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Abstract

The growth, development, and quality production of Rosa hybrida L. are the core
issues for being able to have good yields. Inadequate information on genetic back-
ground and resistance has hindered the ability to continue improving flower qual-
ity, and most cultivars continue to have lower-than-desired levels of resistance.
Therefore, this study sequenced the transcription group of the R. chinensis Jacq.
‘Old Blush’ under high salt stress. Transcription group sequencing was carried out
on root and leaf materials at different points in time (0, 2, 24, and 48 h) under
a high salt stress condition of NaHCO;. The monthly salt stress recorded within
48-h Ca* sensors was mainly calmodulin and calcium-binding protein. The kinase 5
(RC2G0184500) began to show significant increase from 24- and 48-h process time,
respectively, within the leaf blades and the root. There was an increase of superox-
ide dismutase and L-ascorbate peroxidase from the 2- and 48-h processing times,
respectively. Within the blades, MYB4, MYB41, MYB44, MYB20, MYB62, and
MYB14 had a log2Foldchange of >4. ERF109 had a log2Foldchange of 7. NAC-
like transcription factors had more differential genes in the root than in the leaves,
with a log2Foldchange of NAC67, NAC52, NAC16, and NAC2 of >4. The plant
hormone signal transduction-related genes involved were abscisic acid, growth hor-
mone, ethylene, erythromycin, jasmine acid, salbonate, and cell division. The EIN4
and EIN3 were only raised in the leaf and the serine/threonine-protein kinase CTR1
was raised in the root, whereas the ethylene pathway was mainly in the leaves. Auxin-
responsive protein SAUR72 and SAURS0 were raised in the leaves and the other
auxin-responsive protein and SAUR expression in the root were low. The IAA2 was
revised upward in the leaf and the IAA11 was revised upward in the root, whereas
the rest were revised downward. In conclusion, the study revealed several genes and

hormones that are key in salt stress response.

Abbreviations: ABA, abscisic acid; AUX/IAA, auxin/indole-3-acetic acid; DREB, dehydration responsive element binding; GO, Gene Ontology; HSP, heat
shock protein; JA, jasmonic acid; 10g2FC, log2FoldChange; MAPK, mitogen-activated protein kinase; MEKK, mitogen-activated protein kinase kinase; ROS,

reactive oxygen species; SOD, superoxide dismutas

C.
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1 | INTRODUCTION

Rosa hybrida L. (often referred to as the “Queen of Flow-
ers”) is among the top 10 traditional flowers in China and is
the world’s leading cut flower as well as an important gar-
den flower (Liorzou et al., 2016). The cultivation area and
monthly output value of the R. hybrida flower can account for
about one-third of the total cut flowers (Qi et al., 2018). The
growth, development, and quality production of the flower
are therefore the core issues for optimizing the monthly cut
flower production for good returns (Koning-Boucoiran et al.,
2015). For quality improvement, modern cultivars have been a
product of cross breeding between some selected wild species
within the Rosa genus, repeated hybridization between culti-
vars, rebreeding and other means (Lim, 2014; Qi et al., 2018).
Indeed, narrow information on genetic background and resis-
tance has hindered the need to continue improving the quality
of the flower, making most of the varieties to continue having
shortcomings in their level of resistance (Bendahmane et al.,
2013). In addition, the environmental stress in the saline area
seriously restricts the use of this species in local landscap-
ing, and the high salt stress leads to the poor growth of most
rose cultivars and the aggravation of pests and diseases, which
seriously affects their growth and development of their orna-
mental value (Cai et al., 2014).

Currently, studies that present the resistance to salt toler-
ance on Rosa flowers, which flower on a monthly basis, lag
far behind as compared to studies on other agronomy pat-
terns, such as color, flower type, and flower fragrance despite
the impact of excessive salt to the productivity of R. hybrida
(Liang et al., 2018). With the increasing problem of soil salin-
ization and the continuous improvement of people’s demand
for the quality of the monthly seasoned flowers like the R.
hybrida, most of the ongoing studies focuses on the morpho-
logical and physiological levels, whereas the research on the
level of salinity-resistant molecules in the monthly seasoned
flowers are less studied (Salehi et al., 2018). Furthermore, a
systematic in-depth study of its high-salt adaptive molecular
mechanisms has not been adequately achieved (Ahmad et al.,
2015; Zhao et al., 2020). Therefore, understanding and clar-
ifying the molecular regulation mechanism of Rosa hybrida
salt resistance is very necessary for the smooth progress of
breeding work with the main goal of improving salt resistance
(Muhammad et al., 2020; Zhang et al., 2013 )

Plasma membrane Na+/H+ transporter SOS1, HKT-type
protein, and tonoplast Na+/H+ antiporter NHX1 are key
Na+ transporters involved in plant salt tolerance. SOS1 gene
expression in plants is upregulated in response to salt stress.
This upregulation is abated in SOS3 or SOS2 mutant plants,
suggesting that it is controlled by the SOS3/SOS2 regulatory
pathway (Zhang et al., 2017). A limited number of rose genes

Core Ideas

* In 48 h, the salt stress Ca?t sensors were mainly
calmodulin and calcium-binding protein.

* NAC-like transcription factors had more differen-
tial genes in the root than in the leaves.

* Auxin-responsive protein SAUR72 and SAURS0
were raised in the leaves.

* Other auxin-responsive protein and SAUR expres-
sion in the root were low.

* The IAA2 was revised upward in the leaf.

related to salt stress response were identified. RcHSP17.8
(cytosolic class I small heat shock protein), present in Rosa
chinensis, has been isolated and characterized. This gene
is induced under salt stress conditions, as well as drought,
cold, osmotic, and oxidative stress. Arabidopsis thaliana
(L.) Heynh. constitutively expressing the RcHSP17.8 shows
higher tolerance to salt stress. Small heat shock proteins work
as molecular chaperones and play important roles in plant
defenses against detrimental conditions, such as high salin-
ity. They are members of the heat shock protein (HSP) fam-
ily, which works to protect plants against abiotic stresses and
maintain protein homeostasis by scavenging cellular reac-
tive oxygen species (ROS) (Mu et al., 2013). RrNHX1 genes
are identified with salt resistance in wild Rosa rugosaThunb.
(Feng et al., 2015). The Na+/H+ antiporter (NHX) is a trans-
membrane protein carrier that bars Na+ from the cytosol
in return for H+. It is confined on both plasma and vacuo-
lar films. NHX keeps up particle homeostasis by the vehi-
cle of Na+ out the cytosol and into the vacuole. This com-
partmentalization of Na+ in the vacuole mitigates the cytosol
of abundance sodium particles. The action level of Na+/H+
antiporters of salt open minded and salt-delicate plants are
unique. The salt touchy cultivar Oryza sativa cv. Kinuhikari
overexpressing the AgNHX1 quality from a halophytic plant
(Atriplex gmelini C.A. Mey.) shows a solid resistance to salt
pressure (Ohta et al., 2002).

In Rosa rugosa, other important genes related to salt stress
tolerance were upregulated by salt exposure. This includes
NAC and DREB (dehydration responsive element binding)
family genes. Rosa rugosa plants irrigated with 25 mM,
50 mM, and 100 mM NaCl did not differ from control
plants in measured growth parameters (shoot length and num-
ber of leaves). Rosa chinensisJacq. growth is highly sus-
ceptible to salinity stress, but this species can have its salt
tolerance increased by overexpressing genes related to salt
response such as DREB. DREB2A-CA is a member of the
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transcription factor family DREB that play important roles in
regulation of stress inducible genes and affect the salt toler-
ance (Lata & Prasad, 2011). Plants of Rosa chinensis over-
expressing AtDREB2A-CA under salt stress (NaCl 300 mM)
present salinity stress tolerance activated by change in leaf
ultrastructure. This observation indicates that AADREB2ACA
could be used to improve salt stress tolerance (Josine et al.,
2015). In Rosa rugosa, other significant qualities identi-
fied with salt pressure resilience were up controlled by salt
openness. This incorporates NAC and DREB family qual-
ities. Rosa rugosa plants inundated with 25 mM, 50 mM,
and 100 mM NacCl did not vary from control plants in esti-
mated development boundaries (shoot length and number of
leaves). Rosa chinensis development is profoundly helpless
to saltiness stress, yet this species can have its salt resis-
tance expanded by overexpressing qualities identified with
salt reaction like. DREB2A-CA is an individual from the
record factor family DREB that assume significant parts in
guideline of pressure inducible qualities and influence the salt
resistance (Lata & Prasad, 2011). Plants of Rosa chinensis
overexpressing AtDREB2A-CA under salt pressure (300 mM
NaCl) present saltiness stress resilience actuated by change in
leaf ultrastructure. This perception shows that AtDREB2ACA
could be used to improve salt pressure resistance (Josine et al.,
2015).

The completion of monthly genome-wide sequencing pro-
vides a guarantee for increasing monthly salt resistance
through molecular breeding (Bourke et al., 2018; Liu et al.,
2019). Indeed, a number of studies showed that in alkaline
saline soil plants can withstand salt stress while resisting high
pH stress. Alkaline salt stress, such as NaHCO; or Na,COs,
significantly does more damage to plants than coercive dam-
age caused by neutral salts such as NaCl or Na, SO, (Ahmad
et al., 2015). At the same time, the research on the salt-
resistant properties of plants is mainly concentrated in herbs,
and mostly salt has been the stress factor, and the research on
the anti-salt properties of woody plants under NaHCOj stress
is relatively small (Aghajanzadeh et al., 2018). In this study,
Rosa chinensis ‘Old Blush’ was selected as the test material,
and the ‘Moon Powder’, with the characteristics of four sea-
sons of flowering (a single color, easy to insert, simple genetic
background, etc.), was used as a model material for the study
of the molecular mechanism of the monthly season salt resis-
tance. Therefore, this presented study sequenced the transcrip-
tion group of the monthly seasoned R. chinensis under high
salt stress. Transcription group sequencing was carried out on
root and leaf materials at different points in time (0, 2, 24,
48 h) in the treatment and control groups under high salt stress.
NaHCOj; was used in this study to conduct a coercive treat-
ment test on seedlings planted in the year of the monthly Rosa
chinensis flower production.
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2 | MATERIALS AND METHODS

2.1 | Material preparation and identification
The material used in the experiment was Rosa chinensis ‘Old
Blush’. The seedlings with consistent growth were treated
with high salt stress (200 mmol/L NaHCOs), and materials
with different processing times (0, 2, 24, 48 h) were sampled
and sequenced. The samples were properly labeled. Leave
samples at O h were labeled LCK; three replicated for LCK
were marked as LCK_1, LCK_2, and LCK_3. Leave samples
at 2 h were labeled L2; three replicated for LCK were marked
asL2_1,L2_2,and L2_3. Leave samples at 24 h were labeled
L24; three replicated for L24 were marked as L.24_1, L24_2,
and L.24_3. Leave samples at 48 h were labeled L48; three
replicated for L48 were marked L48_1, L48_2, and L48_3.
Root samples at 0 h were labeled RCK; three replicated for
RCK were marked RCK_1, RCK_2, and RCK_3. Root sam-
ples at 2 h were labeled R2; three replicated for R2 were
marked R2_1, R2_2, and R2_3. Root samples at 24 h were
labeled R24; three replicated for R24 were marked R24_1,
R24_2, and R24_3. Root samples at 48 h were labeled R48;
three replicated for R48 were marked R48_1, R48_2, and
R48_3.

2.2 | Total RNA extraction and RNA-Seq
library preparation

The material for RNA-seq are petal discs and root sec-
tions. Extraction of the total RNA was accomplished using
the hot borate method and treated with RNase-free DNase
I (Promega) to remove any contaminating genomic DNA.
Three biological repeats were performed for both time
points. Strand-specific RNA libraries were constructed and
sequenced on a HiSeq 2500 system (Illumina), according to
the manufacturer’s instructions and sequenced on the Illumina
HiSeqTM Xten platform at the Wuhan Igenebook Biotechnol-
ogy Co., Ltd. (www.igenebook.com).

2.3 | RNA-Seq data processing, assembly,
and annotation

The cleaning of the raw data was first done by removing
the adaptor-containing sequences, poly-N, and low-quality
reads, with those reads shorter than 40 bp being removed
with Q-value <5. The remaining high-quality, clean reads
were used in subsequent analyses. Assembly was then per-
formed with Trinity software with min_kmer_cov set to gen-
erate contigs and unigenes. All other parameters were set
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TABLE 1 Primers used in transcript abundance
Name Forward primer (5'—3") Reverse primer (5'—3")
Actin TCTTTCCCTCTATGCCAGTG CCAGGTCAAGTCGCAGAAT
RcNACI CCACCCCGATGTCATTCCT CGATTTTGCGTCCTCCTGCTA
RcNAC2 ACTGCCTCGACGACACCTC CTTTGCCCTCCTTGCTCTT
RcNAC3 AGTTGGAATCAAGAAGGCG CGACACAGCACCCATTCAT
RcNAC4 CAGACTAATGAACAGGTGCC GATTGTAAATGCTCGGTGG
RcMYBI CGAGTTCCTCAAACCCAG ATCGTAGCCTCCCATAGC
RcMYB2 TTTTGGGCAACAAGTGGTC AAGCCTCTTCCTAATGTGGGT
RcMYB3 ATCTGCCAAAGACTACTGCT CCTCCACAACCAAACCATC
RcMYB4 TTGGAAACAGGTGGTCAT CTCTTGTGCTGCTGGATT
RcMYBS5 CAAGCCGAAGACGAAACC ATTACCCTCGCCCTGATG

to their defaults. To remove the redundancy of the Trinity-
assembled contigs, the contigs were again assembled de
novo using iAssembler. The final unigenes were then anno-
tated using the National Center for Biotechnology Informa-
tion nonredundant protein, National Center for Biotechnol-
ogy Information nonredundant transcript, Swiss-Prot, KEGG
(KEGG Ortholog), KOG (eukaryotic ortholog groups), and
Gene Ontology (GO) libraries using the BLASTX algo-
rithm with a significance threshold of E-value <10 — 5.
The calculation of the unigene expression was performed
using the FPKM (fragments per kb per million reads) method.
Differentially transcribed genes were analyzed by the edgeR
package and defined as genes with a false discovery rate
of <0.001 and at least a twofold difference. Transcription
factors were predicted by BLASTX searching of plantTFDB
with E-value <10 — 5. KEGG pathway enrichment of dif-
ferentially transcribed genes was performed using KOBAS.
The GO term enrichment was analyzed by the GOseq
R package based on Wallenius noncentral hypergeometric
distribution.

2.4 | Quantitative RT-PCR

To confirm the RNA-Seq results, the transcript abundance
of six selected genes was analyzed using quantitative real
team polymerase chain reaction (QRT-PCR). Briefly, the total
RNAs of three biological repeats were equivalently mixed
for each sample. complementary DNA was generated using
Takara Reverse Transcriptase M-MLV, and 1 pL of the
first strand of complementary DNA was used as a tem-
plate in the reaction with the KAPATM SYBRR quantitative
PCR kit (Takara), which was run on a StepOnePlus Real-
Time PCR System (Thermo Fisher Scientific). The primers
used for determining transcript abundance are listed in
Table 1.

2.5 | RT-PCR verification method

From the transcription group data of 0/24 h, the difference in
expression was significant for MYB class transcription fac-
tor 5 (easy to count, set to MYB1, MYB2, MYB3, MYB4,
MYB5) and NAC class transcription factor 4 (easy to count,
set to NAC1, NAC2, NAC3, NAC4) for verification analysis.
The selected genes are found in Tables | and 2. The expres-
sion patterns of nine genes (0, 2, 6, 12, 24, 48 h) under salt
stress were analyzed in the root system.

2.6 | The statistical method of the data

All experiments were performed with at least three replicants.
The significance of differences was determined by ANOVA or
Student’s ¢ test.

3 | RESULTS

3.1 | Sequencing data analysis

Raw data obtained by sequencing 24 transcription groups
was obtained between 37,670,038-64,735,678 raw reads,
and after filtering out low-quality reads containing adapter
sequences, 32,894,172-53,787,036. The GC-rich content of
the 24 transcription group data was 45.42%—49.36%, and the
Q20 level was greater than 97% (Supplemental Table S1).
The clean data of 24 transcription groups can be compared
to the monthly reference genome reads between 16,447,086—
26,893,518 (ratio = 41.7-93.2%); most transcription group
data can be compared to the monthly genome. Among them,
the proportion of reads with the only compared position in
the monthly reference sequence was 39.18-89.17% (Supple-
mental Table S2). A total of 39,669 genes were obtained by



BAO ET AL.

Agronomy Journal 5

The number of transcription factors upregulated and downregulated in leaves and roots at different processing time

TABLE 2

CK vs.48 h
Up

CKvs.24h
Up

CKvs.2h
Up

Down
Leaf
12

Down

Leaf

Down
Leaf

Root

Root
29
22

Leaf
29
24

Root
10

Root
33
20

Leaf
15
17

Root

Root

Leaf

MYB

WRKY
NAC
HSF

19

10

19

10
35

16
22

11

12

bHLH

32

AP2/ERF

1

AUX/TAA
C2H2

11

14

13

bzip

16

10

13

GRAS

Note. European Society for Clinical Nutrition and Metabolism (ESPEN) guideline on home parenteral nutrition. CK, treatment group.

the pair. (Data upload description: roots transcription group
data has been uploaded under SRA accession: PRINA587482;
ID: SUB6482523; and leaves transcription group data has
been uploaded under SRA accession: PRINA689657; ID:
SUB8843934.)

3.2 |
periods

Genetic analysis of differences over time

The number of different expression genes obtained was
14,689 (p < .05) in the analysis of gene expression over dif-
ferent time periods. Among them, the number of root differ-
ential expression genes was 14,633, and the number of leaf
differential genes was 14,442. The three processing time peri-
ods were compared with the control, with 2 h and control with
the fewest differential genes and 48 h with the largest number
of differential genes. The number of different genes in upward
expression increased and then reduced over time, whereas the
number of downward expression genes increased over time,
and the largest increase in the number of expression genes
was in processing 24 h (Figure la, b). The number of genes
expressed differently over the three processing time periods
was very small, with only 137 and 173 (leaf, root), and the
number of differential genes expressed in both processing 2 h
and processing 24 h was also very small, whereas the number
of genes expressed at different rates in both processing 2 h and
processing 24 h was higher, at 2,115 and 2,928, respectively
(Figure lc, d).

Based on the differential gene and correlation analysis of 24
samples from different processing time periods, it was found
that the control group had a higher correlation with processing
time of 2 h and a higher correlation with processing time of
48 h (Figure 2). The trend of gene expression of difference
between leaf and root was similar, and the control group was
more consistent with the treatment of 2-h expression, and the
treatment of 24 h was more consistent with the treatment of
48 h expression. The overall differential gene expression was
broadly divided into three modes: reduced expression at 2 h,
upward expression from 24 h, and maximum expression at 48
h.

3.3 | Differences in GO and KEGG
orthology

The result on KEGG orthology and GO differences between
LCK vs. L48, RCK vs. R48 are provided in Figures 3
and 4. The result on Pathway classification for differentially
expressed genes is provided in Figure 5. There are 239, 476,
and 557 GO terms in the blades for the three processing peri-
ods, and 226, 572, and 553 GO items in the root.
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(d) root

There were differences between the entries for the
GO riches of the leaves and roots. The top 20 in the
processing of the GO riches in the blades were tre-
halose biosynthetic process (G0O:0005992), protein refold-
ing (GO:0042026), superoxide dismutase (SOD) activity
(GO:0004784), starch Catabolic process (GO:0005983), and
proline biosynthetic process (GO:0006561), and so on,

2884

RCK vs R48

3068

L2vsL48 L124vsL48

3998 4063 4133

264

R2 vs R24 R2 vs R48 R24 vs R48

R24_vs_RCK

(d)

R2_vs_RCK

The number of up- and downregulated genes in (a) leaf and (b) root for and number of differentially expressed genes in (c) leaf and

whereas the root GO rich collection in the top 20 were
secondary active sulfate transmembrane transporter activ-
ity (GO:0008271), cell wall macromolecule catabolic pro-
cess (GO:0016998)transferase activity, transferring hexosyl
groups(GO:0016758)oxidoreductase activity, acting on CH-
OH group of donors(GO:0016614) and response to wound-
ing (GO:0009611). At 24 h, the top 20 GO-rich concentration
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FIGURE 3 KEGG orthology analysis through bar plot for (a) LCK vs. L48 (b) RCK vs. R48

in the blades had response to biotic stimulus (GO:0009607), ity (GO:0016787) and response to stress (GO:0006950);
sequence-specific DNA binding documentation factor activ- 003700), DNA replication (GO:0006260), plant-type cell wall
ity (GO:0003700), calcium ion binding (GO:0005509), (GO:0009505), peroxidase activity (GO:0004601), and regu-
lipid metabolic process (GO:0006629), hydrolase activ- lation of defense response (GO:0031347). At 48 h, the blade
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was synthesized in a similar way to the GO entries in the
top 20 of the GO-rich collection at 24 h, with different light
and effect-related chloroplast stroma (GO:0009570), chloro-
plast thylakoid (GO:0009535), photosystem II oxygen evolv-
ing complex (GO:0009535), and the auxin-activated signal-
ing pathway associated with growth hormone (GO:0009734).
At 48 h, the root was comparable to 24-h GO riches, with

Pathway classification for differentially expressed genes

the same number of GO entries in the top 20 and per-
oxidase activity (GO:0004601) and regulation of defense
response (GO:0031347) not appearing at 48 h, whereas
new entries included cellulose synthase (UDP-forming)
activity (G0O:0016760), hydroxymethylglutaryl-CoA reduc-
tase (NADPH) activity (GO:0004420), and metal transport
(G0O:0030001), and so on.
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There were 153, 268, and 277 KEGG pathways in the
blades for the three processing periods, and 159, 281,
and 279 KEGG pathways within the roots. The KEGG
abundance of leaves and roots varied greatly from time
to time. The top 10 rich pathways at 2 h within the
were flavonoid biosynthesis, porphyrin and chlorophyll
metabolism, starch and sucrose metabolism, and phenylala-
nine, tyrosine, and tryptophan biosynthesis. Within the roots,
they included starch and sucrose metabolism, carbohydrate
digestion and absorption, isoquinoline alkaloid biosynthe-
sis, tyrosine metabolism, and pentose phosphate pathway.
Within the leaf at 24 h, the top 10 rich pathways included
biosynthesis of amino acids, terpenoid backbone biosyn-
thesis, alpha-linolenic acid metabolism, phenylalanine, tyro-
sine and tryptophan biosynthesis, cysteine and methionine
metabolism, and protein processing in endoplasmic reticulum.
On the other hand, within the roots, they were alpha-linolenic
acid metabolism, cysteine and methionine metabolism, glu-
tathione metabolism, and phenylpropanoid biosynthesis. The
top 10 rich pathways within the blade at 48 h were car-
bon metabolism; biosynthesis of amino acids; glyoxylate
and dicarboxylate metabolism; carbon fixation in photo-
synthetic organisms; pentose phosphate pathway; glycine,
serine, and threonine metabolism; and amino sugar and
nucleotide sugar metabolism. On the roots, they were alpha-
linolenic acid metabolism, DNA replication, phenylpropanoid
biosynthesis, steroid biosynthesis, cysteine, and methionine
metabolism.

34 |
genes

Signal pathway-related differential

Within the blades, most of the Calcium signaling pathway-
related genes started at 24 h, with the highest num-
ber of upward expressions at 48 h. Among them were
calmodulin  (RC7G0009300), calcium-binding protein
CML45 (RC2G0618500), ADP, ATP carrier protein 1,
mitochondrial-like (RC1G0019000), and phosphoinositide
polyphase C (RC5G0600100) with log2FoldChange (10g2FC)
value greater >2. Within the root, the calcium signaling path-
way had a smaller number of genes associated with it, mainly
at 48 h. Phosphoinositide phospholipase C (RC5G0600100),
calmodulin-like protein (RC4G0307100) and ADP, ATP
carrier protein 1, and mitochondrial-like (RC1G0019000)
had 1log2FC value of >2. Within the leaf, the mitogen-
activated protein kinase (MAPK) signaling pathway-related
genes were mostly expressed differently upward from
24 h, with MAPK 5 (RC2G0184500) having 1log2FC value
of >4 and some HSP70s started to show at 24 h. Within the
roots, the MAPK signaling pathway was associated with a
small number of genes, such as the HSP70 from 2 h. The
MAPK 5 (RC2G0184500) having >2 log2FC at 48 h on
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the upward expression. Within the leaf, most of the plant
hormone signal transduction-related genes started at 24 h
and at 48 h within the roots. The plant hormones involved
were the abscisic acid (ABA), growth hormone, ethylene,
erythromycin, jasmine acid (JA), salbonate, and cell division.
The coding ausin-responsive protein, auxin-induced protein,
auxin transporter-like protein, and auxin response factor
gene differences associated with the corresponding signaling
pathways of leaf and root growth hormone were expressed in
large numbers in a downward expression trend. Most of the
genes associated with ethylene response expressed upward.
The ethylene-responsive transcription factor 1B was only
raised in the root expression at 48 h, and the log2FC was >6.
JA-amidosynthetase JAR1 was differentially expressed
upward only within the blades. Protein TIFY (repressor of
jasmonate responses) was available in both the roots and
the leaves. The ABA signaling pathway within the blade
began the differential expression from 24 h and from 48 h
within the root. The ABA-insensitive 5-like protein in root
had 1og2FC of >4, whereas in the leaf the expression was
downward.

3.5 | ROS clears relevant differential gene
expression

Peroxisome, ascorbate, and aldarate metabolism-related
genes were more differentially expressed in leaves and less in
roots. Some of the blades began upward differential expres-
sion at 2 h and reduced at 24 h. Genes encoding the SOD (Fe)
3 were only identified to show upward expression in the blade
at 2 h. The L-ascorbate oxidase were both down-expressed
in both the root and the leaf at 48 h, with the root having
10g2FC of «5. (The oxidation of AsA represses responses to
high salinity and oxidative stress conditions such as vegetative
growth and seed production reductions [AbdElgawad et al.,
2016].) The D-galacturonate reductase (involved in ascorbic
acid [vitamin C]) biosynthesis was raised in the leaf and low-
ered in the root. GDP-L-galactose phosphorylase 1, which
catalyzes a reaction of the major route to ascorbate biosyn-
sis in plants, was expressed upward in the root at 48 h, with
log2FC of >2. It was indicated that salt stress at 2 h induced
the ROS removal reaction of peroxidase and astrohetic acid in
the leaves, then between 24—48 h gradually increased, whereas
for the root it began to respond from 48 h.

3.6 | Differential transcription factor
expression

The differentially expressed gene count through volcano
for LCK vs. L48 groups and RCK vs. R48 groups are
provided in Figure 6. Transcription factors included in
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FIGURE 6

differential genes were MYB, WRKY, NAC, bHLH,
AP2/ERF, bzip, and GRAS. MyB, AP2/ERF, and WRKY
were among the most varied in the blades and roots. Most
transcription factors differed more in the root than in the
leaves, especially in the NAC, AP2/ERF, and GRAS cate-
gories. Most of the transcription factors in the root of the
differential expression of the multiplication was higher than
in the leaf. Most transcription factors had a small difference
expression at 2 h, and the number increased significantly at
24 h. The bzip class transcription factors had no significant
difference expression at 2 h, but there was significant dif-
ference in expressions at 24 h (Table 2). Most transcription
factors had more upward expression in the leaf and root
than downward expression. The auxin/indole-3-acetic acid
(AUX/TAA) transcription factors were lower but had upward
expression in the root. The C2H2 had lower expression than
upward expression in the leaf (Table 1). The largest number
of upward expressions in the leaf was in the MYB category,
followed by AP2/ERF and WRKY, then AP2/ERF in the
root, and lastly MYB and WRKY (Table 3).

Among the blades, the MYB class transcription factor dif-
ferences expressed the largest number, and the number of
upward expressions was higher (Table 2). The number of
downward expressions was small, with 1 1og2FC of <3. The
MYB4,MYB41,MYB44, MYB20, MYB62 and MYB14 had
log2FC of >4. The MYB41 was upwardly expressed in the
blades, and the rest were upwardly expressed in the leaves
and roots. The WRKY class transcription factors were sec-
ond only to MYB in the number of differential expressions
in the blades, and more than 80% were had upward expres-

(b)

Direction

Down
« No Signiscant Diflerence
.U

log2FoldChange

Differentially expressed gene count through Volcano for (a) LCK vs. L48 (b) RCK vs. R48

sions. The WRKY70, WRKY47, WRKY40, and WRKY71
had 10g2FC of >4. In addition, the number of bHLH tran-
scription factors expressed differently in the blades was also
higher, with log2FC of bHLH162 and bHLH35 being >6.
Among the roots, the AP2/ERF class transcription fac-
tor differences were largely expressed, with more than 70%
of the expression being upward and the log2FC was >4
(Table 4). For the genes such as ERF5, ERF096, ERF2,
ERF020, ERF098, ERF09, ERF022, and ERF109, the log2FC
was about 7. NAC-like transcription factors had more differ-
ential genes in the root than in the leaves, and the multiples of
differential expression were higher than those in the leaves.
The log2FC for NAC67, NAC52, NAC16, NAC2 was >4.

3.7 | RT-PCR verification results

The result for RNA sequencing expression analysis and RT-
PCR are provided in Figure 7. Based on this result, it is
explained that the results of RT-PCR are basically consistent
with the results of sequencing expression analysis.

4 | DISCUSSION AND CONCLUSION

Both salt stress and salt shock display an osmotic part and an
ionic segment that are liable for the restraint of plant devel-
opment. The osmotic stress limits water take-up, causing loss
of turgor prompting a higher centralization of particles in the
cells. The ionic part causes harmfulness in plants and can
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prompt cell passing because of unnecessary amassing of par-
ticles. The ionic changes happen as a result of solute irregu-
larity, remembering an abatement for the proportion between
K+/Na+ and aggregation of Na+ and Cl+ in the cytosol.
In addition, salt shock incites osmotic stress (plasmolysis)
because of the contrast among outer and inward solutes in
the cell cytoplasm. During salt stress, higher convergences of
Na+ particles are shipped to the shoot, and a few qualities are
actuated in light of osmotic shock (Shavrukov, 2013). At the
cell level, an overabundance of the sodium (Na+) and chlo-
ride (Cl-) ions incites harmfulness, layer disruption, decrease
of leaf surface extension, loss of turgor, lack of hydration, and
decrease of root development and stretching. Under salt pres-
sure, creating plants show unnecessary take-up of these par-
ticles, advancing injury arrangement, and sudden passing of
leaves (Hasegawa, 2013).

Studies showed that a rapid ion of cytosolic Ca®* under
sodium stress can also be captured by other Ca>* sensors,

including calmodulin, calmodulin-proteins, and calcium-like
dependent protein (Cho et al., 2016; Galon et al., 2010).
Multiomics techniques revealed that calmodulin exhibits salt-
induced expression changes at the transcriptional and transla-
tional levels in seedlings or roots, suggesting that these Ca2+
sensors participate in salt stress signaling (El Mahi et al.,
2019; Shen et al., 2018; Zhu et al., 2015). In the middle
of the month, the calmodulin (RC7G0009300) and calcium-
binding protein CML45 (RC2G0618500) in the blades were
raised from 12-h processing and the log2FC value was greater
than 2, whereas in the root, only calmodulin-like protein 2
(RC4G0307100) was raised from 48-h processing. This was
evidence that the calcium signaling pathway responds later in
roots than in the blades in the monthly season Rosa hybrida.
The salt stress measured monthly within 48-h Ca>* sensors
was mainly calmodulin and calcium-binding protein.

The MAPK signaling pathway has been confirmed to be
involved in various adversity responses of plants, including
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salt stress (Kumar et al., 2020). Most of the genes associated
with the monthly leaf MAPK signaling pathway were signifi-
cantly differentially expressed from the 24-h processing time.
Root MAPK signaling pathway was among the ranks in the
KEGG rich top 20 genes. The involved genes began to show
significant differences from the 2-h processing time, with the
largest number of differential genes being at 48-h process-
ing time, and the root MAPK signaling pathway was shown
to start earlier in the root as compared to the blade. MAPK
cascades are an important component of signal transduction
in plants operating under diverse environmental stress and
are involved in the regulation of salt stress signaling pathway
(Wang et al., 2014). Indeed, transcript analysis of Arabidopsis
MAPK pathway genes under salinity stress revealed that four
MAPK kinase kinases (MEKKSs) (namely MEKK3, MEKKS,
MEKKS6, and MEKK?7) were induced (Moustafa et al., 2008).
In fact, according to the present study, the monthly MAPK
5 (RC2G0184500) begun to show significant increase from
24-h process time within the blades and from 48-h processing
time within the root.

Reactive oxygen species, which function as versatile sig-
nals, are rapidly induced by a variety of environmental
stresses, including high salinity, drought, and heat stress. To
reduce the oxidative stress caused by the accumulation of
ROS under high salinity, plants rely on the activation of ROS-
scavenging machineries. The scavenging of excessive ROS
under high salinity may be attributed to nonenzymatic antiox-
idant metabolites, including ascorbate, glutathione, and toco-
pherols, and to enzymatic agents, such as catalases, SOD,
ascorbate peroxidase, and glutathione reductase (Hanin et al.,
2016). Indeed, within the season, there was an increase of
from 2-h processing time and an increase in L-ascorbate per-
oxidase from 48-h processing time within the blade, whereas
L-ascorbate oxidase increased within the root form 48-h pro-
cessing time.

Transcription factor families, such as NAC, ERF/AP2,
bZIP, MYB, and WRKY (Sun et al., 2020), have been found
to be involved in the salt stress response. A large number of
transcription factors responding to salt stress were also found
during the month, and most of the transcription factors began
to show significant differences in 24 h. This indicated that
24 h may be a key point in turning on transcription regula-
tion under the stress of monthly salt. MYB transcription fac-
tors on plant salt stress have been studied (Gao et al., 2017).
The abscisic acid biosynthesis and signaling during salt stress
and the participation in SOS pathway have also been reported
(Fang et al., 2018). In the current study, within the blades and
roots, the number of different MYB transcription factors was
higher, most of which were expressed in 24-h differentials.
The increase in the number of expressions expanded with
time. Within the blades, MYB class transcription factor dif-
ferences were expressed in the largest number. Among them,
MYB4, MYB41, MYB44, MYB20, MYB62, and MYB14

had 1log2FC of >4. Moreover, MYB41 has been associated
with osmosis stress (Lippold et al., 2009), whereas MYB4
regulatory genes had been associated with hypothermia, salt,
drought, and so on (Vannini et al., 2006). Futher, MYB44,
MYB20, and MYB14 had also been reported to be associ-
ated with salt stress (Dong etal. et al., 2016; Zhengkun et al.,
2019).

The ERF and ERF transcription factors were studied in
plant salt stress. ERF transcription factors that increase salt
resistance were detected in plants such as tobacco (Zhenjun
etal., 2018), apples (Han et al. 2020), Lotus corniculatus (Sun
et al. 2014) and cotton (Long et al., 2019). ERF transcrip-
tion factors had the largest number of differential expressions
in the root, with more than 70% representing upward expres-
sion. ERF109’s 1og2FC was about 7. According to Bahieldin
et al. (2018), ERF109 was affected by salt stress in Arabidop-
sis, and acts as a “master switch” mediator of a cascade of
consecutive events across phenylalanine, tyrosine and trypto-
phan biosynthesis, tryptophan metabolism and plant hormone
signal transduction initially by driving expression of ASA1
and YUC?2 genes and possibly driving GST, IGPS, and LAX?2
genes.

The role of WRKY transcription factors in plant salt stress
has been extensively studied (Cai et al., 2017; Yan et al.,
2014). WRKY class transcription factors were second only to
MYB in the number of differential expressions in blades, and
more than 80% had upward expression. WRKY70, WRKY47,
WRKY40, WRKY71 had 10g2FC of >4. WRKY40 has an
effect on plant sensitivity to ABA (Chen et al., 2010) and
was linked to oxidative stress tolerance (Gong, et al., 2014)
with WRKY71 and WRKY47 being resistant (Raineri et al.,
2015). Several studies have also captured NAC in plant anti-
salt stress (Wang et al., 2019; Yu et al., 2016). NAC-like
transcription factors had more differential genes in the root
than in the leaves, and the multiples of differential expres-
sion were higher than those in the leaves. Log2FoldChange
of NAC67, NAC52, NAC16, and NAC2 was >4. Indeed, the
overexpression of a NAC 67 transcription factor from finger
millet (Eleusine coracana L.) was confirmed to confer toler-
ance against salinity and drought stress in rice (Rahman et al.,
2016). Furthermore, the OsNAC52, a rice NAC transcription
factor, potentially responds to ABA and confers drought tol-
erance in transgenic plants (Gao et al., 2010).

Response and adaptation to salt stress require the integra-
tion and coordination of multiple phytohormones, including
ABA, JA, gibberellic acid, ethylene, and salicylic acid (Zhao
et al., 2020). Most of the plant hormone signal transduction-
related genes started to differ from with 24 h within the leaves
and 48 h within the roots. The plant hormones involved were
ABA, growth hormone, ethylene, erythromycin, JA, salbon-
ate, and cell division. Increasing evidence has linked the jas-
monate pathway to salt stress responses in plants (Kazan,
2015). Transcriptomic studies revealed that many jasmonate-
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biosynthesis genes are upregulated under salt stress and that
the JA signaling pathway is involved in the regulation of salt
stress-responsive genes (Yu Geng et al., 2013). Jasmonate
may act as a positive or negative regulator of salt stress
response in a spatially and temporally dependent manner.
Within the mid-season, the root jasmonate response was ear-
lier, and protein TIFY (repressor of jasmonate responses)
began to significantly increase its expression from 2-h pro-
cessing time. The JA-amido synthetase was only up at 24-h
processing time. Regulatory protein NPR1 and NPR2 (nega-
tively regulators JA-dependent signaling pathway) increased.
Specifically, in the root, the NPR1 increased at processing of
48 h to log2FC of >8. This indicated that high salt content
may inhibit the monthly JA pathway.

Ethylene is also involved in salt stress tolerance in plants.
Mutations in ethylene signaling pathway-associated genes,
such as ETRI1, EIN4, EIN2, and EIN3, lead to hypersen-
sitivity to high salinity (Peng et al., 2014; Zhang et al.,
2012). The ethylene-related genes began to express signifi-
cant differences from 24-h processing time, and the expres-
sion was mostly upward. EIN4 and EIN3 were only raised
in the leaf. Serine/threonine-protein kinase CTRI1 (acts as
a negative regulator in the ethylene response pathway) was
raised in the root, whereas the ethylene pathway was mainly
in the leaves. Growth hormone signaling pathways are also
involved in plant salt stress studies (Lu et al., 2015). In the
middle of the month, the growth hormone signaling pathway
differential expression gene (auxin-induced protein, auxin-
responsive protein, auxin-response factor, etc.) was more, and
lowered more. Whereas auxin-responsive protein SAUR72
(auxin transport) and SAURS0 raised in the leaves, the other
auxin-responsive protein and SAUR expression in the root
were low. SAUR71 plays a role in the regulation of cell expan-
sion, root meristem patterning, and auxin transport. Stresses
often regulate auxin signaling by affecting Aux/IAA protein
stability. The auxin-responsive protein IAA and Aux/IAA
proteins are short-lived transcriptional factors that function as
repressors of early auxin response genes at low auxin concen-
trations. In the current study, the IAA2 was revised upward
in the leaf, IAA11 was revised upward in the root, whereas
the rest were revised downwards. Among the hormones,
ABA is the most involved in the response to diverse abiotic
stresses. Osmotic stress imposed on roots results in a very
rapid (within several minutes) and massive increase in ABA
concentration in both root and leaf tissue. ABA-insensitive
5-like protein (involved in ABA and stress responses) and
ABA receptor PYL2-like is required for ABA-mediated
responses.
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