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1.0 Surnrnary 

Title of Research Proposal 

ldentification o/ Viruses that Hinder Ihe Evaluation, Utilization, and 
International Exchange o/Tropical Forage Germplasm 

Short Title 

ldentification o/Tropical Forage Viruses 

Objective of Research: ( r'[(,~!1 1 ... • . , 

To detect and identify the viruses that infect forage legumes and grasses in the 
maio germplasm collection and evaluation centers of Africa and tropical America. This 
information will contribute to the safe inlemational exchaDge oftropical forage 
germplasm, and to increasing the probability of adaptation of exotic forage species to 
new environments in the absence ofviral pathogens that usually exist in their centers of 
origino 

Abstract 

The Tropical Forages Program at CIAT airns to identify and develop legume 
aod grass forage species adapted to acid soils in the humid and subhumid tropics, 
and thus contribute to increased meat and milk production, soil enhancement, and 
erosion control in different production systems. 

Currently, the Genetic Resources Unit (GRU) oE CIAT maintains a 
germplasm collection ofwild, undornesticated species with forage poteotial , 
represented by over 18,000 legume aDd about 2,000 grass accessions oE 
American, Asian, and African origino More tropical forage gerrnplasm is being 
acquired through collection of native vegetation, and by exchange between 
continents . CIAT's GRU distributes worldwide between 3,000 and 4,000 
sarnples per year to collaborating research institutions. The international 
exchange and evaluatioD of th is germplasrn have been hilldered by the detectioD 
of nurnerous viruses. 
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The high incidence of viruses in local and e¡¡otic forage species represents a 
major concern of both tropical forage programs and quarantine agencies. Reliable 
methods are lacking to detect and identify tropical forage viruses, SOI)le ofwhich 
caused severe damage to prornising forage species, thus, preventing their adoption 
and utilization. 

Cooperating Partners: 

1. Iostitute for Biochemistry and Plant Virology (IBPV) at the Federal Biological 
Research Centre for Agriculture and Forestry (BBA), Braunschweig, Germany. 

2 Selected National and Intemational Institutioos in Africa, such as ISABU in 
Burundi and ISAR in Rwanda, and ICRAF and lLeA, which callect and 
e¡¡change tropical forage germplasm. 

3. Selected National and Intemational Institutions in tropical Arnerica, such as 
CENARGEN in Brazil, FONAIAP in Venezuela, lCA in Colombia and CATIE 
iD Costa Rica. 

N ames of Principal Scientists (lARC and Partner Institutlons) 

BBA - Germany 

Dr. Winfried Huth (German) 
Virologist - Leader 

Dr. Edgar Maiss (German) 
Molecular Virologist 
Co-Leader 

C¡~T 

Dr. Francisco J. Morales (Colombian) 
Virologist - Leader 
Virology Research Unit (VRU) 

Dr. Lee A. Calvert (USA) 
Molecular Virologist 
Co-Leader 

Dr. Brigitte Lucie Maass (German) 
Germplasm Specialist 
Tropical Forages Program 

Mrs. Amanda Ortíz (Colombian) 
Forage Germplasm Curator 
GeDetic Resources UDit 
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lARes - Africa Tropical America 

Dr. Jean Hanson (British) ForageGermplasm Curator, CENARGEN 
Head ofGenetic Resources Unit, ILCA 

Mr. Douglas Boland (Australian) Forage Germplasm Specialist, CA TIE 
MPTS Germplasm Resource Centre, lCRAF 

Staff to be Financed: 

ClAT 

1 Research Associate (M.Sc.) 
1 Research Assistant 

Budget VRU, CIAT 

Yearl Year2 

Salaries 31,700 33,200 

Materials 12,000 15,000 

Equipment 20,000 10,000 

Trai ni ng 6,000 10,000 

Travel 18,000 15,000 

Publications 2,000 

Indirect Costs 21,925 21,300 

106,500 

C¡#tT 

BBA 

1 Research Associate (postdoc.) 
1 Research Assistant 

IBPV, BBA 

Year3 Yearl Year2 

34,800 80,000 85,000 

18,000 20,000 12,000 

13,000 

15,000 

15,000 14,000 20,000 

6,000 

22,200 31,750 29,250 

111,000 158,750 146,250 

Year3 

92,000 

10,000 

19,000 

30,250 

151,250 
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2.0 Background and Justification 

Milk and beef are staple 
food for Latin American 
low and middle socio
economic classes. 

The development of more 
productive pasture systems 
resistant to diseases and 
pests would help in crease 
beef and milk production in 
the tropics. 

C¡AT 

Milk and beef are staples in the Latin American diet, 
accounting for over 20% of the food budget, particularly, in 
the low and middle socioeconomic c1asses. Beef and milk 
production growth rates significantly declined in the last 
decade because of Latin America's economic recession and 
significant foreign debt. As a result, tropical America will 
continue to be a net importer of beef and dairy products 
(approx. 360,000 MT of beef by the year 2000). The low 
consumption of dairy products by children, and the 
replacement of high-protein foods, by carbohydrates and fats 
in children and adults, has a predictable negative effect in the 
well being of the Latin American poor. The shortages of beef 
and dairy products in tropical Africa are even more critical, 
contributing to the occurrence of chronic malnutrition and 
sporadic famines. The development of more productive 
pasture systems resistant to biotic constraints (diseases and 
pests) would greatly contribute to increase beef and milk 
production in the tropics. 

Legume and grass germplasm has been actively collected 
throughout the tropies to form large germplasm collections 
with forage potential. The main purpose of these collections 
is to make the germplasm available to tropical forage research 
programs in developing and developed nations. CIAT's 
Tropical Forages Program, in collaboration with NARIs, 
makes use of regional networks, such as RIEPT in tropical 
America and RABAOC in West Africa, to evaluate 
germplasm. 

However, the international movement of plant germplasm 
is a regulated activity of most NARls in Asia, Africa, and 
America, and the industrialized world. The exotic nature of 
most tropical forage grasses and legumes, and the scarce 
information available on the phytosanitary situation of these 
wild, undomesticated species used for pastures in the tropies, 
puts them in a high risk category, under strict quarantine 
regulations that even may prohibit the importation of such 
germplasm. 
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High mcidence Of viruses in 
tropical forage germplasm 
collection has led to official 
restrictions for importation 
and use. 

Collaborative research 
between BBA and CIA T on 
African viruses in beans 
speeded up germplasm 
introduction 

Guide/ines and 
methodologies based on a 
true survey of viruses need 
to be developed to ensure a 
safe intercontinental 
exchange of germplasm 

C¡I\T 

BACKGROUND ANDJUSTIFICA TION 

The high incidence ofviruses in tropical forage legume 
germplasm collections, and the recent detection by Colombian 
quarantine authorities, ofviruses of African origin in grass 
germplasm introduced by CIAT in vitro, has led to the 
c1assification of exotic pasture germplasm as 'high risk' by the 
Colombian Plant Health Division of ICA (M.Sc. Carlos 
Huertas , lCA's quarantine officer at CIAT). This official 
restriction for the importation and utilization of exotic forage 
germplasm will be in effect until proper guidelines and 
methodologies are developed to ensure a safe intercontinental 
exchange of germplasm, based 00 a thorough survey of the 
viruses that affeet these forage species in their centers of 
origino 

As an example, several hundred accessions of beans 
(Phaseolus vulgaris) of Afriean origio are sto red at CIAT's 
Genetie Resources Unit but cannot be utilized or even 
increased to maiotain their viability, because the accessions 
were considered as a high phytosanitary risk by Colombian 
quarantine authorities. However, a recent eollaborative project 
was conducted by CIAT and German virologists from BBA, 
who surveyed the main bean-growing regions of East Africa 
for the presence of viruses. This produced information on the 
bean viruses of quarantine signifieance in that region, resulting 
in a reclassification of the risk category of African bean 
germplasm. These bean accessions will soon be available to 
plant breeders for evaluation and bean improvement purposes. 

The plant virus laboratories at BBA, Braunschweig, and 
CIAT are two ofthe most complete virology facilities in the 
world. Both laboratories have the capacity to fully characterize 
and specifically detect plant viruses using conventional and 
state-of-the-art molecular techniques, such as nucleic acid 
hybridization, PCR, and sequencing of plant virus genomes. 
These techniques can rapidly be deployed to identify the main 
viruses that hinder the exchange and utilization of tropical 
forages germplasm . At present, CIAT's Virology Research 
Unit is the only unit conducting research on tropical forage 
virology, a formidable task for a single plant virology unit. 
Though, recently ILCA started to implement a virus 
screenhouse for forages, in collaboration with liTA. 
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3.0 Project Objectives 

The projecl has dear goals 
and specific objectives and 
oulputs 

C¡#tT 

The main objective of the projeet is 10 expedite the 
intercontinental and international safe exchange of 
germplasm. Promising tropical forages germplasm would 
therefore be 3vailable to seientists and growers, ultimately 
increasing the produetion and availability of beef and dairy 
products in developing countries and to enhance soi! fertility. 

To acrueve trus, the specific objectives : 

(1) 10 detect and identify the viruses that affeet forage 
germplasm eollections in tropical Ameriea and Africa; 

(2) 10 develop and implemenl reliable and sensilive diagnoslic 
melhods; and 

(3) 10 disseminate the informalion generaled to quarantine 
agencies involved in the elaboration of germplasm 
importation permits, and the inspeclion and processing of 
imported germplasm. 

The project will be conducled in collaboration with plant 
germplasm specialists and curators from national programs 
(NARIs) and international centers (lARes) involved in the 
eollection, maintenance, and distribution of tropical forage 
grass and legume germplasm . This approach will give 
germplasm coIlectors, particularly those from NARIs, an 
opportunity to become familiar wilh the virus problems of 
tropical forages. 



4.0 Work Plan 

elAT 

The principal activities and subactivities of the project as 
they relate to the project's outputs are graphically illustrated in 
Figure 1. Figure 2 shows the project organization concerning 
technical reporting and financial management. The 
implementation schedule (Gantt Chart), showing the 
beginning and duration of each main activity, is shown in 
Appendix A. 

4.1 Year 1 and 2 

4.1.1 Activity 1 

Africa is the center of origin of many tropical forage 
grasses , while tropical forage legumes originated mainly from 
tropical America and Southeast Asia. Surveys by the 
virologists (project leaders) and germplasm specialist (local or 
C[A T) of the main tropical forage collections, selected as 
sources of germplasm, will be conducted. The forage viruses 
found in Africa will be identified by the collaborating German 
virologists at BBA. [dentification ofviruses found in tropical 
America are the responsibility of C[AT's VRU. 

A. [n Africa (German collaoorator and local germplasm 
specialist). 

B. [n tropical America (C[ATvirologist and local or ClAT 
germplasm specialist). 

4.1.2 Activity 2 

Plant samples suspected to be infected will be taken to 
the well-equipped virology laboratories at BBA, Germany, 
and C[AT, Colombia, to confirm the presence ofviruses 
(detection) and identify the causal viruses (characterization). 
This division of labor is necessary to conform with quarantine 
restrictions both in Germany and in Colombia. 
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WORK PLAN 

A. Electron Microscopy 

a. Directobservation 
b. Cytology 

B. Serology 

a. Immuno-electron microscopy 
b. Double diffusion 
c. ELISA 

e Electrophoresis 

a. ds-RNA 
b. Capsid protein and viral nucJeic acid analyses 

D. Nucleic Acid Hybridization Techniques 

E. Polyrnerase Chain Reaction (PCR) detection rnethods 

4.2 Year 2 and 3 

4.2.1 Activity 1 

Once tropical forage viruses are characterized, reliable 
and sensitive diagnostic methods will be implemented for use 
at advanced virology laboratories, NARIs pathology 
laboratories, and quarantine facilities around the world. 

A. Irnmunology 

a. Polyclonal antisera 
b. Monoclonal antisera (at CIA T) 

B. Molecular Virus Detection Tests 

a. Nucleic acid hybridization 
b. PCR 

e Diagnostic Test Plants 

a.lndexing 

b. Differential genotypes/species forvirus strains 
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WORKPLAN 

4.2.2 Activity 2 

Results will be documented at different levels and in 
different forms . The information generated by this project 
will be mainly used to produce guidelines for the safe 
exchange of tropical forages germplasm. The collaboration 
and endorsement of FAO and IBPGR will be sought fOL 
Once these guidelines have been produced, they will be 
distributed worldwide to quarantine agencies involved in the 
exchange of tropical forage germplasm . 

A. 

B. 

e 

Survey and laboratory (technical) reports to inform 
collaborators and the funding agency 

Publications in plant pathology joumals of local and 
worldwide coverage or distribution (joint publications) 

Production of a technical bulletin and guidelines 
for the 5afe exchange oftropical forage germplasm 
and distribution to interested/collaborating National 
Programs (IBPGR, FAO, BBA, CIAT) 



Figure 1: Work Breakdown Structure, Linking Project Activities to Project Outputs 
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Project Organization Chart 
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5.0 Training 

C¡I\.T 

National Agricultural Research Institutions 
(NARls) 

Germplasm Collectors/Curators will become familiar with 
virus-induced diseases during virus surveys. 

Pathologists: Those who work at NARIs or at regional research 
institutions, with responsibilities forthe phytosanitary evaluatioo 
oftropical forage germplasm,will be trained through personal 
cootacts, local or regional workshops , and publications. 

Ouaraotine officers who will be informed of the results of the 
virus survey through meetings, bulletins, and formal publications 
(guidelines) to expedite the intemational movemeot of germplasm 
in a safe manner. 

Specialized training will be provided to key national program 
pathologists and technicians responsihle for the detection of 
viruses and production ofvirus-free plants through tissue culture 
techniques both at the IBVP, BBA ,in Braunschweig, Germany, 
and at the VRU, CIAT, Colombia. 
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6.0 Expected Patentahle Research Resultli 

We expect to produce a wide-spectrum monocIonal 
antibody (MAb) that recognizes those tropical forage 
potyviruses, such as guineagrass mosaic virus and peanut 
motile virus, which are not recognized by the commercially 
available anti-potyvirus MAb, marketed by AGDIA (Elkhart, 
Indiana, USA). 

This work will be conducted at CIAT during years 2 and 
3, with a high probability of success because CIAT already 
has the specific aotigens and a monocIooal aotibody 
production laboratory. 

Considering that potyviruses are the most ubiquitous viral 
pathogens, not only of tropical forage legumes but of plants in 
general, the potential market for this MAb is significant. As 
per CIAT policies, the Center w·ill take the necessary steps in 
order to facilitate the access of scientists world-wide, and 
especially in developing countries, to the research output of 
this projecl. 
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7.0 Budget 

C¡~T 

7.1 Materials 

Required supplies for Years 1 and 2 of the project are 
electron Olicroscopy supplies, antisera, monoclonallaboratory 
supplies, PCR primers and enzymes, and laboratory reagents. 
Detection kits for NARIs will be acquired during Years 2 and 
3 of the project. Year 3 iDcludes all materials Iisted for Year 
1, except antisera. 

7.2 Equipment 

The equipmeDt to be acquired iD Year 1 iDcludes a PCR 
apparatus, an ELISA plate reader aDd a CO

2 
iDcubator. A 

refrigerated table centrifuge is iDcluded for Year 2 of the 
project. 
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TABLE 1 BMZ - Idenlification 01 TropiCal Forage Viruses 
Proposed budget 
( In US dollars ) 

UNE ITEM Vear 1 Vear 2 Vear 3 Total 

CIAT COMPONENT 

1.0 PERSONNEL 
Rasearch Assoclate 21,000 22,000 23,000 66,000 
Research Assistant 10,700 11 ,200 11,800 33,700 
Total Personnel 31 ,700 33,200 34,800 99,700 

2.0 TRAVEL 18,000 15,000 15,000 48,000 

3.0 OPERATIONS 
Materials 12,000 15,000 18,000 45,000 
Publications 2,000 6,000 8,000 
Total Operations 12,000 17,000 24,000 53,000 

4.0 TRAINING (TRAVEL INCL.) 6,000 10,000 15,000 31,000 

5.0 EQUIPMENT 20,000 10,000 30,000 

6.0 INDIRECT COSTS 21,925 21,300 22,200 65,425 

Total CIAT Component 109,625 106,500 111 ,000 327,125 

BBA COMPONENT 

1.0 PERSONNEL 
Resaarch Associata (postdoc. ) 50,000 53,000 56,000 159,000 
Rasearch Asslstant 30,000 32,000 36,000 98,000 
Total Personnel 80,000 85 ,000 92 ,000 257,000 

2.0 TRAVEL 14,000 20,000 19,000 53,000 

3.0 OPERATIONS 
Materials 20,000 12,000 10,000 42,000 
Publications 
Total Operations 20,000 12,000 10,000 42,000 

4.0 EQUIPMENT 13,000 13,000 

5.0 INDIRECT COSTS 31,750 29,250 30 ,250 91,250 

Total BBA Component 158,750 146,250 151,250 456,250 

Grand Total 268,375 252,750 262,250 783,375 

IIIP'I- '-PI':!ial 

oS- .... a-.. 
* Assumes 5% annuallnfla1ion on ClAT costs """"~ 

cr: ~ 
ABRAHAM E. ESPIN 

Financial Controller 
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Appendix A: CHRONOGRAM OF PROJECT ACTIVITIES BY YEAR 

RESEARCH 

1. Survey of the maln tropical forage germplasm collec1lons In Afrlca 
and tropical America. 

2. Processing of Infected plan! samples In Germany and at CIAT. 

3. Development and Implementation of virus detec1ion methods. 

4. Documentation and publicalion of results. 

TRAINING 

1. Preparation of training materials. 

2. Delivery of training workshops in Africa and tropical America. 

3. Specialized trainlng al CIAT and in Germany. 

G:\A'opc:w.nMot"'~P'f'ncM .pm4 
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Appendix B-l 

Name: 

Position In ProJect: 

Cltizenship: 

Country of Resldency: 

Education: 

Languages: 

Management and 
Admlnistratlve 
Experlence: 

C;~T 

I 

Centro Internacional de AgricuHura Tropical 

Francisco Morales G. 

Project Coordinator 

Colombian 

Colombia 

Ph.D., Plant Virology 
University 01 Florida, 1978 

M.Se., Plant Pathology 
Cornell University, 1974 

S.Se., Agronomy 
National University 01 Colombia, 1971 

Spanish 
English 
Freneh 
Portuguese 
German 

• Native 
-Advanced 
-Intermediate 
·Advaneed 
-Seginner 

Centro Internacional de Agricultura Tropical (CIA T) 
Head, Virology Research Unit 
Cali, Colombia. 1998 to present 

Centro Internacional de Agricultura Tropical (CIAT) 
Senior Staff Virologist, Bean Program 
Cali, Colombia. 1980-1988 

Centro Internacional de Agricultura Tropical (CIAT) 
Postdoctoral Fellow, Sean Program 
Cali, Colombia. 1979-1980 
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CV -2-
Francisco Morales G. 

International Research 
Experience: 

Membershlp in 
Scientiflc Socleties: 

C¡~T 

Universlty of Florida. Department of Plant Pathology 
Researeh Assistant 
1976-1978 

Instltut für Viruskrankheiten der Pflanzen. Braunschweig, 
W. Germany - CIAT, Call, Colombia. IVP/CIAT/BMZ 
Distribution and Importanee of Viruses Naturally Infecting 
Phaseolus vulgaris and its Relatives in Africa. 

Instituto di Fltovlrologla Appllcata, Torlno, Italy - eIAT, 
Call, Colombia. IFVA/CIAT 
Characterization 01 the Main Sean Yellow Mosaie Virus Strains 
that Umit Sean Production in Northern A1rica, West Asia, and 
China. 

Tel-Aviv Unlversity, Israel- CIAT, Cali, Colombia. CDR/AID 
IdentiticatiOn and Characterization 01 Genetie Strains in White-
1lies. 

Inst. for Molecular Virology and Dept. of Plant Pathology, 
Unlversity of Wisconsln - CIAT, Call, Colombia.Tltle XlI/ 
CRSP/U WISC/ CIAT 
Molecular Approaches to Control ot Sean Golden Mosaic Virus. 

.. American Phytopathological Society, U.S. and Carlbbean 
Divisions 

.. Latin American PhytopathologicaJ Society 

• Colombian PhytopathologicaJ Soeiety 

.. Secretary in charge 01 organizing the Federation of Ameri
can Phytopathological Societies 
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CV -3-
Francisco Morales G. 

Publlcations: 

Morales, F.J. and Zettler, F. W.,1977. Characterization and electron microscopy of a potyvirus infecting 
Commelina diffusa. Phytopathology 67:839-843. 

Morales, F.J. and Zettler, F.W. 1977. Aphid transmission characteristics of dasheen mosaic virus. 
Fitopatologia Colombiana. 6:134. (Abstr.). 

Morales, F.J. and Zettler, F. W., 1977. Effect of a potyvirus on the aphid transmissibility of cucumber 
mosaicvirus from mixed infections. Fitopatologia Colombiana 6:141 (Abstr.). 

Morales, F.J., 1978. Electropboretic properties of the viral capsid protein in relation to the dependent 
transmission pbenomenon ofpotyviruses. University ofFlorida, Gainesville. 89p. 

Morales, F.J., 1979. Purification and serology ofbean common mosaic virus. Turrrialba 29: 320-323. 

Morales, F.J., 1979. Aislamiento de cepas del virus del mosaico amarillo del fríjol. Fitopatologfa 
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