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Abstract

Salt stress is considered as one of the most important
constraints in wheat production worldwide, thus for,
research toward development of tolerant varieties is of
great importance. Discovering genes and molecular
mechanisms involved in salt tolerance are the primary
steps in molecular breeding for salinity. In this study,
taking advantage of the data deposited in NCBI Gene
Bank, two salinity-related microarray data sets of bread
wheat were analyzed to identify salt responsive genes.
Bioinformatics’ analyses indicated that 3096 and 2060
genes were salt responsive genes in root and shoot,
respectively. Gene ontology analysis of salt responsive
genes showed that these genes were enriched for response
to chemical stimulus, response to oxidative stress,
transport, regulation of transcription and carbohydrate
metabolic process in biological process category in both
tissues. Furthermore, the differentially expressed genes in
metabolic process category were enriched for catalytic
activity, binding and oxidoreductase activity in both
tissues. In order to determine the key genes involved in salt
tolerance, hub analysis was performed on the salt
responsive genes identified in the root. Based on the
achieved results, the role of regulatory genes including
protein kinases, protein phosphatases and transcription
factors such as MYB and WRKY, was highlighted in
inducing salt tolerance.

Keywords: Triticum aestivum, Salt stress, Microarray
data, Hub analysis.
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T‘!’lssue & (Fold Annotation Wheat ensembl Id Wheat probe Id ),
ime point Change)
Root 1h 16 Oxidoreductase =~ TRIAE_CS42_3AL_TGACv1 194953 AA0642620  MUGEST2003_23lib_Contigl6206 1
Root 1h 14 Kinase TRIAE_CS42_U_TGACv1_645082_AA2142930 MUGEST2003_23lib_Contig4286 2
Root 1h 1.36 Oxidoreductase =~ TRIAE_CS42 2AL_TGACv1_093272_AA0276390  MUGEST2003_23lib_Contigl5680 3
Root 1h 13 Sugar transporter  TRIAE_CS42_4AS_TGACv1_307652_AA1022380 wheat0130Contig2532 4
Root 1h 13 late TRIAE_CS42_3DS_TGACv1 274198 AA0935020 wheat0130Contig10613 5
embryogenesis
abundant protein
Root 1h 12 sulfotransferase =~ TRIAE_CS42_2DL_TGACv1_158329 AA0515810  MUGEST2003_23lib_Contigl8223 6
activity
Root 1h 12 metal ion binding, TRIAE_CS42_U_TGACv1_642201_AA2113250 wheat0130Contig906 7
metal ion
transport
Root 1h 12 Glutathione S- TRIAE_CS42_3DL_TGACv1_249532_AA0850990 whsh_allContig109 8
transferase
Root 1h 12 calcium ion TRIAE_CS42_2BL_TGACv1 130527 _AA0412950  MUGEST2003_23lib_Contigl8120 9
binding
Root 1h 12 Glycosidase, TRIAE_CS42_1DL_TGACv1_062162_AA0209730 MUGEST2003_23lib_Contig3959 10
Hydrolase
Root 6h 17 protein TRIAE_CS42_2BL_TGACv1 129640 AA0391310 MUGEST2003_23lib_Contigl1950 11
dimerization
activity
Root 6h 17 Dehydrin TRIAE_CS42_3DL_TGACv1_252938 AA0892670 wheat0130Contig3543 12
Root 6h 15 DNA binding TRIAE_CS42_1AS_TGACv1_019507_AA0067450 rwhca6120 13
Root 6h 15 structural TRIAE_CS42_2BL_TGACv1_129886_AA0398750 wheat0130Contig12965 14
constituent of
ribosome
Root 6h 15 Dehydrin TRIAE_CS42 5DL_TGACv1_432941 AA1395460 wheat0130Contig2730 15
Root 6h 14 Dehydrin TRIAE_CS42_U_TGACv1_641024 AA2082530 wheat0130Contig2499 16
Root 6h 14 Sugar transporter ~ TRIAE_CS42_4AS_TGACv1_307652_AA1022380 wheat0130Contig2532 17
Root 6h 13 chitin binding TRIAE_CS42_2DL_TGACv1_159104 AA0532470 wheat0130Contig10552 18
Root 6h 13 catalytic activity =~ TRIAE_CS42_5BS_TGACv1_424783 AA1391730 wheat0130Contig10453 19
Root 6h 13 Sugar transporter  TRIAE_CS42_4AS_TGACv1_307652_AA1022380 wheat0130Contig2532 20
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Root 24h 19 Oxidoreductase ~ TRIAE_CS42_5DS_TGACv1_457426_AA1486400.1  MUGEST2003_23lib_Contig9860 21
Root 24h 18 protein TRIAE_CS42_2BL_TGACv1_129640_AA0391310.7 MUGEST2003_23lib_Contigl1950 22
dimerization
activity
Root 24h 18 Glycosidase TRIAE_CS42_U_TGACvV1_640781_AA2073960.1 MUGEST2003_23lib_Contigl6264 23
,Hydrolase
Root 24h 178 ABC transporter ~ TRIAE_CS42_3B_TGACv1_222340_AA0762490.2 rwhelo016 24
Root 24h 17 ABC transporter  TRIAE_CS42_3DL_TGACv1_250315_AA0866010.1 ncbi_gi_19032274 25
Root 24h 16 ATP binding TRIAE_CS42_1DL_TGACv1_061644_AA0200730.1 wheat0130Contig4997 26
Root 24h 16 metal ion binding TRIAE_CS42_2AL_TGACv1_092986_AA0268690.1 wheat0130Contig7563 27
Root 24h 16 regulation of TRIAE_CS42_3B_TGACv1_223174 AA0777390.1 wheat0130Contig5896 28
transcription
Root 24h 16 Sugar transporter  TRIAE_CS42_4AS_TGACv1_307652_AA1022380.1 wheat0130Contig2532 29
Root 24h 13 structural TRIAE_CS42_5AL_TGACv1_374481_AA1201270.1 wheat0130Contig3770 30
constituent of
ribosome
2lon pll )3 6)90 W5 Jlosl )y el Y 57 ) (slaglej ) plo Gl it b slogy) Y Jo
Tissue Logio
& Time (Fold Annotation Wheat ensembl Id Wheat probe Id I
point  Change)
Shoot 1.4 Oxidoreductase TRIAE_CS42_3AL_TGACv1_194953_AA0642620 MUGEST2003_23lib_Contig16206 1
1h
Shoot 1.2 Transcription TRIAE_CS42_6DL_TGACv1 526953 AA1695920 rwhsd8b24 2
1h factor activity
Shoot 1.2 Oxidoreductase TRIAE_CS42_5DS_TGACv1_457426_AA1486400 MUGEST2003_23lib_Contig9860 3
1h
Shoot 1.2 Oxidoreductase TRIAE_CS42_2AL_TGACv1_093272_AA0276390 MUGEST2003_23lib_Contig15680 4
1h
Shoot 1.2 magnesium ion TRIAE_CS42_5BS_TGACv1_423547_AA1379240 rwhf24h06 5
1h binding, terpene
synthase activity
Shoot 1.1 cellulose TRIAE_CS42_2DS TGACv1 177641 _AA0581710 rwhr9b21 6
1h synthase activity
Shoot 1.0 cellulose TRIAE_CS42_2DS_TGACv1_178985_AA0603230 MUGEST2003_23lib_Contig3082 7
1h synthase activity
Shoot 1.0 Monooxygenase, TRIAE_CS42_3DS_TGACv1_271997_AA0912700 MUGEST2003_23lib_Contig11979 8
1h Oxidoreductase
Shoot 1.0 serine/threonine TRIAE_CS42_4DL_TGACv1_343127_AA1130270 MUGEST2003_23lib_Contig20238 9
1h phosphatase
activity
Shoot 1.0 Glutathione S- TRIAE_CS42_7DL_TGACv1_603080_AA1975400 nchi_gi_32128768 10
1h transferase
Shoot 15 Senescence- TRIAE_CS42_7DL_TGACv1_604017_AA1992400 MUGEST2003_23lib_Contig2476 11
6h associated
protein
Shoot 14 Auxin-repressed TRIAE_CS42_4AL_TGACv1_289420 AA0970770 whsh_allContig1196 12
6h protein
Shoot 1.3 Auxin-repressed TRIAE_CS42_4DS _TGACv1 361072_AA1160380 whsh_allContig1110 13
6h protein
Shoot 12 Serine/threonine- TRIAE_CS42_3B_TGACv1_221851_AA0751720 whsh_allContig1108 14
6h protein
phosphatase
Shoot 1.0 regulation of TRIAE_CS42_7BL_TGACv1_577264 AA1870500 MUGEST2003_23lib_Contig4076_p 15
6h transcription
Shoot 0.9 protein TRIAE_CS42_4DL_TGACv1_343127_AA1130270 MUGEST2003_23lib_Contig20238 16
6h serine/threonine
phosphatase
activity
Shoot 0.9 ATP binding, TRIAE_CS42_5BL_TGACv1_ 406590 AA1347490 MUGEST2003 23lib_Contig5261 17
6h protein kinase
activity
Shoot 0.9 Late TRIAE_CS42_3DS_TGACv1_272166_AA0915970 wheat0130Contig6318 18
6h embryogenesis
abundant protein
Shoot 0.9 protein kinase TRIAE_CS42_5AL_TGACv1_374184 AA1192720 MUGEST2003_23lib_Contig8276 19
6h activity
Shoot 0.9 Beta-glucanase TRIAE_CS42_1BL_TGACv1 032476_AA0130290 whsh_allContig1059 20
6h
Shoot 12 regulation of TRIAE_CS42_7BL_TGACv1_577264 AA1870500 MUGEST2003_23lib_Contig4076_p 21
24h transcription
Shoot 1.2 sodiumion  TRIAE_CS42_3AS_TGACv1_211011_AA0683000 ncbi_gi_32128974 22


https://www.ebi.ac.uk/QuickGO/term/GO:0005524
https://www.ebi.ac.uk/QuickGO/term/GO:0046872
https://www.ebi.ac.uk/QuickGO/term/GO:0006355
https://www.ebi.ac.uk/QuickGO/term/GO:0006355
https://www.ebi.ac.uk/QuickGO/term/GO:0003735
https://www.ebi.ac.uk/QuickGO/term/GO:0003735
https://www.ebi.ac.uk/QuickGO/term/GO:0003735
https://www.uniprot.org/keywords/KW-0560
https://www.ebi.ac.uk/QuickGO/term/GO:0003700
https://www.ebi.ac.uk/QuickGO/term/GO:0003700
https://www.uniprot.org/keywords/KW-0560
https://www.uniprot.org/keywords/KW-0560
https://www.ebi.ac.uk/QuickGO/term/GO:0000287
https://www.ebi.ac.uk/QuickGO/term/GO:0000287
https://www.ebi.ac.uk/QuickGO/term/GO:0000287
https://www.ebi.ac.uk/QuickGO/term/GO:0016760
https://www.ebi.ac.uk/QuickGO/term/GO:0016760
https://www.ebi.ac.uk/QuickGO/term/GO:0016760
https://www.ebi.ac.uk/QuickGO/term/GO:0016760
https://www.uniprot.org/keywords/KW-0503
https://www.uniprot.org/keywords/KW-0503
https://www.ebi.ac.uk/QuickGO/term/GO:0004722
https://www.ebi.ac.uk/QuickGO/term/GO:0004722
https://www.ebi.ac.uk/QuickGO/term/GO:0004722
https://www.ebi.ac.uk/QuickGO/term/GO:0006355
https://www.ebi.ac.uk/QuickGO/term/GO:0006355
https://www.ebi.ac.uk/QuickGO/term/GO:0004722
https://www.ebi.ac.uk/QuickGO/term/GO:0004722
https://www.ebi.ac.uk/QuickGO/term/GO:0004722
https://www.ebi.ac.uk/QuickGO/term/GO:0004722
https://www.ebi.ac.uk/QuickGO/term/GO:0004672
https://www.ebi.ac.uk/QuickGO/term/GO:0004672
https://www.ebi.ac.uk/QuickGO/term/GO:0006355
https://www.ebi.ac.uk/QuickGO/term/GO:0006355
https://www.ebi.ac.uk/QuickGO/term/GO:0006814

24h transporter
Shoot 1.1 Monooxygenase, TRIAE_CS42_2DS_TGACv1_177333_AA0573920 MUGEST2003_23lib_Contig12181 23
24h Oxidoreductase
Shoot 1.0 Monooxygenase, TRIAE_CS42_3DS_TGACv1_271997_AA0912700 MUGEST2003_23lib_Contig11979 24
24h Oxidoreductase
Shoot 0.9 Transcription TRIAE_CS42_2DS_TGACv1_180216_AA0610470 MUGEST2003_23lib_Contig9230 25
24h regulation
Shoot 0.9 serine/threonine TRIAE_CS42_4DL_TGACv1_343127_AA1130270 MUGEST2003_23lib_Contig20238 26
24h phosphatase
activity
Shoot 0.9 Glutamate ~ TRIAE_CS42_2BL_TGACv1_129728_AA0393950 wheat0130Contig10646 27
24h dehydrogenase
Shoot 0.8 ABC transporter TRIAE_CS42_7DL_TGACv1_603165_AA1977410 MUGEST2003_23lib_Contig4051 28
24h
Shoot 0.8 Glutathione S- TRIAE_CS42_1AL_TGACv1_000725_AA0017970 MUGEST2003_23lib_Contig5075 29
24h transferase,
Shoot 0.7 Late TRIAE_CS42_3DS_TGACv1_272166_AA0915970 wheat0130Contig6318 30
24h embryogenesis
abundant protein
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https://www.ebi.ac.uk/QuickGO/term/GO:0006814
https://www.uniprot.org/keywords/KW-0805
https://www.uniprot.org/keywords/KW-0805
https://www.ebi.ac.uk/QuickGO/term/GO:0004722
https://www.ebi.ac.uk/QuickGO/term/GO:0004722
https://www.ebi.ac.uk/QuickGO/term/GO:0004722
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Rice MSU Id

Wheat ensembl Id

Wheat probe Id

Algorithm Annotation Descrription
Mcc Transcriptional OsMyb4
regulator
Mcc Transcriptional OsWRKY71
regulator
closeness kinase receptor-like protein
kinase 5 precursor
closeness kinase receptor-like protein
kinase precursor
degree&mcc  Phenylpropanoid  4-coumarate--CoA
metabolism ligase 5
degree&mnc Protein protein phosphatase
phosphatase 2C32
degree&mnc Protein protein phosphatase
phosphatase 2C 38
degree&mnc Protein protein phosphatase
phosphatase 2C30

LOC_Os04g43680.1
LOC_0s02g08440.1
LOC_0s01g53920.1
LOC_0s06g38340.1
LOC_0s08934790.1

LOC_0s03g18150.1
LOC_Os04g25570.1

LOC_0Os03g16170.2

TRIAE_CS42_2DL_TGA
Cvl_159712_ AA0541890
TRIAE_CS42_6BS_TGA
Cvl_513502_AA1643690
TRIAE_CS42_3B_TGAC
v1_226158 AA0814320
TRIAE_CS42_5BL_TGA
Cv1_405586_AA1330960
TRIAE_CS42_2DS_TGA
Cvl_178855_AA0601830
TRIAE_CS42_4AS_TGA
Cvl_307328 AA1019520

TRIAE_CS42_2AL_TGA
Cv1_093400_AA0279320

TRIAE_CS42_4DL_TGA
Cvl_343127 AA1130270

wheat0130Contig10425
wheat0130Contig10100
wheat0130Contig12908
rwh28012
MUGEST2003_23lib_

Contig18545
wheat0130Contig10227

wheat0130Contig11575

MUGEST2003_23lib_
Contig20238


https://plants.ensembl.org/Triticum_aestivum/Transcript/Summary?db=core;t=TRIAE_CS42_3B_TGACv1_226158_AA0814320.1;tl=ohBncj7lGX0DHCFd-18466830-434431177
https://plants.ensembl.org/Triticum_aestivum/Transcript/Summary?db=core;t=TRIAE_CS42_3B_TGACv1_226158_AA0814320.1;tl=ohBncj7lGX0DHCFd-18466830-434431177
https://plants.ensembl.org/Triticum_aestivum/Transcript/Summary?db=core;t=TRIAE_CS42_5BL_TGACv1_405586_AA1330960.1;tl=bx80uBtWIaV9NDuG-18467198-434501955
https://plants.ensembl.org/Triticum_aestivum/Transcript/Summary?db=core;t=TRIAE_CS42_5BL_TGACv1_405586_AA1330960.1;tl=bx80uBtWIaV9NDuG-18467198-434501955
https://plants.ensembl.org/Triticum_aestivum/Transcript/Summary?db=core;t=TRIAE_CS42_2DS_TGACv1_178855_AA0601830.2;tl=rrnW88JRCuKazftx-18467239-434504004
https://plants.ensembl.org/Triticum_aestivum/Transcript/Summary?db=core;t=TRIAE_CS42_2DS_TGACv1_178855_AA0601830.2;tl=rrnW88JRCuKazftx-18467239-434504004
http://www.uniprot.org/keywords/KW-0587
http://www.uniprot.org/keywords/KW-0587
https://plants.ensembl.org/Triticum_aestivum/Transcript/Summary?db=core;t=TRIAE_CS42_4AS_TGACv1_307328_AA1019520.2;tl=I9vHl2DzF6YswMaW-18467249-434504329
https://plants.ensembl.org/Triticum_aestivum/Transcript/Summary?db=core;t=TRIAE_CS42_4AS_TGACv1_307328_AA1019520.2;tl=I9vHl2DzF6YswMaW-18467249-434504329
https://plants.ensembl.org/Triticum_aestivum/Transcript/Summary?db=core;t=TRIAE_CS42_2AL_TGACv1_093400_AA0279320.1;tl=hfy2fy0IFGlwRyV5-18467266-434504370
https://plants.ensembl.org/Triticum_aestivum/Transcript/Summary?db=core;t=TRIAE_CS42_2AL_TGACv1_093400_AA0279320.1;tl=hfy2fy0IFGlwRyV5-18467266-434504370
https://plants.ensembl.org/Triticum_aestivum/Transcript/Summary?db=core;t=TRIAE_CS42_4DL_TGACv1_343127_AA1130270.2;tl=rHCR5FXZFkkLococ-18467272-434504467
https://plants.ensembl.org/Triticum_aestivum/Transcript/Summary?db=core;t=TRIAE_CS42_4DL_TGACv1_343127_AA1130270.2;tl=rHCR5FXZFkkLococ-18467272-434504467
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degree&mnc Protein

phosphatase 2C50
Mnc Protein
phosphatase 2C6

protein phosphatase LOC_0Os05g46040.1 TRIAE_CS42_1DL_TGA MUGEST2003 23lib_ 9

Cvl_061434_AA0195270 Contig16336

protein phosphatase LOC_0s01g40094.1 TRIAE_CS42 U TGACv MUGO18B08R990527 10

1 641350 AA2092650
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https://plants.ensembl.org/Triticum_aestivum/Transcript/Summary?db=core;t=TRIAE_CS42_1DL_TGACv1_061434_AA0195270.1;tl=YzjdzSeTjnCiH5HR-18467275-434504539
https://plants.ensembl.org/Triticum_aestivum/Transcript/Summary?db=core;t=TRIAE_CS42_1DL_TGACv1_061434_AA0195270.1;tl=YzjdzSeTjnCiH5HR-18467275-434504539
https://plants.ensembl.org/Triticum_aestivum/Transcript/Summary?db=core;t=TRIAE_CS42_U_TGACv1_641350_AA2092650.2;tl=xW9cIiyQtbXlkncY-18467280-434509571
https://plants.ensembl.org/Triticum_aestivum/Transcript/Summary?db=core;t=TRIAE_CS42_U_TGACv1_641350_AA2092650.2;tl=xW9cIiyQtbXlkncY-18467280-434509571
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