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Figure 1- Relative expression of TPS2 in thyme under cold stress. ** Significant at p<0.01.
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Figure 2- Relative expression of TPS5 in thyme under cold stress. ** Significant at p<0.01, ns Non-significant.
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Figure 3- Amount of Carvacrol in thyme in different time point of cold stress. *The bars indicate standard error.

6 -

(6]
1

Thymol mg/g dw
w

0 :
control 3h

cold stress

12h 24h 48h

Wl 3l gl sasglid Loyl oyl F dsed Ol o plo e 55 Sl slaesl i - s

Figure 4- Amount of Thymol in thyme in different

SLLS 53 dged ol iy oy 5 LS S (o S i 5 LS
laxllas 55 .(Crocoll et al., 2010) Col &5 5 ool Ae
5 Sl ot (Sl dil slaslas Sleslizal L &S
(Thymus vulgaris U i sl ossls olS s Sealins il 5
oS 53 Cela T8 51 e TPS2 05 0l Olpes A5 plil L)
s Lasles ol U o 05 ol Ol S sls 0L ko
ol oLl olalles 53 (Malekzadeh et al., 2016) 1S .

O aslie 5 2L sl 53 Ysktaw o 5 05 Sle sl g 5JUT

time point of cold stress. *The bars indicate standard error.

ALA03 0l Olsme t (ployor 25 45 53 0L Jools il
Sslane slassly ;3 TPSE 05 Oly Ol e 5 atils (5 15 pns
Ol tp i am Sl A Sl o3l 5o 5 (Rl s Sl
el aw Slej o3l 55 TPS2 03 55 Ols Oljee o iy dems

Cod Sland (63 bl A edalin dald 4 cnd 2l Y/EN
35 e Lacg FsSsm a Slie 5550 il 3L
y-Terpinene ) jkiw - 5 LS .(Lambert et al., 2011)

oy olind (63 L5 &S ol (gl 1 5 5 50 ((SYNthesis




s 3l W 03 Ol s

U‘)&*‘“}J‘:“"

P B SeS Wl e 0l JsS0se s Ll 2
G=b 3 ol e st glac sl Gl gl o
sl s oS 53 S5 wdigs 5 8L i sl b,
05 Ol ot ol S5 8s mnd 5 ax S1 o bleny 2L
olS 5> Jy SIo8 5 Jsesd p i sise Fngm 53 TPS2 5 TPS5
o Ll Bl e (gt Jiie il el B o]
5515008 5 d s (7 sipe o sm S S5 Ol o]
MEP s 5l edas 55 bas V50005 o35 SL sl olS
A 35 s i 53 WS S WT 05T 55,8 e )50
AL Qsjﬂg;..m«_«._é.uajfl Al i g S8 s e
SIS olant] (6Lad el il Jsasd i A5 L
Sz 4S5 a5l plo 05 Ol Ol pad (g 2 ¢y sz s
Aol o Cenl Sl 5 S e WS ) 5 sla e ple 3,
Sl sl ol Jals sl el (38l sl 6 romen
SUI3 30 i 5550 slaay 51 05 Ol il e 53 5 el 52U
Slaesls (dny Sladllas 53 45 550 0 slgily AL o el
Aoz s slis Glales fiamen 5 ple e S5 iy Sl
el 53 e Fo e gLa03 Ol p 5l S Ble 4z

S B s s Y Sl B Sl

&lw

Baser KHC. 1997. Industrial utilization of medicinal and
aromatic plants. Acta Horticulturae. 503:177-192.

Carlen C, Schaller M, Carron CA, Vouillamoz JF, Baroffio
June CA. 2009. The new Thymus vulgaris L. hybrid
cultivar'Varico 3'compared to five established cultivars from
Germany, France and Switzerland. In IV International
Symposium on Breeding Research on Medicinal and
Aromatic Plants-ISBMAP. 860 (pp. 161-166).

Chomczynski P, Sacchi N. 1987. Single-step method of RNA
isolation by acid guanidinium thiocyanate-phenol-
chloroform extraction. Analytical biochemistry. 162(1),
pp.156-159.

Crocoll C, Asbach J, Novak J, Gershenzon J, Degenhardt J.
2010. Terpene synthases of oregano (Origanum vulgare L.)
and their roles in the pathway and regulation of terpene
biosynthesis. Plant molecular biology. 73: 587-603.

Sla il g SeMbl 4l S Gt ol s ObLS L L
el Gl 05 (=) S53 4y o CHLA L akal) o
OLalS 55 e il 3l bl 3 S5 slaggsyomms
a5 L (Nemanietal., 2016) 5,51 s wal, 5 )l
Slafis Shoita I8 Gl a2 J e VL S e
SHOT s e r 5803 IS 5 Oy a8 O e 5
Losle ol a0 lsdlay e oS ol eslinal Sl oy 5 o
53 01 A5 o pllae Olaily 4 Oy 5 2l OLALS 53 55
(Baser, 1997) 5 5 s mlaws A1
23 3 SIS 5 d e e LS Ol a2 o5 02
O il 58l s o e Jlesl 48 5ls OLas 2L i sl
Ll 2alS o go b S Ls 5 CYPL78 5 TVTpsL sles ol
5 CYP180 (sLgis Ol Ol smee caalllae sl 45 . ad dal s
o SV esls OLis il b S 5l Lol 5 55 8 ,5CYP18L
3302 Lo Sl 51 i Dl e S Jail 5 53 Rl 3 Ol s
— 4 &S glaslas ;3 .(Mondak et al., 2020)

0) = v_ljj\} AL:§JJ ol g)le)t.\.w w;b@ﬁu)jﬂ\ﬁ
odalis (Maroofi et al., 2016) ai ¢k>,u'l (Satureja hortensis)
s 0d S 5 3d e Ml Sl i LS 05 S A2

s LU odls S5 glacd e Ol b my Sl 23515

Figueiredo AC, Barroso JG, Pedro LG, Scheffer JJ. 2008.
Factors affecting secondary metabolite production in plants:
volatile components and essential oils. Flavour and
Fragrance Journal. 23(4), pp.213-226.

Gedif T, Hahn HJ. 2002. Herbalists in Addis Ababa and
Butajira, Central Ethiopia: Mode of service delivery and
traditional pharmaceutical practice.Ethiopian Journal of
Health Development. 16(2), 183-189.

Hall TA 1999. BioEdit: a user-friendly biological sequence
alignment editor and analysis program for Windows
95/98/NT. In Nucleic acids symposium series. Vol. 41, pp.
95-98.

Horwath AB, Grayer RJ, Keith-Lucas DM, Simmond MS.
2008. Chemical characterisation of wild populations of
Thymus from different climatic regions in southeast Spain.
Biochemical Systematics and Ecology. 36(2), pp.117-133.

Huang GT, Ma SL, Bai LP, Zhang L, Ma H, Jia P, Liu J,
Zhong M, Guo ZF. 2012. Signal transduction during cold,

=



J‘)K&A}W

e S W (gla0 Olo o) 2

salt, and drought stresses in plants. Molecular biology
reports. 39(2), pp.969-987.

Janska A, Marsik P, Zelenkova S, Ovesna J. 2010. Cold stress
and acclimation-what is important for metabolic
adjustment? Plant Biology. 12(3), pp.395-405.

Lambert E, Faizal A, Geelen D. 2011. Modulation of triterpene
saponin production: in vitro cultures, elicitation, and
metabolic  engineering.  Applied  biochemistry  and
biotechnology. 164 :220-237.

Livak KJ, Schmittgen TD. 2001. Analysis of relative gene
expression data using real-time quantitative PCR and the 2—
AACT method. methods. 25(4), pp.402-408.

Malekzadeh A, Majdi M, Maroufi A. 2016. Evaluation of
gamma-terpinene synthase gene expression under salicylic
acid, methyl treatments Jasmonate and trans-cinnamate in
thyme (Thymus vulgaris L.). Agricultural research. (In Farsi
with English abstract).

Maroofi A, Ghobadi S, Majdi M. 2016. Bioinformatics study of
cloned gamma-terpinene synthase in safflower (Satureja
hortensis). 9™ National biotechnology congress, Tehran, Iran
(In Farsi with English abstract).

Mondak B, Mohammadi V, Hadian J, Zeynali Khanghah H.
2020. The impact of temperature on metabolites and the
expression of genes involved in thymol and carvacrol
biosynthesis pathway in Thymus vulgaris. Iranian Journal of
Field Crop Science. 51, (1): 195-205. (In Farsi with English
abstract).

Nemani M, Sadat Noori A, Tohaidfar M, Ramshini H. 2016.
Bioinformatics analysis of terpene synthase 2 gene in Thyme
and comparing it with other plants. 9" National
biotechnology congress, Tehran, Iran. (In Farsi with English
abstract).

Oksman-Caldentey KM, Inzém D. 2004. Plant cell factories in
the post-genomic era: new ways to produce designer
secondary metabolites. Trends Plant Science. 9(9): 433-440.

Paradiso VM, Summo C, Trani A, Caponio F. 2008. An effort
to improve the shelf life of breakfast cereals using natural
mixed tocopherols. Journal of Cereal Science. 47(2),
pp.322-330.

Rahaii M, Naghavi M, Alizade H, Malbobi MA, Abdmishani
S, Shang P. 2010. Assessment of the MYB gens exprtion
modle in wheat (Triticum aestivum L.) in short time stress of
salinity and cold using quantitative RT- PCR approach.
Iranian Journal of Field Crop Science. 41: 433-446 (In Farsi
with English abstract).

Rohmer M, Seemann M, Horbach S, Bringermeyer S, Sahm
H. 1996. Glyceraldehyde 3-phosphate and pyruvate as
precursors of isoprenic units in an alternative non-
mevalonate pathway for terpenoid biosynthesis. Journal of
the American Chemical Society. 118: 2654—-2566.

Rychlik W. 2007. OLIGO 7 primer analysis software. Humana
Press. pp. 35-59.

Sajed H, Sahebkar A, lranshahi M. 2013. Zataria multiflora
Boiss. (Shirazi Thyme) an ancient condiment with modern
pharmaceutical uses. Journal of ethnopharmacology. 145(3),
pp.686-698.

Sharafzadeh Sh. 2011. Effect of Nitrogen, Phosphorous and
potassium on growth, essential oil and total phenolic content
of Garden Thyme (Thymus vulgaris L.). Advances in
Environmental Biology. 5(4): 699-703.

Sharma R. 2004. Agro-Techniques of Medicinal Plants. Daya
Publishing House, Delhi. 264p.

Zhou R, Yazdi AS, Menu P, Tschopp J. 2011. A role for
mitochondria in NLRP3 inflammasome activation. Nature.
469(7329), pp.221-225.

T T




ey e W ladss Ol e NFCOV RS

Genetic Engineering and Biosafety Journal
Volume 9, Number 2
2021

Investigation of y-Terpinene synthesis and a- Terpinene synthesis reductoisomerase
genes expression and its relation to monoterpene carvacrol biosynthesis in Thymus
vulgaris cv. ‘Varico 3’

Shokoufeh Habibi 1, Abdollah Ehtesham Nia*!, Foad Fatehi 2, Ardeshir Ghaderi 3

1. Department of Horticultural Sciences, Lorestan University, Khorramabad, Iran.

2. Department of Agriculture, Payam-e-Noor University, Tehran, Iran.

3. Medicinal Plants Research Center, Medicinal Plants Research Institute, University Jihad, Karaj, Iran.
*Corresponding Author, Email: ab.ehteshamnia@gmail.com

Abstract

Thyme (Thymus vulgaris L.) is xerophytes plant that can tolerat against drought and water
loss stress easily. Most important secondary metabolites in Thyme are Thymol that have
medicinal, antioxidant and antimicrobial properties. No research has carried out so far on
the effects of cold stress on the synthesis of Thymol pathway genes and on the
physiological and biochemical characteristics. This study was designed to investigate the
effect of low temperature stress (4 °C) on the expression Thymol pathway genes such as
TPS2 and TPS5 genes using RT-PCR in the time period of 0, 3, 12, 24 and 48 hours after
treatment. To evaluate the levels of relative expression of these genes for the synthesis of
Thymol (MVA, MEP) t-test was used. TPS2 gene has highest expression within the 3 hours

after treatment (3.46 times) compared to the control.
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