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ABSTRACT

Mentha x piperita L., one of the oldest known hybrid species, was formed by the derivation of M. spicata L. and M.
aquatica L. Since the plant is a hybrid species, it has sterile seeds and can be propagated vegetatively. The fact that the
plant grown in natural and field environments is affected by biotic and/or abiotic environmental conditions keeps the
continuity of the species under pressure and this situation requires the germplasm of the plant to be protected as an
alternative. The current study aimed to investigate the expressions of ML237, R2ZR3 MYB and o0il 143 genes determined
by the bioinformatics blast studies that were effective against the cold tolerance in the M. x piperita at transcriptional
level during the cold-hardening which is one of the cryopreservation treatment stages. With this study, it is aimed to
obtain basic information that can be useful in cryopreservation studies for these and similar plants to be carried out in the
future, and in biotechnological applications to increase viability and regeneration after cryo-storage. According to the T-
Test result after the statistical evaluation of the results, a significant increases were observed the ML237, R2R3 MYB and
oil 143 genes.
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INTRODUCTION of M. spicata and M. aquatica (Anwar et al., 2019). In

addition to the fact that this hybrid species has more than

There are more than sixty species in different 200 components in its essential oil, previous studies on

regions of the world belonging to the genus Mentha M. piperita have shown that its essential oil and
(lamiaceae), which is one of the ten most traded plants in menthanolic extracts have biological activities such as
the world in terms of essential oil (Ahmadi ef al., 2022). ~ antiviral (Li e al., 2017), antibacterial (Sokovic et al.,
The seven species, namely M. piperita L., M. spicata L., 2008; Kizil et al., 2010), antifungal (Kizil et al., 2010;

M. suaveolens Ehth., M. pulegium L., M. aquatica L., M. Tyagi and Malik, 2010), antibiofilm formation (Rasooli
arvensis L., M. longifolia L. and fourteen taxa of this et al., 2008; Sandasi et al., 2010) and antioxidant (Kizil et

species show natural distribution in the Turkey. Some of al., 201.0).and due to thes.e properties, they haye great
the species belonging to the genus Mentha were formed economic importance (Telci ef al., 2011; Saharkhiz et al.,
by natural ways and some by artificial crossing. This 2012). Since the plant is a hybrid species, it has sterile
situation plays a crucial role in the diversity of species seeds and can be propagated vegetatively. The fact that
and causes significant differences between species in the plant grown in natural and field environments is
terms of essential oil yield and quality. Especially in affected by biotic and/or abiotic environmental conditions
hybrid species, there may be changes in their chemical keeps the continuity of the species under pressure and
contents or the density of the secondary metabolites they this situation requires the germplasm of the plant to be
produce, even if they belong to the same species, due to protected as an alternative (Senula et al., 2007; Ozkaya et
genetic expansion or environmental conditions (climate, al., 2022).
soil ~structure, altitude, pH, etc.) (Khanam and Due to the risk of damage to plant species and
Mohammad. 2016: Jafari-Sales and Pashazadeh. 2020: varieties as a result of biological, chemical and physical
Hasan and ’ Abd 1’\/Ianan 2020: Nor Kamal an’d Ab& stresses, plant genetic resources are conserved by
Manan, 2020). ' ’ ensuring the continuity of the germplasms via short-
Mentha * piperita L., one of the oldest known medium and long-term preservation methods (Ozudogru

hybrid species (Figure 1A), was formed by the derivation et al., 2011; Ozudogru et al., 2013; Souza et al., 2017;
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Kaya et al., 2020; Aksoy et al., 2021). In in vitro
preservation methods that provide short- or medium-term
storage, the methods are not economical and requires
large areas, and can also cause problems such as
contamination and somaclonal variation (Guldag et al.,
2023). The cryopreservation technique, which is a long-
term preservation method, allows the use of many tissues
and organs of the living plant (seeds, shoot tips, nodal
buds, synthetic seeds, somatic or zygotic embryos and
calli) and ensures that they are kept in liquid nitrogen at
very low temperatures (-196 °C) (Towill, 2002; Lambardi
and de Carlo, 2003).

The cryopreservation technique is basically
applied in two ways, traditional and improved.
Traditional methods (two-stage freezing technique) are
not preferred because they are both time consuming and
the equipment used is very expensive. On the other hand,
developed methods (single-stage freezing technique) are
performed by rapid and single-stage freezing of tissues
using a relatively low cost cryoprotective solution. Im-
proved methods include vitrification, dehydration,
encapsulation-vitrification, encapsulation-dehydration
and droplet freezing techniques (Benson, 2008).

For a successful cryopreservation, the
percentage of viability and regeneration of plant tissues
or plantlets after cryotreatment is very crucial. Otherwise,
the use of cryo-preservation, which results in low
regeneration, for the preservation of germplasm will not
be successful. After cryostorage, for the high viability
and successful regeneration, the physiological state, age
and size of the explant used, as well as the tolerance of
the plant to the physical stresses encountered are very
effective (Harding et al., 2009; Kim et al., 2009;
Ozudogru ef al., 2012; Souza et al., 2018; Maslanka and
Szewczyk, 2021).

In order to increase viability and regeneration
success, a treatment called "cold-hardening" is also
performed before the cryopreservation process. During
the cold-hardening period, each plant is incubated in a
dark environment at ~ 4°C for the maximum time (two
weeks - two months) suitable for it. During this process,
the relevant signal transduction pathways are activated
and some osmo-active compounds known to be effective
in freezing tolerance are synthesized (Rosa et al., 2009;
Maslanka and Szewczyk, 2021). Thus, together with the
oxidative stress that may occur during cryopreservation,
the synthesis of the relevant molecules against cold and
freezing stress occurs and a molecular response is formed
in order to provide tolerance. In a study by Chang et al.
(2000), they reported an increase in the resistance of
plants to frost stress after cold-hardening (Kami, 2012).
Recently, Maslanka and Szewczyk (2021) showed that in
addition to the sucrose preculture application in
cryopreservation experiment, the regeneration rate of
meristems with cold-hardening increased compared to
those with only sucrose preculture after cryopreservation.

781

J. Anim. Plant Sci., 34 (3) 2024

Plants create a tolerance response to low
temperature stresses by regulating the expression levels
of proteins with different functions and especially
transcription factors and some genes. For example, for
the expression of proteins responsible for the cold stress
response, CBF/DREB transcription factors positively
regulate the expression of interest genes by connecting to
specific sequences containing highly conserved CCGAC
bases, also known as DRE/CRT, in the promoter site of
dehydration and cold sensitive genes (Chew and
Halliday, 2011; Rihan et al., 2017; Vazquez-Hernandez
et al., 2017; Mehrotra et al., 2020). Plants also manage to
survive by regulating various signaling networks with the
wide va-riety of transcription factors (such as MYBs)
they possess in order to adapt to the changing
environmental conditions in their environment. Studies
have reported that MYB genes positively regulate the
many protein expressions involved in the reaction to
abiotic stress (Mehrotra et al., 2020; Dai et al., 2007; Ma
et al., 2009; Su et al., 2014; Lv et al., 2017). In this
context, in the current study, during the cold-hardening,
which is one of the cryopreservation treatment stages, the
expressions of ML237, R2R3 MYB and oil 143 genes
determined by the bioinformatics blast studies that were
effective against cold tolerance in the M. x piperita were
analyzed at transcriptional level. With the current study,
it is aimed to obtain basic information that can be useful
in cryopreservation studies for these and similar plants to
be carried out in the future, and in biotechnological
applications to increase viability and regeneration after
cryo-storage.

MATERIALS AND METHODS

Plant material and in vitro culture establishement: M.
x piperita seeds were provided by Mugla Metropolitan
Municipality, Agricultural Department, Local Medicinal
and Aromatic Plants Seed Center (Mugla, Turkey,
37.17117620659824, 28.38721630972173). The seeds
were surface sterilized according to protocol of Kaya et
al. (2017). The seeds were treated with 70 % ethyl
alcohol for five minutes, 10 % H»O, for five minutes and
two times 20 % commercial bleach for tem minutes
(Kaya et al, 2021). Finally, the seeds were rinsed
thoroughly with sterile distilled water and they were
incubated under standard growth room terms (16 hr light
/ 8 hr dark photoperiod, 50 pmolm™s™!, 25 + 2 °C) in MS
(Murashige and Skoog, 1962) nutrient medium without
plant growth regulator (Kaya et al., 2021).

Cold-hardening treatments: For cold-hardening
treatments, the M. X piperita micro-shoots (Figure 1B),
which were in vitro subcultured to obtain sufficient plant
material before, were covered in an opaque manner for
24, 72 and 168 hours and incubated at +4°C in the dark
and (This step was optimized for Thymus vulgaris L.
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cryopreservation (Ozudogru ef al., 2011). This stage is
thought to be effective in terms of viability (Sakai and
Nishiyama, 1978) and regeneration of plants living in
temperate climates after cryopreservation (Reed, 1988)
(Figure 1C).

Molecular analyzes - Primer design: Because there is
no work on cold stress arrangement in M. X piperita,
initially, genes related in cold stress regulation were
determined in Arabidopsis thaliana (L.) Heynh.. after
that, target genes were identified in M. x piperita by
providing BLAST over the accession code of the relevant
FASTA or gene sequence in A. thaliana reaching est and
nr/nt databases in NCBI. 18S ribosomal RNA
(JX444508.1), ML237 (AW255239.1), MYB
(KY081780.1) and oil 143 (EL342294.1) predicted to be
related in cold stress regulation, in the NCBI Primary
BLAST database for later use in Q-PCR. Primers were
created from the mRNA sequences of the genes (Table

1.

RNA isolation: The genomic RNA was obtained via the
GeneJET Plant RNA Purification Kit (Thermo
Scientific™, catalog number: KO0801). In order to
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determine the quantitative purity of the total RNAs was
performed spectrophotometric analysis by considering
the Azso/Az0 and Aosso/A20 values. Agarose gel
electrophoresis was performed to determine the
qualitative purity and amount of total RNAs. The band
profiles of 28S, 18S and 5.8S rRNA subunites formed by
the total RNAs obtained from both the control (rootstock)
and the plants subjected to three different periods of cold-
hardening (24, 72 and 168 hours), were observed under
the UV transmitter (Figure 1D).

c¢DNA synthesis: cDNA was synthesized by using total
RNAs with the OneScript® Plus Reverse Tran-scriptase
OneScript® c¢cDNA Synthesis kit. Synthesis reaction
mixture in 14.5 pL total vol-ume containing final
concentrations of 500 ng/uL total RNA, 7.5 uL nuclease-
free H>O, 0.5 uM oligonucleotide and 500 pM dNTP and
was incubated at 65 °C for 5 minutes, and after it was put
on ice, 1x (4uL) of 5x RT Buffer, 20U/rxn of RNaseOFF
Ribonuclease Inhibitor, and 1 pL of OneScript® RTase
(200 U/uL) were added and then the final mixture in a
total volume of 20l was incubated for 30 minutes at 50
°C and then at 85 °C for 5 minutes to stop the reaction.

Table 1. Sequence matches as a outcome of BLAST between M. piperita and A. thaliana.

Gene Characteristics

Sequence matches

Query 1419

Shict
Query
Shjct
Query
sbjct
Query
Sbhjct

"ML237 (“"Hsp70) l |

"*ACN: AW255239.1 .
Match: 425/522 Query iRy
(%81) sbjct
. Gap: 1/522 (%0)
Length: 611bp

Query
Shjct
Query
Shjct
S 1)
Query
Sbhjct

TCCGRAATC
GQCCAATGATATE

L1111
GCARACGGTATC

CTCOAGAA
TTOGAGAALCT,
QCTTEACGCA

GCTECCAGCT

ﬁ—ﬁ

CAGAGAAGTACAAG GCTG#G?ATGAHGHAC ACAK

GCCEAGAAGTACAAATCOGA

E—in

TGGTGTTATGACTGTTTTGATTCCGAGGAACACCACAATTCCG
L LU LLLEEE DIRLLE TR FEETE ET T T

AGGAGTCATOACTATCTTGATCCCOARARACACTACCATTCCE

.l

ARACAACCAGCCOOGTATACTOA

i
fi
L

ATCAGCCORGRAGTCCTOA

—
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E
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g Hmnns .
Sbjct 1 ATEECAAGAGCACCETOCTETOACARAGTTEOGOT TOAAGAGAGGRADATEOACTOLAGAL &8
Query 344 T.-!|'.;|!d|5a|l'i'C.Elull.-'i‘.T[T'i'GET[T[TTTTATECTCMECTWTACTTAGTAA? (liﬁtliﬁl\ﬁ?ct'i'[ 443
Sbjct 61 GAAGATGARAAGCTCAGAAAATATATTCAGGAAAATGGTGAAGGCTGCTGLCGATCATTG 128
R2R3_A:[£B( MYBI5) Query 484 CCTAAGCAAGCTGATCTTTTGAGATATOGAAAAAGITGTAGACTTAGGTGOATGAACTAT 463
. ACN: KY081780.1 , IR II _IIIIIIIII
° Match: 215/321 Sbijct 121 COCAAGAATGCAGOTTTACTTAGATOTOOAALGAGTTGCAGACTOAGATOOATTAATTAT 1828
(%67) Query 454 TTAMAGCCTGATATTAAACGTOGCA--ATTTC-ACCAAAGAAGAGRALGATGCTATCATC 528
. Gap: 8/321 (%2) , L T T L FEEreer Tt
Length:813bp Sbict 181 TTGAGATCAGATOTGAAGAGAGGOAATATTTCTTCTCAAGAAGANGAL-AT--CATCATT 237
o e My s T R
Sbjct 238 AATCTCCATGCATCTA-TGEGCAACAGGTGETCCCTGATCGCCGCGCACTTACCGRGTAG 295
Query 588 ﬁTCTTTWC?TGTﬁﬁGﬁ 098
Shict 207 AACAGACAATGAAATCAAALA
ot iy ey
Shict 179 CAATCGAAGGATCAATTTCTGTTCGGAACGATGGAGATGCAGATCAMGCTCGTGLCCGGA 238
" OIL_143 ("ATXTH21) Query 313 AATTCAGCCGGGEACCATGACCACCTTCTACTTGAAGTCTCAAGGATTAACATGAGACGAG 372
. ***ACN: EL342294.1 , I A |
. Match: 164/235 Sbict 239 GATTCCGCCGGCACTATTACTGCATTTTATCTGTCGTCTCTAGGGGAARAACACAACGAA 298
(%70) , Query 373 ATAGATTTCGAGTTTTTGGGGAATGTTAGTGGAGATCCATACATTGTTCACACTAATGTT 432
. Gap: 4/235 (%1) , LT L TEEEEE PEELEELEEE F T 1 TE UL T T
Length: 425bp Sbict 299 ATCGACTTTGAGTTTCTGRAGAATGTAACGRGGCAGCCGTACATTATACACACCAATATA 358

Query
Shjct 359

433 TACACTCAAG--GCAAGOGTGATAGAGAGCAACAATTCTACCTTTGOTTCGATCC 485

|1
TACACGCAGGRAGCAGCOGEG--ACACAAGTACAGTTTTACCCTTGETTIGACCC 411

*The gene has been characterized in Mentha * piperita.
**The gene has been characterized in 4. thaliana
***Accesion number

Quantitative polymerase chain reaction (QPCR):
Real-Time PCR was realized via AmpligonRealQ Plus
2 x Master MixGreen kit as indicated in Table 2, using
primers. The primers were designed using mRNA
sequences in the NCBI Primary BLAST database in M. x
piperita L. plant. Identification of gene ex-pression levels
considered to be related in cold stress tolerance was made
in the control of reference genes and 18 S rRNA

housekeeping genes was used as positive control. PCR
amplification was achieved with a 15 pl total volume of
reaction mixture including 20 ng cDNA, 0.1 pM of each
primers (forward and reverse), RealQ Plus 2x Master
Mix and dH>O. Reaction cycles were performed for 15
minutes at 95 °C for preincubation, 40 cycles for
amplification for 30 seconds at 95 °C — 55 °C — 72 °C,
and for cooling at 37 °C for 30 seconds.

Table 2. Primary sequences, Tm values and accession numbers of genes considered to be associated with cold

stress designed in the NCBI database

Gene Primer Sequences Tm (°C) ﬁfliﬁi)szﬁg
ooy SIS O
s TGO 29y
- e S
oiL143 R SATCTOCATCTCCACCOTTCCS  sogy  PL3422941
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Statistical analysis of data: The statistical analyzes of
data obtained via Q-RT PCR were realized by T-Test

J. Anim. Plant Sci., 34 (3) 2024

method. A p<0.05 value was thought as statistically
significant.

Figure 1. The shoots of the economically valuable M. x piperita plant growing under ex vitro (A) and in vitro (B)
conditions. In vitro shoots after 168 hours of cold-hardening (C). The gel image of total RNA isolated
from M. x piperita plant, M: RNA marker Invitrogen™ (D).

RESULTS

Investigation of ML237 gene expression level during
cold stress tolerance: RT PCR was realized with five
repeats to determine the expression level of ML237 gene
in four experimental groups, one of which was a control.
The mean, standard deviation and standard errors of the
obtained CT values were calculated (Table 3).

After Real-Time PCR, The experimental and the
control groups of the all the melting curve graph peaks of
the ML237 gene showed the different expression levels in
the same time interval, and there was no foreign DNA
contamination and primer dimers (Figure 2A). The values
of CT derived after 18S rRNA standardization via with 2
ACT method were rationed to the control group and a
graph was structured. As a result of the T-Test achieved
to understand if the results of expression were
meaningful, a significant increase was observed in the
ML237 gene after 24, 72 and 168 hours of cold stress
applications compared to the control group. A meaningful
increase was also seen between the treat-ment of 24 hours
compared with 72 and 168 hours treatments. However,
the significant increase between 72 hours and 168 hours
treatments were not observed (Figure 2B).

784

Investigation of R2R3 MYB gene expression level
during cold stress tolerance: Similarly, RT PCR was
realized with 5 replications to determine the expression
level of R2R3 MYB gene in four experimental groups, one
of which was a control. The mean, standard deviation and
standard errors of the obtained CT values were calculated
(Table 4).

After Real-Time PCR, in the control and
experimental groups, the all peaks of the melting curve
graph of the R2R3 MYB gene were varied expression
levels in the same time interval, and also foreign DNA
contamination or primer dimer were not observed (Figure
2C). The CT values derived after 18S rRNA
normalization with 24T method were ra-tioned to the
control group and a graph was structured. In the graph, an
increase was ob-served in 72 and 168 hours of cold stress
applications compared to the 24-hour cold stress
application, but this increase is not significant according
to the T-Test result (Figure 2D).

Investigation of oil 143 gene expression level during
cold stress tolerance: RT PCR was realized with 5
repeats to determine the 0il 143 gene expression levels in
four experimental groups, one of which was a control.
The mean, standard deviation and standard errors of the
obtained CT values were calculated (Table 5).
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Table 3. The results of T-Test with mean, standard error and standard deviation values of ML237 gene after
normalization of CT values with 18S rRNA.

Repeats 0 hr 24 hr 72 hr 168 hr
1% 100 1889,588 6311,889 4952,208
2nd 100 942,149 8078,167 5791,865
3rd 100 3134,145 10112,529 7558,353
4th 100 529,636 3059,025 2148,116
5t 100 964,646 2011,221 2599,208
ORT 0,00 1492,033 5914,566 4609,950
SDV 0,00 1044,186 3385,710 2253,378
SEM 0,00 466,9742665 1514,135701 1007,741402
T-TEST 0,04 0,02 0,01
T-TEST 0,02
T-TEST 0,01
T-TEST 0,08

Table 4. The T-Test results with mean, standard error and standard deviation values of R2R3 MYB gene after
normalization of CT values with 18S rRNA.

Repeats 0 hr 24 hr 72 hr 168 hr
1% 100 39,777 137,554 397,237
2nd 100 12,414 63,288 69,737
3rd 100 11,423 67,830 19,479
4th 100 61,985 239,496 130,134
5t 100 180,250 86,454 158,008

ORT 0,00 61,170 118,924 154,919
SDV 0,00 69,804 73,561 145,724
SEM 0,00 31,21726843 32,89749644 65,16968133

T-TEST 0,28 0,59 0,45

T-TEST 0,26

T-TEST 0,24

T-TEST 0,6

Table 5. The results of T-Test with mean, standard error and standard deviation and values of 0il 143 gene after
normalization of CT values with 18S rRNA.

Repeats 0 hr 24 hr 72 hr 168 hr
1 100 176,5406 573,5821 736,1501
2nd 100 103,5265 482,3231 360,5002
3rd 100 50 147,4269 63,72803
4th 100 3,257706 21,46414 102,8114
5t 100 149,4849 37,11309 13,21273
ORT 0,00 96,562 252,382 255,280
SDV 0,00 70,922 258,226 300,351
SEM 0,00 31,717 115,482 134,321
T-TEST 0,9 0,25 0,3
T-TEST 0,19
T-TEST 0,25
T-TEST 0,95
Real Time PCR results showed that in the foreign DNA contamination or primer dimer were not ob-
experimental and control groups, all the melting curve served too (Figure 2E). CT wvalues derived from 18S
graph peaks of the oil 143 gene were also varied rRNA normalization with 2-2¢T method were rationed to
expression levels in the same time interval, and also the control group and a graph was structured. In the
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graph, an increase was observed in 72 and 168 hours of
cold stress applications compared to the 24-hour cold
stress application, but this increase is not significant
according to the T-Test result (Figure 2F).

DISCUSSION

The genetic resources of Mentha spp. should be
noticed as an crucial species for the preservation of
aromatic and medicinal plant species. The introduction
and collection of the new genetic material of Mentha's is
essential to acquiring a sufficient genetic pool for further
work in plant breeding for the selection of superior
quality genotypes. Peppermint germplasm needs to be
protected clonally under field conditions or as pot plants,
as many cultivars are sterile. One of the most important
commercial peppermint species, M. x piperita, are sterile
hybrids and the persistence of specific genotypes is very
important to the peppermint oil industry. Although mint
species have internal bacterial contamination, they can be
easily cultured in vitro (Reed, 1999).

The expression of [18S ribosomal RNA and
ML237, MYB and oil_143 genes, which are considered to
be related in cold stress regulation, were evaluated in the
transcriptional determination of some genes of the plant

J. Anim. Plant Sci., 34 (3) 2024

Mentha x piperita, which are considered to be effective in
cold stress adaptation, before the application of
cryopreservation, which is the main objective of the
current thesis study. In the thesis study, the expressions
of the related genes were determined quite significantly
during the cold acclimation period, which is one of the
pre-cryo applications.

In the current work, the cold-hardening step of
M. x piperita plant before cryopreservation has been
beneficial in obtaining very successful results on plant
viability and regeneration after thawing. Cold-hardening
is related with many biochemical and physiological
differentiations, including the membrane protein content
alterations, the sugar content increases, the protein
composition and the plant hormone concentrations varia-
tions, and the expression of associated genes changes
(Crowe et al., 1990; Guy, 1990; Lang et al., 1994,
Thomashow, 1998). In the current work, as a comparing
the expression results of cold stress associated genes in
M. x piperita plant with the control group (before cold
preculture) and the cold hardening periods at +4 °C for
24, 72 and 168 hours of ML237 and MYB gene
expressions increased after treatment with 72 hours, and
decreased with 168 hours of cold hardening (Figure 2).

A MIL237 e B
5 * &
£ -
Z
= =
& 4609,950
=
= *
=
= 145,033
B 0 hr Z4hr 72hr 163hr
—
e Time
C = MYB D
%
=
=
& ;
- ;
]
(= -
-
=
=
=5
0 hr 24hr 72hr 168hr
Time
E oil 143 F
£
£
=
= 154,919
%:
% “
=
=
| O hr 24l 72hr 168khr
e g e e D e Time

Figure 2. The melting curve graph of ML237 (A); MYB (C); oil_143 (E), and relative mRNA expression graphic of

ML237 (B); MYB (D); oil_143 (F) genes (', p < 0,05; **, p<0,01; ", p <0,001).

786



Galatali et al.,

The ML237 gene in M. X piperita, a homolog of
Hsp70 in A. thaliana, defends cells and their metabolisms
against oxidative stresses and heat shocks. This gene acts
a very crucial role in the functions of supporting proteins
to refold and preventing protein aggregation in
inappropriate environmental conditions such as high and
low temperatures, chemical agents (Usman et al., 2017).
The R2R3 MYB gene, the MYB 15 (A. thaliana) gene
homologue in Mentha spp., is an transcription factor in
upstream position that negatively controls the expression
of C-rebinding factors (CBFs) (Agarwal et al., 20006).
Cold stress negatively influences plant re-generation,
development and growth. The most moderate species
gain frost adaptation through a treatment called cold-
hardening. Transcriptional control is interceded by the
stimulater of the CBF transcriptional cascade, the C-
rebinding factor (CBF) expression 1 (ICEl), and the
CBF-independent regulation during cold acclimatization
(Chinnusamy et al., 2007). In our study, the increase in
these three genes in the first 72 hours of cold acclimation
period before cryopreservation can be considered as an
indicator of the response to applied cold stress
conceivable.

In the current study, the oil 143 gene
corresponding to the AtXH5 (A. thaliana) gene in M. X
piperita plant increased after 168 hours of incubation in
the cold adaptation pe-riod before liquid nitrogen
application (Figure 2). Overexpression of AtHAP5A in A.
thaliana was found to be highly effective in tolerance to
freezing stress. AtHAP5A acts up-stream of AtXTH2I in
the freeze stress response in Arabidopsis and modulates
freeze stress resistance through AtHAP5A's interaction
with the CCAAT motif of A¢tXTH21 in Arabidopsis (Shi
et al., 2014). In this context, when the control group
compared to in the increasing periods of the cold-
hardening period, in our study may suggest that the
overexpression of the oil 143 gene is effective in
tolerance to freezing stress.

Consequently, cold stress effects almost all
properties of cell metabolism, and therefore this is not
surprising that the cold stress responses in plants are
more related into cell metabolism at molecular levels
(Galatali and Kaya, 2022). Using genetic analysis tools,
newly technical devel-opments in gene expression,
proteomics, transcriptomics, profiling of the small RNA
and metabolomics have made it potential to study the
complicated processes involved in cold stress responses.
In plant species, cold stress controls the transcriptome via
transcriptional, post-transcriptional, and post-translational
mechanisms. Molecular studies on the cold stress
tolerance in medicinal-aromatic plants such as M. x
piperita will be crucial to de-termine key regulators of
frost adaptaion in studies of long-term storage of similar
plants by cryopreservation methods.
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Conclusion: Within the scope of the current study,
firstly, the genes expression levels considered to be
induced by cold in plant tissues that cold-hardened before
cryopreservation were examined by Real-Time PCR
application. According to the T-Test result after the
statistical evaluation of the results, a significant increases
was observed the related genes. Since via-bility and
successful  regeneration of plant tissues after
cryopreservation is thought to be associated with cold-
hardening, plants were exposed to cold stress for 0
(control group) and 24, 72, 168 hours. The results
obtained from the experiment were examined at the
transcriptional level of mRNA expression levels. In the
future, it is planned to examine the protein levels of these
genes, which are expressed at the translational level.
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