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Abstract
Objective

Environmental stresses such as drought, high temperature, salinity and higineGOserious

threat to sustainable agriculture. Drought stress is one of theimpu@mttant abiotic stresses in

rice, which causes a decrease in crop yield. Several researches have been carried out separately
to clarify the molecular mechanism of plant response to drought stress. Thereforanahgses

can lead to a better understarglof drought stress tolerance mechanisms by integrating the
results of several related studies.

Materials and methods

In this regard, four series of good quality microarray data of rice under drought stress and normal
condition were selected and thenlgmad by R software limma packages. For raatalysis were

used of met&RNAseq package and Fisher's method to combiveyes obtained from individual

data analysis. Up and down regulated raatalysis genes under drought stress were identified.

Then, Geer ontology, hub genes and-€rpressiometwork analysis were performed. The results
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were evaluated using refiine quantitative PCR test in Hashemi rice as sensitive variety and
native rice as tolerant variety to water deficit stress in vitro with PE@ntient

Results

The results of present study, 578-nggulated genes and 660 dovagulated genes were
obtained. Gene ontology (GO) analysis showed drought response mechanisms and drawing the
proteinprotein interaction network revealed that the down gdl hub genes under drought
stress is mainly related to photosynthesis process and up regulated hub genes under drought stress
mainly related to stress tolerance includith@P, LEAS PP2Csgenes. Finally, the data obtained

from the present metanalysis vere confirmed by realme quantitative PCR operoxidase 4,/
OsDSSR1homeoboxeucine zipper proteimand an unknown gene. These findings significantly
improve our understanding of drought stress pathway. Identification of hub genes in this study
can be fective to obtain an overview of hub genes that play an important role in response to
drought stress in rice

Conclusions

Identifying downstream dfiubgenes can help in the mrdudion of droughitolerant rice through
classical breeding methods by pyramgigenes or genome manipulation and iaseetolerance

to drought stres§he result will lead to sustainable agriculture
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Table 1. The data used in the metanalysis of the microarray data series of rice under
drought stress

Accession Platform Part of plant normal:stress Drought treatments Reference
GSE79212 GPL21593  seedlings 3:3 PEG 6000 (20%) (Bha“";%hlagee ete
GSE64576  GPL2025 leaf 2:2 PEG 6000 (18 or 20%) (Xu et al. 2021)
GSE26280 GPL2025 Leaf 3:3 PEG solution (Wang et al. 2011}
GSE6901  GPL2025  seedling 3:3 air-dried Zﬂg‘ey\’hatma”” (Sharma et al. 201«

Yvidy 8 agt avieewm Ay & Qvse B v A GOWC & w A W fviss B A &6 YWy SEQW A 1 Y~
wz0 WX WAz ¢ w C yCorlilebtrAab okplbt PIIA pbt E¢, vVC AdAween ARV wz ¢ Y ¢
Y °EARWWRY Y« WACO  £ayv A enartndlize@antieByOi 3~ ¢ &ae Gt wwz
)y o E Cé vERWPIE | & ovat Vv Aoy yaERh e -avi-v ve v @l wien AQ 6 wiy
Cl &w'rBtiRNASel; 2 CT ~ gV v &l WK SEAVESEwAE X2 ¢wa atv?
median lo@ fold changés value 1 and valuest0.050 ¢ v %E wz wisvaliedd A4iy © E
) °E @é&ahdoh E:- EREf EGEWABAGBETE vvmC HRgAAD Y Az
A Y aptRegMap C WO Y YLWE Cuw Fa ! vecs R& CRAARRBRCBEARDPE AE A
Ep £ z¢ BEXwWisdOpiiy 24 0 & € y Ghviliéed Mtgd/plantregmap.galab.org
APD.01AT GOE wap fil (BdpAMskCdrido etal2019 ° E v APV | Ma/FEBIVE ° ¢ 2
PoYE 1 %A xw, myv °y°E =
y EECVQAQBRVE LANELYECAY /CEA MRVED ZC 6 VEW 5y 1A el GAEY Yz 0V
) A Hitfw/Bioinfogpenb.csic.es/toolsivenhy A Yateiny @z ¢ Wiy YWE ¢ v al weel
EEVvAAvV C¢v%uASCawLAE ¢l T & pé A dsade AR SWEA wopCFA ¥4 £
OAAE SIRINGEW & jwiaw & ° E  Acyidstafe % WAYEEVOV & § Wae®Av wz
CWBAAT { E ¢ A Ahin et w.0018CWOECap@ W 316 \WA A \(EytoHubl) 0w Av 3 A o
) ° E M&&ithavAiquddEntrality (MCC) C youfL” i & s C ja\P W A=
ATTED- ¢ way weed Ayvwz OGwCkA EGwiiz BOCEMICA 8 aBic ARRMEE
) © E htpd/shttezp/coexsedric A VAL | wz
#6060 nu CuUAz @é% y CIE- EPEEAZERPHAOWOEY: DvHE
ay3%z ¢v 01 waARMBWE wGi ¢EY L OLAVE R /AMPERB VBB Yy Vv

. Hub gens

S

Agricultural Biotechnology Journal; Print ISSN: 2228705, Electronic ISSN: 222&500


https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GPL21593
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GPL2025
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GPL2025
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GPL2025

BN,

# 1 + ACECavlwl&Znyt $ ¢ ¢ %ywEi ¢ A

| 32l CalBA749A A6 &ABIAE#G+FAT CO A IMOICCEEY | GA° ~a wziin G OB -3
)-#09 E° BEbevbewall2¥of Gaoetal2018 ° | %t 06 A~ y ¢

Data collection using the*"NCBI{GEO\website

NCBI GEO :Cow U ¥\ 2W.E:: &V
b
—
Selection of drought stress data compared to normal conditiong flata series)

#lvi/$comba sy Ocv UE wz aAFEEw&W @iy wCT |

altweaepAv wz atvi ¢ wyj

[TP

Pre-analysis of microarray data separately using R software packages
R CAAw AuyEzCcwd alwenlAv wz
——r

Data quality control using PCA, CorHeatmap and boxplot

AywﬁVOJ wAO Az AevYy

boxplot §orHeatmap IPCA ¢ v at! weea Av

Wz WA+t vt ¢CeCi 6%

Analysis of microarray data using the limma package
imma Ao /EFz ¢v atwaesAv wz Agvi Aée¥% ¢wa atv
(V2
e

Meta-analysis and identification of up and down regulated genes using Fishennethod
Eaw '|__y,_55, VAav ¢v ¥

Identification of up and down regulated genes ifp-values®.05and log2FC <-1, >1
[ . g2rC <(, Ip-values.05 GB%E wz 0GwCz

(V2

Gene ontology analysis for up and down regulated genes using the PlantRegMap

cwuy ¥Lweg (v

WECA Cy% ¢v atweesAv wz GwCz

EawA §é ngb&%v REAE

altweaeoAviowkz cawmwez 0BaQAwD EEr@_wﬁEﬁ_\LﬁCfi)%El ¥ ¢
PlantRegMap

Drawing a Venn diagram

0y  Y%wlAAy
g

Identifying the central or hub gene using CytoHubba for up and down regulated
genes and checking cexpression and laboratory confirmation with gPCR
yzowEwi y EGAAAVIUZE vy WaKavERGAC BE Wwikw wz

gPCR wz CaAwWOEEwu¢j °Céwsg

y—C€ywCz ga CAwnuz

Results and discussion

|z y fewsy

ayyz awCh %t Ci1 E-alBpE ¢ovyez CAAEWHZ] ACHAND GOW 3L v ¥

Figure 1. An outline of the microarray metaanalysis workflow for the analyzed data under
drought stress in rice plants
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Figure 2. A: Cultivation of rice seeds on 1/2 MS, B: Tranfer of seedlings to liquid culture
medium after one week, C: Applying drought stress to seedlings after three weeks with

polyethylene glycol 6000 in three Zero level 20 and 40 percent
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Table 2. Designed primes for use in gPCR
0(." %nACHwaEJE 0A +wy X y &Gw O ApOé
Sequence (53) Gene name Tm (°C) Length (bp)
F:GACAAGAGGAATAGCGTGATGAA N} boxleucine 2 o 58.5 161
R:CCGCCCAAGTAGTCTAGGTGA OMEODOXIEUCING ZIPPET ProteIn ¢4 9
F:ATCACTTCACCCACAGCACA 60.2
OsDSSR1 219
R:GCGGAGCTAATTCATCCTTG 59.8
F:-TTGCCCGCCTTAGCTCTTT _ 59.6
Peroxidase 47 199
R:GGCCTCCATGCCACAATACA 60.4
F:CGGAGCGACTCGATGAACA _ 59.8
Uncharacterized 202
RTTCGGTTGGTTGGCGTGAG 60.8
R:CGTAACCCAGAATACCCTTGAGTTT 60.8 9

dehydrogenase 2
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Table 3. metaanalysis differential expression genes with up and down regulation i@ryza
satival. drought stress anddetails of metaanalysis differential expression genes

Up-regulated genes

Down-regulated genes

Gene.lD MSU ID (LOC_Os) LogzFC description Gene.lD MSU ID (LOC_Os) LogzFC description
HD-ZIP | protein, Transcription R Similar to Peroxidase 47
4330155 0s02g0649300 6.1 activator, Stress response 4344496 0s08g0113000 3.4 precursor
Similar to Isoform 2 of Late Vitamin B6 biosynthesis protein
4339480 0s05g0542500 5.2 embryogenesis abundant protein 4347937 0s10g0100700 -3.1 family protein
4324254  0s01g0705200 5.1 Late embryogenesis abundant | 5,q47g None 3.0 None
protein repeat containing protein
R-R-type MYB-like transcription R . .
4338925 0s05g0442400 5.0 factor, Response to drought stress 4347042 0s09g0412700 3.0  Conserved hypothetical protein
4346387  0s09g010960 50  OSDSSRL Stmz'r'aﬂip“de’ Drought| - 4359191 None 3.0 None
4341949 None 4.9 None 4330451  0s02g0704000  -2.6 Cam‘e"o'dp?;‘é?:”ase family
. . Dimeric alpha-beta barrel
4329464 0s02g0513100 4.7 Similar to MtN3 protein precursor 9267111 0s03g0110900 -2.6 domain containing protein
4332481  0s03g0286000 4.3  RCI2(rare cold-inducible 2) family | /554, None 25 None
protein, Drought resistanc
Similar to oxidoreductase/ transition
4347198 0s09g0445600 4.1 metal ion binding protein 4351321 None -25 None
4346736 0s09g0325700 4.0 Protein phosphatase 2C, Abiotic | 4345134 050890269700  -2.4  Conserved hypothetical protein
stress response
4344351  Os07g0687900 3.9 \WSI76proteininduced by water | ,a46504  0s09g0275400  -2.4 Cytochrome P450 family
stress protein
Similar to Serine
4350452 0Os11g0454000 3.8 Dehydrin RAB 16C 4326840 0s01g0332800 -2.4 carboxypeptidase IHike
protein
UDP-glucuronosyl/UDP-
4331521 0s03g0133100 3.8 Conserved hypothetical protein 4323880 0s01g0179600 -2.3 glucosyltransferase family
protein
4341691  Os06g0651200 3.8 Conserved hypothetical protein | 4339878  Os06g0109200  -2.3  "roteinof “S'L‘J”F%W” function
4347252 0s09g0455300 3.7 Similar to INDEHISCENT protein 4349349 0s10g0555900 -2.3 Similar to Beta-expansin
4325256 0s01g0214500 3.7 Conserved hypothetical protein 4326073 0s01g0117900 -2.3 Similar to nodulin-like protein
4343597 0s07g0561300 3.7 Cyclin-like F-b;:rztdeci)rr]naln containing 4331629 050390149300 23 Protein of ugbrll%wn function
4332995 050390386000 36 Similar to Salt-re_sponswe WD40 4326605 05010635200 22 Homeodomalnlll_(e containing
protein 5 protein
Cupredoxin domain containing R Actin-binding FH2 domain
4341858 0s06g0681200 3.6 protein 9269069 0s12g0105300 2.2 containing protein
UDP-glucuronosyl/UDP-
4331577 0s03g0141200 35 Similar to Beta-amylase PCFBMYI 4343353 0s07g0510500 -2.2 glucosyltransferase family

protein
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Table 4. 20 Gene Ontology (GO) categories of biological processes from matzalysis
differential expression genes with up and down regulation in response to drought in rice.
GO analysis of droughtresponsive genes was penfimed by PlantRegMap, and GO
biological processes with p < 0.01 were investigated in this study

Leaf up Leaf down
Number in Number
GO term Description X ) P-value GO term Description in input P-value
input list list

G0:1901700 ReSPO”SECEn‘;?L?r?;O”‘a'”'”g 39 320810 | GO:0044699 Single-organism process 217 2.60E13
G0:0001101 Response to acid chemical 32 3.00E09 G0:0015979 Photosynthesis 24 2.60E12
G0:0051187 Cofactor catabolic process 7 6.30E09 G0:0044763 Single-organism cellular process 174 4.80E-12
G0:0009737 Response to abscisic acid 22 8.90E09 GO0:0044710  Single-organism metabolic process 131 3.20E09
G0:0097305 Response to alcohol 23 2.60E08 G0:0006364 rRNA processing 16 1.70E07
G0:0044699 Single-organism process 174 6.10E08 G0:0016072 rRNA metabolic process 16 1.80E07
G0:0015996 Chlorophyll catabolic process 6 7.10E08 GO0:0055114 Oxidation-reduction process 65 2.80E07
GO0:0046149 Pigment catabolic process 6 1.10E07 G0:0015995  Chlorophyll biosynthetic process 8 2.90E07

. Porphyrin -containing compound X . . .
G0:0006787 catabolic process 6 1.60E07 G0:0042254 Ribosome biogenesis 19 8.20E07
G0:0033015 Tetrapyrrole catabolic process 6 1.60E07 G0:0050896 Response to stimulus 106 9.80E07
G0:0050896 Response to stimulus 95 3.50E07 G0:0034470 ncRNA processing 19 1.30E06

i - X Porphyrin -containing compound
G0:0033993 Response to lipid 22 6.10E07 GO0:0006779 biosynthetic process 8 1.80E06
G0:0009628 Response to abiotic stimulus 41 1.30E06 GO0:0033014  Tetrapyrrole biosynthetic process 8 3.40E06
G0:0009414 Response to water deprivation 14 140806 | GO:0071840 Celular °°mgi‘:’g‘§:fe‘gga”'zat'°” o 69 5.90E06
G0:0009415 Response to water 14 1.70E06 G0:0019684 Photosynthesis, light reaction 11 7.20E06

. Nucleobasecontaining compaind . i
GO0:0034654 biosynthetic process 58 1.80E06 G0:0015994 Chlorophyll metabolic process 8 8.80E06
G0:0010033 Response to organic substance 38 2.70E06 G0:0034660 ncRNA metabolic process 20 1.20E05
G0:0018130  Heterocycle biosynthetic process 61 2.90E06 | GO:00226B R'bonucﬁgzgggs‘:c’mp'ex 19 2.00E05
G0:0051252  Regulation of RNA metabolic process 51 310806 | GO:0006778  PorPhyrin-containing compound 8 3.80E05

metabolic process

GO:0006355  Regulation of ranscription, DNA- 50 330806 | GO:0030154 Cell differentiation 18 3.90E05

templated
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Figure 3. Venn diagrams of metaanalysis differential expression genes with up and down
regulation under drought stress. Comparison of a number of metanalysis differentially

expressed genes with increased and decreased expression show 17 GO common @grea
satival.
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Table 5. Common gene ontology for metanalysis differential expression genes with up and
down regulation under drought stress in Venn diagram

Common elements GGn up and down Description
G0:0044699 single-organism process
G0:0044763 single-organismcellular process
G0:0044710 single-organism metabolic process
G0:0050896 response to stimulus
G0:0015994 chlorophyll metabolic process
G0O:0006778 porphyrincontaining compound metabolic process
G0:0033013 tetrapyrrole metabolic process
G0:0009314 response to radiation
G0:0009628 response to abiotic stimulus
G0:0010033 response to organic sstiance
G0:0009725 response to hormone
G0:0009719 response to endogenous stimulus
G0:0009416 response to light stimulus
G0:0042221 response to chemical
GO0:0006950 response to stress
G0:0044281 small molecule metabolic process
G0:0044712 single-organism catabolic process
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Figure 4. Protein-protein interaction (PPI) network of meta- analysis differential expression
genes for upregulation genes under drought stress. Using cyidubba, up regulation genes

analyzed in Cytoscape (version 3.9.180 hub genes ranked based on MCC scores were
selected from the network. Hub genes are shown in red (highly essential) to yellow (essential)
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Figure 5. Protein-protein interaction (PPI) network of differentially expressed metagenes

for down-regulated genes under drought stressUsing cyteHubba, down regulation genes

analyzed in Cytoscapéversion 3.9.1), 30 hub genes ranked based on MCC scores were
selected from the network. Hub genes are shown in red (highly essential) to yellow (essential)
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Table 6. Hub genes of up regulation metadifferential expression genes under drought stress
on rice, scoring by MCC mrethod in cyto-Hubba plugin in Cytoscape (version 3.9.1)

Rank Names Gene Name Score Description
1 Q2R1GE 0s11g060550 352 Acyl-CoA oxidase
2 Q9ASK5 0s01g011040 345 Similar to AcetylCoA C-acetyltransferase
3 Q69XR7 0s069035450 340 Similar to Acylcoenyme A oxidase 3, peroxisomal precursot
4 BzZIP23 0s02g076670 252 bZIP transcription factor, Regulation of ABA signaling and
biosynthesis, Drought resistanc
5 Q655Q2 0s01g031410 250 Catalytic domain of components of various dehydrogenase
complexes containg protein
6 Q75IR2 0s05g016370 243 Similar to Acytcoenzyme A oxidase 4, peroxisomal
7 Q75IM9 0s05g012550 197 Similar to IsovaleryiCoA dehydrogenase, mitochondrial
precursor
8 Aldh2a 0s02g073000 150 Mitochondrial aldehyde dehydrogenase ALDH2a
9 Q6L4N4 0s05g019520 128 CCCHtandem zinc finger protein, Photomorphogenesis and
ABA responses, Abiotic stress
10 Q0J2L7 0s09g032570 125 Protein phosphatase 2C, Abiotic stress response
11 Q8S7U4 0s03g016820 122 Similar to F16A14.21
12 Q8S7U: 0s03g0168a0 122 Late embryogenesis abundant protein repeat containing pro
13 HSFC1B 0s01g073320 121 Heat stress transcription factorl®
14 Q5SNGE 0s01g019230 120 Similar to tbox binding factor
15 Q5ZEJ/ 0s01g015160 120 Conserved hypothetical protein
16 Q5N9N2 0s01g084630 110 Similar to Protein phosphatase 2C
17 PP2C3( 0s03g026860 108 Probable protein phosphatase 2C 30
18 LEA19 0s05g054250 98 Late embryogenesis abundant protein 19
19 Q62010 0s08g032770 91 Late embryogenesis abundant (LEA) groufarhily protein
20 MS 0s049048695 87 Malate synthase
20 EMP1 0Os08g047200 87 bZIP transcription factor TRAB1
22 Q7XPL4 0s04g061060 56 Similar to Cor14b protein precursor
23 LEA14 0s01g070520 49 Late embryogenesis abundant protein 14
24 NAC068 0s01®81610(C 43 NAC domainrcontaining protein 68
25 ICL 0Os07g052900 42 Isocitrate lyase
26 HOX24 0s02g064930 42 HD-ZIP | protein, Transcription activator, Stress response
27 QOJNRE 0s01g026900 38 Similar to HydroxymethylglutaryCoA lyase
28 Q9AWZ5 0s01§22560( 37 Similar to Dehydrin
29 NACO002 0s03g081510 33 NAC domaincontaining protein 2
29 TIFY11C 0s03g018090 33 Protein TIFY 11c
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Table 7. Hub genes of down regulation meta differential expression genes under drought

stress on rice, scoring by MCC method in cyt¢dubba plugin in Cytoscape (version 3.9.3)

I AEVRAD Y AWE O ¢

Rank Names Gene Name Score Description

1 Q84SC5 0s08g0162600 2.52E+08 Rubredoxintype Fe(Cys)4 protein family protein
2 Q84NW1 0s07g0513000 2.51E+08 Similar to ATP synthase gamma chain, chloroplast
3 Q69LCO 0s07g0171100 2.49E+08 Tetratricopeptiddike helical domain containing protein
4 Q6zL81 0s07g0469100 2.46E+08 Similar to Thylakoid membrane phosphoprotein 14 kDa
5 Q84PB5 0s0790148900 2.43E+08 Photosystem | proteilike protein
6 Q5JK31 0s01g0929100 2.36E+08 Conserved hypothetical protein
7 Q6Z8F4 0s02g0698000 2.26E+08 Similar to Phophoribulokinase, chloroplast precursor
8 Q7Y0C9 0s03g0765900 2.21E+08 PetM of cytochrome b6/f complex subunit 7 domain containing pro
9 CHLP 0s02g0744900 1.89E+08 Geranylgeranyl diphosphate reductase, chloroplastic
10 QO0JRG4 0s01g0102600 1.87E+08 Shikimate kinase domain containing protein
11 020TJ1 0s12¢0292400 1.46E+08 Similar to Petunia ribulose Lt?;]sgi’:&sphate carboxylase small subui
12 Q10P76 050390244000 1.38E+08 Heat shock protein DnaJ, (;yrzttgiirri]e‘\ region domain containing
13 A3CE59 0s12g0105300 1.01E+08 Actin-binding FH2 domain containing protein
14 Q8LRY94 0s01g0805200 9.83E+07 Protein of unknown function DUF3007 domain containing proteir
15 064422 0s039g0267300 6.10E+07 Similar to Fructosel,6-bisphosphatase, chloroplagsecursor
16 Q9sDJ2 0s01g0279100 5.09E+07  Subunit of magnesiusprotoporphyrin IX monomethyl ester cyclase
17 Q5Z8V3 0s0690705100 2.59E+07 Similar to Thylakoid lumenal 13.3 kDa protein
18 QI9SNK3 0s03g0129300 1.37E+07 Similar to Glyceraldehyd8-phosphatelehydrogenase
19 CDSP32 Os07g0476900 5949434 Thioredoxin domain 2 containing protein
20 Q10F16 0s03g0685000 2037698 Similar to Ferredoxin
21 Q6ZEZ2 0Os07g0176900 1858648 Similar to Riboses-phosphate isomerase precursor
22 Q2QYD1 0s12g0124000 1632146 Similar to FHA domain containing protein
23 SIG6 0s08g0242800 1628142 RNA polymerase sigma factor
24 Q52814 0s06g0694500 1450681 Similar to Nitrogen fixation like protein
25 Q2QQD1  0s12g0498500 783363 Similar to DnaJ domain containing protein
26 Q6ZF30 0Os0790562700 466077 Similar to Type Il chlorophyll aAbinding protein
27 Q5VvVQX1 0s01g0805300 424360 Mog1/PsbP, alpha/beta/alpha sandwich domain containing prote
28 RCABP69 0Os07g0558400 423054 Chlorophyll ab binding protein, chloroplastic
29 Q94CX1 0s01g0102300 293762 Thylakoid lumen protein, Photosynthesis and chloroplast developr
30 Q6YXS1 0s08g0114100 200311 Conserved hypothetical protein
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Figure 6. Co-expression analysis of differentially expressed hub genes with increased

expression using the ATTEDII site under drought stress on rice
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Figure 7. Co-expression analysis of differentially expressed hub genes with decreased
expression using the ATTEDII site under drought stress on rice
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Figure 8. Expression pattern ofperoxidase 4feneand unknown gene,homeoboxleucine
zipper protein OsDSSRIin tolerant and sensitive line of Iranian rice after 24 hours and 48
hours after applying drought stress The tolerant line is indicated by R and the sensitive
line, by H
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