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Investigation of lim, medh gene expression level and morpho-physiological changes
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ABSTRACT

Peppermint known as important medicinal plants that used in the food, medical and pharmaceutical industry. In
present study the effect of drought stress at four levels: 100 (as control), 75, 50 and 25% field capacity (FC) were
investigated on expression of limonene synthase (lim) and menthol dehydrogenase (mdeh) genes in menthol pathway
as well as morpho-physiological responses and performance of peppermint essential oil was evaluated using GC-MS
analysis. Results showed that drought stress effect on fresh and dry weight of shoot, leaf area, leaf number, proline
content and relative water content (RWC) significantly (P<0.01) differences. Drought stress caused a significant
decrease in the morphological traits also the proline content and relative water content increased and declined
respectively. Essential oil yield increased under drought stress condition, although the increase was not significant.
The relative expression of lim gene increase at 75 and 50% FC, while showed a significant decreased at 25% FC. The
relative expression of mdeh gene decreased at three regime of irrigation compared to control, significantly. In general,
drought stress increased oil yield but its quality was declined.

Keywords: Drought stress, lim gene, mdeh gene, morpho-physiological traits, peppermint.
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2. 1-deoxy-D-xylulose 5-phosphate
3. Menthofuran synthase
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Table 1. Sequences of forward and reverse primers of evaluated genes and their corresponding amplified length

Gene and accession number Primers

Fragment size (bp) ™

lim (EU108697) Forward:

178 60

TGGCTGATAGCAGAGGTGTG

Revers:

TTGCGGTCATTTGTTGATGT
Forward: GGTAAATTGCAACAAAACAACTGG 192 60

mdeh (EU108702)
Revers:

TTCAGCACCTTCAGCTTCAC

actin (KM044035.1) Forward:

165 60

CTACGAAGGCTACGCACTCC

Revers:

GCAATGTAGGCCAGCTTCTC

i s cod lald elias oL (o 0uldis S ol Glae il g 45 Y Jgas
Table 2. Analysis of variance in peppermint plants under drought stress

Mean Squares

S.0.V df  Shoot fresh Shoot dry Leaf area Leaf Proline Relative water Essential oil
weight (g) weight (g) (cm?) number (umol g FM) content (%) yield (%)
Treat 3  7803.03" 2641.04 1317 181550.56 1167 0.067 7 0.027 ns
Error 8 137.45 39.35 0.02 5406.67 0.008 0.0011 0.016
cv - 12.79 13.39 4.32 15.97 3.8 6.63 12.82

RO CPEEIRWY | R W I AR PUES o S K TP e v 2

** * ns: Significantly difference at 1 and 5% probability levels, and non-significantly difference, respectively.
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Table 3. Comparison of means tested for measured morphological characteristics and relative water content

Treatment Shoot fresh Shoot dry Leaf area Leaf Relative water Proline content
weight (g) weight (g) (cm?) number content (%) (umol g FM)
Control 136.6+1.3a 73.1+1l.1a 20.22+0.062 a 759.35+43.6 a 0.68+0.02 a 1.74+0.085 d
75% FC 131.6+2.7b 70.2+25b 15.01+0.16 b 564+50.58 b 0.55+0.02 b 2.03+0.075 ¢
50 % FC 66.3+1.8 ¢ 31.2+#13¢c 5.68+0.091 ¢ 276+35.87 ¢ 0.43+0.015 ¢ 2.63+0.081 b
25% FC 32.2+2.2d 12.8+0.94 d 5.57+0.037 ¢ 242+38.39d 0.33+0.015 d 3.13+0.11a
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Similar letters in each column shows non- significant difference according to Duncan multiple range test at 5% level.
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Table 3. Chemical composition of peppermint oil in four treatments

Essential oil

constituents RI Control 75 % FC 50 % FC 25% FC
1,8-cineole 1026 3.93 +0.065 3.96 +0.015 3/32 + 0/089 2/79 + 0/036
cis-sabinene hydrate 1067 - 1.62+0.011 - -
|I-menthone 1150 15.13 +0.085 6.97 £ 0.024 3.39+£0.041 2.94 £ 0.064
menthofuran 1161 21.10 +£0.098 32.51+0.064 33.38+£0.064 40.11+0.15
menthol 1170 30.13+£0.05 22.67 +0.046 17.59 +0.043 13.22+0.74
pulegone 1222 10.09 +0.078 11.53+0.044 12.95+0.16 15.91+0.06
trans-carane 1238 - 5.15+0.016 12.95 +0.068 7.18 £0.045
trans-caryophyllene 1409 3.911+£0.048 3.26 £ 0.035 3.98+0.19 3.24+0.36
germacrene-d 1486 7.19+0.84 6.13+0.075 6.04 +0.37 4.99 +0.45
squalene 2800 3.92+0.78 - - -
eicosane 2000 2.23+0.49 1.65+0.036 1.38+0.02 2.67 £0.038
alpha-tocopherol 3160 - 1.9£0.045 3.49 +0.064 4.88+0.33
Essential oil (%) 0.9 0.9 1 1.1
Mdeh Lim
0 15 4
-1 10
5.2l 5 27 l
7 z 0 i
2 =
5 -4 % -10
25 215 4
% -6 % 207
o~ 225 A
-7 4 30
-8 - 35
0.75/c 0.5/ 0.25/c 0.25/¢ 0.5/c 0.75/c
Drought stress Drought stress

SeaS A5 Laulph Cou jU5e,0ee0 Jeie g sl (Bged Slags) (e Ole T USS
Figure 2. The relative expression of limonene synthase and menthol dehydrogenase genes under drought stress
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