
Abstract Flower industry is now growing due to the devel-

opment of economy in many countries. Simultaneously, needs 

from consumers in flower market are varied widely. To satisfy 

the needs from consumers and deal with a variety of diseases 

from a lots of pathogens as well as climate change, new elite 

flower cultivars should be released in flower market. For this 

purpose, conventional and biotechnological techniques can be 

employed to make good cultivar. Therefore, this review 

describes the general overview of flower breeding techniques 

including cross-hybridization, mutation breeding and genetic 

transformation systems. Also, breeding systems for ornamentals 

derived from plant tissue culture such as embryo culture, in 

vitro fertilization, ovary/ovule culture and haploid production 

were reviewed. Furthermore, in this study recent development 

of the generation of new flower cultivars using marker-assisted 

breeding, plant transformation including particle bombardment 

and Agrobacterium tumefaciens as well as genome-editing 

technology were described. This review will be contributed to 

the development and releasement of new flower cultivars with 

horticulturally useful traits in the future.
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Introduction

Flower breeding

Generally, flower breeding is focused on generating as 

much genetic variation as possible. First, genetic variations 

in wild species are searched for breeding purpose. Then, 

a breeder would make crosses and selections. Alstroemeria 

species can also be doubled in terms of genomes to get 

larger flowers. Most of the cultivars are triploid or tetraploid. 

The wild species are diploid. To make crossings between 

species, crossing barriers are found, which are to be overcome 

by ovule cultures in vitro. The ovules are sectioned out of 

the ovaries and cultured in vitro 48 hours after pollination. 

Some ovules will develop seedlings and young plants. 

Through this method, the production of interspecific hybrids 

with interesting characteristics is possible. Some of these 

hybrids are tested in different companies’ greenhouses. If the 

chromosomes of these interspecific hybrids are doubled, 

the result is a fertile plant that can be used for crossing. 

For instance, by crossing species AA and species BB, the 

cross is AB. Because the two genomes are different, this 

hybrid will be sterile. Only a very small percentage of 

unreduced gametes can be formed. The formation of un-

reduced gametes can thus be selected. We have found hybrids 

with up to 20% unreduced gametes. These factors are very 

interesting for crossing; they result in triploid offspring 

because AB produces AB gametes. By crossing AB with 

species CC, the result is species ABC in which three different 

species are present with their specific characteristics.

Important characteristics

Generally, breeding for ornamentals is focused on totally 

different characteristics compared to edible crops. The rule 

in ornamentals is to breed for diversity: if there is something 

new in an ornamental, it is good for commercialization. 

These features can include a new color, a mixed color 

pattern, double flowers, a different flower shape, large flowers 

or mini flowers, fragrance, variegated leaves, different plant 

types from cut flower plants to pot plants, etc. Other important 

features are more general, like the yield and quality. In cut 

flower breeding, quality means strong stems, a large number 
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of flowers per stem, a good flower color, a long vase life, 

flowers with leaves along the flower stem, and good sur-

vivability within the leaves (no yellowed leaves). Quality also 

encompasses disease-free plant material (as the starting material) 

and disease-free and insect-free products on the flower market. 

For this reason, the cultivation of ornamentals has been 

supported for many years by the use of pesticides, but 

nowadays, because the use of pesticides is limited, other 

methods like breeding for resistance will become more 

and more important in ornamental breeding.

Genetics

Breeding for color is one of the most important goals in 

ornamentals. In most ornamentals, the genetics behind the 

flower color are unknown. Breeders cross red flowers with 

red to obtain red, pink with pink, white with white, etc. 

(in cyclamen breeding) without having knowledge about 

the genetics of the ornamental. Classical methods to breed 

for flower color are based on pigments and the knowledge 

of dominance, co-dominance, and recessiveness. Modern 

biotechnological breeding methods to obtain flower color 

are based on changes in the metabolic pathways behind 

the production of anthocyanins. Due to the molecular ap-

proach, basic knowledge of these anthocyanin pathways and 

the environmental influences determining the flower color 

is now available (Mol et al. 1995; Forkmann et al. 1995).

  Two main pigment synthesis pathways are known: one 

based on carotenoids responsible for the color yellow and 

one based on anthocyanins responsible for the colors red and 

purple. The carotenoids are present in the chromoplasts 

whereas the anthocyanins are present in the cell vacuoles.

Natural genetic variation

The first task that needs to be done when breeding new 

species of ornamentals is to look for wild relatives to get 

an idea of how expansive the natural genetic variation is. 

For wild species with a great diversity for flower colors, 

plant growth and habits generally occur. In addition, plants 

that are resistant to pests and diseases are found in nature. 

To determine this natural genetic variation, one should find 

a plant species’ place of origin. Breeding roses for cut flower 

production started with the cross of the European Rosa 

gallica with the Chinese Rosa gigantea to achieve the per-

petually flowering trait found in rose varieties (continuous 

flowering is based on a recessive monogene). Additionally 

carnation species flower once a year (garden carnation 

varieties). Dianthus caryophyllus was crossed with Dianthus 

lignosus, a bushy plant that flowered in the wintertime. 

With this cross, the trait of continuous flowering under 

good conditions was added to the newly developed carnation 

cultivars. For example, the Alstroemeria genus originates 

from South America, especially Chile and Brazil. Some 

species are also found in Peru, Argentina, and Venezuela. 

Thirty-five different Chilean species were described by 

Bayer (1987), and there are more known throughout Brazil, 

although no monograph of the Brazilian species has yet 

been published. All these species together present the total 

natural diversity of the genus Alstroemeria. When combined 

together by crosses and genetic recombinations, a huge 

variation of genes can be explored for breeding purposes.

When the breeder has built up a collection of wild species, 

the second step is to start a crossing program. Species that 

are closely related will cross more easily with each other 

than distantly related species. In all interspecific crossing 

programs, crossing barriers will appear sooner or later. These 

crossing barriers must be overcome by several different 

techniques depending in the place where the crossing 

barriers are presented.

Crossing barriers and techniques to overcome

We can distinguish crossing barriers in three different cat-

egories depending on the position in the fertilization process 

in which they occur:

• pre-fertilization when the pollen tubes are inhibited 

from germination and growth,

• no fertilization at all,

• post-fertilization after the fusion of the two gametes 

the zygote has been aborted.

In all categories, a number of techniques are available for 

overcoming these barriers. These techniques vary from easily 

applied techniques to very labor-heavy and time-consuming 

techniques. Van Tuyl and De Jeu (1997) have provided an 

overview about these techniques.

Pre-fertilization barriers

After the pollination of a mature (exudate-rich) stigma, the 

pollen will germinate, and the pollen tubes will grow into 

the stigma and the style, which connects the stigma to the 

ovary where the ovules are present. During this process, the 

inhibition of pollen tube growth often occurs in interspecific 

crossings. This inhibition is found in different locations in 

the style and can be complete or incomplete. Depending on 

the location of the inhibition, the stigma and part of the 
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style can be removed, and the remaining cut style can be 

pollinated again. The application of this method in Alstroemeria 

needs the addition of an exudate on the surface of the cut 

style to achieve pollen germination. Alstroemeria have a 

hollow style channel through which only the pollen tubes 

grow. The pollen tubes can grow into the channel after the 

style is cut and still survive. Another method is style 

grafting in which a compatible style is grafted onto an 

incompatible ovary. Pollen tube growth will take place in 

the compatible style and will continue in the incompatible 

ovary. The application of this technique should be done 

under aseptic conditions to gain the best results. Van Tuyl 

et al. (1991) produced hybrids between Asiatic and Oriental 

lilies using the graft style technique.

Post-fertilization barriers

After fertilization, the embryo can be aborted during seed 

development. In most cases, this is due to a defect in the 

growth of the endosperm, as revealed by Busmann-Loock 

et al. (1992) in Lupinus sp. and by Ishizaka and Uematsu 

(1992) in Cyclamen. De Jeu and Garriga Calderé (1997) 

studied embryo abortion in the interspecific cross between 

Alstroemeria pelegrina x Alstroemeria aurea histologically. 

In this combination, the first division of the zygote after 

fertilization was already retarded, thus resulting in abnormal 

embryo growth. Due to this abnormal growth, sporophytic 

tissue responsible for the nutrition of the embryo started 

to degenerate very early, and in addition, the coenocytic 

endosperm did not develop further into a cellular endosperm. 

All these processes seemed to evolve subsequently after 

the first abnormal division of the zygote.

Many different embryo rescue techniques have been devel-

oped in different ornamentals depending on the moment of 

embryo abortion. In Alstroemeria, De Jeu and Jacobsen 

(1995) developed a method for ovule culture applied two 

days after pollination. The pollinated ovaries were surface 

sterilized, and the ovules were dissected out of the ovaries 

and cultured on a hormone-free MS medium (Murashige 

and Skoog 1962) with 9% saccharose. After two months, 

the ovules were cultured on an MS medium supplied with 

only 3% sucrose in which most of the ovules germinated 

normally without a callus phase. This technique delivered 

hybrids between distantly related Alstroemeria species in 

a very fast and efficient way that was even faster than 

normal seed development and germination for compatible 

combinations. Delphinium interspecific hybrids were obtained 

directly by germinating the ovule by applying an ovule 

culture 20 ~ 25 days after pollination (Honda and Tsutsui 

1997). A Cyclamen ovule culture was applied 21 or 28 

days after pollination depending on the ploidy level of the 

maternal parent for the production of interspecific hybrids 

between Cyclamen persicum and Cyclamen hederifolium 

(Ishizaka and Uematsu 1992). In this example, the ovules 

were cultured together with the placental tissue.

  Embryo cultures are applied to many ornamentals like 

Lilium (Van Tuyl et al. 1991), Tulipa (Van Creij 1997), Freesia 

(Reiser and Ziessler 1989), Alstroemeria (Buitendijk et al. 

1995), and others. In all these examples, the embryos were 

partly isolated from the ovules (and ovaries) just before 

embryo abortion occurred. In several cases, embryo culturation 

was performed in a liquid medium to ensure that the embryos 

received enough nutrition for growth. Nutrition-rich media 

also induce embryonal callus growth, which directly provides 

a multiplication system if shoots and roots are to be regen-

erated from the callus. Combinations of ovary, ovule, and 

embryo cultures were also made. The ovary can be pollinated 

and cultured in vitro, and afterwards the ovules or embryos 

are dissected out of the ovary for ovule or embryo culturing, 

such was applied in Lilium (Van Tuyl et al. 1991). In addition, 

the “ovary slicing technique” can be applied when the ovaries 

can be maintained for a longer period in the plant. In this 

method, the ovules are still in contact with placental tissue 

when they are cultured in vitro, which could favor the 

development of the embryos, as has described for Nerine, 

Lilium, and Tulipa species (Van Tuyl et al. 1993).

In vitro fertilization of isolated ovules or egg cells

If fertilization is not achieved in a natural way using one 

of the different methods described above, in vitro ferti-

lization of isolated ovules is an option. Ovules can be 

pollinated directly by bringing aseptic pollen in contact 

with ovules in vitro. Attempts were made in Lilium (Janson 

et al. 1993) and in Alstroemeria, but they were not successful 

in all cases. The germination of pollen was poor, and the 

pollen tubes did not grow directly into the micropyle but 

instead twisted around the entrance. The in vitro fertilization 

techniques used for maize (Kranz and Lörz 1993) and for 

Nicotiana tabacum (Tian and Russell 1997) where isolated 

male gametes fused together with isolated egg cells are 

promising methods, which could be applied to more crops 

in the future. For this method, three basic requirements 

need to be fulfilled: 1) isolation of the male and female 

gametes, 2) microfusion of the gametes, and c) culturing of 

the zygote into a differentiated embryo and subsequently, 

into a plantlet.
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Somatic hybridization

For several crops, experiments were done to fuse protoplasts 

and to regenerate the fusion products for plantlets to pro-

duce somatic hybrids in cases in which pollination, fertilization, 

and embryo rescue techniques were not applicable. In Alstroe-

meria, Kim et al, (2005) demonstrated that protoplasts were 

isolated and regenerated into plants with a high efficiency. 

Nakano and Mii (1993) produced a hybrid between Dianthus 

chinensis and Dianthus barbatus using this method. The somatic 

hybrid proved to be an interspecific hybrid according to 

flower color, number of chromosomes, and nuclear rDNA 

analysis. Attempts were made to produce a frost tolerant 

Hibiscus using somatic hybridization to cross Hibiscus rosa- 

sinensis and Lavatera thuringiaca. However, the fusion products 

did not regenerate into plants (Vazquez-Thello et al. 1996).

F1-sterility and the application of unreduced gametes

After the labor-intensive production of interspecific hybrids, 

another barrier for introgression will appear: the sterility 

of the hybrid. Chromosome doubling in vitro with the use 

of colchicine or oryzalin (Van Tuyl et al. 1992) can solve 

this problem. It is also possible to select hybrids that pro-

duce a percentage of viable pollen, which are in most cases, 

unreduced gametes (Ramanna 1992). In a F1 progeny of 

sixty plants obtained after ovule culturing out of the cross 

between a tetraploid Alstroemeria cultivar (cv 118) and the 

diploid species Alstroemeria aurea, the production of viable 

pollen was determined by the use of lactophenol acid fuchsin 

as a cytoplasm coloring agent. The percentage of viable 

pollen of all plants varied between 0 ~ 40%; most of the 

plants had a percentage of viable pollen of 0 ~ 5% (33 

plants) whereas five plants had a percentage of viable pollen 

of 20% or more. This indicates that the selection for the 

most fertile hybrid is possible, although a large quantity 

of hybrids must be produced.

  The use of unreduced gametes is a big opportunity to 

breed ornamentals because a higher ploidy level generally 

implies a larger flower, a thicker flower stem, more flowers 

per stem, etc. Unreduced gametes favor ornamentals in special 

traits, which are important in ornamentals. The use of unreduced 

gametes directly gives triploid (in the cross 2X x X) and 

tetraploid (in the cross 2X x 2X) offspring without the use 

of colchicine or oryzalin. The production of triploids implies 

more or less sterility in the plants. In case of breeders’ 

protection, this favors the breeder as it allows the breeder 

to keep the genetic plant material for their own use. In 

small crops in which a breeder’s right is not yet accepted, 

this could be a breeder’s goal. In rose breeding, the European 

roses were tetraploid, and the Chinese and Asian roses 

were diploid. Crosses between these were triploid and nearly 

sterile. In this case, roses can be multiplied in a vegetative 

manner so the sterility of the hybrid is not a problem, 

although this blocks further breeding activities.

Haploid culturing by androgenesis and gynogenesis

Especially in ornamentals propagated through vegetative 

propagation in which the cultivars consist of complex hybrids, 

mass propagation by seeds is still a demand. In vitro multi-

plication is labor-intensive, and the basic plants must be 

kept healthy. The production of hybrid seeds by inbreeding 

parental lines and crossing between those lines would be 

a good alternative. For this reason, the production of haploids 

started in diverse ornamentals like the Gerbera (Meynet 

and Sibi 1984, De Wit 1990), Lilium (Han et al. 1997), Tulipa 

(Van de Bulk et al. 1994), and Alstroemeria species. In 

Gerbera, De Wit (1990) used unpollinated ovules for the 

delivery of haploid callus lines, which could be regenerated 

into haploid plants. Han et al. (1997) succeeded in the re-

generation of haploid plants from anther cultures of the 

Asiatic hybrid lily “Connecticut King.” Van de Bulk et al. 

(1994) produced embryoid-like structures from microspores 

of Tulipa that could be regenerated into small bulbs. Anther 

cultures in a tetraploid cultivar of Alstroemeria resulted in 

a good regenerating callus line of a haploid nature. Out of 

this, callus plants regenerated, which flowered and showed 

their (di)haploid nature in the size of the flowers. In 

addition, the number of chromosomes in metaphase chromosome 

preparations proved the (di)haploid nature of the plants. 

Therefore, in principle, all methods applied for haploid 

production were possible in ornamentals, but the results 

were rather poor. Androgenesis or gynogenesis may also 

deliver a regenerating callus that can be used for other 

purposes. It is expected that haploid callus lines can be 

doubled either spontaneously or by the application of 

colchicine or oryzalin (Van Tuyl 1992).

  Although the number of ornamental species referred to 

in this review is restricted, the different in vitro techniques 

are very important for their application in ornamental breed-

ing both classically with the use of interspecific hybridization 

and molecularly with the use of gene delivery systems. For 

each ornamental species-specific in vitro technique that has 

to be developed; there are no general protocols available. 

Devising generally applicable protocols for ornamentals 

will be the challenge in ornamental breeding in the future.
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Classical and modern breeding

Multiplication in vivo and in vitro

Nearly all ornamental cut flowers in the Dutch top ten most 

important cut flowers on flower auction are propagated 

vegetatively; these include roses, chrysanthemums, carnations, 

tulips, gerberas, freesias, Alstroemeria, and lilies, but exclude 

sunflowers and golden rods. For garden plants, most plants 

are multiplied by seed, especially F1 hybrid seeds for pe-

tunias, pelargoniums, and violas. For in-door plants, both seed 

multiplication and vegetative propagation are done: primula 

and cyclamen are normally seed propagated, whereas hedera, 

kalanchoe, ficus, and pot chrysanthemum are vegetatively 

multiplied.

  The breeder wants to control his or her plant materials. 

In the case of vegetative propagation, only growers can 

order the plant materials, and they have to pay licenses to 

the breeder. Breeders and growers keep in close contact, 

and the breeder visits the growers regularly to give advice 

about the growth and culture conditions. As such, the grower 

can also be controlled if he or she has multiplied the plants 

for his own use. In most countries in the world, the breeder’s 

rights are justified so that multiplication is illegal, The grower 

(such as so-called hobby breeders) may use the plants for 

a crossing program, but the results must be shared with the 

breeding companies, and these companies will often offer 

a price for the best plant materials. In most cases, the hobby 

breeder will sell his or her material to the breeding company.

  In the case of seed production, the breeder will protect 

his or her parental gene pool through the production of 

hybrid varieties. In this case, he or she will produce parental 

inbred lines that can be crossed for the production of hybrid 

seeds to protect plant materials for further production because 

the grower can never reproduce the same F1 seeds if he or 

she does not have the same parental inbred lines.

  The vegetative propagation of cut flower plants are done 

on a large scale by specialized companies. Roses are multiplied 

by grafting or ovulating Rosa canina rootstocks, which are 

multiplied by special companies. Carnations and Dendranthema 

are multiplied by cuttings from selected and disease-free 

“mother plants” mostly grown in greenhouses in countries 

with a warmer climate, like the south of Italy. Weekly cuttings 

are transferred to greenhouses in the Netherlands where they 

are rooted (using special hormones) under a high humidity, 

and after rooting, the young plants are transported to the 

growers. Logistics is very important to raise the exact number 

of plants and to transfer them on time. Robots that transfer 

the young plants in the greenhouses over long distances are 

all automatically programmed by computers. Alstroemeria 

multiplication was done by splitting the rhizomes of in 

vivo-grown plants, thus resulting in four to six plants per 

year. Mass propagation via rhizome culture was developed 

in the breeding line of Alstroemeria (Park et al. 2017). 

Also, regeneration system with a high efficiency in Alstroemeria 

plants developed by using both the leaves with axil tissues 

(Lin et al. 1997) and FEC (friable embryogenic callii) clumps 

(Kim et al. 2006) Recently, all Alstroemeria breeding com-

panies have applied a system for in vitro multiplication of 

rhizomes to enable them to produce not only more plants 

per year (multiplication rate is generally low at 2.0 per 

month) but also virus-free plants. This is preferable because 

various viruses of which alstroemeria mosaic virus (AlMV) 

is the most dreadful may infect Alstroemeria. AlMV is easily 

mechanically spread and by aphids, and most cultivars do 

not show clear symptoms when infected by AlMV. However, 

infection by the virus may lead to a lower quality in the 

flowers and a lower yield (Van Zaayen 1995).

  The multiplication of tulip and lily bulbs is done on a 

large scale in production fields, although small-scale in vitro 

multiplication is possible (but is too expensive). Gerbera 

multiplication is done by seed for pot plant gerbera whereas 

cut flowers are multiplied in vitro by adventitious shoot 

formation. Special cultivars are mass propagated in vitro 

in countries with lower labor costs. Each year, a new start 

of the in vitro culture of a special cultivar should be repeated 

because through in vitro multiplication, somaclonal variations 

could be enhanced. To be sure that the young plants are 

of the same quality and genotype as the “mother plant,” the 

explants should be refreshed at least once a year. Control 

of the grown plants is always needed.

Mutation breeding

For mutation breeding and transformation, a reliable regen-

eration system is a prerequisite. Both systems should be 

developed for a small change in the genotype of a plant 

whereas most of the phenotypic traits should be maintained. 

Mutation breeding is still the most common breeding tech-

nique for ornamentals through which gamma or X-ray radiation 

can lead to small deletions in the genetic constitution of 

ornamentals, which can then lead to other colors in a good 

phenotypic background.

  Mutation breeding is a non-directive method, and the 

results are not predictable. In most cases, mutations lead 

to death; sometimes they lead to chimeric structures when 

only the epidermal cell layer has changed. To apply mu-

tagenic agents, plant regeneration is needed, especially a 
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system in which the organs originate from one cell. In 

such a system, no chimeras will appear after the mutagenetic 

treatment of one cell.

  In Dendranthema, mutation breeding is still a standard 

procedure, especially when a promising cultivar is produced. 

Spontaneous mutants are well known in chrysanthemum, 

especially the color mutants; a sector of the flower will 

another color (mostly corolla florets and/or disk-florets). 

Using these florets together with flower stems, axillary buds 

and small leaves for explanting in a regeneration system 

lead to the development of complete color mutants. Thus 

a “family” of mutants can be produced from one original 

cultivar. Breeding companies will induce the mutations 

artificially in promising cultivars to keep their cultivars 

and derived breeding material within their own company.

Recently, new cultivars in roses have been produced by in 

vitro mutagenesis. Mutation breeding in combination with 

in vitro techniques through the use of adventitious bud 

formation could increase the variability for qualitative 

traits in roses. The availability of in vitro micropropagation 

techniques has facilitated the induction of mutations and 

the selection of mutants of interest. Different flower colors 

and flower shape mutants were selected in roses through 

this system. To remove the chimeric structure of several 

mutants, a cyclic regeneration based on adventitious bud 

formation on leaflet explants was successfully applied (Ibra-

him 1999). Also, gamma-ray was applied for production 

of mutation for new colors in flower from rooted cutting 

of Coreopsis roses Nutt (Park et al. 2014).

Gene transformation

Genetic transformation seems to be a good tool for breeding 

ornamentals due to the small changes needed in ornamentals 

to gain good results, like changes in colors, shape, etc. For 

instance, if the biochemical pathway to produce color 

pigments is disturbed by the introduction of genes, new 

colors can easily be induced without changes in the plant 

and flower architecture. Other genes can improve the vase 

life of flowers or the size and architecture of the plant, 

and the flowers that result from each change has potential 

value in ornamentals (Mol et al. 1995). Another reason for 

the production of transgenic ornamentals is the idea that 

transgenic ornamentals could be easily accepted by consumers. 

Through transgenic ornamentals, the acceptance of transgenic 

food could presumably be easier. At least, this was the 

case before the introduction of the transgenic soya in 

Europe. In the dicotyledonous ornamentals, roses, carnations, 

Fig. 1 Transformation of Cymbidium plants by particle bombardment (Source: Roh et al. 2011)

a: Initial growth of PLB (protocorm-like bodies), b: Propagation of PLB with shoots c: Pre-culture of Cymbidium PLBs for 2 days, 

d: Bombarding using particle bombardment, e: Delayed selection time for 3 weeks, f: Transfer to HCa medium with PPT  5 mg/l, g: 

Regeneration of putative transgenic plants, h: Growing of putative transgenic plants, i: Acclimatization of transgenic cymbidium plants
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chrysanthemums, and gerbera transformation systems with 

Agrobactrium tumefaciens as the vector are applied routinely 

nowadays. For the monocotyledonous ornamentals tulips, 

lilies, and Alstroemeria, transgenic plants have recently been 

developed, although research is still needed.

Gene transfer in monocotyledonous ornamentals

Detailed information on the development of transformation 

system for monocotyledonous ornamentals will be provided. 

Although many transformation protocols have been published 

for dicotyledonous ornamentals in the past few years, pro-

tocols for monocotyledonous ornamentals are rather poor. 

If the monocot is a host for Agrobacterium tumefaciens as 

it happened to be in Anthurium (Chen & Kuehnle 1996) 

and in Lilium (Langeveld et al. 1995), positive results are 

expected in normal regeneration systems. Kim et al (2007) 

optimized several factors such as co-cultivation period, 

infection time, dilution factor and the concentration of 

acetosyringone to generate transgenic plants using Agrobacterium 

tumafaciens in Alstroemeria.

  Chen and Kuehnle (1996) produced stable transformants 

in Anthurium. Langeveld et al. (1995) demonstrated transient 

expression in stem internodes. For the application of the 

particle gun as a gene delivery system, several attempts 

were made for differentiated tissues. Wilmink (1996) applied 

particle bombardment to the floral stem segments in Tulipa. 

The transgenic tulip plants regenerated from these segments 

were chimeric. In Dendrobium, protocorms were particle 

bombarded, and afterward, selection with kanamycin as 

the selection agent for transgenic orchids were obtained 

(Kuehnle & Sugii 1992). In orchid plants, PLBs (protocorm- 

like bodies) were used for particle gun-mediated transformation 

in Cymbidium (Roh et al. 2011, shown in Fig. 1) and Phalae-

nopsis (Roh et al. 2012, shown in Fig. 2) as an explant 

which showed high transformation efficiencies. Although 

there were some successful results found in differentiated 

tissue, more results were obtained after the particle bom-

bardment of a good regenerating callus. As initial explants 

for the induction of regenerable callus in monocots, 

different plant organs were used, such as the (im)mature 

embryo in Alstroemeria (Hutchinson et al. 1994, 1997; Van 

Schaik et al. 1996; Van Schaik 1998), the seeds in Asparagus 

(Cabrera-Ponce et al. 1997), the corm in Gladiolus (Kamo 

et al. 1995), the bulblet scale in Lilium (Watad et al. 1998; 

Kim 2017, shown in Fig. 3). As a result, an embryogenic 

cell suspension culture or friable embryogenic callus (FEC) 

was formed in which particle bombardment applied in 

Alstroemeria (Lin et al. 2000; Kim 2020a, shown in Fig. 4). 

Further, FEC cultures were used for the production of 

transgenic virus-resistant Alstroemeria plants via particle 

bombardment (Kim 2020b). In Asparagus and Gladiolus, 

these transformation experiments were successful and resulted 

in stable transgenic plants (Cabrera-Ponce et al. 1997, Kamo 

Fig. 2 Transformation of Phelaenopsis plants by particle bom-

bardment (Source: Roh et al. 2012)
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et al. 1995). The most suitable regeneration system should 

consist of small embryogenic callus clusters that multiply 

fast and do not lose their regeneration ability. It is expected 

that particle bombardment of this type of callus will generate 

transgenic embryogenic calli, which will regenerate into 

stable transgenic plants after the use of selection markers 

(Raemakers et al 1997; Lin 1998; Kim 2010a and 2020b).

Molecular techniques for ornamental breeding

For genotype identification and for the determination of 

genetic variation molecular DNA techniques are available 

in ornamentals varying from isozyme analysis, RFLP to 

PCR-based techniques like RAPD and AFLP. Isozyme 

analysis can be done on leaf extracts whereas all the other 

techniques are based on DNA isolation. Laboratory equipment 

is needed for the application of these techniques. Some 

examples of molecular techniques for the determination of 

the genetic variation in a collection are characterization of 

Hydrangea collection using isoenzyme analysis of nuclear 

DNA contents in Hydrangea (Lambert et al. 1998), RAPD 

analysis of natural diversity in genus Rosa (Reynders-Aloisi  

et al. 1995) and AFLP analysis in Alstroemeria (Han et al., 

2002). Genotype identification can be done by several tech-

niques including RAPD analysis for genotype identification 

in Alstroemeria (De Benedetti et al. 1998), use of species- 

specific probes in Alstroemeria (De Jeu et al. 1995), molecular 

cytogenetics with FISH and GISH in Alstroemeria (Kamstra 

et al. 1997, Kuipers et al 1997).

Breeding techniques in the future

Modification of horticultural traits via CRISPR/Cas9 system

New tools for ornamental breeding have deviated from the 

use of transgenes and molecular techniques for the identi-

fication of plant material and for marker-assisted breeding. 

In addition, the need for the selection of insect- and disease- 

resistant ornamentals will be a topic for the future when the 

use of pesticides will be forbidden or at least restricted. In 

principle, the companies involved in ornamental breeding 

will maintain the classical way of breeding whereas these 

modern tools will be applied to classical breeding programs.

  Recently, new technique of CRISPR/Cas9 (Clustered Regu-

larly Interspaced Short Palindromic Repeats/CRISPR associated 

9) has been applied for breeding systems for crop improvement 

due to its simplicity and high efficiency (Karkute et al. 

Fig. 3 Transformation of lily plants by particle bombardment (Source: Kim 2017)

Fig. 4 Transformation of Alstroemeria plants by particle bombardment (Source: Kim 2020a)
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2017). Therefore, this technique is widely employed and 

improved for traits in a lots of crops (Karkute et al. 2017). 

Until now, GM techniques including electroporation, PEG- 

mediated transformation, particle bombardment and Agro-

bacterium tumefaciens have been used for the production 

of transgenic crops which have manly either herbicide- 

resistance or insect-resistance in many crops such as corn, 

cotton and soybeans. However, transgenic crops derived from 

GM techniques have serious concern for commercialization 

and side-effect for ecosystem. In the last 10 years, however, 

CRISPR/Cas9 technique was proved an efficient tool for 

breeding and used for alteration of the target site of the 

genome in many horticultural crops in fruits and vegetables 

(Karkute et al. 2017). However, it also has been used in 

ornamental crops (Table 1).

  In ornamental crops, CRISPR/Cas9 system can be used 

for the modifications of colors in flower, productions of 

fragrance, alterations of size and extending of shelf-life on 

vase. In addition, abiotic and biotic stress resistances can 

be enhanced and useful for many crops (Corte et al. 2019). 

For example, CRISPR/Cas9 was used to show pale blue flowers 

with a high efficiency (c.a. 80% from the regenerated lines, 

Nishihara et al. 2018). The production of transgene-free orna-

mental plants using CRISPRCas9 is important under the 

current regulations and cost for GM plants. However, although 

CRISPR/Cas9 has many advantages over conventional GM tech-

niques at this time, it still needs regeneration system from 

protoplast cells and optimized transformation system to 

operate CRISPR/Cas9 system well. Further, we have some 

concerns on the effects of mutations on non-target genes 

in plants which have large and complex genomes when 

CRISPR/Cas9 is applied (Corte et al. 2019). In the near future, 

when improvements on regeneration process and transformation 

system as well as the modification for CRISPR/Cas9 tech-

nology are successfully completed, this new breeding technique 

can be widely applied for many ornamental plants to change 

traits and satisfy demand for consumers.

General conclusion

Flower breeding started as hobby breeding, and now, it has 

developed into a scientific research program in which a lot 

of money has been invested. However, classical way of 

breeding using genetic variations supplied by nature is still 

very important and will remain so in future. Only in special 

occasions will the use of transgenes be required because 

the costs are very high, and its general acceptance by con-

sumers is still very low. The development of molecular 

tools for identification, genetic transformation and genome- 

editing techniques are very useful and will become indispensable 

in future.
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