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ABSTRACT

Environmental factors make changes in the amount and type of secondary metabolites. To study the effects
of temperature regimes on secondary metabolites and the expression of genes involved in biosynthesis
pathway of thymol and carvacrol in thyme, an experiment was conducted in a growth chamber for one
month with three thermal treatments including heat, cold and normal temperatures. Essential oil compounds
were measured by Gc / MS and Gc and the expression of TvTpsl, CYP178 and CYP180 genes assayed by
gRT-PCR. Both heat and cold temperatures increased the phenolic monoterpen compounds (thymol and
carvacrol) compared to normal condition. High temperature led to significant increases in carvacrol while
low temperature resulted in a great increase in the amount of thymol. Gamaterpenin level was declined due
to thermal treatments. Gene expression analysis revealed that the cold condition increased the expression
of TvTpsl and CYP178 genes, while heat decreased the expressions. CYP180 and CYP181 were highly
expressed under both cold and heat conditions, although the amount of expression was much higher under
high temperature. Generally, the results indicated that the environment temperature played a key role in
thyme metabolites type and content. It could be concluded that the regions with high and low temperatures
were suitable for carvacrol and thymol production, respectively.
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Tablel. Temperature program of growth chamber for 24 hours in one month.

Moderate treatment Cold treatment Heat treatment
Temperature °c~ Time  Temperature°c  Time  Temperature’c  Time
17 0:00-6 10 00-8 26 00-5
24 6-11 13 8-11 22 5-8
28 11-13 19 11-14 38 8-12
34 13-16 26 14-17 43 12-16
26 16-24 18 17-24 33 16-24
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Table 2. Primer sequence used for expression analysis of the genes involved in biosynthesis pathway of
thymol and carvacrol in thyme in response to different thermal treatments.

Primer Name Forward Reverse PCR Product
Length (bp)
18 s (Reference gene)  5' ATGA TAACTCGACGGATCGC 5'CTTGGATGTGGTAGCCGTTT 10
CYP180 (carvacrol) 5’- GCAAAGAAGAATGCGAGGTC 5’- GATTGAACGTGTCGGGATCT- 160
-3’ 3
CYP71D181(pcymen) 5’- TACTGGAAAGACCCCGACAC 5’- CGAACGGGATTAACTCGAAA 160
-3 -3’
TVTPS1 5' AGGATCCAAAGGCTAGAGGC 5'CACGTCCCCTCTCTTCAGC 160
CYP178 5' TGGCCTTTGGAAGCGTCG 5' TCAGGCTCATTCCAATAGAGG 1¥0
S g s
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Table 3. ANOVA of essential oil components of thyme in response to thermal treatments.

SOV df Mean of Squares

Thymol  Carvacrol ~Gammaterpenin  P-cymen  Alpha terpenin
treat 2 316.51** 2.43** 381.57" 51.36** 4.86**
error 6 0.38 1.35 11.1 0.01 006.77

o Fa 5 Jg ST, l8
ool LS 5 258 s elsl () JS) Ly
Wl Ll & s 8y 25 Jlos! Ll 0
2l s Gl g e S5 4 Jgad laiie
Loy (5 Julpd )0 53 J5 SIS jlade (pizeen

b ol Jle s bl 4 cas

lowy ialdl s, 0 VY)Y g Ve e

aS ols lid (F Jguz) bl GloS 5 4y 500 b
w5590 2 pRlEl ol sl el
boanslio jo 1) 5,515,855 Joosd (Job (553
SlgSa (v o) Cuwl ails ol jo 4y J 58S Loyl
i do)S g Loy 25 Ll )l )0 Jgard e a5
Sade izes 8l ulidl asys FA 4 AY


https://eu.idtdna.com/calc/analyzer
http://bioinfo.ut.ee/primer3-0.4.0/primer3/

e J9S19)8 5 Jgod Fmgm ras slogs 5l (B n Ol g b Sdlie 2 Lo Sl e g Suie Yoo

coles slaloss 4 gl jo (LU cpdogl uill soims JSid oliend oS 5 -F Jgo
Table 4. Chemical composition of Thymus vulgaris essential oil in response to thermal conditions.

Noumber Coumpound% RI Control Heat Cold
1 a-Thujene 930 1.87 1.76 1.74
2 o _Pinene 939 0.9 0.93 0.94
3 Camphene 954 041 0.44 0.59
4 Sabinene 975 0.36 0.35 0.37
5 1-Octen-3-ol 979 0.50 0.45 0.53
6 B_Pinene 979 1.50 1.53 1.49
7 o _Terpinene 1017 2.07 1.83 2.01
8 p-Cymene 1025 19.7 185 26.15
9 1,8-Cineole 1031 1.01 1.08 0.98
10 y_Terpinene 1060 4.22 1.81 2.30
11 Linalool 1097 1.22 1.21 1.33
12 Borneol 1169 0.65 0.75 0.81
13 o_Terpineole 1190 0.15 0.15 0.17
14 Thymol 1292 24.39 44.93 36.31
15 Carvacrol 1300 1.31 2.69 3.03
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Figure 2. Changes percentage of essential oil compounds of Thymus Vulgaris in response to heat and cold
treatments compared to control.
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