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Abstract: WRKY proteins are a group of important transcriptional regulators that are unique to plants. WRKY
specifically bind with the W-box cis-elements in the promoters of downstream genes to induce or inhibit the
transcription and expression of related genes, to regulate plant growth and development, as well as responses to
biotic and abiotic stresses. The WRKY gene family is large in number, there are 74 identified WRKY genes 74 in
Arabidopsis genome, 182 genes in soybean genome and 109 genes in rice genome, respectively. WRKY genes
play pivotal roles in plant response to various biological and abiotic stresses such as drought, salinity, high
temperature, nutrient deficiencies, and pathogen infection. Up to now, it has been proved that the AtWRKY45 and
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AtWRKY75 are involved in regulating the responses of Arabidopsis to low P stress, GmWRKY142 positively
regulates the tolerance of Arabidopsis to Cd stress. When exposure to stress, the plant WRKY protein specifically
binds to the W-box cis-element in the conserved region of the related gene promoter, thereby achieves self-
regulation or cross regulation, then activates or inhibits the transcriptional expression of downstream genes in
response to various stress conditions. Numerous downstream target genes have also been revealed consequently,
such as the PHT family members related to P nutrition; three AtWRKY genes and six GmWRKY genes are involved
in regulating plant nitrogen uptake and utilization; six AtWRKY genes, ten GmWRKY genes, and five OsWRKY
genes regulate plant response to phosphorus deficiency; two AtWRKY genes and six GmWRKY genes affect plant
potassium absorption and utilization; three GmWRKY genes are involved in regulating the absorption and
utilization of sulfate; oneAtWRKY gene is involved in regulating the uptake and utilization of boron; one AtWRKY
gene and one OsWRKY gene are involved in regulating plant iron absorption; seven AtWRKY genes, one
GmWRKY gene, and one OsWRKY gene are involved in mitigating cadmium toxicity; two AtWRKY genes, two
GmWRKY genes, and one OsWRKY gene participate in helping plants detoxify aluminum toxicity. The foci of
future researches are: 1) mining new WRKY transcription factors that regulate nutrient uptake and utilization and
the downstream genes; 2) decoding the regulation of nutrient-related WRKY's at the translation and post-

translation level; 3) determining the transcription of nutrient-related WRKY at epigenetic level; 4) revealing the

proteins that interact with WRKY and the underlying mechanisms under nutrient deficiency.

Key words: WRKY transcription factor; nutrient uptake; Cd toxicity; Al toxicity; regulatory mechanism
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Fig.2 Zinc finger structure of commonly found in plants
E: a NCH, B, by CHC B, ¢4 CC Al COMEIMEAR, HAHEAR, X LU EERZEMRR.
Note: a, C,H, type; b, C,HC type; ¢, C,C, type. C represents cysteine, H represents histidine, and X can be any amino acid.
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Table 1 WRKY family members that regulating plan responses to nutrient stresses, and cadmium and aluminum toxicities

Frorin ZEn BEPR 44 P WRKYZ 5 FpA TR 225 30k
Types of nutrient stress Gene name WRKY category Expression pattern Downstream genes References
AN AtWRKY1 I + - [32-33]
AtWRKY31 b - - [34]
AtWRKY72 b - - [35]
GmWRKY6 v + - [36]
GmWRKY75 e + - [36]
GmWRKY7 Ila + - [37]
GmWRKYS Ma HLeaf+; HRoot — - [37]
GmWRKY15 la + - [37]
GmWRKY58 I + - [38]
P AtWRKY6 v - PHOI, PHTI [39-42]
AtWRKY42 b - PHOI, PHTI [39-41]
AtWRKY28 Mle + PHOI, PHTI [43]
AtWRKY33 - - ALMTI [44]
AtWRKY45 I + PHTI [15]
AtWRKY75 Me + - [16]
GmWRKY6 v + GmPTS5/7/8 [36, 45—46]
GmWRKY21 - + - [45]
GmWRKY53 Mle + - [45]
GmWRKY63 - + - [45]
GmWRKY75 e + PAP22-1 [36, 45, 47]
GmWRKY7 la + ALMTI [37]
GmWRKYS Mla + - [37]
GmWRKY15 Ila + - [37]
GmWRKY45 I + - [48]
GmWRKY46 I - - [49]
OsWRKY10 - PHTI;2 [50]
OsWRKY28 la + - [51]
OsWRKY21 - + PHTI;1 [52]
OsWRKY108 - + PHTI [52]
OsWRKY74 I + PHTI [53]
PtoWRKY40 - - PHRIs [54]
PtoWRKY65 - + PHRI;9 [55]
PtoWRKY6 - + PHRI1;9 [55]
GbWRKY1 + LPRI [56]
A K AtWRKY31 b + - [34]
AtWRKY61 b + - [57]
GmWRKY6 b + - [36]
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2£3 1 Table 1 continued
Fror R HEHAHR WRKYZEH! FBRA LA SR
Types of nutrient stress Gene name WRKY category Expression pattern Downstream genes References
GmWRKY75 e + - [36]
GmWRKY7 Mla + - [37]
GmWRKYS Ila + - [37]
GmWRKYI15 Ma Bt Young leaf +; &1-Old leaf — - [37]
GmWRKYS50 b + - [58]
i S GmWRKY7 Ma I Leaf +; #R Root — - [37]
GmWRKYS Ta It Leaf +; #8 Root — - [37]
GmWRKY15 Mla I Leaf + - [37]
B AtWRKY6 b + NIP5; 1 [59]
# Fe AWRKY46 m + NAS2, VITLI [60]
OsWRKY80 - + - [61]
i cd AtWRKY12 - - - [62]
AtWRKYI3 Mc + AtPDRS [63]
AtWRKY33 - + ATL31 [64]
AtWRKYI18 - + - [65]
AtWRKY40 - + - [65]
AtWRKY60 - + - [65]
AtWRKY47 b + GSHj&% GSH way [66]
GmWRKY142 - + ATCDTI, GmCDTI-1, GmCDTI-2 [67]
OsWRKY15 I + NO, ABAi#%f% NO, ABA way [68]
PyWRKY75 - + GSH, PCsi&% GSH, PCs way [69]
i Al AtWRKY46 I + ALMTI [70]
AtWRKY47 b + ELP, XTHI7 [71]
GmWRKY21 e + ALMTI, STOPI1, ALS3, MATE, COR47, et al [72]
GmWRKYS81 - + - [73]
OsWRKY22 - + OsFRDL4 [74]
T “AERIEm I, -7 REETum IR, AR AR
Note: “+” represents positive regulation, “ " represents negative regulation, and “-” represents no relevant progress has been found.
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IR U AFAE 22 710, E3 2 RiEHE PRUL
(phosphate response ubiquitin E3 ligasel) fi£ i/ AtWRKY6

Rfie, A AR 25 10 7T B AR ) b S 3 -
B 5 R, AtWRKY 28 7R a6 T 38 i 1F )
¥ AtPHO1 M AtPHT1;4 3352 580055 2 Fig
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B Iz I AtWRKY 33 78 B il 45 10 T i ik 45 3k
ALMTI [R5 SR R R EE M B 9, DAJE T B ol
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AtWRKY45 @1 B3 L APHTI, 1 5 SR JE T3
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A A, AWRKY75 SZARHE F Rk, H
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