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ABSTRACT

The development of drought-tolerant DEGs-carrying rice cultivars through a genetic
engineering-based transgenic approach is one of the most popular solutions for drought
stress. Whole transcriptome analysis of four leaves tissue samples (Transgenic line and
Control plant: before and after drought stress) that performed by platform Illumina
NextSeq 500 system using reagent Kit 300 cycles PE (paired-end) was used for
identification of differentially expressed genes (DEGS) in rice plants. Several different
bioinformatics tools were used for the classification and functional annotation of all
DEGs. The RNA-Seq analysis revealed significant 942 and 475 DEGs in drought-stress
and non-stress conditions for both transgenic rice and untransformed rice, respectively.
There were 170 and 386 up-regulated and 772 and 89 down-regulated genes in
transgenic rice and untransformed rice under drought-stress and non-stress conditions,
respectively. The up-regulated DEGs in transgenic rice are categorized into eleven
groups of genes related to drought stress responses, out of these groups five important
groups are: (i) Late Embryogenesis Abundant (LEAs), (ii) Dehydrins (DHNs), (iii)
Transcription Factors (TFs), (iv) Helicases, (v) The Kinase Activity. In conclusion, our
results could be helpful in understanding a global view of gene
expression/transcriptome profiling in transgenic rice expressing PDH47 transgene
under drought stress. The up-regulated DEGs under drought stress could be considered
as a valuable resource for exploring novel drought-responsive genes to support
investigating rice plant response during drought stress. This would also open
opportunities for effectively improving drought stress response and tolerance in rice
and contribute to transgenic breeding efforts in the development of new drought-
tolerant rice varieties.

Keywords: Abiotic Stresses, DEGs, drought Stress, pea DNA Helicases 47 (PDHA47),
rice (Oryza sativa L.), RNA-sequencing, transgenic rice.

INTRODUCTION

Ensure that crop production is sufficient to
satisfy the needs of a growth of human
population in the world that is expected to grow
to more than 9 billion and respect to a projected
increase in agricultural demand of 70% by 2050
is a tremendous challenge for plant science
(http://www.unpopulation.org). Technical
advancements brought by genomics may result
in an increase in rice productivity, even under
suboptimal crop conditions, such as the

occurrence of drought periods. This goal is
challenging primarily because the average rate
of the crop production increase is only 1.3% per
year, and it cannot keep pace with the growth of
the world’s population (Godfray et al. 2010).
Furthermore, by connecting the genotype to the
phenotype, high-yielding, stress-tolerant plants
can be selected far more rapidly and efficiently
than is currently possible. In recent years and
until now, genetic engineering approaches are
the key methods in plants that have opened

OMONRICE 22 (2023)


mailto:tranngoche@yahoo.com
mailto:tranngoche9@gmail.com
http://www.unpopulation.org/

opportunities for developing new cultivars
including rice with better water-use efficiency
or improved drought tolerance is a primary goal
in rice breeding programs. Many transgenic rice
plants have been produced for various
agronomic characteristics, including tolerance
for abiotic stresses. However, it is important to
select suitable candidate genes for conferring
tolerance to drought. Tolerance to drought stress
from such stress-responsive genes involves the
expression of many other genes since drought is
a complex phenomenon and it cross-talks with
other  abiotic  stresses  (Shinozaki and
Yamaguchi-Shinozaki 2000; Munns 2002;
Siddiqui et al. 2014b). Bartels and Sunkar
(2005) reported that many stress-inducible
genes have been identified to function in abiotic
stress tolerance using transgenic plants. Under
drought conditions, plant responses related to
some biological actions including alterations in

gene  expression, the accumulation of
metabolites such as osmotically active
compounds, and the synthesis of specific

proteins (e.g. largely hydrophilic proteins,
proteins that function to scavenge oxygen
radicals, chaperone proteins, etc.) (Reddy et al.
2004). The basic strategy of genetic engineering
for drought tolerance is the introduction of
stress-responsive  genes that are directly
involved in these events. Currently, an
increasing number of studies focuses on the
identification of drought-responsive genes that
are differentially regulated in rice genotypes
characterized by a contrasting phenotype in
response to stress (Degenkolbe et al. 2009;
Lenka et al. 2011; Cal et al. 2013; Degenkolbe
et al. 2013; Moumeni et al. 2015).

Several hundred such stress-responsive genes
have been identified as candidate genes for
genetic engineering with the help of DNA
microarray technology or RNA-Sequencing
(RNA-Seq), which allows the high-throughput
analysis of differential messenger RNA
expression. With a typical sequencing depth and
sufficient sensitivity, the RNA-Seq technique
represents the latest and most powerful tool for
characterizing the transcriptome (Wang et al.

Tran Ngoc He et al.

2009) and is more suitable and affordable for
comparative gene expression studies than
microarrays and generates ultrahigh-throughput
data including many low abundance genes
(Bellin et al. 2009; Wang et al. 2009). Several
studies have demonstrated that RNA-Seq data
represents integrated networks that more closely
resemble the cellular biology of many plants
(Bleeker et al. 2011; Xu et al. 2012). Taking the
advantage of recent high-throughput sequencing
methods, RNA-Seq or deep sequencing of
RNAs is designed to detect and quantify
transcript ~ structure and abundance by
sequencing randomly fragmented RNA or
cDNA (Cloonan et al. 2008; Mortazavi et al.
2008). Currently, RNA-Seq is becoming a
standard and fundamental protocol as well as an
efficient method to discover genes (Wang et al.
2011) and the increasing sequence data
generated by it has broadened the understanding
of genomes for various species in transcriptomic
research (Ranney et al. 2014; Tang et al. 2015;
Shen et al. 2016). There are distinct
bioinformatics algorithms and tools that have
been developed for RNA-Seq data analysis,
including read mapping and junction discovery
(Au et al. 2010; Trapnell et al. 2009). The
expression level estimation of genes/isoforms
and differential expression analysis (Langmead
et al. 2010; Mortazavi et al. 2008),
transcriptome assembly from mapped reads (Li
et al. 2011a,b; Trapnell et al. 2010) or de novo
assembly (Peng et al. 2011). Recently, high-
throughput sequencing technology has been
widely applied to identify and investigate
drought stress-inducible transcript in a variety
of other plants including rice (Oono et al. 2011),
wheat (Li et al. 2012), Lupin (O'Rourke et al.
2013), maize (Xu et al. 2014), peanut
(Brasileiro et al. 2015), cassava (Hu et al. 2015),
sorghum (Fracasso et al. 2016), coffee (Mofatto
et al. 2016), Sudan grass (Zhu et al. 2017), and
pearl millet (Jaiswal et al. 2018). In this study,
the whole transcriptome sequencing (RNA-Seq)
approach was used to study the functional
information of the differentially expressed
genes (DEGs) during drought stress in the
transgenic rice expressing PDH47 transgene.
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Several different bioinformatics tools were used
to identify specific, and/or exclusively
differentially expressed stress-responsive genes
(DEGsS) in transgenic rice expressing PDH47
transgene during drought stress. Summary of
the important DEGs involved in drought stress
tolerance in rice plants with the various gene
groups will be classified according to diverse
functions under stress conditions.

MATERIALS AND METHODS

Transcriptomic  study  (RNA-Seq) in
transgenic rice and untransformed rice

The four plant samples (transgenic rice before
and after drought stress; control untransformed
rice before and after drought stress) were
prepared previously in ABT’s Lab of AAU and
sent to SANDOR LIFE SCIENCES PVT. LTD,,
BANJARA HILLS, HYDERABAD-500034,
INDIA for RNA isolation and sequencing.
lllumina sequencing was performed and carried
out following the manufacturer’s instruments
with lllumina NextSeq 500 Sequencing (NGS
Platform).

Identification of differentially expressed
genes (DEGS)

A workflow for reconstructing of the transcript
structures with a series of programs was used as
described in Figure 1 below.

The transcripts were classified as expressed
exclusively in before and after drought stresses
in transgenic lines and untransformed rice
plants. The FPKM (Fragments Per Kilobase of
transcript per Million mapped reads) value was
calculated as the following by the formula:

10° x C,
N, xL;

FPKM =

Where C; is the number of reads mapping to
isoform i (the specific gene) on a transcript
determined from the high-quality category. Ny,
is the total number of mappable reads (in
millions) which was determined as the sum of
the high-quality reads and the highly repetitive
reads (in the sample). L; is the length of
transcript/gene to isoform i (kb) for the longest
splice variant for a particular transcript/gene.

Identification of the significance of DEGs

The log fold change (FC) was calculated by
log2 (FPKM of drought stress)/FPKM control)
for transgenic rice and untransformed rice.
While calculating fold changes, 1 was added to
avoid division by 0. The probability that highly
expressed transcripts/genes were used and
detected as differentially expressed is greater
than that for low-count genes (Oshlack and
Wakefield 2009). Two tests were used including
a threshold p-value of < 0.05 (or false discovery
rate (FDR) adjusted p-value) and the absolute
value of fold change log2 ratio of FPKM
between two samples was tested statistically
difference as the threshold to judge and
determine whether a particular transcript/gene
expression was altered significantly or not. The
significance level “yes”, was considered as
significantly differentially expressed
transcripts/genes (DEGs) (Noble 2009). The
absolute value of fold change [log2ratio| > 2.0
for up-regulation (high expression level with a
positive value) and the value of fold change
[log2ratio] < 2.0 for down-regulation (low
expression level with a negative value) were
determined. The specific and common DEGs
with respect to treatments (drought-stressed and
control-well-watered) and genotypes (transgenic
line and untransformed rice) were also
considered. The identified DEGs in four
samples were used for downstream analysis.
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Figure 1. The workflow of NGS and Bioinformatics for DE genes/transcripts (This chart was
described more brightly than in the research of Tran Ngoc He et al. 2019).

The graphical representation of DEGs

The two software programs were used for the
graphical analysis of DEGs in four samples
based on the log-transformed (log2ratio) and the
normalized value of genes (FPKM data) using
Euclidean distance and Single linkage

hierarchical cluster methods. A heat map was
generated using the Heatmapper tool
(http://www.heatmapper.ca) (Sasha et al. 2016)
for the top 100 up-regulated and down-regulated
DEGs and for the specifically and commonly
up-regulated DEGs between transgenic line and
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untransformed rice. Another heat map was also
generated using the Clustvis  tool
(http://www.biit.cs.ut.ee/clustvis/) (Metsalu and
Vilo 2015) for a particular group of up-
regulated DEGs in a transgenic line.

RESULTS AND DISCUSSION
DEGs encoding LEA

There were 7 genes that encode the late
embryogenesis abundant protein families such
as LEA3/LEA19 (0S05G0542500) (Jin et al.
2018), LEA18 (OSINBA0086006.12) (Silveira
et al. 2015), LEA14/WSI18 protein induced by
water stress (0S01G0705200) (Shim et al.
2018), LEA, group 3 (0S03G0168100)
(Hanumappa et al. 2013), putative LEA protein
(0S01G0225600) (Shaar-Morshe et al. 2015),
putative LEA D-34 protein (OS06G0341300)
(Moumeni et al. 2015), and LEAG6
(0S06G0110200) (Borah et al. 2017) were
identified in T, D68/1 transgenic rice under

m 0S05G0542500 (LEA19) m0SJNBA0086006.12 (LEA18)
= 0S01G0705200 (LEA14/WSI18)  ©0S03G0168100 (LEA3)
10506G0341300 (Putative-LEA D34) m 0806G0110200 (LEA6)
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drought stress condition. In previous reports
showed that out of which 2 genes, putative LEA
protein group, and LEA3 showed low and high
expression in transgenic rice as compared to
control rice plants during drought stress,
respectively. While in this study other 5 genes
such as LEA19, LEA18, LEA14, putative LEA
D-34 protein, and LEA6 were significantly up-
regulated in transgenic rice during drought
stress (Figure 2A). A heat map of 6 genes
between drought-stress and non-stress in
transgenic rice and untransformed rice samples
involved in LEA proteins was depicted in
Figure 2B. These five LEA genes were
considered putative genes involved in response
to drought stress as compared to the rice/other
plant species (Cheng et al. 2002; Figueras et al.
2004; Wang et al. 2006; Kottapalli et al. 2007,
Wang et al. 2009; Song et al. 2010; He et al.
2011; Sano et al. 2013; Maruyama et al. 2014;
Suzuki et al. 2015; Wang et al. 2016).
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Figure 2. The expression level of drought-related up-regulated genes involved in the LEA proteins
in transgenic rice as compared to untransformed rice (Figure 2A-left side). A heat map between
drought-stressed and non-stressed samples in transgenic rice and untransformed rice involved in the
expression of LEA proteins. Both rows and columns are clustered using Euclidean distance and
single linkage (3 rows, 3 columns) (Figure 2B-right side).

DEGs encoding dehydrin

In S. moorcroftiana, a selected dehydrins protein
was identified under drought stress (Li et al.

2015). Panta et al. (2001) demonstrated that
during drought stress the dehydrins were found
to accumulate in response to changes in abscisic
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acid levels in blueberry (Vacinium spp.). The
expression level of some dehydrins involved in
the ABA accumulation level depends on the
duration of stress in other crops such as grapes
and barley (Suprunova et al. 2004; Qian et al.
2008; Yang et al. 2012). The transcripts of the
dehydrin gene have been identified as up-
regulated with high expression levels in peach
and tobacco during drought stress conditions
(Wisniewski et al. 2006; Dobra et al. 2011). The
gene encoding for dehydrins was identified in the
deep root of Nagina 22 Indica rice (drought
tolerant) using ESTs generated at a high level
from drought-stress seedlings and during cellular
dehydration (Gorantla et al. 2007).

In the current study, 4 genes were identified for
encoding the dehydrin protein families in

= (0811G0454300 (Rab21)
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B 0811G0451700 (Rab21-like)
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transgenic rice during drought stress (Figure
3A). Out of 4 genes, two genes water stress-
inducible protein Rab21 (0S11G0454300) (Thu
et al. 2018), and water stress-inducible protein
Rab21-like (0S11G0451700) (Kim et al. 2014)
were expressed with a higher level in transgenic
rice as compared to untransformed rice during
drought-stress. While the other two genes
dehydrin Rab16B (0S11G0454200) (Chen et al.
2015) and dehydrin Rab16C (0S11G0454000)
(Fu et al. 2017) were significantly up-regulated
in transgenic rice during drought stress as
compared to non-stress condition. A heat map
of 4 genes between drought-stress and non-
stress in transgenic line and untransformed rice
involved in the dehydrin proteins were depicted
in Figure 3B.
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Figure 3. The expression level of drought-related up-regulated genes involved in the dehydrin
proteins in transgenic rice as compared to untransformed rice (Figure 3A-left side). A heat map
between drought-stress and non-stress samples in transgenic rice and untransformed rice involved in
the expression of dehydrin proteins. Both rows and columns are clustered using Euclidean distance
and single linkage (4 rows, 3 columns) (Figure 3B-right side).

DEGs encoding transcription factors (TFs)

In the current study, a total of 7 genes that
encode transcription factors were identified in the
transgenic line under drought stress. Among of
which, 6 genes were significantly up-regulated in
the transgenic line during drought stress such as

putative DRE binding factor 2 (0S02G0676800)
(Hifzur et al. 2015), AP2 domain-containing
protein AP29 (P0665C04.30) (Xu et al. 2017),
transcription factor MYB102 (OS07G0558100)
(Sircar and Parekh 2015), NAC transcription
factor 29 (0S12G0123700) (Kitazumi et al.
2018), heat stress transcription factor A-6a
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(OS01G0571300) (Kim et al. 2018) and heat
stress transcription factor C-2b (0S06G0553001)
(Schmidt et al. 2012) (Figure 4A). Only one
gene encodes ethylene-responsive transcription
factor ERF109 (0S02G0764700) (Shankar et al.
2016) showed a decrease in expression in
transgenic rice as compared to untransformed
rice under drought stress. In the present
investigation, a heat map of 6 genes during
drought-stress and non-stress conditions in

WOS06G055300 (Heat stress TF C-2b)
WO0S02G0676800 (Putative DREB2)
WP0665C04.30 (AP2 domain-containing AP29)
0S07G0558100 (MYB102)
0S12G0123700 (NAC29)
HOS01G0571300 (Heat stress TF A-6a)
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transgenic rice involved TFs proteins was
described in Figure 4B. These 6 genes of TFs
families are considered putative genes involved
in response to drought stress and other abiotic
stresses in transgenic rice and other plant species
(Kotak et al. 2004; Cashikar et al. 2005; Seo et
al. 2009; Sharoni et al. 2011; Mittal et al. 2012;
Pan et al. 2013; Roja 2014; Duan et al. 2015;
Michael et al. 2016; Yoo et al. 2017).
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Figure 4. The expression level of drought-related up-regulated genes involved in the transcription
factor proteins in transgenic rice (Figure 4A-left side). A heat map between drought-stress and non-
stress samples in transgenic rice involved in the expression of TF proteins. Both rows and columns
are clustered using Euclidean distance and single linkage (4 rows, 2 columns) (Figure 4B-right

side).

DEGs encoding helicases

There were 2 genes that encode the helicases
family, such as DEAD-box ATP-dependent
RNA helicase 35B (0S06G0697200) and ATP-
dependent RNA helicase A (0S03G47270) and
1 gene 0S04G0206200 encodes for unknown
function protein were identified in transgenic
rice during drought stress condition. Out of 3
genes, 2 genes  0S03G47270  and
0S04G0206200 were significantly up-regulated
in transgenic rice under drought stress
conditions and another gene DEAD-box ATP-

dependent RNA helicase 35B showed low
expression in transgenic rice as compared to
untransformed rice during drought-stress.

DEAD-box RNA helicase is involved in RNA
synthesis, repairing, and regulating genes
expression during growth and development as
well as environmental stresses response (Owttrim
2013; Mallam et al. 2014; Ma et al. 2016;
Vashisht et al. 2005; Vashisht and Tuteja 2006;
Gill et al. 2013). The RNA helicase A gene was
found at 3.13051-fold up-regulation (p-value
0.00985 < 0.05) of the transcript under drought
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stress as compared to the non-stress condition
under the present study analysis (Figure 5). In
the present investigation, under drought stress
conditions, the gene 0S04G0206200 was
significantly up-regulated in the transgenic line at
a high 3.25634-fold (p-value 0.0132 < 0.05) as
compared to the non-stress condition. This gene
is located in chr.4 (7136794-7140421) of rice and
is involved in the telomere maintenance; DNA
replication; DNA repair; DNA recombination;
DNA duplex unwinding and associated with the
ATP binding; ATP-dependent 5-3' DNA
helicase activity in the replication fork.
0S04G0206200 gene is related to two enzymes

Tran Ngoc He et al.

adenyl pyrophosphatase/ adenosine
triphosphatase (EC:3.6.1.3) and nucleoside-
triphosphate phosphatase (EC:3.6.1.15) were
annotated in the KEGG database. This gene was
also identified as actively participating in two
metabolic  pathways: purine  metabolism
(map00230) and  thiamine  metabolism
(map00730) in the KEGG database metabolic
pathways. This gene was also identified as a
hypothetical protein expressed at a higher level in
cv. LaGrue compared to expression in cv.
Cypress when treated with high night
temperature (Lawson 2016).

B O0S03G47270 (ATP-dependent RNA helicase A)
B 0S04G 0206200 (DNA helicase activity-reltaed protein)
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Figure 5. The expression level of drought-related up-regulated gene involved in helicase proteins in

transgenic rice.

DEGs
proteins

In the present investigation, nine genes were
related to kinase activity, out of which, 6 genes

encoding Kkinase activity-involved

(0S10G0364900, 0S07G0120650,
0S08G0192100, P0655A07.28,
0S04G0517500, 0S09G0115600-MAP3K)

were identified as significantly up-regulated in
transgenic rice during the drought-stress
condition, 1 gene (OS10G0505900) and other 2
genes (OS06G0668200, OS03G0423300) were
exhibited a high and low level of expression in

transgenic rice as compared to untransformed
rice  during drought-stress,  respectively.
However, out of 9 genes, 5 genes with high
expression levels (Figure 6A) as mentioned
above considered involved to be drought
responsive as reported earlier in rice species
described below. A heat map of five genes
between drought-stress and non-stress in
transgenic rice and untransformed rice samples
involved in the transport and transporter
activity-related proteins was presented in
Figure 6B.
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Figure 6. The expression level of drought-related up-regulated genes involved in the kinase
activity-related proteins in transgenic rice as compared to untransformed rice (Figure 6A-left side).
A heat map of between drought-stress and non-stress samples in transgenic rice and untransformed
rice involved in the expression of kinase activity-related proteins. Both rows and columns are
clustered using Euclidean distance and single linkage (3 rows, 4 columns) (Figure 6B-right side).

The gene 0S08G0192100 significantly up-
regulated in T, D68/1 transgenic rice during
drought-stress with log2 (FC) 2.63857 (p-value
0.0311 < 0.05) as compared to non-Stress
condition. This gene is found in chr.8 (5391859-
5392486) of rice and is involved in protein
phosphorylation and combined with the
function of protein kinase activity. This gene
encodes the expressed protein located in module
6 in the shoots at the early stages of water stress
especially under the milder PEG treatment and
the lower responsivity compared to the roots of
Arundo donax L. (Fu et al. 2016).

In the current study, during drought stress, the
gene  0S10G0364900 was  significantly
expressed in T, D68/1 transgenic rice at 4.02551-
fold up-regulation (p-value 0.00155 < 0.05) with
respect to non-stress conditions. This gene is
located in chr.10 (11390595-11391123) of rice
and is involved in protein phosphorylation and
with the function of protein kinase activity,
protein binding, and ATP binding. This gene has
been identified as an up-regulated gene in
response to cell wall removal and regeneration
showed merely stress-associated gene (Sharma et
al. 2011) and its expression significantly changed

in both root and shoot under ABA condition
(Kim et al. 2018) and also regulated by low-
temperature acclimation in wheat at ambient
elevated CO, (Kane et al. 2013).

The gene 0S10G0505900 (low-temperature-
induced 65 kDa protein) showed a higher
expression level in T, D68/1 transgenic rice as
compared to untransformed rice during drought
stress with FPKM 200.455 and FPKM 141.47,
respectively. This gene also showed an increase
in 6.0676-fold up-regulation (p-value 0.00025 <
0.05) of the transcript with respect to the non-
stress conditions. This gene is located in chr.10
(19346333-19348263) of rice and is involved in
response  to  abscisic  acid, protein
phosphorylation, protein kinase activity, and
ATP binding. Abebe et al. (2009) reported this
gene as a drought-induced gene (expressed
protein) in barley caryopses and also identified
it as a drought stress-related protein gene up-
regulated in the OsMGT1 (Oryza sativa
MAGNESIUM TRANSPORTER1) knockout
rice line (Chen et al. 2012). Maruyama et al.
(2014) showed the transcripts level of this gene
was significantly higher in dehydration-treated
plants than in cold-treated rice plants.
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The gene 0S04G0517500 encodes
phosphoenolpyruvate  carboxylase  kinase

(EC:2.7.11) was an significantly up-regulated
gene in T, D68/1 transgenic rice under drought-
stress with log2 (FC) 2.47173 (p-value 0.0434 <
0.05) as compared to non-stress condition. This
gene is located in chr.4 (25867806-25869187)
of rice and is involved in the protein
phosphorylation and associated with the protein
serine/threonine kinase activity; ATP binding;
transferring  phosphorus-containing  groups.
PEPC kinase related to the phosphorylation of a
conserved serine residue close to the amino-
terminal end of the PEPC polypeptide is
essential to its activity by reducing sensitivity to
the feedback inhibitor malate and a catalyst in
rice (Wang et al. 2009). This gene also
identified in the OsAP2-39 transgenic rice
leaves involved in controlling key interactions
between ABA and GA in rice and in turn
regulates plant growth and seed production
(aish et al. 2010). Another member of this
gene, CAMK (calcium/calmodulin-dependent
protein kinases) involved in salinity responsive
expression pattern of a selected gene in the
contrasting finger millet genotypes and in other
crops and also up-regulated in Porteresia
coarctata species (Rahman et al. 2014).

CONCLUSIONS

In summary, in the current study, the expression
profiling of the important up-regulated DEGs
groups such as Late embryogenesis abundant
(LEA) proteins, Dehydrin (DHD) proteins,
Transcription factors proteins (TFs), Helicases
proteins, and Kinase activity proteins was
studied in detail in T2 D68/1 transgenic rice and
untransformed rice before and after drought
stress. These results indicate that these genes
play an important role during drought stress
response and/or drought tolerance in rice and
other plant species. Hence, these results could
be served as useful information for future
studies on drought stress via genetic/molecular
mechanisms of the identified DEGs in rice. The
biological functions of the identified DEGs of
rice could be the significant information sources

Tran Ngoc He et al.

for the development of new drought-tolerant
rice varieties.

LIST OF ABBREVIATIONS
DNA Deoxyribose Nucleic Acid
DEGs Differentially Expressed Genes

FPKM Fragments Per Kilobase of transcript per
Million mapped reads

NGS Next Generation Sequencing
PDH47 Pea DNA Helicase 47

RNA Ribose Nucleic Acid
COMPETING INTERESTS

The authors declare they have no conflict of
interest, financial or otherwise.

AUTHOR’S INFORMATION AND
CONTRIBUTIONS

Tran Ngoc He performed the research works.
Tran Ngoc He wrote the final paper and
manuscript. Pham Thi Kim Vang is the first
reviewer of this manuscript as well has read and
approved the final paper and manuscript with
very good notes, all the authors discussed the
results.

ACKNOWLEDGEMENTS

The funds for this study were supported by the
Department of Biotechnology, Government of
India. The author would like to thank GOI and
the Department of Agricultural Biotechnology,
DBT-AAU  Centre, Assam  Agricultural
University, Jorhat-785013, Assam, India for
great help during the implementation of this
investigation. The author wants to be grateful to
CLRRI for the valuable advice during the
author’s study in India.

REFERENCES

Abebe T, Melmaiee K, Berg V, Wise RP (2009)
Drought response in the spikes of barley:
gene expression in the lemma, palea, awn,
and seed. Funct Integr Genomics 10:191-
205. doi:10.1007/s10142-009-0149-4.

OMONRICE 22 (2023)



The differential expressed genes in the PDH47 transgene-carrying rice under drought stress 11

Au KF, Jiang H, Lin L, Xing Y, Wong WH
(2010) Detection of splice junctions from
paired-end RNA-seq data by SpliceMap.
Nucleic Acids Res 38:4570-4578.
doi:10.1093/nar/gkg211.

Bartels D, Sunkar R (2005) Drought and salt
tolerance in plants. Crit. Rev. Plant Sci
24:23-58.
d0i:10.1080/07352680590910410.

Bellin D, Ferrarini A, Chimento A, Kaiser O,
Levenkova N, Bouffard P, Delledonne M
(2009) Combining next-generation
pyrosequencing with microarray for large
scale expression analysis in non-model
species. BMC Genom 10:555.
doi:10.1186/1471-2164-10-555.

Bleeker PM, Spyropoulou EA, Diergaarde PJ,
Volpin H, Michiel T, De Both MT, Zerbe
P, Bohlmann J, Falara V, Matsuba Y,
Pichersky E, Haring MA, Schuurink RC
(2011) RNA-Seq discovery, functional
characterization, and comparison of
sesquiterpene synthases from Solanum
lycopersicum and Solanum habrochaites
trichomes. Plant Mol Biol 77:323-336.
doi:10.1007/s11103-011-9813-x.

Bolger AM, Lohse M, Usadel B (2014)
Trimmomatic: a flexible trimmer for
lllumina sequence data. Biofor 30(15):
2114-2120.
doi:10.1093/bioinformatics/btul70.

Borah P, Sharma E, Kaur A, Chandel G,
Mohapatra T, Kapoor S, Khurana JP
(2017) Analysis of drought-responsive
signaling network in two contrasting rice
cultivars using transcriptome-based
approach. Sci Rep 7:42131.
doi:10.1038/srep42131.

Brasileiro AC, Morgante CV, Araujo AC, Leal-
Bertioli SC, Silva AK, Martins ACQ et al
(2015) Transcriptome profiling of wild
Arachis from water-limited environments
uncovers drought tolerance candidate
genes. Plant Mol Biol Report 33:1876-1809.
doi:10.1007/s11105-015-0882-x.

Cal AJ, Liu D, Mauleon R, Hsing YIC, Serraj R
(2013) Transcriptome profiling of leaf
elongation zone under drought in
contrasting rice cultivars. PLos One
8(1):e54537.
doi:10.1371/journal.pone.0054537.

Cashikar AG, Duennwald M, Lindquist SL
(2005) A chaperone pathway in protein
disaggregation: Hsp26 alters the nature of
protein aggregates to facilitate reactivation
by Hspl104. J Biol Chem 280(25):23869-
23875.
d0i:10.1074/jbc.M502854200.

Chen H, Lan H, Huang P, Zhang Y, Yuan X,
Huang X, et al (2015) Characterization of
OsPM19L1 encoding an AWPM-19-like
family protein that is dramatically induced
by osmotic stress in rice. Genet Mol Res
14:11994-12005.
doi:10.4238/2015.0ctober.5.12.

Chen ZC, Yamaji N, Motoyama R, Nagamura
Y, Ma JF (2012) Up-Regulation of a
magnesium transporter gene OsMGTL1 is
required for conferring aluminum tolerance
in rice. Plant Physiol 159:1624-1633.
doi:10.1104/pp.112.199778.

Cheng Z, Targolli J, Huang X, Wu R (2002)
Wheat LEA genes, PMA80 and PMA1959,
enhance  dehydration  tolerance  of
transgenic rice (Oryza sativa L.). Mol
Breed 10(1-2):71-82.
d0i:10.1023/A:1020329401191.

Chi WC, Fu SF, Huang TL, Chen YA, Chen
CC, Huang, HJ (2011) Identification of
transcriptome  profiles and signaling
pathways for the allelochemical juglone in
rice roots. Plant Mol Biol 77:591-607.
d0i:10.1007/s11103-011-9841-6.

Cloonan N, Forrest ARR, Kolle G, Gardiner
BBA, Faulkner GJ, Brown MK, Taylor DF,
Steptoe AL, Wani S, Bethel G, et al (2008)
Stem cell transcriptome profiling via
massive-scale  mRNA sequencing. Nat
Methods 5:613-619.
doi:10.1038/nmeth.1223.

OMONRICE 22 (2023)


https://doi.org/10.1093/nar/gkq211
https://doi.org/10.1080/07352680590910410
https://doi.org/10.1186/1471-2164-10-555
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1371/journal.pone.0054537
https://doi.org/10.1074/jbc.M502854200
https://doi.org/10.1038/nmeth.1223

12

Degenkolbe T, Do PT, Zuther E, Repsilber D,
Walther D, Hincha DK, Kéhl KI (2009)
Expression profiling of rice cultivars
differing in their tolerance to long-term
drought stress. Plant Mol Biol 69:133-153.
do0i:10.1007/s11103-008-9412-7.

Degenkolbe T, Do PT, Kopka J, Zuther E,
Hincha DK, et al. (2013) Identification of
drought tolerance markers in a diverse
population of rice cultivars by expression
and metabolite profiling. PLoS ONE
8(5):e63637.
doi:10.1371/journal.pone. 0063637.

Dobra J, Vankova R, Havlova K, Burman AJ,
Libus J (2011) Tobacco leaves and roots
differ in the expression of proline
metabolism-related genes in the course of
drought stress and subsequent recovery. J
Plant Physiol 168:1588-1597.
d0i:10.1016/j.jplph.2011.02.009.

Duan YB, Li J, Qin RY, Xu RF, Li H, Yang
YC, Ma H, Li L, Wei PC, Yang JB (2015)
Identification of a regulatory element
responsible for salt induction of rice
OsRAV2 through ex situ and in situ
promoter analysis. Plant Mol Biol 90(1-
2):49-62. doi:10.1007/s11103-015-0393-z.

Figueras MJ, Pujal A, Saleh R, Save M, Pages
M, Goday A (2004) Maize RAB17
overexpression in  Arabidopsis plants
promotes osmotic stress tolerance. Ann
Appl Biol 144:251-257.
doi:10.1111/j.1744-7348.2004.tb00341.x.

Fracasso A, Trindade LM, Amaducci S (2016)
Drought stress tolerance strategies revealed
by RNA-Seq in two sorghum genotypes
with contrasting WUE. BMC Plant Biol
16:115.
doi:10.1186/s12870-016-0800-X.

Fu C, Wang F, Liu W, Liu D, LiJ, Zhu M, Liao
Y, Liu Z, Huang H, Zeng X, Ma X (2017)
Transcriptomic  analysis reveals new
insights into high-temperature-dependent
glume-unclosing in an elite rice male
sterile line. Front Plant Sci 8:112.
doi:10.3389/fpls.2017.00112.

Tran Ngoc He et al.

Fu Y, Poli M, Sablok G, Wang B, Liang Y,
Porta NL, Velikova V, Loreto F, Li M,
Varotto C (2016) Dissection of early
transcriptional responses to water stress in
Arundo donax L. by unigene-based RNA-
seq. Biotechnol Biofuels 9:54.
d0i:10.1186/s13068-016-0471-8.

Gill SS, Tajrishi M, Madan M, Tuteja N (2013)
A DESD-box helicase functions in salinity
stress tolerance by improving
photosynthesis and antioxidant machinery
in rice (Oryza sativa L. cv. PB1). Plant
Mol Biol 82(1-2):1-22.
d0i:10.1007/s11103-013-0031-6.

Godfray HCJ, Beddington JR, Crute IR,
Haddad L, Lawrence D, Muir JF, Pretty
J, Robinson S, Thomas SM, Toulmin C
(2010) Food security: The challenge of
feeding 9 billion people. Science 327:
812-818.
doi:10.1126/science.1185383.

Gorantla M, Babu PR, Lachagari VB, Reddy
AM, Wusirika R, Bennetzen JL, Reddy AR
(2007) ldentification of stress-responsive
genes in an Indica rice (Oryza sativa L.)
using ESTs generated from drought-
stressed seedlings. J Exp Bot 58:253-265.
doi:10.1105/tpc.104.027557.

Hanumappa M, Preece J, Elser J, Nemeth D,
Bono G, Wu K, Jaiswal P (2013)
Wiki Pathways for plants: a community
pathway curation portal and a case study in
rice and Arabidopsis seed development
networks. Rice (N Y). In: Pandey GK (ed)
Mechanism of plant hormone signaling
under stress. John Wiley & Sons, Inc.,
Hoboken, New Jersey, Canada, 6:14.

He D, Han C, Yang P (2011) Gene expression
profile changes in germinating rice. J
Integr  Plant  Biol  53(10):835-844.
doi:10.1111/j.1744-7909.2011.01074.x.

Hifzur R, Valarmathi R, Jagadeeshselvam N,
Raveendran M (2015) Comparative
analysis of salinity responsive expression
pattern of putative candidate genes in rice

OMONRICE 22 (2023)


http://dx.doi.org/10.1111/j.1744-7348.2004.tb00341.x

The differential expressed genes in the PDH47 transgene-carrying rice under drought stress 13

and finger millet. International Journal of
Tropical Agriculture © Serials Publications
33(2):1411-1417.
http://serialsjournals.com/archives.p...

Higuchi-Takeuchi M, Ichikawa T, Kondou Y,
Matsui K, Hasegawa Y, Kawashima M,
Sonoike K, Mori M, Hirochika H, Matsui
M (2011) Functional analysis of two
isoforms of leaf-type ferredoxin-NADP*-
Oxidoreductase in rice using the
heterologous  expression  system  of
Arabidopsis. Plant Physiol 157(1):96-108.
d0i:10.1104/pp.111.181248.

Hu W, Xia ZQ, Yan Y, Ding ZH, Tie WW,
Wang LZ, et al (2015) Genome-wide gene
phylogeny of CIPK family in cassava and
expression analysis of partial drought-
induced genes. Front Plant Sci 6:914.
doi: 10.3389/fpls.2015.00914.

Jaiswal S, Antala TJ, Mandavia MK, Chopra M,
Jasrotia RS, Tomar RS, Kheni J, Angadi
UB, Iquebal MA, Golakia BA, Rai A,
Kumar D (2018) Transcriptomic signature
of drought response in pearl millet
(Pennisetum glaucum (L.) and development
of web-genomic resources. Sci Rep 8:3382.
doi:10.1038/s41598-018-21560-1.

Jin Y, Pan W, Zheng X, Cheng X, Liu M, Ma
H, Ge X (2018) OsERF101, an ERF family
transcription  factor, regulates drought
stress response in reproductive tissues.
Plant Mol Biol 98(1-2):51-65.
d0i:10.1007/s11103-018-0762-5.

Kane K, Keshav PD, Mohamed AB, Mario H,
Norman PAH, Fathey S (2013) Long-term
growth under elevated CO, suppresses
biotic stress genes in non-acclimated, but
not cold-acclimated winter Wheat. Plant
Cell Physiol 54(11):1751-1768.
d0i:10.1093/pcp/pctl16.

Kim JA, Nikita B, Soon JK, Myung KM, Moon
SJ, Yoon IS, Kwon TR, Sun TK, Kim BG
(2018) Transcriptome analysis of ABA/JA-
dual responsive genes in rice shoot and root.
Curr Genomics 19(1):4-11.
d0i:10.2174/1389202918666170228134205.

Kitazumi A, Isaiah CMP, Ohyanagi H, Fujita M,
Osti B, Matthew RS, Kakei Y, Nakamura Y,
Darshan SB, Kurata N, Benildo GDLR
(2018) Potential of Oryza officinalis to
augment the cold tolerance genetic
mechanisms of Oryza sativa by network
complementation. Sci Rep 8:16346.
doi:10.1038/541598-018-34608-z.

Kotak S, Port M, Ganguli A, Bicker F, Déring
PVK (2004) Characterization of C-terminal
domains of Arabidopsis heat stress
transcription factors (Hsfs) and identification
of a new signature combination of plant class
A Hsfs with AHA and NES motifs essential
for activator function and intracellular
localization. Plant J 39(1):98-112.
doi:10.1111/].1365-313X.2004.02111.x.

Kottapalli KR, Rakwal R, Shibato J, Burrow G,
Tissue D, Burke J, Puppala N, Burrow M,
Payton P (2007) Physiology and proteomics
of the water-deficit stress response in three
contrasting peanut genotypes. Plant Cell
Environ 32(4):380-407.
d0i:10.1111/j.1365-3040.2009.01933.X.

Langmead B, Hansen KD, Leek JT (2010)
Cloud-scale RNA-sequencing differential
expression analysis with Myrna. Genome
Biol 11:R83.
doi:10.1186/gb-2010-11-8-r83.

Lawson N (2016) Gene expression and
physiological analysis to study differences
between Oryza Sativa cultivars susceptible
and resistant to Chalky grain formation
subjected to high nighttime temperatures.
Theses and Dissertations, University of
Arkansas, Fayetteville ScholarWorks@
UARK. http://scholarworks.uark.edu/etd/1429.

Lenka SK, Katiyar A, Chinnusamy V, Bansal
KC (2011) Comparative analysis of
drought-responsive transcriptome in Indica
rice genotypes with contrasting drought
tolerance. Plant Biotechnol J 9(3):315-327.
doi:10.1111/j.1467-7652.2010.00560.x.

OMONRICE 22 (2023)


http://serialsjournals.com/archives.p...
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=von+Koskull-D%C3%B6ring%2C+Pascal
https://doi.org/10.1111/j.1365-313X.2004.02111.x
https://doi.org/10.1186/gb-2010-11-8-r83
http://scholarworks.uark.edu/etd/1429
https://doi.org/10.1111/j.1467-7652.2010.00560.x

14

Li H, Yao W, Fu Y, Li S, Guo Q (2015) De
novo assembly and discovery of genes that
are involved in drought tolerance in
Tibetan Sophora moocroftiana. PLoS One
10:111054.
doi:10.1371/journal.pone.0111054.

Li JJ, Jiang CR, Brown JB, Huang H, Bickel PJ
(2011a) Sparse linear modeling of next-
generation mRNA sequencing (RNA-Seq)
data for isoform discovery and abundance
estimation. Proc Natl Acad Sci USA
108(50):19867-19872.
d0i:10.1073/pnas.1113972108.

Li W, Feng J, Jiang T (2011b) IsoLasso: a
LASSO regression approach to RNA-Seq
based transcriptome assembly. J Comput
Biol 18(11).
d0i:10.1089/cmb.2011.0171.

Li W, Feng J, Jiang T (2011b) IsoLasso: a
LASSO regression approach to RNA-Seq
based transcriptome assembly. In: Bafna V,
Sahinalp S  (eds) Research in
Computational Molecular Biology Vol.
6577 of Lecture Notes in Computer Science,
Chapter 18. Springer, Berlin. 168-188.

Li YC, Meng FR, Zhang CY, Zhang N, Sun MS,
Ren JP, Niu HB, Wang X, Yin J (2012)
Comparative analysis of water stress-
responsive transcriptomes in  drought-
susceptible and tolerant wheat (Triticum
aestivum L.). J Plant Biol 55(5):349-360.
doi: 10.1007/s12374-011-0032-4.

Ma WK, Paudel BP, Xing Z, Sabath IG, Rueda
D, Tran EJ (2016) Recruitment, duplex
unwinding and protein mediated inhibition
of the DEAD-box RNA helicase Dbp2 at
actively transcribed chromatin. J Mol Biol
428(6):1091-106.
d0i:10.1016/j.jmb.2016.02.005.

Mallam AL, Sidote DJ, Lambowitz AM (2014)
Molecular insights into RNA and DNA
helicase evolution from the determinants of
specificity for a DEAD-box RNA helicase.
Elife 12(3):e04630.
doi:10.7554/eLife.04630.

Tran Ngoc He et al.

Maruyama K, Urano K, Yoshiwara K,
Morishita Y, Sakurai N, Suzuki H, et al
(2014) Integrated analysis of the effects of
cold and dehydration on rice metabolites,
phytohormones, and gene transcripts. Plant
Physiol 164(4):1759-1771.
d0i:10.1104/pp.113.231720.

Metsalu T, Vilo J (2015) ClustVis: a web tool
for visualizing clustering of multivariate
data using Principal Component Analysis
and heatmap. Nucleic Acids Res
43(W1):W566-W570.
doi:10.1093/nar/gkv468.

Michael WC, Colette M, Dagmara PS, O’Shea
C, Lindemose S, Niels EM, Inger BH, Kim
H, Skiver S, Gregersen PL (2016) Barley
plants over-expressing the NAC
transcription factor gene HYNACO005 show
stunting and delay in development
combined with early senescence. J Exp Bot
67(17):5259-5273.
d0i:10.1093/jxb/erw286.

Mittal D, Madhyastha DA, Grover A (2012)
Genome-Wide transcriptional  profiles
during temperature and oxidative stress
reveal coordinated expression patterns and
overlapping regulons in rice. PLoS ONE
7(7):40899.
doi:10.1371/journal.pone.0040899.

Mofatto LS, Carneiro FA, Vieira NG, Duarte
KE, Vidal RO, Alekcevetch JC, et al
(2016) Identification of candidate genes for
drought tolerance in coffee by high-
throughput sequencing in the shoot apex of
different Coffea arabica cultivars. BMC
Plant Biol 16:94.
doi:10.1186/s12870-016-0777-5.

Moumeni A, Satoh K, Venuprasad R, Serraj R,
Kumar A, Leung H, Kikuchi S (2015)
Transcriptional profiling of the leaves of
near-isogenic rice lines with contrasting
drought tolerance at the reproductive stage
in response to water deficit. BMC
Genomics 16:1110.
doi:10.1186/s12864-015-2335-1.

OMONRICE 22 (2023)


https://doi.org/10.1371/journal.pone.0111054
https://doi.org/10.1073/pnas.1113972108
https://www.liebertpub.com/toc/cmb/18/11
https://doi.org/10.1089/cmb.2011.0171

The differential expressed genes in the PDH47 transgene-carrying rice under drought stress 15

Mortazavi A, Williams BA, McCue K,
Schaeffer L, Wold B (2008) Mapping and
guantifying mammalian transcriptomes by
RNA-Seq. Nat Methods 5(7):621-628.
d0i:10.1038/nmeth.1226.

Munns R (2002) Comparative physiology of salt
and water stress. Plant Cell Environ 25(2):
239-250.
doi:10.1046/j.0016-8025.2001.00808.x.

Noble WS (2009) How does multiple testing
correction  work? Nat Biotechnol
27(12):1135-1137.
doi:10.1038/nbt1209-1135.

Oono Y, Kawahara Y, Kanamori H, Mizuno H,
Yamagata H, Yamamoto M, et al. (2011)

MRNA-Seq reveals a comprehensive
transcriptome  profile of rice under
phosphate  stress.  Rice  4(2):50-65.

doi:10.1007/s12284-011-9064-0.

O'Rourke JA, Yang SA, Miller SS, Bucciarelli
B, Liu J, Rydeen A, Bozsoki Z, Uhde-
Stone C, Tu ZJ, Allan D, Gronwald JW,
Vance CP (2013) An RNA-Seq
transcriptome analysis of orthophosphate-
deficient white lupin reveals novel insights
into phosphorus acclimation in plants.
Plant Physiol 161(2):705-724.
doi: 10.1104/pp.112.209254.

Oshlack A, Wakefield MJ (2009) Transcript
length bias in RNA-Seq data confounds
systems biology. Biol Direct 4:14.
doi:10.1186/1745-6150-4-14.

Owttrim GW (2013) RNA helicases: diverse
roles in prokaryotic response to abiotic
stress. RNA Biol 10(1):96-110.
doi:10.4161/rna.22638.

Pan XW, Li YC, Li XX, Liu WQ, Ming J, Lu
TT, et al. (2013) Differential regulatory
mechanisms of CBF regulon between
Nipponbare (Japonica) and 93-11 (Indica)
during cold acclimation. Rice Sci
20(3):165-172.
d0i:10.1016/S1672-6308(13)60121-3.

Panta GR, Rieger MW, Rowland LJ (2001)
Effect of cold and drought stress on

blueberry dehydrin accumulation. J. Hortic.
Sci. Biotech 76(5):549-556.
d0i:10.1080/14620316.2001.11511409.

Peng Y, et al (2011) T-IDBA: a de novo
interative de Bruijn graph assembler for
transcriptome. In: Bafna V, Sahinalp S
(eds.) Research in  Computational
Molecular Biology, Vol. 6577 of Lecture
Notes in Computer Science, Chapter 31.
Springer, Berlin. 337-338.

Qian G, Liu Y, Ao D, Yang F, Yu M (2008)
Differential expression of dehydrin genes
in hull-less barley (Hordeum vulgare ssp.
vulgare) depending on duration of
dehydration stress. Canadian J. Plant Sci
88(5):899-906.
d0i:10.4141/CJPS08015.

Rahman H, Jagadeeshselvam N, Valarmathi R,
Sachin B, Sasikala R, Senthil N, Sudhakar
D, Robin S, Muthuragjan R (2014)
Transcriptome  analysis  of  salinity
responsiveness in contrasting genotypes of
finger millet (Eleusine coracana L.)
through RNA-sequencing. Plant Mol Biol
85(4-5):485-503.
d0i:10.1007/s11103-014-0199-4.

Ranney JA, Reynolds DJ, Elzinga DB, Page J,
Udall JA, Jellen EN, Bonfacio A,
Fairbanks DJ, Maughan PJ (2014)
Transcriptome analysis of drought induced
stress in Chenopodium quinoa. American J
Plant Sci 5(3):338-357.
d0i:10.4236/ajps.2014.53047.

Reddy AR, Chaitanya KV, Vivekanandan M
(2004) Drought-induced responses of
photosynthesis and antioxidant metabolism
in higher plants. J Plant Physiol
161(11):1189-1202.
doi:10.1016/j.jplph.2004.01.013

Roja V (2014) Molecular mapping of QTLs
governing water use efficiency in rice.
Ph.D. Thesis, Rajendranagar Hyderabad-
500-030. Professor Jayashankar Telangana
State Agricultural University.

OMONRICE 22 (2023)


https://doi.org/10.1046/j.0016-8025.2001.00808.x
https://doi.org/10.1038/nbt1209-1135
https://doi.org/10.1007/s12284-011-9064-0
https://doi.org/10.1186/1745-6150-4-14
http://dx.doi.org/10.4236/ajps.2014.53047
https://doi.org/10.1016/j.jplph.2004.01.013

16

Sano N, Masaki S, Tanabata T, Yamada T,
Hirasawa T, Kanekatsu M (2013)
Proteomic analysis of stress-related
proteins in rice seeds during the desiccation
phase of grain filling. Plant Biotechnol
30(2):147-156.
doi:10.5511/plantbiotechnology.13.0207a.

Sasha B, David A, Marcu A, Yongjie L, Jason
RG, Maciejewski A, David SW (2016)
Heatmapper: web-enabled heat mapping
for all. Nucleic Acids Res 44(W1):W147-
W153.
doi:10.1093/nar/gkw419.

Schmidt R, Schippers JH, Welker A, et al
(2012) Transcription factor OsHsfClb
regulates salt tolerance and development in
Oryza sativa ssp. Japonica. AoB Plants
2012:pls0110. doi:10.1093/acbpla/pls011.

Seo PJ, Park CM (2009) Auxin homeostasis
during lateral root development under
drought condition. Plant Signal Behav
4(10):1002-1004.
doi:10.4161/psh.4.10.9716.

Sharma R, Tan F, Jung KH, Sharma MK, Peng
Z, Ronald C (2011) Transcriptional
dynamics during cell wall removal and
regeneration reveals key genes involved in
cell wall development in rice. Plant Mol
Biol 77(4-5):391-406.
doi:10.1007/s11103-011-9819-4.

Sharoni AM, Nuruzzaman M, Satoh K, Shimizu
T, Kondoh H, Sasaya T, et al (2011) Gene
structures, classification and expression
models of the AP2/EREBP transcription
factor family in rice. Plant Cell Physiol
52(2):344-360.
doi:10.1093/pcp/pcql96.

Shen J, Xiao Q, Qiu H, Chen CJ, Chen HB
(2016) Integrative effect of drought and
low temperature on litchi (Litchi chinensis
Sonn.) floral initiation revealed by dynamic
genome-wide transcriptome analysis. Sci
Rep 6(1):32005.
doi:10.1038/srep32005.

Tran Ngoc He et al.

Shim JS, Oh N, Chung PJ, Kim YS, Choi YD,
Kim JK (2018) Over-expression of
OsNAC14 Improves Drought Tolerance in
Rice. Front Plant Sci 9:310.
doi:10.3389/fpls.2018.00310.

Shinozaki K, Yamaguchi-Shinozaki K (2000)
Molecular response to dehydration and low
temperature: differences and cross-talk
between two stress signaling pathways.
Curr Opin Plant Biol 3(3):217-223.
d0i:10.1016/S1369-5266(00)80068-0.

Siddiqui ZS, Cho JI, Kwon TR, Ahn BO, Lee
KS, Jeong MJ, Ryu TH, Lee SK, Park SC,
Park SH (2014b) Physiological mechanism
of drought tolerance in transgenic rice
plants expressing Capsicum annuum
methionine  sulfoxide reductase B2
(CaMsrB2) gene. Acta Physiol Plant
36(5):1143-1153.
d0i:10.1007/s11738-014-1489-9.

Song JY, Kim DS, Lee MC, Kang SY, Kim JB,
Lee K, Yun SJ (2010) Salt-responsive
genes in salt tolerant rice mutants revealed
through microarray analysis. J Radiat
Industry 4(4):325-334. ISSN 1976-2402.

Suprunova T, Krugman T, Fahima T, Chen G,
Shams |, Korol A, Nevo E (2004)
Differential expression of dehydrin genes
in wild barley, Hordeum spontaneum
associated with resistance to water deficit.
Plant Cell Environ 27(10):1297-1308.
d0i:10.1111/j.1365-3040.2004.01237.x.

Suzuki K, Aoki N, Matsumura H, Okamura M,
Ohsugi R, Shimono H (2015) Cooling
water before panicle initiation increases
chilling-induced male sterility and disables
chilling-induced expression of genes
encoding OsFKBP65 and heat shock
proteins in rice spikelets. Plant Cell
Environ 38(7):1255-1274.
doi:10.1111/pce.12498.

Tang S, Dong Y, Liang D, Zhang Z, Ye CY,
Shuai P, Han X, Zhao Y, Yin W, Xia X
(2015) Analysis of the drought stress-
responsive  transcriptome  of  black

OMONRICE 22 (2023)


https://doi.org/10.1038/srep32005
https://doi.org/10.1016/S1369-5266(00)80068-0
https://inis.iaea.org/search/search.aspx?orig_q=journal:%22ISSN%201976-2402%22
https://doi.org/10.1111/j.1365-3040.2004.01237.x

The differential expressed genes in the PDH47 transgene-carrying rice under drought stress 17

cottonwood (Populus trichocarpa) using
deep RNA sequencing. Plant Mol Biol Rep
33(3):424-438.
d0i:10.1007/s11105-014-0759-4.

Thu PTM, Kim JS, Chae S, Jun KM, Lee GS,
Kim DE, Cheong JJ, Song SI, Nahm BH,
Kim YK (2018) A WUSCHEL homeobox
transcription factor, OsWOX13, enhances
drought tolerance and triggers early
flowering in rice. Mol Cells 41(8):781-798.
doi:10.14348/molcells.2018.0203.

Trapnell C, Williams BA, Pertea G, Mortazavi
A, Kwan G, Baren MJV, Salzberg SL,
Wold BJ, Pachter L (2010) Transcript
assembly and quantification by RNA-seq
reveals unannotated transcripts and isoform
switching during cell differentiation. Nat
Biotechnol 28(5):511-515.
doi:10.1038/nbt.1621.Transcript.

Trapnell C, Pachter L, Salzberg SL (2009)
TopHat: discovering splice junctions with
RNA-Seq. Bioinformatics 25(9):1105-1111.
doi:10.1093/bioinformatics/btp120.

Trapnell C, Roberts A, Goff L, Pertea G, Kim
D, Kelley DR, Pimentel H, Salzberg SL,
Rinn JL, Pacher L (2013) Differential gene
and transcript expression analysis of RNA-
seq experiments with TopHat and
cufflinks.  Nat Protoc  7(3):562-778.
doi:10.1038/nprot.2013.016.

Vashisht AA, Pradhan A, Tuteja R, Tuteja N
(2005) Cold and salinity induced bipolar
pea DNA helicase 47 is involved in protein
synthesis & stimulated by phosphorylation
with protein kinase C. The Plant J
44(1):76-87.
d0i:10.1111/j.1365-313X.2005.02511 x.

Vashisht AA, Tuteja N (2006) Stress responsive
DEAD-box helicases: a new pathway to
engineer plant stress tolerance. J Photochem
Photobiol B 84(2):150-60.

doi:10.1016/j.jphotobiol.2006.02.010.
Wang T, Chen L, Zhao M, Tian Q, Zhang WH
(2011) Identification of drought-responsive

microRNAs in Medicago truncatula by
genome wide high-throughput sequencing.

BMC Genom 12(1):367.
doi:10.1186/1471-2164-12-367.

Wang X, Gowik U, Tang H, Bowers JE,
Westhoff P, Paterson AH  (2009)
Comparative genomic analysis of C4
photosynthetic  pathway evolution in
grasses.  Genome  Biol  10(6):R68.
doi:10.1186/gbh-2009-10-6-r68.

Wang X, Haberer G, Mayer KF (2009) Discovery
of cis-elements between sorghum and rice
using co-expression and evolutionary
conservation. BMC Genom 10:284.
doi:10.1186/1471-2164-10-284.

Wang Y, Jiang J, Zhao X, Liu G, Yang C, Zhan L
(2006) A novel LEA gene from Tamarix and
Rossowii confers drought tolerance in
transgenic tobacco. Plant Sci 171(6):655-662.

doi:10.1016/j.plantsci.2006.06.011.

Wang Z, Gerstein M, Snyder M (2009) RNA-
Seq: a revolutionary tool for transcriptomics.
Nat Rev Genet 10(1):57-63.
doi:10.1038/nrg2484.

Wisniewski ME, Bassett CL, Renaut J, Farrell
R, Twokoski T (2006) Differential
regulation of two dehydrin genes from
peach (Prunus persica) by photoperiod,
low temperature and water deficit. Tree
Physiol 26(5):575-584.
doi:10.1093/treephys/26.5.575.

Xu H, Gao Y, Wang J (2012) Transcriptome
analysis of rice (Oryza sativa) developing
embryos using the RNA-seq technique.
PL0S One 7(2):30646.
doi: 10.1371/journal.pone.0030646.

Xu J, Yuan Y, Xu Y, Zhang G, Guo X, Wu F,
Wang Q, Rong T, Pan G, Cao M, Tang Q,
Gao S, Liu Y, Wang J, Lan H, Lu Y (2014)
Identification of candidate genes for drought
tolerance by whole-genome resequencing in
maize. BMC Plant Biol 14(83):14-83.
d0i:10.1186/1471-2229-14-83.

Xu Y, Burgess P, Huang B (2017)
Transcriptional regulation of hormone-
synthesis and signaling pathways by over-

OMONRICE 22 (2023)


http://dx.doi.org/10.1038/nbt.1621.Transcript
https://doi.org/10.1038/nprot.2012.016
https://doi.org/10.1111/j.1365-313X.2005.02511.x
https://doi.org/10.1016/j.jphotobiol.2006.02.010
https://doi.org/10.1016/j.plantsci.2006.06.011
https://doi.org/10.1371/journal.pone.0030646
https://doi.org/10.1186/1471-2229-14-83

expressing cytokinin-synthesis contributes
to improved drought tolerance in creeping
bentgrass. Physiol Plant 161(2):235-256.
doi:10.1111/ppl.12588.

Yaish MW, El-kereamy A, Zhu T, Beatty PH,

Good AG, et al (2010) The APETALA 2-
Like transcription factor OsAP2-39
controls key interactions between abscisic
acid and gibberellin in rice. PLoS Genet

Tran Ngoc He et al.

stress. BMC Plant Biol 12(1):140.
doi:10.1186/1471-2229-12-140.

Yoo YH, Nalini Chandran AK, Park JC, Gho YS,

Lee SW, An G, Jung KH (2017) OsPhyB-
mediating novel regulatory pathway for
drought tolerance in rice root identified by a
global RNA-Seq transcriptome analysis of
rice genes in response to water deficiencies.
Front Plant Sci 8:580.

doi:10.3389/fpls.2017.00580.

Zhu Y, Wang X, Huang L, Lin C, Zhang X, Xu
W, Peng J, Li Z, Yan H, Luo F, Wang X,
Yao L, Peng D (2017) Transcriptomic
identification of drought-related genes and
SSR markers in Sudan grass based on
RNA-Seq. Front Plant Sci 8:687.
doi:10.3389/fpls.2017.00687.

6(9):e1001098.
doi:10.1371/journal.pgen.1001098.

Yang Y, He M, Zhu Z, Li S, Xu Y, Zhang C,
Singer SD, Wang Y (2012) Identification
of the dehydrin gene family from grapevine
species and analysis of their responsiveness
to various forms of abiotic and biotic

GEN PUQC BIEU HIEN KHAC NHAU O CAY LUA MANG GEN PDH47
TRONG DIEU KIEN KHO HAN

Phat trién céc giong lua ‘mang gen chiu han thong qua phwong phap chuyén Nap gen
dira trén ky thugt di truyen 1a mét trong nhizng gidgi phap phé bién va hiéu qud nhdt doi
véi tinh tragng hgn han. Phan tich toan bg si phién ma gen cua bén mau mo 14 lta
(dong lba chuyén gen va doi chitng: trieéc va sau khi khd han) dwoc thuc hién bang hé
thong lllumina NextSeq 500 trén nén tang si dung Kit 300 cycles PE (paired-end) dicoc
sir dung dé xdc dinh cac gen (DEG) duwoc biéu hién khéac nhau ¢ cay lda. Mét sé cong
cu tin sinh hoc khdc nhau da dwoc sik dung d@é phan logi va dinh danh chite nang cia tat
ca cac DEG. Phan tich RNA-Seq cho thay 942 va 475 DEG biéu hién mét cach c6 y
nghia trong diéu kién stress khd han va khong stress khd han, firong iing doi véi dong
lGa bién doi gen va doi chimg khong bién doi gen. Trong dé, 170 va 386 gen duwoc diéu
hoa biéu hién cao va 772 va 89 gen duwoc diéu hoa biéu hién thap nrong iing véi dong
lGa bién doi gen va doi ching, trong diéu kién kho han va tw nhién. Cdc DEG dwoc diéu
hoa biéu hién cao ¢ dong lGa bién doi gen diroc phan logi thanh 11 nhém gen lién quan
dén phan umg stress khd han, trong dé 5 nhém quan trong nhat 1a: (i) Late
Embryogenesis Abundant (LEAs), (ii) Dehydrins (DHNSs), (iii) Transcrlptlon Factors
(TFs), (iv) Helicases, (v) The Kinase Activity. Tém lai, két qud nghién czzu nay co vai tro
quan trong trong viéc tim hiéu mét céch toan dién vé si biéu hién gen/thanh Igp thong
tin phan tiz vé bg gen phién ma ¢ cay lua chuyén gen PDH47 dudi &p luc stress kho
han. Cac DEG o lia dwoc diéu hoa biéu hién cao trong diéu kién khd han c6 thé duroc
xem 1& mét nguon tai nguyén quy gid dé khai thac cac gen méi phdn ung véi stress kho
han, nham hé tro trong viéc kham phé cac phan #ng phan tiz cia cay lia trong sudt
diéu kién stress khd han. Piéu nay cung $€ Mo ra co hoi cai thién kha nang chdng chiu
va ing pho véi han han mét cach co hi¢u qua trén lua, gop phan vao cac no luc chon
tao giong la chuyén gen, ddac biét trong viéc phat trién cac giong lia méi chiu han.

Tur khoa: Stress phi sinh hoc, DEG, stress kho han, DNA Helicase ddu (PDHA47), lua
(Oryza sativa L.), gidi trinh tiz RNA, l0a chuyeén gen.
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