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Abstract

Plant regeneration protocols were developed for medicinally important anise
(Pimpinella anisum L.) that successfully achieved from seeds. Seeds were sterilized
and inoculated on Murashige and Skoog (MS) medium with and without
gibberellins (GA3) until full germination. The highest percentage of germination
(100%) was recorded on MS medium treated with 2.0 mg/L GA; after 7 days. For
shoot proliferation, different concentrations of 6- benzyl adenine BA (1, 1.5, 2
mg/L) were used. To enhance shoot induction, 0.1 mg/L of naphthalene acetic acid
(NAA) and 0.01 mg/L of thidiazuron (TDZ) were tested along with BA. Direct
regenerated shoots were obtained on MS medium supplemented with BA alone
(2mg/L) which gave (7shoot/explant), while the presence of NAA and TDZ at low
concentration encourage of somatic embryogenesis. A single stem explant was able
to produce 25 micro shoots after (24) days of culture. Rooting was experimented at
different levels of NAA (0, 0.5, 1, 1.5 mg/L). The medium that devoided from
growth regulator and the media with the lowest level of NAA were the most
effective in inducing root. Finally, it was concluded that cytokinins are essential for
inducing the direct regeneration and the addition of auxin along with there is
necessary for the induction of somatic embryogenesis.
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Introduction

Iraqg, like any other country in the world, characterizes with two communities: the urban and the
rural; Each of these communities depends to a great extent on the rich folk heritage of handling with
medicinal plants for disease treatments, and therefore folk medicine is practiced largely by the people
in these communities. Irag has more or less than 363 medicinal plant species belonging to
approximately 270 genera from about 98 families. Folk medicine in Iraq is back to the Sumerian and
Babylonian era [1].

Over the past decade, Folk medicines have become a topic of global value. Now a day, a large ratio
of the population depends largely on folk remedies and medicinal herbs in many developing countries
to meet the needs of primary health treatment. Although modern medicine is available in these
countries, herbal medicines have often maintained their popularity for many reasons: cultural and
historical. Simultaneously, in developed countries, numerous people have begun to resort to medicinal
herbs as alternative or complementary therapies [2]. Safety insurance, medicinal plant quality, and
efficacy and herbal products have become a major issue in both industrialized and developing
countries. Both professionals of health care and public consumers need to be updated about the safety
and effectiveness of medicinal plants [3].

Now a day, tissue culture is one of the most important techniques used for rapid and large scale
clonal propagation in short regeneration time and small space. It is important for the basic and applied
areas of botany, such as nutrition, cytology, embryogenesis, morphogenesis, genetic manipulation,
generation of pathogen-free plants that tolerate to herbicide resist to pests and diseases, production of
edible vaccines or other new products and useful metabolites with quality improvement and
production of plant transformation [4-6]. By germplasm conservation, rare plants and plants free of
seeds or needed pollinators to form seeds are multiplied and such plants are saved. In vitro stock can
be quickly proliferated as it is season independent and long term storage of valuable germplasm
possible. Tissue culture is also used as a method to develop many species with tolerance capacities to
stress [7].

Many studies were conducted to evaluate the in vitro production of medicinal and other plants in
vitro [4, 8-9].

P. anisum (anise), belongs to Apiaceae family, is an annual grassy. It is about 30-70 cm in high,
has very small white flowers, and small greyish-green to greyish-brown seeds, which distributes in the
Eastern Mediterranean Region, Egypt, Spain, West Asia, the Middle East and Mexico [10]. This genus
contains 23 species, 3 of which are endemic in Irag [11]. It is the oldest and most important medicinal
plants in the world. Its active compounds are utilized in varied pharmaceutical and food industries
[12].

In anise, the time of sowing to seed ripening takes 4-5 months: Germination usually occurs from 17
to 25 days, the emergence of stems takes 35-40 days after germination (slow initial growth).
Flowering usually starts after 65-75 days of germination, while the period of flowering and seed
development is 20-25 days; the time varies from sowing to flowering, depending on the date of
cultivation [13]. The plants that cultured in March needed 88-102 days to grow and needed 175-200
days when cultured in November, indicating that anise needs for flowering long photoperiodism. Seed
ripening is uneven.

In folk medicine, anise has been used as an appetizer and stimulant for vital organs such as lungs,
liver, heart, brain and as a used diuretic drug. It has many therapeutic effects on many conditions such
as respiratory, digestive, gynecological and neurological disturbances [14]. Several properties like
aromatic, carminative, antimicrobial [15], antifungal [10,16], antiviral, antioxidant [17], anticancer
[18], anti-convulsive and analgesic effect, muscle relaxant, in addition to the variant effects on
gastrointestinal duct have been recorded of anise. Also, it has useful effects on menopausal hot flashes
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and dysmenorrhea in women and in reducing morphine dependence. In diabetics, aniseeds viewed
hypoglycemic and hypolipidemic effect as well as depressed lipid peroxidation [19].

Thus, the aim of the present research is to plant an efficient micropropagation protocol suitable for
large scale cloning of the anise plant by using seeds through direct regeneration or somatic
embryogenesis.

Materials and methods
Preparation of culture medium

To prepare the culture medium, sucrose (30) g/L and the plant growth regulators (BA, NAA, and
TDZ) at different concentrations were added to (4.9) g/L of MS medium. NaOH or HCI (1N) was
added to adjust the pH to 5.8 and then (7) g/L of Agar-Agar was added. Components were dissolved in
double distilled water at a required volume, put on a hotplate magnetic stirrer until boiling, and then
10 ml of the medium was poured into each vial. Culture medium was sterilized by using the autoclave
at 121°C and 1.04 kg.cm? for 17 minutes. The vials were left to cool at room temperature and became
prepared to culture the explants.

Plant material and culture conditions

Anise seeds were obtained from the local herbalist in Baghdad. They were raised with tap water for
30 min and then transferred to the air flow cabinet, sterilized with 70% ethanol for 30 sec, submerged
in 2% sodium hypochlorite (NaClO) for 20 min [20] and then were washed three times with sterile
distilled water for removing all the residues of chloride. Seeds were inoculated on culture medium
under sterile conditions and incubated in a growth incubator at 25 + 2°C in dark until full germination
and then transferred to light conditions under 16 h. illumination (2000 Lux, daylight fluorescent
tubes).

In vitro seeds germination

Firstly the viability of seeds was examined. For this purpose, petri-dishes were used with the
addition of distal water under laboratory conditions.

Sterilized seeds were cultured on MS medium the half strength solid. Hormone — free medium and MS
medium provided with 2.0 mg/L GA; were used for seed germination. Seeds were kept under dark at
21+2 °C until full germination. Treated seeds were cultured separately on the surface of MS medium
for 14 days in the incubator under dark conditions. Finally, the date and percentage of germination in
each treatment were recorded. 20 replicates for each treatment were used.

Shoot formation and plant regeneration

For establishment massive mother stocks, micro shoots (1.5-2 mm) of anise were grown on MS
medium provided with 6-furfuryl-aminopurine (kinetin; Kin) at 0.5 mg/L, and 0.1 mg/L NAA [21]
under aseptic conditions. Mother stock cultures were kept in growth incubator for 6 weeks, overall
performance of the cultures and growth was monitored and then used in the following stages of
culture. 20 replicates were used.

For the shoot regeneration experiment, two explants were used: leaves and stem. The leaves had no
responses in all treatments. About 1.0 cm stem segments were cultured horizontally on MS medium
containing BA at different concentrations (1.5, 2 mg/L) alone and in combination with 0.05 mg/L TDZ
and 0.1 mg/L NAA as shown in the Table-1. 10 replicates for each treatment were used.

Table 1-Components of five medium protocols used for shoot formation.

Shoot regeneration
protocol (Protocol components) MS medium with growth regulators (mg/L)
BA NAA TDZ
A 15 - -
B 2.0 - -
C 1.0 0.1 0.05
D 15 0.1 0.05
E 20 01 0.05
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Root initiation

For rooting experiments, shoots were planted on MS medium devoid from hormone for one week
to remove any excess effect of any hormone that might adversely affect rooting. To motivate rooting,
individual shots (2 cm long) were separately transferred to MS rooting medium contained different
concentrations (0.5, 1.0 and 1.5 mg/L) of NAA. One set of cultures were cultured on basal hormone-
free MS media as a control. Cultures were assessed for rooting (number and length of roots) per
explants after six weeks. 10 replicate for each treatment were used. Plants were transferred to pods
containing 1:1 soil and PittMoss for acclimatization and growth under greenhouse conditions.
Results and discussion
Seeds germination

Seeds viability was tested. Result viewed that was viable, and the percentage of viability recorded
for the seeds was 85% after 14 days. In vitro seeds germination was carried out on MS medium with
and without GA;. The optimal medium was in the present of GAs. With the addition of 0.5 mg/L of
GA; on MS medium, marked an increase in the germination percentage was obtained that reached
%100 after 7 days as shown in Figure-1, whereas in MS free medium the maximum ratio was recorded
% 65 after 15 days of culture. In addition, Figure-2 showed that there was an exponential increased in
the length of the aerial part of the plantlets. The results are in accordance with Bae [22] who reported
that the increase of GAs in culture medium led to a raise germination percentage. Gibberellins induce
the synthesis and production of hydrolysis enzyme, chiefly amylase through prompting a range of
genes, which are essential for the production a-amylase, proteases and glucanases, resulting in seeds
germination [23, 24].
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Figure 1-The germination percentage of P. anisum seeds on MS medium with and without GA3

Figur'e 2-Seeds germination of P. anisum: (A) on free MS medium, (B) with 0.5 mg/l of GA;.
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Shoot multiplication and in vitro regeneration

Shoot proliferation was successfully obtained when about (2 cm) stem segments were cultured on
MS supplemented with Kin at 0.5 mg/L and 0.1 mg/L NAA. The maximum shoot number 6
shoots/explant was obtained that used in the following stages of culture as mother stock culture (see
Figure-3).

Growth regulators in different types at different concentrations and different explants (leaves and
stem) were used to determine optimal culture conditions to regenerate shoots of P.anisum in
vitro. Table-2 and Figure-3 showed the growth response of the explants grown on MS medium
contained BA, TDZ in addition to NAA. Stem explants were found to be an extra prolific over the
leaves. Low shoot regeneration and late response were observed on MS medium provided with BA
alone at 1.5 mg/L that may be attributed to the low level of cytokinin that is used, while the increase of
BA concentration to (2mg/L) induced the direct regeneration shoot (7 shoots /explants). BA was the
best cytokinin for in vitro multiplication in most bud cultivation and shoot proliferation in the different
type of plant [25-28]. The synergetic effect of auxin and cytokinin has been evaluated in various
medicinal plants such as Santolina canescens [29], Bupleurum fruticosum [30] and Rotula aquatic
[31]. In addition, auxin at low concentrations has substantially effect on micropropagation [32]. The
presence of BA along with NAA and TDZ at (1.0, 0.1 and 0.05 mg/L respectively) or at (1.5, 0.1 and
0.05 mg/L) encouraged of callus proliferation that is developed to somatic embryo after a short period
and then gave (24+2 microshoots). Additionally, the combination of TDZ, NAA and BA at
concentrations (0.05, 0.1, 2.0 mg/L respectively) initiated callus and shoot (4 shoots /explants). The
minimum concentration of TDZ was able to induce all growth parameters to the max when added to
the media [21]. The combination of cytokinins and auxins is an essential requirement to stimulate
shoot formation from callus because cytokinins can significantly alter the gene expression. These
genes are usually regulated by additional stimuli, like auxin and the products of regulated genes have a
key role in diverse biological processes such as cell elongation, cell division, protein synthesis and
chloroplast development [33]. The endogenous level of growth regulators greatly affects the demand
of exogenous growth regulators in the plant system [34] and plays a main role in organ growth and
patterning [35].

Table 2-Effect of various types of cytokinins (BA and TDZ) and NAA on shoot formation after 24
days of culture

Shoot regeneration
(Protocol components) MS medium with
protocol growth regulators (mg/L) Response

BA NAA TDZ

Late response and low shoot
regeneration

Direct shoot

A 15 - -

B 2.0 i i (7shoot/explants)

C 10 01 0.05 Somatic emt_)ryo that gave (24+2
microshoots).

D 15 0.1 0.05 Callus andshoot (4shoot/explants)

E 20 0.1 0.05 Somatic embryo that gave (20+2

microshoots).
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Figure 3-In vitro shoot proliferation of P. anisun grown on MS medium supplement with A- 0.5

mg/L of Kin. B- 2mg/L of BA . C- 1.5 mg/L of BA.D- 1, 0.1 and 0.05 mg/L of BA, NAA and TDZ .
E-1.5, 0.1 and 0.05 mg/L of BA ,NAA and TDZ . F- 2,0.1 and 0.05 mg/L of BA, NAA and TDZ.

Root initiation

Rooting of regenerated plantlets is essential to achieve successfully in vitro culture. Shoots were
transferred onto MS medium contained 0.0, 0.5, 1.0 and 1.5 mg/l NAA for rooting. Results, as shown
in Table-3, revealed that optimal root formation was noted on the control medium (free MS medium)
where 100% of shoots formed roots after 6 weeks of culture. The mean of roots number 20/explant
and root length 15 cm were obtained, while no response occurred in the medium contained NAA. But
after 10 weeks, shoots at low concentration of NAA were responded for rooting (results are not
shown). It was concluded that the best rooting medium was hormone free MS medium (Figure-4). The
results are in accordance with Kozak [35] who recorded the optimal root formation on the control
medium and reviewed the same results in other Agavaceae species. Rooted plants transferred to pods
under greenhouse conditions showed high survival ratio (80%).

Table 3-Effect of different concentrations of NAA on root regeneration of P. anisum after 6 weeks of
culture

Root length
(cm)

0 8 20
0.5 0
1 0
15 0

roots number

Concentration of NAA (mg/L)
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Figure 4-Root induction of regenerated shoots in MS supplicated with NAA after six weeks of in vitro
culture: A, B at MS free medium; C treated with NAA.

Conclusions

This study showed that the addition of Gibberellins to the culture medium accelerates and
encourages seeds germination of anise by increasing the germination percentage and the length of
aerial part of plantlets. A comparison of regenerative capabilities of leaves and stem segments of
shoots showed that many more shoots and roots regenerated from stems than from leaves. In addition,
cytokinins are the main factor in stimulating direct shoot regeneration of shoots. In vitro multiplication
offers a hopeful method for large scale production of anise. The medium devoid of growth regulators
was the most effective in inducing roots.
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