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SUMMARY 

 

In mammals, lipid bodies play a key role during pathological and infectious diseases. 

Our current knowledge on the function of plant lipid bodies, apart from being the 

organelles that serve as the major site of lipid storage in seed tissues, remains largely 

unknown. Herewith, we provide evidence that a Calcium-dependent Protein Kinase 

(CPK) mediates pathogen resistance in Arabidopsis. AtCPK1 expression is rapidly 

induced by fungal elicitors. Loss-of-function mutants of AtCPK1 exhibit higher 

susceptibility to pathogen infection compared to wild-type plants. Conversely, 

overexpression of AtCPK1 leads to accumulation of salicylic acid (SA) and constitutive 

expression of SA-regulated defence and disease resistance genes which, in turn, results 

in broad-spectrum protection against pathogen infection. Expression studies in mutants 

affected in SA-mediated defence responses revealed an interlocked feedback loop 

governing AtCPK1 expression and components of the SA-dependent signalling 

pathway. Moreover, we demonstrate a dual localization of AtCPK1 at lipid bodies and 

peroxisomes. Overall, our findings uncover AtCPK1 as a component of the innate 

immune system of Arabidopsis plants.                                    
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INTRODUCTION 

Plants have evolved a sophisticated innate immune system to intercept invading 

pathogens. The initiation of defence responses depends on the recognition of pathogen 

epitopes, also known as Pathogen-associated molecular patterns (PAMP) by pathogen 

recognition receptors at the plant’s cell surface, a phenomenon often referred as basal 

disease resistance (Jones and Dangl, 2006). The perception of PAMPs activates a 

complex process in which different signalling cascades operate leading to the 

transcriptional activation of defence-related genes. Successful pathogens are also known 

to produce effectors to inhibit PAMP-triggered immunity (PTI) but plants, in turn, can 

perceive such effectors through additional receptors to mount another layer of defence 

called effector-triggered immunity (ETI, formerly known as gene-for-gene resistance) 

(Flor, 1947; Boller and He, 2009). The plant response to pathogen attack includes the 

rapid generation of reactive oxygen species, cell wall reinforcement, as well as the 

production of small molecules (phytoalexins) and proteins with antimicrobial activity, 

including Pathogenesis-Related proteins (PRs) (van Loon et al., 2006). Transient influx 

of Ca2+ constitutes an early event of signalling cascades triggering pathogen defence 

responses (Nürnberger et al., 2004). 

    It is also well recognized that the phytohormones salycilic acid (SA), jasmonic acid 

(JA), ethylene (ET) and abscisic acid (ABA) act as defence signalling molecules in 

plants (López et al., 2008; Asselbergh et al., 2008). SA signalling is mediated by at 

least two mechanisms, one requiring the NON-EXPRESSOR OF PR1 (NPR1) gene, and 

a second that is independent of NPR1 (Cao et al., 1994; Delaney et al., 1995; Shah, 

2003). A mechanism connecting Ca2+ signal to the SA-mediated immune response has 

been described in Arabidopsis (Du et al., 2009; Wang et al., 2009). 
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    Calcium-dependent protein kinases (CPKs or CDPKs) represent a particular class of 

protein kinases found in plants, algae and protists (Harper et al., 2004; Harper and 

Harmon, 2005; Klimecka and Muszynska, 2007; http://plantsp.genomics.purdue.edu). 

They possess a characteristic structure comprising an amino terminal variable domain, a 

serine/threonine kinase domain, a junction autoinhibitory domain, and a C-terminal 

calmodulin domain (Cheng et al., 2002). CPKs activities are regulated not only by 

calcium but also by specific phospholipids and autophosphorylation (Harper et al., 

1993; Romeis et al., 2000; Hegeman et al., 2006). Concerning CPK expression, some 

CPK genes are ubiquitously expressed whereas others are regulated by different types 

of external stimuli, such as wounding, salinity, heat shock, cold or drought stress 

(Harper et al., 2004). In tobacco, NtCDPK2 is activated by race-specific elicitation (Cf-

9/Avr9) and abiotic hypoosmotic stress (Romeis et al., 2000, 2001). 

  Since initially described in soybean (Harper et al., 1991), many CPK genes have been 

identified in different plant species. The Arabidopsis genome contains 34 CPK genes 

(Cheng et al., 2002). The Arabidopsis AtCPK1 protein (previously known as AK1; gene 

name AtCPK1) has been used as the prototype to study the biochemical and 

enzymological properties of plant CPKs (Harper et al., 2004). The biological function 

of AtCPK1, however, has remained elusive. Here, we provide evidence that AtCPK1 is 

a regulator of the innate immune system in Arabidopsis. Alterations in AtCPK1 

expression have an effect on SA accumulation and expression of components of the SA-

mediated defence signalling pathway. Overexpression of AtCPK1 confers pathogen 

resistance whereas suppression of AtCPK1 expression results in enhanced susceptibility 

to the same pathogens. A dual localization of AtCPK1 at lipid bodies and peroxisomes 

is reported. This finding points to a function of lipid bodies in plant innate immunity.  
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RESULTS 

 

AtCPK1 is rapidly induced by fungal elicitors   

We previously reported that treatment with fungal elicitors induces the expression of the 

ZmCPK10 gene in maize (Murillo et al., 2001). Comparison of the amino acid 

sequences of ZmCPK10 with Arabidopsis CPKs revealed the highest homology with 

AtCPK1 (68% identity), AtCPK2 (64% identity) and AtCPK20 (64% identity). In this 

work, the expression of the AtCPK1, AtCPK2 and AtCPK20 genes was examined in 

control and elicitor-treated Arabidopsis plants. Elicitors were prepared from the fungal 

pathogen Fusarium oxysporum f.sp. matthiolae (herein after F. oxysporum). Treatment 

with fungal elicitors results in accumulation of AtCPK1 transcripts, whereas AtCPK2 

transcripts did not significantly changed (Figure 1a, b). AtCPK20 appears not to be 

expressed at detectable levels in Arabidopsis plants. Moreover, Northern blot analysis 

using AtCPK1-specific DNA probes revealed a rapid, but transient, activation of 

AtCPK1 gene expression in elicitor-treated plants (Figure 1c) (for preparation of 

AtCPK1-specific DNA probes see supporting information and Figure S1). The elicitor-

inducibility of AtCPK1 was also observed in Arabidopsis cell suspension cultures 

(results not shown). 

      

AtCPK1 is required for disease resistance    

To investigate the function of AtCPK1 in pathogen resistance, we initially searched for 

loss-of-function mutants. Two mutant alleles of the AtCPK1 gene containing a T-DNA 

insertion in either the calmodulin (Salk 007698, thereafter cpk1-1) or the junction 

domain (Salk 080155c, thereafter cpk1-2) were identified in the SALK collection 

(Alonso et al., 2003) (Figure 2a). The T-DNA insertion was confirmed by PCR and 
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Southern blot analyses of genomic DNA (results not shown). Most importantly, 

activation of AtCPK1 gene expression by treatment with F. oxysporum elicitors was 

completely abolished in homozygous cpk1 mutant plants (Figure 2b). 

    Next, protein extracts were prepared from control and elicitor-treated wild type plants 

and probed with a polyclonal antibody produced against the N-terminal fragment of 

AtCPK1 (see Supporting information for production of the anti-AtCPK1 antiserum). A 

certain level of immunoreactive polypeptides is observed in wild type plants in the 

absence of pathogen infection (Figure 2c, left panel). Upon elicitor treatment, there is an 

increase in the level of accumulation of AtCPK1 polypeptides which an apparent higher 

molecular weight and different isoelectric points compared to those observed in control 

plants (Figure 2c, right panel). No serological reaction could be observed in protein 

extracts from the cpk1 mutant plants, either control of elicitor-treated mutant plants, 

supporting that the T-DNA insertion line represents a cpk1 null mutation (Figure 2d).    

    Homozygous cpk1 mutant plants were challenged with F. oxysporum. Disease 

symptoms were clearly visible in cpk1 plants, these plants showing chlorosis and 

collapse of the entire leaf (Figure 2e). Under the same experimental conditions, wild 

type plants showed no apparent or mild disease symptoms. Survival of cpk1 mutant 

plants to F. oxysporum infection was significantly lower than that of wild-type plants 

(Figure 2f). Infection by Botrytis cinerea also caused severe disease symptoms and 

complete decay in cpk1 mutant plants but limited damage in wild-type plants (Figure 

2g). At 7 days after inoculation, lesions covered the 80% of the inoculated leaves of 

cpk1 plants compared to the 40% that was observed in wild-type leaves (Figure 2h). 

AtCPK1 was also found to be required for resistance to the virulent bacterial strain 

Pseudomonas syringae pv tomato DC3000 as revealed by a significant increase in 

bacterial growth in mutant plants compared to wild type plants (Figure 2i). 
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    It is well known that SA positively regulates resistance to P. syringae in Arabidopsis, 

the PR1, PR2 and PR5 genes being typical marker genes of the Arabidopsis SA-

mediated defence response. Expression studies revealed that fungal-responsiveness of 

PR1, PR2 and PR5 gene expression is either blocked (PR2) or significantly reduced 

(PR1, PR5) in the cpk1 mutant (Figure 2j). In contrast, PDF1.2 gene expression is not 

severely affected in the cpk1 mutant, PDF1.2 being considered a marker gene of the 

JA/ET-mediated defence responses in Arabidopsis (Penninckx et al., 1996).  

    Collectively, these findings suggest that resistance mechanisms against fungal (F. 

oxysporum and B. cinerea) and bacterial (P. syringae) pathogens are severely impaired 

in the cpk1 mutant. A defect in the activation of SA-mediated responses appears to 

occur in cpk1 plants. 

 

Alterations in AtCPK1 expression has an effect on disease resistance  

To further explore the function of AtCPK1 in disease resistance we used transgenic 

approaches for gain and loss-of-function of AtCPK1. Arabidopsis (Col2) plants 

expressing the AtCPK1 cDNA (Harper et al., 1993) under the control of the cauliflower 

mosaic virus 35S promoter were produced. Silencing of AtCPK1 gene expression was 

approached by using an antisense construct for the cDNA sequence encoding the N-

terminal region of AtCPK1, the most divergent region among Arabidopsis CPKs 

(aminoacids 15 to 143). Three independent overexpressing (OE-N2, F2, Y2) or 

antisense (AS-14, 18, 22) lines were selected for disease assays (Figure S2). 

Overexpressor plants consistently exhibited resistance to the fungal pathogen F. 

oxysporum, whereas antisense plants appeared to be more susceptible to infection by 

this pathogen than wild-type plants (Figure 3a). Consistent with the appearance of 

macroscopic symptoms of F. oxysporum infection, trypan blue staining of infected 
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leaves confirmed that fungal growth was inhibited in overexpressor lines while the 

fungus extensively proliferated in antisense lines (Figure 3b). Survival to F. oxysporum 

infection was significantly increased or decreased in overexpressor and antisense plants, 

respectively, compared to wild-type plants (Figure 3c). Overexpressor plants were also 

resistant to infection by the fungal pathogen B. cinerea (Figure 3d, e) as well as to the 

bacterial pathogen P. syringae (Figure 3f, g) whereas antisense plants were more 

susceptible than wild-type plants to infection by these pathogens.  

   Taken together, results obtained in disease assays of transgenic plants support that 

AtCPK1 positively regulates resistance to fungal and bacterial pathogens in 

Arabidopsis, at least with the pathogens assayed in this work.  

 

Transcriptome profiling of AtCPK1 overexpressor plants reveals significant 

overlap with pathogen-regulated gene expression. 

To gain further insights into the molecular mechanisms by which AtCPK1 mediates 

pathogen resistance, we performed genome-wide transcriptome analysis of AtCPK1 

overexpressing plants. Statistical analysis showed that the expression of 1457 genes was 

significantly affected (up- and down-regulation) in overexpressor plants compared to 

wild type plants (Supporting Data Set1). A functional enrichment analysis of the 

AtCPK1-regulated genes using the ClueGO plugin for Cytoscape (Bindea et al., 2009) 

showed that genes involved in responses to stress and stimulus were significantly 

overrepresented in Arabidopsis plants overexpressing AtCPK1 (Figure 4a). When 

considering the subset of genes that are up-regulated in plants constitutively expressing 

AtCPK1, an over-representation of specific terms related to response to stress and 

stimulus was also found (Figure S3a). Functional categories other than those related to 
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response to stimuli were overrepresented in the subset of genes that were down-

regulated in overexpressor plants (Figure S3b).  

    By using the data-mining tool Expression browser from the Botany Array Resource 

(BAR) (Toufighi et al., 2005), we investigated whether there is an overlap between 

AtCPK1 overexpression and pathogen-modulated gene expression. Hierarchical 

clustering defined seven major inducible clusters of co-regulated genes representing 

genes that are up-regulated by AtCPK1 and that respond similarly across the pathogen 

set (Figure S4). These clusters contain defence-related (i.e. PR genes) and disease 

resistance genes. This observation was indicative that AtCPK1 overexpression mimics 

many of the responses that are also induced by pathogens. Notably, AtCPK1 was 

identified in one of the groups of genes that are up-regulated in the gene expression 

profiles from the BAR pathogen data set (Figure S4, Cluster VII).  

 

AtCPK1 modulates the expression of defense and disease resistance genes 

Transcriptome analysis of overexpressor plants revealed constitutive expression of an 

important number of genes related to defence and stress responses in the absence of 

pathogen challenge (Table S1). Among them, were several PR genes, such as PR1, β-

1,3-glucanase (PR2), chitinase (PR3), PR4, PR5, PDF and LTP genes. AtCPK1 also 

controls the expression of genes involved in regulation of oxidative stress, such as 

RbohB (Respiratory Burst Oxidase protein B), peroxidases, glutathione-S-transferases, 

glutaredoxins and thioredoxins. Interestingly, R disease resistance genes were identified 

among those AtCPK1-regulated genes, including several Toll-interleukin receptors 

(TIR), such as RPP (resistance to P. parasitica) or MLO1 (Mildew resistance Locus 0 

1) genes. The phytoalexin deficient 3 and 4 (PAD3 and PAD4) genes encoding enzymes 
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involved in the biosynthetic pathway for production of the phytoalexin camalexin are 

up-regulated in overexpressor plants. We also noticed activation in the expression of 

ICS1 (isochorismate synthase 1, also named SID2 for SA induction deficient 2), a gene 

that plays an important role in SA biosynthesis in Arabidopsis.  

    The AtCPK1-regulated transcriptome includes an important number of genes 

involved in lipid metabolism and signalling. Among them were several lipases (PAD4 

triacyl-glycerol lipase, class 3 lipases) as well as Lipid Transfer Protein (LTP) genes 

(Table S2). AtCPK1 also controls the expression of several protein kinases and 

phosphatises (Table S3), and specific WRKY transcription factors, but not WRKY70, 

an activator of the NPR1-dependent defence responses (Table S4).  

     Results obtained by microarray analysis of AtCPK1 overexpressing plants were 

confirmed by RT-PCR analyses of selected defence-related genes (Figure 4b). Genes 

here analyzed are known to function in plant defence either in a SA-dependent (PR1, 

PR2, and PR5), or in a JA/ET-dependent (PDF1.2a, HEL) manner (Uknes et al., 1992; 

Penninckx et al., 1996). We examined the basal level of expression as well as the fungal 

responsiveness of the AtCPK1-regulated genes in both overexpressor and antisense 

AtCPK1 plants. Consistent with data obtained in our microarray analysis, overexpressor 

plants showed basal expression of PR genes in the absence of infection (Figure 4b, Col 

2). Other defence-related genes, included in this study, the THI2.1 thionin, LTP, and 

PAD4 resistance genes, also showed constitutive expression in overexpressor plants, as 

it was also observed by microarray analysis.   

   When analyzing the fungal responsiveness of AtCPK1-regulated genes in 

overexpressor and antisense plants, different scenarios were observed. In AtCPK1 

overexpressor plants, fungal infection results in stronger induction of the SA-regulated 

genes (PR1, PR2, and PR5) compared to fungal-infected wild-type plants (Figure 4b). 
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The fungal responsiveness of the JA-regulated genes (PDF1.2, HEL, PR3), however, is 

similar in overexpressor and wild type plants. Concerning antisense plants, silencing of 

AtCPK1 effectively blocks the fungal-induced expression of the SA-regulated genes, 

whereas the induction of the JA/ET-regulated genes is not affected (PDF1.2a, PR3) or 

partially affected (HEL). 

    Thus, the finding that overexpressor plants show constitutive expression of defence-

related genes in the absence of pathogen challenge, and stronger responses to pathogen 

infection, is fully consistent with the enhanced resistance that is observed in these plants 

to pathogen infection. Conversely, an AtCPK1-mediated suppression of the fungal-

inducibility of defence-related genes in antisense plants might be responsible, at least in 

part, of the higher susceptibility to pathogen infection that is observed in these plants.  

 

Overexpression of AtCPK1 leads to accumulation of SA 

The observed induction of ICS1/SID2 gene expression in overexpressor AtCPK1 plants 

prompted us to investigate whether SA levels are altered in transgenic AtCPK1 plants. 

In Arabidopsis, it has been reported that the bulk of SA produced in response to 

pathogen infection is produced from chorismate by the activity of ICS1 (Wildermuth et 

al., 2001). It is also known that chorismate mutase and anthranilate synthase use 

chorismate as the substrate for the production of arogenate and anthranilate (Figure S5). 

In addition to up-regulation of ICS1, transcript profiling of AtCPK1 overexpressors 

revealed down regulation of both chorismate mutase and anthranilate synthase. In this 

study, we determined the levels of free SA and SA glucoside (SAG) in overexpressor 

and antisense AtCPK1 plants. Overexpressor plants accumulated SA (free SA + SAG) at 

higher levels than the wild type plants whereas antisense plants accumulated lower 

levels of total SA (Figure 4c). The increase in total SA that is observed in overexpressor 
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plants results from a higher content of free SA. In antisense plants, however, a 

significant reduction of SAG was responsible for the reduction in total SA. Overall, 

these results support that overexpression of AtCPK1 contributes to accumulation of SA 

which, in turn, results in activation of the downstream responses to SA as revealed by 

gene expression studies. 

 

AtCPK1 expression in defence signalling mutants  

Links between AtCPK1 and SA signalling were further explored by determining basal 

and elicitor-induced AtCPK1 expression in mutants that are impaired in pathogen-

induced SA accumulation, namely the pad4 and sid2 mutants, as well as in the npr1 

mutant impaired in SA responsiveness (Jirage et al., 1999; Wildermuth et al., 2001; Cao 

et al., 1994). This analysis was extended to the cpr5 mutant (Bowling et al., 1997). 

Results are presented in Figure 4d. In the absence of pathogen challenge, AtCPK1 was 

found to be expressed at high levels in the cpr5 and pad4 mutants compared to wild 

type plants, pointing to a negative role of CPR5 and PAD4 in controlling basal AtCPK1 

expression. Furthermore, the elicitor-responsiveness of AtCPK1 is blocked in these two 

mutants. In the sid2 mutant, the elicitor responsiveness of AtCPK1 appears to be 

negatively affected. Finally, both basal and elicitor-induced expression of AtCPK1 was 

found to be similar in npr1 and wild-type plants, supporting a SA-dependent and NPR1-

independent  signalling pathway controlling AtCPK1 expression (Figure 4d).  

 

Localization of AtCPK1 at lipid bodies and peroxisomes  

To localize AtCPK1 in the plant cell, we transiently expressed an AtCPK1-GFP fusion 

gene in Arabidopsis suspension-cultured and root cells, as well as in epidermal onion 

cells. Confocal microscopy (CLSM) revealed strong GFP fluorescence in small, and 

http://www.ncbi.nlm.nih.gov/pubmed/10557364�
http://www.ncbi.nlm.nih.gov/pubmed/11734859�
http://www.ncbi.nlm.nih.gov/pubmed/9019406�
http://www.ncbi.nlm.nih.gov/pubmed/9019406�
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spherical organelles (0.5 to 1.5 µm in diameter) in the various expression systems here 

used (Figure 5a, d, and g). Equivalent images were observed in cells transformed with 

either the entire AtCPK1, or with the N-terminal domain of AtCPK1 fused to GFP 

(Figures 5a and 5b, respectively) suggesting that the N-terminal region of AtCPK1 is 

sufficient for organelle targeting of this protein. A mutation at the N-terminal 

myristoylation site (MGNTCVGPS) of AtCPK1 in which Gly2 was converted to an Ala 

(G2A, referred to as AtCPK1G2A) prevented its organelle association, thus, indicating 

that the N-terminal myristoylation signal is required for subcellular localization of 

AtCPK1. 

    Previous studies by Damman et al. (2003) in roots of Arabidopsis plants 

constitutively expressing an AtCPK1-GFP gene reported a peroxisomal localization of 

AtCPK1. In our hands, however, co-expression of AtCPK1-GFP with a peroxisomal 

marker (RFP-KSRM) in Arabidopsis root cells revealed that AtCPK1 colocalized only 

with a fraction of the organelles showing labelling with the peroxisomal marker. Thus, 

we could observe transformed cells with organelles showing a predominant dual 

labelling (yellow) (Figure 5g-i), as well as cells with organelles with only individual 

AtCPK1-GFP fluorescence (green) or RFP-KSRM fluorescence (red) (Figure 5j, k). 

Some of the individual AtCPK1-GFP-labeled organelles located immediately adjacent 

to individual RFP-KSRM-labelled peroxisomes (Figure 5l, arrow). The reason for the 

different distribution of labelled organelles, GFP-labelled, RFP-labelled, or GFP- and 

RFP-labelled organelles, in Arabidopsis root cells remains unknown. 

   To gain a better understanding of the subcellular localization of AtCPK1, we 

conducted subcellular fractionation studies in combination with immunoblot and 

immunolocalization analyses. Tissues from control and elicitor-treated Arabidopsis 
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plants were fractionated on a discontinuous 6 step-sucrose density gradient and proteins 

recovered from the various fractions were probed with the anti-AtCPK1 antiserum 

(Figure 6a). AtCPK1 was consistently detected in fractions 1 and 3. Peroxisomes 

mainly fractionated at fraction 3 as revealed by probing the same gradient fractions with 

antibodies against the peroxisomal protein catalase. Fraction 1 is enriched in lipid 

bodies as demonstrated by probing the different fractions with an antiserum raised 

against Brassica oleosins (Kim et al., 2002). The bottom fraction was enriched in 

proteins bound to chloroplastic membranes (Figure 6a, bottom panel).  

     Next, we obtained pure preparations of lipid bodies by using the two-layer flotation 

method. Selective staining of neutral lipids with the Nile Red dye demonstrated lipid 

body purity and integrity (Figure 6b). This analysis also revealed a reduction in the size 

of lipid bodies obtained from elicitor-treated plants compared to lipid bodies from 

control plants (Figure 6b and c). The presence of AtCPK1 in lipid bodies was confirmed 

by western blot analysis of proteins obtained from purified oil bodies (Figure 6d), as 

well as by immunoprecipitation of oil body proteins (results not shown). Definitive 

proof that AtCPK1 localizes to lipid bodies came by immunofluorescence microscopy 

experiments in which the AtCPK1 immunodecoration completely merged with the 

neutral lipid staining pattern of small sized oil bodies. In large lipid bodies, AtCPK1 

staining revealed bright rings indicating the localization of AtCPK1 at the surface of 

these organelles (Figure 6e, arrow). Finally, colocalization of AtCPK1-GFP with 

oleosin-RFP could be observed in co-transformed Arabidopsis cells, even though lipid 

body aggregation occurred in these expression assays (Figure S6). A similar 

phenomenom was reported in tobacco cells expressing oleosin-GFP (Wahlroos et al., 

2003). Collectively, results here presented support that, in addition to peroxisomes, 

AtCPK1 localizes to lipid bodies in Arabidopsis cells.  
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DISCUSSION 

AtCPK1 controls SA accumulation and pathogen resistance in Arabidopsis  

Results here presented reveal a function of AtCPK1 in Arabidopsis innate immunity. 

We show that AtCPK1 expression is rapidly induced in response to pathogen infection. 

Overexpression of AtCPK1 results in accumulation of SA, constitutive expression of 

defence responses in the absence of pathogen challenge and stronger defence responses 

during pathogen infection. An AtCPK1-mediated activation of SA biosynthesis through 

the isochorismate synthase pathway most probably occurs in overexpressor AtCPK1 

plants, which would account for the higher accumulation of SA and the induction of 

SA-mediated responses that is observed in these plants. As a result, overexpression of 

AtCPK1 confers broad spectrum pathogen resistance. Conversely, suppression of 

AtCPK1 expression, either in the cpk1 mutants or in antisense plants, blocks the 

activation of SA-mediated responses and results in enhanced susceptibility to pathogen 

infection. Together, these observations support that AtCPK1 plays a role in plant innate 

immunity by modulating the SA-dependent signalling pathway. 

   On the other hand, results obtained with mutants defective in SA-signalling suggest 

that AtCPK1 itself is likely to be a component of the SA-mediated defence response. 

Among the various mutants here examined, only in the npr1 mutant the AtCPK1 

expression is not affected, either the basal or the elicitor-induced AtCPK1 expression. It 

can then be reasoned that AtCPK1 functions in a SA-dependent, NPR1-independent 

pathway.  

    Altogether, the molecular and genetic studies here presented suggest an interplay 

between regulation of AtCPK1 expression and components of the SA-mediated defence 

signalling pathway. Not only a mutation in CPR5, PAD4 or SID2 has an effect on the 
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basal and/or elicitor-induced AtCPK1 expression, but also AtCPK1 controls the 

expression of cpr5, pad4 and sid2. A working model of the role of AtCPK1 in 

governing expression of defence responses in Arabidopsis is presented in Figure 7. 

According to this model, pathogen recognition would trigger the activation of AtCPK1 

expression which, in turn, would regulate components of the SA-dependent signalling 

pathways (i.e. PAD4, SID2) leading to the induction of SA-regulated defence genes 

(PR1, PR2, PR5). An interlocked feedback regulation governing expression of AtCPK1 

and components of the SA-mediated defence pathway is proposed. Clearly, a 

coordinated action of AtCPK1 on these defence components would represent a fine-

tuning mechanism for the control of plant innate immunity. In other studies, it was 

reported that the ectopic expression of AtCPK1 in tomato protoplasts enhanced NADPH 

oxidase activity and oxidative burst (Xing et al., 2001). 

   It is also true that AtCPK1 overexpressor plants exhibit a basal level of expression of 

the JA/ET-regulated defence genes. Although this basal expression might result from 

the cross-talk that exists between the JA/ET- and SA-mediated signalling pathways, the 

possibility of AtCPK1 acting on the JA/ET signalling pathway should be considered. In 

favour of this hypothesis, AtCPK1 overexpressor plants show activation of the AOS 

(allene oxide synthase) and AOC (allene oxide cyclase) genes (Table S1), two 

components of the chloroplastic pathway for JA biosynthesis responsible for the 

production of 12-oxo-phytodienic acid (OPDA). The expression of the OPDA-regulated 

transcription factors WRKY46 and MYB15 is also up-regulated in AtCPK1 

overexpressor plants (Taki et al., 2005). Although not proven in this work, there is the 

possibility of AtCPK1 stimulating OPDA accumulation for the induction of defence 

responses. In this respect, evidence exists that OPDA is a biologically active molecule 

in Arabidopsis (Stintzi et al., 2001; Taki et al., 2005).  
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Relevance of the association of AtCPK1 to lipid bodies 

By using different experimental approaches, we demonstrate that AtCPK1 localizes to 

oil bodies and peroxisomes. A peroxisomal localization of AtCPK1 was previously 

reported by Dammann et al. (2003) in Arabidopsis overexpressing an AtCPK1-GFP 

fusion gene. The reasons why this dual localization of AtCPK1 to peroxisomes and lipid 

bodies remained unnoticed in previous studies are unknown. The size and morphology 

of the two organelles, lipid bodies and peroxisomes, resembles each other. There are, 

however, additional points of convergence between the oil bodies and peroxisomes 

concerning their biogenesis. Thus, the prevalent model of lipid body biogenesis is that 

lipid bodies arise from the ER from where they are budded off (Hsieh and Huang, 

2004). A growing body of evidence has also implicated the ER in peroxisome formation 

(Titorenko and Mullen, 2006). It is then tempting to hypothesize that AtCPK1 is 

recruited during biogenesis of these two organelles originating from the ER. Because 

AtCPK1 does not have an N-terminal sequence typical for proteins that enter into the 

secretory pathway through the ER, it is conceivable that AtCPK1 is synthesized in the 

cytoplasm and afterwards it binds to the target organelle during their biogenesis. In line 

with this, results here presented suggest that AtCPK1 occurs at the periphery of lipid 

bodies, and that this attachment occurs through the N-terminal end of AtCPK1 (Figures 

5 and 6). In other studies, the AtCPK1 protein was identified among the proteins of the 

Arabidopsis N-myristoylome (Boisson et al., 2003). A possible scenario for AtCPK1 

targeting could be that the AtCPK1 protein suffers N-terminal myristoylation and then, 

the protein anchors to the membrane of its target organelle. Of interest, a temporal 

association of a CPK with lipid bodies during development of sandalwood (Santalum 

album L) seeds was previously reported (Anil et al., 2003). 
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     The observation that a protein functioning in the plant defense response localizes to 

lipid bodies establishes a link between this particular subcellular compartment and plant 

immunity. Lipid bodies are present in most plant cells and not just in storage tissues, 

such as seeds, as it is often assumed (Murphy et al., 2001; Wahlroos et al., 2003; Hsieh 

and Huang, 2004). However, our current knowledge on the function of plant lipid 

bodies is rather limited compared to what it is known in yeast or mammalian cells 

where lipid bodies are also known as oil bodies or lipid droplets. Notably, lipid bodies 

have been reported to play a key role during pathological and infectious diseases in 

mammalian cells (Bozza et al., 2009). Furthermore, bacterial-derived molecules appear 

to trigger lipid body formation via Toll-like receptors in mammalian cells (Pacheco et 

al., 2002). To note, Toll-like receptors have been shown to trigger immune responses 

not only in human cells but also in plant cells (Ausubel, 2005) and several Toll-

interleukin receptors are regulated by AtCPK1. The association between peroxisomes 

and lipid bodies is also documented in mammalian cells, this association stimulating 

neutral lipid breakdown by the action of lipases (Binns et al., 2006). Of interest, our 

microscopical observations revealed AtCPK1-containing organelles, presumably lipid 

bodies, in contact with peroxisomes. Changes in the size of lipid bodies also correlated 

with the proliferation rate of rat glioma cells (Quintero et al., 2007). In this respect, a 

reduction in the average size of lipid bodies in response to elicitor treatment could be 

observed in this work. Physical contact between lipid bodies and peroxisomes would 

facilitate the transfer of fatty acids from the lipid bodies to peroxisomes so that they can 

be used for peroxisomal fatty acid β-oxidation. In line with this, important alterations in 

the expression of genes involved in lipid metabolism, such as lipases or lipid transfer 

proteins are found in different plant-pathogen interactions (Liang et al., 2003; Shah, 
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2005; Shah and Chaturvedi, 2008). Overall, these pieces of evidence support that lipid 

bodies might play a role in plant immunity and that these organelles should not be 

considered just as conventional storage organelles. These findings also provide unique 

research opportunities to explore the function of these understudied plant organelles. 

 

 

EXPERIMENTAL PROCEDURES 

 

Plant material, treatments and infection assays. 

Transformation of Arabidopsis (Col 2) plants was carried out using the floral dip 

method and the A. tumefaciens strain GV2260 (Clough and Bent, 1998). Preparation of 

plant expression vectors is detailed in supporting information. Plants were grown under 

a 16 h light/8 h dark photoperiod at 22ºC±2. For in vitro assays, seeds were sown during 

12 days on MS medium containing 0.8% agar and vitamins, without sucrose. Soil-

grown plants of 4-week-old were used for infection assays. Fungal spores and elicitors 

were prepared as previously described (Murillo et al., 2001). Inoculations with F. 

oxysporum were performed either by spraying plants or by drop-inoculation of leaves 

with a spore suspension at 106 spores/ml (overexpressor plants) or 103 spores/ml 

(silenced or mutant plants). In each experiment, 3 plates or 3 pots each one containing 

25 plants per genotype were inoculated. The fungal-inoculated leaves were fixed by 

vaccum infiltration for 1h in ethanol:formaldehyde:acetic acid (80:3.5:5, v/v), stained 

with lactophenol blue solution during 4h, washed and observed in a Zeiss Axiophot 

microscope (Carl Zeiss, Thornwood, N.Y. USA) under bright-field illumination. 

Inoculation with B. cinerea spores was performed by placing 5 µl drops (106 spores /ml 
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in 2% glucose solution) onto needle-prick wounds (two leaves per plant, and at least 12 

plants per genotype). Inoculation with P. syringae sp tomato strain DC3000 was done 

by pressure infiltration with the bacterial suspension at 105 cfu/ml (two leaves per plant, 

and 12 plants per line). Elicitor treatments were done by spraying Arabidopsis plants 

with an elicitor suspension (300 µg/ml). In all the experiments mock inoculations were 

carried out. The Arabidopsis mutants used in this work, cpk1 (SALK collection), sid2-1 

(Nawrath and Metraux, 1999), pad4-1 (Jirage et al., 1999), npr1 (Delaney et al., 1995) 

and the cpr5-2 (Boch et al., 1998) were grown as described above.  

 

Analysis of gene expression and microarray experiments 

Total RNA was isolated from 15 day-old plants using TRIZOL®Reagent (Invitrogen) 

and subjected to Northern blot analysis (Amasino, 1987). Preparation of AtCPK1-

specific DNA probes is indicated in Supporting information. For RT-PCR analysis, 

DNase-treated total RNA (5 µg) was used for the first strand cDNA synthesis using M-

MLV (Moloney-Murine Leukemia Virus) reverse transcriptase (Invitrogen). Specific 

primers were designed for PCR amplification of CPK and defense-related genes (Table 

S5). Amplification of β-tubulin served as cDNA loading control. At least three 

independent RT-PCR reactions were carried out with different biological replicates. 

Three independent lines for each overexpressor and antisense plants were analyzed. 

Sequence information confirmed that the RT-PCR products obtained were the expected 

gene fragments. 

For microarray experiments, total RNA was isolated from three independent biological 

replicates of wild-type (Col2) and overexpressor (line N2) plants. Each replicate 

represented a pool of approximately 50 in vitro-grown seedlings and was independently 
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hybridized to the Arabidopsis microarray prepared by the University of Arizona 

(http://ag.arizona.edu/microarray/). Slides were composed of synthetic 70-mer 

oligonucleotides from the Operon Arabidopsis genome Oligo Set Version 1.0 

(Quiagen). Details on microarray hybridizations and data analysis are indicated in 

Supporting information. Genes with P-values ≤ 0.05 and fold changes of at least 1.5-

fold in all replicates were considered. Over-representation of functional classes was 

determined by using the ClueGO plugin for Cytoscape (Bindea et al., 2009). The p-

value of the over-represented terms was calculated with a left-side minimal-likelyhood 

test on the hypergeometric distribution, and p-value corrections was performed with 

Bonferroni method. The Expression browser tool provided by the Bio-Array Resource 

form Arabidopsis Functional Genomics (http://bar.utoronto.ca/; Toufighi et al., 2005) 

was used to analyze coexpression of genes mis-regulated in AtCPK1 overexpressing 

plants with the AtGenExpress-pathogen series dataset 

 

Bacterial expression, production of anti-CPK1 antiserum and immunoblotting 

The N-terminal variable domain of AtCPK1 (Gln15-Thr143) was fused to the GST 

protein, produced in E. coli and used for the production of polyclonal antibodies in 

rabbits (Supporting information). Protein extracts from Arabidopsis plants were 

prepared according to the protocol described by Romeis et al. (2000), and analyzed by 

SDS-PAGE (Laemmli et al., 1970). To avoid β-mercaptoethanol-dependent artefact 

signals in western blot analysis, protein extracts were resuspended in loading buffer 

containing 1mM dithiothreitol (Lee and McNellis, 2008).  For 2D-PAGE, protein 

extracts in 7M urea, 2M thiourea, 2% CHAPS, 1% IPG buffer, 2% DeStreak™Reagent 

were separated on IPG strips (7.5 cm, pH gradient 4-7) in the first dimension and on 

http://ag.arizona.edu/microarray/�
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SDS-PAGE in the second dimension. Blots were incubated for 2 h at room temperature 

with the AtCPK1 antiserum (1:1000 dilution). Serological reactions were detected using 

the SuperSignal West Femto kit (Pierce).   

 

Determination of SA and SAG levels. 

Free SA and SA β-glucoside (SAG) were extracted and quantified from in vitro grown 

seedlings as described (Malamy et al., 1992) using a Zorbax Eclipse XDB-C18 column 

(Agilent Technologies) for the HPLC analysis. Three independent experiments were 

carried out with at least 50 plants in each experiment.  

 

Subcellular fractionation and lipid body isolation 

Seedlings were homogenized in buffer A (50mM Hepes pH7.5, 1mM PMSF) containing 

10% w/w sucrose. The homogenate was filtered through two layers of miracloth to 

remove cellular debris. Samples (1 mg of total protein each) was loaded on a six step 

discontinuous sucrose gradient (15, 28, 35, 43, 53, 60% w/w) in buffer A and 

centrifugated at 25000 rpm for 4h at 4°C (Beckman SW40 rotor). Fractions were 

collected and subjected to immunoblot analysis. In addition to the antiserum against the 

N-terminal AtCPK1 polypeptide, the rabbit polyclonal antibody against catalase 

(peroxisomal marker, Abcam) and the chicken polyclonal antibody against rapeseed 

oleosins (Tzen et al., 1990) were used. The chlorophyll content was determined 

spectrophotometrically (Lichtenthaler and Wellburn, 1985). 

Lipid bodies were purified by using the two-layer flotation method (Tzen et al., 1997). 

The lipid bodies on top were collected and subjected to further purification steps by two 

consecutive cycles of the two-layer flotation in 2 ml microcentrifuge tubes. The 

integrity of purified lipid bodies was tested by selective staining of neutral lipid with 
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Nile Red (1 ng/ml, Molecular Probes) (Greenspan et al., 1985) followed by 

fluorescence microscopy. Immunofluorescence microscopy of pure lipid bodies was 

carried out as described in Supporting Information. 

 

Fluorescent microscopy 

Chimeric genes in which either the full-length cDNA, the N-terminal domain of 

AtCPK1, or a mutated version of AtCPK1 (Gly2 mutated to Ala) were fused to the GFP 

gene were prepared as detailed in Supporting Information. Arabidopsis root and 

suspension cells (cell line LT87), and epidermal onion cells were transformed by 

particle bombardement with a biolistic PSD-1000/He particle delivery system (Bio-

Rad). Further details on particle bombardment and confocal imaging are indicated in 

Supporting information.  

 

Accession Number  

Microarray data were deposited with MIAMEXPRESS under accession number E-

MEXP-2532. 
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FIGURE LEGENDS 

 

Figure 1. Expression of AtCPK1 in response to treatment with fungal elicitors. (a) 

Structure of AtCPK1 showing the typical domains of plant CPKs, a Ser/Thr kinase 

catalytic domain that is joined via a junction (J) sequence to a calmodulin-like (CaM) 

domain with four calcium-binding EF hands (grey boxes in the CaM domain). The 

primers and DNA fragments used for specific detection of AtCPK1 transcripts are 

indicated. (b) RT-PCR analysis of AtCPK1, AtCPK2 and AtCPK20 (At5g04870, 

At3g10660, and At2g38910, respectively) in 15 day-old control (C) and elicitor-treated 

plants (E, 30 min of treatment with elicitors from F. oxysporum). G, PCR from genomic 

DNA. The β-tubulin gene was used as a control. (c) RNA gel blot analysis for AtCPK1 

gene expression in 15 day-old control and elicitor-treated plants (upper panel). Relative 

changes of AtCPK1 abundance plotted to the highest value (arbitrarily set to the value 

of 1) after normalization with 25S RNA are shown (lower panel). Data show mean 

values ± SD of three independent experiments. 



 32 

 

Figure 2. cpk1 mutants are more susceptible to pathogen infection. (a) Schematic 

representation of the T-DNA insertion cpk1 mutants analyzed in this work, the cpk1-1 

(SALK_007698) and cpk1-2 (SALK_08015c) mutants (genetic background Col 0). The 

different domains of AtCPK1 are indicated in color. Arrowheads indicate the location of 

the primers used for characterization of the two mutants in (b). (b) RT-PCR analysis of 

AtCPK1 expression in 15 day-old wild-type (WT) and homozygous cpk1-1 and cpk1-2 

mutant plants. C, control plants. E, elicitor-treated plants (30 min of treatment with F. 

oxysporum elicitors). (c) Detection of the Arabidopsis AtCPK1 protein after 2D-PAGE 

of total protein extracts from 15 day-old wild-type plants. Control and elicitor-treated 

plants (2h of treatment) were analyzed. Protein extracts (50 µg each) were probed with 

the antiserum prepared against the N-terminal domain of AtCPK1. Detection of 

serological reactions was carried out using the SuperSignal West Femto Maximum 

Sensitivity Substrate Detection kit (Pierce) with the same time exposure for each blot. 

Boxed with discontinuous lines are the AtCPK1 polypeptides which are detected in both 

control and elicitor-treated tissues. (d) Immunoblot analysis of control (C) and elicitor-

treated (E) wild-type and cpk1 mutants (2h of elicitor treatment). Proteins (30 µg each) 

were separated on a 7.5 % polyacrylamide gel and subjected to immunodetection with 

the anti-AtCPK1 antibody (upper panel). AtCPK1 accumulation is observed in protein 

extracts from elicitor-treated plants whereas the AtCPK1 protein is not detected in the 

cpk1-1 mutant plants (similar results were obtained with the cpk1-2 mutant). Equal 

protein amount was confirmed by Ponceau S staining prior to immunodetection (lower 

panel). (e) Phenotype of F. oxysporum-infected wild-type and cpk1-1 plants at 15 days 

after spray-inoculation with a spore suspension at 103 spores/ml. (f) Percentage of 

survival to F. oxysporum infection at 7 days dpi of in vitro grown wild-type and cpk1 
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mutant plants (103 spores/ml). (g) Phenotype of the cpk1-1 and cpk1-2 mutant plants at 

10 days after drop inoculation with a spore suspension of B. cinerea (106 spores/ml) (h) 

Percentage of the leaf area covered by lesions in wild type and cpk1-1 mutants at 7 dpi 

with B. cinerea. Plants were scored as: 0, no lesion; 1, 1-25%; 2, 26-50%; 3, 51-100%. 

(i) Growth of P. syringae in wild type and cpk1-1 mutant plants at 3d after infiltration 

(105 cfu/ml). (j) Expression of the PR1, PR2, PR5 genes in control and F. oxysporum-

infected cpk1-1 mutant plants at 2 dpi (105 spores/ml). At least three independent 

disease assays and 12 plants (B. cinerea, P. syringae) or 25 plants (F. oxysporum) each 

assay, were carried out with each pathogen which gave similar results. Data shown in 

(f) and (i) are the mean ± SE. Asterisks denote statistically significant differences 

between WT and mutant plants, according to ANOVA test (** p<0.001). 

 

Figure 3. AtCPK1 mediates pathogen resistance in Arabidopsis. (a) Phenotype of 

wild-type (WT, Col2), overexpressor (OE) and antisense (AS) lines after spray 

inoculation (upper panels), or drop inoculation (lower panels), with F. oxysporum 

spores at 12 and 7 dpi (upper and lower panels, respectively). (b) Trypan blue staining 

of leaves from wild type (WT), overexpressor (line OE-N2) and antisense (line AS-14) 

plants at 7d after drop inoculation with F. oxysporum. Arrows denote fungal hyphae 

growing (Bars = 100 µm). (c) Percentage of survival to F. oxysporum infection at 7 dpi 

of in vitro grown plants. (d) Phenotype of transgenic AtCPK1 plants at 10 d after drop 

inoculation with B. cinerea. (e) Distribution of the leaf area covered by lesions caused 

by B. cinerea infection at 7dpi: 0, no lesion; 1, 1-25% of the leaf area; 2, 26-50%; and 3, 

51-100%. (f) Phenotype of P. syringae-infiltrated AtCPK1 plants. Red arrow point to 

the inoculated leaves. (g) Bacterial titers determined at 3d after infiltration with P. 

syringae. In all the infection assays, three independent experiments were performed 
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with overexpressor and antisense AtCPK1 plants (three independent lines each) that 

gave similar results. Data shown in (c) and (g) are the mean ± SE. Asterisks indicate 

statistically significant differences between WT and transgenic plants (ANOVA test, * p 

< 0.05, ** p<0.001). The inoculum used for infection assays were as follows: F. 

oxysporum, 106 and 103 spores/ml (overexpressor and antisense lines, respectively (a, b, 

c);  B. cinerea, 106 spores/ml (d, e); and P. syringae, 105 cfu/ml (f, g). 

 

Figure 4. AtCPK1 controls the expression of SA-regulated defence genes and SA 

accumulation. (a) Functional enrichment analysis of AtCPK1-regulated genes 

identified in AtCPK1 overexpressor plants using the ClueGO plugin for Cytoscape 

(Bindea et al., 2009). The bars represent the number of genes associated with the terms 

indicated on the left. Shades of grey represent different functionally grouped terms 

(from top to botton: Metabolic processes, Anatomical structure and Development, 

Response to stimulus, and Transport). Percentages are the corresponding to the genes 

from the uploaded dataset that were associated with the term compared to all the genes 

associated with that term (**, p ≤ 0.001; * p ≤ 0.05). (b) Semi-quantitative RT-PCR 

analysis for expression of marker genes of the SA-and JA/ET-mediated defence 

responses. Three independent overexpressor (OE) and antisense (AS) lines were 

analyzed with similar results. C, control plants; I, F. oxysporum-infected plants at 2 dpi. 

(c) Content of total SA, free SA and glucoside conjugate (SAG), in leaves of wild-type 

(Col2), overexpressor (line OE-N2) and antisense (line AS-14) plants. Data shown are 

the mean ± SD. Changes in SA levels were all statistically significant (*, P ≤ 0.05). (d) 

Expression of AtCPK1 in Arabidopsis mutants defective in SA signalling pathway, as 

determined by Northern blot analysis. C, control plants, E, plants treated with elicitors 
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from F. oxysporum for 30 min. Results presented in (b), (c) and (d) are representative of 

three independent experiments. 

 

Figure 5. Subcellular localization of AtCPK1 in Arabidopsis and onion cells. 

Confocal images were taken 24 h postbombardment. Projection images (a-i) and 

individual sections (j-l) are shown. (a-c) Arabidopsis suspension cells transformed with 

either the AtCPK1-GFP gene (a), the N-terminal domain of AtCPK1 fused to GFP (b), 

or the GFP gene (c). (d-f) Epithelial onion cells expressing AtCPK1-GFP (d), a mutated 

version of AtCPK1 that removes the myristoylation site (AtCPK1G2A-GFP) (e), or the 

GFP gene (f). (g-l) Representative Arabidopsis root cells co-transformed with AtCPK1-

GFP and the peroxisomal marker RFP-KSRM. Cells in which AtCPK1-GFP mainly 

colocalizes with the red fluorescence from the peroxisomal marker (i shows the merged 

image from g and h) and cells in which AtCPK1-GFP does not colocalize with the 

peroxisomal marker (j, k) are presented. (l) corresponds to zoom-in from (i). Bars = 5 

µm. 

 

Figure 6. AtCPK1 localizes to peroxisomes and lipid bodies. (a). Subcellular 

fractionation on a 6-step sucrose density gradient of control (C) and elicitor-treated (E) 

plants. Proteins were subjected to immunoblot analysis using antibodies against the 

indicated proteins. Fractions were numbered from the top of the gradient. The 

chlorophyll content of the different fractions is shown at the bottom panel.  (b) Lipid 

bodies were purified by consecutive centrifugations using the two-layer flotation 

method, and stained with the fluorescent lipid-specific stain Nile red. Transmission and 

fluorescence images are presented. Bars= 2 µm. (c) Size distribution of purified lipid 

bodies in control (C) and elicitor-treated (E) plants. (d) Western blot analysis of 
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proteins (5 µg) obtained from purified lipid bodies probed with the anti-AtCPK1 or the 

anti-oleosin antiserum. (e) Immunolocalization of AtCPK1 in Arabidopsis lipid bodies. 

Lipid bodies were immunolabeled with the antiserum against AtCPK1 (left panel) and 

stained with Nile red. Merge of images is presented. The arrow points to a typical Nile 

red-stained lipid body immunodecorated with the anti-AtCPK1 antibody (green). Right 

panel, control with the preimmune antiserum.  

 

Figure 7. Model for the role of AtCPK1 in plant innate immunity. Recognition of 

pathogen-associated molecular patterns (PAMPs) through pattern recognition receptors 

(PRRs) activates signalling events mediated by SA, JA, ET and ABA (not indicated). A 

transient influx of Ca2+ occurs during the early stage of the plant defence response. 

Crosstalk between SA and JA/ET signalling pathways (broken lines) and feedback 

loops involving SA (dotted lines) are well documented. Arrows and blund ends indicate 

positive and negative regulation, respectively, in the absence of pathogen infection. 

AtCPK1 would control SA accumulation and, hence, the expression of SA-regulated 

genes. AtCPK1 itself is proposed to be a component of the SA-dependent, NPR1 

independent signalling pathway. AtCPK1 mediates the activation of R genes, as well as 

PAD3 and PAD4 genes, these genes being involved in camalexin biosynthesis. Adapted 

from Glazebrook, 2001. 

 

 

 

SUPPORTING INFORMATION 

 



 37 

Figure S1.  Specific detection of AtCPK1 gene. 

Figure S2. Production and analysis of transgenic plants modified for AtCPK1 

expression. 

Figure S3. Functional enrichment analysis of genes that are either up or down-regulated 

in AtCPK1-overexpressor plants. 

Figure S4. Hierarchical clustering of AtCPK1-regulated genes with pathogen-regulated 

Arabidopsis genes. 

Figure S5. Pathways for SA biosynthesis. 

Figure S6. Colocalization of AtCPK1-GFP and Oleosin2-DsRed in Arabidopsis root 

cells. 

Supporting Data Set1: List of genes differentially expressed in AtCPK1-overexpressor 

plants compared to wild-type plants. Statistically significant differences were 

considered for p-values ≤ 0.05, fold changes (FC) ≥ 1.5 and average signal intensities ≥ 

100. 

Table S1. List of genes involved in defence and disease resistance whose expression is 

affected by overexpression of AtCPK1. 

Table S2. List of genes involved in lipid metabolism whose expression is affected by 

overexpression of AtCPK1. 

Table S3. List of genes coding for protein kinases and phosphatases whose expression 

is affected by overexpression of AtCPK1. 

Table S4. List of genes coding for transcription factors whose expression is affected by 

overexpression of AtCPK1. 

Table S5. Primers used in RT-PCR analysis. 

Supporting Experimental procedures. 



 38 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 1

(b)

(c)

(a)

Probe

5´UT 3´UT
N-term Kinase domain J CaM domain

C EG C EGC EG C Ekpb

AtCPK2 AtCPK20AtCPK1 β-tub

2.8

1.7

1.1

AtCPK1

AtCPK2

ElicitorsControl
0 15min 30min 6h 15min 30min 6h

A
tC

PK
1/

rR
N

A

0
0.2

0.4
0.6

0.8

1

AtCPK1

CPK1f

CPK1r



(a) (b)

F. oxysporum

WT

cpk1-1

(f)(e)

PR2

PR5

β−tubulin

Pdf1.2a

PR1
C C II

WT cpk1-1

(j)

(g)

Figure 2

AtCPK1

β-tubulin

C E
WT cpk1-1

C E C E
cpk1-2

pI 3 pI 7pI 3 pI 7

66

45

kDa

control
Elicitors

(c)

75

50

75

50

C E
WT cpk1-1

C E
(d)

%
 s

ur
vi

va
l

WT cpk1-1
0

10

20

30

40

50

cpk1-2

**
**

cpk1-1

WT

cpk1-2

WT

B. cinereaF. oxysporum

(h)

di
se

as
e

se
ve

rit
y(

%
)

0

1

2

3
20

40

60

80

100

WT cpk1-1

(i)

lo
g

cf
u/

m
g 

FW

1

2

3

4

5

6

0
WT cpk1-1

**
PstB. cinerea

Salk080155c

N-term kinase CaM
cpk1-2CPK1f

CPK1r

Salk007698

N-term kinase CaM
cpk1-1CPK1f

CPK1r



Figure 3

OE-Y2 OE-N2

WT WTAS-14

AS-18 AS-22

WT AS-14

WT OE-N2

AS-14WT

WT OE-N2

(c)

OE

%
 s

ur
vi

va
l

0

10

20

30

40

WT F2 N2 Y2

**
*

WT 14 18 22
AS

* * *

di
se

as
e

se
ve

rit
y

(%
)

0

1

2

320

40

60

80

100

0
WT F2 N2Y214 18 22

OE AS

* * * ** ** **

F. oxysporum F. oxysporum

WT AS-14OE-N2

(f) P. syringae
(g)

lo
g

cf
u/

m
g 

FW

1

2

3

4

5

0 22
OE AS

WT F2 N2 Y2 14 18

**

** *

****

6

(b)

OE-F2

OE-N2 AS-14WT

B. cinerea(d)
(e)

(a)



(a)
Metabolic process

Cellular process
Biosynthetic process

Macromolecule metabolic process
Cellular metabolic process
Primary metabolic process

Reproduction
Multicellular organismal process

Developmental process
Reproductive process

Multicellular organismal development
Anatomical structure development

Response to stimulus
Multi-organism process

Response to stress
Response to biotic stimulus

Response to abiotic stimulus
Response to endogenous stimulus

Response to chemical stimulus
Response to other organism

Localization
Establishment of localization

Transport
Cellular component organization
Regulation of biological process

Biological regulation

0 50 100 150 200 250 300 350 400 450

1

4.85%
4.92%

4.39%
4.51%

4.91%
4.82%

5.76%
5.48%

5.47%
5.86%

5.62%
5.79%

6.69%
9.06%

6.8%
9.36%

6.47%
7.53%

6.88%
9.6%

5.89%
5.87%
5.91%

5.85%
4.44%

4.64%

**** ****
** ****

Number of genes 

(b)
C C C III

Col2 OE AS

PDF1.2a

PR5

PR3
HEL

β-TUB

PAD4

THI2.1
LTP

PR1
PR2

(d)

C
Col0

E C E C E C E C E
cpr5 pad4 sid2 npr1

AtCPK1

rRNA

Figure 4

(c)
SA

 (μ
g/

g 
fr

es
h

tis
su

e)

0

0.2

0.4

0.6

0.8

1

1.2

Col2 OE AS

SAG

SA

*

*



I

Figure 5

AtCPK1G2A-GFP

(e)

RFP-KSRM

(h)

AtCPK1-GFP

(a) (b)

GFP

(c)

AtCPK1-GFP

(d)

GFP

(f)

AtCPK1-GFP

(g)

Merged

(i)

Merged

(j)

Merged

(k)

Merged

(l)



Elicitor

(b)

Control

Figure 6

PreimmuneNile Red MergedAnti-AtCPK1

(e)

(a)

0

25

50

T 1 2 3 4 5 6

C
hl

m
g/

m
l

14

Total
C E C E C E C E C E C E C E

1 2 3 4 5 6
KDa

Oleosin

Catalase45
66

AtCPK166

0

20

40

60

80

100

C E

>1 μm

<0.5 μm

Pe
rc

en
ta

ge

(c) (d)
C E

OB

AtCPK1
kDa

29

20
14

Oleosin

66

0.5-1 μm



PAMPs
PRR

R gene mediated
resistance

SA-dependent
resistance

JA / ET-dependent
resistance

camalexin

PAD3

CPR5

PAD4
EDS1

ICS1/SID2

SA-defence genes

(PR1, PR2, PR5,…)

JA ET

JA/ET-defence genes

(PDF1.2, HEL,…)

AtCPK1
AtCPK1

NPR1

TGA, WRKY70,…

RESISTANCE

Ca2+

Figure 7

Salicylic acid



Gene description Locus FC p-value
calcium-dependent protein kinase isoform AK1 (AK1) At5g04870 13.17 0.032
expressed protein  At5g35480 12.95 0.008
sterol 4-alpha-methyl-oxidase 1 (SMO1) At2g29390 11.47 0.022
expressed protein (MRU1) At5g35490 9.41 0.016
hypothetical protein At2g07981 6.79 0.016
ribosomal protein S12 mitochondrial family protein At2g07675 6.61 0.036
ribosomal protein, similar to mitochondrial ribosomal protein S12 At2g07679 6.46 0.033
NADH-ubiquinone oxidoreductase chain 3 At2g07751 5.43 0.012
pathogenesis-related protein (PR-1) At4g33720 5.1 0.018
expressed protein: Protein of unknown function, DUF537; At3g60940 5.03 0.011
hypothetical protein At2g07722 4.97 0.023
MADS-box protein flowering locus F (FLF) At5g10140 4.93 0.031
expressed protein At2g07708 4.89 0.021
ribosomal protein L2 putative At2g07715 4.48 0.025
plant defensin protein (PDF1.2a) At5g44420 4.05 0.028
plant defensin protein (PDF1.1) At1g75830 3.94 0.029
GCN5-related N-acetyltransferase (GNAT) family protein At2g39030 3.83 0.025
AAA-type ATPase family protein At2g18193 3.81 0.012
ribonuclease 1 (RNS1) At2g02990 3.74 0.003
cytochrome P450 71B15 (CYP71B15) At3g26830 3.69 0.046
expressed protein very low similarity to LEA proteins At1g15415 3.62 0.031
hypothetical protein At2g07775 3.42 0.033
avirulence induced gene (AIG1) At1g33960 3.2 0.014
expressed protein similar to PGPS/D12 [Petunia x hybrida] At1g14880 3.15 0.044
expressed protein At2g07674 3.02 0.013
expressed protein  At2g21640 2.97 0.038
myrosinase-associated protein At1g54000 2.95 0.025
expressed protein At1g10585 2.9 0.020
S-adenosyl-L-methionine:carboxyl methyltransferase family protein At3g44870 2.89 0.040
ATPase subunit 6, putative At2g07741 2.87 0.046
expressed protein At3g55240 2.81 0.045
plant defensin protein (PDF1.2b) At2g26020 2.8 0.049
expressed protein At1g26945 2.79 0.015
adenylosuccinate lyase, putative At4g18440 2.71 0.001
glutathione S-transferase, putative At2g29460 2.71 0.039
expressed protein At5g58570 2.69 0.021
protease inhibitor/seed storage/lipid transfer protein (LTP) family protein At4g12545 2.69 0.050
myrosinase-associated protein At1g54010 2.68 0.030
expressed protein At5g09980 2.64 0.010
expressed protein  At3g30720 2.61 0.013
expressed protein At1g65500 2.57 0.041
allene oxide cyclase family protein At1g13280 2.57 0.040
LRR transmembrane protein kinase At1g35710 2.56 0.004
DC1 domain-containing protein At4g01910 2.55 0.014
calcium-binding EF hand family protein At3g47480 2.54 0.039
DNA-directed RNA polymerase II 36 kDa polypeptide B (RPB36B) At2g15400 2.52 0.001
disease resistance protein (TIR class) At1g57630 2.52 0.048
galactinol synthase, putative At1g56600 2.48 0.040
FAD-binding domain-containing protein At1g26380 2.45 0.034
glycosyltransferase family protein At4g27560 2.43 0.021
agenet domain-containing protein At5g52070 2.41 0.008
avrRpt2-induced AIG2 protein (AIG2) At3g28930 2.41 0.004
cytochrome c oxidase subunit Vc (COX5C) At5g61310 2.4 0.032



expressed protein At3g13910 2.4 0.010
bHLH protein putative DNA-binding protein At5g39860 2.39 0.030
auxin-responsive protein, putative similar to auxin-inducible SAUR At5g18020 2.38 0.029
expressed protein  At2g18680 2.38 0.028
phytosulfokines 5 (PSK5) At5g65870 2.37 0.043
expressed protein At3g14900 2.37 0.043
expressed protein At1g52855 2.37 0.043
hevein-like protein (HEL) At3g04720 2.36 0.038
expressed protein At1g68620 2.36 0.038
lipid transfer protein At2g15050 2.35 0.015
GCN5-related N-acetyltransferase (GNAT) family protein At2g32020 2.32 0.025
glutathione S-transferase, putative At1g49860 2.32 0.012
calmodulin-related protein, At3g50770 2.31 0.030
expressed protein At2g30942 2.31 0.001
auxin-responsive protein (small auxin up RNAs, SAUR-AC1) At4g38850 2.3 0.004
expressed protein At4g31877 2.27 0.016
adenylosuccinate lyase, putative At1g36280 2.26 0.027
LIM domain-containing protein At5g66640 2.24 0.034
calcium-binding protein At1g21550 2.24 0.036
disease resistance family protein (LRR) At3g11010 2.22 0.008
glutamate receptor family protein (GLR2.7) At2g29120 2.21 0.029
disease resistance protein (TIR-NBS class) At1g72920 2.2 0.048
hypothetical protein  At4g20690 2.19 0.041
expressed protein similar to hypothetical protein GI:9294146 from [Arabidopsis thaliana] At1g48330 2.19 0.020
cytochrome P450 family protein At1g33730 2.18 0.035
TIR domain-containing protein, suggestive of a disease resistance protein. At5g44920 2.17 0.027
glycine-rich protein similar At5g33390 2.17 0.020
UDP-glucosyl transferase family protein At2g36800 2.17 0.011
proline-rich extensin-like family protein At5g06640 2.16 0.024
pectinesterase family protein At5g07420 2.15 0.005
expressed protein  At3g29034 2.15 0.043
SAR regulator protein NIMIN-1-related At4g01895 2.13 0.017
amino acid transporter family protein At5g02170 2.12 0.026
glycine-rich RNA-binding protein At4g13860 2.12 0.021
alternative oxidase 1a, mitochondrial (AOX1A) At3g22370 2.12 0.000
proline-rich family protein At3g62680 2.11 0.032
S-receptor protein kinase, At1g65800 2.11 0.036
SET domain-containing protein At5g17240 2.1 0.008
protein kinase family protein At4g11890 2.1 0.004
osmotin-like protein (OSM34) At4g11650 2.1 0.028
expressed protein: Protein of unknown function, DUF537 At3g61100 2.1 0.012
two-component responsive regulator (ARR16) At2g40670 2.1 0.032
auxin-responsive family protein At1g56150 2.1 0.019
40S ribosomal protein S15A (RPS15aB)  At2g19720 2.09 0.043
hydroxyproline-rich glycoprotein family protein At5g19800 2.08 0.010
DNA-directed RNA polymerase II 8.2 kDa polypeptide At1g11475 2.08 0.041
auxin-responsive protein, putative similar to auxin-inducible SAUR At3g03830 2.07 0.020
isochorismate synthase-related / Sid2/ Eds16 At1g35513 2.06 0.038
CLAVATA3/ESR-Related 21 (CLE21) At5g64800 2.05 0.020
expressed protein, putative bHLH127 transcription factor At4g28810 2.05 0.019
nicotianamine synthase, putative At1g09240 2.05 0.001
dihydroorotate dehydrogenase, mitochondrial At5g23300 2.04 0.020
auxin-responsive protein, putative similar to auxin-inducible SAUR At5g18030 2.04 0.023
S-locus protein kinase At4g27300 2.04 0.012



expressed protein: Protein of unknown function DUF567 At3g14260 2.04 0.047
expressed protein At3g10320 2.03 0.011
zinc finger (C2H2 type) family protein At5g43540 2.02 0.007
MATH domain-containing protein low similarity to ubiquitin-specific protease 12 At5g26280 2.02 0.022
expressed protein At4g39675 2.02 0.025
GTP-binding protein, strong similarity to AtSAR1B and AtSAR1A At1g09180 2.02 0.009
glycosyltransferase family protein At4g27570 2.01 0.013
rapid alkalinization factor (RALF) family protein At4g13950 2.01 0.008
DNA-binding protein-related At3g14880 2.01 0.049
heat shock protein 81-1 (HSP81-1) At5g52640 2 0.023
expressed protein At3g18250 2 0.039
mRNA capping enzyme family protein At3g09100 2 0.031
cytochrome c oxidase subunit 3 At2g07687 2 0.028
protein kinase family protein At4g23170 1.99 0.043
chitinase, basic endochitinase CHB4 At3g47540 1.99 0.041
expressed protein At1g80940 1.99 0.028
respiratory burst oxidase protein B (RbohB) / NADPH oxidase At1g09090 1.99 0.017
expressed protein  At5g04080 1.98 0.037
tryptophan synthase, alpha subunit (TSA1) At3g54640 1.98 0.019
starch synthase At1g11720 1.98 0.026
UDP-glucosyl transferase family protein At1g05680 1.98 0.038
cytochrome P450 family protein At3g20960 1.97 0.009
trypsin inhibitor At2g43530 1.96 0.030
phosphorylase family protein At4g24350 1.94 0.036
myrosinase-associated protein At3g14210 1.94 0.033
glycoside hydrolase family 28 protein At1g80140 1.94 0.038
4-coumarate--CoA ligase family protein At1g20510 1.94 0.028
expressed protein  At5g64770 1.93 0.038
RNA recognition motif (RRM)-containing protein At5g46870 1.93 0.010
SEC14 cytosolic factor family protein / phosphoglyceride transfer family protein At4g36640 1.93 0.031
ribosomal protein L33 family protein At3g06320 1.93 0.044
expressed protein At2g24945 1.93 0.012
ubiquitin-conjugating enzyme 15 (AtUBC15) At1g45050 1.93 0.042
expressed protein At1g21520 1.93 0.018
expressed protein At5g49525 1.92 0.024
Ras-related GTP-binding family protein At5g47960 1.92 0.049
protease inhibitor/seed storage/LTP family protein identical to pEARLI 1 At4g12480 1.92 0.004
homeobox-leucine zipper protein, HD-ZIP transcription factor At3g01220 1.92 0.042
expressed protein At2g43720 1.92 0.009
expressed protein At4g22160 1.91 0.003
expressed protein: Protein of unknown function, DUF538 At3g08890 1.91 0.013
auxin-responsive protein, putative similar to SAUR At5g18080 1.9 0.050
glutathione S-transferase, putative At2g30860 1.9 0.026
expressed protein At1g23840 1.9 0.013
AAA-type ATPase family protein At4g36580 1.89 0.025
lectin protein kinase, similar to receptor lectin kinase 3 [Arabidopsis thaliana] At3g59700 1.89 0.000
protein kinase family protein At3g20830 1.89 0.019
galactosyltransferase family protein At1g33430 1.89 0.040
Pathogenesis-related protein Bet v I family At1g14960 1.89 0.017
expressed protein At5g64910 1.88 0.009
expressed protein  At2g16980 1.88 0.002
expressed protein contains 11 transmembrane domains At1g18010 1.88 0.029
chloroplast nucleoid DNA-binding protein-related At1g09750 1.88 0.044
lectin protein kinase, similar to receptor lectin kinase 3 [Arabidopsis thaliana] At5g01550 1.87 0.000



eukaryotic translation initiation factor 4A (eIF-4A) At1g51380 1.87 0.032
plastocyanin-like domain-containing protein At5g25090 1.86 0.030
F-box family protein At5g22660 1.86 0.004
SPla/RYanodine receptor (SPRY) domain-containing protein At4g09250 1.86 0.038
expressed protein At5g02580 1.85 0.050
hypothetical protein At3g28280 1.85 0.000
disease resistance family protein (LRR) At3g25010 1.85 0.047
heavy-metal-associated domain-containing protein At3g05920 1.85 0.049
expressed protein  At3g02900 1.85 0.041
protease inhibitor, putative At2g38870 1.85 0.026
ankyrin repeat family protein At1g10340 1.85 0.031
cytochrome P450 81D1 (CYP81D1) At5g36220 1.84 0.009
oxidoreductase, 2OG-Fe(II) oxygenase family protein At5g20550 1.84 0.002
hypothetical protein  At4g00530 1.84 0.023
heavy-metal-associated domain-containing protein At1g71050 1.84 0.035
homeobox-leucine zipper family protein contains At5g53980 1.83 0.010
hypothetical protein At5g37410 1.83 0.015
cytochrome P450 family protein, similar to monooxygenase CYP91A2 At4g37400 1.83 0.034
ubiquitin extension protein 1 (UBQ1) At3g52590 1.83 0.040
expressed protein At3g50910 1.83 0.037
zinc finger (C3HC4-type RING finger) family protein At4g19670 1.82 0.036
molybdenum cofactor synthesis family protein At4g10100 1.82 0.047
LRR family protein contains, similar to receptor-like protein kinase INRPK1 [Ipomoea nil] At3g17640 1.82 0.034
sigA-binding protein-related At2g41180 1.82 0.039
esterase/lipase/thioesterase family protein At2g39420 1.82 0.010
cytochrome P450 family protein At2g28860 1.82 0.030
expressed protein At2g01870 1.82 0.030
photosystem I reaction center subunit VI, chloroplast At1g52230 1.82 0.043
annexin 2 (ANN2) At5g65020 1.81 0.034
cytochrome P450 family protein, similar to steroid 22-alpha-hydroxylase CYP90B1 At5g48000 1.81 0.003
expressed protein At5g18250 1.81 0.001
protease inhibitor/seed storage/LTP family protein similar to pEARLI 1 At4g12490 1.81 0.018
expressed protein: Protein of unknown function, DUF538 At4g02360 1.81 0.019
hypersensitive response protein 3 (HR3) At3g50470 1.81 0.022
myb family transcription factor At1g75250 1.81 0.030
trypsin inhibitor, At1g47540 1.81 0.050
ethylene-responsive protein, similar to ER33 protein [Lycopersicon esculentum] At1g05710 1.81 0.030
latex-abundant family protein (AMC3) / caspase family protein At5g64240 1.8 0.029
F-box family protein At5g56380 1.8 0.011
expressed protein: Protein of unknown function, DUF538 At5g46230 1.8 0.046
expressed protein At5g14710 1.8 0.039
expressed protein At5g64905 1.79 0.006
ABC transporter family protein At3g55130 1.79 0.041
WRKY family transcription factor At2g46400 1.79 0.011
expressed protein At5g54970 1.78 0.035
ABA-responsive protein (AtHVA22e) At5g50720 1.78 0.042
defense protein-related weak similarity to RPM1-interacting protein 4 At5g48657 1.78 0.042
two-component responsive regulator family protein (similar to ARR1) At3g16857 1.78 0.039
cytochrome b5 domain-containing protein At2g24940 1.78 0.007
transcription initiation protein-related At5g63670 1.77 0.002
amino acid permease 6 (AAP6) At5g49630 1.77 0.030
expressed protein At5g22580 1.77 0.018
glutathione S-transferase, putative At2g29440 1.77 0.010
expressed protein At5g64900 1.76 0.040



alpha-expansin gene family (EXP17) At4g01630 1.76 0.025
expressed protein At3g15420 1.76 0.045
methylase family protein At5g64150 1.75 0.018
Wall-associated kinase At4g31110 1.75 0.044
expressed protein  At3g48180 1.75 0.015
UDP-glucosyl transferase family protein At3g11340 1.75 0.023
expressed protein At2g16900 1.75 0.017
3-oxo-5-alpha-steroid 4-dehydrogenase family protein At2g16530 1.75 0.018
expressed protein: Protein of unknown function (DUF295) At1g30160 1.75 0.005
pectinesterase family protein At1g05310 1.75 0.006
expressed protein At5g67600 1.74 0.040
F-box family protein At5g38590 1.74 0.043
expressed protein At2g28140 1.74 0.044
hypothetical protein At1g59930 1.74 0.041
3 exoribonuclease family protein At4g27490 1.73 0.019
Small heat shock protein (HSP17.6B-CI) At2g29500 1.73 0.020
DC1 domain-containing protein At1g62030 1.73 0.040
expressed protein At5g64816 1.72 0.005
expressed protein At3g58540 1.72 0.036
expressed protein At3g13940 1.72 0.022
expressed protein At1g78190 1.72 0.034
disease resistance protein (TIR class) At1g51280 1.72 0.008
expressed protein similar to nuclear receptor coactivator GT198 (Rattus norvegicus) At1g13330 1.72 0.001
disease resistance protein (CC-NBS-LRR class) At1g12280 1.72 0.012
hypoxia-responsive family protein At5g27760 1.71 0.008
short-chain dehydrogenase/reductase (SDR) family protein At3g55310 1.71 0.022
expressed protein At2g35810 1.71 0.050
expressed protein At1g80860 1.71 0.022
S-locus lectin protein kinase family protein At1g61360 1.71 0.004
expressed protein At1g24600 1.71 0.048
lanthionine synthetase C-like family protein At5g65280 1.7 0.001
glycoside hydrolase family 28 protein At5g39910 1.7 0.013
auxin-responsive protein, similar to auxin-inducible SAUR At5g18010 1.7 0.009
expressed protein: Protein of unknown function, DUF537 At3g62460 1.7 0.031
branched-chain amino acid aminotransferase, (BCAT4) At3g19710 1.7 0.004
protein phosphatase 2C-related At3g15260 1.7 0.018
transducin family protein / WD-40 repeat family protein At1g29320 1.7 0.047
expressed protein  At5g53045 1.69 0.013
expressed protein At5g05060 1.69 0.030
expressed protein At3g17890 1.69 0.023
mitochondrial import inner membrane translocase (TIM10) At2g29530 1.69 0.028
expressed protein At2g24970 1.69 0.024
hydroxyproline-rich glycoprotein family protein At2g22510 1.69 0.004
expressed protein  At4g23760 1.68 0.006
expressed protein At3g14190 1.68 0.027
expressed protein At3g09162 1.68 0.016
protein kinase family protein At1g71530 1.68 0.036
hypothetical protein At5g57080 1.67 0.004
homeobox protein knotted-1 like 4 (KNAT4) At5g11060 1.67 0.036
glycine-rich protein  At4g37900 1.67 0.004
chloroplast protein import component-related At4g15810 1.67 0.038
Ulp1 protease family protein At4g08880 1.67 0.012
peroxidase 33 (PER33)/ neutral peroxidase C (PERC) At3g49110 1.67 0.050
ribonucleoside-diphosphate reductase small chain  (R2 subunit) At3g23580 1.67 0.050



hypothetical protein At2g35733 1.67 0.039
xyloglucan fucosyltransferase (AtFUT4) At2g15390 1.67 0.024
tRNA pseudouridine synthase family protein At1g76120 1.67 0.016
CLAVATA3/ESR-Related 26 (CLE26) At1g69970 1.67 0.018
eukaryotic translation initiation factor 5A At1g69410 1.67 0.028
coronatine-induced protein 1 (CORI1) At1g19670 1.67 0.012
phosphoinositide-specific phospholipase C (PLC1) At5g58670 1.66 0.046
YGGT family protein (unknown function) At5g36120 1.66 0.047
expressed protein At2g15000 1.66 0.036
isoflavone reductase At1g75300 1.66 0.027
expressed protein At1g07220 1.66 0.019
pentatricopeptide (PPR) repeat-containing protein At1g02370 1.66 0.022
AP2 domain-containing transcription factor At5g65130 1.65 0.029
no apical meristem (NAM) family protein At5g22290 1.65 0.023
ribosomal protein S6 family protein At3g18760 1.65 0.039
sec61beta family protein At2g45070 1.65 0.028
expressed protein At2g39500 1.65 0.029
homeobox protein knotted-1 like 2 (KNAT2) At1g70510 1.65 0.016
glutaredoxin, putative At5g63030 1.64 0.023
expressed protein At5g43750 1.64 0.046
myb family transcription factor (MYB32) At4g34990 1.64 0.002
zinc finger (C3HC4-type RING finger) family protein At4g14365 1.64 0.031
expressed protein At3g60700 1.64 0.010
expressed protein At3g29280 1.64 0.029
hypothetical protein At3g19200 1.64 0.043
expressed protein At2g43540 1.64 0.001
mitochondrial transcription termination factor-related At1g78930 1.64 0.014
LRR family protein, similar to Hcr2-0B [Lycopersicon esculentum] At1g17240 1.64 0.042
expressed protein At5g25570 1.63 0.003
glucosamine/galactosamine-6-phosphate isomerase-related At5g24420 1.63 0.016
expressed protein At5g18920 1.63 0.041
expressed protein At3g04620 1.63 0.038
defender against cell death 2 (AtDAD2) At2g35520 1.63 0.022
copper-exporting ATPase, putative At1g63440 1.63 0.041
myb family transcription factor At1g48000 1.63 0.041
annexin 1 (ANN1) At1g35720 1.63 0.013
oxidoreductase, 2OG-Fe(II) oxygenase family protein At1g35190 1.63 0.024
expressed protein At5g47455 1.62 0.004
expressed protein At5g23460 1.62 0.016
NC domain-containing protein At5g16360 1.62 0.032
band 7 family protein similar to stomatin-like protein [Zea mays] At4g27585 1.62 0.006
thioredoxin family protein At3g53220 1.62 0.030
holocarboxylase synthetase 1 (HCS1) At2g25710 1.62 0.024
serpin, putative / serine protease inhibitor At2g25240 1.62 0.038
hypothetical protein At2g06700 1.62 0.000
expressed protein At1g77540 1.62 0.006
transducin-related / WD-40 repeat family protein At1g27470 1.62 0.041
S-locus lectin protein kinase family protein At1g11300 1.62 0.044
2-oxoglutarate-dependent dioxygenase, At1g03410 1.62 0.032
nitrogen regulation family protein At5g67220 1.61 0.046
disease resistance protein (TIR-NBS-LRR class) At5g46260 1.61 0.015
allene oxide synthase (AOS) / chloroplast cyt P450 74A At5g42650 1.61 0.038
expressed protein: Uncharacterized ACR, COG2106 At5g19300 1.61 0.047
zinc finger homeobox family protein At4g24660 1.61 0.048



expressed protein At3g60420 1.61 0.037
hypothetical protein  At2g40780 1.61 0.029
expressed protein At2g20585 1.61 0.004
expressed protein At1g68660 1.61 0.040
Fe-S metabolism associated domain-containing protein At1g67810 1.61 0.012
expressed protein At1g48200 1.61 0.010
expressed protein At1g11440 1.61 0.024
auxin-responsive protein, putative similar to auxin-inducible SAUR At5g18060 1.6 0.003
glycosyl hydrolase family 5 protein/ cellulase family protein At5g17500 1.6 0.038
transferase family protein At5g16410 1.6 0.049
zinc finger (C3HC4-type RING finger) family protein At5g01880 1.6 0.041
paramyosin-related At4g32560 1.6 0.003
expressed protein  At4g13220 1.6 0.038
protease inhibitor/seed storage/LTPfamily protein similar to pEARLI 1 At4g12500 1.6 0.012
peroxidase 30 (PER30)/ (PRXR9)/(ATP7a) At3g21770 1.6 0.043
ubiquinol-cytochrome C reductase complex At3g10860 1.6 0.019
ubiquitin-conjugating enzyme 11 (AtUBC11) At3g08690 1.6 0.008
expressed protein At2g37195 1.6 0.005
ubiquitin family protein At2g35635 1.6 0.009
Pathogenesis-related protein Bet v I family At1g23120 1.6 0.005
ribosomal protein L14 family protein At1g17560 1.6 0.004
pentatricopeptide (PPR) repeat-containing protein At1g03540 1.6 0.014
MADS-box family protein At5g48670 1.59 0.022
pentatricopeptide (PPR) repeat-containing protein At5g28380 1.59 0.032
KOW domain-containing protein At5g23535 1.59 0.050
expressed protein At5g19630 1.59 0.044
expressed protein condensin subunit SMC4 At5g08010 1.59 0.029
protein kinase family protein At4g10390 1.59 0.040
phytoalexin-deficient 4 protein (PAD4) At3g52430 1.59 0.024
late embryogenesis abundant protein/ LEA protein At2g46140 1.59 0.016
hypothetical protein similar to At2g12120, At1g45090, At2g05470, At5g28482 At2g06630 1.59 0.010
short-chain dehydrogenase/reductase (SDR) family protein At1g63380 1.59 0.008
pentatricopeptide (PPR) repeat-containing protein At1g62590 1.59 0.048
MATE efflux family protein At1g15150 1.59 0.028
expressed protein At4g20020 1.58 0.031
auxin-binding protein 1 (ABP1) At4g02980 1.58 0.006
mitochondrial glycoprotein family protein At2g39795 1.58 0.048
recA family protein At2g19490 1.58 0.025
OXA1 family protein At1g65080 1.58 0.014
signal peptidase At1g52600 1.58 0.048
F-box family protein At1g32140 1.58 0.041
mitochondrial import inner membrane translocase subunit Tim17 family protein At1g18320 1.58 0.003
60S ribosomal protein L21 (RPL21C) At1g09690 1.58 0.033
MADS-box protein (MAF4)/ SRF-type transcription factor At5g65070 1.57 0.039
bHLH family protein  At3g47710 1.57 0.007
F-box family protein At3g44060 1.57 0.047
expressed protein At3g05570 1.57 0.026
aspartyl protease family protein At1g62290 1.57 0.009
expressed protein At1g27330 1.57 0.032
3(2),5-bisphosphate nucleotidase, putative At5g63990 1.56 0.045
no apical meristem (NAM) family protein At5g18270 1.56 0.020
expressed protein  At5g16060 1.56 0.033
expressed protein At4g39235 1.56 0.008
gamma-glutamyltranspeptidase family protein At4g29210 1.56 0.016



F-box family protein At4g14096 1.56 0.029
complex 1 family protein / LYR family protein At3g62810 1.56 0.007
zinc finger (C3HC4-type RING finger) family protein At3g51325 1.56 0.038
acyl-activating enzyme 13 (AAE13) At3g16170 1.56 0.002
caffeoyl-CoA 3-O-methyltransferase At1g67980 1.56 0.026
phosphoglycerate kinase, putative At1g56190 1.56 0.044
squamosa promoter-binding protein-like 4 (SPL4) At1g53160 1.56 0.008
expressed protein At1g17490 1.56 0.046
homeobox-leucine zipper family protein At5g17320 1.55 0.043
acylphosphatase family At5g03370 1.55 0.031
thioredoxin family protein At4g29670 1.55 0.003
zinc finger (C3HC4-type RING finger) family protein At4g28270 1.55 0.014
TENA/THI-4 family protein At3g16990 1.55 0.016
squamosa promoter-binding protein-like 5 (SPL5) At3g15270 1.55 0.026
caleosin-related family protein At1g70670 1.55 0.008
NRAMP metal ion transporter 4 (NRAMP4) At5g67330 1.54 0.047
cyclin family protein At5g48630 1.54 0.049
expressed protein  At4g21865 1.54 0.003
expressed protein  At3g19660 1.54 0.048
expressed protein At3g11745 1.54 0.019
DNA-binding protein, similar to RAV1 At3g11580 1.54 0.010
adagio 2 (ADO2) E3 ubiquitin ligase SCF complex F-box subunit At2g18915 1.54 0.038
exonuclease family protein At3g15080 1.53 0.022
expressed protein  At3g14920 1.53 0.048
no apical meristem (NAM) family protein At1g64105 1.53 0.007
expressed protein  At5g66820 1.52 0.006
heavy-metal-associated domain-containing protein At5g17450 1.52 0.011
MATH domain-containing protein similar to ubiquitin-specific protease 12 At3g28220 1.52 0.026
cysteine proteinase, putative At3g19390 1.52 0.008
small nuclear ribonucleoprotein D1 At3g07590 1.52 0.030
p21Cip1-binding protein-related At2g44510 1.52 0.005
thiol methyltransferase At2g43920 1.52 0.023
RNA recognition motif (RRM)-containing protein At2g24350 1.52 0.045
nodulin-related At2g03440 1.52 0.031
DNA-directed RNA polymerase At1g60850 1.52 0.006
expressed protein At1g33490 1.52 0.040
oxidoreductase, 2OG-Fe(II) oxygenase family protein At1g17020 1.52 0.001
expressed protein At1g16000 1.52 0.009
expressed protein At1g12400 1.52 0.043
pyruvate kinase, putative At5g63680 1.51 0.025
protease inhibitor/seed storage/lipid transfer protein (LTP) family protein At5g55460 1.51 0.038
expressed protein At5g22280 1.51 0.029
expressed protein  At5g08240 1.51 0.021
alanine-glyoxylate aminotransferase, putative At4g39660 1.51 0.013
expressed protein At4g32240 1.51 0.015
lipase class 3 family protein At4g16070 1.51 0.049
expressed protein  At3g47510 1.51 0.034
expressed protein contains 1 transmembrane domain At2g33850 1.51 0.032
mitochondrial glycoprotein family protein At1g80720 1.51 0.025
heat shock transcription factor family protein At1g77570 1.51 0.024
Ras-related GTP-binding family protein At1g18200 1.51 0.035
signaling molecule-related At5g61880 1.5 0.021
kinase interacting protein-related At5g58320 1.5 0.001
protease inhibitor/seed storage/lipid transfer protein (LTP) family protein At5g55450 1.5 0.027



NAD-dependent epimerase/dehydratase family protein At5g28840 1.5 0.018
zinc finger (C3HC4-type RING finger) family protein At5g02750 1.5 0.038
caltractin (centrin), putative At4g37010 1.5 0.013
S-adenosyl-L-methionine:carboxyl methyltransferase family protein At4g36470 1.5 0.040
pentatricopeptide (PPR) repeat-containing protein At4g01990 1.5 0.015
disease resistance protein, RPP13-like (CC-NBS class) At3g46530 1.5 0.001
expressed protein At3g11720 1.5 0.048
DNAJ heat shock N-terminal domain-containing protein At2g35720 1.5 0.012
expressed protein At2g31130 1.5 0.008
expressed protein  At1g72690 1.5 0.012
pentatricopeptide (PPR) repeat-containing protein At1g15510 1.5 0.030
expressed protein At1g06010 1.5 0.012
MATE efflux protein-related At5g52050 -1.5 0.001
glycosyl hydrolase family 14 protein At5g45300 -1.5 0.018
expressed protein At5g39785 -1.5 0.031
expressed protein At5g10150 -1.5 0.023
glycosyl hydrolase family 17 protein At4g34480 -1.5 0.016
chloroplast protein import component-related At4g02510 -1.5 0.024
TCP family transcription factor At3g15030 -1.5 0.024
metallo-beta-lactamase family protein At3g13800 -1.5 0.016
60S ribosomal protein L7 (RPL7D) At3g13580 -1.5 0.030
exocyst complex component Sec8-related At3g10380 -1.5 0.013
expressed protein At3g04830 -1.5 0.011
LRR transmembrane protein kinase At3g02880 -1.5 0.024
tRNA synthetase class I family protein At2g25840 -1.5 0.049
VQ motif-containing protein At1g78310 -1.5 0.016
MADS-box protein AGL27-II (AGL27) / MADS affecting flowering 1 (MAF1) At1g77080 -1.5 0.035
histone H1/H5 family protein At1g48620 -1.5 0.044
expressed protein At1g21350 -1.5 0.041
DNA-binding bromodomain-containing protein At5g65630 -1.51 0.018
expressed protein: protein of unknown function (DUF639) At5g23390 -1.51 0.014
expressed protein: DUF716 Plant viral-response family At5g13890 -1.51 0.001
emsy N terminus domain-containing protein At5g13020 -1.51 0.050
ubiquitin-specific protease 3 (UBP3) At4g39910 -1.51 0.040
hypothetical protein similar to At3g45350, At2g14330 At4g09400 -1.51 0.020
expressed protein identical to anthocyanin-related membrane protein 1 [Arabidopsis thaliana] At3g59310 -1.51 0.018
expressed protein At3g29185 -1.51 0.007
zinc finger (C3HC4-type RING finger) family protein At3g15070 -1.51 0.041
expressed protein At3g01200 -1.51 0.030
CCR4-NOT transcription complex protein At1g80780 -1.51 0.038
expressed protein At1g80210 -1.51 0.033
copine-related low At1g79380 -1.51 0.002
brassinosteroid signalling positive regulator (BZR1) At1g75080 -1.51 0.001
expressed protein At1g71940 -1.51 0.036
electron transfer flavoprotein alpha subunit family protein At1g50940 -1.51 0.026
seryl-tRNA synthetase, putative At1g11870 -1.51 0.049
protein kinase family protein At5g49470 -1.52 0.002
metalloendopeptidase, chloroplast processing enzyme At5g42390 -1.52 0.008
expressed protein At4g27020 -1.52 0.022
expressed protein At4g14385 -1.52 0.050
protein kinase, similar to wall-associated kinase 1 At3g57750 -1.52 0.000
ABC transporter family protein At3g10670 -1.52 0.026
potassium transporter family protein At2g35060 -1.52 0.042
expressed protein At1g64650 -1.52 0.025



thioredoxin family protein At1g53300 -1.52 0.038
expressed protein At1g50290 -1.52 0.014
stomatal cytokinesis defective  (AtSCD1 protein) At1g49040 -1.52 0.038
proton-dependent oligopeptide transport (POT) family protein At1g22540 -1.52 0.007
expressed protein At1g17780 -1.52 0.005
hydroxyacylglutathione hydrolase/ similar to glyoxalase II isozyme At1g06130 -1.52 0.040
expressed protein, At5g63220 -1.53 0.014
expressed protein At5g62650 -1.53 0.048
outward rectifying potassium channel (KCO1) At5g55630 -1.53 0.042
phosphoglycolate phosphatase At5g47760 -1.53 0.015
expressed protein: Eukaryotic protein of unknown function (DUF858) At5g44450 -1.53 0.048
expressed protein At5g17620 -1.53 0.004
eukaryotic translation initiation factor-related At4g23330 -1.53 0.023
RNA-binding protein, At4g03110 -1.53 0.011
SNF2 domain-containing protein At3g12810 -1.53 0.016
plant adhesion molecule 1 At3g02460 -1.53 0.047
expressed protein At3g01780 -1.53 0.042
dehydration-responsive family protein similar to ERD3 protein At2g40280 -1.53 0.004
expressed protein  At2g39080 -1.53 0.009
expressed protein  At1g79090 -1.53 0.012
ADP-ribosylation factor 1 At1g70490 -1.53 0.020
AP2 domain-containing transcription factor, At1g68550 -1.53 0.049
galactosyltransferase family protein At1g53290 -1.53 0.020
serine decarboxylase At1g43710 -1.53 0.003
expressed protein: Protein of unknown function DUF626 At1g23970 -1.53 0.034
mitochondrial substrate carrier family protein At1g07030 -1.53 0.033
carotenoid isomerase, putative At1g06820 -1.53 0.021
DNA-binding protein-related At5g49700 -1.54 0.004
glycerophosphoryl diester phosphodiesterase family protein At5g41080 -1.54 0.018
expressed protein At5g24690 -1.54 0.025
DNA-binding bromodomain-containing protein At5g10550 -1.54 0.013
aspartyl aminopeptidase, putative At5g04710 -1.54 0.041
expressed protein At4g27120 -1.54 0.028
zinc finger (CCCH-type) family protein At3g55980 -1.54 0.034
hydroxyproline-rich glycoprotein family protein At3g13140 -1.54 0.018
26S proteasome AAA-ATPase subunit (RPT5a) At3g05530 -1.54 0.031
expressed protein At3g02140 -1.54 0.035
peroxisomal membrane protein (PMP36) At2g39970 -1.54 0.013
pentatricopeptide (PPR) repeat-containing protein At2g19280 -1.54 0.021
DNAJ heat shock N-terminal domain-containing protein At1g77020 -1.54 0.049
calmodulin-binding family protein At1g74690 -1.54 0.026
exocyst subunit EXO70 family protein At1g72470 -1.54 0.047
expressed protein At1g28240 -1.54 0.030
expressed protein: YT521-B-like family At1g27960 -1.54 0.008
calmodulin-binding family protein At1g19870 -1.54 0.047
cinnamyl-alcohol dehydrogenase family At1g09490 -1.54 0.050
drought-responsive family protein At5g26990 -1.55 0.023
homoserine dehydrogenase family protein At5g21060 -1.55 0.010
hydrolase, alpha/beta fold family protein At4g24160 -1.55 0.018
RelA/SpoT domain-containing protein / calcium-binding EF-hand family protein At3g17470 -1.55 0.037
RNA recognition motif (RRM)-containing protein At3g13224 -1.55 0.011
GRAM domain-containing protein / ABA-responsive protein-related At2g22475 -1.55 0.008
expressed protein At2g21960 -1.55 0.002
semialdehyde dehydrogenase family protein At2g19940 -1.55 0.049



ABC1 family protein contains At1g71810 -1.55 0.026
pyridoxal-5-phosphate-dependent enzyme At1g55880 -1.55 0.006
expressed protein  At1g52780 -1.55 0.009
expressed protein similar to Biotin synthesis protein bioC. (Serratia marcescens) At1g22800 -1.55 0.042
protein kinase family protein At1g12680 -1.55 0.043
pyruvate kinase, putative At5g52920 -1.56 0.006
alpha-expansin gene family (EXP24) At5g39310 -1.56 0.023
peptide chain release factor related At5g36170 -1.56 0.017
peptidase M50 family protein / sterol-regulatory element binding protein At5g35210 -1.56 0.025
homeobox-leucine zipper protein protodermal factor 2 (PDF2) At4g04890 -1.56 0.039
CTP synthase / UTP-ammonia ligase, putative At4g02120 -1.56 0.009
expressed protein At3g21865 -1.56 0.009
cell division protein-related At3g19180 -1.56 0.023
expressed protein At3g17950 -1.56 0.041
cysteine synthase, putative At3g04940 -1.56 0.007
expressed protein At3g03890 -1.56 0.001
serine/threonine protein phosphatase At2g42810 -1.56 0.033
KH domain-containing protein At2g38610 -1.56 0.003
mitochondrial import inner membrane translocase (TIM17) At2g37410 -1.56 0.014
eukaryotic translation initiation factor 2B family protein At1g48970 -1.56 0.017
hydrolase, alpha/beta fold family protein At1g33990 -1.56 0.000
GDSL-motif lipase, putative At1g28580 -1.56 0.001
expressed protein At5g53860 -1.57 0.017
disease resistance protein (TIR-NBS class) At5g46490 -1.57 0.031
expressed protein  At5g22710 -1.57 0.017
RNA cyclase family protein At5g22100 -1.57 0.045
pyridine nucleotide-disulphide oxidoreductase family protein At5g08740 -1.57 0.016
KH domain-containing protein At5g04430 -1.57 0.048
ABC transporter family protein At5g03910 -1.57 0.023
CBL-interacting protein kinase 15 (CIPK15) At5g01810 -1.57 0.029
expressed protein At4g36440 -1.57 0.032
pantothenate kinase family protein At4g35360 -1.57 0.032
oxidoreductase, forever young (FEY3) At4g27760 -1.57 0.026
WD-40 repeat family protein At4g11110 -1.57 0.042
expressed protein At3g56750 -1.57 0.035
bacterial transferase hexapeptide repeat-containing protein At3g48680 -1.57 0.015
expressed protein  At3g48500 -1.57 0.008
transporter-related protein At3g46980 -1.57 0.019
N-acetylglucosaminyl-phosphatidylinositol biosynthetic protein At3g45100 -1.57 0.041
T-complex protein 1 alpha subunit  (TCP-1-alpha) At3g20050 -1.57 0.020
expressed protein At3g17100 -1.57 0.005
basic helix-loop-helix (bHLH) family protein At2g42300 -1.57 0.035
secretory carrier membrane protein (SCAMP) At2g20840 -1.57 0.026
plasma membrane intrinsic protein At2g16850 -1.57 0.015
expressed protein At1g79190 -1.57 0.021
chloride channel protein (CLC-c) At5g49890 -1.58 0.004
tRNA-splicing endonuclease positive effector-related protein At4g30100 -1.58 0.036
expressed protein At4g18070 -1.58 0.011
outward rectifying potassium channel (KCO5) At4g01840 -1.58 0.011
N-acetylglucosaminyl transferase component family protein At3g57170 -1.58 0.014
zinc knuckle (CCHC-type) family protein At3g43590 -1.58 0.018
kinesin motor family protein At3g16630 -1.58 0.021
nucleoporin family protein At1g80680 -1.58 0.029
expressed protein At1g56180 -1.58 0.005



protein kinase, similar to incomplete root hair elongation (AtIRE) At1g48490 -1.58 0.037
F-box family protein At1g27340 -1.58 0.047
calcium-binding EF hand family protein At1g20760 -1.58 0.009
leucine zipper factor-related At1g07840 -1.58 0.013
expressed protein At5g53860 -1.59 0.013
ATP-dependent CLP protease ATP-binding subunit CLPX, putative At5g49840 -1.59 0.046
nicotinate phosphoribosyltransferase family protein At4g36940 -1.59 0.043
metallo-beta-lactamase family protein At4g33540 -1.59 0.021
epoxide hydrolase-related At4g15955 -1.59 0.038
extra-large G-protein-related At4g01090 -1.59 0.018
auxin-responsive protein (AIR12) At3g07390 -1.59 0.022
expressed protein At2g25280 -1.59 0.003
ABC transporter family protein At1g17840 -1.59 0.042
UDP-galactose/UDP-glucose transporter At1g14360 -1.59 0.024
3-dehydroquinate synthase At5g66120 -1.6 0.012
cytochrome c biogenesis protein family At5g54290 -1.6 0.001
26S proteasome regulatory subunit (putative RPN9) At5g45620 -1.6 0.035
disease resistance protein (TIR-NBS-LRR class) At5g22690 -1.6 0.005
glutaredoxin family protein At5g13810 -1.6 0.024
IKI3 family protein At5g13680 -1.6 0.022
expressed protein At5g11960 -1.6 0.008
expressed protein At4g19140 -1.6 0.043
armadillo/beta-catenin repeat family protein At4g12710 -1.6 0.024
ubiquitin family protein At3g26980 -1.6 0.020
heterogeneous nuclear ribonucleoprotein, putative At3g07810 -1.6 0.025
expressed protein: DUF716 Plant viral-response family At3g01360 -1.6 0.020
TCP family transcription factor At2g45680 -1.6 0.014
HhH-GPD base excision DNA repair family protein (ROS1) At2g36490 -1.6 0.009
shikimate kinase-related protein At2g35500 -1.6 0.007
protein kinase family protein At1g67470 -1.6 0.039
amino acid permease I (AAP1) At1g58360 -1.6 0.036
armadillo/beta-catenin repeat family protein At5g66200 -1.61 0.010
expressed protein  At5g23520 -1.61 0.018
anthranilate synthase, alpha subunit (ASA1) At5g05730 -1.61 0.018
ribitol kinase, putative At4g30310 -1.61 0.046
AAA-type ATPase family protein At4g02480 -1.61 0.010
transducin family protein / WD-40 repeat family protein At2g43770 -1.61 0.008
ATP synthase gamma chain, mitochondrial (ATPC) At2g33040 -1.61 0.020
serine/threonine protein kinase, similar to Pto kinase interactor 1 At2g30730 -1.61 0.050
auxin-responsive protein (IAA8) At2g22670 -1.61 0.023
prohibitin, putative At2g20530 -1.61 0.050
membrane bound O-acyl transferase (MBOAT) family protein At1g63050 -1.61 0.046
expressed protein At1g43860 -1.61 0.019
DNA-binding protein RAV1 At1g13260 -1.61 0.001
serine/threonine protein kinase At5g08160 -1.62 0.025
RNA recognition motif (RRM)-containing protein At4g32720 -1.62 0.005
COP1-interacting protein 7 (CIP7) At4g27430 -1.62 0.018
auxin-responsive GH3 family protein At4g03400 -1.62 0.007
forkhead-associated domain-containing protein At3g54350 -1.62 0.027
Ras-related protein (ARA-3) / small GTP-binding protein At3g46060 -1.62 0.003
protein kinase family protein At3g12200 -1.62 0.029
2-cys peroxiredoxin (chloroplast BAS1) At3g11630 -1.62 0.014
phosphatidic acid phosphatase family protein / PAP2 family protein At3g02600 -1.62 0.038
PUR alpha-1 protein At2g32080 -1.62 0.034



expressed protein  At2g27950 -1.62 0.005
WD-40 repeat protein (AtMSI4) At2g19520 -1.62 0.025
pentatricopeptide (PPR) repeat-containing protein At2g17670 -1.62 0.026
WD-40 repeat protein (AtMSI2) At2g16780 -1.62 0.013
uvrB/uvrC motif-containing protein At2g03390 -1.62 0.024
expressed protein At1g55340 -1.62 0.016
zinc finger (C2H2 type) family protein At1g34370 -1.62 0.028
actin-related protein 2/3 complex 34kDa subunit family At1g30825 -1.62 0.034
proton-dependent oligopeptide transport (POT) family protein At1g22550 -1.62 0.038
expressed protein At5g53620 -1.63 0.010
RabGAP/TBC domain-containing protein, similar to GTPase-activating protein At5g52590 -1.63 0.019
pyruvate dehydrogenase E1 component beta subunit, mit PDHE1-B At5g50850 -1.63 0.012
peptidase M50 family protein / sterol-regulatory element binding protein At5g35220 -1.63 0.007
expressed protein At5g20580 -1.63 0.024
expressed protein  At5g12230 -1.63 0.016
haloacid dehalogenase-like hydrolase family protein At4g39970 -1.63 0.014
expressed protein: Plant protein of unknown function DUF641 At4g33320 -1.63 0.049
L1 specific homeobox gene (AtML1) /Ovule-specific homeobox protein A20 At4g21750 -1.63 0.025
zinc finger (C2H2 type) family protein At3g45260 -1.63 0.034
HEAT repeat-containing protein At2g40730 -1.63 0.048
transcription factor-related  (bHLH type) At2g27230 -1.63 0.026
argonaute protein (AGO1) At1g48410 -1.63 0.009
3-oxoacyl-[acyl-carrier protein] reductase At1g24360 -1.63 0.004
actin-related protein 4 (ARP4) At1g18450 -1.63 0.017
kelch repeat-containing protein/ser-thre phosphoesterase family protein At1g08420 -1.63 0.041
shaggy-related protein kinase iota (AtASK9) At1g06390 -1.63 0.040
expressed protein At1g02380 -1.63 0.007
phosphofructokinase family protein At5g61580 -1.64 0.009
glycine-rich protein At5g28630 -1.64 0.027
actin 7 (ACT7) At5g09810 -1.64 0.010
F-box family protein (FBL3) At5g01720 -1.64 0.013
expressed protein  At4g28260 -1.64 0.018
expressed protein At4g23530 -1.64 0.001
glutaredoxin family protein At4g15670 -1.64 0.015
cullin family protein At4g02570 -1.64 0.047
sugar transporter family protein At4g00370 -1.64 0.023
glycoside hydrolase family 28 protein At3g57790 -1.64 0.050
RabGAP/TBC domain-containing protein, similar to GTPase activating protein At3g49350 -1.64 0.036
expressed protein low similarity to PrMC3 [Pinus radiata] At3g27320 -1.64 0.031
GCN5-related N-acetyltransferase (GNAT) family protein At2g39000 -1.64 0.033
haloacid dehalogenase-like hydrolase family protein At2g32150 -1.64 0.013
signal peptide peptidase family protein At2g03120 -1.64 0.022
phytanoyl-CoA dioxygenase (PhyH) family protein At2g01490 -1.64 0.007
expressed protein At5g62270 -1.65 0.005
expressed protein At4g30750 -1.65 0.014
expressed protein  At4g24750 -1.65 0.023
hydrolase, alpha/beta fold family protein At4g10030 -1.65 0.001
aminoalcoholphosphotransferase At3g25585 -1.65 0.031
zinc finger protein-related At3g18290 -1.65 0.020
prephenate dehydratase family protein At3g07630 -1.65 0.031
calcium-transporting ATPase 4 (ACA4), plasma membrane-type At2g41560 -1.65 0.024
U-box domain-containing protein At2g35930 -1.65 0.014
expressed protein At2g14530 -1.65 0.042
pentatricopeptide (PPR) repeat-containing protein At1g80550 -1.65 0.020



nitrate transporter (NTL1) At1g69850 -1.65 0.016
disease resistance protein (CC-NBS-LRR class), PRM1 homolog At1g59124 -1.65 0.047
phytochrome and flowering time regulatory protein (PFT1) At1g25540 -1.65 0.018
inter-alpha-trypsin inhibitor At1g19110 -1.65 0.012
calmodulin-binding family protein At5g64220 -1.66 0.018
acetyl-CoA carboxylase (CAC2) At5g35360 -1.66 0.014
expressed protein At5g20190 -1.66 0.037
KH domain-containing protein At5g15270 -1.66 0.039
mitogen-activated protein kinase, putative (MPK9) At4g01595 -1.66 0.014
tetratricopeptide repeat (TPR)-containing protein At3g58620 -1.66 0.024
aspartyl protease family protein At3g02740 -1.66 0.023
LEM3 (ligand-effect modulator 3) family protein / CDC50 family protein At1g79450 -1.66 0.022
tubulin folding cofactor E (PFI) At1g71440 -1.66 0.046
U-box domain-containing protein At1g01670 -1.66 0.001
zinc finger (C2H2 type) family protein At5g63280 -1.67 0.043
26S proteasome AAA-ATPase subunit (RPT3) At5g58290 -1.67 0.045
myb family transcription factor At5g47390 -1.67 0.044
transducin family protein / WD-40 repeat family protein At5g25150 -1.67 0.003
RhoGAP domain-containing protein At5g19390 -1.67 0.029
N-acetyltransferase hookless1 (HLS1) At4g37580 -1.67 0.040
glycosyl transferase family 43 protein At4g36890 -1.67 0.021
protein kinase family protein At4g35600 -1.67 0.007
expressed protein At4g32140 -1.67 0.038
zinc finger and C2 domain protein (ZAC) At4g21160 -1.67 0.040
ribophorin II (RPN2) family protein At4g21150 -1.67 0.050
ubiquitin-specific protease 20 (UBP20) At4g17895 -1.67 0.041
glycine-rich protein At4g17620 -1.67 0.015
expressed protein low similarity to ES18 [Mus musculus] At2g46200 -1.67 0.006
hydroxyacylglutathione hydrolase/ similar to glyoxalase II isozyme At2g31350 -1.67 0.013
zinc finger (CCCH-type) family protein At2g25900 -1.67 0.042
expressed protein At2g04280 -1.67 0.033
extracellular dermal glycoprotein, putative At1g03220 -1.67 0.014
alcohol dehydrogenase, putative At5g42250 -1.68 0.021
expressed protein At4g40050 -1.68 0.048
beta-adaptin related protein At4g23460 -1.68 0.040
iron transporter-related At2g38460 -1.68 0.042
pentatricopeptide (PPR) repeat-containing protein At1g55890 -1.68 0.038
CPR5 protein, Constitutive expressor of PR genes 5 At5g64930 -1.69 0.040
LRR transmembrane protein kinase At5g63710 -1.69 0.009
expressed protein At5g59500 -1.69 0.006
ARF GAP-like zinc finger-containing protein (ZIGA3) At5g54310 -1.69 0.016
expressed protein At5g16110 -1.69 0.034
CCAAT-binding transcription factor (CBF-B/NF-YA) family protein At5g12840 -1.69 0.022
expressed protein  At5g11270 -1.69 0.007
TCP family transcription factor At5g08330 -1.69 0.001
signal recognition particle 54 kDa protein At5g03940 -1.69 0.043
ER lumen protein retaining receptor family protein similar to HDEL receptor At4g38790 -1.69 0.003
cadmium/zinc-transporting ATPase, At4g37270 -1.69 0.010
clathrin adaptor complexes medium subunit family protein At4g24550 -1.69 0.050
WRKY family transcription factor At3g58710 -1.69 0.033
F-box family protein / WD-40 repeat family protein  At3g52030 -1.69 0.005
glycoside hydrolase family 28 protein At3g16850 -1.69 0.020
defective in exine formation protein (DEX1) At3g09090 -1.69 0.010
protein transport protein (SEC24-related protein) At3g07100 -1.69 0.028



iron(III)-zinc(II) purple acid phosphatase (PAP12) At2g27190 -1.69 0.021
plectin-related At2g26770 -1.69 0.012
zinc finger (C2H2 type) family protein  At2g02070 -1.69 0.005
Squalene monooxygenase, At1g58440 -1.69 0.033
GHMP kinase family protein At1g31910 -1.69 0.009
GCN5-related N-acetyltransferase (GNAT) family protein At1g24040 -1.69 0.024
sterol-C-methyltransferase At1g20330 -1.69 0.022
expressed protein At1g17690 -1.69 0.036
protein kinase family protein At1g13350 -1.69 0.028
TF containing jumonjiC-domain At5g63080 -1.7 0.012
expressed protein: YT521-B-like family At5g58190 -1.7 0.014
zinc finger (C3HC4-type RING finger) family protein At5g55970 -1.7 0.045
ARF GTPase-activating domain-containing protein similar to GCP1 At5g13300 -1.7 0.043
expressed protein At5g02680 -1.7 0.019
expressed protein At4g32020 -1.7 0.023
protein arginine N-methyltransferase, putative At4g29510 -1.7 0.001
ethylene-responsive element-binding protein 1 (ERF1) / EREBP-2 protein At4g17500 -1.7 0.018
eukaryotic translation initiation factor 2B family protein At3g07300 -1.7 0.036
mov34 family protein At3g06820 -1.7 0.023
endomembrane protein 70, putative At1g10950 -1.7 0.035
LRR transmembrane protein kinase, putative receptor-like protein kinase At5g63410 -1.71 0.039
expressed protein At5g55030 -1.71 0.034
expressed protein At5g01710 -1.71 0.027
expressed protein At3g47450 -1.71 0.025
basic helix-loop-helix (bHLH) family protein At1g22490 -1.71 0.011
expressed protein At5g65810 -1.72 0.001
expressed protein  At3g60850 -1.72 0.038
expressed protein At3g43540 -1.72 0.024
oxidoreductase, 2OG-Fe(II) oxygenase family protein At2g43080 -1.72 0.004
expressed protein  At2g28540 -1.72 0.036
translocon-associated protein (TRAP At2g16595 -1.72 0.026
glycerophosphoryl diester phosphodiesterase family protein At1g66970 -1.72 0.015
senescence-associated family protein At1g32400 -1.72 0.036
UBX domain-containing protein At1g14570 -1.72 0.031
glycosyl transferase family 20 protein/ trehalose-phosphatase family protein At1g06410 -1.72 0.022
cullin family protein At5g46210 -1.73 0.027
expressed protein At5g39570 -1.73 0.034
exocyst complex component Sec10-related At5g12370 -1.73 0.031
endonuclease/exonuclease/phosphatase family protein At3g48425 -1.73 0.029
serine/threonine protein phosphatase (STPP) At3g19980 -1.73 0.004
expressed protein: Protein of unknown function, DUF642 At3g08030 -1.73 0.036
glycosyl transferase family 48 protein At3g07160 -1.73 0.035
dehydration-induced protein (ERD15) At2g41430 -1.73 0.016
40S ribosomal protein S5 (RPS5A) At2g37270 -1.73 0.027
tocopherol phytyltransferase family protein (TPT1) At2g18950 -1.73 0.034
S locus-linked protein, putative At1g66680 -1.73 0.022
expressed protein At1g54770 -1.73 0.040
zinc finger (C3HC4-type RING finger) family protein At1g11020 -1.73 0.050
armadillo/beta-catenin repeat family protein At5g50900 -1.74 0.010
expressed protein At5g23610 -1.74 0.021
pre-mRNA cleavage complex-related At5g11010 -1.74 0.017
glycosyl hydrolase family 18 protein At4g01040 -1.74 0.024
ataxin-related At4g00231 -1.74 0.027
transducin family protein / WD-40 repeat family protein At3g52190 -1.74 0.016



peptidase M48 family protein At3g27110 -1.74 0.026
transferase family protein At2g39980 -1.74 0.039
zinc finger (C2H2 type) family protein At5g66730 -1.75 0.019
guanylyl cyclase-related (GC1) At5g05930 -1.75 0.048
expressed protein  At4g39820 -1.75 0.007
tetratricopeptide repeat (TPR)-containing protein At4g37460 -1.75 0.012
Voltage-gated chloride channel family protein At4g35440 -1.75 0.050
farnesyl pyrophosphate synthetase 2 (FPS2) At4g17190 -1.75 0.032
oxidoreductase, zinc-binding dehydrogenase family protein At3g56460 -1.75 0.027
calcium-binding EF hand family protein At3g20290 -1.75 0.050
expressed protein: Protein of unknown function DUF626 At3g19520 -1.75 0.005
protein kinase, similar to LsTK-1-like kinase At3g04810 -1.75 0.041
zinc finger (B-box type) family protein At1g75540 -1.75 0.034
elongation factor 2, putative At1g56070 -1.75 0.004
26S proteasome AAA-ATPase subunit (RPT6a) At5g19990 -1.76 0.000
multi-copper oxidase type I family protein At4g38420 -1.76 0.013
AP2 domain-containing transcription factor TINY, At4g32800 -1.76 0.030
beta-galactosidase, putative At4g26140 -1.76 0.010
disease resistance protein, RPP5-like (TIR-NBS-LRR class) At4g16950 -1.76 0.036
expressed protein  At3g45900 -1.76 0.021
hydroxyproline-rich glycoprotein family protein/ actin binding protein (CHUP1) At3g25690 -1.76 0.018
expressed protein: Protein of unknown function, DUF547 At3g13000 -1.76 0.014
emsy N terminus domain-containing protein At3g12140 -1.76 0.009
expressed protein  At3g11760 -1.76 0.016
glycosyl transferase family 2 protein At1g23480 -1.76 0.040
expressed protein At5g61910 -1.77 0.009
C4-dicarboxylate transporter/malic acid transport family protein At5g24030 -1.77 0.014
acyl-activating enzyme 17 (AAE17) At5g23050 -1.77 0.032
leucine-rich repeat (LRR) family protein / protein kinase family protein At5g16000 -1.77 0.044
LMBR1 integral membrane family protein At5g01460 -1.77 0.030
importin alpha-2, putative (IMPA-2) At4g16143 -1.77 0.023
ribosomal protein S9 family protein At3g49080 -1.77 0.002
F-box family protein-related At3g20620 -1.77 0.014
NAD-dependent glycerol-3-phosphate dehydrogenase family protein At3g07690 -1.77 0.034
zinc finger (C3HC4-type RING finger) family protein At2g22120 -1.77 0.010
mitochondrial import inner membrane translocase subunit Tim17 family protein At1g72750 -1.77 0.006
eukaryotic pantothenate kinase family protein At1g60440 -1.77 0.012
inositol polyphosphate 5-phosphatase I (IP5PI) At1g34120 -1.77 0.035
CAAX amino terminal protease family protein At1g14270 -1.77 0.004
zinc finger (C3HC4-type RING finger) family protein At5g42940 -1.78 0.023
zinc finger (C3HC4-type RING finger) family protein At5g18650 -1.78 0.018
protein kinase family protein At4g00330 -1.78 0.043
PHD finger family protein At3g11200 -1.78 0.029
proline transporter 1 (ProT1) At2g39890 -1.78 0.027
expressed protein At2g36430 -1.78 0.045
expressed protein At1g73470 -1.78 0.022
ribose 5-phosphate isomerase-related At1g71100 -1.78 0.033
zinc finger (C3HC4-type RING finger) family protein At1g22500 -1.78 0.032
uridylyltransferase-related protein At1g16880 -1.78 0.042
flower pigmentation protein (AN11) At1g12910 -1.78 0.048
PBS lyase HEAT-like repeat-containing protein At5g19820 -1.79 0.004
geranylgeranyl transferase type II beta subunit, putative At5g12210 -1.79 0.022
DNA-binding protein-related At4g25320 -1.79 0.021
phosphatase-related At4g23570 -1.79 0.016



glycosyl transferase family 48 protein At4g03550 -1.79 0.048
vacuolar ATP synthase subunit H family protein At3g42050 -1.79 0.005
kinesin light chain-related At3g27960 -1.79 0.037
DNAJ heat shock N-terminal domain-containing protein At3g13310 -1.79 0.013
mitochondrial substrate carrier family protein At2g46320 -1.79 0.008
expressed protein similar to Glioma tumor suppressor p60 [Homo sapiens] At2g40430 -1.79 0.001
armadillo/beta-catenin repeat family protein / U-box domain-containing protein At2g23140 -1.79 0.033
C2 domain-containing protein At2g22125 -1.79 0.022
trihelix DNA-binding protein (similar to AtGTL1) At1g33240 -1.79 0.014
tetratricopeptide repeat (TPR)-containing protein At1g22700 -1.79 0.008
expressed protein At5g10060 -1.8 0.009
antitermination NusB domain-containing protein At4g26370 -1.8 0.011
galactosyl transferase GMA12/MNN10 family protein At3g62720 -1.8 0.043
GATA transcription factor 1 (GATA-1) At3g24050 -1.8 0.004
glycosyl hydrolase family 17 protein At3g07320 -1.8 0.041
nucleotide repair protein, At3g05210 -1.8 0.031
glycosyl hydrolase family 17 protein At2g26600 -1.8 0.025
dehydration-responsive family protein similar to ERD3 protein At2g03480 -1.8 0.006
myb family transcription factor At1g68670 -1.8 0.011
very-long-chain fatty acid condensing enzyme (CUT1) At1g68530 -1.8 0.038
disease resistance protein (CC-NBS-LRR class), similar to RPP8 At1g58602 -1.8 0.002
epsilon-adaptin, putative At1g31730 -1.8 0.042
expressed protein: Protein of unknown function, DUF584 At5g60680 -1.81 0.009
methyl-CpG-binding domain-containing protein At5g35330 -1.81 0.039
expressed protein At5g13100 -1.81 0.002
RNA and export factor-binding protein At5g02530 -1.81 0.036
peroxidase ATP32 At4g33420 -1.81 0.035
CBL-interacting protein kinase 12 (CIPK12) At4g18700 -1.81 0.022
CTD phosphatase-like protein 3 (CPL3) At2g33540 -1.81 0.014
phosphate-responsive 1 family protein, similar to Ntphi-1 At2g17230 -1.81 0.005
expressed protein At1g67660 -1.81 0.008
expressed protein similar to B-lymphocyte antigen precursor [Homo sapiens] At1g59600 -1.81 0.005
phosphate translocator-related At1g12500 -1.81 0.008
GTP-binding protein-related At1g03160 -1.81 0.041
expressed protein At5g42810 -1.82 0.045
trehalose-6-phosphate phosphatase At4g22590 -1.82 0.013
RNA-binding protein, At4g10610 -1.82 0.020
expressed protein At3g22990 -1.82 0.028
expressed protein At3g13360 -1.82 0.026
DEAD/DEAH box helicase, putative At3g06980 -1.82 0.023
general transcription factor IIB-1 (AtTFIIB1) At2g41630 -1.82 0.038
expressed protein  At2g21120 -1.82 0.043
vacuolar protein sorting-associated p35 family protein (VPS35) At2g17790 -1.82 0.016
LRR transmembrane protein kinase At1g73080 -1.82 0.019
protein kinase family protein At1g70520 -1.82 0.012
transducin family protein / WD-40 repeat family protein At1g10580 -1.82 0.003
amino acid permease family protein At5g36940 -1.83 0.030
pentatricopeptide (PPR) repeat-containing protein At4g31850 -1.83 0.033
exocyst subunit EXO70 family protein (EXO70-G1) At4g31540 -1.83 0.014
AP2 domain-containing transcription factor, similar to LsPti6 At3g61630 -1.83 0.003
aspartyl protease family protein At3g59080 -1.83 0.039
SET domain-containing protein At3g21820 -1.83 0.001
Peroxin2/Peroxin12 N-terminal domain-containing protein At3g04460 -1.83 0.007
La domain-containing protein At1g79880 -1.83 0.015



curculin-like (mannose-binding) lectin family protein At1g78820 -1.83 0.009
far-red impaired responsive protein, similar to FAR1 At5g18960 -1.84 0.027
cyclin-dependent kinase-activating kinase 1At At4g28980 -1.84 0.050
casein kinase II beta chain,  similar to CK II At4g17640 -1.84 0.029
expressed protein At4g11860 -1.84 0.041
late embryogenesis abundant family protein / LEA family protein At2g44060 -1.84 0.006
D111/G-patch domain-containing protein At1g63980 -1.84 0.025
senescence-associated family protein At1g63260 -1.84 0.044
NADH-ubiquinone dehydrogenase, putative At5g37510 -1.85 0.010
expressed protein At5g04480 -1.85 0.050
AP2 domain-containing transcription factor, RAP2.4 At4g39780 -1.85 0.013
vacuolar ATP synthase subunit E At4g11150 -1.85 0.008
arabinogalactan-protein (AGP17) At2g23130 -1.85 0.0126951
lipase family protein At2g15230 -1.85 0.016
serine/threonine protein phosphatase catalytic subunit (PP2A2) At1g59830 -1.85 0.001
translation initiation factor IF-2, chloroplast At1g17220 -1.85 0.024
signal recognition particle receptor alpha subunit family protein At4g30600 -1.86 0.038
endomembrane protein 70, putative TM4 family; At4g12650 -1.86 0.012
hydroxyproline-rich glycoprotein family protein At4g01050 -1.86 0.017
serine/threonine protein phosphatase 2C (PP2C6) At3g55050 -1.86 0.016
cytochrome P450 family protein At3g28740 -1.86 0.003
protein kinase family protein At3g13670 -1.86 0.027
lipase-related At2g44970 -1.86 0.027
expressed protein At2g39910 -1.86 0.015
glycosyl transferase family 8 protein At2g38650 -1.86 0.031
F-box protein-related At1g70360 -1.86 0.030
expressed protein, similar to resistance complex protein I2C-2 [Lycopersicon esculentum] At5g45500 -1.87 0.043
expressed protein  At5g16520 -1.87 0.002
basic helix-loop-helix (bHLH) family protein At4g02590 -1.87 0.003
TolB protein-related At4g01870 -1.87 0.018
zinc knuckle (CCHC-type) family protein At3g53500 -1.87 0.019
F-box family protein / SKP1 interacting partner 3-related At3g53000 -1.87 0.002
longevity-assurance (LAG1) family protein, At3g25540 -1.87 0.016
DNA polymerase delta small subunit-related At2g42120 -1.87 0.000
MATH domain-containing protein low similarity to ubiquitin-specific protease 12 At2g32880 -1.87 0.003
chloroplast inner envelope protein-related At1g06950 -1.87 0.011
expressed protein At5g05100 -1.88 0.020
RNA recognition motif (RRM)-containing protein At4g18120 -1.88 0.048
expressed protein At2g20130 -1.88 0.012
basic helix-loop-helix (bHLH) family protein At5g54680 -1.89 0.006
Mo25 family protein At5g47540 -1.89 0.013
human Rev interacting-like family protein At5g46750 -1.89 0.005
expressed protein induced upon wounding At4g24220 -1.89 0.039
peroxisomal membrane protein-related At4g03410 -1.89 0.010
zinc finger (C3HC4-type RING finger) family protein At3g16720 -1.89 0.007
C2 domain-containing protein, similar to Ca2+-dependent lipid-binding protein (CLB1) At2g20990 -1.89 0.034
expressed protein At1g43580 -1.89 0.001
identical to fructose-6-phosphate 2-kinase/fructose-2,6-bisphosphatase (F2KP) At1g07110 -1.89 0.021
farnesyl pyrophosphate synthetase 1, mitochondrial (FPS1) At5g47770 -1.9 0.025
expressed protein: protein of unknown function, DUF266 At5g14550 -1.9 0.005
phototropic-responsive NPH3 family protein At4g37590 -1.9 0.027
pectate lyase family protein At3g55140 -1.9 0.047
expressed protein At3g29270 -1.9 0.034
expressed protein At3g27670 -1.9 0.027



molybdopterin biosynthesis protein, strong similarity to AtCNX2 At2g31955 -1.9 0.047
potassium channel protein, At1g04690 -1.9 0.012
translation initiation factor-related protein, similar to eIF-3 alpha At5g37475 -1.91 0.007
clathrin assembly protein-related At4g40080 -1.91 0.001
phosphatidylinositol-4-phosphate 5-kinase family protein At4g33240 -1.91 0.013
protein kinase (AFC2) At4g24740 -1.91 0.031
F-box family protein At3g18910 -1.91 0.029
expressed protein  At2g17990 -1.91 0.001
RNA and export factor-binding protein At1g66260 -1.91 0.010
expressed protein At1g16720 -1.91 0.050
expressed protein At5g37360 -1.92 0.004
SKP1 family protein At3g61415 -1.92 0.045
oxidoreductase, zinc-binding dehydrogenase family protein At3g45770 -1.92 0.012
transport inhibitor response protein, putative E3 ubiquitin ligase SCF complex F-box subunit At3g26810 -1.92 0.026
amino acid permease family protein At3g03720 -1.92 0.035
expressed protein At1g10660 -1.92 0.005
calreticulin 3 (CRT3) At1g08450 -1.92 0.001
signal recognition particle-related At5g61970 -1.93 0.042
expressed protein At4g24900 -1.93 0.024
protein kinase family protein At4g19110 -1.93 0.026
histone deacetylase family protein At3g18520 -1.93 0.007
expressed protein At3g03140 -1.93 0.035
vacuolar proton ATPase At2g28520 -1.93 0.015
3-isopropylmalate dehydrogenase, At1g80560 -1.93 0.011
TF jumonji (jmj) family protein At1g30810 -1.93 0.024
zinc finger (C3HC4-type RING finger) family protein At1g04790 -1.93 0.034
expressed protein At5g50840 -1.94 0.025
expressed protein At5g03900 -1.94 0.009
mannitol dehydrogenase (ELI3-1) At4g37980 -1.94 0.016
expressed protein At4g31430 -1.94 0.038
F-box family protein (FBL17) At3g54650 -1.94 0.031
glycosyl hydrolase family 1 protein At2g44490 -1.94 0.005
auxin-resistance protein, strong similarity to AtAXR1 At2g32410 -1.94 0.038
integral membrane Yip1 family protein At2g18840 -1.94 0.006
ribosomal protein S9 (RPS9) At1g74970 -1.94 0.003
formate--tetrahydrofolate ligase / 10-formyltetrahydrofolate synthetase (THFS) At1g50480 -1.94 0.037
cytochrome P450 family protein At1g17060 -1.94 0.049
ubiquitin activating enzyme, (ECR1) At5g19180 -1.95 0.025
LRR transmembrane protein kinase, putative receptor protein kinase erecta At4g39270 -1.95 0.024
human Rev interacting-like family protein At4g17890 -1.95 0.036
MLO protein homolog 1 At4g02600 -1.95 0.011
DNA repair protein RAD23, At1g79650 -1.95 0.005
trehalose-6-phosphate synthase At1g70290 -1.95 0.029
SPla/RYanodine receptor (SPRY) domain-containing protein At1g51450 -1.95 0.008
armadillo/beta-catenin repeat family protein / U-box domain-containing protein At1g29340 -1.95 0.014
hypothetical protein At1g05085 -1.95 0.033
5-azacytidine resistance protein At5g66720 -1.96 0.020
long-chain-fatty-acid--CoA ligase At4g23850 -1.96 0.044
zinc finger (GATA type) family protein (GATA TF3) At3g54810 -1.96 0.008
expressed protein At1g78915 -1.96 0.041
expressed protein At1g27200 -1.96 0.044
octicosapeptide/Phox/Bem1p (PB1) domain-containing protein At5g09620 -1.97 0.029
mitochondrial transcription termination factor-related At4g38160 -1.97 0.038
cellulose synthase, catalytic subunit At4g32410 -1.97 0.016



expressed protein At4g32030 -1.97 0.025
expressed protein: Arabidopsis protein of unknown function, DUF266 At4g31350 -1.97 0.043
PHD finger transcription factor, putative At4g14920 -1.97 0.036
RNA recognition motif (RRM)-containing protein At4g12640 -1.97 0.001
glycosyl transferase family 8 protein At3g25140 -1.97 0.016
aldose 1-epimerase family protein At3g01590 -1.97 0.037
serine/threonine/tyrosine kinase At2g24360 -1.97 0.045
Protein similar to Eukaryotic initiation factor (iso)4F subunit P82-34 At2g24050 -1.97 0.018
purine permease-related At1g57980 -1.97 0.021
beta-fructosidase (BFRUCT4) / beta-fructofuranosidase/ vacuolar invertase At1g12240 -1.97 0.014
expressed protein At5g41950 -1.98 0.009
expressed protein  At2g19270 -1.98 0.024
RNA recognition motif (RRM)-containing protein At2g16940 -1.98 0.009
mitogen-activated protein kinase (AtMPK2) At1g59580 -1.98 0.025
ABC1 family protein contains At1g11390 -1.98 0.041
phosphoserine aminotransferase, chloroplast (PSAT) At4g35630 -1.99 0.043
WD-40 repeat family protein At2g32700 -1.99 0.032
peroxin-3 family protein At1g48635 -1.99 0.006
pre-mRNA splicing factor SF2 (SR1 protein) At1g02840 -1.99 0.019
expressed protein similar to axi 1 [Nicotiana tabacum] At5g35570 -2 0.035
sugar-porter family protein 1 (SFP1) At5g27350 -2 0.021
expressed protein: YT521-B-like family At3g03950 -2 0.005
SKP1 interacting partner 6 (AtSKIP6) At2g21950 -2 0.008
transducin family protein / WD-40 repeat family protein At2g19430 -2 0.017
phosphatidylinositol-4-phosphate 5-kinase family protein At1g71010 -2 0.022
octicosapeptide/Phox/Bem1p (PB1) domain-containing protein At1g62390 -2 0.050
glycosyl hydrolase family 3 protein  At5g64570 -2.01 0.034
La domain-containing protein / proline-rich family protein At5g21160 -2.01 0.030
clathrin adaptor complexes medium subunit-related protein At5g05010 -2.01 0.032
expressed protein At4g31410 -2.01 0.050
preprotein translocase secA subunit, At4g01800 -2.01 0.045
cytidine/deoxycytidylate deaminase family protein At3g47390 -2.01 0.024
carboxypeptidase D, putative At1g71696 -2.01 0.030
expressed protein: Protein of unknown function DUF579 At1g27930 -2.01 0.015
vacuolar ATP synthase subunit B, putative At1g20260 -2.01 0.035
GYF domain-containing protein At5g42950 -2.02 0.044
zinc finger (C3HC4-type RING finger) family protein At4g26400 -2.02 0.011
RNA recognition motif (RRM)-containing protein At3g20930 -2.02 0.010
zinc finger (C3HC4-type RING finger) family protein At3g19910 -2.02 0.021
centromere/kinetochore protein (ZW10) At2g32900 -2.02 0.037
ribophorin I family protein similar At2g01720 -2.02 0.020
carbonic anhydrase, putative At1g70410 -2.02 0.008
aldo/keto reductase family protein At1g04420 -2.02 0.012
transcriptional factor B3 family protein / auxin-responsive factor (ARF1) At5g62000 -2.03 0.010
Ras-related GTP-binding protein,  similar to Rab11C At5g59150 -2.03 0.023
expressed protein At5g51200 -2.03 0.031
UDP-sulfoquinovosyltransferase / sulfolipid synthase (SQD2) At5g01220 -2.03 0.025
peptidyl-prolyl cis-trans isomerase, cyclophilin-type family protein At3g66654 -2.03 0.010
expressed protein At3g18380 -2.03 0.001
nitrate reductase 1 (NR1) At1g77760 -2.03 0.001
agenet domain-containing protein At1g68580 -2.03 0.020
plastid-lipid associated protein PAP / fibrillin family protein At1g51110 -2.03 0.023
expressed protein At1g10020 -2.03 0.039
TAZ zinc finger family protein At4g37610 -2.04 0.001



amino acid transporter family protein At3g56200 -2.04 0.011
rhomboid family protein At3g53780 -2.04 0.000
oxidoreductase, 2OG-Fe(II) oxygenase family protein At3g18210 -2.04 0.020
exocyst subunit EXO70 family protein  At3g14090 -2.04 0.034
SET domain-containing protein At2g23750 -2.04 0.026
expressed protein  At1g72480 -2.04 0.040
expressed protein At1g68160 -2.04 0.033
expressed protein At1g67230 -2.04 0.049
sugar transporter family protein At1g54730 -2.04 0.033
GRAM domain-containing protein-related At1g02120 -2.04 0.020
mob1/phocein family protein At5g45550 -2.05 0.016
GTP-binding protein LepA, putative At5g08650 -2.05 0.019
expressed protein At3g60200 -2.05 0.033
glycosyl transferase family 8 protein At3g58790 -2.05 0.007
ATPase, plasma membrane-type, putative At3g42640 -2.05 0.011
12-oxophytodienoate reductase (OPR3) / delayed dehiscence1 (DDE1)/ OPDA-reductase homo  At2g06050 -2.05 0.030
expressed protein At1g10670 -2.05 0.012
transducin family protein / WD-40 repeat family protein At5g66240 -2.06 0.029
dentin sialophosphoprotein-related At5g07970 -2.06 0.045
HECT-domain-containing protein / ubiquitin-transferase family protein At5g02880 -2.06 0.013
cytochrome P450 71B20 (CYP71B2) At3g26180 -2.06 0.006
3-beta hydroxysteroid dehydrogenase/isomerase family protein At2g33630 -2.06 0.017
glycosyl hydrolase family 17 protein At2g27500 -2.06 0.005
expressed protein At2g23790 -2.06 0.036
expressed protein At2g01930 -2.06 0.035
SEC14 cytosolic factor, putative / phosphatidylinositol transfer-like protein At1g75370 -2.06 0.016
early-responsive to dehydration protein-related / ERD-related protein At1g69450 -2.06 0.026
cathepsin B-like cysteine protease At1g02305 -2.06 0.016
ethylene-responsive DEAD box RNA helicase At5g63120 -2.07 0.001
expressed protein  At5g16810 -2.07 0.000
LIM domain-containing protein At4g36860 -2.07 0.032
hydroxyproline-rich glycoprotein family protein At4g23470 -2.07 0.009
Ran-binding protein 1 domain-containing protein At4g11790 -2.07 0.014
LRR transmembrane protein kinase At3g14350 -2.07 0.042
TMS membrane family protein/ tumour differentially expressed family protein At3g06170 -2.07 0.019
phosphate translocator-related At2g25520 -2.07 0.024
expressed protein: Uncharacterized protein family UPF0016 At1g25520 -2.07 0.012
oxidoreductase, 2OG-Fe(II) oxygenase family protein At1g11780 -2.07 0.004
coronatine-responsive tyrosine aminotransferase At4g23600 -2.08 0.003
kelch repeat-containing F-box family protein At3g59940 -2.08 0.028
phosphatidic acid phosphatase family protein / PAP2 family protein At2g01180 -2.08 0.049
expressed protein At5g66950 -2.09 0.001
transducin family protein / WD-40 repeat family protein At5g60940 -2.09 0.035
K+ efflux antiporter, putative (KEA2) At4g00630 -2.09 0.003
LRR transmembrane protein kinase At1g72180 -2.09 0.047
purine permease family protein At1g44750 -2.09 0.011
lipid-binding serum glycoprotein family protein At1g04970 -2.09 0.021
expressed protein At5g49830 -2.1 0.042
kinesin light chain-related At4g10840 -2.1 0.043
aminoacyl-t-RNA synthetase At3g48110 -2.1 0.026
chloroplast thylakoidal processing peptidase At2g30440 -2.1 0.035
expressed protein  At2g18440 -2.1 0.024
18S pre-ribosomal assembly protein gar2-related At2g03810 -2.1 0.008
expressed protein: unknown function (DUF341) At1g09280 -2.1 0.050



expressed protein At5g54540 -2.11 0.007
pentatricopeptide (PPR) repeat-containing protein At5g14080 -2.11 0.048
expressed protein At4g33380 -2.11 0.010
expressed protein At3g56680 -2.11 0.006
vacuolar ATP synthase catalytic subunit A At1g78900 -2.11 0.016
expressed protein At1g64385 -2.11 0.030
glycine-rich protein strong At5g47020 -2.12 0.051
COP9 signalosome complex subunit 4 (CSN4) (COP8) (FUS4) At5g42970 -2.12 0.009
phosphate-responsive protein, similar to Ntphi-1 At4g08950 -2.12 0.040
DEAD/DEAH box helicase, putative At3g53110 -2.12 0.006
exostosin family protein At3g45400 -2.12 0.009
transducin family protein / WD-40 repeat family protein At3g18860 -2.12 0.047
AAA-type ATPase family protein / vacuolar sorting protein-related At2g27600 -2.12 0.008
O-methyltransferase At1g21120 -2.12 0.027
PRLI-interacting factor L, putative At1g15730 -2.12 0.011
U-box domain-containing protein At5g64660 -2.13 0.006
F-box family protein At4g10925 -2.13 0.023
inositol 1,3,4-trisphosphate 5/6-kinase family protein At4g08170 -2.13 0.019
transport protein, similar to HsSec23A At3g23660 -2.13 0.040
aminopeptidase P At3g05350 -2.13 0.025
Splicing factor RSZ33 At2g37340 -2.13 0.004
DNA-binding protein RAV2 (RAP2.8) At1g68840 -2.13 0.028
LRR transmembrane protein kinase At1g28440 -2.13 0.022
C2 domain-containing protein At1g07310 -2.13 0.044
expressed protein At5g02770 -2.14 0.006
WRKY family transcription factor At4g31800 -2.14 0.013
expressed protein At4g21215 -2.14 0.021
transducin family protein / WD-40 repeat family protein At4g05410 -2.14 0.004
shaggy-related protein kinase theta (AtASK8) At4g00720 -2.14 0.014
F-box family protein At3g51530 -2.14 0.003
cyclin, similar to cyclin A-like protein [Nicotiana tabacum] At1g47230 -2.14 0.016
phototropic-responsive NPH3 family protein At5g67440 -2.15 0.027
pentatricopeptide (PPR) repeat-containing protein At5g18950 -2.15 0.012
chaperonin, putative At3g18190 -2.15 0.012
expressed protein At1g29950 -2.15 0.044
serine/threonine protein phosphatase catalytic subunit (PP2A1) At1g10430 -2.15 0.004
expressed protein: Protein of unknown function (DUF 659) At4g15020 -2.16 0.026
TF containing jumonjiC-domain At3g07610 -2.16 0.009
mitochondrial processing peptidase alpha subunit At1g51980 -2.16 0.013
expressed protein At1g27100 -2.16 0.001
diphthamide synthesis DPH2 family protein At5g62030 -2.17 0.005
glycosyl hydrolase family 17 protein At5g58090 -2.17 0.037
glycosyl hydrolase family 17 protein At4g31140 -2.17 0.015
LRR transmembrane protein kinase, similar to Z. mays LRRTPK 1 At4g03390 -2.17 0.036
expressed protein At2g41640 -2.17 0.036
Protein similar to Eukaryotic initiation factor At3g60240 -2.18 0.028
MA3 domain-containing protein At1g22730 -2.18 0.035
expressed protein At1g10150 -2.18 0.012
fatty acid desaturase family protein At1g06360 -2.18 0.025
expressed protein At5g44250 -2.19 0.036
protein kinase, similar to LsTK-1-like kinase At5g28290 -2.19 0.043
26S proteasome AAA-ATPase subunit, almost identical to RPT6a At5g20000 -2.19 0.003
expressed protein At2g44500 -2.19 0.036
protein kinase family protein At1g73460 -2.19 0.027



phosphatidate cytidylyltransferase / CDP-diglyceride synthetase At1g62430 -2.19 0.046
oligouridylate-binding protein At1g54080 -2.19 0.015
alpha-galactosidase, putative At3g56310 -2.2 0.017
expressed protein  At5g25240 -2.21 0.009
expressed protein At4g30240 -2.21 0.017
rhomboid family protein / ubiquitin-associated (UBA) At3g58460 -2.21 0.002
GTP cyclohydrolase I At3g07270 -2.21 0.012
FtsH protease family protein At3g04340 -2.21 0.010
CBL-interacting protein kinase 3 (CIPK3) At2g26980 -2.21 0.001
GPI-anchor transamidase, putative At1g08750 -2.21 0.009
expressed protein  At5g22340 -2.22 0.021
glycosyl transferase family 8 protein At4g02130 -2.22 0.043
pectinesterase family protein At3g10720 -2.22 0.035
serine/threonine protein phosphatase At1g50370 -2.22 0.027
potassium transporter family protein At4g33530 -2.23 0.032
26S proteasome regulatory subunit (putative RPN7) At4g24820 -2.23 0.022
peptidase M16 family protein At3g19170 -2.23 0.014
peroxin-3 family protein At3g18160 -2.23 0.034
protein phosphatase 2C-related At1g18030 -2.23 0.011
VHS domain-containing protein At4g32760 -2.24 0.018
root hair defective 3 (RHD3) At3g13870 -2.24 0.015
expressed protein: Family of unknown function (DUF662) At2g36410 -2.24 0.047
hydroxyproline-rich glycoprotein family protein At2g25930 -2.24 0.044
proline-rich family protein At1g63830 -2.24 0.010
transducin family protein / WD-40 repeat family protein At4g00090 -2.25 0.037
importin beta-2 subunit family protein At2g16950 -2.25 0.022
aspartyl protease family protein At1g79720 -2.25 0.023
permease, putative similar to permease 1 [Zea mays] At5g62890 -2.26 0.011
zinc carboxypeptidase family protein c At5g42320 -2.26 0.048
SET domain-containing protein At5g14260 -2.26 0.023
FAD-binding domain-containing protein At4g20830 -2.26 0.041
expressed protein At2g23390 -2.26 0.040
expressed protein: protein of unknown function (DUF616) At2g02910 -2.26 0.030
PRLI-interacting factor L, putative At1g80480 -2.26 0.046
RNA recognition motif (RRM)-containing protein At1g29400 -2.26 0.040
hydroxyproline-rich glycoprotein family protein  At1g15130 -2.26 0.024
pectinacetylesterase, putative At5g26670 -2.27 0.006
zinc finger (C3HC4-type RING finger) family protein At4g34100 -2.27 0.006
expressed protein: protein of unknown function (DUF616) At4g09630 -2.27 0.031
cytochrome P450 71B19 (CYP71B19) At3g26170 -2.27 0.043
UTP-glucose-1-phosphate uridylyltransferase family protein At2g35020 -2.27 0.029
protein kinase, similar to AtMEK kinase (MAP3Ka) At1g63700 -2.27 0.024
DEAD/DEAH box helicase (RH15) At5g11170 -2.28 0.023
Pathogenesis-related protein Bet v I family protein At1g70830 -2.28 0.007
Receptor serine/threonine kinase PR5K At1g75800 -2.29 0.048
expressed protein At1g63000 -2.3 0.040
ABC1 family protein contains At4g31390 -2.31 0.003
expressed protein At3g06080 -2.31 0.041
dual specificity protein phosphatase family protein At2g35680 -2.31 0.010
auxin efflux carrier family protein c At1g76520 -2.31 0.041
peptidase M1 family protein At1g63770 -2.31 0.036
SNF2 domain-containing protein At1g61140 -2.31 0.024
glutamate synthase [NADH], At5g53460 -2.32 0.016
syntaxin 31 (AtSYP31) / (AtSED5) At5g05760 -2.32 0.015



stress-responsive protein, At4g37220 -2.32 0.046
alkaline phytoceramidase family At4g22330 -2.32 0.002
ARF GAP-like zinc finger-containing protein (ZIGA2) At3g53710 -2.32 0.015
expressed protein At3g27230 -2.32 0.002
DNA-binding protein, similar to PcMYB1 [Petroselinum crispum] At1g49950 -2.32 0.000
nucleoside phosphatase family protein / GDA1/CD39 family protein At1g14230 -2.32 0.018
elongation factor 1B-gamma At1g09640 -2.32 0.007
AP2 domain-containing transcription factor,  RAP2.1 At5g67190 -2.33 0.001
expressed protein At5g55960 -2.33 0.001
WD-40 repeat family protein At5g24710 -2.33 0.014
WRKY family transcription factor At4g18170 -2.33 0.033
protein phosphatase 2C-related At3g63340 -2.33 0.030
phagocytosis and cell motility protein ELMO1-related At3g60260 -2.33 0.041
eukaryotic translation initiation factor 2B family protein At2g05830 -2.33 0.019
expressed protein At1g55280 -2.33 0.028
AP2 domain-containing transcription factor,  RAV2 At1g25560 -2.33 0.015
kelch repeat-containing F-box family protein At1g22040 -2.33 0.049
F-box family protein At1g19070 -2.33 0.004
expressed protein  At4g31080 -2.34 0.006
calcineurin B-like protein 1 (CBL1) At4g17615 -2.35 0.013
serine/threonine protein kinase,similar to Pto kinase interactor 1 (Pti1) At2g47060 -2.35 0.013
WD-40 repeat family protein At5g24320 -2.36 0.013
ribonuclease III family protein At4g37510 -2.36 0.014
hydroxyproline-rich glycoprotein family protein At4g28300 -2.36 0.003
expressed protein At3g12590 -2.36 0.011
wound-responsive protein-related At3g10985 -2.36 0.034
expressed protein At1g70700 -2.36 0.010
kelch repeat-containing F-box family protein At1g30090 -2.36 0.032
protein transport protein (SEC61-related protein) At1g29310 -2.36 0.026
expressed protein At4g10080 -2.37 0.001
chloroplast outer membrane protein-related At3g44160 -2.37 0.006
expressed protein At3g06960 -2.37 0.028
UDP-N-acetylglucosamine pyrophosphorylase-related protein At1g31070 -2.37 0.008
endonuclease/exonuclease/phosphatase family protein At3g58580 -2.38 0.009
OTU-like cysteine protease family protein At3g57810 -2.39 0.016
serine C-palmitoyltransferase At3g48780 -2.39 0.016
syntaxin 121 (SYP121) / (At-Syr1) At3g11820 -2.39 0.016
expressed protein At1g15030 -2.39 0.005
expressed protein  At3g10980 -2.4 0.008
ADP/ATP mitocondrial carrier protein 1 (ANT1) At3g08580 -2.4 0.034
expressed protein At2g17550 -2.4 0.019
calcium-transporting ATPase 1 (ACA1) / plastid envelope ATPase 1 (PEA1) i At1g27770 -2.4 0.007
cytokinesis-related Sec1 protein (KEULE) At1g12360 -2.4 0.043
proton extrusion protein-related At4g31040 -2.41 0.018
PHD finger protein-related At4g23860 -2.41 0.015
transport protein, similar to HsSec23A At4g14160 -2.41 0.028
protein kinase, similar to cyclin dependent kinase C [Lycopersicon esculentum] At1g74330 -2.41 0.038
protein phosphatase 2C-related At1g47380 -2.41 0.039
expressed protein At1g30580 -2.41 0.002
polyubiquitin (UBQ3) At5g03240 -2.42 0.014
protein kinase family protein At3g22420 -2.42 0.004
armadillo/beta-catenin repeat family protein / U-box domain-containing protein At5g62560 -2.43 0.014
expressed protein, conserved hypothetical protein 95 At3g28460 -2.43 0.002
zinc finger (AN1-like) family protein At3g12630 -2.43 0.006



endoribonuclease L-PSP family protein At3g04480 -2.43 0.019
F-box family protein / tubby family protein At1g53320 -2.43 0.031
exostosin family protein At1g21480 -2.43 0.010
eukaryotic release factor 1 family protein At1g12920 -2.43 0.001
expressed protein At5g04550 -2.44 0.036
speckle-type POZ protein-related At3g48360 -2.44 0.042
harpin-induced protein-related At2g27080 -2.44 0.045
DNAJ heat shock protein, similar to Altered Response to Gravity [Arabidopsis thaliana] At1g24120 -2.44 0.047
zinc finger (AN1-like) family protein At1g12440 -2.44 0.026
xyloglucan:xyloglucosyl transferase At1g10550 -2.44 0.023
ubiquitin-specific protease 8 (UBP8) At5g22030 -2.45 0.011
adenosylmethionine decarboxylase family protein At3g25570 -2.45 0.010
seven in absentia (SINA) family protein At2g41980 -2.45 0.034
ovule development protein, similar to AINTEGUMENTA At2g41710 -2.45 0.029
paired amphipathic helix repeat-containing protein At1g70060 -2.45 0.036
U-box domain-containing protein At1g66160 -2.45 0.033
EF-1-alpha-related GTP-binding protein At1g18070 -2.45 0.029
no apical meristem (NAM) family protein At1g33060 -2.46 0.038
KH domain-containing protein  At5g56140 -2.47 0.004
cyclin-related At2g41830 -2.47 0.049
short-chain dehydrogenase/reductase (SDR) family protein At2g37540 -2.48 0.042
membrane protein-related At5g64500 -2.49 0.039
integral membrane HPP family protein At5g62720 -2.49 0.044
AP2 domain-containing protein RAP2.2 (RAP2.2) At3g14230 -2.49 0.017
zinc finger (C3HC4-type RING finger) family protein At5g22000 -2.51 0.003
isocitrate dehydrogenase At5g03290 -2.51 0.008
FAD linked oxidase family protein At4g36400 -2.51 0.030
hydroxyacylglutathione hydrolase, mitochondrial glyoxalase II (GLX2-1) At2g43430 -2.51 0.007
ceramide glucosyltransferase, putative At2g19880 -2.51 0.015
expressed protein, weak similarity to MTD1 [Medicago truncatula] At5g24890 -2.53 0.016
expressed protein At5g13760 -2.53 0.041
expressed protein At4g39690 -2.54 0.012
dehydration-responsive family protein similar to ERD3 protein At4g18030 -2.54 0.015
armadillo/beta-catenin repeat family protein / U-box domain-containing protein At1g23030 -2.54 0.013
phox (PX) domain-containing protein At5g06140 -2.55 0.020
expressed protein At2g21500 -2.55 0.037
trihelix DNA-binding protein (AtGT-2 factor) At1g76890 -2.55 0.012
phosphate/triose-phosphate translocator At5g46110 -2.56 0.003
pattern formation protein, similar to AtEMB30 At5g39500 -2.56 0.035
aspartyl-tRNA synthetase, putative At4g31180 -2.56 0.011
far-red impaired responsive protein, similar to FAR1 At4g19990 -2.56 0.037
far-red impaired responsive protein, similar to FAR1 At3g22170 -2.56 0.027
protein phosphatase 2C family protein At4g33920 -2.57 0.046
expressed protein At3g49790 -2.57 0.034
expressed protein At3g27770 -2.57 0.042
histone H1.2 At2g30620 -2.57 0.011
dentin sialophosphoprotein-related At3g23980 -2.58 0.016
zinc finger (B-box type) family protein At5g57660 -2.59 0.024
expressed protein At3g26370 -2.6 0.024
expressed protein At3g19680 -2.6 0.005
serine/threonine protein phosphatase catalytic subunit (PP2A3) At2g42500 -2.6 0.013
expressed protein At1g29690 -2.6 0.032
myb family transcription factor At3g52250 -2.61 0.019
expressed protein low similarity to human myosin At3g47910 -2.61 0.018



Dof-type zinc finger domain-containing protein similar AtOBP4 At5g60850 -2.62 0.026
ubiquitin-protein ligase (similar to ScRSP5) At4g12570 -2.62 0.047
expressed protein  At3g60590 -2.62 0.041
expressed protein At2g32240 -2.62 0.042
apyrase (APY2) At5g18280 -2.63 0.021
expressed protein  At5g15680 -2.63 0.048
CCR4-NOT transcription complex protein At5g10960 -2.63 0.007
uracil phosphoribosyltransferase (AtUPT1) At4g26510 -2.63 0.041
selenium-binding protein At4g14030 -2.63 0.046
longevity-assurance (LAG1) family protein At3g19260 -2.63 0.048
esterase/lipase/thioesterase family protein At1g34340 -2.63 0.016
WD-40 repeat family protein At5g53500 -2.64 0.035
exostosin family protein At4g38040 -2.64 0.004
importin beta-2 subunit family protein At3g08960 -2.64 0.013
zinc finger (C3HC4-type RING finger) family protein At1g63170 -2.64 0.001
serine/threonine protein kinase AtPK1/ribosomal-protein S6 kinase ATPK6 At3g08730 -2.65 0.015
tubulin alpha-1 chain (TUA1) At1g64740 -2.65 0.019
emsy N terminus domain-containing protein At5g06780 -2.66 0.018
ABC transporter family protein At1g51500 -2.66 0.018
expressed protein: YT521-B-like family At3g13460 -2.67 0.011
histidine kinase (AHK2) At5g35750 -2.68 0.047
heat shock protein-related At4g30350 -2.68 0.010
protein phosphatase 2C-related At1g22280 -2.68 0.017
expressed protein At1g02960 -2.68 0.048
peroxidase ATP24a At5g39580 -2.69 0.043
bromo-adjacent homology (BAH) domain-containing protein At3g48060 -2.69 0.005
expressed protein At4g33890 -2.7 0.039
DEAD box RNA helicase, putative At5g61140 -2.71 0.019
protein kinase family protein (MAP3K delta-1) At5g11850 -2.71 0.032
Per1-like family protein At1g16560 -2.72 0.015
seven in absentia (SINA) family protein At3g58040 -2.74 0.002
protein kinase, similar to protein kinase AtAPK1A At3g28690 -2.74 0.027
arginine/serine-rich splicing factor RSP40 (RSP40) At4g25500 -2.75 0.004
chaperonin, putative At5g26360 -2.77 0.004
thioredoxin family protein At5g60640 -2.79 0.039
myosin heavy chain, putative At4g28715 -2.79 0.041
inositol polyphosphate 5-phosphatase II (IP5PII) At4g18010 -2.8 0.047
eukaryotic translation initiation factor 3 subunit 3 (eIF-3 gamma /TIF3H1) At1g10840 -2.8 0.005
nucleoside phosphatase family protein / GDA1/CD39 family protein At4g19180 -2.81 0.024
serine carboxypeptidase S28 family protein At4g36195 -2.83 0.017
RNA-binding protein At1g03457 -2.83 0.046
26S proteasome regulatory subunit (putative RPN5) At5g09900 -2.84 0.019
serine carboxypeptidase S10 family protein At1g73300 -2.86 0.028
interferon-related developmental regulator family protein At1g27760 -2.86 0.037
expressed protein similar to glu/ala-rich protein [Trypanosoma congolense] At1g61900 -2.87 0.032
mce-related family protein At3g20320 -2.9 0.003
calcium exchanger (CAX1) At2g38170 -2.9 0.014
pre-mRNA processing ribonucleoprotein At1g60170 -2.9 0.031
cysteine proteinase, putative At5g43060 -2.91 0.002
protein kinase family protein At4g31170 -2.92 0.009
thioredoxin family protein At1g15020 -2.93 0.036
mitochondrial substrate carrier family protein At5g15640 -2.94 0.009
importin beta-2, putative At5g53480 -2.95 0.020
hydroxymethylglutaryl-CoA lyase At2g26800 -2.95 0.041



PAN domain-containing protein At5g03700 -2.96 0.002
Vesicle-associated membrane protein (putative VAMP) At3g60600 -2.98 0.005
glutamate:glyoxylate aminotransferase 2 (GGT2) At1g70580 -2.98 0.004
T-complex protein 1 epsilon subunit (TCP-1-epsilon) At1g24510 -2.99 0.036
F-box family protein / tubby family protein At1g25280 -3.02 0.033
armadillo/beta-catenin repeat family protein / U-box domain-containing protein At3g07360 -3.03 0.002
tubulin beta-6 chain (TUB6) At5g12250 -3.06 0.022
expressed protein At4g16215 -3.08 0.046
C2 domain-containing protein At1g51570 -3.08 0.047
protein disulfide isomerase, putative At1g21750 -3.08 0.026
DNAJ heat shock N-terminal domain-containing protein At3g57340 -3.09 0.012
nuclear transport factor 2 (NTF2) family protein At5g60980 -3.14 0.021
pentatricopeptide (PPR) repeat-containing protein At4g34830 -3.14 0.008
sinapoylglucose:malate sinapoyltransferase (SNG1) At2g22990 -3.14 0.039
expressed protein, At4g27720 -3.17 0.034
chaperonin, putative At5g20890 -3.18 0.014
lipase class 3 family protein At5g18630 -3.24 0.022
UDP-3-O-acyl N-acetylglycosamine deacetylase family protein At1g25210 -3.24 0.006
expressed protein At1g50040 -3.26 0.040
aldehyde dehydrogenase (ALDH1a) At3g24503 -3.28 0.026
serine/threonine protein phosphatase 2A (PP2A) regulatory subunit B At1g51690 -3.28 0.027
eukaryotic translation initiation factor 4A-2 At1g54270 -3.29 0.011
phosphate-responsive 1 family protein, similar to Ntphi-1 At5g51550 -3.3 0.041
peptidase M50 family protein / sterol-regulatory element binding protein At5g05740 -3.36 0.017
expressed protein At3g26670 -3.39 0.050
expressed protein (CW7) At1g59520 -3.45 0.006
ABC1 family protein contains At2g39190 -3.49 0.013
RNA recognition motif (RRM)-containing protein  At2g44710 -3.56 0.000
DNAJ heat shock N-terminal domain-containing protein At5g05750 -3.57 0.026
tetratricopeptide repeat (TPR)-containing protein At2g42580 -3.59 0.040
acyl-CoA binding protein, putative At4g24230 -3.66 0.038
expressed protein At3g51400 -3.71 0.037
expressed protein At5g26740 -3.72 0.050
expressed protein At2g40000 -3.72 0.003
EXS family protein / ERD1/XPR1/SYG1 family protein similar to PHO1 protein At1g26730 -3.79 0.042
ubiquitin-protein ligase 2 (AtUPL2) At1g70320 -3.83 0.036
elongation factor 1-alpha At1g07930 -3.91 0.004
expressed protein At3g47250 -3.94 0.002
gamma-glutamyltranspeptidase family protein At4g39640 -3.98 0.003
EXS family protein / ERD1/XPR1/SYG1 family protein similar to PHO1 protein At1g35350 -4.03 0.024
speckle-type POZ protein-related At5g63160 -4.05 0.031
SEC14 cytosolic factor family protein / phosphoglyceride transfer family protein At1g22530 -4.16 0.032
tubulin alpha-3/alpha-5 chain (TUA3) At5g19770 -4.29 0.015
kelch repeat-containing protein At1g54040 -4.29 0.024
myb family transcription factor At3g46640 -4.3 0.037
delta 1-pyrroline-5-carboxylate synthetase B (P5CS2) At3g55610 -4.31 0.011
calcium-binding EF hand family protein At4g32060 -4.39 0.003
octicosapeptide/Phox/Bem1p (PB1) domain-containing protein At4g05150 -4.45 0.020
importin beta-2 subunit family protein At4g27640 -4.5 0.018
beta-ketoacyl-CoA synthase family protein At2g28630 -5.02 0.013
endomembrane protein 70, putative TM4 family; At5g25100 -5.14 0.029
ATP-citrate synthase, putative At3g06650 -5.21 0.030
tubulin beta-9 chain (TUB9) At4g20890 -5.89 0.013
expressed protein At4g33980 -6.22 0.022



SUPPLEMENTARY LEGENDS  

 

Figure S1. Specific detection of AtCPK1 gene. (a) Structure of AtCPK1 comprising the 

typical features of CPKs: a N-terminal domain, a Ser/Thr kinase catalytic domain that is 

joined via a junction (J) sequence to a calmodulin domain (CaM) with four calcium-

binding EF-hand domains (grey boxes). Probe 1 and Probe 2 indicate the DNA 

fragments used as hybridization probes. (b) The AtCPK1 gene is specifically detected by 

using Probe 1 as revealed by Southern blot analysis of genomic Arabidopsis DNA. 

 

Figure S2. Production and analysis of transgenic plants modified for AtCPK1 

expression. (a) Production of Arabidopsis plants constitutively expressing AtCPK1. The 

construct used for transformation is shown in the upper panel. The double 35SCaMV 

promoter (P35Sx2) and the Rubisco terminator (TrbcS) were used to drive expression of 

AtCPK1. The kanamycin resistance marker was under the control of the Nos promoter 

(PNos). RNA blots showing AtCPK1 expression in seedlings from independent 

AtCPK1-overexpressing plants is shown (lines Y2, F2 and N2). Lower panel shows 

ethidium bromide staining of RNA samples. (b) Production of antisense AtCPK1 plants. 

For silencing AtCPK1 expression, a cDNA fragment comprising the N-terminal region 

of AtCPK1 (amino acids 15 to 143) was cloned in antisense orientation under the 

control of the double 35SCaMV promoter. Abbreviations are the same as in (a). 

Hybridization was carried out using the N-terminal AtCPK1-specific DNA probe. 

Lower panel shows ethidium bromide staining of RNA samples. Arrow and asterisk 

denote the endogenous AtCPK1 and the transgene-produced antisense transcripts, 

respectively. X, XhoI, H, HindIII, S, SacI. 



Figure S3. Functional enrichment analysis of genes that are either up-regulated (a) or 

down-regulated (b) in overexpressor AtCPK1 plants compared to wild type plants. The 

ClueGO plugin for Cytoscape (Bindea et al., 2009) was used for this analysis (**, p ≤ 

0.001; * p ≤ 0.05). Percentages are the corresponding to the genes from the uploaded 

dataset that were associated with the term compared to all the genes associated with that 

term.  

 

Figure S4. Hierarchical clustering of AtCPK1-regulated genes with pathogen-regulated 

Arabidopsis genes. Graphical representation of log transformed cluster data of up-

regulated genes by AtCPK1 overexpression with the AtGenExpress pathogen series 

using the data-mining tool Expression browser from the Botany Array Resource (BAR) 

(Toufighi et al., 2005). Clusters indicated on the right represents genes that are up-

regulated genes in AtCPK1 overexpressing and induced in response to infection by P. 

syringae (Ps), Phytophthora infestans (Pi), B. cinerea (Bc) or elicitor (E) treatment.  

The color scale indicates the log2-level of expression above or below the median. 

Strong red indicates more than fourfold above the median, while dark blue indicates 

fourfold below. 

 

Figure S5. Pathways for SA biosynthesis. Genes that are up-and down-regulated in 

AtCPK1 overexpressing plants are indicated (upward and downward arrows, 

respectively). PAL, phenylalanine ammonia-lyase. BA2H, benzoic acid-2-hydroxylase. 

 

Figure S6. Colocalization of AtCPK1-GFP and Oleosin2-DsRed in Arabidopsis root 

cells. Visualization of AtCPK1-GFP (a), OLEO2-DsRed (b). Merged images of (a) and 

(b) is shown in (c). Images were recorded at 6 h after cotransformation.  Oil body 



aggregates which were typically irregular in shape were evident by this time. Discrete 

lipid bodies in which AtCPK1-GFP and OLEO2-DsRed colocalized could be observed 

in transformed cells. Bar = 5 µm. 

 

Supporting Data Set 1: List of genes differentially expressed in AtCPK1-

overexpressor plants compared to wild-type plants. Statistically significant differences 

were considered for p-values ≤ 0.05, fold changes (FC) ≥ 1.5 and average signal 

intensities ≥ 100. 

 

Table S1. List of genes involved in defence and disease resistance whose expression is 

affected by overexpression of AtCPK1 gene. 

 

Table S2. List of genes involved in lipid metabolism whose expression is affected by 

overexpression of AtCPK1 gene. 

 

Table S3. List of genes coding for protein kinases and phosphatases whose expression 

is affected by overexpression of AtCPK1 gene. 

 

Table S4. List of genes coding for transcription factors whose expression is affected by 

overexpression of AtCPK1 gene. 

 

Table S5. Primers used in RT-PCR analysis. 
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Table S1. List of genes involved in defence and disease resistance that are differentially 
expressed in overexpressor plants compared to wild-type plants.  
  
 
Gene description Locus FC p value 
Defence and disease resistance    
Pathogenesis-related PR1 family protein  At4g33720 5.1 0.017 
Pathogenesis-related PR2 family protein, β-1,3-glucanase At3g57260 1.54 0.05 
Pathogenesis-related PR3 family protein, chitinase At3g47540 1.99 0.041 
Pathogenesis-related PR4 family protein (HEL) At3g04720 2.36 0.037 
Pathogenesis-related PR5 family protein At4g11650 2.1 0.027 
Pathogenesis-related protein Bet v I family At1g70830 -2.3 0.007 
Pathogenesis-related protein Bet v I family At1g23120 1.6 0.005 
Pathogenesis-related protein Bet v I family At1g14960 1.89 0.017 
Plant defensin-fusion protein, PDF1.1 At1g75830 3.94 0.028 
Plant defensin protein, PDF1.2a At5g44420 4.05 0.028 
Plant defensin-fusion protein, PDF1.2b At2g26020 2.8 0.049 
Lipid transfer protein (LTP) At4g12545 2.69 0.050 
Lipid transfer protein (LTP A)  At2g15050 2.35 0.014 
Lipid transfer protein (LTP) At4g12480 1.92 0.004 
Lipid transfer protein (LTP)  At4g12490 1.81 0.017 
Lipid transfer protein (LTP)  At4g12500 1.6 0.012 
Lipid transfer protein (LTP)                     At5g55450 1.5 0.027 
Pathogenesis-related protein similar to receptor serine/threonine kinase PR5K At1g75800 -2.3 0.048 
Serpin, serine protease inhibitor At2g25240 1.62 0.038 
Trypsin inhibitor At2g43550 1.72 0.004 
Trypsin inhibitor At2g43520 1.78 0.035 
Trypsin inhibitor At2g43530 1.96 0.030 
Protease inhibitor At2g38870 1.85 0.026 
Trypsin inhibitor  At1g19110 -1.7 0.012 
Trypsin inhibitor At1g47540 1.81 0.049 
PAD3 (phytoalexin-deficient 3 protein) At3g26830 3.69 0.045 
PAD4 (phytoalexin-deficient 4 protein  At3g52430 1.59 0.024 
SID2 (salicylic acid induction deficient 2)/ICS1/EDS16  At1g35513 2.06 0.038 
CPR5 protein (constitutive expressor of Pathogensis Related genes 5) At5g64930 -1.7 0.040 
MLO family protein (MLO1)  At4g02600 -2 0.011 
Hypersensitive Response protein (HR3) At3g50470 1.8 0.021 
Disease resistance protein (CC-NBS-LRR class) PPP8 homolog At1g58602 -1.8 0.002 
Disease resistance protein (TIR-NBS-LRR class) RPP5 homolog At4g16950 -1.8 0.036 
Disease resistance protein, (CC-NBS class) RPP13 homolog  At3g46530 1.5 0.000 
Disease resistance family (LRR class) Hcr2-5D homolog At3g25010 1.85 0.047 
Disease resistance protein (LRR) Hcr2-0B homolog  At1g17240 1.64 0.042 
Disease resistance protein (CC-NBS-LRR class),  PRM1 homolog At1g59124 -1.7 0.047 
Disease resistance protein (CC-NBS-LRR class),  At1g12280 1.72 0.011 
Disease resistance protein (TIR class) At1g51280 1.72 0.008 
Disease resistance protein (TIR class) At1g57630 2.52 0.048 
Disease resistance protein (TIR-NBS class) At5g46490 -1.6 0.030 
Disease resistance protein (TIR-NBS class) At1g72920 2.2 0.048 
Disease resistance protein (TIR-NBS-LRR class) At5g22690 -1.6 0.005 
Disease resistance protein (TIR-NBS-LRR class) At5g46260 1.61 0.015 
Disease resistance protein (TIR)  At5g44920 1.88 0.022 
Disease resistance protein (LRR class) At3g11010 2.22 0.008 
Avirulence-responsive protein (AIG1)  At1g33960 3.2 0.014 
AvrRpt2-induced AIG2 protein (AIG2) At3g28930 2.41 0.003 



Defense protein-related weak RPM1-interacting protein 4 (RIN4) At5g48657 1.78 0.042 
Systemic acquired resistance regulator protein (NIMIN-1-related protein)  At4g01895 2.13 0.016 
Defender against cell death 2 (DAD2) At2g35520 1.63 0.021 
Myrosinase-associated protein At3g14210 1.94 0.033 
Myrosinase-associated protein At1g54010 2.68 0.030 
Myrosinase-associated protein At1g54000 2.95 0.025 
Glycosyl hydrolase family 1 protein (PEN2) At2g44490 -1.9 0.005 
    
Oxidative stress    
Respiratory burst oxidase protein B (RbohB) / NADPH oxidase At1g09090 1.99 0.017 
Alternative oxidase 1a mitocondrial (AOX1a) At3g22370 2.12 0.000 
Peroxidase 30 (PER30)  At3g21770 1.6 0.043 
Peroxidase (ATP24a) At5g39580 -2.7 0.043 
Peroxidase (ATP32)  At4g33420 -1.8 0.035 
Peroxidase 33 (PER33)  At3g49110 1.67 0.050 
Glutathione S-transferase, putative  At2g29440 1.77 0.009 
Glutathione S-transferase, putative  At2g29460 2.71 0.039 
Glutathione S-transferase, putative  At1g49860 2.32 0.012 
Glutathione S-transferase, putative  At2g30860 1.9 0.026 
Glutaredoxin family protein At5g63030 1.64 0.023 
Glutaredoxin family protein  At5g13810 -1.6 0.024 
Glutaredoxin family protein  At4g15670 -1.6 0.015 
Thioredoxin family protein  At1g15020 -2.9 0.036 
Thioredoxin family protein  At3g53220 1.62 0.030 
Thioredoxin family protein At1g53300 -1.5 0.038 
Thioredoxin family protein  At4g29670 1.55 0.002 
Thioredoxin family protein  At5g60640 -2.8 0.039 
2-cys Peroxiredoxin (BAS1)  At3g11630 -1.6 0.014 
Protein disulfide isomerase (PDI)  At1g21750 -3.1 0.026 
Caffeoyl-CoA 3-O-methyltransferase At1g67980 1.56 0.026 
Small heat-shock protein (HSP17.6B-CI) At2g29500 1.73 0.020 
    
Hormone synthesis and signalling    
Ethylene-responsive element-binding protein 1 (ERF1/EREBP2) At4g17500 -1.7 0.018 
Ethylene-responsive protein, similar to ER33 At1g05710 2.45 0.003 
Chorismate mutase/prephenate dehydratase family protein At3g07630 -1.7 0.030 
Isochorismate synthase (ICS1)/SID2/EDS16 At1g35513 2.06 0.037 
Allene oxide cyclase (AOC) At1g13280 2.57 0.040 
Allene oxide synthase (AOS) At5g42650 1.61 0.038 
Anthranilate synthase, alpha-subunit (ASA1) At5g05730 1.61 0.018 
Homeobox protein Knotted-1 like 2 (KNAT2) At1g70510 1.65 0.016 
4-coumarate-CoA ligase family protein At1g20510 1.94 0.028 
Cullin family protein At4g02570 1.64 0.047 
 
 
 
 
 
 
 
 
 
 



Table S2. List of genes involved in lipid metabolism that are differentially expressed in 
overexpressor plants compared to wild-type plants.  
 

Gene description Locus FC p-value 
Phytoalexin-deficient 4 protein (PAD4), lipase At3g52430 1.59 0.024 
GDSL-motif lipase At1g28580 -1.56 0.008 
Lipase class 3 family protein  At5g18630 -3.24 0.022 
Lipase class 3 family protein  At4g16070 1.51 0.049 
Lipase family protein  At2g15230 -1.85 0.016 
Lipase-related family protein . At2g44970 -1.86 0.026 
Esterase/lipase/thioesterase family protein  At1g34340 -2.63 0.016 
Esterase/lipase/thioesterase family protein  At2g39420 1.82 0.01 
Myrosinase-associated protein  At3g14210 1.94 0.033 
Myrosinase-associated protein,  At1g54010 2.68 0.03 
Myrosinase-associated protein, At1g54000 2.95 0.025 
3-ketoacyl-acyl carrier protein reductase At1g24360 -1.63 0.004 
Ceramide glucosyltransferase At2g19880 -2.51 0.015 
Aminoalcoholphosphotransferase At3g25585 -1.65 0.031 
Alkaline phytoceramidase family At4g22330 -2.32 0.002 
Biotin carboxylase (CAC2)  At5g35360 -1.66 0.013 
Lipid phosphate phosphatase 3 (LPP3) At3g02600 -1.62 0.037 
beta-ketoacyl-CoA synthase family protein  At2g28630 -5.02 0.012 
Allene oxide cyclase (AOC) At1g13280 2.57 0.040 
Allene oxide synthase (AOS) At5g42650 1.61 0.038 
Very-long-chain fatty acid condensing enzyme (CUT1)  At1g68530 -1.80 0.038 
Phosphatidate cytidylyltransferase (CDS1) At1g62430 -2.19 0.046 
Sulfolipid synthase (SQD2)  At5g01220 -2.03 0.025 
Serine C-palmitoyltransferase At3g48780 -2.39 0.016 
Ceramide synthase  At3g25540 -1.87 0.016 
Ceramide synthase  At3g19260 -2.63 0.048 
Phospholipase C (PLC1)  At5g58670 1.66 0.046 
Phospholipase a-2-activating protein At3g18860 -2.12 0.047 
Fatty acid desaturase family protein, similar to ADS1 At1g06360 -2.18 0.025 
Carotenoid isomerase At1g06820 -1.53 0.02 
Phosphomevalonate kinase At1g31910 -1.69 0.009 
ABC transporter family protein  At1g51500 -2.66 0.018 
Glycerophosphoryl diester phosphodiesterase family protein  At1g66970 -1.72 0.015 
Glycerophosphoryl diester phosphodiesterase family protein  At5g41080 -1.54 0.018 
3-oxo-5-alpha-steroid 4-dehydrogenase family protein At2g16530 1.75 0.017 
3-b hydroxysteroid dehydrogenase/isomerase family protein At2g33630 -2.06 0.016 
Farnesyl pyrophosphate synthetase 2 (FPS2) At4g17190 -1.75 0.032 
Farnesyl pyrophosphate synthetase 1 (FPS1) At5g47770 -1.90 0.025 
Acyl-CoA binding protein At4g24230 -3.66 0.038 
Inositol polyphosphate 1-phosphatase At5g63990 1.56 0.045 
Long-chain-fatty-acid--CoA ligase  At4g23850 -1.96 0.044 
Sterol 4-alpha-methyl-oxidase 1 (SMO1) At2g29390 11.47 0.021 
Pyruvate kinase At5g52920 -1.56 0.006 
Acyl-activating enzyme 17 (AAE17)  At5g23050 -1.77 0.032 
Acyl-activating enzyme 13 (AAE13)  At3g16170 1.56 0.001 
Serine decarboxylase  At1g43710 -1.53 0.003 
Squalene monooxygenase putative  At1g58440 -1.69 0.033 
Lipid transfer protein (LTP) At2g15050 2.35 0.014 



Lipid transfer protein (LTP) At4g12545 2.69 0.050 
Lipid transfer protein (LTP ) At4g12480 1.92 0.004 
Lipid transfer protein (LTP) At4g12490 1.81 0.017 
Lipid transfer protein (LTP) At4g12500 1.6 0.012 
Lipid transfer protein (LTP) At5g55450 1.5 0.027 

 



 
 
Table S3. List of genes coding for protein kinases and protein phosphatases that are 
differentially expressed in overexpressor plants compared to wild-type plants. 
 

Gene description Locus FC p value 
Calcium-dependent protein kinase isoform AK1 (AK1) (AtCPK1)  At5g04870 13.17 0.032 
Mitogen-activated protein kinase, AtMPK2 At1g59580 -1.98 0.025 
Mitogen-activated protein kinase,  AtMPK9 At4g01595 -1.66 0.014 
protein kinase family protein (MAP3K delta-1) At5g11850 -2.71 0.032 
protein kinase, similar to AtMEK kinase (MAP3Ka) At1g63700 -2.27 0.024 
CBL-interacting protein kinase 12 (CIPK12)  At4g18700 -1.81 0.022 
CBL-interacting protein kinase 15 (CIPK15)  At5g01810 -1.57 0.029 
CBL-interacting protein kinase 3 (CIPK3) At2g26980 -2.21 0.001 
Casein kinase II beta chain,  similar to CK II At4g17640 -1.84 0.029 
Ser/thr protein kinase, similar to Pto kinase interactor 1 At2g47060 -2.35 0.013 
Ser/thr protein kinase, similar to Pto kinase interactor 1  At3g08730 -2.65 0.015 
Ser/thr protein kinase, similar to Pto kinase interactor 1  At2g30730 -1.61 0.050 
Ser/thr protein kinase AtPK1/ribosomal-protein S6 kinase ATPK6 At5g08160 -1.62 0.025 
Ser/thr protein kinase At4g30310 -1.61 0.046 
Ser/thr/tyr kinase putative  At2g24360 -1.97 0.045 
Protein kinase (AFC2) At4g24740 -1.91 0.031 
Protein kinase family protein At4g19110 -1.93 0.026 
Protein kinase family protein At1g73460 -2.19 0.027 
Protein kinase family protein  At5g49470 -1.52 0.002 
Protein kinase family protein  At1g12680 -1.55 0.043 
Protein kinase family protein  At1g67470 -1.6 0.039 
Protein kinase family protein  At3g12200 -1.62 0.029 
Protein kinase family protein  At4g35600 -1.67 0.007 
Protein kinase family protein  At1g13350 -1.69 0.028 
Protein kinase family protein  At4g00330 -1.78 0.043 
Protein kinase family protein  At1g70520 -1.82 0.012 
Protein kinase family protein  At3g13670 -1.86 0.027 
Protein kinase family protein  At3g22420 -2.42 0.004 
Protein kinase family protein  At4g31170 -2.92 0.009 
Protein kinase, similar to LSTK-1-like kinase  At3g04810 -1.75 0.041 
Protein kinase, similar to LsTK-1-like kinase At5g28290 -2.19 0.043 
Protein kinase family protein  At4g11890 2.1 0.004 
Protein kinase family protein  At3g20830 1.89 0.019 
Protein kinase family protein  At1g71530 1.68 0.036 
Protein kinase family protein  At4g10390 1.59 0.040 
Protein kinase, similar to cyclin dependent kinase C [Lycopersicon esculentum]  At1g74330 -2.41 0.038 
Cyclin-dependent kinase-activating kinase 1At At4g28980 -1.84 0.050 
Protein kinase, similar to incomplete root hair elongation (AtIRE)  At1g48490 -1.58 0.037 
Protein kinase, similar to wall-associated kinase 1  At3g28690 -2.74 0.027 
Wall-associated protein kinase At4g31110 1.75 0.044 
Shaggy-related protein kinase iota (AtASK9)  At1g06390 -1.63 0.040 
Shaggy-related protein kinase theta (AtASK8) At4g00720 -2.14 0.014 
LRR family protein contains, similar to receptor-like protein kinase INRPK1 [Ipomoea 
nil]  At3g17640 1.82 0.034 
LRR transmembrane protein kinase At1g35710 2.56 0.004 
LRR transmembrane protein kinase At3g02880 -1.5 0.024 
LRR transmembrane protein kinase At1g73080 -1.82 0.019 
LRR transmembrane protein kinase At3g14350 -2.07 0.042 



LRR transmembrane protein kinase At1g72180 -2.09 0.047 
LRR transmembrane protein kinase At1g28440 -2.13 0.022 
LRR transmembrane protein kinase  At5g63710 -1.69 0.009 
LRR transmembrane protein kinase, putative receptor protein kinase erecta At4g39270 -1.95 0.024 
LRR transmembrane protein kinase, putative receptor-like protein kinase At5g63410 -1.71 0.039 
LRR transmembrane protein kinase, similar to Z. mays LRRTPK 1 At4g03390 -2.17 0.036 
LRR family protein / protein kinase family protein At5g16000 -1.77 0.044 
Protein kinase family protein, similar to receptor-like protein kinase 4 and 5  At4g23170 1.99 0.043 
Receptor serine/threonine kinase PR5K  At1g75800 -2.29 0.048 
S-receptor protein kinase,  At4g27300 2.04 0.012 
Lectin protein kinase, similar to receptor lectin kinase 3 [Arabidopsis thaliana] At3g59700 1.89 0.000 
Lectin protein kinase, similar to receptor lectin kinase 3 [Arabidopsis thaliana]  At5g01550 1.87 0.000 
S-locus lectin protein kinase family protein  At1g61360 1.71 0.004 
S-locus lectin protein kinase family protein  At1g11300 1.62 0.044 
S-locus protein kinase At4g27300 2.04 0.012 
    
phosphatase-related  At4g23570 -1.79 0.016 
protein phosphatase 2C family protein  At4g33920 -2.57 0.046 
protein phosphatase 2C-related At3g15260 1.7 0.018 
protein phosphatase 2C-related At1g18030 -2.23 0.011 
protein phosphatase 2C-related At1g22280 -2.68 0.017 
protein phosphatase 2C-related  At3g63340 -2.33 0.030 
protein phosphatase 2C-related  At1g47380 -2.41 0.039 
serine/threonine protein phosphatase (similar to PP5) At2g42810 -1.56 0.033 
serine/threonine protein phosphatase At1g50370 -2.22 0.027 
serine/threonine protein phosphatase (STPP)  At3g19980 -1.73 0.004 
serine/threonine protein phosphatase 2A (PP2A) regulatory subunit B  At1g51690 -3.28 0.027 
serine/threonine protein phosphatase 2C (PP2C6)  At3g55050 -1.86 0.016 
serine/threonine protein phosphatase catalytic subunit (PP2A1)  At1g10430 -2.15 0.004 
serine/threonine protein phosphatase catalytic subunit (PP2A2)  At1g59830 -1.85 0.001 
serine/threonine protein phosphatase catalytic subunit (PP2A3) At2g42500 -2.6 0.013 
dual specificity protein phosphatase family protein  At2g35680 -2.31 0.010 
 
 



 
Table S4. List of genes coding for transcription factors whose expression is affected by 
overexpression of AtCPK1 gene. 
 
 
Gene description Locus FC p value 
WRKY family TF (WRKY18) At4g31800 -2.14 0.013 
WRKY family TF (WRKY69) At3g58710 -1.69 0.032 
WRKY family TF (WRKY28) At4g18170 -2.33 0.032 
WRKY family TF (WRKY46) At2g46400 1.79 0.012 
Ethylene-responsive element-binding protein 1 (EREBP2/ERF1)  At4g17500 -1.70 0.018 
AP2 domain-containing protein (RAP2.2) At3g14230 -2.42 0.019 
AP2 domain-containing TF (putative Pti6) At3g61630 -1.83 0.003 
AP2 domain-containing TF (TINY) At4g32800 -1.76 0.029 
AP2 domain-containing TF(similar to RAP2.4) At4g39780 -1.85 0.013 
AP2 domain-containing TF At5g65130 1.65 0.029 
AP2 domain-containing TF (similar to RAP2.1)  At5g67190 -2.33 0.001 
AP2 domain-containing TF (similar to RAV2 ) At1g25560 -2.33 0.015 
Ovule development protein, similar to AINTEGUMENTA At2g41710 -2.30 0.037 
TF B3 family protein (ARF1 auxin response factor) At5g62000 -2.03 0.01 
TF bHLH family protein At1g10585 2.9 0.02 
TF bHLH family protein  At1g22490 -1.71 0.011 
TF bHLH family protein At1g29950 -2.15 0.044 
TF-related bHLH family protein  At2g27230 -1.63 0.026 
TF bHLH family protein At2g42300 -1.57 0.034 
TF-related bHLH family protein  At3g17100 -1.57 0.005 
TF bHLH family protein At3g47710 1.57 0.007 
TF bHLH family protein (UNE12 unfertilized embryo sac 12)  At4g02590 -1.87 0.003 
TF bHLH family protein (PRE1, Paclobutrazol Resistance 1) At5g39860 2.39 0.03 
TF bHLH family protein (ILR3, IAA-Leu Resistance 3) At5g54680 -1.89 0.005 
Myb family TF (similar to cpm10) At1g48000 1.63 0.041 
Myb family TF At3g52250 -2.61 0.019 
Myb family TF (MYB32) At4g34990 1.64 0.002 
Myb family TF At5g47390 -1.67 0.044 
Myb family TF At1g68670 -1.80 0.011 
Zinc finger (B-box type) family protein  At5g57660 -2.59 0.024 
Zinc finger (B-box type) family protein At1g75540 -1.75 0.034 
GATA TF 1 (GATA-1)  At3g24050 -1.80 0.004 
Zinc finger (GATA-3)  At3g54810 -1.96 0.008 
Zinc finger (C2H2 type) family protein   At1g34370 -1.62 0.028 
Zinc finger (C2H2 type) (ATIDD5) At2g02070 -1.69 0.005 
Zinc finger (C2H2 type) (Embryo Defective 2454) At3g18290 -1.65 0.02 
Zinc finger (C2H2 type) family protein   At3g45260 -1.63 0.034 
ZAC (ARF-GAP DOMAIN 12) At4g21160 -1.67 0.04 
Zinc finger (C2H2 type) family protein (similar to TAC1) At5g43540 2.02 0.007 
Zinc finger (C2H2 type) family protein  (similar to ATIDD2) At5g66730 -1.75 0.019 
Zinc finger (CCCH-type) family protein  At2g25900 -1.67 0.042 
Zinc finger (CCCH-type) family protein  At3g55980 -1.54 0.034 
Two-component responsive regulator (ARR16) At2g40670 2.10 0.032 
Two-component responsive regulator (similar to ARR1) At3g16857 1.78 0.039 
Dof-type zinc finger domain-containing protein (similar to OBP4) At5g60850 -2.62 0.026 
CCAAT-binding TF(CBF-B/NF-YA) family protein At5g12840 -1.69 0.022 
KNAT2 (Knotted-Like 2) At1g70510 1.65 0.016 



PDF2 (Protodermal Factor 2); At4g04890 -1.56 0.038 
ATML1 (Meristem Layer 1) At4g21750 -1.63 0.024 
KNAT4 (Knotted-Like Homeobox gene 4) At5g11060 1.67 0.036 
Homeobox-leucine zipper family protein At5g17320 1.55 0.043 
ATHB52 (At Homeobox protein 52) At5g53980 1.83 0.01 
MADS BOX PROTEIN  At1g59930 1.74 0.041 
MADS-box protein  At1g77080 -1.5 0.035 
FLC (Flowering Locus C); At5g10140 4.93 0.031 
AGL80/FEM111 (Agamous-Like80) At5g48670 1.59 0.022 
MAF4 (MADS affecting flowering 4) At5g65070 1.57 0.039 
ANAC014 (TF similar to no apical meristem (NAM) family protein)  At1g33060 -2.46 0.038 
ANAC027 ( NAC domain containing protein 27) At1g64105 1.53 0.007 
TF putative At3g13000 -1.76 0.014 
ANAC087 (NAC domain containing protein 87) At5g18270 1.56 0.02 
ANAC089 (NAC domain containing protein 89); At5g22290 1.65 0.023 
Heat Shock TF-type                    At1g77570 1.51 0.024 
Squamosa promoter-binding protein 4 (SPL4)  At1g53160 1.56 0.008 
Squamosa promoter-binding protein 5 (SPL5) At3g15270 1.55 0.026 
Trihelix DNA-binding protein (similar to GTL1) At1g33240 -1.79 0.014 
Trihelix DNA-binding protein (GT2) At1g76890 -2.55 0.012 
Argonaute protein (AGO1)  At1g48410 -1.63 0.009 
TF jumonji (jmj) family protein (C5HC2 type)  At1g30810 -1.93 0.023 
PHD finger TF, putative  At4g14920 -1.97 0.035 
 
 
 



Table S5. Primers used in RT-PCR analysis. The Arabidopsis Genome Initiative locus 
identifiers for the genes examined in this work are indicated. 
 
 
 
 

Gene Locus Primers cycles 
AtCPK1 
 
 

At5g04870 CPK1f: 5´GACCAAGGACAGAGAGATTCG3´ 
CPK1r: 5´GTACTTTTAAATAGACTGAGA3´ 

25 

AtCPK2 
 
 

At3g10660 CPK2f: 5´GAAGGAGAAAGTTCTTGCAGA3´ 
CPK2r: 5´CTTCTTGATTTGGGTTTGTAA3´ 

25 

AtCPK20 
 
 

At2g38910 CPK20f: 5´TAAGAGCAGCAAGGACGAG3´ 
CPK20r: 5´TTGCCAAAACCAGTGTCTT3´ 

30 

AtCPK1 
 
 

At5g04870 5UTCPK1f: 5´GTCCGAGGTTTGATGTCTGATGG3´ 
5UTCPK1r: 5´CACAAGTATTACCCATTCCC3´ 

25 

AtCPK1 At5g04870 NCPK1f: 5´CAATCTGTTTCAGCTGCAATGTGG3´ 
NCPK1r: 5´GTCTTCCTCTGCAACACTGACTCAG3´ 
 

25 

PR1 
 
  

At4g33720 PR1f: 5´TGGCAGTTCACAACCGAGC 3´ 
PR1r: 5´CCACCCACATGTCAACTGCT 3´ 

25 

PR2 
 
 

At3g57260 PR2f: 5´CCACACAGCTGGACAAATCGGAGTATGC3´ 
PR2r: 5´CATAAAAAGCCCACAAGTCTCTAAGG3´ 

30 

PR3 
 
 

At3g47540 PR3f: 5´GGAAGGGTTTGTCGTTTTGG3´ 
PR3r: 5´CCCACCGTTACATTCCATCC3´ 

25 

HEL 
 
 

At3g04720 HELf: 5´GTCAAGCTTCTTGCGGCAAG3´ 
HELr: 5´GCTCATTGCCACAGTCGACA3´ 

25 
 

PR5 
 
 

At4g11650 PR5f: 5´TGCCCTGACGCTTACAGCTA3´ 
PR5r: 5´CCGAGCCTAGACCTTGGACA3´ 

25 

PDF1.2a 
 
 

At5g44420 PDF1.2f: 5´TCACCCTTATCTTCGCTGCT 3´ 
PDF1.2r: 5´GTTGCATGATCCATGTTTGG3´ 

25 

PDF2.1 
 
 

At2g02120 PDF2.1f: 5´CAGCCGTTCTTTTCTTGGTGA3´ 
PDF2.1r: 5´TTCTGGTGCAGAAGCAACGA3´ 

25 

LTP 
 
 

At4g12545 LTPf: 5´GTGGACCTAACATTGGGAAACC3´ 
LTPr: 5´CTTACGCGCACTGGAAACCCT3´ 

25 

THI2.1 
 
 

At1g72260 THIf: 5´GCAAGTGAGTGGATGCCAAA3´ 
THIr: 5´GAACATCCCTTGGCACATTGTT3´ 

25 

PAD4 
 
 

At3g52430 PAD4f: 5´GGTGATAACCGGCCATTCAA 3´ 
PAD4r: 5´AGGTCGTGGATGGAGACCAC 3´ 

25 

β-tubulin 
 
 

At5g23860 TUBf: 5´GGATCACAGCAATACAGAGCC3´ 
TUBr: 5´CCTGCACTTCCACTTCGTCTTC3´ 

25 

 
 



SUPPORTING EXPERIMENTAL PROCEDURES  

 
Preparation of AtCPK1-specific DNA probes, Northern and Southern blot analyses  

AtCPK1-specific DNA probes were prepared and used as probes in experiments by 

Northern blot and Southern blot analysis. For this, DNA fragments corresponding to 

either the 5’-untranslated region (Probe 2) or the N-terminal region (Probe 1) of CPK1 

were obtained (Figure S1). The N-terminal domain of Arabidopsis CPKs is variable not 

only in amino acid sequence, but also in length. Probe 1 was amplified by PCR from a 

pBSK-AtCPK1 plasmid DNA using the NCPK1f and NCPK1r oligonucleotides  (table 

S5). Probe 2 was obtained by using the 5UTCPK1f and 5UTCPK1r primers (table S5) 

from the same target plasmid. PCR products were cloned and their nucleotide sequence 

confirmed by sequencing. All the DNA fragments used as probe in hybrization 

experiments were purified by agarose gel electrophoresis, radioactively labeled by 

random priming (Roche Molecular Biochemicals) and further purified through 

Sephadex G-50 columns (Amersham). Following hybridization, the images were 

visualized by using a molecular imager FX (BioRad). Southern blot analysis of genomic 

DNA confirmed that the two DNA probes specifically recognized AtCPK1 among other 

Arabidopsis CPK genes (Figure S1). In Northern blot analysis, the expression levels 

were calculated relative to the highest value of each set of samples after normalization 

with the 25S rRNA signal. Band intensities were quantified using the QUANTITY-

ONE sofware (BioRad). 

 
Transformation vectors 

For overexpression of AtCPK1, the full-length cDNA (XhoI fragment) was excised from 

the pBSK-AtCPK1 plasmid and cloned downstream of the double cauliflower mosaic 

virus (P35Sx2) double promoter of pKLX71 (Schardl et al, 1987) (Supplementary 



Figure 2A). For silencing AtCPK1 expression, a construct containing the N-terminal 

domain AtCPK1 coding sequence cloned in antisense orientation into the pKLX71 

expression cassette was obtained (Supplementary Figure 2B). For this, the cDNA 

sequence encoding the N-terminal AtCPK1 fragment above described (section for 

expression in E. coli) was cloned under the control of the P35Sx2 and the Rubisco 

terminator (T-rbcS). Transformation was carried out with the A. tumefaciens strain 

GV2260  using the floral dip method (Clough and Bent, 1998).  

 

Microarray experiments and data analysis 

Slides were composed of synthetic 70-mer oligonucleotides from the Operon 

Arabidopsis Genome Oligo Set Version 1.0 (Qiagen), prepared by the University of 

Arizona (http://ag.arizona.edu/microarray/). RNA labeling and microarray 

hybridizations were performed as previously described (Adie et al., 2007). Fold change 

was calculated as the ratio of average signal values between the transgenic and the wild-

type plants. Genes with p-values ≤0.05 and fold changes of at least 1.5 -fold in all 

replicates were considered. Significant gene expression was determined with average 

signal intensities of 100 and above (the average signal intensity for negative controls in 

the microarray was 70).  

 

Expression in E. coli and production of an AtCPK1 antiserum  

The coding sequence for the N-terminal domain of AtCPK1 (Gln15 to Thr143) was 

obtained by PCR amplification from the plasmid pBSK-AtCPK1, containing the full-

length AtCPK1 cDNA. The two oligonucleotide primers used were NCPK1f and 

NCPK1r (Table S5). The PCR product was cloned into the pGEM-Teasy vector and 

then excised from this recombinant vector as an EcoRI fragment. The DNA fragment 

http://ag.arizona.edu/microarray/�


containing the N-terminal AtCPK1 cDNA sequence was ligated to the EcoRI-excised 

pGEX-4T-3 vector for expression of recombinant glutatione-S-transferase (GST) fusion 

proteins in E. coli (Pharmacia Biotech). The nucleotide sequence of the fusion gene was 

confirmed. The fusion protein was purified by affinity chromatography on glutathione-

sepharose 4B from isopropyl β-D-thiogalactoside-induced culture cells and digested 

with thrombin. The N-terminal AtCPK1 peptide was purified on a preparative SDS-

PAGE. The purified product was subjected to N-terminal sequence analysis to confirm 

its identity. Polyclonal antibodies were raised by multiple subcutaneous injections of the 

purified N-terminal AtCPK1 polypeptide emulsified in complete Freund´s adjuvant 

(Sigma). Three triweekly injections (50 µg in each injection) were made, and the rabbits 

were bled 8 days after the final injection. Preimmune serum was collected from the 

rabbits 1 week before immunization.   

 

Immunodetection of AtCPK1 in lipid bodies 

For immunofluorescence microscopy, purified lipid bodies in 10mM sodium phosphate 

buffer pH 7.5 containing 0.6M sucrose were fixed with 4% w/v paraformaldehyde at 

4ºC for 12 h, then washed, and recovered after flotation by centrifugation. The fixed 

lipid bodies were immobilized on poly-L-Lysine coated round slides, blocked with 3% 

BSA in phosphate saline buffer (PBS) for 15 min, then incubated with anti-AtCPK1 

antiserum or preimmune serum (1/100 diluted) for 2h at 4 ºC in PBS containing 

1%BSA. Samples were washed 3 times with PBS containing 0.1% tween-20, incubated 

with Alexa Fluor 488 goat anti–rabbit antibodies (Molecular Probes, Invitrogen), 

washed, mounted on Mowiol® 4-88 (Calbiochem) and visualized by CLSM. 

 

Biolistic cell transformation and imaging 



To investigate the subcellular localization of AtCPK1, the green fluorescent protein 

(GFP) gene was translationally fused to the C-terminal end of the AtCPK1 sequence. 

Chimeric genes in which either the N-terminal domain of AtCPK1 or a mutated version 

was fused to the GFP gene were also prepared. For this, a GFP gene (m-GFP5-ER, 

Siemering et al., 1996) lacking the N-terminal signal peptide and C-terminal HDEL 

sequences was initially obtained by PCR. Primers used were 5´-

CGGGGATCCATGAGTAAAGGAGAAGAACTTTTCAC-3´ (forward) and 5´-

CCGAGCTCTTATTATTTGTATAGTTCATCCATGC-3´ (reverse). During the PCR 

reaction, BamHI and SacI sites were introduced into the PCR amplified DNA fragment 

(underlined nucleotides in PCR primer sequences). Next, the GFP variant was cloned 

between the BamHI and SacI sites of a pUC19-derived plasmid harbouring the P35S 

and nopaline synthetase  terminator (Tnos) to create the pP35S:mGFP:nos construct.  

All AtCPK1 DNA fragments to be translationally fused to the GFP gene were generated 

by PCR amplification. In all the cases, a BglII site was introduced at the 3´end of the 

PCR-amplified AtCPK1 DNA fragment (the BglII restriction enzyme generates a 4 bp 

extension compatible with the BamHI site engineered at the 5´ end of the GFP gene). 

Equally, a SpeI site was introduced at the 5´ end of the AtCPK1 sequences (the SpeI and 

XbaI restriction enzymes generate compatible ends). The entire AtCPK1 cDNA 

sequence was PCR-amplified from plasmid pBSK-AtCPK1 with primers 5´-

GACTAGTGGAATGGGTAATACTTCTGTTG-3´ (forward) and  5´-

CAGATCTACCTGGTGGTGGGAGTTTAAGAGCAATGCTAA-3´ (reverse) 

(underlined sequences indicate the SpeI and BglII restriction sites). To obtain the 

chimeric AtCPK1-GFP gene, the PCR-amplified AtCPK1 DNA fragment was digested 

with SpeI and BglII and cloned into the XbaI- and SpeI-digested pP35S:GFP:nos 

plasmid resulting in plasmid pP35S:AtCPK1-GFP:nos.  



For preparation of the mutated version of the AtCPK1 gene in which a the Gly residue 

at position 2 was converted to Ala (G2A), the pP35S:AtCPK1-GFP:nos plasmid was 

used as the template for PCR. For this, a forward primer with a single change (bold 

font) 5´GACTAGTGGAATGGCTAATACTTGTGTTG3´, and the AtCPK1 reverse 

primer above indicated were used. The AtCPK1G2A DNA was then cloned into the 

XbaI/BamHI-digested pP35S:mGFP:nos plasmid.  

For preparation of the translational fusion between the N-terminal domain of AtCPK1 

and GFP, the N-terminal domain of AtCPK1 was amplified from the pBSK-AtCPK1 

plasmid using the 5´-GACTAGTGGAATGGGTAATACTTGTGTTG-3´ (forward, 

underlined is the SpeI restriction site), and 5´-

CAGATCTACCTGGTGGTGGGAATTCCTTGAAGTTTTCAG-3´ (reverse, 

underlined is the BglII restriction site). Expression of all the AtCPK1-GFP fusion genes 

here prepared is driven by the P35S and the nos terminator. All the constructs were 

verified by nucleotide sequencing. 

An oleosin-DsRed fusion gene was also prepared in this work. For this, the Arabidopsis 

OLEO2 (At5g40420) cDNA was amplified from the U14610 clone (Arabidopsis 

Biological Resource Center, http://www.arabidopsis.org)  by PCR using the 5´-

CGCCATGGTTACAATGGCGGATACACAC-3´ (forward, underlined is the NcoI 

restriction site) and the 5´CGCCATGGGTGGTGGTGCAGCCGTCGTCCTCC-3´ 

(reverse, underlined is the NcoI restriction site) primers. The amplified cDNA was 

cloned in the NcoI restriction site (marking the translational start of DsRED coding 

region) of the pGJ1425 plasmid (Jach et al, 2001). The generated vector allows 

constitutive expression under control of P35S of the chimeric gene encoding the C-

terminal fusion protein OLEO2-DsRED. 



Arabidopsis root cells and suspension cells, as well as, epidermal onion cells were 

transformed by particle bombardment. Twelve-days-old in vitro grown Arabidopsis 

seedlings were used for studies on root cells. Cells (line LT87) of 4-days old 

Arabidopsis cultures were transferred to sterile filter papers and kept on solid growing 

culture medium (Jouanneau and Pénaud-Lenoël, 1967) for 3 days. Four hours before 

bombardment, onion cells, Arabidopsis seedlings and suspension cells were placed on 

MS medium supplemented with 0.2M mannitol. The epidermis of onion bulb scales was 

prepared by peeling the inner epidermis from fresh onion bulbs. For each DNA 

construct, 4 µg of DNA was mixed with 20µl of 0.1M spermidine, 50 µl of 2.5M 

CaCl2 and 15 µl of gold microcarrier (60 µg/ml in 50% glicerol), vortexed vigorously 

for 30 sec and centrifuged at 800g in a microfuge for 10 sec. The pellet was washed on 

ethanol. The DNA-gold particles were bombarded into cells at a pressure of 1100 psi 

and target distance of 6 cm, with a biolistic PSD-1000/He particle delivery system (Bio-

Rad). The transfected cells were kept on MS medium for 24-48h in the dark. The 

subcellular localization of the fusion proteins was determined by confocal laser 

scanning microscopy (CLSM) in a Leica TCS SP microscope (Heidelberg). The 

excitation wavelength was 488 nm for GFP and 559 nm for RFP and DsRed. The 

emission window was set at 500–530 nm for GFP, and 570-670 for RFP and DsRed. 
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