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ABSTRACT
GENETIC RELATIONSHIPS AMONG BEAN CULTIVARS
AS EVALUATED BY CLUSTER AND OTHER
MULTIVARIATE ANALYSES OF DISEASE REACTIONS
ISOZYME MOBILITY PATTERNS AND
AGROPHYSIOLOGICAL TRAITS
By

Imru Assefa

Several clustering algorithms in different system programs (SAS, SPSS-X and
CLUSTAN) along with other multivariate methods (e.g., PCA) were applied to discase
reaction data in the field and uniform test conditions, data from isozyme mobility, and
agrophysiological scores. Cultivar relationships were also examined by pedigree analysis and
indices of similarity based on the above traits. Finally, Mendelian genetic analysis of F, data
provided insights to cultivar interrelationships on the basis of reactions to particular described
rust isolates.

The patterns of clustering of bean lines in field test conditions in the 1975, 1976 and
1977 IBRNs resulted in major patterns leading to the following postulates: (i) Bean cultivars
assigned to a cluster under a given set of test conditions are postulated to possess a set of
similar genes or genic complexes for reaction to rust isolates; (ii) Clustering of bean lines
regardless of test conditions or cluster method used on the basis of similar reaction response
patterns is attributed to possession of a broad genetic base with presumably several genes for

resistance to multiple races that enable them to behave consistently from season to season; and



(iii) The presence of new dominant pathotypes eliciting similar reactions on cultivars
possessing corresponding genes for reaction to these races.

Testing under uniform conditions improved the efficiency of clustering. Cultivars
and/or rust isolates were clearly separated into a few groups that express correct classification
by precise reaction phenotypes or virulence/pathogenicity classes that indicate similar genes or
genic complexes in a host-parasite interaction system.

Two major clusters were obtained based on isozyme mobility patterns as fast and slow
using Ward's method and on the basis of Nei's genetic identities/distance calculated from allele
frequency of enzyme loci using the UWPGMA method. The clustering pattern derived on the
basis of scores for six agrophysiological traits were influenced by certain undefined variables,
which resulted in commercial class clusters being associated with a preponderance of a single
reaction phenotype as a class.

Coefficient of parentage (r) values indicated the lack of significant pedigree
relationships for the majority of bean lines tested.

Fifteen percent greater genetic identity or similarity for cultivars within clusters as
compared to cultivars between clusters, as judged from Mendelian genetic tests of F, data to
four rust isolates, provided support to substantiate the position taken in this study that cultivars
within—clusters were genetically more similar than cultivars between—clusters. F, data
indicated that monogenic, dominant factors were important for resistance in several cultivars.
Two-gene and three-gene differences for reaction in most cultivars to the four races also

suggested that oligogenes account for a substantial proportion of resistance to these races.
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GENERAL INTRODUCTION

The common bean (Phaseolus vulgaris L.) is considered a major food crop with
world-wide distribution. It is an important protein and fiber source for both urban and rural
populations in many countries of the world.

Many high-yielding and improved cultivars of diverse types are grown in many
countries both for domestic and external markets. These improved bean cultivars are products
of breeding efforts in which attention has been given to a sometimes fickle market and to
consumer demands for specific seed types of uniform quality. This catering to market and
concurrent demands for specific seed types entails the use of elite breeding lines and/or already
improved cultivars as recurrent parents that leads eventually to a narrowing of the genetic
base. The outcome tends toward groups of genetically related and uniform cultivars that
because of their homogeneity tend to be more vulnerable to the hazards of pest outbreaks than
would be the case if heterogeneous landraces were in use (NAS, 1972).

The view that genetic uniformity predisposes a widely grown crop to the high risk of
disease and insect epidemics and that it is the basis for vulnerability to disease for many crops
has been substantiated (NAS, 1972).

To the extent that breeding to a type results in genetic uniformity for factors affecting
disease, insect or stress susceptibility, concemns exist about the variety and the production
region exposed to possible epidemics of a new virulent race of the pest (Adams, 1977;

Browning et al., 1969; NAS, 1972).
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The extent to which common parentage or shared germplasm among cultivars exists
within commercial production regions has been investigated by Adams (1977) who postulated
that regions that grow a single major market class of beans are more vulnerable to hazards of
disease epidemics than those regions that grow several different market classes (Adams, 1977;
Browning et al., 1969).

Levels of protection against impending epidemics are known to exist in the form of
crop distribution throughout the various bean-growing regions, the diverse spectrum of
commercial classes grown in different regions, and the diversity of cultivars grown within a
region (Adams, 1977).

Alternatives to breeding for specific type that broaden the genetic base of germplasm
has been suggested to counteract genetic uniformity (Browning et al., 1969; Coyne and
Schuster, 1975; Stavely, 1984a, 1984b).

On the other hand, the exchange of germplasm has become common. Germplasm
materials are used either in various breeding programs, or even directly for commercial
production. This is particularly the case for those genotypes having the attributes of wide
adaptability and/or high, stable yield. A possible consequence of such practices is the
generation of cultivars with similar genetic background grown over wide production areas.
This, in turn, may lead to the development of similar races of pathogens in varied
environments that are capable of infecting many of the same cultivars (Adams, 1977; Van der
Plank, 1968). The threat of such infection is probably much more menacing in pathogens such
as the bean rust fungus that behave as an obligate parasite and where the infective agent
consists of airborne spores derived from multiple inocula sources (Van der Plank, 1968).

The bean rust fungus (Uromyces appendiculatus (Pers.) Unger Var. appendiculatus (=
U. Phaseoli (Reben) Wint.) has worldwide distribution, and causes widespread and destructive

losses of both dry and snap bean crops in the tropics (Coyne & Schuster, 1975). It is
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considered a major production problem in humid tropical and subtropical areas, and causes
periodic severe epidemics in humid, temperate regions (Stavely and Pastor-Corales, 1989).
Major losses occur in Latin America, east and southern Africa, and severe epidemics have
occurred in Australia, China, the United States and some areas of Europe (Stavely and Pastor-
Corales, 1989). Severe epidemics of cyclic nature occur in some regions of the world while in
other regions rust is endemic, causing substantial annual losses. Although estimates vary
depending on the season and locality, severe yield losses result when infections occur during
the pre-flowering and flowering stages of development. Yield losses may range from a low of
18 percent to as high as 100 percent on a plant dry-weight basis (Stavely and Pastor—Corales,
1989).

Cultural, chemical and biological control mechanisms have been suggested to control
bean rust, none of which has proven completely adequate singly, but which when used to
augment each other and as an integral part of a control system that includes host resistance,
has provided effective control (Stavely and Pastor-Corales, 1989).

Several types of host resistance have been indicated by many investigators including
monogenic, dominant factors in many cultivars effective against multiple pathogenic races,
which can occur independently and can occur in linkage groups, one for each race (Stavely,
1984b; Stavely, 1985). Other forms of protection through host resistance include decreased
spore production, or reduced intensity of uredinia per unit leaf area, leaf hairiness, and tolerant
reactions that may constitute different forms of horizontal resistance. However, the
predominant resistance type in the bean host-rust pathogen system appears to be race specific
host responses or the vertical resistance type that can be explained in terms of the gene—for-
gene hypothesis of Flor (1955, 1971). Based on Flor's (1955) hypothesis that for each specific
locus in the host determining susceptibility and resistance there is a specific and related locus

in the parasite that determines virulence and avirulence, respectively, Person (1959) asserted
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that these relationships should occur as a general rule in host—parasite systems rather than as
the exception. The existence of the gene-for-gene system in bean-rust parasite interactions
has long been recognized by bean researchers (Harter and Zaumeyer, 1941; Christ and Groth,
1982a, 1982b; Stavely, 1984a). Use of a new analytical method proposed by Person (1959)
allows treatment of the host-parasite system as a complete and integral unit to explain this
relationship for which raw data can be collected and accumulated in routine race surveys.

Pest monitoring using several host plant differentials in diverse geographic locations
each year is a necessary and routine practice in helping researchers assess pest incidence.
These nurseries not only provide the means for monitoring and tracking pathogen incidences
and race composition but also help in identifying resistant lines. A spectrum of reaction
patterns that give an indication of the type of resistance genes that exist in these lines is
revealed. The method also reveals the units that are interacting within a system, it identifies
gene similarities as well as gene differences, and it can lead to interpretations that can readily
be treated by genetic methods (Person, 1959) including appropriate quantitative statistical
techniques (Person, 1959; Seal, 1964).

The main overall purpose of the present study was to examine genetic diversity among
bean cultivars through assessment of genetic similarities (or dissimilarities) by disease reaction
scores, agronomic and morphological traits, biochemical (isozyme patterns) and pedigree data.
In particular, the objectives of this investigation were the following:

1. Observe the reactions of 13 parental bean cultivars to four races of bean rust in the
greenhouse in East Lansing, and to examine the disease reaction data of several bean cultivars
to 26 races in Beltsville, Maryland, and to classify the cultivars into reaction response patterns

or clusters based on their reaction responses to the different rust races used in the tests.
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2. Observe the reaction of parental bean cultivars, and their F, and F, progenies to

simultaneous inoculation with rust suspensions of four different single spore isolates
(pathotypes) in the greenhouse.

3. Observe the segregation pattern and determine the number of genetic factors
involved in resistance of 13 parental bean cultivars to the four described races of rust.

4. Estimate coefficients of similarity (S), from agrophysiological, disease and isozyme
data and coefficients of relationship (R) from pedigree information of parental bean cultivars to
help support the outcomes of cluster inter-relationships.

5. Assay allozyme variation of parental bean cultivars to compare genetic inter—
relationships among and within these cultivar clusters.

6. Using various clustering algorithms (SLINK, CLINK, AVERAGE, WARDS and
CENTROID methods) and other appropriate multivariate statistical methods (PCA and
Mahalanobis distance) on data from reaction grades to rust isolates, agrophysiological traits,
and biochemical data to establish genetic relationships within and between the various bean
cultivars included in the test.

7. Using F, segregation data of each cross, determine genetic linkage relationships by

examining paired segregation data and testing for independence by Chi-—square analysis.
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GENERAL MATERIALS AND METHODS

Culti = .

Thirteen parental bean cultivars were randomly selected for this study from five
different cluster groups of a previous study. Cultivars were grouped according to their
reaction response patterns to the bean rust pathogene in the field conducted by CIAT and

reported in the 1975-76 International Bean Rust Nursery (Ghaderi et al., 1984). The number
of cul &ivars to include was predetermined to be three from each original cluster owing to the
greatex number of clusters and cultivar members in each cluster. All the members of the
origimmam 1 clustering in cluster V (three cultivars) and cluster VIII (two cultivars) were used for
the stum«dy. Two cultivars in cluster IV and three cultivars each were selected at random from
cluster groups III and VII, which contained 11 and 31 members, respectively. The original
cluster grouping and cultivars selected within each cluster are shown in Table 1.1. Bulked
seed from the progeny of all plants following several generations of single-plant selfing for
cach cualtivar listed in Table 1.1 were also provided by Drs. J.R. Stavely, A.W. Saettler and

At Van Schoonhoven for host reaction and genetic studies. Field reaction data for cultivars

Table 1.1: Number of clusters and cultivars selected from original cluster grouping.

X v \% vl v
LaVega CNC-2 Cuilapa-72 Ecuador-299 ICA-Pijao
Mexico— 235 C-49-242 Rico Bajo-1014 Nep-2 KW-780
CNC-3 .

—_ Mexico-309 Aurora
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uniformly tested in the 1975, 1976 and 1977 IBRN were also selected for cluster and other

multivariate analysis.

Seedlings for testing were raised by planting one seed per pot in a 12.5 cm pot for
check plants intended for inoculation with a single isolate/plant and two seeds/pot in a 15 cm
pot for plants intended for simultaneous inoculation with four races per plant. A commercial
soil medium (BACTO Professional Soil Mix) was used throughout the entire testing period.

Plants were kept in rust-free greenhouse sections at 25-28° C until needed for inoculation or

hybridization.

Urediniospores from U. appendiculatus races 41 (from Michigan), 46 and 53 (from
Florida) and 49 (from Nebraska), supplied by Dr. J.R. Stavely, were used for reaction studies
of parental bean cultivars and genetic studies in the greenhouse in East Lansing, Michigan.
The same parental bean lines and several other cultivars were also tested for their reactions
against 26 races in Beltsville, Maryland.

Three scoops of a thin, stainless—steel spatula or approximately 0.03 grams of frozen
urediniospores of each race were used to give approximately 40,000 to 60,000 spores/ml of
inoculum concentration for each inoculation as determined by a Hemacytometer count.
Urediniospores were measured out and placed in 50 ml of a 0.01 percent Tween 20 and tap-
water mixture in a 250-ml Erlenmeyer flask. The mixture was stirred at a speed of 800 rpm
on a Fisher flexa-mix stirrer for about two minutes while adding another 50 ml of the Tween-

20 water suspension to wet and disperse spores.
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Inoculation. incubati ] . l .
Two types of inoculations were made. In the first, single isolates of the rust fungus

were applied on individual plants intended as check plants using an unmodified sprayer, while
in the second type simultaneous inoculation of four races per plant on target primary leaves of
plants with primaries 35 percent to 45 percent fully expanded (7-9 day old plants) were used.
In the multiple race inoculation method, each half of the abaxial surface of the primary leaf
was inoculated with one isolate according to the techniques and spraying equipment used by
Stavely (1983). After inoculation, plants were transferred to a greenhouse mist chamber of
100 percent R.H. (free running water) for 16—24 hours in darkness and later transferred to a
greenhouse section at 22-25° C for 12-15 days until reactions were recorded.

Reaction grades were read 12-14 days after inoculation. To assign plants as either
immune (I), highly resistant (HR), resistant (R), moderately susceptible (MS) or susceptible
(S), both criteria of pustule size and intensity (percent leaf area covered) were used according
to the Uniform Bean Rust Grading Scale adopted by the Bean Rust Workshop in Mayaguez,

Puerto Rico, in 1983.



CHAPTER 1
EVALUATION OF DISEASE REACTION RESPONSE PATTERNS IN BEAN

CULTIVARS (P. Vulgaris L) TO MULTIPLE PATHOTYPE INOCULATIONS OF THE
BEAN RUST FUNGUS (U. appendiculatus)

INTRODUCTION

Disease reaction data collected from greenhouse or small, uniform field nurseries and
accumulated over several environments provide the raw material that when used appropriately
reveal the nature of existing diversity of host resistance genes and pathogen variability. There
is an obvious advantage in facilitating such an understanding of host resistance genes and the
composition of pathogen virulence by testing pureline cultivars along with described
pathogenes in controlled environments over field test conditions using non-pureline cultivars.
On the other hand, complications of data interpretations that could otherwise arise from seed
mixtures, race mixtures, and the confounding effect of uncontrolled environment is avoided by
testing in controlled test conditions. The availability of rapid test techniques with possibilities
of multiple-pathotype inoculations per plant allows for rapid screening of many cultivars in
such environments.

The objective of this study was to observe disease reaction of parental and non-
parental bean cultivars (a subset of the 1976 International Bean Rust Nursery, IBRN) that were
maintained as purelines against four isolates (in East Lansing, Michigan) and nine and 26

isolates (in Beltsville, Maryland) in the greenhouse.
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LITERATURE REVIEW

Uromyces appendiculatus (Pers.) Unger var. appendiculatus (= Uromyces phaseoli
(Reben) Wint) is an obligate parasite that belongs to the Basidiomycotina subdivision of fungi
with an autoecious, macrocytic life cycle that is completed entirely on the bean host (Andrus,
1931; Cummins, 1978). The life cycle commences when overwintering or resting teliospores
germinate with provision of appropriate stimuli to produce structures called basidia that bear
the basidiospores. These spores infect the host leaf and develop sexual structures known as
pycnia in which pycniospores are produced. Upon cross-fertilization with pycniospores of
opposite mating types, an aecium is produced that bears aeceospores that infect to produce
uredinia. Urediniospores are capable of causing repeated infections that take place throughout
the growing season. The uredinia eventually mature and age to produce thick-walled
teliospores (Stavely and Pastor-Corales, 1989).

Prolonged periods of moisture (10-18 hours) of greater than 95 percent R.H. and
moderate temperature (17-24° C) favor infection by U. appendiculatus (Augustin et al., 1972,
Harter et al., 1935). Optimal temperature for uredeospore germination is between 16 and 24°
C, where temperatures greater than 32° C kill the fungus (Imhoff et al., 1982; Crispin, et al.,
1976) while temperatures less than 15° C retard fungal development (Crispin, et al., 1976;
Imhoff et al., 1981 and 1982).

Day length and light intensity are important epidemiological factors and Augustine et
al. (1972) reported that infection is favored by incubations in low light intensity for 18 hours.

The latent period (inoculation to 50 percent open uredinia) for uredinium development ranged

12
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from 7 days at 24° C to 9 days at 16° C constant canopy level air temperature (Imhoff et al.,

1982). Constant air temperature of 27° C inhibits an infection from developing to the
sporulation stage. Moisture and temperature also influence production and release of
urediniospores, with the greatest number of spores released during temperate, dry (60 percent
R.H.) days preceded by a long dew period or rain the previous night (Imhoff et al., 1982;
Nasser, 1976). Yarwood (1961) reported that U. appendiculatus can produce 10°
urediospores/cm’ on beans bearing 2 to 100 uredinia/cm®. Sporulation per unit leaf area varies
inversely with uredinium density (Imhoff et al., 1982) with dense infection in turn reducing
uredinium size (Harter and Zaumeyer, 1941; Stavely, 1984a). Survival of urediospores in the
field lasts for more than 60 days (Zambolim and Chavez, 1974). Teliospores overwinter on
bean debris and wooden trellises and supports (Davison & Vaughan, 1963b). Urediospores
can be transported long distances by wind currents, animals, reptiles, man and on seeds and
provide primary and secondary inoculum sources of infection. Bean rust infection incidences
are known to be influenced by many factors including cropping systems and microclimate.
During infection, a germ tube emerges from the spore and develops an appressorium
upon physical contact with the stoma. Infection is more efficient on younger leaves while
older leaves have fewer appressoria, less necrosis, fewer and smaller uredinia (Schein, 1965;
Stavely, 1987; Shaik and Steadman, 1986; Alten, 1983; Kolmer et al., 1984; Zulu and
Wheeler, 1982). An infection peg develops from the appressorium and pushes between the
guard cells until fungal cytoplasm is transferred into the substomatal vesicle. Infection hyphae
emerge from the substomatal vesicle at the tip of which a haustorium mother cell is formed
upon contact with the parenchymatous cell layer (Mendegen, 1978a). The host cell at this
time is penetrated transferring nutrients from host to haustorium and invasion intercellularly
until a young uredinium is formed (Pring, 1980; Sziraki et al., 1984). This situation leads to

alteration of host physiology and biochemistry affecting respiration and photosynthesis (Raggi,
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1980). Deposition of tannins and death of affected cells occurs soon after infection in non-
sporulating, hypersensitive type reactions. Infection eventually inhibits transfer of metabolic
by-products (Zaki and Durbin, 1965), with the infection lesions acting as "sinks."

The effect of such invasion is manifested in different plant parts, mostly on leaves and
pods but rarely on stems and branches. Symptoms occur on the lower leaf surface as minute,
whitish, slightly raised spots 5 to 6 days from inoculation that enlarge to form a reddish—
brown mature uredinial pustule that ruptures the epidermis. Sporulation peaks 10 to 12 days
after inoculation depending upon temperature, followed by development of secondary and
tertiary uredinia around the primary uredinia (Harter and Zaumeyer, 1941). The entire
infection cycle occurs within 10 to 15 days. Later, black teliospores may form in the uredinia
as infection progresses and teliospores replace urediospores.

U. appendiculatus is considered among the most pathologically variable of plant
pathogens (Stavely, 1983; Stavely et al., 1983; Groth and Roelfs, 1982a). Pathogenic races
were first reported for this autoecious, macrocyclic member of the Pucciniceae by Harter et al.
(1935). Having described the existence of variation in pathogenicity of U. appendiculatus in
1935, Harter and Zaumeyer (1941) characterized 20 races of the rust fungus based upon
reactions of seven differential bean cultivars to inoculation with different isolates.

Variability in U. appendiculatus has been reported from many regions of the world
including Australia, Brazil, Central America, Colombia, East Africa, Jamaica, Mexico, New
Zealand, Peru, Portugal, Puerto Rico, Taiwan and the United States. Eighty, 65, 31, 29, 21, 18
and 15 races were reported, respectively, from Brazil (Augustin and Da Costa, 1971; Barbosa
and Chavez, 1975, Carrijo et al., 1980; Dias, and Da Costa, 1968), United States (Fisher,
1952; Groth and Shrum, 1977; Harter and Zaumeyer, 1941; Stavely, 1984a; Stavely et al.,
1989; Zuniga de Rodriguez and Victoria, 1957), Mexico (Crispin and Dongo, 1962), Australia

(Ballantyne, 1978; Ogle and Johnson, 1974), Jamaica (Shaik, 1985b), Puerto Rico (Lopez,
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1976; Ruiz et al., 1972) and Taiwan (Yeh, 1983). From 2 to 8 races were frequently found in

single-field collections from a susceptible cultivar (Ballantyne, 1978; Barbosa and Chavez,
1975; Groth and Roelfs, 1982a; Stavely, 1984a).

Results from studies on pathogen variability in the U.S. were reported by Stavely
(1984). The author reported on twenty previously undescribed pathogenic races of U.
appendiculatus isolated from collections in the continental U.S. These newly described races
were identified and numbered from races 38 through 57, which included two commonly found
races and 18 other races that were minor components in field collections. These races were
defined and identified from single uredinial isolation by the reaction of 19 differential bean
cultivars. The author pointed out the existence of the high degree of variability and great
potential for U. appendiculatus races to break host resistance. Bean cultivars with broad
resistances were also noted with the cultivar CNC having resistance to all 20 races at the time.

Stavely et al. (1989) reported on identification of races of U. appendiculatus
possessing new patterns of virulence on the most broadly resistant germplasm represented in
the standard bean differential cultivars. The authors reported the identification of new
virulence combinations in 13 single-uredinium isolates described as races 58 through 70.
Some of these new races are noted as the first to contain certain important combinations of
virulence on such differential cultivars as Early Gallatin, Mexico-309, Nep-2, Aurora and
Olathe. The new race 67 is the first such race virulent to cultivar CNC, which previously had
resistance to all 20 races.

The implication of these findings on the development of comprehensive and stable rust
resistance in the common bean is considerable. The accumulation of pathogenic variability
data and continued research on the genetics of resistance from various sources will in the long

run yield valuable information on genetic similarities and differences.



MATERIALS AND METHODS

Green! in East Lansing. Michi
Plant propagation, inoculum preparation, inoculation procedures and disease reaction
rating has been mentioned in the General Materials and Methods section. Thirteen parental
bean cultivars were included for the study against four rust races (41, 46, 49 and 53) in East
Lansing, Michigan. A total of eight inoculation cycles were scheduled with the parental
cultivars tested as inoculated controls along with their F, and F, progenies tested at each cycle.
Reaction grades were assigned according to the scale of Davison and Vaughn (1963)
as modified and adopted at the 1983 Bean Rust Workshop meeting in Mayaguez, Puerto Rico
(Stavely et al., 1983). The grades were later converted to a convenient scale from 1 to 7
corresponding to the original scores (Tables 1.2 and 1.3) for purposes of computational ease in

statistical and mendelian genetic analysis.

Greent in Beltsville. Marvland
Seeds from thirteen parental bean and ten check cultivars were tested by Dr. J.R.

Stavely against 26 rust isolates in Beltsville, Maryland. Where seed availability permitted, at

least 5 plants were planted and tested for each cultivar. Plants were raised in 12-inch pots

and simultaneously inoculated to at least four isolates/plant and repeated at least one more time

to verify symptom expressions to each race.

16
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Table 1.2: Bean rust reaction grades, definition and designated symbols for degree of

Definition Symbol

Necrotic or chlorotic spots, without sporulation, and less than

Spots, without sporulation, greater than 3.0 diameter
Uredinia (sporulating pustules), less than 0.3mm diameter

resistance/susceptibility
Grade
1 Immune, no visible symptoms
2

0.3mm diameter

2 Spots, without sporulation, 0.3-1.0mm diameter
piad Spots, without sporulation, 1.0-3.0mm diameter
2“0
3
4 Uredinia 0.3-0.5mm diameter
5 Uredinia 0.5-0.8mm diameter
6 Uredinia greater than 0.8mm diameter

2,2, 2", 2
3,34,23,320r 2,3

4 or 43

345,45,435,54, etc.
456,546,3456,4356, etc.
65, 654

I = Immune

HR = Hypersensitively or highly resistant

R = Resistant, 3s present and if 4s 3s predominant
MR = Moderately resistant, none larger than 0.Smm
MS = Moderately susceptible, none larger than 0.8mm
S = Susceptible, uredinia larger than 0.8mm present
VS = Uredinia larger than 0.8mm predominant

SEEEE

MS
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Table 1.3: Conventional bean rust reaction grades, new rust reaction scoring scale for computational
purposes, symbols and resistance categories for genetic studies

Conventional Reaction grades Resistance
reaction encountered New categories for
Pustule size grade scale during testing Score Symbol**  genetic analysis
No pustule 1 1 1 I R
Necrotic spots
< 0.3mm diameter 2 2 2 HR R
Necrotic spots
predominantly
<0310 03 -
1.0 mm diameter 2,2° 22 2 HR R
Necrotic spots
predominantly
03-1.0mm diameter
with some < 0.3 mm 2'2 2 HR R
diameter 2'2 22 2 HR R
Necrotic spots 2" 2"2 3 HR R
1.0-3.0mm diameter 2,2" 3 HR R
Necrotic spots
> 3.0 mm diameter 2™ 2n2™ 3 HR R
22 3 HR R
22 3 HR R
2”2 3 HR R
Sporulating uredinia 3 3 4 R R
< 0.3 mm diameter 32 4 R R
23 4 R R
2'3 4 R R
2'23 4 R R
34 4 R R
Sporulating uredinia 4 4 5 MR R
0.3-0.5mm diameter 43 5 MR R
Sporulating uredinia 5 5,4,453,345 6 MS S
05-0.8mm diameter 45 6 MS S
Uredinia > 0.8mm 6 56,4356,3456 7 S S
5463,5643 7 S S
65,635,6435 7 S S

* New arbitrary scale used for computation purposes

** [ = Immune; HR = Hypersensitive resistance; R = Resistant; MR = Moderately resistant; MS =
Moderately susceptible; S = Susceptible



RESULTS AND DISCUSSION

Thirty—five to forty seeds were used for each parental cultivar tested as inoculated and
uninoculated controls along with their F, and F, progenies over eight cycles of testing in the
greenhouse. The results of reaction categories, percent resistant and susceptible plants from
simultaneous inoculation to four races (41, 46, 49 and 53) per plant are summarized in
Table 14.

Reaction to race 41 for eleven out of thirteen parental bean cultivars was identical
percentage-wise with 100 percent resistant plants in each. Cultivars Kentucky Wonder 780
and ICA-Pijao had 100 percent susceptible plants while the black-seeded cultivar C-49-242
produced 8 percent susceptible plants from a total of 36 seeds tested. This indicates that C-
49-242 is not a pureline cultivar. Segregation for reaction was also indicated by Stavely
(1984) on four cultivars when he was comparing reactions to the Mexican races and on three
bean differentials as well as Australian differentials to seven races.

Four parental bean cultivars (Mexico-235, Mexico-309, Rico Bajo-1014 and
Ecuador-299) showed 100 percent resistant plants for race 46 while three others (Nep-2,
Aurora and Kentucky Wonder 780) produced plants that were 100 percent susceptible to the
same race. Of a total of 29, 7, 27, 28, 27 and 28 plants tested for cultivars Lavega,
Compuesto Negro Chimaltenango-3 (CNC-3), Compuesto Negro Chimaltenango-2 (CNC-2),
C—49-242, Cuilapa-72 and ICA-Pijao, respectively 10.3 percent, 14.3 percent, 3.7 percent,

89.3 percent, 22.2 percent and 21.4 percent susceptible plants were produced by each cultivar.
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Table 1.4: The reaction of 13 parental bean cultivars (HR, R and S) and percent (%) R and S plants
to each of four races of the bean rust fungus (Uromyces appendiculatus) over 8 cycles
of testing in East Lansing, Michigan

Cultivar/host percent
reaction 41 R S 46 R S 49 R S 53 R S
LaVega HR 0 0 0 0
R 38 100.0 0.0 26 89.7 10.3 0 0.0 100.0 30 969 3.1
S 0 3 30 1
Mexico-235 HR 9 0 9 9
R 0 1000 0.0 9 1000 0.0 0 1000 0.0 0 1000 0.0
) 0 0 0 0
CNC-3 HR 2 1 0 0
R 5 1000 00 5 857 143 7 1000 0.0 7 1000 00
S 0 1 0 0
CNC-2 HR 33 2 0 32
R 4 1000 0.0 24 963 3.7 0 00 1000 4 1000 0.0
S 0 1 37 0
C—49-242 HR 0 0 0 0
R 33 917 83 3 107 893 2 54 946 30 85.7 143
S 3 25 35 5
Mexico-309 HR 2 0 0 2
R 36 100.0 0.0 26 1000 0.0 0 0.0 1000 36 1000 0.0
S 0 0 35 0
RB-1014 HR 1 0 0 3
R 32 1000 0.0 31 1000 0.0 30 1000 0.0 24 1000 0.0
S -0 0 0 0
Cuilapa-72 HR 30 0 0 31
R 0 100.0 0.0 21 778 222 1 968 3.2 0 1000 00
S 0 6 30 0
Ecuador-299 HR 5 0 0 5
R 0 1000 00 5 100.0 0.0 5 1000 00 0 1000 0.0
S 0 0 0 0
Nep-2 HR 33 0 0 34
R 0 1000 00 0 00 100.0 0 0.0 100.0 0 1000 0.0
S 0 33 32 0
Aurora HR 33 0 0 34
R 0 1000 0.0 0 00 1000 0 00 1000 0 100.0 0.0
S 0 29 32 0
KW-780 HR 0 0 25 0
R 0 0.0 100.0 0 00 100.0 0 1000 00 0 0.0 1000
S 25 21 0 25
ICA-Pijao HR 0 0 0 0
R 0 0.0 1000 22 786 214 5 139 86.1 0 0.0 1000
S 37 6 31 37
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For race 46, the number of host plants in each cultivar that produced both resistant (R) and

susceptible (S) reactions is by far greater than for the other three rust races. This may be due
either to inoculum impurity in race 46 or race 46 more sensitive to minoi' environmental
variations or cultivar impurities.

For race 49, five cultivars (Mexico-235, CNC-3, Rico Bajo-1014, Ecuador-299, and
KW-780) produced all resistant plants (100 percent R) while five others (Lavega, CNC-2,
Mexico-309, Nep-2 and Aurora) produced plants that were 100 percent susceptible. Three
cultivars (C-49-242, Cuilapa-72 and ICA-Pijao) produced variable numbers of both
susceptible and resistant plants. Cuilapa-72 had predominantly resistant (R) plants at 96.8
percent while C-49-242 and ICA-Pijao had predominantly susceptible (S) plants at 94.6
percent and 86.1 percent respectively. This again indicates that these three cultivars were
heterogeneous and not pureline for this trait as expected. Incidentally, it was observed that
one race revealed a set of cultivars as non-true breeding where another race did not, which
may also indicate the use of such isolates to detect purity and homogeneity.

For reaction to race 53, nine out of 13 parental cultivars had 100 percent resistant (R)
plants while two cultivars (LaVega and C-49-242) produced predominantly resistant plants at
96.9 percent and 85.7 percent respectively. KW-780 and ICA-Pijao produced plants that
were all susceptible (100 percent S).

Although the number of plants for each cultivar was categorized as resistant (R) or
susceptible (S) for convenience, the classification in Table 4 included three distinct symptom
expressions that are recognizable by their pustule types: 1) hypersensitive resistance (HR), 2)
resistant (R), and 3 susceptible (S). The intergrades such as moderately resistant and/or
moderately susceptible are excluded so as not to introduce unnecessary confusion.

The presence of plants with both resistant and susceptible reactions has been

encountered for a few of the parental cultivars. This is particularly true for cultivar C—49-
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242, which produced resistant and susceptible plants for all four races, Cuilapa-72 (for races

46 and 49), CNC-2 and CNC-3 (for race 46) and LaVega for races 46 and 53. It cannot be
determined precisely whether the cause was due to heterogeneity of seed material or
mechanical seed mixture, pathogenic mixture or contamination of races. However, it is very
important to establish at the outset the precise behavior of the cultivar to the races and avoid
unnecessary complications that could arise from contaminations and mechanical mixtures if a
meaningful interpretation of the data is to be made or used for subsequent work, such as
inheritance studies. It is prudent to assume here that purity of the cultivars may have been

less than desirable to be accepted as purelines.

Table 1.5 summarizes the reaction of 13 parental bean cultivars along with 10 others
that were uniformly tested (and a subset of those tested against 26 races in Beltsville,
Maryland) against 9 races in the greenhouse in Beltsville, MD. Initially, reaction grades were
assigned using the conventional scale (Table 1.2) of Davison and Vaughn (1963), and later
converted to a new scale from 1 to 7 (summarized in Table 1.3) for computational
convenience.

Admittedly, while computational convenience and simplicity are attained by adopting
this new scale, detail and clarity may have been sacrificed. Nevertheless, the ability to
distinguish the hosts based on their reaction to the rust isolates and the pathogens by the
reaction they elicit on these hosts in a gene-for-gene system is not diminished. In reality, the
new scale separates the former HR reactions that are now known to be under a different gene
control (Stavely, 1984) and renders distinct cultivar characterization easier.

Comparison of disease reaction response patterns of parental and non—parental bean

cultivars against all others across a spectrum of rust races does reveal existing relationships



23

Table 1.5: Disease reaction grades of 23 bean cultivars to 9 races of the bean rust fungus (U.
appendiculatus) tested in the greenhouse at Beltsville, Maryland

Races
Cultivar 38 39 40 41 43 46 49 52 53
1 LaVega 4.0 40 7.0 20 4.0 5.0 7.0 40 20
2 Mexico-235 1.0 1.0 20 4.0 40 4.0 20 2.0 20
3 CNC-3 1.0 1.0 7.0 40 1.0 70 40 4.0 40
4 CNC-2 1.0 1.0 4.0 40 20 4.0 20 4.0 4.0
5 C-49-242 5.0 5.0 7.0 6.0 7.0 6.0 6.0 40 6.0
6 Mexico-309 20 20 40 4.0 4.0 4.0 7.0 30 3.0
7 Rico-Bajo-1014 20 20 40 40 40 40 4.0 40 4.0
8 Cuilapa-72 20 1.0 20 20 7.0 4.0 6.0 20 2.0
9 Ecuador-299 1.0 1.0 20 20 40 4.0 4.0 2.0 2.0
10 Nep-2 20 2.0 20 2.0 20 70 7.0 20 20
11 Aurora 20 20 20 20 7.0 7.0 7.0 2.0 20
12 KW-780 3.0 30 30 70 7.0 7.0 3.0 7.0 70
13 ICA-Pijao 20 20 70 7.0 7.0 7.0 40 7.0 7.0
14 CNC 1.0 1.0 40 40 4.0 40 4.0 4.0 40
15 B-190 20 20 40 40 40 4.0 70 40 4.0
16 Olathe 20 20 20 20 20 40 40 7.0 7.0
17 Pindak 20 20 7.0 7.0 40 6.0 6.0 7.0 7.0
18 UI-111 20 20 7.0 7.0 7.0 7.0 7.0 7.0 7.0
19 M/WhfRur 3.0 3.0 30 7.0 70 7.0 3.0 7.0 7.0
20 GN-1140 20 1.0 7.0 40 6.0 4.0 4.0 7.0 7.0
21 Seafarer 20 20 7.0 7.0 7.0 7.0 7.0 7.0 7.0
22 C-20 20 20 4.0 4.0 7.0 70 7.0 20 20
23 51051 20 2.0 20 20 70 4.0 7.0 20 20
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among these cultivars. A simple matching coefficient using the reaction of a host cultivar to
an array of rust isolates (Table 1.6) was computed from the relationship S = K'/K where the
cultivars had the same reaction phenotype for K' out of K (K=9 for nine reaction phenotypes
to the 9 races) loci assuming a one-locus control of the character. These computed
coefficients of similarity, ranging from 0.00 to 1.00, represent similarity indices (SI) among
these cultivars, where SI = 0.00 indicates no relationship and an SI = 1.00 indicates strong
relationship. It allows a better assessment of relationship between cultivars with a single value
to compare than just an array of host reactions to several races. On the basis of this similarity
index, the cultivar LaVega was compared to twenty-two other cultivars. The number of
identical matches with a number of cultivars was in general low, ranging from SI = 0.00 to SI
= 0.18 with eleven other cultivars. The highest value of SI at 0.44 for LaVega was with the
cultivar Ecuador-299. Mexico-235 had SI = 0.00, 0.11, 0.22, 0.33, 0.44 and 0.56 with §, 1,
1, 8, 1 and 3 cultivars, respectively. The highest SI value of Mexico-235 was at 0.78 with
Ecuador-299. The cultivar Ecuador-299 has been equated with Mexico-235 (Stavely et al.,
1989; Freytag, 1989, personal communication).

Cultivar Compuesto Negro Chimaltenango-3 (CNC-3) and CNC-2 are selections from
landrace variety CNC. CNC-3 produced SI = 0.56 with CNC-2 and a high SI = 0.67 with its
parent cultivar CNC. CNC-2, a selection from the same parent (CNC) as CNC-3, behaved
comparably. It produced the highest SI = 0.78 with its progenitor CNC.

Mexico-309 produced SI = 0.44 with two cultivars (CNC, and 51051) and SI = 0.56
and .067 with C-20 and Rico-Bajo-1014, respectively. The highest SI = 0.78 was with
cultivar B-190, of which it is a parent. The cultivar Rico-Bajo-1014 produced high values of
coefficient of similarity at SI = 0.78 with CNC and SI = 0.89 with B-190. Cuilapa-72 had SI
= 0.56, 0.67 and 0.67 for reaction response with cultivars Mexico-235, Nep-2 and Aurora,

respectively. The highest value of SI = 0.78 was with the cultivar 51051. Cuilapa-72 was
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released in Guatemala from a line in Costa Rica known as 51051 (Joe Tohme, personal
communication).

Cultivars Nep-2 and Aurora had a near-perfect match with similar reaction responses
to 8 races out of 9 (SI = 0.89). Both cultivars reacted almost identically and had comparable
similarity index values with other cultivars against which they were matched.

There was a one-to—one match for reaction response to the 9 isolates (SI = 1.00)
between cultivars Kentucky Wonder-780 and Mountain White Half Runner (M/WhfRnr).
Stavely (1984) also noted the identical reaction between KW-780 and M/WhfRnr to all races
they were tested against. The cultivar ICA-Pijao produced a high similarity index value at SI

= 0.89 with UI-111 and Seafarer, both of which showed susceptibility to 7 out of 9 isolates.

Comparison of reaction response of 19 (10 parental and 9 other cultivars) bean
cultivars (Table 1.7) was also submitted to the same formula for computing a simple matching
coefficient between pairs of cultivars based on their reaction responses to 26 rust isolates
(Table 1.8). The inclusion of more rust isolates to compare similarity of reaction response
patterns has advantages over using few such races since it allows one to assess the extent of
similarity on more races, and the value of similarity based on several variables is obviously
more reliable than similarity values based on few variables or races. Such values of indices of
similarity between any two cultivars matched reaction for reaction to each race may indicate
stronger and closer affinity that reflects fundamental genetic relationships. While higher
values of coefficients of similarity do reflect closer relationship, identical values of coefficients
of similarity may not necessarily be for matches for the same array of races. It is therefore
important that these values may be examined carefully. A total of 171 pairwise comparisons

(matches) have been made. Of these, only 35 percent of the matches, those having at least 10
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similar matches out of the 26 possible matches for any pair, are considered for further
discussion.

The cultivar LaVega had SI = 0.46 with C-49-242, SI = 0.54 with cultivars Mexico-
309 and B-190, SI = 0.50 with Aurora, and SI = 0.42 with cultivars Pindak, Seafarer, Ul-111
and C-20.

Mexico-235, which is reported to be highly related to Ecuador-299, produced a high
SI = 0.85 with that cultivar, SI = 0.58 with Cuilapa-72 and 51051, SI = 0.46 with Aurora, and
SI = 0.42 with Nep-2 and CNC-2. CNC-2 produced the highest similarity index value of
0.73 with CNC; SI = 0.50 with Mexico-309 and B-190. Cornell 49-242, produced SI = 0.46,
with the pedigree-related cultivars Mexico~309 and B-190. Mexico-309 and its progeny B-
190 produced a perfect match with a similarity index value of 1.00; SI = 0.62 with CNC; SI =
0.54 with 51051, and SI = 0.42 with cultivar Nep-2 and C-20. Cuilapa-72 and 51051 gave a
similarity index of 0.69, SI = 0.58 with cultivars Ecuador-299 and Nep-2 and SI = 0.50 with
Aurora and C-20. Ecuador-299 had SI = 0.58 with 51051, SI = 0.54 with Aurora and SI =
0.42 with Nep-2.

SI = 0.85 was recorded between Nep-2 and Aurora, followed by Nep-2 and
C-20 at SI = 0.81, Nep-2 and 51051 at SI = 0.69, Nep-2 with Ul-111 and Seafarer at SI =
0.46 and Nep-2 with B-190 at SI = 0.42. Aurora, which has a high value of similarity with
Nep-2, was matched to the same cultivars as was Nep-2 with almost identical values. A
perfect match was obtained for cultivars KW-780 and M/WhfRnr at SI = 1.00. CNC and B-
190 were matched with KW-780 at an SI value of 0.58.

Ul-111 and Seafarer were also matched with a perfect SI = 1.00. Other than their
resistant reactions to races 28 and 39, both were susceptible to 24 other races. These two
cultivars are not otherwise genetically related. SI as applied here deals only with rust reactions

and no other traits. Inferences or interpretations of genetic identity from high values of
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coefficients of similarity for reaction to rust isolation should therefore be treated with caution.
While high SI values may indicate genetic relationship among bean cultivars exhibiting R
reactions to the rust isolates, the same logic may not be extended for S reactions to infer
genetic relationships. This is because SI values for R reactions indicate presence of similar
genes for reaction in the cultivar pairs, while SI for S reaction may be for reasons other than

presence of similar genes for that reaction.

The 19 cultivar x 26 isolate disease reaction data set was transposed to produce a 26

isolate x 19 cultivar raw data matrix for purposes of assessing the extent of interrelationships
among the bean rust races on the basis of their ability to elicit similar disease reactions on
these cultivars. The 26 x 19 raw data matrix is summarized in Table 1.9. Three hundred
twenty-five pairwise comparisons (matches) have been computed employing the same formula
for computing a simple matching coefficient to represent a value of similarity index (Table
1.10).

Race 38 was compared for its ability to produce similar reactions on 19 bean cultivars
with 25 other bean rust races. Race 38 and Race 39 had similar reactions elicited on 18
cultivars out of 19 with an SI value of 0.95. Race 38 also produced SI = 0.42, 0.42 and 0.47
with Races 40, 59 and 61 respectively. It had SI = 0.00 with Race 67, indicating distant or no
relationship and SI = 0.37 with several other races.

Race 40 showed higher coefficients ranging from SI = 0.42 to SI = 0.74 with 15 out
of 26 races. The highest similarity was with Races 41, 42, 52, 53, 57, 60 and 61 at SI = 0.74.

High similarity index values were also produced by Race 41 that indicated close

relationships with 14 out of 21 races it was compared against. It produced the highest values






Reactions clicited by 26 bean rust races on 19 bean cultivars

Table 1.9

51051

111 M/WhiRar Seafarer C-20

UL
E-299 Nep-2 Auron KW780 CNC B-190 Olathe Pindak

Cuilapa
M-309 T2

C-49
22

LaVega M-235 CNC-2

Rust
Races

R39

R40
R41
R42
R43
R4S
R46
R47
R48

R49
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of SI = 0.79 with five races (42, 53, 57, 59 and 61). Relatively high SI values of 0.74, 0.74

and 0.68 respectively were recorded for Race 41 with Races 52, 56 and 60, respectively.

High SI values were produced for Race 42 with 10 other races. The highest value at
SI = 0.95 were recorded for Race 42 with Races 53 and 57. Race 42 also produced high SI =
0.89 with Races 52 and 61, SI = 0.84 with Races 59 and 60 and SI = 0.79 with Race 56.

Moderately high similarity index values were recorded for Race 43 with eighteen other
races. The highest SI value at 0.68 was with Race 47. Similarity values with the remainder
of the races ranged from SI = 0.42 to SI = 0.58. Identical reactions were produced on 11
cultivars with Races 45 and 46.

Race 45 also produced moderate (SI = 0.42) to very high (SI = 0.95) with 17 other
races. The highest coefficient of similarity was between Race 45 and Race 46 at SI = 0.95. It
bad SI = 0.68 and 0.74 with Races 47 and 48, respectively. With five of the races (58, 64, 65,
66 and 67), it produced an SI value of 0.58.

The highest value of coefficient of similarity for Race 46 was at 0.68 with Races 47
and 48. Race 47 also had a similar coefficient of similarity value at 0.68 with Race 58. The
highest matching coefficient for Race 48 was with Races 49, 50 and 66 at SI = 0.58.

The reaction matches between Race 49 and Race 50 was perfect at an SI value of
1.00. High SI were also recorded for Race 49 with Race 65 (SI = 0.65), Race 67 (SI = 0.68).
Race 50, other than its perfect match with Race 49, produced high coefficients of similarity
with Race 65 (SI = 0.75), Race 67 (SI = 0.68) and Race 51 (SI = 0.83). High SI were
recorded for Race 51 with Races 65 (SI = 0.74), 63 and 64 (SI = 0.68) and Race 66 (SI =
0.63).

Race 52 produced SI = 0.95 with Races 53 and 57, SI = 0.84 with Races 60 and 61
and SI = 0.79 with Races 56 and 59. The reaction elicited by Race 53 on 19 cultivars

perfectly matched that of Race 57.
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High coefficients of similarity for reaction were also recorded for Race 53 with Races
&1 (SI =0.89), 56, 59 and 60 (SI = 0.84) and a perfect match (SI = 1.00) with Race 57.

Race 56 had identical reactions with Race 57 (SI = 0.84) and produced relatively high
s atching coefficients with Races 59 and 60 (SI = 0.78) and 61 (SI = 0.74). Race 57 produced
= «<oefficient of similarity value of 0.89, with Race 61 and 0.84 with Races 59 and 60.

SI = 0.74 was recorded for Race 58 and Race 67 and SI = 0.95 for Race 59 with Race
&1 , indicating a high degree of similarity. Races 60 and 61 were matched at an SI value of
0.84.

High degrees of relatedness were also indicated for several races, including Race 63
aracl Race 66 (SI = 0.89), and Races 63 and 64 (SI = 0.84), Race 64 and Race 66 (SI = 0.84)
anncll Race 65 with Race 67 (SI = 0.68).

Comparison of degree of resistance to 9 races (Table 1.5) indicated that Mexico~235
anc® Ecuador-299, with no susceptibility reaction to any of the 9 races, are the most resistant,
foll«<»wed by CNC-2, which had resistance to all 9 races, but with resistance of small uredinia
reacwion type to 4 out of 9 races. CNC was also resistant to all 9 races, but with resistant

reac<®ion of the small uredinia type, to 7 out of 9 races. UI-111 and Seafarer were the most
SusSce=ptible having resistance only of the large necrotic spot type to Races 38 and 39.
The comparison for degrees of resistance of the bean cultivars to 26 races (Table 1.7)
Wexre similar to the comparison against 9 races, with CNC-2 and CNC being the most resistant
Sl ti wars, having resistance to 25 of the 26 races. Mexico-309 and Ecuador-299 were
Susceptible to only 3 and 4 races, respectively, and were the second and third most resistant
Caltiwars. In both tests, there were no cultivars that would be considered universally resistant
YO all races nor cultivars that were universally susceptible.
The comparison for degree of virulence of the rust races revealed that Race 67

(°°uected in Homeland, Florida, in 1985) was the most virulent, with Mexico-235 being the
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only cultivar that has some degree of resistance to it, followed by Race 58 and Race 51 having

1 4 and 15 cultivars, respectively, which are susceptible to each. Race 39 and Race 38 were
tkne least virulent, with all cultivars showing resistant reaction grades.

Highly variable pathogenicity of the bean rust fungus, U. appendiculatus, has been
xecognized with frequent occurrence of mixed collections indicative of a high degree of natural
i versity (Stavely, 1984; Stavely et al.,, 1989). This diversity in the pathogen is known to be
related to cultivar (host) susceptibility to a wide range of races that permit the occurrences of
sxxualtiple virulence genes in the pathogen (Stavely, 1984). The variability that is found in the
pPathogen is also correspondingly matched by a range of host resistance reaction that has its
oriagin in cultivar resistance genes in accordance with the gene~for-gene system (Stavely,
19R4).

Person (1959) suggested that specific gene—for—gene relationships may well occur as a

ruall «= rather than the exception in host—parasite systems.

Indeed, the P. vulgaris/U. appendiculatus host-parasite relationship has existed since,
Pe<xhaps, several millennia. Resistance in beans to the rust fungus is expressed variably, a clear
Incl i cation in evolutionary terms of the long association in a cycle of dynamic competition in
the  pean host and rust fungus. Several single dominant genes controlling reaction grades that
Ca&axa  be characterized in the gene—for-gene relationship have been shown to occur in P.
V2eZ g=aris/U. appendiculatus host-parasite system (Stavely, et al., 1989). Closely linked single,
Ao xninant genes, one per race, conditioning reaction of the small uridinium type to several

Taces have been reported by Stavely (1984) on cultivars Mexico—-309 and its progeny B-190.

Five of the differential cultivars (Aurora, Ecuador-299, Mexico-235, Nep~2 and 51051)
de"elop small necrotic spots or flecks in response to 22 races from the U.S. and Tanzania
(Stavely, 1989). The same reaction response has been reported to occur with all of the

Australian races by a resistance gene designed as Ur-3 (Ballantyne, 1978). A single gene
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control of necrotic reaction (HR) to at least six races (Kardin and Groth, 1985) and a different
gene or locus conditioning necrotic reaction to Races 38 through 70 and Tanzanian races T1
through T9 in KW-780 and Early Gallatin and most bush snap beans has been reported
(Stavely, et al., 1989). The presence of such broadly effective genes strongly suggests that
these cultivars contain the same gene or genic complexes conditioning the reactions to these
races.
There is no doubt that the continued exposure of bean cultivars to the selective
pxessure of the rust fungus is the basis for the occurrence of several reaction phenotypes. The
px<sence of broadly effective genes or genic complexes that behave as single genes in
txrammsmission and giving the appearance of relatedness in many of these cultivars is a result of
& group of contiguous and tightly linked genes. It is theorized that these component genes
Xxn=m Wy be related functionally to form an adaptive gene combination, and segregate as a single

ama = ® in inheritance (Anderson 1949).



SUMMARY AND CONCLUSION

Reaction of parental and non-parental bean cultivars were evaluated against four
di<scribed rust isolates in the greenhouse in East Lansing, Michigan, and against 26 isolates in
EBB-<ltsville, Maryland. The reaction data was converted into a single index of similarity (SI) for

Pairs of cultivars or rust isolates for easy comparison. The data revealed basic similarities and

i ffferences among the cultivars or isolates, which indicated underlying genetic similarities and
<di fFferences.
On the basis of reaction phenotype classification to each rust isolate, the cultivars
couald be grouped into categories as R or S. By this criterion, 11 cultivars were R to Races 41
am«<d 53, while two cultivars (KW-780 and ICA-Pijao) were S to these same isolates. For
Raaces 46 and 49, cultivars were either predominantly R or S due to the presence of either R or
S meactions on plants belonging to a cultivar. This is attributed to the heterogeneity of the
beanm cultivars used in the study.
Similarity indices (SI) computed from pairwise comparison of cultivar or rust isolate
P ~ided a single value for easy comparison in each group. On the basis of SI values,
Cuall g1 vars or rust isolates could be categorized into those with high SI (SI = 0.75 - 1.00) and
tha <>»=s< with low SI (SI = 0.00 - 0.08). The following pairs of bean cultivars have high SI: B-
1€/ PMMexico-309, C-20/Nep-2, Aurora/Nep-2, Mexico-235/Ecuador-299, CNC/CNC-2 and
Mo azxatain White Half-Runner/KW-780. Examples of cultivars with low SI include
A x>z JCNC-2, KW-780/Mexico-235, CNC/UI-114, and Olathe/Lavega. Similarly, rust

Sl e producing high SI (SI = 0.74-1.00) for eliciting similar reaction on an array of bean
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cultivars are the following: R49/R50, R53/R57, R38/R39, R45/R46, R41/R53, R42/R53,

R 52/R53, R42/R57, R52/R57 and R63/R66. Examples of rust isolates with low SI (SI =
O-00 - 0.11) include the pairs between the mainly snap bean Races 38 and 39 with many of

th e rust isolates included in the study.

High SI values for cultivars could be for either R or S reactions to an array of rust
isoOlates as high SI value for rust isolates are for eliciting similar R or S reaction to an array of
be=aan cultivars. However, high SI between pairs of bean cultivars or pairs of rust isolates

sk ould be viewed cautiously. While high SI values for R reaction indicate presence of similar
gemes for reaction in the cultivar pairs, high SI for S reaction may be for reasons other than

pr<sence of similar genes for the reaction.
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CHAPTER II
GENETIC RELATIONSHIPS OF BEAN CULTIVARS AS EVALUATED

BY ISOZYME ELECTROPHORETIC PATTERNS AND
AGROPHYSIOLOGICAL TRAITS

INTRODUCTION

Molecular techniques that combine electrophoresis with histochemical staining methods
that allow detection of specific activity of enzymes (isozymes) are being used extensively to
study genetic variations in a wide array of living organisms.

Traditional methods that rely on morphological traits are less reliable as yardsticks for
characterization and identification of crop cultivars due to the large influence of the
environment on their expression unlike allozymes, which are not so affected. Allozymes also
exhibit co~dominant expression of the alleles that allow easy observation of such alleles.

In beans, seeds, roots and young trifoliate leaves can be used for enzyme assays. In
the present case, isozyme data involving twelve enzyme systems have been obtained on twenty
bean cultivars from three types of seedling tissues. The purposes of this study were: 1) to
assess genetic relationships among and between parental and non-parental bean cultivars using
their isozyme banding patterns from 12 enzyme systems assayed on leaf, root, and seed tissue;
and 2) to compare the results of isozyme banding with disease, agrophysiological and genetic
data.
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LITERATURE REVIEW

Interest in the characterization of genetic diversity within and among elite breeding
materials and cultivars is important in providing information regarding genotypic purity,
estimates of genetic relationships and comparative levels of diversity among elite, exotic and
wild germplasm (Adams 1977). Recently, the combined ability of electrophoretic and
histochemical staining techniques to reveal large amounts of variation in the form of isozymes
or allozymes has led to its application in many fields of research, including numerical
taxonomy and related cluster and other multivariate techniques (Smith et al., 1984).
Particularly, the easily understood co-dominant genetic control of isozyme loci in several
crops has allowed direct interpretation of allelic frequencies from electrophoretic banding
patterns that are also amenable to analysis and interpretation of genetic interrelationships using
multivariate statistical techniques.

Smith et al. (1984) presented results of an extensive allozyme survey using 19 enzyme
loci to compare variation patterns among 79 accessions of teosinte (Zea mexicana) from
Mexico and Guatemala. Analysis of isozyme allele frequencies at 19 loci using principal
component analysis based on the covariance matrix of allele frequencies revealed 133
electrophoretic variants. In addition to revealing the extent of distribution of the various
alleles in the accessions tested, genetic relationships were inferred between some of the same
accessions and the extent of diversity of the material assessed.

An electrophoretic survey of isozyme variation among widely grown maize hybrids of

the US was carried out by Smith (1984) in order to assess genetic diversity, to determine the
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potential for using isozyme data to identify and characterize hybrid cultivars and to reveal
relationships among hybrids. Isozymes coded by 21 loci for 111 US hybrid cultivars of maize
were surveyed. PCA was used based on the covariance matrix of allele frequencies with each
hybrid treated as an individual unit. The author found that elite material showed a reduction
in number of polymorphic alleles and an increase in number of monomorphic loci when
compared to exotic and wild germplasm. PCA also revealed that approximately 90 percent of
the hybrids had different allele frequencies. The author suggested that isozyme data can be
used to characterize inbred lines and hybrids and that sufficient variability exists among
isozymes to allow for rapid checking for purity of US hybrid maize.

Genetic variability in historically important lines of maize within the US maize
germplasm pool was assessed by Smith et al. (1985). Principal component analysis was
performed on the covariance matrix of allele frequencies from isozyme data for 21 loci in 72
historically important US Corn Belt and Southern lines of maize in order to compare
relationships with those expected from known pedigree or phylogenetic data. Isozyme data
tended to group lines of similar backgrounds together through tight clustering of related lines
was not found in their studies. The study also revealed the germplasm base of US maize was
broad and diverse.

Decker (1985), in an attempt to clarify the systematics of Cucurbita pepo cultivars,
assayed allozyme variation among 50 accessions representing 14 commercial cultivars using
six enzyme systems representing 12 loci, seven of which were polymorphic. Statistical
treatment of allozyme data revealed a biochemical basis for characterizing cultivars that agreed
with morphology. A cluster analysis of the matrix of coefficients of genetic identity using the
Unweighted Pair Group Method (UPGM) using arithmetic averages and PCA based on cultivar
allelic frequencies corroborated patterns observed in the analysis of variance. Homogeneity of

accessions within cultivar groups and close clustering of cultivars within groups was noted.
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Estimates of genetic similarity (or genetic distances among populations) can be based
on biochemical, morphological, quantitative or pedigree data. Cox et al. (1985a) compared
similarity coefficients (s) based on polyacrylamide gel electrophoresis patterns with cocfficients
of parentage (r) computed from pedigree analysis for all pairwise combinations of 43 US hard
red winter wheat cultivars to determine whether there were genetic clusters of cultivars within
the gene pool of US hard red winter wheat. Each index varied from zero for two unrelated
cultivars to unity for two identical cultivars. Cluster analysis performed using the UPGM
method of clustering based on the r and s matrices revealed dissimilar patterns of relationships
in the hard red winter wheat gene pool. The authors suggested that a composite index which
includes both coefficient of parentage (r) and coefficients of similarity (s) based on zymogram
patterns of several enzymes be used as an estimate of genetic relationships.

Cox et al. (1985b) found close agreement between estimates of genetic similarity
indices (S, S,, and S,) and pedigree data coefficients of parentage (r) for combinations of 115
soybean cultivars and ancestral introductions. Pedigree data (r) were analyzed after Delannay
et al. (1983) while similarity indices were computed from a combination of biochemical and
morphological data representing 20 genetic loci (S, K=20), biochemical data only (S,, K=13)
and morphological data only (S,, K=7). Similarity between two cultivars or introductions was
defined as S = K'/K where the cultivar or introduction had the same genotype for K' out of K
(=20, 13 or 7) loci. Rank correlation coefficients were calculated for each group between r
and each of the similarity indices (S, S,, S_). The authors noted correlations for r and s were
higher where higher numbers of loci were considered and for groups of cultivars released in
the 1970s than for earlier released cultivars because of the greater importance of identity by
descent values relative to identity in phenotype in determining s. The usefulness of an
estimate of genetic relationship of a composite index that includes both r and s was

emphasized by the authors in helping form decisions for selecting diverse parents.
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Bassiri and Adams (1978b) assayed the same three enzyme systems used in a previous

study (Bassiri & Adams, 1978a) to distinguish between 34 bean cultivars belonging to 9
commercial classes grown in the United States. They noted no class was defined by only one
enzyme pattern and that homology of total isozyme banding pattern for three enzymes was
often high for cultivars in the same commercial class. In the same study, grouping of cultivars
by number of polymorphic isozyme bands in common produced clusters whose members were
known to share pedigree relationships.

Sprecher (1988) assayed six enzyme systems in leaf, root and seed tissues of 375
Malawian bean landrace accessions. She reported a limited amount of variability among the
isozymes surveyed, which was also correlated to the seed size gene pool groups known in
common beans. Fewer than ten of the theoretically possible 64 combinations of alleles (2° =
64) were observed, the majority of which fell into two patterns designated as pattern 1 for
large-seeded beans and pattern 7 for small-seeded beans (Sprecher, 1988).

Gepts et al. (1986) used one-dimensional sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) and two—-dimensional isoelectric focusing to examine variability
of the major seed storage protein (phaseolin) of the common bean in a group of 136 wild bean
accessions and 118 landraces from Mexico, Central and South America. The authors reported
in all regions of Latin America that cultivars with T or C phaseolin tended to have large seeds
and cultivars with the S phaseolin tended to have smaller seeds. Based on distinct phaseolin
banding patterns, they suggested independent domestication of the common bean with
Mesoamerican and Andean germplasm.

Singh et al. (1991) used starch gel electrophoresis to assess patterns of diversity at
nine polymorphic allozyme loci of 227 cultivated landraces of the common bean representing a
geographic distribution from Mexico to Argentina and Chile. The study confirmed the

existence of two major groups, Mesoamerican and Andean American, in the cultivated and
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wild beans by cluster analysis based on Nei's genetic distance (D) and the unpaired group

method of clustering. Their results also suggested at least five subgroups within Mesoamerican
and four within Andean cultivar groups. The authors identified within the Mesoamerican and
Andean cultivated germplasm clusters of landraces that share a common allozyme and can
presumably be traced to a common ancestor. Landraces that represent hybrids between the
Andean and Mesoamerican group were identified. Indications of cultivars within the same
allozyme genotypes that have undergone further evolutionary diversification for morphological

traits (seed traits mainly) but not for molecular markers was noted by the authors.



MATERIALS AND METHODS

Plant ti 1 and ion for el horeti
Seeds that were imbibed for 24 hours in the dark, leaf portions and roots from 5- to

7-day-old seedlings were used for extracting enzymes (Table 2.1). 0.5 ml of appropriate
extraction buffer was used to grind equal amounts of plant tissue (seed, leaf and root) with
pestles in chilled porcelain mortars to squeeze out enzyme in tissue juice. After grinding, the
juice was absorbed into equal sized (3 x 8mm) paper wicks and stored in a cool place to

preserve enzyme activity.

Buffers used

The following buffer systems were prepared for each tissue type and appropriate

dilutions and pH adjustments carried out as summarized in Table 2.2.

Gel preparations

Thirty-three grams of sifted and clump-free hydrolyzed potato starch (Sigma 5-4501)
in 250 ml of the appropriate buffer (Table 2.2) was used in preparing the gel. The buffer
starch mixture was heated in a 1,000 ml side-arm erlenmeyer flask with occasional vigorous
shaking until just boiling to dissolve the starch. The liquid gel was immediately degassed
under vacuum to remove air bubbles and quickly poured into the gel mold. Any clumps and
air bubbles formed during pouring were removed using pasteur pipettes. The gel thus prepared

was then covered with saran wrap and allowed to cool at room temperature overnight.
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Table 2.1: Enzyme systems assayed and tissue used to extract enzymes

Enzyme/Protein Tissue used

Seed Leaf Root
1. Phaseolin (Sdpr) x
2. Malic dehydrogenase x
3. Rubisco X
4. Shikimic dehydrogenase (SKDH) X
5. Malic enzyme X
6. Peroxidase-1 (PRX-1) X
7. Peroxidase-2 (PRX-2) X
8. Diaphorase-1 (DIAP-1) x
9. Diaphorase-2 (DIAP-2) x
10.  Acid phosphatase X
11.  Esterase-1 (EST-1) x

12.  Esterase-2 (EST-2) X
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Table 2.2: Buffer systems, tissue and pH of buffer systems

*Preparation for electrode

Buffer used Tissue (tank) buffer pH
Lithium borate (Li-Bo) Seeds 0.03M lithium hydroxide 81
(Weeden I) H,0 (1.2 g/1) 0.19M boric

acid (11.9 g/1). pH adjusted

with LiOH
Lithium borate (Li-Do) Roots 0.03M lithium hydroxide, 81
(Weeden I) H,0 (1.2 g/1) 0.19M boric

acid (11.9 g/N) pH adjusted

with LiOH
Citrate-Aminopropyl morpholine Leaf 0.04M citric acid H,0 6.1
(COM) (8.2 g/1) pH adjusted to
(Weeden II) 6.1 with N—(3-aminopropyl)

-morpholine

*One part electrode (tank) buffer: 9 parts tris—citrate buffer used for gel buffer.
**1:10 dilution of electrode (tank) buffer used for gel buffer.
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Electrophoresis Run

Gels for electrophoretic determination were run after the method of Weeden (1984)
and Weeden and Emmo (n.d.) as modified by Sprecher (1988). To insert enzyme-bearing
paper wicks into the gel slab, a horizontal cut (slit) was made using a palette knife about 4 cm
from the cathodal end of the gel. The wicks were inserted at about 1 mm intervals between
wicks and twenty (20) such wicks were placed in the gel. To monitor the rate of migration,
marker dye-bearing wicks were inserted on either side of the gel slab. The gel along with the
wicks was then loaded into the tank containing the appropriate buffer. Cellulite sponges
touching the tank buffer on one end and spreading near to touching the line of wicks on the
other end were used to serve as conductors of electric current. The tank prepared in this
manner was placed into a cooling chamber and connected properly to an AC power source.

The first electrophoretic run was done for 20 minutes at SO amperes and at a voltage
of about 200v (< 300 v) during which time enzyme held in the wicks was drawn into the gel
via the electric current. The wicks were quickly but carefully removed and the two pairs of
gels press together to eliminate space left by the wicks. A plastic straw was used to help the
two gels pressed together by placing the straw on the cathodal end of the gel. The tank was
then set up as before and left in the cooler for the main electrophoretic run. The main run was
continued for four hours at 45 amperes and at a voltage less than 300v. At the end of the
four-hour run, the tank was removed from the cooler and the gel prepared for slicing. Five
thin slices from the cathodal and anodal portions of the gel were cut by sequentially placing
pairs of 1/16 inch plastic strips on either side of the gel slab and drawing (pulling) a
monofilament nylon sewing thread through the gel. The gels were then placed into individual
trays containing different activity strains to develop specific bands. After optimum
development at room temperature in the dark, the gels were fixed in 50 percent ethanol and

scored. A total of 12 enzyme systems were assayed on 20 parental and non—parental bean
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cultivars including two controls (Montcalm and Sanilac) whose isozyme mobility patterns had
been determined in a previous study (Sprecher, 1988). The electrophoretic study was

conducted two times to verify original findings.

I Mobility S
The alleles for scoring isozyme mobility patterns were designated as fast (F) or slow
(S) for convenience. The designation of fast (F) and slow (S) was in relation to the relative
position of the fronts of the enzyme migration of the respective isozymes of the 20 cultivars to
the mobility of the two control cultivars (Montcalm and Sanilac) whose mobility patterns were
known (Sprecher 1988). The mobility scores obtained in this manner were tabulated (Table
2.3) and later converted to an allelic frequency figure to compute the following after Nei (Nei,
1972 and Nei, 1978): 1) Nei's genetic (standard) distance was calculated from the allelic
frequencies of 12 (enzyme systems) loci based on the formula of Nei's distance where D = 1n
[,/Vv1,J,) and J,, J, and J, are the averages of the Ex?, Ey?, and Exyy; over the r loci (12

loci) examined and where

Ex? = the sums of squares of the i*® allelic frequency in sample or population
X

Ey? = the sums of squares of the i allelic frequency in sample or population
y

Ex;y; = the sum of squares of the cross-product of the i® allelic frequencies in
population x and population y over the r (12 loci) examined.
Nei's distance (D) measures the accumulated number of gene (allele) differences per locus

between two populations (Nei, 1978).
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Nei's identities—this measures the proportion of genes that are common in the two
populations being examined. It is computed from the formula: I = J, /V],'J, where J,,
J, and J,, are the arithmetic means of the following:

a) J,, the probability of identity of two randomly chosen genes in populations or
sample x and equal to Ix? where x; is the frequency of the i® allele in
population or sample X.

b) J,, the probability of identity of two randomly chosen genes in population or
sample y and equal to Yy’ where y, is the frequency of the i® allele in
population or sample y.

c) J,y» the probability of identity of a gene for x and a gene for y and equal to
>xy;. The quantity I is unity (= 1.00) when the two populations have the
same alleles in identical frequencies, while it is zero (0.00) when they have no
alleles in common (Nei, 1972).

Draw cluster dendograms based on the value of genetic distance and/or genetic

identities computed from allelic frequency data using a computer program, using the

unweighted group mean analysis (UWPGMA) developed by Dr. Kermit Ritland of the

University of Toronto, Canada, and kindly provided and run by Dr. D. Douches,

assistant professor, Michigan State University.

Compute similarity index values (SI) from a simple matching coefficient of pairwise

comparisons of isozyme mobility patterns of the 12 enzyme systems (assumed to

represent 12 loci) for the 20 bean cultivars. The coefficients of similarity were
computed from the formula S=K'/k where cultivars have K' similar loci from a total of

K loci and K=12 assuming single locus control of the character.

Cluster analysis of the 20 bean cultivars based on their isozyme mobility score for 12

enzyme systems. The original 20 cultivar x 12 enzymic data set was converted to a
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binary data matrix by assigning numerical values of 1 for F (fast) and 2 for S (slow) to

render it suitable for a cluster analysis algorithm appropriate for such data.



RESULTS AND DISCUSSION

I bili f 12 N | Iti
The results of isozyme mobility score as fast (F) and slow (S) alleles for 12 enzymes

of 20 bean cultivars are summarized in Tables 2.3 and 2.4. The isozyme mobility patterns for
each cultivar were compared against patterns of the red kidney cultivar Montcalm and the navy
bean cultivar Sanilac which were used as checks. For both cultivars isozyme mobility patterns
for several enzymes and the storage protein phaseolin have been thoroughly studied and they
represented the two major gene pools (Sprecher, 1988), large-seeded and small-seeded gene
pools, respectively. The various different cultivars were grouped into seven isozyme mobility
pattern groups based on their similar mobility scores for these isozymes (Table 2.5). Five of
the tropical small, black commercial class (CNC-2, C-49-242, Cuilapa-72, ICA-Pijao, and
B-190) of a total of 8 tropical blacks, along with one small red (Rico-Bajo-1014) had
identical scores for all 12 enzyme systems. Two of the small blacks (LaVega and Mexico-
309) were grouped with the standard check cultivar, Sanilac, and a small red cultivar,
Ecuador-299, in Group 2. Groups 1 and 2 were similar in their allelic score for 11 of the 12
enzymes but differed in their allelic score for the enzyme Diaphorase-2 (DIA-2). Whereas
Group 1 had a fast (F) allele score for DIA-2, Group 2 showed a slow (S) allelic score for this
enzyme. Group 1 cultivars with predominantly small black cultivars differed by 2, 2, 3, 1 and
10 (Table 2.5) allelic scores (alleles) with cultivars in groups 3, 4, 5, 6 and 7, respectively.
The greatest difference of 10 alleles was with the group that contained the one-member

cultivar Montcalm (red kidney bean) that represented the large-seeded Andean gene pool.
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Table 2.5: Isozyme mobility groups, number of allelic score differences (extracted from
Tables 2.4 and 2.5) and enzyme differences between cultivars assayed for 12

enzyme systems
Group Allele
Pairs Score Differences Enzyme Differences
lvs2 1 DIA-2
1vs3 2 DIA-2, EST-1
lvs4 2 DIA-2, PRX~1
1vsS 3 DIA-2, PRX-1, SKDH
1vs6 1 PRX-2
1vs?7 10 All except EST-1 & PRX-2
2vs3 1 EST-1
2vs 4 1 PRX-2
2vsS 1 PRX-1
2vs6 2 DIA-2, PRX-2
2vs7 9 All except DIA-2, EST-1 & PRX-2
3vs4 2 EST-1, PRX-2
3vs5 2 EST-1, PRX-1
3vs6 3 DIA-2, EST-1, PRX-2
3vs7 10 All except EST-1 & PRX-2
4vs5 2 PRX-1, PRX-2
4vs6 1 DIA-1
4vs7 10 All except DIA-2, EST-1
5vs6 4 DIA-2, PRX~1, PRX-2, SKDH

6vs7 11 All except EST-1
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Single alleles separated Group 2 cultivars (LaVega, Mexico-309, Sanilac, Ecuador-299,

Ul-114, and GN-1140) from Groups 3, 4 and 5, respectively, while two alleles separated
Group 2 from Group 6 whose members included the identically behaving cultivars Nep-2 and
Aurora. The maximum separation for Group 2 occurred with Group 7 containing the single
member cultivar Montcalm with nine allelic differences.

Similarly, Group 3 was separated by 2, 2, 3 and 10 alleles respectively, from Groups
4,5, 6 and 7. Group 4 differed from Groups 5, 6 and 7 by 2, 1 and 10 alleles, respectively,
whereas Group 5 differed from Groups 6 and 7 by 4 and 7 alleles, respectively. The last two
groups with two and one member in each differed at the maximum allelic difference of 11
between them. Member cultivars of each grouping showed the highest difference in allelic
numbers with the large-seeded kidney cultivar Montcalm. This may have been due to the
predominance of the small-seeded cultivars which resembled in their allelic scores the small-
seeded control cultivar, Sanilac, with which they had a one- or two-allele difference.

It is interesting to note that cultivars that were grouped in the same cluster by their
disease reaction patterns in an international bean rust nursery (IBRN) (Ghaderi et al., 1984)
were also grouped together for isozyme mobility patterns. This is evident from the grouping
of the tropical small black and small reds such as cultivars CNC-2 and C-49-242 (Cluster
IV), Cuilapa-72 and Rico-Bajo-1014 (Cluster V), Nep-2 and Aurora (Cluster VII), for all 12
enzymes. The clustering by isozyme mobility patterns, however, grouped CNC-2, C-49-242,
Cuilapa-72, ICA-Pijao, B-190 and Rico-Bajo-1014 as members of a single large cluster
(Figure 2.1). It may therefore be speculative to connect the clustering by disease reaction with
similar grouping by isozyme mobility patterns. There appears to be no indication of a direct
relation for grouping by isozyme patterns with patterns from reaction for rust isolates.
However, there is no denying that clustering by two different sets of variables (isozymes and

disease resistance) underscores the existing relationships among these various cultivars.
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Nei's genetic distances and genetic identities that were computed from allelic scores of
12 enzyme loci for 20 bean cultivars (Table 2.3) are summarized in Table 2.6. Whereas Nei's
genetic distance measures the accumulated number of allelic differences between two
populations, the related parameter, Nei's identities, measures the proportion of identical
proteins between two related populations. When genetic identities (I) between individuals in a
population are high, genetic distance (D) is correspondingly small, and vice versa (Nei, 1972).

Values of genetic identity ranged between 0.000 and 1.000; where I = 1.00 between
two populations indicate they have the same alleles in identical frequencies and a value of I =
0.00 indicate no common alleles between the two populations.

All cultivars within each of the seven groupings gave Nei's genetic distance of 0.000
with a corresponding Nei's genetic identity of 1.000 (Table 2.7). This follows from the
isozyme mobility pattern for all within-group cultivars which had no allele differences
between them. Increasing genetic distance values were observed with corresponding but
decreasing values of genetic identities associated with increasing numbers of allelic differences.
The maximum genetic distance of 2.485 was between Group 6, which contains the cultivars
Nep-2 and Aurora, and Group 7, which consists of only one member, KW. 780. It also has a
corresponding low value of genetic identity at I = 0.083. The maximum allelic difference (11
allelic differences) was also recorded for this pair of groups. In general, the matrix of Nei's
coefficients of genetic identities probably depicts the existing natural differences among the
cultivar groups on the basis of isozymes mobility patterns. The high genetic identities within
groups, particularly for those with several cultivars within groups, reflects underlying

similarities among them (Decker, 1985; Adams, 1977).
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Table 2.7: Summary of ranges of Nei's distance (D) and Nei's identities (I) and allelic
differences observed among the various isozyme mobility groups of cultivars

Mobility Nei's Nei's Allele Similarity
Group (D) ) Differences Index (SI)

All within group
cultivars 0.000 1.000 0 1.00

Gp1vsGp2 0.087 0917 1 0.92
GplvsGp6
Gp2vsGp3
Gp2vsGp 4
Gp2vsGp S
Gp2vsGp 6

GplvsGp3 0.182 0.833 2 0.83
GplvsGp4
Gp2vsGp6
Gp3vsGp4
Gp3vsGpS$S
Gp4vsGp S
GplvsGpS5S 0.288 0.750 3 0.75
Gp3vsGp6

Gp5vsGp6 0.405 0.667 4 0.67
GpSvsGp 7 0.875 0.417 7 0.42
Gp2vsGp7 1.386 0.250 9 0.25
GplvsGp7 1.792 0.167 10 0.17
Gp3vsGp7
Gp4vsGp7

Gp 6 vs Gp <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>