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The effect of manganese and salicylic acid on gene expression of
Menthone reductase and menthol content in Mentha piperita
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Jse Ol LMR 03 0ls aeslie 3 . Sl 1y Ol Olaa
Olise MR 05 0L 2alS L oS s sdalive 3850 30 Cos
OLon 5 Davis Slidms L S 5,5 iy [2alS oa Jyme
aS pl 3,50 55 (1982) 0L, Kea 5 Kjonnas ooes 5 (2005)

S Ay Sy

Q‘j_;ﬁd_{ g5;4?~ﬁJLw .prn‘.hi odalin 9 L}S;j BE LY )Jgﬂé)LmA
Q) Q\_y )‘me J:".’.‘JJ‘ C,.GL)AJJSJA& Qj QL;_' oS <&l

):MRojﬁ)Lﬁ)bﬂxﬁleﬁMle};&@}{uﬁ

IWAY sl gyl /Y o 5louls /o g 0590 [ (Sanns § (oos | 9 Sl § (oo -


https://dor.isc.ac/dor/20.1001.1.25885073.1393.3.1.3.4
https://gebsj.ir/article-1-72-en.html

[ Downloaded from gebg.ir on 2026-02-03 ]

[ DOR: 20.1001.1.25885073.1393.3.1.3.4 ]

e 9 3L5T90) Ugihe O Oy ¢ Slaadlo Al § 35w 1

O 5 J gy STUs

A MR 05 0l Sl el Sl ol 45 LS salie
O Ol GRls L as sls Ol Jse Ol e L 05 l Ol a i
Jlosl 3l dms 5 iy 5 4o 53 Sl ol 36 o 03
Al 5 52K Jlize 5155 23l Gl s Jste Ol les
Sl dlesl 5l dns 555 gy 5 4w o MR 05 0Ly Sl
S e ) 3 ade b Sl Al oS LS odalie
i s & 5l b Caen Jidas Esl 5 S MR 03 0Ly
Loas adedaliln (ulsdl ol 5o J e Olge 5 &S50
2,0 calles (2012) 01,0 5 Hashemi s,

ol pad 3 e el 5 ams ol go 4 ol 3l 0Ll s
s e Sl U s 1 ObS uled 5 plesd oS
Lo o sl i s (Zheljazkov and Warman, 2003)
SalS Eel (sl bl s bl IS il cel 58
S S bl (S gl bl oS 5 o i) J e Ol e
AU s LS sn, O 05 Ols L2l 1 0T s 0l e
Ll o Kan e VL e ils 55 VL il
Chatterjee et ) sdl ol jon jiw s b 5 L35 S (gl ge alS
S Sl 3 ddy JalS 4 5u S 5l e 5 s 5 (al, 2006
SlasS 5 slasbain (5 043 ol b Ol (alS 4 o
B e plal s gl d g ole S s, 5e S
A5 U eine 50 MR 05 Ols A Lascie G cpl 3
MR 03 Ols (l 31 L aSgssba 55ls il gl olS s J sz
05 o) Ol SR8 L oS Jlo 5 il A 5 e Ol
oS aS pla 5L iaman ol LA S 58 Jste Ao
o ol S Ol 58 o e 4 S L I 2L
L abilie oplpby ol Gilal a5 5 05 Ol 55 oS35m0
L G ol 5o oS oo g Sl 55 5 Glofs el Sl a5
P (Sl dl Ggapsm 5SSl ol 4 g
505 Ok (Rlpl cmman 5 Jool 25 Joded S 5 )

e 1 =8 s Sl el 5 5 025 (5555 e M

Cillas (ol wxls Jgme W5 3 eites 50 MR 05 0L
Ol Olge Ly Liags (2012) O),Saa 5 Zarinkamar .l
o3 olS 3 K cilites glaclile Cov Sl 5 sed OF
omly GLcble 5 38s 45 Ly s cpl 4 5 sl el
55 o Sl (f e 05 Oly Sl el (ppm g 5 Yr)
Oy Ll pme Jals el (ppm V) YL clale 5 oS JI> s
Cble 055 Y s a5 L 5o s opl 03 3500 05 O
L edaliie (S 18 Olsie 4 O 0352 o s 53 5 550
Jsie Oljee a2 53 s MR O 0L il Csl jaie opl &S
Ol 055 e €58 onl it ol ar 5 53 A5 il plia ol
o (ol s glachile 3) S Sl war g LS s S
P P MRS Gaed g Gdren) S Ulse
Shwbemy B 5 0050 Lacn 5550 S5 sm ews 02 S5
Ll s ol s eSSl ledes o A5 e
Y| ooy 5 cpl 53 Ll (Maruyama et al., 2001) sl s
S Olge 4 OF 031 oo a2 55 5 3500 YL hale s o
Ol SIS OF b 0 5 a5 50 (5 o s oS 5 03 s
a3 pandl Lagn Sste siwgn 2 L oS AL J s

el sl gt Ol s MR O Ol J2alS Cels
c— M. Piperita «L3 ,s MR ¢} 0l = s ren
S e S5 g 03 Osmosn ol o 1 OL2 Sl a5
Ol s e il 3l Csl 5 axdls oSl 2 le Jlesl
Aol 50 Csu MR 05 0Ly s el a Cend MR 05
“dlsd s S S Oleycadle osle K Ol e 4 Sl
il hly S e oS 5 DlalS els glagul 5L
slanl 5 ks 5> Skl 4ol .(Durner et al., 1997)
st ol 53 6 0o L3 a0 e sl placadle
Morris et al., ) s s c—Jl=> (Arabidopsis thaliana)
Lol Olis ~iags 53 (2001) of,La 5 Taguchi (2000
3 g d by e $0OS OL Ll Bl o s Sl
g L opd e OlalS s 4l eI plie 51 2 S s

ST T R B ] SOV Wi | R PIE  VEUINY | WOV VOOH [ -1

- IWAY Ll 9 )l /Y 0 loss /o g 0590 [ (Sanns § (S0l § Sl § (oo


https://dor.isc.ac/dor/20.1001.1.25885073.1393.3.1.3.4
https://gebsj.ir/article-1-72-en.html

[ Downloaded from gebg.ir on 2026-02-03 ]

[ DOR: 20.1001.1.25885073.1393.3.1.3.4 ]

O, 5 J gy STb>

- 93057885 Ogihe O Oy ¢ SlIlo Al § 35T 1

o S s, st 0F Oly Rl b Sl of s il

3 sl ool glata s 53 Ko sla sl G

&l

Bauer K, Garbe D and Surburg H. 1997. Common
fragrance and flavor materials. Wiley-VCH, New York,
NY, pp 50-54.

Blamey FPC, Joyce DC, Edwards DG and Asher CJ.
1999. Role of trichomes in sunflower tolerance to
manganese toxicity. Journal of Plant and Soil Science
91(2): 171-180.

Bupesh G, Amutha C, Nandagopal S, Ganeshumar
A, Sureshkumar P and Murali K.S. 2007.
Antibacterial activity of Mentha piperita L.
(Peppermint) from leaf extracts — a medicinal plant.
Acta Agriculturae Slovenica 89(1): 62—73.

Chatterjee C, Gopal R and Dube BK. 2006. Impact of
iron stress on biomass, yield, metabolism and quality of
potato (Solanum tubersum L.). Science Horticulturae
108: 1-6.

Croteau RB, Davis EM, Ringer KL and Wildung
MR. 2005. (—)-Menthol biosynthesis and molecular
genetics. Naturwissenschaften 92(12): 562-577.

Davis EM, Ringer KL, McConkey ME and Croteau
R. 2005. Monoterpene  metabolism.  Cloning,
expression, and characterization of menthone reductases
from peppermint. Plant physiology 137(3): 873-881.
Durner J, Shah J, Klessig DF. 1997. Salicylic acid and
disease resistance in plants. Trends Plant Science 7:
266-274.

Gershenzon J, Maffei M and Croteau K. 1989.
Biochemical and histochemical localization of
monoterpene biosynthesis in the glandular trichome of
spearmint (Mentha spicata). Plant physiology 89: 1351-
1357.

Grattan SR and Grieve CM. 1999. Salinity-mineral
nutrient relations in horticultural crops. Science
Horticulturae 78: 127-157.

Haji boland R and Khosropanah MK. 2005.
Manganese toxicity tolerance in plants, sunflower, rice
and maize in hydroponic conditions. Science and
Technology of Agriculture and Natural Resources 9(4):
91-108. [In Farsi with English abstract]

Hashemi SH, Asrar Z and Pourseydi SH. 2012.
Effect of Pretreatment of seeds with salicylic acid on
manganese toxicity in Lepidium sativum L. Iranian
Journal of Medicinal and Aromatic Plants, 28(2): 248-
259. [In Farsi with English abstract]

He Y, Liu Y, Cao W, Huai M, Xu B and Huang B.
2005. Effects of salicylic acid on heat tolerance
associated with antioxidant metabolism in Kentucky
bluegrass. Journal of Crop Science 45(3): 988-995.

O e il 5 il (olwssls b 5o Ol sl

Kjonaas R, Martinkus-Taylor C and Croteau R.
1982. Metabolism of monoterpens: Conversion of I-
menthone to I-menthone and neomenthol by
sterospecific dehydrogenases from peppermint (Mentha
piperta) leaves. Plant physiolology 69: 1013- 1017.
Klayman DL. 1985. Qingbaosu (artemisinin): An
antimalarial durg from China. Science 228(4703): 1049-
1055.

Maruyama T, Ito M, Kiuchi F and Honda G. 2001.
Molecular  cloning, functional expression and
characterization of d- Limonene synthase from
Schizonepeta tenuifolia. Biological & pharmaceutical
bulletin 24(4): 373-377.

Macro J.A. and Barbera O. 1990. Natural products
from the genus Artemisia L. Stud. Nat. Prod. Chem. 7:
201- 264.

Morris K and Mackerness SAH. 2000. Salicylic acid
has a role in regulating gene expression during leaf
senescence. The Plant Journal 23(5):677-685.

Ozturk A, Unlukara A, Ipek A and Gurbuz B. 2004.
Effects of Salt Stress and Water Deficit on Plant Growth
and Essential oil Content of Lemon Balm (Melissa
officialis L.). Pak. J. Bot 36(4): 787-792.

Sayyari M, Babalar M, Kalantari, S, Serrando M
and Valero D. 2009. Effect of salicylic acid treatment
on reducing chilling injury in stored pomegranates.
Postharvest Biology Technology, 53: 152-154.

Singh R, Shushni AM, Belkheir A. 2011. Antibacterial
and antioxidant activities of Mentha piperita L. Arabian
Journal of Chemistry 1: 1-5.

Soltani F, Sharifi M, Khajeh K, Yousefzadi M. 2008.
Study of essential oil composition, menthone reductase
activity and antimicrobial activity of Mentha piperita in
two stages of growth. Iranian Journal of Biology 21 (5):
62-70. [In Farsi with English abstract]

Taguchi G, Yazawa T, Hayashida N, Okazaki M.
2001. Molecular cloning and heterologous expression of
novel glucosyltransferases from tobacco cultured cells
that have broad substrate specificity and are induced by
salicylic acid and auxin. European. Journal of
Biochemistry 268(14): 4086-4094.

Zarinkamar F, Ghannadnia M, Haddad R. 2012.
Limonene synthase gene expression under different
concentrations of manganese in Cuminum cyminum L.
African Journal of Plant Science 6(6): 203-212.
Zheljazkov VR, Warman PH. 2003. Application of
high Cu compost to Swiss chard and basil. The Science
of the Total Environment 302(1): 13-26.

IWAY sl gyl /Y o 5louls /o g 0590 [ (Sanns § (oos | 9 Sl § (oo -



https://dor.isc.ac/dor/20.1001.1.25885073.1393.3.1.3.4
https://gebsj.ir/article-1-72-en.html
http://www.tcpdf.org

