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Foreword

The first steps towards the establishment of the Global Programme for Musa Improvermnent
(PROMUSA) were taken in 1996, with the aim 1o bring together, at the global level, all the
major efforts in the area of banana and plantain improvement.

PROMUSA has been developed jointly by INIBAP and the World Bank through a process of
extensive consultation with the various partners and stakeholders and has built upon experience
gained from on-going activities such as the INIBAP Breeders’ Network initiative and the World
Bank Banana Improvement Project {BIF) funded by theCommeon Fund for Commaodities.

* As a result of these initial consultations, INIBAP prepared a draft propesal for the programme
which was widely circulated as a means to stimulate discussion and to elicit further input into
the proposal. This proved to be an extremely fruitful exercise and numerous positive and
constructive comments were received. These comments were used to prepare a second draft of
the document, which was again distributed by INIBAP to a wide audience. During this period of
consultation, the document was distributed to over 50 individuals and institutes, the majority
of whom provided feedback for incorporation into the document.

This participative approach led to the production of a final proposal which represented the
common views of the interested parties. This proposal was presented for discussion at a joint
World Bank/INIBAP meeting which was held in Guadeloupe in March 1997.

The Guadeloupe meeting brought together some 70 of the most prominent researchers
involved in Musa improvement world-wide. Discussions of the proposed global programme
took place in both plenary and working group meetings. Five Working Groups were formed to
address the major research areas, while one group discussed the structure and modus operand;
of the programme. At the end of the meeting the creation of a Glebal Programme for Musa
Improvement was strongly endorsed by all participants and a programme structure, modus
operandi and medium-term plan were agreed upon.

This document provides details of the strategy and medium term plan for PROMUSA. These
include specific objectives for the programme as a whole, for which an initial 10-year peried is
envisaged, as well as outputs expected by the mid-term point (5 years) and by the end of the
10 year-period.

A more detailed strategy and medium term for each Working Group has also been elaborated,
in which priority research activities and major constraints are identified and which also includes
information on inputs required, expected outputs, indicators and timetables for the
achievement of objectives. The Working Group reports also give information on existing
facilities and expertise and provide an inventory of on-going research in each specific area.

Finally, proposals for an expanded, more flexible International Musa Testing Programme {IMTP)
which has a greater regional focus and which could take on the role of a global and regional
evaluation programme, are described.

Emile Frison Michel Petit
INIBAP The World Bank



& Proiusa

Guadeloupe Declaration

Bananas and plantaing are ope of the world's most important vet poorly studied crops
They are grown almost exclusively by smallholder producers, and play an important
socH-economie role in many -:||'1.|-||||-||'||.'I countries of the |[n|'|i_r,-x '|_'_'|1-:. are af |||,|j|;|
impartance to fosd security as well as providing a valved source of income through local
and international trade. In terms of gross value of production bananas and plantains are
the fourth most important global food erop. Export bananas are the fourth most
imprortant commuosdity amil &5 a frudt cank first

Banana amd plantain producers world-wide are facing ever increasing pest and
disease problems, which in the ahsence of eally sdaptesd resistant varieties, can only be
controlled by the use of pestickles, The costs of such pesticides pot them bavend the
reach of many small Farmers who are consequently suffering major production losses,
Far commereial banana producers, disease and pest control represents & considerable
esconomie and eovironmental cost. The need for a wide diversity of genetically imjironed

Dreglaration of & meeting attended by 70 of the most promises) rosease s

vt i Hsiid Impecvemenl workd ardde

Guadelowps Dedaration

varieties with increased productivity, suitable for the range of growing eonditions under
which bananas amd plantains are produced, and able to meet the differing lncal con
sumer demands. Is recognised. 1 5 mainly throngh genetic improvement that
snstainable, environmentally sound, improved production can be achieved

Aibvances in banana improvement Uit have been made in recent years indicate that
a high retiurn may now be expected on investment in Muso research. Although the
pesparch priorities for eommercial and ocal consumpiion bimina pracluction may differ,
there are consbderable mutually beneficial “splllaver effects” from research carried out
withn each secton

In order Lo foster Slose international cooperation and o feeiliiate the creation of
synergics between ongoing research efforts, a global-level initiative is required. Such an
initiative should provide the mechanigms through which individual efforts ean b
uded a5 o coherent and prioritized set of activities to mome effl ienily

globally coo
address eritical research needs,

In recognition af the above statement, the creation of a Global Programmae for Misa
Improvement is strongly endorsed and it is recommended that significantly more
resgurces be directed to Miusa research, more particularly in Musa improvement

Guadeloupe, March 1907
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PROMUSA - A Global Programme
for Musa Improvement

Introduction

Bananas and plantains are one of the world's most important yet poorly studied crops.
They are grown almost exclusively by smallholder producers, and play an important
socio-economic role in many developing countries of the tropics. They are of major
importance to food security as well as providing a valued source of income through local
and internationat trade, In terms of gross value of production, bananas and plantains are
the fourth most important global food crop. Export bananas are the fourth most
important commodity and as a fruit rank first.

The growing recognition over the last 10-15 years of the importance of hananas and
plantains has coincided with recent advances in breeding techniques which have made it
possible to overcome many of the barriers to genetic improvement of this crop. The number
of Musa research and improvement programmes has thus increased considerably in recent
vears and the first disease-resistant bred hybrids are now being cultivated commercially.
However the genetic improvement of bananas and plantains remains an expensive and slow
task, and, considering the scale and diversity of the problems facing banana and plantain
growers worldwide, these programmes are still too few in number. Many gaps remain in the
knowledge of the major pests and diseases affecting Musa and there is a continuing need to
conduct basic plant pathological research. Sources of resistance available to breeding
programmes are also limited and these should be widened to avoid the dangers of genetic
vulnerahility, It is clear that there is still much work to be done before a range of pest and
disease resistant varieties, suitable for the varying regional needs and conditions, will be
widely available. It is only through close international collaboration, drawing tegether and
building on the limited number of on- going initiatives in Muse improvement, that a
significant impact will be made in years to come.

Global Programme for Musa Improvement

Considerable progress has been made in recent years by Musa breeding programmes.
The first hybrids fo be released for general cultivation through the International
Network for the Improvement of Bananas and Plantains/United Nations Development
Programme (INIBAP/UNDP) International Musa Testing Programme (IMTP) were
produced by the Fundaciin Hondureiia de Investigacion Agricola (FHIA) and these are
now being tested in national evaluation programmes in more than 50 countries, In some
countries these hybrids are already being cultivated on a wider scale by farmers.
Similarly, black Sigatoka-resistant plantain hybrids have been developed by the
International Institute of Tropical Agriculture (IITA) and these have been widely
distributed for evaluation by national programmes in Africa. Further improved hybrids
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from several breeding programmes are presently being evaluated worldwide as part of
the second phase of the IMTP and hybrids from other breeding programmes, including
those of IITA, Centre de recherches régionales sur bananiers et plantains (CRBP) and
Empresa Brasileira de Pesquisa Agropecuaria (EMBRAPA), are ready for inclusion in a
third phase. INIBAP has also established an informal Musa ‘breeders’ network’,
specifically to stimulate cooperation in such breeding efforts.

In parallel, a Banana Improvement Project (BIP), co-sponsored by the Common Fund
for Commedities (CFC), the World Bank and the Food and Agriculture Organization of
the United Nations (FAQ), was set up in 1993 with funding for five years. This project
aims to increase the productivity of export bananas, through the development of higher

- yielding, disease resistant varieties and by reducing the costs of production, especially

the cost of pesticide applications. The potential for “spill-over effects” from this project
to benefit smallholder praducers is great.

The Global Programme for Musa Improvement (PROMUSA) has thus been developed
as a means to bring together all the major efforts in the area of Musa improvement. It is
a broad based programme which links the work carried out towards addressing the
problems of export banana producers, including that of the BIP, with those initiatives
directed towards improving banana and plantain production at the subsistence and
smallholder level. The global programme builds upon existing achievements and is based
upen ongoing research initiatives. PROMUSA is therefore a mechanism to further
maximize the outputs and accelerate the impact of the overall Musa improvement effort.
The programme is an innovative mechanism to bring together research carried out both
within and outside the Consultative Group on International Agricultural Research
(CGIAR), creating new partnerships between National Agricultural Research Systems
(NARS) and research institutes in both developing and developed countries. The
formation of such partnerships will also contribute to strengthening the capacity of
NARS to conduct Musa-related research.

Recent biotechnological breakthroughs are now allowing rapid progress in Musa
improvement and real impact can be expected in the near future. PROMUSA therefore,
in the initial stage, is focusing specifically on research directly related to Musa
improvement. Wide participation in the programme ensures that PROMUSA has a global
perspective and the structure is such that ownership of research is broadly based. A
global and regional evaluation programme operates in parallel to the improvement
research activities allowing NARS, and subsequently farmers, early access to improved
material as it is produced. The evaluation programme not only provides a mechanism for
the rapid dissemination of research results to farmers, but is also a channel through
which information from farmers is fed back into the programme.

It is recognised that issues related to intellectual property rights and biosafety
regulations have profound implications for programme implementation and these will
need to be addressed within the framework of PROMUSA.

Funding which becomes available to the programme will be channelled to priority
activities through a number of mechanisms including competitive grants and specific
contract research grants.
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Guiding Principles

e The Global Programme for Musa Improvement will focus specifically on genetic

improvementi and supportive research and priority will be given to research which has a -

global or regional significance,
s PROMUSA will operate as a consortium and will rely on a range of funding mechanisms.
Partners in the programme are expected to contribute in-kind their own research
- and, in addition, the programme seeks further resources in order to address priority
research needs, as identified by the programme partners.
¢ PROMUSA’s organizational structure will be simple and efficient in order to ensure that
maximum support is maintained for research activities.
Programme activities take place in a series of thematic working groups, which allow
continual interaction between group members. Interdisciplinary contact also occurs
at regular intervals through meetings at the programme level and on a continuing
basis through the programme secretariat.
Thematic working groups operate as networks, thus the formation of collaborative
projects between group members, resulting in a division of labour and the creation
of synergies is facilitated. Networking as a modus operandi not only fosters collabo-
ration between network partners but also provides an efficient mechanism for prior-
ity setting and facilitates the regular flow of information between network members.
* Participation in PROMTSA will be based on the capacily to coniribuie through a high
scientific capability in Musa research and on comparative advantage and will be on a
voluntary basis.
* Decision making within PROMUSA will follow a ‘bottom-up’ approach and participating
scientists will be fully involved in this process.
Decisions are based on scientific priorities identified by programme participants
and based on users needs. The global and regional Musa evaluation programme
plays a major role in this regard, providing a mechanism for the two-way exchange of
information between NARS and research and breeding programmes. The provision
of feedback information regarding farmers’ needs is of particular importance in
setting research priorities. The existing regional banana research networks also
provide a useful channel through which information from national programmes is
fed back to the global programme.
e Partners in PROMUSA will benefit from:
— global prioritization of research needs;
— improved possibilities for funding for programme participants due to recognition
of the programme by donor agencies;
— close interactions with, and knowledge of, other research teams within their
area of specialization;
— opportunities for interdependent research projects (i.e. projects requiring
interdisciplinary and complementary partnerships);
— improved access to information and resources;
- participation in programme meetings and conferences.

A Global Programme for Musa Improvement o 1

Programme Structure

The programme operates as a series of interlinked thematic working groups coordinated
by an Executive Secretariat. The programme is directed by a Steering Committee and
operates under a Programme Support Group. Further details of the programme structure
are given below.

Programme Support Group: This is composed of major donors and stakeholders and
thus comprises representatives from donor agencies (e.g. countries, International Fund
for Agricultural Development (IFAD), CFC, UNDP, World Bank, Foundations, private
sector); other relevant organizations (e.g. FAO and the Inter-governmental Group on

- Bananas); representatives of Advanced Research Institutes (ARls), International

Agricultural Research Centers (JARCs) and NARS. Membership is also open to other
interested parties. The Programme Support Group provides visibility, gnidance and
support to.the programme. It endorses the overall direction and strategy of the
programme and contributes to identifying and providing additional funding and other
resources 4s necessary.

Steering Committee: The Steering Committee comprises representatives from NARS,
ARIs and IARCs. In addition, the Chair of the Programme Support Group attends the
Steering Committee meetings as an observer. This committee is responsible for pro-
posing direction and providing oversight to the programme. [t sets priorities based on
technical advice from the working groups compiled by the Executive Secretariat and
advises donors on the allocation of resources to the programme. The Steering Committee
also approves the programme strategy, medium term plan and annual workplan. It
commissions reviews of the programme, advocates on behalf of the programme and seeks
external technical advice as appropriate.

Executive Secretariat: The Fxecutive Secretariat is provided by INIBAF. It serves as
the programme coordinator and is responsible for ensuring the smooth running of the
programme as well as providing a programme secretariat. It also facilitates the
organization of technical meetings, both thematic and interdisciplinary, and
disseminates information to programme partners. It prepares reports and compiles lists
of priorities, based on technical advice provided by the thematic working groups.
Internal communication is a particularly important aspect of the programme, and the
Executive Secretariat plays a critical role in stimulating contacts between groups.
Regular inter- group information exchange is ensured through a programme newsletter,
which is either published separately or included as a “PROMUSA” seciion in an existing
newsletier. The Executive Secretariat also has an important role to play in providing
feedback to the programme and ensuring a link with the end-users. The Executive
Secretariat can also, if required, play the role of executing agency for funding provided
to the programme.

Thematic working groups: The working groups are the heart of the programme. The
members of these groups implement the programme workplan through a project
portfolio which includes projects carried out by individual participants as well as
collaborative projects involving a number of participants funded through various
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mechanisms. Participation in the working groups is based primarily on capacity fo
contribute and comparative advantage, but will also depend on the priority research
needs identified by each group. As the programme evolves, research priorities will
change and this will necessarily result in changes in the make up of each working group.
Working groups cover the major research needs, which at this stage include Genetic
[mprovement, Fusarium wilt, Sigatoka diseases, Nematodes and Viruses. This
complement of working groups is however dynamic in nature and new groups may evolve
during the lifetime of the programme.

Operating in small subject-specific working groups means that frequent interactions
can occur between group members and flexibility is possible in the organization of group
meetings. Each working group operates as a network within which research results,
information, germplasm etc. are exchanged. In this way, each working group is able to
ensure that it makes the best use of the resources available to the group as a whole and
duplication of effort is minimized. Through the creation of synergies, the total output of
the working group is greater than the sum of its component parts. Each working group
develops a mechanism for ensuring regular contacts between group members and for
facilitating information and material exchange between group members. Interdisciplinary
ccqtacts between the various working groups are also essential to address many of the
major research needs and such links are therefore encouraged and facilitated.

Programme Support Group
Steering Committee

[Exdewtive Secretariat]

Genetic improvement

* Breeding and Genetics
* Genetic Engineering

Sigatoka Virology Nematology

Global and Regional Evaluation
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Programme Strategy and Medium
Term Plan

General Objectives

1. To increase the productivity of bananas and plantains produced for home con-
sumption and local and export markets in an environmentally sustainable manner.

9. To foster the development of improved Musa varieties with a wide genetic base, and
consumer acceptability and to disseminate these varieties to farmers through
participating NARS.

3. To facilitate and stimulate partnerships among NARS, advanced research institutes,
and IARCs to increase the efficiency and cost-effectiveness of global Musa
immprovement efforts.

Specific Objectives
e To obtain the necessary basic scientific information to enable the production of a
wide range of genotypes resistant to the major nematode pest species and to Sigatoka
and Fusarium diseases.
This will include:
— Identification of sources of resistance - nematodes, Sigatoka, Fusarium;
— Better knowledge of the types of resistance to nematodes, Sigatoka and
Fusarium and an understanding of the inheritance of these traits,
— Information on pathogenic variability and geographic distribution of major
nematode pest species and of the Sigatoka and Fusarium fungi.
s Development of efficient breeding methodologies.
This will include:
— Broadened genetic base of material used by breeding progranmes;
— Identification of molecular markers and their use in marker-assisted breeding;
— Development of biotechnological tools;
— Integration of conventional breeding and biotechnology methodologies.
+ Control of viruses in Musa.
This is through:
— Development of robust diagnostic systems for the major viruses affecting
Musa. in order to facilitate germplasm movement;
— Production of transgenic virus-resistant clones.
e Evaluation and dissemination of improved varieties through a global and regional
evaluation programme.

Strategy

The production of improved, farmer accepted, Musa varieties through the development
and application of conventional and biotechnological breeding approaches, incor-
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porating resistance to pests and diseases to increase productivity and reduce pesticide
use, operating in an environment in which collaborative partnerships and close inter-
actions are fostered.

Expected Outputs (5 years)

* New sources of resistance/tolerance to nematodes, Fusarium and Sigatoka identified
and being used by breeding programmes;

* Fusarium and Sigatoka resistant varieties produced by conventional breeding
approaches;

* Disease resistant hybrids of various types, including export bananas, plantains, Silk-
type, Pome-type, cooking bananas, etc. being evaluated in multi- locational trials;

* Knowledge on the extent of adaptation of varieties that have passed through the
evaluation programme;

* Database of agronomic and resistance/folerance characteristics of the main varieties;

* Improved diploids available to breeding programmes; '

* Molecular markers available for marker-assisted breeding schemes;

* Resistance constructs for banana bract mosaic virus (BBrMV), banana bunchy top
virus (BBTV) and cucumber mosaic virus (CMV) developed,;

* Diagnostic tests available for most major viruses including latent infections of BBTV:

* Basic information on banana streak virus (BSV} system for use in developing
transgenic resistant plants;

* Efficient genetic transformation methods;
Better understanding of host/pathogen relationships and mechanisms of resistance
to nematodes, Fusarium and Sigatoka;

* Information on relationship between Musa varieties and various components of vield
loss caused by nematodes;

* Fusarium and Sigatoka pathogenic diversity clarified.

Expected Outputs (10 years)

* Fusarium/Sigatoka resistant clones developed through conventional and transgenic
approaches;

* Nematode resistant clones developed through conventional and transgenic
approaches;
Virus resistant clones developed through transgenic approaches;

* Range of improved germplasm, with broad genetic base, available to NARS and
farmers;

* Early screening tests developed;

* Resistance genes identified;

* More molecular markers available for marker-assisted breeding schemes.

Genetic Improvement Working Group v 15

Working Group Reports

Genetic Improvement Working Group!

1. Scope of Work, Priority Research Needs and Major
Constraints

Tt was noted that recent advances in the genetic improvement of Musa have been

significant, with several hybrids of dessert banana, plantain and cocking banana being
gvaluated in many countries. Some of these hybrids have recently reached the stage of
commercial proguction and marketing in a few countries.

Additional funding for on-going improvement efforts has therefore the potential to
greatly enhance the production and release of better cultivars, both for the world export
market and for the local consumption and market scenario.

1.1 Scope of werk

To produce improved Musa varieties through the integrated use of classical and
biotechnological breeding approaches. In relation to classical breeding, the emphasis
will be on research to improve the efficiency of breeding, including the development of
marker-assisted breeding schemes, as well as on the enhanced utilization of plant
genetic resources by breeders and on the greater exchange of breeding materials
hetween breeders. In relation to genetic engineering, the scope of work is to develop
efficient and transferable or generally accessible molecular biology and plant gene
transfer tools for generating genetically modified bananas. Feasible methods identified
are: transformation techniques through particle bombardment, Agrobacterium
tumefaciens or protoplast electroporation as well as protoplast fusion techniques.

1.2 Pricrity research needs
For the identification of priority research needs the Genetic Improvement Working
Group divided into two sub-groups: the Breeding and Genetics sub-group and the Genetic

Engineering sub-group.

(1) This report was prepared as a result of meetings held in Guadeloupe in which the following participants
were involved: F. Bakry (CIRAD), F. Carreel (CIRAD), 8. Clendennen (BTI), F. Cote (CATIE/CIRAD), J. Dale
(QDPT), Do Nang Vinh (AGI), J-V. Escalant (CRBP/CIRAD), J- P. Horry (INIBAP), C. Jenny (CIRAD),

D. Krigsvold (FHIA), N, Li (HKUST), K. Nair (KA}, 8. de Olivera e Silva (EMBRAPA), G. Orjeda (INIBAP),
A. Pires de Matos (EMBRAPA), P. Rowe (FHIA), L. Sagi (KUL), M. Smith (QDPI), R. Swennen (KUL), K.
Tomekpe (CRBP), D. Vuylsteke (IITA). In addition, the following sclentists were consulted subsequent to the
Guadeloupe meeting: R. Gonsalves (Banana Board of Jamaica}, 5.C. Hwang (TBRI), P. Lagoda (CIRAD),

M. Malusziynski (IAEA), G. May {BTI}, H.P. S8ingh (NRCB), H. Tézenas du Montcel (CIRAD), A. Visser (ARC-
ITSG), C. Vuillaume {CIRAD) and J. Zapata (IAEA).
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Breeding and genetics sub-group

An integrated approach to genetic improvement requires that all activities in the scope

of the work should be undertaken. The highest priorities have been identified as follows:
— Enhanced utilization of plant genetic resources by breeding programmes;

Exchange of breeding materials and information;

Research into efficient breeding methodologies;
— Marker assisted selection.

* Enhanced utilization of plant genetic resources by breeding programmes
Breeders need better access to existing Musa collections for increased availability

of natural germplasm. Where gaps are identified in these collections, targeted

exploration and collection of germplasm should be considered, with a particular
focus on wild species. Such exploration should be coordinated by INIBAP/IPGRI.
To improve access to existing collections, more effort should be put into good

—-—

characterization of the germplasm and the ensuing databases/ information should :
be exchanged among collections and breeders. Existing working collections should

also be supported in their germplasm conservation efforts.
This activity will result in a broader germplasm hase in breeding programmes.

* Facilitation of the exchange of breeding materials
Breeders’ materials at various stages of improvement, and of varying ploidy should
be exchanged more vigorously among breeders. This can be facilitated by a better
characterization of such materials and the exchange of information (including

breeders’ notes on combining abilities). This activity also requires faster and
easier, but reliabie virus diagnostics, which should be achieved both by increasing

the INIBAP/Virus Indexing Centers (VICs) capacity and by decentralizing

pathogen testing for regional germplasm movement.

¢ Research into efficient breeding methodologies

Various schemes and approaches to genetic improvement should be tested to

make banana breeding more efficient and to strengthen overall breeding efforts

in order to better address national and regional needs.

— Investigations into the genetics of important traits, e.g. disease/pest
resistance and quantitative traits.

— Marker assisted selection, particularly for screening of traits that are difficult
or slow to evaluate, as such increasing the efficiency of breeding and
selection,

- Multilocational evaluation of germplasm to investigate genotype-by-
environment interaction and to determine the stability of important traits.

— Research into somaclonal variation and mutation induction as tools for genetic
improvement, including the molecular analysis of the basis of somaclonal
variation.

* Marker assisted selection

Research related to molecular markers links with the work carried out by the

genetic engineering working group. The following research areas are therefore

applicable to both groups:

i : 17
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— Molecular mapping for marker assisted selection to identify single gel}es
and genome segments for use in transformation of cultivars and breeding
materials, . _ _ )

— Development of efficient recombinant DNA techniques f.or 1solat!on an
introgression into Musa of genes covering a wide array of desirable traits.

etic engineering sub-group - - ‘
fen'l‘ransfgormation protocol {development of efficieni transformation systems,
i i i lture activities)
including upstream and downstream tissue cu ‘ |
Development of pre-transformation tissue culture systems, Whl.Ch do noF cause
somaclonal variation, for the different varieties of interest. This would_ incinde
investigations into genotype effect on the development of cell suspensions and
the development of meristern cultures with a high eapacity for regeneration.
Development of reliable constructs for transformation. .
Devélopment of a molecular tool box for controlled gene expression.
Priority ranking: High
¢ Availability of promotors .
There is a need to identify all kinds of strong promotors for transgene expression,
including promotors that can be obtained from banana plants.
Priority ranking: High
» Molecular genetics
(Gene mapping;
Library consiruction (Bi-BAC);
Comparison of sequence homology between genotypes,
Cloning genes of important traits; '
Transposon-tagging and T-DNA-tagging;
Priority ranking: High o
¢ Selection markers, alternatives to antibioties
Priority ranking: Medium . ‘ N
¢ Development of early in pitro selection methods/mediums for identifying
somaclonal variants with interesting traits.
Priority ranking: Medium . o '
» Development of in vitro early mutagenesis for producing plants with interesting
traits.
Priority ranking: Low.

1.3 Major constraints o
+ Short-term nature of funding - this is of particular reievffmce to genetl.c 1mpro\‘fernent
programmes, which are expensive and time-consuming and require continuous
ng-term basis. . .
. ?ﬁgﬂ?;f;g ll(i)nig(ages between genetic engineerir!g' and conve.ntlona% breeding
programmes: these links need to be improved and facilitated especially for:
a. evaluation of transgenic products in the field
b. transformation of breeding lines
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¢. evaluation of map-based cloning of genes of important agronomic traits

¢ Delayed access to virus indexed material due to time consuming virus indexing
procedures.

* Intellectual property rights: Patents on constructs, products, etc. may prove to be a
constraint in certain circumstances but this will vary depending on the type of
product, the destination of the product (export, local, consumption) ete.

¢ Inconsistent national biosafety regulations: The fact that these regulations vary from

~one country to another is a limiting factor and has an influence on several activities

including the use of particular constructs and selection markers and field evaluations. ,

* Access to national plant genetic resources.

¢ Lack of marketing information.

* Lack of acceptance of new export bananas into the established marketing channels.
* Lack of good characterization of host plant/pathogen interaction.

2. Research Strategy

The working group recognises that there are a number of approaches for the improve-
ment of Muse:

* Breeding

* Genetic engineering

s  Mutation.

The group recognises that the best strategy to strengthen Musa improvement is through ;

the close integration of classical and genetic engineering breeding approaches and
through the sharing of breeding material and knowledge among group members,

* The Executive Secretariat should facilitate the exchange of material and information;

* The different groups need to improve their tools, particularly in relation to the
further development of marker assisted selection;

* PROMUSA should establish “resource centres” from which material could be obtained

for genetic improvement research (e.g. cell cultures, libraries, vectors, Agrostrains
etc.).

3. Areas for Collaboration
* Germplasm evaluation, including multilocational trials, such as IMTP.
* Marker assisted selection, exchange of markers,

* Integration of biotechnology and conventional breeding programmes, including
testing of transgenics,

3.1 New areas for collaborative research

* Integration of somaclonal variation and conventional breeding.
* [nformation on available germplasm and breeding materials.

Genetic Improvement Working Group e 19

¢ Scientist exchange. .
 Development of a breeding programme in Southeast Asia.

3.2 dentification of research needs requiring inter-group collaboration:

Genetic engineering - Virology groups .
e Introduction of resistance to virus is thought to be feasible only by genetic trans-

formation. o
o A possible risk of activating BSV integration sequences through transformation is
recognized and requires a collaborative approach.

Genetic improvement - Nematode, Fusarium, Sigatoka groups
s |solation/introduction of mapped resistance genes.

4. Inventory of Existing Facilities, Expertise and On-going
Research

4.1 Existing facilities and expertise

Breeding and genelics sub-group

CRBP Focus on breeding of plantains and other locally impc?rtar\'.c varietiles;
Cameroon large collection; diploid segregating populations; availability of different
agroecologies; regional approach; contacts with NARS.

FHIA Currently oldest active breeding programme with large collectioq of

Honduras improved diploids; core funding; focus on dessert banana, ptantain and
cooking banana.

CIRAD Focus on dessert banana breeding; different strategies; s'upport from

France maolecular biology and cell biotechnologies; large collection of natural and
improved dipleids.

EMBRAPA Focus on Silk and Pome bananas; availability of different agroecologies;

Brazil can screen for resistance to yellow Sigatoka, Fusarium and Pseudomanas
solanacearum race 2.

VASI Good collection, possibility of testing for Fusarium wilt; improvement of

Vietnam Cavendish.

IITA Focus on plantain and cooking banana breeding; suppo_rt from molecular

Nigeria biclogy; broad regional approach and good contacts with NARS;
core funding.

ARC-TSC Nursery evaluation for Fusarium resistance.

South Africa

Banana Board Oldest collection in Latin America and the Caribbean; 4)(_x 2X breeding;

Jamaica synthetic 2X breeding; 4X resistant to Sigatoka and Fusarium

A list of acronyms and abbreviations is provided at the end of the document.
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Genetic engineering Sub-gro up institute On-going Expected Time
Research area Transformation protocol  Promotors Mapping Gene cloning activity output frame
Institute Tissue culture  Gene ITA Enhanced Musa  Germplasm with desirable alleles available and used. 3 years
activity transfer Nigeria ~ germplasm Main focus is on ideotype breeding and multi-trait
BTI, USA xX XX x a utilization selection, and population improvement based on
CATIE, Costa Ri X combining abilities. Desirable traits include Sigatoka,
, Costa Rica XX X - . N virus, nematode, Fusarium, weevil resistance, better
CICY, Mexico XX ? 2 5 3 root systems and good fruit quality.
CIRAD, France X XX X XX - Improved At least 10 improved genotypes tested in multilocational 4 years
CRBP, Cameroon X - _ i ' plantain trials in at least 8 African countries. The breeding
Cuba - ) and banana approach includes conventional and non-conventional
XX X T ? ? genotypes and  cross-breeding, polycross breeding, varietal mixtures,
HKUST, X _ XX i XX populations and international dissemination of improved genotypes.
Hong Kong \ Hybrids should include high and stable yield,
KUL Belgiom ! resistance/tolerance to biotic and abiotic stresses,
 Oeg XX XX X - - : ) desirable plant habit, and good fruit quality.
QUT, Australia XX XX XX i ’
Univ. Hawaii ) EMBRAPA Breeding for One or more hybrid (Pome-type) resistant to black
USA. " Brazil dwarf, disease and yellow Sigatoka. One or more Fusarium resistant
X X - - - and pest resistant Silk hybrids. Gne or more hybrids resistant to Moko.
Univ. Paris X, hananas All hybrids tested under farmers field conditions. 5 years
France XX X _ ) (including Moko
EMBRAPA/CNPMF, XX X - X ” resistance)
Brazil CRBP Plantain Dwarf plantain hybrids with resistance to black 5 years
ARC-ITSC, XX X . Cameroon improvement Sigatoka and R. similis, virus indexed and evaluated in
South Africa by 3X x 2X —> 4X  multi-locational trials in West and Central Africa.
i —— Improved plantain-like male parental lines developed
A. list of acromyms and abbr_eﬂatlons is provided at the end of the document. ang testedF.) P P
X[']:.:.m the l‘letlevant expertise in thelr domain XX: have the relevant expertise and have already obtained '
itive results. i . - . , .
P Suls Production of Improved 3X plantain hybrids tested in multilocation 5 years
4.2 Inv i Plantain hybrids  trials in West and Central Africa.
entory of on-going research by 2X-> colchicine New crosses ABAB x AA or BE.
Institute On-going Expected Ti => AX x 2X-> 3X.
activity o ¢ ime {Collaboration
utpu frame ;
FHIA Breeding 1 - with CIRAD)
e’ reeding for Ope, or more, black Sigatoka- resistant, dwarf hybrids 5 years
onduras replacemen-t for w_rlth export qualities. This is being done by crossing Diploid Creation of disease and pest resistant plantain-like AB
the Cavendish disease-resistant, agronomically-improved bred diploids improvement hybrids (BB x AAcy) for the triploid breeding scheme
export banana  onto the Lowgate dwarf mutant of Gros Michel. for improved ABAB x AAcv.
Development of the FHIA-01 banana has shown that plantain-like
this 3).( x 2X approach 1o genetic improvement is parental
effective. breeding lines
Breeding for One or more hybri i i isti
dwarf, disease-  Development gfbtf::f;"\f_ilﬁ_;?e ClieSLrE_d :]h;rz_a;tsnstlcs. 5 years Germplasm About 400 natural accessions evaluated for 3 years
resistant I <1 plantain hybrid has characterization  agro-morphologic traits, fruit quality and resistance
r validated the approach being employed in plantain .
plantains improvement. to disease and pests.
Breeding One or more hybrids for evaluation in East Africa. S years Plantain Selection of 10 or more tetraploid plantain hybrids 3 years
f<_3" dwarf, . The FHIA-03 cooking banana already developed in this improvement resistant to BLS and other parasites for global
disease-resistant  breeding objective is being cultivated commercially in by tetraploid and regional evaluation.

cooking bananas Cuba. breeding
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Institute On-going Expected Time Institute On-.g?ing Expected Time
activity output frame activity output frame
inloi i ity Agrobacteriumf/ Efficient and reliable systems.
CRBP Diploid Twenty or more resistant plantain and cooking-type 3 years g:::\‘r:;isir mferistem
Cameroon improvement AA and AB for tetraploid and triploid breeding. USA transformation
' system
{cont'd) AARB triploid 10 or more plantain and cooking-type hybrids 5 years ¥
breeding resistant to disease and pests available for global Gene gun/cell
and regional evaluation. suspension
transformation
Formal genetics  Four or more diploid segregating populations. 3 years system

Better knowledge of the genetics of resistance and

major agronomic traits. Embryogenic

callus
CIRAD Triploid breeding: Creation of triploid hybrids resistant to BLS, Y5, 5 years tra:sformatlon
France production of R. similis and Foc for exportation and local ; system
L . H -
AAA and AAB market in different countries. : CIRAD In vitro Efficient methods of transformation.
dessert bananas France regeneration
and gene transfer
Enhanced Development of a database. 5 years method
Musa germplasm  Precise identification of the relationships between - — I P
characterization  cultivated triploids and related diploids. Genetic Better knowledge of the origin and genetic bases o
and utilization engineering/ the resistances/genes of interest.
mapping/gene
Genetic mapping Research of QTL. 5 years cloning
Iden_tification of genes of agronomic interest Genetic Transformed plants with exogenous genes expressed 1997
coming from banana genomes. engineering with improved agronomic/pest-disease resistance traits. on-
e o . (particle wards
Banana Breeding varieties Varieties (tetraploid) resistant to black Sigatoka are 5 years bombardment
Board suitable for food being crossed by diploids 4X x 2X and 4X x 2X => 3X. Agrobacterium

lamaica  and commercial One very promising triploid has been produced so far. transformation)

production. Continuation of this approach seems to be on a
Tetraploids and  progressive path. BTI Structural genes  Constructs for tissue-specific expression in banana. 2 years
triploids resistant usa from banana. Bi-Bac library construction.
to black Sigatoka, Promoter
Foc and characterization
nematodes. - - :
ARC-ITSC  In vitro Efficient and reliable systems for regeneration. 2 years
CATIE in vitro In vitro cryopreserved cell suspension from 3 years south regeneration
Costa Rica regeneration different cultivars. Africa methods
methods Method of Gene gun. 2 years
transformation
Methods of Efficient methods of transformation. 3 years
transformation in vitro evaluation 3 years
: for cold tolerance
:(K)(rl‘.l;TKong ;zrrropr:aizlgrrllzfcs;?‘:gnﬂng two ACO and two ACS 2 years Nursery evaluation On.
' for Fusarium going
Study of the differential regulation of the gene 2 years resistance
expression of ACO and ACS. lohn AFLP mapping Technique is currently up and going in many crops,
Innes e.g. cereals, yams, cowpeas, other legumes etc.
Subcloning of the promotors that confer fruit or 2 years ' Centre and is being applied to BSV integration.
leaf specificity. ) UK

AE



24

ProMusa
Institute On-going Expected Time
activity output frame
John Flucrescent This is alse being used for the BSV work and on
Innes n situ A & B genotypes. For banana, it is in the early stages
Centre hybridization but is being widely used for other systems. Sensitivity
UK (FISH) is currently at low copy number genes but progressing
(cont'd) towards single copy. Also being used for mapping
retrotransposons.
Comparative Much work in comparative mapping of cereals
mapping (demonstration of colinearity) is now being extended to
other monocaots, There would be an interest at the JIC in
involving Musa in this. With cereals it is proving very
useful in identifying (and isolating) genes especially those
for disease resistance.
KUL In vitro culture  New embryogenic cell suspensions, 3 years
Belgium  technigues Embryogenic cuitures from a wide-range of cultivars.
Genetic Large number of independent transgenic plants 3 years
transformation  with useful gene constructs.
Molecular Characterization of novel promoters in banana. 3-5
genetics Moiecular characterization of fungus/host interactions. years
IEB Flow cytometry  Flow cytometry is used to screen ploidy levels and to
Czech determine nuciear genome size. The technique is
Republic being improved to detect aneuploids and to determine

nuclear genome composition in triploids and tetraploids.

Molecular
cytogenetics

Fluorescence in situ hybridization is used to localize
repetitive DNA sequences on Musa chromosomes and
is being improved to localize low and single copy
sequences. Genomic in situ hybridization is used to
characterize nuclear genome composition. Primed

in situ DNA labelling is being tested for localization of
microsatellites.

Molecular
genetics

Considering extensive experience in other crops, a
possibility to construct chromosome specific DNA
libraries in Musa is being considered,

A Hist of acronyms and abbreviations is provided at the end of the document,
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Sigatoka Disease Working Group!

1. Scope of Work, Priority Research Needs and Major
Constraints

1.1 Scope of work

Sigatoka leaf spot diseases of bananas involve two related pathogenic ascomycete fungi:
Mycosphaerella fijiensis Morelet causing black leaf streak disease (BLSD) and
Mycosphaerella musicola Leach ex. Mulder, causing Sigatoka disease (SD). M. fijiensis is
characterized by its stronger pathogenicity on a broader range of hosts, making BLSD the
most destructive leaf disease of bananas (AAA), plantains (AAB) and other cocking
bananas. :
Research on BLSD is requited in order to develop effective strategies to maintain the
production of bananas and plantains and is of the highest urgency. Integrated solutions
are needed, including the selection of resistant clones, cultural practices and rational
chemical control. Because of the world-wide nature of the problem, it is necessary to focus
on research in the following areas in elose collaboration with breeding programmes.
a. Expansion of knowledge on the types of resistance expression (phenotypes):

b. Assessment of pathogenic variability and distribution of pathogenicity of M, fijiensis
and M. musicola;

¢. Identification of new sources of resistance;

d. Development of screening methodologies for resistance to black leaf streak and
Sigatoka disease (inoculation under controlied conditions, biochemical markers,
screening using toxins):;

€. Determination of the status of Sigatoka diseases in some areas, mainly in Asia;

f. Identification of the different gene interactions during the polycyclic disease
development (components of resistance) through epidemiological studies;

g Improvement of disease evaluation methods to improve the accuracy of the assessment
of resistance phenotypes.

1.2 Priority research needs

Pathogenic variability of the pathogens

Since BLSD has a perfect stage, recombination of genes can occur inducing the
appearance of new pathotypes, The geographical genetic diversity of M. fijiensis at the
global level has already been investigated. However, there is some evidence for the
existence of pathogenic variability as well. It is therefore essential to have a better
understanding of the structure of pathogen populations in order to make the genetic

(1) This report was prepared as a result of meetings held in Guadeloupe in which the following participants
were involved: H. Fagan (WIBDECO), E. Fouré {CIRAD), X. Mourichen (CIRAD}, A. Pires de Matos
(EMBRAPA), R. Romero (CORBANA), 8. Tripon (INIBAP), P. Vi Nai {MAF). In addition, the following

scientists were consulted subsequent to the Guadeloupe meeting: R. Fuiierton (Hort Research), A. Johanson
(NRD), R. Peterson {QDPI), and W. Tushmersirwe (NARQ),
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ement of bananas more efficient and for the resistance to be durable. Research in
improv :

Wing areas is necessary: . o o
e foil'?natiin of the extent and distribution of genetic variability within M. ﬁjwrfszs ?}?2
;; ;nusz'cota populations using molecular markers (neutral markers) and to relate thi,
in ation to pathogenic variability; . o
mfaoli?ilﬁcation at the greenhouse level of the extent of pathogenic .varlablhty of ;he ?&;{;
qutho ens by using a differential set of Muse cultivars (pathotypic markers).' se i
pgthofypes that represent the full pathogenic diversity of the pathogen populations wi
Ee selected in terms of “virulence and aggressiveness”; & strains b
detection at the field level in several areas the presence of pathogenic s 1; t;,
pfanting large plots of selected or reference materials used as a source of resistance

maintain a greater selection pressure.

Development of early screening methods
The following strategies are suggested for research:

Artificial i i ditions
ificial inoculation under controlled con ' o . .
) Inoculation procedures must be available for assessing qualitative (h}ghly reils;a;:ghis
i i i ' f resistance using a set o -
uantitative {(partially resistant) expressions o el : (
‘t‘;;li: zhit represent the full diversity of the pathogen (pathogenicity/aggressiveness in
opulations). . . .
?ngculation procedures to assess qualitative (vertical) resmtanceoari ls;m;;:leezru}lg I(lig 1}3:
i i incubation conditions. On the o .
ire rigorous control of ingculum and incu . : _
;?giltitati%fe (horizontal) resistance, inoculum level, host age, and incubation and post:
culafi iti i trolled.
inoculation conditions, must be strictly con _ .
glr(’)c(i:ficial inoculation ,should not be so severe as to overestimate the capacity Ef %:
agent to cause disease or to under-evaluate the resistance of the host. Factors to
. assessed will include: . o
1. qualitative and quantitative differences in susceptlblll%ty,
2. quality of inoculum (type, age, concentration of conidia, etc.)
‘ iologi imatized vitroplantlets,
3. physiological age of acclimatize : ‘ .
4 Ii:mfir()nmerlltatl conditions prior to, and especially after.moculatmn. Stions
The Icorreiation between the behaviour of young maferial in cor}trolledﬁ c;n; 1_11]0be
(growth cabinet/glasshouse) and the behaviour of mature plants in the e ! }Vlr o
evaluated in using a set of reference banana cultivars already characterized fo

field reaction to BLSD and SD.
* Use of toxins produced by M. fijiensis

The role of toxins in pathogenicity remains unclear2 therefore, research a.lmedi Iz:t.
clarifying this relationship is important before toxins can be used for screening

lasm. Research is required in order to: ‘ . ‘
geer investigate the relationship between the level of ttlne.remstance to Ithe mfectlog
(under natural field inoculation) and the sensitivity to the toxic compoun

produced in vitro by M. fifiensis.
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— compare of the behaviour of intact plants towards the toxins (detached leaf

assays) and the sensitivity of banana tissue expressed in vitro (callus and cell
suspensions}.
The results will be used to develop an appropriate screening technique. The toxins can
be applied to the detached leaves of plantlets or tissue cultured i vifro (callus, cell

suspensions, protoplasts), if it is confirmed that toxin tolerance will be expressed in
the regenerated plants.

New sources of resistance

It appears to be necessary to look for new sources of resistance in areas where host and
pathogen co-evolution have been demonstrated (Southeast Asia),

Epidemiological studies
Sigatoka diseases are characterized by being polycyclic. Resistance in the hest results
from the effect on different components of the disease. It is essential to assess the weight

of each epidemiological sequence (each gene interaction) in the resistant phenotype!
These elements will be very useful for molecular mapping (QTL approach).

1.3 Major constraints

* Lack of expertise in many areas (relatively few institutes werking on this disease)

¢ Insufficient infrastructure
* Need for integration of plant pathology with breeding programmes.

2. Research Strategy

(a) Select a coordinator to identify possible collaborators for research in the following
three main areas:
— mechanisms of resistance
— pathogen variability
— epidemiological studies.
(b)Bring the collaborators together to identify their potential contributions in the
collaboration and develop research proposals in each area. The coordinater will

identify which aspects of the proposals would require funding. The group should be
open to additional collaborators with expertise as needed,

3. Areas for Collaboration

For the evaluation of pathogenic variability, collaboration is sought between banana
producing countries (Costa Rica, Cameroon, Philippines, Tonga) and banana non-
producing countries where this is possible because of quarantine regulations. To obtain a
large collection of M. fijiensis and M. musicola isolates with good coverage of the different

production zones (Southeast Asia, Pacific, Africa and Latin America), the working group
propose;

¢ Close collaboration among all interested partners in supplying isolates, that will be

further characterized for pathogenicity virulence or aggressiveness.

ProMusa
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jon is also sought to condnct field trials in the four main areas, whetl'e
(gﬂﬁ?g Z?rt;?zture of M. ﬁjiinsis is already demonstrated (Southeast As.ia, zf.sfrlca, Llatm
America, Pacific) to detect pathogenic strains and host-parasite specific .mteractlons
{using reference banana clones). At this level, some areas of collaboratml.l‘between
Bureau of Plant Industry (BPI, Philippines), CBBP (Camgroon), Corporacion B;[v;c;
nera Nacional (CORBANA, Costa Rica) and Ministry of Agriculture and Forestry (MAF,
: n be expected. |
TheT;;ll?:t))o(i‘ition b);ptween CIRAD, University of Gemb}oux and CRBP §h0u1d continue and
be strengthened in order to increase knowledge on r.esmtance mech;.mlsms. e
gimilar studies on pathogenic variability and resistance mechanisms can be conducte

" for M. musicola through collaboration between Australia (QDPI), Brazil (EMBRAPA),

Caribbean (WIBDECO, St Lucia).

3.1 New areas for collaborative research o

e Role of toxins in the pathogenicity of both pathogens: Mycosphaerella fijiensis and
Mycosphaerella musicola

.+ Mechanisms of host resistance.

3.2 |dentification of research needs requiring inter-group col!abora‘uon .

Stronger and continuous collaboration is needed between the' Sigatoka working gro%lp and

the Genetie Improvement group. The main areas of collaboration ‘cou}d be as follows._ _

« Identification of new sources of resistance, mainly at the dlp_lmd level. Scrleenmg in
controlled conditions will allow the selection of lines uiiort .resmtance by using patho-

ich represent the full diversity of pathogen populations. .

. -ﬁnpsso‘:;llcaccuﬂacy of assessment methods for the inhell'itance of BLSD thus allowz;lg
-each component of the disease cycle, Le. gene interactlpn between the host .andl 3
parasite, to be distinguished. Such information is essential to map the genes involve

S ial resistance (QTL work). o
Int;?al:ti;ﬁ:?with the [M(TP group is necessary to provide }lseful indications for a more
appropriate selection of IMTP sites (according the pathogenic structure}.

4. Inventory of Existing Facilities, Expertise and On-going
Research

4.1 Existing facilities and expertise

Expertise Lab, Staff Field Greenhouse
CIRAD, France yes yes yes no yes
CORBANA, Costa Rica yes yes yes yes yes
CRBP, Cameroon yes yes yes yes yes
EMBRAPAJCNPMF Brazil yes yes yes yes yes
MAF, Tonga yes yes yes yes yes
WIBDECO, Windwards Isiands yes no yes yes no

A list of acronyms and abbreviations is provided at the end of the decument.
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4.2 inventory of on-going research

On-going research

Institute
CIRAD

Host pathogen interaction (s).

Genetic diversity within M. fijfensis - Assessment of pathogenicity.

Early screening methods.

France

sA0)EdMpU|

Pathogen variability and fitness related to fungicide resistance.
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Variability within Mycosphaere/la musicola.

Brazil

synding

analyses of molecular variability;

greenhouse pathogenicity testing; work on epidemiological aspects of

]

large collection of isolates of Mycosphaerelfa species from around the
the disease, in particular spore dispersal in the field in Central America and

Study of the distribution of Mycosphaerelia species in East Africa;

g g
g 2
) W [ =
o E 2
2 £ 2 £
7] o ol = s
c e = T 2
.2 o & 5 =
+ 1] U @ =]
fo 5 i) -
= .W & mw.; =
=3 T =8 a £ D
g = 8 2 |w
a b=t v @ C =
B , @ = o) =
c i = = 2o L
] g 9o =
o =] c M g, =
£ i - o g 5]
ed = - c - =,
s | £ £ 5% |2
T @ 3 o BL |g
= (£ o @ |.2 Nx |5
= [ m o |5 - o =
= |Elssl28E|s  |EL B
a ] 5] < |® G © =
o = [ c £
Q Lo} L Q0
> w z w |\ Ue =
o
=
oS
€ 23 g
M.m.m c 5 6 =
a |k [ =
waq & Z2E€ |23 g
21H Sg2|E2e|s
£z z38|822l
- o g 5
Oe_AInRK a.gz 3 nedm
Tzl=l=Zz2> Cod[DUm|

sanduj

|eon

ueld wusl-wnipapy



32 ProMusa

Fusarium Wilt Working Group'

1. Scope of Work, Priority Research Needs and Major
Constraints

1.1 Scope of work

The Fusarium Wilt Working Group will continue to concentrate on the assessment of
genetic and pathogenic diversity in Fusarium oxysporum i sp. cubense (Foc) and on
surveying the geographic distribution of genetic and pathogenic variants of the pathogen.
Efforts will be made to identify additional parents which resist Fusarium wilt, especially
tropical race 4 (VCG 01213-01216), as well as advanced hybrids of the different types (e.g.
sweet-acid dessert, export dessert, etc.). Where appropriate segregating populations of
the host and sufficient resources exist, marker-assisted selection will be investigated.
Work will also be carried out to investigate why tissue cultured plantlets are more

susceptible to this and other diseases and the means by which their vigour can be
enhanced.

1.2 Priority research needs

Early screening test

The ability to score Foc isolates for virulence on different banana clones and different
clones for resistance to pathotypes of Foc would assist the breeding programmes and.
allow the informed deployment of germplasm to various producing regions. Expansion of

existing facilities and resources would allow significant research in this area to be
conducted.

Field screening of parents and clones

Field screening has been and will likely continue to be the primary means by which
resistance is identified for the near future. Moreover, it will remain the only way in which
the agronomic performance of clones can be assessed for the foreseeable future. Thus,
significant on-going activities in this area should continue.

Genetic variation in Foc

To date, considerable progress has been made in characterizing the extent and
geographic distribution of genetic variation in this pathogen. However, large and
important production areas have not been assessed in Asia, Africa and the Americas.
Continued work on the genetic diversity and phylogeny of populations of Foc is needed,
especially in the non-explored areas.

(1) This report, was prepared as a result of meetings held in Guadeloupe in which the following participants
were Involved: Z. de Beer (ARC-ITSC), K. Pegg (QDPI), A. Pires de Matos (EMBRAPA), R. Ploelz (Univ. of
Florida), M. Smith (QDPI), R. Valmayor (INTBAP-ASPNET). In addition, the following scientists were
consulted subsequent to the Guadeloupe meeting: J. Herndndez (ICIA), A. Kangire {NARO}, N. Moore
{QDPI), M. Rivera (FHIA) and M. Rutherford (CAB-IMI).
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Marker-assisted selection

Very little has been done in this area to date. Two F, popuiatior}s hlave been produced for
use in such work (see constraint #5), but it is not clear at this time whether better or
different populations are needed. Despite the very great expense of such research, work
in this area is warranted.

Plantlet vigour .
Recent research in Australia has clearly demonstrated the greater susceptibility of tissue
culture plantlets to Fusarium wilt when compared to conventional seed piecesﬁ; Research
to elucidate the cause(s) for this phenomenon and means by which plantlet vigour could

. be increased and susceptibility decreased is necded.

1.3 Major constraints

 Quarantine regulations restrict the use of nonendemic isolates of the pathogen in
virtually all producing areas (the plantlet test described for UF-Homestead are
conducted under APHIS-USDA permit). These restrictions constrain the scope of
work that can be conducted in this area.

e Expertise and infrastructure are limited in the key areas in which trop?cal race 4 is
found (Halmahera, Java, peninsular Malaysia, Sulawesi, Sumatra and Taiwan). In the
two best locations, MARDI-Malaysia and Solok-Sumatra, routine screening of parents
and hybrids for resistance should be possible but training of national scientists and
the assistance of pathologists from other locations may be required.

o Lack of facilities world-wide constrain the use of the plantlet screening test developed
at UF-Homestead. Considering the need for replication (at least six) and for internal
controls of the race differentials, it is necessary to have increased incubator capacity
in order to screen several clones or pathogen strains at the same time.

e Although the free exchange of improved parental lines among all interested parties is
desirable, this is seldom the case. The delayed access to improved hybrids due to
slow virus indexing techniques is also a constraint to Musa improvement research.

* Breeding programmes may be encouraged by collaborating organizations to provide
advanced hybrids in exchange for information on the performance of parents and
hybrids.

¢ It is not clear whether good segregating populations exist for determining the
inheritance of resistance to diverse pathotypes of Foc or for developing molecular
markers for use in breeding programs. Two F,, populations have been created for such
work. One (CIRAD-FLHOR) utilizes relatively homozygous parents of unknown, but
assumed resistance to Fusarinm wilt, whereas the other (FHIA) utilizes heterozygous
parents of partially characterized resistance.

2. Research Strategy

Early screening tests have been developed but these require strengthenil}g in ort'ler to
produce significant information on pathogenic diversity in Foc and on resmt‘ance in 1_;he
host. On-going field screening efforts will continue to provide much needed information
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on the resistance of parents and progeny fo the important pathotypes of Foc. As breeding
{conventional and biotechnology) and the recognition of variants of Foc continues, this
effort will need to be expanded. In addition, the results obtained from early screening
will have to be verified in the field. Studies on the variation in Foe will continue with
further collectinns being made in important production areas in Asia, Africa and the
Americas. The efficiency of breeding efforts will be increased through the identification

of markers which are linked to resistance and efforts will be made to enhance the
hardiness of tissue culture plantlets,

3. Areas for Collaboration

Informal links established between University of Florida, QDPI and ARC-ITSC and
breeding programmes;

University of Florida with FHIA and TITA;

ARC-ITSC with FHIA and CIRAD (in fature);

QDPI with FHIA and CIRAD;

Internal link between University of Florida, Homestead and University of Florida,
Gainesville;

Internal link between QDPI and CRCTPP and QDPI and QUT;
External link between ARC-ITSC and TBRI {Taiwan);

Need to develop close links with NARS on 01213/01216 areas e.g. MARDI, CRIH, synergies
created where mutual benefit;

EMBRAPA/CNPMF with QDPL.

3.1 New areas for collaborative research

Early screening test - Fundamental to success of PROMUSA

Requires a 3-way collaboration between a tissue culture laboratory supplying good
quality plantlets, the early screening centre, and a field site to verify results.

Genetic variation

Inability to collect in some areas due to funding constraints,

Field screening

No site for detailed studies with 01213/01216 - sites available in Malaysia and Indonesia
but clear mutual benefit must be provided,

Molecular markers

Need to identify suitable F, segregating populations. Ideally there should be a black and
white situation for resistance/susceptibility - also need to study inheritance of resistance,

3.2 Identification of research needs requiring inter-group collaboration
* Molecular Markers - need to collaborate with genetic improvement group.

Evaluation of diploids and progeny - need to collaborate with genetic improvement
group and IMTP

Hardiness of tissue culfure plants - need to collaborate with nematology group.
For pathogen diversity studies - need to collaborate with IMTP.
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Time frame
Diversity

5 years

Resistance

10 years

10 years

Collecting missions
5 years. Variation -
major information
in 5 years but
ongoing for 10 years.
10 years

5 years

germplasm. Early elimination
Molecular maker technology
used by breeding programmes.
The development of resistant
¢lones using these techniques
Improved plant performance
in diverse situations.

of highly susceptible

genotypes.
parents and potentially

Availability of resistant
Availability of superior
useful clones,

Indicators

structure in Foc. Initial and rapid
susceptibility in parents and hybrids.
resistance genes for transformation.

indication of resistance /
Basic understanding of pathogen

Characterization of pathogenic
diversity. Clarification of race
Identification of resistant parents
and hybrids.

increased. Know where to deploy
specific host genotypes.
Enhanced capability of breeding
programme to identify resistance
among progeny. ldentification of
Physiological, morphological or
biological reasons for greater
susceptibility identified. More
vigorous plantlets better able to
combat pathogens.

Specific molecular probes.

Outputs
inherited.

evaluation - each individual needs Understanding of how resistance is

combinations of susceptible and
resistant parents. Large fields
to be replicated many times.

for resistance / susceptibility
Laberatory equipped to carry out

molecular analysis. Tissue-culture

laboratory to supply plants.
physiological studies. Glasshouse

facilities and access to field sites

Source of high quality plantlets
to establish correlations.

{i.e. INIBAP, QDPI).

Financial Support.
Source of high quality plantlets

Identify fields where
cooperative work ¢an be
conducted on major pathogen
groups. Financial support.

(i.e. INIBAP, QDPI),

Collecting missions. Financial
support needs to be substantial
as many of the methods are
expensive and time-consuming.
Populations with different
Equipment for histological and

Inputs
Equipment.

Medium-Term Plan

Goals

Early
Screening
Field
Screening
Identification
of genetic
variation in Foc
Marker-
Assisted
Selection
Plantlet
Vigour

Nematology Working Group

Nematology Working Group'

1. Scope of Work, Priority Research Needs and Major
Constraints

1.1 Scope of work

The scope of the nematology group is to concentrate on the identification of sources gf
nematode resistance and tolerance, their underlying mechanisms and the pathogenic
variability between and within the major nematode pest species of Musa.' tl‘hese
activities will also require an improved knowledge of the species composition of

nematode populations in major Musa production areas,

1.2 Priority research needs

Although the following five research needs are ranked, their interdependence precludes
their strict prioritization.

Screening for resistance

Identification of useable sources of resistance and tolerance to the major nematode pest
species, including the further development and refinement of early and rapid _scree.n%ng
techniques. This research is needed because there is a severe shortage of 1dent.1f1ed
sources of transferable resistance and/or tolerance to the major nematode pest species.

Relationship studies .
Studies on the relationships between Musa genotypes, nematode reproduction, root

damage, plant growth and other components of yield losses in Musa. This basic research
is needed because it will facilitate further research into the genetic improvement of a
range of Musa genotypes, including those traditionally grown for domestic consumption.
Pathogenicity studies

Studies on the variability in pathogenicity between and within different nematode pest
gpecies in different geographic regions and different Musa production systerns_. T.hils
research is needed due to the recognised pathogenic variability of Redopholus similis
and its potential existence in other nematode pest species, as well as to counter the
potential development of resistance-breaking nematode pathotypes which has occurred
in other crop-nematode associations.

Mechanisms of resistance .
Studies on the mechanisms and inheritance of resistance and telerance to the major
nematode pest species. This research is needed because basic knowledge on mechanisms

(1} This report was prepared as a result of meetings held in Guadeloupe in which the following par?icipants
were involved: D. De Waele {KUL), R. Fogain (CRBP}, N. Price (CAB-HP), J-L Sarah (CIRAD), N. Viaene .

(INIBAP/FHIA). In addition, the following scientists were consulted subsequent to the Guadeloupf meeting:
T, Bridge (CAB-IMI), 8. Gowen (Univ. of Reading), 1. Kashaija (NARO), J. Pinochet (IRTA), P. Speijer (IITA)

and J. Stanton (QDPI).
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of resistance and tolerance will assist breeding programmes in genetic improvement, for
example, by the development of molecular markers for use in classical breeding,

Species profiles

Studies on the occurrence of the major nematode pest species within different
geographic regions and different Musa production systems. These activities are needed
because Fhe relative importance of the major nematode pest species in the different,
geographic regions and production systems is poorly understood. In addition and directly
related, iS. a lack of knowledge of the potential interactions between different nematode
pest Spec%es and their possible influence on any resistance or tolerance identified in
Muse. This knowledge will be needed to enable the future prioritization of research
needs in the various geographic regions and production systems.

1.3 Major constraints

* Lack of awareness of the importance of plant-parasitic nematodes as potential

profiuction constraints to Musa, largely due to a lack of comprehensive empirically
dernfed data demonstrating yield losses caused by the most important nematode pest
species to the major Musa genotypes.

Shortage of personnel trained in Musa nematology, especially in national programmes.

. S;veit;‘: financial constraints contributing to institutional instahility of research
efforts.

* Shortage of available services for specialised nematode identification to provide
back-up to field scientists.

2. Research Strategy

* Conduct pot and field experiments for identification of resistant and/or tolerant
Musa genotypes.

. Identi.fy suitable locations with different species compositions for the conduct of field
experiments for the evaluation of relationships between genotypes, nematode

reproduction, root damage and other components of yield loss, and the performance
of experiments.

. Furtper collect and identify pathogenic variability in nematode species, particularly
species other than Radophotus similis.

P.erform. detailed §tudies of the nematode population dynamics, morphological,
hls.tologlcal and biochemical studies of the genotypes to elucidate mechanism of
resistance once resistant and tolerant genotypes are identified.

Sample an zlippropriate number of fields in representative Muse production systems
an(! determine the nematode species composition of the area, to help prioritise the
major nematode species.

Nematology Working Group P 43

3. Areas for Collaboration

Screening

FHIA, CRBP, KUL, 1ITA, IITA-ESARC, EMBRAPA, CIRAD, University of Reading, QDPIL,
IRTA/ICIA, CAB/TIP, NARO. Qutput could be increased through an exchange of
methodology, exchange of data on relative resistance of tissue-culture plants versus
conventional plant material, exchange of data on the genotypes that are screened and
their reactions. Early screening of promising or scarce genotypes in the screen-house
can then be followed up by more extensive field trials. This would improve and enhance

_ the screening processes at the various institutiens.

Pathogenic variability of nemalodes

KUL, IITA Uganda, CAB/IIP, CIRAD, USDA, QDPI, CRBP, IRTA-ICIA. Gutput could be
increased by exchange of methodology, results and nematode cultures. Replication or
division of research would enhance the validity of research findings.

Mechanisms of resistance

CIRAD, ORSTOM, University of Reading, IITA-ESARC, CRBP. Output could be increased
by avoiding unnecessary duplication of research activities and findings thus generated
would be more comprehensive.

3.1 New areas for collabarative research

Studies of yield losses caused by nematodes in semi-intensive and small-holder pro-
duction systems in different agro-ecological regions. Other areas of research that need
expansion and collaboration between institutions are the study of mechanisms of
resistance and the pathogenic variability. An expansion of screening sites (e.g. in
Southeast Asia) will enable the assessment of locally important Musa genotypes and will
accelerate the production of relevant research findings.

The adoption of common or mutually compatible research methodologies between
different research groups should be encouraged. A good example is the recently
prepared ‘Technical Guidelines for the Screening of Musa Germplasm for Resistance and
Tolerance to Nematodes’.

3.2 Identification of research needs requiring inter-group collaboration

Studies on the relationships between Musa genotypes, nematode reproduction, root
damage, plant growth and other components of yield losses in Musa will benefit from
collaborative activities with both the Fusarium and Sigatoka working groups. In
particular, this may help to establish the significance (or otherwise) of nematode-
pathogen interactions. A further aspect which merits consideration is the basis of the
apparent multi-pathogen resistance in some genotypes e.g. Yangambi Km 5. This would
also require collaboration with the Genetic Improvement Group, for example in the
development of a gene-mapping programme and on the determination of the inheritance

of resistance.
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4. Inventory of Existing Facilities, Expertise and On-going

Research

4.1 Existing facilities and expertise

Laboratory

Areas of expertise

Particular characteristics

QDPI
Australia

Field screening, yieid loss assessments.

Regional Musa collection.

KUL
Belgium

Glasshouse screening, pathogenicity
studies, mechanisms of resistance.

Molecular techniques INIBAP
Transit Centre; nematode culture
collection (about 15 accessions).

Univ. of Gent
Belgium

Taxonomy.,

EMBRAPA/CNPMF Screening, yield loss assessments,

Brazil

pathogenic diversity of nematodes,
ecological studies,

Existing breeding programme,
presence of most major nematode
spp., agre-ecological diversity,
molecular technigues.

CRBP
Cameroon

Field and screen-house screening,
mechanisms of resistance.

Agro-ecological diversity.
Presence of most major nematode
spp. Existing breeding programme.

University of

Nematode taxonomy.

Classical taxonomy,

Dschang

Cameroon

CORPOICA Screening, yield loss assessments.

Colombia

CORBANA Screening, yield loss assessments,

Costa Rica pathogenic diversity of nematodes,
ecofogical studies.

IDEFOR Field screening, yield loss assessments.

Cote d'Ilvoire

Various Cuba

Screening, yield loss assessments.

Strong potential but lack of inter-
national exposure and linkages.

INIAP Screening, yield loss assessments.

Ecuador

USDA, Florida Pathogenic diversity of nematodes. Molecular techniques.
UsA

CIRAD/ORSTOM  Glasshouse screening, pathogenicity

France

studies, mechanisms of rasistance.

Molecular techniques.
Nematode culture collection
{approx. 50 accessions).

Univ. of Bonn
Germany

Pathogen interactions.

Univ. of Ghana

Field screening, yield loss assessments.

CRI
Ghana

Field screening.

CIRAD / ORSTOM  Screening, yield loss assessments.

Guadeloupe

Existing breeding programmes.

Nematology Working Group

Particular characteristics

Laboratory Areas of expertise

FHIA Screening, yield loss assessments, Presence of several important_

Honduras nematode spp. Existing breeding
programme.

NRCB Field screening, yield loss assessments.  Regional Musa collection.

India

RIF Field screening, yield foss assessments.  Extensive regional Musa

Indonesia evaluation.

Volcani Research  Screening, yield [oss assessments. Sub-tropical.

importance of Helicotylenchus

enter :
I(;rael multicinctus.
MARDI Field screening, yield loss assessments.
Malaysia
CIRAD /ORSTOM  Yield loss assessments.
Martinique
Institut Hassan Il Yield loss assessments. Importance of Me!qadogyne
Morocco incognita. Sub-tropical.
IiTA Field screening, screen-house screening,  Root system investigations.
Nigeria yield loss assessments, resistance Existing breeding programme.

mechanisms.

Univ. of Los Bafios Field screening, yield loss assessments.

Philippines

ARC-ITSC Field, screen-house Sub-tropical.

South Africa screening, yield loss assessments.

PPRI Availability of identification

South Africa services (classical).

IRTANCIA Field, screen-house screening, Malecular techniques.

Spain pathogenicity studies. Sub-tropical. Nematode cultl:lre

Canar'y Islands collection (approx. 30 accessions).

National Field screening, yield loss assessments,

Programme

Tanzania

HRI Yield loss assessments.

Thailand

HTA/ESARC Field, screen-house screening, yield loss  Existing bree_ding programme.

Uganda assessments, resistance mechanisms. Agro-ecological diversity.

NARO Field screening, yield loss assessments Agro-ecological diversity, presence

Uganda of most of the important nematode
9 species and of H. multicinctus.

CAB-IIP Glasshouse screening, pathogenicity, Molecular techniques

UK mechanisms of resistance, taxonomy Nematode culture

{classical & molecutar).

collection (>70 accessions).

Univ. of Reading Glasshouse screening. )
Pathogenicity, mechanisms of resistance.

UK

Nematode culture collection.
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Laboratory
IACR Rotharmsted Molecul

UK

Univ. of Leeds

UK

A list of acronyms and abbreviations is provided at the end of the doc

Areas of expertise

Particular characteristics

ar taxonomy

resistance

Use of transgenes for nematode

In potato, tomato and rica but

technology should be transferable

to Musa

4.2 Inventory of on-going research

Institute

FHIA
Honduras

EMBRAPA/
CNPMF
Brazil

IITA
Nigeria

CRBP
Cameroon

IITA-ESARC
Uganda

IRTA/ICR
Spain
CIRAD
France

CIRAD
Guadeloupe,
Martinique

KUL Belgium

CAB-IIP
UK

Univ. of
Reading
UK

QDP|
Australia

On-going research

ument.

Expected outputs Expected

time-frame

Field and screen-house screening.

Identification of

Screening,
Survey in infected areas.

interactions,

Screening.
Species compaosition,
Yield loss studies

Screening.
Yield loss studies.

Species composition.
Screening,
Yield loss studies.

Screening interactions
Pathogen diversity studies.

Pathogenicity diversity and
resistance mechanisms,

Meloidogyne,

Resistance screening.
Pathogenicity testing.

Pathogenicity testing.

Screening and mechanisms of

5 years
resistant genotypes.
Identification of
resistant genotypes.
Foc x mycorrhizae x nematode
Identification of 3 to 5 years
resistant genotypes.
ldentification of yield
loss for Musa AAB.
ldentification of 3 to 5 years
resistant genotypes.
Identification of 3 to 5 years
resistant genotypes.
?
3 to 5 years
Screening and damage studies of Identification of 3 years
resistant genotypes.
Identification of 5 years
resistant genotypes.
Identification of 3 years
molecular markers for
pathogenicity.
3 years

resistance,

Screening.

A list of acronyms and abbreviations is provided at the end of the document,
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Time frame

Indicators

Outputs

Inputs

5 years

Nematode resistance
incorporated into

new hybrids,

Sources of useable resistance/ tolerance
following screening of part of avaitable

germplasm collection.

Collecting missions

or existing
germplasm
collections.

Screening for resistance

10 years

Sources of useable resistance/tolerance

following screening of an additional part of

Equipment

the germplasm collection and incorporated in

agronomically useful germplasm.

and expertise.

6 years

Increased knowledge within the major Musa

genotypes, of the relationships between

Equipment and
expertise,

Relationship studies

nematode populations and various components
of vield loss.

Suitable evaluation

sites.

5 years

Nematode pathotypes will be grint.lped and
ranked based on their pathogenicity.

Equipment and
expertise.

Pathogenicity studies

Collections of

nematodes from

different regions.

7 years

Use of molecular

Understanding of mechanisms of resistance/

Infarmation from
basic research

activities.

Mechanisms of resistance

markers by breeding

programmaes.

tolerance at the morphological, cellular genetic

and molecular level, Molecular markers identified.

Resistance genes identified.

Equipment

and expertise,

Several short

Priority list
of major

tdentification of global and regional significance

of the major nematode pest species.

Surveys.

Speciesprofiles

term surveys

during a

nematode
species.

period of
10 years.
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Virology Working Group!

1. Scope of Work, Priority Rese :
Constraints y Research Needs and Major

1.1 Scope of work

i\:]l;)l:‘(s)i:rs;ﬁtreciinised as a significant problem leading to constraints in Musa
on two grounds: yield losses which can be u i ’
: p to 100% and a constraint ¢
Ei;néilaim m?vement. Four viruses are currently recognised as being significant: bananz
. M}\]/) op (‘1 irus (BBTV), b'ana.na streak virus (BSV), banana bract mosaic virus
ooy ;z,ilbecelﬁ:uilnber ;no.saig virus (CMV); there are reports of other viruses but these
- characterised. As virtually nothing is known about th i
_ : As? ese oth :
1.t is I;sufges'ted that a watching brief is kept on them. The main demands are for(-ar e
etection and diagnostic systems for breedi is I

Hovemett (quatonts reeding, tissue culture and germplasm

* Resistance to the viruses.

1.2 Priority research needs

Virus detection and therapy

In relation to virus detection, there i
! , is a need for the d '
simple and accessible diagnostic systems, crelopment of improved ot
carrTylilI(:,glgllﬂogan;e of the simplicity and robustness would depend upon who was
e diagnosis - international centres, NARS i
. , propagation centres, us
E}flingf:;é l?otit;sltry,fegﬁ.) BSV pz‘esents a unique case as the;e is a strong probabili’ty tl?;i
_ s 0l the virus (encapsidated episomal, unen id i
integrated} would require different di i j Parthr rost o o
: ‘ . 1agnostic techniques. Further research is also
Ssﬁcii:;r 111 ;2:13:[6:5 o‘fz v1r};sf variability, geographical distribution of the different viruses
¢ virus infection and the molecular biology of the vi ,
In addition, research is requi S hmiqe o ahitats mon
, quired on the development of  techni imi '
from infected plants. Table A list i s om which sire dos
. s these four major topics on which virus d i
. - - 1. Ete t
res?;ch l&:. m?sdeit;i (+) together with prioritization (#) both for the topic and virus -
e prioritization is b ived i i :
ystem ased on the perceived importance for an efficient diagnostic
Virus resistance

There i i i
ere 18 2 lack of resistance in Musa to the major viruses but there is the possibility that

resistance is present in ili i i
Py related genera and families which could be introgressed into

1) This r i
‘E’ e)re invoﬁs::;t é&fa;a;;:';par&i as 31 g:sult of meetings held in Guadeloupe in which the following participants
(CIRAD). Loci(hart o )f, M ale (QUT), J. Hu {USA), R. Hull {John Innes Centre), M-L Iskra-Caruana
consulin it . of Minnesota}, 8. .Sharrock (INIBAP). In addition, the following scientists w
equent to the Guadeloupe meeting; H. Muyle (Gembloux) and J. Thomas (QDPT) o
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Table A - Research needs for virus detection

n 2) 3) 4 #
BSY BBTV 8BrMv CMV
variability + + + + Sat* 4]
viral molecular biology  + + - - (2)
Distribution + + + - 3)
Cultivar reaction + + + + (3}

# It is ot kwown If Lhe variability of the reaction of CMV in banana is due to the virus or possibly associated
Satellite RNA.

" The major constraints and research needs on virus resistance are:

« Information on resistance in closely related genera and families;
e Methods for introducing such resistance into Musa by, for example, wide crosses.
The most promising approach to obtaining resistance in Musq is the introduction of viral
or virus related sequences into the host genome. A major emphasis is required on
transformation technologies, with the development of strategies to obtain combined
resistance to several viral and fungal diseases and to important pests.

An understanding of the BSV system is required in order that strategies can be
developed to overcome this problem.

Latent strains of BBTV need to be further studied.

The major research needs in relation to virus resistance are given in Table B. In this
table (+) indicates lack of information and the need for more research. (H) is high
priority with (I)* being the highest; (M} is medium and {L} low priority.

Table B: Research needs for virus resistance

(H) {H) H) (M)
BBrMv BBTV BSV MV
Molecular biology - + + - {H)
Variability + + + - (H)
Resistance mechanisms - + + - {(H)
Transformation techniques + + + + (H)*
Vector constructs + + + + (M)
Selection markers + + + + (M)
Transgenic stability + + + * {Lv
BSV + + - + (H)
Resistance testing + + + + (L)
P + + + + (L)
Biosafety + + + + (M)

The first three topics relate to the viruses themselves and the design of transgenes.
The next five topics are associated with transformation procedure, that of BSV being the
potential problem of transformation stresses activating integrated viral sequences. The
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la i i i
tr;ﬁ&\;(;ﬂt{;pu;s are constralr!ts which would become relevant on field release of
ed plants but for which consideration has to be given at early siages of the

project. Selection marke ibioti
e Is, €.8. use of antibiotic genes, should also be considered at this

1.3 Major constraints
: ;1 hlack of known sources of genetic resistance in Musa Species.
: e small number of specialists working in this area,
aneed for further attention to be given to biosafety and IPR considerations

2. Research Strategy

Th i ' i

o I?f 512-?111 is th'e contrql of viruses in Musa. This wiil be by transgenic approaches to

appm%hg rgswtance in Musa and development of diagnostic systems to support this
and to produce virns-tested germplasm and planting material.

3. Areas for Collaboration
Transformation

Transformation i i i

in e cast;zn is e.ssentlal for prqgress in the development of transgenic resistance and

oy drequlres pollaboratlon between scientists working on molecular aspects of
s and those with expertise in transformation, |

Molecular markers

Collaboration in thi i
aboration in this area will have some application in use of transgenics for breeding

but especially for resolvin i i i
o peria g problems relating to BSV integration. It could also be of use

Virus detection

Collaboration is required in this : i i i
e q his area in developing diagnostic systems suitable for the

3.1 New areas for collaborative research

‘ir;ffirézt;?llalcz(ﬁr:t?ning of fgansgenic plants, The field release of transgenic Musa lines

oration between the biotechnologists, biosaf ici

agronomists and others, Studi 0 oo, his e e

. les have to be made as to how to effect this as efficiently as

leadsigests;eihwhich. in(_iuce an_ztivation of integrated BSV. An understanding of the factors

o tgchm]i gaic;;v?(l;uj); of H}tegrated BSV is of major importance in the application of
logie usa improvement. This will involve collab i

molecular biologists, tissue culture experts, breeders and transformers pration beween

3.2 Identification of research needs requiring inter-group collaboration

¢ Transformation with th. i ineer
Group. e Genetic Engineering Sub-group of the Genetic Improvement

* Molecular markers with the Breeding and Genetics Sub-group

virology Working Group

» Breeding with the Breeding and Genetics Sub-group of the Genetic Improvement

Group.
Transformation strategies to obtain resistance to a range of pathogen and pests with

the Sigatoka, Fusarium and Nematode groups.

4. inventory of Existing Facilities, Expertise and On-going
Research

4.1 Existing facilities and expertise

BBrmv MV BBTV BSY Others

University of - + + - -
Southern China

CIRAD, France + +d + +d +
Gemblowd/KUL +t +t +t +t +t
Belgium

IITA, Nigeria - +d - + +
G, UK - - + +
NUT, Taiwan - +d + -
QDPI, Australia + +d + +d +
QUT, Australia + + - .
UGH, Hawaii USA - + + +d -
UOM, USA - +d - + +
EMBRAPA/ - dt - - -
CNPMF, Brazil

A list of acronymms and abbrevialions is provided at the end of the document.
+ Indicaics relevant work being done on virus

d Indicates work in diagnosls
 Indicates work on therapy to cure tissue culture lines

Most, if not all the work being'dane in these organizations is complementary and
there is o obvious comparative advantage of any laboratory for any virus.

4.2 Inventory of on-going research

BBrmv cmv BBTV B5V
Variation +5 +M +M +M
Distrihution - - +M +L
Molecular biology +5 +M +M +5
Transformation +5 +M +M +L

§ = Short term (1 - 2 years)

M = Medium term {up to b years)

L = Long term (more than 5 years)

+ = Indicates research going on Ln that area for that virus
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Time frame

5 years

ESV resistant varieties 10 years
included in field trials,
Availability of plants

Indicators
freed from virus.

Mu:va varieties transformed with constructs
desrg.nfed to protect against BSV.
Promising lines undergoing initial

field testing.
Virus therapy methodoelogy available.

Plants freed from virus infection.

Outputs

significance of integration of

BSV sequence in the Musa

IP and bicsafety consideration,
genome.

Advice from breeders and

tissue culturists as to
multiplication in the plant.

important cultivars for
Basi¢ information on virus
Understanding of the

Basic information.
transformation.

Inputs

Genetically modified plants

protected against BSY
eradication methodologies

Development of virus

Goal

Global and Regional Evaluation

1. Introduction
An efficient mechanism for evaluating germplasm is an essential component of
PROMUSA. In relation to this, an International Musa Testing Programme (IMTP ) has
been co- ordinated by INIBAP since 1989. A global IMTP meeting was held in
. Guadeloupe on March 3/ and 4 to evaluate the results of the second phase of the
programme and to discuss future proposals for this programme. In view of the increasing
humber of breeding programmes wishing to contribute hybrids and NARS wishing to
evaluate these new hybrids, the participants at the meeting agreed to make some major
B modifications to IMTP to enable it to better respond to the different needs of programme
i partners. The new structure of IMTP should allow it to play an important role in the
global and regional evaluation of germplasm in the framework of PROM L/SA.

2. Scope of the Work

The International Muse Testing Programme (IMTP) is a global initiative in which
improved varieties, breeding materials, accessions with possible sources of resistance
and standard checks are tested at the global and regional level with the following

ohjectives:

e To obtain pathological information and agronomic evaluation data to feedback to
breeding programmes.

s To provide NARS with improved varieties.

3. Strategy
The identification of germplasm with disease resistance/tolerance, with desirable
agronomic characteristics and with local adaptation by evaluation in different locations
world-wide. The participation of NARS ensures that improved hybrids are made available
to them at an early stage and through the creation of linkages, the bi-directional flow of
information between breeding programmes and evaluation sites is facilitated.

{1} This report was prepared as a result of meelings held in Guadeloupe in which the following participants
were involved: F. Bakry (CIRAD), W. Collins (World Bank), J. Dale (QUT), Z. De Beer (ARC-ITSC), E.AL. De
Langhe, D. D Waele (KUL), J-V. Escalant (CRBF), H. Fagan (WIBDECO), E. Fouré (CIRAD), E. Frison
{INIBAP), P. George (World Bank), J. Hernandez (ICIA), J-P. Horry (INIBAP), S.H. Jamaluddin (MARDI}, C.
Jenny (CIRAD), B. E. L. Lockhart (Univ. Minnesota), D. Mackenzie {USDA), L. Magnaye {BPI}, N. Mirza
(IDRC), X. Mourichon (CIRAD), 8. Nanthachai (HRI), G. Orjeda (INIBAP), K. Pegg (QDPL), A. Pires De
Matos (EMBRAPA/CNPMF), R. C. Ploetz (Univ. Florida), R. Romero Calderan (CORBANA), P. Rowe (FHIA),
J-L. Sarah (CIRAD), L. S8as (BADC), L. Setyobudi (RIF), H.P. Singh (NRCB), M. Smith (QDP1), R. Swennen
(KUL}, H. Tézenas Du Montcel (CIRAD), K. Tomekpe (CRBP), 8. Tripon (INIBAP), R. Valmayor (TNIBAP), P.

Vi Nai (MAFF), N. Viaene (FHTA) and D. Vuylsteke (1ITA).
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4. Modus Operandi

Promising new material is identified by breeding programmes and sent to the INIBAP
Transit Centre (ITC) where it is introduced 4n witro, virus indexed, and multiplied. This
material is then made available to interested NARS for screening for disease resistance
using standard guidelines previously agreed upon by the participants in IMTP.

.In the first two phases, all material donated to the IMTP was evaluated at all sites
uSI‘ng the same protocol, and this has yielded important information on disease
resistance/tolerance. As a result, several improved varieties have been recommended for
further distribution and are now being commercially cultivated in a number of countries.
H?wever, as the number of improved hybrids becoming available for testing increases, and
with a.n expanding number of national programmes interested in evaluating such improved
matetial, a new more flexible approach for IMTP has been developed (Figure).

Within the new structure of IMTP two different evaluation protocols will be used to
address the two main objeciives :

In-depih
evaluation sites

Performance Breeding
evaluation sites

programmes
Data FE¥  Germplasm H &

Revised structure of IMTP

ITC: INIBAP Transit Center
MGIS: Musa Germplasm Information System

In-depth evaluation sites

Very detailed studies will be carried out at the in-depth evaluation sites. The evaluations
at these sites will include not only disease and pest resistance/tolerance screening but
can also be combined with epidemiological studies on pathogen populations, studies on
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host/pathogen relationships for different races of the pathogen and adaptability and
vield studies. The evaluation protocols at these sites are elaborate, requiring time and
expertise,

The in-depth evaluation sites will also be used for screening potential breeding
parents for resistance to pathogens not present at the breeding sites. The information
obtained will be primarily useful to breeders and pathologists.

Performance evaluation siles

At the performance evaluation sites the collaborators will assess the disease resistance,
agronomic adaptation and stability of the improved hybrids under their particular
conditions. The evaluation protocols to be used at these sites are simple requiring less
time and expertise than those used at the in-depth evaluation sites. Moreover
collaborators at these sites will select the clones they wish to evaluate, based on local
needs and conditions. Such a programme has a strong regional focus, with varieties
being selected for evaluation according to national/regional needs. The information
obtained will be primarily useful to extension agents and farmers.

Both types of sites will provide feedback information on the agronomy, pathology and
adaptation of improved varieties tested in the International Musa Testing Programme.
This information will be compiled in a database which has been designed for this
purpose and which in the future will be linked to the Musa Germplasm Information
System (MGIS). The information is then fed back to the breeding programmes and is
also available for other NARS to assist in their choice of appropriate well characterised
varieties.

5. Activities

» [dentification of improved hybrids;

« Introduction én vitro, virus indexing, propagation and dissemination of material;

+ Elaboration of the structure of a database;

* (athering basic agronomic and disease resistance data from breeding programmes;
« Elaboration of the actual database in the framework of MGIS;

e Provision of evaluation training to IMTP site managers;

» Establishment of trials and carrying out evaluations;

¢ Gathering data from sites and feeding the database;

s Make the database available to collaborators - both breeding programmes and NARS.
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Acronyms and Abbreviations

ACO 1-aminosyclopropane-1-carboxylic acid oxidase

ACS 1-aminosyclopropane-1-carboxylic acid synthase

APHIS-USDA Animal and Plant Health Inspection Service - United States - Department of
Agriculture

ARI Advanced Research Institute

ARC-ITSC Agricultural Research Council, Institute for Tropical and Subtropical Crops,
South Africa
ASPNET Asia and Pacific Regional Network, INIBAP, Philippines

BADC Belgian Administration for Development Co-operation

BBrMv banana bract mosaic virus

BBTV hanana bunchy top virus

BiP Banana Improvement Project

BLSD black leaf streak disease

BPI Bureau of Plant Industry, Philippines

BSV banana streak virus

BTI Boyce Thompson Institute, USA

CABI CAB International, UK

CATIE Centro Agrondmico Tropical de Investigacion y Ensefianza, Costa Rica

CFC Common Fund for Commodities, the Netherlands

CGIAR Consultative Group on International Agricultural Research

CIcy Centro de Investigaciones Cientificas de Yucatan, Mexico

CIRAD Centre de coopération internationale en recherche agronomigque pour le
développement, France

CITA Centro de Investigacién y Tecnologia Agrarias, Canary islands

My cucumber mosaic virus

CNPMF Centro Nacional de Pesquisa de Mandioca e Fruticultura, EMBRAPA, Brazil

CORBANA  Corporacién Bananera Nacional, Costa Rica -
CORPQICA  Corporacién Colombiana de Investigacion Agropecuaria, Colombia

CRBP Centre de Recherches Régionales sur Bananiers et Plantains, Cameroon
CRCTPP Cooperative Research Centre for Tropical Plant Pathology, Australia
CRI Crop Research Institute, Ghana

CRIH Central Research Institute for Horticulture, Indonesia

DNA deoxyribonucleic acid

EMBRAPA  Empresa Brasileira de Pesquisa Agropecuaria, Brazil

ESARC East and Southern Africa Regional Centre, [ITA, Uganda

FAOQ Food and Agriculture Organization of the United Nations

FHI1A Fundacién Hondurefia de Investigacion Agricola, Honduras

FLHOR Département des productions fruitiéres et horticoles, CIRAD, France
Foc Fusarium oxysporum f. sp. cubense

HKUST Hong Kong University of Science and Technology

HRI Horticulture Research Institute, Thailand

1ACR Integrated Approach to Crop Research, UK

IARC International Agricultural Research Centre

ICiA Instituto Canario de Investigaciones Agrarias, Spain

IDEFCOR institut des Foréts, Cote d’lvoire

IDRC International Development Research Centre, Canada

Acronyms and Abbreviations

IEB
IFAD
IGS
P
IITA
IMI
IMTP
INIAP
INIBAP
IP
IPGR
IRTA
ITC
ITS
Jc
KARI
KAU
KUL
MAF
MARD
MGIS
NARO
NARS

NRCB

NRI

NUT

ORSTOM

PCR
PPRI
QDPI
QTL
QuT
RAPD
rDNA
RFLP
RIF
SD
TERI
UF
UNDP
UOH
UOoM
USDA-ARS
VASI
VEG
VIC
WIBDECO
YS

Institute of Experimental Botany, Czech Republic
International Fund for Agricultural Development, Italy
intergenic spacer of the ribosomal DNA gene
International Institute of Parasitology, UK
International Institute of Tropical Agriculture, Nigeria
international Mycological Institute, UK
international Musa Testing Programme, INIBAP
Instituto Nacional de Investigaciones Agropecuarias, Ecuador
international Network for the Improvement of Banana and Plantain, France
intellectual property
International Plant Genetic Resources Institute, [taly
Instituto de Recerca i Tecnologia Agroalimentaries, Spain
INIBAP Transit Centre, Belgium
internal transcribed spacer of ribosomal RNA gene
John Innes Centre, UK
Kawanda Agricultural Research Institute, NARO, Uganda
Kerala Agriculture University, India
Katholieke Universiteit Leuven, Belgium
Ministry of Agriculture and Forestry, Tonga
Malaysian Agricultural Research and Development Institute, Malaysia
Musa Germplasm Information System
National Agricultural Research Organization, Uganda
National Agricultural Research System
National Research Centre on Banana, India
Natural Resources International, UK
National University of Taiwan
Institut frangais de recherche scientifique pour le développement en coopération,
France
polymerase chain reaction
Plant Protection Research Institute, South Africa
Queensland Department of Primary Industries, Australia
quantitative trait loci
Queensland University of Technology, Australia
random amplified polymorphic DNA
ribosomal DNA
restriction fragment length polymorphism
Research Institute of Fruits, Indonesia
Sigatoka disease
Taiwan Banana Research Institute
University of Florida, USA
United Nations Development Programme
University of Hawaii, USA
University of Minnesota, USA
United States Department of Agriculture-Agricultural Research Service
Vietnam Agricultural Science Institute
vegetative compatibility group
Virus Indexing Centre
windward Islands Banana Development and Exporting Company
yellow Sigatoka
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List of Participants

BAKRY, Frédéric
CIRAD- FLHOR
BP 5035
34032 Montpellier Cedex 1
FRANCE
tel.: +33 4676158 00
Fax: +33 4676155 81
e-mail: bakry@cirad.fr

CAMUS, Emmanuel
Station de Neufchateau
CIRAD- FLHOR
Sainte-Marie
F-97130 Capesterre Belle Eau
Guadeloupe
FRANCE
tel.: +33 590863021
Fax: +33 590868077
e-mail: camus@cirad.fr

CARREEL, Frangoise
Station de Neufchateau
CIRAD- FLHOR
Sainte-Marie
£-97130 Capesterre Belle Eau
Guadeloupe
FRANCE
Tel.: +33 590863021
Fax: +33 590868077
e-mail: carreel@cirad.fr

CARUANA, Marig-Line
URPYV - Laboratoire
de Virologie — Station INRA
Domaine Duclos
97170 Petit Bourg,
Guadeloupe
FRANCE
Tel.: +33 590255919
Fax: +33 590941172
e-mail: caruana@cirad.fr

CLENDENNEN, Stephanie
Plant and Human Health
Program — Boyce Thompson
Institute for Plant Research
Tower Road
Ithaca, NY 14853 1801
usA
Tel.: +1 6072541234
Fax: +1 6072541242
e-mail: skc11@corn ell.edu

COLLINS, Wanda
World Bank
ESDAR S 7055
Washington D.C. 20433
USA
Tel.: +1 2024731091
Fax: +1 2025223246
e-mail:
weollins@worldbank.org

COTE, Frangois
CIRAD-FLHOR
CATIE
7170 Turrialha
COSTARICA
Tel. 4506 5566455
Fax: +506 5561533
e-mail:
fcote@computo.catie.ac. ¢r

DAHAL, Ganesh
HTA
Present address: Dept. of
Plant Pathclogy University
of Minnesota
495 Borlaug Hall
1991 Upper Buford Circle
5t Paul MN 55108
USA
Tel.: +1 6126258200
Fax: +16 126259728
e-mail:
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