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Abstract

Background and objectives: Thymbra spicata L. belongs to the Lamiaceae family and is a
rich source of aromatic compounds and essential oils. This research was conducted to study the
effect of salicylic acid and chitosan elicitors on the growth indicators and DXR gene expression
in T. spicata L. under different levels of irrigation towards enhancing the performance of this
medicinal plant in experimental pots in a greenhouse in llam province during 2017-18.
Methodology: A factorial design was used with 15 treatments and three replications in a
completely randomized study. Irrigation regimes at three levels of normal (A,), 70% of field
capacity (A.), 40% of field capacity (As), and foliar spraying at five levels, including control
(B4), chitosan at concentrations of 0.5 g.I"! (B,) and 1 g.I" (B5), salicylic acid foliar spraying at
concentrations of 2.5 mM (B,) and 5.0 mM (Bs) were used at the 10-12 leaf stage. To prepare
chitosan and salicylic acid elicitors, the powders were dissolved in 5% acetic acid and then
adjusted to desired concentrations with ddH20O. Irrigation regimes were applied three months
after cultivation (15-20 cm seedlings). To apply the elicitors simultaneously with the water
stress treatment, foliar spraying was done three times at ten-day intervals. Quantitative RT-PCR
was used to investigate the expression changes of the DXR gene, which is one of the key genes
in the carvacrol biosynthesis pathway. In this regard, total RNA was extracted, and cDNA was
synthesized after assessment of its quantity and quality. With the aid of specific primers, the
target sequence was amplified. Furthermore, using the GAPDH reference gene reported in
Hyssop thyme, the gene expression level was investigated through the relative quantification
method. The method of difference in cycle threshold (2-AACT) and Relative Expression
Software Tool (REST) were used to analyze the data.

Results: The analysis of the variance table showed the effect of different levels of irrigation on
all quantitative growth indices, including plant height, root length, number of main branches,
root fresh and dry weight, leaf fresh weight, stem fresh and dry weight, except leaf dry weight,
were significant (p<0.01). The interactive effect of low irrigation and foliar spray of salicylic
acid and chitosan on root fresh weight, leaf fresh weight, and stem fresh weight was significant
at 1%. Accordingly, the interaction effect of irrigation and foliar spraying on the dry weight of
the stem was significant at the 5% probability level. The results showed that the interactive
effect of irrigation and foliar spray on leaf dry weight, number of main branches, and root length
was insignificant. In this study, DXR gene expression did not show many changes after
applying two different levels of chitosan (0.5 and 1.0 g.I"). In contrast, salicylic acid treatment

Copyright: © 2023 by the authors. This is an open access, peer-reviewed article published by Research Institute of Forests
@ @ and Rangelands (http://ijmapr.areeo.ac.ir/) and distributed under the terms of the Creative Commons Attribution License
BY (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original author and source are credited.



https://ijmapr.areeo.ac.ir/article_129878_70259d9955ae80d128d0f96dd1741633.pdf
https://ijmapr.areeo.ac.ir/article_129878_70259d9955ae80d128d0f96dd1741633.pdf
http://ijmapr.areeo.ac.ir/
http://creativecommons.org/licenses/by/4.0

Iranian Journal of Medicinal and Aromatic Plants Research, Vol. 39, No. 3, 2023

with 2.5 mM was significant at 1% probability and caused an increase in gene expression. The
transcript level of this gene increased 29.72 times after applying 5.0 mM of this solution, which
was significant at the 1% level. The amount of low irrigation decreased this gene's expression.
Conclusion: Based on the obtained data, the normal irrigation method is the most suitable for
hyssop thyme plants regarding their growth indicators. Foliar spraying of chitosan at different
levels did not significantly affect growth indices and DXR gene expression. At the same time,
salicylic acid increased them in this species. As a result, salicylic acid elicitor can increase
carvacrol yield and biosynthesis.
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Table 1. Characteristics of forward and reverse primers used in gqRT-PCR

Temperature
Gene Primer 5'-->3' Sequence Annealing (°C) (bp)
IDT
F CATTCAACATTATTCCCAGCAG 57
GAPDH 192
R CGGATTCCTCCTTGATAGCC 57
F GAGGCTCACTATTTGTTTGGG 57
DXR 100
R ACAGATGAATCCTGTGTTTCG 57
PCR o) 5051 plol gl s saliza) ples clbas 2 =¥ o
Table 2. Temperature cycles used to perform PCR
Number of cycles Level Time Temperature (°C)
1 Primary Denaturation 5 min 95
Denaturation 30 min 95
35 Junction 30 min 52
Extension 45 min 72
1 Final Extension 10 min 72

PCR sl ol 1 5ls 3550 3150 =¥ Jsu
Table 3. Materials used to perform PCR

Reaction components Volume (ul)

10xPCR buffer 25
MgCl: 1
dNTPs 0.5

Forward primer 1

Reverse primer 1

Taq polymerase 0.2
cDNA 2

Distilled water 16.8
Total 25
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Table 4. Materials used to perform gRT-PCR

Reaction mixture Volume (ul)
Sterile double distilled water 4
Leading initiator 1
Returned initiator 1
cDNA diluted 1/10 2
HiFi SYBR Mix Plus 2
Total 10

gRT-PCR rbu‘ &) eas sl &Lo: aol =0 Joox
Table 5. Temperature program used to perform gqRT-PCR

Number of cycles Level Time Temperature (°C)
1 Primary denaturation 10 min 95
Denaturation 15 sec 95
4 Junction 20 sec 58
Extension 20 sec 72
Denaturation 15 sec 95
! 60 min 60

Annealing & Extension
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Table 6. ANOVA of salicylic acid and chitosan foliar application effects on quantitative growth indices of
Thymbra spicata under different irrigation levels

Root Stem Leaf Root Stem Leaf Number
Plant ) Root
S.O.V. d.f. . fresh fresh fresh dry dry dry of main
height . ) . . . ) length
weight weight weight  weight  weight weight  branches
Irrigation 2 147.3” 67.14" 134.6™ 88.2™ 5.39™ 4.30™ 2.56™ 29.38™ 100.3™
Foliar
o 4 97.85™ 154.1" 160.9™ 72.6™ 9.23" 5.0m 5.14"™ 61.91™ 91.18"
application
Irrigation
xFoliar 8 6.27™ 16.12™ 242.9%*  427**  (0.98** 0.26* 6.12" 3.1m 2.32m
application
Experimental
31 5.38 0.32 0.75 0.36 0.12 0.11 5.29 2.68 2.27
error
C.V. (%) 7.93 7.66 9.76 4.25 14.93 12.54 12.7 14.89 5.97

n.s., *, and **: non-significant, significant at 1, and 5% probability levels, respectively
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Figure 1. Different irrigation levels x salicylic acid and chitosan foliar application effects on Thymbra spicata

root fresh weight
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 3. Different irrigation levels x salicylic acid and chitosan foliar application effects on Thymbra spicata

leaf fresh weight
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 5. Different irrigation levels x salicylic acid and chitosan foliar application effects on Thymbra spicata

stem dry weight
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 7. Means comparison of quantitative growth indices of Thymbra spicata under different irrigation levels affected by salicylic acid and chitosan
foliar application

Plant Root Leaf

. Root fresh Stem fresh Leaf fresh . Stem Number of Root
height (cm) . . . dry weight . dry .
Treatment weight weight weight @ dry weight ioht main length
g weig
C) ) ) (9 branches (cm)
(9
Irrigation
Normal 32.16£1.62 9.517+1.82 7.82+0.98° 16.4+1.76  28.38+2.892 12.27+£2.212 3.92+1.1 3.27+0.762 2.93+0.542
irrigation in 70 % field capacity 29.2+1.7° 7.2+31.65° 6.83+1.12¢ 13.92+1.43°  26.05+3.02° 11+2.02° 3.1+1.2 2.61+0.86° 2.38+0.65°

irrigation in 40 % field capacity 26.4%1.5° 5.67£1.76°  11.99+1.21@  12.06+1.76°  23.6+3.14° 9.7+2.12°¢ 3.38+1.3  2.316x0.45° 1.8+0.43¢

Foliar application

Control 32.16+1.68  9.517+1.82 6.53+1.01° 11.542.05°  22.33+3.43¢ 7.66+0.94°¢ 458+1.01  2.76+0.322 1.56+0.32b¢
Salicylic acid (2.5 mM) 29.2+1.7° 7.2+31.65° 6.57+0.93° 13.3+2.14%  30.22+4.12° 11.3+1.43° 3.08+0.97  2.64+0.33* 2.44+0.21%
Salicylic acid (5 mM) 26.4+1.5° 5.67+1.76° 7+0.87° 13.42+2.542 29+3.982 15.442.022 3.21+1.03  2.77+0.38? 2.8+0.182
Chitosan (0.5 g.I"%) 32.16+1.68  9.517+1.8%  17.03+2.65°  13.43+2.77%  23.8+3.12° 10.55+1.76 2.6+1.12 1.93+0.28° 1.42+0.21°
Chitosan (1 g.I"%) 29.2+1.7° 7.2+31.65° 6.60+0.76" 13.5+2.652 27+3.17° 11.66+1.80° 3.17+1.08  2.18+0.41° 1.8+0.25°

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 6. a: Electrophoretic pattern of total RNA samples extracted from Thymbra spicata treated with salicylic

acid and chitosan elicitors on 1% agarose gel; b: PCR results for DXR gene on 1% agarose gel
(Each reaction annealing temperature is observed above the corresponding well), M: 1Kb molecular weight marker (Fermentas)
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Figure 7. Concentration and elicitor type effects on relative transcription of DXR gene during normal irrigation

in Thymbra spicata
Means comparison at 5% probability level (Duncan test)
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