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ABSTRACT

Thymus persicus (Ronniger ex Rech.f.) Jalas (Lamiaceae) is a Thymus species endemic to Iran. The
essential oil derived from the vegetative and reproductive aerial parts, which tend to be rich in carvacrol
and thymol, have antimicrobial and anti-insecticidal activity. The in vitro propagation of T. persicus has
been achieved through shoot tip culture or shoot regeneration from leaves. Polyploid induction is possible
through the use of colchicine. RAPD analysis has been used to verify the clonal stability of in vitro
regenerants. Betulinic, oleanolic and ursolic acids have been found to exist in in vitro plants at levels
equivalent to plants growing in the wild. The only molecular work conducted on T. persicus has been the
use of cluster analysis based on internal transcribed spacers of nuclear ribosomal DNA. Given the
important chemical constituents of the essential oil of this plant, and its threatened status in Iran,
biotechnology would be a suitable way to mass propagate this aromatic and medicinal plant.
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INTRODUCTION

Biological Properties of Essential Oil

Thymus persicus (Ronniger ex Rech.f.) Jalas (Lamiaceae; The Plant List 2016) is a Thymus species
endemic to parts of the northwest of Iran (Rechinger, 1982).

Thymus species are appreciated for their essential oils (EOs) that are used in the spice, perfumery and
cosmetic industries. Sefidkon et al. (2002) found that the main constituents in the EO of aerial parts of T.
persicus collected from Mahneshan (Zanjan province) in the vegetative and flowering stages following
hydrodistillation were: carvacrol (39.0%, 27.1%), geraniol (15.7%, 9.4%), p-cymene (7.5%, 10.2%),
thymol (6.5%, 11.9%), y-terpinene (6.1%, 6.5%) and geranyl acetate (5.3%, 5.3%). Rasooli and
Mirmostafa (2003) noted that the main constituents of the EO of T. persicus leaves collected from
Damavand (Mazandaran province) and hydrodistilled were (vegetative stage; flowering stage): carvacrol
(38.96%, 27.07%), thymol (6.48%, 11.86%), p-cymene (7.51%, 10.16%), y-terpineol (0%, 9.51%), nerol
(15.66%, 9.41%), y-terpinene (6.11%, 6.51%), and thymol acetate (5.29%, 5.30%). The values of the EO
constituents reported by Rasooli and Mirmostafa (2003) were strangely near-identical to the values
reported by Sefidkon et al. (2002) while Rasooli (2005) represents a duplication of the Rasooli and
Mirmostafa (2003) data. Talei and Meshkatalsadat (2007) found that the main constituents in the EO from
the hydrodistilled leaves of plants (developmental stage not indicated) collected from Zagross Mountain
(Lorestan province) were: thymol (10.71%), carvacrol (25.71%), y-terpinene (5.63%), a-pinene (1.14%),
B-pinene (1.02%), limonene (11.65%) trans-sabinene hydrate (7.78%) and 1-borneol (4.07%). The same
data had already been reported by Meshkatalsadat et al. (2006), and also by Sfaei-Ghomi et al. (2009),
although the relative composition of several compounds were oddly different, while others were identical.
Sajjadi (2002) found that the hydrodistilled aerial parts during the flowering phase of T. persicus collected
near Hammadan and Zanjan (north of Iran) and Isfahan (center of Iran), showed the following
constituents in the EO: thymol (42.3%), p-cymene (23.9%), y-terpinene (9.8%), carvacrol (4.7%), linalool
(2.3%) and borneol (1.9%). Howewer, no other detailed results were presented, nor were differences
between EO constituents among the three geographic locations indicated. All these studies used GC-MS
to assess the volatile constituents. EOs accumulate in the glandular capitate trichomes (Tavan et al., 2015).
T. persicus EO showed an antibacterial effect against Escherichia coli, Staphylococcus aureus, and
Bacillus subtilis when diluted four-fold (vegetative), against Klebsiella pneumonia when diluted two-fold,
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E. coli, S. aureus, and K. pneumonia when diluted four-fold (flowering), and B. subtilis when diluted 16-
fold (flowering) (Rasooli and Mirmostafa, 2003). The T. persicus EO isolated by Talei and
Meshkatalsadat (2007) showed strong antibacterial activity against Pseudomonas aeruginosa, even at a
1280-fold dilution.

Mirjalili et al. (2016) found 856.9, 480.6 and 941.7 mg/100 g dry weight of plant of betulinic acid,
oleanolic acid and ursolic acid, three pentacyclic triterpenoids with multiple biological activities, in
lyophilized and powdered aerial parts of the flowering stage of T. persicus collected from Baderloo
(Takab, West Azerbaijan province).

Saroukolai et al., (2010) found that the EO derived from the hydrodistillation of the dry leaves and
flowers of T. persicus collected from Zagros Mountains in Lorestan province, and rich in carvacrol
(44.69%) and thymol (11.05%), could inhibit the adults of two storage insect pests, the red flour beetle,
Tribolium castaneum (Herbst), and the rice weevil, Sitophilus oryzae (L.).

Tissue Culture and in Vitro Micropropagation

Using seeds of T. persicus plants collected from Baderloo (Takab, West Azerbaijan province), Bakhtiar et
al. (2014) first surface disinfected them by soaking in 70% ethanol for 1 min, then in 5% sodium
hypochlorite for 8 min, and a wash in three rinses of sterilized distilled water. Using half-strength
(Murashige and Skoog, 1962) basal medium with 1% sucrose, seeds were germinated in the dark at 25°C,
with a 85% germination success rate. After three days, seedlings were elongated in the light (16-h
photoperiod; 40 pmol m 2 s™*) on full-strength MS medium. The response of shoot tips derived from in
vitro seedlings and surface sterilized wild plants was compared. MS supplemented with 3% sucrose and
8.9 pM 6-benzyladenine (BA; see notes in Teixeira da Silva, 2012) resulted in highest shoot
multiplication: 83.3% of shoot tips proliferated, forming an average of 4.4 shoots/explant. The use of
kinetin and thidiazuron was also successful, but resulted in fewer shoots per explant (maximum of 2.8 and
2.5, respectively). When 8.9 uM BA was combined with an auxin (2.7 uM 1-naphthalene-acetic acid
(NAA)), 7.1 shoots could form per explant. When NAA was substituted for other auxins (2,4-D, IAA or
indole-3-butyric acid (IBA)), shoot development was at most half the amount when NAA was used, but
IBA at 2.5 M in half-strength MS medium resulted in most root formation from shoots. Rooted plantlets
showed 80% survival in a substrate of peat moss and perlite (1:1). In vitro-derived plantlets showed little
genetic variation when assessed by RAPD analysis, but banding pattern differed from seedling tissue. In
vitro plantlets were able to produce betulinic, oleanolic and ursolic acids. Thus, this protocol allows for
the mass production of T. persicus, which is considered to be an endangered plant in Iran (Jalili and
Jamzad, 1999).

Using the Bakhtiar et al. (2014) protocol as base, Bakhtiar et al. (2016) induced callus from 100% of
leaves and stems of in vitro plantlets in MS medium in the presence of 2.0 mg L™* NAA and 0.5mg L™*
kinetin. 96% of callus could then be induced to form shoots in the presence of 2.0 mg L™ BA and 1.0 mg
L™ NAA. The genetic stability of T. persicus plantlets derived from this indirect route was not shown,
nor was the production of betulinic, oleanolic and ursolic acids proved.

Tavan et al. (2015) used colchicine to alter ploidy in T. persicus shoot tips derived from in vitro plantlets
using the Bakhtiar et al. (2014) protocol. Whereas the chromosome number of mother plants was 2n = 2x
= 28 (2C DNA = 1.20 pg), colchicine-induced autotetraploids had 2n = 4x = 56 (2C DNA = 2.39 pg).
When 960 shoot tips were exposed to 0.3% colchicine for 12 h, 7.8% were tetraploid while 1.04% were
mixoploid. Tetraploids were slightly stunted, and diploid, tetraploid and mixoploid plants had much lower
(half to one-sixth) the levels of betulinic, oleanolic and ursolic acids than from plants assessed by
Baknhtiar et al. (2014) and Mirjalili et al. (2016).

Molecular Biology

Abdolahinia et al. (2011) compared the sequences of two internal transcribed spacers (ITS), ITS1 and
ITS2, of nuclear ribosomal DNA (nrDNA) of four Thymus species (T. daenensis subsp. daenensis, T.
persicus, T. pubescens and T. trautvetteri) in a bid to differentiate them from other thyme species using
GenBank, following ITS sequence alignment using ClustalX. Curiously, the ITS sequences of these four
Thymus species collected from Azarbaijan province were identical, with stable and conserved secondary
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structures even though morphological parameters showed wide variation. However, two of the four T.
persicus accessions could be differentiated in a consensus tree after maximum parsimony analysis of ITS
sequences.

Sonboli et al. (2013) also used nrfDNA ITS, ITS4 and ITS5A, to differentiate 25 Thymus accessions from
other genera. Using agronomic and climatic variables (type of bed rock, pH, and soil structure),
Asbaghian et al. (2011) differentiated eight Thymus species, including T. persicus, using UPGMA-based
cluster analysis.

CONCLUSION

The biotechnology of T. persicus is still very underexplored most likely because of its geographically
restricted area, with all research conducted thus far being in Iran. The research of this medicinal plant
would benefit from an understanding of in vitro flowering (Teixeira da Silva et al., 2014), organogenesis
induced by ultrasound or sonication (Teixeira da Silva and Dobranszki, 2014) by magnetic fields
(Teixeira da Silva and Dobranszki, 2015), or by TCL technology (Teixeira da Silva and Dobrénszki,
2013; Teixeira da Silva et al., 2015).

Conflicts of Interest

The author declares no conflicts of interest.

REFERENCES

Abdolahinia ED, Bashir NS, Hagnazari A, Nazemiyeh H and Hejazi MS (2011). A comparative
phenotypic and ITS based genotypic study in Thyme species (Thymus L. Lamiaceae). Vegetos 24(2) 102-
113.

Asbaghian SH, Gassemov F and Zaefizadeh M (2011). Species variability and geographic
differentiation in Thymus of Ardabil Province and clustering of different species based on the climatic
conditions. American-Eurasian Journal of Agriculture and Environmental Science 10(1) 55-59.

Bakhtiar Z, Mirjalili MH and Sonboli A (2016). In vitro callus induction and micropropagation of
Thymus persicus (Lamiaceae), an endangered medicinal plant. Crop Breeding and Applied Biotechnology
16(1) 48-54. DOI: 10.1590/1984-70332016v16n1a8

Bakhtiar Z, Mirjalili MH, Sonboli A, Moridi Farimani M and Ayyari M (2014). In vitro propagation,
genetic and phytochemical assessment of Thymus persicus — a medicinally important source of
pentacyclic triterpenoids. Biologia 69(5) 594-603. DOI: 10.2478/s11756-014-0346-z

Jalili A and Jamzad Z (1999). Red Data Book of Iran: A Preliminary Survey of Endemic, Rare &
Endangered Plant Species in Iran, (Research Institute of Forest and Rangelands Publication, Tehran,
Iran).

Meshkatalsadat MH, Sadeghi R, Amiri H and Pirae M (2006). GC/MS analysis of essential oil of
Thymus persicus leaves. Asian Journal of Chemistry 18(3) 2385-2387.

Mirjalili MH, Ayyari M, Bakhtiar Z, Moridi Farimani M and Sonboli A (2016). Quantification of
betulinic, oleanolic and ursolic acids as medicinally important triterpenoids in some Thymus species from
Iran. Research Journal of Pharmacognosy 3(1) 23-28.

Murashige T and Skoog F (1962). A revised medium for rapid growth and bioassays with tobacco tissue
culture. Physiologia Plantarum 15 473-497. DOI: 10.1111/j.1399-3054.1962.tb08052.x

Rasooli 1 (2005). Antibacterial and chemical properties of Thymus persicus essential oils at pre and
flowering stages. Acta Horticulturae 678 139-147. DOI: 10.17660/ActaHortic.2005.678.19

Rasooli I and Mirmostafa SA (2003). Bacterial susceptibility to and chemical composition of essential
oils from Thymus kotschyanus and Thymus persicus. Journal of Agricultural and Food Chemistry 51(8)
2200-2205. DOI: 10.1021/jf0261755

Rechinger KH (1982). Flora Iranica, 152, (Austria, Graz: Akademische Druck und Verlagsanstalt) 531-
553.

Centre for Info Bio Technology (CIBTech)



CIBTech Journal of Biotechnology ISSN: 2319-3859 (Online)

An Open Access, Online International Journal Available at http://www.cibtech.org/cjb.htm
2016 Vol. 5 (3) July-September, pp.24-27/Teixeira da Silva

Review Article

Sajjadi SE (2002). Aromatic biodiversity among three endemic Thymus species of Iran. In: Sener B
(edition) Biodiversity: Biomolecular Aspects of Biodiversity and Innovative Utilization, (Kluwer
Academic / Plenum Publishers, New York, USA), 315-317. DOI: 10.1007/978-1-4419-9242-0 38
Saroukolai AT, Moharramipour S and Meshkatalsadat MH (2010). Insecticidal properties of Thymus
persicus essential oil against Tribolium castaneum and Sitophilus oryzae. Journal of Pest Science 83(1) 3-
8. DOI 10.1007/s10340-009-0261-1

Sefidkon F, Dabiri M and Mirmostafa SA (2002). The essential oil of Thymus persicus (Ronniger ex
Rech. f) Jalas from lIran. Journal of Essential Oil Research 14(5) 351-352. DOI:
10.1080/10412905.2002.9699880

Sfaei-Ghomi J, Meshkatalsadat MH, Shamai S, Hasheminejad M and Hassani A (2009). Chemical
characterization of bioactive volatile molecules of four Thymus species using nanoscale injection method.
Digest Journal of Nanomaterials and Biostructures 4(4) 835-841.

Sonboli A, Mirjalili MH, Bakhtiar Z and Jamzad Z (2013). Molecular authentication of Thymus
persicus based on nrDNA ITS sequences data. Iranian Journal of Botany 19(2) 179-185.

Talei GR and Meshkatalsadat MH (2007). Antibacterial activity and chemical constitutions of essential
oils of Thymus persicus and Thymus eriocalyx from west of Iran. Pakistan Journal of Biological Science
10(21) 3923-3926. DOI: 10.3923/pjhs.2007.3923.3926

Tavan M, Mirjalili MH and Karimzadeh G (2015). In vitro polyploidy induction: changes in
morphological, anatomical and phytochemical characteristics of Thymus persicus (Lamiaceae). Plant Cell,
Tissue and Organ Culture 122(3) 573-583. DOI: 10.1007/s11240-015-0789-0

Teixeira da Silva JA (2012). Is BA (6-benzyladenine) BAP (6-benzylaminopurine)? The Asian and
Australasian Journal of Plant Science and Biotechnology 6(Special Issue 1) 121-124.

Teixeira da Silva JA and Dobranszki J (2013). Plant thin cell layers: a 40-year celebration. The Journal
of Plant Growth Regulation 32(4) 922-943. DOI: 10.1007/s00344-013-9336-6

Teixeira da Silva JA and Dobranszki J (2014). Sonication and ultrasound: impact on plant growth and
development. Plant Cell, Tissue and Organ Culture 117(2) 131-143. DOI: 10.1007/s11240-014-0429-0
Teixeira da Silva JA and Dobréanszki J (2015). How do magnetic fields affect plants in vitro? In Vitro
Cellular and Developmental Biology — Plant 51(3) 233-240. DOI: 10.1007/s11627-015-9675-z

Teixeira da Silva JA, Altamura MM and Dobranszki J (2015). The untapped potential of plant thin
cell layers. Journal of Horticultural Research 23(2) 127-131 DOI: 10.2478/johr-2015-0024.

Teixeira da Silva JA, Kerbauy GB, Zeng SJ, Chen ZL and Duan J (2014). In vitro flowering of
orchids. Critical Reviews in Biotechnology 34(1) 56-76. DOI: 10.3109/07388551.2013.807219

The Plant List (2016). Thymus persicus. Available: http://www.theplantlist.org/tpll.1/record/kew-
205240 (Accessed September 17, 2016).

Centre for Info Bio Technology (CIBTech)


http://www.theplantlist.org/tpl1.1/record/kew-205240
http://www.theplantlist.org/tpl1.1/record/kew-205240

