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Dedication

This report is dedicated to the memories of our two fallen colleagues,
Maria de Jesiis (Chusa) Ginés and Verénica Mera, of late
Coordinator and Social Scientist, respectively of the Cassava
Biotechnology Network for Latin America and the Caribbean (CBN-
LAC)

The promising lives of these two highly respected and beloved
scientists, wives and mothers were tragically cut short in the
morning of Monday, 28 January 2002 when the aircraft they were
aboard crashed into the Cumbal volcano in the Colombia - Ecuador
border. They were on an official trip from their base in Quito,
Ecuador, to the CIAT headquarters in Cali, Colombia. Chusa and
Vero believed in and tirelessly championed the causes of the
resource-poor farmers of the world. It is remarkable that they
ultimately paid the supreme price while in active pursuit of the goal
of ensuring that the voices of these farmers are heard in priority
setting for cassava biotechnology research. By dedicating the SB-02
Annual Report for 2002 to the memories of these two wonderful
people we are affirming our resolve to continue to positively impact
on the lives of the poor farmers of the tropics by the strategic use of
novel biotechnological tools to increase agricultural productivity
through the exploitation of the rich agrobiodiversity of our mandate
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Project SB-2: Assessing and Utilizing Agrobiodiversity through

Biotechnology

PROJECT OVERVIEW

Project Description

Objective: To preserve the Designated Collections and employ modern biotechnology to identify and use
genetic diversity for broadening the genetic base and increasing the productivity of mandated and selected
nonmandated crops.

Outputs:

il o

Improved characterization of the genetic diversity of wild and cultivated species and associated organisms.
Genes and gene combinations used to broaden the genetic base.

Mandated crops conserved and multiplied as per international standards.

Germplasm available, restored, and safely duplicated.

Designated Collections made socially relevant.

Strengthen NARS for conservation and use of Neotropical plant genetic resources.

Conservation of Designated Collections linked with on-farm conservation efforts and protected areas.

Milestones:

2002

2003

2004

2005

Cassava cryopreservation implemented. Gene transfer used to broaden the genetic base and enhance
germplasm of rice, cassava, and the forage grass Brachiaria. Screening with microarray technology
initiated. Marker-assisted selection implemented for rice, beans, and Brachiaria. ESTs generated for
cassava starch and CBB. A LIMS developed. Procedures developed for conservation of wild species
and landraces, based on studies of seed biology and physiology. Safe-duplication and restoration
continued.

Efficient transformation system devolved for beans. Transgenic cassava tested for resistance to
stemborer. Bioreactor technology implemented for cassava and rice. Markers developed for iron and
zinc in beans. Collaboration with public and private partners strengthened. Advanced backcross
populations of rice characterized. Protocols for cryoconservation of seeds and tissue germplasm
established. Germplasm collections regenerated. Safe-duplication and restoration continued.

High throughput screening of germplasm bank and breeding materials implemented, using microarray -
technology. Al tolerance in Brachiaria characterized. Marker-assisted selection for ACMV and
whitefly resistance initiated. Transgenic rice resistant to a spectrum of fungal diseases. Development of
insertion mutagenesis population in rice, using Ac/Ds. Gene flow studies for bean and rice completed.
Links with conservation efforts in protected areas and on farms established. Germplasm collections
regenerated. Initiation of DNA banks for core collections. Safe-duplication and restoration continued.

Efficient transformation system devolved for cassava. Bean with high iron and zinc tested and
transferred to CIAT Africa program. SNP markers developed for bean and implemented for MAS.
Targeted sequencing of cassava genome. Isogenic of QTL in rice developed and tested. Gene expression
studies. Technology transfer for rapid propagation system to NARS. Testing of Ac/DS population for
gene identification




Users: CIAT and NARS partners (public and private) involved in germplasm conservation and crop genetic
improvement and agrobiodiversity conservation; AROs from DCs and LDCs, using CIAT technologies.

Collaborators: IARCs (IPGRI through the Systemwide Genetic Resources Program, CIP, and IITA through
root and tuber crop research, [FPRI through biofortification proposal and CATIE); NARS (CORPOICA, ICA,
EMBRAPA, IDEA, INIAA, INIFAP, UCR, INIAs); AROs (IRD, CIRAD, Danforth Center, CAMBIA, NCGR,
and universities—Cornell, Yale, Clemson, Kansas State, Bath, Hannover, Rutgers, Ghent, Gembloux);
biodiversity institutions (A von Humboldt, INBIO, SINCHI, Smithsonian); corporations and private
organizations.

CGIAR system linkages: Saving Biodiversity (40%); Enhancement & Breeding (55%); Training (4%);
Information (1%).

CIAT project linkages: Inputs to SB-2: Germplasm accessions from the gene bank project. Segregating
populations from crop productivity projects. Characterized insect and pathogen strains and populations from
crop protection projects. GIS services from the Land Use Project. Qutputs from SB-2: Management of
Designated Collections (gene banks); genetic and molecular techniques for the gene bank, crop productivity,
and soils (microbial) projects. Identified genes and gene combinations for crop productivity and protection
projects. Propagation and conservation methods and techniques for gene banks and crop productivity projects.
Interspecific hybrids and transgenic stocks for crop productivity and IPM projects.

ii



Project SB-2: Assessing and Utilizing Agrobiodiversity through Biotechnology

Work Breakdown Structure

PROJECT GOAL

tropical countries.

To contribute to the sustainable increase of productivity and quality of mandated and other priority crops, and the conservation of agrobiodiversity in

PROJECT PURPOSE

To ensure that characterized agrobiodiversity, improved crop genetic stocks, and modern molecular and cellular methods and tools, are used by CIAT

and NARS scientists for improving using and conserving crop genetic resources.

OUTPUT 1. Genomes
characterized: Genomes of wild
and cultivated species of
mandated and non-mandated
crops, and associated organisms
characterized.

OUTPUT 2. Genes modified: Genes and
gene combinations utilized for broadening
the genetic bases of mandated and non-
mandated crops.

- Molecular characterization
of genetic diversity

- Identification and mapping
of useful genes and gene
combinations

- Development of molecular-
genetic techniques for
assessing genetic diversity.

- Transfer of novel genes and gene
combinations by means of cellular and
molecular gene transfer techniques.

- Identification of points for genetic
intervention in plant/stress
interactions.

- Development of cellular and molecular
techniques for genome modification.

il

OUTPUTS3. Collaboration with
public and private sector partners
enhanced.

- Organization of conferences,
networks, workshops and
training courses.

- Assembling of data bases,
genetic stocks, maps and probes,
and related information.

- Publications, project proposal

development and contribution to
IPR and biosafety management.




Project:

CIAT: SB-2 Project Log Frame (2003-2005)

Assessing and Utilizing Agrobiodiversity through Biotechnology
Project Manager: Joe Tohme

Narrative Summary

Measurable Indicators

Means of Verification

Important Assumptions

Goal

To contribute to the sustainable increase of
productivity and quality of mandated and
other priority crops, and the conservation
of agrobiodiversity in tropical countries.

CIAT sgientists and partners using
biotechnology information and tools in
crop research.

Gcneticl stocks available to key CIAT
partners.

CIAT and NARS publications.

Statistics on agriculture and
biodiversity.

Purpose

To conserve the genetic diversity and
ensure that characterized agrobiodiversity,
improved crop genetic stocks, and modermn
molecular and cellular methods and tools
are used by CIAT and NARS scientists for
improving, using, and conserving crop

| genetic resources.

Information on diversity of wild and
cultivated species.

Mapped economic genes and gene
complexes.

Improved genetic stocks, lines, and
populations.

Publications, reports, and project
proposals.

Pro-active participation of CIAT and
NARS agricultural scientists and
biologists.

Output 1

Genomes characterized of wild and
cultivated species of mandated and
nonmandated crops and of associated
organisms.

Molecular information on diversity of
mandated and nonmandated crops
species, and related organisms.
Bioinformatic techniques implemented.
QTLs for yield component in rice, for
nutrition traits in beans and cassava,
and for Al tolerance in Brachiaria.

Publications, reports, and project
proposals.

Germplasm.

Availability of a laboratory information
management system (LIMS).

Availability of up-to-date genomics
equipment, and operational funding,

Output 2

Genomes modified: genes and gene
combinations used to broaden the genetic
base of mandated and nonmandated crops.

Transgenic lines of rice and advances

in cassava, beans, Brachiaria, and other
Crops.

Cloned genes and preparation of gene
constructs.

Information on new transformation and
tissue culture techniques.

Publications, reports, and project

proposals.
Germplasm.

IPR management to access genes and
gene promoters.
Biosafety regulations in place.




Output 3

Collaboration with public- and private- CIAT partners in LDCs using Publications. Government and industry support
sector partners enhanced. information and genetic stocks. Training courses and workshops. national biotech initiatives.
New partnerships with private sector. Project proposals.

Output 4
Mandated crops conserved and multiplied
as per international standards.

Germination rates for long-stored
materials.

Cost per accession/year, compared with
other gene banks.

Visits to GRU substations and
conservation facilities.

Absence of uncontrolled diseases.
Quarantine greenhouse space available at
different altitudes.

Output 5
Germplasm available, restored, and safely
duplicated.

Number of germplasm requests
received and satisfied annually.
Users received germplasm and data.
Users asked for novel germplasm and
data.

Visits to multiplication plots.

Reports on requests and delivery.
Number of core collections multiplied
and shipped.

Agreement with CIAT holds.

Output 6
Designated Collections made socially
relevant.

Landrace diversity restored to farmers.
Farmers use new varieties.
Breeders use novel genes.

Germplasm catalogs.
Plant variety registration logs.
National catalogs.

International collecting possible.
Quarantine matters cleared.

Output 7
Strengthen NARS for conservation and use
of Neotropical plant genetic resources.

NARS germplasm collections
conserved.

Number of trainees trained at CIAT.
Number of universities and NARS
using training materials.

Country questionnaires.

Courses registered.

Distribution and sales of training
materials.

NARS and networks willing to cooperate.

Output 8

Conservation of Designated Collections
linked with on-farm conservation efforts
and protected areas.

Number of case studies and pilot in situ
conservation projects.

Project documentation.

NARS interested in conservation efforts.
Farmers interested in conservation efforts.




Narrative Summary

Measurable Indicators

Means of Verification

Important Assumption

QUTPUT 1: Genomes characterized

Activity 1.1.Molecular characterization of
genetic diversity

Characterization of core collections
Identification of sources of resistance to
disease

Genetic structure of wild and cultivated
beans and cassava available Phylogenic
trees based on ITS sequences.
Characterization of genetic diversity of
endangered palms and soursop in
Colombia

Report, articles, databases of molecular
fingerprinting

Availability of structure collections
Material supplied by GRU

Activity 1.2 Identification and mapping, of
useful gene and genes combinations

Marker assisted scheme established for
bean rice, and Brachiaria

Linkage detected between markers and
important agronomical traits

QTL analysis for quality traits,disease
resistance, and agronomic performance in
bean, cassava and rice.

Draft articles, Annual Report, publications

Availability of mapping populations and
phenotypic characterization

Activity 1.3 Development of molecular
techniques for assessing genetic diversity and
mapping useful genes

Bean, Cassava and Brachiaria
microsatellites developed

New technologies - SAGE, cDNA AFLP,
and microarray implemented.

Resistance genes analogues identified,
characterized and mapped in bean and
Brachiaria.

Mapping resistance genes in Brachiaria
rice.

Sequences available
Report, draft articles

Access to facilities in advanced labs

OUTPUT 2. Genomes modified

Activity 2.1 Transfer of novel genes an gene
combinations by cellular/molecular techniques

Expression of insecticidal protein
Isolation of lignin biosynthetic genes
from Brachiaria

Generation of transgenic Brachiaria,
cassava, rice, tomato, sugarcane.

Field test of transgenic rice with virus
resistancé

Backcross conversion from transgenic
rice.

Transgenic plants in biosafety field
Report, draft articles

Biosafety regulation approved
Biosafety greenhouse space available
Collaboration with NARS

Activity 2.2 Development of cellular and
molecular techniques for the transfer of genes
for broadening crop genetic base

" Rapid propagation rates of cassava

cultivars improved by bioreactors.

Low cost cassava in vitro propagation
method transferred to farmers association.
Cost analysis of propagation and
conservation of cassava germplasm by
different methods.

Use of bioreactors for rice anther culture
Adaptation and use of selection system
for genetic transformation non dependent
on antibiotic resistance

Farmer reports, level of adoption of technology

Access to farmers association
Access to RITA system

Vi




Development of propagation, plant
regeneration and transformation of
naranjilla

Cryopreservation of cassava and tree
tomato

In vitro propagation of soursop improved

Activity 2.3 Identification of points of genetic
intervention and mechanism of plant stress

Genomics tools used to understand and
exploit diversity for cassava starch and
post-harvest deterioration
Characterization of genetic diversity and
key pathway genes for carotene and
mineral contents in cassava

OUTPUT 3. Collaboration enhanced

Activity 3.1 Organization of Networks,
Workshops, training courses in biotechnology

The Cassava Biotechnology Network was
re-established

Contribution to training courses
Organization of a legume genomics
meeting between CG and US universities.
Organization of the CG planning
workshop on biofortification.

At least 70 people received training
Participation of leam members to
international, regional conferences

Reports

Funding available

Activity 3.2 Data Base and Genetic Stocks

Database for bean microsatellites
established

New version of Flora Map distributed
Database for gene constructs, plasmid and
vectors established

Number of register users, report, access (o
databases, publications

Continued core support

Activity 3.3 Project proposals and Publications

Five new projects approved and 11
proposals submitted

Number of projects approved

Continued core support

Activity 3.4 Donors contributing

Twenty five donors contributed

Number of current donors

Continued core support

Activity 3.5 Project SB-2 staff

*® o @& 0|0

8.9 Senior Staff person/time
41 Support Staff

3 Adminjstrative Support Staff
18 Graduate Students

14 Undergraduate Students

Total number of staff

Continued core support

vii







OUTPUT 1. Genomes and wild and cultivated species of mandated
and non mandated crops, and associated organisms

characterized

Activity 1.1 Characterization of genetic diversity

Main Achievements

*  The fingerprinting of common bean genotypes with microsatellite was carried to determine the origin of the
patented Enola variety. The similarities obtained are consistent with the hypothesis that Enola is a selection
from one of the pure-line commercial cultivars of the Mayocoba market class, grown in Mexico for export to the

USA.

e  Diversity in the CIAT collection of tepary beans (Phaseolus acutifolius) analyzed with two combinations of
AFLP primer pairs to distinguish taxonomic relationships with P. parvifolius as well as within the species
between P. a. var. acutifolius and P. a. var. tenuifolius.

e Genetic diversity of microsatellite alleles determined for a third common bean parental survey that provide the
basis for mapping and genetic tagging experiments for drought and abiotic stress tolerance. This information
was incorporated into a new molecular genetics database constructed for microsatellite parental surveys and the

Beangenes database.

e  Phaseolin characterization of Caribbean common bean germplasm showing hybrid Mesoamerican -Andean
origin to red and pink mottled “Andean” landraces.

e Interspecific progeny presented significant introgression of drought tolerance from P. acufifolius to common
bean. These represent another potential source of tolerance genes to improve common bean, and may also be a
source of heat tolerance.

e The identification of a Symbiotic Bacteria from Native Colombian Entomophagous Nematodes was obtained
using sequence analyses of PCR amplified 16 S rDAn regions. The data showed that the 165 sequence from the
nematode symbiotic bacteria Bacillus sp. is closely related to B. cereus, B. thuringiensis and B. anthracis.

*  Molecular characterization was carried out on Fleminga, Cratylia, as part of a collboration with the forage
project and on soursop, lulo, plantain, and avocado as part of the collaboration with Corpoica.

*  Red rice accessions collected from Tolima and Huila, Colombia, were fully characterized using morphological,
phenological, and microsatellite markers. The characterization allowed distinguishing red rice biotypes alike to
cultivated varieties or the wild species O. rufipogon, or in between.

*  Crop/wild/weedy specific microsatellite to be used for tracing gene flow and introgression were identified.
Current methodology sensitivity allowed detecting 2% introgression in bulked DNA samples of different

genotypes.

*  Potential red rice accessions candidates to conduct gene flow/introgression analysis were selected based on
susceptibility to RHBV, overlapping flowering with crop, presence of red/brown color stem, leaves, grain awn
and husk.




1.1.1 Fingerprinting of common bean genotypes with microsatellite
markers: The Enola variety

C. Quintero', O. Toro’, E.Gaitan; D. Debouck® and J. Tohme'
'SB-2 Project; > SB-1 Project

Introduction

In December 2000 CIAT filed a formal request for reexamination of US patent no. 5,894,079, also
known as the yellow or “Enola” bean patent with the US Patent & Trademark Office in
Washington, DC (Debouck, personal communication, 2002). Cluster analyses of seed proteins and
isozyme data on a group of 22 bean genotypes located the Enola variety in the largest group (CIAT,
2001). These genotypes were then analyzed with microsatellite markers.

Materials and Methods

Twenty bean genotypes from Mexico and Peru and the patented variety Enola were analyzed. One
microsatellite marker per linkage group was chosen on the basis of a discriminatory power ranging
between 0.74 and 0.94 (Gaitan, personal communication).

Five seeds of each genotype selected for this study were grown in the greenhouse. Leaf tissue was
then collected in liquid nitrogen, ground and 5 g used for genomic DNA extraction, employing a
CTAB-chloroform protocol according to the modifications made by Afanador et al. (1993).

PCR reactions were carried out in a final volume of 20 ul as follows: 20 ng of genomic DNA were
added to a mix containing 10 mM Tris-HCI pH 8.8, 50 mM KClI, 1.5-2.5 mM MgCl, 0.25 mM of
each dNTP, 0.1 pM of each forward and reverse primer, and one unit of 7ag polymerase. The PCR
profile included an initial denaturation step at 94°C for 3 min followed by 35 cycles of 15-sec steps
at 94, 50-55 and 72°C, with a final extension step at 72°C for 5 min. Amplified products (3.5 pl)
were resolved on 6% denaturing polyacrylamide gels with 5 M urea and 0.5X TBE, using silver
staining protocol according to the manufacturer’s guide (Promega Inc., USA)

In total 52 polymorphic alleles from the 21 genotypes evaluated in this study were scored for their
presence or absence; and a cluster analysis was performed with the NTSYS-pc vers. 2.02 software
package (Rohlf, 1994), using the UPGMA method, based on the Dice similarity coefficient.

Results and Discussion

Figure 1 shows the results of the scoring of the presence (1) or absence (0) of the 52 polymorphic
alleles. :

Figure 1. Microsatellite amplification of bean genotypes including the patented variety Enola.



Microsatellite markers were suitable for distinguishing genetic diversity among the bean genotypes
selected for this study.

At a 0.38 similarity level, four groups were identified (Figure 2). Some similarity with the results
obtained from the isozyme analysis was observed, but this time the microsatellites discriminated
within the largest group, where the Enola variety was found. The group contained Canario-type
Peruvian germplasm such as G5707, G5703 and G14024. The germplasm accessions, G13094
(Mayocoba) and G 11891 (Culiacan-11-57R-M-37-M-M) from Mexico were nearly identical for the
loci analyzed in this study, and a high degree of similarity between them and the Enola variety was
also observed (0.91 similarity level), which may indicates that the Enola variety is not unique.

Enola

G13094

G7329
— &7

Figure 2. Dendrogram of similarities among some common bean genotypes, using UPGMA and Dice
coefficient. -

These similarities are consistent with the hypothesis that Enola is a selection from one of the pure-
line commercial cultivars of the Mayocoba market class, grown in Mexico for export to the USA
(Kelly, 2000).

The exclusive property claim to all bean cultivars with the Enola seed-coat color, based on the
“invention” of that seed-coat color is therefore being contested on the basis of the argument that the
program of several successive cycles of self-pollination and selection from yellow bean materials
purchased in Mexico did not create or invent the seed-coat color, which has existed in Peru since
ancient times (Debouck and Voysest, personal communication).
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1.1.2 Genetic diversity of tepary beans uncovered with multiple AFLP
combinations

MW Blair, LC Muiioz, MC Duque, D Debouck
SB-2 Project

Introduction

The genetic diversity within tepary bean (Phaseolus acutifolius A.Gray) and related species (P.
parvifolius) has been studied using isozyme markers and RFLPs (Scinkel and Gepts, 1988, 1989,
Garvin and Weeden, 1994). The objective of this research was to use amplified fragment length
polymorphism (AFLP) markers to study the patterns of diversity within the species and its
placement relative to other Phaseolus species that were used as an outgroup. AFLPs tend to be
evolutionarily conserved markers and serve to reference different species relative to each other,
however to be accurate more than one combination of AFLP primers should generally be used.
Last year we reported on the results of one AFLP combination and this year we compare a second
AFLP primer combination to obtain more conclusive results. Additional objectives of the study
were to determine if P. acutifolius and P. parvifolius merit being separate species and if molecular
markers can distinguish between the botanical varieties var. acutifolius and var. tenuifolius within
the species P. acutifolius. Another purpose of this research was to lay the groundwork for genetic
improvement of tepary beans given that presently there are no improved varieties of tepary beans
and a diversity assessment would be important for deciding on which crosses to make. Improved
varieties of tepary beans would be a very useful and interesting crop especially for dryland
agricultural systems because tepary beans are the most drought-adapted species of the genus. They
are also known to have high heat and salinity tolerance and good nutritional quality.
Reestablishment of tepary bean production would build on a tradition of cultivation in Mexico,



South western United States and Central America, that goes back 5000 years. New varieties of
tepary beans could also be important for other desert regions where pulse production is needed.

Methodology

Genotypes and DNA extraction: A total of 108 genotypes from the Genetic Resources Unit of
CIAT were analyzed in the experiments as described in last year’s annual report. These included an
outgroup of 9 genotypes from the Phaseolus genus including 4 P. vulgaris (common bean); 4 P.
lunatus (lima bean); and 1 P. glabellus genotype.

AFLP analysis: Amplicon-template preparation, pre-amplification, and selective amplification were
described in last year’s annual report. To determine which were the best primer combinations based
on the EcoRI (E) -Msel (M) adapters and primers with 3 selective nucleotides each we conducted a
survey with one common and one tepary bean accession. Based on this we decided to add the
combination E-ACC/M-CTA to the combination E-AAG /M-CTT that we analyzed last year. PCR
products were run on 4% silver-stained polyacrylamide gels for 1, 1.5 and 2 hours as described in
last years report.

Data analysis: Genetic similarities between genotypes were determined with the Dice coefficient
using NTSYS 2.02 (Rohlf, 1993). The similarity matrices were used to construct dendrograms with
the same program. Principal component analysis was done with the software package SAS (SAS
Institute, 1989). Once the groups were determine, mean similarity indices were estimated between
the following groups: P. acutifolius cultivated, P. acutifolius var acutifolius , P. parvifolius, P.
vulgaris, P. lunatus. Primer combinations were compared with Mantel “Z” statistic for the
correlation of genetic distance matrices.

Results and Discussion

Both AFLP combinations used in this study had a good polymorphism rate, clear amplification
profile and well-distributed range in PCR product sizes. The AFLP combinations produced a total
of 262 bands (167 for E-AAG/M-CTT; and 95 for E-ACC/M-CTA 95 bands. In terms of numbers
of polymorphic bands, the primer combination E-AAG/M-CTT was a lot less efficient that the
primer combinations E-ACC/M-CTA. (Table 1). Considering all the bands produced in the two
primer combinations, 99.2% of the bands were polymorphic across all species and 74.8% were
polymorphic across the outgroup. However, polymorphism within P. parvifolius (16.8%) was low,
within cultivated P. acutifolius (31.7%) was low to intermediate and within wild P. acutifolius
(42.7%) was intermediate (Table 2).

Both monomorphic and polymorphic bands were used to determine the genetic similarity between
genotypes. For the combined analysis of two AFLP primer combination only 99 tepary beans and
their close relatives were analyzed, consisting in 46 cultivated P. acutifolius var. acutifolius; 32
wild P. acutifolius var. acutifolius; 11 P. acutifolius var. tenuifolius; and 10 P. parvifolius
accessions. Figure 1 shows the principal component analysis derived from either AFLP
combination separately or for the total number of bands. The combination E-AAG/M-CTT was
efficient for grouping the genotypes by species while the combination E-ACC/M-CTA in addition
to separating the species allowed a better distinction between groups within species. This was
evidenced in the separation of four groups: cultivated P. acurifolius, wild P. acutifolius var.
acutifolius, wild P. acutifolius var. tenuifolius and P. parvifolius with this second AFLP
combination. The analysis of the combined dataset also coincided with the established taxonomic
relationships for the group of species analyzed, with P. glabellus as the most distant from P.
acutifolius followed by P. lunatus and P. vulgaris. The correlation between the two genetic matrices



for each AFLP combination was 0.83. The use of two AFLP primer combinations seems to have
sampled different parts of the bean genome and gave us a more accurate picture of the relationships
within and between species.

The structure of the dendrogram created for the full dataset of AFLP bands as shown in Figure 2,
also agrees with known taxonomic relationships for the six species represented in the study. P.
glabellus was the most distant group, followed by P. lunatus. P. vulgaris was the closest to the P.
acutifolius - parvifolius clade. The level of similarity was around 35% between the five groups.
Within both P. vulgaris and P. lunatus the distinction between Andean and Mesomerican
genepools was clear. The level of similarity between genepools was lower in P. vulgaris (65%)
than in P. lunatus (75%). Within the P. acutifolius - parvifolius spectrum, all the accessions
shared up to 50% similarity. In the dendogram, a total of five groups could be distinguished within
the P. acutifolius - parvifolius spectrum: 1) cultivated P. acutifolius from Central and North
America 2) cultivated P. acutifolius from North America (mainly Sonora and Sinaloa), 3) wild P.
acutifolius var. acutifolius 4) wild P. acutifolius var acutifolius and tenuifolius; and 45) P.
parvifolius. These five groups could be organized hierarchically into a larger clade, consisting of
groups 1 and 2 with the remaining as separate groups. The first clade contained all the cultivated P.
acutifolius, while the remainding groups contained all the P. acutifolius var. tenuifolius and P.
parvifolius accessions. The wild P. acutifolius accessions were distributed among the two clades,
with some more allied to the cultivated accessions of the same species and others allied to the P.
parvifolius group. Within the first clade, the two cultivated groups (1 and 2) were related at 85%
similarity and these were related to the wild accessions (group 3) at 75% similarity. The P.
parvifolius and P. acutifolius (both var. acutifolius and tenuifolius) were related at 64% similarity.

As mentioned above, the AFLP combinations accurately displayed the genetic structure of the
Phaseolus genus, where tepary beans are in the tertiary gene pool of common (P. vulgaris L.) and
scarlet runner (P. coccineus) beans but are fairly distant from other Phaseolus species such as lima
beans (P. lunatus, P. glabellus). The analysis also showed that tepary beans were less diverse than
common bean or lima beans. This is probably because tepary beans most likely have had a single
center of origin from where they were distributed across the current range of the crop, while
common and lima beans were domesticated in two centers of origin. The relationships within the P.
acutifolius - parvifolius clade has been controversial. The AFLP data presented here suggest that
the P. acutifolius and P. parvifolius probably do not deserve to be different species, but could
qualify as possible subspecies or varieties within the species. The high amounts of diversity found
in the wild P. acutifolius and P. parvifolius accessions are an interesting resource for breeding
tepary bean cultivars. The high similarity among all the cultivated tepary beans, seems to indicate
that the crop may have arisen from a single domestication event and have suffered a genetic
bottleneck which limits diversity within the cultivars. From this study, there is very little evidence
for introgression from wild relatives into the cultivated genepool after the initial domestication
event. Tepary beans are known to have a very low crossing rate that limits the creation of new
diversity within the crop. The lack of diversity within the cultivated tepary bean is a serious
limitation for improvement of the crop. The lack of diversity within the cultivated tepary bean
belies some of the variability found for disease and insect resistance within the species. However,
that lack of diversity in other characteristics such as plant morphology, adaptation range has serious
implications for improving the species agronomically and using the species in inter-specific
hybridization.



Future plans

¢ Additional wild tepary bean genotypes will be analyzed, including representative of Phaseolus
parvifolius and P. acutifolius var. acutifolius, tenuifolius and latifolius.

e Genetic studies will be conducted with crosses between individuals from the different groups
identified in this study (see following section).
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Table 1. Number of monomorphic and polymorphic band obtained within each genotype group for two
combinations of AFLPs.

E-AAG/M-CTT E-ACC/M-CTA
P. acutifolius  P. acutifolius  P. parvifolius  P. acutifolius  P. acutifolius  P. parvifolius
Cult. Wwild Cult. Wwild

No. genotypes 50 55 9 49 48 10

monomorphic 139 (83.2) 116 (69.5) 159 (922) 40 (42.1) 34 (358) 59 (62.1)
polymorphic 28 (16.8) 51 (305) 18 (78) 55 (579) 61 (64.8) 36 (37.9)
Total 167 95

Table 2. Number of monomorphic and polymerphic band obtained within each genotype group for the full set of

AFLPs.
P. acutifolius  P. acutifolius  P. parvifolius  P. vulgaris P. lunatus outgroup total
Cult Wild
No. genotypes 46 43 10 4 4 9 108

monomorphic 179 (68.3) 150 (57.3) 218 (83.2) 203 (77.5) 210(80.2) 66 (25.2) 2 (0.8)
polymorphic 83 (31.7) 112 (42.7) 54 (16.8) 59 (22.5) 52 (19.8) 196 (74.8) 260 (99.2)
Total z 262

Figure 1. Principal component analysis for the AFLP primer combinations (E-AAG/M-CTT and E-ACC/M-CTA) separately and
combined showing the relationship between 4 Phaseolus vulgaris (P.v); 4 P. lunatus (P.L) 1 P. glabellus (P.g.); 46 cultivated P.
acutifolius var. acutifolius (P. a (cv)), 32 wild P. a. var. acutifolius (P. a (w)) ; 11 P. acutifolius var. tenuifolius

(P. t (w)); and 10 P. parvifolius (P. p (w)) accessions.
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Figure 2. Dendrogram showing the associations among 108 accessions of cultivated and wild tepary beans (Phaseolus acutifolius and P.

parvifolius) and three others bean species (P. vulgaris, P. lunatus and P. glabellus) using Dice genetic similarity coefficient for two AFLP
primer combinations: E-AAG/M-CTT and E-ACC/M-CTA



1.1.3 Genetic analysis of crosses between cultivated tepary bean and
wild Phaseolus acutifolius and P. parvifolius

MW Blair, W. Pantoja, LC Muiioz, A. Hincapie
SB-2 Project

Introduction

Cultivated tepary bean (Phaseolus acutifolius) has several wild relatives. First are the wild
accessions within the species itself, these include two variants (var. acutifolius and var. tenuifolius)
and second there are the wild accessions belonging to the closely related species, P. parvifolius.
The genetic diversity within cultivated tepary beans is small (see previous section), therefore the
objective of this research was to study the variability generated by crossing cultivated tepary beans
by several of their wild relatives. The crosses can be expected to incorporate added genetic
diversity into the cultivated tepary beans which may be useful for breeding this neglected crop.
These crosses are also being analyzed for polymorphism and segregation in the F2 generation using
common bean microsatellites. The crosses will also be used to generate recombinant inbred lines
that can be analyzed for biotic and abiotic stress tolerance genes segregating in the populations
derived from these crosses. Finally, we also hope to identify any incompatibility factors in these
intra- and inter-specific crosses and map them to help determine which species and variety
designations are merited among the tepary beans.

Methodology

We used a set of six contrasting tepary parents (Table 1) to develop a total of seven reciprocal and
non-reciprocal F2 populations (Table 2). Crosses were made with hand emasculation and both the
Fl and F2 plants were grown in 9-inch pots in the greenhouse and single harvested. The F3
families from each of 120 F2 plants harvested from the greenhouse for the AP-1, AP-2, AT-1 and
AT-2 populations were field-planted at CIAT headquarters in semester 2002 A (for the F3 of the AP
populations) and semester 2002B (for the F3 of the AT populations). Seed scarification was used to
increase the germination rate on both these crosses. The AP populations were advanced by single
seed descent to the F4 generation in Semester 2002B. In each generation, data was collected on a
series of phenotypic characteristics (Table 3) some of which are descriptors for the species (IPGRI,
1985). In the field, yield and yield component (number of pods per plant, number of seed per pod,
etc) were evaluated for the F3 family and for the inidividual plant that was advanced to the F4
generation. In addition, for the AT population, rust and powdery mildew resistance were evaluated
on a | to 9 scale (CIAT ref.). Leaf tissue was collected for each individual F2 plant grown in the
greenhouse and DNA was extracted by the method of Afanador et al. (1993). Ninety-four plants
were analyzed for each of the AP populations and fourty-six plants were analyzed for the AT
populations. A total of 68 common bean microsatellite markers (BM, BMc, BMd, BMy and Clone
series) were tested for polymorphism on the parents of each population. Polymorphic
microsatellites were run on all individuals of the population along with the parents. Conditions for
amplification and analysis of microsatellites are given in other parts of this annual report.




Results and Discussion

Phenotypic analysis showed that both the AP and AT populations were segregating for all the traits
listed in Table 3. Several of the traits appear to be simply inherited, notably stem color, flower
color (as evaluated in both the greenhouse for F2 plants and in the field for F3 families from all
populations). Rust resistance (as evaluated in the field during a natural epidemic that occurred for
the AT population in Semester 2002B) also appeared to be simply inherited. Meanwhile, growth
habit, plant height, flowering date, maturation date, leaf size, leaf color, pod size, yield and yield
components were more quantitative traits in all the populations. Leaf shape was probably an
oligogenically inherited trait because there were gradations between the narrow leaf of the wild
tepary bean and the wider leaf of the cultivated tepary bean. For the more narrow crosses, the AA
population segregated for plant height, stem color, flower color and leaf shape in the greenhouse,
while the AC populations showed very little segregation except in plant height in the greenhouse.
Neither of these populations has been planted in the field yet.

For the molecular survey, the rate of parental polymorphism was roughly equivalent for both the AP
(28 microsatellites or 40.6%) and AT (29 microsatellites or 43.3%) populations (Table 4). Of these
a total of 25 and 9 microsatellites were selected to run on the AP and AT populations, respectively.
Significant segregation distortion was observed for 48% (12 microsatellites), 76% (19), 11% (1)
and 22% (2) of these markers in the populations AP-1, AP-2, AT-1 and AT-2, respectively. The
average segregation distortion was much higher for the cross between P. acutifolius and P.
parvifolius (62.0%) than between P. a. var. acutifolius and var. tenuifolius (16.5%).

The segregation distortion results suggest that there is a greater distance between the parents of the
AP population than the AT population. Supporting this hypothesis was the observation of genetic
incompatibilities and hybrid lethals and dwarfs in the cross between P. acutifolius and P.
parvifolius but none between P. acutifolius var. acutifolius and var. tenuifolius. In each pair of
reciprocal crosses the use of the cultivated P. acutifolius as the female parent reduced the amount of
segregation distortion, while the use of the wild parent, either P. parvifolius or P. acutifolius var.
tenuifolius increased the amount of segregation distortion (Table 4). This may reflect the
possibility that a cytoplasmic factor for incompatibility is more significant when the wild tepary
beans are used as females than when the cultivated tepary bean is used as the female parent.

Garvin and Weeden (1994) made a series of similar inter-varietal crosses between P. a. var.
acutifolius and var. tenuifolius and studied the resulting populations with isozymes and RFLPs,
finding a similar low level of 10% segregation distortion in this type of population. Our analysis is
the first that we know of to reveal the high levels of segregation distortion in the inter-specific
crosses between P. acutifolius and P. parvifolius.  Segregation distortion and hybrid lethal
incompatibilities are common among both intra-specific (eg. Andean x Mesoamerican P. vulgaris)
and inter-specific crosses (P. vulgaris x P. acutifolius) within the genus Phaseolus.

Future plans

e Construct a full genetic map for the inter-specific and inter-varietal crosses using additional
molecular (microsatellite and AFLP) or morphological markers.

e Tag traits of interest, such as rust and powdery mildew resistance, in the F2 populations.

e Single seed descent of F2 populations until the F7 generation to develop recombinant inbred
line (RIL) populations.

¢ Conduct QTL studies in the RIL populations for drought and abiotic stress tolerance.
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e Compare segregation distortion in the inter-specific and inter-varietal crosses and in F2 and F7
generations.
Develop additional populations from potential tepary bean parents listed in Table 1.
Leaf color variability among the segregating populations will be analyzed with aerial digital
photography and color quantification as part of a separate project in collaboration with the
Geographic Information System team.

Table 1. Parents used in crosses for genetic analysis of tepary bean.

Genotype Species Origin

G40006 P. acutifolius Cultivated Chiapas, Mexico
G40022 P. acutifolius Cultivated Arizona, USA
G40068 P. acutifolius Cultivated Arizona, USA
G40084 P. acutifolius Cultivated Durango, Mexico
G40106 P. acutifolius var. acutifolius Wild Jalisco, Mexico
G40110 P. acutifolius Cultivated Campeche, Mexico
G40113 P. acutifolius var. tenuifolius wild Arizona, USA
G40185 P. parvifolius Wild Jalapa, Mexico
G40186 P. parvifolius Wild Jalapa, Mexico
G40240 P. acutifolius var. tenuifolius Wild Durango, Mexico

Table 2. F2 populations developed for genetic analysis of tepary bean.

Code Type of Cross Female Male No. No.
Indiv. Anal.
AP-1 Inter-specific (cultivated x wild) G40022 G40186 120 100
AP-2 Inter-specific (cultivated x wild) G40186 G40022 120 100
AT-1 Inter-varietal (cultivated x wild) G40022 G40240 120 46
AT-2 Inter-varietal (cultivated x wild) G40240 G40022 120 46
AA Intra-specific (cultivated x wild) G40022 G40106 120 =
AC-1 Intra-specific (cultivated x cultivated) G40084 G40110 47 -
AC-2 Intra-specific (cultivated x cultivated) G40110 G40084 120 -

Table 3. Characteristics evaluated on tepary bean populations.

Characteristics Greenhouse Field
Generation F2'
Height

Growth Habit *

Leaf Shape *

Stem Color *

Flower Color *

Maturation Date
Dehiscence *

Flowering Date

Leaf Color *

Leaf Size (Lx W) *

Pod Size (L x W) *
Powdery Mildew (1-9)
Rust (1-9)

Yield

Yield Components

* descriptors (IPGRI, 1985)

1/ Evaluated for both P. acutifolius x P. parvifolius and P. acutifolius X P.a.. tenuifolius populations
2/ Population of P. acutifolius x P. parvifolius was advanced to the F4 generation in the field

Pl
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Table 4. Microsatellite segregation in four populations of tepary beans.

Population ~ AP-1 (P. acutifolius x P. parvifolius) AP-2 (P. parvifolius x P. acutifolius)
Allele Cult%  Wild% Het%  Chi-square Cult%  Wild% Het%  Chi-square
BMI142 317 20.7 476 0.338 329 18.8 482 0.074
BMI51 289 20.5 50.6 0.551 17.4 50.0 32.6 0.000
BM154 82 83.7 82 0.000 21.5 44.6 33.8 0.001
BM159 321 12.3 55.6 0.026 33.7 12:2 54.1 0.009
BMI160 16.5 27.1 56.5 0.189 20.2 343 45.5 0.093
BM172 19.0 28.6 524 0.424 240 25.0 51.0 0.970
BMI181 345 11.9 53.6 0.011 337 10.2 56.1 0.002
BMI183 17.9 310 512 0.231 229 333 438 0.165
BM189 306 16.5 529 0.159 26.0 14.0 60.0 0.032
BM197 34.1 11.8 54.1 0.011 320 12.0 56.0 0.009
BM201 284 11 60.5 0.015 24.1 276 483 0.375
BMc5 18.5 1.5 60.0 0.256 26.0 28.6 455 0.053
BMdl 36.1 12.0 51.8 0.008 33.0 12.4 54.6 0.012
BMdI1 214 274 51.2 0.725 182 273 54.5 0.295
BMdI2 214 202 58.3 0.308 20.6 19.6 59.8 0.157
BMd17 35.7 238 40.5 0.066 224 28.6 49.0 0.670
BMd20 15.6 416 429 0.003 127 392 48.1 0.001
BMd36 212 24.7 54.1 0.674 222 16.2 61.6 0.048
BMd41 8.4 80.7 10.8 0.000 4.5 843 112 0.000
BMy2 36.8 26.5 36.8 0.045 317 317 36.6 0.018
BMy4 24.1 36.1 39.8 0.053 25.6 337 40.7 0.079
BMy6 235 21.2 553 0.592 19.2 242 56.6 0333
Clon 7 41.9 419 16.1 0.001 54.0 31.7 143 0.000
Clon 410 25.0 36.3 388 0.048 15.5 60.7 23.8 0.000
Clon 454 25.0 28.6 46.4 0.725 253 16.5 58.2 0.114
Population AT-I1 (P. acutifolius x P. parvifolius) AT-2 (P. parvifolius x P. acutifolius)

D Cults Wild%  Het%  Chi-square Cult % Wild% Het%  Chi-square
BM172 26.1 283 45.7 0.822 3.3 289 57.8 0.195
BM183 14.6 34.1 512 0.207 31.0 238 452 - 0.667
BMc5 34.1 159 50.0 0.234 239 283 47.8 0.878
BMdl11 349 93 558 0.045 239 26.1 50.0 0.978
BMyl T 196 283 522 0.676 © 196 T304 50.0 0.581
BMy2 222 232 55.6 0.757 26.1 39.1 348 0.054
BMy4 0.0 267 733 0.000 0.0 21.7 783 0.000
Clon 20 244 311 444 0.620 17.4 435 39.1 0.015
Clon 454 22.7 205 56.8 0.649 28.9 378 333 0.058
References

Afanador LK, Haley SD (1993) Bean Improvement Coop. Annual Report. 36: 10-11.
Garvin and Weeden (1994) Journal of Heredity 85: 273-278

IPGRI (1985) Phaseolus acutifolius descriptors, p. 1-26
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1.1.4 Genetic diversity of microsatellites in common bean III

MW Blair', E Tovar’, S Beebe'
'SB-2 Project; 'IP-1 Project

Introduction

Microsatellites markers are based on short segments of DNA in which a specific simple sequence
motif of 1-6 bases is repeated in tandem, multiple times. Due to the innate variability at
microsatellite loci, these markers have been ideal for characterizing genetic diversity in crop species
at the inter-specific, inter-subspecific, inter-varietal and even intra-varietal levels. Microsatellites
have been found to vary in the polymorphism they detect depending on the length and sequence of
the repeat motif they contain and their location along the chromosomes, specifically whether they
reside in gene-coding or non-coding segments of the genome.

The objective of this study was to complement two previous parental surveys by evaluating all new
Phaseolus microsatellite markers developed at CIAT and elsewhere for their allelic variability on a
third panel of 20 common bean genotypes. This new panel of parents represents diverse cultivated
germplasm of common beans, both Mesoamerican and Andean, which have been used as parents in
the bean breeding program.  Several accessions from Durango (type III climbing habit) and
Guatemala (type IV climbing habit) races (groupings within the Mesoamerican genepool), are
represented in a microsatellite survey for the first time.

Methodology

The genotypes consisted in 20 common bean genotypes including 4 Andeans and 16
mesoamericans (Table 1) which are the parents of 8 mapping populations being studied at CIAT for
nutrient deficiency, aluminum and drought stress tolerance. Among the Andean accessions were
representatives of the Nueva Granada race only, while among the Mesoamerican populations there
were representatives of the Mesoamerica, Durango and Guatemala races. Several of the breeding
lines from the SEA series are the result of pedigrees which combine parents from the Durango and
Mesoamerica races. Among the genotypes used here were a mixture of type I (determinate bush), II
(indeterminate bush), Illa (prostrate bush) and IVa (climber) growth habits. The populations
included 5 intra-genepool Mesoamerican x Mesoamerican crosses and 7 inter-genepool
Mesoamerican x Andean populations (Table 2). The intra-genepool crosses included some that
were between representatives of the same race or of different races (notably Mesoamerica x
Durango-Mesoamerica hybrids). The genotypes were evaluated with a total of 166 microsatellite
markers (of which 98 were derived from genomic libraries and 68 were derived from cDNA or gene
sequences). The markers were amplified at different annealing temperatures according to the
estimated melting temperatures of the primers. The amplification conditions are given in other
parts of this annual report. The PCR products were resolved by electrophoresis for approximately
one hour at 130 constant volts on silver-stained 4% polyacrylamide gels. Microsatellite alleles were
sized by comparison to the 10 and 25 bp molecular weight standards (Promega).

Results and Discussion
The average rate of polymorphism was higher in the seven inter-genepool (Andean x
Mesoamerican) crosses (55.1 %) than in the five intra-genepool (Mesoamerican x Mesoamerican)

crosses (22.6 %) (Table 2a). Among the Mesoamerican x Mesoamerican crosses, the rate of
polymorphism was higher in the inter-racial cross SEAS5 x MD23-24 (25.9%) and in the intra-racial
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cross BAT881 x G21212 (26.5%) than in the other crosses which were within a single race and
between more closely related genotypes such as DOR364 x BAT477 (both Mesoamerican CIAT
breeding lines). Among the inter-genepool crosses all were relatively similar in the level of
polymorphism between the parents (from 55 to 59% on average), with the possible exception of
BRBR191 x MAM38 (51.2%) and BRB191 x MAM49 (53%). Both of these trends for
polymorphism rates in intra and inter-genepool crosse were equally evident when using genomic
and cDNA derived microsatellites.

Genomic microsatellites detected more polymorphism (43.9%) than cDNA microsatellites (38.4%)
overall. The difference was more noticeable in the intra-genepool crosses than in the inter-genepool
crosses, where both types of microsatellites were about equally effective in uncovering
polymorphism. Among the classes of markers, the BM, BMy and BMd microsatellites were the
most polymorphic, while the Pv microsatellites were the least polymorphic (Table 2b). New
microsatellites (clones) were intermediate in polymorphism, reflecting the fact that they are from a
mix of genomic and cDNA clones.

Significantly fewer average alleles per locus were found for microsatellites from genes (2.9) than
for microsatellites from non-coding sequences (3.7). Although the highest number of alleles was 12
for gene based microsatellites and 14 for genomic microsatellites, the gene-derived microsatellites
frequently were bi- or tri-allelic and mostly distinguished the difference between Andean and
Mesoamerican genepools. Meanwhile the genomic microsatellites detected more alleles and were
thus able to resolve some within-genepool variation. The discriminating power (D) of the gene-
derived microsatellites (0.478 among polymorphic, 0.349 among all markers, including
monomorphic) was lower than for the genomic microsatellites (0.548 and 0.411, respectively). The
discrimination power was positively correlated with the number of alleles produced at the locus.
Null alleles were uncommon in both microsatellite classes. This study confirms that the more
polymorphic genomic microsatellites may well become the mainstay of mapping studies since they
will be more useful than the cDNA derived microsatellites in narrow intra-genepool crosses.
Meanwhile the more conserved and stable cDNA-derived microsatellites may find their greatest
utility in mapping in wide inter-genepool or inter-specific crosses.

Future plans

e Construction of another panel of common bean parents to survey for polymorphism in
populations developed for disease resistance studies and marker assisted selection.
e Genotyping of many of the common parents and genetic sources used at CIAT, to allow us
- to implement whole-genome madrker assisted selection that is specific to the genetic crosses
made in our bean breeding program.

e Assembling of microsatellite fingerprint data into the AceDB database, BeanGenes that
were described in last year’s annual report.
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Table 1. Mapping parent genotypes used for assessment of genetic diversity of common bean microsatellites.

Variety Genepool Race Purpose Growth  Origin
Habit

1 BAT 881 Mesoamerican Mesoamerica Low fertility sensitive 11 CIAT line

2 G21212 Mesoamerican Mesoamerica Low fertility tolerance 11 CIAT accession
3  BAT477 Mesoamerican Mesoamerica Drought tolerance II CIAT line

4 DOR 364 Mesoamerican Mesoamerica Cultivar II CIAT line

5 G3513 Mesoamerican Mesoamerica Low fertility tolerance II CIAT accession
6 G19833 Andean Nueva Granada Low fertility tolerance [1a CIAT accession
7 G855 Mesoamerican Guatemala Climbing bean IVa CIAT accession
8 BRB 191 Andean Nueva Granada BCMYV resistance 11 CIAT line

9 MAM 49 Mesoamerican Durango Cultivar, Aluminum tol. Illa CIAT line

10 G35273 Andean Nueva Granada Cultivar, Aluminum tol. I1 CIAT accession
11 MAM 38 Mesoamerican Durango Cultivar, Aluminum tol. Illa CIAT line

12 SEQ 1027 Andean Nueva Granada Drought, Aluminum tol. 111 CIAT line

13 G4090 Mesoamerican Mesoamerica Aluminum tolerance 11 CIAT accession
14 Tio Canela Mesoamerican Mesoamerica Cultivar 11 Honduran

15 DOR714 Mesoamerican Mesoamerica Aluminum tolerance I CIAT line

16 SEAS Mesoamerican Durango-Meso Drought tolerance II CIAT line

17 MD 23-24 Mesoamerican Mesoamerica Advanced line Il CIAT line

18 SEA1S Mesoamerican ~ Durango-Meso Drought tolerance II CIAT line

19 G685 Mesoamerican Guatemala Climbing bean Va CIAT accession
20 SEA21 Mesoamerican Mesoamerica Drought tolerance II CIAT line
Table 2. Polymorphism rate among 12 parent combinations for 166 microsatellite loci (68 ¢cDNA and 98

genomic).

a) by marker class

Cross cDNA Genomic Total

No. % No. % No. %
BAT 881 X G21212 16 235 28 28.6 44 26.5
DOR 364 X BAT 477 17 25.0 22 224 39 23.5
DOR 364 X G3513 10 14.7 23 235 33 19.9
DOR 364 X G 19833 41 60.3 57 58.2 98 59.0
BRB 191 X G 855 34 50.0 57 58.2 91 54.8
BRB 191 X MAM 38 32 47.1 53 54.1 85 51.2
G 35273 X MAM 38 37 544 57 582 94 56.6
BRB 191 X MAM 49 33 485 55 56.1 88 53.0
G 5273 X MAM 49 38 559 55 56.1 93 56.0
G 4090 x SEQ 1027 32 47.1 60 612 92 554
Tio Canela X DOR 714 9 13.2 20 204 29 17.5
SEA S X MD 23-24 14 20.6 29 29.6 43 25.9
Total evaluated 68 98 166
b) by marker name
Cross BMd CLONES PV

% No. % No. % % No. %

BAT 881 x G2l212 373 9 17.6 6 182 60 1 13
DOR 364 X BAT 477 27.1 8 15.7 6 18.2 60 3 23.1
DOR 364 % G 3513 288 5 9.8 5 15.2 50 1 7.7
DOR 364 x G 19833 64.4 29 56.9 14 424 100 7 53.8
BRB 191 x G855 66.1 28 549 12 364 80 4 308
BRB 191 X MAM 38 61.0 26 51.0 12 364 70 4 30.8
G 5273 x MAM38 67.8 26 51.0 13 394 100 5 385
BRB 191 X MAM 49 64.4 26 51.0 13 394 70 4 30.8
G 5273 X MAM 49 66.1 26 51.0 13 394 100 5 385
G 4090 x SEQ 1027 67.8 29 56.9 13 394 60 4 308
Tio Canela X DOR 714 23.7 7 13.7 4 12.1 40 0 0.0
SEAS X MD 23-24 339 12 23.5 6 18.2 50 0 0.0
Total evaluated 51 33 13
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1.1.5 Phaseolin characterization of Caribbean common bean
germplasm

MW Blair', MC Giraldo' L. Duran?, J. Beaver’
'SB-2 Project; *University of Puerto Rico

Introduction

The introduction of beans to the Caribbean was postulated to have occurred from northern South
America along the “Arawak arc” of Leeward islands long before the Spanish Conquest. The
Caribbean was also know to have been influenced by the pre-Colombian cultures of Central
America. Therefore, the Caribbean was a transition zone between the two regions and was likely to
have had a mix of bean germplasm even before the time of the colonies. Later, as a trading center
and way station for the Europeans, the Caribbean likely received new crops and varieties from all
over Latin America. This rich heritage makes the Caribbean even today a probable center of
secondary diversity for beans. Caribbean nations and societies meanwhile have undergone rapid
changes in the past fifty years which have led to the abandonment of agriculture in many places
there. Where agriculture holds on, such as the interior of Hispaniola (Dominican Republic and
Haiti) farm-size is small and land pressure is intense leading to environmental degradation and
emigration from rural areas. Given all this it is interesting to document and preserve the genetic
diversity of beans that are still left in the Caribbean. At the University of Puerto Rico, the bean
program has collected traditional bean types at local markets or from farmers, most of which were
classified as “Andean” because of their seed size and color class. The UPR researchers have
conducted a genetic diversity analysis of this germplasm using RAPDs and comparing this
germplasm to other “Andean” genotypes from the Dominican Republic and CIAT.

The objective of this work was to characterize the phaseolin alleles found in the collected
germplasm and thus help the University of Puerto Rico to determine the genepool to which the
traditional varieties belong. A long term objective of this project is to conserve the genetic
resources of this group of Caribbean varieties by using them in breeding programs.

Methodology

A total of 68 entries of common bean genotypes were genotyped for their phaseolin pattern. These
included a total of 43 traditional varieties (or selections thereof) from the Caribbean (23 from
Puerto Rico, 18 from Dominican Republic and-1 each from Haiti and Jamaica); bred lines from
CIAT (6), University of Puerto Rico (15); as well as modern varieties from Colombia (ICA
Palmar), Peru (Blanco Laran) and the United States (Montcalm, Redhawk). Total seed proteins
were extracted from 0.10 g of peeled, finely-ground, oven-dried seed by a standard extraction
technique used at the Genetic Resource Unit at CIAT. One microliter each of the protein extracts
were separated with 6% separation / 12% stacking SDS-PAGE (polyacrylamide) mini-gels run for
50 minutes and stained with Coomasie Blue dye. The phaseolin pattern was compared to known
standards provided by O. Toro of the Genetic Resource Unit of CIAT.

Results and Discussion
Only three phaseolin patterns were found among the Caribbean landraces: the most common being
the “T” allele typical of many bush Andean beans. The “S” allele typical of Mesoamerican beans

was the second most common allele while a third pattern, the “C” variant, was found for only a
single traditional variety from Puerto Rico (Naranjito I). The “C” pattern is thought to be a hybrid
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of “S” and “T” phaseolins. In both the Dominican Republic and Puerto Rico the “T” phaseolin was
more common than the “S” phaseolin. It was notable that in Puerto Rico only one out of 23
varieties (4.3%) had “S” phaseolin, while in the Dominican Republic 5 out of 18 varieties (27.7%)
had the “S” allele. Among the modern Andean varieties and breeding lines both “S” and “T” alleles
were found. No additional diversity was observed at this locus for the germplasm studied and these
results were confirmed with the use of phaseolin standards with known banding patterns.

Phaseolin allele has been associated with seed size in traditional varieties in Latin America
(Castinieras et al., 1994) with “S” types generally being small seeded. The phaseolin locus has
been associated in genetic studies with a QTL underlying seed size (Gepts et al., 1988). In this
study, the “S” phaseolin pattern was found in many medium-seeded varieties although the largest
seeded varieties did have the “T” phaseolin. In the modern varieties, the seed size was not
correlated with phaseolin pattern.

It seems that the Andean type “T” phaseolin is more common in Puerto Rico than in the Dominican
Republic due to its closer proximity to South America along the suspected route of introduction
through the Leeward island chain into the central Caribbean. Conversely, the Mesoamerican type
“S” phaseolin may be more common in the Dominican Republic than in Puerto Rico because of its
proximity to Cuba, which may have acted as a bridge to Mexico and Central America, probable
sources of Mesoamerican beans with “S” alleles. Indeed, two studies showed that Cuba had a
mixture of “S”, “Sb” and “T” phaseolins, with the Mesoamerican types predominating (Castinieras
et al., 1994; Lioi et al, 1990). In that study phaseolin allele was correlated with seed size, while in
this study, large seeded types had both phaseolin patterns, suggesting that hybridization and
recombination between phaseolin type and seed size had occurred in some of these Caribbean
“Andean” genotypes.

Therefore we may postulate a hybrid Mesoamerican-Andean origin for several Caribbean seed
classes including the red mottled (Dominican Pompadour), pink striped (Jamaican Miss Kelly,
Puerto Rican Colorado de Pais) and red speckled (Haitian Pompadour) types. In the Caribbean,
seed size of landraces is often intermediate between Mesoamerican and Andean types, as is growth
habit, leaf size and other phenotypic traits. This provides evidence of further mixing of the
genepools in this region of the Americas. A similar area of genepool overlap and mixture is
postulated to have occurred in Northern South America, especially in Colombia where many
Andeans present Mesoamerican phaseolin alleles indicating possible past hybridization and
introgression. These studies have been supported by other molecular marker assays and surveys.
Meanwhile, breeding programs have encouraged the same sort of recombination between phaseolin
types and seed size in their advanced lines. This was seen in this study where many of the CIAT
and UPR large seeded “Andean” breeding lines were a mixture of either “S” or “T” phaseolin

genotypes.

The advantages of hybridization between the genepools is evidenced in some Caribbean germplasm
which although they have the medium to large seed size of the Andean types, have a greater
adaptation to tropical lowland conditions to which the Mesoamerican types are better suited.
Hybrid progeny that fit local preferences and had these advantages were probably selected by the
farmers in the region and as such, the germplasm of the Caribbean shows promise for breeding
efforts that try to adapt Andean beans to warmer climates.
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Table 1. Phaseolin characterization of Caribbean germplasm

Entry Name Seed source  Origin Color Phaseolin
Caribbean Germplasm

PT40 B. VISTA X049-93-94 Dom Rep 6M,K T
PT-53 CHIJAR 35 X043-36 Dom Rep 6M S
PT-51 DERRUMBA 13 X043-24 Dom Rep 6,M T
PT-54 H VALLE 24 X043-52 Dom Rep 6M S
PT41 JB-178 X049-155 Dom Rep 6M T
PT-42 JB-569 X049-157 Dom Rep 6M T:
PT-43 JBETA X049-159 Dom Rep 6M T
PT47 LARGAC X043-15 Dom Rep 6,M T
PT-48 LA CARMITO X043-16 Dom Rep 6M o
PT-49 LA CHULA X043-14 Dom Rep 6.M T
PT-39 MAGUANA X049-91-92 Dom Rep 6M T
PT-44 PC 50 X049-161 Dom Rep 6M gl
PT45 POMOR 17 X043-19 Dom Rep 6M T
PT-46 POMOR 19 X043-20 Dom Rep 6M T
PT-52 PACASAS 21 X043-28 Dom Rep 6,M T
PT-56 PACASAS 29 X043-65 Dom Rep 6,M S
PT-50 VASON 4 X043-30 Dom Rep 6M S
PT-55 VASON 25 X043-111 Dom Rep 6,M S
PT-38 SALAGNAC 90A X049-89-90 Haiti 6M S
PT-68 IND.JAMAICA RED X049-137 Jamaica 6RK T
PT-1 COAMO #2 X028-1 Puerto Rico 2RK T
PT-2 COAMO #13 X028-2 Puerto Rico 2RM T
PT-3 COAMO #14 X028-3 Puerto Rico 5RM i
PT-8 COLORADO DEL PAIS 1 UPR Puerto Rico SRM ik
PT-23 COLORADO DEL PAIS 2 RINCON Puerto Rico 5SRM T
PT-9 GURABO-1 X028-9 Puerto Rico IK,G T
PT-10 GURABO-2 X028-10 Puerto Rico 5RM T
PT-11 GURABO-3 X028-11 Puerto Rico 5RM T
PT-12 GURABO-4 X028-12 Puerto Rico ™M E
PT-13 GURABO-5 X028-13 Puerto Rico 5SRM T
PT-14 GURABO-6 X028-14 Puerto Rico 5SRM T
PT-15 GURABO-7 X028-15 Puerto Rico SRM i
PT-16 NARANIJITO-1 X028-16 Puerto Rico 6MM c
PT-17 NARANIJITO-2 X028-17 Puerto Rico MM T
PT-18 NARANIJITO-6 X028-21 Puerto Rico 1K,G T
PT-19 NARANIJITO-7 X028-22 Puerto Rico SRM b I
PT4 OROCOVIS 1A X028-4 Puerto Rico 6MM S
PT-5 OROCOVIS IB X028-5 Puerto Rico 6MM T
PT-6 OROCOVIS IC X028-6 Puerto Rico MM T
PT-7 OROCOVIS 2 X028-7 Puerto Rico ™M T
PT-20 OROCOVIS-3 X028-23 Puerto Rico 3K,G T
PT-21 OROCOVIS-2A X028-24 Puerto Rico MM T
PT-22 OROCOVIS-2B X028-25 Puerto Rico 2R.M T
Non-Caribbean germplasm

PT-57 A36 X049-45 CIAT 6,M T
PT-62 AFR 285 X049-109 CIAT 5R,K S
PT-63 AFR 619 X044-130 CIAT 6MM T
PT-64 AFR 699 X044-131 CIAT 6MK,G T
PT-66 CAL 96 X044-134 CIAT 6MK,G T
PT-67 DRK 57 X044-135 CIAT 6K,G T
PT-60 MONTCALM X049-95 USA 6,K S
PT-61 REDHAWK X049-125 USA 6,K S
PT-58 ICA PALMAR X049-53 Colombia 6,M T
PT-65 BLANCO LARAN X044-133  Peru 1,G S
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Future Plans

e Compare the phaseolin results with the RAPD data and evaluate the same germplasm with
additional marker types especially microsatellites.

¢ Evaluate a larger number of genotypes from the Caribbean region for both phaseolin pattern
and molecular marker diversity and compare these to collections from countries of the region
that are held in the collection of common bean at CIAT.

e Determine whether the large seeded Caribbean germplasm traces back to the Nueva
Granada
race and whether several races of Mesoamerican beans contributed genes to the this germplasm.

References
Castinieras L, Perez Nasser N, Pinero D. (1994) Plant Genetic Resource Newsletter 99: 25-28

Lioi L, Esquivel M, Castinieras L, Hammer K. (1990) Biologisches Zentralblatt 109: 231-233

1.1.6 Interspecific progeny evaluated for drought tolerance

S. Beebe'; Alvaro Mejia'; Henry Teran®
'SB-2 Project; *IP-1 Project

Introduction

The center of diversity of the genus Phaseolus is found in Middle America, and largely in
Mexico. Thus some species of Phaseolus evolved in dry, near-desert environments. These
dry-adapted species include P. acutifolius (Pa) both domesticated and wild forms, and P.
parvifolius (Pp) which is either closely related to acutifolius or is a morphotype of the
same. These species are considered to pertain to the tertiary gene pool of the common bean
and crosses with P. vulgaris (Pv) are possible through embryo rescue. Work at CIAT has
advanced in obtaining intermediate types that are nearly fertile with both parental species,
thus facilitating gene transfer across the species barrier. One important objective of these
crosses is to transfer drought tolerance from acurifolius to common bean.

Materials and Methods

Interspecific crosses were generated in previous years through congruity backcrosses
(Haghighi and Ascher 1988), to transfer resistance to common bacterial blight (Mejia
Jiménez et al. 1994). Several hundred interspecific progeny were available combining
accessions of Pa and Pp with common bean cultivar ICA Pijao. Subsequently, as work
advanced in improving fertility and gene introgression of interspecific hybrids, more
complex crosses (Mejia Jiménez et al., 2001) were made involving other accessions of
common bean (ICA Pijao, MAM38, A775, A800 and Bayo Madero) and cultivated
(G40001, G40020, G40065) and wild (NI576) tepary beans.
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F3 seed was planted in the field under drought conditions in the June season, 2001.
Promising families were harvested in bulk and in F4, individual selections were made
followed by another cycle of mass selection. Thus, in 2002, F6 families were evaluated in a
yield trial with RBC design and three replications under severe drought conditions, as
described above.

Results and Discussion

Highly significant differences in yield were reFistered among families and checks (Table
1). The tolerant heck, SEA 5 yielded 715 kg ha™, and the sensitive check (ICA Pijao) which
figured as the common bean parent in many of the lines produced 468 kg ha™ (significantly
less than SEA 5). The best line derived from ICA Pijao yielded 798 kg ha™, which was
significantly different than Pijao, suggesting effective introgression from acutifolius for
drought tolerance. The best families, however, were derived from the cross BKI 11 of P.
acutifolius with the race Durango common bean variety Bayo Madero from Mexico. Race
Durango typically presents some level of tolerance to drought, and the combination of Bayo
with acutifolius produced lines that yielded over a ton, or about 50% over the tolerant
check. This is comparable to the yield advantage obtained in the intraspecific crosses
which represented far more investment of time and breeding than in these crosses with
acutifolius, although the interspecific progeny are still far removed from commercial
common bean type with the necessary agronomic traits and grain. The hope is that the
mechanisms that operate in acutifolius might be complementary to those in vulgaris, and
permit the pyrimiding of even greater tolerance. Heat tolerance is still another trait that is
required in combination with drought tolerance, and these crosses may offer this trait as
well.

Table 1. Yield (kg ha-l) of interspecific hybrids between common bean and P. acutifolius.

Entry Cross Code Yield kg ha'l Maturity Pedigree
27 BKI 11 1065 77 Bayo Madero X [CBCS5(CBC3X CBC3)*]
28 BKI 11 1038 74 Bayo Madero X [CBC5(CBC3X CBC3)*)
6 4V3A1-002 798 . 69 (((((Pv x Pa) x Pv).x Pa) x Px) x Pa) x Pv
54 MMNNI 14 751 73 {(CBC5X CBC35)X (CBC5X CBC3) }
X{(G40065 X NI576)X [(CBCS5X CBC35)X
(CBC5X (CBC3X CBC3)}**
64 INB 39 737 72 (((((Pv x Pa) x Pv) x Pa) x Pv) x Pa) x Pv
30 BKI 11 731 72 Bayo Madero X [CBC5(CBC3X CBC3)*]
29 BKI 11 728 77 Bayo Madero X [CBC5(CBC3X CBC3)*]
60 SEA 5 (ch) 715 71
ICA Pijao (ch) 468 72
LSD (0.05) - 184 23

e  Cross between congruity backcross hybrids involving the genotypes G40020 and G40001 of tepary bean, and
ICA
Pijao, A775, MAM38 and A800 of common bean (Mejia Jiménez et al. 1994).

** Double congruity backcross hybrids (Mejia Jiménez et al. 2001) involving the genotypes NI576, G40065, G40020
and G40001 of tepary bean, and ICA Pijao, A775, MAR1, MAM38 and A800 of common bean
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Conclusions

Interspecific progeny presented significant introgression of drought tolerance from
acutifolius to common bean. These represent another potential source of tolerance genes to
improve common bean, and may also be a source of heat tolerance.
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1.1.7 Identification of symbiotic bacteria from native Colombian
entomophagous nematodes

A. Bohorquez,' A.M. Caicedo,’ P. Calatayud,? J. Tohme' and A. Bellotti'?
'SB-2 Project, “PE-1 Project

Introduction

Whiteflies are considered a major problem in cassava production in the Neotropics and Africa.
Most whitefly species cause crop losses through direct feeding; some are very efficient vectors of
several economically important plant viruses.

Despite intensive crop improvement efforts, current whitefly and virus control practices still depend
heavily on pesticides. Despite the increase in pesticide use, whiteflies are not being controlled
effectively because of pesticide resistance. Thus the use of pesticides for whitefly control is neither
environmentally sound nor sustainable.

Host plant resistance offers an environmentally sound solution; however crop plant resistance to
whiteflies is scarce. In the future the use of insecticidal genes to whiteflies by genetic
transformation should be a good pest-control alternative. Genetic transformation of cassava with Bt
genes has been identified as desirable for protection against stem borers. Recently a promising new
group of toxins that might eventually be used instead of Bt or in combination with it were
isolated—symbiotic bacteria (Enterobacteriaceae) from entomophagous nematodes, belonging to
the genera Xenorhabdus and Photorhabdus. These bacteria, which live in a mutualistic association
with the nematodes, are released from the gut of the nematode when the insect hemocoel is invaded
by the nematode. These bacteria-secreted compounds are active against a wide range of insects
from different orders and are as patentable as the delta-endotoxins of Bt and therefore may provide
useful alternatives to the deployment of Bt toxins in transgenic plants.
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In 1992 it was found that native nematodes are associated naturally with Cyrtomenus bergi in three
different locations of Colombia. These nematodes were originally identified as three strains of
Heterorhabditis bacteriophora, but their identification has been revised by another taxonomist who
concluded that they correspond to a new species of nematode, order Rhabditidae, genus Rhabditis.

Therefore, assuming that the symbiotic bacteria-nematode association is specific, the possibility of
identifying new bacteria species from the aforementioned native Colombian nematodes is probable
and the identification of a new insecticide protein from these bacteria would be possible.
Biochemical and morphological tests showed that the isolated bacteria probably belong to the genus
Bacillus.

The purpose of this study was to identify the bacteria isolated in association with Rhabditis sp. by
using sequence analyses of PCR-amplified 165 rDNAs. This novel insecticide could be used against
a range of pests in addition to whiteflies. These include mealybugs, hornworm and soil pests such as
burrower bugs and white grubs.

Materials and Methods

Strains. The following were used: Strain [J3SQC92 from the symbiotic bacteria nematodes,
Bacillus sp. and the control strain Bacillus thuringiensis (Laverlam).

DNA isolation. Isolates were grown in Medium @ (3 ml) and incubated at 28-30°C on a shaking
rack overnight. DNA extraction was done as described by Lumini (1996) with some modifications.

PCR amplification of 165 rDNAs. PCR amplification was done as described by Babic et al. (2000)
with some modifications. The following two eubacterial-specific oligonucleotide primers
(QIAGEN) were used: 5’-CCGAATTCGTCGACAACAGAGTTTGATCCTGGCTCAG-3’ sense
and 5’-CCCGGGATCCAAGCTTAAGGAGGTGATCCAGCC-3’ antisense (Weisburg et al.,
1991).

Nucleotide sequencing of PCR-amplified 16S rDNAs. The PCR-amplified 16S rDNAs of the
aforementioned strains were sequenced. Amplified 16s rDNAs were purified with the QIAquick
PCR Purification Kit (250) (QIAGEN). Single-strand sequencing was performed using a Big Dye
kit (Perkin Elmer). -

Results and Discussion

DNA isolation. We obtained a pure and concentrated DNA of two strains, Bacillus sp. and B.
thuringiensis (Figure 1).
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Bacillus, sp B. thuringiensis

Figure 1. DNAs of Bacillus sp. and B. thuringiensis visualized in 1.5% agarose gel.

PCR amplication of 16S rDNAs. DNAs of two strains isolates were amplified with the two specific
eubacterial primers used, two produced a single fragment. Two fragments were around 1600 bp,
which was the size expected for 16S rDNAs (Figure 2).

Figure 2. PCR amplifications of 16S rDNAs from Bacillus sp. and B. thuringiensis.

Nucleotide sequencing of PCR-amplified 16S rDNAs. The isolated sequences 16S rDNAs of
Bacillus sp. and B. thuringiensis were compared to GenBank database sequences using the
algorithm BLASTN to identify the higher scoring similarities. For Bacillus sp. there was a high
percentage of homology (98%, data not shown) to different Bacillus spp., mainly to B. cereus, B.
thuringiensis, B. anthracis and B. mycoides. The previous sequences along with other more
distantly related species of Bacillus (B. larvae, B. pasteurii, B. subtilis, B. pumilus, B. licheniformis,
B. lentus, B. firmus, B. coagulans and B. badius) were downloaded from the GenBank database to
draw specific relationships between these species and the isolated sequence (Bacillus sp.).

These sequences were aligned using CLUSTAL-X. A bootstrap confidence analysis was performed

on 1000 replicates to determine the reliability of the distance-tree topologies. Graphic
representation of the resulting trees was made using NJPLOT (Figure 3).
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Figure 3.  Neighbor-joining tree from Bacillus spp. partial 16S sequences hased on bootstrap

approach; to determine the reliability of the topology, numbers indicate bootstrap
support for interior nodes; the bar indicates a distance of 0.002 substitutions per site.

The output tree showed that the 16S sequence of Bacillus sp. was grouped with B. cereus, B.
thuringiensis, B. anthracis and B. mycoides, confirming the high percentage of homology presented
by BLASTN. Groups formed in the tree were also consistent with the identification keys from
Bacillus spp. according to the International Journal of Systematic Bacteriology. These keys are
supported by traditional methods (morphological data, biochemistry tests) to classify the major
species of Bacillus (Thiery & Frachon, 1997).
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The data showed that the 16s sequence from the nematode symbiotic bacteria Bacillus sp. is closely
related to B. cereus, B. thuringiensis and B. anthracis.

Future Plans

* Isolate more strains of the symbiont bacteria Bacillus sp. from nematodes

¢ Conjugate molecular, morphological and biochemical data to make a clear identification of
the symbiont bacteria

¢ Perform DNA-DNA hybridization of different strains and Bacillus-related species to
identify the problem species
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1.1.8 Analyzing the genetic diversity of the Colombian plantain
(musacea) collection using microsatellites

Y. Cortés,' G. Gallego,” J.A. Valencia,' G. Ligarreto,’ D. Fajardo,' I. Sanchez,' and J. Tohme’
'CORPOICA; * SB-2 Project, CIAT; ® Universidad Nacional — Palmira, CO

Summary

The Colombian collection of Musaceas (CCM), maintained on the farm “El Agrado” (Armenia,
Quindio), has plantains adapted to high-altitude agro-ecosystems (elevation 1310 m). Of the 134
accessions, some of which were the first introductions to America, only a few have been
characterized on the basis of agronomic and morphologic traits including growth habit,
development and production (Belalcazar et al., 1991). Several ongoing studies on the
morphological, biochemical and molecular characterization of the genus Musa will certainly
contribute toward understanding the genetic diversity of the CCM. We propose to evaluate this
collection further, using microsatellites to simplify the management of the collection by reducing,
for example, in vitro and ex situ maintenance costs. DNA samples have already been collected. We
will use 25 microsatellite primer pairs for analyzing the genetic diversity of the CCM.
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1.1.9 Molecular and agromorphological genetic diversity
characterization of soursop (A4nnona muricata Linn) and related
species of the Anonaceae family

A. Mejia,' I. Sanchez,” R. Saavedra,’ N. Royero,’ G. Gallego'and J. Tohme'
'SB-2 Project, CIAT; 2CORPOICA; *Corporacién BIOTEC

Summary

We are characterizing, at the molecular and agromorphological level, the genetic variability of
soursop and related species of the Anonaceae family, available in national germplasm banks as well
as in other agricultural research centers. Of the 98 samples collected, the DNA extracted and
analyzed with three AFLP primer combinations (E-ACT/M-CAA, E-AGC/M-CTC, E-AGC/M-
CAA; AFLP’s Anilysis System I Kit - GIBCO-BRL). Samples were run on denaturing,
polyacrylamide gels (4 or 6%, depending upon primer combination). AFLP patterns are being
interpreted to understand genetic similarity relationships among samples.

1.1.10 Improving the breeding of lulo (Solanum quitoense Lam)
through understanding the species' genetic diversity

P. Fory,' G. Gallego,” M Lobo’, C.I. Medina,’ J. Tohme,? D. Debouck® and I.. Sanchez’
' Universidad Nacional, Palmira - CO; 2 SB-2 Project, CIAT; *

Summary

Lulo is a fruit crop in high demand in Colombia. To satisfy consumer requirements, the country has
to import approximately 25% of the demand from Ecuador, which is equivalent to the production of
10,000 ha. Colombia has ecological niches suitable for growing the crop, genetic variability to
develop new genotypes, germplasm collections of the species and related taxa, and breeding
programs that have already released the first Colombian var. Lulo La Selva. To improve the
breeding of lulo through an understanding of its genetic diversity requires the support of modern
technologies such as molecular markers. We propose to study the genetic potential of lulo and
_ related species available in the State Germplasm Bank System, coordinated by CORPOICA, in an
attempt to establish and exploit the genetic diversity of the crop. For this purpose the collection is
being morphologically characterized. Furthermore, DNA samples have been extracted from several
individuals and will be analyzed using AFLP’s Analysis System I (GIBCO-BRL).
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1.1.11  AFLP characterization of Capsicum sp. germplasm from
Guatemala and Cuba

FA. Guzman H. Ayala’ G. Gallego,’ D. Wllharns C. de Vicente' and J. Tohme*
" IPGRI; * Universidad de San Carlos, Guatemala; * SB-2 Project, CIAT

Summary

Home gardens are microenviroments containing high levels of species and genetic diversity within
larger farming systems. These gardens are not only important sources of food, fodder, fuel,
medicines, spices,construction materials and income in many countries around the world, but are
also an important means for in situ conservation of a wide range of plant genetic resources. Home
gardens are dynamic in their evolution, composition and uses. Their structure, function, and species
and varietal diversity have been influenced by the changes in socioeconomic circumstances and
cultural values of the users of these gardens. The understanding of these factors and the ways they
change, according to the behavior and decision-making patterns of these users is crucial in shaping
strategies for including home gardens as a viable option for in situ conservation of agrobiodiversity
(IPGRI's Home Garden Projects). AFLP molecular characterization of the existing diversity in
Capsicum sp. from home gardens in Guatemala and Cuba is the main purpose of this research. We
collected 86 samples in Guatemala and 85 in Cuba. The DNA was extracted and samples analyzed
with two primer combinations (E-AGC/M-CAA and E-AGG/M-CTT) with the AFLP’s Analysis
System I Kit (GIBCO-BRL). Then, the samples were run in 4% polyacrylamide gels. More than
80 polymorphic DNA bands were observed, which—after classification and statistical
analyses—will provide information on the diversity maintained in home gardens.

1.1.12  Molecular analysis of the genetic stability of cassava clones
(Manihot esculenta Crantz) cultured in vitro with silver nitrate
to retard growth

C. Ocampo’; G. Mafla’; G. Gallego'; J.C. Roa’; J. Tohme' and D.G. Debouck '
'SB-1 Project ; SB-2 Pro_|ect

Introduction

Genetic stability of in vitro-propagated plants has been a concern for the conservation (in vitro or
cryoconservation) of germplasm. The molecular criterion has been proposed as the method of
choice to detect genetic changes. Thus our objective was to monitor the genetic stability of these
plants at the molecular level, after they had been exposed to in vitro culture and growth retardants.
We decided to use AFLPs (given their more ample coverage of the genome) to fingerprint in vitro-
maintained plants of six cassava clones, which were subjected to treatments with two concentrations
of silver nitrate to retard growth.
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Materials and Methods

Plants were first micropropagated by meristem culture, grown in the greenhouse and planted in the
field. Morphological, agronomic and isoenzymatic evaluations were run on all materials. The
AFLP’s Analysis System I kit (GIBCO-BRL) was used, with some modifications, to run the
AFLPs. Two genomic DNA extractions from young leaves were performed for each clone to
guarantee the reproducibility of the method (Table 1).

Table 1. Clones and silver nitrate treatments performed during the experiments.

ID for Molecular Analyses Clone Treatment
1 MARG 2 8s!

2 MARG 2 AG3”
3 MARG 2 AG4
4 M BRA 337 8S

5 M BRA 337 AG3
6 M BRA 337 AG4
7 M COL 2056 8S

8 M COL 2056 AG3
9 M COL 2056 AG4
10 MNGA 16 8S

11 MNGA 16 AG3
12 MNGA 16 AG4
13 M VEN 329A 8S

14 M VEN 329A AG3
15 M VEN 329A AG4
16 CM2177- 2 8S

17 CM2177- 2 AG3
18 CM2177- 2 AG4

' 8S: Controls, ’AG3: 10 ppm silver nitrate, >’AG4: 12 ppm silver nitrate.

Results and Discussion

Two primer combinations were selected for AFLPs. They gave the following banding patterns:

e E-AAC/M-CTA: generated 68 well-defined bands, monomorphic within each clone and
polymorphic between clones -

o E-AAG/M-CTG: generated 61 well-defined bands, monomorphic within each clone and
polymorphic between clones

We have not detected band differences between controls and treatments in all six clones analyzed
with these two primers. This may be an indication that treating plants with a growth retardant such
as silver nitrate does not have a major effect on the genetic stability of the plants; at least not
detectable with the methods reported here. More primer combinations, as well as other markers like
microsatellites, may be used to expand the genome coverage throughout the cassava linkage groups
so more data can be generated to corroborate our initial findings.
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1.1.13 AFLP characterization of avocado (Persea americana Mill.)
genetic diversity

C. Ocampo?; G. Gallego', I. Sanchez® J. Tohme', and D.G. Debouck'?
'SB-2 Project, 2SB-1 Project; *CORPOICA

Summary

Avocado (Persea americana Mill.) is a subtropical fruit tree with 24 chromosomes and a
haploid genome size of 8.83 x 10° bp. Genetic analysis and breeding of avocado is
complex, mainly due to tree size, a prolonged juvenile phase and a lack of knowledge of its
genetics. Efforts are underway to characterize the genetic diversity of germplasm
collections available using molecular markers such as RFLPs, DNA fingerprints (DFP),
microsatellites and RAPDs. Our objective is to use AFLPs to study the genetic diversity in
a germplasm collection maintained ex situ (field plantation) by CORPOICA (Palmira,
Valle), which contains 61 accessions from Colombia, Mexico, Guatemala and Trinidad and
Tobago. DNA from all clones was extracted following a modified Dellaporta protocol.
Currently we are testing primer combinations with the AFLP’s Analysis System I Kit
(GIBCO-BRL) to select those that give reproducible, polymorphic banding patterns.

1.1.14 Genetic diversity and core collection approaches in the
multipurpose shrub legumes Flemingia macrophylla and Cratylia

argentea
Genotypes of grasses and legumes with dry-season tolerance

M. Andersson' M. Peters, J. Tohme’, R. Schultze-Kraft' L.H. Franco' Gerardo Gallego® G.
Ramirez*
'Univ. of Hohenheim, 2 SB-2 Project 3Univ. of Hohenheim, ‘IP-5

Introduction

CIAT's work on shrub legumes emphasizes the development of materials to be ‘used as feed
supplement during extended dry seasons. High-quality tropical shrub legumes are readily available
for better soils, but germplasm with similar characteristics adapted to acid, infertile soils is scarce.
Flemingia macrophylla and Cratylia argentea have shown promising results in such environments;
hence work on these genera is part of the overall germplasm strategy of the CIAT Forages team.
C. argentea is being increasingly adopted and utilized, particularly in the seasonally dry hillsides of
Central America and, more recently, the Eastern Plains of Colombia. However, most research and
development has been based on only a few accessions; hence activities to acquire and test novel C.
argentea germplasm is of high priority. F. macrophylla is also a highly promising shrub legume
with excellent adaptation to infertile soils. In contrast to C. argentea, whose adaptation is limited to
an altitude below 1200 m, F. macrophylla can be grown successfully up to 2000-m altitudes.
However, the potential utilization of F. macrophylla is limited by the poor quality and acceptability
of the few evaluated accessions. The project aims to investigate the genetic diversity within
collections of F. macrophylla and C. argentea with three main objectives:
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e Identify new, superior forage genotypes based on conventional germplasm
characterization/evaluation procedures: morphological and agronomic traits, forage quality
parameters, including in vitro dry matter digestibility (IVDMD) and tannin contents

e Optimize the use, management and conservation of the collections. Test and compare different
approaches to identifying core collections for each species based on (a) genetic diversity
assessment by agronomic characterization/evaluation; (b) germplasm origin information; and
(c) molecular markers (AFLPs).

e C(Create a basis for planning future germplasm collections with respect to methodology,
geographic focus and genetic erosion hazards

Methods

Agronomic characterization and evaluation. Space-planted, single-row plots in RCB design with
three replications were established in Quilichao in March 1999 (C. argentea, 39 accessions) and
March 2000 (F. macrophylla, 73 accessions). Additionally two replications were sown for seed
production and morphological observations. The following parameters were measured in the trials:
vigor, height and diameter, regrowth, incidence of diseases, pests and mineral deficiencies, and dry
matter (DM) yield during wet and dry seasons. Crude protein content and IVDMD of the entire
collections were analyzed for their nutritive value. For the morphological evaluation, qualitative
and quantitative parameters were measured such as days to first flower, days to first seed, flower
color, flowers per inflorescence, flowering intensity, pod pubescence, seeds per pod, seed color, leaf
area, peduncle length, etc.

For F. macrophylla, a more detailed analysis of nutritive value was conducted of a representative
subset (25 accessions) that included high, intermediate and low nutritive value accessions, the
selection based on crude protein content and [IVDMD. The analysis comprised fiber (NDF, ADF,
N-ADF), tannin purification, and condensed and hydrolyzable tannin contents. Additionally,
another subset of 10 accessions [9 high-quality accessions (18437, 18438, 21083, 21090, 21092,
21241, 21580, 22082, 22327) and CIAT 17403] was sampled 2, 4, 6 and 8 wk after cutting to assess
the effect of age on digestibility as well as on protein, fiber and tannin content.

Based on data referring to the morphological, agronomic and feed quality variation of all
accessions, a core collection will be created, using multivariate statistic tools (Principal Component
Analysis -PCA and Cluster analysis).

Analysis of available origin information. Based on ecogeographical information of accession
origins, a core collection will be created based on the hypothesis thaf geographic distances and
environmental differences are related to genetic diversity. The analysis will be conducted with
FloraMap™, a GIS (Geographic Information System) tool developed by CIAT, which allows the
production of climate probability models using PCA and cluster analysis.

Genetic analysis by molecular markers (AFLPs). Genetic analysis will be conducted using the
AFLP molecular marker technique. Based on the results a core collection will be created, using
multivariate statistic tools (PCA and cluster analysis).

Data analysis and synthesis. Individual and combined data analyses of all generated information
will be performed, including the use of GIS tools and multivariate statistics. In the analysis of each
of the different approaches (agronomic characterization, origin information, molecular marker
analysis), PCA and cluster analysis are used to create core collections. The eventual correlation
among the different approaches and clusters is evaluated. The outcome is expected to help decide
which of the three methods or combination thereof is most appropriate (i.e., timewise and cost
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efficiency) for creating a core collection; e.g., if an agronomic evaluation of the entire collection is
not feasible because of time constraints, a core collection may be created using origin information
and/or molecular marker analysis.

Based on molecular marker similarities and the GIS analysis, suggestions will be made for focusing
future collections on areas with particularly high diversity and for improving collection
(= sampling) strategies (e.g., sampling frequency; roadside collections). Accession duplicates in the
world collections will also be identified.

Results and Discussion

Agronomic characterization and evaluation. Three and two evaluations per season were carried out
for C. argentea and F. macrophylla, respectively, indicating considerable phenotypic and
agronomic variation in the collections. Data for C. argentea and F. macrophylla are presented in
Tables 1 and 2, respectively.

For C. argentea, the IVDMD varied from 61-67% and crude protein content, from 19-23%. Mean
DM production was 219 and 202 g/plant in the wet and dry season, respectively. The higher dry
season yields indicate good adaptation of C. argentea to dry conditions and its sensitivity to excess
moisture. According to these results, CIAT accessions 18674, 22406, 22408, 22409, 22375 and
18957 had the highest DM yields ranging from 247-319 g/plant. Productivity of these accessions
was higher than yields of the material advanced for cultivar release in Costa Rica and Colombia (an
accession mix of CIAT 18516/18668).

For F. macrophylla, IVDMD varied from 33-53% and crude protein content, from 15-24%. Mean
DM production was 208 g/plant in the wet season and 118 g/plant in the dry season. In comparison
to the results obtained for C. argentea, the lower yield and productivity in the dry season may
indicate a lower drought tolerance of F. macrophylla. The most productive accessions were CPI
104890, CIAT 7184, 21090, 21241, 21248, 21249, 21519, 21529 and 21580 with a total DM
production >300 g/plant. Among the materials with high digestibility (>45% on the average), CIAT
accessions 18437, 20622, 20631, 20744, 21083, 21090, 21241 had DM yields higher than 200

g/plant.

Based on the forage quality results (IVDMD and CP content, Table 2), a representative subset (25
accessions: 10 erect, 11 semierect, 4 prostrate) was chosen for subsequent analysis of NDF, ADF,
condensed and hydrolyzable tannin content (CIAT 17403, 17407, 18437, 18438, 19457, 20065,
20616, 20621, 20622, 20744, 20975, 20976, 21083, 21087, 21090, 21092, 21249, 21529, 21580,
21982, 21990, 21992, 22082, J001). Fiber analysis showed that the FND, FAD and N-FAD
contents are higher in the dry season than in the wet season. The fiber content of high- and
medium-quality accessions was nearly identical, while fiber content of the low-quality accessions
was slightly higher (Table 3). A subset of 10 high-quality accessions was analyzed for wet season-
forage quality (IVDMD, crude protein, fiber and tannin content) after 2, 4, 6 and 8 wk of regrowth.
The IVDMD, crude protein and fiber content varied with time. IVDMD generally increased
slightly and was highest after 6 wk. To verify these findings the study will be repeated with cuts in
the dry season. Fiber content (ADF and NDF) seemed to be correlated with [VDMD and generally
also had its highest values after 6 wk of regrowth. There was very little variation for crude protein
content (Figure 1).
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Table 1. Agronomic evaluation of a collection of C. argentea in Quilichao. Data for 6 evaluation cuts (3
in the dry season and 3 in the wet season). Grey underlaid: Accessions with DM yields higher
than accession mix CIAT 18516/18668 (material advanced for cultivar release in Costa Rica

and Colombia).
CIAT : ; Regrowth Mean DM yields Crude
Treat-ment E::Sh[ g:;:)neter Points Wet S. Dry S. Mean I:'/:?MD Protein
No. (No.) (g/pl) (%)
18516 118 103 20 247 238 243 63.35 22.16
18667 119 99 18 218 208 213 63.73 21.34
18668 108 107 18 203 217 210 63.25 21.90
18671 120 102 19 239 190 214 63.56 20.99
18672 102 85 14 185 150 167 60.50 21.10
18674 122 114 23 329 310 319 63.72 21.87
18675 117 95 16 226 208 217 62.68 20.55
18676 115 93 16 231 193 212 61.00 20.42
18957 118 102 18 ... 251 244 247 6249 . . 21.06
22373 117 91 17 203 207 205 62.82 20.71
22374 124 104 18 247 234 241 64.89  20.96
22375 130 98 18 77 2sS. 255 2557 65.04 - ai2241
22376 105 78 12 155 146 150 62.51 19.78
22378 109 83 13 155 144 149 61.32 20.65
22379 118 92 16 231 205 218 63.92 20.64
22380 117 93 13 201 166 184 62.23 21.24
22381 111 88 13 178 149 163 63.04 20.59
22382 118 91 14 203 219 211 63.61 21.14
22383 109 95 14 197 163 180 62.00 20.47
22384 120 89 11 210 154 182 64.02 20.45
22386 121 86 13 195 177 186 65.28 20.03
22387 118 91 13 193 185 189 62.22 19.99
22390 104 94 14 174 158 166 64.30 20.07
22391 116 99 16 218 195 207 64.29 20.59
22392 121 88 15 176 150 163 63.96 22.37
22393 117 95 19 203 201 202 63.39 21.96
22394 117 88 15 181 165 173 64.36 22.35
22396 109 80 11 159 149 154 63.89 23.00
22399 109 89 14 160 147 153 66.19 20.93
22400 126 99 18 230 228 229 62.48 21.72
22404 120 97 _ 15 212 226 219 65.68 21.97
22405 120 97 17 235 223 229 644l
22406 SR N9 20T, 2 R a9 T T T 284 63 28 B
22407 122 99 18 . 233 220 226  65.62
22408 - 21129 77105 18~ 218 TR 278 67.25
2409 G m 116 . 11 18 = 280 <270 . 265, 65.98 i3
22410 125 96 18 237 214 225 63.07
22411 109 90 15 193 186 190 64.40
22412 121 . 93 13 234 231 233 63.58
Mean 116 95 16 219 202 211 62.9

102- 149-

Range 130 78-114 11-23 155-329  144-310 5 ¢ 61-67
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Table 2. Agronomic evaluation of a collection of F.macrophylla in Quilichao. Data from 4 evaluation
cuts (2 in the dry season and 2 in the wet season). Growth habit: e = erect, s = semierect, p = prostrate.
Grey underlaid: Accessions with digestibility >45% and DM yield >200 g/plant.

CIAT : ; Regrowth Mean DM yields Crude
Treatment }-(I:::Sht ?cll::;leter Points WetS.  DryS. Mean ;;?MD Protein
No. (No.) (g/ph (%)
801 (e) 122 9] 28 344 180 262 41.81 24.20
7184 (e) 116 98 34 357 266 312 40.01 22.72
17400 (s) 60 93 32 236 108 172 38.26 22.95
17403 (s) 68 98 34 262 153 208 40.29 22.05
17404 (s) 59 85 33 188 113 151 38.58 21.97
17405 (s) 59 79 30 188 131 160 40.63 21.50
17407 (s) 78 100 37 298 181 240 38.15 20.26
17409 (s) 57 104 36 295 157 226 38.22 20.85
17411 (s) 58 89 34 217 173 195 39.51 21.27
17412 (s) 76 98 41 267 167 217 40.37 20.84
17413 (s) 62 95 35 212 127 169 38.82 20.94
18048 (s) 32 48 23 55 26 41 45.05 2042
AB437.(8) i ST T 99 39 239 159 200 "5 50,0477 SR 2048V
18438 (s) 66 79 40 204 84 144 53.41 21.65
18440 (s) 59 85 32 222 112 167 33.16 21.13
19453 (e) 95 71 18 162 93 128 42.44 21.60
19454 (e) 105 85 22 243 134 188 4329 20.66
19457 (e) 112 86 25 215 175 195 39.10 21.56
19797 (s) 56 84 22 183 105 144 41.40 21.12
19798 (s) 61 93 27 228 153 190 43.27 21.39
19799 (s) 63 84 26 191 122 156 42.01 21.25
19800 (s) 70 92 35 208 150 179 37.21 21.33
19801 (s) 79 92 40 251 151 201 37.63 22.09
19824 (e) 64 96 36 237 164 200 42.10 2221
20065 (p) 18 19 5 5 2 3 42.19 21.11
20616 (s) 70 104 37 292 149 221 38.79 21.94
20617 (s) 74 90 29 210 123 166 33.92 21.03
20618 (s) 72 91 31 209 136 172 35.62 21.74
20621 (e) 70 78 30 142 118 130 - 3597 21.99
20622(e) 142 . 090 20%% TN M. 7223 1 273 Shei, e 22.35
20624 (s) 65 100 35 269 177 .. 223 20.72
20625 (e)” 122 87 25 305 185 245 - 2330
20626 (¢) 113 9] 29 269 214 241 -  n8
20631 (&) 7R 1100 7789 24 321 204 7262 UREH o 2184
20744 (e) 116 89 27 296 180 2381 f122.93
20972 (p) 26 54 32 62 36 49 21.14
20973 (p) 28 44 18 66 26 46 19.93
20975 (s) 48 77 41 134 71 103 20.09
20976 (s) 44 54 25 66 59 63 19.88
20977 (s) 30 0 32 9 18 12 15 19.13
20978 (s) 47 50 21 64 29 46 20.55
20979 (s) 48 77 41 142 78 110 20.60
20980 (s) 44 55 29 94 46 70 20.29
20982 (s) 50 62 28 89 57 73 19.64
21079 (e) 44 76 41 168 63 115 20.01
21080 (s) 38 58 13 94 32 63 17.20
21083 (e) 102 92 42 317 145 231 19.97
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CIAT . ; Regrowth _Mean DM yields Crude
Treatment gfrlght ([z:lr)neter Points WetS. DryS. Mean ;:/:?MD Protein
No. (No.) (/p)) (%)
21086 (s) 26 44 9 43 30 36 37.13 15.11
21087(s) 59 61 45 144 73 - 109 4592 2129
21090 (s) ./ 93 . 112 59 20 201 361 49.81 19.73
21092 (s) 74 82 24 214 136 175 51.53 18.89
21241 ()il 1713177 95, 26 . 362 195 278 45.30 2220
21248 (e) 126 101 32 406 248 327 39.38 21.79
21249 (e) 127 106 34 508 257 382 41.42 21.71
21519 (e) 124 99 28 359 193 276 42.93 22.26
21529 (e) 128 98 31 420 200 310 4331 22.24
21580 (e) 131 104 36 586 272 429 42.76 21.03
21982 (p) 21 58 35 98 30 64 41.74 21.52
21990 (p) 37 67 50 117 51 84 37.92 18.65
21991 (p) 31 53 25 64 29 46 39.35 21.00
21992(p) 31 54 27 66 33 49 46.22 18.85
21993 (s) 40 71 40 117 59 88 43.17 20.02
21994 (p) 26 49 13 42 25 33 37.10 16.90
21995(p) 32 56 32 77 27 52 38.12 19.80
21996 (p) 22 41 15 25 14 20 4228 20.00
22058 (e) 81 59 12 135 86 111 38.15 18.69
22082 (s) 77 91 63 274 116 195 43.56 19.81
22087 (p) 24 46 16 44 14 29 4233 18.12
22090 (s) 41 43 11 36 10 23 37.05 17.72
22285 (s) 46 73 46 144 62 103 38.20 19.72
22327 (s) 36 58 29 76 44 60 46.31 18.67
C10489 (e) 99 95 35 376 196 286 39.82 22.94
115146 (e) 105 82 26 343 179 261 42.98 23.77
J001 (e) 120 88 31 315 175 245 41.64 23.52
Mean 69 78 30 208 118 163 41.06 20.91
Range 18-142 19-112  5-63 5-586 2-272 3-429 33-53 15-24
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Figure 1. Variability in IVDMD, crude protein and fiber content of 10 high-quality accessions of F.
macrophylla after 2, 4, 6 and 8 wk of regrowth, IVDMD = in vitro dry matter digestibility, CP =
crude protein, ADF = acid detergent fiber, NDF = neutral detergent fiber.

Table 3. Fiber content of a representative subset (25 accessions) of F. macrophylla. Data from 3
evaluation cuts (2 in the wet season and 1 in the dry season). IVDMD = in vitro dry matter
digestibility, NDF = neutral detergent fiber, ADF = acid detergent fiber, N-ADF = nitrogen
bound to acid detergent fiber.

Forage IVDMD (%) NDF (%) ADF (%) N-ADF (%)
Quality WetS. DryS. WetS. DryS. WetS. DryS. Wet S. DryS.
High 48.1 449 37.6 40.3 28.9 28.3 1.5 1.5
Medium 46.3 39.8 375 412 28.2 30.1 1.5 1.6
Low 39.1 38.6 39.1 44.0 29.7 31.0 1.6 1.7
Mean 45.1 41.7 38.0 41.6 289 29.6 1.5 1.6

Morphological characterization and evaluation. The phenology study has not yet been completed,
but available data allow some preliminary assessment using PCA. For F. macrophylla, the
parameters included thus far are days to first flower, days to 50% flowering, length of inflorescence
peduncle, flower color, length of bracts, seed color, inflorescence branching (terminal/axillar),
flowering intensity, leaf(let) area, leaf peduncle length and pubescence, and data from a visual
evaluation after 8 wk of regrowth (height, diameter, vigor, pests, diseases). PCA performed with
the agronomic data of 71 F. macrophylla accessions revealed high correlations between seed color,
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length of the inflorescence peduncle, inflorescence branching and height, as well as between days to
first flower and days to 50% flowering (>70%). Cluster analysis (UPGMA) resulted in 8 groups.
The first group contained 18 of the 19 erect-growing accessions. They were characterized by their
height (160-290 cm), and by a terminal, pedunculate and branched, raceme-like inflorescence with
light rose-coloured flowers (Photo 1) and black seeds. The average leaflet area was 40 cm’ with an
average peduncle length of 5 cm. The other erect-growing accession (No. 21249), with the same
growth and inflorescence characteristics, was in a group of its own, distinguished by lower vigor
and high disease attack. Group 3 (20 accessions) was composed nearly exclusively of semi-erect
accessions with an average height of 134 cm and diameter of 205 cm. This group also included two
prostrate accessions (19797, 20624) because of their extensive height and diameter. The
inflorescences of these accessions were axillary and sessile, with dark pink flowers in dense,
cylindrical racemes (Photo 2) with brown and mottled seeds. Accession No. 18437 with the same
characteristics fell into a fourth group of its own because of higher disease attack, together with No.
21090, due to very late flowering (355 days to 50% flowering). The remaining 26 semierect and
prostrate accessions, with the same inflorescence characteristics as mentioned before but with a
lower average height (86 cm) and diameter (137 cm), fell into a large sixth group. Groups seven
and eight differed from all other accessions with respect to the bracts and bracteoles. Generally in
F. macrophylla the bracts and bracteoles are shorter than the inflorescence resp. flowers. In some
accessions the bracts and bracteoles were longer than the inflorescence resp. flowers (Photo 3),
falling into two distinct groups: Group seven with accessions 21080, 21994, 22058 and group eight
with accession 21086. These accessions also had conspicuously larger leaves (avg leaflet area was
68 cm’, while the avg of the whole collection was 34 cm?) that resemble tobacco leaves. This
growth type was therefore named “tobacco” in contrast to the three other aforementioned growth
types: erect, semierect and prostrate.

Genetic analysis by molecular markers (AFLPs). Efforts made in genetic analysis showed as a
preliminary result that the common manual DNA extraction methods do not work well with F.
macrophylla and C. argentea. The modified protocol, which was used to extract DNA, showed
promising results at the beginning, but frequent degradation, contamination and partial digestion
occurred later due to secondary plant compounds, probably polyphenols. In preliminary trials with
a commercial extraction kit, the DNA purity was higher and thus far problems have not occurred in
either digestion or amplification.

e i

Photo 1. Inflorescence of the erect growth type of F. macrophylla.
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Photo 3. Inflorescence of the “tobacco” growth type of F. macrophylla.

Progress Toward Achieving Milestones

o Preliminary list of C. argentea accessions with superior performance relative to control
(mixture CIAT 18516/18668) released in Costa Rica as cv. Veraniega. Preliminary data indicate
little variation in nutritive value among C. accessions. CIAT 18674, 22375, 22406, 22408 and
22409 had consistently higher DM yields than CIAT 18516/18668 over both drier and wetter
seasons. Another set of Cratylia accessions was obtained from Costa Rica for comparison with
the existing collection.

o Preliminary list of F. macrophylla accessions with superior performance relative to CIAT
17403. Preliminary data indicate several accessions with superior DM yield and/or better
digestibility than CIAT 17403. Thus far the most interesting accessions are CIAT 18437,
18438, 21083, 21090 and 21092, followed by 19454, 20622, 20625, 20626, 20631, 20744,
20975, 21087, 21241, 21249, 21519, 21529, 21580, 22082 and I(LRI)15146 and JOO1. More
detailed analysis of two subsets have shown that aceessions with higher feed quality in terms of
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digestibility and DM production have lower fiber contents than low-quality accessions. A
further set of accessions has been obtained from Viet Nam.

e Four clearly distinguishable F. macrophylla growth types. Morphogical studies clearly reveal
four different growth types: erect, semierect, prostrate and “tobacco.” Agronomically
promising accessions are either of the erect or semierect type. Prostrate and tobacco-type plants
generally have lower DM production and/or lower digestibility.

e Preliminary analysis of origin information on F. macrophylla and C. argentea. Passport data of
the two collections were mapped with FloraMap and classified in clusters. The number of
clusters utilized corresponds to the number of clusters employed in the agronomic study.

o (Core collection approaches in the multipurpose shrub legumes F. macrophylla and C. argentea
assessed. Preliminary analysis of origin and agronomic information did not identify correlations
between the clusters obtained in the two approaches. Data will be further studied and compared
to results of AFLP analysis.

1.1.15 Gene flow analysis from rice into wild/weedy relatives in the
neo-tropics: Morphological and phenological characterization
of red rice

P. Ruizl, o Vésquezl, E. Corredorz, L.F, Foryl, A. Moraj, E. Gonzélezl, J. Silva], M. C. Duquel,

and Z. Lentini_l'3
1 SB2, ? Fedearroz ; Ipa. Funding from GTZ, Germany. Project No. 99.7860.2-001.00

Introduction

Hybridization between crops and their wild relatives sometimes brings genes into wild populations,
occasionally resulting in the evolution of aggressive weeds and/ or endangerment of rare species.
Transgenic crops may also result in similar outcomes. The likelihood of crop-to-wild hybridization
depends on the out-cross rate, and on distance and direction between wild and crop populations.
Cultivated rice, O. sativa L., is an autogamous plant, with a low out crossing rate of 0-1% (Roberts
et al. 1961). Rice is an introduced species in the Neotropics from Africa and Asia, but with
wild/weedy relatives including wild native species in Central and South America. Hybridization
can be expected within the genomic group that includes O. sativa, viz., the AA group. The wild
relatives of AA genome, which are found in Central and South America and may hybridize with the
rice crop, include O. rufipogon and O. glumaepatula (Oka and Chang, 1961;Vaughan and
Tomooka, 1999). Red rice (Oryza sativa f. spontanea) is weedy rice with a red pericarp and dark-
colored grains. The seeds shatter readily and possess dormancy characteristics. The plants typically
are tall, late maturing, and have pubescent leaves and hulls. In contrast to Asia where manual
transplanting is still predominant, in tropical America direct seeding of red rice-contaminated seed
source is common, making red rice the most serious weed problem. Genes from rice varieties may
transfer quickly into red rice (1% to 52% hybridization rate)(Langevin et al. 1990). However, most
of the hybridization rate estimates have been done under temperate conditions. This work is part of
a project directed to analyze the gene flow from non-transgenic or transgenic rice into wild/weedy
relatives in the Neotropics, and its effect(s) on the population genetic structure of the recipient
species.
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Materials and Methods

Collection of Red Rice Samples in the Field. Various commercial rice field plots were selected at
Tolima, the major rice-cropping area in Colombia. Plots with known cropping history were
selected. Plots had been planted with the same variety for at least the last eight growing seasons
(two years), and included one of the 4 more widely grown commercial varieties: Fedearroz 50
currently grown by 80% of farmers; Oryzica | the previous most popular variety cultivated before
Fedearroz 50 was released; and Coprosem 1 or Cimarron. A total 158 red rice plants and their
corresponding seeds were harvested from each plot. Samples were grouped in populations based on
their origin according to the commercial variety grown in the field. The Fedearroz 50 population is
comprised by samples from different locations. Plant and seed data was collected from field
collections, and a sample was stored for herbarium record. Grain colors were coded using The
Royal Horticultural Society (1966): brown (code 200), greyed orange (codes 164, 166 and 173),
greyed purple (codes 183 and 185), greyed yellow (code 161), and yellow white (code 158). Seeds
were increased for field experiments.

Morphological and Phenological Characterization. The morphological characterization was
conducted using 16 qualitative and 9 quantitative descriptors. The phenology characterization
included 6 descriptors. Plant and seed morphological evaluations were conducted using the samples
collected from the field (FO generation). The phenological characterization was performed in the
greenhouse (F1 generation) and in the field (F2 generation) using progeny plants obtained through
selfing of each F0 plant. The corresponding rice varieties grown in the field at the moment of the
field sample collection, a transgenic Cica 8 rice variety, and the wild species O. rufipogon, O.
glaberrima, and O. barthii were used as controls.

Data Analysis. Principal component and coordinate analysis were conducted using a SAS statistical
package program.

Results and Discussion

Seed parameters allowed a better characterization of the red rice populations collected. The
analysis of the 1650 seeds indicated broad husk color diversity, varying from greyed yellow color
(alike the commercial varieties) to brown color (alike the wild rice species). The widest diversity
was noted in the populations derived from the Oryzica 1 and Fedearroz 50 plots, where about 50%
of the red rice biotypes showed grains with husk color alike the corresponding commercial variety,
from 2% to 15% of biotypes had husk color alike the wild rice species, and the other biotypes with
husk colors corresponding to either greywed orange stripes, or brown stripes. In contrast, about
40% of the red rice biotypes derived from the Coprosem 1 and Cimarron plots showed brown grains
alike the wild species, 0% and 10% of the red rice with grains alike the varieties, and only one or
two of the other husk color categories. Similar patterns were noted when the awn, the apiculus, and
the pericarp were characterized. Some red accessions with colored grains, also showed greyed
orange or greyed purple coloration in the leaves and tillers, which may facilitate the identification of
hybrids since anthocyanin production in rice is encoded by dominant gene(s).

A correlation analysis between grain length and grain width also showed that the red rice
populations derived from the Coprosem | and Cimarron field plots were the least diverse, and
clearly distinct from the rice varieties. The red rice population derived from the Oryzica 1 plot was
the most diverse. While some biotypes showed shorter and thicker grains alike the wild species O.
rufipogon and O. glaberrima, others showed long and slender grains alike the varieties, and some
biotypes were in between the wild species and the crop. Few of the samples from the Fedearroz 50
plot had long and slender grains. Oryza barthii had extra long and thick grains. Those red rice
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biotypes undistinguishable from the variety by their grain traits still showed seed shattering
characteristic of the weedy rice.

Principal component analysis using the 9 quantitative morphological descriptors indicated that 77%
of the variability could be explained by 4 main components, where grain length, width and
thickness, jointly with length between nodes, and width of the flag leaf and the previous leaf were
the most important. The coordinate principal component analysis using the 16 qualitative
morphological parameters allowed to group the 158 red rice biotypes in three major clusters mainly
characterized by the presence or absence of grain awn, and brown husk color, respectively (Figure
1). Results indicated a significant similarity between some red rice biotypes and rice varieties.
Likewise a tight association was noted between various red rice samples and the wild Oryza
species, especially with O. rufipogon (Figure 1). Of the phenological traits evaluated days to
flowering (DTF, 50% anthesis) is the most relevant when considering likelihood of gene flow. The
Ryan-Einot-Gabriel-Welsch multiple range test (p>0.005) discriminated three groups: early
flowering (O.glaberrima, mean DTF 85; and O.barthii, mean DTF 88), intermediate flowering (all
red rice accessions, rice varieties and O. rufipogon, mean DTF from 91 to 111), except rice varieties
Cica 8 and Fedearroz 50 which were classified as late flowering according to this test (mean DTF
from 112 to 116). Most red rice biotypes collected from the Fedearroz 50 plots were earlier
flowering respect to this variety, but flowering of various individual biotypes overlapped with both
Fedearroz 50 and Cica 8. No clear influence on the flowering pattern was noted respect to the
variety previously grown in the plot (Figure 2).

Conclusions

Seed traits significantly accounted for most of the variability found in the red rice populations
collected. The presence/ absence of awn and husk color grouped the biotypes in three major
clusters. Seed qualitative traits jointly with the relation grain length to width easily allows to
identify the red rice varietal types and those similar to wild species from the regular weedy types.
Large number of red rice biotypes overlap in flowering with cultivated varieties. No clear influence
in flowering pattern was noted respect to the variety previously being grown in the field. Based on
this morphological and phenological characterization, some red rice biotypes had been selected to
conduct gene flow analysis and identify indicators for an easy trace of gene flow in the field over
subsequent generations.

Future Plans

e Red rice biotypes representing the 3 major clusters with contrasting morphological
characteristics easy to trace through hybridization, and overlapping in flowering respect to rice
varieties were selected for evaluation to RHBV resistance.

e Of these biotypes, those susceptible to the virus and easily distinguishable by red rice specific
microsatellite molecular markers (described in report 1.1.12 herein) will be potential candidates

for the gene flow and introgression follow up analysis using either transgenic Cica 8 resistant to
RHBYV or other non-transgenic variety as pollen donor.
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Figure 1. Coordinate principal component analysis using 16 qualitative morphological
parameters.0b = O. barthii; Or = O. rufipogon; Og = O. glaberrima
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1.1.16 Molecular characterization of rice and wild/weedy relatives by
microsatellites and their use to assess gene flow in the Neo-Tropics

Gonzélez, E.1; Fory, L.F.L Vasquez, J.J.1; P. Ruiz!; Mora, A.2;Silva, J.I;Duque, M.C.I; Corredor,
E.3; Lentini, Z. 1,2,

I SB2, 2 1P4 , 3 Fedearroz. Funding from GTZ, Germany. Project No. 99.7860.2-001.00
Introduction

A careful assessment of potential impacts of gene flow from transgenic plants on population
genetics of natural crop plant biodiversity is needed in other to design strategies for the safe and
durable use of these crops in the Neo-tropics. This work is part of a project directed to analyze the
gene flow from non-transgenic or transgenic rice into wild/weedy relatives, and its effect(s) on the
population genetic structure of the recipient species. Last year we reported a preliminary screening
of 50 microsatellite markers to identify those polymorphic between a set of commercial rice
varieties, wild Oryza species, and advanced transgenic Cica 8 RHBV resistant lines and hand-made
crosses with selected varieties. The current report summarizes the progress on setting up the use of
microsatellites markers to assess and trace gene flow from transgenic and non-transgenic rice into
wild Oryza species and red rice under controlled confined field plots, and under local agricultural
field conditions in Colombia. A genetic diversity analysis was first conducted in order to determine
the genetic structure prior gene flow, and to select the best combinations of transgenic or non-
transgenic rice, and wild/weedy populations to assess the gene flow.

Materials and Methods

Plant Material. The materials included: 9 rice commercial varieties (Cica 8, Cimarron, Fedearroz
50, Fedearroz 2000, Fedearroz Victoria 1, Iniap 12, Oryzica 1, Oryzica Llanos 5, and Palmar).
Sixteen homozygous transgenic-Cica 8 rice lines, resistant to RHBV virus. Four handmade crosses
each between one transgenic Cica 8 line and non-transgenic Cica 8, Iniap 12, Fedearroz 50 or
Oryzica 1, respectively. One hand made cross each between non-transgenic Cica 8 and Iniap 12,
Fedearroz 50 or Oryzica 1, respectively (controls). One hundred and fifty eight accessions of red
rice collected from various commercial rice field plots in Tolima, the major rice-cropping area of
Colombia, previously characterized morphologically and phenologically. One accession each of O.
barthii, O. glaberrima, O. glumaepatula, and O.rufipogon. All these genotypes were included in
order to select the microsatellites detecting the highest level of polymorphisms among genotypes,
and the most polymorphic pairs from each class to conduct gene flow analysis.

Genetic Analysis using Microsatellite Markers. A set of 50 microsatellite markers (at least 4 per
each chromosome) were screened. The microsatellite selection was based on their location in the
chromosome (McCouch et al., 1997). At least two markers located distal from the centromere per
each chromosome arm were chosen to increase the likelihood of finding recombination between the
experimental genotypes. The markers were amplified at different annealing temperatures according
to the estimated melting temperatures of the primers. The PCR products were resolved on silver-
stained polyacrylamide gels and microsatellite alleles were sized by comparison to the 10 and 25 bp
molecular weight standards (Promega). The genetic distance between samples was calculated using
the Dice algorithm, and a dendogram was constructed using the Unweighted Pair-Group Mean
Average (UPGMA). The genetic distances and dendogram were built using NTSYS-PC software
version 2.02 (Rohlf, 1997).



Results and Discussion.

Genetic characterization of rice varieties, red rice, and wild Oryza species. The dendrogram
obtained showed thirteen groups with a similarity of 0.43. O.glumaepatula was the most distant
group, followed by O.glaberrima and O. barthii. O.rufipogon, was found within the red rice group
(Figure 1). For the red rice population, in some cases it was possible to associate the genetic
clusters with some phenological and morphological traits. The first group was mainly composed by
red rice accessions with pale yellowish husk (91%) and early to intermediate flowering (64%). The
second and third groups contained accessions with grains of pale yellowish husks (95%), but with
intermediate to late flowering (93%). Most of the red rice-variety biotypes and commercial varieties
are in this group. The groups 8, 9,10, and 11, were mainly composed by red accessions with grain
awn (69%), and intermediate to late flowering (85%). Cluster 9 grouped the wild species O.
rufipogon with some red rice biotypes with significant similarity on morphological and
phenological traits. The fourteen most polymorphic microsatellites detected a high number of
alleles (106). In general the size of the alleles ranged from 108 to 252 bp. This analysis allowed the
identification of 46 specific alleles for red rice; 17 specific alleles for the wild species; and only two
specific alleles for the rice varieties. O.glumaepatula showed larger number of specific alleles (8)
compared to O.rufipogon, which shared all their alleles with red rice. A low number of
heterocigotes was found in the red rice population as a whole, with a range of 0-19 heterocygotes
per microsatellite. Total genetic diversity index of Nei (0.637) was intermediate to high. In contrast,
the genetic diversity index between the red rice populations collected from the different field plots
was 0.55, which is considered an intermediate value. The value obtained for Gst (0.136) reflects a
lower genetic diversity inter-population (collected from different field plots) than intra-population
(individuals collected from the same field plot analyzed as one population).

Tracing gene flow with microsatellite molecular markers. Clearly distinct combinations of crop,
red rice, and wild species had been selected for gene flow and introgression follow up, based on the
morphological, phenological, and molecular genetic characterization using microsatellite markers.
Conditions had already been standardized for detection of 2% out-cross using genotype specific
markers (Figure 2). Conditions are being optimized to detect 1% of out-crossing rate.

Conclusions

Specific microsatellite alleles were identified in different commercial varieties, red rice accessions
and wild species, which can be used to trace gene flow and introgression. As expected, wild species
O. glaberrima with O. barthii clustered together in a group, and in a separate cluster with O.
glumaepatula of low similarity with the rest of the population. According to this cluster analysis,
some red rice accessions showed high genetic similarity to the varieties and others to the wild
species O. rufipogon. These genetic similarity coincide with the morphological and phenological
characterization already conducted. The red rice-O.rufipogon biotypes will be subject of taxonomic
classification to elucidate if they are introduced accessions of the wild species from Asia. The red
rice-variety biotypes might be indicators of hybridization between red rice and the crop, and thus
better candidates as receptors of gene flow. These materials could be ideal materials to trace
transgene(s) flow. Clearly distinguishable red rice biotypes are recommended to trace gene flow
from non-transgenic rice, in order to provide a broad understanding of the hybridization and
introgression dynamic on this population over time.
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Future Plans

* Best crop/ wild/ weedy candidates to conduct gene flow and introgression analyses will be
selected based on the molecular characterization and the morphological/ phenological
characterization presented in report 1.1.11 (herein).

e Crop/ wild/ weedy specific microsatellites will be used to trace hybridization and population
genetic through generations in the field.

e The spatial distribution of alleles will be used to study local gene flow, including pollen
dispersal distances.

e Results will be compared with those using transgenes as a tool for tracing gene flow.
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1.1.17 Use of chloroplast and mitochondria DNA polymorphisms for
gene flow analisis in rice

L. Fory, E. Gonzalez. and Z.Lentini
SB-2 Project

Introduction

Genetic information present in plant mitochondrial DNA (mtDNA) and chloroplast DNA (¢cpDNA)
has been of great used in phylogeny and in population genetics studies (maternal inheritance),
because of its complementarities to nuclear Mendelian segregation. Organelle plant genomes are
highly conserved in structure (Palmer and Stein, 1986). Chloroplast DNA restriction patterns
provide useful information to assess the phylogenetic relationships among plant species, due to the
low rate of rearrangements, the relatively small size and predominantly maternal inheritance. This
tool has been used in several interspecific taxonomical works to study the genetic organization in
centers of diversity or to establish the relationships between the cultigens and their related wild
taxa, in genera such as Zea, Oryza, Musa, Solanum, Nicotiana, Lycopersicom (Schmit et al., 1993).
Sun et al. (2002) investigated the variation of nuclear, mitochondrial and chloroplast DNA among
75 cultivars and 118 strains of common wild rice from ten Asian countries using Southern Blot and
PCR analysis. They were able to distinguish differences between the Indica and Japonica cultivars,
where they detected variations in both the nuclear and the cytoplasmic genomes, confirming that the
Indica-Japonica differentiation is of major importance in cultivated rice. Demuesure et al. (1995)
designed a set of universal primers for amplification of polymorphic non-coding regions of mtDNA
and cpDNA in plants. These primers could be used as a first approach to discern polymorphism
among rice and wild/weedy relatives for use in gene flow and introgression analyses, thus
facilitating the identification of the pollen donor source. The cpDNA and mtDNA polymorphisms
analysis (maternal inheritance) complements the information generated with microsatellite markers
(nuclear inheritance) giving a comprehensive understanding of the hybridization and introgression
dynamic under field conditions.



Material and methods

The experimental materials used in this preliminary study consisted of plants from Oryza sativa
composed by one accession of red rice, the commercial rice varieties Cica 8 and Fedearroz 50, a
hand-made cross between the transgenic Cica 8 RHBV resistant line A3-49-60-12-5 and Fedearroz
50, and two wild species Oryza glumaepatula and Oryza rufipogon. Total DNA was isolated from
young leaves according to the method described by McCouch et al (1988). The PCR was carried out
in 25 pL total volume containing the following components: 20 ng of genomic DNA, 0.4 uM of
primers (Table 1), 0.2 mM dNTPs, 2.5 mM MgCl,, 2.0 U Taq polimerase, 1X PCR buffer that
consisted of Tris HCl 10 mM (pH 9.0), KCl 50 mM and Triton 0.1 %. The amplification was
carried out using 1 cycle of 4 min at 94°C, 35 cycles of 45 s at 92°C, 45 s at 55°C, at 72°C for 4
min and one cycle of 10 min at 72°C. The PCR products were separated on agarose gel (1.0 %),
stained with ethidium bromide and visualized by UV fluorescence. These amplification products
were then digested by incubating 3puL of PCR product with four restriction enzymes at 37°C, for 4
h. The digested amplicons were then separated on 1.5% agarose gel.

Table 1. Pairs of primers sequences used to amplify plant cpDNA and mtDNA

Primer 1 Primer 2 Size pb.
(Rice)

Choloroplast primer

tmH ACGGGAATTGAACCCGCGCA | tmK CCGACTAGTTCCGGGTTCGA 1690

[tRNA-His (GUG)) [tRNA-Lys (UUU)

CPI exon 1]

tmK GGGTTGCCCGGGACTCGAAC tmkK CAACGGTAGAGTACTCGGCTTTT | 2580

[tRNA-Lys (UUU) [tRNA-Lys (UUU) A

exon 1] exon 2]

CP2

TmC CCAGTTCAAATCTGGGTGTC tmD GGGATTGTAGTTCAATTGGT 1800

[RNA-Cys (GCA)] [tRNA-Thr-(GGC)]

CP3

tmD ACCAATTGAACTACAATCCC tmT CTACCACTGAGTTAAAAGGG NS

[tRNA-Asp- (GUC)] [tRNA-Thr(GGU)]

CP4

PsbC GGTCGTGACCAAGAAACCAC [ tmS GGTTCGAATCCCTCTCTCTC 1700

[pstl 44 kd protein] [tRNA-Ser-(UGA)]

CP5

tm$S GAGAGAGAGGGATTCCCGAAC | tmfM CATAACCTTGAGGTCACGGG 1600

[tRNA-Ser- (UGA)] C [tRNA-fMet (CAU))

CP6

psa A [Psti p 700 | ACTTCTGGTTCCGGCGAACGA |tmS AACCACTCGGCCATCTCTCCTA NS

apoprotein Al] A [tRNA-Ser-(UGU)]

CcP7

TmS CGAGGGTTCGAATCCCTCTC TmT AGAGCATCGCATTTGTAATG 1100

[tRNA-Ser- (GGA)) [tRNA-Thr (UGU)]

CP8

TmM TGCTTTCATACGGCGGGAGT rbecL[RuBisCO large | GCTTAGTCTCTGTTTGTGG 2800

tRNA-[tRNA- subunit]

Met(CAU)]

CP9

Mitochondiral primers

nadl exon B GCATTACGATCTGCAGCTCA nadl exon C GGAGCTCGATTAGTTTCTGC 1700

nad4 exol CAGTGGGTTGGTCTGGTATG nad4 exon 2 TCATATGGGCTACTGAGGAG NS

nad4 exon 2 TGTTTCCCGAAGCGACACTT nadl exon 4 GGAACACTTTGGGGTGAACA 1500

NS= non standardized
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Figure 1. (A) and (B) Amplification of cpDNA. Lanes 1 = red rice; Lane 2 = Transgenic Cica 8 x
Fedearroz 50; Lane 3 = Cica 8; Lane 4 = Fedearroz 50; Lane 5, Oryza glumaepatula; Lane 6 =
Oryza rufipogon. (C) PCR products amplified with primers CP6 and CP8 and digested
with Dra I.
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Results and Discussion

The preliminary work included 12 pairs of primers, which amplify mostly non—coding sequences.
Nine cpDNA primers amplified the corresponding regions in the six rice samples. These primes
had been designed to amplify the complete sequences of chloroplast genome of Oryza sativa and
Nicotiana tabaccum (Demuesure et al., 1995). The sizes of amplified fragments range between
1100 and 2800 pb (Figure 1). The digested PCR products of 8 fragment size with four restriction
enzymes (Pstl, Rsa I, Dra I, Hae III), revealed cpDNA polymorphisms in the region CP8
corresponding to the non-coding regions between the aminoacid trnS [tRNA-Ser- (GGA)] and trnT
[tRNA-Thr (UGU)]. A polymorphic fragment was observed for O. glumaepatula after the digestion
with Dra I. This result needs to be confirmed using other DNA sample from another individual of

O. glumaepatula (Figure 1).
Future Activities

e The evaluation of cpDNA and mtDNA amplified products using other additional restriction
enzymes in order to identify specific polymorphic patterns between varieties, red rice and
wild Oryza species.

e Determine if organelle polymorphism could be used as a tool to trace gene flow in rice.
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1.1.18  Molecular and Agro-morphological Characterization of the
Genetic Variability of Soursop (4nnona muricata L..) Accesions
and related Annonaceus Species

Nelson Royero’, Alvaro Mejia Jiménez', Inés Sanchez’, Gerardo Gallego', Raiil Saavedra®, Jorge

Cabra’, Joe Tohme'.
'Project SB02 -CIAT; *Corporacién BIOTEC; *CORPOICA; Project funded by Colciencias

Introduction

The Annonaceae family (common name: anonas) presents 240 species of 30 genera in Colombia,
and comprises several groups important as food products, commonly known as anones (4.
squamosa), soursops (4. muricata), chirimoyas (4. cherimola), atemoyas (4. squamosa X A.
cherimola) and “anones amozonicos” (Rollinia mucosa), among others (Murillo-A, 2001).
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Soursop (Annona muricata L.), because of its exquisit taste, flavor and nutritive value is the most
promisory anona species in Colombia (CIAT and C. BIOTEC, 2002). Like all the Annonas,
soursop is native to the American tropics, possibly Colombia or Brazil (Leon, 1968). This is why
Colombia may have the world’s largest genetic diversity of soursop. However the extent of this
diversity is not known , and has not been used in breeding programs to improve agronomic traits
either. As a matter of fact, theres is only one germplasm bank in Colombia, C.I. Corpoica Palmira
Germplasm Bank (43 anonas accesions), which has not been characterized at all.

This project is the first attempt to study the genetic diversity of annonaceus species from Colombia.
The objective is to know the genetic variability of the germplasm bank by applying DNA molecular
marker technology, like AFLP. We would like to know if this variability is representative of
Colombian diversity. Corporacion Biotec and CIAT (SB02 project) are in charge of the molecular
characterization. Corpoica carries out the agro-morphological characterization and a support in
population genetics. The results of this project will contribute to the development of more
productive, genetically diversified planting material.

Methodology

For the genetic variability analysis, we evaluated 81 accesions from Corpoica germplasm bank and
our own working collection. The 81 accessions were made of 45 entries from 4. muricata and 36
of related Annonaceae species (Tables 1 and 2). We applied the method of Dellaporta et al. (1983)
for DNA extraction, using PVP 1 g I"' in the extraction buffer and a chloroform / isoamylalcohol
(24/1) cleaning step before DNA precipitation. The AFLP protocol followed was that described by
Vos et al. (1995), using AFLP Analysis System I Kit (Gibco BRL). In preliminary trials we
evaluated 15 different combinations of selective nucleotides for AFLP amplification. Then, we
selected three combinations that displayed the highest and “most readable” polymorphisms between
soursop species and/or between Annonaceae species. They were E-ACT, M-CAA (combination F);
E-AGC, M-CTC (combination M); E-AGC, M-CAA (combination N). Selective amplifications
were size-fractionated on 6% or 4% polyacrylamide denaturing gels and visualized through silver
staining. AFLP fingerprinting of each accesion were converted into a similarity matrix, based on
Nei and Li index (1979). The similarity matrix was analyzed using NTSYS (Rohlf, 1994) computer
program. Dendrograms were constructed by UPGMA method (Sneath and Sokal, 1973).

Results and Discussion

In the soursop germplasm, the 45 accesions showed 141 bands for combination F. The number of
bands per individual ranged between 41 and 58, where only eight bands were monomorphic (Fig.
1), giving a 90 % polymorphism. Fourty-one accesions presented genetic similarities higher than
0.80 (Fig. 2). Four accesions, 1919, 1959, 1958 and 1920, which are currently identified as A.
muricata species (C.I. Corpoica Germplasm Bank), showed specially different fingerprints. Genetic
similarity between 1919, 1959 and the other 41 muricata accesions was 0.45. Similarly, genetic
similarity between 1958, 1920 and the other 41 accesions was 0.30. As we can see in Fig. 3, 1959
looks more similar to 4. montana than to A. muricata, while 1958 appears more similar to putative
A. glabra accesions, and 1920 showed more similarity to putative Rollinia mucosa accesions (Table

2).
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Table 1. Soursop and other anona-related species accessions of the C.I. Corpoica Palmira Germplasm Bank

(August —2002).

SOURSOP ACCESIONS

ACCESSION ORIGIN PROPAGATED BY | INTRODUCTION
1 1994 El Bolo Valle Seed [-89
2. 2045 Palmira Valle Seed X -89
3. H2 Sonso Valle Seed IX -89
4. 2512 Palmira Valle UNAL Grafting IX-95
5. 2511 V. Gorgona Valle Grafting IV -95
6. H 1 Sonso Valle Seed IX -89
T 2020 Buga Valle Seed VII -89
8. 2016 Buga Valle Seed IV -89
9. 2017 Buga Valle Seed V-89
10. 1957 Caicedonia Valle Seed VIII - 87
11. 1995 V. Gorgona Valle Grafting 1-89
12. 1983 Palmira Valle Seed VvV -87
13. 1985 Bajo Calima Valle Seed V -88
14. 1946 Alcala Valle Seed VII - 87
15. 1943 Palmira Valle Seed VII - 87
16. 2014 Barinas Venezuela Seed 1-89
17, 2015 Fusagasuga Cundinamarca Seed 11 -89
18. 2036 Sonso  Valle Grafting IX -89
19. 2042 Sonso  Valle Grafting IX-89
20. 1921 Ginebra Valle Seed V-87
21. 1919 Samana Caldas Seed V-87
22. 2040 Sonso  Valle Grafting IX -89
23. 2041 Sonso Valle Grafting IX — 89
24, 2039 Sonso Valle Grafting IX - 89
25. 6 Palmira Valle Grafting IX-95
26. 1918 Manizales Caldas Seed IV -87
27. 4 Palmira Valle Grafting IX -95
28. 2037 Sonso Valle Grafting IX -89
29. 2033 Sonso Valle Grafting IX -89
30. 1 Palmira Valle Grafting IX -95
3 2513 C.I. Palmira Valle Grafting I1-86
32 2514 Sonso Valle Grafting IX -89
ANONAS SPECIES ACCESIONS
33. 1959 Patron Sabaletas Chocé Seed VIII - 87
34, 1958 Patr6n Sabaletas Chocéd Seed VIII - 87
35. 1920 Patrén Victoria Caldas Seed V-87
36. Cabeza de Negro Desconocido Seed VIII-79
37. Chirimoya Palmira Valle Seed VII-63
38. Anona Colorada Desconocido Seed X-36
39. Biriba Brasil Seed V-59
40. Anona Blanca Palmira Valle Seed V-70
41. Anona Glabra Baudé Chocé Seed Pendiente
42, Anona Montana Baudé Choco Seed Pendiente

Note: Observations made on tree and fruit morphology (Dr Robert Tulio Gonzalez M, U. del Pacifico, Valle), accessions
1959 and 1920 were moved from A. muricata to other anona species.




Tabla 2. Soursop and other related anonas species accesions from farms and national research centres, used in the
molecular characterization and available at CIAT.

ACCESSION COMMON NAME PLACE OF ORIGIN PROPAGATED SPECIE
CODE (place and department) BY
AMUR VI Guanébano, Clon Elita Vivero Profrutales, Candelaria (Valle)  Grafting A. muricata
AMUR H2 Guandabano, Clon Rosa Yaguar (Huila) Grafting A. muricata
AMUR H3 Guanabano, Clon Cristina  Yaguara (Huila) Grafting A. muricata
AMUR H4 Guanéabana, Clon Francia  Yaguaré (Huila) Grafting A. muricata
AMUR M35 Guandabano Ciénaga (Magdalena) Seed A. muricata
AMUR A7 Guandbano Turbo (Antioquia) Seed A. muricata
ASP V20 Anona Blanca Lisa Finca la Esneda, Guacari (Valle) Seed A. squamosa?
ASP GN31 Anén Amazdnico Margen Rio Inirida (Guainia) Seed Rollinia
mucosa?
ASP VA32 Anén Amazdnico (Vaupés) Seed Rollinia
mucosa?
ASP GV34 Anén Amazénico Finca la Primavera San José¢ Seed Rollinia
(Guaviare) mucosa?
ASP VA3S Andn Amazénico (Mita) Vaupés Seed Rollinia
mucosa?
ASP V36 Anbén Amazdnico Desconocido Seed Rollinia
(Donado por Cartén Colombia) mucosa?
ASP Q38 Anén La Tebaida (Quindio) Seed ?
ASP V41 Atemoya Finca la Esneda, Guacari (Valle) Seed A. cherimolia x
A. squamosa
ASP V42 Atemoya Finca Venecia Caicedonia (Valle) Seed Rollinia
mucosa?
ASP V43 Atemoya Desconocido, Almacenes Exito Cali  Seed A. cherimolia x
(Valle) A. squamosa
AMON V51  Guanabana Cimarrona Finca la Esneda, Guacari (Valle) Seed A. montana
AMON Vi52 Guandbana Cimarrona Cumaribo (Vichada) Seed A. montana
AMON H53  Guandbana Cimarrona (Huila) Seed A. montana
AMON V54  Guandbana Cimarrona Palmira (Valle) Seed A. montana
ASP V39 Anén Almacenes Exito, Cali (Valle) Seed A. squamosa?
ASP CVe6l Costa Pacifica (Entre Valle y Chocé)  Seed A. glabra?
ASP A62 Guanabanilla Turbo (Antioquia ) Seed A. glabra?
ASP CU63 Anén Liso Mercado de Girardot (Cundinamarca)  Seed ?
ASP T64 Andn Espinal (Tolima) Seed A. squamosa?
ASP BR60 Brasil Seed 2
ASP VR65 Robles (Valle) Seed ?
ASP VR66 Robles (Valle) Seed ?
ASP V21 Chirimoya Imbanaco Cali (Valle) Seed A. cherimolia
ASP Q22 Chirimoya Armenia (Quindio) Seed A. cherimolia
ASP V45 Atemoya Finca Varahonda, Pradera (Valle) Seed A. cherimolia x
A. squamosa
ASP V46 Seed ?
ASP V47 Chirimoya Bolo (Valle) Seed ?
ASP V48 USA Seed ?

51



12345678 9101112131d 617161902202 2526272829 0 3132333435637 JB9 404142 4D ddd5d64T7 48

e
Ve .

Eoidss R EENIeRR ued

iy o

Fig. 1. Silver stained gel showing AFLP fingerprinting of A. muricata accesions with combination F: 1) 1985; 2)
2513; 3) 1957; 4) 1958; 5) 1959; 6) 1918; 7) C6; 8) 2014; 9) 2015; 10) 2016; 11) 2017; 12) 2040; 13) 2041; 16)
AMUR V9; 17) AMUR A7; 18) AMUR MS5; 19) 2033; 20) 1920; 21) 2020; 22) 2512; 23) 1994; 24) 2036; 25) 1946;
26) C1; 27) C4; 28) 2514; 29) 2037; 30) AMUR H3; 31) AMUR H21; 32) AMUR V1; 33) AMUR H35; 34) 1943;
35) 2039; 36) H2; 37) H1; 38) 1983; 39) 2045; 40) 1919; 41) AMUR V1; 42) AMUR H2; 43) AMUR H4; 44) 1921;
45) 1995; 46) AMUR H2; 48) ASP GV34. Arrows indicate polymorphic bands.
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Fig. 2. Genetic similarity between A. muricata accesions, based on AFLP fingerprinting with
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Fig. 3. Genetic similarity between anona accesions, based on AFLP fingerprinting with combination M.
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Soursop accesions analysed with combination F presented low genetic variability, compared to
the variability observed by 4. montana and putative R. mucosa accesions (Fig. 2 and 3). The
development of the crop in Colombia, and the exchange of germplasm by soursop growers, has
made possible the trade of seeds adapted to different agroecological zones. This may be one
reason why, in our analysis, 2014 and AMUR M5 from Barinas (Venezuela) and Ciénaga-
Magdalena (Colombia), respectively, presented a similarity higher than 0.85 with 2015 and 2017,
accesions collected from Fusagasuga-C/marca and Buga-Valle, respectively (Fig. 2).

We observed genetic variability between accessions that originated from seeds of the same tree
(siblings) for instance there was variability between AMUR H2-1 and AMUR H2 as well as
between AMUR H3 and AMUR H3-5 (Fig. 2). This observed variability could be attributed to
natural out-crossing on account of the protogyny in the soursop flowers (Escobar and Sanchez,
1992). To arrive at a definitive confirmation of the status of variability between siblings in
soursop however, it is suggested that an in-depth molecular marker analysis using AFLPs for
instance, should be carried out.

In general, in the Annonaceae germplasm evaluated there was high genetic variability (Fig. 3).
Four groups were related at 0.20-0.25 similarity: 4. glabra-like accessions; A. montana and A.
muricata accessions; accessions similar to “anones amazoénicos”; chirimoyas, atemoyas and
anones-like accessions.

Parallel to molecular characterization analysis, we are evaluating Annonaceae species as potential
rootstocks for in vitro propagation of selected soursop clones (see “Optimization of the in vitro
propagation methodology of selected clones of soursop (4nnona muricata L.) and evaluation of
the compatibility between different combinations of scions and rootsocks micrografted in vitro”,
this Annual Report). Previous observations indicate that not all accessions are usable as
rootstocks. For instance, soursop scions respond differently to different rootstocks of Annona
montana. Therefore it might be convenient, due to the intrinsic genetic variability (Fig. 3), to
select, based on fingerprints, those accessions best suited for rootstocks.

Finally, one accession of Annona glabra from C.I. Corpoica Germplasm Bank appeared more
related to 4. montana accessions (genetic similarity of 0.65) than to putative 4. glabra (similarity
around 0.30). It’s therefore convenient to review, based on fingerprints, the present classification
of several accessions in the bank.

Conclusions

Each soursop accession showed a different AFLP fingerprinting with combination F. This
molecular marker could be used for the identification of soursop clones and future varieties.
Soursop accessions conserved at C.I. Corpoica Palmira germplasm bank presented low genetic
variability with combination F. It may be convenient to coilect new germplasm.

It is reccomended to check the identification of at least four accessions: 1920, 1959, 1958 and A.
glabra.

Future plans
e Complete the genetic variability analysis of anonas accessions with two different

combinations of primers (combinations M and N).
¢ Evaluate the genetic variability of siblings by AFLP markers.
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Introduction

Nigeria is the world’s largest producer of cassava with an annual production of 32 million tons a
year (Nweke et al. 2001). This is a more than 200% increase from production twenty years ago.
Reasons for the leap in production have been attributed to government policies that favor cassava,
population increase and the adoption of improved cassava varieties (Nweke et al. 2001). Nigeria
has the highest area in Africa planted to improved varieties, 60%, and cassava is more of an urban
staple and cash crop than a food security crop. The impact of the increased commercialization of
cassava in Nigeria is expected to lead to an even greater adoption of improved varieties and an
erosion of land races and the inevitable loss of diversity. A high level of genetic diversity of
cassava has been demonstrated in land races found in traditional Ameri-Indian and African
farming communities (Doyle 1997; Fregene et al. 2002), principally a product of the allogamous
nature of cassava, agricultural practices, and natural and farmer selection. This genetic diversity is
an important resource and needs to be collected and preserved for future use. Besides a study of
genetic diversity might reveal genetic differentiation amongst accession that might represent
heterotic pools. A study to assess the genetic diversity of cassava land races in Nigeria was
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initiated in July 2000, we describe here completion of the SSR characterization component and
present insights gained from the study.

Objectives

To study the genetic diversity of cassava land races on a country-wide basis.

Assess genetic differentiation between the Nigerian and Latin American accessions, for example
accessions from Guatemala.

Genetic crosses between Nigerian and Neo tropical land races that are highly differentiated to test
for heterotic groups.

Methodology

The original study plan was to characterize by SSR markers the 148 accessions held at the
cassava germplasm banks of the National Root Crop Research Institute (NRCRI) and the
International Institute of Tropical Agriculture (IITA). The IITA collection was made during the
collaborative study of cassava in Africa (COSCA) from 65 villages in the entire country. The
lack of passport data for more than half of the NRCRI collection and the incomplete IITA
COSCA collection lead to a decision to conduct a fresh collection in all 65 Nigerian villages
surveyed by the COSCA study. The collection was carried out by 3 teams from IITA during the
period of May through June 2001. All 65 COSCA villages were visited and an average of 4-5 of
the most commonly grown varieties were collected. Farmers were also asked questions on where
they got their varieties, disease and pest incidence and end uses. A total of 285 accessions were
collected. The names and passport data of the land races collected can be seen at the following
URL: http://newwebciat/vuca/Molcas/index.htm, under Nigeria country study. The collection
was planted at [ITA, Ibadan and will be maintained there.

DNA was isolated from young leaf tissue harvested from field plants according to a modified
miniprep method of Dellaporta et al. (1983) at the biotechnology research unit, IITA, Ibadan.
DNA was quantiated by flourimetry and shipped to CIAT for molecular analysis. A student from
[ITA participated in the molecular analysis as a means of transferring the technology to Nigeria.
A total of 36 SSR markers, two from each of the 18 linkage groups of the cassava genome, have
been defined based on their clear banding patterns and robustness across several SSR diversity
studies, this set of markers were employed in characterizing the land races. PCR amplification,
gel electrophoresis, and silver staining were as described earlier for these SSR markers (Fregene
et al 2002). A previous study had shown high differentiation between African and Guatemalan
land races, a set of 13 land races from Guatemala was therefore included to confirm the earlier
observation. SSR allele data captured off the gels using the computer software “Quantity One”
(Bio-Rad Inc.) Genetic distance, based upon the proportion of shared alleles (PSA), was obtained
using the computer program “microsat” (Minch 1993). The distance matrix obtained was
displayed graphically using a principal component analysis (PCA) using the compuater program
JMP (SAS Institute 1997). Parameters of genetic diversity and differentiation were calculated
from allele data using the computer packages GENSURVEY (Vekeman et al 1997) and FSTAT
(Goudet 1990).

Results and Discussions

Data from a total of 3 lunlinked SSR loci was available for statistical analysis the other 5 markers
had poor overall data quality requiring their elimination. Genetic diversity parameters, including
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total heterozygosity (Ht) and genetic differentiation (Gst) ranged widely from locus to locus
(Tablel). The average number of alleles for each locus was roughly four and is similar to that
found for a study of land races from Tanzania and 7 Neo-tropical countries (Table 2). The
probability that 2 randomly selected alleles in a given accession are different, average gene
diversity, was 0.583240.0482 and it is quite high as also found for the previous study. However,
average gene diversity was higher for land races from Guatemala (0.62 - 0.650) compared to
those from Nigeria 0.49 - 0.57). Cassava land races from the humid and sub humid regions of
Nigeria had higher average gene diversity compared to those from the semi-arid region of the
country. The results found here buttress earlier findings that agricultural practices of cassava
farmers and the allogamous nature of cassava produces a large pool of volunteer seedlings that
natural and human selection acts upon to maintain a high level of land race diversity of a clonally
propagated crop (Doyle et al. 2001; Fregene et al. 2002).

Unique alleles were found in the Guatemalan accessions and pair-wise comparison of the genetic
differentiation estimator Fsr revealed moderate to high genetic differentiation between the
Nigerian and Guatemalan land races (Table3). Of particular interest are Guatemalan land races
from the town El Progresso. The Fsr (theta) estimator) of genetic differentiation averaged over
all loci average is low 0.82, but is comparable to that from the study of cassava varieties from
Tanzania and 7 Neo tropical countries (0.091). The low level of genetic differentiation in cassava
comes as a surprise given the “out of Brazil” hypothesis for cassava. Possible explanations would
be a continuos exchange of germplasm and the active generation of genetic diversity by farmers.

Genetic distances between all pairs of individual accessions was calculated by the 1-proportion of
shared alleles (1-PSA) and presented graphically by a principal coordinate analysis (PCA) (Figl).
The PC1 and PC2 accounted for 26% and 16% of the total variance respectively. The PCA
clearly separates the accessions from Guatemala from those from Nigeria, but it also reveals a
sub-structure in the accessions from the Semi-arid region of Nigeria. The presence of a defined
sub-structure in the genetic relationship of cassava land races from Africa has been demonstrated
before in Tanzania (Fregene et al. 2002). It is yet to be understood the underlying basis for the
sub-structure. These results also agree with a previous AFLP marker study of 29 African and 11
Neo-tropics land races that placed African and Neo-tropics land races in two distinct cluster with
a sub structure for the African accessions (Fregene et al. 2000).

The differentiation amongst land races from Guatemala and Nigeria observed in a previous study
(Fregene et al. 2002) and confirmed here may well represent heterotic pools as have been found
for maize (Shull et al. 1952). One of the principal reasons for this study was to assess genetic
diversity in cassava land races as a first step to delineating heterotic pools for a more systematic
improvement of combining ability via reccurent reciprocal selection. Activities ongoing include
diallel crosses of representative land races from Nigeria and Guatemala.

Future perspectives

e Genotype a larger land race collection from Guatemala with the 36 SSR markers

*  Analyze the SSR marker results
» Genetic crosses between Nigerian and Guatemalan land races
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Tablel. Parameters of Genetic diversity, Ho, Hs, Ht, Dst, Gst and Gst’ (correction for differences in
sample size) by SSR locus

LocName Ho Hs Ht Dst Dst' Ht' Gst Gst'

SSRY4 0.874 0.729 0.751 0.022 0.027 0.756 0.029 0.036
SSRYI12  0.751 0.678 0.691 0.014 0.017 0.695 0.02 0.024
SSRY19  0.538 0.606 0.708 0.102 0.127 0.734 0.144 0.174

SSRY20  0.878 0.812 0.821 0.009 0.011 0.823 0.01 0.013
SSRY21  0.692 0.534 0.555 0.021 0.026 0.56 0.038 0.047
SSRY34  0.328 0412 0.45 0.039 0.049 0.46 0.086 0.106
SSRY38  0.125 0.152 0.171 0.019 0.024 0.176 0.112 0.136
SSRY51  0.34 0.652 0.655 0.002 0.003 0.655 0.004 0.005
SSRY52 0.6l 0.612 0.653 0.041 0.051 0.663 0.062 0.077
SSRY59  0.526 0.646 0.716 0.07 0.088 0.733 0.098 0.119
SSRY61  0.482 0.527 0.548 0.021 0.026 0.553 0.038 0.048
SSRY63  0.264 0.523 0.503 -0.02 -0.025 0.498 -0.04 -0.05
SSRY64  0.621 0.643 0.663 0.02 0.025 0.668 0.03 0.037
SSRY69  0.707 0.645 0.68 0.034 0.043 0.688 0.051 0.062
SSRY82 0.775 0.725 0.779 0.055 0.068 0.793 0.07 0.086
SSRY10  0.823 0.703 0.752 0.049 0.061 0.765 0.065 0.08

SSRY10  0.507 0.472 0.501 0.029 0.036 0.508 0.057 0.071
SSRY10  0.303 0.36 0.373 0.013 0.016 0.376 0.034 0.043
SSRYI11  0.284 0314 0.315 0.001 0.001 0315 0.003 0.004
SSRY13  0.798 0.585 0.634 0.05 0.062 0.646 0.078 0.096
SSRY14  0.626 0.571 0.634 0.063 0.079 0.65 0.099 0.121
SSRY15  0.837 0.744 0.789 0.045 0.056 0.8 0.057 0.07
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SSRY15  0.605 0.551
SSRY16  0.873 0.589

SSRY16 0.5 0.655
SSRYl6  0.621 0.496
SSRY17 0.12 0.251

SSRY17  0.793 0.637
SSRY17  0.817 0.767
SSRY18  0.726 0.678
SSRY18  0.807 0.725

Overall 0.598 0.58

0.624
0.711
0.718
0.502
0.325
0.702
0.814
0.75

0.79

0.622

0.073
0.122
0.063
0.006
0.074
0.065
0.047
0.072
0.065

0.041

0.091
0.152
0.078
0.008
0.093
0.081
0.059
0.09

0.082

0.052

0.642
0.741
0.734
0.504
0.343
0.718
0.826
0.768
0.807

0.632

0.117 0.142

0.172 0.206
0.087 0.107
0.012 0.015
0.228 0.269
0.092 0.113
0.058 0.072
0.096 0.117
0.083 0.101
0.067 0.082

Table 2. Intra-population and inter-population estimates of genetic diversity parameters of cassava

land races from different agro-eclogies of Nigeria and Guatemala

Population n #loc. #loc P PLP K K P HO p HE. p HEc p
Nig-Humid 50 31 30 96.8 43 44 05823 0.5683 0.5742
Nig-Semi Arid 111 31 29 93.5 4.2 44 05517 0.4972 0.4995
Nig-Sub humid 81 31 30 96.8 4.5 45 0576 0.5677 0.5713
GUA-pro 5 31 30 96.8 2.9 3.0 0678 0.558 0.6212
GUA-otro 6 31 31 100.0 3:5 3.5 0.6044 0.5977 0.6501
Mean : 96.77 3.9 3.97 0.5985 0.5578 0.5832
std 2.28 0.64 0.66 0.0482 0.037 0.0573

n: number of genotypes per sample

#loc: number of SSR loci;

#loc_P: number of polymorphic loci
PLP: percentage pf polymorphic loci

K: average number of allele per locus
K_P: average number of allele per polymorphic loci

Ho: observed heterozygosity
He: Average gene diversity

Hec_p: Average gene heterozygosity corrected for small samples size

Table 3 Pair-wise estimates of genetic differentiation estimated by Fsr (theta) between
cassava land races from the humid, sub humid and semi-arid regions of Nigeria and 2

regions of Guatemala

Nig.Sub- Nig. Semi Nig. Humid  Gua-pro Gua-otro
humid Arid
Nigeria Sub humid 0 0.0715 0.0026 0.1287 0.0843
Nigeria Semi Arid 0.0715 0 0.0511 0.1741 0.1133
Nigeria Humid 0.0026 0.0511 0 0.1288 0.0844
Guatemala-pro 0.1287 0.1741 0.1288 0 0.0047
Guatemala-otro 0.0843 0.1133 0.0844 0.0047 0
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PC2 18%

PCA of Nigerian land races
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PC126%

Fig. 1. PCA of cassava land races from Nigeria and Guatemala based on genetic distance (1-
proportion of shared alleles) from 31 SSR markers

1.1.20  Simple Sequence Repeat (SSR) Marker Assessment of Genetic
Diversity of Cassava Land Races from Guatemala

Dr. Cesar Azudia Luis Monte' , Dr Daniel Debouck?, Martin Fregene?
'Facultad de Agronomia, Universidad de San Carlos de Guatemala; 2CIAT
Funding: IPICs, University of Uppsala, Sweden

Introduction

Two primary centers of diversity, one in South America and the other in Meso-America have
been postulated for the genus Manihot (Roger and Appan 1973). Although several studies have
demonstrated a likely South American origin for the cultivar sur (Allem, 1994; Fregene et.al
1994; Roa et al. 1997; Olsen and Schaal 1999), the diversity of cassava and its wild relatives in
Memo- America is great enough to suggest a second center in Meso-America. Besides, the
potential of Meso-American diversity in cassava improvement has not been properly assessed.
Three recent studies of genetic diversity in land races from South America and Meso-America
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(Chavariagga et. al. 1999; Fregene et. al. 2002; Raji et. al. unpublished data) have revealed
unique alleles in land races from Guatemala at a frequency high enough to suggest a Meso
American center of cassava diversity. The results of the three studies were based upon 6, 4, and
13 Guatemalan land races. The small sample size of the previous study could distort the allele
frequencies and lead to wrong conclusions. A larger collection and SSR characterization of land
races from Guatemala was therefore planned to confirm preliminary data of a Meso-American
center of diversity and to secure the largely untapped diversity in Guatemala before it becomes
extinct. In addition, a selection from the Guatemalan collection will be crossed to CIAT elite
parents to evaluate the utility of the Meso-American diversity in cassava breeding.

The present study was to confirm the high genetic differentiation between cassava land races
from Guatemala and Nigeria, Brazil, and Colombia. If the uniqueness of the Guatemalan
germplasm is confirmed, genetic crosses to CIAT’s elite breeding lines will be made to test
hybrid vigor and delineate heterotic pools. Plant materials are a collection of cassava from all
over Guatemala and a representative group used in previous studies from Nigeria, Colombia and
Brazil to confirm earlier results. It is hoped that results of the uniqueness and the utility of the
Guatemalan germplasm will give collection and conservation of this germplasm in regions of
Meso-America high priority (Azurdia and Gomez 2002)

Methodology
A collection of cassava land races was carried out all over Guatemala in May this year (Azurdia

and Gomez 2002). A total of 128 accessions were collected in the departments of Baja Verapaz,
Quiche, Huehuetenango, Alta Verapaz, San Marcos, Escuintla y Santa in Guatemala (Figura 1).
For comparison with results of previous studies, DNA from 6, 11 and 12 cassava land races from
Nigeria, Colombia y Brazil respectively were included. DNA from the Guatemalan accessions
was isolated at the Facultad de Agronomia, Universidad de San Carlos de Guatemala using a
micro-prep protocol of the Dellarporta (1983) methodology and transferred to CIAT. DNA from
the other accessions was obtained from previous studies at CIAT.

Fig. 1. Collection sites of cassava germplasm in Guatemala May 2002.

The concentration and quality of DNA samples was accessed by flourimetry and agarose gel
electrophoresis respectively. The DNA samples were diluted tol0 ng/ml for subsequent PCR
analysis. A set of 36 SSR markers, carefully chosen to represent a broad coverage of the cassava
genome with moderate to high polymorphism information content (PIC) and robust amplification,
were used in this study. SSR diversity studies PCR amplification, polyacrylamide gel
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electrophoresis, and silver staining were as described earlier for these SSR markers (Fregene et al
2002).

Results

A total of 30 SSR markers have been analyzed to date in the Guatemalan germplasm. Results so
far reveal a number of unique alleles in the Guatemalan accessions not found in those from other
regions (Fig 1). The allele data was captured using the program “Quantity One” (Bio-Rad Inc)
and entered directly into EXCEL (Microsoft Inc) in preparation for statistical analysis (Fig2).
Statistical analysis to be carried out include: principal component analysis (PCA) of a distance
matrix based upon 1-proportion of shared alleles, and parameters of genetic diversity and
differentiation as described in Fregene et al (2002).

LMahari&lel Guatemaltecos ] Accesiones Africa, Brasil
y Colombia

Fig 2. Silver-stained polyacrylamide gel of PCR amplification of cassava accessions from Guatemala, Colombia and Brazil
with primers of SSR marker SSRY20. A unique allele can be observed in the Guatemalan accessions with a high frequency.

Fig2 . Determination of SSR allele sizes on silver-stained polyacrylamide gels using the software “Quantity One” (Biorad)

62



Future Perspectives

e Statistical analysis of the SSR data to estimate genetic diversity and differentiation
¢ Genetic crosses between representative accessions from Guatemala and elite cassava
parents at CIAT

1.1.21  Report on the Molecular Characterization of Ghanaian
cassava (Manihot esculenta Crantz) Land races and
Predictability of Heterosis.

Elizabeth Okai', Dr John Otoo' Martin Fregene® Dr Alfred Dixon’
1Crop Research Institute, CRI, Kumasi, Ghana; *CIAT; MTA
Funding: IPICs, University of Uppsala, Sweden

Introduction

Cassava is an important food crop in developing countries where it is the fourth source of
calories, after rice, sugarcane and maize, for more than 400 million people (El-Sharkawy, 1993).
Africa is now the largest producer of cassava with a production of 90million metric tones in
1999(FAO 2000). It is cultivated mainly for its storage roots, which provide 390-400 calories/10g
dry matter. The leaves when consumed as vegetable provide 7g protein per 100 g edible portion
(IITA 1991). The collaborative study of cassava in Africa (COSCA) revealed that cassava serves
as a family food staple, a famine reserve crop, and a cash crop.

Cassava was introduced from Brazil, its country of origin, to the tropical areas of Africa, the Far
East and the Caribbean Islands by the Portuguese during the 16™ and 17™ centuries (Jones, 1959).
In Ghana, the then Gold Coast, the Portuguese grew the crop around their trading ports, forts and
castles. It was a principal food eaten by both the Portuguese and the slaves. By the second half of
the 18" century, cassava had become the most widely grown and used crop of the people of the
coastal plains (Adams 1957)

The spread of cassava from the coast into the hinterlands was very slow. It reached Ashanti
region, Brong Ahafo and the northern Ghana, mainly around Tamale in the 1930.Until the early
1980s,the Akans of the forest belt preferred plantain and cocoyams and sorghum and millet in the
north. Cassava became firmly established in most areas after the serious drought of 1982/83 when
all other crops failed completely (Korang-Amoakoh,Cudjoe and Adams 1987).

Cassava ranks first in the area under cultivation and ultilization. Cassava contributes 22% of the
agricultural gross domestic product AGDP compared to 5% for maize, 2% for rice, and 14% for
cocoa (Al-Hassan, 1989;Dapaah, 1996). According to the Ghana Living Standards Survey
(GLSS), for 1.73 million sampled households 83% were found engaged in cassava production.
The spread of cassava into the upper west and upper east of Ghana is an indication of growing
trend in cassava production through area expansion( MOA, 1990).

In the traditional bush-fallow system, some cassava plants are allowed to grow during the fallow
period, which is long enough to allow cassava to flower and set seeds. The usual out crossing
habit of cassava leads to the production of numerous heterozygous gene pools, which create
phenotypic diversity. New hybrid combinations from self-sown seed from which farmers select



and propagate desirable types. This process creates pools of new land races, which are adapted to
the different agro-ecological zones of Ghana. Coupled with this are the several names that
farmers give to cassava as they distribute among themselves. Several land races have been found
with the same name and morphological characteristics yet genetically different and the same land
races could have different names in several places (Fregene et al., 2000). Doku (1969) recorded
30 such named local varieties in 1930 and by 1960 the number had increased to over 90.
Selection for desirable traits has been done by farmers over 1000s of years. Hence the landraces
possess higher frequencies of genes required for adaptation to biotic and abiotic stresses, food
quality characteristics than unadapted materials. Vegetative propagation also leads to the
accumulation of pest and diseases and good varieties susceptible to these biotic stresses
disappear. These factors lead to a fairly high tunover of varieties and has implications for gene
pool structure of cassava in any center of diversity. Selection is one of the principal factors at
work in cassava’s gene differentiation in Africa. Evidence for genetic drift has not been
demonstrated given that cassava is vegetatively propagated crop, however the use of spontaneous
sexual seeds by farmers has been documented (Mkumbira etal.2001). High heterosis for yield
components, starch, and number of roots have been observed in cassava, and hence considered a
promising method of genetic improvement (Easwari Amma and Sheela, 1996). Heterotis groups
identified in maize in the early 20" century (Shull et al 1953) have been the basis of a very
successful hybrid seed industry.

Objectives

The objective for this study is to assess the genetic diversity in Ghanaian landraces

To detect heterotic patterns in the collection and between the Ghanaian collection and land races
from other countries and regions.

(3) To generate hybrids between the Ghanaian land races and genotypes from putative heterotic
groups and select together with farmers superior hybrids from the crosses.

Methodology

In January 2002 a collection of cassava land races from all the agro ecological zones in Ghana
was done. A total of 45 villages visited during the collaborative study on cassava in Africa
(COSCA) were visited. Another 28 villages, important for cassava production, were also visited.
Farmers were assembled and asked to share information on cassava varieties grown by them,
characteristics of their varieties, and reasons for keeping them. Farmers volunteered to give
mature cassava stems, which were labeled.

Fresh young leaf samples of the accessions were collected on ice and used for DNA extraction.
An amount of 0.1g of the fresh young leaf was ground in liquid nitrogen and the DNA extracted
using the Qiagen kit. The extraction was carried out in [ITA, Ibadan, Nigeria. The DNA was
carried in absolute ethanol to CIAT. DNA quantification was done using the fluorometer. The
DNAs were diluted to 10ng/ul and used for SSR reactions. A sub-set of 36 SSR markers, two
from each of the 18 linkage groups of the cassava genome, was employed to obtain an estimate of
genetic diversity and differentiation in the land races. PCR amplification, gel electrophoresis, and
silver staining was as described earlier (Fregene et al 2002). An internal control of 10 genotypes
was included to permit comparison between this study and other ones. The PAGE gels
containing SSR data will be scanned and allele sizes determined using the computer software
“Quantity One” (Bio-Rad Inc.) based upon an internal gel molecular marker size standard.
Genetic distance, based upon the proportion of shared alleles (PSA), will be obtained from the
raw allele size data using the computer program “microsat”of Eric Minch
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(http://www lotka.stanford.edu/microsat.html). Distances between the accessions will be
subjected to principal component analysis (PCA) using JMP (SAS Institute 1995) to obtain a
structure of relationship between the land races. Parameters of genetic diversity and
differentiation will be calculated from allele data using the computer packages GENSURVEY
(Vekeman et al 1997) and FSTAT (Goudet 1990).

Results

A total of 320 landraces were collected including 18 genotypes with yellow roots. Farmers who
responded were predominantly women. Among the land races were very early bulking ones 3-9
months after planting. The various local names given suggest a lot of useful traits farmers had
associated with the cultivars. Cassava hard wood stems were cut to 20-30cm sizes and planted in
plastic pots in a nursery. These were sent to the field after 4weeks and planted in an irrigated field
at the Ashiaman office of the Ghana Irrigation Authority. A copy of the collection was packaged
and sent to IITA. Accessions were planted in single rows at Im x Im spacing with improved
varieties as checks.

To date, seventeen out of a set of thirty-six primers used routinely for SSR characterization o
cassava genetic diversity have been analyzed. The rest of the analysis is on going. Once the SSR
marker analysis is completed, genetic distance and estimates of genetic diversity and
differentiation will be calculated. A principal component analysis (PCA) will also be carried out
to graphically display the genetic distance matrix. Based upon clusterings obtained above,
genotyopes representative of the clusters will be selected as parents for a diallel experiment to
search for heterotic patterns.

Future Perspectives

e Statistical Complete SSR marker analysis of the entire collection
¢ Obtain estimates of genetic diversity and differentiation from the SSR data
e Test heterotic patterns present within the collection or between the collection and others.
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Activity 1.2 Identification and mapping of useful genes and
gene combinations

Main Achievements

e Over 150 new microsatellite markers have been developed from common bean small insert and ¢cDNA
libraries.  These have been characterized for allelic diversity and some have been mapped on the core
mapping population at CIAT (DOR364 x G19839) or on other populations (G2333 x G19839 and SEL1309 x
DOR476). In addition, the microsatellites are being used to integrate genetic maps for QTL analysis of
drought and abiotic stress tolerance in common bean RIL populations.

*  Identification of quantitative trait loci and candidate genes for seed micronutrient content in two populations
of common bean has shown the complex inheritance of iron and zinc accumulation. Further experiments are
underway in collaboration with plant physiologists at USDA.

e  Gene tagging has been successful for several insect and disease resistance genes in common bean. Bulk
segregant analysis of thrips resistance has identified five candidate regions, while QTL analysis has identified
two major genes for Apion resistance. Several microsatellites near the arcelin cluster are being tested for the
selection of bruchid resistance. Resistance to bean golden yellow mosaic virus and common bacterial blight
are being mapped in an additional population and will translate into new molecular markers for selection of
these diseases.

e  Marker assisted selection for the Cassava Mosaic disease (CMD) was conducted on a large number o f
crosses made between CMD resistant progenies and elite parents and screened with the SSR marker NS158
that is tightly linked to CMD?2 gene.

e  Gene expression profiling of cassava responses to Xanthomonas axonopodis pv. manihotis infection was
implemented using microarray. Six cDNA libraries were constructed from resistant and susceptible
genotypes. Chip with 768 clones were constructed and hybridized and differential expression genes were
detected.

* 312 DH lines derived from the Caiapo/O.glaberrima cross were phenotyped and screened with 100 SSRs.
Seventy putative linkages were identified for yield and yield components.ALL DHs were homozygous either
for Caiapo or O.glaberrima and positive transgressive segregation for most traits was detected. Significant
associations were found between RM 127 on chromosome 4 and plant height, RM283 on chromosome 1 and
panicle sterility, and RM292 on chromosome | and grain yield. Nearly 50% of the putative linkages(30) with
a positive effect on agronomic traits was due to alleles derived from O.glaberrima.

e  Twenty eight lines derived from the Bg90-2/0.rufipogon cross were planted in replicated yield trials in six
locations in Colombia. Statistical analysis showed no significant difference in grain yield beteween BG90-2
and its progenies over locations. Although none of the progenies was excellent in all locations, a few lines
performed better than Bg90-2 in each location. In summary, results obtained under greenhouse and farmer's
fields confirm that O.rufipogon and O.glaberrima possess alleles with positive effects on yield, stress
resistance( Rhizoctina solani, rice stripe necrosis virus), and grain quality. Molecular markers are being used
to map QTLs associated with these traits and near isogenic lines are being developed for use in breeding
programs.

e  Male-sterile Nipponbare was developed through a backcross program as a pre-requisite to produce
foundation seed of stable genetically-engineered Ds transposon lines.
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1.2.1 QTL analysis of drought and abiotic stress tolerance in common
bean RIL populations

MW Blair', MC Muiioz', S Beebe’
SB-2 Project; IP-1 Project

Introduction

Recombinant inbred line (RIL) populations are useful for genetic studies because they are made
up of stable lines which can be grown over a wide range of environments in a consistent and
statistically reliable fashion (large plots, many replicates). The objective of this research was to
create an anchored, full-coverage genetic map for three populations of RILs developed to study
abiotic stress tolerance in common bean. We were specifically interested in using the new
microsatellite markers developed in our laboratory to anchor and fill in previously developed
RAPD maps, both to compare genetic maps and to assure that all chromosomes are being assayed
in the genetic study.

Our ultimate goal is to identify the regions of the genome which affect yield under phosphorous
stress.

Methodology

Genotypes: Four RIL populations were developed from crosses between five abiotic stress
tolerant susceptible and tolerant parents, all of which were bush bean types from the
Mesoamerican gene-pool (Table 1). They were:

DOR364: an improved variety which is widely grown in Central America where it is known as
‘Dorado’, that is derived from the cross BAT 1215 x (RAB 166 x DOR 125). This genotype has
type II growth habit, is inefficient for phosphorous and responds to fertilization with
phosphorous.

BAT477: an advanced line from CIAT derived from the cross (G 3834 x G 4493) x (G 4792 x G
5694). This genotype has a type III growth habit and small cream colored seed. It has high
nitrogen-fixation capacity and adaptation to drought conditions due possibly to a deep root
system.

G3513: a landrace from Mexico (Comitin de Dominguez, Chiapas, 1635msnm) with type [II
growth habit and small black seed that yields well under low phosphorous conditions.

G21212: a landrace from Colombia (El Tambo, Narifio, 1360msnm) with small black seed and
high efficiency under low phosphorous conditions.

BATS881: an advanced line from CIAT derived from the cross (G 3834 x G 2045) x (G 3627 x G
5481) which has low yield under phosphorous deficiency stress but high biomass production and
good yielding ability under optimum conditions. It has very small brown colored seed with
black hilum ring.

The seeds of all these genotypes are shown (Figure 1).
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Table 1. Recombinant inbred line (RIL) populations derived from crosses between abiotic stress
tolerant and susceptible Mesoamerican genotypes.

Tolerant Parent Susceptible Parent Population name  , of RIL s Generation
BAT 477 X DOR 364 BD 97 F5
G 3513 X DOR 364 DG 95 F5
G 21212 X BAT 881 BG 95 F5

DNA extraction: For the crosses DOR364 X BAT477 y BAT881 X G21212, eight seed per RIL
line was germinated on humid paper in a dark growth chamber for five days until the first
etiolated leaves could be harvested into 1.5mL eppendorf tubes. DNA extraction procedure was
according to the protocol of Afanador et al. (1993). For the DOR364 X G3513, leaf tissue of
two-week old seedlings was ground in liquid nitrogen and placed in 25mL centrifuge tubes for
DNA extraction via a CIAT protocol (Gonzales et al., 1995). DNA concentration was measured
in a Hoefer “DyNA Quant 200” flourometer and diluted to a final concentration of 10 ng/pl, with
a final volume of 500ul.

RAPD analysis: A total of 698 Operon primers were evaluated on DOR364 and BAT477; 603 on
DOR364 and G3513; and 466 on BAT881 and G21212. RAPD reactions were carried out in 96-
well plates on PTC-100 thermocylcers (MJ Research, Inc., Watertown, MA). The total reaction
volume was in 25 pL. Annealing temperatures were 36 °C and extension was carried out at 72
°C. The PCR products were separated on 1.5% agarose gels that were stained with ethidium
bromide and photographed with Polaroid film on a UV light box. The molecular weight standard
consisted of PstI digested phage DNA.

Microsatellite amplification: 50 ng of template DNA was used for PCR amplification in a 20 uL
final reaction volume. PCR conditions are given elsewhere in the annual report. Amplification
was carried out on PTC-100 or 200 thermocyclers (MJ Research). MgCl and annealing
temperatures varied for different microsatellite markers. PCR products were run on denaturing
4% polyacrylamide gels run on SequiGen electrophoresis units (Biorad) and silver stained
(Promega).

Phenotypic data: The RIL populations were planted in ten different environments (Table 2) and
each RIL line was evaluated for yield, flowering and maturity date and 100 seed weight.

Linkage analysis and QTL detection: Genetic maps were constructed with MAPMAKER (v 3.0)
for Windows. Markers were assigned with a minimum LOD of 3.0. QTLs were identified by a)
single point analysis using simple linear regression which was conducted with the software Q-
gene (Nelson, 1997) where the assumed model was for an RI self population; and b) composite
interval mapping analysis which was conducted with the software QTL Cartographer v 1.5 or
v1.21 (Basten et al., 2001). Parameters for Model 6 analysis were a 10 cM window of analysis
and 10 most significant markers used as control. Markers were detected by forward and
backward multiple linear regression for each chromosomal position at 1 ¢cM intervals with a
global significance level of 5%. Both LR (likelihood ratio, - 2In (L,/Ly)) and LOD (log;e (Li/Lo)
were reported. QTL position corresponded to the point with maximum LOD within an interval.
Determination coefficients (R’ and TR?) were used to determine the phenotypic variance
explained by a single QTL (either alone or in conjunction with all other significant intervals).
Additivity values were also estimated.
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Table 2. Experimental locations in which three RIL populations were tested.

Name Location Year Treatment'
APD7B Darién (Valle del Cauca) 1997 High P
APDSA Darién 1998 High P
APDSB Darién 1998 High P
BPDSA Darién 1998 LowP
BPD8B Darién 1998 Low P
AFP9 Popayén (Cauca) 1999 High P
BFP9 Popayén 1999 Low P
S0A Palmira (Valle del Cauca) 2000 Drought
S0B Palmira 2000 Drought
RIOB Palmira 2000 Irrigated

1/ Low or high phosphorous defined by fertilization level in kg/ha of super-phosphate.

Results and Discussion

The genetic maps for the three populations were enhanced by the inclusion of microsatellite
markers, even though the rate of polymorphism was low for these crosses given that all the
parents were Mesoamerican and therefore relatively similar. Polymorphism rate was highest in
BAT881 X G21212 (36% of all microsatellites tested), then DOR364 X BAT477 (23%) and
DOR364 X G3513 (23%). An advantage of the microsatellites was that the linkage groups made
up of RAPD markers could be tied to chromosomes on the core map of common bean. For
example, a total of 15 new microsatellites could be placed on the BAT881 x G21212 genetic map
and this allowed the identification of eight chromosomes. In the DOR364 X BAT477 population
seven linkage groups were assigned to chromosomes while in the DOR364 X G3513 only six
linkage groups could be assigned.

Although fewer markers have been placed on the other two genetic maps, this work is continuing
and will allow us to compare the positions of markers and QTLs from one population to the other.
Therefore, for now we will present the results of phenotypic and QTL analysis of the BAT881 x
G21212 population.

Phenotypic data collected for all three populations over the years 1997 to 2000 showed significant
correlations between the same trait over locations and between some of the different traits within
or across locations. Flowering data and maturity date were often correlated as might be expected.
Yield was positively correlated with maturity date in some locations. It was surprising to see the
correlation of yield data across different stress environments.

Quantitative trait loci (QTLs) were identified with single point analysis and the software Q-gene
for all the characteristics measured. In single point analysis the level of global significance for
QTLs was 1% (p <0.01). However since there were 159 markers in the BAT881 X G 21212 map
the per marker significance level was 6.28e-5 (0.01 / # markers), according to the Bonferroni
correction factor (Lynch y Walsh, 1998). QTLs for yield in the different environments were
found on chromosomes b03c, b05e, b06ga, b08fa y b08fb as described below:

Chr. b05e: a region defined by the markers AK1201 (RAPD) and BMd20 (microsatellite) was

associated with yield under high and low P in Darién 1998a and explained more than 20% of
phenotypic variance. The positive effect was from the BAT881 allele. In the same region, was a
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QTL for maturity date under high P in Darién in 1997b and under drought in Palmira in 2000b.
Although these QTLs only explained a little more than 10% of the variation, the association
explains the correlation between yield and maturity date in those trials. The marker
Y50lidentified another QTL for yield in high P in Darién 1998a.

Chr. b06ga: the marker L202 (RAPD) was associated with yield under low P in Darién 1998b and
explained around 20% of variance. Another region with the markers BM137 y BM158 (both
microsatellites) was associated with days to maturity in high and low P in Darién 1998a. For this
QTL the longer maturity came from the G21212 allele.

Chr. b08fa and b08fb: QTLs were identified for the markers Clon638, T402, Q1701 and L201 for
yield under high P in Darién 1998a and under low P in Darién in both semesters in 1998. Positive
effects were associated with the G21212 allele. The consistency of this QTL leads us to believe
that the region is associated with phosphorous use efficiency but affected by environmental
variance. Several QTLs for maturity data under high P, low P and drought were found near Clon
007 and 01603 on this chromosome and most explained around 20% of variation. Other QTLs
for yield under low P in Darién 1998a were found around the markers Q1801, Z1903, M1201 y
Z701, while QTLs for maturity and flowering date under high P and drought were found near the
microsatellite BMd25 and the RAPD’s V1602 y R2002.

Using composite interval mapping, we identified a total of 104 significant QTLs for 28 out of the
33 trait x location characteristics analyzed for the BAT881 X G21212 population. Minimum
LOD for a significant QTL was set at the threshold 2.81 for any traits with a normal distribution.
Traits with non-normal distribution were subjected to 1000 permutations with a significance level
of 5% to find the empirical threshold for the experiment (Churchill y Doerge, 1994). Composite
interval mapping had the advantage of identifying the location and effect of each QTL. A total of
33 QTLs were found for yield in the three locations under low P or drought stress conditions,
which were the motivation for this study. Of these 19 were placed on linkage groups that could
be assigned to chromosomes and 15 were on linkage groups that could not. The following is a
description of the QTLs found per chromosome:

Chr. B05e: Seven QTLs, r3, 3, #8, r9, r10, r18, and r32 were found on this chromosome. The
first three were associated with yield under high P in Darién en 1997(b), and explained only 13 to
19% of phenotypic variation and were related to the BAT881 allele. The remaining QTLs were
associated with yield under low P in Darién 1998(a), and were responsible for up to 37% of
phenotypic variation related to the same parent. Another yield QTL was found near the marker
BMd20, which was consistent across both high and low P in different seasons.

Chr. b06ga: Three QTL's were found on this chromosome: including QTLs near R901 for yield
under high P in Darién (1998a) and markers R101 and E104, at a distance of 34 cM, for yield

under low P in Darién (1998a).

Chr. b08fa and b08fb: Eight QTL's, r6, ril, ri3, r17, r22, r23, r29 y r31 were identified on this
chromosome. The QTLs 73 (Clon007), r23, ri1y r6 (BM151) were significant for yield under
irrigated conditions in Palmira (2000), explaining from 22 to 26% of the phenotypic variation and
related to the G21212 allele. Two other intervals in the region, near C703 and BM151, also were
associated with days to flowering under drought in Palmira (2000), explaining between 18 and
20% variation attributed to the G21212 allele. Another QTL (dco3), close to BM151, was
associated with days to maturity under drought in Palmira (34%), as well as under high P in
Darién 1997 (26%), low P in Darién 1998(b) (23%), with later maturity allele contributed by
G21212. The markers W1603, L201, y Ul001 (QTL’s »31, r17 y r29 respectively) were
associated with yield under optimal conditions, including under high P in Darién (1998a). Finally,
a QTL associated with G21212 near Q1701 explained 34% of the phenotypic variance for yield
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under low P in Darien 1998. A final QTL, »24, was found on this chromosome segment for yield
under drought stress in Palmira (2000b) (14%) related to the G21212 allele.

QTLs for other characteristics such as flowering or maturity date and 100 seed weight were found
on chromosomes b03ca, b03cb, b05e, b08fa, b08fb, and linkage groups bg7, bg8, bgl0 y bgl5.
Future studies

Continue the integration of the three genetic maps with additional microsatellites.
Use the QTLs identified in this study as starting points for further genetic analysis via near
isogenic line development.

a) DOR 364 b) BAT 477 ¢) G3513

d) G21212 e) BAT881

G3513 G21212 BAT

f) relative seed size

Figure 1. Seed types represented by the parents of RIL populations used in this study
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1.2.2 Localization of candidate genes and QTLs for micronutrient
content in two populations of common bean.

MW Blair', C Astudillo' S Beebe?
'SB-2, CIAT, 2IP-1, CIAT

Introduction

Legumes provide essential micronutrients that are found only in low amounts in the cereals or
root crops. An ongoing project has shown that bean seeds are variable in the amount of minerals
(iron, zinc and other elements), vitamins and sulfur amino acids that they contain and that these
traits are likely to be inherited quantitatively. The objective of our most recent studies has been
to tag some of the quantitative trait loci (QTLs) controlling mineral content in beans and to
characterize candidate genes for micronutrient accumulation in common bean.

Methodology

The two recombinant inbred line (RIL) populations, representing the Andean x Andean cross
(G21242 x G21078); and a Mesoamerican x Mesoamerican cross (G14519 x G4825) that were
used in this study are described in more detail in last year’s annual report (CIAT, 2001). This
year we added additional microsatellites to the genetic maps and expanded the QTL analysis to
include both composite interval mapping (CIM) and single-point regression analysis (SPA). The
mapping of microsatellites is also described in last year’s report. Phaseolin analysis for the
Andean population was conducted as described in a previous section of this report. Several
SCAR primers were developed based on the sequence of common bean ferritin (Genbank entry
X58274) and amplified with a range of PCR conditions. Segregating fragments were evaluated
on the entire set of RILs. Genetic maps were constructed with Mapmaker and used for both
single-point regression (SPA), simple interval mapping (IM) and composite interval mapping
(CIM) QTL analysis. The interval mapping QTL analysis were conducted with the software
QTL Cartographer v 1.5 (Basten ef al., 2001), using model 6 default parameters: 10 cM window
of analysis with background of the 10 most significant markers, analyzing by forward and
backward multiple linear regression for each chromosomal position at 1 ¢M intervals with a
global significance level of 5%. QTL position corresponded to the point with maximum LOD
within an interval. Determination coefficients (R> and TR?) were used to determine the
phenotypic variance explained by a single QTL (either alone or in conjunction with all other
significant intervals). Additivity values were also estimated.

Results and Discussion

Of the 110 microsatellite markers tested on the parents of the populations, more were
polymorphic and could be mapped in the Andean population (34) than in the Mesoamerican
population (23). Although both crosses were with parents from a single genepool, the rate of
polymorphism was higher in the Andean x Andean cross (40 %), than in the Mesoamerican x
Mesoamerican cross (20.9 %). In addition a total of 81 RAPD bands were mapped in each of the
populations. For the Mesoamerican population, 14 linkage groups could be detected, while the
Andean population had a total of 12 linkage groups. As common bean has 11 homologous
chromosomes, the present maps are likely to be representative, however some linkage groups
remain sparse in coverage.

The total map length was 1210 cM for the Andean populations and 1235 ¢M for the
Mesoamerican population. Across either population, up to six microsatellites were found per



linkage group. The single locus nature of microsatellite markers was useful for anchoring the
RAPD markers to known chromosomes and for comparing between the two maps. The order of
the microsatellites in each population agreed with that of the microsatellites in the core CIAT
mapping population (DOR364 x G19833). Ten out of the eleven chromosomes of common bean
could be identified in both the Andean and Mesoamerican populations based on the
microsatellites or homologous RAPD bands that they contained. Three additional linkage groups
were found for the Mesoamerican population that could not be tied to a chromosome because
they lacked a microsatellite or a cross-referenced RAPD. The number of unlinked markers was
15 in the Andean population and 19 in the Mesoamerican population. Coverage was especially
low for chromosomes b01, b03, b06 and bl1 in the Andean populations and for chromosomes
b01, b05, b09, b10 and b11 in the Mesoamerican population.

Segregation distortion occurred with 35% of the markers in the Andean population and was most
notable on chromosomes b07 (where G21078 alleles predominated) and bl0 (skewed towards
G21242). In the Mesoamerican population, 22% of the markers showed distorted segregation and
was most notable on chromosome b03 and with the unidentified linkage groups.

In both the populations both iron and zinc content in the RILs presented a continuos distribution,
suggesting that mineral content behaved as a quantitative trait (Table 2). Iron content ranged from
33 to 98 ppm (average 57.9 ppm) in the Andean population RILs, and from 41 to 85 ppm
(average 59.1 ppm) in the Mesoamerican population. Zinc content ranged from 25 to 49 ppm
(average 34.5 ppm) in the Andean population and from 30 to 49 ppm (average 38.7 ppm) in the
Mesoamerican population (Table 1). Highly significant correlations were observed among iron
and zinc content in the Andean (r=0.63) and Mesoamerican (0.55) recombinant inbred line
populations.

QTLs were found for iron and zinc content in both populations using SPA. However QTLs were
only found in the Andean population using CIM analysis. The results of the SPA analysis were
highlighted in last year’s report so we will update the CIM results here and in Table 3:
Significant QTLs (with a LOD > 2.5) were detected on chromosomes b01, b09 and b10 for iron
and on chromosomes b01, b02, b08 and b10 for zinc. The positive markers varied in their level of
significance and the proportion of variance in mineral content that they explained as indicated by
the determination coefficient (R2). The most significant QTLs in composite interval analysis for
iron and zinc, explained up to 32% and 38% of the variance, respectively. The majority of the
positive QTLs were associated with alleles from the high mineral parent, G21242. However this
was reversed for the case of one of the QTLs for zinc (Zn2 on chromosome b08) where higher
zinc content was derived from the G21078 allele. Therefore, it appears that high mineral content
parent provided most of the genes for high mineral content to their progeny, while the low
mineral parent provide only one additional gene for mineral content. This may explain why the
distribution of mineral content in the progeny was similar to the range between the parents and
why transgressive segregation was minimal.

In some cases the QTLs for both minerals occurred jointly at the same marker and were
consistent across both populations, therefore some of the QTLs for the accumulation of both
minerals may be genetically linked or pleiotropic, controlling both traits at once. Joint analysis
confirmed this by detecting QTLs for both minerals together on chromosomes b01, b02, b08 and
b10. These results are promising for plant breeding of higher micronutrient content given that if
the same QTLs contribute simultaneously to both iron and zinc content, it may be easy to select
for these traits jointly.
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We have also begun to study the common bean genes involved in getting iron and zinc from the
root zone to the grain. Progress was made in mapping a single locus of the phytoferritin gene
(probably a gene family) using a SCAR marker for the gene. The locus was identified on
chromosome b07 near the phaseolin locus in the Andean population genetic map, which would be
interesting given that both are seed proteins. Western blotting and analysis with ferritin
antibodies showed similar protein molecular weights for the bean ferritins extracted from all the
parents tested, indicating that it will not be possible to map the gene through an isoform approach.
Phytoferritin is of interest because it is the major storage form of iron in all tissues including
seeds, however other genes will also be analyzed in the upcoming year. Meanwhile, additional
studies on the physiology of uptake are being conducted by collaborators at USDA-Houston to
see if the mapping parents described above differ in their ability to adapt to iron deficiency. An
assay for iron reductase activity in roots has shown that some varieties of common beans, as in
most legumes tested, are more efficient than others in taking up iron.

The present work will hopefully permit us to focus on certain parts of the genome and certain
physiological processes that influence higher mineral content in bean seeds. We plan to analyze
additional populations and candidate genes in the upcoming year and integrate the information
about the map locations of QTLs for micronutrients with those for other agronomic traits that we
have been studying. The final objective is to be able to use marker-assisted selection to breed new
varieties of common beans with commercial seed types and high micronutrient content.

Future Plans

e Expand the genetic mapping effort in the Mesoamerican population for which marker
coverage is presently inadequate
Compare maps generated for the two populations to discover all common QTLs.
Fine map regions of the genome with desirable alleles for higher mineral content
Detect QTLs for the amount of sulfur containing amino acids (SAA), as well as for the
amount of the other minerals analyzed in the ICP study, which include Mn, Ca, Mg, K, P
and S.



Table 1. Origin and characteristics of parents used to develop recombinant inbred line populations

Parent Origin Genepool Seed Color Growth % protein % phaseolin  Phaseolin Lectin Iron ppm  Zinc ppm
habit pattern pattern

G21242 Colombia Andean Cream Mottled 1AY 26.2 46.5 C M 89.3 49

G21078  Argentina Andean Cream v 19.7 45 i i i i 36.6 28.5

G14519 USA Mesoamerican  Brown v 24.7 39.5 SB v 834 38.7

G4825 Brazil Mesoamerican  Carioca 11 22.4 30 B M 352 33

Source: CIAT, Genetic Resource Unit database.
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Table 2. Descriptive statistics for iron and zinc content in the Andean (G21242 x G2178) and
Mesoamerican (G14519 x G4825) RIL populations.

Population Trait  No. Mean Skeweness Kurtosis (K4)  Signif.
lines (K3)
G21242 X G21078 Iron 90 57.900 0.665 0314 5.860**
Zinc 90 34.522 0.421 0.108 2.702%*
G14519 X G4825 Iron 110 59.131 0.446 0.033 3.663%*
Zinc 110 38.678 0.179 -0.301 1.006**

**3<9.21 corresponds to p<0.01.

Table 3. QTLs for iron and zinc content identified in the Andean populations G21242 x G2178 with
both simple and composite interval mapping.

QTL Chromosome Marker Position Method LOD Source Additivity R2
Fel 10 BM157 64.7 CIM 3.80 G21242 435 14.19
10 WI1201A 82.0 CIM 377 G21242 4.9 12.96
10 HI801A 89.0 CIM 2.65 G21242 3.38 8.50
10 All401A 64.7 IM 3.03 G21242 435 14.83
10 L0204A 55.1 IM 3.01  G21242 426 14.21
Fe2 1 L0401A 46.1 CIM 2.62 G21242 326 798
1 R0O402A 92.6 ™M 2.88 G21242 6.55 32.40
1 P0901A 59.8 M 279 G21242 4.83 17.09
Fe3 9 M1201B 56.4 CIM 249  G21242  3.73 9.29
Znl 1 P0901A 59.8 IM 402 G21242 248 24.22
1 R0402A 92.6 IM 3.86 G21242 3.15 37.70
1 LO401A 46.1 IM 374  G21242 230 21.42
Zn2 8 10601A 45.5 CIM 3.94 G21078 1.75 11.97
8 CLONG638 31.1 CIM 3.73 G21078 1.72 11.73
Zn3  A2b BM156 44.6 M 275 G21242 245 24.38
Zn4 10 WI201A 89.0 IM 249 G21242  1.82 13.21

Abbrv: IM (Simple Interval mapping), CIM (Composite interval mapping)
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1.2.3 Genetic mapping of root traits and climbing ability in the cross
G2333 x G19839.

M.W. Blair' I. Ochoa’ O. Checa’
'IP-01 Project, CIAT, *.Penn State Univ. *.Univ. Nacional- graduate student project

Introduction

Climbing beans are an important traditional component of agriculture in Central America and the
Andean Region. Climbing beans have a higher yield potential than bush beans but this is often
dependent on soil fertility levels and ability to recover nutrients from the soil. In this research we
analyzed a population of recombinant inbred lines derived from the cross of G2333 x G19839, for
yield, yield components, climbing ability and other morphological traits. G2333 is also a source
of low phosphorus tolerance due to enhanced adventitious rooting capacity. Therefore the
population was grown under high and low phosphorus treatments which were compared for root
characteristics. Phosphorus deficiency is very important in Latin America and East Africa
affecting 60 and 50% of soils in these regions, respectively. We will conduct a QTL analysis for
these traits in the upcoming year.

Materials and Methods

Plant Material and Phenotyping: A total of 84 F5:8 recombinant inbred lines (RILs) from the
cross G2333 x G19839 were grown under high and low phosphorus conditions in Darien (Valle)
during the rainy season in semester 2002A. G2333 (‘Colorado de Teopisca’) is a climbing bean
from Mexico that has a type [Va growth habit, while G19839 is a landrace from Peru with a type
Illa growth habit. The RILs were grown in two experiments, one at high phosphorus
(fertilization of 300 kg/ha TSP (45 kg P205)) and one at low phosphorus (fertilization of 50
kg/ha TSP (7.5 kg P205)) levels. The experiment was a split-plot design, in a randomized
complete block design with two repetitions under trellises and two replications without trellises.
The non-trellised plots were planted at different times one week apart to allow for root sampling.
.For the trellised plots, the following variables were evaluated for two plants each within a plot
and averaged to produce plot values: plant height (PH), internode length (IL), number of vines
per guide (NV), raceme length (RL), pod length (PL), number of pods per raceme (P/B). All
these measurements were taken on the middle portion of the plant. Climbing ability (CA) was
evaluated on a 1 to 9 scale (where 1=highly aggressive climber and 9 = no climbing ability).
Climbing ability was measured both at flowering and again in pod filling stages. Data was also
collected for yield per plant (Y/P), and the yield components: pods per plant (P/P), 100 seed
weight (100s), days to flowering (DF), days to maturity (DM) and harvest index (HI) based on
stem and pod weight. Data was analyzed with a combined ANOVA in which sources of
variation were: environment (high or low P), genotype (RIL) and genotype x environment.
Pearson’s correlation coefficients were estimated for the combination of climbing ability with
yield and all the yield components. For the root experiment, two plants were analyzed per plot
for adventitious root number, basal root number, shoot dry weight, root dry weight. Derived
variables were root-shoot ratio, specific root length. Root length was analyzed with the software
program WinRhizo.

Marker analysis: DNA was extracted for the parents and the 84 RILs by the modified miniprep

procedure used in the Germplasm Characterization Laboratory. A parental survey was
conducted to identify SCARs, RAPDs and microsatellite markers that were polymorphic. The
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SCARs evaluated so far include SCPOS, SAP6, ROCI11, SK14, SI19, UR11GT2, SASI3,
RBG303, SHI18, H20, SBD5, SW19, SW13, SBB, SAB3, and BAC6. To reduce the risk of false
positives all the SCARs were run on six random individuals form the populations in addition to
the two parents. The RAPD primers used were ten of the most polymorphic used on other
populations (AA19, AKO06, H19, 1-07, L04, 0-20, V10, W-06, X-11). A total of 110
microsatellites, including the BM, BMy and BMd series, were used in the mapping exercise. All
the polymorphic markers were run on the entire population of RILs. Segregation was scored and
the dataset was introduced into the program Mapmaker to construct linkage groups.

Results and Discussion

For the root traits, the G2333 x G19839 RIL population showed genotypic variation for all the
variables. Analysis of variance is pending. Meanwhile, phenotypic results showed significant
affect of genotype x environment for most of the traits measured on the aerial portion of the plant.
For the analysis of climbing ability, there was significant GxE in the traits having to do with plant
biomass: branch length, branch number, internode length, climbing ability at flowering, number
of pods per plant and yield as indicated in the frequency histograms (Table 1; Figure 1). This
demonstrates that phosphorus levels had a differential effect on the genotypes, whereby some
genotypes responded better to high phosphorus while others were more severely affected by low
phosphorus. This suggests that many of these traits are of low heritability and controlled by many
quantitative genes. Meanwhile, the variables for pod length, pods per branch, height, climbing
ability at pod fill, days to maturity and harvest index showed strong genotype and location effects
but no significant interaction of genotype x environment. This suggested that these traits were
less sensitive to phosphorus levels. Some of the same genotypes that performed well for these
traits at high phosphorus were also good at low phosphorus levels. Therefore, the heritability of
these traits is likely to be higher than for the ones mentioned above.

Yield and yield components, except for 100 seed weight and pod length, were highly correlated
with climbing ability, (Table 2). These results help to confirm the high yield potential observed in
climbing beans. Beans with good climbing ability also had a slight advantage in terms of pod
length and seed weight but this was not highly correlated with climbing ability especially in low
phosphorus. Climbing ability measured at two different stages were significantly correlated with
each other and also with related traits, such as plant height and internode length (Table 3). This
suggests that the visual scale created for measuring climbing ability is a good indicator of plant
height and can be used as a substitute for time consuming physical measurements thus facilitating
the evaluation of this variable. The importance of internode length in contributing to climbing
ability is indicated by their high correlation. Meanwhile, the number of branches was less highly
correlated with climbing ability and therefore was not as important a contributor to overall plant
height. Note that because climbing ability was scored on a scale where 1 was the highest plant
and 9 the lowest plant, climbing ability was negatively correlated with plant height.

It was interesting to find that correlations between climbing ability and its other component traits
were higher under high phosphorus than under low phosphorus treatment. Meanwhile the
correlations between climbing ability and yield components were similar in both environments,
except for branch number which was correlated with several yield component traits under low
phosphorus more than under high phosphorus. This suggests that branch number is important for
reaching the yield potential of climbing beans under low fertility conditions because pod
distribution becomes more important under this stress. Meanwhile under both high and low
fertility levels, climbing ability affected pod length, seed weight, pods per plant and yield per
plant in a similar manner.
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Progress has been made on the genetic mapping. A total of 70 microsatellites was polymorphic
for the two parents and were used to construct a framework map for the population. Of the full
set of polymorphic markers, 66 could be placed into ten linkage groups. No microsatellites could
be assigned to chromosome 10. The total map length was 1050 ¢cM with an average interval
between markers of 15.7 ¢tM. Segregation distortion was observed for a small percentage of the
markers. The 10 RAPD primers generated an addition 28 markers which are in the process of
being integrated into this population. In addition, five out of the 16 SCARs were polymorphic
and could be mapped to the predicted location for the SCAR (Table 4) based on previous studies.
The preliminary QTL detection found three significant loci, on chromosomes b02 (for specific
adventitious root length), b07 (for low P shoot dry weight) and b08 (for adventitious root number

in high P).
Conclusions and Future Plans

We plan to saturate the genetic map described here with up to 150 single copy markers and a set
of 10 additional RAPDs. Once the full genetic map is constructed we plan to conduct single
point analysis and composite interval mapping to determine the genomic locations of quantitative
trait loci controlling the characteristics described in this report. This is one of the first studies to
investigate the inheritance of climbing ability in common bean in a recombinant inbred
population. Apart from the determinacy and photoperiod response genes, no other loci which
affect plant architecture in climbing beans, have been studied. This study will address this by
providing the biological material to dissect the physiology and genetics of climbing ability. To
understand better the role of genotype x environment interactions, we will evaluate the RIL
population in several new environments (Palmira and Popayan). This way we hope to test the
interaction of climbing ability with high or low temperatures found at these different altitudes.
Once QTLs are identified we hope to have a better understanding of the inheritance of climbing
ability and associated traits. The genetic map will also be useful for exploring the role of
adventitious rooting for low phosphorus stress in common bean. The population is being
phenotyped in hydroponic experiments in the greenhouse in Pennsylvania State University that
we hope to describe in the upcoming year.

Table 1. Significance (a) (F statistic) for location, genotype and genotype x location effects for the
trials grown in Darien, Colombia, in 2002 A.

SOURCE DF LR LV AVA VR ALT NG MDC
Rep (Loc) 2 1.89re* 31.82*** 2.1lns 0.05ns 1.85ns  3.11%* 0.79ns
Loc 1 12.86%** 150.25*** 0.95ns 68.33%%*  1I211%** 4271%4% 3557%%*
Ril B4 4.51*** LG7HER  4.a5%%* QG Mee P LE D R Tig5nes
LocxRil 79 2.03%** 095ns  0.82ns 1.25ns 1.22ns 1.54* 1.01ns
SOURCE DF LE el CT2 P100S IC NVP PGP

Rep (Loc) 2 2.16ns 1.76ns 0.68ns  0.43ns 2.03ns 6.58** 10.05***
Loc I 93.08%** 73.6%** 90.90*** 2.49ns 7.34%* 218:95%%* 323,98%**
Ril 84 6.27*** 0 kit G T b B 5 3054 2.94%%% 3.01%**
LocxRil 79 1.45* 1.42% 1.35ns 0.11ns 1.14ns 1.52* 2.47%%%

(a) Significance atp=0.001 (***),0.01(**),0.05(*),or not significant (ns)
(b) trait abbreviations given in text.
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Table 2. Correlations between climbing ability and yield and yield components under high and
low phosphorus treatment.

High phosphorus treatment

NV p100s PGP LV VRAC
CT1 -0.4484%** 02204 *** .0.5878%**  _03867***  .0.4327***
CT2 -0.4098%** -0.1990 *  -0.5425***  0.3470***  .0.3782%**
ALT 0.4959%**  0.1239NS  0.5415%**  02498***  (.5204%**
LE 0.4423%** 02267 ***  0.5117***  0.2932***  (,5928%**
NG 0.2762*** -0.0028NS  02391***  0.0967NS  0.1130NS

Low phosphorus treatment

CT1 -0.5463*** -0.0406 NS  -0.5662***  -0.3744***  .(.4386***
CT2 -0.5303*** -0.0485NS  -0.5536***  -0.3773%**  _(.4577***
ALT 0.5544*** 0.0835NS  0.5263***  (.3815%%*  (,5085%**
LE 04154%** 0.0575NS  0.3550***  0.3399***  (.5462%**
NG 0.5802*** 0.0989 NS  0.4949***  0.1781* 0.4]159%**

#**=p<0.001 **=0.01 *=0.05 NS=notsignificant

Table 3. Correlations between climbing ability and its component traits under high and low
phosphorus treatment.

High phosphorus treatment

CTl CT2 ALT LE NG
CT1 1.0000  0.9467*** -0.8386%** -0.7048%** -0.3382%*x
@52 1.0000 -0.7807*** -0.6687*** -0.3659***
ALT 1.0000 0.7103%** 0.4106%**
LE 1.0000 0. 2159%*%
NG 1.0000
Low phosphorus treatment
CT1 1.0000 0.9390***  -0.8178*** -0.6604*** -0.3886***
CT2 1.0000 -0.8482%x* -0.6447%** -0.4003***
ALT 1.0000 0.7101*** 0.4301***
LE 1.0000 02552 %4+
NGS 1.0000

X =p<0.00] ** = 0.01 *=0.05 NS=No Significativo
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Figure 3. Frequency distribution of four traits in the G2333 x G19839 population under low and high

phosphorus treatments.
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Table 4. SCARs that segregate in the G2333 x G19839 population.

SCAR  Trait Gene Size Chr. AA BB AB total
BAC6 CBB Major QTL Co-dominant BI0 56 26 - 84
1250
SAB3  Anthracnose Co-5 Dominant 7? 58 - - 84
400
SAS13 Anthracnose Co-4° Co-dominant ?? 52 31 1 84
277
SBB14 Anthracnose Co-4° Co-dominant ?? 49 30 5 84
1150/1050

SBD5 BCMV be-1° Dominant BO3 - 37 - 84
1250

SW13 BCMV iy Dominant BO2 12 - - 84
690

1.2.4 Bulk segregant analysis of thrips resistance

A.Frei' MW ; Blair’; ]M Bueno®, C Cardona®
'ETH, Zurich, *SB-2, CIAT, *IP-1, CIAT

Introduction

Thrips palmi is a damaging insect pest of common bean and other dicotyledenous crops that was
introduced from Asia (Java, Indonesia) into the Americas during the last decade. Starting in the
Caribbean, (Cuba, Dominican Republic, Haiti and Puerto Rico) the species spread rapidly into the
United States and northern South America (Brazil, Colombia, Ecuador and Venezuela). The
greatest damage inflicted to common bean production in Colombia is seen in climbing bean
varieties that are grown for the fresh market (including snap beans and Cargamanto dry beans).
Sequential plantings, common in the production of snap beans is very conducive to heavy
infestations of thrips and whiteflies, which are synergistic in the damage that they inflict. Misuse
of insecticides also can lead to resurgence in thrips populations.

In the 2000 Annual report we described a preliminary QTL study using RAPD analysis of a
recombinant inbred line (RIL) population derived from the cross BAT881 x G21212. This year
we used microsatellite markers to increase the precision of QTL identification and to associate
these QTLs with specific chromosomes. The specific objectives of this research were to 1)
construct bulks of lines differing in resistance and susceptibility based on the QTLs detected in
that population; 2) conduct a bulk segregant analysis 3) screen the bulks with all existing
microsatellite markers that were polymorphic for the two parents of this population; and 4) study
the importance of each positive microsatellite with a single point regression QTL analysis.

Methodology

The BAT881 x G21212 population, consisting in 139 F7 generation RILs was evaluated over two
seasons at a field site in Pradera, Valle, Colombia. In the first season (semester 1999A - April),
the population was planted as an un-replicated trial; while in the second season (semester 1999B -
July) it was planted in a randomized complete block design with three repetitions. The
inoculation conditions were as described in Annual Report 2000. The lines were evaluated on a
per row basis for both thrips damage and reproductive adaptation (RA) using a 1-9 scale



according to the CIAT standard evaluation (1=resistant, good pod set; 9=susceptible, poor pod
set). In our previous work, quantitative trait loci (QTL) were identified through single-point
regression analysis of the phenotypic data onto the one hundred and fifty one RAPD markers
which had been run on the progeny. Based on the RAPD results, five DNA bulk pairs were
created with five each of the most resistant and most susceptible progeny lines from the
population that presented the correct allele at the QTL locus (Table 1). One of the bulks, IR, only
had four individuals due to few resistant genotypes with the appropriate allele at the QTL locus.
These bulks were screened with 107 microsatellites, most of which had already been showed to
be polymorphic for the parents. Any microsatellites showing a polymorphism in one of the bulks
were run on a set of 94 out of the 139 RILs developed for this population. The microsatellite
segregation data was compared to the phenotypic data (damage and RA in 99A and 99B) to
establish whether there was an association with resistance based on a single-point regression QTL
analysis done with the software program qGENE.

Results and Discussion

The bulk segregant analysis identified 20 positive microsatellites from the survey of 107 markers
(18.7%) (Table 2). The bulks were effective at capturing a large number of potential
microsatellites to screen and this number of lines per bulk resulted in relatively easy to read
polymorphisms (Figure 1). Despite the fact that the bulks were determined based on separate
RAPD linkage groups that showed QTL associations, several of the bulks included the same
individual progeny lines. This may have led to some of the microsatellite assays detecting more
than one positive bulk as was seen with the markers, BM143 and Clon037. Most of the
microsatellites were tested against the bulks twice to confirm their repeatability and only a few
showed differences in the bulk genotype. The bulks detected different numbers of polymorphic
markers: 11 were associated with BG1, seven with BG7, ten with BG3, five with BG9 and four
with BG6.

Resistance source were G21212 for the bulks BG1 (Damage), BG3 (Damage), BG9 (RA and
Damage) and BG6 (RA); versus BAT 881 for BG7 (RA) eventhough among the parents, BAT
881 usually shows slightly better resistance than G21212. The QTL results may explain why
many of the RIL’s outperformed either parent evidence of transgressive segregation.

Segregation analysis of the positive microsatellites showed that segregation distortion was
uncommon and most microsatellites (17 out of 20) had normal segregation. As expected for the
F5:7 RILs, heterozygotes were relatively infrequent in the population (Figure 2).

The single point regression QTL analysis showed a total of nine significant marker x trait
associations. For damage score, two microsatellites were significantly associated with the trait
1999A, while three were associated in 1999B. For reproductive adaptation, one marker was
significant in 1999A and three were in 1999B. Two markers from chromosome b6, Clon037 and
Clon410 were significant for both damage score and reproductive adaptation in 1999B. Clon037
was also significant for damage score in 1999A. The variation explained by any single marker
ranged from a low R2 of 6.2% to a high R2 of 27.7%.

The consistency of QTL results across seasons and across traits and the high R2 value for the two
markers on chromosome b6, indicate the importance of this QTL for durable thrips resistance.
We will associate these results with the original RAPD linkage groups that were the basis for
designing the bulks, when we map the microsatellites and RAPD markers together.
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Future Plans

* Continue mapping with additional microsatellites to achieve complete map coverage in
the BAT881 x G21212 population

* Composite interval QTL mapping with entire map dataset.

¢ Repeat the field analysis for a third season to measure thrips resistance

g = B o
28 g s
< ~ < o
; AnSBEPERAGEERE w0 S BREEBEBRERESE

BM 154 Clon 037

Figure 1. Bulked segregant analysis of thrips resistant and susceptible progeny of the population
BATS881 x G21212 using two common bean microsatellites

Figure 2. Segregation of Clon037 in the progeny of the population BATS881 x G21212.
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Table 1. Individuals in each Bulk (Adaptive Reproduction (RA) in old scale)

Bulk 1 - BG1 susceptible (99B)

Bulk 1 - BG1 resistant (99B)

No Material Dam RA Dam RA No Material Dam RA Dam RA
99A 99A  99B 99B 99A 99A  99B 99B

55 BH 21134- 8 9 83 8 35 BH 21134- 7 5 6 6
74-1-1 46-1-1

72 BH 21134- 7 8 83 87 45 BH 21134 5 6 43 5.3
110-1-1 60-1-1

74 BH 21134- 5 5 8.7 83 81 BH 21134- 4 - 6 5.7
113-1-1 128-1-1

77 BH 21134- 6 5 87 8 88 BH 21134- 4 5 53 6
124-1-1 144-1-1

89 BH 21134- 5§ 6 8.7 8
147-1-1

Bulk 2 - BG7 susceptible (39B) Bulk 2 - BG7 resistant (99B)

14 BH 21134- 8 7 87 8 5 BH 21134- 4 3 6.3 53
19-1-1 5-1-1

65 BH 21134- 6 6 83 8 7 BH 21134- 5 4 6.7 5.7
90-1-1 7-1-1

2 BH 21134- 7 8 83 8.7 45 BH 21134- 5 6 43 33
110-1-1 60-1-1

74 BH 21134- 5 5 8.7 83 81 BH 21134- 4 4 6 >3
113-1-1 128-1-1

89 BH 21134- 5 6 87 8 83 BH 21134- 4 4 7 33
147-1-1 130-1-1

Bulk 3 - BG3 susceptible (99A) Bulk 3 - BG3 resistant (99A)

22 BH 21134- 9 9 6.3 6.3 4 BH 21134- 4 4 73 6.7
29-1-1 4-1-1

53 BH 21134- 8 7 83 7 5 BH 21134- 4 3 6.3 53
70-1-1 5-1-1

57 BH 21134- 8 8 8 7.1 8 BH 21134 4 4 73 73
78-1-1 8-1-1

58 BH 21134- 8 9 8 7.7 82 BH 21134- 3 3 7 6
79-1-1 129-1-1

92 BH 21134- 8 8 77 6.7 83 BH 21134- 4 4 7 53
150-1-1 130-1-1

Bulk 4 - BG9 susceptible (99A) Bulk 5 - BG9 resistant (99A)

22 BH 21134- 9 9 63 63 4 BH 21134- 4 4 73 6.7
29-1-1 4-1-1

36 BH 21134- 8 9 1.7 7 7 BH 21134- 5§ 4 6.7 57
47-1-1 7-1-1

55 BH 21134- 8 9 83 8 8 BH 21134- 4 4 3 73
74-1-1 8-1-1

56 BH 21134- 8 9 7.7 7 9 BH 21134- 5§ 4 73 63
76-1-1 9-1-1

58 BH 21134- 8 9 8 1.1 82 BH 21134- 3 3 7 6
79-1-1 129-1-1

Bulk 5 - BG6 susceptible (99A) Bulk 5 - BG6 resistant (99A)

22 BH 21134- 9 9 6.3 6.3 2 BH 21134- 5 4 73 6.3
29-1-1 2-1-1

25 BH 21134- 8 9 8 73 3 BH 21134- 5 4 6.7 7
34-1-1 3-1-1

26 BH 21134- 8 9 8 6.7 4 BH 21134- 4 4 73 67
36-1-1 4-1-1

48 BH 21134- 8 9 8 77 5 BH 21134- 4 3 6.3 53
65-1-1 5-1-1

55 BH 21134- 8§ 9 83 8 82 BH 21134- 3 3 7 6
74-1-1 129-1-1
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Table 1. Polymorphic markers selected from Bulked Segregant Analysis and evaluated on entire BAT881 x G21212 population showing QTL results
for thrips damage and reproductive adaptation scores in semesters 1999A and 1999B in Pradera, Valle.

Marker Chr.  Bulk Allele MW Segregation QTL QT QTL QTL
distortion results results results results
99A 99A 99B 99B
Damage RA Damage  RA
1 2 3 4 5 B G BB GG BG ChiSq R2 R2 R2 R2
(BG (BG (BG (BG (BG
D N » 9 8
BM 053 1 X* 321 340 42 36 3 0.46 0.023 0.022 0.004 0.002
BM 137 6 X X- 117 177 30 61 1 10.56**  0.020 0.039 0.016 0
BM 143 2 X X X X 132 145 46 46 2 0.0 0.035 0.035 0.015 0.075%*
BM 151 8 X 146 151 38 51 5 1.89 0.029 0.033 0.011 0.014
BM 154 9 X 248 270 33 36 5 0.13 0.000 0.010 0.016 0.001
BM 156 ) X X- 218 225 40 49 5 0.91 0.001 0.002 0.002 0.004
BM 181 3 X* X* 188,182 182,179 21 29 0 1.28 0.052 0.065 0.006 0.004
BM 184 9 > G X- X- 151 159 -- -- -- -- -- -- -- --
BM 200 1 X X 300 335 45 36 5 1.0 0.031 0.032 0.005 0
BM 202 -- X* X 151 153 39 45 T 0.42 0.063* 0.076* 0.001 0.001
Bmd 01 3 X 188, 172 181, 175 - - - -- - - - -
Bmd 16 4 X X 105 n.a. 47 19 7 11.87***  0.045 0.013 0.026 0.027
Bmd 25 8 X* X* 120 115 35 45 14 1.25 0.000 0.000 0.060* 0.018
Bmd 36 3 X* X 175 180 45 44 5 0.01 0.013 0.001 0.007 0.001
Bme 08 -- X- xX* 111 117 - - -~ -- - -- - -
Bmy 01 4 X e X- X- 159 152 47 36 7 1.45 0.028 0.020 0.022 0
Bmy 11 4 X- p, & X* x» 240,202 239,208 30 52 12 5.0 0.011 0.003 0.006 0.001
Clon 007 8 X X 168 173 45 43 6 0.04 0.014 0.010 0.003 0.008
Clon037 6 X X X X 187 182 40 44 10 0.19 0.062* 0.034 0.277%%x (] 5%4*
Clon410 6 X X X 101,104 104,106 43 49 0 0.39 0.040 0.013 0.196***  0.105**

* = confirmed twice; ** = confirmed three times; - = differences observed

= initial linkage group designated Annual Report 2000
na = not amplified, RA = reproductive adaptation, 99A = semester 1999A, 99B = semester 1999B
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1.2.5 Tagging Apion resistance in the population J117 x Jamapa

M.W. Blair', C. Cardona', C. Mufioz' G., H. F. Buendia', R. Garza’
1IP-01 and SB-02 Project; 2INIFAP, Mexico

Introduction

This year we continued a project begun last year to tag resistance to the bean pod weevil (4pion
goodmani Wagner) which damages beans grown in Mexico and Central America. Resistance is
controlled by two possible mechanisms — either antibiosis involving a hypersensitive response
that encapsulates the oviposition site — or antixenosis that affects the preference of oviposition
sites. Epistasis between two independent genes, Agr and 4gm, has been suggested to control the
hypersensitive response. The fact that a few genes control resistance may explain why it has been
relatively easy to transfer resistance from Mexican landraces where it is found to new breeding
lines with Central American grain types. The objectives of this research were to identify
additional markers linked to the genes controlling resistance in the recombinant inbred line (RIL)
population derived from Jamapa x J117 and to try to identify the chromosomal position of the
resistance QTLs identified so far.

Methodology

An additional set of 54 F5 derived recombinant inbred lines was created for the Jamapa x J117
cross. These have been sent to a field site in Mexico for testing and have been used for DNA
extraction. This brings to a total of 104 RIL lines the full set analyzed for this characteristic.
Screening of susceptible and resistant bulks (of 4 lines each) has continued from last year with
additional RAPD and microsatellite markers. A total of 131 RAPD primers and 200 (58 BM, 16
BMc, 51 BMd, 8 BMy, 53 Clon, 8 Pv and 6 VM) microsatellite markers have been evaluated so
far. In addition the RAPD and SCARSs that were polymorphic from last year’s survey were run
on the additional set of lines, however the microsatellite remain to be mapped on the full set of
RILs for the upcoming year. In addition, the RAPD primers which were reported last year as
polymorphic for the bulks were also mapped on two core mapping populations, DOR364 x
G19833 and BAT93 x Jalo EEP558. A genetic map was constructed with the new dataset of 104
lines and all the polymorphic RAPD markers using the program Mapmaker.

Results and Discussion

In the bulked segregant analysis an additional three RAPDs and 27 microsatellites proved to be
polymorphic for the parents and the bulks. All 28 RAPDs and the SCAR SK16 that were
polymorphic for the bulks were run on the entire population of 104 individuals. The
microsatellites will be run this upcoming year. As in last year’s results, most of the markers were
linked to each other in three tight linkage groups with four or more markers each. The genetic
mapping was consistent between the first set of 50 individual recombinant inbred lines and this
additional group of 54 individuals.

Among the RAPDs that were significant in the bulk segregant analysis, a total of nine were
polymorphic in the DOR364 x G19833 population and one was polymorphic in the BAT93 x Jalo
EEP558 population. The RAPD markers mapped to the first of these populations identified
chromosomes b01, b02, b05, b07 and b08 as potentially important for Apion resistance, while the
RAPD marker mapped in the second population identified chromosome b01 as important. This
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agrees with the mapping results with single copy microsatellite markers that showed that three
linkage groups namely chromosomes B1, B8 and B11 were important for the resistance.

Future Plans

* All positive microsatellites will be mapped on the full set of RILs
QTL analysis will be carried out when phenotypic data is available for the new set of
recombinant inbred lines.

® Two-way interaction tests will be done to confirm epistasis between the genes or QTLs
identified above.

¢ Implement marker assisted selection for Apion resistance at CIAT, for which we will
need to test the validity of using the microsatellite markers.

¢ Develop a SCAR marker from some of the positive RAPD markers.

1.2.6 Marker assisted selection of Arcelin-derived bruchid resistance.

MW Blair', S Prieto' ;C Cardona’
SB-2 Project; IP-1 Project

Introduction

The most common storage pests of common bean are the Mexican bean weevil, Zabrotes
subfasciatus (Boheman), and the bean weevil, Acanthoscelides obtectus. These cosmopolitan
weevils belong to the Bruchid family and cause an estimated 13% loss to bean crops worldwide
(Cardona and Kornegay, 1999). Zabrotes is especially important in warm tropical regions below
1000 m altitude, while Acanthoscelides is more common in cooler climates. While Zabrotes is
only found in storage, Acanthoscelides also lays its eggs on the beans in the field (Schoonhoven
et al. 1988). Researchers have found that a special seed protein named Arcelin, which was
discovered in wild accessions of common bean from Mexico, provides high resistance to Zabrotes
and slight resistance to Acanthoscelides (Osborn et al., 1988).

Arcelin and related proteins, including alpha amylase inhibitors and phytohemaglutinins (all
members of the APA family of proteins) provide resistance to bruchids through antibiosis by
reducing the adult emergence, female fertility and insect growth and lifecycle (Posso et al., 1989).
These proteins are all synthesized only in the embryonic axis and cotyledons during seed
formation. Arcelin is inherited as a monogenic trait and to date, there are 7 variants of arcelin
(ARC 1-4 identified by Osborn et al (1986), ARC 5 by Lioi and Bollini (1989), ARC 6 by
Santino et al (1991) and ARC 7 by Gallegos et al (1998)). These variants are all highly similar
(Sparvoli and Bollini 1998) but provide different levels of resistance. Within the allelic series the
level of resistance is progressively lower in the variants ARC5 >4 >1 > 2 > 6 > 3 when in the
background of the wild progenitor. However in the cultivated background the alleles that provide
the most resistance are ARC1 > 2 > 5 > 3 > 4 (Cardona and Kornegay, 1999). Differences in
resistance level are thought to be due to sequence variability or carbohydrate content (Harmsen et
al. 1988). Arcelin is known to be a partially dominant gene, which provides its highest level of
resistance to bruchids when in the homozygous form. Heterozygous Arc+/Arc- individual seeds
are less resistant than Arc+/Arc+ seed. CIAT researchers have used the ARC 1 variant widely in
their breeding programs to create resistant breeding lines such as the RAZ series through
backcrossing and gene transfer (Cardona et al, 1990). However, no Arcelin-derived bruchid-
resistant variety has ever been released.
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The method of selecting for Arcelin based resistance has been to assay for the protein in the seed.
A serological method has been implemented which detects arcelin in small quantities of ground
seed tissue. The process requires arcelin-specific antibodies and protein electrophoresis
equipment. Arcelin based selection of bruchid resistance has been very useful. For example in
the breeding of the RAZ lines, two generations of backcrossing and selfing were generally
sufficient to obtain resistant genotypes that were true to seed type when arcelin was evaluated
during the backcrossing process. This represents one of the first true uses of marker-based
selection in common bean although with a protein marker rather than a DNA based one. One
limitation of protein based selection that it is time-consuming and is not compatible with other
marker systems.

The objective of this research was to replace the protein based selection of arcelin with a genetic
assay using closely linked microsatellite or SCAR markers for arcelin or related APA proteins.
To do this, we are screening two DNA extraction techniques based on alkaline lysis and organic
separation, to explore the potential of establishing a high-throughput DNA marker system to
screen for arcelin based bruchid resistance. The long-term objective of this work is to increase
the efficiency of breeding for multiple constraint resistance and facilitate the pyramiding of
bruchid resistance with other biotic and abiotic stress resistances.

Methodology

A total of 63 genotypes were used in the experiments. These included the 7 wild accessions of
common bean that were the sources of the seven variants of arcelin known to exist (Tablel); 28
advanced breeding lines from the bruchid resistance program (either RAZ or GG designations)
(Table 2); and 28 bruchid-susceptible parents used in crosses with Arcl or Arc 5 containing lines
(data not shown). Two DNA extraction techniques were used. One was a rapid, high-throughput
“microprep” method based on alkaline lysis developed in the laboratory of N. Weeden. The other
was the standard organic-solvent (phenol/chloroform) based “miniprep” used in our laboratory
and based on the method of Afanador et al (1998). Tissue was harvested in the greenhouse as leaf
disks cut with a hole-puncher for the microprep or newly emerging trifoliates for the miniprep.
Another set of 791 F; and Fs progeny derived from crosses between RAZ lines and the
susceptible parents was grown in the field and DNA was extracted from leaf disk tissue by the
alkaline extraction microprep technique. The DNA was used for microsatellite amplification
which was conducted according to standard PCR protocols.

Results and Discussion

A total of seven microsatellites were selected based on either map location and proximity to the
arcelin locus (BMd26, Clon41) or because they were part of the sequence of APA gene family
members. This second group included BMd9 (derived from the D-Lec 2 gene Phytohemaglutinin-
L; Genbank entry X06336), BMd15 (Erythroglutanating Phytohemaglutinin; K03288), BMd16
(Leucoaglutinating Phytohemaglutinin; K03299), BMyll (Phytohemaglutinin pseudogene;
X04649) and Pv-atctOl (Arcelin; M68913). It is interesting to note the large number of
microsatellites in the phytohemaglutanin members of the APA family, but the lack of
microsatellites in alpha amylase which have also been extensively sequenced.

In terms of the practical experiments, DNA quality was high for miniprep DNA but low for
alkaline microprep DNA. Samples extracted with the second technique were easily degraded and
could not be stored for more than a few days. This affected microsatellite amplification, with
consistent results only obtained with the miniprep DNA. Five of the microsatellites have been
amplified to date.
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Microsatellite allele diversity varied with each of the markers. The marker detecting the most
alleles (11) on the germplasm survey was Clon41, while the markers detecting the least were
Bd15 and BMd26 (3 each). Within each of the subgroups of germplasm diversity observed with
the different microsatellites also varied. The pattern of diversity for the alleles indicated that
linkage disequilibrium exists between all the microsatellites tested and the Arcelin locus as
discussed below:

Within the wild beans that were sources of resistance, BMd15 detected only one allele, BMd26
detected two alleles, Clon41 revealed three banding patterns, Pv-atctO1 detected six alleles and
BMyl1 revealed seven band patterns (Table 1). Although BMd15 detected only one allele, this
allele was different from any of the alleles found in the susceptible cultivated genotypes and
therefore would make a good diagnostic marker for the presence of introgression from the wild
accessions. Indeed this allele was found in all the Arc 1 containing RAZ lines (Table 2).
Similarly, the two alleles for the microsatellite BMd26 that were found in the wild sources were
unique to the wild accessions and the derived RAZ or GG lines and not present in any of the
susceptible lines (data not shown). The alleles of the other markers also presented this pattern of
association with arcelin introgression. However, the markers BMd26 and Clon41 which are not
directly at the arcelin locus were associated with arcelin resistance in only 14 and 12 out of the 26
RAZ lines tested, respectively (Table 2). The two markers co-segregated in all the lines except
for four indicating only moderate crossing over between the two markers during the development
of the RAZ lines. The higher level of linkage disequilibrium between arcelin and BMd26 versus
arcelin and Clon41l confirm the mapping results which indicate that BMd26 is more closely
linked to arcelin than is Clon41. It is interesting to note that for BMyl1 we found a different
allele for each wild accession source of arcelin alleles and that the alleles associated with the
Arcl and Arc5 variants were perfectly diagnostic in the corresponding Arcl and Arc5 containing
RAZ and GG lines (Table 2). Therefore, this marker would be useful for diagnosing the arcelin
variant present in a segregant.

Another interesting point to note is that the presence of multiple bands for some of the markers
may indicate that these are duplicate loci. This is to be expected for some of the hemaglutinin-
based markers (BMd9, BMd15, BMd16 and BMy1 1) because this protein is known to be encoded
by a gene family.

Table 1. Microsatellite allele polymorphism in seven sources of Arcelin resistance identified in wild
accessions of common bean

Source Arcelin allele Bruchid  Marker and Molecular Weight
resistance

BMd 26 Pvatct001 BMd15 Clon4l BMy 1l
G 12882 ARCI1 AR 139 187 164 171, 178 184, 195,207
G 12866 ARC2 I 137 196 164 170, 176 207 (*)
G 12922 ARC3 S 137 189, 192 164 - 203,207,242 (%)
G 12952 ARC4 AR 144 - 164 169, 173 195,203,207, 242 (%)
G 02771 ARCS AR 144 191 164 169, 173 184, 203, 207
G 11051 ARC6 S - - 164 169, 173 184, 195 (*), 203, 207
G 24584 ARC7 AR 137 200 164 171, 178 207,242, 245
*faint signal
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Table 2. Bruchid resistance and microsatellite alleles of RAZ lines and other Arcelin 1 containing
breeding lines

Genotype  Genepool Bruchid Allele Marker (Molecular Weight)
res.
Clondl BMdI5 BMd26 BMyll Pv-atct01
G 12882 (ARC 1) - check AR 1 171,178 164 139 184,195,207 187
RAZ 1 PVA1025/ WI-85-5 AR 1 167,171 164 143 184, 195,207 187
RAZ 12-1 859446-67/G76 AR 1 171,175 164 143 184,195,207 187
RAZ 24-6 859446-67 // G76 AR 1 - 164 140 184, 195,207 187
RAZ 44  EX-RICO23/// G12882 AR 1 166,170 164 143 184,195,207 187
RAZ75  RAZI12-4/XAN252 AR 1 166, 170 164 143 184, 195,207 187
RAZ 82  RAZI12-4/XAN252 AR 1 170,175 164 139 184, 195,207 187
RAZ 86  RAZI2-4/XAN252 AR 1 170,175 164 - 184, 195,207 187
RAZ 91 RAZI12-4 / XAN252 AR 1 170,175 164 139 184,195,207 187
RAZ90  RAZI12-4/XAN252 AR 1 170,175 164 139 184,195,207 187
RAZ 109 RAZ1/CAP3 AR 1 170,175 164 137 184, 195,207 187
RAZ 138 RAZ/ANDS885 AR 1 168,172 164 143 184, 195,207 187
RAZ 111 RAZ/ AND885 AR 1 168,172 164 143 184,195,207 187
RAZ 106 RAZ24-5/ AND885 AR 1 171,178 164 139 184, 195,207 187
RAZ 4-3  859446-67/G 76 AR 1 171,178 164 139 184,195,207 187
EMP175 /ll  859446-67 //

RAZ 15 XAN105 AR 1 - 164 143 184, 195,207 187
RAZ 38  EX-RICO23///G12882 AR 1 168, 174 164 139, 143 184,195,207 187
RAZ73  RAZI2-4/XAN252 AR 1 - 164 - 184,195,207 187
RAZ 80 RAZI12-4/XAN252 AR | 171,178 164 139 184,195,207 187
RAZ 85  RAZI12-4/XAN252 AR 1 171,178 164 139 184,195,207 187
RAZ 87  RAZI12-4/XAN252 AR 1 171,178 164 139 184,195,207 187
RAZ 89  RAZI2-4/XAN252 AR 1 171,178 164 139 184,195,207 187
RAZ 101 RAZI12-4/XAN252 AR 1 171,178 164 139 184, 195,207 187
RAZ 136 RAZI1/ANDS885 AR 1 168,172 164 143 184, 195,207 187
RAZ 163 PIJAO /// G12882 AR 1 171,178 164 139 184,195,207 187
RAZ 105 RAZ24-5/AND885 R 1 171,178 164 139 184, 195,207 187
RAZ 24  859446-67 // G76 AR 1 171,178 164 139 184, 195,207 187

Table 3. Bruchid resistance and microsatellite alleles of Arcelin 5 containing breeding lines derived

from Talamanca as recurrent parent.

Genotype Genepool Bruchid  Allele Marker y Molecular Weight
resistance
Clon4d] BMdI5 BMd26 BMy Il Pv-atct01

G 02771 (ARC 5) - check AR 169, 173 164 144 184,203,207 191
GG 564-2(3) 'é‘;‘z[:f.;l;'mNCAf” R : 166,200 - 207,242 191
GG 564-2(7) éﬁ;‘ﬁ“‘NCM’ R ; 166,200 - 184,203,207 191

TALAMANCA///
GG 3643 oA R 170,175 166 143 184,203,207 187
GGs6as  LALAMANCAZ g 170, 175 166,200 143 184,203,207 191

TALAMANCA/// .
GG s6a-s oA R 170,175 166 184,203,207 187




Arcelin source

Figure 1. Microsatellite alleles at the BMy11 locus for seven sources of arcelin resistance and derived
bruchid resistant RAZ lines.

Future work

Test the remaining two microsatellite markers in the region of the arcelin locus and improve the

DNA extraction technique.
Determine the level of linkage disequilibrium between the markers and the arcelin locus in

breeding populations.
Use the markers to select for greater recombination around the arcelin locus and break the linkage

drag associated with this locus which has a negative affect on plant vigor of arcelin-derived lines.
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1.2.7 Tagging BGMYV and CBB resistance in the population SEL1309 x
DOR476

Blair MW', Caula C', Buendia HF', Pedraza F' F. Morales’, Beebe S?
'SB-2 Project; “IP-01 Project

Introduction

Common bacterial blight (CBB) is an important foliar and seed-borne disease of Andean beans
grown in tropical lowland and mid-elevation areas of Africa, Central America and the Caribbean.
The disease is also important in the subtropic and temperate regions of the Americas and Africa
during hot, humid summer weather. The disease is caused by the pathogen Xanthomonas
campestris pv. Phaseoli (Xcp), which is widespread and part of a complex of Xanthomonad
bacterial pathogens attacking many broadleaf and vegetable crops. Bean golden yellow mosaic
virus (BGYMYV) is the most serious viral disease of beans in lowland tropical Latinamerica.
BGMYV is caused by a bipartite geminivirus that is transmitted by the whitefly, Bemisia
argentifolii / tabaci. Red mottled beans are one of the few Andean types that are grown in low
and mid-altitude areas of the region where the vector and virus are present. BGYMYV is a well-
established endemic problem in beans grown in the Caribbean (Cuba, Dominican Republic,
Florida, Haiti and Puerto Rico), Central America (Costa Rica, Guatemala, El Salvador, Honduras
and Nicaragua), Mexico (Sinaloa, Veracruz) and South America (Argentina, Brazil and Bolivia).

The objective of this work was to develop a genetic map for the cross SEL1309 x DOR476 and to
undertake a QTL analysis to determine the genes controlling BGYMV and CBB resistance in
these genotypes. A second objective was to find alternative markers for the SCARs that are
presently in use for these diseases some of which segregate in this population.

The source of BGYMV resistance in DOR476 (pedigree DOR367 x (DOR364 x BAT1298)) is
originally derived from a pyramid of resistance sources including DOR364 and DOR367
(pedigree A429 x RAO30). The A429 resistance source has been characterized to have a single
recessive gene, bgm-1, which reduces mosaic symptoms. DOR364 is known to carry a QTL for
BGYMYV resistance on chromosome b04 that is derived from Porillo Sintetico, an early resistance
source. Two molecular markers, both SCARs, have been used to select for BGYMV resistance.
The first marker, called DOR21 is closely linked to bgm-1. This gene has been tagged but not
mapped to a specific linkage group. Meanwhile the second SCAR marker, W12, is associated
with the quantitative trait locus (QTL) for BGYMYV resistance found on chromosome B04.

The source of the CBB resistance in SEL1309 (pedigree = (BAT1579 x XAN159) x (A251 x
APN18))) x (RAB489 x (A686 x G6385))) traces its CBB resistance back to XAN159 (pedigree
((G4449 x G10022) x G40020) x G4509) which was a product interspecific hybridization
between common bean (Phaseolus vulgaris L.) and a tepary bean (P. acutifolius Gray) accession,
G40020. XAN159 was also used to develop the most popular sources of CBB resistance for the
tropics, the lines VAX3, 4, 5 and 6 that are being used for breeding at CIAT and elsewhere. A
SCAR marker, SU91, has been developed that tags a major QTL for common bacterial blight
resistance from XAN159 (Pedraza et al,, 1997) that was tentatively mapped by Tar’an et al
(2001).
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Methodology

The recombinant inbred population was developed from the F2 of the cross between SEL1309
and DOR476 by single seed descent until the F5 generation. Subsequently the harvests for each of
the 100 RILs were bulked until the F7 generation when they were tested in the greenhouse for
CBB and BGYMV resistance. = CBB was evaluated by bacterial inoculation. @~ BGYMV
resistance was evaluated by inoculation in the greenhouse with a mechanically transmissible
strain. Data was collected for CBB on a 1 to 9 disease scale, where 1 = resistant and 9 =
susceptible. Data for BGYMV was collected in the following categories: percent plants infected
after inoculation (INF), severity on the same standard 1 to 9 scale as for above for overall
symptoms (BGYMYV), for leaf mosaic (MOS), for flower abortion (FAB), for pod deformation
(DEF) and for dwarfing (DWF).

DNA was extracted from the RILs by the method of Afanador et al. (1998) and used for mapping
experiments and for bulked segregant analysis. A total of 175 microsatellites developed in our
laboratory were used to amplify the parents and the bulks of CBB or BGMV resistant or
susceptible individuals. Of these, 37 were polymorphic for the parents and were amplified on all
individuals in the population. In addition a total of 40 RAPD primers and 18 SCARs were
amplified to generate banding patterns. The microsatellites were run on 4% polyacrylamide gels,
while the RAPDs and SCARs were run on 1% agarose gels. Conditions of amplification are
given in other sections of this and previous annual reports.

Results and Conclusions

A total of 160 polymorphic fragments (120 RAPDs, 5 SCARs and 37 microsatellites) were
analyzed for the population. The SCARs that were polymorphic are listed in Table 1 and the
parental survey and bulked segregant analysis carried out for these SCARs is shown in Figure 1.
The parental survey detected size differences in the co-dominant markers SR2 and DOR21, the
two markers for the bgm-1 gene, while the rest were dominant. Differences were detected
between the CBB resistant and susceptible bulks that were consistent with the parent genotype for
the CBB marker SU91, and for the BCMV and BGYMYV markers, SW13 and SR2. In the case of
the SAP6, one of the bulks amplified a band that was not present in either parent. Differences
were detected between the BGYMYV resistant and susceptible bulks that were consistent with the
parent genotypes for the BGYMV marker SR2 and the BCMV marker SW13. The rust marker
SF10 and the anthracnose marker SAB3 amplified in one of the bulks but in neither parent (data
not shown).

Of the polymorphic fragments a total of 112 loci (77 RAPD, 3 SCARs, 33 microsatellites) could
be placed on a framework map. The majority of microsatellites showed normal segregation and
the level of heterozygosity was low (Figure 2). The resulting preliminary map covered all 11
chromosomes of the bean genome and had an average of 3.3 microsatellites and 7.0 RAPDs per
chromosome. Chromosomes were identified based on the assignment of single copy
microsatellites that had been previously mapped on other core mapping populations in our
laboratory (DOR364 x G19833 or BAT93 x JaloEEP558) using the chromosome numbering
system of Freyre et al (1998). Segregation distortion will be determined when the map is
completed.

The SCAR marker SU91 tentatively identified chromosome 10. However, this identification is
not complete given that we could not confirm this location with additional microsatellite markers
from that chromosome. Other researchers have tentatively placed SU91 and the QTL for CBB
that it tags on chromosome 8 (Miklas et al., 2001) so we will try to determine which designation
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is correct. Of the other SCARs, ROCI11 which tags the BCMV resistance gene, bc-3, could be
mapped to the correct predicted location on chromosome 6, while R2, which tags the BGYMV
resistance gene, bgm-1, could not be mapped.

Future Plans
» Identify the map location of the SCAR R2 and place the BGMYV resistance gene, bgm-I,

within the bean genome
e Saturate the map further with additional microsatellites.

Table 1. SCARs tested on the parents of the SEL1309 x DOR476 population.

Purpose Marker SEL1309 DOR476 Status

CBB BAC6 - - Monomorphic
SAP6 - - Monomorphic
SuU91 - + Polymorphic
LG5 & - Monomorphic
Phs +(2B) +(2B) Monomorphic
R7313 +HMCOC) +HMC) Monomorphic
R4865 - - Monomorphic

BGMV DOR21 +(300) +(270) Polymorphic
SR2 +(540) +(570) Polymorphic
SWI2 * + Monomorphic

BCMV ROCI11 + - Polymorphic
SBDS - - Monomorphic
SW13 +/- ¥ Polymorphic
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SCARs tested on the parents and BGYMV and CBB resistant and susceptible bulks of the

SEL1309 x DOR476 population.

Figure 1.
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Figure 2. Microsatellite segregation in the population SEL1309 x DOR476 for two loci, (A) Clon012
and (B) Clon007.

A)

98



1.2.8 Testing of a new molecular marker for BGMYV resistance.

MW Blair', C Quintero', HF Buendia', ] Tohme' H Teran’, S Beebe?
'SB2 Project ; “IP1 project, CIAT

Introduction

Large-scale marker assisted selection has been successfully carried out for a major gene
conferring BGMV resistance, bgm-1 (Beebe et al., 2002) but remains elusive for other genes that
provide resistance, such as the quantitative trait locus (QTL) for BGMV resistance on
chromosome 4. Although this QTL has been tagged with the W12 SCAR marker, the marker is
difficult to use because of its lack of repeatability under the alkaline extraction techniques used in
our laboratory. As a possible replacement for the W12 SCAR, we have identified a tightly linked
microsatellite marker, J04555, that we were interested in testing for its ability to amplify DNA
extracted by both the alkaline (high-throughput) and organic (high-quality) extraction techniques.
Selection based on a co-dominant microsatellite marker compared to a dominant SCAR also
represents a new challenge, therefore we were interested in analyzing the allelic diversity at the
microsatellite locus in a range of BGMYV resistant and susceptible breeding parents.

Methodology

A total of 146 varieties and advanced lines that are potential parents in the Mesoamerican and
Andean breeding programs were used in this study. DNA was extracted by both the alkaline
(high-throughput) and organic (high-quality) extraction techniques. The markers used were the
microsatellite marker, J04555 (Yu et al., 1999) and the SCAR marker, W12 (Pedraza et al.,
1998). The marker J04555 is equivalent to Pv-ctt001 (Yu et al., 2000). The genotypes ICTA
Ligero, DOR364, G17341 and DORS500 were run as controls in every PCR plate and on every
loading, since they have well-established BGMV reactions. DOR364 contains the W12-QTL,
ICTA Ligero and DORS500 are known to carry the bgm-1 gene, and G17341 is a source of
resistance. The SR2 SCAR marker (Singh et al., 2001) for the bgm-1 gene was also amplified on
the same set of parents.

Results and Discussion

In an initial experiment to compare the results between extraction techniques, both the
microsatellite and the SCAR marker were amplified with DNA samples from both extraction
technique for a set of 27 out of the 154 genotypes. The results were the same for both DNA
samples, therefore for the remaining genotypes, both markers were amplified only with the lower
quality alkaline extraction technique. Good amplification was obtained with the majority of
genotypes despite the lower quality of the DNA template, however, it was noted that 43
genotypes did not amplify.

The microsatellite J04555 proved to be highly polymorphic and seven alleles (amplification
products) were observed among the parents tested. Each of the genotypes used as a control had a
different allele: ICTA Ligero (165 bp); DOR364 (159 bp); G17341 (157 bp); DORS500 (153bp).
Of the other genotypes, a total of 10 had the ICTA Ligero allele, 32 had the DOR364 allele, 10
had the G17341 allele and 47 had the DORS500 allele. The alleles found in the small
‘Mesoamerican’ versus ‘Andean’ large seeded genotypes generally did not have different
molecular weights. The fact that there was no apparent association between allele and genepool
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may be because many of the ‘Andean’ genotypes were breeding lines with mixed ancestry that
included genes from both genepools.

A total of 46 out of the 142 genotypes that were tested were positive for the W12 marker. A
positive reaction was more common in those genotypes with the DOR364 or G17341 alleles of
the microsatellite (84 and 70% of the time, respectively) than with the DORS500 or ICTA Ligero
alleles of the microsatellite (11 and 10% of the time, respectively). This confirmed that there is
probable linkage disequilibrium between the microsatellite and SCAR markers and therefore
between the microsatellite and the BGYMV resistance gene underlying the QTL found on
chromosome 4 where both markers are located.

Indeed, the DOR364 allele was in many of the genotypes which were positive for the W12
marker and which were bred for BGMYV resistance, including A686, A800, BAT304. DICTA113,
DOR476, DOR482, DOR557, DOR582, EAP9504-30B, ICA Pijao, ICTA Ostua, IPA7, MD23-
24, NEB31, Negro Cotaxtla 91, Negro INIFAP, RAB609, SAMI1, SAM3, Tio Canela, UPR9653-
16, VAX4 and VAXS. This alleles was also present in genotypes that had been bred for BGMV
resistance but which were negative for the W12 marker, such as the Carioca line A774 and the
red mottled lines, RMC1, RMC3, RMC12, indicating that the microsatellite marker may be more
predictive than even the SCAR. The G17341 allele was also found in a series of red mottled lines,
RMC 2, 4, 5, 6, 7, 8, and 16, which were positive for W12 and were bred from pedigrees
containing BGYMYV resistant parents; as well as in VAX6 which was negative for the marker.
The DORS500 allele was found in a series of A, EMP, FEB and RAB lines, some of which have
BGYMV resistant parents in their pedigrees and other that do not. These results confirm the
observation that the BGMV resistance in DOR390 and DORS500 does not come from
incorporation of the W12 - J04555 chromosomal segment from DOR364 even though these are
related by pedigree. It remains to be determined if the DOR500 microsatellite allele would
represent a resistant allele of the W12 QTL and if there is an allelic series at the W12 QTL locus
which has different grades of BGYMYV resistance.
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Figure 1. Sample of microsatellite alleles identified in 154 parents with the marker J04555 (Pv-
ctt001).

Future Plans

e Test additional microsatellites from the region around W12 to determine if the same
pattern of geneflow remains and associate microsatellite allele data with pedigree
information. :

e Improvements will be made in the high-throughput extraction technique given that there
were individuals that did not amplify. In addition this extraction procedure DNA that
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cannot b«_e stored for a long period. Indeed we found that upon a repeat attempt to amplify
the alkaline extraction DNA after a couple of weeks, it had degraded to the point of being
un-amplifiable.
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1.2.9 Extension of genetic mép for the cross DOR 364 x BAT 477 using
microsatellites, to map genes for BNF
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'SB-2; 2IP-1

Introduction

Abiotic stresses are a primary limitation on bean yields in the developing world. CIAT places
high priority on developing germplasm that is tolerant to stresses including drought, low
phosphorus and low soil N. CIAT participates in a project with the Catholic University of
Leuven, the Center for Research on Nitrogen Fixation (CIFN), Cuernavaca, Mexico, and the
Mexican national bean program of INIFAP, to develop both improved Rhizobium strains and
improved bean germplasm with greater BNF capacity. One unique line, BAT 477, has been
demonstrated to present superior BNF under both optimal and suboptimal conditions, including
under P stress and drought stress. One object of the project is to confirm the value of QTL for
BNF that were identified in greenhouse trials, to map the QTL in relation to the universal bean
map, and to develop markers for Marker Assisted Selection (MAS). Maps based on locus-specific
markers such as microsatellites are superior since they permit comparative mapping of traits.
Furthermore, microsatellites are typically more stable and repeatable than many markers such as
RAPDs, and can serve as a framework within which to map other markers such as RAPDs and
AFLPs. The present exercise is designed to create such a framework that will greatly improve a
RAPD map that already exists, and subsequently saturate it with AFLPs.

DNA extraction. Total DNA was extracted from the leaves of parental lines DOR 364 and BAT
477, and from the population of 132 Recombinant Inbred Lines (RILs) derived from the cross of
the two parents. Young trifoliate leaves were collected in the field and in the screenhouse and
subsequently macerated in liquid nitrogen. DNA was extracted from the ground leaves using the
mini-prep method of Afanador et al. The DNA quality was observed by electroforesis in 0.8%
agarose gels. Finally DNA was quantified in the flourometer and diluted to a concentration of 10

pl for the work with microsatellites.

Markers for map construction. Primers to amplify microsatellites were evaluated on the parental
genotypes and those presenting polymorphism were then amplified on the RILs. Microsatellites
were amplified by PCR under conditions that were specific for each primer pair; were separated
by electrophoresis on polyacrilimide denaturing gels: and were visualized with silver staining.
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A variable number of polymorphisms were detected among the parental genotypes using different
random combinations of primers. AFLP were obtained by PCR and visualized on polyacrylimide
gels stained with silver nitrate.

Results

Microsatellites. At present 166 microsatellite primers have been evaluated on the parental
genotypes DOR 364 and BAT 477 of which approximately 21% (34 primers) have presented
polymorphism . This low percentage is attributed to the close genetic relationship of these
materials since both pertain to the Mesoamerican race of common bean. Among the 34
polymorphic microsatellites, 25 are co-dominant markers, which is to say, they amplify both
alleles of a diallelic locus producing bands of different weight (Figure 6). The nine remaining
microsatellites correspond to dominant markers, in which only one band is present from one of
the two parents. Eighteen of these polymorphic microsatellites (53%) are of a genomic origin,
which is to say, they amplify regions that contain both coding and non-coding sequences, while
the other 16 (47%) are of genic origin and amplify coding regions. Nineteen microsatellites have
been amplified and read on the 132 RILs, these corresponding to 15 co-dominant and 4 dominant
markers.

AFLP markers. Six combinations of primers were evaluated on the parental genotypes revealing
from 4 to 31 polymorphisms per primer combination. Combinations 4 (E-AGG + M-CAA) and 6
(E-ACA + M-CTC) produced the most bands, and can contribute to saturation of the linkage map
of the RILs in the least time and work, and therefore will be employed initially with the RILs.

Linkage map. The linkage map of DOR 364 x BAT 477 contains at the moment 129 markers, of
which 119 are RAPDs (Velasco, 1998), plus 10 microsatellites recently mapped on the RILs
(Muifioz, 2002). The markers, with the exception of 21 that continue unlinked, are distributed in
15 linkage groups with a total distance of 655 cM. Seven of these groups could be associated with
chromosomes thanks to the microsatellites that anchored them to the reference map.
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1.2.10 Marker-assisted selection for BGM resistance in common
beans

C. Quintero', H. Teran®, E. Tovar?, S. Beebe' and J. Tohme'
'SB-2 Project, 2IP-1 Project

Introduction

Bean golden mosaic (BGM), which is caused by a geminivirus transmitted by the whitefly
Bemisia tabaci (Gennadius), is a devastating disease of the common bean (Phaseolus vulgaris L.)
in Latin America. The most important gene for conveying resistance to BGMV is the recessive
gene bgm-1, whose SCAR marker is being used successfully in a MAS breeding scheme since
1999. Another SCAR marker (W12) appears to be linked to the QTL controlling BGMV
resistance. This SCAR, which generates a 732-bp DNA fragment, was used in this study to
achieve a higher level of resistance through MAS.

Materials and Methods

An alkali DNA extraction was performed as described previously, (CIAT, 2000 and 2001) and
the PCR process and visualization of the bgm-/ marker also remained the same, except that 384-
well PCR microplates were used instead of the 96 wells, together with multichannel combs for
loading the samples on agarose gels, in order to speed up the MAS process.

For the W12 SCAR, PCR conditions were as follows: each reaction contained 5 pul of the
extracted DNA diluted 1:1 in sterile water, 0.2 mM of each dNTP, 0.2 uM of each forward and
reverse primer, 10 mM Tris-HCl pH 8.8, 50 mM KCI, 2.5 mM MgCl; and 1 unit of Tag
polymerase for a total volume of 25pl. The PCR profile was 35 cycles of a denaturation step at
94°C for 30 sec, an annealing step at 70°C for 30sec, and an extension step at 72°C for 1 min.
PCR products were resolved in a 0.5X TBE agarose gel with ethidium bromide at a final
concentration of 0.02pug/ml. The presence or absence of both SCAR markers was scored.

Results and Discussion

Two nurseries were screened for the presence of the bgm-/ gene using DOR21 SCAR from Oct.-
Dec. 2001. In total, 1241 red- and black-seeded Fs families were planted in Darien to evaluate
tolerance to low P, in Santander de Quilichao to determine resistance to ALS, and in Palmira for
MAS for BGMV, where 776 plants with the bgm-/ marker were selected and advanced to the
next generation. A total of 286 F; elite populations for drought stress were also evaluated with
DOR 21 and W12 SCARs. Results showed 204 carrying the bgm-I marker: 172 with the W12
SCAR and 123 with both. Four nurseries, selected on the basis of these results and seed quality,
were sent to Nicaragua and Honduras. After advancing them to the Fs, the presence of bgm-/ and
W12 markers was confirmed. Tissue samples from 4 plants/line were bulked for DNA extraction
and amplification of the aforementioned fragments. A total number of 552 lines (237 red seeded,
224 black seeded and 91 assorted seed color) were screened from June-Sept. 2002. Among them,
294 were found to have the bgm-1 SCAR: 106, the W12 SCAR; and 64, both. These results were
used to select nurseries that will be sent to NARS in Central America, prior confirmation of
tolerance to ALS, CBB, ANT and low P.



In another trial (Jan.-Mar. 2002), 4369 individual plants from 46 F, multiple-cross segregant
populations were screened. The 1611 red- and black-seeded lines having the bgm-/ resistance
allele were harvested and advanced. Among 127 F; bulks of crosses with Rojo de Seda for El
Salvador, 103 were identified as having bgm-1 SCAR. The high frequency of the resistance allele
was explained because these populations had two resistant lines (RAB 630, obtained through
MAS at CIAT, and 9824-47-1, bred in Puerto Rico) in their pedigree. Also 87 Fs bulks of Rojo
de Seda (backcrosses to DOR 364) were screened. The 20 identified as having the marker were
advanced.

Continuing with MAS for the bgm-1 gene, 37 segregant populations with red, black and cream-
striped seeds (F, multiple crosses for drought stress and high Fe content) were evaluated. Among
2852 individual plants, 1761 having the bgm-I were harvested to continue with the MAS
breeding scheme.

Conclusions

Although W12 SCAR was used for MAS purposes this year, high-throughput screening will be
difficult to accomplish. On the one hand, it was sometimes difficult to amplify the fragment; on
the other hand, spurious bands were seen. A new set of primers was designed (E. Gaitan pers.
Comm) and will be tested in the DOR 364 x G19833 mapping population prior to large-scale
screening,.

Ongoing Activities

Of the 9514 plants screened for the presence of the bgm-I gene marker, 50% were selected for
generation advancing in the breeding scheme.

Some other DNA extraction protocols are currently being assayed. Hopefully 