinations in populations,
so as to select resistance genes and
combine them (‘pyramiding’) in
order to obtain broad-spectrum, and
thus potentially durable, resistance;
• to determine the genetic basis of
avirulence that could be used to
obtain broad-spectrum resistance.
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2000-2004:

Experimental
milestones

Assessment of the Agropolis
advanced research platform
Agropolis International launched
an assessment on the results
and role of this programme, as
an “incentive tool to promote
international collaborations based
on infrastructures in the North”, by
seeking answers to the following
questions: Has the platform been
useful and should the programme be
continued? What should be improved,
modified, added or eliminated in the
future?
An assessment of the Agropolis
advanced research platform was thus
conducted in March 2004.
The outcome highlighted that the
cross-sectional programme of the
genomic platform significantly
fostered multi-institutional
cooperation initiatives, and
the results were promoted via
publications and the enhancement of
biological resources.

Agropolis advanced research platform

Constraints and problems
encountered and suggested
improvements
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Scientists from both the South
and North were all satisfied with
how the projects were conducted
and the results. Trainees especially
heralded the quality of the training
they received in the North (level and
availability of supervisor).
Over the 5-year period of operation,
the genomics platform still had to
deal with various constraints which
are interesting to analyse.

Through a written questionnaire,
researchers, technicians and trainees
pinpointed a few problems and made
various suggestions for improving
the performance of the platform.
The main suggestions concerned
the length of the scientific visits, the
budgetary flexibility and formulation
of the proposal calls.

• Very short proposal submission
times and the rapidity required for
implementing the budgets in some
cases reduced the project preparation
phase and hampered the clinching
of new partnerships (initial contacts,
finding the best partners, evaluating
partners’ capacities, and project
development).

The actual length of the training
• One key requirement of the
sessions was recognised as being a
platform was to generate knowledge
key factor in determining the success
and results that could be quickly
of the research, i.e. visits of under 6
transferred to the South, but this
months were
turned out to be
considered as
major limiting
Researchers of the South afactor
being too short.
for some
and North were all
However, several
projects with
hard to overcome
a long-term
satisfied with how
constraints
Hence,
the projects were run and scope.
had to be dealt
some promising
the results.
with—it is
research could
actually very
not be completed
complicated
because of a lack
for laboratory staff in developing
of complementary funding.
countries to be free for long periods
because of the many tasks and
• Finally, some target countries with
obligations they must fulfil within
a very low capacity for conducting
their own organizations.
genomics research did not (or very
little) reply to the proposal call,
Improvement in the budgetary
whereas other excellent interesting
management framework was often
proposals could not be selected
pointed out as a way to enhance
because they were submitted by
the efficiency and flexibility of the
Asian and Latin American countries
projects (funding visits of French
that had not been targeted.
researchers in developing countries,
extended training, participation
These cases illustrate the broad
in conferences, equipment and
range of highly diversified projects
software for laboratories in the South,
and partnerships that such a
increased temporary staff in hosting
technological platform could
laboratories, etc.).
promote and support. They also
indicate that different types of
The formulation of proposal calls
proposal calls would be needed with
had a major impact on the projects—
information disseminated widely
especially in limiting the potentially
to the scientific community in
very broad range of diverse projects
developing countries.
submitted.

Agropolis advanced research platform

© A. Clément-Demange

BecA regional
technological structure
Biosciences Eastern and Central Africa
(BecA) is a development-aid facility that
aims to support and promote advanced
biological research in Africa within the
framework of the New Partnership for
Africa’s Development (NEPAD). The scope
of its activities includes agriculture (and
animal health), food security (including
nutrition and health associated with
agriculture) and the sustainable use of
natural resources in Africa.

BecA’s main objective is to contribute
to the development of improved and
marketable agricultural products so as
to fight poverty by solving problems
noted in the agriculture field. It also aims
to strengthen the human potential and
expertise related to biotechnologies in
Africa so as to bridge the widening gap with
developed countries. Knowledge acquisition
and dissemination is the third essential
aim of the facility. The target scientific
domains include bioinformatics, structural
and functional genomics, sequencing and
different complementary molecular genetics
tools, along with diagnosis (pathogen
characterisation) and vaccine technology.
The BecA steering committee includes
some 12 members, who are representatives
of established partner institutions,
including the African Union, the East
African Community (EAC), the Forum for
Agricultural Research in Africa (FARA), etc.

Architectural field measurements of young
rubber trees of the progeny studied
in the project

Assessment of the Agropolis
advanced research platform
An external assessment was carried out at the end of the programme to evaluate the
projects undertaken and analyse the platform tool. The assessment commission included
three genetics experts who were not associated with the programme(1). Over a 2-day
period, the leaders of 14 cooperation projects were interviewed (except in two cases in
which written reports were handed to the experts), progress reports were examined and
a questionnaire that had been filled in by different scientific trainees was tabulated.
The conclusions of the assessment report confirmed that the services offered by the
platform addressed the needs of research teams of developing countries: methodological
proficiency of French laboratories and their technical capacities in molecular biology and
cytogenetics enabled researchers from developing countries to carry out their studies
which otherwise would not have been possible. In most cases, the assessment was positive:
the scientific results and their promotion (publications, resource dissemination, etc.)
were very significant for 60% of the projects and insufficient in only 15% of cases. In the
most efficient projects, research in different fields and applications continued beyond the
end of the programme. Projects that were less efficient had been negatively affected by
shortcomings concerning the hosting organisations or the recruitment quality.
The commission underlined that Agropolis International had effectively fulfilled its logistics
role. The hosting quality was regularly improved on the basis of the experience acquired
during the projects.
The assessment report put forward various recommendations for enhancing the efficiency
of the platform in the future.
(1) Members of the assessment commission: Ms. Ana Brasileiro (biotechnology/genomics researcher at the External
Laboratory of EMBRAPA, Brazil), Mr. Georges Pelletier (President of the assessment commission and President of
Génoplante) and Mr. Michel Rossignol (Head of the INRA Unité Protéomique, Montpellier, France).

Contact: Yves Savidan, yves.savidan@agropolis.fr

Agropolis advanced research platform

This facility is based on the campus of the
International Livestock Research Institute
(ILRI) in Nairobi (Kenya). It includes a
bioscience research platform and offers
different services associated with this
research. It also aims to strengthen
scientists’ capacities and enhance
knowledge transfer. BecA was founded
to meet Africa’s needs:
• training and recruiting top level
scientists;
• getting women and the private sector
involved in science and technology;
• having access to a state-of-the-art
laboratory that is suitably equipped;
• developing a network to link the entire
African scientific community;
• promoting discussion between different
stakeholders in the sector, i.e. farmers,
consumers, researchers, etc.
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What are

?

the prospects

Agropolis advanced research platform

All stakeholders involved in the
Agropolis advanced research
platform, including scientists
and managers from the North
and South, would like it to
continue on the basis of the
external assessment in 2004
and the results of the projects
presented in this document. A few
recommendations could thus be
put forward to outline the ideal
form and operating conditions
of the future Agropolis advanced
research platform.
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F

ollowing the success of the
first two proposal calls, the
participants clearly would
like the visibility of the platform and
the regularity of these calls to be
enhanced, while ensuring a certain
extent of thematic continuity and
regional cooperation. More flexibility
in partnership choices (by broadening
the list of target countries) would
also facilitate new collaborations and
especially open the genomic projects
to new plant species.
Partners must be sought and foreign
senior staff selected to ensure the
success of the projects. The previous
proposal calls recommended that
only experienced scientists be
invited, but these calls could be
broadened to include different levels
of technical and scientific expertise.
The profiles of senior technicians
could thus be especially suitable
for projects requiring substantial
experimental investment.
A longer proposal submission time
would enable detailed selection of
candidates to be hosted which, in
addition to an evaluation of proposed
candidacies (analysis of the recruited

researcher’s curriculum vitae and
experience), could markedly improve
the project quality and scope.
The actual commitment of partners
from both the North and South is
crucial to the success of the platform
projects. Organizations in developing
countries should be involved in
mobilising permanent staff in their
laboratories in order to fully benefit
from the skills acquired through the
project—and to allow candidates to
visit France for the planned training
time. Hosting laboratories in the
North should be committed to
supervising the foreign researchers
and bear all of the costs associated
with the laboratory research. These
mutual commitments should thus
be clearly formulated when the
proposals are submitted.
The periodic remission of progress
reports should also be stipulated in
the terms of reference in order to
facilitate the scientific and financial
follow-up of the projects.
Agropolis International would like
the operational procedures already
tested and perfected during the first
two proposal calls to be enhanced

Arabidopsis
thaliana,
a genomics
plant model
© CNRS

biological resources obtained and
on the longer term prospects of the
project.

However, some degree of budget
management flexibility would seem
necessary, especially to enable
adaptations in mid-project (e.g. when
unexpended funds remain on the
allotted budgets).

Perpetuation of the Agropolis
advanced research platform, whereby
developing countries are given
a privileged means to establish
scientific partnerships, would provide
a model for setting up regional
technological platforms in these
countries.

Finally, at the end of each project,
it would be important to get the
opinions of Southern institutions on
the impacts of the training received,
on the value of the equipment and

This platform—based on training,
supervision and access to scientific
equipment and technologies—could

gradually enable Southern teams to
take a leading role in the analysis of
genomes and their own biological
resources, within the framework of
balanced scientific partnerships with
a mutual interest.
Agropolis advanced research platform

and perpetuated (choice of proposal
criteria validity, extent of financial
support, operational conditions, etc.).
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Guest Scientist Office
(Agropolis International)
The Guest Scientist Office was set
up to provide logistical support for
foreign scientists during professional
stays in the laboratories of research and
higher education institutes based in the
Languedoc-Roussillon region (France). It
bolsters services already available in the
different involved institutions (personnel
services, international relations offices,
trainee offices, etc.), so the laboratories can
thus focus on the scientific aspects.
The office aims to improve the visiting
conditions for foreign scientists, especially
by providing them with information and
assistance for administrative formalities and
getting settled in France. It also tries to
ensure that these scientists will not become
isolated.
A bilingual guide covering various aspects
associated with a foreign visit is available
online for all hosting laboratories and
invited researchers at: www.agropolis.fr/
english/guide
The Guest Scientist Office proposes
scientists hosted within the framework of
the platform:
• a personalised welcome in French
or English, including a welcome file;
• administrative assistance to personally
help these visitors with the formalities
(residency permit request at the
prefecture, obligatory health and public
liability insurance, opening a bank account,
school enrolment for children, etc.);
• services: free French courses for spouses
(to ensure family integration), housing
assistance, organization of cultural
activities to enable researchers and their
families to discover the features and
attractions of the region, etc.

Agropolis advanced research platform

Over a 5-year period, the Agropolis
advanced research platform has provided
assistance for 29 scientists hosted in
laboratories located in Montpellier, Toulouse,
Orsay (Paris region) and Corsica.
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NB: The Guest Scientist Office became the LanguedocRoussillon Mobility Centre within the framework
of a partnership between the European University
Pole of Montpellier and Agropolis International. This
centre received the approval of the French Ministry
of Research and is a member of the ERA MORE
European network of mobility centres set up by the
European Union in 2004.

Contact: Claudine Soudais,
L-R Mobility Centre
soudais@agropolis.fr
www.agropolis.fr/english/guide
www.poluniv-mpl.fr

Why genomics?
© J.Guilleminot

Genomics, or the science
of genomes, involve
detailed studies on the
hereditary material of
living organisms. Structural
genomics (also called
molecular genetics)
involve the physical
mapping of genomes and
gene structure studies.
The advent of high-speed
genome sequencing
technology has led to
considerable development
in this field. Functional
genomics are focused on gene function through studies on their expression mechanisms.
Modern genomics techniques are automated and designed to obtain detailed information,
thus generating very high volumes of data. This so-called integrative biology should
therefore also benefit from recent major advances in bioinformatics.
Detection of a gene
involved in seed
development

Genetic resources—collected from natural diversity—are used for quantitative and
qualitative plant selection and breeding. However, conventional research can only utilise a
tiny part of the biodiversity available for agriculture. Breeders explain that it is very hard
for them to integrate interesting agronomic traits derived from forms that are not closely
related to cultivated forms without also introducing unwanted traits. These latter traits can
only be subsequently eliminated after many years of selection. Now, however, it is possible
to considerably accelerate this elimination process in the medium term through genomics
research.
The adopted approach first involves identifying interesting genes (via structural genomics),
such as the main genes controlling drought tolerance in plants. This knowledge can then
be used in conventional plant breeding (via the development and use of specific molecular
markers), or in transgenesis (a set of techniques whereby a foreign gene is inserted in the
genome of a plant so that the resulting plant will express an especially beneficial trait that
it otherwise does not possess). Through genomics it is thus possible to produce plants
with enhanced qualities and/or capacities to adapt to the environment via the transfer of
genes from plant to plant within the same species, or more easily within the same botanical
family (e.g. between grass species when improving cereals). Genomics can also promote
varietal improvements by modifying the expression of genes already present in the plant,
so as to increase or decrease the expression intensity and/or to delay the moment of this
expression.
The adaptation of plants to the environment is a specific focus of genomics research. In
developing countries, cultivated plants are subjected to various stresses, including biotic
(insects, parasites, etc.) and abiotic (drought, salinity, soil toxicity, etc.) stresses. Very poor
farmers often have to grow their crops in ‘marginal’ soils under substantial stress and in
the presence of other limiting factors. It is thus essential to select plants that are adapted
to these constraints. In this respect, genomics now offer hope of obtaining varieties that
are specifically adapted to various harsh growing conditions, a task that farmers’ selection
strategies (for millennia) and conventional breeding (over the last 100 years or so) have
not been able to effectively achieve.
Contact: Yves Savidan, yves.savidan@agropolis.fr

Glossary

Candidate gene: A gene coding for
proteins that have a potential role
concerning the traits of agricultural
interest being studied.

AFLP (amplified fragment length
polymorphism): AFLP markers, i.e.
molecular genetic DNA markers, are
obtained by the AFLP technique, involving
selective amplification of restriction
fragments from total genomic DNA
digested by restriction enzymes.

Chlorotic: Affected by chlorosis, a plant
disease that leads (because of the partial
disappearance of chlorophyll) to the
bleaching or yellowing of leaves, mainly
due to iron deficiency.

Allele: DNA sequence that is a particular
form of a gene or a noncoding locus. There
is a certain number of possible alleles per
locus in a population. In a diploid individual
(bearing two chromosome sets), each
locus has two similar or different alleles.
The allelic diversity determines the genetic
polymorphism of a population or species.
BAC (bacterial artificial
chromosome) library: A BAC library is
a collection of 100-300 kb DNA fragments
representing an entire genome. Each
fragment is inserted in a vector such as
a plasmid—a vector that is inserted and
maintained in a host bacterial cell that
could propagate very fast, thus making
it possible to obtain many copies of the
foreign nucleic acid fragment—but which
can be easily extracted, purified and
manipulated in vitro. A BAC library can be
stabilized and stored at - 80°C for 1 year
then transferred.

Clone: In plant breeding, especially for
perennial or forest species, a clone is a
varietal type (e.g. rubber varieties are
clones).
Clone (molecular biology): A genomic
DNA fragment inserted in a bacterial
vector (plasmid, BAC, etc.) or in a
yeast artificial chromosome (YAC) and
produced in high quantity.
Cloning: A set of propagation methods
used to produce genetically identical
plants by obtaining a ‘carbon copy’ of
a single original plant. Cloning is also
performed in laboratory cell biology
research (multiplication of cell lines).
Cloning avoids recombination of genetic
traits inherent to sexual reproduction

and enables propagation of an interesting
individual to obtain genomically identical
copies.
Cloning (molecular): Isolation and
amplification of DNA fragments in a cell
clone (gene cloning).
Colinearity: A phenomenon by which
the gene order is preserved between
different species.
Core collection: Collection of a small
number of individuals (core) but which is
representative of the genetic diversity.
Crossing-over: During meiosis, intrachromosomal rearrangements occur
via the ‘crossing-over’ phenomenon, i.e.
breakage and exchanges of chromosome
fragments between two homologous
chromosomes during the pairing that
precedes their separation into two
separate haploid cells. Crossovers lead to
new allele combinations at the different
loci of a chromosome. Chromosome
regions where little or no crossovers
occur (linkats) have stable allele
combinations.

BAC-FISH (technique): Involves
hybridization of BAC clones in
chromosomes during metaphase, and
they can thus be assigned to specific
chromosomes.
Biovar: A biovar is a variant of a
prokaryotic strain that physiologically or
biochemically differs from other strains of
a given species.

© G. Blanc

Map of duplicated regions
in the Arabidopsis genome

Agropolis advanced research platform

Accession: Individual, clone or variety
placed in a collection and maintained or
propagated so as to obtain true-to-type
progeny.
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Diploid,Tetraploid: Most cells are
diploid, i.e. possessing two sets of each
chromosome whose number depends on
the species considered. Some so-called
polyploid organisms have more than two
sets of chromosomes (e.g. tetraploid
species have four sets).
Ecotype: Form of subspecies belonging
to a species that has been formed via
selection within a particular habitat and is
thus genetically adapted to this habitat, but
which can be crossed with other members
of the species.

Agropolis advanced research platform

EST: An EST sequence is a kind of
tag associated with a fragment of a
complementary DNA (cDNA) terminal
end. It corresponds to one of the mRNA
ends to which it is specific (see box in the
cassava project).
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Genetic mapping: Relative positioning
of molecular genetic markers on
chromosomes of a species with the aim
of determining associations or proximity
relations between certain expressed traits
and markers. Two markers located on the
same chromosome are considered as being
‘linked’ when a low crossover frequency
between the two loci of these markers is
detected. A genetic map is obtained from
the DNA of progeny of one or several
crosses. It does not have any overall value
for the species but it does have some
extent of specificity depending on the
crosses studied.
Genome: All the genetic material (gene
pool) of an organism or species. It is made
up of nucleic acid molecules (DNA or
RNA), and genes account for just a small
part of the genome. Genes bear genetic
information required for constructing all
proteins necessary for organisms.

Amongst other functions, these proteins
determine the appearance of the organism,
the way foods are metabolised or how
infections are fought, and sometimes even
the organism’s behaviour.
Génopole: A scientific interest group of
public research laboratories, biotechnology
companies and top-notch higher educational
institutions. It was founded to promote
large-scale biology studies in some key
French regions (around Toulouse, Lille,
Marseille-Nice, Montpellier, Lyon, Rennes).
Genoscope: The Centre National de
Séquençage (CNS) is a site that was
created at Evry (Essonne, France) upon the
initiative of the French government, local
authorities, and the Association française
contre les myopathies. This site pools
public and private research laboratories
and a top-notch higher educational
institution devoted only to research in
the fields of genetics, genomics, postgenomics and associated sciences, and
to the development of biotechnological
companies.

Hybrid: A plant obtained by crossing two
parent plants differing with respect to
one or several traits. Hybrid DNA-RNA:
nucleic acid formed from a DNA strand
and a complementary RNA strand (hybrid
transiently formed during RNA synthesis,
as occurs with DNA).
Hydroponic: A crop grown without soil,
with the plant roots growing in mineral
nutrient solution.
Integrated pest management: A crop
protection strategy involving various
technologies (modern and older) that
are used to efficiently control pests.
This involves a set of methods that fulfil
ecological, economic and toxicological
requirements (cost-effective and low
ecological impact).
Introgression: Gradual acquisition by
a population (genus, complex, group,
species, subspecies, etc.) of genetic
characters from another taxon via
repeated natural crossing.

Genotyping: Identification of alleles
present at each studied locus in an
individual.
GMO: Genetically modified organisms
(or transgenic organisms) are biological
entities (able to reproduce or transfer
genetic material) whose gene pool has
been modified in a way that would not
occur naturally by multiplication and/or
natural recombination. These entities also
bear new genes (or transgenes) within the
nuclei of all their cells.
Heritability: The share of variation of
a trait (observed directly) expressed by
a sample of subjects and due to genetic
factors, with the complementary share
being due to variations in environmental
conditions. It is a quantitative statistical
measurement that specifies the respective
shares of variation due to genes and the
environment, as well as innate and acquired
factors at a given time and in a given
population.

Photos

Banana BAC
library
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Cytogenetics: A branch of genetics
that concerns the study of cytological
processes (anatomical, physiological,
biophysical and biochemical processes in
living cells) and especially chromosome
mechanisms responsible for hereditary
traits.

Agropolis advanced research platform

Library screening: Technique for the
identification and screening of clones with
a special phenotype without pre-selection.
Locus (pl. loci): The location of a coding
(gene) or noncoding DNA sequence on
chromosomes.
Meiosis: A fundamental sexual
recombination process involving two
successive nuclear divisions and leading
to the formation of four haploid germ
cells from a diploid cell. This process
precedes fertilization (fusion of two
male and female germ cells) and induces
dual recombination (inter- and intrachromosomal) of genetic traits during
generation changes.
Microsatellite marker:
Microsatellites—also called single
sequence repeats (SSRs)—are short
DNA sequences formed by the repetition
of a motif made up of several (CA)n
bases. These motifs are generally framed
by specific conserved sequences of a
given locus. Primers specific to these
‘framing sequences’ are defined for PCR
amplification of each microsatellite locus,
thus generating a microsatellite marker
or sequence-tagged microsatellite site
(STMS). The value of these microsatellite
markers depends on the extent of their
polymorphism (many forms or alleles),
the possibility of using them to genotype
large populations, and the stability and
repeatability of the technique.
Molecular genetic marker:
A DNA sequence that can be specifically
detected. Markers are genetically neutral
(independent of all environmental effects,
without any impact on the evolution of
the species or trait expression), they are

always identical and can be placed as tags
on the genome, but they generally have
no biological significance. The strength
of a marker is generally associated with
the number of different alleles that occur
for this marker in a given population (its
polymorphism).
Montpellier L-R Génopole: The
Languedoc-Roussillon Génopole includes,
for instance, platforms specialised in
structural biology, transcriptomes, plant
transgenesis, bioinformatics, proteomes,
genotyping, robotics-sequencing, etc.
Pararetroviral: Concerning
pararetroviruses.
Pararetrovirus (PRV): A virus with
a double-stranded DNA genome that
causes diseases in temperate and tropical
plants. Pararetroviruses do not need
to integrate the host genome at any
multiplication stage.
Pathosystem: An interaction involving a
host plant and a given pathogen.
PCR (technique): Polymerase chain
reaction is a technique used to quickly
copy large numbers (around 1 million
copies) of known DNA sequences in vitro
from a minute quantity of nucleic acid.
This exponential amplification process
involves a series of cycles of pairing of
specific oligonucleotides (hybridization
with primers) and elongation (synthesis)
using a thermostable enzyme, i.e. Taqpolymerase.
Plasmid: A circular DNA molecule that
is separate from chromosomal DNA and
has the unique quality of multiplying in
bacterial cells. A plasmid can be cleaved
by a restriction enzyme at a specific site,
and receive and stably integrate a foreign
nucleic acid fragment before closing.
The plasmid can then be inserted in a
bacterium and multiply separately in the
bacterial cytoplasm.

Ploidy: A basic haploid genome of a
plant or species bears n=x different
chromosomes. A diploid plant (2n=2x) has
two sets of homologous x chromosomes.
In polyploid plants, the diploid
chromosome pool can be multiplied:
tetraploids (2n=4x), hexaploids (2n=6x),
octoploids (2n=8x), etc. Triploid plants
are also found, but to a lesser extent. The
haploid genome multiplication coefficient
(x) determines the ploidy level of the
species.
Polymorphism: Heterogeneity or the
diversity within a population.
Polyploidy: The state of a nucleus (or
of cells bearing such nuclei, or individuals
made up of such cells) bearing more than
twice the haploid number (cf. ploidy) of
chromosomes of the considered species
or closely related species, particularly a
multiple of the diploid number (4n, 6n,
8n).
Primer: Small DNA fragment that
complements the DNA fragment to be
amplified.
Promotor: DNA sequence required
to initiate transcription, which is often
located upstream of the transcribed part
of genes.
PUE: Phosphorus use efficiency.
Pyramiding: Involves combining several
resistance genes within the same plant,
thus conferring a broader resistance
spectrum (multiple-strain resistance) and
more durable field resistance.
QTL: Quantitative trait locus. Locus
associated with the expression of a
quantitative trait. So-called quantitative
traits vary continuously and are assumed
to be controlled by many genes.
Reference profiles: Allelic patterns
of reference individuals for a given
microsatellite locus.

Agropolis advanced research platform

Isolate: Substance isolated from its
original organ or tissue for subsequent
analysis or in vitro culture. The isolate of a
pathogen corresponds to a pure culture
(isolate) of this pathogen (obtained in
the laboratory) on nutrient medium for
the purposes of its determination or
propagation.
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RFLP (restriction fragment length
polymorphism): DNA of different
alleles is able to generate restriction
fragments of different sizes. These
fragment differences can be used for
molecular screening (RFLP markers are
bi-allelic).
Rhizobia: Soil bacteria that can form
nodes on legume plant roots and even
stems. They fix nitrogen from the air by
transforming it into ammonium that the
legume then uses for amino acid synthesis.
Most rhizobia belong to various bacterial
genera of the Rhizobiaceae family.

Agropolis advanced research platform

RIL (recombinant inbred line):
Lines of progeny of a cross between two
parents (here between common bean
varieties BAT477 and DOR364) that are
separately propagated through more than
eight generations.
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SSR (single sequence repeat):
cf. microsatellite markers.
STMS (sequence-tagged
microsatellite site): cf. microsatellite
markers.
Taxon: Designates a set of organisms
recognised and defined in each biological
classification category placed on a level
in a systematic hierarchy; all groups,
regardless of the rank; especially all
natural (or assumed to be natural) groups.
Teliospore: A thick-walled spore of
basidiomycete fungi. These fungi propagate
sexually via basidia or cells emitting
haploid spores (i.e. basidiospores).
Tetraploid: cf. diploid, tetraploid, ploidy and
polyploid.

SNF: Symbiotic nitrogen fixation.

Transcriptome: A transcriptome is a
set of messenger RNA molecules (that
provide a matrix for protein synthesis)
derived from the expression of part of
the genome of a cell tissue or cell type.
Characterization and quantification of a
transcriptome in a given tissue and under
given conditions help to identify active
genes and determine the mechanisms that
regulate gene expression, along with the
gene expression networks.

SNP (or ‘snips’): An isolated point
mutation, polymorphism of a single
nucleotide; stable variation in a genomic
DNA sequence bearing all of the 100-300
bases of a genome at a single base and
affecting at least 10% of the population.

Transgenesis: Transgenesis involves
inserting a foreign gene in an organism.
In plants, one of the most widely
implemented techniques involves the use
of a soilborne bacterium (Agrobacterium
tumefaciens) that is able to inject DNA

Segregation (segregation analysis):
This analysis is a prerequisite for
determining the transmission mode of a
phenotype during successive generations.
The method involves using statistical tests
to determine the transmission mode that
best explains observed distributions of a
studied phenotype within progeny.

in a plant cell, followed by its integration
in the chromosome genome (this is
a plasmid fragment, i.e. small circular
bacterial DNA—the pTi plasmid).
Translocation: Cleavage of a genome
segment followed by its integration at
another site.

Agropolis advanced research platform

© E. Guiderdoni (CIRAD)

Identification
of a gene expressed
in the conducting
vessels of a rice
flower (in blue)

61

List of acronyms
BecA
BGPI
Biotrop
CBN
CBS
CCRI
CGIAR
CIAT
CIFC
CIFN
CINVESTAV
CIRAD
CNPMF
CNRS
DGPC
EAC
EMBRAPA
FABI
FARA
IARC
ICAR
ICARDA
ICRISAT
IIHR
ILRI
INCO
INCO-MPC
INIFAP
INRA
IRD
KU
LGDP
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LIPM
LPRC
NBPGR
NEPAD
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PIA
PROMUSA
RRIT
SRA
UBBMC
UNAM
UPVD
VASI
WARDA

Biosciences for Eastern and Central Africa (Kenya)
Biology and Genetics of Plant-Pathogen Interactions for Integrated Protection, Montpellier
SupAgro/CIRAD/INRA Joint Research Unit (France)
Programme Biotechnologies et ressources génétiques végétales (formerly called Biotechnologies
Appliquées à l’Amélioration des Plantes Tropicales), CIRAD (France)
Cassava Biotechnology Network (of CIAT, Colombia)
Centre de Biotechnologie de Sfax (Tunisia)
Central Coffee Research Institute (India)
Consultative Group on International Agricultural Research (USA)
International Center for Tropical Agriculture (Colombia)
Centro Internacional de Agricultura Tropical
Centro de Investigacão das Ferrugens do Cafeeiro (Portugal)
Centro de Investigación sobre Fijación de Nitrógeno (now called Center for Genomic Sciences
Centro de Ciencias Genómicas, CCG, Mexico)
National Centre for Advanced Research and Studies (Mexico)
Centro de Investigación y de Estudios Avanzados del Instituto Politécnico Nacional
Agricultural Research Centre for International Development (France)
Centre de coopération internationale en recherche agronomique pour le développement
National Cassava & Tropical Fruits Research Center (Division of EMBRAPA, Brazil)
Centro Nacional de Pesquisa de Mandioca et Fruticultura Tropical
Centre National de la Recherche Scientifique (France)
Diversité et Génomes des Plantes Cultivées, Montpellier SupAgro/INRA/IRD
Joint Research Unit (France)
East African Community (regional intergovernmental organization, Kenya, Uganda, Tanzania)
Brazilian Agricultural Research Corporation (Brazil)
Empresa Brasileira de Pesquisa Agropecuária
Forestry and Agricultural Biotechnology Institute, Botany Department,
University of Pretoria (South Africa)
Forum for Agricultural Research in Africa (international NGO, Ghana)
International Agricultural Research Centres (of CGIAR)
Indian Council of Agricultural Research (India)
International Center for Agricultural Research in the Dry Areas (Syria)
International Crops Research Institute for the Semi-Arid Tropics
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