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ABSTRACT
PURPOSE: In this study direct and indirect somatic embryogenesis of Safflower (Carthamustinctorius L.) an
herbaceous annual plant belonging to Asteraceae family has been investigated.
METHODS: Callus induction occurred on the MS medium supplemented with NAA and BAP. Indirect
embryogenesis inducted in MS medium supplemented with NAA and IAA. Direct somatic embryogenesis
occurred on MS medium supplemented with 2,4-D, NAA, IAA and Kin.
RESULTS:The calli obtained from hypocotyl explants had the best response to embryogenesis (94%) in medium
containing IAA 0.5 mg/L and NAA 2mg/L. In the medium containing 2,4-D 1 and 1.5 mg/L, rate of direct
embryogenesis was 100%.13 embryos were the highest number of observed embryos for each explant and 40% of
embryos from cotyledons developed to complete plants.
CONCLUSIONS:In this research we suggest an optimum method for direct and indirect somatic embryogenesis
of safflower in high rate and frequently, for the first time.
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INTRODUCTION:
Safflower (Carthamustinctorius L.) is an
herbaceous annual or biennial plant from
Asteraceae family (aka compositae). Although
it vegetates natively in Arabia and westernIraq,
by gradually transportation to other regions, it
breeds in almost every climate(1).Safflower
culturing is mainly through seeds and the seeds
are used for feeding birds and oil production.
They contain 35-40% oil of which linoleic acid
is the main component (75-86%)(2). Safflower
derived oil are used in cooking, soap, dyes,
vernisand similar covering material production.
In comparison with other plants oils, safflower
oil has this advantage that it is full of
unsaturated components and α-tochopherol(3).
The meal of safflower contains 23% protein and

35% fiber and it is used as a partially
complementary protein in farm animal’s
nutrition. Also it has amino acids, minerals and
vitamins such as B1, B2, B12, C and E(4). In Iran,
the essence from seeds is used to increase the
fermentation rate of diaries like cheese, yogurt
and etc. Also it was reported that replacing
rennin in milk with the enzymes derived from
safflower seeds, makes the produced cheese
brighter, more favorable and delicious(5). In the
past, this plant had been used as a medicinal
plant and IbnSīnā mentioned it in the book of
“The canon of medicine” for relieving the pain
caused by biting, chest refinement, colic
treatment and voice softening(5).
Due to
increscent of classical safflower culture
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deficiency because of freezing and frost
situation, low efficiency of some varieties and
damages by pests using tissue culture methods
and development of disease-free plants are
economically beneficial(6). Since somatic
embryos has been utilized in bioreactors and
transgenic plant production commonly(7), and
storing ability in cold situation (cryopreserve)
and being used as gene bank, it is one of the
most recommended methods to preserve plants
that are in risk of extinction(8). Somatic
embryos can be encapsulated so that they can be
transported safely(9).In somatic embryogenesis,
a non-zygotic cell that has no vascular
connection with origin tissue, develop to a
bipolar structure like zygotic embryos, and since
somatic embryos originate from a single
cell(10), there will be no chimeric situation in
final plantlet(8). A somatic embryo develops
into the same phases as the zygotic embryo
does: globular, heart-shape, torpedo, embryo
with cotyledons and finally mature embryo. In
addition, gene expression during somatic
embryogenesis is the same as zygotic
embryogenesis. So this can be an alternative to
study embryogenesis and involved genes(7).
Despite this the obtained plantlet that develops
by this method is completely as same as
maternal plant(11).Somatic embryogenesis
happens either directly or indirectly. In direct
embryogenesis, the embryo is produced from
explant directly, and no callus phase is required.
But in indirect embryogenesis, the embryo
develops from inducted callus (12-14)It has to
be mentioned that Safflower regeneration
through
explants
and
direct
somatic

embryogenesis is not accomplished in particular
so far.
MATERIALS AND METHODS:
Plant materials: Seeds were purchased from
Seed and Plant improvement Institute. In order
to sterile seeds, the surface was exposed to
sodium hypochlorite 5% for 20 min, and rinsed
3 times with sterile distilled water. Then sink in
alcohol 70% for 30 seconds and once again
rinsed 3 times with sterile distilled water.
Sterilized seeds were placed on the MS basal
medium(15) supplemented with sucrose (30 g/L)
and mold with 6 g/L agar. The pH was adjusted
at 5.8 before adding agar and autoclaved in
121oC for 20 min as it was applied for all
utilized media during the study. Also some of
the seeds placed on a wet filter paper and then
placed in standard condition. For direct
embryogenesis 4-5 days old parts of plantlets
were used to gaining the explants.
1Somatic embryogenesis
1.1- Medium preparation for indirect somatic
embryogenesis
Different parts of 4-5 days old plantlets
(cotyledons, radicle and hypocotyl), were placed
on the MS basal medium supplemented with
sucrose 30g/L, agar 6g/L and 0.1mg/L NAA and
0.5mg/L BAP. The cultures were kept in
standard condition of laboratory. The calli from
MS medium supplemented with sucrose 30g/L,
agar 6g/L and NAA and BAP were transferred
to embryogenesis medium supplemented with
different concentration of growth regulator
(Table 1) with sucrose 30 g/L and agar 6g/L.
After transferring the explants, media were
incubated at the condition of 16/8 hr. and
light/dark at 28 ±2oC.

Table 1. Different hormone treatment applied in 6 experiments.
Growth regulator concentration (mg/L)
Experiment
No.
1
2
3
4
5
6

2,4-D

NAA

IAA

Kin

1
1.5
2
1
0
1

0
0
0
0.5
2
0

0
0
0
0
0.5
0

0.5
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1.2- Direct somatic embryogenesis
For direct embryogenesis, the parts of 4-6 days old plants (8cm) were used in sterile condition. Explants
were obtained from every part of the plant and transferred to MS medium supplemented with different
concentrations of growth regulators (Table 2), with sucrose 30g/L and agar 6g/L. The media were
incubated at the condition of 16/8 hr. and light/dark at 28 ±2oC.
Table 2. Different hormone treatment applied in 6 experiments.
Growth regulator concentration (mg/L)
Experiment
2,4-D
NAA
IAA
Kin
No.

2-

1
0.5
0
0
2
1
0
0
3
1.5
0
0
4
2
0
0
5
1
0.5
0
6
0
2
0.5
Transferring the embryos to maturation and germination medium

In order to optimize embryogenesis phases and embryos maturation, obtained calli were transferred to
the MS germination medium supplemented with sucrose 30g/L, agar 6g/L, BAP and IAA growth
regulators. The media were incubated at the condition of 16/8 Hr. and light/dark at 28 ±2oC and then
transferred to medium supplemented with NAA for rooting.
3Cellular experiments
To confirm the existence of embryonic structures, tissues that directly and indirectly developed
embryos, were placed in FAA (formaldehyde acetic acid) fixator for 3 hours, and then rinsed for 3
hours with streaming water. Then they were dehydrated with toluene and transferred to paraffin (for 45
min) and sections with 8µm diameter were prepared with microtome. Finally, the sections were fixed
on glass slide and dyed by haematoxylin-eosin and after observation were photographed by Zeis light
microscope.
4Statistic studies
Results of every experiment were evaluated with T test (mean evaluation).
RESULTS AND DISCUSSION:
1Callusing
In our study, rate of callusing was the same (95%) for three types of explants and callusing was
observed after 3 days.Embryogeniccalli that didn’t regenerate were watery, brownish, rigid and have
nodes. The highest level of callusing in every three explants (cotyledons, hypocotyl and radicle) in
medium containing NAA and BAP were the same, which are in contradiction with results of Kumar et
al. for Indian genotype safflowers(16). They didn’t use BAP for callusing, while BAP was very
effective for callusing of Iranian genotype safflower. The optimum level of NAA was very effective as
well in concentration of 0.5 mg/L while the more concentration increased the less callusing observed
intensely. This result was as same as Georg and Rao(17) .
2Indirect embryogenesis
Different concentration of 2,4-D (0.5 t 2 mg/L), NAA (0.5 and 2 mg/L), IAA (0.5 mg/L) and Kin (0.5
mg/L) in MS basal medium were used for embryogenesis induction in calli (table 3). Heart-shaped
somatic embryos appeared on the calli obtained from hypocotyls, radicle and cotyledon explants after 1,
2 and 2 weeks respectively (Figure 1). Callusing from three explants (cotyledons, hypocotyl and
radicle) performed so well, and among them the calli obtained from hypocotyl explants had the best
response to embryogenesis in medium containing IAA 0.5 mg/L and NAA 2 mg/L. In other media, the
embryos have appeared after 2 weeks. Heart-shaped embryos in indirect somatic embryogenesis
appeared after one week.
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Table 3: results of indirect somatic embryogenesis
Somatic embryogenesis (%)
Experiment
No.

Cotyledons

Hypocotyl

Root

1
2
3
4
5
6

33.33
42.2
41.8
37.5
60.3
53.3

90.0
93.4
80.2
85.5
94.1
89.9

78
85.6
90.9
95.7
95.2
73.2

Fig 1: A. Calli prone for embryogenesis from hypocotyl occurred in MS medium supplemented with NAA 0.1
mg/L and BAP 0.5. B. Indirect somatic embryogenesis in callus from figure A, after transferring to MS
embryogenesis medium supplemented with IAA 0.5 mg/L and NAA 2mg/L. C. embryogenesis in calli obtained
from root in MS medium supplemented with IAA 0.5 mg/L and NAA 2 mg/L. hairy roots on callus surface are
very clear. eH: early Heart-shaped somatic embryo; Hs: Heart-shaped somatic embryo; Gs: Globular somatic
embryo.

3Direct somatic embryogenesis
Seeds after sterilization and drying on filter paper were located on MS basal medium without growth
regulator. Then different parts of the 5-7 days old plants (approximately 8cm) were transferred to
embryogenesis medium. Globular and heart-shaped embryos from cotyledons appeared after one and
two weeks, respectively. According to results, cotyledons showed the best response to the
embryogenesis medium, so that in the medium containing 2,4-D 1 and 1.5 mg/L, rate of embryogenesis
was 100%. It was found that cotyledons younger than 4 days and also older than 20 days can’t form
somatic embryos. In 6 days old cotyledons, the somatic embryos formed at cuts and scars but in old
cotyledons, the embryos appeared on the surface(figure 2).40% of obtained embryos developed to
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perfect plants (figure 3). Direct globular somatic embryos appeared after one week. Results of indirect
somatic embryogenesis are shown in table 4.

Fig 2: A. Somatic embryos formation in cuts and scars of young cotyledons. B. Somatic embryos formation in the
surface of old cotyledons. MS medium supplemented with 2,4-D 0.5 and 1.5 mg/L.Hs: Heart-shaped somatic
embryos; Gs: Globular somatic embryos.

Fig 3:A. Shoot formation in somatic embryos from hypocotyl. B. Mature plantlet formation in vitro.
Table 4: results of direct somatic embryogenesis
Somatic embryogenesis (%)
Experiment
No.
1
2
3
4
5
6

Cotyledons

Hypocotyl

Root

89.23
91.7
90.3
87.5
93.3
23.2

0
0
0
28.8
0
0

53
48.5
43.8
73.3
62.5
23.4

Iranian safflower similar to some plants such as asafeotida(18) was not capable to develope embryo in
callusing medium, however in mandal and guptas’s research safflower embryogenesis has been
conducted in medium containing NAA and BAP(19). In MS basal medium as control no embryogenesis
occurred, and in the case of Brassica napus same results was observed however in asafeotida culture,
embryo formed and matured in MS medium without growth regulators(7, 18). But in our research, we
observed that using Kin (a cytokinin) will result in reduction of the direct embryogenesis rate, and it is
compliant with the result of Anwar(20), and incompliant with the observations of hasani et al. for
asafeotida(18). In addition to growth regulators presented in the medium, the hormones from the
explant itself have great effect on embryogenesis. Despite of the level of growth regulators, the age of
explant was effective on direct embryogenesis as well (14), and as mentioned before, the frequency of
embryogenesis in old cotyledons was lower than the young ones. In 6 days old cotyledons, somatic
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embryos were formed in scars and cuts, but in old cotyledons, the embryos were appeared at the surface
of scar-less cotyledons that confirmed the result of Mandal and Gupta experiments on safflower(19).
4Cellular experiments
Sectioning by microtome confirmed the existence of emberyonic structures. Cells of heart-shaped
structures had a condense cytoplasm and big nucleus. The emerging vasculatures were completely
apparent (Figure 4).Type of explant is also very effective in embryogenesis, since we observed that
there was no direct somatic embryogenesis for hypocotyls. While Brassica napus easily developed to
embryo(7, 8).Based on results we presumed that the origin of somatic embryos from young cotyledons
is cells from mesophyl parenchyma and somatic embryos from old cotyledons originate from epiderm
(figure 2). It is suggested that the absence of 2,4-D and presence of Kin will result to reduction of
embryogenesis in cotyledons.

Fig 4: A. Heart-shaped and globular embryos on the explant. B. Vascular vessels formation in somatic embryos.
Hs: Heart-shaped somatic embryos; Gs: Globular somatic embryos; Pc: pro¬cambium.

Our results revealed that indirect embryogenesis rate for explants were higher while the number of
obtained embryos in direct embryogenesis for each cotyledon originated explants was higher than
indirect embryogenesis.In this research, we presented the most effective protocol for safflower somatic
embryogenesis in higher rate and frequency among reported cases so far. We also suggested a protocol
for developing a perfect plantlet by direct and indirect somatic embryogenesis.Due to our main goal that
was to produce same genotype plants with maternal and preventing somaclonal variation, direct
embryogenesis application is most recommended despite higher rate of success in indirect
embryogenesis obtained.
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