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Genetic and morphological characteristics of an architectural mutant in 

common beans were studied. The mutant had shiny, dark green leaves, overlapping 

leaflets, short petioles and a reproductive terminal bud even though the line did not 

carry the^w gene. Branching was nearly absent resulting in a single stem vine. This 

is a new form of determinancy in common bean. 

The inheritance of the mutant was studied in crosses involving four normal 

parents, Oregon 91G, Minuette, 5-593, and UI 906, which represent a diversity of 

growth habit types. The Fi plants had a normal phenotype, indicating that the 

mutant trait was recessive. F2 segregation data fit a single recessive gene ratio and 

F3 data confirmed the hypothesis that the mutant character was controlled by a 

single recessive gene. 

Tests of allelism were conducted to determine if the mutant was allelic to 

similar mutants. These were ol for overlapping leaflets and dgs for dark green 

savoy leaves. When the mutant was crossed with ol and dgs tested, all of the Fi 

plants were normal. These results are consistent with the interpretation that the 



mutant trait was not allelic to ol and dgs. The name topiary was conferred on this 

mutant describing its compact and neat appearance. The gene symbol top was 

proposed. 

Because the four parental lines differ from the top line for alleles at other 

loci, linkage was tested for growth habit (fin), shiny leaf, cross-sectional shape of 

pods, striped pod (prp51) and pod suture strings (5/) with the topiary mutant. Chi- 

square test of independence showed no linkage between either the mutant and 

marker genes or among the marker genes. 

A phenological study of topiary revealed that long days delayed flowering 

an average of 15 days. In addition, the number of vegetative nodes before flowering 

was increased. The topiary mutant is photoperiod sensitive, but does not react in 

the same manner as other photoperiod sensitive beans. Whether this photoperiodic 

sensitivity in the mutant is independent of the topiary gene is unknown and 

deserves further study. 

The topiary mutant has potential for improving common beans. Its single 

stem growth habit may allow closer row spacing leading to higher planting 

populations and may enhance the efficiency of mechanical harvest. Pod formation 

at higher nodes may escape disease. Currently, the thin stems cause lodging. 

Development of thick and upright forms will be the subject of future studies. 
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Characterization of an Architectural Mutant of Bean {Phaseolus vulgaris L.) 

INTRODUCTION 

Common beans {Phaseolus vulgaris L.) are one of the most widely grown 

grain legumes in the world. The seeds are a good source of protein and are 

particularly important in developing countries where animal protein is expensive or 

in short supply. The immature pods are also eaten as snap beans. These supply 

some protein, carbohydrates, vitamins, minerals and fiber to the diet. In Oregon, the 

snap bean processing industry is an important part of agriculture. Oregon ranked 

second in snap bean production among U.S. states in 1996 with 22,500 acres, 

producing 134,100 tons for a value of $24,943,000 (Anonmyous, 1998a). Although 

dry bean production is limited in western Oregon because of disease problems and 

rain during harvest, dry beans are grown in the Ontario area of eastern Oregon for 

consumption and seed. 

Traditionally, certain types of plant architecture play a major determining 

role in the acceptance of dry bean cultivars by commercial growers (Kelly and 

Adams 1987). For example, varieties in the kidney market class are determinate, 

because growers required a bean that matures uniformly and quickly. Pinto bean 

varieties have floppy indeterminate vines, which result in high yield. In the western 

United States where pintos are traditionally grown, bush growth habit and upright 



architecture is not needed to avoid disease. Overall bean breeders have become 

increasingly interested in exploitation of architectural traits as a source of variation 

for improved disease avoidance, grain quality, lodging resistance and yield (Coyne, 

1980). A prostrate growth habit creates considerably more risk of harvest losses 

from white mold {Sclerotinia sclerotiorum) (Kelly and Adams, 1987). Coyne 

(1980) suggested that severity of white mold could be considerably reduced by 

developing dry edible beans that have an upright architecture. Upright plant 

architecture would allow the use of direct harvest systems that require narrow row 

spacing, high plant populations, and flat planting surface. Narrower rows and 

higher plant population cause pods to form higher on the plant and to allow the 

crop to better compete with weeds. Compared to traditional harvest systems, less 

energy is used in the direct harvest system (Smith, 1996). 

Most breeding programs for improved plant architecture have attempted to 

convert normally floppy vined varieties to more erect types that would bear their 

pods off the ground, not require support and have a uniform maturity best suited to 

mechanical harvest (Silbemagel, 1986). Plants also need a well-anchored root 

system to withstand lodging. Upright, short vine and determinate bush types are of 

value in developing non-lodging varieties. Both upright short vine and determinate 

bush types have a disadvantage in that they are inherently lower yielding than 

floppy vine types. For that reason, new forms of architecture are desirable. 

In this thesis, I report a study of a genetic mutant that affects plant 

architecture. It was first observed and selected in a small red (dry bean) breeding 



line by Dr. J. R. Myers in 1995 while at the University of Idaho. This mutant has 

shortened petioles and petiolules, almost no branching, distinctive rugose, and 

overlapping leaflets. The mutant has a terminal reproductive node but does not 

carry the fin gene for determinacy. The mutant trait may be suitable for direct 

harvest because it has a single stem which would allow narrow row spacing and 

higher planting populations. It might help to avoid disease by forming pods higher 

on the plant. If a new mutant is to be useful, its utility needs to be determined and 

transferred to commercial cultivars. Genetic and morphologic characteristics of 

mutant must first be characterized. 

The objectives of this study were to perform a genetic analysis of the 

mutant trait, including inheritance and linkage studies, to conduct test of allelism 

with previously described and phenotypically similar traits and to characterize the 

morphology and phenology of mutant. 

The mutant has greatest potential for improving dry beans, but potential for 

snap bean needs to be investigated as well. In the small red background, the mutant 

lodges easily due to thin stems. Its value in a thick-stem, upright background needs 

evaluation. 



LITERATURE REVIEW 

Growth Habit Studies 

Bean growth habit and its inheritance has been of concern for bean breeders 

for many years. Norton (1915) and Hess (1960), studying growth habit in the 

common beans, used many morphological characters such as type of terminal bud, 

length of axis, axial or terminal inflorescence, degree of twining, amount and 

degree of branching, size of plant, and pod size, weight, and placement to produce a 

characteristic habit in beans. Four principal growth habits were identified by CIAT 

(Centro Intemacional de Agricultura Tropical) by using the nature of the stem apex, 

i.e. determinate or indeterminate, number of nodes, intemode length, climbing 

ability, and degree and type of branching as a criteria. Growth habits are Type I, 

determinate bush; Type II, indeterminate short vine; Type III, indeterminate 

prostrate non-climbing vine; Type IV, indeterminate climbers (Fernandez, et al. 

1986). Figure 1 shows the four main types of growth habits in beans. Phenotype 

descriptions of Phaseolus vulgaris L. growth habits are shown in Table 1. 

A major difference between determinate and indeterminate plant types is the 

nature of the terminal bud and the direction of reproductive growth. The terminal 

bud in indeterminate plant is always vegetative. Given unlimited resources and no 

pod sink, an indeterminate plant would probably grow indefinitely. Reproductive 



Raceme 

TYPE I TYPEH TYPEHI 

Determinate      Indeterminate    Indeterminate prostrate 

bush vine non-climbing vine 

TYPE IV 

Indeterminate 

climbing vine 

Figure 1. The four main types of growth habit in beans based on CIAT 
classification. Arrow heads represent direction of vegetative growth. 

buds are formed first at a lower node with flowering and fiuiting moving up the 

stem. In contrast determinate bean plants generally form 4 to many nodes followed 



Stem 

Branch 

DETERMINATE INDETERMINATE 

Figure 2. Flowering direction in plants with determinate and indeterminate growth 
habits. Long arrow heads represent overall direction of flowering for the 
plant and short arrow heads represent direction of flowering for racemes. 

by a reproductive bud in the terminal position; the terminal flower bud opens first, 

followed by the lateral buds. Flowering racemes formed on lateral primary, 

secondary and tertiary branches flower after the terminal bud, and flowering 

generally descends the plant. Figure 2 shows flowering direction in plants with 

determinate and indeterminate growth habits (Fernandez, et al. 1986). 



Table 1. Phenotype descriptions of the four major growth habits in common bean. 

Growth habit Terminal Growth Stem and branch   Climbing ability   Pod load 
bud strength distribution 

TYPE I 

TYPEH 

TYPE in 

Reproductive      Determinate      Strong, upright 

Vegetative Indeterminate    Strong, upright 

Vegetative Indeterminate    Weak, open or 
prostrate 

Absent or weak 
climber 

Absent or weak 
climber 

Weak climber 

Along the length 

Along the length 

Concentrated in 
the basal portion 

TYPE FV Vegetative Indeterminate   Very weak, twining    Strong climber Concentrated in 
the upper portion 

Modified from Leakey, 1988. 



Determinate growth habit can be classified into few-noded types and the 

many noded-types. The few-noded types have three to seven trifoliolate leaves on 

the main stem before the terminal becomes a raceme. They are known as bush or 

dwarf beans due to reduced number of nodes, short intemode length and low plant 

height. The many-noded types produce seven to fifteen trifoliolate leaves on the 

main stem. The many-noded types may possess climbing ability (Debouck, 1991). 

Inheritance of Growth Habit 

Most studies have shown indeterminate growth habit in beans to be 

dominant over determinate growth habit and controlled by a single gene (Norton, 

1915; Lamprecht, 1935; Bliss, 1971; Coyne and Steadman, 1977; Singh, 1991). 

The gene symbol Fin was given by Lamprecht, (1935). Other studies have shown a 

more complicated genetic system. Singh et al. (1996) tried to improve 

indeterminate great northern, pinto, and pink cultivars by crossing them with early 

maturing determinate genotypes. Contrary to published reports and experiences, 

they observed that all Fi hybrids were of the determinate growth habit. This result 

suggests that other genes may affect determinacy. 

Frazier et al. (1958) found that within the determinate class, plants were 

upright or sprawling. They concluded that at least three major recessive genes or 

many minor genes were responsible for the upright bush habit. Bliss (1971) found 

that  sprawling  habit  was  completely  dominant  over  upright  habit  and  was 



controlled by a single gene. Among indeterminate types, the presence of climbing 

ability was dominant to its absence and was controlled by a single gene or by a 

polygenic system (Kretchmer and Wallace, 1978). Davis and Frazier (1966) 

observed that sturdy, upright bush varieties had recessive alleles for habit, height of 

pod attachment, mean intemode length, number of central intemodes, and number 

of branches. Detongnon and Baggett (1989) stated that intemode number and 

length is inherited quantitatively. Coyne (1966) concluded that the growth habit 

was inherited quantitatively because of continuous distribution in segregating 

populations. In a study of inheritance of growth habit and time of flowering, 

indeterminate plants flowered later than determinate ones although plant type was 

not inseparable from flowering time (Bliss 1971). Coyne (1967) also showed that 

this association could be due to genetic linkage between indeterminancy and late 

flowering. 

Inheritance of growth habit and qualitative flowering response were studied 

in lima beans by Erickson (1992). All possible crosses were made between day- 

neutral determinate and short-day indeterminate plants. The segregation ratio 

agreed with single-gene dominant control of indeterminate growth habit. A 9 short- 

day: 7 day-neutral ratio gave the best fit for segregation of flowering. These data 

indicated that a qualitative short-day photoperiod response for flowering was 

inherited by duplicate dominant genes. 

A short petiole trait was studied in soybean. Kilen, (1983) stated that short 

petiole was potentially useful to improve soybean yield by altering the soybean 
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canopy profile and increasing planting density. He also reported that the short 

petiole trait was controlled by a single recessive gene in D76-1609 and a gene 

symbol Ips was proposed. You et. al. (1998) studied short petiole and abnormal 

pulvinus of two mutant lines NJ90L-1SP and D76-1609 in soybean. These two 

mutants were crossed with each other and with long petiole and normal pulvinus 

genotypes. The results indicated that short petiole in NJ90L-1SP was controlled by 

two duplicated loci of a recessive gene. Two duplicated loci of another recessive 

gene that control short petiole trait were found in D76-1609. Thus, Ipsi was 

proposed for the recessive gene carried by D76-1609 and Ips2 for the recessive gene 

discovered in NJ90L-1SP. The abnormal pulvinus is genetically controlled by the 

same recessive genes which controls the short petiole in NJ90L-1SP. The recessive 

genes in D76-1609 control short petiole only. 

Determinate climber beans were reported among Argentinian materials of 

Phaseolus vulgaris L. (Debouck, et al., 1988). Determinate climbers reached 2 m 

high and with a strong twining ability. In these determinate climbers, the mean 

number of trifoliolate leaves on main stem before the terminal inflorescence was 

17. 

Linkage Studies 

Nine induced mutations were reported by Nagata and Bassett (1984a) in 

Phaseolus vulgaris that were each controlled by a different recessive gene. They 
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also reported that round leaf (rnd), stipule lanceolate leaf (si), and dark green savoy 

leaf (dgs) formed one linkage group, whereas diamond leaf (dia) and progressive 

chlorosis (pc) formed the second linkage group. Awuma and Bassett (1988) 

reported tight linkage (3 cM) between dwarf seed (ds) and dark green savoy leaf. 

Bassett (1992a) studied inheritance of an induced mutant for blue flowers. He 

showed a linkage between blu (flower color) and Fin (indeterminate habit). Coyne 

(1970) reported a linkage between determinacy (fin) and photoperiod insensitivity 

(Ppd). 

Bassett (1997a) studied linkage relationships between locus for shiny pods 

(ace) and the loci for reclining foliage (rf) and pink (vtoe) or white (v) flower color. 

Linkage between Ace and V was 37 map units, linkage between Ace and i?/was 31 

map units and linkage between Rf and V was 11 map units. Bassett (1997b) 

reported a tight linkage between the Fin locus controlling plant habit and the Z 

locus controlling partly colored seed coats in common bean. Linkage calculations 

showed that recombination percentage between Fin and Z was = 1 map unit 

indicating tight linkage. Gepts et al. (1993) observed linkage between the /gene for 

bean common mosaic virus resistance and the St gene for pod suture strings. 

A molecular map of common bean consists of 13 linkage groups including 

47 loci. To date, the segregation of 221 markers has been analyzed. Of these, 204 

have been assigned to linkage groups (Gepts et al., 1993). Most recent reviews of 

common bean linkage map was made by Bassett (1991) and Gepts et al. (1993). A 

consensus map has been derived for the RFLP maps of Davis, Florida, and Paris. A 
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and Paris. A RAPD map from Wisconsin has also been placed on the consensus 

map (Anonmyous, 1998b). A limited number of non-molecular markers have been 

located on the consensus map including disease resistances, fin, photoperiod 

sensitivity, and flower color. However, most morphological traits, many of which 

are important economic traits, have yet to be mapped. 
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MATERIALS AND METHODS 

Genetic Materials and Cultural Conditions 

The mutant plant type used in this study was first observed in the small red 

breeding line 611413 from the cross UI 35 x (NW 59 x 92001). Figure 3 shows a 

mutant leaf and figure 4 shows a comparison of mutant and normal leaves. Seeds 

from fertile plants with strong expression of the mutant syndrome were harvested 

to initiate the line. In three generations of self-pollination, the line was stable and 

true breeding. In the fall of 1997, crosses were initiated for genetic analysis. The 

four parental lines crossed to the mutant were chosen to represent a diversity of 

bean growth habit types, and included three Type I and one Type II growth habits 

for the inheritance study. 91G is a Type I bush blue lake green bean developed at 

Oregon State University (Baggett et al., 1981). Minuette is a Type I small sieve 

green bean obtained from Harris Moran Seed Company. Genetic stock 5-593 was 

obtained from Dr. Mark Bassset, University of Florida and has a Type I growth 

habit. UI 906 is an Type II upright, early black bean developed in the University of 

Idaho dry bean breeding program (Myers et al., 1991). Table 2 summarizes 

phenotypic characteristics of the parents used in this study. 
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Figure 3. A leaf of the "Topiary" mutant in common bean showing short petiolules 
and shiny leaflets. 



Figure 4. Mutant (left) and normal (right) leaves of common bean. 



Table 2. Characteristics of the parents used in a genetic analysis of a mutant in common bean. 

Lines CIAT Growth    AlleleatFi/t    Market Class     Flower       Pod Cross-      Seed Color      String in 
Habit Locus Color      section Shape Pod Suture 

OSU 91-G Type I fin fin Green bean White Round Dull 
white 

Stringless 

Minuette Type I fin fin Green bean White Round Dull 
white 

Stringless 

5-593 Type I finfin Dry bean 
genetic stock 

Purple Oval Shiny 
black 

Stringy 

UI-906 Type II Fin Fin Black bean Purple Oval Dull 
black 

Stringy 
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All crosses were made in the greenhouse. Seeds were grown in two liter 

pots that were filled with a commercial Bi-Mart planting mix composed of 

compost, forest humus, sand, pumice, and perlite. A complete slow-release 

fertilizer (Osmocote plus, 15N-11P-13K) was applied to the soil surface to 

maintain optimum fertility. Temperatures was maintained at approximately 210C 

day and 150C night. Due to the low amount of natural light during the winter 

season, supplemental artificial light was provided by the use of fluorescent and 

sodium vapor lighting. (14 h day length) 

The field planting was made for seed production and experimental 

observation at the OSU Vegetable Research Farm, Corvallis, OR. After soil 

preparation, preplant fertilizer (8N-10.3P-6.6K) was banded directly below the 

rows at a rate of 600 kg/ha. Seeds were planted 4 cm deep at 5 cm intervals in rows 

92 cm apart. A pre-emergence herbicide (Dual) was used to control weeds at the 

beginning of crop growth. Mechanical cultivation and hand hoeing were employed 

as needed after the disappearance of pre-emergence effects. Sprinkler irrigation was 

applied as needed for optimal growth. 

Crossing Procedure 

The method of pollination with emasculation was used in all crosses (Bliss, 

1980). In this method, the anther sacs were removed from the unopened flower bud 

of the female parent with forceps. The stigma of the female flower were pollinated 
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with pollen obtained from freshly opened flowers of the male parent. In between 

each pollination, forceps was dipped in alcohol (80-95%). Immediately after 

pollination, the flowers were enclosed with white a tape to reduce the possibility of 

contamination by foreign pollen. Then, the crosses were marked with a tag. 

Inheritance of Mutant Character and the Association of Other Traits 

The inheritance study of the mutant character was initiated by crossing 

mutant plants with the four parent lines to produce crosses and reciprocals. The 

initial hybridizations between the mutant and the parents were made in the 

greenhouse during the spring of 1997. A total of 270 crosses were made of which 

215 crosses were successful. Fi progeny from these crosses were grown to produce 

F2 populations at the OSU Vegetable Research Farm. Seeds were planted on June 

20,1997 in non-replicated plots. The observations were made on randomly selected 

Fi plants. Growth habit type and flower colors were recorded on those plants. 

A portion of the F2 seeds were planted in the greenhouse on December 20, 

1997. A total of 576 F2 seeds were planted with 144 plants per cross, including 

reciprocals. Data on normal or mutant type, cotyledon color, flower color, growth 

habit type, dull or shiny leaf, stringy vs. stringless pod suture, pod cross-sectional 

shape, and plain or striped pod color were evaluated from F2 populations. 

The F2 plants were individually harvested when the pods and seeds were 

dry. All F3 seeds taken from F2 populations were planted as 576 plots (families) at 
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the OSU Vegetable Research Farm on Julyl7, 1998. In addition, a second portion 

of F2 seeds (total 2000) involving 250 seeds per cross were planted. Data was 

collected for normal or mutant type from F3 populations. The data of normal or 

mutant type were noted from F2 populations. Single mutant plants were selected 

with upright, non-branching, thick stems, high yield and pod set in upper half of the 

plant. 

Tests of Allelism 

One characteristic of the mutant is the occurrence of overlapping leaflets. 

Bassett (1992b) induced an overlapping leaflet mutant in common bean using 

gamma rays in which the margins of the terminal and lateral leaflets overlap. This 

mutant is controlled by a single recessive gene with the gene symbol ol. Another 

trait associated with the mutant is the presence of dark green, rugose leaves. The 

dark green savoy {dgs) leaf mutant was induced by Nagata and Bassett (1984a). 

Leaves of this mutant are dark green, with a savoy texture and glossy epidermis. 

Allelism tests were conducted to determine whether the new OSU mutant was 

allelic to ol and dgs. Seeds of genetic stock PI 583648 carrying ol and PI 583622 

with dgs were obtained from the Western Regional Plant Introduction Station, 59 

Johnson Hall, Pullman, WA 99164. The present mutant was crossed to the ol and 

dgs stocks during the spring of 1998 in the greenhouse. Eighteen Fi plants of each 

cross combination were grown in the greenhouse during the summer of 1998. 
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Figure 5 shows the expectations for an allelism test between the mutant and ol and 

dgs depending on whether genes are identical or independent. 

Figure 5. Procedure used to test for allelism between a new common bean and ol 
or dgs. 

Parents        unknown mutant      X      tester stock mutant 
ciiai    /    \    a^2 

Fi 

If ay = 02 

all mutant progeny 

If a; * 02 

All normal progeny 

Phenological Studies of Mutant 

Two phenological experiments were conducted in two years (1997-98) by 

growing the mutant and the four parents in three growth chambers. Experiment-1 

was planted on November 21, 1997, and experiment-2 was planted on 28 August, 

1998. Each planting consisted of five pots per variety, and two plants per pot. In 

experiment-1, the plants were exposed to day/night temperatures of 25/20oC and 

daylengths of 8h, 12h, 16h. In the experiment-2, day and night temperatures were 

kept constant as 250C and daylengths were 12h, 16h, and 20h. We did not replicate 

these experiments because photoperiod response is qualitative trait. Similar studies 
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without replications on photoperiod response were published (Yourstone and 

Wallace, 1990; Wallace and Enriquez, 1980; and Gu et al.,1998). Light intensity 

1        0 
supplied by both fluorescent and incandescent sources was 949.5 jamol s" m" at 30 

cm from light sources. Days to flower were recorded as the number of days from 

planting to the appearance of first flower. The number of nodes were recorded from 

the cotyledonary node to the node of first flower. To determine flowering direction, 

at least four or more flowering nodes were recorded. 

Statistical Analysis 

The chi-square tests for goodness-of-fit and homogeneity were used to 

examine segregation ratios in F2 and F3 populations (Ramsey and Schafer, 1997; 

Mather, 1951). The two by two contingency chi-square test (Everitt, 1977) for 

independence was used to test for linkage in two point segregation data and 

recombination values were calculated using the product method (Mather, 1951). 

Contingency chi-square makes no prior assumptions about segregation ratios and 

was the preferred method because inheritance of some traits was not known and 

some segregation ratios were skewed. Data from the growth chamber experiments 

were analyzed in SAS by PROC GLM (general linear model) and LSD (least 

significant difference) mean comparison test (SAS, 1989). 
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RESULTS 

Description of the "Topiary" Mutant 

As a working name for the trait, "Topiary" was chosen because of the 

resemblance of the mutant to plants in a topiary garden. Figure 6 shows the 

appearance of the "Topiary" mutant. The mutant has a single stem, white flowers, 

medium-sized shiny red seeds, flat, fiberous, stringy pods, and dark green leaves. 

The terminal leaflet of the mutant is cordate in shape. The leaflets are thicker, 

smaller, and more brittle than normal leaflets. Terminal and lateral leaflets overlap 

as a result of shortened rachis and the narrow angle of lateral leaf petiolules. Lateral 

petiolules of the mutant averaged 3 mm and rachis averaged 20 mm compared to 5 

mm and 35 mm for normal leaves of Minuette. The mutant had 36 mm petioles 

compared to 116 mm for Minuette. Long intemodes and weak stems contributed to 

a floppy habit. The "Topiary" mutant does not follow the pattern of determinacy 

conditioned by fin in that the mutant usually begins flowering at a lower node 

rather than at the terminal node. However, the terminal node is reproductive (Figure 

7), even if it is the last node to mature on the plant. 
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Figure 6. The appearance of the "Topiary"mutant (right) of common bean. 
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Figure 7. The terminal bud of the "Topiary" mutant in common bean. 
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Inheritance of the "Topiary" Mutant 

Crosses between the "Topiary" mutant and four normal bean lines produced 

Fi progeny with normal morphology and an indeterminate growth habit (Table 3). 

Fi plants from three crosses had purple flowers, black seeds, and flat, fiberous 

pods. Fi plants from the Minuette cross had white flowers, brown seeds, and flat, 

fiberous pods. No differences were seen in progeny from reciprocal crosses. 

Table 3. Fi progeny from crosses between the "Topiary" mutant and the bean lines 
grown in 1997 field. 

Flower Seed Pod Suture Pod 
Cross Growth 

habit 
Color Color Strings Cross- 

section 
Shape 

"Topiary" mutant x91G Indeterminate Purple Black Stringy Flat 

91G x "Topiary" mutant Indeterminate Purple Black Stringy Flat 

"Topiary" mutant x Minuette Indeterminate White Brown Stringless Flat 

Minuette x "Topiary" mutant Indeterminate White Brown Stringless Flat 

"Topiary" mutant x 5-593 Indeterminate Purple Black Stringy Flat 

5-593 x "Topiary" mutant Indeterminate Purple Black Stringy Flat 

"Topiary" mutant x UI-906 Indeterminate Purple Black Stringy Flat 

UI-906 x "Topiary" mutant Indeterminate Purple Black Stringy Flat 
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The F2 and F3 segregation data for the "Topiary" mutant were tested against 

the ratios expected for Mendelian inheritance of a single recessive gene. The F2 

segregation data obtained from greenhouse and field fit an expected 3 normal: 1 

mutant ratio (Table 4). The data were homogenous indicating that all crosses 

represent the same population. The "Topiary" mutant segregation showed no 

differences between the crosses and their reciprocals. F3 families were tested for 

goodness of fit to an expected 1 normal: 2 segregating: 1 mutant ratio (Table 5). 

The data fit the expected ratio and were homogeneous. Within the segregating 

families, a 3:1 ratio of normal to mutant plants was observed (Table 6). These data 

were also homogeneous. 

Tests of Allelism 

Tests of allelism were conducted between lines carrying ol for overlapping 

leaflets (Nagata and Bassett, 1984b), dgs for dark green savoy leaves (Frazier and 

Davis, 1966), and the "Topiary" mutant. Figures 8 and 9 show the ol and dgs 

mutants, respectively. Phenotypically, ol and dgs shared some features of the 

"Topiary" mutant, but the "Topiary" mutant has other characteristics not shown by 

the other mutants. The "Topiary" mutant and dgs shared dark green glossy leaves. 

The "Topiary" mutant and ol shared the overlapping leaflet characteristics although 



Table 4. Fj segregation data for the "Topiary" mutant in common bean grown in 1997 in greenhouse and 1998 
in field. 

No. of Plants 

x2 

(3:1)         d.f.         Prob. 

Observed Expected 

Cross Normal Mutant Normal Mutant 

'Topiary" mutant x 91G 213z 69 211.50 70.50 0.042 I           0.83 

91G x 'Topiary" mutant 205 69 205.50 68.50 0.004 I           0.94 

'Topiary" mutant x Minuette 196 61 192.75 64.25 0.219          1 L           0.63 

Minuette x 'Topiary" mutant 194 60 190.50 63.50 0.257 I           0.61 

'Topiary" mutant x 5-593 197 56 189.75 63.25 1.108          ] I           0.29 

5-593 x 'Topiary" mutant 208 66 205.50 68.50 0.121          ] 1           0.72 

'Topiary" mutant x UI 906 218 68 214.50 71.50 0.228          ] 0.63 

UI 906 x 'Topiary" mutant 224 71 221.25 73.75 0.136          1 [           0.71 

Combined 1655 520 1631.25 543.75 1.383           1 0.23 

Homogeneity 0.735 '           0.99 
Greenhouse and field populations pooled by cross. 



Table 5. F3 segregation of families of the "Topiary" mutant in common bean grown in 1998 in the field. 

Number of Families 

x2 

(1:2:1) d.f. 

Observed Expected 

Cross Normal Segregating Mutant Normal Segregating Mutant Prob. 

"Topiary" mutant x 91G 17 33 16 16.50 33.00 16.50 0.030 2 0.98 

91G x 'Topiary" mutant 15 30 21 16.50 33.00 16.50 1.636 2 0.44 

'Topiary" mutant x Minuette 21 28 14 15.75 31.50 15.75 2.284 2 0.31 

Mmuette x 'Topiary" mutant 15 30 14 14.75 29.50 14.75 0.050 2 0.97 

'Topiary" mutant x 5-593 23 33 10 16.50 33.00 16.50 5.121 2 0.07 

5-593 x 'Topiary" mutant 21 29 20 17.50 35.00 17.50 2.085 2 0.35 

'Topiary" mutant x UI 906 17 31 17 16.25 32.50 16.25 0.138 2 0.93 

UI 906 x 'Topiary" mutant 18 24 21 15.75 31.50 15.75 3.857 2 0.14 

Combined 147 238 133 129.50 259.00 129.50 4.162 2 0.12 

Homogeneity 11.041 14 0.68 

OO 



Table 6. F3 plant segregation within segregating families of the "Topiary" mutant in common bean from crosses 
grown in 1998 in the field. 

Number of Plants within Segregating Families 

Observed Expected 

x2 

(3:1)       d Cross Normal Mutant Normal Mutant f.        Prob. 

'Topiary" mutant x 91G 435 155 442.50 147.50 0.508 1           0.47 

91G x 'Topiary" mutant 421 127 411.00 137.00 0.973 I           0.32 

'Topiary" mutant x Minuette 353 124 357.75 119.25 0.252 L           0.61 

Minuette x 'Topiary" mutant 430 153 445.50 148.50 0.670 t           0.41 

'Topiary" mutant x 5-593 420 148 434.25 144.75 0.540 I           0.46 

5-593 x 'Topiary" mutant 381 141 391.50 130.50 1.126        ] I           0.28 

'Topiary" mutant x UI-906 503 173 507.00 169.00 0.126         1 I           0.72 

UI 906 x 'Topiary" mutant 328 125 339.75 113.25 1.625         1 1           0.20 

Combined 3271 1146 3312.75 1104.25 2.104        1 L           0.14 

Homogeneity 3.723        7          0.81 

V© 
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ol under Oregon greenhouse conditions was less extreme than that of the 'Topiary" 

mutant. The ol and dgs mutants showed normal growth habit and determinancy 

conditioned by fin, compared to the distinctive architecture of the 'Topiary" 

mutant. 

Thirty-six Fi plants were grown (18 for each cross combination) from 

crosses between the 'Topiary" mutant and genetic stocks. All Fi progeny were 

normal (Figure 10 and 11) indicating that the 'Topiary" mutant is not allelic to ol 

or dgs. We propose top as the gene symbol for this mutant. The gene symbol top is 

an abbreviation for topiary describing the neat, compact appearance of this mutant. 

Tests for Linkage between top and Other Traits 

To test for linkage, Fj segregation data was recorded for cotyledon color, 

flower color, growth habit, shiny vs. dull leaves, pod suture strings, pod cross- 

sectional shape and presence of green or purple striped pods. Indeterminate growth 

habit conditioned by the Fin gene is dominant over determinate growth habit 

(Singh, 1991). This trait segregated in three of the four crosses where 91G, 

Minuette, and 5-593 possessed fin while topiary and UI 906 had Fin. The F2 

segregation of Fin fit the expected 3:1 ratio. Homogeneity was not significant 

indicating that all crosses estimated the same population (Table 7). 
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Figure 8. The appearance of o/ mutant used in the allelism test with the topiary 
mutant in common bean. 
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Figure 9. The appearance of the dark green savoy mutant (dgs) used in the test of 
allelism with the topiary mutant in common bean. 
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> 

Figure 10. Fi plants from the cross of the topiary x ol common bean showing 
normal plant morphology. 



34 

Figure 11. Fi plants from the cross of the topiary x dgs common bean showing 
normal plant morphology. 
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Table 7. F2 segregation data for growth habit in common bean grown in the 1997 
greenhouse. 

Number of Plants 

x2 

(3:1)        d Cross Fin— finfin f.      Prob. 

topiary x 9IG Obs 48 19 0.402         1 0.52 
Exp 50.25 16.75 

91Gx topiary Obs 49 19 0.313          1 0.57 
Exp 51.00 17.00 

topiary x Minuette Obs 42 22 3.000         1 0.08 
Exp 48.00 16.00 

Minuette x topiary Obs 42 18 0.800         1 0.37 
Exp 45.00 15.00 

topiary x 5-593 Obs 50 20 0.557 1         0.45 
Exp 52.50 17.25 

5-593 x topiary Obs 56 16 0.296 1         0.58 
Exp 54.00 18.00 

Combined Obs 287 114 2.514 I         0.11 
Exp 300.75 100.25 

Homogeneity 5.370         i 5         0.37 

A test of independence of topiary and Fin using contingency chi-square was 

performed (Table 8). For one cross (5-593 x topiary), the null hypothesis of 

independence of the two genes was rejected at a=0.05 probability level. For other 

crosses, the null hypothesis was accepted although two crosses at a=0.06 were very 

nearly significant. Homogeneity for combined crosses was statistically significant 

suggesting that crosses may have deviated from the expected values to different 

degrees or in different directions. Inspection of the data showed that the cross 5- 

593 x topiary had more plants in the parental and fewer in the recombinant classes 



Table 8. Test of independence for topiary and Fin in an F2 population of common bean. 

Number of Plants 

Cross Top--Fin—      Top--fmfin     toptop Fin- toptopfinfin 12 d.f. Prob. 

topiary mutant x 91G Obs 38 12 10 7 1.842 I           0.17 
Exp 35.82 14.17 12.17 4.82 

91G x topiary mutant Obs 37 10 12 9 3.357 I          0.06 
Exp 33.86 13.13 15.13 5.86 

Topiary mutant x Minuette Obs 30 22 5 7 1.011 0.31 
Exp 28.43 23.56 6.56 5.43 

Minuette x topiary mutant Obs 35 11 7 7 3.478           1 0.06 
Exp 32.20 13.80 9.80 4.20 

Topiary mutant x 5-593 Obs 43 14 8 5 1.034 0.30 
Exp 41.52 15.47 9.47 3.52 

5-593 x topiary mutant Obs 36 15 20 1 5.229 1          0.02 
Exp 39.66 11.33 16.33 4.66 

Combined 219 84 62 36 2.867           1 0.09 
212.33 90.67 68.67 29.33 

Homogeneity 13.084         f i          0.02 

OS 
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than expected. However, the null hypothesis of independence was accepted for the 

reciprocal cross and for this cross, deviations from expected showed fewer parental 

and more recombinant progeny. The other two crosses (91G x topiary and Minuette 

x topiary) that nearly failed the test of independence deviated from expected in a 

manner similar to topiary x 5-593. 

In the crosses that segregated for flower color, green cotyledon was always 

accompanied by white flower and colored cotyledons co-segregated with colored 

flowers. Therefore, cotyledon and flower color data are presented together. The 

genes controlling these traits either have a pleiotropic effect or are tightly linked 

(Singh, 1991). Al-Muktar and Coyne (1981) reported that purple flower color was 

controlled by two complementary dominant genes, P and V where P is epistatic to 

V. These genes also control seed coat color such that P-V- plants have colored 

flowers and seeds, P-w produces white flowers and colored or colorless seed 

(depending upon what other seed coat color genes are present), and ppV- or ppw 

produces white flowers and seed (Bassett, 1993). 

The F2 population for the cross between the topiary and Minuette did not 

segregate for flower color because both parents were homozygous recessive for v. 

F2 crosses between the topiary and 5-593 or UI 906 segregated in a 3 purple: 1 

white ratio due to segregation at the V locus (Table 9). The crosses between the 

mutant and 91G segregated in a 9:7 ratio, because the parents carried different 

alleles at the P and Floci (Table 10). 
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Table 9. F2 segregation data (tested for 3:1 ratio) for cotyledon/flower colors in 
common bean grown in the greenhouse in 1997. 

Number of Plants 

x2 

(3:1)       d.f. Cross V- w Prob. 

topiary x 5-593 Obs 53 17 0.019        1 0.89 
Exp 52.50 17.50 

5-593 x topiary Obs 55 17 0.074        1 0.78 
Exp 54.00 18.00 

topiary x UI 906 Obs 50 15 0.128        1 0.72 
Exp 48.75 16.25 

UI906 x topiary Obs 47 20 0.840        1 0.35 
Exp 50.25 16.75 

Combined Obs 205 69 0.004        1 0.94 
Exp 205.50 68.50 

Homogeneity 0.088        3 0.99 

Table 10. F2 segregation data (tested for 9:7 ratio) for cotyledon/flower colors in 
common bean grown in the 1997 greenhouse. 

Number of Plants 

x2 

(9:7) d.f. Cross P-V- P-w Prob. 
ppV- &ppw 

topiary x 91G Obs 
Exp 

40 
37.7 

27 
29.3 

0.320 1 0.57 

91G x topiary Obs 
Exp 

44 
38.25 

24 
29.75 

1.975 1 0.15 

Combined Obs 
Exp 

84 
75.9 

51 
59.1 

1.974 1 0.15 

Homogeneity 0.322 1 0.57 
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As shown in Table 11, the cross topiary x 5-593 and its reciprocal had large 

chi-square values, causing rejection of the null hypothesis of independence of top 

from V. Although both the cross and reciprocal were statistically significant, they 

deviated in opposite directions. The cross topiary x 5-593 had larger parental 

classes and smaller recombinant classes than expected. The reciprocal had larger 

recombinant classes and smaller parental classes than expected. The chi-square test 

of homogeneity was significant when the four crosses were pooled. The topiary x 

91G cross and reciprocal showed independent gene segregation and the data were 

homogeneous (Table 11). 

The inheritance of the shiny leaf character has not been reported previously. 

The topiary mutant possessed shiny leaves while the other parents had dull leaves. 

Crosses between topiary and 5-593, or UI 906 fit a 15 shiny leaf: 1 dull leaf ratio 

(Table 12). However, crosses between topiary and 91G, or Minuette fit a 3 shiny 

leaf: 1 dull leaf ratio (Table 13). 

No topiary plants with dull leaves were observed in these populations 

(Table 14). However, numerous recombinants of non-topiary plants with shiny 

leaves were observed even in those crosses that segregated in a 3:1 ratio for the 

shiny leaf trait. The cross topiary x 91G and its reciprocal had significant chi- 

square values. The topiary x Minuette cross approached significance as did the 

cross UI 906 x topiary, but the reciprocals did not. With a single gene segregating 

in crosses to 91G and Minuette, few to no recombinants between the normal parent 



Table 11. Test of independence for the topiary and cotyledon/flower color characters in an F2 population of 
common bean. 

Number of Plants 

Top- P-w toptop P-w 
Cross Top-P-V- Top-pp- toptop P-V- toptop ppw X2           d.f.        Prob. 

toptop ppV- 
topiary x 91G Obs 29 21 11 6 0.237 I           0.62 

Exp 29.85 20.14 10.14 6.85 
91G x topiary Obs 32 15 12 9 0.760 I           0.38 

Exp 30.41 16.58 13.58 7.41 

Combined Obs 61 36 23 15 0.064 L           0.79 
Exp 60.35 36.64 23.64 14.35 

Homogeneity 0.933 I           0.33 
Top- V- Top- w toptop V- toptop w 

topiary x 5-593 Obs 47 10 6 7 7.586          1 [           0.00 
Exp 43.16 13.84 9.84 3.15 

5-593 x topiary Obs 35 16 20 1 5.840          1 [           0.01 
Exp 38.96 12.04 16.04 4.95 

topiary x UI-906 Obs 38 10 12 5 0.520          1 [           0.47 
Exp 36.92 11.08 13.08 3.92 

UI 906 x topiary Obs 33 14 14 6 0.001           ] [           0.98 
Exp 32.97 14.03 14.03 5.97 

Combined Obs 153 50 52 19 0.126          ] [           0.72 
Exp 151.87 51.12 53.12 17.87 

Homogeneity 13.820         2 1         0.003 
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Table 12. F2 segregation data fit to a 15:1 segregation ratio for shiny leaf character 
in common bean grown in the greenhouse in 1997. 

Number of Plants 

x2 

(15:1)        d.f. Cross Shiny Dull Prob. 
leaf leaf 

topiary x 5-593 Obs 64 6 0.620          1 0.43 
Exp 65.60 4.40 

5-593 x topiary Obs 68 4 0.059          1 0.80 
Exp 67.50 4.50 

topiary x UI-906 Obs 59 6 0.939          1 0.33 
Exp 60.90 4.10 

UI906 x topiary Obs 62 5 0.162          1 0.68 
Exp 62.80 4.20 

Combined Obs 253 21 0.895          1 0.34 
Exp 256.80 17.20 

Homogeneity 0.886          3 0.99 

Table 13. F2 segregation data fit to a 3:1 segregation ratio for shiny leaf character in 
common bean grown in the greenhouse in 1997. 

===          ,             ,,                     
Number of Plants 

~2 

Cross Shiny 
leaf 

Dull 
leaf 

X 
(3:1) d.f. Prob. 

topiary x 91G Obs 
Exp 

47 
50.25 

20 
16.75 

0.840 0.35 

91G x topiary Obs 
Exp 

50 
51.00 

18 
17.00 

0.078 0.77 

topiary x Minuette Obs 
Exp 

51 
48.00 

12 
16.00 

1.187 0.27 

Minuette x topiary Obs 
Exp 

51 
47.25 

9 
15.75 

3.190 0.07 

Combined Obs 
Exp 

199 
196.50 

63 
65.50 

0.127 0.72 

Homogeneity 5.169 3 0.15 



Table 14. Test of independence for topiary and shiny leaf character in an F2 population of common bean grown in the 
greenhouse in 1997. 

Number of Plants 

Top- tODtOD 

Cross Shiny leaf Dull Leaf Shiny Leaf Dull Leaf x2 d.f. Prob. 

topiary x 91G Obs 24 26 17 0 14.44 0.00 
Exp 30.60 19.40 10.40 6.60 

91G x topiary Obs 29 18 21 0 10.94 0.00 
Exp 34.56 12.44 15.44 5.56 

topiary x Minuette Obs 40 12 12 0 3.41 0.06 
Exp 42.25 9.75 9.75 2.25 

Minuette x topiary Obs 39 7 14 0 2.41 0.12 
Exp 40.63 5.37 12.37 1.63 

Combined Obs 132 63 64 0 27.323 0.00 
Exp 147.56 47.43 48.43 15.57 

Homogeneity 3.880 0.27 
topiary x 5-593 Obs 49 8 13 0 2.06 0.15 

Exp 50.48 6.51 11.51 1.48 
5-593 x topiary Obs 47 4 21 0 1.74 0.18 

Exp 48.17 2.83 19.83 1.17 
topiary x UI 906 Obs 42 6 17 0 2.34 0.12 

Exp 43.57 4.43 15.43 1.57 
UI 906 x topiary Obs 40 7 20 0 3.33 0.06 

Exp 42.09 4.91 17.91 2.09 
Combined 178 

184.48 
25 

18.52 
71 

64.52 
0 

6.48 
9.621 0.00 

Homogeneity 0.150 3 0.98 
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and shiny leaf character would have been expected based on the lack of 

recombination between shiny leaves and topiary. 

The cross-sectional shape of pods is controlled by at least two 

complementary genes that are designated h and h (Leakey, 1988). Flat or oval 

pods are dominant to round pods. The topiary mutant had flat pods whereas 91G 

and Minuette had round pods. UI 906 and 5-593 also had flat pods and crosses of 

topiary with these parents did not segregate. F2 segregation data for pod shape fit 

an expected ratio for two complementary genes except for topiary x 91G cross 

(Table 15). The topiary x 91G cross segregated in a 3:1 ratio, although the 

reciprocal cross fit a 9:7 ratio. 

Table 15. F2 segregation data for cross-sectional shape of pods in common bean 
grown in the greenhouse in 1997. 

Number of Plants 

Cross Flat & oval   Round       y? tf      d.f.   Prob.   Prob. 
pods     (9:7)      (3:1) (9:7)    (3:1) pods 

topiary x 91G Obs 
Exp 

47 
46.5 

20 
15.5 

5.246 1.311     1 0.02 0.25 

91G x topiary Obs 
Exp 

43 
37.1 

25 
28.9 

1.464 5.020     1 0.22 0.03 

topiary x Minuette Obs 
Exp 

35 
35.4 

29 
27.6 

0.075 0.78 

Minuette x topiary Obs 
Exp 

27 
33.7 

33 
26.3 

3.038 0.08 

Combined Obs 
Exp 

102 
106.3 

87 
82.7 

0.397 0.52 

Homogeneity 4.181 \     0.12 
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The independence chi-square values for all crosses between the topiary and 

91G, or Minuette were small indicating that the genes segregated independently. 

Homogeneity was not significant (Table 16). 

Different authors have reported different modes of inheritance of pod suture 

strings. The stringless character can be controlled by a single dominant gene or as 

duplicate recessive and duplicate dominant genes (Shelmidine and Hartmann, 

1984; Drijfhout, 1978; Prakken, 1934; Leakey, 1988). The dominant gene was 

given the gene symbol St (Bassett, 1993) and 7^ (Drijfhout, 1978) was given to the 

second gene, which governs the temperature-dependent incomplete string 

formation. The topiary had stringy pods whereas 91G and Minuette had stringless 

pods. 5-593 and UI 906 had stringy pods and crosses of topiary with these parents 

did not segregate. The F2 segregation of stringless pod fit a 9 stringless: 7 stringy 

ratio in the crosses between the mutant and 91G (Table 17). The cross and 

reciprocal between the topiary and Minuette fit 9:7 ratio but, contrary to the 91G 

cross, stringy pods were dominant to stringless pods (Table 18). 

A test of independence of the topiary and the stringiness trait indicated that 

the traits segregated independently (Table 19). Crosses of topiary with 91G and 

topiary with Minuette were analyzed separately because of differences in gene 

action. The probability values of all crosses and reciprocals were not significant 

and homogeneities were also not significant. 



Table 16. Test of independence for topiary and the pod shape in an F2 population of common bean 
grown in the greenhouse in 1997. 

Number of Plants 

x2 d.f. 

Top- toptop 

Cross Flat & oval Round Flat & oval Round Prob. 

topiary x 91G Obs 34 16 11 6 0.062 0.80 
Exp 33.58 16.41 11.42 5.58 

91G x topiary Obs 29 18 14 7 0.154 0.69 
Exp 29.72 17.28 13.28 7.72 

topiary x Minuette Obs 30 22 6 6 0.234 0.62 
Exp 29.25 22.75 6.75 5.25 

Minuette x topiary Obs 22 24 4 10 1.620 0.20 
Exp 19.93 26.06 6.07 7.93 

Combined Obs 115 80 35 29 0.363 0.54 
Exp 112.93 82.06 37.06 26.93 

Homogeneity 1.708 3 0.63 
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Table 17. F2 segregation data for pod suture strings (stringless dominant) 
in common bean grown in the greenhouse in 1997. 

Number of Plants 

-     x2 

(9:7) d.f. Cross Stringless 
pods 

Stringy 
pods 

Prob. 

topiary x91G 

91G x topiary 

Combined 

Homogeneity 

Obs 
Exp 
Obs 
Exp 

Obs 
Exp 

44 
37.70 

42 
38.25 

86 
75.90 

23 
29.30 

26 
29.75 

49 
59.10 

2.407 

0.840 

3.070 

0.178 

1 

1 

1 

1 

0.12 

0.36 

0.08 

0.67 

Table 18. F2 segregation data for pod suture strings (stringy dominant) in common 

bean grown in the greenhouse in 1997. 

Number of Plants 

Cross Stringy 
pods 

Stringless 
pods 

(9:7) d.f. Prob. 

topiary x Minuette Obs 
Exp 

42 
36 

22 
28 

2.285 1 0.13 

Minuette x topiary Obs 
Exp 

38 
35.4 

22 
26.7 

1.018 1 0.31 

Combined Obs 
Exp 

80 
69.75 

44 
54.25 

3.443 1 0.06 

Homogeneity 0.139 1 0.71 



Table 19. Test of independence for the topiary and pod suture string characters in an F2 population of common 
bean grown in the 1997 greenhouse. 

Number of Plants 

Top- toptop 

Cross Stringless        Stringy        Stringless        Stringy t1 d.f.       Prob. 

topiary x 91G Obs 30 20 13 4 1.507 1          0.22 
Exp 32.09 17.91 10.91 6.09 

91G x topiary Obs 27 20 15 6 1.201 I           0.27 
Exp 29.03 17.97 12.97 8.03 

Combined Obs 40 57 10 28 2.607         ] I          0.11 
Exp 35.92 61.07 14.07 23.92 

Homogeneity 0.091         ] I          0.76 

topiary x Minuette Obs 19 33 3 9 0.575         1 1          0.44 
Exp 17.87 34.12 4.12 7.87 

Minuette x topiary Obs 18 28 4 10 0.515         ] 1          0.47 
Exp 16.87 29.13 5.13 8.87 

Combined Obs 61 37 19 7 1.053         ] L          0.30 
Exp 63.22 34.77 16.77 9.22 

Homogeneity 5.434          1 0.14 
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Okonkwo and Clayberg (1984) reported that Prp (purple pod) affected 

anthocyanin pigmentation of the corolla and pod. They also described five alleles 

of this locus. Th&prpst allele with P produces a light purple corolla and green pods 

striped with purple. Prp is dominant to prpst gene. Prp is tightly linked to complex 

the c locus (Bassett, 1994). The F2 segregation of this trait within colored plants fit 

a 3 plain: 1 striped pods in the crosses between topiary and 91G, and 5-593. 

Although individual crosses between topiary and UI 906 fit a 15:1 ratio, null 

hypothesis was rejected at a = 0.05 level for combined data (Table 20). 

A test of linkage between the topiary and striped pod color trait suggested 

linkage. The chi-square value for 5-593 x topiary cross was significant at the 

a=0.05 probability level. The product method was used to calculate the rate of 

recombination (Weaver and Hedrick, 1997). The rate of recombination for crosses 

combined was r = 53.7 between top andprp5' (Table 21). This value suggested that 

there was no linkage between them. Also, homogeneity for combined crosses was 

not significant. 

Linkage Analysis among Marker Genes 

To test for linkage among marker genes, contingency chi-square tests were 

performed for each combination. The independence chi-square values for crosses 



Table 20. F2 segregation data for striped pod color in common bean grown in the greenhouse in 1997. 

Cross 

Number of Plants 

Plain 
Pods 

Striped 
pods (3:1) 

X 
(15:1)     d.f. 

Prob. 
(3:1) 

Prob. 
(15:1) 

topiary x 91G Obs 
Exp 

54 
50.25 

13 
16.75 

1.119 I         0.29 

91G x topiary Obs 
Exp 

52 
51.00 

16 
17.00 

0.078 I         0.77 

topiary x 5-593 Obs 
Exp 

55 
52.5 

15 
17.75 

0.545 I         0.46 

5-593 x topiary Obs 
Exp 

52 
50.25 

20 
16.75 

0.692 I         0.41 

Combined Obs 
Exp 

208 
204 

64 
68 

0.313 L         0.57 

Homogeneity 2.270 - 5         0.51 

topiary x UI 906 Obs 
Exp 

44 
44.06 

6 
2.94 

4.506 3.185       ] I         0.03 0.07 

UI 906 x topiary Obs 
Exp 

42 
46.9 

5 
3.1 

5.170 1.676       1 I         0.02 0.20 

Combined Obs 
Exp 

86 
90.94 

11 
6.06 

9.653 4.295       ] 1          0.00 0.04 

Homogeneity 6.476 0.566       1 0.00 0.45 



Table 21. Test of independence for the topiary and striped pod color characters in an Fj population of common bean 
grown in the greenhouse in 1997. 

Number of Plants 

Top- toptop 

Cross Plain pods       Striped        Plain pods       Striped d.f.       Prob. 
Rate of 

recombination 
cM 

topiary x 91G Obs 22 8 9 2 0.314 I         0.58 24.4 
Exp 22.68 7.32 8.32 2.68 

91G x topiary Obs 17 11 10 1 3.380 I         0.07 30.8 
Exp 19.38 8.62 7.62 3.38 

topiary x 5-593 Obs 31 14 6 2 0.120 I         0.73 62.3 
Exp 31.42 13.58 5.58 2.42 

5-593 x topiary Obs 32 18 18 2 4.732         ] I         0.03 48.6 
Exp 35.71 14.28 14.29 5.71 

Combined 102 
109.28 

51 
43.71 

43 
35.71 

7 
14.29 

6.902         ] I         0.01 53.7 

Homogeneity 1.644        : 5         0.65 
topiary x UI 906 Obs 32 5 10 2 0.074         ] I         0.79 

Exp 31.71 5.29 10.29 1.71 
UI 906 x topiary Obs 25 4 14 1 0.498         1 I         0.48 

Exp 25.70 3.30 13.30 1.70 

Combined Obs 57 9 24 3 0.109        1 I         0.74 
Exp 57.48 8.52 23.52 3.48 

Homogeneity 0.463         1 I         0.50 
o 
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among these marker genes were generally small, indicating that these traits segregated 

independently (Appendix, tables 1-13). Although some crosses had large chi-square 

values, suggesting linkage, they did not deviate in a consistent manner with the other 

crosses for the same characters. 

Phenological Studies of the Topiary Mutant 

The effect of daylength on the node to first flower (NTF) and number of days to 

flower (DTF) of topiary and the four normal varieties were investigated under 8, 12, 16 

and 20 h daylengths. Because experiments 1 and 2 both had 12 and 16 hour daylength 

treatments, these were analyzed together with experiments treated as replications. The 8 

and 20 h treatments were analyzed separately. In 8 and 20 h, the variety effect was highly 

significant (pO.001) (Table 22) for both NTF and DTF. In 12 and 16 h, the variety effect 

was not significant for NTF, but was significant for DTF. The effect of daylength was 

significant for both NTF and DTF and the variety x daylength interaction was highly 

significant (Table 23). 

As shown in figure 12 and 13, topiary was significantly different from the other 

varieties for NTF and DTF under 8 and 20 h daylengths with the exception of 8 h for 

DTF. In the 8 h treatment, topiary flowered at a lower node, but flowered at an 

intermediate date compared to other lines. In the 20 h treatment, topiary flowered at the 

highest node and was the latest to flower. The differences are probably related to the 

different daylength treatments used in this study. 
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Table 22. Analysis of variance of flowering response of five common bean lines to 8 
and 20 h daylengths. 

8 h daylength 20 h daylength 
NTF DTF NTF DTF 

Source d.f MS MS d.f. MS MS 

Model 4 13.83*" 128.57*" 4 73.66*** 652.05*" 

Variety 4 13.83*" 128.57*" 4 73.66*** 652.05"* 

Experimental error 45 0.60 1.73 43 1.34 3.47 
ns = Not significant; *** = significant at the a = 0.001 probability level. 

Table 23. Analysis of variance of flowering response of five common bean 
lines to 12 and 16 daylengths. 

d.f. 

12 and 16 h daylengths 
NTF DTF 

Source MS MS 

Model 19 17.12*" 154.75*** 

Experiment 1 6.25*" 130.49*** 

Variety 4 1.53ns 323.15™ 

Daylength 1 140.34*** 305.82"* 

Variety x Daylength 4 27.91*" 157.36*** 

Sampling error 
Exprt (variety x daylength) 9 6.84*** 64.53*" 

Experimental error 179 168.60 3.20 
ns = Not significant; *** = significant at the a = 0.001 probability level. 
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In 12 h treatment, topiary flowered at the lowest node compared to other varieties. 

In 16 h treatment, topiary flowered at the highest node and was the latest variety (Figure 

14 and 15). 

This study revealed that topiary responded differently to lengthening days 

compared to normal varieties. At 8 and 12 h treatments, topiary flowered at about the 

fifth node. At 16 h treatment, flowering was delayed until the 11th and 13th nodes, 

respectively. The other four lines appeared photoperiod insensitive, varying by only two 

nodes across all daylengths. Overall, increasing daylength increased NTF and DTF for 

topiary. 



I Topiary I91G 

8h 

I Minuette 15-593        0111906 

20 h 

Daylengths 

Figure 12. Effect of 8 and 20 h daylengths on node to first flower of five bean genotypes grown 
in growth chambers. Bars with the same letter within daylength treatments are not 
significantly different at the a = 0.05 probability level. 

2 



I Topiary I91G I Minuette 15-593 □UI906 

8I1 20 h 

Daylengths 

Figure 13. Effect of 8 and 20 h daylengths on days to first flower of five bean genotypes grown 
in growth chambers. Bars with the same letter within daylength treatments are not 
significantly different at the a = 0.05 probability level. 



I Topiary I91G Minuette 15-593        nUI906 

12 h 16 h 

Daylengths 

Figure 14. Effect of 12 and 16 h daylengths on node to first flower of five bean genotypes grown 
in growth chambers. Bars with the same letter within daylength treatments are not 
significantly different at the a = 0.05 probability level. 

& 



50 -i 
I Topiary        ■91G        ■ Minuette        ■5-593        nUI906 

a 

12 h 16 h 

Daylengths 

Figure 15. Effect of 12 and 16 h daylengths on days to first flower of five bean genotypes grown 
in growth chambers. Bars with the same letter within daylength treatments are not 
significantly different at the a = 0.05 probability level. 
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DISCUSSION 

The topiary mutant has a complex of traits that distinguishes it from other 

bean mutants. Most prominent are shiny, dark green leaves on shortened petioles 

with overlapping leaflets. These leaflets are thicker, more brittle and smaller than 

the leaflets of normal plants. The topiary mutant begins blooming at a lower node, 

and proceeds to bloom in both directions mostly upward from that node. The 

terminal bud is reproductive rather than vegetative as is normally found 

indeterminate lines. Thus, this is a new form of determinancy in common bean. 

The inheritance of topiary was investigated in crosses with the four normal 

parental lines. All individuals were normal in the Fi with indeterminate growth 

habit, indicating that topiary trait was recessive. Fj and F3 segregation data were 

compatible with the hypothesis that topiary is controlled by a single recessive gene. 

As shown in Table 3, crosses between topiary and 91G, Minuette, 5-593 

resulted in progeny with indeterminate growth habits. Because 91G, Minuette, and 

5-593 possess.//w, topiary must haveF/w. All of the progeny from crosses between 

topiary and 91G resulted in purple flowers even though both parents had white 

flower. Therefore, we inferred that 91G carries/? and Vwhile topiary carries P and 

v. In crosses between topiary and Minuette, all progeny had white flowers because 

both parents were homozygous recessive for v. The topiary x UI 906 and topiary x 

5-593 crosses resulted in progeny with purple flowers because UI 906 and 5-593 

hadF. 
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Allelism tests were performed to determine if topiary was allelic to ol or 

dgs genes. All Fi individuals of topiary with these mutants resulted in progeny with 

normal phenotype, which indicates non-allelism. The Fi progeny exhibited traits 

not found in either parent indicating that the progeny were the results of 

hybridization and not self-pollination. 

The cross topiary x 91G segregated in a 3:1 ratio for pod cross-sectional 

shape whereas the reciprocal segregated in a 9:7. The latter segregation is 

compatible with a two complementary gene as has been reported previously 

(Leakey, 1988). In snap beans, reversion from round to oval or flat pods occurs at a 

high rate (Silbemagel, 1986). One possible explanation for the reciprocal difference 

was that the 91G plant used for the topiary x 91G cross had mutated to oval pods. 

The plant would not necessarily have to be homozygous for the mutation; any 

pollen carrying the reversion would transmit the trait in the cross. Such an event 

points up the need to retain identity of plants used in crosses. 

Although topiary had stringy pods and 91G had stringless pods, crosses 

between the topiary and 91G resulted in Fi progeny with stringy pods. In the cross 

with Minuette, another stringless parent, the Fi progeny had stringless pods. 

Drijfhout (1978) divided bean cultivars into three groups on the basis of strings: (1) 

cultivars practically without string formation, on which temperature had no 

influence; (2) cultivars with incomplete string, the string being stronger at a higher 

temperature; (3) cultivars with a completely developed string, whose formation was 

not influenced by temperature. A dominant gene was involved in group 2 for which 
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the gene symbol Ts was proposed for the temperature-dependent incomplete string 

formation. Complete string in common bean was controlled by a recessive gene st 

(Prakken, 1934). Incomplete expression of Ts gene may have produced stringy 

progeny from the topiary x 91G cross whereas st may have been involved in the 

topiary x Minuette cross. 

The phenological study indicated that the topiary was photoperiod sensitive, 

while the four parental lines were photoperiod insensitive. In common bean, 

photoperiod sensitivity is conditioned by two genes where ppd switches between 

photoperiod sensitivity and insensitivity while hr increases the photoperiod 

sensitivity of ppd (Gu et al., 1993). Whether this photoperiod sensitivity is 

independent or a pleiotropic effect of top is uncertain. The F2 generation was grown 

under extended day length (about 14 hr) in the greenhouse. Some top plants 

flowered at a low node compared to others that bloomed at an intermediate node. 

This is indirect evidence that top and/;/?*/are independent. 

Daylength studies with topiary revealed an unprecedented response in that 

increasing daylength increases the number of vegetative nodes before flowering. 

When flowering is initiated at a higher node, flowering will progress in both 

directions. Normal photoperiod sensitive beans will not flower at all until daylength 

is reduced. In the 20 h daylength treatment flowering occurred at about the 14th 

node even though the plants had more than 20 nodes. Because of height restrictions 

in the growth chamber, topiary vines were unsupported beyond the H^node. The 

fact that flowering occurred at the top of the vine suggests that apical dominance 
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was disrupted by the procumbancy of the upper portion of the vine. It would be 

instructive to repeat the 20 h daylength study in the greenhouse where vine growth 

would be unrestricted. 

The inheritance study of topiary indicated that the top was controlled by a 

single recessive gene. We don't know if top is regulatory gene that exerts a 

pleiotropic effect on one or a few biochemical pathways that affect several traits, or 

whether top is a complex locus with several tightly linked loci. No recombination 

was observed among the characters of topiary syndrome. In studying these two 

models, we examined the hypothesis that shiny leaves was inherited as a dominant 

trait while the rest of the topiary syndrome was inherited as a recessive trait. Such 

an hypothesis would explain the lack of dull leaf-topiary recombinants while 

remaining compatible with both the pleiotropy and complex loci models. The 

combined F2 data for the 91G and Minuette crosses fit a 1:2:1 ratio, but the crosses 

were homogeneous. The 5-593 and UI 906 crosses did not fit a 1:2:1 ratio, but the 

data were homogeneous This hypothesis predicts that normal-dull leaf F2 plants 

should have produced only normal-dull leaf F3 progeny and normal-shiny leaf F2 

plants should have segregated for the three classes in the F3. Examination of the F2 

and F3 data revealed that both predictions were violated. Overall, results are 

inconclusive and further study is needed to understand inheritance of the shiny leaf 

trait as it interacts with topiary. 

A possible biochemical candidate affected by topiary would be the plant 

hormone auxin. The lack of branching, small, rugose leaves, shorten petioles, and 
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possibly the determinate reproductive node suggest an auxin overproducing 

mutation. 

Another interesting fact of the topiary mutant is that it arose spontaneously 

from an Andean x Mesoamerican (Gepts, 1988) cross. Several mutations have been 

observed from such crosses (Myers, personal communication). The Andean and 

Mesoamerican centers of origin are separated by 2500 miles. This geographical 

separation has allowed populations to diverge genetically. While not separate 

biological species, certain genetic incompatibilities such as dwarf lethal genes 

(Gepts, 1988) are manifested upon crossing. The topiary mutant may represent 

another example of this Andean-Mesoamerican incompatibility. 

The topiary mutant can be useful to improving common beans. Because the 

topiary mutant has a single stem, closer row spacing may be achieved for higher 

planting populations. It may be suitable for direct harvest due to single stem. 

Forming pods higher on plant might help to avoid disease especially from soil-born 

disease like white mold (Sclerotinia sclerotiorum). However, the topiary mutant 

lodges easily due to thin stem. Development of thick and upright form of the 

mutant will be the next subject of future studies. 



63 

BIBLIOGRAPHY 

Al-Mukhtar, F. and D. P. Coyne. 1981. Inheritance and association of flower, 
ovule, seed, pod, and maturity characters in dry edible beans (Phaseolus 
vulgarisL). J. Am. Soc. Hort. Sci. 106: 713-719. 

Anonmyous, 1998a. Oregon Agricultural Statistical Service, Oregon Department of 
Agriculture, [http://www.oda.state.or.us /oass /bul0697.htm]. 

Anonmyous, 1998b. Paul Gepts Laboratory, University of California, Davis, CA. 
[http://agronomy.ucdavis.edu/gepts/mapdata2.htm] 

Awuma, K. and M J. Bassett. 1988. Addition of genes for dwarf seed (ds) and 
spindly (sb) to the linkage map of common bean. J. Am. Soc. Hort. Sci. 
113:464-467. 

Baggett, J. R., W. A. Frazier, and G. W. Varseveld. 1981. Oregon 91 Green Bean. 
HortScience 16:230 

Bassett, M. J. 1991. A revised linkage map of common bean. HortScience 26:834- 
836 

Bassett, M. J. 1992a. An induced mutant for blue flowers in common bean that is 
not allelic to For Sal and is linked to Fin. J. Am. Soc. Hort. Sci. 117: 317- 
320. 

Bassett, M. J. 1992b. Characterization and inheritance of four induced leaf mutants 
in common bean. J. Am. Soc. Hort. Sci. 117: 512-514. 

Bassett, M. J. 1993. A new gene for flower color pattern, white banner (wb), in 
progeny of an interspecific hybrid between common and scarlet runner 
beans. J. Am. Soc. Hort. Sci. 118: 878-880. 

Bassett, M. J. 1994. Tight linkage of purple pod character and the complex c locus 
in common bean. J. Hered. 85:288-290 

Bassett, M. J. 1997a. Gentic linkage with the shiny pod character (ace) in common 
bean. J. Am. Soc. Hort. Sci. 122:344-346 



64 

Bassett, M. J. 1997b. Tight linkage between the Fin locus for plant habit and Z 
locus for partly colored seed coat patterns in common bean. J. Am. Soc. 
Hort. Sci. 122:656-658 

Bliss, F. A. 1971. Inheritance of growth habit and time of flowering in beans, 
Phaseolus vulgaris L. J. Amer. Soc. Hort. Sci. 96:715-717. 

Bliss, F. A. 1980. Common bean. In: W. R., Fehr (ed.). Hybridization of Crop 
Plants, pp.273-284. American Society Of Agronomy-Crop Science Society 
of America, Madison, WI USA. 

Coyne, D. P. 1966. The genetics of photoperiodism and the effect of temperature 
on the photoperiodic response for time of flowering in Phaseolus vulgarisL. 
varieties. Proc. Amer. Soc. Hort. Sci. 89:350-360. 

Coyne, DP. 1967. Photoperiodism: Inheritance and linkage studies in Phaseolus 
vulgaris. J. Hered. 58:313-314. 

Coyne, D. P. 1970. Genetic control of a photoperiod-temperature response for time 
of flowering in beans (Phaseolus vulgaris L.). Crop Sci 19: 246-248 

Coyne, D. P. 1980. Modification of plant architecture and crop yield by breeding. 
HortScience 15: 244-247. 

Coyne, D. P. and Steadman, J. R. 1977. Inheritance and association of some traits 
in a Phaseolus vulgaris L. cross. J. Hered. 68: 60-62. 

Davis, D. W. and W. A. Frazier. 1966. Inheritance of some growth habit 
components in certain types of bush lines of Phaseolus vulgaris L. Proc. 
Am. Soc. Hort. Sci. 88:384-392. 

Debouck, D. G. 1991. Systematics and morphology. In: Common beans: research 
for crop improvement. Schoonhoven, A.V. and Voysest, O (eds.) pp 55- 
191: Kluwer Academic Publishers. AH Dordrecht, Holland. 

Debouck, D. G, H. Rubiano and M. C. Menendez. 1988. Determinate climbers 
among Argentinian materials of Phaseolus vulgaris L. Annu. Rep.Bean 
Improv. Coop. 31:189-190. 

Detongnon, land J. R. Baggett. 1989. Inheritance of stem elongation tendency in 
determinate forms of common bean. J. Amer. Soc. Hort. Sci. 114: 115-117. 

Drijfhout, E. 1978. Influence of temperature-dependent string formation in 
common bean (Phaseolus vulgaris L.) Neth. J. Agric. Sci. 26: 99-105 



65 

Erickson, H. T. 1992. Inheritance of growth habit and qualitative flowering 
response in lima beans {Phaseolus lunatus L.). HortScience 27: 156-158. 

Everitt, B. S. 1977. The Analysis of Contingency Tables, pp. 12-37. John Wiley & 
Sons Inc., New York USA. 

Fernandez, F., P. Gepts and M. Lopez. 1986. Stages of development of the 
common bean plant CIAT, Cali, Colombia. 

Frazier, W. A., J. R. Baggett, and W. A. Sistrunk. 1958. Transfer of certain blue 
lake pole bean pod characters to bush bean. Proc. Amer. Soc. Hort. Sci. 
71:416-421. 

Fraizer, W. A. and D. W. Davis. 1966. Inheritance of dark green savoy mutant. 
Annu. Rep.Bean Improv. Coop. 9:22 

Gepts, P. 1988. A middle American and an Andean common bean gene pool. In: 
Gepts, P. (ed.) Genetic Resources of Phaseolus Beans. Kluwer Academic 
Publ., Dordrecht, The Netherlands, pp. 375-392 

Gepts, P., R. Nodari, S. M. Tsai, E. M. K. Koinange, V. Llaca, R. Gilbertson and P. 
Guzman. 1993. Linkage mapping in common bean. Annu. Rep. Bean 
Improv. Coop. 36:xxiv-xxxviii 

Gu, W. J. Zhu, D. H. Wallace, S. P. Singh and N. F. Weeden. 1998. Analysis of 
genes controlling photoperiod sensitivity in common bean using DNA 
markers. Euphytica 102:125-132 

Hess, W. M. 1960. Inheritance of growth habit in bush bean Phaseolus vulgaris L. 
M.S. Thesis, Oregon State University. 

Kelly, J. D. and M. W. Adams. 1987. Phenotypic recurrent selection in ideotype 
breeding of pinto beans. Euphytica 36:69-80 

Kilen, T. C. 1983. Inheritance of a short petiole trait in soybean. Crop Sci. 
23:1208-1210 

Kretchmer, P. J. and D. H. Wallace. 1978. Inheritance of growth habit in 
indeterminate lines of Phaseolus vulgaris L. bean. Annu. Rep. Bean 
Improv. Coop. 21: 29-30. 

Lamprecht, H. 1935. Zur Genetik von Phaseolus vulgaris, X. Uber 
Infloreszenztypen und ihre Vererbung. Hereditas 20: 71-93. 



66 

Leakey, C. L. A. 1988. Genotypic and phenotypic markers in common bean. In: P. 
Gepts (ed.) Genetic Resources ofPhaseolus Beans. Kluwer Academic 
Publ., Dordrecht, The Netherlands, pp. 245-327. 

Mather, K. 1951. The measurement of linkage in heredity. Methuen and 
Co., Ltd., London, UK. 

Myers, J. R., R. E. Hayes and J. J. Kolar. 1991. Registration of'UI906' black 
bean. Crop Sci. 31:1710. 

Nagata, R. T. and M. J. Bassett. 1984a. Linkage relationships of nine induced 
mutants in common bean. J. Am. Soc. Hort. Sci. 109:517-519. 

Nagata, R. T. and M. J., Bassett. 1984b. Characterization and inheritance of gamma 
ray induced mutations in common bean. J. Am. Soc. Hort. Sci. 109: 513- 
516. 

Norton, J. B. 1915. Inheritance of habit in the common bean. Am. Nat. 49: 
547-561. 

Okonkwo C. A. and C. D. Clayberg. 1984. Genetics of flower and pod color in 
Phaseolus vulgaris. J. Hered. 75:440-444. 

Prakken, R. 1934. Inheritance of colors and pod characters mPhaseolus vulgaris L. 
Genetica 16:177-294 

Ramsey, F. L. and D. W. Schafer. 1997. The Statistical Sleuth, pp.544-548. An 
International Thomson Publishing Company, Belmont, CA, USA. 

SAS. 1989. S AS/ST AT User's Guide, Version 6, Fourth 
Edition, Volume 2, SAS Institute Inc., Cary, NC 846 pp. 

Shelmidine, J. J. and R. W. Hartmann. 1984. Evidence for two recessive genes and 
two dominant genes controlling string development in one bean population. 
Annu. Rep. Bean Improv. Coop. 27:117-119. 

Silbemagel, M. S.1986. Snap bean breeding. In: M. J. Bassett (Ed.): Breeding 
Vegetable Crops. Avi publishing company. Inc. Westport, 
Connecticut, USA. 

Singh, S. P. 1991. Bean genetics. In: A. Van Schoonhoven and O. Voysest (Eds.): 
Common beans: research for crop improvement pp. 199-286. Kluwer 
Academic Publishers. AH Dordrecht, Holland. 



67 

Singh, S. P., C. G. Munoz and H. Teran. 1996. Determinacy of growth habit in 
common bean, Phaseolus vulgaris.h. Annu. Rep. Bean Improv.Coop. 25: 
92-95. 

Smith, J.A 1996. Harvest. In:H. F. Schwartz,D. S. Nuland and G. D. Franc. (Eds): 
Dry bean production and Pest Management. Regional Bulletin 5 62A. Fort 
Collins, CO, USA. 

Wallace, D .H. and G. A, Enriquez. 1980. Daylength and temperature effects on 
days to flowering of early and late maturing beans (Phaseolus vulgaris L.). 
J. Am. Soc. Hort. Sci. 105:583-591. 

Weaver, R. F. and P. W. Hedrick. 1997. Genetics. McGraw-Hill Co., Inc., Iowa. 

You, M., T. Zhao, G. Junyi, and Y.Yang. 1998. Genetic analysis of short petiole 
and abnormal pulvinus in soybean. Euphytica 102:329-333. 

Yourstone, K. S. and D. H., Wallace. 1990. Effect of photoperiod and temperature 
on rate of node development in indeterminate bean. J. Am. Soc. Hort. Sci. 
115:824-828. 



68 

APPENDIX 



Appendix table 1. Test of independence for growth habit and cotyledon/flower color in an F2 population of common 
bean grown in the greenhouse in 1997. 

Cross 

Fin- finfrn 

P-V-        P-vv&ppV- 
ppvv 

P-V- P-w, ppV- 
ppvv 

d.f. Prob. 

topiary x 91G Obs 26 22 14 5 2.155          1 0.14 
Exp 28.66 19.34 11.34 7.65 

91G x topiary Obs 32 17 14 5 0.439          1 0.50 
Exp 33.15 15.85 12.86 6.15 

Combined 58 39 28 10 2.278          1 0.13 
61.79 35.21 24.21 13.79 

Homogeneity 0.316         1 0.57 

topiary x 5-593 Obs 40 10 13 7 1.748          1 0.18 
Exp 37.86 12.14 15.14 4.86 

5-593 x topiary Obs 44 12 11 5 0.665          1 0.41 
Exp 42.78 13.22 12.22 3.78 

Combined Obs 84 22 24 12 2.334          1 0.13 
Exp 80.62 25.38 27.38 8.62 

Homogeneity 5.267          1 0.15 

0\ 
SO 



Appendix table 2. Test of independence for growth habit and shiny leaf in an F2 population of common bean grown 
in the greenhouse in 1997. 

Fin- - Jin/in 

X2         d.f. Cross Shiny leaf Dull leaf Shiny leaf Dull leaf Prob. 
topiary x 91G Obs 25 23 16 3 5.916         1 0.01 

Exp 29.37 18.63 11.63 7.37 

91G x topiary Obs 31 18 18 1 6.735         1 0.00 
Exp 35.31 13.70 13.69 5.31 

topiary x Minuette Obs 27 8 25 4 0.855         1 0.35 
Exp 28.43 6.57 23.56 5.44 

Minuette x topiary Obs 36 6 17 1 0.932         1 0.33 
Exp 37.10 4.90 15.90 2.10 

topiary x 5-593 Obs 42 8 20 0 3.613         1 0.05 
Exp 44.29 5.71 17.71 2.29 

5-593 x topiary Obs 53 3 15 1 0.019         1 0.89 
Exp 52.89 3.11 15.11 0.89 

Combined 
Obs 214 66 111 10 12.888        1 0.00 
Exp 226.93 53.07 98.07 22.93 

Homogeneity 5.183         5 0.39 

o 



Appendix table 3. Test of independence for growth habit and pod suture strings in an F2 population of common bean 
grown in the greenhouse in 1997. 

Cross 

Fin— finfin 

Stringless    Stringy pods    Stringless    Stringy pods 
pod pod 

X d.f. Prob. 

topiary x 91G Obs 31 17 12 7 0.012          1 0.91 
Exp 30.81 17.19 12.19 6.81 

91G x topiary Obs 34 15 8 11 4.315          1 0.03 
Exp 30.27 18.74 11.74 7.26 

Combined 32 65 18 20 2.420          1 0.12 
35.93 61.07 14.07 23.92 

Homogeneity 1.906          1 0.17 

topiary x Minuette Obs 15 20 7 22 2.463          1 0.11 
Exp 12.03 22.97 9.97 19.03 

Minuette x topiary Obs 19 23 3 15 4.429           1 0.03 
Exp 15.40 26.60 6.60 11.40 

Combined Obs 43 34 37 10 6.673           1 0.01 
Exp 49.68 27.32 30.32 16.68 

Homogeneity 0.219           1 0.64 



Appendix table 4. Test of independence for growth habit and pod cross-sectional shape in an F2 population of 
common bean grown in the greenhouse in 1997. 

Fin- finfm 

"    x2 d.f. Cross Flat & oval Round Flat & oval Round Prob. 
pods Pods pods Pods 

topiary x 91G Obs 35 13 10 9 2.540 0.11 
Exp 32.24 15.76 12.76 6.24 

91G x topiary Obs 34 15 9 10 2.855 0.09 
Exp 30.99 18.01 12.01 6.99 

topiary x Minuette Obs 21 14 15 14 0.441 0.05 
Exp 19.69 15.31 16.31 12.69 

Minuette x topiary Obs 23 19 7 11 1.270 0.25 
Exp 21 21 9 9 

Combined Obs 113 61 41 44 6.613 0.01 
Exp 103.46 70.54 50.54 34.46 

Homogeneity 0.494 3 0.92 

-J 
to 



Appendix table 5. Test of independence for growth habit and striped pod color in an F2 population of common bean 
grown in the greenhouse in 1997. 

Fin- finfin 

x2 d.f. Cross Plain 
Pods 

Striped pods Plain 
pods 

Striped pods Prob. 

topiary x 91G Obs 
Exp 

42 
40.84 

6 
7.16 

15 
16.16 

4 
2.84 

0.784 0.37 

91G x topiary Obs 
Exp 

40 
37.47 

9 
11.53 

12 
14.53 

7 
4.47 

2.597 0.10 

topiary x 5-593 Obs 
Exp 

40 
39.29 

10 
10.71 

15 
15.71 

5 
4.29 

0.212 0.64 

5-593 x topiary Obs 
Exp 

53 
52.11 

3 
3.89 

14 
14.89 

2 
1.11 

0.983 0.32 

Combined 

Homogeneity 

Obs 
Exp 

175 
169.29 

28 
33.71 

56 
61.71 

18 
12.29 

4.343 

0.233 3 

0.03 

0.97 



Appendix table 6. Test of independence for cotyledon/flower color and pod suture strings in an F2 population of 
common bean grown in the greenhouse in 1997. 

P-V- P-vv, ppV-, ppvv 

Cross Stringless    Stringy pods 
pods 

Stringless     Stringy pods 
pods 

topiary x 91G Obs 
Exp 

26 
25.67 

14 
14.33 

17 
17.33 

10 
9.67 

91G x topiary Obs 
Exp 

27 
26.53 

17 
17.47 

14 
14.47 

10 
9.53 

Combined 

Homogeneity 

Obs 
Exp 

53 
52.27 

31 
31.73 

31 
31.73 

20 
19.27 

X d.f.       Prob. 

0.029 

0.059 

0.072 

0.016 

0.86 

0.80 

0.78 

0.89 



Appendix table 7. Test of independence for cotyledon/flower color and cross-sectional shape of pod in an F2 population 
of common bean grown in the greenhouse in 1997. 

P-V- P-vv, PPV; ppw 

"    x2 d.f. Cross Flat & oval Round Flat & oval Round Prob. 
pods pods pods pods 

topiary x 91G Obs 
Exp 

29 
26.87 

11 
13.13 

16 
18.13 

11 
8.87 

1.281 1 0.25 

91G x topiary Obs 
Exp 

25 
27.82 

19 
16.18 

18 
15.18 

6 
8.82 

2.208 1 0.13 

Combined Obs 
Exp 

54 
54.76 

30 
29.24 

34 
33.24 

17 
17.76 

0.079 1 0.77 

Homogeneity 3.410 1 0.06 



Appendix table 8. Test of independence for shiny leaf and pod suture strings in an F2 population of common 
bean grown in the greenhouse in 1997. 

Shinj 'leaf Dull leaf 

x2 d.f. Cross Stringless 
pods 

Stringy pods Stringless 
pods 

Stringy pods Prob. 

topiary x 91G Obs 
Exp 

36 
32.27 

11 
14.73 

10 
13.73 

10 
6.27 

4.611 0.03 

91G x topiary Obs 
Exp 

27 
30.88 

23 
19.12 

15 
11.12 

3 
6.88 

4.822 0.02 

topiary x Minuette Obs 
Exp 

16 
17.88 

36 
34.13 

6 
4.13 

6 
7.88 

1.598 0.20 

Minuette x topiary Obs 
Exp 

16 
19.35 

37 
33.65 

7 
3.65 

3 
6.35 

5.752 0.01 

Combined 

Homogeneity 

Obs 
Exp 

95 
102.54 

107 
99.46 

38 
30.46 

22 
29.54 

4.919 

11.865 3 

0.02 

0.00 



Appendix table 9. Test of independence for shiny leaf and cross-sectional shape of pods in an F2 population of 
common bean grown in the greenhouse in 1997. 

Shiny leaf Dull leaf 

"       X2          d. Cross Flat & oval        Round Flat & oval        Round f.        Prob. 
pods              Pods pods              Pods 

topiary x 91G Obs 33                  14 11                  9 1.440         1 0.23 
Exp 30.87             16.13 13.13              6.87 

91G x topiary Obs 32                 18 11                    7 0.047         1 0.82 
Exp 31.62             18.38 11.38              6.62 

topiary x Minuette Obs 27                  25 9                   3 2.109         1 0.14 
Exp 29.25             22.75 6.75               5.25 

Minuette x topiary Obs 33                  20 8                    2 1.164         1 0.28 
Exp 34.49             18.51 6.51                3.49 

Combined Obs 125                 77 39                 21 0.192         1 0.66 
Exp 126.44            75.56 37.56             22.44 

Homogeneity 4.569 0.20 



Appendix table 10. Test of independence for shiny leaf and stripe pod color in an F2 population of common bean 
grown in the greenhouse in 1997. 

Shiny leaf Dull leaf 

X2        d.f. Cross Plain            Striped 
pods              pods 

Plain 
pods 

Striped 
pods 

Prob. 

topiary x 91G Obs 
Exp 

38                  9 
39.99             7.01 

19 
17.01 

1 
2.99 

2.211        1 0.13 

91G x topiary Obs 
Exp 

35                  15 
38.24             11.76 

17 
13.76 

1 
4.24 

4.395        1 0.03 

topiary x 5-593 Obs 
Exp 

49                  13 
48.71              13.29 

6 
6.29 

2 
1.71 

0.068        1 0.79 

5-593 x topiary Obs 
Exp 

63                   5 
63.28              4.72 

4 
3.72 

0 
0.28 

0.316        1 0.57 

Combined 

Homogeneity 

Obs 
Exp 

185                 42 
189.30            37.70 

46 
41.69 

4 
8.30 

3.263        1 

3.728        3 

0.07 

0.29 

-J 
00 



Appendix table 11. Test of independence for cross-sectional shape of pod and stripe pod color in an F2 population of 
common bean grown in the greenhouse in 1997. 

Flat & oval pods Round pods 

Cross Plain 
pods 

Striped pods Plain 
pods 

Striped pods 

topiary x 91G Obs 
Exp 

38 
37.88 

9 
9.12 

16 
16.12 

4 
3.88 

91G x topiary Obs 
Exp 

35 
32.88 

8 
10.12 

17 
19.12 

8 
5.88 

Combined Obs 
Exp 

73 
70.67 

17 
19.33 

33 
35.33 

12 
9.67 

x2 d.f.        Prob. 

0.006 1 

1.576 1 

1.075 1 

0.507 1 

0.71 

0.97 

0.90 

0.72 



Appendix table 12. Test of independence for pod suture strings and cross-sectional shape of pod in an F2 
population of common bean grown in the greenhouse in 1997. 

Stringless pods Stringy pods 

X2          d.f. Cross Flat & oval Round Flat & oval Round Prob. 
pods Pods pods pods 

topiary x 91G Obs 32 12 13 10 1.798         1 0.17 
Exp 29.55 14.45 15.45 7.55 

91G x topiary Obs 28 14 15 11 0.556         1 0.45 
Exp 26.56 15.44 16.44 9.56 

topiary x 5-593 Obs 17 5 18 24 8.905          1 0.00 
Exp 12.38 9.63 23.63 18.38 

5-593 x topiary Obs 10 12 16 22 0.063          1 0.80 
Exp 9.53 12.47 16.47 21.53 

Combined Obs 88 42 62 67 10.236        1 0.00 
Exp 75.29 54.71 74.71 54.29 

Homogeneity 1.087         3 0.78 

00 
© 



Appendix table 13. Test of independence for pod suture strings and striped pod color in an F2 population of 
common bean grown in the greenhouse in 1997. 

Stringless pods Stringy pods 

x2 d.f. Cross Plain 
pods 

Striped 
pods 

Plain 
pods 

Striped 
pods 

Prob. 

topiary x 91G Obs 
Exp 

42 
37.43 

2 
6.57 

15 
19.57 

8 
3.43 

10.875 1 0.00 

91G x topiary Obs 
Exp 

38 
32.12 

4 
9.88 

14 
19.88 

12 
6.12 

11.975 1 0.00 

Combined 

Homogeneity 

Obs 
Exp 

80 
69.44 

6 
16.56 

29 
39.56 

20 
9.44 

22.989 

0.135 

1 

1 

0.00 

0.72 


