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In silico identification of genesfor combined

drought and salinity stressin rice (Oryza sativa L .)

ABSTRACT:

The salinity and water stress are the importaritabstresses which severely affect the rice
growth, development and yield depending on degfestress. Moreover, this stresses are
inter-related and includes many crosstalk at gealyi and physiologically. The
identification of genes controlling both the stressuld mean a lot in understanding
molecular mechanism of tolerance, which in turnishss development of stress resilient
genotypes. In the present study,iarsilico approach was used to identify genes commonly
expressed under combined drought and salt straeg usicroarray data retrieved from
NCBIGEO database. The meta-analysis of this trgpiecne data revealed 35 candidate
genes expressed under combined stress with 82 BtB& genes showing up regulation and
18.2 % genes with down regulation. The functiomalaation of candidate genes showed the
expression of diverse stress responsive proteinalynaanscription factor, UDP-glucosyl
transferase, glycosyl ptransferase 8, flavanongd3exylase, plant PDR ABC transporter
associated domain and dehydrins. Among the expigssgeins, transcription factors shared
major part in gene regulation. The key gene Os068d8 which present on chromosome
five at 28.8 Mb physical position encoded for HBfP{irotein. The earlier authors proved
that the over expression of this HBP-1b gene ia plant showed improved tolerance to salt
and drought stress. Two more genes 0s11g26780.1Cmidg26790.1 co-localized on
chromosome 11 encodes for an important stress mes@o dehydrin protein which is
positively correlated with the tolerance to colthufht, and salt stress. Finally, in conclusion
the genes 0s11g26780.1, Os119g26790.1, Os06927%6@.10s05948650.1 were directly
related with salt and drought stress tolerance. iRdgression of these genes in high

yielding stress susceptible genotypes could aissd#veloping stress tolerant cultivars.
Key words: Insilico, Rice, Oryza sativa L. Salinity Stress, DrougheSsr
I ntroduction:

Rice Oryza sativa L.) is a staple food supporting more than thrééohi people and
comprising 50% to 80% of daily calorie intake [Rjce production requires larger amount of
water throughout its life cycle compared to otheps for good yield. Hence, water related

stress cause severe threat to rice production si¢hes world. Approximately 23 million
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hectares of rainfed rice cultivated across the dvaras affected by severe drought [2]. The
global climate change resulted in 32% of rice ymddiability from year-to-year with 53% of

rice harvesting regions experiencing rapid climati@ange [3]. The increased frequency of
dry spells in many regions of the world forced faemer to use water from dam, canal and
bore well etc. The irrigation water used from thearals contains large amount of dissolved
salts. Approximately 20% of irrigated areas suffimm salinization problems by various

degrees. The drought and salinity stress are aftenrelated and obstruct the water uptake

adversely, affecting plant growth and productivity.

These stress causes a wide range of geneticdilysiglogical and biochemical
responses in plants. Understanding plant respadiesabiotic stresses at the transcriptomic
level provides an essential foundation for futureeling and genetic engineering efforts. A
significant number of QTLs were discovered in rigeder drought and salinity, but a QTL
would be more useful only when it contains funcsibcandidate gene. With the advancement
of molecular technology, the interest on gene esqiom studies increased enormously. A
large number of genes have been identified underitgaand drought stress [4,5]. Among
the available methods, DNA microarrays have beerisdd as standard strategy for the
global analysis of plant gene expression [4,6].eB&lvimportant traits of rice have been
analyzed using microarray which helped in monitgprthe gene expression pattern under
multiple abiotic stress like drought, and high si&)i stresses at temporal and spatial level
[4,7]. But, different microarray studies reportetfedent set of genes for a particular stress
due to varied reasons. With this view, the prestatly was designed to carry out meta-
analysis to identify the genes responsible for doeih drought and salinity stress tolerance
in rice. The study will helps in pointing out tlgenes responsible for combined stress
tolerance and assist in understanding the moleenrhanisms underlying these complex
traits in rice. The data pertaining to meta-analygis downloaded from NCBIGEO database,
were rice transcriptomic data pertaining to drougihd salinity stress deposited by various

authors.

Material and Method:

Data mining:

The current study is a bioinformatics approachdemtify the genes that commonly expressed

under salinity and drought stress in rice. Ricth&sone of the crop which had large amount

of genomic, transcriptomic and proteomic data di@dsin various repositories. Likely,
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NCBI GEO has large amount of microarray data deedsiby various author

[http://www.ncbi.nlm.nih.gov/ge®/ NCBI GEO is the platforms were gene expressiatad

generated from microarray studies was depositei;hnis easily downloadable and can be
processed to find new insights using meta anal@isTo identify the genes commonly

expressed under different stress, it is mandamnyse uniform microarray platform which

has large number of genes spotted and having morder of series and samples [8]. To
have consistency in results, the platform GPL20®%yMmetrix Rice Genome Array] having

51,279 probes used in present investigation. Tings/dGPL2025) was mostly used for gene
expression studies under different abiotic stregsege. The GPL2025 platform has 3096
samples and 191 series, out of which the data degndifferential gene expression [DEGS]
for salinity and drought stress belonging to sixiese [GSE24048, GSE6901, GSE41647,
GSE3053, GSE4438 and GSE16108]. In this studyditierential gene expression among
tolerant genotypes constituting 9 samples belongmagbove mentioned six series was
selected manually for further study. The identiiima of genes in tolerant genotypes helps in

better understanding the molecular mechanism imgbim stress tolerance [9, 10].
Data processing:

The raw data retrieved from NCBI GEO was subjette@GEO2R to obtain the log2
fold change [logFC] valueshftp://www.nchi.nlm.nih.gov/geo/geo?r/ The so obtained

logFC values were used to identify the DEGs in eeipe stress. The logFC value of £1
[two fold change] was set as threshold level terihsinate the DEGs from the total genes.
The genes which met the set criteria under eaelss@imong multiple samples were sorted
and saved as separate files. Later, the genesssgorecommonly under both the stresses
were identified using excel with various functiohio view the expression of the genes
diagrammatically, a tab-delimited file was creatath logFC values for salinity and drought
stress having corresponding spot IDs. Using Mupigimental Viewer [MeV] software heat
map of gene expressed under combined stress wagd/igll]. The software is freely

downloadable fromhttp://mev.tm4.org/ Later in progress of analysis, the gene loci

associated with spot ID were retrieved from ricpabrig |http://www.ricechip.ord/ The

retrieved gene loci were used has input in orygdimegad.fr to know the further information
regarding the gene position on different chromosomed functional annotation
[http://orygenesdb.cirad.fr/tools.htjml

Results and Discussion:
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Plant responses to drought and salinity are comepleand involve morphological,
physiological and molecular changes which may |pkaht to adaptive advantage and/or
deleterious effects. The both salinity and drowgtgss has similar effect on plant growth by
obstructing the water uptake and finally decreasiregwater potential [12]. The decrease in
the water potential occurred in both abiotic stessesults in reduced cell growth, root
growth and shoot growth and also causes inhibitiboell expansion and reduction in cell
wall synthesis [13]. [4] in his study found that @amg multiple abiotic stresses encountered
by rice plant, there would be more cross talks betwdrought and salinity stress. In the
present study, the comprehensive analysis of tigtoone data of salinity and drought stress
retrieved from multiple experiments found that dakoof 1261 and 849 genes were
differentially expressed at log fold change valdexol[logFC] i,e. 2 fold change [14].
Majority of the authors used logFC £1 has a cuteéd distinguish the DEGs . The further
insights into the results showed more number ofegulated genes [936] compared to down
regulation [325] under drought stress. Earlier regpproved the expression of more number
of up regulated genes in tolerant genotypes [1p, Tkese up regulated genes may contribute
to adaptive mechanism of tolerant genotypes unaesss condition. Similarly, more or less
equal number of genes were expressed under sadimggs [Fig. 1]. This fact proves that
both up regulation and down regulation of geneg piajor role in salinity stress tolerance in
rice. The analysis for combined stress revealedy@tes commonly expressed with more
number of genes showing up regulation. Among th82e8 % of the genes showed up
regulation and in contrast only 18.2 % of the gestesved down regulation. The differential
expression pattern of the common genes under bettstress can be viewed in fig.2. The
gene loci associated with affymetrix probe ID wiezed out using ricechip.org web site. All
the gene loci associated with the probe ID werdenetd and further used for functional
annotation of the genes. The retrieved gene locewsed as input in orygenesdb.cirad.fr
under locus search option to map the position efgdne on to respective chromosome [Fig.
3]. The genes Os05g48650.1, 0s08g36920.1, 0s0204600s069g27560.1, 0s05925920,
0s02g33380.1, 0s11g26780.1, 0s06g04940.1, 0Os0794695 Os07g48830.1,
0s10g21590.2, 0s04912960.1, 0Os11g26790, Os11gZ6Zad.0s02g41510 showed strong
up regulation under both the stresses. Similarlyoragn all the DEGs, the genes
0s129g12390.1, 0Os01g44390.1, 0s01g63180.1, Os079d3&hd Os10g31720.1 showed
high down regulation. The integration of gene ochomomosomes revealed that chromosome
2 and 8 had more number of candidate genes undebined stress. In present analysis

chromosome 9 did not show any genes for combinedigifit and salinity stress. The
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functional annotation of candidate genes showed thast of the genes encodes for
transcription factor [TF] followed by different ss related proteins [table.1]. Transcription
factors are early responsive genes important cateidfor expression of large number of
downstream stress responsive genes by bindingetespecificcis-acting elements of the
genes to access tolerance mechanism [17]. Somkeoprominent protein that expressed
under combined stress include MYB family transcoipt factor, ethylene-responsive
transcription factor, UDP-glucoronosy, WRKY53, ghgyl ptransferase 8, plant PDR ABC
transporter associated domain and dehydrin. Theraonte mechanisms to drought and
salinity stress include changes at genetic, trgmtsenic and metabolomic level [18]. The
gene Os05g48650.1 which present on chromosomeati28.8 Mb physical position encodes
HBP-1b [histone gene binding protein-1b] transaoiptfactor showed strong up regulation.
The HBP1b falls under bZIP family of TFs. Thesetenus are present throughout the plant
kingdom and plays important role in plant respatesbiotic and abiotic stresses [19, 20 and
21]. The over expression of OsHBP1b dramaticallyréases salinity as well as drought
tolerance of tobacco suggests that, further arsmlgbithis gene will have the potential to
greatly improve stress tolerance in other crop igigetike rice [22]. through altering the
activation of ROS scavenging system and the leMefgotective compounds, such as MDA,
sugars and proline. This may serve as a usefutlidate gene’ for improving multiple stress
tolerance in crop plant. Similary, the TF AP2 erexbdy gene Os08g36920.1 which present
on chromosome 8 has multiple functions under biatid abiotic stress [23]. These TFs
involves in regulation of CBF/DREB factors involvad abiotic stress responses. The over
expression of DREB1A TF isolatd from rice showetiarced tolerance to drought, salt and
cold stress in transgenenic Arabidopsis [24]. Teaeg [0s029g41510 and Os02g46030.1]
present on chromosome 2 showed their associatitm M¥B family transcription factor.
The MYB gene family comprises one of the richestugis of transcription factors in plants.
Plant MYB proteins are characterized by a highlyssoved MYB DNA-binding domain.
MYB transcription factors are involved in plant @pment, secondary metabolism,
hormone signal transduction, disease resistanceahiadic stress tolerance [25]. Three
0s04912960.1, Os06g27560.1 and Os07g48830.1 wbaetteld on chromosome 4, 6 and 7
respectively encodes for glucosyltransferase ngebglyltransferase enzymes. Earlier authors
reported the function of glycosyltransferase urdiferent abiotic stress [26]. In Arabidopsis
thaliana, UDP-glucosyltransferase showed improvettrance against drought and salinity
stress by enhancing the rooting capacity througjulaging IBA and NAA concentrations

[27]. Glycosyl transferase mainly function in teetbiosynthesis of plant cell walls [28]. In
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our study, we identified transporters encoded hyegeds06g03700.1 and 0s10g21590.2 on
chromosome 6 [1.4 Mb] and 10 [11 Mb] respectivélyfferent types of transporters were
reported in plant kingdom, in general many of theme required for plant growth,
development, nutrition, and response to abiotiessis by manipulating the concentration of
toxic ions [29]. The two genes 0s11g26780.1 antil@26790.1 locolised on chromosome
11 encoded for dehydrin a stress responsive genay idtudies reported that the expression
of dehydrin is positively correlated with the taace to cold, drought, and salt stress [30,31].
The dehyrin works as a molecular chaperone undessssituation and helps in maintaining
the structural and functional integrity of the @iot, enzyme activities, nucleic acids and
membrane structure. The over-expression of dehyg#ire [OsDhn1] improved drought and

salt stress tolerance through scavenging of remottygen species in rice [32].

In conclusion, our study showed only a limited memof tolerant genes common
between drought and salinity stress. The genes1d@267780.1, 0s11g26790.1,
0s069g27560.1 and Os05g48650.1 were directly relaitdsalt and drought stress tolerance.
The introgression of these genes in high yielditngss susceptible genotypes could assist in

developing stress tolerant cultivars.
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299 Fig. 3: MEV analyses for genes commonly expressewdesg for salt and drought stress
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301 down-regulated genes].

302 Table. 1: Functional annotation of candidate gec@®monly expressed undet combined
303 stress.

Probe D LocusID Chr. | Start [bp] | End [bp] | Putativefunction
0s.41164.1.51 0s01g63180. | 01 3661680. | 3662151 | laccas-6 precursc

11



MYB family transcription
0s.10172.1.S1_at 0s01g44390.1 01 25461991  2546B36&tor

MYB family transcription
0s.51460.1.S1_ 0s02g4151 | 02 2487877 | 2487993 | factol

pectinesterase inhibitar
0s.53660.1.S1 0s029g33380. | 02 1983428 | 1983513 | domain containing prote

ethylene-responsive
0s.8149.1.S1 0s02g43790. | 02 2642218. | 2642348 | transcription factc

MYB family transcription
0s.27807.1.S1_a_ | 0s02g46030. | 02 2804111! | 2804414 | factol
0s.140.3.S1_x_at 0s03g01740.1 03 470268 471096 essen protein

CAF1 family ribonuclease
0s.16198.1.S1_at 0s04g58810.1 04 34980601  3498PR208taining protein

UDP-glucoronosyl/UDP-
0s.6043.1.51_ 0s049g12960. | 04 715370. | 7156100 | glucosyl ransferas

basic helix-loop-helix family
0s.11773.1.51_ 0s04923550. | 04 1346642 | 1346886' | proteir
0s.51741.1.S1_at 0s05g2773( 05 16150266 16152747KVR expressed
OsAffx.15154.1.S1_g
t 0s05g25920 05 15077666 15078358 expressed protein
0s.7246.2.S51_s_at 0s05g48650.1 05 27883503 27884#a0scription factor HBP-1b
0s.34161.1.S1 at 0s06g27560.1 06 15601591 1560B8@cosyl transferase protein
0s.37255.1.A1 at 0s06g03700.1 06 1459192 1464339 gopaptide transporter

early nodulin 93 ENOD93
0s.20817.1.S1_at 0s06g04940.1 06 2175882 2176Dpkotein
0s.2677.1.S51 at 0s07g03870.1 07 1612858 1616245 eptoedike protein kinase

glycosyl transferase 8 domajn
0s.9067.1.S1_at 0Os07g48830.1 07 29220283 2922[18dABtaining protein
0s.55221.1.S1_at 0s07g44140.1 07 26382581 2638561tbchrome P450 72A1

Plant PDR ABC transporter
0s.12452.1.S1 s at 0s08g4312p.1 0§ 27268083 27Q@77&gbociated domain
0s.23207.1.S1 at 0s0893691( 08 23340676 2334853Mha-amylase precursor
OsAffx.17366.1.S1_g plastocyanin-like domain
t 0s08g04340.1 08 2129613 2130615containing protein

AP2 domain containing
0s.21894.1.S1_at 0s08g36920.1 08 23353882 23355p08ein

glycine-rich cell wall
0s.27138.1.51_at 0s10g31720.1 10 16625819 166265 Qctural protein 2 precursor

transporter family protein,
0s.28435.5.S1 x_at| 0s10g21590.2 1(Q 11053081 11055p6tative

flavonol synthase/flavanone
0s.51718.1.S1_at 0s10g40934.1 10 21988523 2199334tydroxylase
0s.12633.1.S1_s_at 0s11g2678p.1 11 15336p34 15337M&hydrin
0s.36558.1.S1 x _at| 0s11g26790.1 11 15342564 15343BRhydrin
0s.13516.1.51 0s11g0229 11 65118¢ 652057 expressed prote

Ser/Thr protein phosphatase
0s.27497.1.S1_ 0s12g05540. | 12 253582. | 253902( | family proteir

transposon protein, putative,
0s.42421.1.S1_at 0s12g12390.1 12 6821234 68224TACTA

304 Chr. : chromosome, bp: basepair
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