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In vitro plant tissue culture and biotechnology used to assist and support the development of plant breeding when

classical methods of propagation must be accelerated or it was necessary to overcome barriers inaccessible by classical

approaches. In asparagus, to improve multiple breeding tasks, a high number of in vitro methods have been used, such

as plant regeneration methods through organogenesis, embryogenesis, manipulation of ploidy, protoplast isolation,

genetic manipulation (protoplast fusion, genetic transformation), embryo rescue and germplasm preservation (in vitro, in
vitro slow growth, cryopreservation). Plant tissue culture methods can overcome multiple problems in asparagus breeding

such as, barriers of self and cross-incompatibility between asparagus species through embryo rescue of interspecific

hybrids and protoplast fusion or genetic transformation, introgression of new genes, clonal propagation of elite genotypes

of asparagus, mass screening, and the generation of haploid and polyploid genotypes, among others, becoming the tool

of choice for asparagus breeding programs. Some of these in vitro methods are still under development.
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1. Introduction

The genus Asparagus belongs to the Asparagaceae family and includes approximately 200 species . This genus is

native of Europe, Northern Africa, and Western Asia , and taxonomically, it is divided into three

subgenera: Asparagus, Protoasparagus, and Myrsiphyllum . All the species belonging to the subgenus Asparagus are

dioecious with a basic number of chromosomes (x = 10), and this chromosomic number varies depending on the species

due to changes in the ploidy level. Asparagus genotypes with a chromosome number: diploid (2x = 20), triploid (3x = 30),

tetraploid (4x = 40), pentaploid (5x = 50), he-xaploid (6x = 60), octoploid (8x = 80), decaploid (10x = 100), and

dodecaploid (12x = 120) can be found ; Castro et al.  indicate that this frequent occurrence of ploidy changes by

polyploidization in this genera could be a possible evolutionary strategy of asparagus species.

Asparagus species are economically important as ornamental plants, such as A. asparagoides, A. densiflorus, A.
plumosus, and A. virgatus, as medicinal plants, such as A. adscendens, A. racemosus, and A. verticillatus, and as edible

vegetables, such as A. albus, A. acutifolius, A. maritimus, A. aphylus, and A. officinalis (2n = 2x = 20), the most important

species for human nutrition.

Asparagus officinalis is cultivated worldwide, and the world production is estimated at 8.451.689 t/year, China being the

world’s major producer .

The genetic base of the cultivated A. officinalis is quite narrow  because all modern commercial varieties of asparagus

come from a breed of unique origin from the Netherland’s population, ‘Violet Dutch’ , which becomes a limiting factor

for further asparagus breeding.

Commercially, asparagus is propagated by elite seeds obtained by aimed crossing between selected parentals, and

sometimes vegetatively, through mechanical division of the plant rhizome to obtain a very limited number of clonal copies

from the selected genotypes, but this method is expensive and involves a sanitary risk of spreading diseases (e.g.,

Fusarium sp.) to new plantations .

The dioecious character of Asparagus makes it impossible to use sexual reproduction for the generation of new elite

genotypes, varieties and the emerging interspecific hybrids.

The classic breeding methods to introgress foreign genes through interspecific sexual crossing are also extremely difficult

due to the incompatibility barriers existing between A. officinalis and Protoasparagus and Myrsiphyllum species, and even

inside the Asparagus genera, due to the different ploidy levels between the species . Still, there are

some wild relatives of A. officinalis, such as A. prostratus, A. maritimus, A. pseudoscaber, A. brachyphyllus, A.
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kasakstanicus, A. tenuifolius, A. macrorrhizus, A. persicus, A. breslerianus, A. verticillatus, A. kiusianus, A. oligoclonos,

that could be a source of genetic variability and new varieties through interspecific hybridization .

The use of biotechnological approaches can overcome these problems, and methods such as immature embryo rescue,

micropropagation, and regeneration through organogenesis, embryogenesis, storage, and preservation (cool incubation,

cryopreservation) can be applied successfully to obtain and preserve outstanding new genotypes. Due to climate change,

there is a growing demand by the asparagus sector for the release of new varieties wearing higher yields and resistant

against biotic (e.g., pest and diseases) and abiotic (e.g., drought, arid/hot climate conditions) stresses.

2. Micropropagation

Loo in 1945  published the first report about in vitro culture of asparagus, and since, multiple methods for

micropropagation of asparagus species have been published. Authors have reported different micropropagation methods

for Asparagus officinalis L.  and other wild species of asparagus .

According to them, three types of methods have been used: direct organogenesis, indirect organogenesis, and

embryogenesis.

2.1. Direct Organogenesis

The high genetic stability of the asparagus progenies micropropagated in vitro through direct organogenesis is the most

important characteristic of these methods for breeding purposes, resulting in the clonal multiplication of the selected

genotypes, always identical to the original elite one .

The growth and development of asparagus shoots from shoot tips or lateral buds was developed in the 70s and 80s in the

20th century .

The main problem during the micropropagation of asparagus is the induction of rooting. It is species-dependent as the

rate of rooting varies from almost null to perfect (e.g., in A. stipularis (9%) vs. 100% in A. cochinchinensis) in identical

conditions .

Thus, the most researchers working with this micropropagation method focus on obtaining high rates of rooting. High

doses of sucrose or glucose (6–7%) combined with NAA and KIN improve rooting success . The application of

plant growth retardants such as ancymidol (ANC) by Chin in 1982  substantially improved the rooting of asparagus

shoots obtained in vitro, and even today it is the choice of treatment for asparagus root induction in vitro. Chang and Peng

 improved the rate of rooting by supplementing the medium with ANC and high doses of sucrose (6%) and 162

mg·L  phloroglucinol (PG), reaching a 78% rooting in A. officinalis; and in the case of A. racemosus, an 85% rooting was

reached by supplementing the basic medium with PG alone .

The development of a new method of micropropagation based on the use of asparagus rhizome buds as primary explants

by Encina et al. in 2008  has opened a new opportunity for asparagus micropropagation by direct organogenesis.

The possibilities for the use of that type of explant were indicated by Aynsley and Marston in 1975 , but until 2014,

reports of that micropropagation method involving the culture of rhizome bud explants were not published . The method

consists of explant dissection, disinfection, and the in vitro establishment and incubation of rhizome bud explants of A.
officinalis in the MS medium supplemented with 0.7 mg·L  KIN, 0.5 mg·L  NAA, 2 mg·L  ANC and 6% sucrose. The

rates of shoot growth range from between 70 to 100%, with rooting rates of over 70%. With minor modifications, this

method has been used successfully to micropropagate other Asparagus species, such as A. brachyphyllus, A.
densiflorus cv. Sprengeri, A. maritimus, A. macrorrhizus, and A. pseudoscaber . The rhizome bud explants are

versatile and have also been used as initial explants in studies of polyploidization and cryopreservation .

2.2. Indirect Organogenesis

Methods involving the regeneration of adventitious shoots or full plantlets of asparagus from callus tissues or cells of

somatic origin  are normally applied for biotechnological breeding, frequently involving protoplasts cultures, an

ideal material to develop works of a mass selection of protoplasts/cells able to tolerate different biotic and abiotic stresses,

such as diseases, pests, toxins, extreme climate conditions, soil acidity, etc. , to introgress genes in asparagus

protoplasts , and in studies of regeneration, the heterokaryons through electrofusion of protoplasts obtained from

different species of asparagus .
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The application of organogenesis for asparagus breeding from callus of different origins has been possible due to

previous works on plant regeneration of different species, such as A. robustus , A. officinalis , and A.
densiflorus cv. Sprengeri .

The rooting of adventitious shoots regenerated from callus is still a problem. In general, methods of adventitious

regeneration in asparagus require a specific rooting step to root the regenerated shoots .

The regeneration of adventitious shoots or full plantlets is a method scarcely used in the micropropagation of selected

genotypes due to the possible genetic variability resulting in a high rate of progenies without the parental characteristics,

which is unsuitable.

2.3. Somatic Embryogenesis

The use of somatic embryos in asparagus breeding can be the screening against pathogens or toxins and the

induction/regeneration of genetically modified cells through biotechnological methods (recovery of

homokaryons/heterokaryons products of protoplast fusion, regeneration of mutant or elite cells, or genetically modified

genotypes).

The use of somatic embryogenesis in asparagus breeding is burdened by the strong influence of the genotype 

, making it difficult to obtain an efficient system of somatic embryogenesis with high levels of induction of somatic

embryos (SE), maturation, development, rooting and plantlet recovery. Another negative fact of using somatic embryos in

asparagus breeding is the low genetic stability of the progenies obtained after the long and aggressive process of the

induction of SE.

Studies of somatic embryogenesis have been reported for more than 80 varieties of A. officinalis and for some wild

species of asparagus such as A. breslerianus, A. cooperi and A. densiflorus cv Sprengeri , and shoot

apices obtained from seedlings recently germinated are the explant of choice to induce somatic embryos, without

discarding other types of explants (vg., spear sections, hypocotyls, internodal pieces, protoplasts, bud clusters, in vitro
stems, roots. and cladodes).

Several authors  reported that the method to induce asparagus somatic embryos is transferring

embryogenic callus to a medium lacking plant growth regulators (PGR), and that other changes in PGRs (e.g., ancymidol)

and/or in carbohydrates levels can improve the growth and maturation of somatic embryos 

.

The main concern with somatic embryos is the germination: since the 90s, several authors achieved the conversion of the

somatic embryos into plants with different degrees of success, but the bottleneck on plant conversion persists 

.

3. Manipulation of Ploidy

3.1. Anther Culture: Development of “All-Male” Asparagus Varieties

A. officinalis is a dioecious species, generating in nature a sex ratio of 1 male: 1 female in open-pollination conditions.

However, male plants present better agronomic traits than female plants: the lack of seeds in females turns them into

weeds the farmer must eliminate, and male plants show higher yields, longevity and tolerance to diseases than the female

plants . For all these reasons, the “all-male” cultivars are very appreciated by farmers.

A unique dominant gene (M), located on the homomorphic chromosome pair L5, determines the sex in asparagus ( .

In diploid asparagus (2n = 2x = 20), the female genotypes are homozygous recessive (mm) and the male genotypes are

heterozygous (Mm). Andromonoecious flowers may be present in some male plants, and the self-pollination of those

flowers can produce “super males” (MM) that can be used to develop “all-male” cultivars , just by being crossed with

a female genotype, because all the resulting progeny consist exclusively of male plants .

That strategy was used to develop “Lucullus”, the first commercial “all-male” variety . However, “super-males’’ are very

rare in asparagus populations (less than 2%), and these plants don’t always feature the best agronomic traits for breeding

. The introgression of andromonoecy into a good genetic background requires a long time . Hence, a faster

alternative is necessary to obtain these “super-males’’ from selected males with outstanding agronomic traits. The

development of di-haploids (DH) males (MM) through in vitro culture techniques offers a solution . Moreover, the “all-

male” cultivars obtained from “super-males’’’ di-haploids are F  hybrids, which are more uniform than the “all-male”
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cultivars generated with “super males” derived from the self-pollination of andromonoecious plants . The first F  all-

male hybrid obtained was “Andreas” , and in that case, the “super-male” parent was obtained by anther culture, but

asparagus “super-male” have also been obtained with success from the culture of isolated microspores . Most

authors opted for anther culture  because the important technical requirements of the culture of

isolated microspores limited the application of this technique. The microspore’s isolation from the anther and the

inoculation in a liquid medium are the most challenging stages of this method .

The success of anther culture is highly influenced by the genotype used  and by the developmental stage of the

microspores and the anther culture conditions. The late microspore stage, just before its asymmetrical division, is the

appropriate developmental stage for microspores to be successful in anther culture in many species , including A.
officinalis . However, the appropriate flower bud size to obtain microspores in late microspores is

genotype-dependent, and varies from 1 mm to 3 mm, which implies that to succeed in anther culture, it is necessary to

run a previous study of the relationship between the flower bud size and the developmental stage of the microspores for

each asparagus male genotype . To succeed in anther culture, it is necessary to induce the embryogenic

growth pathway in microspores. The beginning of this pathway consists of a symmetric division in microspores instead of

the asymmetric division that defines the first pollen mitosis . To induce this change in microspores’ growth

pathway, microspores in the late stages are submitted to different types of physicochemical stress (e.g., high/low

temperatures, carbon starvation, chemical inductors, auxins) , and these stress treatments are sometimes more

important than the use of plant growth regulators in the culture media to succeed in anther culture . In the case

of asparagus, the best stress treatment is a cold pretreatment at 4°C for a week followed by incubation at 32°C for four

weeks, being the optimal combination to obtain a high rate of callus proliferation from anthers . Different

protocols have been developed to regenerate plantlets from callus induced from anthers ; however, these

protocols are very long and involve several steps, basically the induction of embryogenic callus, induction of somatic

embryos, proliferation of somatic embryos, maturation, and germination of full plantlets derived from microspores. The

combination of para-chlorophenoxyacetic acid (pCPA) and BA induce shoot and root regeneration together with the callus

proliferation , shortening the time needed to obtain full plantlets derived from microspores and the number of

subcultures necessary for it, and reducing the possibilities of somaclonal variation . The occurrence of

endoreduplication is very usual in asparagus cells during the proliferation of callus obtained from anther culture 

, which makes it unnecessary to use polyploidization to obtain dihaploid genotypes from anther culture; even tetraploid

and octoploid asparagus have been regenerated from anther culture . The sex of asparagus regenerated from anther

can be determined with the sex-linked marker Asp1-T7 while waiting for their flowering . However, one of the

drawbacks of anther culture is that many of the male plants regenerated are heterozygous, originating from somatic cells

present in the walls and filaments of anthers . Molecular markers (RAPDs  and EST-SSRs ) have been

used to determinate the origin of the callus from which the asparagus has been regenerated (microspore or somatic cells)

and to select “super male” genotypes of Asparagus.

References

1. Kubituki, K.; Rudall, P.J. Asparagaceae. In The Families and Genera of Vascular Plants; Kubituki, K., Ed.; Springer:
Berlin/Heidenberg, Germany, 1998; Volume 3, pp. 125–128.

2. Kubota, S.; Konno, I.; Kanno, A. Molecular phylogeny of the genus Asparagus (Asparagaceae) explains interspecific
crossability between the garden asparagus (A. officinalis) and other Asparagus species. Theor. Appl. Genet. 2012, 124,
345–354.

3. Clifford, H.T.; Conran, J.G. 2. Asparagus, 3. Protoasparagus, 4. Myrsiphyllum. In Flora of Australia; George, A.S., Ed.;
Australian Government Publishing Service: Canberra, Australia, 1987; pp. 159–164.

4. Moreno, R.; Espejo, J.A.; Cabrera, A.; Millan, T.; Gil, J. Ploidic and molecular analysis of ‘Morado de Huetor’ Asparagus
(Asparagus officinalis L.) population: A Spanish tetraploid landrace. Genet. Resour. Crop Evol. 2006, 53, 729–736.

5. Moreno, R.; Espejo, J.A.; Cabrera, A.; Gil, J. Origin of tetraploid cultivated asparagus landraces inferred from nuclear
ribosomal DNA internal transcribed spacers’ polymorphisms. Ann. Appl. Biol. 2008, 153, 233–241.

6. Castro, P.; Gil, J.; Cabrera, A.; Moreno, R. Assessment of genetic diversity and phylogenetic relationship in Asparagus
species related to Asparagus officinalis. Genet. Resour. Crop Evol. 2013, 60, 1275–1288.

7. FAOSTAT Database. Food and Agricultural Organization, UN, Rome. 2021. Available online: http://faostat.fao.org/
(accessed on 15 February 2022).

[16]
1

[99]

[100][101]

[59][91][92][97][102][103][104]

[105]

[102][106]

[105]

[59][100][101][102][103]

[59][100][101][103]

[107][108][109]

[110]

[59][105][111]

[58][102][105]

[102][103][106]

[59]

[112]

[59][103][106]

[113]

[59]

[96][114]

[16][59][115] [116] [59]



8. Geoffriau, E.; Denoue, D.; Rameau, C. Assessment of genetic variation among asparagus (Asparagus officinalis L.)
populations and cultivars: Agromorphological and isozymic data. Euphytica 1992, 61, 169–179.

9. Knaflewsky, M. Genealogy of asparagus cultivars. In VIII International Asparagus Symposium 415; Nichols, M., Swain,
D., Eds.; Massey University: Palmerston North, New Zealand, 1996; pp. 87–91.

10. Corpas-Hervias, C.; Melero-Vara, J.M.; Molinero-Ruiz, M.L.; Zurera-Muñoz, C.; Basallote-Ureba, M.J. Characterization
of isolates of Fusarium spp. obtained from asparagus in Spain. Plant Dis. 2006, 90, 1441–1451.

11. Kunitake, H.; Nakashima, T.; Mori, K.; Tanaka, M. Somaclonal and chromosomal effects of genotype, ploidy and culture
duration in Asparagus officinalis L. Euphytica 1998, 102, 309–316.

12. Marcellán, O.N.; Camadro, E.L. Self- and cross-incompatibility in Asparagus officinalis and Asparagus densiflorus cv.
Sprengeri. Can. J. Bot. 1996, 74, 1621–1625.

13. Alberti, P.; Casali, P.E.; Barbaglio, E.; Toppino, L.; Mennella, G.; Falavigna, A. Interspecific hybridization for asparagus
breeding. In Proceedings of the XLVIII Italian Society of Agricultural Genetics–SIFV-SIGA Joint Meeting, Lecce, Italy,
15–18 September 2004.

14. Ito, T.; Ochiai, T.; Fukuda, T.; Ashizawa, H.; Sonoda, T.; Kameya, T.; Kanno, A. Potential of interspecific hybrids in
Asparagaceae. Acta Hortic. 2008, 776, 279–284.

15. Falavigna, A.; Alberti, P.; Casali, P.E.; Toppino, L.; Huaisong, W.; Mennella, G. Interspecific hybridization for asparagus
breeding in Italy. Acta Hortic. 2008, 776, 291–298.

16. Riccardi, P.; Casali, P.E.; Mercati, F.; Falavigna, A.; Sunseri, F. Genetic characterization of asparagus doubled haploids
collection and wild relatives. Sci. Hortic. 2011, 130, 691–700.

17. Chen, X.; Tamanian, K.G. Asparagus. In Flora of China; Wu, Z.Y., Raven, P.H., Eds.; Missouri Botanical Garden Press:
St. Louis, MO, USA, 2000; Volume 24, pp. 139–146.

18. Amian, L.; Rubio, J.; Castro, P.; Gil, J.; Moreno, R. Introgression of wild relative Asparagus spp. germplasm into the
Spanish landrace “Morado de Huétor”. Acta Hortic. 2018, 1223, 33–38.

19. Garcia, V.; Castro, P.; Turbet-Delof, M.; Gil, J.; Moreno, R. Development and diversity analysis of an hexaploid pre-
breeding asparagus population with introgressions from wild relative species. Sci. Hortic. 2021, 287, 110273.

20. Loo, S. Cultivation of Excised Stem Tips of Asparagus In Vitro. Am. J. Bot. 1945, 32, 13–17.

21. Yang, H.J.; Clore, W.J. Rapid vegetative propagation of asparagus through lateral bud culture. HortScience 1973, 8,
141–143.

22. Chin, C.K. Promotion of shoot and root formation in asparagus in vitro by ancymidol. HortScience 1982, 17, 590–591.

23. Desjardins, Y.; Tiessen, H.; Harney, P.M. The effect of sucrose and ancymidol on the in vitro rooting of nodal sections of
asparagus. HortScience 1987, 22, 131–133.

24. Kunitake, H.; Mii, M. Somatic embryogenesis and plant regeneration from protoplasts of asparagus (Asparagus
officinalis L.). Plant Cell Rep. 1990, 8, 706–710.

25. Kohmura, H.; Chokyu, S.; Harada, T. Application of a new micropropagation system involving induction of bud clusters
and somatic embryogenesis in asparagus. Acta Hortic. 1996, 415, 119–128.

26. Limanton-Grevet, A.; Sotta, B.; Brown, S.; Jullien, M. Analysis of habituated embryogenic lines in Asparagus officinalis
L.: Growth characteristics, hormonal content and ploidy level of calli and regenerated plants. Plant Sci. 2000, 160, 15–
26.

27. Pontaroli, A.C.; Camadro, E.L. Somaclonal variation in Asparagus officinalis plants regenerated by organogenesis from
long-term callus cultures. Genet. Mol. Biol. 2005, 28, 423–430.

28. Encina, C.; Caro, E.; Padilla, I.M.G.; Westendorp, N.; Carmona Martín, E.; Barceló-Muñoz, A.; Vidoy Mercado, I.
Procedimiento Para la Propagación In Vitro del Espárrago. Patente ES2349102, 2008. Priority 15 December 2008.
Granted Date 3 October 2012. Available online: http://hdl.handle.net/10261/31713 (accessed on 6 April 2022).

29. Carmona-Martin, E.; Regalado, J.J.; Padilla, I.M.G.; Westendorp, N.; Encina, C.L. A new and efficient micropropagation
method and its breeding applications in Asparagus genera. Plant Cell Tissue Organ Cult. 2014, 119, 479–488.

30. Ghosh, B.; Sen, S. Stable regeneration in Asparagus cooperi Baker as controlled by different factors. Plant Sci. 1992,
82, 119–124.

31. Ghosh, B.; Sen, S. Plant Regeneration in Asparagus verticillatus L. J. Herbs Spices Med. Plants 1996, 4, 9–17.

32. Benmoussa, M.; Mukhopadhyay, S.; Desjardins, Y. Optimization of callus culture and shoot multiplication of Asparagus
densiflorus. Plant Cell Tissue Organ Cult. 1996, 47, 91–94.



33. Benmoussa, M.; Mukhopadhyay, S.; Desjardins, Y. Factors influencing regeneration from protoplasts of Asparagus
densiflorus cv. Sprengerii. Plant Cell Rep. 1997, 17, 123–128.

34. Dasgupta, C.N.; Mukhopadhyay, M.J.; Mukhopadhyay, S. Somatic Embryogenesis in Asparagus densiflorus (Kunth)
Jessop cv. Sprengeri. J. Plant Biochem. Biotechnol. 2007, 16, 145–149.

35. Mousavizadeh, S.J.; Mashayekhia, K.; Hassandokht, M.R. Indirect somatic embryogenesis on rare octoploid
Asparagus breslerianus plants. Sci. Hortic. 2017, 226, 84–190.

36. Regalado, J.J.; Carmona-Martín, E.; Castro, P.; Moreno, R.; Gil, J.; Encina, C.L. Micropropagation of wild species of
the genus Asparagus L. and their interspecific hybrids with cultivated A officinalis L., and verification of genetic stability
using EST-SSRs. Plant Cell Tissue Organ Cult. 2015, 121, 501–510.

37. Regalado, J.J.; Carmona-Martin, E.; López-Granero, M.; Jiménez-Araujo, A.; Castro, P.; Encina, C.L. Micropropagation
of Asparagus macrorrhizus, a Spanish endemic species in extreme extinction risk. Plant Cell Tissue Organ Cult. 2018,
132, 573–578.

38. Kim, Y.G.; Okello, D.; Yang, S.; Komakech, R.; Rahmat, E.; Kang, Y. Histological assessment of regenerating plant at
callus, shoot organogenesis and plantlet stages during in vitro micropropagation of Asparagus cochinchinensis. Plany
Cell Tissue Organ Cult. 2021, 144, 421–433.

39. Murashige, T.; Shabde, M.N.; Hasegawa, P.M.; Takatori, F.H.; Jones, J.B. Propagation of asparagus through shoot
apex culture. I. Nutrient medium for formation of plantlets. J. Am. Soc. Hort. Sci. 1972, 97, 158–161.

40. Hasegawa, P.M.; Murashige, T.; Takatori, F.H. Propagation of asparagus through shoot apex culture. II Light and
temperatura requirements, transplantability of plants, and cyto-histological characteristics. J. Am. Soc. Hort. Sci. 1973,
98, 143–148.

41. Doré, C. Chromosome doubling of Asparagus (Asparagus officinalis) haploids by in vitro culture of colchicine treated
meristems. Ann. L’amelioration Plantes 1976, 26, 647–653.

42. Yang, H.J. Tissue culture technique developed for asparagus propagation. HortScience 1977, 12, 16–17.

43. Khunachak, A.; Chin, C.K.; Le, T.; Gianfagna, T. Promotion of asparagus shoot and root growth by growth retardants.
Plant Cell Tissue Organ Cult. 1987, 11, 97–110.

44. Volokita, M.; Levi, I.; Sink, K.C. A revised protocol for micropropagation of asparagus. Asparagus Res. Newsl. 1987, 5,
8–17.

45. Ulukapi, K.; Nasircilar, A.G.; Onus, A.N.; Baktir, I. In vitro propagation and determination of the nutrient content of
naturally grown Asparagus stipularis, Forssk. Arch. Biol. Sci. 2014, 66, 1333–1338.

46. Conner, A.J.; Falloon, P.G. Osmotic versus nutritional effects when rooting in vitro asparagus minicrowns on high
sucrose media. Plant Sci. 1993, 89, 101–106.

47. Shigeta, J.; Sato, K.; Tanaka, S.; Nakayama, M.; Mii, M. Efficient plant regeneration of asparagus by inducing normal
roots from in vitro multiplied shoot explants using gellam gum and glucose. Plant Sci. 1996, 113, 99–104.

48. Chang, D.C.N.; Peng, K.H. Phloroglucinol and tryptone enhance in vitro rooting and survival rate of asparagus nodal
sections. Acta Hortic. 1996, 415, 411–416.

49. Bopana, N.; Saxena, S. In vitro propagation of a high value medicinal plant: Asparagus racemosus Willd. In Vitro Cell.
Dev. Biol.-Plant 2008, 44, 525–532.

50. Saxena, S.; Bopana, N. In vitro clonal propagation of Asparagus racemosus, a high value medicinal plant. Methods
Mol. Biol. 2009, 547, 179–189.

51. Aynsley, J.S.; Marston, M.E. Aerial plantlet formation in Asparagus officinalis L. Sci. Hortic. 1975, 3, 149–155.

52. Regalado, J.J.; Carmona-Martin, E.; Castro, P.; Moreno, R.; Gil, J.; Encina, C.L. Study of the somaclonal variation
produced by different methods of polyploidization in Asparagus officinalis L. Plant Cell Tissue Organ Cult. 2015, 122,
31–34.

53. Carmona-Martin, E.; Regalado, J.J.; Padilla, I.M.G.; Peran-Quesada, R.; Encina, C.L. Cryopreservation of rhizome bud
of Asparagus officinalis L. (cv. Morado de Huetor) and evaluation of their genetic stability. Plant Cell Tissue Organ Cult.
2018, 133, 395–403.

54. Bui-Dang-Ha, D.; Norreel, B.; Masset, A. Regeneration of Asparagus officinalis L. through callus cultures derived from
protoplasts. J. Exp. Bot. 1975, 26, 263–270.

55. Dan, Y.H.; Stephens, C.T. Regeneration of plants from protoplasts of Asparagus officinalis L. In Plant Protoplasts and
Genetic Engineering V. Biotechnology in Agriculture and Forestry; Bajaj, Y.P.S., Ed.; Springer: Berlin/Heidelberg,
Germany, 1994; Volume 29, pp. 3–15.



56. Mukhopadhyay, S.; Overney, S.; Yelle, S.; Desjardins, Y. Regeneration of transgenic plants from electroporated
protoplasts of Asparagus officinalis L. J. Plant Biochem. Biotech. 2002, 11, 57–60.

57. Mukhopadhyay, S.; Desjardins, Y. Direct gene transfer to protoplasts of two genotypes of Asparagus officinalis L by
electroporation. Plant Cell Rep. 1994, 13, 421–424.

58. Nayak, S.; Sen, S. Regeneration of Asparagus robustus. Hort. J. Herbs Species Med. Plants 1998, 5, 43–50.

59. Regalado, J.J.; Carmona-Martin, E.; Madrid, E.; Moreno, R.; Gil, J.; Encina, C.L. Production of “super-males” of
asparagus by anther culture and its detection with SSR-ESTs. Plant Cell Tissue Organ Cult. 2016, 124, 119–135.

60. Azad, M.A.; Amin, M.N. Regeneration of Asparagus officinalis L. through Embryogenic Callus. Plant Tissue Cult.
Biotechnol. 2017, 27, 21–31.

61. Pontaroli, A.C.; Camadro, E.L. Plant regeneration after long-term callus culture in clones of Asparagus officinalis.
Biocell 2005, 29, 313–317.

62. Delbreil, B.; Goebel-Tourand, I.; Lefrancois, C.; Jullien, M. Isolation and Characterization of Long-term Embryogenic
Lines in Asparagus officinalis L. J. Plant Physiol. 1994, 144, 194–200.

63. Li, B.; Wolyn, D.J. Temperature and genotype affect asparagus somatic embryogenesis. In Vitro Cell. Dev. Biol.-Plant
1996, 32, 136–139.

64. Chen, G.Y.; Conner, A.J.; Christey, M.C.; Fautrier, A.G.; Field, R.J. Culture and Regeneration of Protoplasts from
Shoots of Asparagus Cultures. Int. J. Plant Sci. 1997, 158, 543–551.

65. Kunitake, H.; Mii, M. Somatic Embryogenesis and Its Application for Breeding and Micropropagation in Asparagus
(Asparagus officinalis L.). Plant Biotechnol. 1998, 15, 51–61.

66. Ghosh, B.; Sen, S. Plant regeneration through somatic embryogenesis from spear callus culture of Asparagus cooperi
Baker. Plant Cell Rep. 1991, 9, 667–670.

67. Ghosh, B.; Sen, S. Plant regeneration from alginate encapsulated somatic embryos of Asparagus cooperi Baker. Plant
Cell Rep. 1994, 13, 381–385.

68. Ghosh, B.; Sen, S. Suspension culture, somatic embryogenesis and stable regeneration in Asparagus cooperi Baker.
Cytobios 1996, 87, 189–200.

69. Saito, T.; Nishizawa, S. Improved culture conditions for somatic embryogenesis from Asparagus officinalis L using and
aseptic ventilate filter. Plant Cell Rep. 1991, 10, 230–234.

70. Odake, Y.; Udagawa, A.; Saga, H.; Mii, M. Somatic embryogenesis of tetraploid plants from internodal segments of a
diploid cultivar of Asparagus officinalis L. grown in liquid culture. Plant Sci. 1993, 94, 173–177.

71. Mukhopadhyay, S.; Desjardins, Y. Plant regeneration from Protoplast-derived Somatic Embryos of Asparagus officinalis
L. J. Plant Physiol. 1994, 144, 94–99.

72. Khomura, H.; Ito, T.; Shigemoto, N.; Imoto, M.; Yoshikawa, H. Comparison of growth, yield, and flowering
characteristics between micropropagated asparagus clones derived by somatic embryogenesis and seed-propagated
progenies. J. Jpn. Soc. Hort. Sci. 1996, 65, 311–319.

73. Maeda, T.; Ozaki, Y.; Sonoda, T.; Inoue, N.; Narikiyo, K.; Okubo, H. Sex-conversion from male to female during somatic
embryogenesis from protoplasts in asparagus (Asparagus officinalis L.). J. Fac. Agric. Kyushu Univ. 2005, 50, 585–
592.

74. Levi, A.; Sink, K.C. Somatic embryogenesis in asparagus: The role of explants and growth regulators. Plant Cell Rep.
1991, 10, 71–75.

75. Levi, A.; Sink, K.C. Asparagus somatic embryos: Production in suspension culture and conversion to plantlets on
solidified medium as influences by carbohydrate regime. Plant Cell Tissue Organ Cult. 1992, 31, 115–122.

76. Kohmura, H.; Chokyu, S.; Harada, J.T. An effective micropropagation system using embryogenic calli induced from bud
clusters in Asparagus officinalis. J. Jpn. Soc. Hort. Sci. 1994, 63, 51–59.

77. Li, B.; Wolyn, D.J. The effects of ancymidol, abscisic acid, uniconazole and paclobutrazol on somatic embryogenesis of
asparagus. Plant Cell Rep. 1995, 14, 29–533.

78. Li, B.; Wolyn, D.J. Abscisic acid and ancymidol promote conversion of somatic embryos to plantlets and secondary
embryogenesis in Asparagus officinalis L. In Vitro Cell Dev. Biol.-Plant 1996, 32, 223–226.

79. Li, B.; Wolyn, D.J. Interactions of ancymidol with sucrose and α-naphthaleneacetic acid in promoting asparagus
(Asparagus officinalis L.) somatic embryogenesis. Plant Cell Rep. 1997, 16, 879–883.

80. May, R.A.; Sink, K.C. Effect of genotype and auxin on direct somatic embryogenesis from protoplasts derived from
embryogenic suspension cultures of Asparagus officinalis L. Acta Hortic. 1996, 415, 237–248.



81. May, R.A.; Sink, K.C. Genotype and auxin influence on direct somatic embryogenesis from protoplasts derived from
embryogenic cell suspensions of Asparagus officinalis L. Plant Sci. 1995, 108, 71–84.

82. Mamiya, K.; Sakamoto, Y. Effects of Sugar Concentration and Strength of Basal Medium on Conversion of Somatic
Embryos in Asparagus officinalis L. Sci. Hortic. 2000, 84, 15–26.

83. Mamiya, K.; Sakamoto, Y. Nitrilo triacetate increases the rate of single somatic embryos on Asparagus officinalis. J.
Plant Physiol. 2002, 159, 553–556.

84. Dasgupta, C.N.; Mukhopadhyay, M.J.; Mukhopadhyay, S. Regeneration of a Tetraploid Clone from Callus Culture of
Asparagus officinalis L. through Somatic Embryogenesis. Cytologia 2003, 68, 219–223.

85. Kunitake, H.; Nakashima, T.; Mori, K.; Tanaka, M. Normalization of asparagus somatic embryogenesis using a maltose-
containing medium. J. Plant Physiol. 1997, 150, 458–461.

86. Raimondi, J.P.; Masuelli, R.W.; Camadro, E.L. Assessment of somaclonal variation in asparagus by RAPD
fingerprinting and cytogenetic analysis. Sci. Hort. 2001, 90, 19–29.

87. Ellison, J.H.; Kinelski, J.J. ‘Greenwich, a male asparagus hybrid’. HortScience 1986, 21, 1249.

88. Lopez-Anido, F.; Cointry, E. Asparagus. In Vegetables II: Fabaceae, Liliacea, Solanaceae, and Umbeliferae; Prohens,
J., Nuez, F., Eds.; Springer: New York, NY, USA, 2008; pp. 87–119.

89. Flory, W.S. Genetic and cytological investigations on Asparagus officinalis L. Genetics 1932, 17, 432–467.

90. Löptien, H. Identification of the sex choromosome pair in asparagus (Asparagus officinalis L.). Z. Pflanzenzuchtg. 1979,
82, 162–173.

91. Ellison, J.H.; Kinelski, J.J. Jersey Giant, an all-male asparagus hybrid. HortScience 1985, 20, 1141.

92. Ellison, J.H.; Garrison, S.A.; Kinelski, J.J. Male asparagus hybrids—Jersey Gem, Jersey General, Jersey King, Jersey
Knight, and Jersey Titan. HortScience 1990, 25, 816–817.

93. Sneep, J. The significance of andromonoecy for the breeding of Asparagus officinalis L. Euphytica 1953, 2, 89–95.

94. Boonen, P. Espárrago: Variedades, investigación científica y producción comercial de la semilla en los Países Bajos. In
Proceedings of the II Jornadas técnicas del espárrago, Pamplona, Spain, 1 June 1988; pp. 267–275.

95. Galli, L.; Viégas, J.; Augustin, E.; Eckert, M.I.; Da Silva, J.B. Meiosis of anther culture regenerants in asparagus
(Asparagus officinalis L.). Genet. Mol. Biol. 1998, 21, 93–97.

96. Regalado, J.J.; Gil, J.; Castro, P.; Moreno, R.; Encina, C.L. Employment of molecular markers to develop tetraploid
“supermale” asparagus from andromonoecious plants of the landrace ‘Morado de Huétor’. Span. J. Agric. Res. 2014,
12, 1131–1136.

97. Doré, C. Production de plantes homozygotes mâles et females à partir d’anthères d’asperge, cultivées in vitro. CR
Acad. Sci. 1974, 278, 2135–2138.

98. Doré, C. Asparagus anther culture and field trials of dihaploids and F1 hybrids. In Haploids in Crop Improvement. I.
Biotechnology in Agriculture and Forestry; Bajaj, Y.P.S., Ed.; Springer: Berlin/Heidelberg, Germany, 1990; Volume 12,
pp. 322–345.

99. Corriols, L.; Doré, C.; Rameau, C. Commercial release in France of Andreas, the first asparagus all male F1 hybrid.
Acta Hortic. 1990, 271, 249–252.

100. Zhang, C.; Wang, H.; Ma, Y.; Kang, Y. Regeneration of haploid plants from isolated microspores of asparagus
(Asparagus officinalis L.). Plant Cell Rep. 1994, 13, 637–640.

101. Delaitre, C.; Ochatt, S.; Deleury, E. Electroporation modulates the embryogénie responses of asparagus (Asparagus
officinalis L.) microspores. Protoplasma 2001, 216, 39–46.

102. Qiao, Y.M.; Falavigna, A. An improved in vitro anther culture method for obtaining double-haploid clones of asparagus.
Acta Hortic. 1990, 271, 145–150.

103. Feng, X.R.; Wolyn, D.J. High frequency production of haploid embryos in asparagus anther culture. Plant Cell Rep.
1991, 10, 574–578.

104. Falavigna, A.; Casali, P.E.; Battaglia, A. Achievement of asparagus breeding in Italy. Acta Hortic. 1999, 479, 67–74.

105. Seguí-Simarro, J.M. Androgenesis Revisited. Bot. Rev. 2010, 76, 377–404.

106. Wolyn, D.J.; Feng, X. Genotype, temperature, and sampling date affect embryogeneis in Asparagus anther culture.
HortScience 1993, 28, 216–217.

107. Zaki, M.A.M.; Dickinson, H.G. Microspore-derived embryos in Brassica: The significance of division symmetry in pollen
mitosis I to embryogenic development. Sex. Plant Reprod. 1991, 4, 48–55.



108. Simmonds, D.H.; Keller, W.A. Significance of preprophase bands of microtubules in the induction of microspore
embryogenesis of Brassica napus. Planta 1999, 208, 383–391.

109. Smykal, P. Pollen embryogenesis—the stress mediated switch from gametophytic to sporophytic development. Current
status and future prospects. Biol. Plant 2000, 43, 481–489.

110. Shariatpanahi, M.E.; Bal, U.; Heberle-Bors, E.; Touraev, A. Stresses applied for the reprogramming of plant
microspores towards in vitro embryogenesis. Physiol. Plant 2006, 127, 519–534.

111. Aionesei, T.; Touraev, A.; Heberle-Bors, E. Pathways to microspore embryogenesis. In Haploids in Crop Improvement
II; Palmer, C.E., Keller, W.A., Kasha, K.J., Eds.; Springer: Berlin/Heidelberg, Germany, 2005; Volume 56, pp. 11–34.

112. Bairu, M.W.; Aremu, A.O.; Van Staden, J. Somaclonal variation in plants: Causes and detection methods. Plant Growth
Regul. 2011, 63, 147–173.

113. Shiga, I.; Uno, Y.; Kanechi, M.; Inagaki, N. Identification of polyploidy of in vitro anther-derived shoots of Asparagus
officinalis L. by flow cytometry analysis and measurement of stomatal length. J. Jpn. Soc. Hort. Sci. 2009, 78, 103–108.

114. Jamsari, A.; Nitz, I.; Reamon-Büttner, S.M.; Jung, C. BAC-derived diagnostic markers for sex determination in
asparagus. Theor. Appl. Genet. 2004, 108, 1140–1146.

115. Falavigna, A.; Casali, P.E.; Tacconi, M.G. Advances in asparagus breeding following in vitro anther culture. Acta Hortic
1996, 415, 137–142.

116. Eimert, K.; Reutter, G.; Strolka, B. Fast and reliable detection of doubled-haploids in Asparagus officinalis by stringent
RAPD-PCR. J. Agric. Sci. 2003, 141, 73–78.

Retrieved from https://encyclopedia.pub/entry/history/show/55948


