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ABSTRACT 

Cuphea (Lythraceae) is a genus of interest as a possible 

domestic source of medium-chain fatty acids. The genus is in the 

preliminary phases of domestication. 

An unsuccessful attempt was made to produce interspecific 

hybrids between species in several sections of the genus and with 

varying chromosome numbers. 

An analysis was made of the time of day and size bud to 

collect for cytological study of meiotic phases. Chromosome numbers 

were reported for C. ignea and C. pinetorum. Arm-pairing data were 

collected for 4 species and one interspecific hybrid. Metaphase I 

bivalent size was measured for 4 species. 

A genetic study was done in C^_ procumbens. Hypotheses 

flower color, viscid plant hairs, seed 

and seed dormancy are proposed. A PEG 

treatment was found inneffective in 

breaking dormancy. 

regarding the inheritance of 

coat spots, seed coat hairs 

osmoticum pre-germination 

ix 



CHAPTER 1 

INTRODUCTION 

Cuphea is the largest and most advanced (approximately 200 

species) genus in the Lythracae family. The range of the genus 

extends from South America to as far north as Illinois, but the main 

distribution is in tropical and sub-tropical regions of Mexico, Cen

tral and South America. The genus includes annuals and short-lived 

perennials from several centimeters to 1.5 meter's in height. Typical 

floral morphology consists of a fused calyx tube with outside veins. 

Six petals are usual and floral anatomy ranges from highly 

zygomorphic with the two dorsal petals being larger to almost 

actinomorphic in structure. Stamens number from six to eleven and are 

borne on filiments of unequal lengths. The seed are borne on the pla

centa within the persistant calyx tube. At maturity the placenta typ

ically arches upward, rupturing the placental membrane and calyx tube 

longitudinally, leaving the seed exposed for dispersion (Graham, 

1968b") . 

Current interest in the domestication of Cuphea is primarily 

related to the medium-chain triglycerides contained in the seed. 

Medium-chain (eight to fourteen carbons in length) fatty acids are 

utilized in the making of soaps, detergents and surfactants 

(Thompson,1984). Medium chain fatty acids (MCFA) are also of use in 

dietary applications. They can provide essential lipids for patients 

1 
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lacking the enzymes to metabolize long-chain fatty acids (Babayan, 

1981). In addition, MCFA are metabolized via a different pathway than 

long chain fatty acids. They most often result in ketone bodies, 

which are burned for heat rather than being deposited in adipose 

tissue. This quality has led to use of MCFA in high-energy infant 

formulas and may lead to usage as weight-control dietary oils (Bach 

and Babayan,1982). 

MCFA are quite rare in the plant kingdom and only two 

cultivars, oil palm and copra, are currently under commercial 

production. As both of these crops are grown in the Orient, the U.S. 

must rely solely on imports to supply the 600,000 metric tons used 

annually (C.A.S.T., 1984). 

The fatty acid content of Cuphea seed oils was discovered 

during the 1960's in surveys conducted by the U.S.D.A. (Miller et al, 

1964). Fatty acids from 6 to 14 carbons in length were found to be 

abundant in the genus. The predominant fatty acid as well as the 

percentage of that acid varies from species to species. Of the 

species that have been analyzed 73 % have C10 or C12 as the pre

dominant chain length (Slabas et. al'., 1982). The seeds of Cuphea 

llavea and C^_ paucipetala contain 87 % capric acid (C10) and as such 

are the richest known source in the plant kingdom (Princen,1983). 

The modification in the chain-lengthening process that results in 

MCFA is not known. In a comparison of chain length and botanical 

sections of the genus, it became apparent that the presence of the 

shorter chains is a derived condition, with eighteen carbon oleic 
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acid being the "normal" or original product. The simplest sections 

have C18 oils while species in the section Melvilla have CIO and C12 

oils. In the section Heterodon CIO oils predominate and in 

Diplotychia, the most advanced section, most oils are 8 carbons in 

length (Graham et al, 1981). 

There appears to be no adaptive value in the shorter chain 

lengths (Lorey and Robbelen,1984). Because of its small size and 

annual habit, Cuphea may be useful in further studying the 

biosynthesis of shorter fatty acids (Slabas et al,1982). 

In addition to being an oil source, many species of Cuphea 

are quite ornamental and have been cultivated as such. C.procumbens 

and C^ ignea, among others, have been used as ornamentals (Thompson 

1984; Hirsinger and Robbelen 1980). 

Domestication 

Since the discovery of medium chain triglycerides in Cuphea 

seed oils, the domestication of the genus has progressed at a modest 

but quickening pace. This work has been supported and carried out by 

USDA/ARS and Oregon ".ate University. The majority of the funding has 

been provided by USDA and Oregon State University with the soap and 

detergent industry providing smaller amounts (Thompson, 1984). 

There is currently no commercial production of Cuphea. 

However, the genus has several promising traits which make future 

production seem possible. Many species are vigorous, early, and 

produce abundant seed. Cuphea plants are easily propagated 

vegetatively (Livingston,1985) or by seed. The great variation in oil 
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chain lengths might possibly be exploited in supplying specific oil 

needs. A great variation in agronomic traits exists within the 

genus, a factor conducive to success in plant breeding. Also, if 

developed, the crop would not compete with any current U.S. crop and 

might contribute to the U.S. foreign trade balance as well as 

furnishing a source of MCFA steady in supply and price. 

Several major obstacles must be overcome before any Cuphea 

species can be grown commercially. Many species show seed dormancy 

which presents a problem in stand establishment. Most species 

possess sticky, glandular hairs (trichomes) on leaves, stems, and on 

the persistant calyx tube. This trait greatly complicates 

harvesting. Indeterminate flowering patterns cause seed set to be 

spread out over the entire growing season. Perhaps the most serious 

problem is the shattering of seed held exposed on the erect placenta. 

The mature seed of some species are so loosely attached that a mild 

breeze can cause them to fall (Thompson, 1984). 

Botany 

Being a genus of little prior interest or use to mankind, 

Cuphea is by no means well studied botanically. The genus Cuphea was 

first described in 1756 by Patrick Browne and he is given credit for 

naming the genus (Graham, 1963). In his 1828 work Prodromis 

Systematis, De Candolle describes the genus as having six unequal 

petals, eleven to fourteen stamens of unequal length. He also 

describes the capsule membrane and deflexed placenta which 

distinguish the genus. De Candolle was also the first to join the 
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groups Melanium and Parsonia under the genus Cuphea ( De 

Candolle,1828). To date the only published monograph on Cuphea was 

published in 1903 by E. Koehne. 

Modern taxonomic work is largely credited to Dr. S. Graham at 

Kent State University. Her work spanning more than 25 years has made 

her the recognized expert in Cuphea botany. Dr. Graham has cleared up 

confusion which occured early on with regard to nomenclature and 

citations (Graham, 1968b). She has discovered several new species 

and shed much light on the relationships between divisions and 

species within the genus (Graham, 1968a, 1969, 1971,). In addition to 

traditional botanical criteria such as flower morphology, she has 

used pollen morphology, fatty acid chain length, and chromosome 

number to classify the genus (Graham, 1963,1968b, Graham and Graham, 

1967, 1971). Dr. Graham's current work involves a complete taxonomic 

revision of the genus. 

Agronomy 

Regarding agronomic traits, a limited amount of progress has 

been made. Experiments in breaking seed dormancy have been 

undertaken using C^ wrightii seed. Scarification by chipping and acid 

bath have shown some success, implicating the seed coat in the 

dormancy problem. Priming the seed in an osmotic solution of PEG 6000 

(polyethylene glycol, molecular weight 6000) has shown an improvement 

in germination of C^ wrightii seed as has simply aging the seed for a 

few years (Grabe, et al,1985). 



The presence of viscid glandular hairs (trichomes) on stems, 

leaves and calyx tubes is found throughout the genust, with some 

variation, however. Plants possessing a mutant genotype for lack of 

glands and absence of trichomes have been found in C^_ aperta and C. 

procumbens (Hirsinger,1980). 

In the course of an experiment involving chemical mutagenesis 

of C. aperta seed, F. Hirsinger (1980) recovered a mutant producing 

nearly actinomorpic flowers. Since the shattering problem in Cuphea 

is theoretically related to the zygomorphic structure of the flower, 

it was hoped that this plant might retain its seed. Unfortunately, 

the capsule splits open as the seed within increase in size. 

Approaching this problem from an agronomic standpoint, a vacuum 

harvester has been developed to be used at frequent intervals 

throughout the setting period (Hirsinger and Knowles, 1984). 

A unique type of seed coat appendage occurs throughout the 

genus. Within the epidermal cells of the seed coat are coiled hairs 

which extend when the seeds are moistened. They were analyzed and 

found to be helical in structure and composed of carbohydrate and a 

protein dubbed "Helixen". Their function is unknown, but they may 

serve to anchor the germinating seed in the soil (Stubbs and Slabas, 

1982). 

A large body of preliminary work has been done at Oregon 

State University in an attempt to gain familiarity with the agonomic 

characteristics of the most promising species. Over forty species 

have been surveyed for plant, seed and agronomic traits. The species 
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in the section Heterodon produce plants close to 1 m in height with 

large seed, and thus seem the most likely candidates for production 

(Hirsinger and Knowles, 1984). 

Since no one species possesses all the traits nessessary to a 

commercially viable Cuphea cultivar, the production of interspecific 

hybrids has been of great interest for some time. Besides combining 

desirable traits from different species, interspecifics, especially 

between oil groups, could provide information about the inheritance 

of factors controlling chain length. Since oil chain length and 

evolutionary distance are related, it would be expected that crosses 

between these groups would be rare, and, indeed, only one such cross 

between CIO and C12 species have been produced (Gathman and 

Ray,1987). In a study involving 18 species crossed over a two year 

period, no such hybrids were obtained. However, confirmed 

interspecific Fls within oil groups were produced. Some were fertile, 

showed heterosis and were quite ornamental (Lorey and Robbelen,1984). 

Cytogenetics 

Cytogenetics is invaluable when gathering basic information 

on a poorly understood group of plants. The chromosome numbers of 

approximatly one half of the Cuphea species have been obtained. The 

haploid numbers reported vary from six to sixty, leading to 

speculation about gross structural changes occuring in the evolution 

of the species. The size of meiotic chromosomes ranges from one to 

three micrometers (Graham, 1963). The species in Section Heterodon 

generally have relativly low haploid chromosome numbers (six to 
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twelve). The species in Section Diploptychia have the largest number 

of chromosomes and the shortest chain lengths, with C8 being 

predominant. The base number of the Lythraceae is reported to be 8 

(Tobe et al, 1986). 

Meiotic analysis of interspecific Fl's can provide 

information about the evolutionary distance between the species and 

the liklihood of transferring genetic information from one genome to 

another. The frequency of chlasma formation is an indicator of 

zygotene pairing of chromosomes, and therefore, homology of the 

genomes in question. Arm pairing data were collected for 14 species 

and six interspecific hybrids by Gathman and Ray (1987). An estimate 

of the evolutionary distance between six species was made using the 

formula N / xta ( haploid number / mean chiasmata per cell). The 

number of chiasmata per cell was found to be lower in hybrids than in 

species. In addition, a Genomic Affinity Index was calculated for the 

species involved in two of the hybrids (Gathman and Ray, 1987). 

The intent of this thesis is to explore several basic areas 

that would seem to be helpful in the domestication of this genus. 

This includes the making of interspecific hybrids and cytological, 

physiological, and genetic investigations. 



CHAPTER 2 

MATERIALS AND METHODS 

There are three different areas of work in this thesis. The 

first involves an attempt to make interspecific crosses between 

species in several sections of the genus. Secondly, a cytogenetic 

study was done to gather information about meiotic bud size, chiasma 

frequency and chromosome size and number in species and interspecific 

hybrids. Lastly, a genetic study was done on C. procumbens to learn 

more about the inheritance of several plant and seed characteristics. 

The effectivness of PEG 6000 in breaking seed dormancy was also 

tested. The University of Arizona posesses a collection of some 

thirty Cuphea species. These were obtained from Dr. A. E. Thompson of 

the USDA-ARS in Phoenix and Dr. S.A. Graham of Kent State University 

and are maintained in a greenhouse. 

Interspecific Crosses 

From the plants in the U. of A. collection, six species were 

chosen to be intercrossed. These plants were chosen as being 

different enough botanically, in chromosome number and in fatty acid 

chain length so that a successful F1 might be quite a valuable source 

of information. They are detailed in Table 1. 

9 
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Table 1. Species and sections of plants used in the interspecific 

crossing program. 

SPECIES SECTION PREDOMINANT N 

FATTY ACID 

C. glutinosa Euandra C 12 14 

C. ignea Melvilla C 10 15 

C. pinetorum Diplotychia C 8 ca 40 

C. laminuligera Heterodon C 12 10 

C. procumbens Heterodon C 10 9 

C. wrightii Heterodon C 12 22 

Crosses were made between these plants in the greenhouse. 

Plants were emasculated by removing the distal portion of the floral 

tube containing the anthers before anthesis. The flower of the 

proposed male parent (with pollen evident) was then applied to the 

protruding stigma, and in some cases, again the next day and the day 

after. The flower was then covered with a piece of paper soda straw 

or a small glassine bag to prevent unwanted pollination. An attempt 

was made to perform a diallel cross using each species as both male 

and female parent to all others. 

Any resulting seed were harvested and planted in potting 

media in a greenhouse equipped with a mist system. The seedlings were 

grown out until they bloomed and examined for evidence of traits from 

the male parent. Because the flowers of these species are remarkably 

different morphologically, any true interspecific would be obvious. 
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Cytogenetics 

In this portion of the research the chromosomes of nine 

species and two interspecifics were to be studied. The buds were 

collected and fixed in a modified Carnoy's solution (4 chloroform, 3 

ethanol, 1 acetic acid). The buds were collected from greenhouse-

grown plants at various times throughout the morning. After about 48 

hours in fix, the buds were placed in 70% ethanol and stored in the 

freezer. 

Each bud was measured prior to examination. This was a 

measurement of length from the rear of the spur to the most prominant 

(usually the upper) lobes on the calyx tube. The buds were measured 

with the aid of a Filar micrometer attached to a dissecting 

microscope. 

The buds were rehydrated in water and some were then placed 

in 1:1 HC1:95% ethanol for 10 seconds. The anthers were squashed and 

stained in aceto^carmine with a small amount of hematoxalin. After 

the slide was prepared it was heated over steam for five to ten 

minutes and pressed firmly. 

The resulting slides were studied using a light microscope 

and microspore mother cells were examined for the prescence of 

meiotic stages. Pictures were taken of metaphase spreads at 1000X 

magnification and the bivalents were recorded as being closed or 

open. The chromosomes were measured by projecting the negatives onto 

a wall, measuring the images of the bivalents, and comparing to an 

exposure of a slide micrometer. 
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The mature flowers were measured with a hand-held micrometer. 

Measurements were taken from the rear of the spur to the most 

prominant portion of the calyx tube. The petals were not included. 

Genetic Study 

In the Cuphea collection at the University of Arizona are 

three accessions of C. procumbens with three different colors of 

flowers. These plants also differ with regard to seed dormancy, seed 

coat coloration, and quantity of seed coat hairs. Also, one' of the 

plants was selected for lack of viscid hairs on plant and fruit 

parts. These traits are summarized in Table 2. 

Table 2. Traits of Three C^_ procumbens Accessions. 

USDA/ 

ARS 

ACCESS. 

NUMBER 

FLCWER SEED SEED SEED TRICHCME 

COLOR COAT COAT DORMANCY STICKINESS 

SPOTS HAIRS 

0263 pink many 

0100 lavender none 

0235 red many 

few 

heavy 

none 

complete 

inter- inter

mediate mediate 

none 

heavy 

med-

heavy 

A diallel cross was performed between three individual 

representatives of the three lines. All the flowers on several 

racemes were emasculated before anthesis. Large glassine bags were 

placed over the entire stem and pollination with the desired parent 



was done every second day. This process was repeated until several 

dozen seed were obtained for each cross and its reciprocal. 

These seed were then germinated, and for each of the six 

reciprocals, six to eight plants were grown to the flowering stage. 

These plants were examined for evidence of cross-pollination and for 

any variation within groups. The plants were allowed to self 

pollinate. In some cases it was necessary to disturb the anthers with 

a spatula in order to effect good seed set. One plant of each F1 

reciprocal type and two of each parental type were selected. Four 

hundred seeds were harvested from each of these twelve plants over a 

period of one month. Also, backcrosses were done between the F-1 and 

parental generation using the same method used in making the original 

crosses. 

After a ripening period of ten days after the last seed were 

harvested, a germination experiment was begun. Seed from all twelve 

plants were divided into eight lots of fifty. Half of these lots were 

subjected to a PEG 6000 osmoticum treatment and half recieved a 

water-only control treatment. The seed were wrapped by lot in pieces 

of nylon netting and placed into large beakers. An air pump and 3 

airstones per beaker were used to aerate the germination solutions. 

One beaker was filled with distilled water and the other with a 

solution of 33.15 g. PEG 6000 per 100 ml. water. This later is 

equivalent to -12.5 bars at 25 degrees C. Both water and PEG 

solutions were changed daily for three days. 
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At the end of the fourth day all the lots of seed were rinsed 

in distilled water and placed in petri dishes to germinate on filter 

paper. The dishes were kept in a growth chamber under constant light 

and a temperature of 23.5 degrees C.. Germinated seeds were counted 

and removed from each dish daily for nine days and every second day 

thereafter until the twenty-third day from the beginning of the 

experiment. At that point the remaining ungerminated seed were 

counted. 

The seedlings resulting from this experiment formed the F-2 

population for the genetic study. One hundred and eight healthy 

seedlings from each of the six F-1 reciprocals and the six parents 

were planted in two by six inch cardboard liners and grown in the 

greenhouse. For some plants, such as the lavender-flowered parent 

which showed extreme dormancy, the seed coat had to be dissected off 

the embryo. This was done by removing the distal margin of the seed 

coat with a fingernail clipper and squeezing the embryo out. These 

embryos were extremly viable and almost without exception began to 

develop immediately. 

As these plants reached the flowering stage they were sorted 

by flower color. The flowers were examined on the second day after 

they opened to avoid comparing sun-faded flowers with new ones. The 

flowers were compared to the Munsell Book of Colors and given a 

designation according to the Munsell system. In addition, using the 

F1 of the pink-flowered by lavender-flowered parents, the segregation 

of the four additional traits mentioned in Table 2 was tabulated. 
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Each of the 216 plants in this group were given a numbered 

tag. Each plant was evaluated for the amount of viscid excretion 

present on the trichomes of the fused calyx tube when seed were 

mature, and given a numerical score from 0 to 4. This evaluation was 

made by feeling the fruits, touching them together, and noting the 

size of the droplets and how far the strings of viscid material 

stretched when the fruits were separated (Hirsinger and Knowles, 

1984). 

Over a period of six weeks, seed were harvested from each of 

the plants. Each lot of seed was given a score of 1 to 7 correlating 

to the number of anthocyanin pigment spots on the seed coat. After 

a ripening period, the seed were germinated on filter paper in petri 

dishes. On the first day after the seeds were wetted, each lot was 

given a score of 1 to 4 for the quantity of seed coat hairs ( as 

described in the Introduction) present. The seed was placed in the 

growth chamber under the same conditions present in the previous 

germination experiment. Germination was counted on the twentieth day 

after imbibition. 



CHAPTER 3 

RESULTS AND DISCUSSION 

Interspecific Crosses 

Table 3 summarizes the numbers of seed and plants resulting 

from each interspecific cross. Most of the crosses did not result in 

seed set. Out of 530 crosses made in 24 different parental 

combinations, only seven crosses produced harvestable seed. The 108 

seed harvested resulted in 18 plants. The six plants resulting from 

the C^_ glutinosa by C^ ignea cross were the result of either self-

pollination by contamination or late emasculation. They bore no 

resemblance to the male parent. Of the 54 seeds harvested from the C. 

pinetorum by C^ laminuligera cross, twenty were harvested late and 

not germinated. Again, the progeny resembled only the female parent. 

The seed harvested from the C;_ procumbens and C;_ laminuligera plants 

were kept under mist for several months but none germinated. They 

were probably dormant and should have been germinated in petri 

dishes. Also, a few motes were counted as seed due to the inex

perience of the author. 

Thus, no interspecific crosses resulted using these 

techniques. These results concur with those of Lorey and Robbelen, 

(1984) who used the same techniques and were unable to obtain hybrids 

between oil groups. The pollination and embryo excision techniques 

16 
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Table 3. Results of Interspecific Crosses. 

FEMALE MALE CROSSES SEEDS PLANTS CON-

PARENT . PARENT PER HAR GROWN FIRMED 

FORMED VESTED HYBRID 

C. glutinosa 

C. ignea 24 9 6 0 

C. laminuligera 0 

C. pinetorum 25 0 

C. procumbens 8 3 0 

C. wrightii 16 0 

C. ignea • 

C. glutinosa 29 0 

C. laminuligera 26 0 

C. pinetorum 12 0 

C. procumbens 18 0 

C. wrightii 6 0 

C. laminuligera 

C. glutinosa 9 0 

C. ignea 39 0 

C. pinetorum 16 0 

C. procumbens 25 3 0 

C. wrightii 0 

C. pinetorum 

C. glutinosa 0 

C. ignea 19 2 0 

C. laminuligera 46 54 8 0 

C. procumbens 31 15 4 0 

C. wrightii 3 0 

C. procumbens 

C. glutinosa 10 0 

C. ignea 37 0 

C. laminuligera 61 16 0 

C. pinetorum 10 0 

C. wrightii 26 0 

C. wrightii 

C. glutinosa 0 

C. ignea 5 0 

C. laminuligera 0 

C. pinetorum 0 

C. procumbens 29 0 

TOTALS 530 102 18 
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used by Ray, Thompson and Gathman,(1987) were more successful and 

should provide guidance for further attempts in this area. 

Cytogenetics 

The first questions addressed were that of of what time of 

day to collect meiotic buds and what size buds contain meiotic cells. 

For this work, buds were collected from July to November, 1986. Table 

4 is a summary of the times of day, dates and temperatures when buds 

were picked that were later analyzed and the meiotic stages they were 

found to contain. The temperature was recorded inside the greenhouse. 

The temperature at night was not recorded, but the heater thermostat 

was set at 50 degrees in the winter months. It may be assumed that 

pollen found in buds collected early in the day was the result of the 

previous day's meiotic activity. 

These data indicate that as the fall and winter progressed, 

the processes involved in meiosis proceeded at a slower pace. 

Metaphase I was found in buds collected at 10:00 in July whereas in 

November, MI was not found until 12:00 or later. It would be 

advisable to wait until the ambiant temperature has reached 70 

degrees F. for at least one hour before collecting buds for meiotic 

analysis. 

A great deal of the cytologists' time is spent looking for 

the size bud containing meiosis. Since there is a large variation in 

the size of Cuphea flowers, I hoped to relate meiotic bud size to 

mature flower size in a way applicable throughout the genus. Table 5 

is a report of the length of buds in which countable meiotic phases 
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Table 4. Conditions associated with meiotic stages in Cuphea 

species. 

SPECIES DATE TIME TEMP.(F) MEIOTIC STAGES* 

ignea 7-17 08:00 74 P,D,MI,MII,AII,TII,Q ignea 

9-20 08:00 70 P,POLLEN 

9-29 10:00 70 P thru All 

10-09 10:00 79 P,D,Q 

£1. laminuligera 7-17 10:00 77 P thru Til 

c^ glutinosa 7-17 08:00 74 POLLEN 

10:00 77 P thru Q 

12:00 82 P & POLLEN 

c^ wrightii 7-17 08:00 74 MI,Q,POLLEN wrightii 

10.00 77 D thru TII 

9-29 10:00 70 POLLEN 

11-04 12:00 73 P thru MI,TII,Q 

procumbens 7-17 08:00 74 POLLEN 

10:00 77 P thru Q 

9-20 08:00 70 Q,P 

9-29 10:00 70 P thru Q 

11-28 15:00 75 P thru Q 

2-22 16:30 NA Q,POLLEN 

ceasariata 7-17 08:00 74 P ,MI 

10:00 77 P thru Q 

12:00 82 P thru MI 

c^_ pinetorum 7-17 12:00 82 P thru AI 

10-23 12:00 74 P thru TI 

c. hookeriana 10-23 12:00 74 P 

11-04 12:00 73 P,MI,Q 

Cj_ llavea 11-28 15:00 75 P ,MI 

c. procumbens X 9-29 10:00 70 P thru All 

Cj_ llavea 11-28 15:00 75 P> MI ,TI ,Q 

c. ceasariata X 11-4 12:00 73 P thru Q 

c^ procumbens 

* P = pachytene, D = diplotene-diakenesis, MI, AI, TI 

metaphase, anaphase and telophase I. Mil, All, Til = 

metaphase, anaphase and telophase II. Q = quartets. 
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Table 5. Bud length at meiosis related to mature floral tube size. 

MEIOTIC 

BUD 

LENGTH 

(mm) 

BUD 

FLOWER 

RATIO 

4.63 

3.74 

.140 

.133 

5.06 .188 

5.42 

2 . 2 8  

2.93 

3.22 

4.22 

2.07 

1.99 

1.38 

.173 

.101 

.154 

.173 

.302 

.203 

. 220  

.214 

SPECIES MATURE 

FLORAL 

TUBE 

LENGTH 

(mm) 

C. llavea 

C. procumbens X 

llavea 

C. ceasariata X 

procumbens 

C. ceasariata 

C. is nea 

C. procumbens 

C. pinetorum 

C. hookeriana 

C. laminuligera 

C. glutinosa 

C. wrightii 

32.84 

28.14 

26 .86  

26.31 

22.37 

19.07 

18.61  

13.94 

1 0 . 2 2  

8.87 

6.44 
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(metaphase I and telophase I ) were found. The species are arranged 

in descending order according to the size of the mature flower. 

Overall, the percentage of mature flower length at which 

meiosis takes place increases as flower size decreases. An exception 

to this is C. ignea which has a very long, narrow floral tube 

compared to the other species measured. Generally, for flowers less 

than 15 mm long, buds about 20% of mature length should be collected 

and for flowers over 15 mm in length, buds about 15% of the mature 

length. 

Arm-pairing data (Table 6) and measurements of bivalents 

(Tables 7-10) were recorded for four species and for one 

interspecific cross. Chiasraata (xta) figures are calculated by 

assuming that each paired arm has one chiasma, and dissregards the 

possibility that more than one chiasma is present. 

The value "c" is the mean number of chiasmata per cell 

divided by the number of arms per cell, assuming that all chromosomes 

have two arms. This gives the probability of a chiasma occuring in a 

chromosome arm. The "c" values recorded here are lower than those 

obtained by Gathman and Ray (1987) for the four common species 

studied. 

Interestingly, the species with fewer chromosomes did not 

possess larger bivalents, in fact the inverse is true. This would 

suggest polyploidization rather than chromosome subdivision in the 

evolution of high-numbered species. 



Table 6. Arm pairing for 4 Cuphea species and I interspecific hybrid. 

Species 
N Number 

Cells 
Mean Closed Mean Open 

Blvalents/Cel 1 Bivalents/Cel1 

(XTA) 

Mean Chlasaata 

Per Cell 

(XTA) 

Mean Chlasaata 

Per Bivalent C 

C. laminulisera 10 25 .92 9.08 10.92 1.092 .546 

C. wrlghtll 22 19 1.52 20.47 23.53 1.069 .535 

C. caesarlata 18 25 1.04 16.96 19.00 1.05 .527 

C. lgnea 15 11 6.36 8.64 19.90 1.47 .663 

C. procumbens X 9 25 2.56 6.44 11.56 1.28 .642 

C. llavea 



Table 7. Ml Bivalent Sizes (Micrometers) in Cuphea wrighti i (N-22) 

Distr ibut ion (Micrometers)  

Cel ls  Btvalents  Si te  Range 1 .00-1.99 2.00-2.99 3.00-3.99 

o
 

o
 -* .99 5.00-5.99 6.00-6.99 7.00-7.99 8.00-8.99 9.00-9.99 

10 199 3.48 1.19-9.77 17 65 36 32 11 7 5  2 2 

\ 

Table 8. MI Bivalent Sizes (Micrometers) in Cuphea ignea (N=15) 

Nuaber  >u»ber  Mean Distr ibut ion (HUrot t  era)  
Cel la  Blvalenf  SIM 1.10-1.39 1.40-1.69 1.70-1.99 2.00-2.29 2.30-2.59 2.60-2.89 2.90-3.19 3.20-3.*9 3.50-3.79 

163 2.03 1.19-3.56 22 20 39 28 33 13 6 1  1  



Table 9. MI Bivalent Sizes (Micrometers) in Cuphea laminuligera (N=10) 

nuaber  Ruab«r•  Hean Distr ibut ion (Hlcroaeters)  
Cet la  Blvalent i  Size Range 1 .10-1.79 1.80-2.29 2.10-2.79 2.80-3.29 3.30-3.79 3.80-4.29 4.30-4.79 4.80-5.29 

12 111 2.72 1.12-5.28 20 20 23 16 15 11 3  3 

Table 10. MI Bivalent Sizes (Micrometers) in Cuphea caesariata (N=18) 

Nu.ber  Number dean Dtatr lbutIon (Micrometers)  
Cel ls  Btvalcnta  Si te  lUnge 1 .50-1.99 2.00-2.49 2.50-2.99 3.00-3.«9 3.50-3.99 4.00-4.49 «.50-4.99 5.00-5.49 5.50-5.99 6.00-6.*9 6.50-6.99 

11 180 3.93 1.58-6.80 2 3  29 25 *9 28 18 I I  9  5  1  
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The chromosome number of C. ignea has been reported, on the 

basis of one cell counted, to be N = 12 (Gathman and Ray, 1987). 

Examination of metaphase and anaphase 1 cells in this study has shown 

that C. ignea has a haploid number of 15. In four of the twelve MI 

cells, 15 bodies were seen, as well as in several AI cells. Figure 1 

is an anaphase I cell showing 15 bodies migrating toward each pole. 

Figure 2 is a metaphase I cell showing 15 bivalents. 

The chromosome number for C^_ pinetorum has not been 

previously reported. The chromosomes are so numerous that it is 

difficult to obtain a good spread . Metaphase I in this species is 

highly irregular. As illustrated in Figure 3, there are numerous 

bodies not on the metaphase plate, most appearing to be univalents. 

Table 11 is a summary of the configurations found in four reasonably 

well-spread MI cells. 

Table 11. Mean numbers of MI configurations in 4 C^_ pinetorum cells. 

I II III IV MEAN CHROMOSOMES N 

PER CELL 

17.75 16.25 2.25 4.00 79.75 ca40 

In addition to univalents and bivalents, trivalents and quad-

rivalents also were present. This suggests a recent polyploidization 

event. A possible hypothesis explaining the large number (mean 

17.75) of univalents per cell is that an increase in chromosome 
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4# 

Figure 1. Anaphase I in Cuphea ignea. 

Figure 2. Metaphase I in Cuphea ignea. 



at 

Figure 3. Metaphase I in C» pinetorum« 



number took place without a corresponding increase in chiasma 

frequency. 

The large numbers of chromosomes that do not pair or migrate 

to the metaphase plate would seem to preclude the possibility of 

viable gametes being formed meiotically in this species. Pollen 

stained with acetocarmine appeared as empty and collapsed pollen 

exines. In spite of this fact, C^_ plnetorum produces seed. C. 

pinetorum plants set selfed seed when emasculated and pollinated by 

another species, as shown in Table 3. They also set seed after 

emasculation with no subsequent pollination. It seems reasonable to 

conclude that some type of apomixis is occuring in this species. 

Genetic Study 

The plants to be used as parents in the diallel cross were 

tested twice to assure that they were pure-breeding flower color. The 

first test consisted of 100 self-pollinated progeny from each parent 

and the second test, approximatly 200 self-pollinated progeny from 

each parent. No variation in flower color was observed; all three 

parental lines bred true. 

In each of the three crosses and their reciprocals among the 

C. procumbens accessions, F1 flowers were intermediate in color 

between the parents. All of the progeny from each cross and their 

reciprocal appeared identical. 

Each color has been given a discriptive name and, in 

addition, a designation according to the Munsell Book of Color 
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(1973). The Munsell designations for all generations are found in 

appendix A. 

The results of the lavender X pink cross from the parents 

through the F2 including backcrosses are shown in Table 12. 

In this cross all of the F2 progeny had flowers of the same 

hue as one or the other of the parents or the Fl. Although there was 

variation in the intensity of the pigments within each class, the 

color of the pigment was assumed to be controlled by a single locus. 

The 1:2:1 ratio results from two alleles co-dominant to each other, 

one producing a pink pigment and the other a lavender pigment. The 

locus is designated as pink with £ the pink allele and £ symbolizing 

the lavender allele. 

The cross involving the pink and red flowered plants is 

summarized in Table 13. 

The rosie color is darker than pink and shades slightly 

towards purple. The small size of the pink class indicates that two 

loci are assorting in this cross. A genetic hypothesis for this cross 

includes the £ allele, producing a pink pigment, and a new allele at 

the pink locus, P^, producing the rosie pigment. A second locus, red, 

has 2 alleles, R producing a red pigment and £, a null allele. 

One copy of R produces about 75 % the quantity of red pigment 

produced by two R alleles whereas one copy of P£ produces about 50 % 

the quantity of rosie pigment produced by two Pr alleles. The large 

group of 141 red-pink flowered plants varied in color somewhat, but 

not enough to definitively distinguish smaller groups. 
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Table 12. Flower color of the Fl, F2, and backcross progeny of the 

crosses between C^_ procumbens accessions 0263 (pink) 
and 0100 (lavender). 

CROSS PROGENY PROGENY EXPECTED CHI-

FLOWER NUMBER RATIO SQUARE 

COLOR ( P.) 

Pink (self- Pink 316 1:0 0.0 

pollinated) 

Lavender (self- Lavender 316 1:0 

o
 • 

o
 

pollinated) 

Pink X Lavender Pink-lavender 8 1:0 0.0 

Lavender X Pink Pink-lavender 8 1:0 0.0 

(Pink X Lavender) Lavender 45 

self pollinated Pink-lavender 106 

(reciprocals Pink 49 1:2:1 0.88 

combined) (0.65) 

Pink X (Lavender Lavender 10 

X Pink) Pink 3 

Lavender X (Pink Deep Lavender 4 

X Lavender) Lavender 9 
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Table 13. Flower color of the Fl, F2 and backcross progeny of the 

crosses between procumbens accessions 0263 (pink) and 

0235 (red). 

CROSS PROGENY PROGENY EXPECTED CHI 

FLOWER NUMBER RATIO SQUARE 

COLOR (P. 

Pink (self Pink 316 1:0 0.0 

pollinated) 

Red (self Red 280 1:0 0.0 

pollinated) 

Pink X Red Pink-red 8 1:0 0.0 

Red X Pink Pink-red 8 1:0 0.0 

(Pink X Red) Pink 16 

self-pollinated Rosie 22 

(reciprocals Pink-red 141 

combined) Red 37 1:2:10:3 1.95 
(0.6) 

Pink X (Pink X Medium pink 6 

Red) 



32 

The cross between the lavender and red-flowered parents 

produced unexpected results. Out of a total of 176 F-2 plants, only 

2 red-flowered individuals were recovered (Table 14). These two 

plants were not vigorous and had a peculiar reclining habit. In 

addition, their flowers differed from those of the red parent. They 

were a paler, rosier color and the dorsal petals were a shade darker 

than the ventral ones. The F-2 also included some plants with no 

pigment in the petals except for the lavendar vein system (White). 

The genetic hypothesis for this cross involves one previously 

mentioned allele and two new ones. R, which makes a pink pigment, is 

incompletely dominant to r, a null allele. This is the same Red 

locus operating in the red X pink cross. At the Lavender locus, the 

L. allele is responsible for the lavender pigment, and is completely 

dominant over _1, also a null allele. When two R alleles and no 

alleles are present, a third locus, booster, also segregating in this 

cross, comes into affect. Bo is a dominant allele that prevents the 

action of J>o, a recessive allele that intensifies the pink pigment, 

in quantity or quality, to a red shade. 

Unexplained for this cross is why the red-flowered F-2s were 

different from the red parent. Apparently there are even more genes 

segregating. One such gene, originating in the lavender-flowered 

parent, causes the ventral petals to be a shade lighter than the 

dorsal ones. Also unexplained is why the pink locus is not operating 

as expected. The size of these F2 populations is not large enough to 

accurately reflect a 3-gene segregation. 
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Table 14. Flower color of the Fl, F2 and backcross progeny of the 

crosses between C. procumbens accessions 0235 (red) and 

0100 (lavender). 

CROSS 

PROGENY 

FLOWER 

COLOR 

PROGENY 

NUMBER 

EXPECTED 

RATIO 

CHI 

SQUARE 

(P.) 

Red (self-

pollinated 

Lavender (self-

pollinated) 

Red X Lavender 

Lavender X Red 

Red X Lavender 

(self-pollinated 

(reciprocals 

combined) 

Pink X (Pink 

X Red) 

Red 280 

Lavender 316 

Red-Lavender 8 

Red-Lavender 8 

Red-Lavender 89 

Lavender 43 

Pink 34 

White 10 

Red 2 

Medium Pink 6 

1:0  0 .0  

1 :0  0 .0  

1:0  0 .0  

1 :0  0 .0  

36 4.79 

12 (0.31) 

11 
4 

1 
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Lawrence and Sturgess (1950), in their work on Streptocarpus, 

have shown that at least eleven genes are responsible for 

modifications to and distribution of the anthocyanin pigments in that 

genus. The addition of methyl or hydroxyl units and sugars to the 

basic anthocyanidin structure produces pigments ranging from salmon 

to blue. A series of four genes in Streptocarpus produce these pig

ments. An additional seven genes control the distribution and 

intensity of the pigment and tendency toward blueness. The shades and 

interactions he describes occuring in Streptocarpus are similar to 

what is occuring in Cuphea and give an indication that flower color 

inheritance may be quite complex in Cuphea also. 

The pink, and lavender-flowered parents differ from each other 

in four additional traits as outlined in Chapter 2. Table 15 presents 

the data regarding viscid trichomes on floral tubes. The self-

pollinated progeny of the lavender parent had a range of 1 through 4 

for this trait with a mean of 2.95. Assuming this group of plants 

were the same genetically, the environmental variation expressed in 

this trait is large. However, the pink parent showed no variation. 

Partitioning the F-2 into two classes, sticky (1-4) and non-sticky 

(0), gives a recessive class larger than would be expected for a 3:1 

ratio. Although the chi-square shows a low probability, monogenic 

inheritance appears to be the best explanation. 

The number of small anthocyanin pigment spots on the seed 

coats also showed segregation in the F-2 of the pink X lavender cross 

(Table 16). There are two possible explanation for this 



35 

Table 15. Inheritance of stickiness of trichomes on floral tube. 

GENERATION SCORE NUMBER EXPECTED CHI-SQUARE 

RATIO (P.) 

Parents 

pink 0 1:0 0.0 

lavender 3 1:0 0.0 

F-l 2 16 1:0 0.0 

F-2 0 64 1:3 6.6 

1 29 (0.01) 

2 33 

3 32 

4 36 

TOTAL 194 



Table 16. Inheritance of pigment spots on seed coats. 

GENERATION SCORE NUMBER EXPECTED CHI-SQUARE 

RATIO (P.) 

Parents 

Pink 4 1:0 0.0 

Lavender 0 1:0 0.0 

F-l 2 16 1:0 0.0 

F-2 0 55 3:1 1.36 

1 30 (0.25) 

2 53 

3 28 11:4:1 1.21 

4 14 (0.53) 

5 8 

6 3 

7 1 

TOTAL 192 



segregation. The simplest is that one gene with two alleles, a 

dominant allele producing spots, and a recessive null allele, is 

operating. In that case, the progeny are divided into two classes, 

spotty (1-7) and non-spotty (0). Assuming that the variation in the 

number of spots is due to other factors, a 3:1 ratio is present. 

However, there are 12 members of the F-2 having more spots than the 

spotty parent. Two genes in an epistatic relationship may be the 

cause. Under this theory, at a first locus controlling pigment 

production, one allele is completly dominant over the other. Without 

the dominant allele no spots are produced. In the presence of two 

dominant alleles, a second locus is operational. This locus has two 

alleles, a dominant one inhibiting extra pigment production, and a 

reccessive one, which, when homozygous, produces extra spots. As 

shown in Table 16, this theory shows a better probability than the 

one-gene theory and was used in the linkage analysis. 

The quantity of seed coat hairs varied greatly between the 

lavender-flowered and pink-flowered parental plants and appears to be 

controled by a single locus. The imbibed seed were given a scores of 

0 to 4, the seed scored 0 having virtually no hairs and those scored 

4 having abundant hair. The genetic data gathered through the F-2 

appear in Table 17. 

A genetic system producing the basic prerequisites for the 

seed coat hairs is always present. Almost every seed had at least a 

few small hairs. The gene that is segregating here is affecting the 

quantity of hairs. The allele producing hair is incompletely 



Table 17. Inheritance of seed coat hairs. 

GENERATION SCORE NUMBER EXPECTED CHI-SQUARE 

RATIO (P.) 

Parents 

Pink 0 1:0 0.0 

Lavender 4 1:0 0.0 

F-l 2 16 1:0 0.0 

F-2 0,1 58 1:2:1 4.64 
( . 1 )  

2,3 100 

4 37 



dominant to the allele inhibiting hair production. Catagories 0 and 1 

were lumped for analysis as were 2 and 3. These catagories 

represented visually distinguishable groups but were not necessarily 

representative of genotypes. 

Seed dormancy is a genetically controlled trait of great 

interest in this plant. Germination was compared between the pink-

and lavender-flowered parents and their F-ls and F-2 generation. 

Table 18 contains the percent germination of lots of approximatly 50 

seeds. 

The F-2 seed were germinated in lots varying in size from 

seven to 109 seeds in size, depending on how much seed each plant 

set. The mean lot size was 32.4 seeds and there were a total of 183 

lots. Because some of the lots were small and there was only one lot 

from each F-2 plant, small differences in germination percent may not 

be meaningful. Therefore, for purposes of analysis, the data have 

been grouped into five classes, each representing 20% of the scale. 

Table 19 gives the distibution by 5 % and 20 % groupings. The 

germination percents were distributed very evenly except for clusters 

at 0% (14) and 100% (9). Table 20 combines data from all generations. 

In spite of the arbitrary groupings, the probability 

indicates that one gene segregating is an acceptable hypothesis. The 

end classes are too large to suspect two genes. 

The data do not provide any information about why the 

germination was so low in the F-1 when the same proposed genotype in 

the F-2 produced a much greater range with a higher mean and much 
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Table 18. Percent germination in parental and F1 generations. 

PLANT MEAN OF 4 LOTS STANDARD DEVIATION 

Lavender parent #1 0.0 0.0 

Lavender parent #2 0.005 0.01 

total 0.0025 0.007 

Pink, parent #1 0.99 0.01 

Pink, parent #2 0.98 0.02 

total 0.99 0.01 

Lavender X Pink 0.23 0.06 

Pink X Lavender 0.18 0.09 

total 0.20 0.08 



Table 19. Distribution of Percent Germination at 19 Days in the F-2 
Population. 

5% CLASSES NUMBER 20% CLASSES NUMBER 20% CLASS 

FREQUENCY 

00 TO .04 17 0 TO 19 48 .26 
05 TO .09 13 

10 TO .14 12 

15 TO .19 6 

20 TO .24 9 20 TO 39 42 .23 

25 TO .29 11 

30 TO .34 9 

35 TO .39 13 

40 TO .44 12 40 TO 59 33 .18 

45 TO .49 3 

50 TO .54 11 

55 TO .59 7 

60 TO .64 12 60 TO 79 27 .15 

65 TO .69 5 

70 TO .74 6 

75 TO .79 4 

80 TO .84 5 80 TO 100 33 .33 

85 TO .89 6 

90 TO .94 7 

95 TO 1.0 15 

TOTAL 183 183 
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Table 20. Inheritance of Seed Dormancy. 

GENERATION GERM. 

FREQ. 

NUMBER EXPECTED CHI-SQUARE 

RATIO (P.) 

Parents 

Pink 0.99 200 1 : 0  0 . 0  

Lavender 0.0025 200 1:0  0 .0  

F-l 0 .20  100 1:0  0 . 0  

F-2 0.00 TO 0.19 47 

0.20 TO 0.79 104 

0.80 TO 1.0 33 

1 : 2 : 1  5.25 

(0.07) 



more variation. However, it may be hypothesized that seed dormancy is 

simply inherited and can be removed from procumbens lines. Since 

the embryos begin growth immediately upon being removed from the seed 

coat, it appears that true dormancy is not the problem but rather a 

seed coat characteristic such as thickness. 

An analysis for linkage between the five traits was done. 

Table 21 gives the chi-square f<?r the, segregation for each pair of 

traits. 

For the three pairs of traits showing low chi-square 

probabilities, an attempt was made to determine linkage using the z 

table. In no case did the product of the parental classes exceed the 

product of the recombinants. This indicates that linkage is not the 

cause of the distortion in the ratios in these classes. Because these 

ratios were quite complex, the small sample sizes and, in the case of 

some traits, arbitrary phenotype classifications, are the probable 

causes of poor fit. Thus, it appears that none of these genes are 

linked. 

The effect of the PEG treatment on germination was minimal. 

Table 22 gives a summary of the results using means for all genotypes 

tested. The only results differing significantly are the values for 

time to 50% germination. It appears that PEG may slightly increase 

the speed of germination in some genotypes. It has no effect on the 

final germination percent and therefore cannot be said to have an 

effect on breaking dormancy. 
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Table 21. Linkage analysis by pairs of traits. 

PAIR OF TRAITS EXPECTED RATIO CHI-SQUARE P. 

Stickiness of hairs 33:12:3:11:4:1 8.18 0.1-0.2 

Seed coat spots 

Stickiness of hairs 1:2:1:3:6:3 22.80 <0.001 

Seed coat hairs 

Stickiness of hairs 1:2:1:3:6:3 13.00 0.01-0.05 

Dormancy 

Stickiness of hairs 1:2:1:3:6:3 9.03 0.1-0.2 

Flower color 

Seed coat spots 4:8:4:11:22:11:1:2:1 7.24 0.5-0.7 

Flower color 

Seed coat hair 1:2:1:2:4:2:1:2:1 10.35 0.2-0.3 

Flower color 

Dormancy 1:2:1:2:4:2:1:2:1 10.82 0.2-0.3 

Flower color 

Seed coat hairs 4:11:1:8:22:2:4:11:1 9.14 0.3-0.5 

Seed coat spots 

Seed coat hairs 1:2:1:2:4:2:1:2:1 17.67 0.01-0.05 

Dormancy 

Seed coat spots 4:11:1:8:22:2:4:11:1 10.61 0.3-0.5 

Dormancy 



Table 22. Effect of PEG Treatment on Seed Germination 

FINAL GERMINATION 

arcsin sq.rt. % 

WEIGHTED MEAN RATE 

In (1+%-days-l) 

TIME TO 50% 

GERMINATION (days) 

PEG TREATED CONTROL 

41.82 44.00 

1.70 1.46 

10.14* 12.73* 

* Significant at the .05 level of probability. 



CHAPTER 4 

CONCLUSIONS 

Interspecific Crosses 

No interspecific hybrids were produced by the emasculation 

and pollination techniques used in this study involving six diverse 

Cuphea species. This concurs with earlier studies (Lorey and 

Robbelen, 1984). However, later work by Ray et al (1987) involving 

embryo excision shows better results and will provide the basis for 

further study in this area. 

Cytogenetics 

It was found that meiosis takes place at varying times of day 

depending on the season of the year. Metaphase I was found in buds 

collected at 10:00 A.M. in July whereas in November, MI was not found 

until noon or later. The length of buds (figured as a percentage of 

mature floral tube length) containing readable meiotic phases was 

found to decrease as flower size increased. For species with flowers 

less than 15 mm long, buds about 20 % of mature length should be 

harvested. For species with flowers over 15 mm long, buds 

approximatly 15 % of mature length should be harvested. 

Arm-pairing data were collected for four species and one 

interspecific cross. The chiasma frequencies and "c" values were 

found to be lower than in previous work by Gathman and Ray (1987). 
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Bivalent size was measured for four species. The species with more 

chromosomes were found to have larger chromosomes. This suggests that 

polyploidization was the process resulting in the higher chromosome 

numbers. 

The haploid chromosome number of Cuphea ignea was reported 

to be 15. Cj_ pinetorum was found to have very irregular meiosis with 

univalent and multivalent configurations. The fertility of the C. 

pinetorum plants in spite of abnormal pollen and emasculation leads 

to the conclusion that apomixis is operating in this species. 

Genetic Study 

F1 and F2 generations were obtained from a diallel cross 

involving three true-breeding strains of C^_ procumbens. Flower color 

was found to be controlled by at least four loci, at one of which 

three alleles were found to be operating and at the other three, two 

alleles. 

The pink by lavender crosses revealed one gene with two 

codominant alleles segregating between these traits. The dihybrid 

ratio produced by the pink times red crosses disclosed a second gene 

with two alleles segregating. Two additional loci were apparent in 

the red by lavender crosses. One of these apparently has an intensi

fying effect on the pink pigment and the other is responsible for the 

lavender pigmentation. 

The inheritance of viscid hairs on the floral tube was found 

to be controlled by a single locus with the allele causing stikiness 

dominant to a null allele causing non-viscid hairs. The presence and 



amount of pigment spots on the seed coat are probably controlled by a 

set of two genes in an epistatic relationship. The first determines 

whether pigment spots are produced and the second has an allele which 

can increase the number of spots. The inheritance of epidermal seed 

coat hairs was found to be controlled by two alleles at one locus. 

The alleles are incompletly dominant to each other. 

Seed dormancy, complete in one parental strain and absent in 

the other, was found to be simply inherited and probably controlled 

by one gene. More unexplained variation was found in the F2 

generation than in the Fl. 

Linkage analysis between all pairs of the five traits studied 

showed no deviation from independant assortment. The effect of the 

PEG pregermination treatment was restricted to a slight increase in 

rate of germination and did not effect percent final germination. 



APPENDIX A 

FLOWER COLOR DESIGNATIONS OF CUPHEA PROCUMBENS ACCORDING TO THE 

MUNSELL BOOK OF COLOR. (1973, NEIGHBORING HUES, MATTE FINISH ED.) 

ACCESSION NUMBER 

OR CROSS 

DESCRIPTIVE 

COLOR NAME 

MUNSELL COLOR 

DESIGNATION 

0235 Red 

0263 Pink 

0100 Lavender 

red 

pink 

lavender 

5R 6/14 

5RP 6/10 

7.5P 6/10 

Pink X Lavender 

Lavender X Pink 

pink-lavender 

pink-lavender 

10P 5/12 

10P 5/12 

Lavender X Pink 

self-pollinated 

(reciprocals 

combined) 

lavender 

pink-lavender 

pink 

5P 7/8 

7.5P 6/10 

10P 5/12 

2.5RP 4/10 

2.5RP 6/10 

5RP 5/12 

Pink X (Lavender 

X Pink) 

lavender 

pink 

10P 5/10 

5RP 5/10 

Pink X Red 

Red X Pink 

pink-red 

pink-red 

10RP 5/12 

10RP 5/12 
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Pink X Red 

self-pollinated 

(reciprocals 

combined) 

red 

pink-red 

rosie-pink 

pink 

2.5R 4.5/12 

10RP 5/12 

7.5RP 5/12 

5RP 5/12 

Pink X (Pink X 

Red) 

medium pink 2.5RP 7/8 

2.5RP 6/10 

Lavender X Red 

Red X Lavender 

red-lavender 

red-lavender 

10P 5/10 

10P 5/10 

Lavender X red 

self-pollinated 

(reciprocals 

combined) 

white with lav

ender veins 

lavender 

red-lavender 

pink 

red 

10P 7/8 

10P 5/12 

10P 5/12 

2.5RP 7/12 

10RP 4.5/12 

Lavender X (Lav

ender X Red) 

medium pink 2.5RP 4/10 



APPENDIX B 

SCORES OF 5 TRAITS SEGREGATING IN THE F2 GENERATION OF C^ PROCUMBENS 

ACC. 0100 (LAVENDER) X 0263 (PINK). PLANT NUMBERS STARTING WITH 1 

ARE FROM THE PINK X LAVENDER CROSS AND THOSE BEGINNING WITH 2 FROM 

THE RECIPROCAL (LAVENDER X PINK). FLOWER COLOR SCORES ARE AS 

FOLLOWS: 1 = PALE LAVENDER, 2 = LAVENDER, 3 = PINK-LAVENDER, 4 = DEEP 

PINK-LAVENDER, 5 = PINK, 6 = DEEP PINK. 

PLANT VISCID SEED SEED SEED FLCWER 

NUMBER HAIR SPOT COAT GERM. COLOR 

SCORE SCORE HAIR FREQ. SCORE 

SCORE 

1001 3 0 4 .36 2 

1002 0 0 4 .42 3 

1003 1 0 4 .68 3 

1004 0 2 4 1 4 

1005 2 

1006 0 3 4 .35 1 

1007 1 

1008 2 0 3 .56 2 

1009 4 2 2 .19 3 

1010 2 2 3 .03 3 

1011 0 0 4 .8 2 

1012 0 0 4 .86 3 

1013 0 2 2 1 3 

1014 1 1 3 .4 2 

1015 3 5 2 .75 3 

1016 4 2 2 .14 2 

1017 2 1 2 .35 2 

1018 4 0 3 .07 1 

1019 3 2 2 2 

1020 1 0 4 .61 2 

1021 3 5 2 .32 3 

1022 2 2 

1023 3 0 2 .23 2 

1024 3 2 1 .96 1 

1025 3 0 3 1 3 

1026 3 2 1 .5 2 

1028 4 2 2 .14 2 

1029 2 3 3 .13 3 

1030 3 3 1 .59 3 

1031 4 2 0 .33 3 

1032 2 3 1 .75 3 

1033 4 2 2 0 3 

1034 2 1 3 .11 3 

1035 2 3 3 .28 3 

1036 2 2 2 .18 3 

51 



1037 3 0 2 .05 3 

1038 0 3 1 .75 3 

1039 4 3 4 .35 3 

1040 1 0 4 .11 3 

1041 0 1 1 .63 3 

1042 1 0 0 .74 3 

1043 2 1 4 .93 3 

1044 2 2 4 .92 3 

1045 0 2 1 .4 3 

1046 1 2 2 .28 3 

1047 2 1 0 3 

1048 1 0 2 .05 3 

1049 4 2 1 .87 3 

1050 2 2 3 .43 3 

1051 3 2 1 .35 3 

1052 3 0 3 0 3 

1053 0 3 4 .36 3 

1054 3 

1055 3 0 3 3 

1056 4 0 3 .41 3 

1057 0 2 2 .18 3 

1058 3 0 2 .06 3 

1059 3 3 3 

1060 2 4 0 .61 3 

1061 2 2 2 .05 3 

1062 1 6 3 .61 3 

1063 0 0 0 .4 3 

1064 1 3 4 .41 3 

1065 2 2 4 .35 3 

1066 2 3 3 .08 3 

1067 0 1 4 .14 2 

1068 0 2 3 .5 3 

1069 0 0 3 .1 3 

1070 1 1 1 .83 3 

1071 2 5 3 .28 3 

1072 0 4 3 .29 5 

1073 5 

1074 4 5 2 .25 6 

1075 0 3 1 .7 5 

1076 0 2 4 .61 5 

1077 5 

1078 3 0 2 .43 5 

1079 0 1 4 1 5 

1080 4 0 3 .38 5 

1081 1 0 3 .33 5 

1082 1 3 2 . 66 5 

1083 3 3 0 5 

1084 0 2 2 .28 5 

1085 0 3 4 1 5 

1086 4 0 3 .7 5 
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1087 2 2 2 0 5 

1088 0 2 4 .43 5 

1089 4 1 2 .61 5 

1090 3 1 1 .25 4 

1091 0 5 4 .54 4 

1092 0 3 1 .53 5 

1093 2 2 5 

1094 3 0 4 .75 5 

1095 2 1 2 .53 

1096 0 0 1 1 

1097 2 3 3 

1098 0 2 0 0 3 

1099 1 2 4 .05 

1100 3 2 1 .95 3 

1101 0 2 4 .2 5 

1102 0 5 2 .05 5 

1103 4 1 2 .35 5 

1104 2 0 1 .41 3 

1105 1 3 3 0 

1106 1 2 2 3 

1107 0 2 3 .96 2 

1109 0 0 4 0 

2001 4 0 1 . 64 6 

2003 3 2 1 .19 6 

2004 4 3 2 .94 6 

2005 3 0 3 .95 6 

2006 2 2 2 .74 6 

2007 4 4 2 .86 6 

2008 6 

2009 4 6 0 .11 

2010 3 2 2 .48 6 

2011 0 0 4 .5 6 

2012 4 1 4 .13 5 

2013 4 1 3 .58 5 

2014 0 0 2 0 5 

2015 2 0 2 .95 5 

2016 4 3 3 .01 

2017 1 2 2 .04 5 

2018 3 2 1 .5 5 

2019 1 2 3 .17 5 

2020 0 1 0 5 

2021 4 4 0 .22 5 

2022 1 2 3 .13 5 

2023 4 1 3 '.68 5 

2024 4 0 3 .47 4 

2025 0 2 2 .9 4 

2026 4 0 2 .5 4 

2027 0 1 4 .86 4 

2028 3 0 1 . 6 4 

2029 2 1 0 .64 4 



2030 

2031 

2032 

2033 

2034 

2035 

2036 

2037 

2038 

2039 

2040 

2041 

2042 

2043 

2044 

2045 

2046 

2047 

2048 

2049 

2050 

2051 

2052 

2053 

2054 

2055 

2056 

2057 

2058 

2059 

2060 
2061 
2062 
2063 

2064 

2065 

2066 
2067 

2068 
2069 

2070 

2071 

2072 

2073 

2074 

2075 

2076 

2077 

2078 

2079 
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