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Abstract 

 

The interaction between the nutrition of K+ and other nutrients such as nitrate and 

phosphorous has been described. The availability of a given nutrient may affect the 

nutrition of a different one. In addition, certain elements that are toxic to living 

organisms, are chemically similar to nutrients, and accumulate in the plant via nutrient 

transport systems. We have characterized in tomato plants the role of K+ transporters 

in the accumulation of toxic Cs+ and described that the high-affinity SlHAK5 K+ 

transporter is an important pathway for this process. In a different approach, we have 

studied the effect of high concentrations of external K+ on the nutrition of Phosphorous 

(Pi) in Arabidopsis plants. It was observed that high external K+ produced an 

impairment of Pi nutrition and the induction of the Phosphorous Starvation Response 

(PSR). In addition, high external K+ reduced the accumulation of toxic As(V) within 

the plant. The presented results may help to design molecular strategies to improve 

plant mineral nutrition and tolerance to toxic elements such as Cs+ and As(V).  
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Abstract 

 

Potassium (K) is one of the essential mineral elements for plant growth and 

development. The previous studies in our lab have demonstrated that the transcript of 

protein kinase gene LKS1/CIPK23 is induced in Arabidopsis response to low-K+ (LK) 

stress. LKS1 can phosphorylate the K+ channel AKT1 and the K+ transporter HAK5, 

by which LKS1 facilitates root K+ uptake under LK conditions. However, the 

mechanism of transcriptional regulation of LKS1 is still unknown. In this study, using 

yeast-one-hybrid screening, we isolated a transcription factor STOP1 that can bind to 

the promoter region of LKS1 gene. The core motif in the LKS1 promoter region for 

STOP1 binding was CCTTCCTCG. In GUS/LUC assays, STOP1 can promote the 

expression of GUS gene that was driven by the LKS1 promoter. Phenotype test 

indicated that the stop1 mutant displayed a sensitive phenotype similar to the lks1 

mutant on LK medium. While, the STOP1 OE plants exhibited the similar low-K+-

tolerant phenotype as the LKS1 OE plants. Consistent with the phenotypes, LKS1 

transcript was significantly reduced in the stop1 mutant, but increased in the STOP1 

OE plants. Expression analyses revealed that the transcripts of both STOP1 and LKS1 

genes were up-regulated under LK conditions. All these results demonstrate that 

STOP1 positively regulates the transcript of LKS1 under LK conditions, thereby LKS1 

promotes root K+ uptake by activating AKT1 and HAK5. STOP1 plays an essential role 

in the transcriptional regulation in plant response to LK stress. 

 

Key words: Low K+ stress, STOP1, LKS1, transcriptional regulation, Arabidopsis 
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Abstract 

 

Low-phosphate (Pi) condition is known to repress the primary root growth of 

Arabidopsis, in an iron-dependent manner. This growth arrest requires the 

accumulation of STOP1 (SENSITIVE TO PROTON RHIZOTOXICITY1) 

transcription factor in the nucleus where it activates the transcription of the malate 

transporter gene ALMT1 (ALUMINUM ACTIVATED MALATE TRANSPORTER 

1); exuded malate is suspected to interact with extracellular Fe to inhibit root growth. 

Until now, it was unclear whether Pi deficiency itself or Fe activates STOP1 to 

accumulate in the nucleus. By using different growth media to dissociate the effects of 

Fe from Pi deficiency itself, we demonstrate that Fe is sufficient to trigger the 

accumulation of STOP1 in the nucleus. We also show that Al acts like Fe for nuclear 

STOP1 accumulation and ALMT1 expression. Altogether, our results indicate that, 

under low-Pi condition, Fe2/3+ and Al3+ act similarly to increase the accumulation of 

STOP1 in the nucleus where it activates the expression of ALMT1.  

 

Key words: phosphate, iron, aluminium, STOP1, ALMT1, root, Arabidopsis 
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Abstract 

 

Post-translational modification of proteins by O-linked b-N-acetylglucosamine (O-

GlcNAc) is catalyzed by O-GlcNAc transferases (OGTs). O-GlcNAc modification of 

proteins regulates multiple important biological processes in metazoans. However, 

whether protein O-GlcNAcylation is involved in plant development is largely unknown. 

Here, we show the O-GlcNAc signaling-mediated mechanism for regulation of 

flowering in Arabidopsis and wheat.  

In Arabidopsis, O-GlcNAc modification regulate epigenetic processes of 

FLOWERING LOCUS C (FLC) effecting flowering. Loss of function of SECRET 

AGENT (SEC), an OGT in Arabidopsis, leads to an early flowering phenotype. This 

results from reduced histone H3 lysine 4 trimethylation (H3K4me3) of FLC locus, 

which encodes a key negative regulator of flowering. Further studies suggest that SEC 

activates ARABIDOPSIS HOMOLOG OF TRITHORAX1 (ATX1), a histone lysine 

methyltransferase (HKMT), through O-GlcNAc modification on Ser947 to augment 

ATX1-mediated H3K4me3 histone modification at FLC locus. 

In winter wheat (Triticum aestivum), we also discovered the important functions of 

O-GlcNAcylation in response to vernalization. Winter wheat requests a prolonged 

exposure to cold temperature for flowering, called as vernalization. Altering O-GlcNAc 

signaling by chemical inhibitors affected the vernalization response by modifying the 

expression of VRN genes and subsequently mediated flowering transition. Over a 

vernalization time-course, O-GlcNAcylated and phosphorylated peptides were 

enriched from winter wheat plumules by lectin weak affinity chromatography (LWAC) 

and iTRAQ-TiO2, respectively. Mass spectrometry and GO term enrichment analysis 

identified 168 O-GlcNAcylated proteins that are mainly involved in responses to 

abiotic stimulus and hormones, metabolic processing and gene expression; and 124 

differentially expressed phosphorylated proteins that participate in translation, 

transcription and metabolic processing. Of note, 31 vernalization-associated proteins 

were identified that carried both phosphorylation and O-GlcNAcylation modifications. 

Among these, a RNA-binding protein TaGRP2 was decorated with dynamic O-

GlcNAcylation modification. During vernalization, gradually increased O-GlcNAc 

modification was detected for TaGRP2, which directly binds to TaVRN1 pre-mRNA to 

repress its activation. Phosphorylated VER2, a jacalin lectin, recognizes the O-



GlcNAcylated TaGRP2 to repress its accumulation in the nucleus and attenuate its 

binding to TaVRN1, thereby releasing the repression of TaVRN1, ultimately promoting 

flowering. Our results suggested that O-GlcNAc signaling plays a vital role in 

regulation of flowering in plants. 

 

Key words: O-GlcNAc modification, flowering, Arabidopsis, wheat 
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Abstract 

 

Temperature sensitivity of growth differ greatly among natural accessions of plant 

species likely due to adaptation to their local environment. We are interested in the 

genetic basis of diversity of thermosensitivity in growth and its function in 

environmental adaptation. A set of natural accessions of Arabidopsis thaliana were 

analyzed for growth phenotypes at 10ºC, 16ºC, 22ºC, 28ºC and 35ºC. Variations in 

growth thermosensitivity were analyzed by Genome Wide Association Study and a 

number of quantitative trait loci were identified for chilling growth, warm growth and 

heat tolerance. I will present the identification and molecular characterization of genes 

for these traits. Implications of these genes and their natural variations in temperature 

responses and adaptation will be discussed. 

 

Key words: temperature, growth, thermosensitivity, natural variation, Arabidopsis  
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Abstract  

 

Nitrate is the main N source for nutrition of most plant species, but is a highly 

fluctuating resource in the soil. To cope with this constraint, plants have developed 

specific sensing and signaling systems triggering adaptive responses to changes in 

nitrate availability. One such system in Arabidopsis thaliana roots relies on the 

NRT1.1(NPF6.3/CHL1) nitrate transceptor. NRT1.1 has a dual nitrate 

transport/sensing function, and governs both physiological and developmental 

responses. Concerning developmental responses, we have previously shown that 

NRT1.1 regulates emergence of lateral root primordia (LRP) by modulating auxin 

distribution/signaling in LRP as a function of external nitrate availability. This may be 

explained by the fact that NRT1.1 is expressed in LRP and has an auxin transport 

facilitation activity. However, there are many other auxin transporters acting in LRP, 

and it is unclear how their expression is regulated by nitrate, and if they contribute to 

the nitrate regulation of LRP emergence. We have investigated the expression of a set 

of AUX/LAX, PIN and ABCB transporters in response to nitrate and NRT1.1 mutation 

in Arabidopsis roots. Surprisingly, few of them are nitrate responsive, with the 

noticeable exception of LAX3. Interestingly, similar investigation on the TAR2 gene 

suggests that nitrate may also act on LRP development by NRT1.1-dependent 

regulation of auxin biosynthesis in the roots. Concerning the physiological responses, 

we have previously shown that NRT1.1 triggers a feedback repression of the high-

affinity nitrate transporter gene NRT2.1 through a yet unknown nitrate-specific 

signaling pathway. We have expanded this conclusion to other nitrate transporter genes, 

suggesting that the NRT1.1-dependent feedback repression is a major regulatory 

mechanism governing root nitrate uptake in Arabidopsis roots.  

  

Key words: Nitrate, NRT1.1, Nutrient sensing, Root development, Arabidopsis  
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Abstract 

 

Although much is known about molecular mechanisms of signal transduction as part of 

plant responses to abiotic stresses, little is still known about how these stresses are 

sensed. I will discuss our current approaches to understand how oxygen- and nitric 

oxide- (NO) sensing via the Cys branch of the PRT6 N-degron pathway acts as an 

overarching key component of plant sensing and response to multiple abiotic stresses. 

N-degron pathways (previously collectively called the 'N-end rule pathway') represent 

ancient conserved components of the Ubiquitin Proteasome System (UPS), that have 

profound effects on proteostasis. They relate the identity of the amino-terminal (Nt-) 

residue of a protein to its destruction by the UPS. Our work uncovered a simple 

biochemical mechanism that higher plants use to simultaneously sense oxygen and 

nitric oxide (NO), through the Cys branch of the PRT6 N-degron pathway [1,2]. The 

AP2-domain ERFVII transcription factors were the first identified plant substrates of 

this pathway, and recently we also showed that the PRC2 component 

VERNALISATION2 is a substrate [3], with conditional stability of substrates based on 

the oxidation status of amino-terminal Cys. This provides a homeostatic 

response mechanism linking changes in oxygen and NO levels to physiological 

and developmental outputs that enhance survival. This mechanism is used by plants to 

measure and respond to important environmental changes associated with abiotic stress 

and changes in seasons [3,4,5]. 

 

1. Gibbs et al Nature 2011; 2. Gibbs et al Molecular Cell 2014; 3. Gibbs et al Nature 

Communications 2018; 4. Abbas et al Current Biology 2015; 5. Vicente et al 

Current Biology 2017 

 

Key words: abiotic stress, PRT6, ERFVII, ubiquitin, proteostasis, oxygen, nitric 

oxide, Arabidopsis, barley 
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Abstract 

 

Crosstalk between signaling pathways is an important feature of complex regulatory 

networks. How signal crosstalk circuits are tailored to suit different needs of various 

cell types remains a mystery in biology. Brassinosteroid (BR) and abscisic acid (ABA) 

have been shown to antagonistically regulate many aspects of plant growth and 

development through direct interactions between components of the two signaling 

pathways. Here we show that they synergistically regulate stomatal closure through 

crosstalk between the BR-activated kinase CDG1-like 1 (CDL1) and the open stomata 

1 (OST1) of the ABA signaling pathway. We demonstrate that the cdl1 mutant 

displayed reduced sensitivity to ABA in a stomatal closure assay, similar to the ost1 

mutant. The BR receptor BRI1 and CDL1, but not other downstream components of 

BR signaling pathway, were required for BR regulation of stomatal movement. Genetic 

and biochemical experiments demonstrated that CDL1 activates OST1 by 

phosphorylating it on residue Ser7. BR increased phosphorylation of OST1, and the 

BR-induced OST1 activation was abolished in cdl1. Moreover, we found that ABA also 

activates CDL1 in an OST1-dependent manner. Taken together, our findings illustrate 

a cell-type specific BR signaling branch through which BR acts synergistically with 

ABA in regulating stomatal closure. 

 

Key words: Brassinosteroid, Abscisic acid, CDG1-Like 1, OST1/SnRK2.6, Stomatal 

Closure, Arabidopsis 
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Abstract 

 

Plant root architecture dynamically adapts to various environmental conditions, such as 

salt-containing soil. The phytohormone ABA is involved among others also in these 

developmental adaptations, but the underlying molecular mechanism remains elusive. 

Here, we identified a novel branch of the ABA signalling pathway in Arabidopsis 

involving PYLs-PP2A phosphatase receptor complex that acts in parallel to the 

canonical PYLs-PP2C mechanism. The PYLs-PP2A signalling modulates root 

gravitropism and lateral root formation through regulating phytohormone auxin 

transport. In salt and osmotic stress conditions, ABA inhibiting the PP2A activity, 

which leads to increased PIN phosphorylation and consequently modulated directional 

auxin transport leading to adapted root architecture. This work revealed an adaptive 

mechanism that flexibly adjusts plant root growth to avoid unfavourable soil 

environments. It occurs via the cross-talk between the stress hormone ABA and the 

versatile developmental regulator auxin. 

 

Key words: ABA, PYLs, PP2As, Root architecture, Arabidopsis 
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Abstract 

 

A pair of guard cells forms stoma in the epidermis of leaves, stems and other organs. 

The sophisticated cells sense a variety of abiotic and biotic stresses and convert the 

input signals to turgor pressure regulation through modulation of ion channel activities. 

The changes in turgor pressure are followed by changes in cell volume and adjustments 

of stomatal apertures. The stomatal responses allow plants to sustain their growth under 

the stressful conditions. Guard cells achieve the signal integration to optimize stomatal 

aperture. In other words, plants encode the input signals to calcium signaling and 

reactive oxygen species signaling to integrate signals and decode the unified signal 

leading to stomatal responses. We summarize the details of guard cell signaling 

regulated by plant hormones. Furthermore, we discuss the low-molecular compounds 

such as glutathione and reactive carbonyl species involved in the guard cell signaling.  

 

Key words: environmental stress, glutathione, reactive carbonyl species, Arabidopsis 

thaliana 
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Abstract 

 

Plants are continually balancing the influx of CO2 for photosynthesis against the loss of 

water through stomatal pores in their leaves. This is achieved by guard cells that can sense 

the changes in intercellular CO2 concentration. When the CO2 concentration in the air 

increases, stomata close partially. This reduces water loss and could improve the water 

economy but could impact leaf temperature and plant growth. Plant hormone abscisic 

acid (ABA) is involved in the regulation of stomatal closure during drought but it also 

has a role in CO2-induced stomatal regulation. To breed crops that will use less water in 

a future climate we need to know how plants sense and respond to ABA and CO2. I will 

discuss recent advances in understanding mechanisms of ABA-dependent and ABA-

independent CO2-induced stomatal movements. The role of protein kinases MPK4, 

MPK12, HT1, OST1, GHR1 in the regulation of guard cell anion channel SLAC1 will be 

discussed.  

 

 

Key words: CO2 signaling, guard cells, MPK4 and MPK12, GHR1, HT1, guard cell 

anion channel SLAC1, Arabidopsis 
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Abstract 

 

Environmental factors play a critical role in shaping the phenotypes of multicellular 

organisms. The development of stomata—the epidermal pores required for gas exchange 

in plants—is highly plastic, and provides a powerful and accessible platform to address 

environmental influence on cell differentiation. High temperature and light have been 

shown to regulate stomatal production but the underlying mechanism remains unclear. In 

my talk, I will discuss recent efforts in our lab to understand how heat and light control 

stomatal development by focusing on the interplay between the core high temperature 

and light signaling components PIF4 and HY5 and the master stomatal regulator that 

controls the stomatal stem cells. Our work identifies molecular links connecting high 

temperature/light signaling and stomatal development, and reveal how the production of 

specific cell type can be controlled by broadly-expressed environmental factors. 

 

Key words: stomatal development, environmental signaling 
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Abstract 

 

Signaling from chloroplasts and mitochondria dependent on reactive oxygen species 

(ROS) and merge at the nuclear protein RCD1, a plant specific hub-protein regulating 

stress and developmental responses. RCD1 is a multidomain protein where its RST 

domain mediates interaction with transcription factors and the PARP and WWE-domains 

bind poly(ADP-ribose), a polymer synthetized by PARPs on nuclear acceptor proteins. 

RCD1 serves as scaffold for protein complex formation and chloroplastic ROS affect its 

abundance, redox state and oligomerization. RCD1 interacts with ANAC013 and 

ANAC017, transcriptional regulators of ROS-related mitochondrial retrograde signaling. 

Inactivation of RCD1 increases expression of mitochondrial dysfunction stimulon (MDS) 

genes regulated by ANAC013 and ANAC017, including genes for AOXs. Accumulation 

of AOXs and other MDS gene products affects respiration and energy metabolism, and 

alters electron transfer in the chloroplasts, leading to decreased ROS production and 

increased protection of photosynthetic apparatus. RCD1-dependent regulation is also 

involved in 3'-phosphoadenosine 5'-phosphate (PAP)-mediated retrograde signaling; a 

significant overlap exists between genes negatively regulated by RCD1, the MDS genes, 

and genes affected by PAP. Sensitivity of RCD1 to organellar ROS provides feedback 

control of nuclear gene expression and RCD1 integrates retrograde signals from both 

chloroplasts and mitochondria to exert its influence on nuclear gene expression. 

 

Key words: retrograde signaling, ROS, RCD1, organelles, Arabidopsis 
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Abstract 

 

Excessive sodium (Na+) in cultivated land causes great losses of crop yield and quality 

worldwide. Previous studies have shown that shoot Na+ exclusion is essential for salt 

tolerance of most crops. Here we show by a genome-wide association study (GWAS) that 

ZmNC2 (Zea may L. Na+ Content 2), which encodes the HAK family ion transporter 

ZmHAK4, confers the natural variation of shoot Na+ exclusion and salt tolerance in maize. 

A natural ZmHAK4 deficient allele containing a 12,586-bp insertion confers decreased 

ZmHAK4 expression level and increased shoot Na+ content. We next show that ZmHAK4 

is preferentially expressed in root stele, encodes a novel membrane-localized Na+-

preferring transporter, which mediates shoot Na+ exclusion by retrieving Na+ from xylem 

flow. The ZmHAK4 orthologs were identified in most plant species, and the orthologs of 

ZmHAK4 in maize, rice and wheat show identical expression pattern and ion transport 

properties, suggesting that ZmHAK4 orthologs likely mediate an evolutionarily 

conservative salt-tolerance mechanism. Furthermore, we show that ZmHAK4 and 

ZmHKT1(a HKT family Na+-preferring transporter) confer distinct and redundant roles 

in promoting shoot Na+ exclusion and salt tolerance, indicating that the combination of 

the favorable alleles of ZmHKT1 and ZmHAK4 can facilitate the development of salt-

tolerant maize varieties. 

 

Key words: salt-tolerance, transporter, ZmHAK4, ZmHKT1, maize 
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Abstract 

 

Light signal perceived by the phytochrome family of photoreceptors controls gene 

expression at both transcriptional and post-transcriptional levels to promote 

photomorphogenesis. Recently, we identified a factor called SPLICING FACTOR FOR 

PHYTOCHROME SIGNALING (SFPS) which directly interacts with the photoreceptor 

phyB and regulates pre-mRNA splicing in Arabidopsis. To identify SFPS-interacting 

proteins, we performed an immunoprecipitation followed by a mass spectrometry and 

identified the SR-like protein REDUCED RED-LIGHT RESPONSES IN CRY1CRY2 

BACKGROUND 1 (RRC1). Genetic analyses revealed that the sfps-2rrc1-3 phenotypes 

are similar to those of the single mutants, suggesting that RRC1 and SFPS might function 

together. RNA sequence analyses of rrc1-3 identified a large number of genes whose pre-

mRNA splicing is altered under both dark and light conditions. Comparison of the 

sequence data revealed a subset of common genes co-regulated by SFPS and RRC1 under 

dark and light conditions. Similar to SFPS, RRC1 also interacts with phyB, colocalizes 

in nuclear photobodies, and regulates light-dependent pre-mRNA splicing of a subset of 

genes. Taken together, these data suggest that although SFPS and RRC1 can regulate 

distinct subsets of genes, they also form a complex and coordinately control pre-mRNA 

splicing of a subset of genes involved in light signaling and circadian clock pathways to 

promote photomorphogenesis in Arabidopsis. 

 

Key words: pre-mRNA splicing, photomorphogenesis, phytochrome signaling, splicing 

factor, Arabidopsis. 
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Abstract 

 

Phytochromes are red and far-red photoreceptors that regulate every facet of plant 

development and growth. When seedlings emerge from the soil and encounter light for 

the first time, phytochromes trigger a developmental transition from a dark-grown 

program called skotomorphogenesis to a light-dependent program called 

photomorphogenesis. The photomorphogenetic program enables the biogenesis of 

photosynthetically-active chloroplasts and thus transitions seedlings into a 

photoautotrophic lifestyle. Chloroplast biogenesis requires the activation of 

photosynthesis-associated genes encoded by both the nuclear and plastidial genomes. It 

is well understood that light triggers the translocation of phytochromes from the 

cytoplasm to the nucleus to activate photosynthesis-associated nuclear-encoded genes, 

but how phytochromes – which do not localize in plastids – control the expression of 

photosynthesis-associated plastid-encoded genes (PhAPGs) remains elusive. The 

plastidial genome is transcribed by two types of RNA polymerase: a phage-type nuclear-

encoded RNA polymerase that transcribes housekeeping genes and a bacterial-type 

plastid-encoded RNA polymerase (PEP) that transcribes PhAPGs. Our genetic studies on 

phytochrome signaling have serendipitously revealed that phytochrome signaling and the 

PEP are connected by a dual-targeted nuclear/plastidial protein named HEMERA (HMR). 

While nuclear HMR is a transcriptional activator required for phytochrome signaling, 

plastidial HMR is a PEP-associated protein essential for PhAPG expression. In my talk, 

I will discuss our latest work on the mechanistic link between phytochrome signaling and 

the regulation of plastidial transcription.  

 

Key words: phytochrome, photomorphogenesis, chloroplast biogenesis, Arabidopsis 
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Abstract 

 

Phytochrome A (phyA) is the primary plant photoreceptor responsible for perceiving and 

mediating various responses to far-red (FR) light and is essential for survival in canopy 

shade. In this study, we identified two Arabidopsis thaliana mutants that grew longer 

hypocotyls in FR light. Genetic analyses showed that they were allelic and their FR 

phenotypes were caused by mutations in the gene named TANDEM ZINC-

FINGER/PLUS3 (TZP), previously shown to encode a nuclear protein involved in blue 

light signaling and phyB-dependent regulation of photoperiodic flowering. We show that 

the expression of TZP is dramatically induced by light, and that TZP proteins are 

differentially modified in different light conditions. Further, we show that TZP interacts 

with both phyA and FAR-RED ELONGATED HYPOCOTYL1 (FHY1), and regulates 

the abundance of phyA, FHY1 and ELONGATED HYPOCOTYL5 (HY5) proteins in FR 

light. Moreover, our data indicate that TZP is required for the formation of a 

phosphorylated form of phyA in the nucleus in FR light. Together, our results identify 

TZP as a positive regulator of phyA signaling required for phosphorylation of phyA 

photoreceptor, thus suggesting an important role of phosphorylated phyA in inducing the 

FR light response. 

 

Key words: far-red light, phytochrome A, TZP, phosphorylation 
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Abstract 

 

The directional transport of the phytohormone auxin through polarly localized PIN-

FORMED (PIN) auxin efflux carriers is essential for the spatio-temporal control of plant 

development. The Arabidopsis thaliana AGC kinase D6 PROTEIN KINASE (D6PK) as 

well as related kinases are polarly localized at the plasma membrane of many cells where 

D6PK co-localizes with PINs and activates PIN-mediated auxin efflux. The fast cycling 

of D6PK to and from the basal plasma membrane indicates that this kinase could act as a 

switch for polar auxin transport and makes it an intriguing subject for further studies. We 

have shown that an insertion between the protein kinase subdomains VII and VIII, the 

middle domain, is necessary and sufficient for its polar plasma membrane association. 

Conserved motifs within the middle domain play a role in kinase localization and activity. 

One motif in the middle domain interacts with phosphoinositides but there are also other, 

as yet mechanistically not understood sequence features in this domain. Current progress 

in the understanding of D6PK polarity regulation will be presented. A further focus will 

be on the activity and regulation of AGC kinases related to D6PK that function in root 

hair and pollen tube growth. 
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