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Microarray Analysis of Differentially Expressed Genes Related to
Abiotic Stress in SINAC10-Transgenic Arabidopsis

Jiao Yang, Yu Jingyang, Li Qianqian, Li Qiuli*
(College of Life Science, Liaoning Normal University, Key Laboratory of Plant Biotechnology of
Liaoning Province, Dalian 116081, China)

Abstract  NACs (NAM. ATAF1/2 and CUC2) were plant specific transcription factors and played essen-

tial roles in plant morphogenesis, growth and development, and abiotic stress responses. In this study, microarray was

used to analyze differentially expressed genes related abiotic stress in the wild-type (WT) and SINAC!0-transgenic

Arabidopsis (L1), and the expression patterns of selected differentially expressed genes were further identified by

quantitative Real-time PCR. A total of 4 054 differentially expressed genes were found, 15 of them were related to

abiotic stress, and 14 were abiotic stress-related TFs. These genes were involved in responding to osmotic stress,

high salinity, cold, heat, high light intensity respectively. The differentially expressed genes were subjected to GO

(Gene Ontology) analysis and KEGG (Kyoto Encyclopedia of Genes and Genomes) pathways enrichment analysis.

These genes enriched in 13 annotations related to abiotic stress and involved in 96 metabolic pathways, including

plant hormone signal transduction, arginine and proline metabolism, indole alkaloid biosynthesis and glutathione
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metabolism. These results indicated that SINACI10 regulated the expression of downstream genes directly or indi-

rectly and enhanced plant resistance to abiotic stress
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E2 WT(A)SL1(A)MEFERS R EAEE
Fig.2 The results of chip scanning of WT (left) and L1 (right) Arabidopsis

L1
B3 ShEESSE
Fig.3 Scatter plot of microarray data
F1 ERFTEER LA TRERS RS
Table 1 The grading analysis of genes down-regulated and up-regulated

ZRAEE b PR TR R
Fold change (FC) The number of up-regulated genes The number of down-regulated genes
FC>100 3 3
100=FC>50 7 2
50=FC>40 8 4
40=FC>30 13 7
30=FC>20 29 30
20=FC>10 140 44
10=FC>5 407 244
5=FC=2 1747 1366
Total 2354 1700
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Table 2 The genes up-regulated more than 50 times

TREF R ZEFREEL HEDRA A HEDA 4K Eiiipay
Probe name Fold change Gene symbol Gene name Description
A 84 P551808  135.0577109  AT3GO01345 Hypothetical protein Arabidopsis thaliana uncharacterized protein mRNA
A 84 P21341 114.754 6178 ATPMEPCRB Probable pectinesteraseinhibitor — Arabidopsis thaliana probable pectinesterase inhibitor
41 41 mRNA
A 84 P807679  101.666 5094 AT5G15780 Pollen Ole e 1 allergen and Arabidopsis thaliana pollen Ole e 1 allergen and
extensin family protein extensin family protein mRNA
A 84 P576622  88.263 331 64  AT2G32200 Hypothetical protein Arabidopsis thaliana uncharacterized protein mRNA
A 84 P22911 86.324 729 3 AT2G14900 Gibberellin-regulated protein Gibberellin-regulated protein (Arabidopsis thaliana)
A 84 P193394  84.95134005 AT3G16670 Pollen Ole e 1 allergen and Arabidopsis thaliana pollen Ole e 1 allergen and
extensin family protein extensin family protein mRNA
A 84 P16974 84.893 14748 GER3 Germin-like protein subfamily 3~ Arabidopsis thaliana germin-like protein subfamily
member 3 3 member 3 mRNA
A_84 P12704 84.656 6327 AT3G27200 Plastocyanin-like domain- Arabidopsis thaliana plastocyanin-like domain-
containing protein containing protein mRNA
A_84 P19115 59.176 54243 AT2G43590 Chitinase family protein Arabidopsis thaliana chitinase family protein mRNA
A_84 P867334  55.606229 1 AT3G27200 Plastocyanin-like domain- Plastocyanin-like domain-containing protein
containing protein
x3 FEYMBHEXHERREEE
Table 3 The differentially expressed genes related to abiotic stress
TREH A FR ZEFREEL BELR AL Eitipa
Probe name Fold change Gene symbol Description
A 84 P13733 4.160 208 977  SZF1 SZF1 (SALT-INDUCIBLE ZINC FINGER 1); transcription factor
A_84 P597426 0.459 241 524 HSA32 HEAT-STRESS-ASSOCIATED 32; catalytic
A 84 P11914 5.857243 613  AT4G12400 Stress-inducible protein, putative
A 84 P835451 2.109934 188  HOSI0 HIGH RESPONSE TO OSMOTIC STRESS 10; DNA binding/transcription regulator
A 84 Pl4l64 0.183 796 551
A_84 P19231 8.508 546 501  HSFA2 Heat stress transcription factor A-2 (Arabidopsis thaliana)
A_84 P10923 0.487 197285  AT3G62550 Universal stress protein (USP) family protein
A_84 P810987 2230673 71 ERDIS Dehydration-induced protein ERD15 (4rabidopsis thaliana)
A 84 P13852 0.147 608 018  HSP21 HSP21 (HEAT SHOCK PROTEIN 21)
A 84 P819143 2.154 416972  CPHSC EAT SHOCK  CPHSC70-2 EAT SHOCK PROTEIN 70-2 (CHLOROPLAST HEAT SHOCK PRO-

A_84 P23171
A_84 P12521
A_84 P584092

A_84 P226439

A_84 P21570

A_84 P582947

2.596933372
2.061 642 81
5.860 044 012

0.274 929 572

2.946 769 673

2.775 622 179

PROTEIN 70-2
HSFA74
HSP60-2
AT4G28088

HDGI11

GORK

NHX4

TEIN 70-2); ATP binding

AT-HSFA7A; DNA binding; transcription factor

HSP60-2 (HEAT SHOCK PROTEIN 60-2); ATP binding

Hydrophobic protein, putative; low temperature and salt

responsive protein, putative

HDG11 (HOMEODOMAIN GLABROUS 11); DNA binding; transcription factor

GORK (GATED OUTWARDLY-RECTIFYING K+CHANNEL); cyclic nucleotide
binding; inward rectifier potassium channel; outward rectifier potassium channel

NHX4 (SODIUM HYDROGEN EXCHANGER 4); sodium ion transmembrane
transporter; sodium: hydrogen antiporter
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Table 4 The differential expression of transcription factors

REFAA TR ZE AR B RS i

Probe name Fold change ~ Gene symbol Description

A 84 P16608 7.709 073 591 MYB55 myb domain protein 55; DNA binding; transcription factor
A 84 P17156 12.672 766 52 AtMYB103 DNA binding; transcription activator; transcription factor
A_84 P16918 17.113 590 86 MYBI119 DNA binding; transcription factor

A_84 P10033 20.847 73579 MYBYS DNA binding; transcription factor

A_84 P16606 5.794 585 638 WRKY22 Transcription factor

A_84 P221516 7.847244 219 WRKY59 Transcription factor

A 84 P20925 6.070 050 84  WRKY67 Transcription factor

A_84 P22607 3.399 43268  ERFI104 Transcription activator; transcription factor

A 84 P820417 3.86196476 ERF6 DNA binding; transcription activator

A 84 P11410 12.666 886 05 ERF14 DNA binding; transcription activator

A 84 P15068 2.503 011 119 bZIP3 DNA binding; transcription factor

A_84 P257180
A_84 P826599
A_84 P10906

2.320787 773 bZIP34
2.548 006 574 bZIP9
3.684 860 491 bZIP61

Basic helix-loop-helix domain-containing protein
DNA binding; protein heterodimerization; transcription factor

DNA binding; transcription activator; transcription factor

Biological process

GO: 0009987 Cellular process

GO: 0008152 Metabolic process

GO: 0050896 Response to stimulus

GO: 0065007 Biological regulation

GO: 0050789 Regulation of biological process
GO: 0051179 Localization

GO: 0032502 Developmental process

GO: 0051234 Establishment of localization
GO: 0032501 Multicellular organism process
GO: 0051704 Multi-organism process

GO: 0000003 Reproduction

GO: 0022414 Reproductive process

GO: 0002376 Immune system process

GO: 0040007 Growth

GO: 0010926 Anatomical structure formation
GO: 0016265 Death

GO: 0048519 Negative regulation of biological process
GO: 0048518 Positive regulation of biological process

1356
1197

GO: 0048511 Rhythmic process | 12
GO: 0022610 Biological adhesion | 2
GO: 0040011 Locomotion } 1
GO: 0016032 Viral reproduction } 1

Cellular component

GO: 0044464 Cell part 2259
GO: 0005623 Cell 2259
GO: 0043226 Organelle |m 1070
GO: 0044422 Organelle part  j— 315
GO: 0032991 Macromolecular complex = 207

GO: 0031975 Envelope
GO: 0031974 Membrane-enclosed lumen
GO: 0044421 Extracellular region part | 8

GO: 0005576 Extracellular region E 155

95
76

GO: 0055044 Symplast _} 7

Molecular function

GO: 0005488 Binding

1313

GO: 0003824 Catalytic activity 1221
GO: 0030528 Transcription regulator activity . 31]
GO: 0005215 Transporter activity 168
GO: 0009055 Electron carrier activity 86
GO: 0005198 Structural molecule activity 78
GO: 0060089 Molecular transducer activity 45
GO: 0030234 Enzyme regulator activity 44
GO: 0016209 Antioxidant activity |} 24
GO: 0045182 Translation regulator activity 19
GO: 0045735 Nutrient reservoir activity | 7
GO: 0016532 Metallochaperone activity | 1

GO: 0015457 Auxiliary transport protein activity | 1

1 1 1 1 )

0 500 1000 1500 2000 2500

B4 EFEFEGOIER
Fig.4 The GO analysis of differentially expressed genes
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Table 5 The GO analysis of differentially expressed genes associated with abiotic stress

O HEREE A A )RR A e A5 7 TTE AR,
ABAS 3 5 gt i B AR E a1 45 5

GOfRIY B HE B AR PfH Qfe
GO ID Name Hits Total  Genes Pvalue Q value
GO: 0009628 Response to abiotic stimulus 316 1992 GORK,LTP, MYB96, MYB51, DREBIA, ERD15, P5CSI ~ 0.0000 0.000 0
GO: 0006970 Response to osmotic stress 118 660 MYB96, MYB7, GAI, AtMYB32, HOS10, JR1, ABS1 0.0000 0.0000
GO: 0006979 Response to oxidative stress 72 422 HSP21, MYC2, ERDS5, APXS5, P5CS1 0.0000 0.0000
GO: 0080134  Regulation of response to stress 2 5 BT2 0.0967 0.2148
GO: 0009266 Response to temperature stimulus 115 648 GORK, DREBIA, AT3G16450, AT3G16460, HOS10, CBF1 0.0000 0.000 0
GO: 0009409  Response to cold 83 458 GORK, DREBIA, HOS10, JR1, CAl, AT5G24090 0.0000  0.0000
GO: 0009408  Response to heat 39 205 HSP21,ABI2, ATHSFA2, AT2G27140 0.0000  0.000 1
GO: 0009414  Response to water deprivation 54 303 GORK, LTP3, MYBY96, MYB2, DREBIA, CBFI, ERDI5, 0.0000 0.000 0
P5CS1
GO: 0009788 Negative regulation of abscisic 5 23 CIPK15, ABI2, TMAC2, MIR159B, ATAF1 0.0609 0.1579
acid mediated signaling
GO: 0009787  Regulation of abscisic acid 7 44 MYBI101, CIPK15, GPCR, ABI2, TMAC2, ATAF1 0.0963 0.2148
mediated signaling
GO: 0009753 Response to jasmonic acid 66 240 GORK, MYB113, MYB30, ERF2, ERFI, MYB95, MYB59, 0.0000 0.000 0
stimulus MYB34
GO: 0009751  Response to salicylic acid 58 225 MYB96, WERK40, WRKY18, MYB7, WRKY38, MYB59, 0.0000  0.000 0
stimulus MYB30
GO: 0009850 Auxin metabolic process 15 84 DFLI1,AA01, HCT, ASB1, AT5G17300, PIN5 0.0090 0.0354
*6 ERFTIEEEKEGGH
Table 6 KEGG analysis of differentially expressed genes
TS A4 TR B/ g AR PfE Qf
Pathway name Hits/total Genes P value Q value
Plant hormone signal transduction 51/232 ERF1, ERF2, ABI2, AHBP-1B, MYC2 0.000 0 1.0E4
Porphyrin and chlorophyll metabolism 15/47 GSA2, PORA, PORB, ATFERI, CLH2 3.0E4 0.0122
alpha-linolenic acid metabolism 10/30 AOCI,A0OC3, OPRI, HPLI, AOS 0.002 3 0.0459
Phenylpropanoid biosynthesis 22/109 4CL3, PAL4, AT3G28200, AT4G11290 0.003 1 0.049 4
Cysteine and methionine metabolism 18/84 ACS11,ACS6, ATMS1, BUD2, ATMS2 0.004 2 0.054 8
Nitrogen metabolism 10/43 ACAIl, ATGSRI, CAl, PAL4, GUD2 0.018 5 0.1613
Arginine and proline metabolism 11/66 P5CS1, ERD5, ATGSRI, BUD2, GDH2 0.083 2 0.2970
Glutathione metabolism 10/62 APX5, ATGSTF2, ATGSTF3, GGT3 0.1102 03742
Indole alkaloid biosynthesis 2/7 MES5, MES9 0.1910 0.466 9
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