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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 



Somatic Embryogenesis and Plantlet Regeneration of Safflower (CarthamustinctoriusL.) 

 

 

Samaneh Najafi, et al.   
67 

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.  
1- Somatic 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)  

Kin IAA NAA 2,4-D 
Experiment 

No. 
- 0 0 1 1 
- 0 0 1.5 2 
- 0 0 2 3 
- 0 0.5 1 4 
- 0.5 2 0 5 

0.5 0 0 1 6 
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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)  

Kin IAA NAA 2,4-D Experiment 
No. 

- 0 0 0.5 1 
- 0 0 1 2 
- 0 0 1.5 3 
- 0 0 2 4 
- 0 0.5 1 5 
- 0.5 2 0 6 

2- 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. 
3- Cellular 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. 
4- Statistic studies 
Results of every experiment were evaluated with T test (mean evaluation). 
 
RESULTS AND DISCUSSION: 
1- Callusing 
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)  . 
2- Indirect 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 (%)  

Root Hypocotyl Cotyledons Experiment 
No. 

78 90.0 33.33 1 
85.6 93.4 42.2 2 
90.9 80.2 41.8 3 
95.7 85.5 37.5 4 
95.2 94.1 60.3 5 
73.2 89.9 53.3 6 

 

 
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. 
3- Direct 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 (%)  

Root Hypocotyl Cotyledons 
Experiment 

No. 
53 0 89.23 1 

48.5 0 91.7 2 
43.8 0 90.3 3 
73.3 28.8 87.5 4 
62.5 0 93.3 5 
23.4 0 23.2 6 

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). 
4- Cellular 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. 
 
ACKNOWLEDGMENT: 
The  authors  are  grateful  to  the  Dr. Jonoubi P and Dr. Daneshian J for  their  help  and  supplying the 
safflower seeds.Also we thank Kharazmi University for financial support. 

 
REFERENCES: 
1. Chapman MA, Burke JM. DNA sequence 

diversity and the origin of cultivated 10 
safflower (Carthamus tinctorius L.; 
Asteraceae). BMC Plant Biology. 
2007;7(1):60. 

2. Nykiforuk CL, Shewmaker C, Harry I, 
Yurchenko OP, Zhang M, Reed C, et al. 15 
High level accumulation of gamma linolenic 

acid (C18: 3Δ6. 9, 12 cis) in transgenic 
safflower (Carthamus tinctorius) seeds. 
Transgenic research. 2012;21(2):367-81. 

3. Yeilaghi H, Arzani A, Ghaderian M, Fotovat 20 
R, Feizi M, Pourdad SS. Effect of salinity on 
seed oil content and fatty acid composition of 
safflower (Carthamus tinctorius L.) 



Somatic Embryogenesis and Plantlet Regeneration of Safflower (CarthamustinctoriusL.) 

 

 

Samaneh Najafi, et al.   
72 

genotypes. Food chemistry. 
2012;130(3):618-25. 25 

4. Landau S, Molle G, Fois N, Friedman S, 
Barkai D, Decandia M, et al. Safflower 
(Carthamus tinctorius L.) as a novel pasture 
species for dairy sheep in the Mediterranean 
conditions of Sardinia and Israel. Small 30 
Ruminant Research. 2005;59(2):239-49. 

5. Jamshidmoghaddam M, Pourdad SS. 
Genotype× environment interactions for seed 
yield in rainfed winter safflower (Carthamus 
tinctorius L.) multi-environment trials in 35 
Iran. Euphytica. 2013;190(3):357-69. 

6. Singh RJ. Genetic Resources, Chromosome 
Engineering, and Crop Improvement: 
Vegetable Crops: CRC Press; 2006. 

7. Majd A, Chamandoosti F, Mehrabian S, 40 
Sheidai M. Somatic embryogenesis and plant 
regeneration in Brassica napus L. Pak J Biol 
Sci. 2006;9(4):729-34. 

8. Angoshtari R, Afshari RT, Kalantari S, 
Omidi M. Effects of abscisic acid on somatic 45 
embryogenesis and induction of desiccation 
tolerance in Brassica napus. Asian Journal of 
Plant Sciences. 2009;8(4):276-84. 

9. Emek Y, Erdag B. Somatic embryogenesis 
from leaf explants of Gladiolus anatolicus 50 
(Boiss.) Stapf. Pakistan journal of biological 
sciences: PJBS. 2007;10(8):1190-4. 

10. Mondal S, Bose B. Improvement in 
Regeneration Potentiality by Using 
Magnesium Nitrate Primed Seeds of Rice In 55 
vitro. Vegetos-An International Journal of 
Plant Research. 2013;26(2):98-104. 

11. Awal A, Taha RM, Hasbullah NA. Induction 
of somatic embryogenesis and plant 
regeneration in Begonia x hiemalis Fotsch. in 60 
vitro. Journal of Biological Sciences. 
2008;8(5):920-4. 

12. Kamle1, 2 M, Bajpai A, Chandra R, Kalim S, 
Kumar R. Somatic embryogenesis for crop 
improvement. 2011. 65 

13. Khosravi S, Azghandi A, Mojtahedi N, 
Haddad R. In vitro propagation of Lilium 
longiflorum var. ceb-dazzle through direct 
somatic embryogenesis. Pakistan journal of 
biological sciences: PJBS. 70 
2007;10(15):2517-21. 

14. M Gatica A, Arrieta G, M Espinoza A. 
Comparison of three in vitro protocols for 
direct somatic embryogenesis and plant 
regeneration of Coffea arabica l. cvs. Caturra 75 
and Catuaí. 2013. 

15. Murashige T, Skoog F. A revised medium 
for rapid growth and bio assays with tobacco 
tissue cultures. Physiologia plantarum. 
1962;15(3):473-97. 80 

16. Kumar SP, Kumari BR. Factors affecting on 
somatic embryogenesis of safflower 
(Carthamus tinctorius L) at morphological 
and biochemical levels. World J Agric Sci. 
2011;7:197-205. 85 

17. George L, Rao P, editors. In vitro 
multiplication of safflower (Carthamus 
tinctorius L.) through tissue culture. 
Proceedings of the Indian National Science 
Academy (India); 1982. 90 

18. HASANI B, SABOURA A, RAJABIAN T, 
FALAH HH. Somatic Embryogenesis of 
Ferula assa-foetida. 2008. 

19. Mandal A, Dutta Gupta S. Somatic 
embryogenesis of safflower: influence of 95 
auxin and ontogeny of somatic embryos. 
Plant cell, tissue and organ culture. 
2003;72(1):27-31. 

20. SY A. Somatic embryogenesis and plantlet 
regeneration in safflower (Carthamus 100 
tinctorius L). Somatic embryogenesis and 
plantlet regeneration in safflower (Carthamus 
tinctorius L). 2009;9(01):28-31. 

 


