Vit
i

Plotechnology Research Unit

/\NNUAL REPORT 1991

7 gy?

Febrero 1992

/entro Internacional de Agricultura Tropical



NY TABLE OF CONTENTS

EXECUTIVE SUMMARY L~ ¢°'

1 Characterization and Utilization of Genetic Variability
1.1 Molecular Mapping of Crops
1.2 Molecular Fingerprinting of Pathogenic Microorganisms
1.3 Cryopreservation
2 Crop Productivity Research
2.1 Gene Tagging
2.2 interspecific Hybridization
23 Genetic Transformation
2.4 Doubled Haploids
2.5  Somacional Variation
2.6 Utilization
3. Mechanisms of Plant Adaptation to the Environment
3.1 Resistance to Pests
3.2 Photosynthesis

4. Institution Building
4.1 Networking
42  Training

43  Biosafety \

PHASEOLUS BEANS ('

Interspecific Hybridization P. vulgaris x P. acutifolius
Recombination Between P. vulgaris Gene Pools

Plant H'egeneration of Phaseolus spp from Cell Cultures

Genetic Transformation of Common Beans

RFLP Linkage Mapping of Phaseolus vulgaris

Tagging Bean Golden Mosaic Virus-Resistance Genes

Tagging Acanthoscelides obtectus resistance genes
Measurement of nuclear DNA content

Mapping Phaseolus acutifolius

0. Biochemical Approaches to Bean Weevil Resistance in Phaseolus

o B0 S O R Lo 1 o

CASSAVA

Cryopreservation of shoot-tips

Towards a haploid method: culture of immature pollen
Genetic transformation

DNA fingerprinting

Molecular mapping

Biochemistry of Cassava Starch Fermentation
Molecular Mechanisms of CO, assimilation

NG OU A N

Page

NN OO ,LOOWWWMNNN = —

14
16
19
21
22
23
23
23

27
28
29
32
34
35
36

\



RICE ~

1 Increased Generation of Doubled Haploids from Indica Rice

2. Plant Regeneration from Protoplasts of an Important Latin American
Indica Rice Variety

3. Characterization of Irrigated Rice Varieties and Upland Breeding
Lines by Isozyme Analysis

4, Tagging Resistance Genes to Colombian Isolates of Rice Blast with

RFLP and RAPD Markers

(

TROPICAL PASTURES - i

Genetic Transformation of S. guianensis

Somaclonal Variation for Plant Adaptation to Acid Soils
Construction of a Brachiaria molecular linkage map

DNA Fingerprinting of Colletotrichum gloeosporoides
Identification of the Spittlebug Resistance Factor in Brachiaria
jubata and Development of a Screening Procedure

LI e G Pte

OTHER RESEARCH ACTIVITIES

1. High Performance Liquid Chromatography, the Multipurpose Approach
2. Isoenzymatic Identification of Vesicular Arbuscular Micorrhizae

INSTITUTION BUILDING

g | Networking
2 Training
3. Technology Transfer and Biosafety

BRU PERSONNEL 1991

Page

39
40
44

51

57
57
58
58

a8

61
65 .

69
69
70

71



BIOTECHNOLOGY RESEARCH UNIT
ANNUAL REPORT 1991

EXECUTIVE SUMMARY

In 1991, the Biotechnology Research Unit (BRU) has successfully continued
to integrate efforts with CIAT’s programs in the constant pursuit of developing
germplasm well adapted to selected agroecosystems, the specific role of the BRU
being the application of modern biological and biochemical technology to address
critical research constraints in productivity and stress tolerance. The activities of the
BRU can be subdivided into the following interrelated areas: (1) characterization and
utilization of genetic variability, (2) research on crop productivity, (3) mechanisms of
plant adaptation to the environment, (4) institution building.

1. Characterization and Utilization of Genetic Variability
1.1 Molecular Mapping of Crops

A solid basis has been worked out for the upcoming project of the molecular
mapping of the cassava genome. A basic set of palymorphic markers from cassava
genomic lipraries has been selected within the frame of an IBPGR sponsored
project. Now, with support from the Rockefeller Foundation, we are going into the
generation of the linkage map using these markers. The map will be useful in the
characterization of genetic variability in cassava, and will assist in future breeding
projects.

A hundred clones from a common bean cDNA library have been selected to
complement the existing bean maps generated by C.E. Vallejos (Gainesville, FL)
using genomic clones (this map contains about 200 markers by now), and P.Gepts
(Davis, CA). The saturation of the map is an important goal, as it is a prerequisite
to get tight linkages in future gene tagging projects. The level of polymorphism of the
selected clones is currently being analyzed using selected parental lines. The
genome of tepary bean will be mapped as part of a project, in collaboration with the
University of Ghent, Belgium, which includes the characterization of resistance
factors against bruchids in beans. RFLPs (Restriction Fragment Length
Polymorphism) as well as RAPDs (Randomly Amplified Polymorphic DNA) will be
used for this purpose.

The genome size is an important parameter in mapping studies. In a
collaboration with the Rice Program (C. Martinez) and the University of Cornell, flow
cytometry was used to assess nuclear DNA contents of P. vulgaris, P. acutifolius
and P. lunatus. The genome size seems to be smaller than expected. Differences
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were observed between wild and cultivated accessions, while no relationship was
found between genome and seed size, as had been speculated.

The mapping of Brachiaria has been recognized as a high priority project by
the Pastures Program, apomixis being one of the targets for gene tagging. Contacts
have been established with the Salamini group at the Max-Planck-institute in
Cologne for this mapping project. We will start by selecting parentals and providing
a set of polymorphic markers. The RAPD technique will be used to generate a
primary map.

1.2 Molecular Fingerprinting of Pathogenic Microorganisms

The fingerprinting of rice blast (Pyricularia oryzae), which is a cooperation
between Rice Pathology and Purdue University, has been a very successful project,
opening the doors to detailed studies on genetic variability and stability of the rice
blast fungus.

Another very successful ongoing project is the fingerprinting of Xanthomonas
campestris pv phaseoli utilizing molecular probes, developed through a cooperation
between Bean Pathology and Wisconsin.

Both projects are being continued at CIAT in close collaboration with the BRU.
The results achieved so far and the experience gained by the programs have led to
new initiatives concerning three fungal pathogens, which are the causative agents
of Angular Leaf Spot Disease and Anthracnose in beans, and Anthracnose in
Stylosanthes, respectively. The high degree of observed variability of these
pathogens justifies the efforls being undertaken. A better understanding of the
epidemiology and phylogeny will assist in the design of new resistant varieties and
integrated pest management.

1.3 Cryopreservation

Cryopreservation has reached a very advanced stage now. We are able to
regenerate up to 70% of material stemming from frozen shoot tips. The experimental
development of this IBPGR sponsored project was successfully finished this year.
We have gone now into testing the applicability of the methodology to multiple
genotypes of the collection. The importance of this project resides in the stable long-
term storage of such a unique germplasm collection as CIAT's, thus solving a logistic
problem and conserving potentially useful germplasm for future breeding programs.



-3 Crop Productivity Research
2.1 Gene Tagging

The final application of any genetic map is its use in breeding. We have been
very successful in using molecular markers from the rice map (acquired from S.
Tanksley, Cornell University) to map resistance loci for the Rice Hoja Blanca Virus
(RHBV) and Rice Blast. For tagging resistance genes to blast, bulk analysis of
susceptible and resistant doubled haploids was performed. The RAPD markers
linked to blast resistance are currently being checked on larger F2 populations and
additional doubled haploid lines from the same cross. We have gone very early into
the utilization of newly developed techniques, e.g. RAPD, which are very promising
as to their direct applicability in breeding programs because of their simplicity and
their potential to handle large numbers of crosses, a major constraint to other
technologies.

In beans we are aiming at tagging the resistance loci against BGMV and the
Common Bean Weevil. Another important issue will be the merging of the bean
maps generated by Vallejos (Gainesville, FL) and Gepts (Davis, CA), which will lead
to a more saturated map. The RAPD technigue, combined with the bulk screening
method, is currently being used to tag the resistance locus to the Kappa race of
anthracnose.

2.2 |Interspecific Hybridization

The introgression of tepary bean (Phaseolus acutifolius) characteristics into
common bean using a congruity backcross approach, has advanced further this
year. The fourth congruity backcross generation (CBC4) has now been crossed with
P. vulgaris and the first resulting embryos from that cross are presently being grown
in vitro. The goal of this recurrent crossing scheme, is to force recombination
between the two genomes as to attain fertiie and commercially useful plants with
important tepary bean traits, like drought and heat tolerance, as well as Empoasca
and bacterial blight resistance. We have already morphological and biochemical
evidence for stable introgression of tepary bean into common bean.

2.3 Genetic Transformation

Genetic transformation is a prerequisite for the non-classical introduction of
useful traits into plants. Such traits include at the moment genes for insect
resistance, protection against viral infection, and herbicide resistances. Sources of
resistance against fungal pathogens, genetic manipulation of protein contents, genes
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leading to cold-tolerance, these are some of the upcoming new possibilities for the
future.

The forage legume Stylosanthes guianensis is CIAT's first transgenic plant.
it was transformed using a construct which includes two selectable marker genes
that confer resistance to an antibiotic and a herbicide, and a scorable marker gene
whose expression can be detected by a histochemical assay. Regenerated plants
have conserved their herbicide resistance trait. The Mendelian segregation of the
trait is presently being studied in the F1 progeny in the greenhouse.

Another pasture, Brachiaria, is passing through the first step that is needed
for successtul transformation: regeneration. Brachiaria has responded very well to
preliminary experiments dealing with somatic embryogenesis, thus we can now start
phase number two, which is the introduction of foreign DNA and selection of the
transgenics. Another crop that is responding well to preliminary regeneration
experiments is rice. In a collaboration between the Rice Program and the BRU,
viable protoplasts have been successfully isolated from indica type rice embryogenic
suspension cultures stemming from mature seeds. Regeneration experiments are
underway. Protoplasts are amenable to direct DNA transfer, and have been used to
produce transgenic rice of the japonica type.

In beans we have adapted a powerful regeneration protocol starting from
cotyledonary nodes. The organogenic meristematic ring in the cotyledonary area will
be a target for Agrobacterium-mediated or direct DNA transfer. Virulent
Agrobacterium strains have been selected after a meticulous screening procedure,
as well as susceptible bean cultivars. Adventitious shoot formation has been
histologically demonstrated. Transient gene expression of a scorable marker gene
has been detected after infection with Agrobacterium and after particle bombardment
with DNA coated tungsten microprojectiles.

Cassava can be regenerated from secondary embryos forming on
embryogenic calli stemming from apical meristems. This is presently our target tissue
for transformation experiments using Agrobacterium and the particle gun.

2.4  Doubled Haploids

The incorporation of pollen derived doubled haploids into breeding programs
reduces the time to obtain fixed lines to two generations of selection without affecting
genetic variability and stability. The Rice Program is using anther cuiture to
introgress early grain maturity and good grain quality into cold tolerant germplasm,
to increase the recovery of useful recombinants from wide crosses, to facilitate the
transfer between savanna and irrigated materials, and to preduce fixed lines for the
mapping of resistance gene loci. We have been able to achieve a 35 fold
enhancement in the production of green plants from indica types, which had proved
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unresponsive to anther culture up to now. This has been a constraint, particularly in
the breeding for irrigated rice.

2.5 Somaclonal Variation

14 Stylosanthes guianensis somaclonal lines generated through in vitro
regeneration have been tested for their agronomic performance. A main goal is the
search for plants tolerant to acid soils. Some of the lines have shown a superior
agronomic performance than the check, others have shown some special
morphological characteristics, like dwarfism, chlorotic foliage, 1-2 leaflet leaves, and
one tetraploid line. These traits have shown to be inheritable through four
generations.

2.6 Utilization

Another topic that is related to productivity, is the fermentation of cassava
starch to produce bitter starch. This artisanal product is very important for Colombia,
and needs input with respect to well defined parameters and possibly inocula, to
enhance starch quality and reproducibility of the process. Together with the Cassava
Utilization Unit in a collaborative project with CIRAD/CEEMAT (France), the BRU has
been working on the characterization of microbial amylolytic activities involved in the
process. This results, added to the studies being done at the microbiological and
physicochemical levels, will provide a more accurate picture of the fermentation
process, which is not a simple one, as we are dealing with a solid state fermentation
and mixed microbial populations.

3. Mechanisms of Plant Adaptation to the Environment
3.1 Resistance to Pests

A major constraint in bean storage is the bruchid Acanthoscelides obtectus
or Common Bean Weevil. Very few resistant accessions have been found in wild
beans collected in only a small number of locations in Mexico. Resistance has also
been found in wild lima and tepary beans. A few years ago resistance to the
Mexican Bean Weevil (Zabrotes subfasciatus) was found in a similar way. After
identification of the factor involved, a protein from the lectin family named arcelin, an
immunoassay was developed that accelerated breeding enormously. We have set
for the identification of the factor involved in the resistance to the Common Bean
Weevil. Some promising results have been obtained with a protein fraction stemming
from the resistant accessions; artificial seeds enriched with this fraction lead to high
mortality rates in insects feeding on them. Other approaches include the analysis of
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inhibitors of digestive enzymes, as well as other types of biomolecules, using
separation technigues like HPLC and other analytical tools, combined with
enzymology and feeding experiments.

In a similar way we are looking for an antib stic factor involved in the
resistance against the spittlebug in Brachiaria, together with the Pastures
Entomology group. A phytoecdysteroid has been postulated as the putative
resistance factor, due to the observed effects on the insect, which resemble
ecdysone action on the development of the insect. We are trying to develop an
immunoassay for positive identification of the substance as well as for the
development of a screening procedure to assist in breeding programs.

3.2  Photosynthesis

Cassava is well known for its drought and heat tolerance. Together with the
Cassava Physiology group, we are interested in the adaptation mechanisms of
cassava for dealing with this climatic constraints without loosing productivity.
Cassava has shown some photosynthetic characteristics that range between typical
C3 and C4 plants. Additionally to the physiological experiments being performed, we
want to analyze possible compartmentalization of photosynthetic enzymes in the leatf
by in situ hybridization, using labelled gene probes. We have shown that a high
degree of homology exists between maize and cassava photosynthetic genes by
hybridization technigues (maize clones from T. Nelson, Yale). We are in the process
of generating a genomic cassava library from where we want to fish out the
correspondent cassava clones, as heterologous probes are not useful for in situ
hybridization. A mechanistic explanation of the phenomenon will aid us in searching
for better-performing genotypes in the cassava collection, as there is variation of the
physiological parameters among them.

4. Institution Building
41 Networking

Financiation of the Advanced Research Network for Cassava by the Dutch
Government has been confirmed. The budget includes the position of a coordinator,
who will be placed at CIAT, the publishing of a newsletter, and bridging funds for the
initiation of projects. A meeting of the members of the network is scheduled for
August 1992 in Cartagena.

Some members of the Steering Committee of the Advanced Phaseolus Beans
Research Network (founded in September 1990) met at the BIC Meeting in
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November in Nebraska, to discuss the needs of the network. A recommendation was
made for CIAT to actively seek for potential donors for the network.

4.2 Training

Four PhD students have been doing practical research at the BRU. Alvaro
Mejia (Bonn University, FRG, funded by the BMZ), who is working on the tepary
bean introgression into common bean using congruity crosses and embryo rescue
techniques, and on regeneration from embryogenic suspension cultures. Martine
Korban (McGill University, Montreal, funded by IDRC), who has been working on
bean regeneration and transformation. Bill Welsh (University of Manitoba, Winnipeg,
funded by CIDA) is working on the characterization of recombinant inbred lines from
crosses between Mesoamerican and Andean gene pools. Rodrigo Hoyos (Michigan
State University) spent some time working on regeneration of bean plants from
embryogenic suspension cultures.

It is already a tradition for biclogy and agronomy students from the
Universidad del Valle and the Universidad Nacional de Colombia, Seccional Palmira,
Universidad de San Buenaventura and Universidad Santiago de Cali to do their
thesis research at the BRU. Their one year research work usually reaches levels of
MSc thesis elsewhere.

The BRU has organized introductory courses to Molecular Genetics for CIAT's
programs as to acquire a common language that will facilitate exchange of ideas,
and to make clear what kind of contributions the BRU could make to their specific
problems. On the other hand, we have been offered introductory courses to ditferent
areas of the programs, like breeding and pathology, for the same purpose. Courses
have also been held at the Universidad Nacional
in Bogota and Medellin.

4.3 Biosafety

The BRU assumed a major responsibility in the editing of the Institutional
Biosafety Guidelines. These have been approved by external highly qualified
reviewers, thus representing the state-of-the-art situation of biosafety regulations in
the world. We are already in contact with representants of the Colombian
government, in order to develop national regulations in the spirit of reaching uniform
regulations all across Latin America, observing the highest standards of developed
countries.



PHASEOLUS BEANS

1. Interspecific Hybridization P. vulgaris x P. acutifolius

This is a collaborative project between the Bean Breeding Program (Dr. S.P.
Singh) and the BRU that was initiated in 1989. The main objective of this project is
to transfer multiple desirable traits such as drought, heat, Empoasca and bacterial
blight resistance, from cultivated tepary bean lines (P. acutifolius) to common bean
genotypes possessing desirable agronomic traits.

Two different backcross strategies are being followed to achieve this goal: The
classical or introgressive backcross and the congruity backcross which consists of
backcrossing the F, hybrids alternatively with lines of each species (Haghighi and
Ascher, 1988). The partial results of this project can be seen in the accompanying
Table 1. (See also BRU Annual Report 1989 and 1990). Because hybrid embryos
were aborted following interspecific crosses, it was necessary to apply embryo
rescue techniques in most of the crosses to allow embryo germination and growth
in vitro.

The choice of the right parental genotypes, mainly that of the P. vulgaris seed
parent, was decisive for obtaining mature F1 plants. Using ICA Pijao as proposed
by Parker and Michaels (Parker and Michaels, 1986), in combination with the
P. acutifolius varieties G40001 and G40066, 62 vigorous growing hybrids were
obtained. All the F1 hybrids were self-sterile, but embryos that could be rescued
and grown to plants were obtained when the hybrids were backcrossed with several
advanced breeding varieties of P. vulgaris. Thirty four BC1 plants were obtained, 16
of these were self-fertile and produced mature BC1-F2 seeds. With the second
backcross with P. wvulgaris lines, large numbers of mature BC2 seeds were
produced.

These materials have been planted in Santander de Quilichao and a large
number of BC1-F, and BC2-F, progenies are presently being evaluated by the Bean
Breeding Program. Stable introgression of P. acutifolius traits has been detected,
both morphologically and biochemically, by the analysis of total seed protein with
SDS-PAG-Electrophoresis of BC1-F, seeds.

After the second backcross to P. vulgaris, BC1 plants were backcrossed with
P. acutifolius lines to generate congruity backcross 2 (CBC2) hybrids. The embryos
of these crosses were aborted very early, 8 to 12 days after pollination. The embryo
rescue technigue used earlier to obtain F1 and BC1 plants was not adequate for
obtaining plantlets of the CBC2 embryos, that could otherwise survive the transfer
to the greenhouse. Only after a modification of the embryo rescue technique (BRU
Annual Report 1990), 60 CBC2 hybrids could be established.
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All the CBC2 plants were self-sterile but immature embryos and mature CBC3
seeds were obtained when backcrossed to P. vulgaris lines. Initially in this cross,
problems with abnormal embryo growth and plantlet lethality appeared, but these
could be solved by changing the parental lines used. Sixty five CBC3 plants were
established in the greenhouse. Most of them have shown to be self-fertile, producing
mature CBC3-F, seeds.

Currently, we are backerossing the CBC3 plants with the best P. acutifolius lines
and we are obtaining immature embryos and mature CBC4 seeds (the first after a
backcross with P. acutifolius) which reached a greater development and have
presented fewer difficulties for in vitro culture and their transfer to the greenhouse
as the homologous embryos of the past congruity backcross cycle (CBC2). Since
they have the same P. acutifolius parentals, this has been interpreted as being
caused by an improved recombination ability between P. vulgaris and P. acutifolius
genomes. Twenty-three CBC4 hybrids are now flowering in the greenhouse and we
hope that with the present embryo rescue efficiency, we will reach our goal of
obtaining 200 flowering CBC4 hybrids in a few weeks.

The CBC4 x P. vulgaris backcross has been initiated and the first resulting
embryos are presently being grown in vitro.

References

Haghighi KR and Ascher PD (1988) "Fertile, intermediate hybrids between
Phaseolus vulgaris and P. acutifolius from congruity backcrossing”. Sexual Plant
Reproduction 1, 51-58.

Parker JP and Michaels TE (1986) "Simple genetic control of hybrid plant
development in interspecific crosses between Phaseolus vulgaris L. and
P. acutifolius A. Gray". Plant Breeding 97, 315-323.

2. Recombination Between P. vulgaris Gene Pools

The common bean (Phaseolus vulgaris L.) is an example of a non-centric crop
in that it can be divided between two centres of domestication: Middle America and
Andean South America. Morphologically, the Middle American bean is characterized
by its small size relative to that of Andean material, typically characterized by larger
seed sizes.

A system of landrace classifications for the common bean has been established
by Singh, et al. (1988) with respect to site of origin, environmental adaptability, as
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Table 1. Summary of partial results of the P. vulgaris x P. acutifolius interspecific hybridization program 1989-1991.

Type of Cross Resultant  Genic Dosis Embryo'  Viability  Mature® Fertility®  Actual Parentals®
Hybrids Vulg: Acut. Develop. Plants Status

P. vulg. x P. acut. F1 50:50 24.54 20.51 64 0% Concluded iCA,PIJAO,G40001,
G40066

F1 x P. vulg. BC1 75:25 27.47 10.85 34 50% Concluded  A775,A798,A752, MAM38,
A797

BC1 x P. vulg. BC2 87.5:125 <35 91.76 332 83.50% Concluded ARA9,SC83,MAR1,A769,
AB00,PEF14

BC1 x P. acut. CBC2 37.5:62.5 11.69 224 58 0% Concluded G40001,G40023

CBC2 x P. vulg. CBC3 68.75:31.25 19.48 14.28 65 <50% Concluded ICA PIJAO,AB00,MART1,
ARA9 PEF 14

CBC3 x P. acut. CBC4 34.38:65.63 16.15 23 ? Initiated G40001,G40023

CBC4 x P. vulg. CBC5 67.19:32.81 Initiated

CBC5 x P. acut. CBC6 33.59:66.41

CBC6 x P. vulg. CBC7 66.79:33.20

wm A W N =

Average days of development of the embryo
% of mature plants from cultivated embryos
Plants which reached flowering
% of mature plants which produced F2 seeds
Varieties utilized efficiently as parentals: in order of efficiency
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well as the other following agronomic traits: growth habit, days to maturity, yield/per
hectare (kg/ha). This classification system conforms to six landraces: Middie America
(M), Durango (D), Jalisco (J), Nueva Granada (N), Chile (C), Peru (P). The first
three landraces correspond to the Middle American centre of domestication, while
the latter three belong to the Andean group.

There exists an average yield differences of 1500 kg/ha between the two main
centres, or groups, thus emphasizing the need to develop seeds possessing a higher
yield potential. Nevertheless, genetic incompatibility problems (F1 hybrid weakness,
dwarfism, heterosis) between the larger-seeded Andean material and its small-
seeded, higher-yielding Middle American counterpart have prevented successful
crossing of materials between the two groups.

The purpose of this study is to evaluate recombinant inbred lines (RILs) derived
from four contrasting populations. Each population differs from the other in terms
of its morphological characters and agronomic traits. This study is being conducted
to determine the existence of correlative relationships of these morpho-agronomic
traits with existing polymorphisms of the seed proteins (phaseolins, lectins, albumins)
and selected isoenzymes.

This work is a Ph.D. thesis (W. Welsh, University of Manitoba, Canada) carried
out at CIAT in collaboration with the Bean Breeding Program (S.P. Singh).

In this study, 79 recombinant lines (RILs) have been developed for each of the
four following populations:

Population 1. Canadian Wonder x A486 (79 RILs and 2 parents)
Population 2. G-76 x MAM4 (79 RILs and 2 parents)

Population 3. ABA58 x G4830 (79 RILs and 2 parents)
Population 4. ICA L23 x G3807 (79 RILs and 2 parents)

Population "One" involves two cultivars of determinate growth habit [, both
possessing large seed size. This is a cross between two Nueva Granada landraces.
Therefore no genetic incompatibility is expected as this population represents the
control.

Population "Two" represents a cross between G-76 (Nueva Granada landrace)
and MAM4 (Durango landrace). The former possesses a determinate type | growth
habit and large-sized seeds. The latter parent possesses a type [l indeterminate
growth habit and medium-sized seeds. The Durango landrace is known to possess
generally higher yielding capacities than other lines of the common bean.

Population "Three" is a cross between a parent of a determinate type | growth
habit possessing large-sized seeds (ABA-58, Nueva Granada) and a parent of
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indeterminate type Il growth habit possessing small-seeded material (G4830, Middle
America). Of all the populations, this population represents a cross between two
parents with the greatest genetic distance between them. This population contrasts
with population "One" in terms of genetic distance.

Population "Four" represents a cross where growth habit has been maintained
between the two parents, but where seed size is different: ICA .23 (large seed-
Nueva Granada) x G3807 (small seed-Middle America).

The recombinant inbred lines (RILs) of each population represent F2
generation-derived plants of the F6 generation. All four populations were planted in
duplicate randomly ranked rows (approximately 40 plants/row) at two localities over
two growing seasons. The first site was Popayan (1750 m.a.s.l.) on May 02/90 and
Oct 03/90. The second site was Palmira (1000 m.a.s.l.) on May 29/90 and
Oct 09/30. Average growing periods for Popayan and Palmira are four and three
months, respectively.

Evaluation of Morpho-Agronomic Characteristics

The following morpho-agronomic traits were evaluated: days to flowering, flower
colour, bracteole type, bracteole size, leaf type, chiorophyll content, 5™-6" internodal
length, days to maturity, grainfilling trait, number of seeds/pod, 100 seed weight,
harvest index, growth habit, seed yield.

Biochemical Markers

m  Isoenzymes

All 79 RILs and their respective parents were analyzed electrophoretically on
10% starch gel system in a lithium borate buffer system.

The tissue material evaluated was taken from growing two 115 days old plants.
Extraction buffer to tissue ratios were: 1:1 (root tissue), 1:2 (leaf tissue). The buffer
used was a Tris-Malate based extraction buffer (see CIAT Working Doc No. 40).

The following isoenzymes were analyzed in the root material: diaphorase
(DIAP), malic enzyme (ME), malate dehydrogenase (MDH), shikimic dehydrogenase
(SKDH).

For the leaf tissue: acid phosphatase (ACP), rubisco (RBSC), glutamate oxalo-
acetate transaminase (GOT).
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m  Seed proteins

The seed proteins were separated on one-dimensional SDS-PAGE systems and
stained with Coomassie-Blue G. The parental materials for each population were
used as standards. Each RIL was run in triplicate, therefore a subtotal of 243 lines
per population were run. Consequently, an overall total of 392 lines were analyzed
on the SDS-PAGE system.

Results
B |soenzymes

The isoenzymes that demonstrated the greatest polymorphism in the evaluated
populations were the following:

in the root tissue: DIAP, SKDH, and MDH
In the leaf tissue: ACP and RBSC

m  Seed proteins

Pattern differences were occasionally encountered within the lines, each run in
triplicate. In population "Two’, 12 lines presented this problem. In population "Three’,
three lines, and in population 'Four’, 23 lines. These differences are most likely
attributed to the slight occurrence of mechanical mixture and/or a small degree of
segregation.

Lectins and albumins

m  Some differences within certain lines were found for the lectin patterns (e.g.:
population "Two’, RIL 157).

m  There seems to be a relationship between the pattern of the lectins and the
albumins. If the lectin profile of one RIL was similar to that of the second
parent, the albumin profile of the same RIL would have the albumin profile of
that second parent.

B |t was also revealed that there were combinations or coniributions of both
parents in the formation of bands in a region in the gel, above the albumins.
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Current Work

At present, statistical analysis of both the morpho-agronomic data and
biochemical data is being conducted in order to visualize existing correlations
between the biochemical markers and the agronomic characters studied in order to
properly select parental materials that will permit effective crosses between
landraces, avoiding the genetic incompatibility problem.

Concurrent with the statistical analysis, DNA is presently being extracted from
each of the RiLs and their respective parents to be used in restriction fragment
length polymorphism (RFLP) studies. This approach will address the problem of
indirect genomic analysis (proteins, isoenzymes) and bypass those problems
associated with analyzing a (possibly post-translationally modified) product of gene
expression by focussing directly on the genome itself.

3. Plant Regeneration of Phaseolus spp from Cell Cultures

Within a collaborative project with the University of Bonn (Prof. H.J. Jacobsen,
now at the University of Hannover, Germany), and as a part of a Ph.D. Thesis
(A. Mejia), we have been conducting work on the regeneration of Phaseolus bean
plants from cell cultures.

Development of in vitro regeneration techniques is a pre-requisite for the
application of genetic transformation, in vitro selection, haploid induction, and
somatic hybridization for the improvement of beans.

For the first time, in 1991 we have been able to initiate morphogenic cell
suspension cultures and differentiate buds on callus cultures of the cultivated
P. acutifolius genotype G40043. The methodology is similar to the one developed
by Kumar et al. (1988) for the regeneration of Vigna unguiculata, and involves the
following steps:

n Induction of callus from root or hypocotyl of 7 day old seedlings in the medium
M-MS with 2 mg/l 2,4-D and BAP.

= Selection of green, compact, callus and transfer to the medium M-MS with
1 mg/! thidiazuron. In this medium, a more friable granular callus is formed
and used to initiate cell suspensions.

E Cell suspensions are initiated in liquid M-MS medium, with 2 mg/l 2,4-D and
BAP, and supplemented with 5 mg/l L-asparagine.
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m  Weekly subcuituring of the dense suspension fraction (cell clusters which can
be readily decanted). Green, compact, calli are formed in this suspension.

m  Plating of green, compact calli (clusters larger than 5 mm) on the medium M-
MS with 2 mg/l BAP.

We have obtained bud induction on callus in two independent experiments and
using different separate cell suspension lines. We are now developing medium
conditions for shoot elongation. Elongated shoots will be rooted for transfer to soil.

We have screened a number of genotypes from cultivated Phaseolus species
and their wild relatives for the formation of organogenic callus similar to
P. acutifolius. Organogenic callus is compact, light yellow-greenish or green in color,
comprising small spherical, non-vacuolated cells. Genotypes of most of the
Phaseolus species tested (P. coccineus, P. polyanthus, P. lunatus, P. filiformis and
P. xanthotrichus) formed organogenic type calli, with the exception of the P. vulgaris
genotypes. The latter formed white or brown soft, spongy callus comprising large
vacuolated cells. Among the P. vulgaris genotypes tested we included 10 wild
genotypes from Mexico down to Argentine.

This work has shown that the induction of organogenic callus is highly
dependent on the genotype, with P. vulgaris being the only bean species not forming
organogenic callus.

Furthermore, we have found that induction of callus from tissues of interspecific
P. vulgaris x P. acutifolius hybrids (congruity backcross 3-F1 and congruity
backcross 4-F1 plants from our work on interspecific hybridization) showed the
segregation of two callus types: an organic callus similar to P. acutifolius and a non-
organogenic callus like P. vulgaris. This suggests the feasibility of transferring
regenerability genes from P. acutifolius to P. vulgaris by sexual crossing.

Our future work will focus on:
B optimization of the protocol for bud differentiation, shoot elongation and rooting.
m  adapt the technique to the Phaseolus spp.

m  select recombinant lines from the project on interspecific hybridization which
respond to the treatment.

because our results with the species indicate that the P. vulgaris callus may
lack a critical regeneration factor, we will design a series of systematic
experiments to modify the culture medium and provide the required factor(s).
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4. Genetic Transformation of Common Beans

Research on the genetic transformation of common beans using the
Agrobacterium and the particle gun systems was initiated last year in the BRU as
part of the PhD thesis of Martine Korban, from McGill University, Montreal, thus
linking the efforts of Alvaro Mejia and Rodrigo Hoyos, on regeneration of beans from
suspension cultures.

Several grain legumes, including beans, have been reported to be susceptible
to Agrobacterium infection. However, little is known about bean genotype vs
Agrobacterium strain specificity in this crop species. Plant compounds can interact
with the virulence functions of an Agrobacterium strain, and their presence may
change according to the wounding response and the stage of development of the
plant. Phenolic compounds, like acetosyringone, have been reported to enhance
virulence functions of Agrobacterium tumefaciens (Stachel et al., 1985).

Therefore, as a first step in this study, it was important to determine the relative
susceptibility of bean tissues to infection by strains of Agrobacterium. Screening
of a collection of wild Agrobacterium strains (including A. tumefaciens and
A. rhizogenes) was carried out on four greenhouse-grown bean varieties (Ica Pijao,
Nuna Pava, Ica Viboral and Calima) as well as on in-vitro-derived seedlings.
Virulence was scored as the ability to form opine producing tumors on the
inoculation site for plants, and growth on hormone-free medium for explants.

After selecting A. tumefaciens C58 as the most virulent strain on'beans, and Ica
Pijao as a very susceptible variety, we concentrated on plant regeneration and
transformation. A regeneration protocol from bean cotyledonary nodes was adopted
to carry out transformation experiments {McClean and Grafton, 1989).

Multiple, adventitious shoot formation at a meristematic ring structure around
the cotyledonary node explant was reproducibly achieved, as shown by histological
analysis. Preformed shoots were eliminated early during the treatment.

The virulent Agrobacterium strain C58 was transformed with a binary
vector containing marker genes of interest. The resident Ti megaplasmid of
A. tumefaciens (around 200 kb, and therefore difficult to manipulate) can provide the
transfer functions in trans, i.e. any DNA within the "25 bp Border Sequences” of the
T-DNA will be integrated into the plant genome by the vir-gene functions. These
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border sequences, called Left and Right Borders, are incorporated into a small
plasmid (around 13 kb), which can be easily manipulated. We used the pGV1040
plasmid, which has two selectable marker genes, the aph Il (npt Il) gene, which
confers resistance to kanamycin, and the bar gene which confers resistance to
Basta, a non-specific herbicide, whose active component phasphonitricin, a tripeptide
analog, inhibits glutamine synthase in plants. This plasmid also carries a scorable
marker gene, the uidA or gus A gene, that codes for B-glucuronidase, which can
be detected in transformed tissues using histological assays. The plasmid also
inciudes resistance genes against the antibiotics streptomycin (Sm) and
spectinomycin (Sp) to select the plasmid-containing bacteria on selective media.

Agrobacterium was transformed with pGV1040 using a novel methodology
that obviates conjugation of the binary vector from E. colito Agrobacterium (Hofgen
and Willmitzer, 1988). Direct transformation was achieved by rendering
Agrobacterium cells competent through a CaCl, treatment combined with freezing
and thawing of the bacteria. Transformed bacteria were selected on Sm/Sp
containing plates.

Basta sensitivity tests were carried out on the shoots regenerated from
bean cotyledonary nodes of the variety Ica Pijao to determine the minimal lethal
concentration that should be used during the selection phase after transformation
with pGV1040. The lethal dosis was established at 1 mg/i Basta in the medium. At
0.8 mg/l growing shoots were still observed after 7-10 d of treatment.

Transformation experiments on half cotyledonary nodes of the common
bean variety Ica Pijao were carried out by testing two inoculation methods, dipping
or pricking. The effect of acetosyringone (AS) was tested by applying it to the
bacteria either before or at the time of infection at concentrations ranging from 25
to 200 uM. Transformation efficiency was scored by histological visualization of gus
gene expression in the regenerated shoots.

The complete dipping of the half cotyledonary node tissue was not a good
inoculation treatment, since it hindered shoot regeneration and permitted excessive
multiplication of the bacteria. Bacteria could be better controlled following pricking
of the node area. The best antibiotic treatment for the elimination of bacteria was
achieved by combining cefotaxim (a cephalosporin) at 800 pg/ml and carbeniciliin
(a penicillin) at 500 ug/mi. in addition, the regenerative capability of the explants was
not hindered. Control shoots showed no GUS expression.

No significant difference was observed when AS was added to the bacteria,
with respect to the regeneration or the transformation efficiency of the inoculated
explants as compared to controls. Regeneration of bean shoots is decreased by
inoculation with C58 (pGV1040), many explants necrotized during the procedure. In
the average, 5-10 adventitious buds arose from these explants. Of those which
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survived the treatment, GUS positives were scored as the number of regenerating
buds showing positive GUS activity. Resulis of five separate experiments are
presented: (i) 14 buds out of 161, stemming from 28 explants. (ii) 6 buds out of 37.
(i) 4 out of 15 (iv) 2 out of 27, containing 200 uM AS. (v) 5 out of 24, containing
25 uM AS.

These preliminary transformation experiments have permitted the selection
of pricking as an inoculation method in transformation experiments. Moreover, the
addition of AS did not particularly increase transformation efficiency. Expression was
detected in buds, and hence indicate that bean cotyledonary nodes are amenable
to transformation and subseqguent regeneration.

Transient gene expression using the particle gun has been achieved on
cotyledons as well a” around isolated apical meristems of germinating beans. For
this purpose the plasmid pGV1040 was directly coated by CaCl, precipitation onto
T um tungsten microprojectiles. We have been working on the improvement of the
impact density on target tissues, which is extremely important as to increase the
probability of hitting a cell that will give rise to a regenerated plant.

Future studies include the following:

1. Study the early events of Agrobacterium-mediated transformation by
determining the spatial arrangement of regenerable cells of bean cotyledonary nodes
that are amenable to transformation using an improved gus gene construct, the gus-
intron construct (Vancanneyt et al., 1990). The use of an intron-containing gene
completely eliminates background expression by the bacteria, which could hamper
evaluation of GUS expression. Only eukaryotic cells are capable of splicing, which
is the act of assembling exons to give rise to the mature mRNA. The GUS assay
also allows for the analysis of DNA transfer events independently of tumor formation.
Tumor formation is the result of phytohormones produced by the T-DNA gene
products, and the resulting hormonal imbalance in the transformed tissue. An
efficient DNA transfer could pass inadverted if the hormonal imbalance does not lead
to tumor formation.

2. Finally achieve genetic transformation of common beans and study the stable
incorporation of the genetic information into the genome by molecular and genetic
means. These include measuring gene expression at the transcriptional and
translational levels, as well as studies on Mendelian inheritance of the traits.
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5. RFLP Linkage Mapping of Phaseolus vulgaris

The synthesis of a cDNA library from Phaseolus vulgaris was accomplished this
year, after solving some problems encountered in the last step of the procedure,
described in last year's BRU Annual Report. This library will serve as the source of
genetic markers to further saturate the linkage map generated by C.E. Vallejos at
the University of Florida, which is made up mostly of genomic DNA markers. The
genetic map of Phaseolus currently comprises around 250 markers covering about
800 cM. Our work is part of the MSc thesis of H. Ramirez, UNC Palmira, aimed
finally at the mapping of valuable agronomical traits, like resistance genes to the
bruchid Acanthoscelides obtectus, to Anthracnosis (Colletotrichum lindemuthianum),
to Apion, or to Bean Golden Mosaic Virus (BGMV).

The problems encountered in the production of the cDNA library seem to have
been in the low amount of cDNA obtained before ligation into the plasmid vector. We
overcame this inconvenience by utilizing a recently published protocol which uses
the Polymerase Chain Reaction (PCR) to amplify the synthesized cDNA by several
orders of magnitude (Jepson et al., 1991). Usually some sequence information is
needed in order to synthesize the oligonucleotides which will prime the reaction
catalyzed by the thermostable Taqg Polymerase. In this case the longer of the
adaptors, which are used to generate sticky ends at both ends of the cDNA, is used
as primer, after filling the cohesive ends (see Fig. 1). The cDNA was amplified over
35 cycles, that is equivalent to an amplification factor of 2°> or more than 10'°. After
the amplification, cohesive ends were regenerated by digestion with Eco RI, the 3'-
ends were dephosphorylated with alkaline phosphatase to prevent self-ligation, and
finally the cDNA was ligated into the pUC19 plasmid vector and transformed into
E. coli.

100 insert-containing cDNA clones, with an average size of 600 base pairs,
have been selected. Their level of polymorphism is currently being assessed by
hybridization to DNA of the bean parental lines selected for the tagging studies.



20

Figure 1.
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Schematics of the PCR driven cDNA amplification procedure
used for the generation of the bean cDNA library.
Electropherogram showing cDNA inserts that have been cut
out of the vector by Eco Rl digestion. Left lane shows a
molecular weight marker; the lowest band has 564 bp.
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