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SUMMARY
Secondary somatic embryogenesis and plant regeneration from seedling explants of Angelica glauca, an endangered
medicinal plant of the Himalaya, is reported for the first time. Callus was obtained from all the explants tested in the
present study (i.e., epicotyls, hypocotyls, and cotyledonary nodes). The highest frequency of callus formation (95.8%)
was observed using epicotyl explants on 4.0 µM 2,4-dichlorophenoxyacetic acid (2,4-D), whereas 70.8% of hypocotyl
explants, and 58.3% of cotyledonary nodes produced callus. One-hundred percent embryogenic callus was induced
from epicotyl explants in 2.0 µM 6-benzyladenine (BA) and 2.0 µM -naphthaleneacetic acid (NAA), together with
the maximum number of somatic embryos (34.2 embryos per explant). Cotyledonary nodes did not produce somatic
embryos. Histological studies confirmed the induction of somatic embryogenesis. Somatic embryos germinated into
plantlets upon transfer to half-strength Murashige and Skoog (MS) medium without added plant growth regulators.
We observed 85% survival of these plantlets under field conditions. The development of secondary embryos was also
observed when primary embryos were sub-cultured on full-strength MS medium containing 2.0 µM NAA plus 2.0 µM
BA. This system of recurrent somatic embryogenesis provides a route for gene transfer and also for the large-scale
production of this critically endangered medicinal plant.

A

ngelica glauca Edgew. (family Apiaceae), also
known locally as Vern Choru, or Gandhrayan is a
high-value, critically endangered, perennial medicinal
herb of the Indian Himalaya (Mamgain et al., 1998). A.
glauca occupies the top-most rank among prioritised
medicinal plants of the Western Himalaya and is ranked
third in the list of medicinal plants prioritised for
conservation (Sastry and Chatterjee, 2000). It is
distributed from the temperate to the alpine zones of
Kashmir, Himachal Pradesh, and Uttaranchal Provinces,
at altitudes of 1,800 – 3,800 m asl (Samant et al., 1998).
A. glauca is well-known for its traditional uses and is
also in high demand in the pharmaceutical industry for
its medicinal properties. All parts of the herb are
reported to be useful for curing stomach ailments,
rheumatism, urinary disorders, mennorhagia, infantile
atrophy, gynaecological disorders, rinderpest, and as a
cardiac stimulant. In Asia, A. glauca is regarded as a
‘‘female remedy’’, also known as ‘‘female ginseng’’
(Butola and Samant, 2006; Gaur, 1999). The powdered
roots, along with cow’s milk, are used to treat bronchitis
(Gaur, 1999). The roots of A. glauca contain valeric acid,
angelic acid, and angelisine resin (Blake, 2004). The dried
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roots contain about 1.3% (v/w) essential oils (Chopra
et al., 1956) and are used in the preparation of several
Ayurvedic formulations (Sharma, 1992).
Due to unsustainable harvesting, excessive human
pressure, as well as habitat loss and fragmentation, this
species has become critically endangered in the
Himalaya (Badola and Pal, 2002). There is therefore an
urgent need for the conservation, cultivation, and more
sustainable use of this species now and in the future.
Somatic embryogenesis offers a potentially promising
system for plant generation because of its high rate of
proliferation from single cells, which may avoid the risk
of chimaeric plants, as well as being useful for the
selection of mutants and recombinant DNA technology.
Secondary somatic embryogenesis has certain
advantages when compared to primary somatic
embryogenesis, including higher rates of multiplication,
independence of explant source, and reproducibility
(Raemakers et al., 1995).
Despite being a valuable medicinal plant, little
progress has been made to date towards developing an
in vitro regeneration system for A. glauca (Bisht, 2002).
In the present investigation, a regeneration protocol
using high-frequency cyclic secondary somatic
embryogenesis has been attempted for the first time to
conserve this endangered species.
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MATERIALS AND METHODS
Plant material and preparation of explants
Seeds of A. glauca were collected from Kullu (HP) in
the Western Himalaya, air-dried for 7 – 8 d, and stored at
4°C in brown paper bags until experimental use. For
germination, seeds were washed in 10% (v/v) Tween-20
(Hi-Media, Mumbai, India) for 2 min, followed by tap
water, then rinsed five-times with double-distilled water
(ddH2O). Thereafter, the seeds were placed in 95 mm 
17 mm Petri dishes containing damp cotton and a
Whatmann No. 1. filter paper, then chilled at 4°C for 14 d,
on the basis of earlier experiments (Joshi and Dhar, 2003;
Joshi et al., 2006). Later, the Petri dishes were placed in a
growth chamber at 25°C and the filter paper was
moistened daily using ddH2O. Germinated seedlings (7 dold) for in vitro studies were washed in running tap water
for 2 min, then surface disinfected for 5 min in 0.1% (w/v)
HgCl2 (Qualigens Fine Chemicals Ltd., Mumbai, India)
followed by thorough rinsing with sterile ddH2O.
Culture media and growth environment
The basal medium consisted of full-strength (1.0)
MS (Murashige and Skoog, 1962) medium supplemented
with 3% (w/v) sucrose and 0.7% (w/v) agar (Qualigens
Fine Chemicals) and was used for all in vitro
experiments. Plant growth regulators were added to the
medium as specified below. The pH of the medium was
adjusted to 5.7 prior to autoclaving at 121°C and 104 kPa
for 20 min. All cultures were incubated at 25° ± 2°C in a
culture room with a light intensity of 30 µmol m–2 s–1 PAR
provided by cool-white fluorescent lamps with a 16 h
photoperiod.
Callus induction and somatic embryogenesis
Seedlings were dissected into epicotyls, hypocotyls, and
cotyledonary nodes for use as explants. For callus
induction, each explant was placed on 1.0 MS medium
supplemented with 6-benzyladenine (BA), -naphthaleneacetic acid (NAA), or 2,4-dichlorophenoxyacetic acid
(2,4-D), each at 0.0, 1.0, 2.0, 4.0, or 8.0 µM. The percentage
of explants that produced callus, and the proliferation
responses of the induced callus to the different media
were recorded 4 weeks after the start of each culture.
To induce somatic embryogenesis, calli from 1.0 MS
medium containing 4.0 µM 2,4-D were separated from
the explants and divided into small pieces (each approx.
500 ± 50 mg) and cultured on fresh 1.0 MS medium
supplemented with 1.0 – 2.0 µM NAA plus 2.0 – 4.0 µM
BA, or 1.0 – 2.0 µM 2,4-D plus 2.0 – 4.0 µM BA, or on
hormone-free 1.0 MS medium. Bipolar structures were
scored as somatic embryos. The frequency and number
of somatic embryos per explant were recorded after
6 weeks.
Induction of secondary embryos and recurrent
embryogenesis
Clumps of primary somatic embryos (100 mg per
explant) at the early cotyledonary-stage were carefully
detached and sub-cultured. The percentage of primary
embryo cultures that produced secondary embryos, and
the number of somatic embryos at each different
developmental stage, were recorded after 4 weeks of
culture. To achieve repetitive somatic embryogenesis,
these cultures were sub-cultured successively, for up to

four cycles, on 1.0 MS medium containing 2.0 µM NAA
plus 2.0 µM BA.
Embryo germination, plantlet formation and
acclimatisation
For plant regeneration, somatic embryos were isolated
from culture and placed on half-strength (0.5) MS salts
and 1.0 MS medium containing 3% (w/v) sucrose,
without any plant growth regulators. The plantlets were
then transferred to plastic pots (5.0 cm  7.5 cm  6.5
cm) containing a 1:1 (v/v) mixture of soil and sand, and
subsequently moved to field conditions.
Histology
For histological studies, embryos at the various stages
of embryogenesis were fixed for 24 h in a 1:3 (v/v)
mixture of glacial acetic acid and 100% (v/v) ethanol.
Tissues were then dehydrated by passing through a series
of water: ethanol: tertiary butyl alcohol washes (24 h in
each; Sharma and Sharma, 1980) and finally embedded
in paraffin wax. The tissues were sectioned (10 – 15 µm
thick) using a LEICA RM2155 microtome (LabIndia,
Thane, India), mounted on glass slides, and stained with
1% (w/v) hematoxylin and 1% (w/v) eosin. Photographs
were taken under a light microscope [Axioplan2; Carl
Zeiss India (Bangalore) Pvt. Ltd., Mumbai, India].
Experimental design and data analysis
All experiments were arranged, on a factorial basis, in
a completely randomised design (CRD). Each
treatment was repeated twice. The percentage data were
subjected to arcsine transformation before analysis, then
converted back to percentages for presentation in the
Tables. The effects of the different treatments were
quantified, and the levels of significance were
determined by analysis of variance (ANOVA;
Wilkinson, 1986) and by Fisher’s Least Significance
Difference (F-LSD; at P < 0.05) between mean values
(Snedecor and Cochran, 1968).

RESULTS AND DISCUSSION
Callus induction
No A. glauca seeds germinated in vitro on 1.0 MS
alone or on MS medium with plant growth regulators
(PGRs). This result indicated seed dormancy. Cold
stratification at 4°C for 14 d, without MS medium or
growth regulators, was sufficient to break this dormancy,
which corresponded to reports on other taxa in the
family Apiaceae, [e.g., A. sylvestris (Grime et al., 1981),
A. japonica (Mariko et al., 1992), Heracleum candicans
(Joshi and Dhar, 2003), and Selinum tenuifolium (Joshi
et al., 2006)], where chilling seeds improved their
germination.
Callus induction was observed in all three types of
explant (i.e., epicotyls, hypocotyls, and cotyledonary
nodes). Table I shows the frequency of callus induction in
relation to the type of explant and PGRs used. Overall,
the frequency of callus induction was more significantly
(P < 0.05) affected by explant type than by most of the
media-PGR combinations used. Callus colour, texture,
and weight per callus varied depending on the type and
concentration of PGR and the type of explant. Calli were
initiated at the margins as explants enlarged within 15 d
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TABLE I
Effects of various plant growth regulators on the frequency of callus induction from epicotyl, hypocotyl, or cotyledonary node explants
of Angelica glauca
Plant growth
regulator‡
0.0
2,4-D

NAA

BA

Concentration
(µM)
0.0
1.0
2.0
4.0
8.0
1.0
2.0
4.0
8.0
1.0
2.0
4.0
8.0

Explants forming callus (%)
Epicotyl
0.0 ± 0.0 h†
12.5 ± 8.8 fgh
33.3 ± 10.2 cd
95.8 ± 5.1 a
66.7 ± 10.2 b
25.0 ± 0.0 efg
29.2 ± 10.2 def
54.2 ± 13.5 bc
16.7 ± 10.2 efgh
0.0 ± 0.0 h
12.5 ± 8.8 fgh
20.8 ± 10.2 efg
4.2 ± 5.1 gh

Hypocotyl
0.0 ± 0.0 h
54.2 ± 20.4 bc
54.2 ± 18.4 bc
70.8 ± 13.5 b
37.5 ± 0.0 cd
16.7 ± 5.1 efgh
37.5 ± 0.0 cd
20.8 ± 10.2 efg
4.2 ± 5.1 gh
12.5 ± 0.0 fgh
41.7 ± 5.1 cd
25.0 ± 15.3 efg
8.3 ± 5.1 fgh

Cotyledonary node
0.0 ± 0.0 h
33.3 ± 10.2 de
29.2 ± 22.2 def
58.3 ± 22.2 bc
16.7 ± 13.5 efgh
20.8 ± 10.2 efg
4.2 ± 5.1 gh
0.0 ± 0.0 h
0.0 ± 0.0 h
12.5 ± 8.8 fgh
25.0 ± 0.0 efgh
0.0 ± 0.0 h
0.0 ± 0.0 h

2,4-D, 2,4-dichlorophenoxyacetic acid; NAA, -naphthaleneacetic acid; BA, 6-benzyladenine.
All values are means (± SE) of three replicates, each with eight explants, recorded after 4 weeks in culture and repeated twice (n = 48). Mean values
in each column followed by the same lower-case letter did not differ significantly (LSD; P < 0.05).
Percentage values were arcsin transformed before analysis.

‡
†

of inoculation in epicotyl tissue, within 10 d in hypocotyl
tissue, or within 21 d for cotyledonary nodes. Two types
of callus were observed based on colour and texture.
Type I callus was soft and cream-coloured with a smooth
wet-looking surface. These cells were non-embryogenic
and obtained from cotylodenary nodes. Type II callus,
induced from hypocotyls and epicotyls, were pinkish and
compact, with uneven surfaces (Figure 1A). Type II calli
were competent for embryogenesis, as verified during
subsequent experiments.

The maximum frequency of callus formation (95.8%)
was observed in epicotyl explants on 4.0 µM 2,4-D,
whereas hypocotyl explants showed 70.8% callus
formation, and cotyledonary nodes showed 58.3% callus
formation (Table I). Explants cultured on media without
any auxin or cytokinin did not form callus. 2,4-D was
more efficient for callus induction than NAA or BA.
Similar responses in different explant types have been
reported (Luo and Jia, 1998; Rout et al., 1999). 2,4-D
alone showed the most stimulatory effect on callus

FIG. 1
Plant regeneration via somatic embryogenesis in Angelica glauca Edgew. Panel A, glossy, pinkish embryogenic callus from an epicotyl explant on 1.0
MS medium containing 2.0 µM NAA plus 2.0 µM BA (scale bar = 5 mm). Panel B, embryogenic callus showing primary somatic embryo (arrowed)
with a distinct epidermis (scale bar = 5 mm). Panel C, several embryos at different stages (arrowed) clustering together (scale bar = 4 mm). Panel D,
a somatic embryo at the globular stage (scale bar = 1 mm). Panel E, an elongated torpedo-stage embryo (scale bar = 1 mm). Panels F, G, early and
advanced cotyledonary-stage somatic embryos (scale bars = 1 mm). Panel H, a mature somatic embryo showing emergence of a primary root and
shoot (scale bar = 1 mm). Panel I, secondary embryogenesis originating from hypocotyl-derived somatic embryos (scale bar = 1 mm). Panel J,
cotyledonary-stage somatic embryo showing white roots (scale bar = 1 mm). Panel K, secondary embryogenesis from an epicotyl-derived primary
somatic embryos (scale bar = 2 mm). Panel L, well-developed plantlets recovered from epicotyl explants (scale bar = 10 mm). Panel M, a potted
regenerated plant in a greenhouse (scale bar = 15 mm).
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TABLE II
Frequency of somatic embryogenesis and the mean number of somatic embryos formed on each epicotyl or hypocotyl explant of A. glauca
Plant growth regulator (µM)‡
2,4-D

NAA

0.0
1.0
2.0
1.0
2.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
1.0
2.0
1.0
2.0

BA
0.0 (control)
2.0
2.0
4.0
4.0
2.0
2.0
4.0
4.0

Explants forming embryogenic calli (%)
Epicotyl
0.0 ± 0.0 l†
29.2 ± 5.1 jk
50.0 ± 0.0 efghij
54.2 ± 5.1 defghi
66.7 ± 5.1 bcdef
83.3 ± 5.1 abc
100.0 ± 0.0 a
87.5 ± 0.0 ab
70.8 ± 5.1 bcde

Hypocotyl
0.0 ± 0.0 l
33.3 ± 5.1 ijk
37.5 ± 0.0 hijk
58.3 ± 5.1 defgh
25.0 ± 0.0 k
41.7 ± 5.1 ghijk
62.5 ± 0.0 cdefgh
75.0 ± 15.3 bcd
45.8 ± 10.2 fghijk

Mean no. of somatic embryos/explant
Epicotyl
0.0 ± 0.0 j
3.8 ± 1.1hij
9.6 ± 1.1 ef
11.4 ± 2.5 ef
8.9 ± 1.1 efg
24.8 ± 3b
34.2 ± 6.1a
18.3 ± 1.1c
11.5 ± 2.5 ef

Hypocotyl
0.0 ± 0.0 j
3.6 ± 1.1 hij
4.6 ± 0 hij
7.1 ± 4.3 fgh
2.4 ± 0 ij
8.1 ± 2.5 fg
13.3 ± 0d e
16.1 ± 4.3 d
4.2 ± 0.0 hij

2,4-D, 2,4-dichlorophenoxyacetic acid; NAA, -naphthaleneacetic acid; BA, 6-benzyladenine.
All values are means (± SE) of three replicates, each with eight explants, recorded after 6 weeks in culture and repeated twice (n = 48). Mean values
in each column followed by the same lower-case letters did not differ significantly (LSD; P < 0.05). Percentage values were arcsin transformed before
analysis.

‡
†

formation in other species of the family Apiaceae such as
Coriandrum sativum (Zee, 1981), Foeniculum vulgare
(Ohga et al., 1989), and H. candicans (Wakhu and
Sharma, 1998).
Somatic embryo development
When transferred to 1.0 MS medium with 2,4-D +
BA, or NAA + BA, calli showed embryogenic growth. A
100% embryogenic response was induced from epicotyl
explants, with an average 34.2 embryos per explant, on
1.0 MS medium supplemented with 2.0 µM NAA plus
2.0 µM BA (Table II). Hypocotyl explants produced 75%
embryogenic callus, averaging 16.1 embryos per explant,

on 1.0 MS medium containing 1.0 µM NAA and 4.0 µM
BA. All concentrations above 4.0 µM 2,4-D or 4.0 µM
NAA significantly (P < 0.05) reduced the frequency of
embryogenic callus formation and led to the
development of more dense, necrotic callus.
Globular somatic embryos were visible on the surface
of pink calli obtained from epicotyl or hypocotyl
explants (Figure 1B). BA, NAA, or 2,4-D alone failed to
produce somatic embryos. This indicated that a
combination of NAA or 2,4-D, together with BA, was
necessary for the formation of somatic embryos. Medium
with auxin alone (2,4-D or NAA) only increased the
mass of calli. Cotyledonary nodes failed to develop

FIG. 2
Histology of somatic embryos and secondary embryogenesis in A. glauca calli derived from epicotyl explants. Panel A, longitudinal section showing
pro-embryos on the surface of a callus [embryogenic cells (ec), non-embryogenic cells (nec)], and a globular somatic embryo with a suspensor-like
connection to the mother tissue (arrowed). Panel B, a globular embryo. Panel C, a heart-stage somatic embryo (arrowed). Panel D, an elongated
torpedo-stage embryo. Panel E, a cotyledonary-stage embryo. Panel F, the independent vascular system in a mature somatic embryo (SM, shoot
meristem, Cc, central cylinder, RM, root meristem). Panel G, secondary somatic embryos (SSE) formed from a primary somatic embryo (PSE).
Scale bars = 100 µm in Panel A, and 50 µm in Panels B–G.
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somatic embryos with any combination of PGRs.
Cytokinins have been reported to induce somatic
embryogenesis in Echinochola colona (Samataray et al.,
1997) and Dendanthemia grandiflorum (Tanaka et al.,
2000), either alone or in combination with auxins. The
development of somatic embryos was asynchronous
(Figure 1C). Various stages of somatic embryos were
observed in the same cluster (Figure 1D–H).
Histology confirmed that these structures were
somatic embryos at the globular stage, with vascular
connections to the explant (Figure 2A, B), which then
developed further into heart-, torpedo-, or cotyledonaryshaped embryos in any explant type (2B–F).
Primary embryos induced secondary embryos within
2 weeks when sub-cultured on a combination of 2.0 µM
NAA plus 2.0 µM BA (Figure 1I, K). Epicotyl explants
induced secondary embryos that developed faster than
hypocotyl explant secondary embryos, whereas a
combination of 2,4-D and BA did not produce secondary
somatic embryos in any explant type (Figure 2G).
Recurrent secondary embryos were induced when
somatic embryos from epicotyl explants were maintained
for 11 – 12 months on 1.0 MS medium supplemented
with NAA plus BA. A significant difference (P < 0.05)
was observed among the different sub-culture cycles
(Table III). Embryo germination was not observed when
secondary embryos were further sub-cultured.
Embryo germination and plantlet formation
Germination of secondary somatic embryos started
after 3 weeks of culture on 0.5 MS basal medium and
produced healthy plants with good root systems (Figure
1L). Somatic embryos did not germinate on 1.0 MS with
or without growth regulators. Plantlets were transferred
to small plastic cups containing a 1:1 (v/v) mix of sand and
soil and kept in a greenhouse where they showed
renewed growth within 28 d, and were later transferred to
field conditions. Eighty-five percent of embryo-derived
plants survived under field conditions (Figure 1M). The
germination of somatic embryos in the absence of PGRs
has been reported to be a common response among
species of the Apiaceae (Tawfik and Noga, 2002).
Exogenous hormones, especially auxins and cyokinins,
are required for the activation of somatic cells and for
entry into the cell division cycle (Pola and Sarada, 2006).
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TABLE III
Secondary somatic embryogenesis (SSE) on 1.0  MS medium supplemented with 2.0 µM NAA plus 2.0 µM BA
SSE (%)
98.6 ± 1.7 a†
79.1 ± 7.8 c
80.5 ± 3.4 b
86.1 ± 9.0 a
98.6 ± 1.7 a

Mean no. number of
somatic embryos/explant
41.5 ± 1.4 a
38.2 ± 6.4 b
39.3 ± 2.8 a
42.2 ± 1.4 a
38.5 ± 7.5 b

Sub-culture cycle
Primary embryos
Cycle 1
Cycle 2
Cycle 3
Cycle 4

†

All values are means (± SE) of three replicates, each with eight
explants, repeated twice (n = 48).
Mean values in each column followed by the same lower-case letter did
not differ significantly (LSD; P < 0.05).
Percentage values were arcsin transformed before analysis.

We conclude that NAA is important for the induction
of secondary somatic embryogenesis in A. glauca. It is a
common observation that the success of in vitro cultures
largely depends on nutrition, growth regulators, plant
variety, and the interaction between the variety and the
medium. Secondary (or recurrent) embryogenesis, which
has been reported in many species (Raemakers et al.,
1995), opens up the possibility of exploiting the
embryogenic potential for an unlimited period and also
for the large-scale micropropagation of new and useful
forms of transgenic plants, synthetic seed production, etc.
It is a well-known fact that an appropriate choice of
explant is one of the main factors that strongly influences
the efficiency of plant regeneration protocols. In the case
of A. glauca, a maximum of 7 months was required, from
seedling culture to plant regeneration. This is a simple,
rapid, and efficient plant regeneration system for the
recovery of large numbers of plants. Plant regeneration
using recurrent somatic embryogenesis, as established in
the present study, will serve as an ideal system for the
improvement of A. glauca by the transfer of useful genes
using Agrobacterium. It will also provide a highly
efficient method for the mass clonal propagation and
conservation of A. glauca.
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