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Functional annotation of rice WRKY transcription factors based
on their transcriptional features
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Abstract: Transcription factors regulate alteration of transcription levels. Recently, huge amount of transcriptomic
data are accumulated via the application of high throughput sequencing technology, and it is reasonable to postulate
that in-depth analysis of transcription data could be used to enhance gene annotation. In this study, we chose the gene
family of rice WRKY transcription factors. Based on literature search, the transcriptional data under different bio-
logical processes, including biotic and abiotic stress, development, and nutrient absorption and hormone treatments
were analyzed systematically. To the end, we summarize the list of differentially expressed WRKY genes. We also
expect that such information will enrich their functional annotation and also provide direct clues for subsequent func-

tional studies.
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(Oryza sativa
L) (Arabidopsis thaliana L.) 2 WRKY
WRKY WRKY WRKY
t 2000 RiceSRTFDB (The
WRKY 12002 Rice Stress-Responsive Transcription Factor Database,
WRKY http://www.nipgr.res.in/RiceSRTFDB.html) GEO (Gene
[1,3-3] Expression Omnibus, http://www.ncbi.nlm.nih.gov/geo/)
WRKY MPSS (Massively Parallel Signature Sequencing, http:
WRKY //mpss.udel.edu/rice/) RiceXPro (Rice gene coexpression
WRKY database, http://ricexpro.dna.affrc.go.jp/)
WRKY
WRKY
WRKY
(Expression, E) (No expression, NE)
1 WRKY (Up) (Down, Dn) WRKY
WRKY
WRKY WRKY DE(Differential expression)
] WRKY
WRKY 3 I 3 WRKY
WRKY C2H2
Il WRKY C2H2 WRKY
I WRKY C2HC
WRKY WRKY
I Ia 2 !
C2H2 Ib 2 C2HC
WRKY 3.1 WRKY
IV IVa
CX4C(C2XX C2HX C2-) Vb WRKY
[4.6] Deep-seq
( ) WRKY
9311( ) 98 102  WRKY ( D
WRKY (74 ) (4] (Xanthomonas oryzae pv.oryzae)
WRKY [4.6~10] 28  WRKY [5.12~20]
(X. oryzae pv.oryzicola)!'*'>'"]
(The committee on gene symbolization, no- (Pseudomonas syringae pv. tomato)*!
menclature and linkage, CGSNL) WRKY 13 1 WRKY
WRKY i (Magnaporthe oryzae)
CGSNL 49 WRKY [2,9,17,22~30]
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Table 1 Differentially expressed rice WRKY genes under biotic stresses
WRKY
(Xanthomonas oryzae pv,oryzae) 4,7, 10, 11, 12, 13, 30, 32, 40, 42, 45, 50, 51, 52, 53, 57, 62, 65, 28 [9, 12~20]
67, 69, 70, 71, 76, 81, 88, 90, 96, 119
(X. oryzae pv.oryzicola) 1, 8,9, 19, 20, 23, 28, 45, 50, 72, 76, 95, 109 13 [13, 15, 17]
(Pseudomonas syringae pv. tomato) 77 1 [21]
(Magnaporthe oryzae) 2,4/122,7,10, 11, 12, 13, 14, 15, 19, 21, 22, 23, 24, 26/59, 28, 30,39, 49 [2,9,17,22~30]
40, 45,47, 50, 51, 53, 55, 56, 62, 64, 65, 67, 69, 70, 71, 72, 73, 74, 76,
77,79, 81, 89, 94, 95, 96, 104, 107, 108, 111, 118
(Rhizoctonia solani) 30, 45, 89 3 [25,31]
(Blumeria graminis) 24, 47 2 [22]
(Ustilaginoidea virens) 72 1 [32]
(Rice dwarf virus) 1,3,6,7,8, 11, 12, 13, 14, 19, 28, 32, 35, 40, 45, 49, 53, 55, 57, 62, 36 [33, 34]
64, 65,71,73,74,76, 77,79, 80, 82, 95, 102, 104, 107, 108, 111
(Rice stripe virus) 28, 45, 53, 62, 71 5 [13,31]
(Sogatella furcifera) 45, 68,71, 95, 104 S [29]
(Nilaparvata lugens) 79 1 [35]
(Cnaphalocrocis medinalis) 53,70 2 [37]
(Chilo suppressalis) 70 1 [36]
(Rhizoctonia solani) 3 WRKY ( 1 ) WRKY
[25.31] (Blumeria -
graminis) 2 WRKY [221
(Ustilaginoidea virens) 1 WRKY WRKY
B2l WRKYI13%"  WRKY45-
36 WRKY B339 07 gy 7 0] WKRY (62
5 WRKY [13.31] 28 71 76 B
WRKY WRKY45-1 WRKY62  WRKY76!'"'®
(Sogatella furcifera) (Nilaparvata lugens)
(Cnaphalocrocis medinalis Guenee) WRKYZZ[H] WRKY45-1 WRKY45—2[17] WRKY47[24]
(Chilo suppressalis) WRKY WRKYS5328! WRKY55( WRKY31)[26]
[29,35~37] [23] [29]
WRKY104( WRKY89)
(Striga) ! WRKY WRKY282  WRKY7613%
( 1)
WRKY WRKY30
(23] WRKY45
1 [30]
49 28 3 WRKY
3.2 WRKY
WRKY30  WRKY45 3
WRKYI3 WRKY 30 WRKY pH

45 WRKY 53  WRKY7I

WRKY
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( 2 (Available (4C 100C) 31  WRKY
water content) (Fraction of tran- () B X ¢ WKRY42
spirable soil water) WRKY 77 WRKY28
WRKY 0410 WRKY 47 WRKY 71 ~ WRKY 95 ( D
[8,35,42,43] pH[ss] [20,54] [29]
WRKY 62 [19,20,31] [55] [35] [35,53]
WRKY ( 2)[8,13,35,40,41,44N49] WRKY30 [54] -N- [44,56] [57,58]
7] WRKY47 WRKY 2
(0] 7 WRKY WRKY
[35] [8]
NaCl 35 WRKY WRKY45 pH
( 2)[13,22,42~44,46,51,52] ( 2)
WRKY13"'*"  WRKY45-20
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(37°C 40C 427C)
15  WRKY [13,43,:49,53] WRKY ( 3
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Table 2 Differentially expressed rice WRKY genes under abiotic stresses
WRKY
1,2,3,4,5,7,8,9, 10, 11, 12, 13, 14, 19, 20, 23, 24, 26/59, 28, 29, 30, 35, 62  [8, 13, 35, 40, 41, 44~49]

(37 40 42 )
@ 10 )

(pH)

42, 43, 45, 46/91, 47, 49, 50, 51 53, 58, 61/103, 62, 67, 68,
69, 70, 71, 72, 74,75, 76, 77, 79, 81, 82, 84, 88, 89, 90, 94, 95, 96, 97, 102,
105, 113, 114, 115, 117

1,28, 42, 45, 47, 76, 95

3,5,7,8, 10, 12, 13, 23, 24, 28, 45, 46/91, 47, 49, 50, 53, 55, 61/103, 62
67, 69, 70, 71, 72, 82, 87, 88, 89, 94, 95, 96, 104, 107, 113, 121

7,11,12, 13,17, 24, 28, 42, 45, 53, 71, 72, 89, 95, 104

1, 12, 17, 21, 24, 26/59, 28, 39, 42, 45, 47, 50, 51, 53, 55, 62, 66, 67,
68,71,72,74,76,77,79, 82, 87,95, 102, 104, 113

2,12,19, 21, 28, 30, 45, 57, 62, 76, 77

12, 23

104

12, 30, 71, 90, 104

7, 14, 19, 26/59, 28, 72

1, 19, 24, 28, 39, 57, 68, 69, 71, 72, 76, 77, 79
8,17,24,42,71

4/122, 10, 14, 19, 24, 28, 29, 37, 49, 50, 62, 66, 71, 72, 74, 79, 87, 88, 104
9, 62,76, 109

24, 30, 53, 70

6,9, 11, 14, 19, 23, 37, 66, 72, 76, 84, 104

13

19

12

[35]
[13, 22, 42~44, 46, 51, 52]
[13, 43, 49, 53]

[13, 35, 42, 51, 53]
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Table 3 Differentially expressed rice WRKY genes under different phytohomone treatments

WRKY

2,4-

s

2,6-

1,8,9,10, 17, 19, 34, 45, 47, 50, 62, 64, 67, 72, 76, 79, 84

3, 11, 12, 24, 34, 50, 51, 53, 58, 61/103, 62, 68, 70, 71, 76,
104, 113, 117

8,9, 10, 11, 12, 17, 23, 24, 29, 30, 34, 39, 42, 43, 45,
46/91, 51, 53, 55, 58, 68, 70, 71, 72, 74, 84, 87, 88, 95, 102,
105, 107, 113

12, 13,45, 71, 104
45

1, 10, 11, 12, 13, 15, 19, 21, 23, 24, 26/59, 28, 29, 30, 40, 42,
43, 45, 46/91, 49, 50, 51, 53, 54, 58, 61/103, 62, 64, 67,
69, 71, 72, 74, 76, 77, 79, 94, 95, 96, 97, 102, 104, 105, 113,
114, 117

1,7,9,10, 11, 12, 13, 15, 24, 26/59, 28, 29, 30, 40, 42, 43, 45,
49, 50, 53, 58, 61/103, 62, 64, 71, 72, 76, 84, 89, 94, 95, 96,
102, 104, 105, 113, 114, 117

17 [41~43]

18 [6,7,31,41, 42, 59, 60]

33 [6, 41~43, 48, 49, 52, 59,
60]

5 [19, 20, 31]

1 [61]

46 [9, 19~21, 30, 41, 42,
48, 54, 62]

38

[9, 19,31, 41, 42, 63]

ABA SA JA

(1-Naphthaleneacetic acid, NAA) 2,4-
(2,4-Dichlorophenoxyacetic acid 2,4-D)

17 WRKY (=41
18 WRKY
[6,7,31,41,42,59,60] WRKY71
71 (Abscisic acid,
ABA) 33 WRKY
[6,41~43,48,49,52,59,60] ABA
WRKY45-1 WRKY45-2
(52] WRKY24 WRKY51
WRKY71 ~ WRKY72  ABA (6]
(Ethylene, ET) 1- -1-
(1-aminocyclopropane-1-carboxylic acid, ACC)
(Ethrel) 5  WRKY
[19,2031] (Brassinosteroids, BRs)
WRKY45 (o1}
(Salicylic acid, SA) (Jasmonic
acid, JA)
46  WRKY SA S-
(Benzothiadiazole, BTH)  2,6-
(2,6-dichloroisonicotinic acid, INA)
[9,19~21,30,41,42,48,54,62]
(Methyl jasmonate, MeJA)
38 WRKY JA  MelA

[9,19,31,41,42,63]

SA  JA/ET
SA  JA/ET
WRKY WRKY
SA  JA/ET
(Crosstalk) ABA
ABA SA
JA/ET WRKY 6 (3
) SA  JA/ET
3.4 WRKY
WRKY
19 [12,19,31,41,48,49,54] 8 [12,19,31,41,48]
22 [19,31,41,43,46,64] 19 [19,31,41]
5 [31,48,59]( 4)
WRKY 9 ( 4 )
WRKY30 — WRKY7I
"3 WRKY42 WRKY43  WRKYI0S
[41]
WRKY
WRKY
WRKY
WRKY79
WRKY58 o
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Table 4 Transcription features of rice WRKY genes at different growth and development processes

WRKY
9, 11, 12, 15, 21, 22, 23, 30, 37, 42, 45, 58, 66, 71, 88, 89, 96, 113, 116 19 [12, 19, 31, 41, 48, 49, 54]
30, 34, 36, 42, 58, 71, 89, 102 8 [12, 19, 31, 41, 48]
1, 8, 12, 13, 23, 24, 30, 42, 43, 45, 50, 53, 55, 58, 69, 71, 72, 74, 81, 89, 108, 113 22 [19, 31, 41, 43, 46, 64]
3,22, 29,30, 34, 36, 42, 55, 66, 68, 71, 75, 79, 88, 89, 96, 102, 115, 116 19 [19, 31, 41]
30, 51, 71, 87, 89 5 [31, 48, 59]
x5 AKEEFRREEESERERN WRKY £E
Table 5 Differentially expressed rice WRKY genes in nutrient absorption processes
WRKY
N 1, 8,10, 13, 16, 21, 23, 25/44, 45, 46/91, 53, 62, 67, 71, 74, 76, 95, 104, 109 19 [50, 73]
P 7,10, 11, 14, 19, 23, 24, 26/59, 28, 42, 45, 49, 53, 62, 66, 67, 70, 71, 72, 76,79, 108, 109, 113, 125 25 [73, 74]
K 7, 10, 19, 28, 50, 64, 65, 67, 76, 105 10 [73]
Fe 11, 17, 19, 23, 27, 28, 35, 40, 45, 46/91, 55, 62, 64, 71, 72, 73, 90, 97, 113 19 [45]
N P K
63 WRKY42
WRKY22  WRKYII6 WRKY66 1641 WRKY23
U wRKY72 B4 WRKY4  WRKY89
[72]
" WRKY24 WRKY 51  WRKY7l 35 wRKY
( 1)[6]
15  WRKY [631
WRKY (661 19 [50,73] 25 [73,74] 10
WRKY 671 [68] PIwRrRKY WRKY10
[69] WRKY WRKY67 WRKY76
( 5 ) 12
WRKY WRKY (501
WRKYII Fe?' 19  WRKY
[70] WRKYI13 e
[16] WRKY
WRKYS55( WRKY31) WRKY24 WRKY51 WRKY7I o -
261 WRKYS7( WRKY78) 7V WRKY62 WRKY67 ~ WRKY4S5
(71 WRKY104( 71 WRKYS7(
WRKY89) (291 WRKY34) QI Vi
WRKY42 - (Azospirillum ligoferum)

WRKY ( Hir7
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