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Comprehensive Expression Analysis Suggests Overlapping of Rice OsWRKY

Transcription Factor Genes during Abiotic Stress Responses
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Abstract: WRKY transcription factors as one large and plant-specific gene family have been identified 102
members in rice. Extensive studies have revealed that WRKY transcription factors not only play important roles
in plant growth and development, but also have functions in regulation of responses to biotic and abiotic stress-
es. In the present study, microarray data analyses revealed that about 33 OsWRKY genes were overlapping ex-
pressed during in various abiotic (salinity, drought, cold, and hot) conditions, 13 among 20 representative Os-
WRKY genes were up-regulated in response to ABA. The results of this study provided not only an evidence for
the roles of OsWRKY genes associated with crosstalk among abiotic stresses and ABA response pathway, but
also a useful reference for the functional analysis of OsWRKY genes in stress tolerance.
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K NOsWRKYFHR, FATHHL 1 8441 Os WRK YA
RITEAS [F) AR W38 T 1 #6398 /2 [log, (signal in-
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43 56 £ i+ (Eppendorf Biophotometer plus, Germa-
ny) b FRH S PR R R EAT
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cDNAR) S — 2 B & BCR FHAMYV Sl ) &
(TaKaRa), 7£0.25 mL PCRE 1, NAK R N10 pL,
WRIKIMIN T FZH 43 1 uL 10xRT buffer, 0.5 pL Oli-
go dT-adaptor primer, 1 pL ANTP, 2 pL MgCl,, 0.25
pL RNase inhibitor, 0.5 pL. AMV Reverse Transcrip-
tase, 0.5 ug RNA, JIDEPCAb#E/K 10 L. #2H0E
&5, RIBFEF N 30 °C 10 min, 50 °C 30 min,
95 °C 5 min, 5 ‘C 5 min, # & lFJcDNARIZE—%%
HETE-20 CIRTE.
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Mo 4% R B4 A3 BE I PCR SN (52 I3 Y B 1) 76 UK
- #47): 10 uL SYBR Premix Ex Tag™ (2%), 0.5 uL
PCRIE [f] 3 #)(10 umol-L™), 0.5 uL PCRZ [ 5] 4
(10 pmol-L™), 0.5 uL cDNAM, dH,0 (K B 75418
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Table 1 The real-time PCR primers

(A= B DK 44 K I HI(5—3") I 4 Be/bp

0s01g09100 OsWRKY003 IEM  GGAATCGTCGTTCTGAACGCTGAA 71
JxF  GGCGGTACAACTAACAAGCAACCA

Os01g14440 OsWRKY004 IEM  ATCATCGCCGATGGGTGCCAAT 60
X AGGGTTTCCCTTCGCCATCTTCTG

0s01g40260 OsWRKY007 IER  TGGGCTTCCACTCAAAGCAGCA 122
Jz ~ TCCCCTGTCCATCTTGCCAAGATT

0Os01g43650 OsWRKY010 EM  GGGTTATTGGACCCCTCCG 114
Jx  CTGGCTGTCGTGGCTCGT

0Os01g51690 OsWRKY013 IER  TTTTTCGTCGCCGGGATCAGTCAC 88
Jx ~ GCTGCACATCAAGCTAAGCCACAG

0s01g60490 OsWRKY017 1IEM  ACAGCTCCAGTGAATGTTC 83
Jx ~ TTTCATAGCGTTCTCCTG

0s01g60640 OsWRKY021 IER  TTGACGCATAACTGACGCACTTCT 69
Jx  CCATTCGTTCACATGGGACATGGT

0Os01g61080 OsWRKY022 IEM  AATTCCTCTGCTCGTCCTTGC 82
Jx ~ GCGTCGCAGCACTTTGACTG

0s02g08440 OsWRKY025 IEM  AGCCTGGTGGTGAAAGATGGGTA 89
Jx  CATCTGAAGTAGGCTCTTGGGCAG

0s502g26430 OsWRKY027 IEM  GTGGCGTCCATGCTCAACC 83
Jx  GCCTCATCCTCCTCCTCCTG

0s03g21710 OsWRKY032 IER  GTGTGGCGGAAATATGGGCAGA 67
Jz ~ TGCACCTGTAGTAGCTCCTTGGAT

0s05g27730 OsWRKY051 IEM  AGACGCTGAGCGACATCGACAT 93
Jx  ATTACCTTGGGTTGGGGTTGCC

0s05g39720 OsWRKY052 IEM  CCTTCTCCAGCCTGCTCAG 167
JxF  CGTCGGCGATGGGAATAAA

0s05g40080 OsWRKY056 IER  TGTCTGACGAACCGATCATGG 61
Jx  TTCAGATCCGCAAGAAGCTCC

0s05g46020 OsWRKY057 IEM  CGAGATTCTTGACGACGGCT 135
Jx  TCCTTGTCCCGCTCCACCCT

0505249620 OsWRKY060 IER  ACGCCGCGTTCAAGAAGAGGAA 131

S fil

GCCAAGAATGTCCTTCTGGCCGTA
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R (5)
1A% BEDR R S 5(5—3") B4 F B/op
050550610 OsWRKY061 iE#  CTCATCACGCCCTACTCCA 101
21 TGCTTCACGGCAGCATCG
050644010 OsWRKY066 iEF  TGAGCAGACTTCCCTGAGC 95
] CCACGAGAACCTTAATCGG
0s11g02470 OsWRKY087 iEH  CAAGAAGCGGTGGCAGTG 80
]  TGGTGTACGAGGAGGAGA
0s11g02530 OsWRKY090 EF  GAAGTACACGCCGGTAACAGCA 79
] TGCAATCCTCAACGACGACTGATG
0s11g29870 OsWRKY092 iEF  CAAATTCCCAAGGAGCTACTACCG 150
] TCGAAGTTGTCGTTGGATTTCTCG
050536290 Actinl iEF  ATCCTTGTATGCTAGCGGTCGA 118
S ATCCAACCGGAGGATAGCATG
FER511i8 Folp i T BEAS B R 2 () R KRR B L, A B
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HET T BUKFE R o BRI 3 PR 3 ERES Fr
HGSE6901 MIGSE14275W 9% T OsWRK Y i K2 [Hl
XEdh s T8 AR, SHEWbE R . AR
Z: B WuZ%(2005)%F Os WRK Y 5 1t 35 R F) iy 44 B 9
S BEEG RN —MEHR . KRB, mEE
R MFE AR, NI SRS NTF-, B 4 T Hh 38 7 100 858

T T AR A A R ) DG B IR, 3 T DA B R £ T e
WU Al . AN 70 F o FE 80 e v i R 1R
OB, SREUC T T OsWRK Y5 e B2 BRI AN [A)E
VRN . G5 IR WT, XS TR, /0674 Os-
WRKYEER X —FhIE A Wi 22 7 KB (% 2). T+
S, 30N EE R, ONER TR
i R ba rh, A 32N B B ERA, SRR
NEEA; AREE T, A 19N R BRI, 3
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AR N AR IB (GR2).

K2 OsWRKYHEF AR FEA 40 W iE i

Table 2 Expressions of OsWRKY genes in response to different abiotic stress conditions

B SRS BL AT X T7 [ fii [
OsWRKY001 0Os01g08710 0 -0.96 -0.30 -1.38 -0.20
OsWRKY002 0s01g09080 0 -1.32 0.09 0.16 0.64
OsWRKY003 0s01g09100 0 1.35 2.39 0.85 1.28
OsWRKY004 Os01g14440 0 2.65 1.96 1.62 -0.69
OsWRKY007 0s01g40260 0 3.43 2.87 2.16 0.76
OsWRKY008 0Os01g40430 0 -0.17 2.00 -0.24 0.33
OsWRKY010 0Os01g43560 0 2.63 1.33 -0.37 0.41
OsWRKY011 0Os01g46800 0 -1.00 0.22 0.18 -2.18
OsWRKY012 Os01g47560 0 1.55 1.14 -0.26 -1.59
OsWRKY013 0Os01g51690 0 1.82 1.24 2.22 1.02
OsWRKY015 0s01g53260 0 0.90 1.53 -0.93 -2.80
OsWRKY017 0s01g60490 0 2.80 3.78 -0.82 0.84
OsWRKY018 0s01g60520 0 0.06 2.47 1.01 0.54
OsWRKY019 0s01g60540 0 1.18 1.68 -0.08 -0.50
OsWRKY020 0s01g60600 0 1.15 -0.19 2.11 0.25
OsWRKY021 0s01g60640 0 1.00 -0.28 2.26 -0.25
OsWRKY022 0Os01g61080 0 2.37 3.09 1.29 -0.29
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OsWRKY024 0s01g74140 0 -0.38 -1.44 -0.60 -1.05
OsWRKY025 0s02g08440 0 2.28 2.57 2.82 -0.54
OsWRKY026 0s02g16540 0 -0.17 1.00 0.88 1.15
OsWRKY027 050226430 0 5.05 3.56 —-0.05 0.73
OsWRKY029 0s02g47060 0 -1.39 -0.19 -0.74 2.03
OsWRKY030 0s02g53100 0 -1.36 -0.09 -0.19 0.09
OsWRKY032 0s03g21710 0 2.27 1.85 0.98 0.48
OsWRKY035 0s03g53050 0 -1.10 -0.25 -0.30 -0.48
OsWRKY036 0s03g55164 0 2.68 0.51 -0.21 0.01
OsWRKY037 0s03g55080 0 1.50 0.53 0.07 -0.99
OsWRKY038 0s03g58420 0 -3.09 -2.01 -0.35 1.79
OsWRKY040 0s04g21950 0 1.23 0.78 -0.87 0.15
OsWRKY041 0s04g39570 0 0.62 0.11 -1.89 0.00
OsWRKY042 0s04g46060 0 0.64 0.67 0.08 -2.37
OsWRKY045 0s05g03900 0 -3.44 -1.07 -0.02 -0.32
OsWRKY046 0s05g04640 0 1.25 -0.69 -0.74 -0.95
OsWRKY047 0s05g09020 0 0.47 0.86 1.51 -0.30
OsWRKY048 0s05g14370 0 -1.19 1.49 -0.26 1.50
OsWRKY049 0s05g25700 0 1.96 0.59 0.94 0.46
OsWRKY050 0s05g25770 0 0.02 -0.27 2.87 -1.16
OsWRKY051 0s05g27730 0 1.21 1.04 1.10 -1.07
OsWRKY052 0s05g39720 0 2.44 3.45 0.19 0.15
OsWRKY053 0s05g40060 0 0.77 2.33 0.06 0.62
OsWRKY056 0s05g40080 0 2.16 2.99 3.26 -1.22
OsWRKY057 0s05g46020 0 1.55 2.01 1.92 -0.24
OsWRKY059 0s05g49210 0 -0.38 -0.56 -0.30 1.97
OsWRKY060 0505249620 0 0.22 1.63 0.61 0.72
OsWRKY061 0s05g50610 0 4.27 2.27 0.08 0.51
OsWRKY062 0s05g50700 0 1.63 2.16 2.62 -0.16
OsWRKY063 0s06g05380 0 -0.32 -0.64 -0.17 -1.54
OsWRKY064 0506206360 0 0.52 2.46 -0.20 -1.30
OsWRKY066 0s06g44010 0 2.38 4.46 2.31 0.69
OsWRKY069 0s07g27670 0 0.24 0.81 -1.61 -0.56
OsWRKY072 0s07g48260 0 -0.89 -0.65 0.19 -2.53
OsWRKY073 0s08g13840 0 -0.09 1.04 -0.21 -0.44
OsWRKY074 0s08g17390 0 -1.69 -0.27 -0.03 1.43
OsWRKY075 0508229660 0 -1.03 -0.76 -0.25 0.38
OsWRKY076 0508238990 0 1.45 1.86 -0.91 -2.20
OsWRKY077 0s09g09360 0 -0.85 -0.83 0.79 1.14
OsWRKY080 0s09g16510 0 -0.25 -0.18 1.40 -2.18
OsWRKY082 0s09g25070 0 0.23 2.09 0.52 0.08
OsWRKY083 0s09g30400 0 0.34 0.25 -0.12 -1.30
OsWRKY086 0s10g42850 0 -2.55 -0.93 0.40 2.44
OsWRKY087 Os11g02470 0 0.91 2.46 1.91 2.01
OsWRKY090 Os11g02530 0 0.38 0.45 242 3.28
OsWRKY092 Os11g29870 0 2.55 2.70 0.37 0.63
OsWRKY094 Os11g45850 0 1.59 1.41 1.77 0.57
OsWRKY096 0s12g02540 0 1.59 -1.06 0.68 1.14
OsWRKY097 051202450 0 2.04 -1.90 0.92 0.89
OsWRKY100 051202440 0 -0.24 -0.25 0.15 2.00
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AN [ 38 26 2F R i Os WRK Y3 R 3 ik
HAT W, RILE D334 OsWRKYHE R [ ) XHAT:
e P A A 42 o 2 Rl e e B2 (T 1-A), R IX L
FEFH, 174N OsWRK YR R [F I XHE 3 FhAEAEY)
Filie IR 7 i R S, 16 Os WRK Y [R] [] i S AE 7
280 AR AE W oy ae BR - e B2 (T 1-B) o SER E =
PCRUFSEAE R #h T 5 AR R ia T 1 3
(11201~ Os WRK Y 3k [K] 2 125 Fl s [R5y B0 s e AR —
H(E2). XM ESRIEWRE, 7R X L5 K
(T RE 2 2t . X B AEYD 7 DI RE ) 22 XS T Os-
WRK Y% 53 Rl - (1) i B R R - AR A 1, B ] R
T AR — AN Os WRK Y 5% R 1 3 D] 1) 3k ml
HAGEMHEEI MR Z N EWH R, HZ A 0s-
WRK Y [ [F] B X6 3B A= 40380 358 At L i )87, TR 363X
S 5 DRI PE AL ) B0 A FH o R AR B HE 52 28 1 A
E L
3 IKFEOsWRKY ZKi%E E 3T ABANG 2

ABAZ— M EZ K 5 AR AW A LS S
o, AR R . TR KR AT DU A
TRIABAFR R, ABAE I 1 5 — 28 55 3 A0 5% 1)
e NN SR R =78 SER S R =K/ k]
(Cutler$2010; Wasilewska%$2008). fEABA{E 5
i N2 AL, 0L RE TF H — 2L WRKY 5% 3% [K 7 (At-
WRKY18, AtWRKY40. AtWRKY60)Z /b 7E
FHABAZ/4: ABARFIPYR/PYL/RCARE A 14 1)1
I B R A3 AE F (Shang®52010; Antoniss
2008). FATHE—BHEFT T IR BEHI201 Os WRK Yk
R XTABAALIE3 hif) i B, 45 8 R 134 0s-
WRKY%: K (OsWRKY003. OsWRKY004. Os-
WRKY0I10. OsWRKY0I13. OsWRKY017. Os-
WRKY021. OsWRKY022., OsWRKY032.
OsWRKY060. OsWRKY061. OsWRKY066. Os-
WRKY087FOsWRKY092) I ZZ1A(K3). 1X440s-
WRKY J [ 7] BE1E 9 ABAAS 53 1% 7 (1) e i 2
Rl F-, 7E/K ARG AR iy ae i 7w i 3 B B VE A

OsWRKY #% 53¢ [K-F1E A7k Fe — AN LL e K 1 5
SR T, H T HAE KRB R B AR
PRI FEIEAZ . A TR 2 1>OsWRKYH: A
[ X} 22 il AR W iy R 7 S AB A 5 1) o [1)
B RIKRE, TR 31X e 5 R 7 A AR 300 5% 1)
Thie 2 20k DA AR FL R p IRl 4 AR o ax ik
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Fig.1 Overlapping expressions of OsWRKY genes in response
to various abiotic stress conditions
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