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ABSTRACT 

Aneuploid plants are often used to locate genes or 

establish linkage, but first, they must be available. In 

Chrysanthemum cinerariaefolium Vis., a plant that produces 

pyrethrin, a relatively safe natural insecticide, aneuploids 

had not been categorized before. This research proposed to 

characterize aneuploids by morphology, cytology, nuclear DNA 

content, and pyrethrin composition. Aneuploid progeny of 

triploid parents were examined cytologically and 

morphologically. HPLC was used to establish pyrethrin 

composition and nuclear DNA content was calculated from flow 

cytometry. Five distinct phenotypes were found that may 

indicate aneuploid status, but not exact chromosome number. 

Exact chromosome number could only be distinguished 

cytologically, and ranged from 17 to 36, (2n=18 for the 

diploid). Three trisomies were located. Nuclear DNA content 

indicated diploid or triploid status but not aneuploidy. Some 

of the aneuploids categorized may be useful in further 

research to locate pyrethrin genes or their linkages. 
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INTRODUCTION 

Chrysanthemum cinerariaefolium Vis., commonly known as 

pyrethrum, and a member of the Compositae, is a relatively 

recently domesticated crop (Parlevliet, 1975) grown for the 

pyrethrin produced in the inflorescences (Gnadinger, 1936). 

A few other plants can produce small amounts of pyrethrin 

(Khanna et al., 1979? Staba and Zito, 1985), but pyrethrum is 

the only plant that produces large enough amounts for 

practical cultivation (Casida, 1973; Kudakasseril and Staba, 

1988). Pyrethrin is a relatively safe (Zweig and Sherma, 

1976), photodegradable, natural insecticide (Maclver, 1982), 

with six chemical components, namely: cinerin I, pyrethrin I, 

and jasmolin I, collectively called pyrethrins I, and cinerin 

II, pyrethrin II, and jasmolin II, collectively known as 

pyrethrins II; which are insecticidal esters (Mabry and 

Gill,1979). 

Currently, the majority of the pyrethrum available on the 

world market is grown in Kenya by small farmers (Balandrin et 

al., 1985), and is hand harvested. In the United States, the 

market for safer insecticides is increasing (Parker, 1972) due 

to legislation restricting the use of many insecticides or 

completely prohibiting some insecticides used in the past. 

Pyrethrin is effective and safe, consequently demand for it is 

increasing (Singh et al., 1987a & b; Parlevliet, 1975a & b). 

The increase in demand is causing interest in growing this 
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crop in the United States. Several researchers, such as Dr. 

Robert McDaniel at the University of Arizona and Dr. Krishen 

Bhat, in Independence, OR are developing high pyrethrin, 

planar blooming, non-lodging types (McDaniel, 1991a & b) in 

order to allow machine harvesting, a prerequisite for most 

American crops (Eisner, 1991; McDaniel, 1984; McDaniel, 1988). 

Pyrethrum is a small perennial plant native to the 

Yugoslavian coast (Gnadinger, 1936) which prefers a fertile, 

light, well drained soil and an annual rainfall of 800-1300 mm 

(Nelson, 1975). In Kenya, it is usually grown at elevations 

of 1300 to 2100 m, because of the chilling requirement for 

flowering, in which the number of hours spent at or below 

15.6°C approximately 3 months before flowering is directly 

related to the number of floral buds initiated (Glover,1955; 

Singh, et al., 1988). Pyrethrin content in the inflorescences 

has also been shown to decrease with every 0.56°C temperature 

increase above 12.2°C (Kroll,1964) . 

One noteworthy aspect of pyrethrum production is the 

susceptibility of the plant to crown rots which can cause high 

mortality in a field when the plants are subjected to standing 

water on the soil surface (Nelson, 1975; Kroll, 1951). 

Pyrethrum also has a sporophytic incompatibility system, 

so the plants are not self-fertile, and must be outcrossed to 

produce viable seed (Muturi et al., 1969; Brewer and 

Parlevliet, 1969). However, this is not a problem for 

pyrethrum generally because the fields are usually 
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vegetatively propagated through splitting or micropropagation 

and it is the inflorescence, not the mature seed that is 

harvested. 

Pyrethrum can be propagated vegetatively, and in fact is 

often increased this way for commercial plantings, because the 

plants that produce the highest pyrethrin content are often 

less fertile than plants with lower pyrethrin content (Glynne-

Jones, 1968; Parlevliet, 1969; Singh, et al., 1987a & b). 

When a good clone is found, these plants can be rapidly 

increased by either splitting the plant, which produces many 

small meristems in the crown, or micropropagation. Both of 

these methods are commonly in use (Roest,1976; Levy,1981; 

Wambugu,1981), and so a single high producing plant can be 

very valuable. Since the plants can be vegetatively 

propagated, sterility in the triploid seed is not as much of 

a problem as it might be in another crop. 

The production of pyrethrin in the plant is apparently 

developmentally related (McDaniel, 1991b). Although a small 

amount of pyrethrin is produced in the young leaves and trace 

amounts can be found in the rest of the plant (Zito et al, 

1983; Chandler, 1951), the majority of the pyrethrin produced 

by the plant occurs in the inflorescence (Head, 1966), and the 

percentage of pyrethrin is reported to be highest when 

approximately three rows of the disc florets are open (Casida, 

1973). The biological basis for this concentration has been 

traced further to the oil glands and secretory tissue (Bhat, 
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1979; Chandler, 1951; Chandler, 1954) which are densely 

scattered over the surface of the achenes and contain the 

majority of the plants' pyrethrin, thus explaining the high 

pyrethrin content in the inflorescences. These oil glands and 

secretory tissues are present to a much lesser extent in many 

other parts of the plant (Notcutt, 1955; Zito, et al., 1983; 

Brewer, 1973). The achenes in the inflorescence must be 

ground to release the pyrethrin contained in the surface and 

are then extracted with a solvent to yield the insecticide 

(Gnadinger,1936). 

The ploidy level of the plant has been shown to affect 

the percentage of pyrethrin in the inflorescence (Casida, 

1973). The normal chromosome number for pyrethrum is 2n=18 

(Tominaga, 1972). In general, triploid plants, although 

mostly sterile, contain a higher percentage of pyrethrin than 

either diploid or tetraploid plants (Ottaro, 1977). This 

agrees with earlier observations that the pyrethrin is 

sequestered within the achene walls, and so, whether or not 

the seed is filled does not affect pyrethrin content in the 

inflorescence. There have been reports in the literature of 

this phenomenon and suggestions that crossing diploid and 

tetraploid plants results in increased pyrethrin content 

(Tuikong, 1984), especially if high pyrethrin diploid and 

tetraploid parents were used for these crosses. Crossing the 

diploid and tetraploid plants does produce triploids 

(Tominaga, 1972), but further references to the pyrethrin 



13 

content of the triploids from such crosses do not appear in 

the literature. However, references to spontaneous triploids 

are frequent and high pyrethrin content is generally observed 

in these plants. This could be because resources that would 

normally be allocated to production of the embryo and its 

storage material are being retained in the plant and 

increasing its vigor, due to sterility of the seed. Perhaps 

the ability of the triploid plant to produce a higher 

percentage of pyrethrin than the diploid or tetraploid plants, 

which have filled seed, may be associated with this surplus of 

resources which possibly are then used to produce pyrethrin 

instead of embryo and storage material in the achenes. 

It may be feasible to locate the genes affecting 

pyrethrin production through the use of aneuploid plants, 

especially trisomies. Trisomies have proved useful for gene 

location in other plants in the past, e.g. soybean Glycine max 

[L.] Merrill, (Hedges and Palmer, 1991; Gwyn, 1985), barley 

Hordeum vulaare L., (Pickering, 1991), maize Zea mavs L., 

tomato Lvcopersicon esculentum Mill., Datura stramonium, and 

Sorghum vulaare [L.] Moench, (Khush, 1973). If the genes for 

pyrethrin production are located on a single chromosome, then 

a trisomic plant for that chromosome would presumably show 

some dosage effect. Genetic ratios differing from the normal 

single gene ratio of 3:1 for the F2, or a 1:1 ratio for the 

backcross generation (Khush, 1973), indicate that the gene of 

interest is probably on the chromosome that the plant is 
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trisomic for. However, there are no reports of this technique 

being used with pyrethrum in the literature. Pal and Dhar 

(1985) discovered aneuploid cells in callus of pyrethrum 

plants in tissue culture, and regenerated a few of these 

plants, but further references to the plants are not 

available. 
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Putative aneuploid plants were discovered in the progeny 

of three female parents in a high pyrethrin population of 

pyrethrum. These plants were hypothesized to be aneuploid 

progeny of triploid parents (Palmer, 1976). Aneuploid plants, 

especially trisomies, can be useful in gene location and 

linkage (Palmer, 1976; Khush, 1973), and so elucidation of the 

types of aneuploids available from the population and their 

physical and chemical characteristics was considered 

worthwhile. 

1. The first research objective was to establish whether 

these parents were indeed triploids as hypothesized. Since 

triploid pyrethrum plants are known to often have higher 

pyrethrin content than the diploid plants, it would not be 

surprising if spontaneous triploids were found in the female 

parents of the seed, since high pyrethrin content was the main 

selection criterion for this parent population (McDaniel, 

personal communication, 1991). 

2. The next objective of this study was to categorize as 

many of the putative aneuploid plants as possible by their 

morphology. The morphology was what drew attention to the 

plants initially, because many of the observed phenotypes were 

very different and distinctive, and repeatedly observed 

throughout the progeny of three female parents. Precedents 

for morphologically distinguishable aneuploids of other 
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plants, such as Datura, whose capsule anatomy indicates the 

type of trisomy, and tomato, in which the leaf anatomy can 

indicate which chromosome is trisomic, exist, and this was 

hoped to be the case for pyrethrum as well. 

3. Some plants do not show morphological differences 

attributable to trisomy, for example, soybean (Ahmad et al., 

1992)„ and so other analyses were run on the triploid progeny 

as well. Cytology was employed to establish if the different 

phenotypes were due to trisomy or other abnormalities was 

employed. 

4. The establishment of DNA content through the use of 

flow cytometry was undertaken. Also, discrimination of the 

putative aneuploid plants from diploid or triploid plants by 

their respective DNA content was another objective. 

5. Analysis of the pyrethrin content by HPLC to establish 

whether and in what manner the pyrethrin content would be 

affected by the chromosome differences was also performed. If 

pyrethrin levels are affected by aneuploid status, this could 

be the beginning of locating the genes for pyrethrin 

production. 

6. The last objective of this research was to produce 

tetraploid plants through the use of colchicine. Tetraploid 

plants can produce triploids when crossed with diploids, but 

there was only one tetraploid that could be identified as such 

in the progeny of the triploid parents, and none in the 

parental population. Triploid plants are valuable because 
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they often have higher pyrethrin content. If high pyrethrin 

plants were treated with colchicine to produce tetraploids and 

high pyrethrin diploids were crossed with these plants, then 

the triploids produced would presumably have very high 

pyrethrin content, since high yielding diploids, when crossed 

with each other, produce progeny with higher content (Tuikong, 

1984). 
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MATERIALS AND METHODS 

The population used for the study was a high pyrethrin 

population of Chrysanthemum cinerariaefolium provided by Dr. 

Robert G. McDaniel at the University of Arizona arid selected 

by survival under desert conditions over several generations 

for adaptation to the desert climate of Tucson, AZ. Other 

selection criteria for the population which survived desert 

conditions were high pyrethrin content and characteristics 

that would permit machine harvesting (McDaniel, personal 

communication, 1990). Seed from this population was planted 

at The University of Arizona Campus Agricultural Center in 

Tucson, AZ (elevation 713 m) on 1 November 1990, in a 

randomized complete block design. The treatments for the 

design were the genotype of the female parent; and since 

pyrethrum is cross-pollinated, the rows contained half-sibling 

progeny. Twenty seven of the rows within ranges that were 

replications of 3 female parents were observed to have low 

germination percentages. Many of the plants within these rows 

exhibited variable and unusual growth habits and leaf 

morphology. All of these rows contained half-sibling progeny 

of one of the following female parents: G4-63, G4-132, or G6-

122. Pyrethrum is a cross pollinating plant with sporophytic 

incompatibility (Parlevliet and Contant, 1970; Brewer, 1968), 

so none of the seed for the population observed was considered 

to be selfed. 
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Cvtolocry 

Since two of these parent plants were still alive, root 

tip squashes were performed on these plants to observe 

chromosome number. These plants had been moved from the field 

to pots in the greenhouse, and cytological analyses were 

performed on root tips from these parent plants as well as 

their progeny, in the following manner. 

Plants were removed from their pots and clean healthy 

root tips were removed from the outside of the root ball. 

These were washed in distilled water and submerged into a 0.2% 

solution of colchicine, or a solution of 8-hydroxyquinoline 

(.25g/L) mixed with cycloheximide (.07g/L), according to the 

procedure established by Tlaska, (1980). Colchicine was used 

in earlier root tip squashes for metaphase arrest, however, 

8-hydroxyquinoline-cycloheximide was used for later work with 

improved results. Root tips treated in colchicine were left 

in this solution for approximately 2 hours, whereas root tips 

treated in the 8-hydroxyquinoline-cycloheximide solution were 

left for 3.5 to 4 hours. The root tips were then rinsed with 

distilled water and fixed using 3:1 ethanol:glacial acetic 

acid (Haskell and Wills, 1968), which was newly made each 

time, then held at 4°C for 12 to 14 hr. The fixed material 

was then rinsed with distilled water, and hydrolyzed according 

to a method provided by Dr. Oscar G. Ward, University of 

Arizona (personal communication, 1991) in IN HC1 in a 60° C 

water bath for 9 min. They were rinsed again in distilled 
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water and stored temporarily (up to 10 hours) in 30% ethanol, 

prior to staining. The material was stained in acetocarmine 

stain for approximately 10-30 mins. Slides were prepared by 

removing the terminal 2mm of the root tip, placing this on a 

slide and covering it with a cover slip, which was tapped 

gently with the eraser end of a pencil until sufficiently 

flattened. A kimwipe was then used to absorb excess dye 

around the edges of the cover slip. These slides were 

examined under an Olympus microscope with 400X magnification 

for cells with good spreads of metaphase chromosomes. 

Chromosome counts were then taken and entered into a table 

with number of chromosomes counted for each cell observed and 

number of cells under each chromosome count (Table 3). Also, 

microphotographs were taken of some representative spreads at 

400X, using a Pentax K1000 SE camera mounted on the microscope 

and Kodak Technical Pan film. 

Morphology 

Morphological characteristics of the putative aneuploid 

plants were recorded by photographing representative plants 

during their first season of growth in March 1991, before 

blooming against a white cardboard background with a ruler to 

show size, growth and leaf type of the plants. Also, 

representative leaves excised with complete petiole were 

photographed, to show size and shape of leaves for the 

different phenotypes. This is when it became apparent that 
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there were four different atypical and commonly observed 

phenotypes in the progeny of the three putative triploid 

parents. Number of inflorescences were also recorded on the 

plants that bloomed in April and May 1991 and photographs were 

taken of these inflorescences against a blue background for 

contrast, again with a ruler to show size. The camera used 

for the photographs was a Pentax K1000 SE, and film used was 

Kodachrome 100. 

Flow cytometry 

Flow cytometry was done on representative atypical 

plants, as well as on two diploid plants and a triploid plant. 

Fresh leaf material taken from the field was prepared by 

putting approximately 0.5 g of leaf tissue into a petri dish 

on ice with approximately 2 mL of chopping buffer (see below). 

This was chopped with a razor blade until a light green color 

appears, then filtered through a 15 aiM mesh. Propidium iodide 

was added to a final concentration of 100 Aig-mL"1. This 

solution was run on a Coulter Elite Cytometer at 488 nM using 

an argon laser with an output of 19 mW. The sheath fluid is 

a lysis buffer without Triton X-100. 

The buffers were: 

Lysis: 

45 mM MgCl2 

30 mM Na Citrate 

20 mM MOPS (Sigma M-1254) 
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1% (w/v) Triton X-100 

pH adjusted to 7.0 

Chopping buffer: 

5% (w/v) PVP-40 (Sigma PVP-40) 

10 mM Ascorbic Acid 

10 mM Dithiothreitol 

Diluted in Lysis buffer 

pH adjusted to 7.0 with NaOH 

The method is modified from Galbraith (1990). A known 

standard of chicken red blood cells was run with each sample 

to allow calculation of the DNA content of each sample. 

Chicken red blood cells (CRBC) contain 2.33 pg of DNA each, so 

the mode positions of the unknown nuclei are divided by the 

mode position of the CRBC and then multiplied by 2.33 pg to 

obtain the nuclear DNA content. Because the samples were 

taken from leaves under winter conditions, the peaks were 

mostly of 2C DNA, as the cells were not dividing and growing 

rapidly due to the cold temperature. This gave distinct peaks 

and clearer readings of the nuclear DNA content than might 

have been expected had the plants been under more optimum 

growth conditions. 

High Performance Liquid ChromatographytHPLC) 

HPLC, which was done to establish pyrethrin content of 

the atypical and control diploid plants (Otieno et al., 1983; 
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McDaniel, 1991a), was performed on a Beckman model 344 HPLC, 

with a 421 controller, 2 model 114 solvent pumps, a model 165 

variable wavelength detector, and a model 427 integrator. 

Samples were hand-injected and connected to an Upchurch 

precolumn filled with Alltech C8 precolumn packing. The 

precolumn is attached to a Beckman Altex Ultrasphere C8 

column. The wavelength used is 229 nm, with a range of 0.4 

AUFS. 

Extraction Method: 

Inflorescences were extracted for HPLC as follows. 

Inflorescences were dried in a freeze drier for 24 hr, frozen 

and stored at -80°C, then ground in a KRUPS 75 coffee grinder 

for 20 sec. A 0.2 g sample was weighed out into a test tube 

and 10 mL of Fisher Scientific (certified A.C.S.) hexanes were 

added. These were mixed by spinning on a New Brunswick 

rotator, model TC-6, at speed 4 for 10 min. This extract was 

filtered under a hood, through squares of CALBIOCHEM 

miracloth into another test tube, with the solid material 

being transferred back into original test tube and re-

extracted with 5 mL of hexanes on the rotator for another five 

min. This solution was also filtered through miracloth and 

added to the previous extract. The miracloth was squeezed 

with gloved hands to remove most of the hexanes. The extract 

was brought up to 12 mL of volume by addition of hexanes. A 3 

mL sample of this solution was transferred to a 5 mL test tube 

and evaporated to dryness in a hood under a stream of 
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nitrogen. The dried extract was redissolved in 3 mL of 

methanol. This was vortexed on an American Scientific 

Products Touch Mixer, model# MT-31, until dried material was 

in solution. This solution was filtered through a 0.45 Aim 

Gelman acrodisc filter into plastic capped 5 mL tubes. A 25 

aiL sample was then injected onto the HPLC. 

Gradient Program 

The gradient program for the PIERCE HPLC/Spectro grade 

acetonitrile and deionized water mix on the HPLC is the 

following: At the time of injection, the gradient is 50/50 

acetonitrile/water. After 2 min, the gradient increases at 

the rate of 1.667% acetonitrile per min for 6 min. The rate 

of change decreases to 0.93% acetonitrile per min for 25 min. 

All peaks elute in 28 min. At the end of the 33 min run, the 

acetonitrile is at 73.25%. As a clean up step, the gradient 

is returned to 50% acetonitrile for 10 minutes before another 

injection is made (McDaniel, 1991a). 

Standards 

Each day samples were run, a standard was also run for 

comparison. This sample was a 2% (double analyzed) pyrethrin 

solution of Kenyan pyrethrin obtained from S.C. Johnson & Sons 

Inc., Racine, WI. 

Tetraoloid Production 

To produce the tetraploid plant, two methods and two 

different concentrations of colchicine solution were used. In 



the first, colchicine at either 0.02 or 0.04% was applied to 

apical meristems of seedlings at the cotyledon stage for two 

days with a repeat of this treatment 3 weeks later, then they 

were allowed to grow normally. For the second, seeds were 

imbibed in an aerated solution of either 0.02 or 0.04% 

colchicine solution for 24 hr then the seeds were germinated. 

Root tips were later taken from these plants, and chromosome 

number checked by the method given previously. 
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RESULTS AND DISCUSSION 

Morphology 

Four basic atypical commonly observed phenotypes, with 

minor variations, were observed in the progeny of the triploid 

female parents. The plants were markedly different than the 

plants in the diploid rows interspersed with them. The 

phenotypes were observed and photographed in March 1991, their 

first spring of growth, when differences were most pronounced. 

Also photographed were examples of the normal diploid plants 

for comparison. Since leaf shapes change in response to the 

transition from vegetative to reproductive growth and to 

increase in temperatures, (Roest, 1976), the differences were 

less distinguishable later in the season, although still 

present. The various phenotypes were given a number which 

referred to a specific description based on differences in 

physical traits from the normal diploid type. Table 1 shows 

the plant numbers and their phenotypes, as described below, 

and other morphological characteristics, such as number of 

inflorescences per plant, crown diameter of the plant base, 

and height of the plant, from base to the top of the 

inflorescences. 

The phenotypic descriptions are as follows: phenotype 1 

was described as thin-leaved, meaning that the blade of the 

leaf appeared thinner than the normal diploid type, and deeply 

dissected. Elongate stems referred to the appearance of the 
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Table l. Morphology of atypical pyrethrua planta 

Plant no. Phenotype* Inflores./piant* crown diam.(cm) Height(oa) 

h4-l-lH 3 43 11.5 56 
h9-2-l 44 13.0 53 
bll-3-3 1 10 6.25 57 
hll-3-148 1 2 5.0 35 
hll-3-14 7 19 13.75 70 
hl3-l-3 137 13.0 62 
hl4-2-18 4 75 11.75 59 
hl7-3-2H X 60 9.0 66 
hia-2-38 1 53 12.0 74 
hl8-3-ll 54 13.0 56 
h22-3-7 4 0 4.5 n/d 
h27-2-2 1 78 10.5 72 
h31-l-4 3 6.75 51 
h31-l-5 4 5 8.5 49 
h3l-l-6 1 65 12.0 63 
h31-2-5 3 0 4.0 n/d 
h31-2-7 1 44 9.5 71 
h33-2-8 1 32 9.0 81 
b33-3-2 4 33 11.25 50 
h37-2-2 3 42 9.5 53 
h39-l-10 5 227 15.0 63 
h41-1-4 2 184 19.0 69 
b41-2-10 2 0 4.0 n/d 
fl(g4-63) 1 n/d n/d n/d 
fl(g4-132) 4 n/d n/d n/d 
plant o 6 n/d n/d n/d 

* Tba numbers correspond to the following pbenotypes: 

1. Elongate stems, thin, deeply dissected leaves, with rolling or 
cupping tendencies at tip of leaf. 

2. "Christmas tree type", 45° leaf dentation angle and angle 
of leaf oa petiole gives tbe characteristic look to leaves, 
average petiole length. 

3. Leaves are wide, but finely divided to petiole, short petioles 
and leaves. 

4. "Lettuce type", leaves are broad, short, and have aoderately 
rounded margins, petioles are also very short. 

5. Leaves and petioles shorter than noraal, similar to type 3, early 
blooming, olive green color to leaves 

6. Colchicine induced tetraploid, it has thick leaves, leaves are 
very overlapping and three diaensional. 

7. Spontaneous tetraploid, thick, spatulate, aoderately flat leaves. 

* Diploids have a mean of 453 t 64 inflorescences/plant, mean crown 
diameter of 22 ± 3.6 cm, mean height of 75 t 2.7 cm. 
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petiole in relation to the leaf blade length, when compared to 

the other putative aneuploid types (Fig. 1). These plants 

generally also showed rolling or cupping tendencies of the 

leaf at the tips of the leaves, and relatively low vigor, 

though this varied somewhat. 

The second phenotype, phenotype 2, is what was called a 

"Christmas tree type", due to the even 45° dentation angle on 

the leaflet margins and the angle of the blade of the leaf 

that gave the leaves the characteristic shape (Fig. 2) . These 

plants were more vigorous than the other atypical types, and 

many became relatively large plants, though they did not 

survive well when moved to the greenhouse. 

The third phenotype was generally more of a yellow color 

than the normal silver green of the diploid, and the leaves 

were wider and shorter than normal, with finely and deeply 

dissected leaflet margins, and short petioles (phenotype 3, 

Fig.3). These plants were not vigorous and increased 

temperatures in the field decreased their survival rate. 

The last of the main types, phenotype 4, was called the 

"lettuce type", based on the short, broad leaves with rounded 

margins, and shallower and fewer divisions on the margins. 

Also characteristic of this type was a very short petiole 

(Fig. 4). These plants seemed to have variable vigor, with 

some becoming fairly large plants, and many others dying as 

temperatures in the field increased. 

There were three other phenotypes that were considered 
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important as well. These are: phenotype 5, plant no. h39-l-

10, which later proved through cytology to be a trisomic 

(fig.5), and was similar to phenotype 3, except for the 

distinct olive green color and the fact that it was a 

precociously blooming plant; phenotype 6, the colchicine 

induced tetraploid, which had very thick leaves and 

overlapping of the leaflet blades; and also phenotype 7, which 

was the spontaneous tetraploid that appeared in the triploid 

progeny, and had thick leaves, (similar to the colchicine 

induced tetraploid), except that the leaves were rather 

flattened and spatulate in shape versus the overlapping of the 

leaflets in the induced tetraploid. For comparison, a 

photograph of the normal diploid is also shown (fig.6). The 

six inch ruler that appears in all of the photographs is for 

scale, and all of the plants in Figs. 1-6 are exactly the same 

age. 

Crown diameter of the base of the plants, height of the 

plants at blooming, (from crown to inflorescences) , and number 

of inflorescences were also recorded for the triploid progeny 

and compared to an average obtained from seven representative 

diploid plants randomly selected from the same field. The 

majority of the atypical plants, with one exception, plant no. 

h33—2—8, were below average in height and all had smaller 

crown diameters than the average diploid. The normal diploid 

plant had a mean of 453 ± 63 inflorescences per plant, but the 

most prolific of the atypical (putative aneuploid) plants only 
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FIGURE LEGENDS 

Figure Page 

1. Atypical phenotype 1, the "thin leaved" type 31 

2. Atypical phenotype 2, the "Christmas tree type" 31 

3. Atypical phenotype 3, finely dissected, broad leaved, 
yellowish plants with short petioles 31 

4. Atypical phenotype 4, the "lettuce type" 32 

5. Trisomic plant no. h39-l-10, phenotype 5 32 

6. Normal diploid phenotype 32 
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Figure 6. 
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had 227 inflorescences. Reduced flowering and smaller size is 

not unusual in aneuploid plants, since the imbalance in the 

chromosomes often results in reduced vigor (Khush, 1973). 

Inflorescences of the atypical plants were also examined 

for any differences from the diploid types (Fig. lib.). The 

triploid inflorescence differs from the diploid in that it has 

more petals and a larger center diameter (Fig. 11a) (McDaniel, 

1991a), but diagnostic differences could not be found for the 

atypical plants. A typical flower for the trisomic h39-l-10 

is shown in Fig. 11c. One plant, hll-3-3, phenotype 1, did 

have highly distorted inflorescences, (Fig. lid), but the 

differences were not consistent across the plant or the 

phenotype. 

Variation that occurred in the four main atypical 

phenotypes, were various color differences, ranging from the 

normal silvery green color to a grass green color, due to less 

trichomes on the leaf as observed through the dissecting 

scope, to a very yellow color that may have been due a number 

of factors such as a less efficient system of nutrient uptake 

or heightened sensitivity to cold or water stress. Also, 

there were wider or narrower leaves in some cases, but the 

general growth habit and leaf type were quite distinct for 

each type. Some of these minor differences were also probably 

due to the different genetic background of the parent plants, 

the three open-pollinated females, g4-63, g4-132, and g6-122. 

Table 2 indicates the female lineage of the representative 
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Table 2. Female parent, phenotype and modal chromosome no. 
for the aneuploid plants. 

Plant no. Phenotype1" Chromosome no.* Female Parent 

h4-l-lN 3 26 g6-122 
h9-2-l 3 26 g4-63 
hll-3-3 1 19,20 g6-122 
hll—3-14S 1 20 g6-122 
hll-3-14 7 36 g6-122 
hl3-l-3 n/d g4-132 
hl4—2-18 4 17 g6-122 
hl7-3-2N 1 19 g4-63 
hl8-2-2S 1 n/d g4-132 
hl8-3-ll 25 g4-132 
h22-3-7 4 24 g4-132 
h27-2-2 1 24 g4-132 
h31-l-4 24 g4-132 
h31-l-5 4 n/d g4-132 
h31-l-6 1 n/d g4-132 
h31—2—5 20 g6-122 
h31-2—7 1 n/d g6-122 
h33-2-8 1 25 g6-122 
h33—3-2 4 19 g4-63 
h37-2-2 3 20 g4-63 
h39—1-10 5 19 g6-122 
h41-l-4 2 26 g4-132 
h41-2-10 2 n/d g4-132 
fl(?4-63) 1 19 g4-63 
fl(g4-132) 4 20 g4-132 

+See Table 1 for phenotypic descriptions 

^Chromosome number that appears most frequently in counts, 
(mode). If there were an equal number of two counts, then 
both modes appear. 
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Cytology 

Root tip squashes were performed on all of the putative 

aneuploid plants from which it was possible to obtain root 

tips containing metaphase cells, as well as on the two female 

parents that survived (G4-63 and G6-122) (Table 3). 

The two surviving parental plants did prove to be 

triploid as hypothesized (Table 3) , and though the other 

parental plant had died, it was assumed that it too was a 

triploid, since the progeny displayed the same phenotypes and 

low germination rates as the progeny of the confirmed 

triploids. 

Three trisomic plants were discovered, one with phenotype 

4, the "lettuce type", plant no. h33-3-2; one with phenotype 

1, the "thin-leaved type", plant no. hl7-3-2 and one with 

phenotype 5, the precocious bloomer, plant no. h39-l-10. It 

is uncertain at this point whether these plants are trisomic 

for the same or different chromosomes, even though they all 

have distinct phenotypes. Some possibilities include that the 

difference in phenotype could be due to the effect of the 

trisomy on the different genetic background that it is found 

in, or due to trisomy for different chromosomes. Further 

research may elucidate this point. A karyotype for pyrethrum 

has been established, (Tominaga, 1972), and while some of the 

chromosomes are similar, others are very different in length, 
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Table 3. Number of chromosomes counted for eaob plant no., and number 
of Betaphasa calls observed with each chromosome number. 

chromosome no. 17 18 19 20 21 22 23 24 25 26 27 

Plant no.t 

g4-63 
gs-122 
h4-l-iH 
h9-2-l 1 
hll-3-3 1 1 
hll-3-148 2 
hl3-l-3 
hl4-2-18 7 2 1 
hl7-3-2N 6 
bl8-2-28 
bl8-3-ll 
h22-3-7 
b27-2-2 
h31-1-4 
h31-l-5 
h31-l-< 
h31-2-5 7 
h31-2-7 
h33-2-8 
h33-3-2 8 1 
b37-2-2 1 3 
b39-l-10 5 1 
h41-1-4 
h41-2-10 
h5S-l-l 
fl(g4-63) 2 4 1 
fl(g4-132) 1 4 
hll-3-14* 
Plant c* 

2 
3 

2 6 
14 5 

8 
6 
3 

'''Plant ldantification numbers are based on field and position witbin 
field, e.g., b55-l-l, is field b, row 55, range 1, plant l. Also, 
plants witbin tbe aaoe row and range bave tbe saae female parent. 
Letters H or s designate nortb or soutb plant, if two plants were olose 
together. 

* These were tetraploid plants and had 36 chromosomes for ever; count 

" Female parent 
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so it may be possible to determine which chromosome is extra 

cytologically. 

Examples of some metaphase chromosome spreads obtained 

from root tip squashes are shown in Figs. 7 through 10. Two 

diploid cells, 2n=18, are shown in Fig. 7. This corresponds 

with the photograph of the plant shown in Fig. 6, a normal 

diploid phenotype. The chromosome spread obtained from plant 

no. h22—3-7, an aneuploid with 2n=24, and phenotype 4, the 

"lettuce type", is shown in Fig. 8. A spread obtained from 

plant no. hll-3-14S, phenotype 1 (Fig. 9 ,"thin leaved", see 

also Fig.l) is shown with 2n=20. Fig. 10 shows 2n=36 and is 

the colchicine induced tetraploid, (plant c). 

All plants of phenotype 3 that were cytologically 

examined appeared to have variable chromosome counts ranging 

from 20 to 27, but with a majority of cells containing 24 to 

26 chromosomes. It was found that chromosome number could not 

be predicted from phenotype alone as plants with similar 

phenotypes can vary in chromosome number. It does seem to be 

possible to say that the representatives of the five different 

phenotypes studied are all aneuploids, however. None of the 

atypical plants examined showed the normal 2n=18 chromosome 

number for any cells counted except plant no. hl4-2-18, in 

which two cells out of the 10 counted had 18 chromosomes. But 

the majority of the cells from this plant had 17 chromosomes, 

making this the only monosomic observed in the study. 

Except for phenotype 3, the other plants were fairly 
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FIGURE LEGENDS 

Figure Page 

7. Chromosome spread from 2 normal diploid cells, 
2n=18 39 

8. Chromosome spread from plant no. h22-3-7, which has 
24 chromosomes, and aneuploid phenotype 4 39 

9. Chromosome spread from plant no. hll-3-14, with 20 
chromosomes, and phenotype 1 39 

10. Chromosome spread from the colchicine induced 
tetraploid, plant c, with 36 chromosomes 39 

11a.Typical triploid plant inflorescence .....40 

lib.Typical diploid plant inflorescence 40 

11c.Inflorescence from trisomic plant no. 39-1-10 40 

lid.Inflorescence from aneuploid plant no. 11-3-3 40 
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consistent on chromosome number, even though chromosome 

numbers were not consistent within the phenotype. Aneuploids 

can begin to be separated from the general plant population on 

the basis of phenotype and the triploid status of the female 

parent, although cytological confirmation of the correct 

chromosome number would then be required. 

The two tetraploid plants, one induced through colchicine 

application (see below) and one spontaneous, although 

differing in leaf shape, did appear to have at least two 

things in common. That is, they both had thicker leaves than 

the average plant. The colchicine induced tetraploid had an 

average leaf thickness of 0.54 mm ± 0.02 and the spontaneous 

tetraploid had an average leaf thickness of 0.60 mm ± 0.02 

versus the average diploid with 0.40 mm ± 0.02. The cells also 

appeared larger in comparison to the diploid cells when 

observed under the microscope, although no measurements of 

this were taken. Unfortunately, the colchicine induced 

tetraploid did not bloom in 1992, although the spontaneous 

tetraploid (Plant number hll-3-14) did bloom in May 1992 and 

set seed. According to Tominaga, (1972), tetraploids are 

moderately, about 20-30%, self fertile, as contrasted to the 

almost complete self incompatibility exhibited by the diploid 

plants. The selfing of tetraploid plants may have 

possibilities in a breeding program, since homozygosity of 

particular genes of interest could more easily be obtained in 

this manner. 
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Flow cytometry 

Flow cytometry was performed on leaves collected from the 

plants under winter conditions when growth slows. Peaks 

obtained were distinct and composed of mostly 2C DNA, because 

most of the cells were not growing when the leaves were 

sampled in December 1991. CRBC standards were run with all 

samples and results are presented in picograms (pg) of DNA, 

(Table 4). The chromosomes of pyrethrum do vary in size and 

so aneuploids with the same chromosome count but a different 

trisomic chromosome would not necessarily have the same 

nuclear DNA content. Flow cytometry may also give a further 

indication of differences between trisomies if values obtained 

for one trisomic vary significantly from those obtained for 

another trisomic. However, variability of the nuclear DNA 

measurement that may be inherent to the method is illustrated 

by the two diploid measurements, which are 14.21 pg and 16.15 

pg. These measurements are from the same plant, but from 

separate runs, so the variability in the measurement is 

probably inherent to flow cytometry, because the average is 

taken of the nuclei interrupting the laser beam and this 

varies depending on the stage of cell division. A similar 

difference was obtained in separate runs of the triploid 

plant, which had values of 21.30 pg and 23.25 pg for the 

nuclear DNA measurement. In both cases the difference was 

approximately 2 pg of DNA or 12 to 14% experimental error, so 
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Table 4. DNA content as calculated from flow cytometry for 
aneuploid/ diploid and triploid plants and modal chromosome 
number of the aneuploids 

Plant # Phenotype Modal chromosome no. DNA content 

h4-l-lN 3 26 22.72 
h9-2-l 3 26 23.20 
hll-3-3 1 19/20 20.66 
hll-3-148 1 20 17.91 
hll-3-14tl' 7 36 n/d 
hl3-l-3 2 n/d 15.88 
hl4-2-18 4 17 16.11 
hl7-3-2N 1 19 17.66 
hl8—2—2S 1 n/d 17.75 
hl8—3—11 3 25 n/d 
h22-3—7 4 24 21.93 
h27—2—2 1 24 16.7 
h31-l-4 3 24 20.58 
h31—1—5 4 n/d 17.55 
h31—1—6 1 n/d 17.12 
h31-2-5 3 20 19.46 
h31-2-7 1 n/d 15.38 
h33-2—8 1 25 20.49 
h33—3—2 4 19 16.14 
h37—2—2 3 20 16.50 
h39-l-10 3 19 16.15 
h41-l-4 2 26 n/d 
h41-2—10 2 n/d 19.66 
30-1-row1" d" 18 14.21 
30-l-row* d" 18 16.15 
55-l-l+ t* 27 21.30 
55-1-1* t* 27 23.25 
f1(94-63) 1 19 n/d 
fl(g4-132) 4 20 n/d 
plant c 6 36 n/d 

+ Results from first run on flow cytometry 
* Results from second run on flow cytometry 
" D= diploid 
1 T= triploid 
# plant c is a colchicine induced tetraploid 
^ hll-3-14 is a spontaneous tetraploid from a triploid female 

parent 
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accuracy of measurement is somewhat limited when trying to 

establish nuclear DNA content for aneuploids. However, the 

ratios of the triploid to the diploid DNA comes out to between 

1.43 and 1.49 within a run. This is almost exactly what would 

be expected for 3N versus 2N, which should give an expected 

value of 1.5. All of the atypical plants, except the 

tetraploids, which were not measured, had values that ranged 

between the low measurement for the diploid and the high 

measurement for the triploid values. 

Two examples of flow cytometry readouts with explanation 

of peaks follow in Figs. 12 and 13. 

High Performance Liquid Chromatography (HPLC) 

HPLC was performed on all of the representative atypical 

plants that bloomed and produced at least five inflorescences, 

which are necessary to extract a reliable sample. HPLC is a 

sensitive method of detecting the amount and composition of 

the pyrethrin that exists in the inflorescences (Otieno, 1983; 

McDaniel, 1991a). Fig. 14 shows a sample printout from the 

HPLC with the pertinent peaks labelled. The program analyzes 

the area under the curve where each component elutes to obtain 

the final amount. These values were compared to a standard 

that had been double analyzed, once in Kenya, and once by the 

S.C. Johnson and Sons Co., Racine, WI, as a 2% solution based 

on dry inflorescence weight. The percent of pyrethrin 

obtained from atypical plants is shown in Table 5, and since 
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Figure 12. 

FLOW CYTOMETRY 

• l l it 
LORFL 

DNA content calculations: 

CRBC position » 7.0 is equal to 2.33 pg of DNA 

position of diploid is 48.6 

7.0/2.33 = 48.6/X 

x=16.2 pg of DNA for the diploid pyrethrum 

Similar calculations are done to arrive the DNA content for 

the other samples. 
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Figure 13. 

FLOW CYTOMETRY 

Q )! I 

.1 1 11 LOBFL 
Separate runs were made of the aneuploids alone, then they 

were run with.three standards, CRBC as well as the diploid and 

triploid pyrethrum plants. Usually there was not a separate 

peak for the aneuploid when run with the diploid and triploid, 

although there was for this particular plant, (22-3-7), which 

had 24 chromosomes. Often the peak just became wider and the 

standard deviation increased, which would seem to indicate, 

but not prove, that the plant was an aneuploid. 
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Table 5. Percent of pyrethrins I, pyrethrins II, total 
pyrethrins and ratio of pyrethrins II divided by 
total for balance between pyrethrins I and II, 
(percents are based on dry weight of flowers). 

Plant no. %py II %py I Ttl %py py Il/ttl 

std1" .79 1.29 2.08 .38 
hll-3-3 .40 .50 .90 .44 
hl3-l-3 .52 .94 1.45 .36 
hl4-2-18 .77 .98 1.75 .44 
hl7-3-2N* .56 .87 1.43 .39 
h4-l-lN .27 .69 .96 .28 
h9-2-l .11 .19 .30 .36 
hl8—3-11 .05 .28 .33 .15 
h31-2-7 .43 1.12 1.56 .28 
h33-3-2* .54 .47 1.01 .54 
h41-l-4 .83 1.43 2.27 .37 
std* .79 1.16 1.95 .41 
hl8—2-2S .45 1.01 1.46 .31 
h27-2-2 .67 1.66 2.32 .29 
h33-2-8 1.40 1.37 2.77 .51 
h37—2-2 .21 .47 .68 .31 
h39—1-10* .53 1.60 2.14 .25 
std1" .80 1.20 2.00 .40 
h31-l-6 .88 1.08 1.96 .45 
std* .78 1.20 1.98 .40 
std+ .83 1.22 2.05 .41 
hll-3-14 1.07 1.06 2.13 .50 
h33—3-2 .56 .49 1.05 .53 
std+ .77 1.15 1.93 .40 

11 Standard peak area values were averaged to arrive at the 
2.0% figure that the samples values were calculated from. 

* These are the trisomic plants. 
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reverse phase HPLC is used, the pyrethrins II elute first and 

in the following order: cinerin II, pyrethrin II and jasmolin 

II; then the pyrethrins I elute as follows: cinerin I, 

pyrethrin I, and jasmolin I. The total percent of pyrethrin, 

based on dry inflorescence weight, and calculated based on the 

standard is also shown, and the last column gives the ratio of 

pyrethrin I to pyrethrin II. Kenyan plants usually show a 1:1 

average ratio of pyrethrin I to II, although individual plants 

vary (Head, 1967), but the Arizona population tends to run 

somewhat higher in pyrethrin I (McDaniel, personal 

communication, 1991). 

The genes for pyrethrins I and II may be located on 

different chromosomes, in which case, if a trisomic plant has 

a triple dose of a chromosome that one or the other genes for 

pyrethrin production are located on, this plant may show 

radically different ratios of pyrethrins I to pyrethrins II. 

This did in fact occur, and plant no. h39-l-10, a 

trisomic, showed 25% of the total pyrethrin to be the 

pyrethrins II portion, and 75% of the pyrethrin to be 

pyrethrins I, giving a 3:1 ratio of pyrethrins I to II, (Table 

5, and Fig. 15) . The other two trisomies were not as 

different in their ratios of pyrethrins I to pyrethrins II, 

with plant no. hl7-3-2N having a 1.55:1 ratio of pyrethrins I 

to pyrethrins II; and plant no. h33-3-2 had 0.88:1 of 

pyrethrins I to pyrethrins II. 

For this reason, it would seem that plant no. h39-l-10 
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Figure 14. 

HPLC TRACE FOR STANDARD (2* TOTAL Pyrethrin) 

PYRETHRIN II 

16. 91 

CINERIN II 
as. a? 

JASMOLIN II 

19. 08 

CINERIN I 

T". 78 PYRETHRIN I 

kl1 JASMOLIN I 

33. 42 

ER 0 
DATA SAVED TO BIN ft 72 

FILE 1. METHOD 0. RUN 326 

PEAK# AREA2 RT AREA BC 

1 4. 434 16.29 18709 01 
2 32. 682 16. 91 137902 01 
3 2. 745 19. 08 11581 01 
4 4.36 23. 35 18398 02 
5 50. 22 23. 87 211896 03 
6 0. 337 24. 78 1420 01 
7 0. 331 25.81 1397 01 
8 3. 474 26. 66 14660 01 
9 1. 415 33. 42 5971 01 

TOTAL 100. 421934 

06/12/92 10:57:19 

INDEX 

CH= ufl" PS= 1. 

BIN 72 

Numbers represent areas 
under the cuirve and 
percent pyrethrins 
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13. 57 

5. 87 

CINERIH IX 
"6.33 — 
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23. 4R 

HPLC TRACE FOR PIANT #39-1-10 

PYRETHRIN IX 

16.95 
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ER 8 
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FILE 1. METHOD 8. 
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RUN 291 INDEX 1 

CH= PS= 1. 

BIN 36 

PERK* RREA2 RT flREfl BC 

5 0. 421 13. 57 1908 01 
6 1. 669 16. 32 7564 01 
7 21.125 16. 95 95714 01 
8 1. 646 19.14 7456 01 
s 5:303" ""23/42" 14966 "02 

18 65. 854 23. 95 298371 03 
11 4. 488 26. 73 20333 01 
12 0. 332 33.5 1502 01 
13 1.163 35.2 5268 01 

TOJRL 100. 453082 

Numbers represent areas 
under the curve _and 
percent pyrethrins 
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would bear further investigation to determine which chromosome 

it is trisomic for, since it is possible that this chromosome 

is the location of the genes controlling production of 

pyrethrin I. 

Tetraploid Production 

One of the methods employed in the attempt to induce 

tetraploidy did produce a plant that proved to be a tetraploid 

when examined cytologically. A 0.04% colchicine solution 

applied to the apical meristem of the seedlings for two days 

then reapplied for two days three weeks later was the 

successful method. Imbibition of the seed with either of the 

two concentrations of colchicine solution (0.02 or 0.04%) did 

not result in any ploidy changes in the plants thus treated, 

nor did the 0.02% colchicine solution applied to the apical 

meristems. 

The induced tetraploid was a distinct phenotype compared 

with any of the atypical plants or the diploids and differed 

phenotypically from . the spontaneous tetraploid in the 

overlapping of the leaflet margins within the leaf. The 

spontaneous tetraploid had relatively flat leaves. However, 

as stated in the morphology section, the two tetraploids were 

similar in increased thickness of the leaves, and larger cell 

size. 
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The results of this research have shown that there are at 

least five phenotypes that may be associated with aneuploid 

status in pyrethrum, although exact chromosome number cannot 

be determined based on phenotype alone. This may indicate 

that further studies of genetic variation within the diploid 

population may be needed for confirmation of these phenotypes 

as indicators of aneuploid status. Cytology can then be 

employed on the morphologically varying plants to determine 

chromosome number. When cytological studies were carried out 

on the triploid progeny, three trisomic plants were found, all 

with different phenotypes, which may either be due to the 

effect of the extra chromosome on the background phenotype, or 

perhaps a different extra chromosome. One of these showed 

some promise in possibly locating the genes responsible for 

production of pyrethrins II, since the ratio of pyrethrins I 

to pyrethrins II, as established through the use of HPLC, was 

3:1. Further research would be needed for confirmation of 

this hypothesis. Further research with the trisomic plants 

could also possibly locate other genes of interest or 

linkages. All of the trisomic plants have set seed, and since 

trisomies produce progeny with their own type of trisomy 

(Khush, 1973), there is a rich source of material for further 

gene location and linkage studies involving trisomies. 

Other aneuploids and a spontaneous tetraploid were also 
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discovered in the progeny. A tetraploid was induced through 

the use of colchicine. Further experimentation with higher 

levels of colchicine applied to seed or apical meristems of 

seedlings may improve results in induction of higher ploidy 

levels, since only one tetraploid was obtained from the 

treatment of 48 plants with the 0.04% solution, and none at 

all from the 0.02% treatment. 

Possible utility of the non-trisoraic aneuploids could be 

in production of different trisomies for further study, since 

many of these plants have also set seed. Tissue culture of 

these plants could also prove interesting, and might result in 

additional aneuploids. The tetraploids could be used in 

production of high pyrethrin triploids, when crossed with 

diploids, and possibly of trisomies, through the triploids. 

The spontaneous tetraploid has set seed and since it was open 

pollinated in the field where most of the plants producing 

pollen were diploid, most of this seed could be triploid. The 

fact that tetraploids are somewhat self fertile also seems to 

indicate that further research into the mechanism of the 

sporophytic incompatibility may have utility in a breeding 

program. 

Nuclear DNA content was established through the use of 

flow cytometry, to approximately 14.2 to 16.2 picograms for 

diploids and 21.3 to 23.3 pg for triploids. Flow cytometry 

would appear to have limited utility, however, in 

discrimination of aneuploids, since variability in DNA levels 
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is rather high when compared to the amount of DNA in one 

chromosome. This procedure does give a good separation of 

diploid from triploid material, however. 

HPLC will be an excellent tool in the search for 

pyrethrin genes, as it is a very sensitive indicator of both 

the concentration and the composition of pyrethrin in a 

sample, (McDaniel, 1991a). As previously mentioned, if 

pyrethrin levels or ratios of the six components change 

markedly in a trisomic plant, then the pyrethrin genes may be 

on the chromosome in question. 

Possibilities for production of all of the trisomies of 

pyrethrum are good, due to seed set on all of the trisomies 

available and the fact that trisomies reproduce their own type 

of trisomy. Also, triploid plants produce trisomic progeny 

and two of the triploids producing the atypical progeny and 

another triploid that has not yet been investigated are also 

available and have set seed. So there is a good possibility 

of locating pyrethrin genes, and future research in this area 

looks very promising. 
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