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ABSTRACT
Objective

For improved understanding of stress
mechanism and machinery, analysis of
regulatory pathways of multiple transcripts
(i.e., non-coding RNAs) and salt stress-
responsive genes is a vital need.

Methodology

In the current study, seeds of two cultivars of
Brassica napus Dunkled and Cycloned were
used in completely randomized design with
three replicates. Plants were categorized into
two S1 and So treatments of NaCl. Growth
parameters of plants were measured, and
effects of salinity were observed.
Transcriptome analysis was carried out after
isolation of total RNA by analyzing protein
coding 10 upregulated and 10 downregulated
genes on NCBI, KEGG, UniProt, Interpro.
Phylogenetic analysis of genes was done by
using different analytical software i.e., NCBI
BLAST, MUSCLE for alignment, BioEdit
analytical tool for editing the sequences and
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MEGA7 was used for phylogenetic tree to
describe the ancestral relationship of plant
genes with other identified genes.

Results

Results showed that the CRM-domain
protein was involved in the mitochondrial
splicing introns, which was ultimately very
crucial for growth and stress responses of
plants; and, for all stress reducing
mitochondrial functions.

Conclusion

According to the results, functions of selected
upregulated and downregulated genes of
Brassica napus were predicted.

Keywords: Canola, non-coding RNAs,
Brassica napus, salt stress.

VOLUME 19 ISSUE 05 MAY 2023 796-815



Journal of Xi’an Shiyou University, Natural Science Edition

INTRODUCTION

Area-wise, Pakistan is the 8th country that is
affected with salinity (Khan et al., 2017).
Every year, it has been estimated that 10
million hectares of agricultural land
throughout the globe are destroyed by
salinity (Machado and Serralheiro, 2017).
Salinity is also dominantly disturbing the
ecological environment causing degradation
to the fertile soil specifically to highly
irrigated lands globally (Sohaib AU et al.,
2023) (Akram et al., 2017: Kumar et al.,
2017).

Studies have revealed how plants sense and
respond to abiotic stresses through the
various  physiological and  metabolic
processes (. This study helps to understand
the coping mechanisms of plants against
stresses and to plan strategies to develop salt-
tolerant plants (Munns et al., 2016). When
plants are found-out to salt stress their
epidermal cells and membrane proteins at
root hairs sense the extent of salt stress and
send signals to plant parts and the salt stress-
responsive genes express themselves and
instantly triggers the related biochemical
pathways, ultimately balancing the changes
in CO2 assimilation, growth regulatory
hormones ion homeostasis and detoxification
of RO Species, (Hasegawa et al., 2002;
Munns and Tester, 2008). Saltoverly
sensitive (SOS) pathway genes and their
transporters have been identified, which are
found to be associated with calcium-binding
proteins and control ionic homeostasis under
salt stress (Ishitani et al., 2000, Ismail et al.,
2017). Over the last few decades, proteomic
profiling and transcriptomic mapping in
plants have attained huge attention for the
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identification of the physiological processes
and salt tolerance mechanisms in plants (Guo
et al., 2015, Igbal et al., 2018). For the
identification of transcriptome variations in
plants and for the evaluation of molecular
profiles for food and oiled crops, a technique
known as next-generation sequencing (NGS)
has been introduced.

Various approaches are being and have been
introduced to facilitate production of crops in
saline soils; improvement of crops through
breeding is possibly among the best
approaches to achieve this goal (Wani et al.,
2016). Genetic engineering approaches offer
a viable alternative to standard plant breeding
for some crops and now a days extensively
utilized throughout the globe to harvest salt
stress tolerant crops. To produce stress
tolerant plants different identified approaches
like co-expression of various genes, pre- and
post-transcriptional modifications
(small/microRNAs) and epigenetic control of
gene expression have been introduced in the
world of genetic engineering (Kumar et al.,
2018; Shriram et al., 2016).

Kyoto Encyclopedia of Genes and Genomes
i.e., KEGG is a resource that hugely covers
15 main databases, or it is a bioinformatics
analyses tool which in cooperates all the
genomic (Orthology, Genome and Genes)
information, chemical (compounds,
Reactions, Enzymes, Glycan, Rpair and
Rclass) and systemic functional (DISEASE,
BRITE, MODULE, PATHWAY, DRUG and
ENVIRON) information regarding genes
(kanehisa et al., 2012). Its main objective is
to collect the set of information of genes at
genomic level for their high-level structure
sequences from KEGG Genes and
functioning from KEGG Pathway (kanehisa
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et al., 2016). European Life Science
Infrastructure  ELIXIR introduced an
analytical tool known as g: profiler who is
commonly used for enriched biological
entries like proteins and genes for their
computational analysis. It provides highly
qualified data to measure the functional terms
for the given gene list, source types,
organisms, and identifier spaces (Raudvere et
al., 2019).

A branching diagram that demonstrates the
evolution and relationship among biological
species; biological tree is based on the
physical or molecular characteristics of
species keeping in view the similarities and
differences (Felsenstein, 2004). It tells the
common ancestor and relation between
species and taxa by using Fasta sequences of
DNA and Protein (Hall and Barlow, 2006).
MUSCLE is an alignment software which
can align the multiple sequences of Protein or
DNA in a single go (Edgar, 2004). BioEdit
analytical tool is used to trim or edit the
aligned sequences to run it on MEGA for
phylogenetic analysis. MEGA7 is the
analytical tool that undergoes the process of
phylogenetic analysis following another
analytical tool (Tamura et al., 2011).

MATERIAL AND
METHODOLOGY

2.1 Seeds collection and Experimental
Design

Seeds of salt tolerant cultivars (Dunkled) and
salt sensitive cultivars (Cyclone) were
procured from oil seed section of Ayub
Agricultural Research Institute (AARI),
Faisalabad, Pakistan. Experiments were
carried out according to the completely
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randomized design (CRD) with three
replicates.

2.1.1 Sowing

Seeds were sown in sand culture (25 seeds
per plant) supplied with Hoagland nutrient
solution.

2.1.2 Thinning

After five days of germination, thinning was
done leaving 5 plants per pot.

2.1.3 Application of salt stress
Plants were divided into two treatments:

e Sy or Control supplied with nutrient
solution containing 0 mmol NaCl

e Siissupplied with a nutrient solution
containing 200 mmol NaCl.

2.2 Data Collection and Growth analysis

Plants responses towards salinity were
observed  thoroughly  and  recorded
accordingly for growth parameters.

2.2.1 Plant fresh weight

From each replicate, fresh weights using
electric balance and mean values of both
types of plants were calculated.

2.2.2 Plant dry weight

Harvested plants were air-dried for 2 weeks.
Their weights were calculated to determine
the mean.

2.2.3 Plant height

The height of both plants was measured using
a meter rod from base of the plant to the tip,
furthermore, mean was determined.

2.3 Transcriptome analysis

Transcriptome data was obtained from a
previous study (Ulfat et al., 2020).
Respective transcriptome analysis was
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carried out after isolation of total RNA.
Leave samples were harvested right after 24
hours of salinity and afterward leaves were
stored in RNA-Later solution. NGS
sequencing was carried out at Macrogen
(Korea). Raw data was analyzed for
differential gene expression as non-
characterized  differentially  expressed
upregulated and downregulated genes were
analyzed using appropriate tools of
bioinformatics.

Gene Description from NCBI

Gene description, symbol, gene location,
gene type, length and exon count of
uncharacterized upregulated differentially
expressed genes were collected online from
NCBI (https://www.ncbi.nlm.nih.gov/ ).

2.3.1 Data retrieval of protein coding
genes

The selected upregulated and downregulated
genes of Brassica napus L. were subjected to
KEGG genomics database tool
(https://www.kegg..jp/)  and  orthology
(https://www.kegq.jp/ssdb-
bin/ssdb_best?org_gene) was individually
explored online. Furthermore, details of their
protein families were collected from Pfam
search tool (https://www.genome.jp/dbget-
bin/www_bget?pfam) given on the same
KEGG site. Protein domains and details of
their sub-domains were studied from
Interpro analytical tool
(https://www.genome.jp/dbget-
bin/get_linkdb?-t+interpro ).  Accession
number, entry, sequences, and consensus of
these proteins families were taken from
NCBI-CDD search tool
(https://www.genome.jp/dbget-
bin/get_linkdb?-t+ncbi-cdd ). 3D structures,
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structural functions and Gene ontology of
varying hits from dependent databases were
overviewed and their of each upregulated
gene were also predicted using Uniprot
analytical tool
(https://www.genome.jp/dbget-
bin/get_linkdb? ). For computational
analysis, an online analytical tool g: profiler
( ) was used
to measure the molecular, cellular, and
biological highly up-to-date functions of all
the given sources like genes and proteins of
organisms.

2.4 Statistical Analysis

Growth data were subjected to statistical
analysis using CoStat statistical software.

2.5 Phylogenetic Analysis

For the phylogenetic analysis of selected
upregulated and downregulated genes of
Brassica napus, four steps were carried out.
BLAST was carried out for the selected gene
individually on NCBI BLAST
(https://blast.ncbi.nlm.nih.gov/Blast.cgi ).
The most probable identical sequences were
selected and their complete Fasta sequences
were aligned to get clustal free sequences on
MUSCLE

(https://www.ebi.ac.uk/Tools/msa/muscle/ ).
The aligned sequences were further edited
and cropped on BioEditor analytical tool
(https://bioedit.software.informer.com/7.2/ )
for phylogenetic analysis. Lastly, the aligned
and cropped sequences were run on MEGA7
analytical tool
(https://www.megasoftware.net/ ) to analyze
the ancestor and evolutionary history of
selected genes, out of them genes with strong
bootstrap were identified and compared to
predict their physical and molecular
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functions of selected up and downregulated
genes.

RESULTS

3.1 Growth analysis

3.1.1 Fresh weight, Dry weight, and Height
of canola plant

The results of fresh weight, dry weight and
height of plants are presented in table 3.1.
The data regarding interactive effects
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indicated the co-relation between salinity and
cultivars that seemed to be significant or non-
significant sources of variation (figure 3.1;
3.2). In the saline cultivars the height of plant
is seemed to retard and in control cultivars
height increased accordingly. The meaning,
by comparing both cyclone and dunkled
cultivars of Brassica napus L. were
determined and shown in table 3.2.

Table 3.1: Analysis of variance (ANOVA) for the data of fresh weight (g), dry weight (g)and height of two cultivars of canola (Brassica napus L.)
plants grown under control (0 mMNaCl) and saline (200 mMNacl) condition.

Sov DF MS F
Fresh | Dry height | Fresh | Dry Height | Fresh | Dry Height
weight | weight weight | weight weight | weight
Main
Effects N "
1 1 2 25 3.96 0.27 20 0.0002 0.937™
Cultivars
1 1 1 180 5.46 169 145 0.0001 0.0007
Salinity
Interactive
Effects
1 1 2 4 0.0075 | 0.77 3 0.79™ 0.835™
Cultivar x
Salinity
Error 8 8 6 1 0.095 4.20
Total 11 11 11 220 10.3 196
Key:
ns = non-significant (p>0.05)
* = significant (p<0.05)
http://xisdxjxsu.asia VOLUME 19 ISSUE 05 MAY 2023 796-815
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*** = Significant (p<0.001)
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Table 3.2: Fresh weight (g/plant), Dry weight and height for two cultivars of canola (Brassica napus L.) plants grown under control (0 mMNaCl)
and saline (200 mMNaCl) conditions (Mean + SD; n=3)

"

Graph 3.1: Plant Fresh weight (g) for two cultivars (85 days old) of

Graph 3.2- Plant dry weight (g) for two cultivars (85 days old) of
canola grown under 0 and 200 mMNaCl stress.

Control Saline
(0 mMNacl) (200 mMNaCcl)
Mean of | Mean of | Mean of | Mean of | Mean of | Mean of
Fresh dry height Fresh dry height
weight | weight weight weight
ax ax
ax4.9+ bx30.13 | bx3.5% bx 30.1
Dunkled 36.66 £ 37.04%
0.20 +0.80 0.25 +1.00
1.52 1.00
b b
ax35.00 | ax3.7 | ax34.9 Y by 2.4 y
Cyclone 26.00 + 27.45
+1.00 10.50 +1.00 $0.15
1.00 10.84
LSD (0.05)(fresh weight) = 1.48
LSD (0.05)(Dry weight)= 0.412
LSD (0_05)(H€ight)= 3.54
Key: 6 -
a,b= letters used to distinguish means in ) 5 - I
comparison of cultivars £ PR
x,y= letters used to distinguish means in g 3 . -
comparison of control vs saline >,
52
T
=35 1 1 Control 200 mM Control 200 mM
E 10 NaC| NaC|
?
% » Dunkled Cyclone

v O

Controd 200 mM NaCl Control 200 mM NaCl

Dunkied Cydone
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were aligned and edited on analytical tools
and were run on MEGA 7 and it has fallen in
the clade 1 out of 2 (figure 3.3). It formed a
sister clade with gene XM 013841954 with

50 - strong bootstrap of Brassica napus having
g 40 - aarF domain-containing chloroplast protein
£ 30 |- kinases. This gene consists of several protein
® 20 - families acting to be chaperonins, resisting
E 18 i antibiotics, phosphorylates Hep 1l in plants
a.

Control 200 mM and helps to suppress the effect of
NaCl accumulated Reactive Oxygen Species. This
upregulated gene is predicted to be involved

Control 200 mM
NaCl

Dunkled ‘ Cyclone

in  protein  phosphorylation, inducing
biosynthetic pathways and suppression of

Graph 3.3: Plant height for two cultivars (85 days old) of canola grown i i i P ini
e ot 900 mar e oxidative species during salinity.

0 Raphanus satiws XV 018599963
Raphanus sativis XM 018599966

4.2 Selected Upregulated and
Downregulated genes of Brassica napus L.

Raphanus satiws XV 018599964
1
100 ‘{

99 — Raphanus satiws X\ 018597837
Our study comprised of 20 genes and their B’aSSifa’aPaW°°91°7591
varying expressions from RNA-seq data from . 0 _ B.m:;:,:r;aa:iﬁ:;ﬁ::x
the previous study on canola (Brassica napus ijmsicanapusm N
L.) by Ulfat (2020) submitted to NCBI 100 - Camelina sativa XM 010429718
among them; 10 were upregulated and 10 _[Camennasammomzzwo
were downregulated under NaCl stress. 100 Avabidopsis lyrata subsp lyrata
Selection was done among uncharacterized ﬁ[{"mbid"ps“‘h”ia”a”“” 105EE

. 100" Arahidopsis thaliana BT000801
genes. Following are the genes that were

75/ Olea europaea var sylvestris XM

subjected to the present study: 100 Olea europaea var syhestis Y

Olea europaea var sylvestris XM
The upregulated gene 106401437 was 1001 Gossypium atboreum YV 017753208
worked out to be uncharacterized aarF —[GossypiumhirsutumXM041115560
domain-containing protein kinase, 1 Hibiscus syracus X 03917744
chloroplastic-like (Atlg71810). It was 10 Wit syfacis 3 OS87735
located on chromosome C6 of Brassica L

0.05
napus L. It was 7,713 nt long a protein coding
gene with 20 exons. This gene had 3 families:

Figure 3.1: Phylogenetic analysis of Brassica napus gene
106401437 with respect to other genes. Tree inferred maximum

ABC1. WaaY and APH with 2. 1 and 2 likelihood. The numbers against the branches indicate the
. ! B . ! percentage (>50%) at which the branch supported in 1000
protein domains respectively. bootstrap replications. Genebank accession numbers are given at
. . .. the end of species name. Highlighted taxa indicated the species to

For the phylogenetic analysis initially, be reported.

BLAST was carried out and relevant 19
sequences were selected. Fasta sequences
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The upregulated gene 106353398 was
worked out to beprotein Activity of BC1
Complex Kinase 3, chloroplastic-like. It was
located on chromosome A7 of Brassica
napus L. It was 3,435nt long, a protein coding
gene with 4 exons. This gene had 5 families:
ABC1, APH, PKianse, HEAT 2 and WaaY
with 2, 2, 1, 0 and 1 protein domains
respectively.

For the phylogenetic analysis of upregulated
gene 106353398 initially BLAST was carried
out and 23 related plant sequences were
selected. Fasta sequences were aligned and
edited on analytical tools and were run on
MEGA 7 and it has fallen in the clade 1 out
of 2 (figure 3.4). It formed a sister clade with
two genes: XM 013793154 and XM
009106267 with strong bootstrap of Brassica
napus. Both these sister genes have aarF
protein domains which are chloroplast type in
nature. It is predicted that this gene is
involved in the regulation of phosphorylation
of proteins, helps in ionic and metallic
binding and cell division during retarded
growth phases of plants life cycle.

http://xisdxjxsu.asia
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Brassica rapa XM 009106267
W Brassica napus 106353398
Brassica napus XV 013793154

Brassica oleracea var oleracea X

Raphanus satiws XM 018591382

Eutrema salsugineum XM 006389806

Arabidopsis lyrata subsp lyrata

Camelina sativa XM 010431557

Capsella rubella XM 006301851

Tarenaya hassleriana XM 01920243
Punica granatum XV 031520881

Durio zibethinus XM 022892676

Hibiscus syriacus XV 039211287

Gossypium hirsutum XM 041103330

100 ! Gossypium raimondii XM 012600860
100 { Citrus sinensis XM 006486080

92 Citrus clementina XR 002906105

Carica papaya XV 022048271

Tarenaya hassleriana XM 01055460

Eutrema salsugineum XM 006398919

Raphanus sativus XM 018590750

Brassica napus XM 013882389

Brassica rapa XM 009123878

Brassica oleracea var oleracea X

87

100

|
0.1

Figure 3.4: Phylogenetic analysis of Brassica napus gene
106353398 with respect to other genes. Tree inferred
maximum likelihood. The numbers against the branches
indicate the percentage (>50%) at which the branch
supported in 1000 bootstrap replications. Genebank
accession numbers are given at the end of species name.
Highlighted taxa indicated the species to be reported.

The upregulated gene 106440663 was
worked out to beprotein Uncharacterized
aarF domain-containing protein  kinase
At5g05200, chloroplastic-like. It was located
on chromosome Un of Brassica napus L. It
was 3,586 nt long a protein coding gene with
11 exons. This gene had 2 families: ABC1
and APH with 1 protein domain each.

For the phylogenetic analysis of upregulated
gene 106440663 initially BLAST was carried
out and 22 different predicted plant
sequences were selected. Fasta sequences
were aligned and edited on analytical tools
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and were run on MEGA 7 and it has fallen in
the clade 1 out of 2 (figure 3.5). It formed a
sister clade withgene XM 013882389 with
strong bootstrap of Brassica napus. It
consists of aarF protein domain which
includes mitochondrial and chaperonin
proteins. It is predicted that genes are
involved in activation of photosynthesis and
enhance the resistance activity of plants
against microorganisms.

65— Brassica rapa XM 009123878

96 | Brassica oleracea var oleracea X
M Brassica napus 106440663

3! Brassica napus XM 013882389
Raphanus sativus XV 018590750
Raphanus satiwis XM 018620584
Brassica napus XM 013868751
Brassica napus XM 022698522
54L Brassica rapa XM 009132625

Eutrema salsugineum XV 006398919

100

Arabidopsis lyrata subsp lyrata
Capsella rubella XM 006287390
Camelina sativa XM 010492749
Camelina sativa XM 010425192
Tarenaya hassleriana XM 01055460

100 | Citrus sinensis XM 006486080
Citrus clementina XR 002906105

Brassica rapa XR 004458176

A
0.1

Figure 3.5: Phylogenetic analysis of Brassica napus gene
106440663 with respect to other genes. Tree inferred
maximum likelihood. The numbers against the branches
indicate the percentage (>50%) at which the branch
supported in 1000 bootstrap replications. Genebank
accession numbers are given at the end of species name.
Highlighted taxa indicated the species to be reported.

The upregulated 106353810 gene was
worked out to be protein ENHANCED

PSEUDOMONAS SUSCEPTIBILTY 1-
http://xisdxjxsu.asia

97 Carica papaya XM 022048271
Ananas comosus XM 020:
60 Sesamum indicum XV 011086504

100 Brassica napus XR 002658940

1001 Brassica napus XR 001288135
Raphanus satiwis XR 001¢
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like. It was located on chromosome A7 of
Brassica napus L. It was 2,179 nt long a
protein coding gene with 2 exons. This gene
had 1 family: Transferase with 1 protein
domain.

For the phylogenetic analysis of upregulated
gene 106353810 BLAST was initially carried
out and 22 different predicted plant
sequences were selected. Fasta sequences
were aligned and edited on analytical tool and
was run on MEGA 7 and it has fallen in the
sub-clade 1 out of 3 (figure 3.6). It formed a
sister clade with gene XM 013793612 with
strong bootstrap of Brassica napus. Its
enzymatic proteins help to catalyze the
biosynthetic chemical reactions in plants as
well as in fungal isolates. It reduces the effect
of mycological infections and accumulation
of salicylic acid on the membranes during
salinity. It is predicted that this analyzed
upregulated gene is involved in biosynthetic
pathways, helping to reduce the
accumulation of toxic metals and salicylic
acid during salt stress.
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100 M Brassica napus 106353810
Brassica napus XM 013793612

Raphanus satiwis XM 018622702

9

Brassica oleracea var oleracea X
Raphanus satiws XM 018579003
100 £Brassica napus XM 013892592
Arabidopsis lyrata subsp lyrata
-|——Camel\a rubella XM 006295756
98 Camelina sativa XM 010507397
_ECameIina sativa XM 010519082

rArachis hypogaea XM 025753445
1001 Arachis duranensis YM 016075881

100 I: Pyrus x bretschneideri XM 009347
Malus domestica XM 029101762
98
80 Salvia splendens XM 042189926

Salvia splendens XV 042195917
Cucumis satiwus XM 004138523

10 Cucurhita maxima XM 023134775
100 -I__ Cucurbita pepo subsp pepo XM 023
68 L Cucurhita moschata XM 023107306

Figure 3.6: Phylogenetic analysis of Brassica napus gene
106353810 with respect to other genes. Tree inferred
maximum likelihood. The numbers against the branches
indicate the percentage (>50%) at which the branch
supported in 1000 bootstrap replications. Genebank
accession numbers are given at the end of species name.
Highlighted taxa indicated the species to be reported.

63

A
0.05

Another upregulated gene 106384994 was
worked out to be protein uncharacterized
acetyltransferase At3g50280-like. It was
located on chromosome A3 of Brassica
napus L. It was 2,065 nt long, a protein
coding gene with 1 exon. This gene had 1
family: Transferase with 1 protein domain.

For the phylogenetic analysis, initially
BLAST was carried out and 21 different
predicted plant sequences were selected.
Fasta sequences were aligned and edited on
analytical tool and was run on MEGA 7 and
it has fallen in the clade 1 out of 2 (figure
3.7). It formed a sister clade with gene XM
http://xisdxjxsu.asia

Brassica oleracea var oleracea X

Eutrema salsugineum XM 006411179

Tarenaya hassleriana XM 01054492
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013824948 with strong bootstrap of Brassica
napus. This gene worked out to be protein
Enhanced Pseudomonas Susceptibility 1,
having catalyzing enzymes performing same
functions as mentioned in above gene
106353810.

100 | M Brassica napus 106384994

87 Brassica oleracea var oleracea X
87 Brassica napus XM 013824948
87 Raphanus satiwus XM 018621492

Brassica oleracea var oleracea X
100 ! Brassica napus XM 013824928
Eutrema salsugineum XM 024156693
99 Camelina sativa XM 010496801

Camelma sativa XM 010493101
91 Camelina sativa XM 010493106
Capsella rubella XM 006287548
55 Avrabidopsis thaliana NM 120868

98 Arabidopsis lyrata subsp lyrata
Brassica oleracea var oleracea X
Arabidopsis lyrata subsp lyrata
Eutrema salsugineum XM 006399204
Arabidopsis thaliana NM 123648

Tarenaya hassleriana XM 01055093

Abrus precatorius XM 027500378
4@(} Cucurbita pepo subsp pepo XM 023
60 Juglans microcarpa x Juglans reg

01

Figure 3.7: Phylogenetic analysis of Brassica napus gene
106384994 with respect to other genes. Tree inferred
maximum likelihood. The numbers against the branches
indicate the percentage (>50%) at which the branch
supported in 1000 bootstrap replications. Genebank
accession numbers are given at the end of species name.
Highlighted taxa indicated the species to be reported.

Similarly, upregulated gene 106422599 was
worked out to be protein uncharacterized
acetyltransferase At3g50280-like. It was
located on chromosome A2 of Brassica
napus. It was 2,217 nt long, a protein coding
gene with 2 exons. This gene had 1 family:
Transferase with 1 protein domain.
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For the phylogenetic analysis initially,
BLAST was carried out and 19 different
predicted plant sequences were selected.
Fasta sequences were aligned and edited on
analytical tools and were run on MEGA 7 and
it has fallen in the clade 1 out of 2 (figure
3.8). It formed a sister clade with gene XM
009127455 with strong bootstrap of Brassica
napus. This gene worked out to be protein
Enhanced Pseudomonas Susceptibility 1,
having catalyzing enzymes performing same
functions as mentioned in above gene
106353810.

94 — Camelina sativa XM 010424861
Camelina sativa XM 010454451

Camelina sativa XM 010493106

Capsella rubella XM 006287548
Arabidopsis lyrata subsp lyrata

100 | Brassica oleracea var oleracea X
Brassica napus XM 013824927
Eutrema salsugineum XM 024156693
Eutrema salsugineum XM 006399205

Brassica oleracea var oleracea X

100 | Raphanus sativus XM 018614900
%5 Raphanus sativus XM 018601431
Raphanus sativus XM 018614616

95 g Brassica oleracea var oleracea X
o Brassica napus XM 013863379
o0 Brassica rapa XM 009127455
M Brassica napus106422599

{Eulrema salsugineum XM 006399204
94 Arabidopsis lyrata subsp lyrata

Camellia sinensis XM 028242072

L
0.05

Figure 3.8: Phylogenetic analysis of Brassica napus gene
106422599 with respect to other genes. Tree inferred
maximum likelihood. The numbers against the branches
indicate the percentage (>50%) at which the branch
supported in 1000 bootstrap replications. Genebank
accession numbers are given at the end of species name.
Highlighted taxa indicated the species to be reported.

Lastly, the upregulated gene 106447447 was
worked out to be protein Enhanced
Pseudomonas Susceptibility 1-like. It was
located on chromosome A4 of Brassica
napus L. It was 2,191 nt long, a protein
coding gene with 2 exons. This gene had 1
family: Transferase with 1 protein domain.
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For the phylogenetic analysis, BLAST was
carried out and 21 related plant sequences
were selected. Fasta sequences were aligned
and edited on analytical tools and were run on
MEGA 7 and it has fallen in clade 1 out of 3
(figure 3.9). It formed a sister clade with gene
XM 013793612 with strong bootstrap of
Brassica napus. This gene worked out to be
protein Enhanced Pseudomonas
Susceptibility 1, having catalyzing enzymes
performing same functions as mentioned in
above gene 106353810.

100 | M Brassica napus 106447447
Brassica napus XM 013793612

Brassica oleracea var oleracea X
Raphanus sativus XM 018622702
Brassica oleracea var oleracea X

100 Eutrema salsugineum XM 006411179

Arabidopsis lyrata subsp lyrata
ﬁECapsella rubella XM 006295756
Camelina sativa XM 010519082

Arachis duranensis XM 016075881
Helianthus annuus XM 022150786
Salvia splendens XM 042175193
86 Ipomoea triloba XM 031237827
100 | Brassica rapa XM 009127180
Brassica napus XM 013864806

Tarenaya hassleriana XM 01054492
Salvia splendens XM 042189926
Pyrus x bretschneideri XM 009347

Malus domestica XM 029101762

Punica granatum XM 031528076
Cucumis sativus XM 004138523
Cucurbita maxima XM 023134775

Cucurbita pepo subsp pepo XM 023
93 - Cucurbita moschata XM 023107306

Figure 3.9: Phylogenetic analysis of Brassica napus gene
106447447 with respect to other genes. Tree inferred
maximum likelihood. The numbers against the branches
indicate the percentage (>50%) at which the branch
supported in 1000 bootstrap replications. Genebank
accession numbers are given at the end of species name.
Highlighted taxa indicated the species to be reported.

The upregulated gene 10634924 7was worked
out to be protein uncharacterized
acetyltransferase At3g50280-like. It was
located on chromosome A6 of Brassica
napus L. It was 3,629 nt long a protein coding
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gene with 4 exons. This gene had a
CRS1_YhbY family with 1 domain.

For the phylogenetic analysis, BLAST was
carried out and 23 related plant sequences
were selected. Fasta sequences were aligned
and edited on analytical tools and were run on
MEGA 7 and it has fallen in the clade 1 out
of 4 (figure 3.10). It formed a sister clade
with gene XM 013848100 with strong
bootstrap of Brassica napus. It consists of
CRM proteins which reside in the cell
organelles i.e., mitochondria, chloroplast,
nucleus, and cytoplasm of plant cells. It is
involved in RNA binding, ribosomal
assembly and intron splicing of RNA in
chloroplast. It is predicted here that this gene
is involved in assembly of small and large
ribosomal subunits and in the synthesis of
proteins.

100 | @ Brassica napus106349247
Brassica napus XV 013848100

Brassica oleracea var oleracea X
Brassica rapa XM 009153698
Raphanus sativus XM 018622687
Brassica oleracea var oleracea X
Eutrema salsugineum XV 006395358
Camelina sativa XM 010427230
Camelina sativa XM 010504461
Capsella rubella XM 006290778

100 100 Arabidopsis thaliana NM 00133889

Arabidopsis lyrata subsp lyrata

100! Arabidopsis lyrata subsp lyrata
Tarenaya hassleriana XM 01055576
Cannabis sativa XM 030628045

Durio zibethinus XM 022885698
Citrus sinensis XM 006470162
100 L Citrus clementina XM 006446559

Sesamum indicum XM 011103493

Spinacia oleracea XM 021994255

0.05

Figure 3.10: Phylogenetic analysis of Brassica napus gene
106349247 with respect to other genes. Tree inferred
maximum likelihood. The numbers against the branches
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Capsicum annuum XM 016714968
100 [ Solanum pennellii XM 015227629
100 Solanum lycopersicum XM 00424382

Dendrobium catenatum XM 02084118
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indicate the percentage (>50%) at which the branch
supported in 1000 bootstrap replications. Genebank
accession numbers are given at the end of species name.
Highlighted taxa indicated the species to be reported.

The upregulated gene 106401786 was
worked out to be protein uncharacterized
CRM domain-containing protein At3g25440,
chloroplastic-like. It was located on
chromosome A2 of Brassica napus L. It was
3,859 nt long a protein coding gene with 4
exons. This gene had a CRS1_YhbY family
with 1 domain.

For the phylogenetic analysis, BLAST was
carried out and 21related plant sequences
were selected. Fasta sequences were aligned
and edited on analytical tools and were run on
MEGA 7 and it has fallen in the clade 1 out
of 3 (figure 3.11). It formed a sister clade
with gene XM 013842370 with strong
bootstrap of Brassica napus, having CRM
protein domain residing in the cell organelles
i.e., mitochondria, chloroplast, nucleus, and
cytoplasm of plant cells. It is involved in
RNA binding, ribosomal assembly and intron
splicing of RNA in chloroplast. It is predicted
here that this gene is involved in assembly of
small and large ribosomal subunits and in the
synthesis of proteins.
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100 | M Brassica napus 106401786
Brassica napus XM 013842370
Brassica rapa XM 009131155
Brassica napus XM 013822097

Brassica oleracea var oleracea X
Raphanus satiwus XM 018578868
Brassica oleracea var oleracea X
Raphanus satiwuis XM 018622687
Eutrema salsugineum XM 006395358

100

Arabidopsis lyrata subsp lyrata
Capsella rubella XM 006290778

100 Camelina sativa XM 010504461

Camelina sativa XM 010516161
Camelina sativa XM 010427230
Tarenaya hassleriana XM 01055576

59

Cynara cardunculus var scoly
Solanum tuberosum XM 0063629
100 Populus trichocarpa XM 024599911

L populus alba XM 035060810

9 Arachis duranensis XM 016110770

100 L{i Avrachis ipaensis XM 016348
571 Arachis hypogaea XM 025844867

|
0.05

Figure 3.11: Phylogenetic analysis of Brassica napus gene
106401786 with respect to other genes. Tree inferred
maximum likelihood. The numbers against the branches
indicate the percentage (>50%) at which the branch
supported in 1000 bootstrap replications. Genebank
accession numbers are given at the end of species name.
Highlighted taxa indicated the species to be reported.

The upregulated gene 106366679 was
worked out to be protein uncharacterized
CRM domain-containing protein At3g25440,
chloroplastic-like. 1t is located on
chromosome A7 of Brassica napus L. This
gene had 3 families: CRS1_YhbY, NikR_C
and DASH_Spc19 consisting of 1 protein
domain each.

For the phylogenetic analysis, BLAST was
carried out and 22 different predicted plant
sequences were selected. Fasta sequences
were aligned and edited on analytical tools
and was run on MEGA 7 and it has fallen in
the clade 1 out of 2 (figure 3.12). It formed a
sister clade withgene XM 009104164 with
strong bootstrap of Brassica napus. It

consists of several protein families which are
involved in ribosomal assembly, helps in the
regulation and uptake of heavy metals during

salt stress. It is specifically involved in cell
division and chromosomal segregation.
Accordingly, its sister clad is expected to be
involved in metallic binding during salinity,
cell division, chromosomal segregation, and
protein binding.

Camelina sativa XM 010468657

Camelina sativa XM 010468658
Camelina sativa XM 010468656

Camelina sativa XM 010515849
Camelina sativa XM 010490342
el 99 ! Camelina sativa XM 010490341

Arabidopsis lyrata subsp lyrata
83 Wi Avrabidopsis lyrata subsp lyrata
Arabidopsis lyrata subsp lyrata
Capsella rubella XM 006297617
0 4104 Capsella rubella YM 023786113
Capsella rubella XM 023786114
Eutrema salsugineum XM 024153947
1001 Eutrema salsugineum XM 024153946
00 Raphanus sativus XM 018630568
Raphanus satiws XM 018630569

g9  Brassica napus XM 013843723
100
Brassica oleracea var oleracea X
% Brassica rapa XM 033275624
Brassica napus XM 022688627
100 (M Sample 10 106366679

Brassica rapa XM 009104164
Momordica charantia XM 022275637

|
0.05

Figure 3.12: Phylogenetic analysis of Brassica napus
gene 106366679 with respect to other genes. Tree
inferred maximum likelihood. The numbers against the
branches indicate the percentage (>50%) at which the
branch supported in 1000 bootstrap replications.
Genebank accession numbers are given at the end of
species name. Highlighted taxa indicated the species
to be reported.

The downregulated gene 106420779was
worked out to be Nematode resistance
protein-like HSPRO2. It was located on
chromosome C3 of Brassica napus L. It was
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1,896 nt long a protein coding gene with 1
exon. This gene had 2 families: Hslpro-1_C
and Hslpro-1_N with 1 protein domain each.
For the phylogenetic analysis, BLAST was
carried out and 19 related plant sequences
were selected. Fasta sequences were aligned
and edited on analytical tools and was run on
MEGA 7 and it has fallen in the clade 1 out
of 2 (figure 3.13). It formed a sister clade
with gene XM 013879102 with strong
bootstrap of Brassica napus. It consists of
nematode resistance proteins which provide
resistance against nematodes and also confer
the biotic and abiotic stresses. It is predicted
here this downregulated gene is involved in
resistance mechanism against biotic and
abiotic stress and microbial attack on plants.

100 | Brassica napus XM 022702229
100 Brassica oleracea var oleracea X
100 Brassica napus XM 013892596
65 Raphanus sativus XM 018586110
I: Brassica napus XM 013832252
100 Brassica napus XM 013889365
Raphanus sativus XM 018621091
100 | @ Brassica napus 106420779

Brassica oleracea var oleracea X

Brassica napus XM 013879102

98 L Brassica rapa XM 009135148

Eutrema salsugineum XM 006411181
Arabidopsis lyrata subsp lyrata

Capsella rubella XM 006295951
Camelina sativa XM 010519084
Camelina sativa XM 010510633

Camelina sativa XM 010507399

Punica granatum XM 031527390
— Salvia splendens XM 042171825

100 L Salvia splendens XM 042173552

Figure 3.13: Phylogenetic analysis of Brassica napus gene
106420779 with respect to other genes. Tree inferred
maximum likelihood. The numbers against the branches
indicate the percentage (>50%) at which the branch
supported in 1000 bootstrap replications. Genebank
accession numbers are given at the end of species name.
Highlighted taxa indicated the species to be reported.

The downregulated gene 106357317 was
worked out to be Ethylene-responsive
transcription factor ERF018. It was located
on chromosome A7 of Brassica napus L. It
was 1,196 nt long a protein coding gene with
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1 exon. This gene had 1 family: AP2 with 1
protein domain.

For the phylogenetic analysis, BLAST was
carried out and 21 related plant sequences
were selected. Fasta sequences were aligned
and edited on analytical tools and were run on
MEGA 7 and it has fallen in the clade 1 out
of 2 (figure 3.14). It formed a sister clade
with gene XM 013796997 with strong
bootstrap of Brassica napus. It consists of an
Ethylene-responsive transcription factor that
helps to induce the defense mechanism of
ethylene. It regulates the expression of genes
under salinity and against pathogenic attack.
It is predicted that this downregulated gene is
involved in inducing the pathogenesis-related
genes to combat the pathogenic attack and to
activate the expression of genes by enhancing
the ethylene response in plants during stress.

100 | M Brassica napus 106357317
Brassica napus XM 013796997
Raphanus satiws XM 018587554
Raphanus sativus XM 018608592
Brassica napus XV 013845348

821 Brassica oleracea var oleracea X
Raphanus satiwuis X\ 018589902
Brassica napus XM 013827066

1001 Brassica oleracea var oleracea X
Eutrema salsugineum XV 006390307
Eutrema salsugineum XV 006416465
Brassica napus XM 013842127
Raphanus satiwus XM 018579882
100 | Raphanus satiwis XM 018594238
Raphanus satiws XM 018594226
Brassica napus XM 013872699

1001 Brassica oleracea var oleracea X

Glycine soja XM 028354015
99 [Glycine max XM 003542323
991 Glycine soja XM 028340717

||
01

Figure 3.14: Phylogenetic analysis of Brassica napus gene
106357317 with respect to other genes. Tree inferred
maximum likelihood. The numbers against the branches
indicate the percentage (>50%) at which the branch
supported in 1000 bootstrap replications. Genebank
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accession numbers are given at the end of species name.
Highlighted taxa indicated the species to be reported.

Another downregulated gene 106397199 was
worked out to be Ethylene-responsive
transcription factor ERF104-like. It was
located on chromosome C7 of Brassica
napus L. It was 1,439 nt long a protein coding
gene with 1 exon. This gene had 1 family:
AP2with 1 protein domain.

For the phylogenetic analysis, BLAST was
carried out and 23 related plant sequences
were selected. Fasta sequences were aligned
and edited on analytical tools and were run on
MEGA 7 and it has fallen in the clade 1 out
of 2 (figure 3.15). It formed a sister clade
with gene XM 013837776 with strong
bootstrap of Brassica napus. It consists of
Ethylene-responsive transcription  factor
helps to induce the defense mechanism of
ethylene. It regulates the expression of genes
under salinity and against pathogenic attack
by. It is predicted that this downregulated
gene is involved in activation of the
expression of genes by enhancing the
ethylene response in plants during stress.

Brassica napus XM 013837776
Brassica oleracea var oleracea X

Brassica napus XM 022716687
81 | Brassica rapa XM 009138250

93

Raphanus sativus XM 018622669
Raphanus sativus XM 018605787
Brassica rapa XM 009131919

84 L Brassica napus XM 013822800
Eutrema salsugineum XM 006394426
Arabidopsis lyrata subsp lyrata
Capsella rubella XM 006281916
Camelina sativa XM 010459236
97 L Camelina sativa XM 010485540

Tarenaya hassleriana XM 01052493
Tarenaya hassleriana XM 01054782

,7 Arabidopsis lyrata subsp lyrata

100 Camelina sativa XM 010484152
69 % Arabidopsis lyrata subsp lyrata
99 | Arabidopsis lyrata subsp lyrata

Populus euphratica XM 011044080
100 q— Populus trichocarpa XM 006375064
491 Populus euphratica XM 011017786
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Figure 3.15: Phylogenetic analysis of Brassica napus gene
106397119 with respect to other genes. Tree inferred
maximum likelihood. The numbers against the branches
indicate the percentage (>50%) at which the branch
supported in 1000 bootstrap replications. Genebank
accession numbers are given at the end of species name.
Highlighted taxa indicated the species to be reported.

The downregulated gene 106379918 was
worked out to be Dehydration-responsive
element-binding protein 1F. It was located on
chromosome A8 of Brassica napus L. It was
1,179 nt long a protein coding gene with 1
exon. This gene had 1 family: AP2with 1
protein domain.

For the phylogenetic analysis, BLAST was
carried out and 22 related plant sequences
were selected. Fasta sequences were aligned
and edited on analytical tools and were run on
MEGA 7 and it has fallen in the clade 1 out
of 3(figure 3.16). It formed a sister clade with
gene XM 013819765 with strong bootstrap of
Brassica napus. It consists of Dehydration-
responsive element-binding proteins which
are said to be involved in regulating the
development of seed coat, specifying floral
and vegetative organs of plants and
separating the identified structures of
meristems. It is predicted that this
downregulated gene is involved in the
differentiation of parts of plant body and
enhances the development of plant parts.
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Brassica napus XM 013876919
Brassica napus XM 013799771
XM 013759546.1 PREDICTED: Brassi
Brassica rapa XM 009112386
99 || M Brassica napus 106379918
95! Brassica napus XM 013819765
Raphanus sativus XM 018592411
Eutrema salsugineum XM 006417154

100 Brassica napus XM 013840001
100| | Brassica rapa XM 009119822

60

Brassica oleracea var oleracea X
59 Raphanus sativus XM 018614041

52
&7 Brassica oleracea var oleracea X
gg | r Brassica napus XM 013887150
75— Brassica napus XM 022720684

Eutrema salsugineum XM 006391727

100 Avrabidopsis lyrata subsp lyrata
92 [ Camelina sativa XM 010475229
100 Camelina sativa XM 010432078
Capsella rubella XM 006303120
W’_Fmelma sativa XM 010460386
99 L— Camelina sativa XM 010496082

Fragaria vesca subsp vesca XM 00

DISCUSSION

The growing stage of plants under salinity
stress affected seed at germination stage,
developing stage of seedlings, vegetative and
floral developmental stage and even fruiting
stage of plants. This abiotic salinity stress
ultimately declined crop production. Canola
was the most well-known salt tolerant crop

among others (Wang et al., 2009).

In this current review, treated canola plants
were subjected to salinity resistant

parameters and selected upregulated and
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Figure 3.16: Phylogenetic analysis of Brassica napus gene
106397198 with respect to other genes. Tree inferred
maximum likelihood. The numbers against the branches
indicate the percentage (>50%) at which the branch
supported in 1000 bootstrap replications. Genebank
accession numbers are given at the end of species name.
Highlighted taxa indicated the species to be reported.

downregulated  genes  were  studied
molecularly, functionally, metabolically, and
physiologically. These genes and their
protein families were predicted which
possibly be engaged in regulating plant
adaptation mechanisms and tolerance to
salinity stress. In the same way Gupta and
Huang, 2014 studied food crops like wheat,
barley, rice, maize etc. under salinity stress.
They reviewed ion uptake and transport,
harmonic ~ modulation,  activation  or
deactivation of enzymes and synthesis of

amines during stress to tolerate salt.

In the selected upregulated gene, gene ABC1
was a residue in the form of novel
chaperonins and functions diplomatically in
mitochondria, it also suppressed a
cytochrome b complex during mMRNA

translation and reviewed previously (Poon et
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al., 2000; Macinga et al., 1998; Chehade et
al., 2013) and according to the phylogenetic
analysis it is important for e- transport in bc
1 complex as a cofactor as concluded in the
review of Bousquet et al., 1991. WaaY
family was in the waa locus of bacterial strain
of E. coli, which consisted of bacterial
lipopolysaccharide; WaaY also acted as an
enzyme which played an important role in
phosphorylation of Hepll in plants (Yethon et
al., 1998). Phylogenetically it is predicted
that Gene APH and its family consisted of
kinases like fructosamine, homoserine and
protein Kinases having bacterial antibiotic
resistance, which specifically acted to
suppress the effect of accumulated Reactive

Oxygen Species (Trower and Clark, 1998).

Furthermore, Pkinase family was found in
Eukaryotes like plants, Pkinase was an
enzymatic protein family which shared
common catalytic core consisting of serine
and tyrosine kinases (Hanks, 2003). NikR_C
family contains NikR DNA binding
transcription factor that helped to bind and
regulate nickel uptake during saline stress
(Schreiter et al., 2003) and DASH_Spc19
family consisted of DASH complex which
contained a component; Spcl9 specifically
involved in thorough cell division. It also
acted as a microtubule-binding subcomplex,

which was essential for chromosome
http://xisdxjxsu.asia
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segregation, performed specific role in cell
division for spindle and kinetochore integrity
(Janke et al., 2002; Li et al., 2002).

In downregulated genes a family P450s
ishaem-thiolateproteinic which was involved
in the degradation of oxidative toxins and
many other environmental mutagens of
plants. They enzymatically catalyzed
oxidation of non-activated hydrocarbons at
specific optimal temperatures. Its domains
were involved in biosynthesis of antibiotics
and activated proteomic activity also
reviewed previously by Munro et al., 2007;
McLean et al., 2005; Nguyen et al., 2010.

According to the review of a current study,
the CRM-domain protein was involved in the
mitochondrial splicing introns, which was
ultimately very crucial for growth and stress
responses of plants; and, for all stress
reducing mitochondrial functions. However,
the role of many CRM-domain proteins was
still unknown which were said to be doing
splicing of introns and rRNA processing in
chloroplasts or mitochondria and their role in
the growth, development, and stress
responses of plants. Lee et al., 2019 reported
its role in splicing of RNA transcripts and its
promotional role in cis and trans-splicing in

cellular poraganlles of plants.
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CONCLUSION

Today’s world has declared that Brassica
napus is certainly the most salt tolerant
family among the food crops. These results
showed the most capable genes are involved
in reducing the salt tolerance efficiently and
some genes worked out to improve salt stress
tolerance capacity of plants by the regulated

expressions of genes.

ACKNOWLEDGEMENT

We acknowledge technical help of central
research lab, Department of Botany, The
University of Lahore for their technical

support.

http://xisdxjxsu.asia

ISSN: 1673-064X

REFERENCES

Akram, S., Siddiqui, M. N., Hussain, B. N.,
Al Bari, M. A., Mostofa, M. G., Hossain, M.
A. and Tran, L.-S. P. 2017. Exogenous
glutathione modulates salinity tolerance of
soybean [Glycine max (L.) Merrill] at
reproductive stage. Journal of Plant Growth
Regulation, 36(4): 877-888.

Bousquet, I., Dujardin, G., and Slonimski, P.
1991. ABC1, a novel yeast nuclear gene has
a dual function in mitochondria: it suppresses
a cytochrome b mRNA translation defect and
is essential for the electron transfer in the bc
1 complex. P. EMBO J., 10: 2023-31.

Sohaib AU, S Ullah, SA Raja, | Khan,
EVALUATION OF IN VITRO ANTI-

ARTHRITIC ~ AND  ANTIOXIDANT
ACTIVITIES OF EXTRACTS OF
COTULA ANTHEMOIDES L.

xisdxjxsu.asia.

Chehade, H. M., Loiseau, L., Lombard, M.,
Pecqueur, L., Ismail, A., Smadja, M.,
Golinelli-Pimpaneau, B., Mellot-Draznieks,
C., Hamelin, O., Aussel, L., Kieffer-
Jaquinod, S., Labessan, N., Barras, F.,
Fontecave, M., and Pierrel F. 2013.Ubil, a
new gene in Escherichia coli coenzyme Q
biosynthesis, is involved in aerobic C5-
hydroxylation. J. Biol. Chem., 288: 20085-
92.

Edgar, R. C. 2004. "MUSCLE: multiple
sequence alignment with high accuracy and
high throughput”. Nucleic Acids Research,
32 (5): 1792-97.

Felsenstein, J. 2004.
Inferringphylogenies, Sunderland (MA),
Sinauer Associates.

VOLUME 19 ISSUE 05 MAY 2023 796-815



Journal of Xi’an Shiyou University, Natural Science Edition

Guo, J., Shi, G., Guo, X., Zhang, L., Xu, W.,
Wang, Y., Su, Z., and Hua, J. 2015.
Transcriptome analysis reveals that distinct
metabolic pathways operate in salt-tolerant
and salt-sensitive upland cotton varieties
subjected to salinity stress. Plant Sci., 238:
33-45.

Gupta, B. and Huang, B. 2014. Mechanism of
salinity tolerance in plants: physiological,
biochemical, and molecular
characterization. International Journal of
Genomics, 1-18.

Hall, B. G., and Barlow, M. 2006.
Phylogenetic analysis as a tool in molecular
epidemiology of infectious diseases.Ann
Epidemiol., 16: 157-1609.

Hanks, S. K. 2003. Genomic analysis of the
eukaryotic protein kinase superfamily: a
perspective. Genome Biol. 4: 111.

Hasegawa, P. M., Bressan, R. A., Zhu, J. K.,
and Bohnert, H. J. 2002.Plant cellular and
molecular responses to high salinity.Annu.
Rev. Plant Physiol. Plant Mol. Biol.51: 463—
499,

Igbal, M., Athar, H. U. R., lbrahim, M.,
Javed, M., Zafar, Z. U., and Ashraf, A. 2019.
Leaf proteome analysis signified that
photosynthesis and antioxidants are key
indicators of salinity tolerance in canola
(Brassica napus L.) Pak. J. Bot.,51: 52.

Ishitani, M., Liu, J. P., Halfter, U., Kim, C.
S., Shi, W. M., and Zhu, J. K. 2000. SOS3
function in plant salt tolerance requires N-
myristoylation and calcium binding. Plant
Cell, 12: 1667-1677.

Ishitani, M., Liu, J. P., Halfter, U., Kim, C.

S., Shi, W. M., and Zhu, J. K. 2000. SOS3
function in plant salt tolerance requires N-

http://xisdxjxsu.asia

ISSN: 1673-064X

myristoylation and calcium binding. Plant
Cell, 12: 1667-1677.

Janke, C., Ortiz, J., Tanaka, T. U., Lechner,
J., and Schiebel, E. 2002. Four new subunits
of the Daml1-Duol complex reveal novel
functions in sister kinetochore biorientation.
EMBO J., 21: 181-93.

Kanehisa, M., Goto, S., Sato, Y., Furumichi,
M., and Tanabe, M. 2012. KEGG for
integration and interpretation of large-scale
molecular data sets. Nucleic Acids Research,
40: D109-D114.

Kanehisa, M., Goto, S., Sato, Y., Furumichi,
M., and Tanabe, M. 2016. KEGG for
integration and interpretation of large-scale
molecular data sets. Nucleic Acids Research,
44: DA57-D462.

Khan, A., Shafi, M., Bakht, J. and Anwar, S.
2017. Effect of salinity and seed priming on
growth characters of wheat varieties. Sarhad
Journal of Agriculture, 33 (3): 435-446.

Kumar, V., Khare, T., Sharma, M., &Wani,
S. H. 2017. ROS-induced signaling and gene
expression in crops under salinity stress
Reactive oxygen species and antioxidant
systems in plants: role and regulation under
abiotic stress,Springer: 159-184.

Kumar, V., Khare, T., Shriram, V., &Wani,
S. H. 2018.Plant small RNAs: the essential
epigenetic regulators of gene expression for
salt-stress responses and tolerance.Plant cell
reports, 37 (1): 61-75.

Lee, K., Park, S. J., Park, Y. I., and Kang, H.
2019. CFM9, a mitochondrial CRM protein,
is crucial for mitochondrial intron splicing,
mitochondria function and Arabidopsis
growth and stress responses. Plant and Cell
Physiology, 60(11): 2538-2548.

VOLUME 19 ISSUE 05 MAY 2023 796-815



Journal of Xi’an Shiyou University, Natural Science Edition

Li, Y., Bachant, J., Alcasabas, A. A., Wang,
Y., Qin, J., Elledge, S. J. 2002. The mitotic
spindle is required for loading of the DASH
complex onto the kinetochore. Genes Dev.,
16: 183-97.

Machado, R. M. A. and Serralheiro, R. P.
2017. Soil salinity effect on vegetable crop
growth, management practices to prevent and
mitigate soil salinization. Horticulturae,3
(2): 30.

Macinga, D. R., Cook, G. M., Poole, R. K.,
and Rather, P. N. 1998. Identification and
characterization of aarF, a locus required for
production of ubiquinone in
Providenciastuartii and Escherichia coli and
for expression of 2'-N-acetyltransferase in P.
stuartii. J. Bacteriol. 180: 128-35.

McLean, K. J., Sabri, M., Marshall, K. R.,
Lawson, R. J., Lewis, D. G., Clift, D.,
Balding, P. R., Dunford, A. J., Warman, A.
J., McVey, J. P, Quinn, A. M., Sutcliffe, M.
J., Scrutton, N. S., and Munro, A. W. 2005.
Biodiversity of cytochrome P450 redox
systems.Biochem. Soc. Trans., 33: 796-801.

Munns, R., and Tester, M. 2008. Mechanisms
of salinity tolerance.Annu. Rev. Plant Biol.,
59: 651-681.

Munns, R., James, R., Gilliham, M., Flowers,
TJ., and Colmer, T. D. 2016.Tissue
tolerance: An essential but elusive trait for
salt-tolerant crops. Funct. Plant Biol., 43:
1103.

Munro, A. W., Girvan, H. M., and McLean,
K. J. 2007. Cytochrome P450--redox partner
fusion enzymes.Biochim.Biophys.Acta,
1770: 345-59.

Nguyen, D. T., Gopfert, J. C., Ikezawa, N.,
Macnevin, G., Kathiresan, M., Conrad, J.,
Spring, O., and Ro, D. K. 2010. Biochemical

http://xisdxjxsu.asia

ISSN: 1673-064X

conservation and evolution of germacreneA
oxidase in asteraceae. J. Biol. Chem., 285:
16588-98.

Poon, W. W., Davis, D. E., Ha, H. T,
Jonassen, T., Rather, P. N., and Clarke, C. F.
J. 2000. Identification of Escherichia coli
ubiB, a gene required for the first
monooxygenase  step  in  ubiquinone
biosynthesis. Bacteriol, 182: 5139-46.

Raudvere, U., Kolberg, L., Kuzmin, 1., Arak,
T., Adler, P., Peterson, H. and Vilo, J.
2019.g:Profiler: a web server for functional
enrichment analysis and conversions of gene
lists. Nucleic Acids Research, 47: 191-198.

Schreiter, E. R., Sintchak, M. D., Guo, Y.,
Chivers, P. T., Sauer, R. T., and Drennan, C.
L. 2003.Crystal structure of the nickel-
responsive transcription factor NikR.Nat.
Struct. Biol., 10: 794-9.

Shriram, V., Kumar, V., Devarumath, R. M.,
Khare, T. S. and Wani, S. H.
2016.MicroRNAs as potential targets for
abiotic stress tolerance in plants.Front Plant
Sci, 7: 817.

Tamura, K., Peterson, D., Peterson, N.,
Stecher, G., Nei, M., and Kumar, S. 2011.
MEGAS: molecular evolutionary genetics
analysis  using maximum likelihood,
evolutionary  distance, and maximum
parsimony methods. MolBiolEvol.,28: 2731-
2739.

Trower, M. K., and Clark, K. G. 1998.PCR
cloning of a streptomycin phosphotransferase
(aphE) gene from Streptomyces griseus
ATCC 12475.Nucleic Acids Res., 18: 4615.

Wang, Y., Li, K., and Li, X. 2009.Auxin
redistribution modulates plastic development
of root system architecture under salt stress in

VOLUME 19 ISSUE 05 MAY 2023 796-815



Journal of Xi’an Shiyou University, Natural Science Edition

Arabidopsis thaliana.J. Plant Physiol.166:
1637-1645.

Wani, S. H., Kumar, V., Shriram, V., &Sah,
S. K. 2016.Phytohormones and their
metabolic engineering for abiotic stress
tolerance in crop plants.The Crop Journal,
4(3), 162-176.

Yethon, J. A., Heinrichs, D. E., Monteiro, M.
A., Perry, M. B., and Wihitfield, C.
1998.Involvement of waaY, waaQ, and waaP
in the modification of Escherichia coli
lipopolysaccharide and their role in the
formation of a stable outer membrane.J. Biol.
Chem., 273: 26310-6.

http://xisdxjxsu.asia VOLUME 19 ISSUE 05 MAY 2023

ISSN: 1673-064X

796-815



