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Abstract

A plant regeneration system was established from hypocotyl explants of in vitro
grown seedlings of A. officinalis and in vitro proliferated shoots, respectively
through somatic embryogenesis and embryogenic calli. Somatic embryogenesis
was significantly influenced by the types of plant growth regulators.
Embryogenic calli with somatic embryos developed well in MS supplemented
with 2.0 - 40 pM BAP and 1.0 - 4.0 uM 22,4-D, NAA or IBA. The highest
frequency (95.3%) of embryogenic calli and 55.2 somatic embryos formation were
obtained when the MS was amended with 4.0 uM BAP and 2.0 uM 2,4-D. The best
embryo germination occurred in 1.0 pM BAP supplemented MMS. The highest
97.2% of shoot proliferation was observed in embryogenic calli in MS medium
containing 2.0 uM BAP and 1.0 uM IBA. In vitro grown shoots were rooted in
MMS with 1.0 - 2.0 pM IBA. Regenerants were transferred to vermicompost and
successfully established under an ex vitro environment in garden soil with 80%
survival rate.

Introduction

The vegetable asparagus (Asparagus officinalis L.) is a dioecious perennial herb of
Asparagaceae (formerly Liliaceae). A. officinalis is native to Europe, Asia and
north-western Africa. It is grown worldwide as a crop, particularly in North and
South America, China and Europe. The male plant of the species produces well
developed and succulent spring stalks, popularly known as spears /strains. Only
young shoots of asparagus are commonly eaten. It is the best known and
economically important garden species cultivated as a green tender vegetable
(Grubben and Denton 2004, USDA 2007).
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A. officinalis is known to be a strong diuretic and is used in the treatment of
urinary problems such as cystitis. It is also useful in the treatment of rheumatic
conditions, is a mild laxative and sedative, and is considered useful in the
treatment of a range of maladies from arthrosis to tuberculosis. The amino acid
asparagine gets its name from asparagus, as the asparagus plant is relatively rich
in this compound (Leung and Foster 1980, Jang et al. 2004). Asparagus is also a
rich source of glutathione, a powerful antioxidant that is known to boost the
immune system, reduce inflammation and maintain the health of the liver
(Kappor 2001, Chrubasik et al. 2006, Dartsch 2008a,b, Pam 2010). Individual tree
varieties which are established in vitro through somatic embryogenesis and
propagated through the production of somatic embryos are analogous to seeds.

A. officinalis is normally propagated through seeds and rhizomes; but this is a
slow process that results in smaller number of new propagules (Reuther 1984). To
meet the growing demand for this species poses a major challenge, in vitro
propagation can be of immense value in offsetting the pressure on natural
populations, thereby conserving the species. The present study was aimed at
developing an efficient propagation protocol for the production of clonally
uniform plants through somatic embryogenesis and organogenesis method
(Makris and Rossiter 2001).

Materials and Methods

Seeds of Asparagus officinalis were collected from Japan. These seeds were
surface-sterilized with 70.0% EtOH for 3 min. Sterilized seeds were germinated
on hormone-free MS. The seeds germinated within 3 weeks and gave rise to
shoots that developed two to three nodes five to six weeks later. Shoots were then
propagated by subculturing single-node cuttings at 4-week intervals in MS with
BAP (2.0 - 4.0 uM).

Hypocotyl explants were prepared from 6-week-old aseptically grown
seedlings. These explants were cultured in MS containing different concentrations
of BAP (2.0 - 4.0 pM) in combination with either 2,4-D (1.0 - 4.0 uM), NAA or IBA
for the induction of embryogenic calli and somatic embryos. Hypocotyl explants
were also cultured in B5(Gamborg et al. 1968), MMS (half strength of MS basal
salts), and WPM (Lloyd and McCown 1981) media, with the addition of 4.0 pM
BAP plus 2.0 uM 2,4-D, NAA or IBA to determine the effects of media on somatic
embryogenesis. For the germination of somatic embryos (SEs), the individual
embryos were cultured in an MMS basal medium with 2.0% sucrose and a low
concentration (0.5 - 2.0 uM) of BAP and Kn, 10 - 30% CW (Coconut water) or
without the addition of any plant-growth regulators.
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The embryogenic calli (approx. 0.5 - 1.0 g) were transferred to MS medium
supplemented with various concentrations and combinations of BAP (2.0 - 4.0
puM) and NAA or IBA (0.5 - 2.0 pM) for adventitious shoot regeneration. The data
were recorded after eight weeks of culture initiation: percentage of shoot
formation, number of total shoots per culture, and average length of shoots per
culture. Embryogenic calli-derived shoots were rooted in MMS supplemented
with different concentrations (0.5 - 4.0 uM) of IBA, NAA, or IAA. All culture
media were adjusted to pH 5.7 £ 0.1, fortified with 3.0% sucrose (w/v) (except
embryo germination medium), and gelled with 8.0% agar. The cultures were
grown at 25 £ 1°C under the illumination of cool-white fluorescence tubular lamp
with a light intensity of 50 umol-m2-s for a 16 hrs photoperiod.

Twenty replicates of all experiments were conducted. Experiments were
repeated four times. The effects of different treatments were quantified, and the
data were analyzed using ANOVA. Tukey’s multiple comparison was used to
distinguish differences between treatments.

Results and Discussion

Callusing started at the different points on the surfaces of the hypocol explants
after 3 - 4 weeks of culture, irrespective of the kinds of growth regulators used in
this experiment. The calli successfully produced globular to early stage of
embryos (Fig. 1A-B). Present experiment reveled that BAP with 2,4-D or NAA
was the most efficient combination for producing embryogenic calli and somatic
embryos from hypocotyl explants of A. officinalis. MS with BAP (4.0 uM) plus
2,4-D (2.0 pM) or NAA enhanced embryogenic callus formation and somatic
embryo proliferation from the hypocotyl, the frequencies was 95.3 and 85.0% ,
respectively (Table 1). The highest average number of somatic embryos per
culture was recorded as 55.2 and 38.3 from hypocotyl explants. The proliferation
of embryogenic calli was faster in the media with BAP plus 2,4-D than in those
with BAP plus NAA or BAP plus IBA which required a short period to produce
an appreciable number of calli where the initial calli were white-greenish, nodular,
and friable in morphological nature. Tawfik and Noga (2002) reported that 2,4-D
and Kn was the most suitable combination for producing embryogenic calli in
Cuminum cyminum where this combination failed to induce any somatic embryos.
When the calli subcultured in PGRs free MS, they produced somatic embryos.
Our experiment showed that BAP with 2,4-D combination produced
embryogenic calli simultaneously produced somatic embryos where no embryo
formation was observed in PGRs free medium.
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For producing somatic embryos as well as embryogenic calli from hypocotyl
explants, different types of basal media were also used in this experiments.
Among the different basal media treatments, MS containing 4.0 pM BAP plus 2.0
uM 2,4-D induced embryo differentiation at high rates, and the frequencies of
embryogenic callus formation was 95.3. The lowest number (10.1) of embryo
development was obtained in cultures in WPM medium supplemented with 4.0
uM BAP and 2.0 uM IBA. Considerable embryogenic callus and SE formation
were achieved from hypocotyl explant of A. officinalis in MMS and B5 medium
having 4.0 uM BAP plus 2.0 uM 2,4-D.

Table 1. Effects of plant growth regulators and culture media on embryogenic callus and
somatic embryo formation from hypocotyl explants.

Type of medium PGR* Embryogenic callus formation =~ No. of embryos
(%)

MS PGR1 953+14a 552+1.1a
PGR2 85.0+1.1b 383+1.2b
PGR3 65.5+1.2c¢ 321+14b

MMS PGR1 60.2+15c¢ 40.1+15b
PGR2 51.1+2.0d 385+1.2b
PGR3 403+14e 251+14c

B5 PGR1 62.1+1.6c 411+1.1b
PGR2 532+13d 352+05b
PGR3 422+1.1e 26.1+1.0c

WPM PGR1 452 +20e 20.2+05¢
PGR2 363+t11e 152+1.1d
PGR3 283+13f 10.1+14e

Values represent means * standard error of 20 explants per treatment in four repeated experiments.
Means followed by the same letters are not significantly different by Tukey’s multiple comparison test
at 0.05 probability level. *PGR1 = 4.0 uM BAP + 2.0 uM 2,4-D; PGR2 = 4.0 uM BAP + 2.0 uM NAA;
PGR3 =4.0 uM BAP + 2.0 uM IBA

The number, color, size, shape, and appearance time of the induced
embryogenic calli varied among the rice cultivars depending on the type of basal
medium (LS, MS, N6). Lee et al. (2002) reported that supplemented of N6 medium
was most efficient for induction of the embryogenic calli, where the overall rates
ranged was from 30 to 56%. In that medium Kn was more effective for shoot
regeneration compared with BA, while the highest shoot regeneration frequencies
were 67 - 77% when cytokinin was combined with high concentration (10.74 pM)
of NAA. In our study we used four types basal medium (MS, MMS, B5 and WPM)
and three types of plant growth regulators. Among these media and plant growth
regulators MS and 4.0 pM BAP plus 2.0 uM 2,4-D were the most efficient basal
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medium and plant growth regulator, respectively for induction of embryogenic
callus and somatic embryos.

Individual embryos were easily separated from the maternal tissues, as they
were loosely attached at the radicle end to the mother explant (Fig. 1B). Such
embryos were easily converted into plantlets in MMS containing 2.0% sucrose
without the addition of any PGRs. In this medium, the highest embryo
germination rate of 86.3 was observed. On the other hand, addition of 20% CW in
MS showed a considerable higher germination rate (70.5%), which was followed
by 1.0 uM Kn (Table 2). Moreover, satisfactory embryo germination was observed
on MS with a low (0.5 M) concentration of NAA (data not shown in Table 2).
When SEs of A. officinalis were maintained in an embryo-induction medium (MS +
4.0 uM BAP + 2.0 uM 2,4-D, NAA or IBA without transfer for approximately 3
months, about 20.0 - 45.0% (data not shown) of the embryos germinated and
developed into normal plantlets, probably due to

Table 2. Effects of cytokinins on somatic embryo germination. Values represent the
mean of 20 replicates per treatment in four repeated experiment.

PGR Concentrations of PGR Embryo Survival rate of
(M) germination (%) embryos (%)
Control (HO) 0.0 352+1.0e 703+1.8Db
BAP 0.5 785+12b 735+1.1b
1.0 86.3+16a 65.1+1.6b
2.0 55.5+1.3d 51.2+0.7 c
Kn 0.5 56.3+0.8d 61.2+15b
1.0 65.4+14c 53.1+1.3c¢
2.0 380+1.1e 35.6+0.7d
(%Y 10% 602+1.0d 66.1+12b
20% 705+1.0c¢ 72.7+1.7b
30% 65.6+0.7 804+0.7a

Values represent means + standard error of 20 explants per treatment in four repeated
experiments. Means followed by the same letters are not significantly different by Tukey’s
multiple comparison test at 0.05 probability level.

desiccation caused by the increased osmoticum in the solid medium. Junaid et al.
(2006) reported that somatic embryo maturation and germination in Catharanthus
roseaus occurred when 3.0% sucrose and 2.22 uM BAP supplement MS was used.
In our study, SEs that were induced in a 2,4-D-containing medium developed
only shoots but failed to produce any roots. During the maturation stage the
somatic embryos undergo various morphological and biochemical changes. The
synthesis and accumulation of storage and late embryogenesis abundant proteins
during somatic embryos maturation are usually regulated through stress induced
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Fig. 1. Plant regeneration through somatic embryo and embryogenic calli. A. Proliferation of somatic
embryos on MS containing BAP (4.0 uM) plus 2,4-D (2.0 uM) after eight weeks. B. Somatic
embryo germination on MS containing BAP (1.0 uM) after six weeks. C-D. Development of
adventitious shoots from embryogenic calli on MS containing BAP (2.0 uM) plus IBA (1.0 pM)
after seven 7 weeks (C) and ten weeks (D). E. Rooting of in vitro proliferated shoots on MMS
containing IBA (2.0 uM) after six weeks. F. Acclimated plants growing under field conditions
after three months of transfer to soil.

through stress induced gene expression. Seventy per cent of somatic embryos
germinated into plantlets within six weeks. Fifty regenerated plants were
transplanted to small plastic pots containing vermicompost and kept in a culture
room for 8 weeks for hardening under diffuse light (16 hrs photoperiod;
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temperature 25 + 1°C; relative humidity 65.0%). The plants were irrigated once in
3 days and fertilized with MS (V4 strength) basal-salt solutions devoid of sucrose
and myo-inositol at weekly intervals. Then, the plants were transferred to pots
containing garden soil and reared in the polythene-tent. Irrigation and fertilizer
treatment were continued. Out of 50 plants transferred, 40 survived after one
month of transplantation to the polythene-tent. The surviving plantlets did not
show any detectable variations in morphological or growth characteristics from
the donor plants.

Table 3. Effects of different concentrations and combinations of cytokinin and auxin on
adventitious shoot regeneration embryogenic calli.

Plant growth Shoot formation Total shoots/ Av. length of shoots/
regulators (uUM) (%) culture culture (cm)
BAP +IBA
20+05 945+1.1a 453+1.0b 64+13Db
+1.0 972+20a 50.1+12a 81+12a
+2.0 60.6+1.2e 152+1.0f 55+17c¢
4.0+0.5 84.1+1.1b 354+1.1c 63+18Db
+1.0 908+1.4a 423+12b 6.6+£0.6b
+2.0 785+1.7 ¢ 256+1.1e 51+1.1c¢
BAP + NAA
2.0+0.5 77.3+0.5c¢ 414+1.1b 6.7+1.2Db
+1.0 85.1+1.1b 483+13a 74+1.0Db
+2.0 523+13e 102+15f 32+03e
4.0+05 782+1.7c 323+1.1d 51+1.1c¢
+1.0 83.0+15b 387+1.7b 62+09b
+2.0 77.3+1.0c 204+1.2f 49+1.1c
Kn +1IBA
2.0+0.5 61.2+1.1e 16.4+14f 44+1.7d
+1.0 60.1+14e 182+15f 59+15¢
+2.0 254+1.2h 82+1.0f 35+t12e
4.0+0.5 554+1.0e 122+1.2f 41+1.6d
+1.0 65.3+1.6d 204+1.2f 44+19d
+2.0 56.2+1.0e 94+1.1f 39+1.0d
Kn+NAA
20+05 453+08f 125+1.4f 43+1.2d
+1.0 56.7+12e 173+1.7f 57x15¢c
+2.0 164+131i 74+12f 26+13f
4.0+0.5 323+17¢g 103+1.2f 47+1.1c
+1.0 571+1.1e 16.5+09 f 5.3+0.6 ¢
+2.0 333+1.0¢g 69+12f 31x15e

Values represent means * standard error of 20 explants per treatment in four repeated
experiments. Means followed by the same letters are not significantly different by Tukey’s
multiple comparison test at 0.05 probability level.
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Hypocotyl-derived embryogenic calli produced adventitious shoots in the
MS with either of 2.0 uM BAP plus 1.0 uM IBA or NAA; and 4.0 uM Kn plus 1.0
UM IBA or NAA, where the shoot formation rates were 97.2, 85.1, 65.3 and 57.1%,
respectively (Table 3). The combination of 2.0 uM BAP with 1.0 uM IBA gave the
highest frequency (97.2) of shoot proliferation, 50.1 + 1.2 shoots per culture, and
the highest average length, 81 + 1.2 cm (Fig. 1C,D). On the other hand,
considerable shoot proliferation (85.1%) was found at 2.0 uM BAP plus 1.0 pM
NAA. The lowest performance was shown in Kn plus IBA or NAA formulations.
Similar results were found in leaf and stem nodes explants of Lilium (Bacchetta
et al. 2003), callus derived protoplast in Phellodendron amurense (Azad 2012),
cotyledon explant in Acacia mangium (Shahinozzaman et al. 2013), epicotyl and
internode explants in Cajanus cajan (Azad and Amin 2013). Our study also
revealed that BAP-IBA and BAP-NAA formulation was better than Kn-IBA or
Kn-NAA formulations. In the present study it was noticed that the stimulation of
shoot regeneration by the PGR combinations was significantly higher than the 2 :
1 cytokinin/auxin ratio and the hypocotyl-derived embryogenic calli showed
better response for shoot regeneration than internode-derived embryogenic calli.

Table 4. Effects of auxin in MS on in vitro adventitious root formation from

microcuttings.

Type of Con. of auxin Rooted cuttings No. of roots / Av. length of

auxin (uM) (%) rooted cutting roots (cm)
0.5 704+15d 31+x11c¢ 32+1.1e

IBA 1.0 904+13Db 52+13b 41+12c¢
2.0 983+t21a 64+17a 55+18a
4.0 405+2.2e 35+18¢ 23+13e
0.5 67.3+1.8d 24+1.1d 45+15b

NAA 1.0 824+20c 33+12¢ 41+£19¢c
2.0 63.1+1.1d 22+14d 3.6+1.7d
4.0 - - -
0.5 352+1.6e 11+14e 25+16e

IAA 1.0 382+1.7e 1.5+12e 28+16e
2.0 425+21e 24+1.6d 31+16e
4.0 456+14e 34+15¢c¢ 3.7+15d

‘- indicates no response. Values represent means + standard error of 20 explants per
treatment in four repeated experiments. Means followed by the same letters are not
significantly different by Tukey’s multiple comparison test at 0.05 probability level.
Micro-cuttings (1.5 - 2.0 cm length) were transferred for rooting to an agar
gelled MMS with 0.5, 1.0, 2.0, and 4.0 uM IBA, NAA, or IAA supplementation.
Among the different auxins used, IBA was found to be the best for root induction.
The percentage of root induction and the number of roots per shoot were also
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highly influenced by the concentration and type of auxin. The maximum rooting
of cultures was 98.3% with 6.4 + 1.7 number of roots per shoot, and 5.5 + 1.8 cm
average length of roots when the shoots were cultured in a medium containing
2.0 uM IBA (Table 4). Although the media containing NAA and IAA also resulted
in root formation, the rooting response was not as good as that in the media
containing IBA. The maximum rooting frequency was 82.4% in was observed in
medium supplemented with 1.0 uM NAA and 45.6% in the medium
supplemented with 4.0 uM IAA. No rooting was found in the 4.0 pM
NAA-supplemented medium. In this case, only calli were formed at the cut
margin of the shoots. Being a stable nature, IBA is the preferred auxin for
adventitious root initiation in many species (Yadav et al. 1990, Amin et al. 1992,
Azad et al. 2005a,b). In addition, Litz and Jaiswal (1990) found IBA to be a
superior auxin to IAA or NAA for the in vitro rooting of apple shoots. In the case
of A. officinalis, IBA is also considered to be the best auxin for rooting from
microcuttings. In this experiment, the minimum number of days required for
rooting was 7, and the maximum was 25 from culture initiation. The rooting
frequency increased gradually with the increase in the culture incubation period.
It is a common practice to transfer shoots from a high strength media to less
concentrated solutions to induce rooting (Bopana and Saxena 2008). In many
species such as Dendrocalamus longispathus (Saxena and Bhojwani 1993), Adhatoda
vaisca (Azad et al. 2003), Phellodendron amurense (Yang et al. 2011, Azad et al.
2005a), and Curcuma caesia (Shahinozzaman et al. 2013) rooting frequency was
higher when shoots were rooted on low strength MS. The regenerated plantlets
were gradually acclimated and successfully established in the soil under natural
conditions (Fig. 1F), with a survival rate of 80.0%. The acclimation procedures for
in vitro-regenerated plantlets of P. amurense were reported earlier (Azad et al.
2005a).
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