Research Article

Iranian Journal of Medicinal and Aromatic Plants Research

Vol. 41, No. 1, Page 130-144 (2025) DOI:10.22092/ijmapr.2025.365891.3445

Somatic embryogenesis potential in callus induced from hypocotyl and cotyledon explants of
Silybum marianum under In Vitro conditions

Farid Noormand Moaied'" and Farnaz Seyyedi Sahebari’

1.*Corresponding Author, Research Division of Natural Resources, East Azarbaijan Agricultural and Natural Resources Research
and Education Center, Agricultural Research, Education and Extention Organization (AREEO), Tabriz, Iran, E-mail:
farid.nm@areeo.ac.ir

2. Research Division of Plant Protection, East Azerbaijan Agricultural and Natural Resources Research and Education Center ,
Agricultural Research, Education and Extention Organization (AREEO), Tabriz, Iran.

Received: May 2024 Revised: October 2024 Accepted: October 2024

Abstract

Background and obijectives: Milk thistle (Silybum marianum) is an annual or biennial
herbaceous plant belonging to the Asteraceae family. The key bioactive compounds of this
medicinal plant are flavonoids, which are primarily stored in the fruit (seed) and appear yellow.
Among them, silymarin exhibits potent anti-inflammatory properties and plays a role in cancer
prevention by affecting the vascular structure of prostate, breast, ovarian, liver, and leukemia
cancer tissues. Biotechnological approaches, particularly tissue and cell culture techniques,
serve as valuable complementary methods for the commercial production of plant-derived
compounds. This study aimed to determine the optimal method for producing sterile S.
marianum seedlings and to evaluate the effects of genotype, explant type, and growth regulators
on callus induction, growth, and embryogenic callus formation.
Methodology: In this study, five genotypes (Hungary, Borazjan, Fereydon Kenar, Jolgeh
Khalaj, and Moghan) were evaluated using three different seed disinfection methods in a
factorial experiment based on a completely randomized design (CRD) with three replications.
Seed germination and sterile seedling production were conducted in water and agar culture
media without growth regulators, under dark conditions at 25°C. Subsequently, an experiment
was performed using two genotypes (Hungary and Borazjan), cotyledon and hypocotyl
explants, Murashige and Skoog (MS) medium, and growth regulators 2,4-D (1, 2.5, and 5 mg/L)
and BAP (0.25 and 0.5 mg/L) in a factorial experiment based on completely random design
under dark conditions. After 30 days, the induced callus was transferred to MS medium with
half the initial hormone concentrations. Callus diameter was assessed using the Hochrony Berz
method, while callus fresh weight, the number of embryogenic calluses, and the number of
somatic embryos per callus in cotyledon explants were measured 30 days post-culture. Calluses
were freeze-dried, and their dry weight was also recorded.
Results: The optimal method for producing sterile S. marianum seedlings involved treatment
with Tween-20 solution, 70% ethanol, hydrogen peroxide, and sterile distilled water, followed
by cultivation in water and agar medium without growth regulators. Analysis of variance for
callus diameter, fresh weight, and dry weight indicated that the best conditions for callus
induction were the Borazjan genotype, cotyledon explant, 1 mg/L 2,4-D and 0.5 mg/L BAP.
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Embryogenic callus formation occurred exclusively in cotyledon explants. VVariance analysis of
embryogenic callus production and the number of somatic embryos per callus revealed that
optimal conditions for embryogenic callus formation were achieved using the Hungarian
genotype with 5 mg/L 2,4-D and 0.25 mg/L BAP.

Conclusion: Based on the results, the most effective disinfectants for S. marianum seeds were
Tween-20 solution, 70% ethanol, hydrogen peroxide, and sterile distilled water. For optimal
callus production, cotyledon explants and low concentrations of auxin, such as 2,4-D, were
preferable. In embryogenic callus formation, improved cultivars like Hungary outperformed
native genotypes. Additionally, cotyledon explants were more suitable than hypocotyl explants,
and high concentrations of auxin (2,4-D) combined with low concentrations of cytokinin (BAP)
provided the best results.
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Table 1. Stock solution components

Stock solution (macro salts) mgl? (1x)

KNos 1900

NH4Nos 1650
MgS04.7H20 370
CaCl2.2H20 440

KH2Po4 170

Stock solution (micro salts)

HsBos 6.2
MnS04.4H20 22.3
ZnS04.7H20 8.6

Kl 0.83
Na2Mo004.2H20 0.25
CuS04.5H20 0.025
CoCl2.6H20 0.025
Iron stock solution
Naz. EDTA 37.3
FeSo4. 7TH20 27.8
Vitamin stock solution (1)
Nicotinic acid 0.5
Thiamine Hcl 0.1
Pyridoxine Hcl 0.5
Vitamin stock solution (2)
Glycine 2
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Table 2. Genotypes, explants, and growth regulators amounts used in callus culture media in Silybum marianum

Growth regulator

Treatment Genotype Explant Auxin Cytokinin
mg.I* (2,4-D) mg,|* (BAP)
1 Hungary cotyledon 1 0.25
2 1 0.5
3 25 0.25
4 25 0.5
5 5 0.25
6 5 0.5
7 hypocotyl 1 0.25
8 1 0.5
9 25 0.25
10 25 0.5
11 5 0.25
12 5 0.5
13 Borazjan cotyledon 1 0.25
14 1 0.5
15 25 0.25
16 25 0.5
17 5 0.25
18 5 0.5
19 hypocotyl 1 0.25
20 1 0.5
21 25 0.25
22 25 0.5
23 5 0.25
24 5 0.5
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Table 3. ANOVA of seed disinfection method and genotype effects on germination percentage and non-
contamination of Silybum marianum seeds

M.S.
Germination Non-contamination percentage

S.0.V. d.f. percentage

Disinfection method (D) 2 7984.95™ 4748.6™

Genotype (G) 1467.63™ 3537.3"

DxG 8 709.83" 809.1™
Experimental error 30 4.616 8.866

C.V. (%) 10.76 3.32

**: significant at 1% probability level.
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Table 4. Means comparison of genotype effects on germination percentage and non-contamination of Silybum
marianum seeds

Genotype Germination (%) Non-contamination (%)
Hungary 35.33a 96.67 a
Borazjan 26.17b 96.33 a

Fereydon kenar 10.5d 62.33 ¢
Jolgeh khalaj 17.67c 79.33b
Moghan 2.83e 52.67d

In each column, means with common letters are in the same statistical group at 5% probability level (Dancan test).
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Table 5. Means comparison of seed disinfection method effects on germination percentage and non-
contamination of Silybum marianum seeds

Disinfection method Germination (%) Non-contamination (%b6)
1 8.4b 67.8b
2 22¢c 98 a
3 449 a 66.6 b

In each column, means with common letters are in the same statistical group at 5% probability level (Dancan test).
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Figure 1. Silybum marianum sterile seedlings produced in water and agar medium by the third method of seed
disinfection

PR WK JUrpITVERTSPWS ] JI PR PR PRI S (&

Figure 2. Silybum marianum seedling ready for preparation of hypocotyl and cotyledon explants
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Table 6. ANOVA of genotype, explant, and growth regulator effects on some Silybum marianum callus traits

M.S.
S.0.V. df. Callus diameter Callus Callus
fresh weight dry weight

Genotype (G) 1 1.935™ 115.686™ 11.374™
Explant (E) 1 12.164™ 1843.56™ 89.216™
Gx E 1 0.017 43.368™ 0.017
2,4-D 2 3.75™ 291.247™ 16.445™
G x2,4-D 2 0.62" 31.345™ 4.425™
E x 2,4-D 2 3.105™ 343.352™ 22.674"
GxEx24-D 2 0.035 23.258™ 1.308"
BAP 1 0.111 0.419 1.046
G x BAP 1 0.503" 79.931™ 3.678™
E x BAP 1 0.198™ 91.848™ 8.251™
G x E x BAP 1 0.001 7.146 0.272
BAP x 2,4-D 2 0.426™ 203.028™ 13.843™
G x 2,4-D x BAP 2 0.03 5.089 1.597™
E x 2,4-D x BAP 2 0.343™ 15.985™ 0.21
G x E x 2,4-D x BAP 2 0.606™ 86.434™ 4.002™
Experimental error 48 0.039 4.357 0.416
C.V. (%) 5.08 9.22 8.7

“and™: significant at 1, 5% probability levels
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Table 7. Means comparison of 2,4-D effects on some Silybum marianum callus traits

2,4-D Callus diameter Callus fresh Callus dry Number of somatic embryos  Number of embryonic
(mglh) (mm) weight (mg) weight (mg) in each callus calluses
1 15.77a 672.6 a 515a 4.234b 1.625Db
2.5 14.11b 628.8b 49.08 a 3.953b 2375a
5 10.77 ¢ 3935¢ 33.65b 5.359 a 2.563a

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 8. The mean values of different callus traits obtained from the desired treatments in Silybum marianum.

Treatment Callus Callus fresh Callus dry Number of somatic Number of
diameter (mm) weight (mg) weight (mg) embryos in each callus embryonic calluses
1 20.54 802.5 61.87 6.82 2
2 16.79 855 58.75 6.75 3
3 15.92 786.25 61.63 3.56 1.75
4 20.09 1069 85.68 9 4
5 10.08 361.75 30.11 14.94 4
6 7.5 226.5 20.7 2.88 2
7 10.72 339.25 30.11 0 0
8 11.07 426 30.72 0 0
9 11.17 397.75 34.05 0 0
10 8.89 217.75 19.74 0 0
11 10.75 516 38.72 0 0
12 7.22 144.75 13.28 0 0
13 19.22 729 24.92 2.75 1.25
14 24.04 1576.25 108.22 0.63 0.25
15 16.21 844.25 61.3 2.19 2
16 19.67 1036.25 70.64 1.06 1.75
17 14.17 682.5 50.34 231 2.25
18 11.29 383.25 30.35 131 2
19 12.8 301 31.01 0 0
20 10.94 351.75 36.44 0 0
21 10.39 326.25 28.1 0 0
22 10.56 352.75 31.49 0 0
23 11.93 448.25 54.33 0 0
24 13.22 385 31.38 0 0

oI 2 0 (Sobosw gz slaw 5 o b wJB slass , 0s, awpkxj?gngﬁ oobls a5 =4 Jss
I e oL 3 05l S & sai e 5l Jols
Table 9. ANOVA of genotype and growth regulator effects on number of embryogenic calli and number of
somatic embryos in each callus obtained from cotyledon explant in Silybum marianum

M.S.
S.O.V. df. The number of somatic embryos in The number of calluses
each callus embryonic

Genotype (G) 1 378.283™ 17.521™
2,4-D 2 8.859" 3.938™
Gx24-D 2 6.755" 0.896™
BAP 1 39.876™ 0.021

G x BAP 1 1.98 2.521™
BAP x 2,4-D 2 77.068™ 4521
G x 2,4-D x BAP 2 83.859™ 5.396™
Experimental error 36 2.234 0.104
C.V. (%) 32.18 14.95

“and™": significant at 1, 5% probability levels
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Figure 3. Calli containing somatic embryos obtained from cotyledon explant in MS containing 5 mg.I" 2,4-D and
0.25 mg.I"t BAP in Silybum marianum (Hungarian variety)
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Figure 4. Calli containing somatic embryos obtained from cotyledon explant in MS containing 1 mg.l* 2,4-D and
0.5 mg.I* BAP in Silybum marianum (Borazjan variety)
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Figure 5. Non-embryogenic calli obtained from hypocotyl explant in MS containing 1 mg.I"* 2,4-D and 0.5 mg.I*
BAP in Silybum marianum (Borazjan variety)
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Figure 6. Non-embryogenic calli obtained from hypocotyl explant in MS containing 5 mg.I"* 2,4-D and 0.25 mg.I*
BAP in Silybum marianum (Hungarian variety)
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