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ABstRAct
Adaptive responses during phosphate (Pi) starvation are regulated by complex molec‑

ular mechanisms in plants. Transcription factors are believed to be the key determinants of 
Pi starvation responses. We have recently identified the plant‑specific WRKY75 transcrip‑
tion factor as an important component of the Pi stress responses. WRKY75 is a positive 
regulator of several phosphate starvation induced (PSI) genes including phosphatases, 
Mt4/TPS1‑like genes and high affinity Pi transporters. It also acts as a negative regulator 
of some components of root development, independent of Pi stress response. WRKY75 has 
considerable effect on anthocyanin accumulation, Pi uptake and Pi content in the plant. 
Here we present a hypothetical model of transcriptional regulation during phosphate 
starvation induced processes in plants which help in the maintenance of Pi homeostasis.

BioloGicAl FuNctioN oF the wRKy75 tRANscRiptioN FActoR
Phosphorus (P) is a vital nutrient required for numerous metabolic and developmental 

processes in plants. However, its availability in most soils is limited as it is fixed in mineral or 
organic forms that are unavailable to plants.1 Plants respond to the lack of readily available 
Pi through adaptive modifications such as altered root architecture,2 elevated phosphatase 
activity,3 secretion of organic acids1 and increased expression of Pi transporters.4 Together, 
these adaptive mechanisms help plants improve their ability to mobilize, acquire and utilize 
Pi efficiently.5 However, the molecular determinants regulating these adaptive mechanisms 
are yet to be completely revealed. Until recently PHR1, a MYB transcription factor that 
controls a small subset of Pi starvation responses,6 was the only known regulator of Pi star‑
vation stress responses in Arabidopsis.

We used data from our earlier microarray study of PSI genes7 to identify several puta‑
tive Pi responsive transcription factors (TFs). WRKY75, a plant‑specific transcription 
factor was one of the candidate TFs that was strongly induced during Pi deprivation 
and localized to the nucleus irrespective of the Pi status of the plant. To decipher the in 
planta role of WRKY75 in Pi stress responses, we suppressed its expression through RNAi 
silencing. The mutant plants demonstrated early accumulation of anthocyanin during 
Pi deprivation, suggesting an impaired Pi stress response mechanism. Further analysis 
revealed that the suppression of WRKY75 led to a variable, but significant, decrease in 
the expression of several key PSI genes. These genes included phosphatases AtPS2‑1 and 
AtPS2‑2, high affinity phosphate transporters Pht1;1 and Pht1;4,8 as well as At4 and IPS1 
which are presumed to be involved in Pi translocation and signaling during Pi stress.9,10 
This resulted in decreased uptake of Pi leading to reduced Pi content in the plant. The data 
indicated that WRKY75 is a positive regulator of several genes that are vital for mobilizing, 
acquiring and translocating Pi as well as signaling during Pi deprivation. WRKY TFs are 
known to regulate their target genes by specifically binding to TTGACC/T (W‑box) 
elements on the promoters of these genes.11,12 In silico analysis revealed that a large 
number of PSI genes had W‑Box elements on their promoters. The expression level of 
PSI genes in WRKY75 RNAi mutants was strongly correlated with the number and type 
of W‑Box on the promoters of the PSI genes. Interestingly, the presence of W‑boxes with 
the TTGACC sequence appeared to have a greater effect than those with the TTGACT 
sequence, suggesting a fine tuning of regulation of PSI genes by WRKY75. The suppres‑
sion of WRKY75 significantly increased the lateral root length, density and the numbers 
of root hairs, thereby helping the mutant plants acquire more Pi over a longer period. The 
regulation of root development by WRKY75 occurred irrespective of the Pi status in the 
RNAi mutant plant. This suggests that WRKY75 also functions as a negative regulator 
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of root development independent of Pi starvation status. Based on 
these results, we postulate that WRKY75 functions as a constitutive  
negative regulator of root development and thus influences Pi uptake. 
On the other hand, during Pi starvation, it functions as a positive regu‑
lator of PSI genes. Taken together, these data indicates that WRKY75 has 
a major role in the maintenance of Pi homeostasis within the plant. 

tRANscRiptioNAl ReGulAtioN oF pi stARvAtioN RespoNses: 
A hypotheticAl MoDel

The regulation of Pi stress responses by the PHR1 transcription 
factor has been well characterized in Arabidopsis.6,13 Our studies 
showed that WRKY75 regulates several aspects of Pi starvation 
independent of PHR1.14 Considerable progress has also been made 
in characterizing ZAT6 and MYB62, two other Pi stress respon‑
sive transcription factors that we identified recently (unpublished 
data, BND and KGR). It is now clear that the regulation of PSI 
genes and root architecture is fundamental for the maintenance of 
Pi homeostasis. Therefore, based on the functions of the currently 
known molecular determinants, we propose a hypothetical model 
for the transcriptional regulation of root architecture and PSI genes 
during Pi deprivation (Fig. 1). In this model, Pi deprivation induces 
the expression of several transcription factors. PHR1 is regulated 
post‑translationally through sumoylation by SIZ1, a SUMO E3 
ligase.15 A previous report has shown that PHR1 regulates the expres‑
sion of PSI genes directly as well as through the recently discovered 
microRNA, miR399.13 On the other hand, our data suggests that 
ZAT6 and MYB62 regulate root architecture, possibly through 
phytohormones, in response to Pi starvation. MYB62 also contains 
two SUMO domains suggesting that it is a potential sumoylation 
candidate for SIZ1. Interestingly, WRKY75 independently regulates 
both root architecture as well as PSI gene expression. López‑Bucio 
et al.,2 have provided a concise review of the role played by the 
phytohormones auxin, cytokinin and ethylene in the regulation 
of root architecture during Pi starvation stress. The role of sugars 
in regulating Pi homeostasis and root architecture has also been 
clearly demonstrated.16,17 We therefore propose that ZAT6, MYB62 
and WRKY75 regulate root architecture through the modulation 
of signaling compounds such as phytohormones and sugars. Abel 
et al.,18 have proposed the presence of a hypothetical intracellular 
phosphate sensing mechanism that regulates phosphate starvation 

responses. In support of this notion, we found that ZAT6 influ‑
ences PSI gene expression by modulating the intracellular Pi content 
through the regulation of root architecture. Therefore, we speculate 
that the maintenance of Pi homeostasis through transcriptional regu‑
lation is a complex bi‑directional process involving the modulation of 
root architecture and PSI gene expression in tandem.
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Figure 1. Schematic representation of a hypothetical model for the 
transcription regulation of Pi homeostasis. This model proposes the likely 
position of several Pi responsive transcription factors within the overall  
regulatory setup controlling Pi homeostasis in Arabidopsis.


