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Table 1. Primer Blast of the mmr gene

Olasiin J\):; Jsb o9 sl & gia J&J?
Features Sequence Length ™™ GC Self complementarity
GC%
Forward primer TCGGATCATAGCGCGAAAG 19 57.82 52.63 0
Reverse primer AGCACCTTCAGCTTCACTTAG 21 57.95 47.62 3

Products on target templates
KU174203 Mentha arvensis mmr gene

Product length 112
Forward primer TCGGATCATAGCGCGAAAG
Template TCGGATCATAGCGCGAAAG

AGCACCTTCAGCTTCACTTAG
AGCACCTTCAGCTTCACTTAG

Reverse primer

Template

STy J3ls J8 05 5 58 5, Jstie gste 05 @l ead )b s ST Glaxis —Y Joue
Table 2. Features of primers designed for the mmr gene and the betaactin internal control gene

Slet Sl Skl Jlal sles PCR Jyame Jsb
Primer name Sequence Primer Ta PCR product size
mmrF TCGGATCATAGCGCGAAAG 55 112
mmrR AGCACCTTCAGCTTCACTTAG 55 112
BetaactinF TCCTGAGAGGAAGTACAGTGTC 55 108
BetaactinR GACGGCCCAGATTCATCATAC 55 108
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Table 3. Temperature and time conditions used in Real Time PCR cycles

e\.\>f A.k»f ‘.,..J Ly ;)\A)' A > Sloas
Step Step name Temp Time Number of cycles
Stepl Initial denaturation 95°C 5min 1
Denaturation 95°C 45s
Step2 Annealing 55°C 45s 35
Extension 72°C 1min
Step3 Final extension 72°C 7min 1
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Table 4. Variance analysis of gene expression studied in peppermint between different levels of salinity, drought
and temperature

Ol i s d:\ﬂ FPS Slay e ‘_,gv‘u.a
Source df Mean Square
Drought 3 3.251"
Salinity 2 1.096™
Temperature 2 0.855™
Droughtx Salinity 6 0.270™
Droughtx Temperature 6 0.082""
Salinity x Temperature 4 0.262""
Droughtx Temperaturex Salinity 12 0.154*
Error 36 0.008
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Figure 1. The main effects of salinity, drought and temperature on the relative expression of mmr gene
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Table 5. Interaction of drought and salinity on mmr gene expression

Jysla e IS MMr 55 ol oSk
Mannitol (mM) Sodium chloride (mM) Mean expression of mmr gene
0 0 0.66¢
0 50 1.612
0 100 1.33°
50 0 0.50¢f
50 50 0.75¢
50 100 0.91°
100 0 0.22"
100 50 0.38%
100 100 0.61°%
150 0 0.18"
150 50 0.279"
150 100 0.23"

Il )l st sl (Sl o] eled st a5 alie Gy >
The same letters in each column are not significantly different based on Duncan's test

SUS 05, Jse osite 05 ol Les Ly (Sis adle s bl 515 Joas

Table 6. Interaction of drought and temperature on mmr gene expression

Jsmsle Lo mmr o5 ol &Sk
Mannitol (mM) Temperature (C) Mean expression of mmr gene
0 23 1.292
0 26 1.16°
0 29 1.15°
50 23 1.08°
50 26 0.64¢
50 29 0.44¢
100 23 0.66°
100 26 0.39¢
100 29 0.17¢
150 23 0.35¢
150 26 0.20°
150 29 0.14¢

IRy V"hL Solo sime ol oSl Q}A}T ol st p s alae Gy >
The same letters in each column are not significantly different based on Duncan's test
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Table 7. Interaction of salinity and temperature on mmr gene expression

e 20 S L mmr o5 ol oSl
Sodium chloride (mM) Temperature (C) Mean expression of mmr gene

0 23 0.63¢

0 26 0.31f

0 29 0.23¢

50 23 0.74¢

50 26 0.87°

50 29 0.65¢
100 23 1.16%
100 26 0.61%
100 29 0.54¢

5105 el )l g Dl (S ose3) el ot a5 alie Gy >

The same letters in each column are not significantly different based on Duncan's test

VY sl o s sV ae e Vet W SURLLENEY PO Wy
oals e\,,fc\g;;\f...sui;i\)é\ do D ‘\Y“\{a\;&;su 4>
Voo BN Sles 0 58 03 ol ol cneS aials )8
axp Y4 gl s i ot el S¥ e e
awls o8 4 caus s as,s 40 a0 ;\qu.'d\.w

(A Joas) as sl

S 93,5 Jstie oo 05 0l 2 AT aw p Jilie S
ol olme YL &S sl plas ol an Bl s 5!
Noede jio b las sbeSy 0 cwisa 05
axy Y gl 5w LA Ve Je 00 Jssle
Sost Jswle Y se oo io olis utmas ol § sl
o Jswle s :\/gd‘sh a0 Y4 gl Y 5e Jus O

S gs, Jse o5t 05 Ol » asle aw lie 31-A Jsue

Table 8. Interaction of salinity and temperature on mmr gene expression

Jssle et S Lo mmr o5 ol oSk
Mannitol (mM) Sodium chloride (mM) Temperature (C) Mean expression of mmr gene

1 0 0 23 1°

2 0 0 26 0.51°%9
3 0 0 29 0.48™
4 0 50 23 0.96°
5 0 50 26 1.932
6 0 50 29 1.932
7 0 100 23 1.932
8 0 100 26 1.03°
9 0 100 29 1.03¢
10 50 0 23 0.84¢d
11 50 0 26 0.41f
12 50 0 29 0.25"
13 50 50 23 1.03°
14 50 50 26 0.84%
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Jswle e 2 IS
Mannitol (mM) Sodium chloride (mM)

15 50 50
16 50 100
17 50 100
18 50 100
19 100 0

20 100 0

21 100 0

22 100 50
23 100 50
24 100 50
25 100 100
26 100 100
27 100 100
28 150 0

29 150 0

30 150 0

31 150 50
32 150 50
33 150 50
34 150 100
35 150 100
36 150 100

Lo MMr o5 ol (ke
Temperature (C) Mean expression of mmr gene
29 0.39f
23 1.36°
26 0.68¢%
29 0.68¢%
23 0.391
26 0.191
29 0.09'
23 0.55¢f
26 0.43fi
29 0.184
23 1.03¢
26 0.55¢f
29 0.25"
23 0.29"
26 0.144
29 0.12'
23 0.43fi
26 0.27"
29 0.12'
23 0.34%
26 0.174
29 0.19!
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The same letters in each column are not significantly different based on Duncan's test
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Abstract

Peppermint (Mentha piperita) is one of the most important medicinal plants producing
secondary metabolites. Menthol is an important component of peppermint essential oil
monoterpenes, which is widely used in pharmaceutical and industrial applications. This
monoterpene is produced by the Menthone Menthol Reductase (MMR) enzyme. Plant growth as
well as the expression of this gene are affected by environmental stresses. In this study,
peppermint rhizomes were first surface-sterilized and cultured in MS medium supplemented
with sodium chloride (zero, 50, and 100 mM) and mannitol (zero, 50, 100, and 150 mM). Then
they were placed in growth chambers at 23, 26, and 29°C. Three weeks after applying stresses,
the expression of this gene in the leaves of the plants was measured using Real-Time PCR, and
the obtained data were analyzed. According to the results, the expression of the MMR gene
decreased at low concentrations of sodium chloride but increased by 97% at high concentration
of 100 mM compared to the control. However, the expression of this gene has reached a
minimum level of expression at high concentrations of mannitol as well as at high temperatures.
Due to the importance of peppermint in the pharmaceutical industry, increasing the production
of menthol through applying different treatments is important. Based on the obtained results, the
treatment with mannitol (zero mM) and sodium chloride (50 mM) at 23°C increased the
expression of the MMR gene by 93% compared to the control and it seems that the menthol
production has reached its maximum level.

Keywords: Gene expression, Menthol, Menthone menthol reductase, Peppermint, Real-Time
PCR.



