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ABSTRACT

The objective of this research is to improve the microspore culture

methodology based on embryo production levels for B. rapa. An efficient

isolated microspore culture methodology for Brassíca rapa canola could be used

by breeding programs to produce high, consistent embryo yields. The project

was divided into several experiments looking at modifications to the culture

media, microspore pretreatments, microspore liberation techniques and donor

plant pretreatments. Four B. rapa genotypes were selected for the experiments:

Reward, AC Parkland, AC-1 and AC-2. The standard protocol used in this

research followed Baillíe et al. 1992. Plant Cell Reports 11:234-2JT.

Experiment 1 was an evaluation of the effect of sucrose levels in the

microspore culture media on embryo production of B. rapa. Six separate

microspore culture runs were completed for this experiment, three with the media

combination of NLN-17/ NLN-10 (control - which represents the standard

protocol) and three with the media combination of NLN-13/NLN-13. The results

of the experiment indicate that Reward responded with higher green embryo

production to the standard media sucrose combination of NLN-17/NLN-10 while

AC-2 responded to the media sucrose combination of NLN-13/NLN-13.

Parkland and AC-1 did not respond to different media sucrose levels.

Experiment 2 was an evaluation of the effect of pH levels of the

microspore culture media on embryo production of B. rapa. Six NLN media pH

levels were tested over 18 separate microspore culture runs. Three microspore

culture runs each of NLN media pH level 6.2 (control - or the standard protocol),

pH 6.0, pH 5.8, pH 5.6, pH 5.4 and pH 5.2. The results of the experiment

indicate that embryos can be formed under a wide range of pH levels. Reward

respond positively to lower media pH levels than the standard (pH 6.2) while

AC-2 responded to both lower (pH 5.2 - pH 5.a) and higher (ph 6.2) media pH

levels.

Experiment 3 was an evaluation of the effect of microspore pretreatment

in the form of a cold shock on embryo production in B. rapa. six separate
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microspore culture runs were completed for this experiment, three involving room

temperature conditions (control - standard protocol), and three using cold shock

procedures. The cold shock procedures resulted in the microspores being held

at approximately 2-4oC for one hour during isolation. The results indicate that

Reward responded to a microspore pretreatment of cold shock. There were

indications of greater response after cold pretreatment for AC-1, and a greater

response for Parkland and Ac-2 for the room temperature pretreatment,

although green embryo yields were very low.

Experiment 4 was an investigation of a large-scale microspore culture

technique and its effects on green embryo production in B. rapa. The large-

scale microspore culture technique was tested over four separate microspore

culture runs. Each run was completed using the genotype Reward. The large

scale microspore culture technique was successful in liberating large numbers of

microspores and the procedure time of a standard microspore culture run was

decreased quite substantially. However, the procedure produced consistently

low embryo yields.

Experiment 5 was an evaluation of the effect of donor plant pretreatment

on embryo production in B. rapa. Ethephon (2-chloroethyl phosphonic acid) was

used to investigate the role of ethylene in microspore culture response of B.

rapa. No embryos were produced for any of the Ethephon donor plant

pretreatments for either Reward or AC-2. Cytological observations suggest that

the 1 15 ppm treatment of Ethephon has a negative effect on the percent of

microspores in the mid-late uninucleate stage of development for Reward. The

percent of microspores in the mid-late uninucleate stage of development does

not seem to be affected differentially for the three treatments of Ethephon on

AC-2.

The two g rowth reta rd ants A- Rest [a-cyclop ropyl-a-(4-meth oxyp henyl)-5-

pyrimidin-5-yl)benzyl alcoholl and Cycocel (2-chloroethyltrimethyl-ammonium-

chloride) were used to investigate if a growth retardant could replace the

requirement of low temperature donor plant growing conditions in the microspore
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culture of B. rapa. The intent was to mimic retarded development achieved

under low temperature growth conditions with the growth retardants. Cytological

observations suggest that A-Rest has a negative effect on the percent of

microspores in the mid-late uninucleate stage of development for Reward while

Ac-z is unaffected. cycocel seems to negatively affect the percent of

microspores in the mid-late uninucleate stage of development for AC-2 while it

has no effect on Reward.

Successful application of the isolated mícrospore culture technique is

determined by the induction of response in many genotypes. The practical

approach is to determine conditions and treatments which result in the best

average embryo response across all of the genotypes being utilized rather than

striving for optimal conditions for each genotype.
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I.O INTRODUCTION

The Canadian term'canola' has achieved international recognition as a

description of oilseed rape (8. napus ssp. o/eifera and Brassica rapa ssp.

oleifera) seed and derived products containing less than two percent erucic acid

in the oil and no more than thirty micromoles of glucosinolates per gram of air-

dríed, oilfree meal (Canola Oil and Meal Standards and Regulations, 1990).

Rapeseed is generally considered to contain levels of erucic acid and

glucosinolates which exceed these set limits. Canola quality oilseed rape is

Canada's major oilseed crop and accounts for more than 60% of all vegetable oil

produced in Canada. The seeded acreage in Canada reached 14 million acres

in 1995 and has stabilized at 12 million acres in recent years.

Today utilizatÍon of the canola quality oil is widespread. Edible uses

include salad oil, cooking oil, baking and frying shortening as well as table

spreads. The meal produced from the seed is considered as a high protein

supplement for livestock. Plant breeding programs are making continuous

efforts to tailor canola quality oil and mealto meet market demands for

improvements in nutrition and food processing.

Plant breeders produce crops through sexual crosses followed by

selection of plants with desirable characteristics. Advances in plant cell culture

and molecular biology have allowed further genetic manipulation of crops in

general. A major biotechnological breeding tool available to plant breeders today

is the use of the microspore culture technique to produce doubled haploids for

oilseed rape improvement.

Microspore culture provides plant breeders with an efficient means of

producing homozygous breeding lines in a single generation. This represents a

savings of three to six generations of inbreedÍng, which in turn permits rapid

selection for desirable characteristics. Lines with desirable traits but agronomic

shortcomings can be easily crossed to productive cultivars and doubled haploid

lines developed.
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The efficient application of the isolated microspore culture technique in

oilseed rape breeding is dependent on using genotypes which respond with high,

consistent embryo yields and plant regeneration. Success lies in the ability to
manipulate microspores in vitro, so large numbers of genotypes respond with

high embryo productÍon and regeneration rates. Doubled haploid production is

influenced by donor plant age, donor plant pretreatment, developmental stage of
the pollen, media and its constituents and culture conditions. As well, the

interactions of each of the individual factors play a role in the induction of pollen

embryogenesis.

There has been much success with well-established techniques of

microspore culture for B. napus but limited work has been completed on B, rapa.

The B. napus species is superior to the B. rapa species in yield potential, seed

oil and protein content. However, the B. rapa species matures two to three

weeks earlier and therefore is well adapted to the northern oilseed rape growing

regions of western Canada. B. rapa oil quality is excellent, with low amounts of

saturated fatty acids and low chlorophyll content. The seed is blended with

higher saturate B. napus seed produced in central and southern areas to ensure

the crop meets the quality standards for export . B. rapa is primarily self-

incompatible and therefore the production of selfed lines is difficult and therefore

expensive. A reliable microspore culture methodology to produce doubled

haploid plants, to be used as pure breeding lines in oilseed rape breeding

programs, would be of great importance for the production of new B. rapa

varieties.

The most successful microspore culture protocol lor B. rapa reported in

the literature to date was published by Baillie et al. in 1992. This article outlines

modifications of a B. napus microspore culture protocol which produced embryos

from several lines of B. rapa. The standard protocol used in this research is

based on this article and training received under the direction of Dr. A. Baillie at

the National Research Council's Krisjansen Centre of Biotechnology, Saskatoon,

Saskatchewan. Access to current research information was provided by the

Consortium on lmprovement of B. rapa Microspore Embryogenesis.



3

1.2 Objectives

The objective of this research was to improve the microspore culture

methodology for B. rapa, by enhancing embryo yields. The research was

directed at improving several aspects of a standard microspore culture

methodology.

Experiment 1 was an evaluation of the effect of sucrose levels in the

microspore culture media on embryo production of B. rapa. Many studies have

been conducted on this area of microspore culture improvement, with varying

results. In 1992, Baillie et al. reported that the highest number of embryos were

formed for B. rapa genotypes when the microspores were cultured in NLN-17

media (0.1 mg BA L-1) for forty-eight hours followed by a media change to NLN-

10 (0BA) for the remainder of three weeks. Research had shown that Reward, a

cultivar used in this project, actually responded better to the media combination

of NLN-13 (0.1 mg BA L-1)/NLN-13 (0BA) (pers. comm.- Dr. A. Ferrie). This

potential increase of embryo production with altered media sucrose levels was

investigated.

Experiment 2 was an evaluation of the effect of pH of the microspore

culture media.on embryo production of B. rapa. In 1992, Baillie et al. showed

that most B. rapa embryos were formed when microspores were cultured at pH

6.2 in NLN-17 for forty-eight hours followed by a media change to NLN-10, pH

6.2 for the remainder of three weeks. Research had shown that a lower pH

culture media may actually produce more embryos (pers. comm.- Dr. A. Ferrie).

The potential increase of embryo production with altered media pH levels was

investigated.

Experiment 3 was an evaluation of the effect of microspore pretreatment

in the form of a cold shock on embryo production in B. rapa. Research had

indicated that a shock to the microspores would potentially increase the yield of

embryos produced (pers. comm.- Dr. A. Ferrie). A potential increase of embryo

production with a cold shock pretreatment to the microspores was investigated.
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Experiment 4 was an investigation of a large-scale microspore culture

technique and its effects on embryo production in B. rapa. The variable nature

of the microspore culture process is reflected in the fact that no two runs under
identical conditions, for the same genotype, produce the same results. B. rapa is

an outcrossing species and genetic variability between individual plants exists.

The rapid mechanical isolation of microspores from buds in a mass microspore

culture technique may be able to decrease the inconsistency of response to

microspore culture. By reducing interaction times between potentially

detrimental factors (anther wall, pollen or bud tissue) and standardizing the

treatments between buds, more consistent embryo yields may be produced

(Swanson et al., 1987). Additionally, the mass microspore culture methodology

would enable the efficient production of large numbers of haploid embryos to be

utilized in B. rapa breeding programs.

Experiment 5 was an evaluation of the effect of donor plant pretreatment

on embryo production in B. rapa. The pretreatments were A. Etheph on (2-

chloroethyl phosphonic acid) and B. the two growth retardants A-Rest [a-
cyclopropyl-o-(4-methoxyphenyl)-5-pyrimidin-S-yl)b enzyl alcoholl and Cyco cel (2-

ch loroethyl trimethyl-ammon ium-ch loride).

A. Ethylene: Optimum levels of ethylene production are thought to increase the

responsiveness of microspore culture in brussels sprouts (8. oleracea var.

gemmifera) (Biddington and Robinson, 1991; Biddington et al., lgBB). The

differences in genotype response to microspore culture may be the result of both

the capacity of a genotype to produce ethylene and sensitivity to high ethylene

levels (Biddington et al., 1988). Ethephon (2-chloroethyl phosphonic acid), an

ethylene releasing compound, was used to investigate the role of ethylene in

microspore response to culture for B. rapa.

B. Growth Retardants: The change in the developmental pathway of a

microspore from a highly specialized form to a embryonic form operates within a

narrow period of microspore development (Palmer and Keller, 1997). lf growth

was slowed down, or retarded, this period of microspore development could be
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lengthened to allow more microspores to be successfully induced into

embryogenesis. The standard protocol used for B. rapa microspore culture

Ínvolves the growth of the donor plants in a low temperature environment of
10/50C (day/night) temperatures, as opposed to the standard temperatures of
20115oC. The lower temperatures slow plant growth which allows a longer time
period of bud collection (Baillie et al., 1992). lt is also conceivable that lower

temperature is lengthening the period of microspore development resutting in

more microspores being induced into embryogenesis. The growth retardants A-

Rest [a-cyclopropyl-a-(4-methoxyphenyl)-5-pyrimidin-b-yl)benzyl alcohol] and

Cycocel (2-chloroethyltrimethyl-ammonium-chloride), were used to determine if

growth retardants could replace the cold temperature treatment.
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2.0 LITERATURE REVIEW

2.1 Canola - Quality Oilseed Rape

2.1.1 History

The origin of oilseed rape stems from the crop known as rapeseed. lt is

thought that ancient civilizations used the oil of locally adapted Brassica weeds

to fuel their lamps and as time progressed, as a cooking oil for food (Robbelen,

1991). Domestication occurred wherever the value of a locally adapted weed

was recognized (Downey, 1983). However, it was not untíl the development of
steam power that rapeseed oil's unique ability to cling to water and steam

washed metal better than any other lubricant was discovered (Canola Council of
Canada,1988).

In the early 1940's, a shortage of rapeseed oil lubricant for steam

powered war ships prompted the development of Canadian rapeseed production

(Stefansson, 1983). Before World War ll, Canadian production was limited to

small research farms and an independent Saskatchewan farmer who had

immigrated from Poland carrying a small amount of rapeseed. To alleviate this

critical shortage of the oil, a large amount of seed was purchased from the

United States. This seed was of the B- napus ssp. olifera species and had been

originally secured from Argentina. The unoffïcial name therefore became

"Argentine Rapeseed". Public release of information of the rapeseed oil

shortage prompted the farmer from Saskatchewan to increase and distribute his

seed. This would be the beginning of the species B. campesfn's now known as

B. rapa ssp. olifera in Canada. Because of the Polish origin of the seed, the

unofficial name used to describe this species became "Polish Rapeseed"

(National Research Council, 1992; Canola Councíl of Canada, 1g8B; Daun,

1e83).
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2.1.2 Development

During World War ll, rapeseed was only grown to produce oil for use as

an industrial lubricant for Canada's war machines. With the end of the war, the

bottom dropped out of the market for rapeseed oil as an industrial lubricant.

Rapeseed oil as an edible product had only seen limited success and the meal

could only be sold as fertilizer. However, early investigations demonstrated that

after careful processing techniques, such as bleaching and deodorizing, the oil

could be considered satisfactory for edible purposes (National Research Council,

1ee2).

Rapeseed slowly began to be accepted as an edible oil in the early

1950's. However, during the mid-1950's, based on animal feeding trials, the

Food and Drug Directorate of the Department of National Health imposed a

short-lived ban on rapeseed oil. Further review on the limited use of the oil in

edible applications showed no threat to health and so the ban was lifted shortly

(National Research council, 1992; canola council of canada, 1g88; Daun,

1e83).

The nutritional aspects of rapeseed were scrutinized. Analysis showed

that the rapeseed oil was comprised of fatty acids of various chain lengths,

including more than 40% in long chain fatty acíds (mostly eicosenoic and erucic

acid). Earlier studies had shown that erucic acid caused reduced weight gains

and increased adrenal gland weights in rat feeding trials (National Research

Council, 1992).

Spurred on by the detrimental effects of the long chain fatty acids, plant

breeders searched for a genetic variation which decreased the eicosenoic and

erucic acid content in rapeseed oil (stefansson, 1983). Germplasm was

identified with lower levels of erucic acid and this trait was introduced into

agronomically suitable cultivars. The Federal Government's Health and Wetfare

Department along with industry, agreed to convert to production of only low

erucic acid varieties of rapeseed. By December of 1973, the industry limit of

erucic acid in food products was 5% (National Research Council, 19g2; Daun,

1e83).
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The protein meal fraction of rapeseed was utilized as a protein

supplement for livestock. However, animal nutritionists recommended that the

sharp tasting anti-nutritive glucosinolates present in the mealfraction be lowered.

Germplasm with low glucosinolate levels were identified and incorporated into

agronomically acceptable cultivars (canola council of canada, lgBB).

The University of Manitoba professor Dr. Baldur Stefansson developed

the fÍrst double-low variety which had low levels of erucic acid in the seed oil and

lower levels of glucosinolates in the seed meal. This B. napus variety was

registered as "Tower" in 1974. ln 1977, the first double-low Brassica rapa

variety, named "candle" was released by Agriculture canada, saskatoon

breeding program under the direction of Dr. Keith Downey (National Research

Council, 1992).

These double low varieties of rapeseed adopted the commodity name of
'canola'. 'Canola' is a description of oilseed rape (Brassica napus and Brassica

rapa) seed and derived products containing less than 2 percent erucic acid in the

oil and no more than thirty micromoles of glucosinolates per gram of air-dried, oil

free meal (Canola Oil and Meal Standards and Regulations, 1gg0).

2.1.3 Description

oilseed Brassicas include the two rapeseed species B. napus and B.

rapa, as well as the mustard species B. juncea. The Japanese scientist U (c.f.

Downey and Rakow, 1987) demonstrated that these three species were closely

related to other agronomically important Brassr'cas, namely B. nigra (Black

Mustard), B. oleracea (cabbage, Kale, cauliflower, Broccoli) and B. carinata

(Abyssinian Mustard). Through cytological studies, u proved that B. nígra, B.

rapa and B. oleracea were the basic monogenomic species from which the

amphidiploids 8. napus, B. juncea and B. carinata are formed (c.f. Downey and

Rakow, 1987). (Figure 1)



o

FIGURE l. Figure commonly used to represent the relationship among the six
agronomically important Brassica species (adapted from Downey and
Robbelen, 1989).
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B. napus and B. rapa are the two oilseed rape species of spring and

winter canola which are grown in Canada. They are well adapted to the cool,

moist growing conditions of the Parkland and transition zones of Canada's

western prairie provinces (Canola Council of Canada, 1988). The small round

seeds of canola contain more than 40% oil on a dry-weight basis and yield a high

protein meal suitable for animal feed (Downey and Rakow, 1987). B. napus

seeds are dark brown to black in colour, while B. rapa seeds

range from yellow to black. The B. napus species generally matures in g5 to 110

days. lt is superÍor to the B. rapa species in yield potential, oil content and

protein percentage in the meal. However, the Brassica rapa species matures

two to three weeks earlier and therefore is well adapted to the northern canota

growing regions of western Canada.
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2.2 Breeding Superior Ganola-euality Oilseed Rape

2.2.1 Breeding Objectives

originally, the aims of all Brassrca oilseed breeding was to improve

agronomic performance. Then, nutritional questions prompted improvements in

the nutritional shortcomings of the meal and oil. Today, breeding for agronomic

traits such as seed yield, frost hardiness, disease resistance, drought resistance,

early maturity, herbicide tolerance, greater resistance to lodging and shattering

as well as the ability to germinate and grow at low soil temperatures is ongoing

for both B. rapa and B. napus. Quality traits such as oit and protein content and

oil and meal quality are constantly being improved. The alteration of fatty acid

content in canola-quality oil is also a major breeding objective for specific end

use markets.

2.2.2 Breeding Strategies

A plant breeding strategy, conventional or modern, involves several basic

components:

1) recognizing the traits that are important,

2) designing techniques to evaluate genetic potential of the desired

traits,

3) identifying sources of genes for the desired traits,

4) devising a means to combine the genetic potential of desired traits into

an improved cultivar (Poehlman, 1987a).

B. rapa is primarily a self-incompatíble species. Cross-pollinated species

have high levels of heterozygosity, so they do not breed true. lmposed self-

pollination on cross-pollinated B. rapa leads to inbreeding depression which is

expressed as a decline in vigour and productivity. A self-incompatible cultivar is

a mixture of heterozygous plants which are reasonably uniform in appearance
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and performance. lnstead of focussing all efforts on single superior plants which

will breed true, as in self-pollinated crops, breeders concentrate on improvement

on populations or gene pools of cross-pollinated species (Knowles, l ggg).

Conventional B. rapa breeding methods generally involve selection of
plants exhibiting desirable characteristics followed by a series of imposed self-

pollinations to obtain highly inbred parental lines. The parents are crossed to
produce the F.¡ progeny. The F., are then subjected to sexual crosses (eg. cross-

pollinations, backcrosses, or additional imposed self-pollinations). Once the

desired characteristics are fixed in the population they are crossed into an

agronomically acceptable background. Eventually, the frequency of genes for

the desired characteristic is sufficiently high in the population to produce a

superior cultivar. This process is time consuming and expensive. ln attempts to

overcome both inbreeding depression and the ever increasing time/financial

constraints on conventional breeding programs, canola breeders have

incorporated bÍotechnology to produce doubled haploids into their programs.

Incorporation of haploid breeding practices through biotechnology offers the

potential production of superior varieties economically, and within a short time

span.

2.2.3 Doubled Haploid Production

2.2.3.1 Advantages. The literature documents the occurrence of haploidy in

plants more than 60 years ago (Blakeslee, et al., 1922; Kostoff, 1gg4). Haploids

can be generally described as individuals which contain chromosome numbers

which have been reduced to half of the normal diploid chromosome number.

Specifically, haploids are individuals whose genomic constitution is the gametic

chromosome number of the species. The usefulness of haploids in plant

breeding has been discussed by many authors. (Choo et al., lg8b; Foroughi-

Wehr and Wenzel, 1989; Nitzsche and Wenzel, 1977; Pierik, 1gB7; Poehlman,

1987b; Ferrie et al., 1994; sharp et al., 1984) Haploids are utilized in plant

breeding programs because once their chromosomes have been doubled
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(doubled haploids), they are completely homozygous at all loci. This

homozygosity is reached in the shortest possible time, a savings of three to six

generations of inbreeding, which permits rapid selection for desirable genotypes.

Selection pressures applied at the doubled haploid level, as opposed to the

diploid level, offer more reliable and effective results. Genetic segregation is

simplífied because recessive genes are not being masked by dominant genes.

Induced dominant and recessive genetic changes produced through

mutagenesis, gametoclonal selection or transfer of genetic material are therefore

immediately detected resulting in a significant reduction in the number of plants

that need to be screened for selection. Fewer plants will be carried fon¡rard in a

breeding program which results in a financial and time savings. Additionally,

there is the potential for quantitative and qualitative inheritance studies,

genotype-environment interaction studies and linkage studies. (Choo et al.,

1985; Foroughi-Wehr and Wenzel, 1989; Nitzsche and Wenzel, 1977i Pierik,

1987; Poehlman, 1987b; Ferrie et al., 1994; Sharp et al., 1984\

2.2.4 Methods of Haploid Production

ln order for canola-quality oilseed rape breeding programs to exploit the

advantages that doubled haploids offer, haploids must first be obtained, then the

chromosome numbers of the haploids must be doubled. Haploids may occur in

nature or be induced experimentally. Since spontaneous haploid plants are rare,

(Morrison and Evans, 1988) breeders have investigated a number of in vitro

techniques which allow the production of haploids in greater numbers.

The most frequently used method of haploid production for the Brassica

species is androgenesis. The basic princÍples of androgenesis are to culture

anthers/microspores to induce cell division and embryo formation, culture the

embryo to form a haploid plant, and finally double the chromosomes of the

haploid plant to produce a fertile doubled haploid. Since each microspore has

the potential of embryogenetic development into a plant, all genetic variation of

the population of microspores is potentially available (Ferrie et al., 1994).
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Androgenesis has proven to be a cost-effective procedure in B. napus breeding

programs by the fact that large numbers of haploid embryos can be produced in

less than four weeks.

The androgenetic development and production of haploid embryos can be

accomplished by two different, but related culture procedures; anther culture and

microspore culture. Anther culture involves the culture of whole anthers, while

microspore culture involves the culture of isolated microspores.

Anther culture has proven to be quite efficient in some species, however,

embryos do not only arise from microspores, but also from other parts of the

anther which results in a population with a number of different ploidy levels

(Pickering and Devaux, 1992). ln culture, the anther wall may act as a barrier to

nutrients and treatments to the microspores (Heberle-Bors, 1989; Siebel and

Pauls, 1989; Bajaj, 1983; Pickering and Devaux, 1992).

Anther culture was the original method of haploid production for the

species of Brassrca (Siebel and Pauls, 1989; Bajaj, 1983). The shortcomings

and low production of haploid embryos from anther culture prompted the

development of microspore culture. Microspore culture requires more skill and

advanced equipment than anther culture (Heberle-Bors, 1989), but it is a

superior technique because of its increased efficiency of true haploid embryo

production (Siebel and Pauls, 1989; Bajaj, 1983).

ln microspore culture, the microspore is developed directly into an embryo

and therefore the physiology and biochemistry of the process could be studied

from a starting point of a single cell (Heberle-Bors, 1989; Bajaj, 1983; Palmer

and Keller, 1997). Each stage of development could then be easily monitored

for treatment effects (Palmer and Keller, 1997). Additional advantages of

microspore culture include the ease of microspore isolation from the anther,

ability to adjust for optimum microspore densities (Palmer and Keller, 1997) and

to enrich the population with embryogenic microspores.
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2.3 Production of Brassrca rapa Canola-Quality Oilseed Rape Through

Microspore Gulture

The efficient application of isolated microspore culture in B. rapa

breeding programs has been limited to genotypes which respond with high,

consistent embryo yields and plant regeneration. Success lies in the ability to

manipulate microspores in vitro, so large numbers of genotypes respond with

high embryo production and regeneration rates. There has been much success

with well-established techniques of microspore culture for B. napus but limited

work has been completed on B. rapa.

The technique of microspore culture for doubled haploid production is

influenced by many factors including donor plant genotype, donor plant

physiology, donor plant pretreatment, developmental stage of the pollen, media

and its constituents and culture conditions. As well, the interaction of each of the

individual factors plays a role in the induction of pollen embryogenesis.

2.3.1 Genotype

Numerous studies of genotypic influences on microspore culture in

Brassica species have shown that responsiveness of microspores in culture are

strongly dependent on genotype of the donor plant (Kuginuki et al., 1997; Baillie

et al., 1992; Chuong et al., 1988; Phippen and Ockendon, 1990; Ockendon,

1985; Takahata and Keller, 1991 ; Foisset et al., 1993). lt is clear that donor

plant genotype can influence not only the quantity of embryos produced but also

the quality of embryos produced (Chuong et al., 1988). The genetic control of

embryo production is not understood well. However, it has been demonstrated

that certain cultivars of Brassica napus, when used as parents in producing Fr

hybrids, influence embryo production in culture (Dunwell et al., 1985).

Segregation analysis of isozyme markers on isolated microspore derived

embryos of Brassica napus have also suggested the existence of androgenetic

embryogenesis genes (Foisset et al., 1993). Therefore, the ability to transfer the
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trait of embryogenic responsiveness to recalcitrant genotypes may be possible.

This would allow the transfer of embryogenesis genes from embryogenic, but,

agronomically unacceptable germplasm, into non-embryogenic, etite germplasm

(Takahata and Keller, 1991; Foisset et al., 1993; Dunwell et al., 1gg5).

Embryogenesis is clearly influenced by genotypes. However, Gland et al.,

(1988) concluded that there is always the influence of non-genetic factors, as

well as the interaction with the genetic factors, to consider. By manipulating the
preculture and culture conditions, differences in embryo yields from microspores

of any genotype can be expected. To date there has been no identification of
androgenetic embryogenesis genes which can be easily crossed into any

germplasm to make it embryogenic. This means that preculture and culture

conditions and the subsequent interaction with genetic factors will have to be

manipulated to allow the production of embryos from recalcitrant genotypes.

2.3.2 Donor PIant Physiology

The physiological status of the donor plants is the result of the

environment or the growth conditions in which the donor plant is grown. The

growth conditions of the donor plant seem to have a significant effect on the

behaviour of microspores and subsequent production of embryos in culture of

Brassica species (Powell, 1990; Keller et al., 1983; Dunwell et al., 1985; Arnison

et al., 1990a; Lo and Pauls, 1992; Roulund et al., 1991; Palmer and Keller,

1ee7).

Growth temperature of the donor plant seems to play an important role in

microspore embryogenesis. Lower temperature regimes resulted in greater

embryo yields for B. napus (Dunwell et al., 1985; Lo and Pauls, 1gg2) and B.

rapa (Baillie et al., 1992). However, a cold treatment oT B. oleracea var. italica,

broccoli, (Arnison et al., 1990a) resulted in a reduction in embryogenesis

capacity while B. oleracea var. capitata, head cabbage, showed no critical

response to donor plant growth temperatures (Roulund et al., 1gg1).

'-g{i
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Donor plant inflorescence and plant age also play an important role in

microspore embryogenesis. These factors may be dependent on genotype and

species (Palmer and Keller, 1997). lt has been reported that culture of young,

rather than older inflorescences of B. napus result in greater production of

embryos (Thurling and chay, 1984; chuong et al., lgBB). A more recent study

involving B. napus suggest that inflorescence and plant age may not affect

embryogenesis as long as the optimum developmental stage of microspores is

selected (Takahata et al., 1991).

Little information on other factors such as light intensity, photoperiod and

nutritional status of the donor plant and how they affect microspore

embryogenesis is available. Palmer and Keller (1997) suggest that these factors

may interact with growth temperature to alter embryo yield.

The reason that donor plant physiology has such a significant effect on

embryogenic response is not known. Lo and Pauls (1992) suggest that

microspores of donor plants grown at low temperatures may be in an altered

physiological state which is independent of the developmental stage of the

microspores. These altered microspores then seem to follow a different

developmental pathway which results in the production of embryos.

2.3.3 Microspore Pretreatment

Microspore pretreatment refers to treatment of the microspores (for

microspore culture) or anthers (for anther culture) after they have been excised

from the donor plant. Pretreatment of the microspores (or anthers) seems to

simulate a stress situation which may be important in induction of androgenesis

(Lichter, 1982; Touraev et al., 1997). The microspore pretreatment usually is in

the form of a temperature regieme.

A cold temperature pretreatment has shown to be effective for B. napus

(Lichter, 1982) and B. oleracea, cabbage (Osolnik et al., 1993), but ineffective for

B. rapa (Keller et al., 1983). A thermal temperature pretreatment of winter

varieties of rape (8. napus) was necessary for embryo production while spring
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var¡eties produced acceptable embryo yields without such a treatment (Dunwell

et a|.,1985). Thermal shock in B. oleraceavar. gemiferae, brussels sprouts

(ockendon, 1984) and B. oleracea, broccoli (Arnison et ar., 1ggOa) proved

effective for increased embryo production at certain temperatures and durations

of treatments.

A short but severe heat shock of 41"C at the onset of microspore culture

has been shown to be successful in inducing embryogenesis in late bicellular

pollen of B. napus (BÍnarova et al., 1997).

The response of a temperature pretreatment of microspores seems to be

quite unpredictable. Considerable differences in response to varied high

temperature pretreatments not only between cultivars of B. oleracea, brussels

sprouts but also between plants of the same cultivar suggest the impossibility of
predicting optimum temperature pretreatments (Biddington and Robinson, 1990).

2.3.4 Developmental Stage of Polten

Pollen grains are produced through a complex set of cell divisions. The

origin of the potential for embryogenesis in immature pollen grains is under

debate. One view is that microspores are dimorphic (Horner and Street, 1978;

Heberle-Bors and Reinert, 1980). That is, they have a predetermined pathway of

being either gametophytic or sporophytic. lf the culture conditions are conducive

for embryo development, a sporophytic microspore will develop into an embryo

while gametophytic microspores degenerate and never have embryogenic

capacity.

A second theory is that under certain stimuli, microspores have the ability

to switch from a gametophytic to a sporophytic pathway in culture (Telmer et at.,

1993; Kyo and Harada, 1985; Kyo and Harada, 1986; Sunderland and Haung,

1987; Benito-Moreno et al., 1988). This switch of pathway operates within a

narrow period of microspore development. Before or after this developmental

stage, the microspore generally cannot respond to inductive treatment (Palmer

and Keller, 1997).
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Cytologically, the disruption of the asymmetrical division of the first pollen

mitosis of normal gametophytic development seems to be required for initiating

embryogenesis. This disruption results Ín a symmetrical division resulting in two

roughly equal cells when the developmental pathway is embryogenic (Palmer

and Keller , 1997; zaki and Dickinson, 1gg0; zaki and Dickinson, 1gg1 ; Fan et
al., 1988; lqbal et al., 1994).

The early uninucleate stage of pollen development is characterized by a

typically trilobed cellwith a thin exine and large central diffuse nucleus containing

scattered heterochromatin particles. Mid-uninucleate microspores have a well-

developed exine displaying the tricopate nature of the wall with the large nucleus

moving toward one of the lobes. The late uninucleate stage dísplays rigid walls

with a heterochromatinless nucleus forced to the periphery of the cell by

extensive vacuolation. (Kott et al., 1988a)

It is important to develop a method to select microspores which have the

potential to develop into embryos and exclude those which do not (Telmer et al.,

1992). Numerous parameters have been examined as potential markers for

embryogenic microspores. Petal length, anther length, the ratio of petal/anther

length and bud length have all been investigated as selectable markers (Duijs et

al., 1992; Kieffer et al., 1993; chuong et al., 1988 and Dunweil and cornish,

1985). Bud length seems to be the most practical character. Using simple

techniques, the predominant stage of microspore development can be

determined for various bud sizes. New genotypes or any change of treatment to

the donor plant may affect the bud length staging of microspores. This means

that for each change in experimental conditions, microspore staging is required

to determine optimal bud length.

The mid-late uninucleate stage of pollen development seems to be the most

efficient stage for microspore embryogenesis for B. rapa (Ballie et al., lggz).

2.3.5 Culture Media

A major factor on the success of haploid production through androgenesis

is the composition of culture medium (Keller and Armstrong, 1977). Anther
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culture was the original method of haploid production for the species of Brassica.

When microspore culture was proven to be superior, some modifications of the

original anther culture media were made. Any nutritive function which the anther

wall may have provided is no longer available to the developing microspores.

These missing components now have to be replaced in the culture medium

(Palmer and Keller, 1997).

The carbohydrate content of the media is a crucial constituent of the

culture media (Dunwell and Thurling, 1985; Ballie et al., 1992). lt serves both as

a carbon source and an osmoticum (Powell, 1990). sucrose is the most

commonly used carbohydrate for culture media. The optimum sucrose

concentration for microspore culture is higher than for anther culture. lt is
thought that the higher concentration of sucrose is needed for osmotic stability

(Lichter, 1982; Dunwell and Thurling, 1985).

Higher levels of sucrose have been shown to be beneficial for the initial

culture stages but lower levels are required for continuation of microspore

division and survival (Dunwell and Thurling, 1985). Manipulating sucrose levels

in the medium by utilizing a medÍa change can increase the number of embryos

produced. Ballie et al. (1992) reported that media containing 17o/o suctose for 48

hours followed by a media change to 10% sucrose increased embryo production

for all B. rapa genotypes tested. Keller and Armstrong (1977) conclude that the

post-induction transfer of B. napus anthers to low sucrose levels may be

necessary for embryos to develop into plantlets.

Recently it has been shown that sucrose as an osmoticum can be

replaced by high-molecular-weight polyethylene glycol in B. napus microspore

culture medium (llic-Grubor et al., 1998).

The addition of charcoal to fresh media has been found to be beneficial

for development of embryoids in culture. The charcoal may be acting to remove

any inhibitors which may be accumulating in the media (Gland et al., 1988;

Lichter, 1989). Caution must be used when adding charcoal to media because

repeated additions may result in concentrations sufficient enough to remove not

only toxic substances but essential ingredients as well (Lichter, l g8g).
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It has been reported for microspore culture of B. napus cv. Topas, that

medium conditioned by culturing microspores at high culture densíties for one

day improved embryo yields in low density cultures. (Huang et ar., lggo).
Medium pH is another key factor for induction of microspores to produce

embryos (Ballie et al., 1992). The adjustment of media pH has shown that

embryos could be formed throughout wide pH ranges. The pH may act as a

regulator of the efflux and influx of substances between the developing pollen

and nutrient medium (Gland et al., 1988). Anther culture of B. oleracea, broccoli,

cultivars Bravo and Green Mountain, responded best to the pH range of 5.5 - S.g

(Arnison et al., 1990a). A pH of 6.2 yielded the best embryo production for B.

rapa microspore cultures (Ballie et al., 1992). B. napus microspore cultures

responded best to the pH range of 5.6 - 5.8 (Gland et al., l gBB).

Experiments involving B. napus using NLN medium have shown that

cultures devoid of hormones can produce embryos (Lichter, 1g8g).

Naphthaleneacetic acid (NAA) and 2,4-Dichlorophenoxyacetic acid (2,4-D),

auxins, and N6-benzyladenine (BA), a cytokinin, are commonly used in culture

media for microspore culture. The inclusion of auxins and cytokinins in media in

various concentrations, depending on species and genotype, can give

significantly higher embryo yields (Lichter, 1989; Gland et al., lgBB). chuong

and Beversdorf (1985) showed that NAA concentrations of 1 mg/l improved

embryo yields of several genotypes of B. napus and one genotype of B. carinata

Braun, mustard. Charne and Beversdorf (1988) report that NAA had no effect on

embryo yields with concentrations of 0.136 - 1.85 mg/l while BA in

concentrations of 0.01 - 0.225 mg/l had significant influence over embryo yield of

F, hybrids of B. napus.

Increased concentrations of 2,4-D (0.3 mg/l) increased embryo yields in

anther culture of B. Oleraceavar botrytis, cauliflower (Phippen and Ockendon,

1990). Genotype-specific responses of anther culture of B. oleracea, broccoli

resulted from the addition of BA (Arnison et al., 1990b).
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The response to the addition of growth hormones to culture media shows

high specificity to species and genotype (Gland et al., lgBB). This may be due

to genetic differences or even physiological status of the donor plant. lt is clear

that the response of genotypes to growth substances should be evaluated w1h

new experimental lines of interest to ensure optimal embryo yields (Gland et al.,

1e88).

The inclusion of auxins and cytokinins as grovrrth regulatory substances in

culture media are well established and considered the norm. Inctusion of other

plant growth regulators in culture media has rarely been attempted. lt has been

suggested that ethylene may be Ínvolved in microspore embryogenesis.

BiddÍngton and Robinson (1991) demonstrated that ethylene production in the

early stages of anther culture of B. oleracea, brussels sprouts, was higher for the

non-responsive cultivar Hal, as compared to the responsive cultivars GA1 x

RDF2 and Grower. This lack of responsiveness to culture could be overcome

by incorporating the ethylene-action inhibitor silver nitrate (AgNO.) into the media

(BÍddington et al., 1988). The exact role that ethylene plays in microspore

development into embryos is still unclear. There may be optimum levels of

ethylene required by specific genotypes for embryogenesÍs which, when not

reached or surpassed, may be detrimental to embryo yields (Cho and Kasha,

1989; Biddington and Robinson, 1991). This concentration of ethylene also may

be dependent on the sensitivity of the microspore to it (Biddington et al., 1988).

2.3.6 Gulture Conditions

Evaluation of incubation time and temperatures have shown that they are

important factors in microspore embryogenesis (Ballíe et al., 1gg2). Initial

elevated incubation temperatures for many Brassica species like B. rapa (Ballíe

et af., 1992), B. napus (Keller and Armstrong, 1978; Chuong and Beversdorf,

1985), B. oleracea (Arnison et al., 1990a; Takahata and Keller, 1gg1), and B.

carinata (chuong and Beversdorf, 1985), resulted in the production of high

frequencies of embryos in culture. This elevated temperature seems critical for a

brief period in culture before transfer to lower culture temperatures. Ballie et al.
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(1992) reported that the optimal microspore culture temperature treatment for B.

rapa was 32oC for 48 hours followed by 24'C for the remainder of three weeks.

Gland et al. (1988) showed that 35oc for 18 hours followed by 30oc for the

remainder of culture period provided the best results for B. napus. The split

temperature regime of 35oC for 72 hours followed by 25"C incubation resulted in

high embryo yields for both B. napus and 8. carinata (Chuong and Beversdorf,

1985). B. oleracea, broccoli anther cultures responded best to temperatures of
35oC for 18 - 48 hours followed by a maintenance temperature of 25oC (Arnison

et al., 1990a).

Although the importance of using elevated culture temperatures for

embryogenesis has been recognized, there is little information on the

mechanism of the temperature response (Palmer and Keller, 1gg7). The

possible involvement of heat shock proteins has been investigated in cultured

anthers of broccoli (Fabijanski et al., 1991). Arnison et al. (1990a) support this
possibility. lt seems that the elevated culture temperature brings about a switch

of microspore development away from the male gametophytic pathway to the

sporophytic pathway. lt is unclear if the high temperature acts as a stress factor

or is required for specific metabolism (Palmer and Keller, 1gg7).

It is thought that the arrest of development and distortion of some

embryos in culture may be due to the accumulation of inhibitors in the medium

(Gland et al., 1988; Kott et al., 1988b; Hansen and Svinnset, 1gg3).

lnvestigations into the accumulation of toxic agents being released into the

culture media in B. napus microspore cultures have shown that older

microspores that do not develop into embryos actually appear to release anti-

embryogenic agents that suppress initiation and notably distort the growth and/or

development of existing embryos (Kott et al., lgBBb). Exclusion of older

microspores in culture is in most cases impossible, so a media change becomes

necessary to dilute the anti-embryogenic agents present in the media (Kott et al.,

1988b). using Brassica napus ssp. rapifera, swede, Hansen and svinnset
(1993) have shown that not only are toxic substances produced by larger,
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binucleate microspores, but also smaller, uninucleate microspores. Changing

the media too often may result in the disruption of development of the

microspores (Lichter, 1989) so a compromise is necessary.

lmplementation of aeration to microspore cultures of different Brassica

species have been found to be beneficial for development of embryoids in

culture. The aeration may be acting to remove any inhibitors which may be

accumulating in the media (Lichter, 1g8g).

In addition to elevated temperature treatments, media changes and

aeratíon, microspore density in culture also plays a role in embryogenesis. Ballie

et al. (1992) report using 100,000 microspores/ml for microspore culture of B.

rapawhile Hansen and Svinnset (1993) and Huang et al. (1990) describe levels

up to 40,000 microspores/ml for maximum embryo production in B. napus.

2.3.7 Plant Regeneration

Mature embryos produced through microspore culture are generally

recovered via direct germination (Palmer and Keller, 1gg7). The efficient

regeneration of haploid plants is an important factor in production of doubled

haploids. Unfortunately direct germination of mature embryos is difficult and

frequency is often low (Kott and Beversdorf, 1990). Periods of low temperature

treatments, partial dessication and culture agitation appeared to increase both

the quality and frequency of embryo germination for the Brassica species

(Lichter, 1989; Gland et al., 1988, coventry et al., 1g8B; Kott and Beversdorf,

1990; Mathias, 1988; Kott et al., 1988a). However, protocols must be modified

for specific species and genotypes within species to ensure a high frequency of

recovery (Palmer and Keller, 1997).

Spontaneous doubling of chromosomes through microspore culture, of

Brassica species, is rare (chen et al., 1994; Keller and Armstrong, 1g7B; charne

et al., 1988). Production of doubled haploid plants from haploid embryos

produced through microspore culture has been primarily achieved through use of
colchicine. Colchicine has been applied to microspore-derived plants,

microspore-derived embryos and microspores (Chen et al., 1gg4; lqbal et al.,
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1994; Mathias and Robbelen, 1991). Colchicine as a microspore treatment has

even been found to stimulate embryogenesis in some cases involving B. napus
(Chen et al., 1994; lqbal et al., 1gg4).

Additionally, antimicrotubule agents such as the herbicides amiprophos-

methyl, oryzalin, pronamide and trifluralin, as well as low temperature treatments

of varying magnitudes and duration have been used to double chromosomes at

various stages of embryo development (charne et al., 1g88; chen and

Beversdorf ,1992a; Hanning, 1gg3; Eikenberry, 1gg3).
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2.4 Ulilization of Microspore Derived Embryos

Once the technology of microspore culture to produce doubled haploids
became available to breeders, the initial interest was in the ability to accelerate
plant breeding programs. Doubled haploids are completely homozygous at all

loci. This rapid development of homozygous lines saves generations of
inbreeding as compared with conventional breeding procedures. Genetic

segregation is simplified because recessive genes are not being masked by

dominant genes. (choo et al., 1985; Foroughi-wehr and wenzer, lggg;
Nitzsche and wenzel,1977; Pierik, lgBT; Poehlman, 1g87b; Ferrie et al., 1gg4;

Sharp et al., 1984)

As culture technology becomes more advanced and efficient, more

canola-quality oilseed rape breeding programmes are utilizing microspore cutture

to produce dominant and recessive genetic changes through gametoclonal

selection, mutagenesis or transfer of genetic material. Haung et al. (1g91) report

that microspore culture is utilized routinely to produce homozygous diploid plants

which are resistantto Sclerotinia. Kenyon et al. (1987) use microspore culture to

select for sulfonylurea herbicide tolerance in B. napus. Henderson and Pauls

(1992) used microspore culture to introgress several recessive traits into B.

napus canola-quality oilseed rape . They concluded that there are definite

advantages to using this system in the breeding programme.

Microspore mutagenesis has produced valuable canola-quality oilseed

rape mutants for herbicide tolerance (Haung et al., 1gg1; Swanson et al., 19gg;

swanson et al., 1989), altered fatty acid profiles (Haung et ar., 1gg1) and

resistance to diseases (Phoma lingam) (Sacristan , 1gB2).

Doubled haploid lines derived from microspore culture of B. napus have

been used in studies of physiological and biochemical control of seed

degreening (Johnson-Flanagan and Singh, 1gg3), fatty acid and lipid

bÍosynthesis and storage (Pomeroy et al., 1gg1;wiberg et a!.,1g91; chen and

Beversdorf, 1991; Gruber and Robbelen, 1gg1; Taylor et al., 1gg2a; Taylor et al.,
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1992b; Taylor et al., 1993; Taylor et al., 1gg0; weselake et al., 1gg3; Holbrook et
al., 1991), and vernalization (Murphy and scarth, lgg8) and pyruvate-kinase

isoenzyme studies (sangwan et al., 1gg2) have been compreted.

Genetic transformations of B. napus through use of Agrobacterium

tumefaciens (Swanson and Erickson, 1g8g; Oelck et al., 1gg1) and

electroporation (Jardinaud et al., 1993) has also been accomplished with haploid

embryos of B. napus realized through microspore culture.

Inheritance studies of fatty acids (chen and Beversdorf, 1gg0) and

storage proteins (Taylor et al., 1990) have also been completed using doubled

haploid lines of B. napus canola

The development of desiccation technology of haploid embryos is being

studied as a potential method of long-term storage system of germplasm via

cryopreservation (Chen and Beversdorf 1992b; Charne et al., 1988; Senaratna et

al., 1991).
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3.0 MATERIALS AND METHODS

3.1 Genotypes

Four B. rapa genotypes were selected for the experiments: Reward,

Parkland, Agricultural Canada Line AC-1 and AC-2.

Reward and Parkland are canola-quality oilseed rape cultivars with good

seed oil, protein content and disease resistance. Reward was developed at the

University of Manitoba, \Mnnipeg, Manitoba and was registered in 1gg1 (Scarth

et al., 1992). Parkland was developed at Agriculture and Agri-Food Canada,

Saskatoon, Saskatchewan (GRIN, 1gg8). AC-1 and AC-2 are highly

embryogenic B. rapa lines produced by Agriculture and Agri-Food canada.

Reward and Parkland were chosen as genotypes in this research because

they are both well adapted to the canola growing areas of western Canada

(scarth et al., 1992; GRIN, 1998). Additionally, the Plant Biotechnology

lnstitute's Consortium on microspore improvement for B. rapa involved research

with Reward, Parkland, AC-1 and AC-2. I was fortunate to be the recipient of
information on all of the genotypes in this research from the Consortium.

3.2 Standard Microspore Culture Protocol

3.2.1 PIant Growth Gonditions

Ten plants of each genotype were seeded and maintained in grovuth room

conditions of 16 hour photoperiod with a light intensity of 200 pE m-'s-, and a

day/night temperature of 201150c. Two seeds per six inch plastic pot, were

planted in a soilless mix supplemented with 14-14-14 Osmicote slow release

fertilizer. After approximately 26 days, just prior to bolting, the plants were

transferred to a growth cabinet with the same photoperiod and approximate light

intensity and a lower day/night temperature of 10/s0c. 0.359 L-1 1s-1s-1g

(N,P,K) was supplied in the watering, which occurred every second day. The
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plants were allowed to grow and flower for approximately one month after which
they were sampled for microspore culture for approximately one month.

3.2.2 Microspore Culture

Buds selected for microspore culture were between 2 and 3 mm in length.

This range of bud sizes corresponds to the mid-late uninucleate stage of pollen

development. Approximately 50 buds were selected per genotype and placed in

Lipshaw baskets or tea balls. The buds were surface sterilized in 6% sodium

hypochlorite for 15 minutes on a shaker. The sterilization process was followed

by three 5 minute washes in sterile water. The buds were then transferred to a
50 ml beaker containing 5 ml of half strength Bs-13 wash media (half-strength Bu

media supplemented with 13% sucrose and no hormones). The buds were

macerated in the media with a Teflon rod. 5 ml of wash media was used to pre-

moisten a 44 pm nylon filter into a sterile 50 ml centrifuge tube. The suspension

was then filtered through the nylon filter into the centrifuge tube. The filter and

beaker were then rinsed into the centrifuge tube with 5 ml of wash media. The

suspension was centrifuged at 130-150 g for 3 minutes. The supernatant was

decanted and an additional 5 mlwash media was added to re-suspend the
pellet. The washing of the microspores by centrifugation, was repeated again.

After the second wash, a drop of the suspension was placed on a

hemacytometer to determine the density of microspores in the 5 ml of

suspension. After the third centrifugation, the supernatant was decanted and the
pellet was re-suspended in the appropriate amount of NLN-17 media

supplemented with 0.1mg L-18A, and with a pH of 6.2, to achieve an optimum

microspore density of 100,000 microspores per ml. The suspension was then

distributed into 100 mm X 15 mm petriplates in 10 ml quantities and the plates

were sealed with parafilm. The plates were incubated in the dark at 320C for

forty-eight hours after which the microspore suspension was pipetted off and

centrifuged to pellet the microspores. The NLN-17 media was decanted and

replaced with an equal amount of NLN-10 media at pH 6.2 which contained no
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BA. The microspore suspension was then redistributed into the original

petriplates which were then transferred to 250C for the remainder of three weeks.

The plates were then placed on a shaker in continuous light at22oC to green the
embryos up. One week later, total embryo production was tabulated. Embryos

were classified as green or albino for the following stages: globular, heart,

torpedo and cotyledon.

3.3 Media Preparation

Preparation of media and media stocks are ouflined in Appendix A.
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4.0 EXPERIMENTAL PROTOCOL

4.1 Experiment l- Effect of Sucrose Levels in the Microspore Gutture

Media on Embryo Production in B. rapa

The objective of this experiment was to determine the optimal levels of
sucrose in microspore culture media based on the level of embryo production.

The sucrose levels in the standard protocolwere NLN-17 media supplemented

with 0.1 mg BA L-1 for the first forty-eight hours of culture followed by a media

change to NLN-10 (no BA) for the remainder of three weeks. The modification of
the standard protocol was an alteration of the media sucrose concentrations to

NLN-13 supplemented with 0.1 mg BA L-r for the first forty-eight hours of culture

followed by a media change to NLN-13 (no BA) for the remainder of three weeks.

Preparation of NLN-17 media supplemented with 0.1 mg BA L-r, NLN-10

media (no BA), NLN-13 media supplemented with 0.1 mg BA L-1 and NLN-13

media (no BA) is described in Appendix A.

Six separate microspore culture runs were completed for this experiment,

three with the media combination of NLN-17/ NLN-10 (control) and three wíth the

media combination of NLN-13/NLN-13. Each run was completed using the four

genotypes Reward, Parkland, AC-1 and AC-2 . Embryos produced were

classified as green or albino for the following stages: globular, heart, torpedo

and cotyledon.
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4.2 Experiment 2 - Effect of pH Levels of the Microspore Culture Media on

Embryo Production in B. rapa

The objective of this experiment was to determine the optimal pH level in
microspore culture media for B. rapa genotypes based on the level of embryo
production. The pH level in the standard protocol for both the NLN-1 7 and NLN-

10 media is 6.2. The modification of the standard protocolwas an alteration of
media pH concentrations to pH 6.0, pH 5.8, pH 5.6, pH 5.4 and pH 5.2.

Preparation of NLN-17 and NLN-10 media is described in Appendix A.

Adjustment to appropriate pH levels in the media was accomplished by using 1 N

HCI and 1 N NaOH to lower and raise the pH respectively.

Six NLN media pH levels were tested over 18 separate microspore culture

runs. Three microspore culture runs per NLN media pH level [pH 6.2 (control),

pH 6.0, pH 5.8, pH 5.6, pH 5.4 and pH 5.2lwere completed. Each run used the
genotypes Reward and AC-2. Embryos produced were classified as green or

albino for the following stages: globular, heart, torpedo and cotyledon.

4.3 Experiment 3 - Effect of Microspore Pretreatment (Gold Shock) on

Ehbryo Production in B. rapa

The objective of this experiment was to determine if a microspore

pretreatment of a cold shock would increase microspore culture response in B.

rapa genotypes based on the level of embryo production. The modification of

the standard protocol involved cold shock treatment of microspores. Cold shock
pretreatment to the microspores was accomplished by: 1. chilling the surface

sterilant, sodium hypochlorite to 4oC prior to bud sterilization; 2. agitation of buds

in surface sterilant on a bed of ice; 3. the sterile water used to rinse off surface

sterilant was chilled to 4oC; 4. half strength Bs-13 used as a wash media was
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chilled to 4oC; 5. maceration of microspores with a Teflon rod took place on a
bed of ice; and 6. initial culture media (NLN-17 media) was chilled to 4"C. The
microspores were held at approximately 2-4"C for one hour during isolation.

Six separate microspore culture runs were completed for this experiment,

three involving room temperature or control conditions, and three using cold

shock procedures. Each run was completed using the four genotypes Reward,

Parkland, AC-1 and AC-2. Embryos produced were classified as green or albÍno

for the following stages: globular, heart, torpedo and cotyledon.

4.4 Experiment 4 - Large-scale Microspore Gulture Technique

The objective of this experiment was to determine if a large-scale, or

mass microspore culture technique would be efficient in producing large

numbers of haploid embryos. The protocolfor large-scale microspore culture

technique is based on Polsoni, et al. (1gBB), and Swanson, et al. (19g7), reports.

Forty plants were planted according to the standard protocol. Twenty bud

clusters from the upper racemes of the forty plants were collected and all buds

smaller than 4 mm were used in a microspore run. The sterilization in 6%

sodium hypochlorite for 15 minutes on a shaker and three 5 minute washes in

sterile water followed the standard protocol with increased volumes to sufficienfly

cover the increased number of buds. The buds were then transferred to a sterile

small capacity blender containing 70 ml of half strength Bs-13 wash media. The

bud clusters were blended at high speed until a slurry was formed (approximately

10 seconds). The slurry was then filtered through 44 ¡tm nylon fitter into two

sterile 50 ml centrifuge tubes, each pre-moistened with 5 ml of wash media. The

blender and two filters were then rinsed with 1O ml, 5 ml and 5 ml of wash media,

respectfully. The suspension was then centrifuged at 130-150 g for 3 minutes.

The supernatant was decanted and an additional 40 ml of half strength wash
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media was added to each tube to re-suspend the pellets. The washing of the
microspores was repeated again. After the second wash and resuspension in 20
ml of wash media per tube, a drop of the suspension from each tube was placed

on a hemacytometer to determine the density of microspores in the 20 ml of
suspensions as described previously. After the third spin, the supernatant was
decanted and the pellets were re-suspended in the appropriate amounts of NLN-

17 supplemented with 0.1 mg BA L-1, and with a pH of 6.2, to achieve a
microspore density of 100,000 microspores per ml. The suspensions were
poured into 100 mm X 15 mm petriplates in 10 ml quantities and the plates were
sealed with parafilm. Procedures for the incubation of microspores and

tabulation/classification of embryos followed the standard protocol.

The large-scale microspore culture technique was tested over four

separate mícrospore culture runs. Each run was completed using the genotype

Reward. Embryos produced were classified as green or albino for the following

stages: globular, heart, torpedo and cotyledon.

4.5 Experiment 5 - Effect of Donor Plant Pretreatment on Embryo

Production in B. rapa

Experiment 5 evaluated the effect of donor plant pretreatment on embryo
production in B. rapa. Ethephon (2-chloroethyl phosphonic acid) and the two

growth retardants A-Rest [g-cyclopropyl-a-(4-methoxyphenyl)-5-pyrimidin-5-
yl)benzyl alcoholl and Cycocel (2-chloroethyl trimethyl-ammonium-chloride) were

investigated as donor plant pretreatments.

Ethephon, an ethylene releasing compound, was used to investigate the

role of ethylene in microspore response to culture for B. rapa. The growth A-

Rest and Cycocel, were used to investigate if growth retardants could replace the

requÍrement of low temperature environments to induce microspores into

embryogenesis in culture for B. rapa.
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Thirty plants, per pretreatment, were seeded in growth room conditions of
16 hour photoperiod with a light intensity of 200 pE -zs-t and a day/night

temperature of 20115oC. Plants were grown under these conditions for the
duration of the experiment.

Visual assessments and microspore deveropmental stages were

determined for the three donor plant pretreatments. procedures for the
microspore staging were adapted from Coventry et al. (1ggg). Microspore

staging of bud lengths of 0-1 mm, 1 -2 mm,2-3 mm and 3-4mm were completed.

For each donor plant pretreatment, collections of two buds for each bud length

per treatment for the genotypes Reward and AC-2 were fixed in a cold fixative of
alcohol:glacial acetic acid (3:l v/v) in the refrigerator, overnight. lf microscopic

analysis was not completed the following day, the buds were stored in 7Oo/o

alcohol in the refrigerator. Collections continued for the duration of the

experiment. Each bud was squashed on a microscope slide, in a drop of
acetocarmine stain. After a few minutes the debris was removed with a needle

and a drop of 45o/o acetic acid was added and the sample was covered with a

cover slip. The slÍde was placed under a phase-contrast microscope at 10X

power. One field of view for each bud was tabulated to determine the percent of
each microspore stage present. The microspores were grouped into one of the

following stage categories:

1. Tetrad: - very early uninucleate stage of microspore deveropment,

spores in tetrad.

2. Early Uninucleate: - thin spore walls, no colouring; central diffuse

nucleus.

3. Mid- to Late-Uninucleate: - mid-uninucleate stage shows well

developed exine, pale yellow with well developed lobes, central nucleus;

late-uninucleate stage shows exine to be rigid and strongly yellow with

define lobes, nucleous peripheral.
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4.5.1 Effect of Ethylene on Microspore Response to Gutture

Approximately 36 days after seeding, the first flowers began to open. At
this point, foliar applications of Ethephon were applied with a hand held spray-
pump bottle to the point of runoff. Three donor plant pretreatments of Ethephon

(ten plants per treatment), of 0 ml/l (0 ppm), 1.s ml/l (58 ppm) and 3.0 ml/l (115

ppm) were sprayed on three consecutive days, day 36, 37 and 38 after seeding.

The pretreatment solutions were prepared using double distilled water and

herbicide grade Ethephon at 39 mg a.i. per ml.

Three separate microspore culture runs on day 41, 42 and 43 after

seeding were completed for the three foliar pretreatments using the genotypes

Reward and AC-2. The standard protocol for the collection, isolation and culture

of microspores was followed. Embryos produced were classified as green or

albino for the following stages: globular, heart, torpedo and cotyledon.

Microspore staging was completed five days before the Ethephon

pretreatment, day 31 to day 35 after planting, and continued on for a total of 14

days, day 44 after planting.

4.5.2 The Effect of Growth Retardants on Microspore Embryogenesis

4.5.2.1 A-Rest. Approximately 38 days after seeding, the first flowers began to

open. At this point, drench applications (60 ml) of A-Rest were applied to the

soil. Three donor plant pretreatments of A-Rest (ten plants per treatment), of 0

mg a.i./pot (0 ppm), 0.25 mg a.i./pot (4 ppm) and 0.5 mg a.i./pot (B ppm) were

administered for three consecutive days. The pretreatment solutions were

prepared using double distilled water and herbicide grade A-Rest at 0.264 mg

a.i. per ml.

Five separate microspore culture runs of the three soir drench

pretreatments were completed using the genotypes Reward and AC-2 at43-47

days after seeding. The standard protocol for the collection, isolation and

culture of microspores was followed. Embryos produced were classified as

green or albino for the following stages: globular, heart, torpedo and cotyledon.
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Microspore staging was completed five days before the A-rest
pretreatment, day 33 to day 37 after planting, and continued on for a total of 16

days, day 48 after planting.

4.5.2.2. Gycocel. Approximately 38 days after seeding, the first flowers began

to open. At this point, foliar applications of Cycocel were applied with a hand

held spray-pump bottle to the point of runoff. Three donor plant pretreatments of
cycocel (ten plants per treatment), of 0 ml/l (0 ppm), 25.4 mlil (3000 ppm) and

50.8 ml/l (6000 ppm) were administered for three consecutive days. The

pretreatment solutions were prepared using double distilled water and herbicide
grade Cycocel at 118 mg a.i. per ml.

Three separate microspore culture runs of the three foliar pretreatments

were completed using the genotypes Reward and Ac-z at 4s-47 days after

seedÍng. The standard protocol for the collection, isolation and culture of
microspores was followed. Embryos produced were classified as green or albino

for the following stages: globular, heart, torpedo and cotyledon.

Microspore staging was completed six days before the Cycocel

pretreatment, day 32to day 37 after planting, and continued on for a total of 17

days, day 48 after planting.
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5.0 RESULTS AND DISCUSSION

5.1 Experiment I - Effect of Sucrose Levels in the Microspore Culture

Media on Embryo Production in B. rapa

Experiment 1 was an evaluation of the effect of sucrose levels in the

microspore culture media on embryo production of B. rapa. Many studies have

been conducted on this area of microspore culture improvement, with varying

results. In 1992, Baillie et al. reported that the highest number of embryos were

formed for B. rapa genotypes when the microspores were cultured in NLN-17

media (0.1 mg BA L-1) for forty-eight hours followed by a media change to NLN-

10 (0BA) for the remainder of three weeks. Research had shown that Reward, a

cultivar used in this project, actually responded better to the media combination

of NLN-13 (0.1 mg BA L-1)/NLN-13 (0BA) (pers. comm.- Dr. A. Ferrie). The

potentialfor increased embryo production with the altered media sucrose level

was investigated.

The complete data set of embryo production is included in Appendix B,

Table B-1. The total number of embryos per run for each treatment and

genotype is summarized in Appendix B, Tables 82-85.

The total number of embryos produced includes embryos classifÍed as

green or albino for the following stages: globular, heart, torpedo and cotyledon.

Albino embryos were produced throughout the experiment with no predictable

pattern. Because albino embryos lack the capacity to develop into haploid

plants, green embryo production was used for analysis and discussion through

out this research.

The total number of green embryos per run for each treatment and

genotype is summarized in Tables 1-4. Total green embryo yields show that the

two AC genotypes seem to respond better to the media sucrose combination of

NLN-13/NLN-13, while Reward seems to respond better to the media sucrose

combination of NLN-17/NLN-10. Parkland does not respond differently to the

two media sucrose levels.
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TABLE l. Green Embryo Production of B, rapa, Reward, for Media
Sucrose Level Experiment [NLN-17/NLN-lO (control) vs. NLN-13/NLN-13J.

Microspore Culture Media Sucrose Levels
Run NLN-17/NLN-10

(control)
NLN-13/NLN-13

3

2

0

69

11

0

1

2

3

TOTAL

TABLE 2. Green Embryo Production of B. rapa, parkland, for Media
Sucrose Level Experiment [NLN-17/NLN-10 (controlì vs. NLN-13/NLN-13].

Microspore Culture Media Sucrose Levels
Run

80

NLN-17/NLN-10
(control)

NLN-13/NLN-13

0

2

3

0

3

3

1

2

3

TOTAL

TABLE 3. Green Embryo Production of B, rapa, Ac-1, for Media sucrose
Level Experiment [NLN-17/NLN-10 (controt) vs. NLN-í3/NLN-13J.

Microspore Culture Media Sucrose Levels
Run NLN-17/NLN-10

(control)
NLN-13/NLN-13

21

0

0

5

1

0

1

2

3

TOTAL 21
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Level Experiment -17lNLN-l0lco vs. NLN-í3/NLN-131.

Run NLN-17/NLN-10
(control)

NLN-13/NLN-13

TABLE 4. Green Embryo Production of B, rapa, Ac-z, for Media sucrose

Microspore Culture Medía Sucrose Levels

1

2

3

3

0

0

102
8

0

TOTAL 110

An analysis of variance was run on the green embryo data investigating

media sucrose levels, genotypes and repetitions and interactions between media

sucrose level and genotypes. At the 5% significance level, there were no

statistically identifiable differences for the model statement, or between the

individually analysed factors and interactions (Appendix c, Table c-1).

Despite the fact the analysis did not show genotypes to be statistically

different, mean green embryo yields show that two of the four genotypes

(Reward and AC-2) respond to media sucrose levels (Table s). Reward

produces a higher mean number of green embryos for the standard media

sucrose level of NLN-17/NLN-10 while AC-z produces a higher mean number of
green embryos for the media sucrose level of NLN-13/NLN-13. AC-1 also

produces a higher mean number of green embryos for the media sucrose Ievel

of NLN-13/NLN-13, however the difference is not as great as the previous two
genotypes. Parkland has a similar green embryo yield for the two media sucrose

levels.
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TABLE 5. Mean Green Embryo Yields for Media Sucrose Levet Experiment,
[NLN-17/NLN-10 (control) vs. NLN-r3/NLN-13] using B. rapa Genotypes
Reward, Parkland, AC-1 and AG-2.

Genotype
Microspore Culture MedÍa Sucrose Levels
NLN.17INLN-10 NLN-13/NLN-13

Control

Green Embryo Yield Green Embryo yield
(mean) (mean)

Reward
Parkland

AC-1

AC-2

26.7
2.0
2.0

1.7

1.7

7.0
36.6

when the calculation was made of embryos produced per 100 buds

sampled (Table 6), the differences in genotype response to media sucrose levels

is apparent for Reward and AC-2. This indicates that different genotypes may

require different sucrose concentrations for optimal embryo production.

TABLE 6. Green Embryos Per 100 Buds produced by B. rapa, Reward,
Parkland, Ac-l and AG-2 for Media sucrose Levels [NLN-17/NLN-ío
(control) vs. NLN-l 3/NLN-l 31.

Microspore Culture Media Sucrose Levels
Genotype NLN-17/NLN.1O

Control

NLN-13/NLN-13

Embryos Per 100 Buds"

Reward
Parkland

AC-1

53.3
4.0
4.0

3.3
3.3
14.0

73.3*Embryosper100budscalculationbasedon150ouo@
microspore culture runs in the media sucrose level experiment.
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Based on reports (pers. comm.- Dr. A. Ferrie), it was expected that
Reward would have produced a greater mean of green embryos with the media
sucrose combination of NLN-13/NLN-13. However, the results of this experiment
indicate that Reward produces a greater mean of green embryos for the
standard media sucrose level of NLN-17/NLN-10. Perhaps lab to lab variation in

addition to different growing facilities caused this difference Ín results.
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5.2 Experiment 2 - Effect of pH Levels of the Microspore Gulture Media on

Embryo Production in B, rapa

Experiment 2 was an evaluation of the effect of pH levels of the
microspore culture media on embryo production of B. rapa. ln 1gg2, BaillÍe et
al., showed that most B. rapa embryos were formed when microspores were
cultured at pH 6.2 in NLN-17 for forty-eight hours followed by a media change to
NLN-10, pH 6.2tor the remainder of three weeks. Research had shown that a
lower pH culture media may actually produce more embryos (pers. comm.- Dr. A.

Ferrie). Additionally, Gland et al., (1988) found that a pH of 5.7-6.0 was the most

suitable for B. napus embryo production in culture. The potential for increased

embryo production with altered media pH levels was investigated.

The complete data set of embryo production is included in Appendix B,

Table 8-6. The total number of embryos per run for each treatment and
genotype is summarized in Appendix B, Tables 87 - BB. Albino embryos were
produced throughout this experiment with no predictable pattern.

The total number of green embryos per run for each treatment and

genotype is summarized in Tables 7-8.

TABLE 7. Green Embryo Production of B. rapa, Reward, for Media pH
Level Experiment [pH 6.2 (control) vs. pH 6.0, pH 5.8, pH 5.6, pH 5.4, pH

Run 6.2 6
(Control)

5.8 5.6 5.4 5.2

1 10 1 80
2141402
36202

32

125

0

47
40
6

107

0

0

TOTAL 86 141 84 157 93 107
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TABLE 8. Green Embryo Production of B. rapa, Ac-2, for Media pH Level
Experiment [pH 6.2 (controll vs. pH 6.0, pH 5.g, pH s.6, pH 5.4, pH 5.2I.

Run 6.2
(Control)

6 5.8 5.6 5.4 5.2

Microspore Culture Media pH Levels

1

2

3

0

0
199

81

11

1

23
51

0

0

5

16

0

202
0

129
18

27
TOTAL 199 21 202 174

An analysis of variance was run on the data investigating media pH levels,

repetitions, genotypes and interactions between media pH levels and genotypes.

At the 5% significance level, there were no statistically identifiable differences for
the model statement or between the individually analysed factors and

interactions (Appendix C, Table 2).

Despite the fact the analysis did not show genotypes to be statistically

different, mean green embryo yields of the individual genotypes at different

media pH levels showed varying results (Table 9). Reward responded best to a
media pH level of 5.6 followed by pH 0.0 > pH 5.2 > pH 5.4 > pH 6.2 and > pH

5.8. Ac-2 responded the best to a media pH level of s.4 followed by ph 6.2 > pH

5.2 > pH 6.0 < pH 5.8 and >pH 5.6. The control media pH revel produced the
second lowest mean embryo yields for Reward, and second highest mean

embryo yields for AC-2.

93 74
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TABLE 9. Mean Green Embryo yields for Media pH Level Experiment, [pH
6.2 (control) vs. pH 6.0, pH S.B, pH 5.6, pH S.4, pH S.2l Using B. rapa,
Reward and AG-2.

Microspore Culture Media pH Levels
6.0 5.8 5.6 5.4 5.2Genotype 6.2

Control

Reward
AC-2

28.7

66.3
47.0 28.0

24.7

Yield
52.3 35.7

58.0

31.0
67.3

Embryos produced per 100 buds sampled (Table 10) also reflect the
differences in response of the media pH levels by genotype. This indicates that
different genotypes may require different pH revels for optimal embryo

production.

Based on reports (pers. comm.- Dr. A. Ferrie), it was expected that both
genotypes would have produced more embryos with the lower pH levels. The

results indicate that Reward does produce more embryos with the lower pH

levels. With exception to pH 5.8 (which was very similar to the control pH 6.2),

all lower pH levels tested produced more embryos than the control (pH 6.2). AC-
2 seemed to have a split response to the range of pH levels tested. pH 5.4
produced the highest embryo yields for AC-2, followed very closely by pH 6.2

(control). The lowest pH leveltested, pH 5.2, produced the third highest embryo
yields for AC-2. The middle range of the pH levels tested for AC-2 (pH 6.0, pH

5.8, pH 5.6) did not produce as many embryos as the higher and lower ranges of
the pH levels tested. The results indicate that embryos can be formed under a
wide range of pH levels. Gland et al. (1988) found that several genotypes of B.

napus produced embryoids at pH levels as high as 7.0. They advise that

experiments with recalcitrant genotypes cultured at higher pH levels may be

beneficial.
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TABLE 10. Green Embryos per 100 Buds produced by B. rapa, Reward and
Ac-2 for Media pH Levels [G.2 (control) vs. pH 6.0, pH s.g, pH 5.6, pH 5.4,
pH 5.2J.

Microspore Genotype
Culture Media

pH

Levels

Reward AC-2

Embryos Per 100 Buds*
6.2 - Control

6.0
5.8
5.6
5.4
5.2

57.3

94.0
56.0
104.7

62.0

71.3

132.7

62.0
49.3

14.0

134.7

116.0*Embryos per 100 buds calculation based o
microspore culture runs in the media pH level experiment.
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5.3 Experiment 3 - Effect of Microspore Cotd Shock Pretreatment on
Embryo Production in B, rapaMicrospore Culture

Stress resulting from bud harvest (water stress and starvation) or cold

treatment may signal a microspore to begin embryogenesis (Martensson and

Widell, 1993). Experiment 3 was an evaluation of the effect of microspore

pretreatment in the form of a cold shock on embryo production in B. rapa.

Research had indicated that a shock to the microspores would potentially

increase the yield of embryos produced (pers. comm.- Dr. A. Ferrie). Feng and

Wolyn (1993) found that a cold treatment to the flowers for Asparagus officinatis

L. (asparagus), for three days at 5oC gave the best microspore culture response.

The effect of cold shock on embryo production of the microspores was

investigated.

The complete data set of total embryo production is included in Appendix

B, Table B-9. The number of total embryos per run for each treatment and
genotypes is summarized in Appendix B, Tables 810 - 813. Alb¡no embryos

were produced throughout this experiment with no predictable pattern.

The total nurnber of green embryos per run for each treatment and

genotype is summarized in Tables 11-14.

TABLE ll. Green Embryo Production of B, rapa, Reward, for Microspore
Gold Shock Pretreatment Experiment [Room Temperature (controli vs.

Run Room Temperature
(control)

Cold Shock

0

0

2

1

2

3

0

20
8

TOTAL 28
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TABLE 12. Green Embryo Production of B. rapa, parkland, for Microspore
Cold Shock Pretreatment Experiment [Room Temperature (control) vs.
Gold Shockl.

Microspore Culture Media Sucrose Levels
Run Room Temperature

(control)
Cold Shock

0

0

1

0

1

1

1

2

3

TOTAL

TABLE 13. Green Embryo Production of B, rapa, Ac-1, for Microspore
Cold Shock Pretreatment Experiment [Room Temperature (control) vs.
Gold Shockl.

Microspore Culture Media Sucrose Levels
Run Room Temperature

(control)
Cold Shock

0

3

3

0

0

1

1

2

3

TOTAL

TABLE 14. Green Embryo Production of B. rapa, Ac-z, for Microspore
Cold Shock Pretreatment Experiment [Room Temperature (control) vs.
Cold Shockl.

Microspore Culture Media Sucrose Levels
Run Room Temperature

(control)
Cold Shock

0

0

3

0

2

5

1

2

3

TOTAL
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An analysis of variance was run on the data investigating microspore
pretreatments, repetitions, genotypes and interactions between microspore
pretreatments and genotypes. At the s% significance level, there were no

statistically identifiable differences for the model statement or between the
individually analysed factors and interactions (Appendix c, Tabte c3).

Despite the fact that the analysis did not show microspore pretreatments

to be statistically different, mean green embryos show differences in mean

values (Table 15) for the two microspore pretreatments for Reward. Parktand,

Ac-1 and AC-2 show similar responses to microspore pretreatments.

TABLE 15. Mean Green Embryo Production for Microspore Gold shock
Pretreatment Experiment [Room Temperature (control) or Cold Shock]
Using B, rapa Genotypes Reward, Parkland, AC-l and AC-2.

Genotype
Microspore Pretreatment

Room Temperature Cold Shock

Control

Green Embryo Yield Green Embryo Yield
(mean) (mean)

Reward
Parkland

AC-1

AC-2

0.67
0.67
0.34
3.34

9.34
0.34
2.00
1.00

Green embryos per 100 buds sampled (Tabre 16) arso refrected the

differences in response to the two microspore pretreatments for Reward. Based

on reports (pers. comm.- Dr. A. Ferrie), it was expected that a shock to the

microspores could potentially increase the yield of embryos produced. Reward

and AC-1 produced higher mean yields of embryos when the microspore cold

shock pretreatment was used while the room temperature (control) pretreatment

produced higher mean yields for Parkland and Ac-z. The most dramatic

increase of embryo yields were for the cold shock microspore pretreatment for

Reward, which resulted in 18.6 embryos produced per 100 buds sampled. This
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represents over a fourteen fold increase in embryos produced per 100 buds over
the room temperature (control) pretreatment. There was an indication of higher
response after cold pretreatment for AC-1, although green embryos numbers
were very low. The results indicate that some genotypes may require different
shock procedures to obtain optimal embryo productÍon.

TABLE 16. Green Embryos Per 100 Buds yields by B. rapa, Reward,
Parkland, Ac-1 and AG-2 for Microspore Gold shock pretreatment
Experiment lRoom Temperature (control) or Cold Shock].

Microspore Culture Media Sucrose Levels
Genotype Room Temperature Cold Shock

Control

Embryos Per 100 Buds*

Reward
Parkland

AC-1

AC-2

1.3

1.3

0.6

18.6

0.6
4.0
2.0

"Embryos per 100 buds calculation based on tso@
microspore culture runs in the media sucrose rever experiment.

The value of the improvement in embryo yields with the cotd shock
pretreatment must take into account the considerable impracticality of the
procedure. The modification of the room temperature microspore pretreatment

(standard protocol) involved agitating buds in surface sterilant on a bed of ice as

well as maceration of microspores on a bed of ice to achieve temperatu res of 2-4
0c during the procedure. These procedures were cumbersome and time
consuming. Increased proficiency may produce higher embryo yields. Utilization

of a cold lab may alleviate the difficulty of the procedures preformed on beds of
ice and eliminate exposure to the non-sterile environment caused by retrieving

and replacing chilled media in the refrigerator.
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5.4 Experiment 4 - Large-scare Microspore Gulture Technique

Experiment 4 was an ínvestigation of a large-scale, or mass microspore
culture technique of microspore culture and its effects on embryo production in
B. rapa. The variable nature of the microspore culture process was reflected in
the fact that no two runs under identical conditions, for the same genotype,

produce the same results. This variability of response is common in Brassica
tissue culture experimental analysis as well as for other species (phippen and
Ockendon, 1990). B. rapa is an outcrossing species and genetic variability

between individual ptants exists. The plant to plant variation may be overcome
by using a large number of buds from a number of different plants in a large

scale microspore culture technique.

The rapid mechanical isolation of microspores from buds in a mass

microspore culture technique also may be able to decrease some of the
inconsistency of response to microspore culture by reducing interaction times
between potentially detrimental factors (anther wall, pollen or bud tissue) and

standardizing the treatments between buds (Swanson et al., 1g87). Additionally,
the mass microspore culture methodology would enable the efficient and cost
effective production of large numbers of haploid embryos to be utilized in B. rapa

breeding programs (Swanson et al., lgïl; polsoni et al., lggg).

The complete data set of embryo production is included in Appendix B,

Table B-14.

Table 17 shows the total number of green embryos produced ín each run

of the large-scale microspore culture technique.

TABLE 17. Total Green Embryo Production for Each Run in the Large-
scale Microspore culture Technique Experiment using B, rapa, Reward.

Large Scale Microspore Culture Technique
Genotvpe Run 1 Run 2 Run 3
Reward 16

Run 4
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Polsoni et al. (1988) and Swanson et al. (1987) report that utilízing a

large-scale microspore culture system would result in very large quantities of
liberated microspores which would produce a high frequency of embryo yields for
B. napus. The large scale microspore culture technique was successful in

liberating, on average, approximately 21 x 106 microspores per run, or

approximately 21 plates (100,000 microspores per ml per plate) per run. This
represents a large increase from the 3 to 4 plates per run of the standard

microspore culture protocol. The efficiency of liberating large numbers of
microspores was accomplished. However, it was expected that this technique

would result in consistently high embryo yields. The procedure time of a

standard microspore culture run was decreased quite substantially during the

large scale microspore culture technique, but the procedure produced

consistently low embryo yields.

Although this experiment did not produce many green embryos, no control

was run for this experiment. Some factor completely unrelated to the large scale

microspore culture technique may have caused the low embryo yields. A
microspore culture run following the standard protocol could serve as a control.
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5.5 Experiment 5 - Effect of Donor prant pretreatment on Embryo

Productionin B. rapa

Experiment 5 was an evaluation of the effect of donor plant pretreatment

on embryo production in B. rapa. Ethephon (2-chloroethyl phosphonic acid) and

the two g rowth retardants A-Rest [a-cyclopropyr-a-(4-methoxyphenyl)-5-
pyrimidin-5-yl)benzyl alcoholl and Cycocel (2-chloroethyltrimethyl-ammonium-

chloride) were investigated as donor plant pretreatments.

5.5.1 Effect of Ethylene on Microspore Response to curture
Optimum levels of ethylene production are thought to increase the

responsiveness of microspore culture of B. oleracea, brussels sprouts

(Biddington and Robinson, 1991; Biddington et al., 1gB8). The differences in

genotype response to microspore culture may be the result of both the capacity
of a genotype to produce ethylene (cho and Kasha, l g8g; Biddington and

Robinson, 1991) and sensitivity to high ethylene levels (Biddington et al., 1g8B).

Ethephon (2-chloroethyl phosphonic acid), an ethylene releasing compound, was
used to investigate the role of ethylene in microspore culture response of B.

rapa.

No embryos were produced for any of the donor plant pretreatments or

either genotype, includÍng the 0 ppm pretreatment. Visual observations of the
Ethephon donor plant pretreatments of Reward and AC-2 were made over a 15

day period. The physical appearance of both the Reward and AC-2 plants

sprayed with 58 ppm Ethephon did not significantly vary from that of the 0 ppm

pretreatment which was used as a standard for comparison. However, the 1 1S

ppm pretreatment showed very mild signs of wilting, yellowing and spotting of the
leaves almost immediately after the first application of Ethephon. These

symptoms continued to appear throughout the experimental period.

The complete data set of microspore developmental stages for the three
donor plant pretreatments in bud lengths of 0-1 mm, 1-2 mm, 2-3 mm and 3-

4mm, for Reward and AC-2, is included in Appendix D, Tables D1 and D2.
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Figure 2 and 3 show the percent of microspores in mid-late uninucleate
stage of development from buds 2-3 mm in length for the B. rapa genotypes

Reward and AC-2. This bud length was chosen because this was the size of
bud used in the microspore culture standard protocol.

Until day 41 the percent of microspores in the mid-late uninucleate stage
of development for Reward stayed above 50% except for 0 ppm on day gz (4s%)

(Figure 2). After day 41, the day of the first microspore culture run for thÍs

experiment, the percent of microspores in the mid-late uninucleate stage of
development for the 1 15 ppm Ethephon pretreatment drops to 1g%. The 0 ppm

and 58 ppm Ethephon pretreatments were at610/o and 51% respectively. All

three Ethephon pretreatments have over 59% of microspores Ín the mid-late

uninucleate stage of development at day 42. Both the 58 ppm and 1 1s ppm

Ethephon pretreatments produced 0% microspores in the mid-late uninucleate

stage of development while the 0 ppm pretreatment produces 4go/o at day 43.

After donor plant pretreatments are applied, the highest pretreatment of
Ethephon (115 ppm) always results in a lower percent of microspores in the mid-

late uninucleate stage of development than the 0 ppm pretreatment (Figure 2).

The 58 ppm pretreatment fluctuates above and below the level of microspores in
the mid-late uninucleate stage of development for the 0 ppm pretreatment.

Additionally, around day 42 there was a decline in the amount of microspores in

the mid-late uninucleate stage of development for all Ethephon donor plant

pretreatments, including the 0 ppm pretreatment. lt was only speculation that

the decline would have persisted past day 44.

Until day 42 the percent of microspores in the mid-late uninucleate stage

of development for AC-2 stayed above 53% except for 0 ppm on day 39 (15%)

(Figure 3). The percent of microspores in the mid-late uninucleate stage of
development for all three Ethephon pretreatments is above 5g% on day 41.
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There is a drop of microspores in the mid-late uninucleate stage of development

to 44o/o, 37o/o, and 57o/o for 0 ppm, 58 ppm and 115 ppm Ethephon

pretreatments respectively on day 42. Both the 0 ppm and 1 15

ppm Ethephon pretreatments produce over 50% of microspores in the mid-late

uninucleate stage of development while the 58 ppm pretreatment produces only

2o/o otr day 43.

After donor plant pretreatments are applied, the 58 ppm and 11S ppm

pretreatments of Ethephon fluctuate above and below the level of microspores in

the mid-late uninucleate stage of development for the 0 ppm pretreatment

(Figure 3). Additionally, around day 4l there was a decline in the amount of

microspores in the mid-late uninucleate stage of development for all Ethephon

donor plant pretreatments, including the 0 ppm pretreatment. lt would have

been interesting to see if the decline persisted past day 44.

5.5.2 The Effect of Growth Retardants on Microspore Embryogenesis

The change in the developmental pathway of a microspore from a highly

specialized form to a embryonic form operates within a narrow period of

microspore development (Palmer and Keller, 1997; Pechan and Keller, 1988). lf
growth was slowed down, or retarded, this period of microspore development

could be lengthened to allow more microspores to be successfully induced into

embryogenesis. The standard protocol used for B- rapa microspore culture

involves the growth of the donor plants in a low temperature environment of

10/50C (day/night) temperatures as opposed to a standard temperature regime

of 201150C (day/nighQ. lt is conceivable that the cold environment is in fact

lengthening the period of microspore development resulting in more microspores

being induced into embryogenesis. The growth cabinets which could maintain

these low temperature conditions are expensive and prone to breakdown. Most

research facilities do not have access to reliable cold temperature cabinets large

enough to support the populations of donor plants needed to run a microspore

culture program. A possible alternative to the use of cold temperatures is the
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use of growth retardants. The grovuth retardants A-Rest Ia-cyclopropyl-ø-(4-
methoxyphenyl)-S-pyrimidin-5-yl)benzyl alcoholl and Cycocel (2-chloroethyl

trimethyl-ammonium-chloride), were used.

5.5.2.1 A-Rest. The complete data set of embryo production is included in

Appendix B, Table B-15. The total number of embryos per run for each donor
plant pretreatment and genotype is summarised in Appendix B, Tables 816 -
817. Albino embryos were produced throughout the experiment with no

predictable pattern.

The total number of green embryos per run for each treatment and

genotype is summarized in Tables 18-19.

TABLE 18. Green Embryo Production of B. rapa, Reward, for Donor plant
Pretreatment Experiment - Drench Applications of A-Rest (0.264 mg a.i.

Run o ppm

(control)
4 ppm 8 ppm

per ml) at 0 mg a.i./pot (0 ppm), 0.25 mg a.i./pot (4 ppm) and 0.5 mg
a.i./oot 18 ooml.

A-Rest Drench Treatments

2

0

1

1

0

0

0

0

0

0

0

0

0

0

0

1

2

3

4

5

TOTAL
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TABLE 19. Green Embryo Production of B, rapa, Ac-2, for Donor plant
Pretreatment Experiment - Drench Applications of A-Rest (0.264 mg a.i.
per ml) at 0 mg a.i./pot (0 ppm), 0.25 mg a.i./pot (4 ppm) and 0.5 mg

Run o ppm

(control)
4 ppm I ppm

A-Rest Drench Treatments

0

0

0

0

0

1

0

0

1

0

1

0

0

1

0

1

2

3

4

5

TOTAL

The experiment was set up as a completely randomized design with three

factors, donor plant growth retardant pretreatments, genotypes and repetitions.

The statistical model statement included the terms Green Embryos = Donor

Plant Growth Retardant Pretreatments Repetitions Genotypes and Donor Plant

Growth Retardant Pretreatments x Genotypes. An analysis of variance was run

on the data investigating these factors and interactions between donor plant

growth retardant pretreatments and genotypes.

At the 1% significance level, there were statistically identifiable differences

for the model statement (Table 20). When looking at the components of the

statistical model statement, donor plant growth retardant pretreatments and

genotypes were not shown to be significantly different. The significance of the

model comes from repetitions having a significant PF>F value of 0.0214
(*significant at the 5% level), and the interactions of donor plant growth retardant

pretreatments and genotypes having a PF>F value of 0.0028 (**significant at the

1% level). This shows that the mean green embryos produced for the three

donor plant growth retardant pretreatments were not significantly different from

one another. However, the mean green embryos produced over the five

repetitions as well as the interactions between the donor plant growth retardant
pretreatments and genotypes were significanfly different.
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TABLE 20. Analysis of Variance Results for Donor Plant Growth Retardant
Pretreatment Experiment - Drench pretreatments of A-Rest (0.264 mg a.i.
per ml) at 0 mg a.i./pot (0 ppm), 0.25 mg a.i./pot (4 ppm) and 0.5 mg
a.i./pot (8 ppm) Using B, rapa Genotypes Reward and AG-2.

Source ANOVA F-Value PF>F
Model Statement

Error

I
20

0.54

0.15

3.60

R-Square =

0.618644

0.0091**

CV=

145.2369

Degrees of

Growth Retardant

Pretreatments

Repetitions

Genotypes
Growth Retardant

Pretreatments

2 0.13

0.55

0.00
1.2

0.89

3.67

0.00
8.00

0.4267

0.0214*

1.00

0.0029**

4

1

2

The calculated coefficient of variance (CV) for the experiment was

145.24o/o. The CV value was very high and thus reflects low reliability or

repeatability of the experiment. The r-squared value shows that only 61.80% of
the observed variatíon was explained by the statistical model. A contributing

factor to the high CV and unaccounted variation was the fact that the repetitions

of the same donor plant pretreatments were highly variable (Tables 1g-19).

Some of the variability is probably due to the plant to plant differences among

the ten plants being sampled per genotype.

Mean green embryo yields of Reward and AC-2 for the three A-Rest
pretreatments of 0, 4 and 8 ppm in the donor plant growth retardant pretreatment

experiment are presented in Table 21. Donor plant pretreatments were not

statistically different from one another. Mean green embryo yields show Reward

to have mean values of 0.00, 0.00 and 0.80 for 0, 4 and I ppm A-Rest

pretreatments, respectively. AC-2 has mean values of 0.40, 0.40 and 0.00 for 0,
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4 and 8 ppm A-Rest pretreatments, respectivery. Genotypes were also not

statistically different from one another, in fact the pF>F was 1.00.

TABLE 21. Mean Green Embryo Yields lor B. rapa Genotypes Reward and
AC'2 for the Donor Plant Growth Retardant Pretreatment Experiment -
Drench pretreatments of A-Rest (0.264 mg a.i. per mr) at 0 mg a.i./pot
(0 ppm), 0.25 mg a.i./pot (4 ppm) and 0.S mg a.i./pot (B ppm).

ppm of A-Rest Drench
Genotype 0 ppm 4 ppm 8 ppm

Embryo Yield Embryo Yield Embryo Yield

(mean) (mean) lmean)
Reward 0.00 0.00 0.80

Green embryos per 100 buds produced by B. rapa genotypes Reward and

Ac-2 for the three A-Rest donor plant pretreatments of 0, 4 and 8 ppm in the

donor plant growth retardant pretreatment experiment are presented inTable 22.

TABLE 22. Green Embryos Per 100 Buds Produced by B. rapa, Reward and
AC-2 for the Donor Plant Growth Retardant Pretreatment Experiment -
Drench pretreatments of A-Rest (0.264 mg a.i. per ml) at 0 mg a.i.l/pot (0

0.25 mq a.i and 0.5 mq a.

Genotype o ppm

ppm of A-Rest Drench
4 ppm

Embryos Per 100 Buds"

8 ppm

Reward 0.0 0.0
AC-2 0.8 0.8

1.6

0.0*Embryos per 100 buds calculation based on 250 buds used to complete b
microspore culture runs in the media sucrose level experiment.
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The 0 ppm and 4 ppm A-Rest pretreatments produced no embryos while
the I ppm A-Rest pretreatment produced 1.6 embryos per 100 buds sampled.

Ac-2 produced 0.8 embryos per 100 buds sampled for both the 0 ppm and 4
ppm A-Rest pretreatment and the I ppm A-Rest pretreatment produced no

embryos.

Visual observations of the A-Rest donor plant pretreatments of Reward

and AC-2 were made over a 15 day period. Reward plants drenched with 0 ppm

A-Rest were used as a standard for comparison. The 4 ppm and g ppm

pretreatment drenches began to wilt shortly after pretreatment (approxim ately 2

days). For three days the 4 ppm pretreatments showed very mild signs of wilting

which developed into more severe wilting. At this point, the Reward plants

began to recover and eventually regained the physical appearance of healthy
plants (0 ppm pretreatment). The 8 ppm pretreatment immediately showed more

severe wilting which persisted longer than the 4 ppm pretreatment. The wilting
progressed for approximately 5 days before any signs of recovery were

observed. The Reward plants never completely recovered from the g ppm

pretreatment.

AC-2 plants drenched with 0 ppm A-Rest were used as a standard for

comparison. AC-2 plants drenched with 4 and 8 ppm A-Rest showed the same

wilting response as the Reward plants did but with greater severity. The 4 ppm

pretreatment was slightly less affected than the 8 ppm pretreatment. Signs of
recovery of the plants were not evident until seven days after pretreatment.

Neither the 4 or I ppm treated Ac-2 plants fully recovered from the

pretreatments in the duration of this experiment.

The complete data set of microspore developmentat stages for the three

donor plant donor plant pretreatments ín bud lengths of 0-1 mm, 1-2 mm, 2-3

mm and 3-4mm, for Reward and AC-2, are presented in Appendix D, Tables D3

and D4.

The percent of microspores in mid-late uninucleate stage of development

from buds 2-3 mm in length for the B. rapa genotypes Reward and AC-2 is
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shown in Figure 4 and 5. This bud length was chosen because this was the size

of bud used in the microspore culture standard protocol.

At 38 days after planting and on, the percent of microspores in the mid-

late uninucleate stage of development, for Reward, for the 0 ppm pretreatment of
the growth retardant A-Rest showed a sharp increase Figure 4). Before the 38

day point, the highest recorded percent of microspores in the mid-late

uninucleate stage of development was 42Vo on day 3b. Throughout the

experiment, the percent of microspores in the mid-late uninucleate stage of
development for 0 ppm never drops below this percentage. Days 38, 39 and 40

after planting were the pretreatment days for the growth retardant A-Rest. With

the exception of the 86% value at day 40for the 4 ppm pretreatment, there

appeared to be no effect on the percent of microspores in the mid-late

uninucleate stage of development. However, after day 41, through to the end of
the experiment, excluding day 47, the data showed that the 0 ppm pretreatment

of A-Rest always results in a higher percent of microspores in the mid-late

uninucleate stage of development than the 4 ppm and I ppm pretreatments.

This suggests that the 4 ppm and I ppm pretreatments of A-Rest on Reward

have a negative effect on the percent of microspores in the mid-late uninucleate

stage of development. However, no differences in severity between the 8 ppm

and 4 ppm pretreatment could be detected.

At 38 days after planting, the percent of microspores in the mid-late

uninucleate stage of development, for AC-2, for the 0 ppm pretreatment of the

growth retardant A-Rest started to decline (Figure 5). This gradual decline to the

end of the experiment holds for all donor plant pretreatments of the growth

retardant, including the 0 ppm pretreatment. The percent of microspores in the

mid-late uninucleate stage of development does not seem to be effected

differentially for the three donor plant pretreatments of the growth retardant.
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5-5.2.2 Gycocel. A complete data set of total embryo production is in Appendix
B, Table B-18. The total number of green embryos per run for each
pretreatment and genotype is summarized in Appendix B, Tables 81g - B2o.

Albino embryos were produced throughout the experiment with no predictable
pattern. Because albino embryos lack the capacity to develop into haploid

plants, green embryo production was used for analysis and discussion.

The total number of green embryos per run for each treatment and

genotype is summarized in Tables 23-24.

TABLE 23. Green Embryo Production of B. rapa, Reward, for Donor plant
Pretreatment Experiment - Spray applications of Gycocel (l lg mg a.i./ml)
at 0 ml/l (0 ppm), 25.4 ml/t (3000 ppm) and 50.8 mt/t (6000 ppmì.

Cycocel Spray Treatments
Run o ppm

(control)
3000 ppm 6000 ppm

2

0

0

2

0

0

0

0

5

1

2

3

TOTAL

TABLE 24. Green Embryo Production of B. rapa, Ac-2, for Donor plant

Run o ppm

(control)
3000 ppm 6000 ppm

A-Rest Drench Treatments

0

0

0

0

0

2

0

1

1

1

2

3

TOTAL

An analysis of variance was run on the green embryo data investigating

donor plant growth retardant pretreatments, genotypes and repetitions and

interactions between donor plant growth retardant pretreatments and genotype.
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At the 5% significance level, there were no statistically identifiable differences for
the model statement, or between the individually analysed factors and

interactions (Appendix C, Table C4).

Mean green embryo production of Reward and AC-2 and for the three
Cycocel pretreatments of 0, 4 and I ppm in the donor plant grourth retardant
pretreatment experiment are presented in Table 25. Reward produced a mean

value of 1.67 for the 0 ppm pretreatment of Cycocel and a mean value of 0.67

for both the 3000 and 6000 ppm Cycocel pretreatments. AC-z produced mean

values of 0.67, 0.67 and 0.00 for 0, 3000 and 6000 ppm Cycocel pretreatment,

respectively.

TABLE 25. Mean Green Embryo Production for B. rapa Genotypes Reward
and AG-2 for the Donor Plant Growth Retardant Pretreatment Experiment
- spray applications of cycocel (llB mg a.i./ml) at 0 ml/l (0 ppm), 25.4 mlll
(3000 ppm) and 50.8 ml/l (6000 ppm).

ppm of Cycocel Spray
Genotype 0 ppm 3000 ppm 6000 ppm

Embryo Yield Embryo Yield Embryo Yield

0.67 0.67

Green embryos per 100 buds produced by B. rapa genotypes Reward and

Ac-z for the three Cycocel spray pretreatments of o, 3ooo and 6000 ppm in the

donor plant growth retardant pretreatment experiment are presented in Table 26.

Reward
AC-2

1.67

0.67
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TABLE 26. Green Embryos Per 100 Buds produced by B, rapa, Reward and
AC'2 for the Donor Plant Growth Retardant Pretreatment Êxperiment -
spray applications of Gycocel (118 mg a.i./ml) at 0 ml/l (0 ppm), 2s.4 mlll
(3000 ppm) and 50.8 ml/t (6000 ppm).

ppm of Cycocel Spray
Genotype 0 3000 6000

Embryos Per 100 Buds*

Reward
AC-2

3.3

1.3
1.3

1.3
1.3

0*Embryos per 100 buds calculation based on 150 @
microspore culture runs in the media sucrose rever experiment.

The 0 ppm cycocel pretreatment produces 3.3 embryos per 100 buds

sampled while the 3000 ppm and 6000ppm Cycocel pretreatment produce only

1.3 embryos per 100 buds sampled. Ac-2 produces 1.3 embryos per 100 buds

sampled.for both the 0 ppm and 3000 ppm Cycocel pretreatment and the O0O0

ppm Cycocel pretreatment produces no embryos.

Visual observations of the Cycocel donor plant pretreatments of Reward

and AC-2 were made over a 14 day period. Reward plants sprayed with 0 ppm

cycocelwere used as a standard for comparison. The 3000 ppm and 6000 ppm

spray pretreatments began to show mild wilting shorfly after treatment

(approximately 24 hours). At the four day point, the wilting symptoms of the

3000 ppm pretreatment of Cycocel began to disappear and the plants eventually

regained a more healthy appearance comparable to the 0 ppm pretreatment. ln

the 24 hour post-treatment, the 6000 ppm pretreatment of Cycocel began to

show more severe symptoms of wilting. The wilting continued for seven days

after pretreatment before showing signs of recovery. The Reward plants never

completely recovered from either the 3000 ppm or 6000 ppm cycocel
pretreatments. At the end of the experiment the Reward plants still had a sligh¡y
wilted leaves.

Ac-z plants treated with 0 ppm cycocerwere used as a standard for
comparison. The Ac-2 plants treated with 3000 ppm and 6000 ppm Cycocel

showed identical physical symptoms as the Reward plants. The AC-2 plants



69

never completely recovered from either the 3000 ppm or 6000 ppm Cycocel
pretreatments. At the end of the experiment the plants still had a slighly wilted
leaves.

A complete data set of microspore developmental stages for the three
donor plant pretreatments in bud lengths of 0-1 mm, 1-2 mm, 2-3 mm and 3-
4mm, for Reward and AC-2, are presented in Appendix D, Tables D5 and D6.

The percent of microspores in mid-late uninucleate stage of development
from buds 2-3 mm in length for the B. rapa genotypes Reward and AC-2 as

shown in Figure 6 and 7. This length of buds was chosen because this was the
size of bud used in the microspore culture standard protocol. The three spray
applications of cycocel (118 mg a.i./ml) at 0 ml/l (0 ppm), 25.4 mllt (3000 ppm)

and 50.8 ml/l (6000 ppm) were administered on day 3g, 3g and 40 and the
microspore runs took place on day 45,46 and 47.

Throughout the experiment, the percent of microspores in the mid-late
uninucleate stage of development, for Reward, for the three donor plant

pretreatments of the growth retardant Cycocel did not seem to be effected

differentially (Figure 6).

The percent of microspores in the mid-late uninucreate stage of
development, for Ac-2, for the 0 ppm pretreatment of the growth retardant

cycocel appeared to be stable throughout the experiment (Figure 7). Days 3g,

39 and 40 after planting were the treatment days for the growth retardant

Cycocel. The initial effects of the 3000 ppm and 6000 ppm pretreatments of
Cycocel seem to cause a decline in the percent of microspores in the mid-late

uninucleate stage of development (days 38 and 39). This decline was followed

by an increase (days 40 to 41) and another decrease (days 42to 43). After day
44, the percent of microspores in the mid-late uninucleate stage of development,

for AC-2, appeared to be stable to the end of the experiment.



100

80

60

40

20

0

Ø
I.JJ

É.
o
fL
Øo
É.I
s

32 33',34 35 36 37 *39'*39*40', 41' 42'43', 44' 417Æ- 47Æ

FIGURE 6. B. rapa, Reward - Growth Retardant Cycocel. % Microspores in Mid-Late Uninucleate Stage of
Development from Buds 2-3 mm in Length. *= Treatment Days.

ffioppm

SAMPLE DAY

I 3000 ppm N 6000 ppm

{o



100

80

60

40

20

0

Ø
tU
É.
o
fL
U)o
É.
(')

àe

32 33 34 35 36 37 *39*39'*40' 41' 42', 43' 44', 45' 46' 47Vg

FIGURE 7. B. rapa, AC'2 - Growth Retardant Gycocel. 7o Microspores in Mid-Late Uninucleate Stage of
Development from Buds 2-3 mm in Length. *= Treatment Days.

Woppm

SAMPLE DAY

I 3000 ppm N 6000 ppm

\



72

No embryos were produced for any of the Ethephon donor plant

pretreatments and very low numbers of embryos were produced for the growth

retardants A-Rest and Cycocel. However, no controlwas run. The experimental
growing conditions did not follow the standard protocol. The growth cabinet

which was able to hold these conditions was unavailable. This experiment, with

a control run under standard growth conditions would have been the ideal

situation. ln addition to this, visual symptoms of the pretreatments showed signs

of toxicity to the plants. Without a simultaneously run microspore culture

following the standard protócol as a control, other factors which may have been

reducing the success of the microspore culture cannot be identified.
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6.0 CONCLUSIONS

Experiment 1 evaluated the potentialfor increased embryo production of
B. rapa (Reward, Parkland, Ac-1 and AC-2) with altered microspore media

sucrose levels (NLN-17/NLN-10 (control) and NLN-13/NLN-13). The results of

the experiment indicate that different genotypes require different media sucrose

levels to produce optimal numbers of embryos. No statistical differences

between any of the factors or interactions between factors were identified in the

analysis. However, when the media sucrose level data was examined as

individual means or embryos produced per 100 buds for individual genotypes,

differences could be identified. Reward appeared to respond better to the

standard media sucrose combination of NLN-17/NLN-10 while AC-z responded

better to the media sucrose combinatÍon of NLN-13/NLN-13. Parkland and AC-1

did not show a differential response to media sucrose levels.

Experiment 2 evaluated the potentialfor increased embryo production of
B. rapa (Reward and AC-2) with altered microspore culture media pH levels (pH

6.2 (control), pH 6.0, pH 5.8, pH 5.6, pH 5.4 and pH S.2). The results of the

experiment indicate that different genotypes require different media pH levels to
produce optimal numbers of embryos. No statistical differences between any of
the factors or interactions between factors were identified in the analysis.

However, when the media pH level data was examined as individual means or

embryos produced per 100 buds for individual genotypes, differences could be

identified. Based on mean green embryo yields and embryos per 100 buds, for
individual genotypes, Reward may respond best to lower media pH levels than

the standard (pH 6.2) while Ac-2 may respond to both lower (pH 5.2 - pH 5.4)

and higher (ph 6.2) media pH levels.

Experiment 3 was an evaluation of potential for increased embryo

production or B. rapa (Reward, Parkland, Ac-1 and AC-2) with a microspore

pretreatment in the form of a cold shock. The results indÍcate that different

genotypes may respond differently to cold shock pretreatments. No statistical
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differences between any of the factors or interactions between factors were
identified in the analysis. However, when the data was examined as individual

mean green embryo yields and embryos produced per 100 buds, for individual
genotypes, differences could be identified. Reward and AC-1 may respond

better to the microspore cold shock pretreatment while Parkland and AC-2 may
respond better to the room temperature microspore pretreatment. The value of
the ímprovement in embryo yields with the cold shock pretreatment must take
into account the considerable impracticarity of the procedure.

Experiment 4 was an evaluation of a large-scale, or mass microspore

culture technique of microspore culture and its effects on embryo production in

B. rapa. The large scale microspore culture technique was successful in

liberating large numbers of microspores. The procedure time of a standard

microspore culture run was decreased quite substantially during the large scale
microspore culture technique. However, the procedure produced consistenly
low embryo yields.

Although this experiment did not produce many green embryos, no control

was run for this experiment. A control should have been run simultaneously to
identify other factors which may have been influencing the outcome of the

microspore culture process. \Mth no control, the experimental results were

inconclusive.

Experiment 5 was an evaluation of the effect of a donor prant

pretreatment on embryo production in B. rapa. The ethylene releasing

compound Ethephon was used to investigate the role of ethylene in microspore

culture response of B. rapa. No embryos were produced for any of the Ethephon

donor plant pretreatments for either genotype, including the 0 ppm pretreatment.

Microspore staging data suggests that the 115 ppm treatment of Ethephon has a

negative effect on Reward. The percent of microspores in the mid-late

uninucleate stage of development does not seem to be affected differentially for
the three treatments of Ethephon on AC-z.
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Additional experiments run with the standard protocol growing conditions,

additional pretreatments using ethylene inhibitors and promoters, as well as

application directly to culture would shed some light on the role of ethylene in

microspore response to culture.

The grovrrth retardants A-Rest and Cycocel were used to investigate if a
growth retardant could replace the requirement of low temperature growing

conditions for the donor plants in the microspore culture of B. rapa. The analysis

showed donor plant grovuth retardant pretreatments of A-Rest and genotypes to
be not significant. However, significant differences of replications (significant at

the 5% level), and the interactíons of donor plant A-Rest pretreatments and
genotypes (significant at the 1% level) were identified. The analysis showed no

statistically identifiable differences between the individually analysed factors and

interactions of the growth retardant Cycocel.

Microspore staging observations suggest that the 4 ppm and g ppm

treatments of A-Rest on Reward have a negative effect on the percent of
microspores in the mid-late uninucleate stage of development. However, no

differences in severity between the I ppm and 4 ppm pretreatment could be

detected. The percent of microspores in the mid-late uninucleate stage of
development does not seem to be affected differentially for the three treatments

of the growth retardant A-Rest on AC-2. Microspore staging observations

suggest that the percent of microspores in the mid-late uninucleate stage of
development does not seem to be affected differentially for the three
pretreatments of the growth retardant Cycocel on Reward. However, the 3000

ppm and 6000 ppm treatments seem to negatively effect the stability of the

microspores in the mid-late uninucleate stage of development for AC-2.

The intent was to mimic the effect of low temperature growth conditions of
10/50C (day/night) with the growth retardants. Perhaps further experiments

exploring the affects of less concentrated pretreatments could revel their effects
microspore culture response. These growth retardants inhibit GA synthesis,

which is involved in the flowering process. lt would be interesting to take a in-
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depth look a the physical effects the growth retardants may be having on the
entire flowering period of the genotypes.

Based on mean green embryo yields, the experimental results have
shown that responsiveness of microspores in culture is dependent on the
genotype of the donor plant. lt is well known that genotype strongly influences
the responsiveness of microspores in culture. However, no statistical differences
were found between genotypes for any of the experiments. Repetitions of the
same treatments were highly variable. This variability contributed to a high CV
and unaccounted variation in the statistical models. Some of the variability is

probably due to the plant to plant differences among the ten plants being

sampled per genotype. Preliminary analysis on individual genotypes for the
donor plant pretreatment was attempted but abandoned due to small numbers of
repetitions resulting in an insufficient estimate of experimental error.

Redesigning the experiment to include more repetitions of the treatments per
genotype may have allowed analysis to identify statistical differences between

the genotypes as well as other factors.

ln general, the embryo yields in this research were low as compared to
the published literature. Perhaps lab to lab variation in addition to different
growing facilities caused this dÍscrepancy in results as compared to the literature.

The results of the experiment indicate that different genotypes require

different media sucrose levels, pH levels and shock procedures to produce

optimal numbers of embryos. However, applying the optimal conditions for
individual genotypes may not be practical, especially if there are a number of
genotypes involved in the microspore culture program. The efficient application

of the isolated microspore culture technique in oilseed rape breeding is
dependent on using genotypes which respond with high, consistent embryo
yields. Success then lies in the ability to manipulate microspores to induce

response in many genotypes. The practical approach is to determine conditions
and treatments which result Ín the best average embryo response across all of
the genotypes being utilized instead of striving for optimal conditions for each
genotype.
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8.0 APPENDIX A

8.1 Media Preparation

8.1.1 Bu Media

E5 V|TAM|N STOCK (1000x)

Myo-inositol 100.0 g
Nicotinic Acid 1.0 g

Pyridoxine HCI 1.0 g

Thiamine HCI 10.0 g

Dissolve each vitamin before adding the next into double distilled water.

Bring the final volume to 1 litre. Freeze in 10 ml portions.

B5 MTCRONUTRTENT STOCK (1000x)

MnSOo.H, 10.0 g
H.BO3 3.0 g

ZnSOo.THrO 2.0 g

NarMoOo.2H2O 0.25 g

CuSOo.SHrO 0.0259

CoClr.6HrO 0.0259

Dissolve the micronutrients into double distilled water. Bring the final
volume to 1 litre. Freeze in 10 ml portions.

Bs Kt STOCK

Kl 0.75 g

Dissolve the Kl into double distilled water. Bring the final volume to 1 litre.

Store refrigerated in brown bottle.
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Bu CONCENTRATE (10x)

KNO' 30.0 g

MgSOo.THrO S.0 g

CaCl""2HrO 1.S g

(NH4)2SO4 1.5 g

NaHrPOo.HrO 1.5 g

Fe 330 0.28 g

Dissolve each ingredient as well as 10 ml of Bu vitamin stock, 10 ml of Bu

micronutrient stock and 10 ml of Bu Kl stock into double distilled water and bring

up final volume to 1 litre. Freeze in 100 ml portions. Note: 100 ml of Bu 10x-

concentrate makes 1 litre of media.

HALF STRENGTH B5-13 MEDTA

2 x 100 ml of Bu 1Ox-concentrate (frozen)

520 g sucrose (13%)

Melt the Bu 10x-concentrate and dissolve, along with the sucrose in
double distilled water. Bring finalvolume up to 4 litres. Adjust pH to 6.0.

Distribute 400 ml of media into 10, 500 mljars. Autoclave 15 to 20 minutes at 15

PSI.
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8.1.2 NLN MEDIA

NLN V|TAM|N STOCK (1000x)

Myo-inositol

Nicotinic Acid

Pyridoxine HCI

Thiamine HCI

Glycine

MnSOo.HrO

H3B03

ZnSOo.THrO

NarMoOo.zH2O

CoClr.6HrO

100.0 g

5.0 g

0.5 g

0.5 g

2.0 g

22.3 g

6-2 g

8.6 g

0.0259

0.0259

Folic Acid (dissolve in HCI) 0.S g

Biotin 0.05 g

Dissolve each vitamin before adding the next into double distilled water.

Bring the finalvolume to I litre. Freeze in 10 ml portions.

NLN MICRONUTRIENT STOCK

Dissolve the micronutrients into double distilled water. Bring the final
volume to 1 litre. Freeze in 10 ml portions.

NLN KI STOCK

KI 0.83 g

Dissolve the Kl into double distilled water. Bring the final volume to 1 litre.

Store refrigerated in brown bottle.
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NLN CONCENTRATE (10x)

KNO3 1.25 g
MgSOo.THrO 1.25 g

Ca(NO.)r.4HrO 5.0 g

KH2PO4 1.25 g

Fe 330 0.4 g

Dissolve each ingredient as well as 10 ml of NLN vitamin stock, 10 ml of
NLN micronutrient stock and 10 ml of NLN Kl stock into double distilled water.

Add:

Glutathione

L-Serine

L-Glutamine

0.3 g

1.0 g

8.0 g

Bring up final volume to 1 litre with double distilled water. Freeze in 100 ml

portions. Note: 100 ml of NLN 1Ox-concentrate makes 1 litre of medía.

NLN-10 MEDIA (O BA)

4 x 100 ml of NLN 10x-concentrate (frozen)

400 g sucrose (10To)

Melt the NLN 10x-concentrate and dissolve, along with the sucrose in
double distilled water. Bring final volume up to 4 litres. Adjust to appropriate pH

using 1 N HCI and 1 N NaOH. Media must be filter sterilized. Prefilter media

using coarse filter for large particles. Follow the prefilter with a 0.65 andlor 0.22

¡rm filter. These filters can be completed on the bench top. The final filtering

stage ínvolves a 0.2 ¡rm Nalgene sterile filter. This filter step must be completed

in a laminar flow hood.
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NLN-17 MEDIA (0.1 mg BA L-rì

4 x 100 ml of NLN 10x-concentrate (frozen)

680 g sucrose (17o/o)

0.1 mg BA L-1 (dissolve in HCI)

Melt the NLN 1Ox-concentrate and dissolve, along with the sucrose in

double distilled water. Bring final volume up to 4 litres. Adjust to appropriate pH

using I N HCI and 1 N NaOH. Media must be filter sterilized. prefilter media
using coarse filter for large particles. Follow the prefilter with a 0.65 andtor 0.22
pm filter. These filters can be completed on the bench top. The finalfiltering
stage involves a 0.2 pm Nalgene sterile filter. This filter step must be completed
in a laminar flow hood.

NLN-13 MEptA (0 BA)

4 x 100 ml of NLN 1Ox-concentrate (frozen)

520 g sucrose (13%)

Melt the NLN 10x-concentrate and dissolve, along with the sucrose in

double distilled water. Bring finalvolume up to 4 litres. Adjust to appropriate pH

using 1 N HCI and 1 N NaOH. Media must be filter sterilized. Prefilter media
using coarse filter for large particles. Follow the prefilter with a 0.65 andtor 0.22

¡rm filter. These filters can be completed on the bench top. The finalfi¡ering
stage involves a 0.2 pm Nalgene sterile filter. This filter step must be completed
in a laminar flow hood.
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NLN-17 MEDIA (0.1 mg BA L-1)

4 x 100 ml of NLN 1Ox-concentrate (frozen)

520 g sucrose (13o/o)

0.1 mg BA L-1 (dissotve in HCt)

Melt the NLN 1Ox-concentrate and dissolve, along with the sucrose in

double distilled water. Bring finalvolume up to 4 litres. Adjust to appropriate pH

using 1 N HCI and 1 N NaOH. Media must be filter sterilized. prefilter media
using coarse filter for large particles. Follow the prefilter with a 0.65 andtor 0.22
pm filter. These filters can be completed on the bench top. The finalfiltering
stage involves a 0.2 pm Nalgene sterile filter. This filter step must be completed
in a laminar flow hood.
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9.0 APPENDIX B

TABLE Bl. Embryo Production of B. rapa, Reward, parkland, Ac-l and AG-
2lor Media Sucrose Level Experiment [NLN-17/NLN-IO (control) vs. NLN
l3lNLN-13t.

N LN-1 7/N LN-1 0 (control) NLN-13/NLN-13
Genotype Run Embryo Stage and Colour"

AG GG AH GH AT GT AC GC AGGG AH GH AT GT AC GC
Reward 1 1 0 1 3 0 0 o 66 10 0 0 o 0 o 0 3

2 1 0 1 10 1 0 9lo o o 0 o o o 2
3 0 0 0 0 0 o 0 011 0 o 0 o 0 o 0

Parkland 1 0 0 0 0 0 0 0 olg o o o 0 o o o
2 2 0 2 0 0 o o 312 O O O 0 o o 2
3 2 0 0 0 0 0 0 3lo o 0 I 0 o 0 2

AC-1 1 7 0 0 0 0 0 o 513 0 0 0 0 1 0 20
2 0 0 0 0 0 0 0 111 O 0 o o o o o
3 1 0 0 0 0 0 o ol2 o 0 o o o o o

AC-2 1 0 0 2 1 1 O O ZIZ 0 2 2 4 3 11 s7
2 0 0 0 0 0 0 0 011 o 0 o 1 o o I
3 0 0 0 0 0 0 0 010 o o o o o o 0*Embryo stage and colour: AG=albino globula

heart, @ll=green heart, AT-albino torpedo, eJ=green torpedo AC=albino
cotyledon, GC=green cotyledon

TABLE 82. Total Embryo Production of B, rapa, Reward, for Media
Sucrose Level Experiment INLN-I 7/NLN-I 0 (control) vs. NLN-1 3/NLN-I 3].

Microspore Culture Media Sucrose Levels
Run NLN-17/NLN-10

(control)
NLN-13/NLN.13

Microspore Culture Media Sucrose Levels

3

2

1

71

13

0

1

2

3

TOTAL
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TABLE 83. Total Embryo Production of B. rapa, parkland, for Media
Sucrose Level Experiment [NLN-17/NLN-10 (controlt vs. NLN-13/NLN-131.

Microspore Culture Media Sucrose Levels
Run NLN-17/NLN-10

(control)
NLN-13/NLN-13

I
4

3

0

7

5

1

2

3

TOTAL

TABLE 84. Total Embryo Production of B. rapa,Ac-1, for Media sucrose
Level Experiment [NLN-17/NLN-10 (contror) vs. NLN-13/NLN-131.

Microspore Culture Media Sucrose Levels
Run NLN-17/NLN-10

(control)
NLN-13/NLN-13

1612

24
1

2

12

1

1

1

2

3

TOTAL 14 27

TABLE 85. Total Embryo Production of B. rapa, AC-2, for Media Sucrose
Level 7/NLN-10 vs. NLN-13/NLN-1

Run NLN.17lNLN-10
(control)

NLN-13/NLN.13

Microspore Culture Media Sucrose Levels

6

6

0

1

2

3

122
10

0

TOTAL 132
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TABLE 86. Embryo Production of B. rapa, Reward and AG-2 for Media pH
Level Experiment [pH 6.2 (control) vs. pH 6.0, pH s.g, pH 5.6, pH s.4, pH
5.21.

Run pH

Genotypes
Reward AC-2

Embryo Stage and Colour*

AG GG AH GH AT GT AC GC AG GG AH GH AT GT AC GC
1 6.2 0 0 0 3 2 0 0 7l o o 0 o o o o 0

6 3 0 10 1 2 0 11 18l' 4 O 1 1 1 O 2 80
5.8 9 0 0 I 0 3 0 68 I 8 0 o 10 0 2 1 11
5.6 5 0 25 1 4 O 131 lO 0 0 o 0 0 0 o
5.425 0 3 I 0 0 0 39 I 0 0 0 0 o o o 0
5.2 3 0 3 I 2 1 2 9716 O 0 24 0 2 1 103

2 6.2 3 0 1 0 0 0 o 14l| O 0 o o 0 o 0 o
6 3 0 2 0 5 0 7 14012 O O O O O O 11
5.8 I 0 3 2 0 0 0 0lo o 5 0 3 O 2 51
5.6 7 0 10 19 3 1 01051 2 O 2 0 1 o 2 5
5.4 1 0 8 3 3 0 3 37l|3 O 8 O 3 3 0 199
5.2 I 0 0 0 0 0 0 0lo 0 I o 1 0 0 18

3 6.2 2 1 2 2 1 1 0 58 141 O I O O 3 0 196
6 0 0 0 0 0 0 0 010 o 0 o 0 o 0 1

5.8 0 0 0 0 0 0 0 2l0 o o 0 o 0 0 o
5.6 0 0 0 0 0 0 0 014 o 1 o 0 o o 16
5.4 2 0 2 1 1 0 o 5lo o o o o o o o
5.2 0 0 0 0 0 0 I 010 o o o 0 o 0 27*Embryo stage and colour: AG=albino glo

heart, Qll=green heart, AT=albino torpedo, 61=greeñ torpedo AC=albino
cotyledon, GC-green cotyledon
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TABLE 87. Total Embryo Production of B. rapa, Reward, for Media pH
Level Experiment [pH 6.2 (control) vs. pH 6.0, pH 5.g, pH s.6, pH s.+, pH

Run 6.2 o

(Control)
5.8 5.6 5.4 5.2

117

1

1

75

55
11

67

145
0

89

6

2

27

157

0

12

18

67

1

2

3

TOTAL 184 97 212 141 119

TABLE B8. Total Embryo Production of B. rapa, Ac-z, for Media pH Level
Experiment [pH 6.2 (control) vs. pH 6.0, pH 5.g, pH 5.6, pH S.4, pH 5.21.

Microspore Culture Media pH Levels
6 5.8 5.6 5.4 5.26.2

(Control)

136

20
27

0

216
0

0

12

21

32

61

0

89

13

1

0

0

248

1

2

3

TOTAL 248 33 216 183
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TABLE 89. Embryo Production of B. rapa, Reward, parkland, Ac-l and Ac-
2 ror Microspore Gold shock pretreatment Experiment [Room
Temperature (controlì vs. Gold Shockl.

Microspore Pretreatment
Room Temperature (control) Cold Shock

Genotype Run Embryo Stage and Colour*
AG GG AH GH AT GT AC GC AGGG AH GH AT GT AC GC

Reward 1 0 0 0 0 0 0 0 0lo o o o 0 o o 0
2 0 0 0 0 0 0 o 010 o o 1 1 2 O 17
3 0 0 0 0 0 0 0 211 O 1 2 O O O 6

Parkland 1 0 0 0 0 0 O 0 Olo 0 o o 0 o o 0
2 1 0 0 1 0 0 0 010 o o 0 0 0 o 0
3 0 0 0 1 0 0 0 0lo 0 0 I o o 0 o

AC-1 1 0 0 0 0 o 0 o 0lo o o o o o o o
2 0 0 0 0 0 0 0 010 0 o 0 o 0 o 33 0 0 0 0 0 0 o 1lo o o 0 0 o o 3

AC-z 1 0 0 0 0 0 0 0 010 o 0 0 o o o o
2 0 0 0 0 0 0 0 2lt 0 o o o I 0 2
3101 0 1 0 210 0 0 0 00 0

cotyledon, GC=green cotyledon

TABLE Bl0. Total Embryo Production of B, rapa, Reward, for Microspore
Gold Shock Pretreatment Experiment [Room Temperature (controli vs.
Gold Shockl.

Run

*Embryo stage and colour: AG=albino globular, G
heart, @ll=green heart, AT=albino torpedo, ef=green torpedo AC=albino

Room Temperature
(control)

Cold Shock

Microspore Culture Media Sucrose Levels

0

21

10

0

0

2

1

2

3

TOTAL 31
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TABLE Bll. Total Embryo Production of B. rapa, parkland, for Microspore
Cold Shock Pretreatment Experiment [Room Temperature (control) vs.
Cold Shockl.

Run
MÍcrospore Culture Media Sucrose Levels

Room Temperature
(control)

Cold Shock

0

0

1

0

2

1

1

2

3

TOTAL

TABLE 812. Total Embryo Production of B. rapa, Ac-1, for Microspore
Gold Shock Pretreatment Experiment [Room Temperature (contiol) vs.
Gold ShockJ.

Microspore Culture Media Sucrose Levels
Run Room Temperature

(control)
Cold Shock

0

3

3

0

0

1

1

2

3

TOTAL

TABLE Bl3. Total Embryo Production of B. rapa, Ac-z, for Microspore
Gold Shock Pretreatment Experiment [Room Temperature (contiol) vs.
Cold

Run Room Temperature
(control)

Cold Shock

Microspore Culture Media Sucrose Levels

0

1

3

1

2

3

0

2

7

TOTAL
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TABLE 814. Total Embryo production of B. rapa, Reward for the Large
Scale Microspore Culture Technique Experiment.

Genotype

Reward
Embryo Stage and Colour*

AG GG AH GH AT GT AC GC

Run

Total

2

16

1

6

001
004
001
000

00
120
00
30

1001
2000
3000
4201

]Embryo stage and colour: AG=albino gO
heart, GH-green heart, AT=albino torpedo, 6f=greeñ torpedo AC=albino
cotyledon, GC=green cotyledon

TABLE 815. Embryo Production or B. rapa, Reward and Ac-2 for Donor
PIant Pretreatment Experiment - Drench Applications of A-Rest (0.264 mg
a.i. per ml) at 0 mg a.i./pot (0 ppm), 0.25 mg a.i./pot (4 ppm) and ò.s mg
a.i./pot (8 ppm).

A-Rest Drench Treatments
0 ppm (control) 4 ppm

Genotype Run Embryo Stage and Colour*
I ppm

Reward 00100002
00000000
00010000
00010000
00000000
00000000
00000000
00000000
00000000
00000000

A G A G A G AGC
GGHHTTC

AGAGAGAG
GGHHTTCC

AGAGAGAG
GGHHTTCC

100000000
200000000
3 30000000
4 00000000
5 00000000
100100001
200000000
3 00000000
4 00010000
5 00000000*Embryostageandcolour:AG=albinoglobular,GG=g@

heart, GH-green heart, AT=albino torpedo, GT-green torpedo AC=albino

00000000
00000000
00000000
00000000
00000000
00000001
00000000
00000000
10010000
00000000

cotyledon, GC=green cotyledon
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TABLE Bl6. Total Embryo production of B. rapa, Reward, for Donor plant
Pretreatment Experiment - Drench Applications of A-Rest (0.264 mg a.i.
per ml) at 0 mg a.i./pot (0 ppm), 0.25 mg a.i./pot (4 ppm) and 0.5 mg

Run o ppm

(control)
4 ppm I ppm

3

0

1

1

0

0

0

0

0

0

0

0

3

0

0

1

2

3

4

5

TOTAL

TABLE 817. Total Embryo Production of B. rapa, Ac-2, for Donor plant
Pretreatment Experiment - Drench Applications of A-Rest (0.264 mg a.i.
per ml) at 0 mg a.i./pot (0 ppm), 0.25 mg a.i./pot (4 ppm) and 0.5 mg

Run o ppm

(control)
4 ppm I ppm

A-Rest Drench Treatments

0

0

0

0

0

1

0

0

2

0

2

0

0

1

0

1

2

3

4

5

TOTAL
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TABLE Bl8. Embryo Production of B. rapa, Reward and Ac-2 for Donor
Plant Pretreatment Experiment - spray applications of Gycocel (l lg mg
a.i./ml) at 0 ml/l (0 ppml, 25.4 mr/r (3000 ppmì and 50.8 ml/t (600ò ppmì]

Cycocel Spray Treatments
0 ppm (control) 3000 ppm 6000 ppm

Embryo Stage and Colour*Genotype Run

Reward

A G A G A G AGC
GGHHTTC

GAGAGAG
GHHTTCC

AGAGAGAG
GGHHTTCC

100000000
210000000
3 00010004
100000000
200000001
3 00000001

3000000 2
00000000
10000000
2 0 0 0 0 0 0 0

00000000
00000000

"Embryostageandcolour:AG=albinoglobular,
heart, Qll=green heart, AT=albino torpedo, GT=green torpedo AC=albino
cotyledon, GC=green cotyledon

TABLE Bl9. Total Embryo Production of B. rapa, Reward, for Donor plant
Pretreatment Experiment - Spray applications of Gycocel (l1g mg a.i./ml)
at 0 ml/l (0 ppm), 25.4 mlll13000 ppm) and 50.8 ml/l 16000 oomt-

Run o ppm

(control)
3000 ppm 6000 ppm

20000002
00000000
00000000
20000000
00000000
00010001

Cycocel Spray Treatments

5

0

1

4

0

0

0

1

5

1

2

3

TOTAL
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TABLE 820. Total Embryo Production of B, rapa, Ac-2,for Donor plant
Pretreatment Experiment - spray apprications of Gycocel (1lg mg a.i./ml)
at 0 ml/l (0 ppmì, 25.4 mt/t (3000 ppmr and sO.B mtit (6000 ppmì.

A-Rest Drench Treatments
Run o ppm

(control)
3000 ppm 6000 ppm

2

0

0

2

0

2

0

1

1

1

2

3
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1O.O APPENDIX C

TABLE cl. Analysis of Variance Results for Media sucrose Level
Experiment [NLN-17/NLN-10 (controt) vs. NLN-13/NLN-13] using B. rapa
Geqotypes Reward, Parkland, AC-1 and AC-2.

Degrees of
Source

Model Statement

Error

F ANOVA M F-Value PF>F
I
14

773.64

470.47

1.64

R-Square
0.5138

0.1949

CV
220.5796

Media Sucrose Levels

Repetitions

Genotypes
Media Sucrose Levels

X

1

2

3

3

88.17

1463.04

384.45
931.72

0.19

3.11

0.82
1.98

0.6717

0.0763

0.5056
0.1633

TABLE C2. Analysis of Variance Results for Media pH Level Experiment,
[pH 6.2 (control) vs. pH 6.0, pH S.B, pH 5.6, pH 5.4, pH 5.2t Using B. rapa
Genotypes Reward and AC-2.

Degrees of

Model Statement

Error

ANOVA
1152.10

4473.36

F-Value
0.26

R-Square =
0.132174

0.9927

CV=
168.2595

F >F
13

22

Media pH Levels

Repetitions

Genotypes
Media pH Levels

X

5

2

1

5

577.38

1881.08

250.69
1617.83

0.13

0.42

0.06
0.36

0.9841

0.6619

0.8151
0.8691
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TABLE c3. Analysis of variance Results for Microspore Gold shock
Pretreatment Experiment [Room Temperature (controt) vs. cold Shock]
Usinq B, Ge Reward, Parkland, AC-l and AC-2.

Degrees of
F ANOVA F-Value PF>F

Model Statement

Error

o

14

27.13

12.83

2.11

R-Square =
0.576091

0.1 01 1

CV=
171.9535

Microspore
Pretreatments

Repetitions

Genotypes
Media Sucrose Level

X

28.17

26.17

24.10
30.50

NOVA MS F-
1.20

2.12

2.19

2.04

1.87

2.38

0.56

R-Square =
0.283302

2

3

3

0.1606

0.1671

0.1803
0.1 1 38

0.7693

CV=
201.7087

TABLE G4. Analysis of Variance Results for Donor Plant Growth Retardant
Pretreatment Experiment - spray applications of Gycocel (l1g mg a.i./ml)
at 0 ml/l (0 ppm), 25.4 mlll (3000 ppm) and s0.B mr/r (6000 ppm) using B.
rapa Genotypes Reward and AG-2.

Degrees of
Freedom

Model Statement

Error

7

10

Growth Retardant
Pretreatments

Repetitions

Genotypes
Growth Retardant

Pretreatments
X

2

1

2

1.06

2.06

1.39

0.39

0.50

0.97

0.65
0.18

0.6224

0.4126

0.4374
0.8353



TABLE Dl. To Microspores in Developme ment _ Ethephon.

Pretreatment After 0-1 mm Bud Length 'l-2mm Bud Length 2-3 mm Bud Length 3-4 mm Bud Length
ETHEPH_oN(ppm)Plarting A B c A B c A B c A B c0311000

0321000084792544504654
03399107515102336504456
03410000831700297124652
035100008511415364904357
03610000901000217924256
583688120781760138706238
1153610000742492277104753
0371000091900188204555
5837100005530150505004357
1153710000891100445601585
0381000083152079304159
58389910722093207803169
1153810000831702168205050
03910000811900366406139
5839100005822200376333166
11s3910000831701366304060
o409910791750297123761
58409711643250267406535
1154010000792101926704852
o41r0000851320396143957
5841r0000851500495102773
11541100008710941411903466
o4210000693102267315346
5842100004245130297702977
1154210000871124375913564
0439451722542494904555
58431000069310639708955
11543100001000093709433
o441000004258078220991
58441000006139078220982
1154410000100009460314821

A - TETRAD

B. EARLY UNICULEATE

C - MID- TO LATE-UNINUCLEATE

Io
!
!
mzg
=o

O(o



TABLE D2. % Microspores in Developmen es for B. rapa, AG-2 - Donor Pl"nt pretreatment E*perimet

Pretreatment After 0-1 mm Bud Length 1-2 mm Bud Length 2-3 mm Bud Length 3-4 mm Bud Length
ETHEPH9N(ppm)Plalling .4.__ B_ C A B C A B C A B C0311000

032100002144350455504753
03310000871300415925841
034991055271821265307030
03510000100000386204456
03610000841600307061974
583610000861133168r04951
115361000093700356504060
03710000831340406002674
583710000881200109003070
11537901006819132346403565
038r000094600188203169
5838100001926560465403367
11538100008515003070o4555
03910000919059261543165
583910000851320227803763
'r1539 1000092800178323464
o40r0000881209355624256
58409910811900356502971
11540r0000901000366403169
o411000094600366404654
58418015683710059501090
115411000063231411305924751
o4210000802000564403763
584210000973040233704753
1154210000r00000435704753
04310000722800505004951
58431000096408513264549
115431000094600386204258
04410000663400673303367
584410000881200564403565
115441000089830792703367

A - TETRAD

B. EARLY UNICULEATE

C . MID- TO LATE-UNINUCLEATE
Io



TABLE D3. % MicroTor.es in Developmental Stages for B. rapa, Reward - Donor Plant Pretreatment Experiment - A-Rest.
Days

Pretreatment After 0-l mm Bud Length 1-2 mm Bud Length 2-3 mm Bud Length 3.4 mm Bud Length
A-RESJ(ppm) Pla¡ling A B C A B C A B C A B C0336238

0348119062372068320964
03578202722530584204654
0368614043498066340964
03790100672670722805545
03810000881200316908416
43810000593922425634354
838991090910267404456
039 1000095504247't04753
439772122744294395707624
839100005927140485206634
040100002539360584208515
44086140662014113863682s
84099103336310584203862
04110000771582475217127
441100004630248444856333
8411000067221130323804258
04294602338383267074351
442831626318527484527127
84210000100002s294614158
0431000095505187704060
443100004731237454816138
8431000091632247305149
04410000841415356006238
44499103240281534606733
8441000025423334848144937
045100008281117176605842
4
I
0
4
8
0
4
I
0
4
I

45782113833295445125840
4510000781660712938413
46100007811100366406733
461000078149642313373331
4699103543220752525642
4788752636380485206892
477018155118310689216435
4710000854110386217524
4810000991016255907228
4810000100004692707327

A - TETRAD

B - EARLY UNICULEATE

C. MID' TO LATE-UNINUCLEATE
I
.l
A



TABLE D4. OlO

Pretreatment After 0-1 mm Bud Length l-2 mm Bud Length 2-3 mm Bud Length 3-4 mm Bud Length
A-REST(ppm) Planting A B C A B C A B C A B C

0
0341000088932673108218
03510000901000584202476
036672313728200926805050
0379550841512188133858
038 1000088't200277303070
43874260772120346602575
8388020077230393404555
039100008016413276003863
439973061 2't1803961 574218391000094600415904456
040100007414120396153362
4409253682211046540s347
84069276641917143650545
o41712558414123662336
4411000027294451779280
841100005635905545153
042100001000081181243
4421000010000552817240
8
0
4
8
0
4
I
0
4
I
0
4
I
0
4
I
0
4

AC-2 - Donor Plant

42 100
43 42
43 43
43 100
44 100
44 50
44 100
45 100
45 86
45 98
46 73
46 97
46 100
47 82
47 100
47 100
48 100
48 100
48 100

0
39
43

0
0

37
0
0
I
1

20
0
0

11

0
0
0
0

A. TETRAD

B. EARLY UNICULEATE

C. MID TO LATE.UNINUCLEATE

0 100
31 56
23 73
088
013

21 71
079
054
797
175
921
365
068
767
049
0 100
0 100
0 r00
0 100

- A-Rest.

0
35
19
12
28

6
17
22

1

l9
48
't1
l9
14
34

0
0
0

003862
904753
963360
063955

5973657
2363757
4153451

2423563
1503218
675214

31 22 37 41
24 49 22 30
13 48 31 20
19 28 57 16
1716930
070246
02s3441
035047
0512326

0
0
1

0
2
1

24
1

69
57

0
2

25
3

10
50

3
1

50
60
18
46
56
58
57
58
27
65
52
17
48
55
13
7

23
26
43
49
28
23
48
25
17

43
42
72
35
46
82
27
45
17
36
77
72
32
48
62
27
49
74
34

I

N)



TABLE D5. % Microjpoles in Developmental Stages for B. rapa, Reward - Donor Ptant Pretreatment Experiment - Cycocel.
Days

Pretreatment After 0-l mm Bud Length 1-2 mm Bud Length 2-3 mm Bud Length 34 mm Bud Length
CYCOCFL(ppm) Planting Á B C A B C A B C A B C

0338015649272428403134355
0349711871300505005644
0351000020275317't2705941
0361000095500445645541
037 100006822.t00366426435
0387716813384915414445541

300038100004033270653507525
60003810000982025549105139
03910000732072405925444

3000391000097305553923068
6000391000095500663405347
040100002029514554008020

300040r00002029514554008020
6000401000092530406006733
0411000075151067161655144

30004110000100000366424553
60004198203218500326814751
042100009550431839444215

300042100007711113247485438
6000429064926236362804951
04310000861407336086132

300043100002030500396167222
60004310000532918058420946
044100001111780465406337

3000440006333611315835344
60004495505223252544437819
045100001000003169195130

3000451000098204494727820
6000 45 100 0 0 53 r8 29 14 30 56 31 52 1704699101233551405807g27
3000461000010000r8384404753
6000 46 100 0 0 l0o 22 78 o 22 77 1 86 't40479811851330623805149
3000479811936110325845541
600047r00007217114484866232
0481000098200534708614

300048100008812025314420773
60004810000973011236608911

B - EARLY UNICULEATE

C - MIÈ TO LATE.UNINUCLEATE

I
J,(,



TABLE D6. % Micro-spores in Developmental Stages for B. rapa, AC-2 - Donor Plant Pretreatment Experiment - Gycocel.
Days

Pretreatment After 0-1 mm Bud Length 1-2 mm Bud Length 2-3 mm Bud Length 3-4 mm Bud Length
CYCoCFL(ppm) PllnJing A-_ B. C Á B C A B C A B C03268

033100008316103961125830
03410000100007395456134
0358561054291718414116930
03610000703009385396625
037100001526601475226433
03810000861133445306535

30003896317615919423873360
60003810000000573013s424s
03910000100002504804951

30003910000991033442305248
6000 39 100 0 0 54 29 17 69 22 I 13 35 52040100004524312475143759
3000 40 100 0 0 100 o o 41 25 34 50 18 3260004088130100000148604159
04195507026422334504159

3000 41 100 0 0 74 11 15 7 35 58 22 26 52600041691916712442504845937
04210000126069112565113949

300042919063298402931364222
600042964054222435343082666
043100008317012226618613

30004310000811368479142264
6000 43 100 0 0 33 12 56 21 67 12 g 2't 760441000058311049321902674
300044100006914170415903961
6000441000021502s1504947818
04598110003926407525

3000 45 100 0 0 100 o o 19 30 51 45 10 45600045100002038424346224652
0461000010000964045442

30004610000917224314523464
600046100004234249454685240
04798't196312296904654

300047100002033470534784349
60004710000100002455343759
048100005337103276908020

3000 48 100 0 o 64 21 14 I 31 62 10 36 53

B - EARLY UNICULEATE

C - MID. TO TATE.UNINUCLEATE

6000489612100001435510 1000014355108515

À


