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Methyl Jasmonate (MeJA) can be used as a signal molecule to regulate the expression of resistance
genes in the resistance to abiotic stress, thus improving the salt tolerance of wild jujube. Among the
resistance genes combined with methyl jasmonate, transcription factors play an important role in
response to salt stress. However, the interaction of transcription factors in different tissues under
salt stress and the regulation of transcription factors by MeJA remain unclear. In this study, the
effects of MeJA on transcription factor expression in wild jujube under salt stress were investigated,
and the differences in transcription factor expression among different tissues were compared. It
was found that Me]A could increase the type and quantity of transcription factors responding to salt
stress. The types of transcription factors responding to salt stress were roughly the same among
different tissues, but the quantity and expression of the transcription factors were significantly
different. The results of transcription factor co-expression analysis showed that transcription factors
play synergistic roles in the face of abiotic stress, which can provide preferable genes for subsequent
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transgenic work.

Introduction

Among abiotic stresses, high salt stress is the most serious
environmental stress [1], affecting at least 20% of irrigated
land worldwide. When salt ions in plants accumulate
excessively, the normal growth and development of plants
will be affected. To cope with the damage caused by these
salt stresses, plants have also developed some coping
strategies. Under high salt stress, the expression of a variety
of genes is up-regulated, the products of which are directly
or indirectly involved in plant protection, such as some
genes encoding osmofactors, ion channels, receptors, calcium
signaling components, and some regulatory signaling factors
or enzymes, which can be transferred to sensitive plants to
develop a salt-tolerant phenotype.

Transcription factors play an important role in the plant's
response to salt stress. For example, the bZIP transcription
factor TabZIP 15 can improve the tolerance of wheat to
salt stress [2]; the AvNAC 030 plays a positive role in the
salt tolerance regulation mechanism in kiwifruit [3]; the
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Transcriptome analysis of eggplant under salt stress showed
that the AP2 /ERF transcription factor SmERF 1 was a positive
regulator of salt stress [4]; and the bHLH transcription factor
AhbHLH 121 can improve the salt tolerance of peanuts [5]. In
addition to the above-mentioned transcription factors that
can positively regulate plant salt tolerance, some can also
play a negative role. For example, the transcription factor
GmERF105 negatively regulates salt tolerance in Arabidopsis

[6].

There is a close relationship between Jasmonic Acid (JA)
and salt stress [7-12]. As an endogenous signaling molecule,
JA can participate in the abiotic response of plants to salt
stress. Jasmonic acid and its methylated derivatives methyl
jasmonate and amino acid derivatives are collectively
referred to as jasmonic acid compounds. (JAs) [13]. JAs are
not only related to their growth and development but also to
the plant defense system. It has been found that JAs have a
wide range of physiological effects on plant growth. It can not
only affect seed germination, plant growth and development,
photosynthesis, and other processes, but also play a role as a
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signal molecule in the process of resistance to biological and
abiotic stress, regulating the expression of genes related to
stress products in cells, and promoting the accumulation of
secondary metabolites [14].

Wild jujube (Ziziphus jujuba var. spinosa), a woody plant
belonging to the rhamnus family, can be used as medicine
[15-17]. Wild jujube likes warm and dry climates; the plant
itself has a strong tolerance to cold, drought, salt, and alkali.
When the wild jujube is subjected to low salt stress, its good
tolerance will not only not hurt the plant, but also increase the
accumulation of its medicinal ingredients.

This study highlights the effect of MeJA on the expression
of transcription factors in wild jujube under salt stress, to
explore how wild jujube responds to salt stress, the level of
transcription factors after salt stress, and what changes the
transcription factors will encounter when single salt stress is
alleviated by Me]JA. In addition, this study also compared the
different transcription factors in the roots and leaves of wild
jujube seedlings under the same stress conditions, providing
ideal experimental materials for subsequent experiments.

Experimental methods

Experimental materials

a suitable amount of full and uniform wild jujube seeds
were selected and evenly placed in petri dishes lined with
moist filter paper, and germination was carried out at 25 °C,
during which a moist environment was maintained all the
time. When the seeds sprouted, they were evenly planted
into 50-hole seedling hole trays with a seedling substrate
of vermiculite: perlite (1:1). Then they were placed in the
incubation room with a 16L:8D photoperiod, a light intensity
of 3600lx, a constant temperature of 23 (soil 2) °C, relative
humidity of (50+5)% and watered regularly. After forty
days, the seedlings were divided into two groups. Group
one (N) and group two (M) were stressed with 150 mmol/L
salt concentration for ten days. After ten days, group one
was cultured normally, and group two continued to be foliar
sprayed with 200 ummol/L Me]JA.

Transcriptome sequencing

Total RNA extraction, cDNA library construction, and
sequencing of all samples in this experiment were done by
PersonalBio, Shanghai. Total RNA extraction for each sample
was performed using Trizol reagent, which is suitable for the
rapid isolation of RNA from tissues and cells and maintains
the integrity of RNA during cell breakage and lysis. After
obtaining total RNA of qualified quality, mRNA with a polyA
structure in total RNA was enriched by Oligo(dT) magnetic
beads, and ionic interruption was used to interrupt the RNA
to a fragment of about 300 bp in length. The first strand of
cDNA was synthesized using RNA as a template with a 6-base
random primer and reverse transcriptase, and the second
strand of cDNA was synthesized using the first strand of cDNA
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as a template. After the library construction was completed,
PCR amplification was used for library fragment enrichment,
followed by library selection based on the fragment size,
which was 450 bp. Next, the library was subjected to quality
control by an Agilent 2100 Bioanalyzer, and then the total
concentration of the library and the effective concentration
of the library were detected. Then, according to the effective
concentration of the library and the amount of data required
for the library, the libraries containing different index
sequences (each sample plus a different index, and finally
separating the downstream data of each sample according
to the index) were mixed proportionally. The mixed libraries
were uniformly diluted to 2 nM and denatured by base
denaturation to form single-stranded libraries. After the
samples were RNA extracted, purified, and constructed into
libraries, these libraries were subjected to double-end (Paired-
end, PE) sequencing using Next-GenerationSequencing (NGS)
technology based on the [llumina sequencing platform.

No reference transcriptome analysis process

The original disembarking data were FASTQ files. First,
the original disembarking data was filtered, and Reads with
connectors, less than 50 bp in length and average sequence
quality below Q20 were removed. The resulting high-quality
sequences were splintered from scratch to obtain transcript
sequences, and the transcripts were clustered. The longest
transcript was selected as Unigene, and then Unigene was
used for subsequent GO, KEGG, eggNOG, SwissProt, Pfam
annotation, ORF prediction, SSR prediction, etc. At the same
time, the filtered sequences were compared to the Unigene
to obtain the Reads Count of each Unigene. On this basis,
the sample was further analyzed for expression difference
analysis, enrichment analysis, cSNP analysis, and InDel
analysis.

Analysis of gene expression level

Using the transcriptome expression quantification
software RSEM, Clean Reads of each sample were compared
to the reference sequence using the transcript sequence as
a reference. Then the number of Reads from each sample to
each gene was counted, and the FPKM value of each gene was
calculated.

Transcription factor analysis

transcription factor prediction is done by comparing plants
and animals with PlantTFDB (Plant Transcription Factor
Database) and AnimalTFDB (Animal Transcription Factor
Data Base) databases respectively, to predict the transcription
factor and the family information to which the transcription
factor belongs.

Construction of coexpression network of differential
transcription factors in root and leaf of wild jujube: Excel was
used to sort out the expression data of differential genes. SPSS
was used to analyze the correlation between the expression of
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differential transcription factors in wild jujube leaf and root.
Use Chiplot for data visualization. Analysis of visual results:
The darker the color and the larger the square, the stronger
the correlation.

Data processing

Calculations and organization of test results using Excel
2019; data analysis using SPSS 21.0; and graphing using Excel
and Chiplot.

Results
Comparative analysis of transcription factors

A total of 1,196 transcription factors from 30 gene families,
including bHLH, NAC, ERF, C2H2, bZIP, WRKY, and MYB,
were identified from the transcriptome sequencing data.
Among them, 603 transcription factors were found in roots
and 593 in leaves (Figures 1,2). Combined with the type
and distribution of transcription factors, the bHLH family
had the most transcription factors in roots, followed by the
ERF family, and seven families, including GRAS, had only
one transcription factor; in leaves, the bHLH family also had
the most transcription factors, but the MYB family had the
second-highest number of transcription factors, and the same
six families, GRAS and TALE, had only one transcription factor.

The above transcription factors were screened on the
principle of |log2FoldChange|>1 and significance p - value
< 0.05, and the screened differential genes were subjected
to subsequent analyses. The differentially expressed
transcription factors in the roots and leaves of wild jujube
under salt stress and Me]A alleviation are shown in Figures 3,4.
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Figure 1: Statistical map of root-transcription factor families.
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Figure 2: Statistical map of leaf-transcription factor families.
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In terms of the number of transcription factors, the number
of differential genes was greater in roots than in leaves,
suggesting that plant roots were preferentially exposed to
the stress environment and responded to a greater number
of transcription factors in response to longer exposure to salt
stress than did leaves. In terms of the types of transcription
factors, the highest number of transcription factors of the ERF
family was found in roots, whereas the highest number of
transcription factors of the WRKY family was found in leaves,
suggesting that transcription factors play different roles in
different tissues in the face of salt stress.

As can be seen in Figure 3, the expression of most
transcription factor family genes was significantly up-
regulated after leaf salt stress was alleviated by Me]A, and the
expression of the genes alleviated by MeJA was higher than
that of the normal salt stress group. In the leaves, the number
of differentially expressed transcription factors of three
families, WRKY, bHLH, and ERF, was high. Among them, the
expression of a total of 12 transcription factors in the WRKY
family was up-regulated. Z/WRKY 31 and ZjWRKY 69 were not
only significantly different but also highly expressed. 5 genes
in the ERF family, including ZjERF 023 and ZjERF 053, were all
up-regulated.

As can be seen in Figure 4, unlike the expression of
transcription factors in leaves, the expression of most of the
transcription factor family members was predominantly
down-regulated in roots, and the difference between the
single salt stress group and the MeJA-relieved group was not
significant. As in leaves, the number of differentially expressed
transcription factors of the WRKY, bHLH, and ERF families
was high, unlike in roots, where the number of ERF family
members was higher after relief by MeJA. The expression
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Figure 3: Heat map of expression of various transcription factors in leaves after

alleviation by MeJA.
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Figure 4: Heat map of expression of various transcription factors in roots after

alleviation by MeJA.

of all WRKY and ERF family transcription factors was up-
regulated in leaves, whereas a total of six transcription factors
of the WRKY family, ZjWRKY 14, ZjWRKY 29, ZjWRKY 27 et.,
were up-regulated for expression in roots, and ZjWRKY 2,
ZjWRKY 53 et., a total of five genes were down-regulated, and
the ratio of the number of up-regulated and down-regulated
gene expression was almost equal; all ERF family members
were down-regulated except for three genes, ZjERF 1B, ZjERF
113, and ZjRAP 2-11, which was extremely different from
the situation in leaves. It can be seen that the expression of
transcription factors varies greatly depending on the plant
tissue. In addition, the expression heatmap shows that
transcription factors in roots are not only more diverse and
numerous than those in leaves but also have higher expression
than that of transcription factors in leaves.

According to Figures 3,4, it can be seen that Z/WRKY 31 and
ZjWRKY 27 of the WRKY family, ZjTGA 10 of the bZIP family,
ZjNAC 29 of the NAC family, and ZjMOF 1 of the G2-like family
play roles in both roots and leaves and their expression is
shown to be up-regulated. However, ZjbHLH 162 of the bHLH
family, although it plays a regulatory role in both tissues, is
up-regulated in leaves but down-regulated in roots.

Transcription factor co-expression analysis

In the differential transcription factor co-expression
network in roots and leaves of wild jujube seedlings after
salt stress alleviated by Me]JA, the correlation between genes
was calculated. It was found that most of the genes were
positively correlated (Figure 5). For example, GZJWRKY 53
was significantly positively correlated with YZjWRKY 48
(p < 0.01). And a small portion of the genes were negatively
correlated with each other, for example, GZjMYB 46 was
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significantly negatively correlated with YZJWRKY 69, which
was significantly negatively correlated (p < 0.01). Some
individual genes showed different correlations with different
genes; for example, GZ/ERF 109 was significantly positively
correlated with YZJWRKY 31 (p < 0.01), and significantly
negatively correlated with YZjNAC 29 (p < 0.05). Some genes
were significantly correlated with several genes at the same
time, and all of them were positively correlated. For example,
GZJERF 018, GZjWRKY 61, and GZjGLK1 were significantly
positively correlated with YZjWRKY 65 isoformX2, YZjWRKY
23, and YZjWRKY 48 (p < 0.05).

Discussion

Wild jujube (Ziziphus jujuba var. spinosa) is a woody plant
of the genus Ziziphus in the family Rhamnaceae. Native to
China, wild jujube has a certain degree of salt tolerance. Other
studies have shown that Me]JA can induce disease-resistant
and insect-resistant responses in plants and improve their
stress tolerance [18,19]. In this study, we used the salt-tolerant
wild jujube seedlings as experimental materials, which were
successively induced by salt stress and relieved by MeJA, to
investigate the different responses of different tissues of wild
jujube to Me]A at the level of transcription factors.

Comparative analysis of transcription factors in roots and
leaves revealed that the family of transcription factors that
played the main coordinating role was approximately the
same in different tissues after salt stress, but the families that
worked in concert with each other differed depending on the
tissue. Analysis of differential transcription factors showed
that the number of differential genes was greater in roots
than in leaves, assuming that plant roots were preferentially
exposed to the stress environment and for a longer time
than leaves were exposed to salt stress, resulting in a greater
number of responsive transcription factors. Similarly, the
analysis showed that the expression of transcription factors
was higher in the Me]JA-relieved group than in the single
salt stress group in leaves, whereas the difference between
the two groups was not significant in roots, suggesting that
transcription factors in leaves were more sensitive to MeJA
due to the preferential and longer exposure of leaves to Me]JA
as a result of applying Me]A by foliar spraying. The increase
in the expression of transcription factors after leaf surface
spraying with MeJA also indicates that MeJA may regulate
physiological processes through transcription factors at the
molecular level to alleviate the harm caused by salt stress
on plants. Furthermore, it provides the basis for methyl
jasmonate to improve salt stress.

The trend of gene changes showed that ERF was fully
up-regulated in leaves but almost fully down-regulated in
roots. This may be related to the physiological regulation
of plants by ethylene: when the plant is subjected to abiotic
stress, ethylene becomes an important substance in inducing
senescence and abscission of leaves [20,21].
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Figure 5: Heat map of correlation of differential transcription factors in roots and leaves. Note: Horizontal is root differential transcription factor, vertical

is leaf differential transcription factor.
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