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Abstract 

 

Phospholipase C (PLC) has been proposed to function in NaCl tolerance. 

Arabidopsis expresses nine PLC genes. Using reverse genetics, we tested the 

relative contribution of these PLCs to NaCl tolerance. None of the T-DNA insertion 

lines tested showed clear NaCl hypersensitivity. To address functional redundancy, 

plc3, plc6 and plc9 were crossed to generate higher order mutants. Although NaCl 

induced an increase in the levels of PIP2 and PA in leaf discs and seedlings, no 

differences in NaCl-induced changes in phospholipid composition were found 

between wild-type and the various plc mutant combinations. Root elongation of the 

plc3,6,9 triple mutant was slower than wild-type but NaCl sensitivity remained 

unaffected. These results suggest that PLC3, PLC6 and PLC9 are redundantly 

required for a normal growth rate of roots but not for NaCl tolerance. 
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Introduction 

 

Hypersalinity is a major problem for crop plants. A thorough understanding of the 

response of plants to hypersalinity is critical for devising strategies to cope with this 

problem. Forward genetic screens have identified three loci that contribute to a 

large extent to NaCl tolerance in the model plant Arabidopsis thaliana. These loci 

are called SOS (salt overly sensitive) [1]. SOS1 encodes a Na
+
/H

+
 antiporter that 

presumably functions to keep cytoplasmic Na
+
 levels low [2]. SOS2 encodes a 

protein kinase [3] and SOS3 encodes a calcium binding protein [4]. Biochemical 

and genetic studies demonstrated that SOS2 and SOS3 function in the same 

pathway, which regulates SOS1 Na
+
/H

+
 antiporter activity [2, 5, 6]. 

 

At this point it is unclear what is upstream of the SOS2/3 salt stress-signaling 

cascade. SOS3 has been shown to undergo dimerization upon Ca
2+

 binding [7]. 

However, cytosolic Ca
2+

 increases are not exclusively observed under salt stress, so 

it remains to be elucidated what determines the specificity of the salt stress response 

[8, 9]. Most likely a second signal is somehow integrated to ensure that the 

appropriate response results. 

 

Likely places to sense salt stress are the membranes. This is where ion exchange 

takes place and where salt stress may alter the physical membrane properties that 

somehow may be sensed and translated in a signal. Interestingly, expression of 

Arabidopsis AHK1, encoding a transmembrane histidine kinase, was able to rescue 

viability of a temperature-sensitive osmosensing-defective yeast mutant [10]. 

Functional characterization showed that AHK1 makes a minor contribution to NaCl 

tolerance in Arabidopsis. 

 

The effect of NaCl stress on membrane biology is highlighted by significant 

changes in phospholipid composition in cell suspensions of various plant species. 



   •    Chapter 4 106 

An increase in phosphatidylinositol bisphosphate (PIP2) was measured in 

Arabidopsis cell suspensions upon NaCl treatment [11, 12]. Recently, NaCl-

induced PIP2 accumulation has been visualized in vivo by expressing YFP fused to 

the pleckstrin homology (PH) domain of human PLC�1 which specifically binds 

PIP2 [13]. Due to low basal PIP2 levels in the membrane, this PIP2-sensor was 

cytosolically localized in untreated cells but upon NaCl treatment, the PHPLC�1:YFP 

sensor transiently translocated to the plasma membrane indicating an increase in 

PIP2 there. Interestingly, the Arabidopsis genome contains numerous genes 

encoding proteins containing PH domains [14], including PDK1, a key regulator of 

growth and stress responses [15, 16]. PIP2 has been shown to bind and regulate the 

activity of PDK1 via its PH domain [17, 18], suggesting that PIP2 is an upstream 

component of PDK1-mediated signaling. In addition to an increase in PIP2, NaCl 

stress also causes an accumulation of inositoltriphosphate (IP3) in various plant 

cells, including Arabidopsis [12, 19]. These findings are reminiscent of 

phospholipase C (PLC) signaling. PLC hydrolyzes PIP into diacylglycerol (DAG) 

and IP3. Consistently, the PLC inhibitor U73122 could block NaCl-induced IP3 

formation in Arabidopsis seedlings, while simultaneously causing a 

hyperaccumulation of PIP2 [20]. A function of PLC could be to regulate the levels 

of the proposed lipid second-messenger PIP2.  

 

In mammals, also the products of PLC have been shown to function in signaling 

cascades. DAG activates protein kinase C while IP3 activates ligand-gated Ca
2+

 

channels on the endoplasmic reticulum. However, neither PKC homologues, nor 

IP3-gated channels have ever been found in plants, although this signaling cascade 

has been proposed to function in plants [21, 22]. Studies on the metabolism of DAG 

in plants are scarce but DAG can be phosphorylated quickly to phosphatidic acid 

(PA) by DAG kinase (DGK) [23, 24]. Indeed, an increase in phosphatidic acid (PA) 

levels upon NaCl stress was measured in tomato and alfalfa cell suspensions as well 

as in the green alga Chlamydomonas moewussii. In the latter organism, part of the 
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PA was concluded to originate from phosphorylation of (DAG), as deduced from a 

differential labeling strategy [25, 26]. In plants, instead of DAG, PA is thought to 

trigger downstream responses [27]. Thus, PLC could function not only by 

controlling PIP2 levels but also by providing the substrate for PA generation [27].  

 

A role for PLC during NaCl stress signaling is supported by studies in which 

U73122 was able to inhibit known downstream responses of NaCl stress, such as 

proline accumulation and marker gene expression [12, 28]. However, the 

contribution of these downstream responses to NaCl tolerance is not clear. 

Moreover, inhibitor studies can be informative when the response measured is fast 

but when looking at later timepoints, the observed effect can be caused by 

pleiotropic effects of the inhibitor treatment. Ideally, pharmacological data should 

be complemented by genetic evidence. The sequencing of the Arabidopsis genome 

[29] and the availability of T-DNA insertion lines [30] have made a genetic 

approach feasible.    

 

The Arabidopsis genome contains nine PLC genes. All of the predicted PLC protein 

sequences contain the X- and Y-boxes that form the catalytic site. However, it is 

doubtful whether PLC8 and PLC9 encode a functional PLC protein, because amino 

acid substitutions are present in the Y-box that should make them inactive [31]. 

PLC7 probably does not encode a functional PLC either, because its transcribed 

mRNA was reported to contain a premature stopcodon due to an unpredicted 

splicing event. Nonetheless, of the remaining six PLC genes, five have been shown 

to encode proteins with hydrolytic activity towards PIP2 in vitro [32]. Furthermore, 

PLC1, PLC4 and PLC5 were shown to be induced by abiotic stresses, including 

NaCl treatment, indicating that they are important for NaCl tolerance [32, 33]. 

 

We are interested in the functional significance of the observed increase of PIP2 and 

PA during NaCl stress. We reasoned that if the increase in PIP2 and/or PA is indeed 
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required to activate appropriate cellular responses, then a mutant lacking the gene 

encoding the responsible enzyme would show a phenotype when subjected to NaCl 

stress. With this hypothesis in mind, we set out to functionally characterize 

members of the Arabidopsis PLC family with respect to NaCl stress. In order to 

monitor NaCl-induced changes in phospholipids in Arabidopsis seedlings and 

leaves, we established a method to measure increases in PIP2 and PA. We also 

investigated whether plc T-DNA insertion lines are more sensitive to NaCl stress 

than wild-type by measuring root elongation in the presence of NaCl and 

scrutenized NaCl-induced alterations in PIP2 and PA in these mutants. Here, we 

show that PA and PIP2 formation, induced by NaCl treatment remain unaffected in 

plc3, plc6 and plc9 single, double and triple mutant seedlings and leaf discs. 

However, root elongation was reduced in the triple mutant, suggesting a role for 

these genes in root growth. 

 

Results 

 

NaCl-induced phospholipid accumulation in Arabidopsis plants 

 

Most of our knowledge about NaCl-induced phospholipid accumulation is derived 

from studies with cell suspensions [11, 12, 25]. Although cell suspensions are an 

excellent model system for biochemical and pharmacological studies, they are not 

very well suited for genetic approaches. As Arabidopsis is the model system for 

plant genetics, we wanted to extend our analysis of NaCl-induced phospholipid 

changes to Arabidopsis seedlings and leaves. NaCl treatment resulted in a dose-

dependent accumulation of PIP2 and PA (Fig. 1). When stimulated with 250 mM 

NaCl, the increase of PA was approximately 2-fold in both leaf discs and seedlings, 

which is similar to what has been reported for alfalfa cells (1.5-fold) and tomato  
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Fig. 1. NaCl induced changes in phospholipids 
Arabidopsis leaf discs (a) or seedlings (b) were labelled overnight with 

32
P-

PO4
3-

 and incubated in NaCl concentrations indicated, for 15 (leaves) or 5 
(seedlings) min. Lipids were extracted and separated by TLC and PA and PIP2 

were quantified as a percentage of total radioactive phospholipids. Error bars 
represent standard deviations (n = 3). 
 

cells (2-fold at 200 mM) [25].  PIP2 was induced 2-fold in leaves and 3.5-fold in 

seedlings which falls within the same range as previously reported for suspension 

cells [11, 12]. These results show that the characteristics of the cell suspension 

model can be recapitulated in a whole plant system.  

 

Functional characterization of Arabidopsis PLC genes with regard to NaCl 

tolerance 

 

To obtain genetic evidence for the importance of PIP2 and PA in the response of 

Arabidopsis to NaCl, we set out to test available plc T-DNA insertion lines for 

decreased NaCl tolerance. Our lab isolated at least one T-DNA insertion line for 

each PLC gene. For PLC2 or PLC8, we have been unable to isolate homozygous 

plants containing an insertion in, or close to the coding region. Of the remaining 7 

PLC genes, T-DNA insertion lines were tested for the inhibitory effect of 80 mM 

NaCl on root elongation. 
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Fig. 2. NaCl induced inhibition of root elongation in plc insertion lines 
Seedlings were grown on agar plates for five days and transferred to fresh 

plates supplemented with indicated concentrations of NaCl. (a) Root 
elongation of plc3-2 after 5 days. (b) Root elongation of plc6 after 6 days. (c) 
Root elongation of plc9 insertion lines after 5 days. Error bars represent 
standard errors. 

 

PLC1, PLC4 and PLC5 are transcriptionally upregulated by osmotic stress [32, 33] 

but lines with T-DNA insertions in these genes were not hypersensitive to 80 mM 

NaCl (data not shown). plc3-2, plc6, plc9-1 and plc9-2 appeared to be slightly more 

sensitive to NaCl than wild-type (Fig. 2). A dose-response experiment was 

performed for plc3-2 and wild-type.  50mM NaCl hardly had any effect on root 

elongation of either genotype (Fig. 2a). Increasing concentrations of NaCl caused a 

disproportional reduction in root elongation, resulting in the occasional cessation of 

growth before the end of the experiment at 120 mM. plc3-2 appeared to be slightly 

more affected by 100 mM NaCl, but not by the other concentrations. plc6, plc9-1 

and plc9-2 also appeared to have a modest reduction in root elongation compared to 

wild-type at 80 mM (Fig. 2b,c). However, root elongation of plc9-1 and plc9-2 

seemed to be lower on control plates as well, complicating the interpretation of 

these data (Fig 2c). At this point, we could not conclude whether any of these PLC 

genes contribute to NaCl tolerance, but we considered them as candidates for 

further investigation.  
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Fig. 3. Characterization of plc insertion lines 
(a) Gene structure of PLC3, PLC6 and PLC9. Filled boxes represent exons, 
grey boxes represent the X- and Y-domains, lines represent introns, open 
boxes represent untranslated regions and triangles represent T-DNA 
insertions. Primers used for RT-PCR are indicated by arrows. Drawing is 
approximately to scale. (b) PLC3 and PLC9 expression in plc3 and plc9 
insertion lines. RNA was extracted from wild-type and insertion lines and 

cDNA was made, which was subsequently PCR amplified for 40 cycles with 
PLC specific primers (indicated in a) and for 30 cycles with primers specific for 
TUBULIN�4 (TUB) as a loading control.  

 

Molecular characterization of plc3, plc6 and plc9 T-DNA insertion lines 

 

First, the effect of the T-DNA insertions on the expression of the PLC genes was 

investigated (Fig. 3). No transcript downstream of the insertion in plc3-2 could be 

detected by RT-PCR. We cannot exclude that a truncated transcript is present, but it 

is very unlikely that this transcript still encodes for a functional protein, as it would 

miss the complete Y-domain. No PLC6 transcript could be detected in wild-type 
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leaves or seedlings (data not shown). Because the insertion in plc6 is located in an 

intron, it is possible that the insertion is removed during RNA processing, resulting 

in a functional PLC6 transcript. No PCR product was obtained with primers 

spanning the insertion site when cDNA derived from plc9-1 or plc9-2 RNA was 

used as a template, whereas cDNA derived from wild-type RNA resulted in a PCR 

product of the expected size (Fig. 3).  

 

NaCl tolerance in higher order mutants 

 

Several PLCs might contibute redundantly to NaCl tolerance, which could be 

revealed by combinations of mutations in these genes. PLC1, PLC4 and PLC5 are 

transcriptionally upregulated by osmotic stress but since these genes are very close 

together on the same chromosome it was impractical to cross them. Attention was 

therefore focussed on plc3, plc6 and plc9. Pairwise crosses were made to generate 

all three combinations of double mutants and also a triple mutant was constructed. 

In order to establish the relative contribution of PLC3, PLC6 and PLC9 to NaCl 

tolerance, root elongation in the presence of 80 mM NaCl was measured of all 

mutant combinations (Fig. 4). The data was analyzed by a 2-way ANOVA. A 

highly significant effect of NaCl  (F1,304 = 70,746, p = 0,002) and genotype (F7,304 = 

3,426, p = 0,000) on root growth was found but we found no evidence for an 

interaction (F7,304 = 0,593, p = 0,762). This suggests that the root growth was 

different between genotypes but NaCl sensitivity between genotypes was not. In 

order to establish which genotypes were different from each other, the multiple 

comparison procedure of Tukey was performed at � = 0,05. It was found that the 

root growth of the plc3,6,9 triple mutant was statistically significant different from 

wild-type and the plc6 mutant. The other genotypes were not different from either 

wild-type, plc6 or plc3,6,9. Therefore we conclude that PLC3, PLC6 and PLC9 are 

redundantly required for normal root growth but not for NaCl tolerance. 
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Fig. 4. Root elongation of higher order plc mutants on 80 mM NaCl 
Five day-old seedlings were transferred to plates supplemented with 80 mM 
NaCl (filled bars) or control plates (open bars). After 5 days, root elongation 
was measured. Data was analyzed by 2-way ANOVA. Statistical significant 
differences between genotypes are indicated by letters (Tukey, � = 0.05). Error 

bars represent standard errors. Consistent results were obtained in 
independent experiments.  

 

NaCl induced phospholipid accumulation in the plc mutants 

 

PLC3, PLC6 and PLC9 do not appear to have a role in Arabidopsis NaCl tolerance. 

Next, their contribution to the observed lipid responses in NaCl stimulated 

Arabidopsis was evaluated. Based on the ability to hydrolyze PIP2 and to produce 

DAG, which can be phosphorylated to PA, one could expect a plc mutant to 

accumulate more PIP2 and less PA. PLC3 has already been shown to be functional 

in vitro [32] but for PLC6 and PLC9 these analyses have not been performed yet. 

We took advantage of our experimental system to test the contribution of PLC3, 

PLC6 and PLC9 to NaCl-induced phospholipid accumulation in vivo. Because 

functional redundancy was anticipated, we started by examining NaCl-induced lipid 

responses in the higher order mutants. 
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Fig. 5. NaCl induced phospholipids in leaf discs of plc double mutants 
Leaf discs of plc double mutants (a,b) or plc triple mutant (c-e) were labeled 
overnight with 

32
P-PO4

3-
 and treated in quintuplicate with 250 mM NaCl or 

buffer as a control for 15 min. Lipids were extracted, separated by TLC and 
visualized by autoradiography (c). PA (a,d) and PIP2 (b,e) were quantified as a 
percentage of total radioactive phospholipids. Error bars represent standard 
deviations. 

 

Treatment of wild-type leaf discs with 250 mM NaCl for 15 min resulted in a clear 

increase of PIP2 and PA but no difference could be detected in the double (Fig. 

5a,b) or triple mutants (Fig. 5d,e). From the autoradiogram it becomes apparent that 

the phospholipid profile of wild-type and the plc3,6,9 triple mutant is practically 

identical after control or salt treatment (Fig. 5c). In order to rule out the possibility 

that plc3,6,9 would respond differently than wild-type at other concentrations of 

NaCl, a dose-response experiment was performed but again, no differences were 

found (Fig. 6). Because PLC could theoretically also influence the levels of PIP 

[34], these were also quantified (Fig. 6c) but also there, no differences in PIP levels 

were found between different NaCl concentrations or between genotypes. 

 



 

 

Fig. 6. NaCl-induced 
phospholipid 
responses in plc3,6,9 
triple mutant seedlings 
 

Seedlings were 
labelled overnight with 
32

P-PO4
3-

 and treated 
with indicated 
concentrations of NaCl 
for 5 minutes. Lipids 
were extracted and 
separated by TLC. PA 

(a), PIP2 (b) and PIP (c) 
were quantified as a 
percentage of total 
radioactive 
phospholipids. Error 
bars represent 
standard deviations  
(n = 5).



Discussion

 

We set out to functionally characterize the Arabidopsis PLC gene family with 

regard to NaCl tolerance. We obtained evidence that PLC3, PLC6 and PLC9 are not 

involved in NaCl tolerance, but are redundantly required for normal root growth. 

The following picture about the Arabidopsis PLC genes is emerging: Because we 

were unable to isolate homozygous plants containing an insertion in region of PLC2 

(two independent alleles) or PLC8 (one allele), we suspect that these genes are 

essential for viability. However, a homozygous plc8 allele in the Landsberg erecta 

background has been isolated  (Julie Gray, personal communication). Perhaps, a 

lethal mutation cosegregates with the Columbia allele, or the requirement for PLC8 

is influenced by ecotype-specific modifiers.  

 

Although PLC1, PLC4 and PLC5 are upregulated by abiotic/salt stress [32, 33], no 

NaCl hypersensitivity could be observed with transgenic lines harbouring T-DNA 

insertions in these genes (data not shown). PLC4 and PLC5 share considerable 

sequence homology, suggesting that they might have overlapping functions. 

However, obtaining a double mutant by a genetic cross is impossible as PLC4 and 

PLC5 are located in tandem on chromosome 5. Conventional genetic crosses have 

allowed us to study the result of the combined loss of PLC3, PLC6 and PLC9. 

PLC3 has been shown to have PLC activity, but for PLC6 and PLC9 this 

information was not available. PLC9 was even predicted to lack the amino acids 

essential for PLC activity [31]. We were unable to provide evidence that PLC6 or 

PLC9 have in vivo PLC activity as judged by phospholipid analysis of a plc6,9 

double mutant. Root elongation of the plc6,9 double mutant was also 

indistinguishable from wild-type, but when combined with a plc3 loss of function 

allele, root elongation was statistically significant reduced compared to wild-type. 

Although this analysis does not prove that PLC6 and PLC9 encode functional PLC 

proteins, it is more likely that the loss of functionally related genes lead to 
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phenotypes than functionally unrelated genes. Therefore, our results provide 

circumstantial evidence that PLC6 and PLC9 encode functional PLC proteins.  

 

If PLC6 and PLC9 indeed encode functional PLCs, why did we not find a 

difference in NaCl-induced phospholipid accumulation in a plc3,6,9 triple mutant? 

As plc3,6,9 is not hypersensitive to NaCl, it is possible that PLC3, PLC6 and PLC9 

are not activated by NaCl. Alternatively, phospholipid metabolism might be 

different in plc3,6,9 but the differences might have been masked by mechanisms 

that we cannot detect by our experimental system. E.g., PIP2 levels might be kept 

constant by increased dephosphorylation by PIP2 phosphatases. If PIP2 is 

dephosphorylated rather than hydrolyzed in plc mutants, IP3 levels should be 

reduced accordingly.  

 

It has been shown that PLC is also able to hydrolyze PIP in vitro [34]. Could PIP be 

the in vivo substrate of PLC instead of PIP2? In this scenario, loss of PLC would 

lead to increased PIP levels. However, we did not detect any difference in PIP 

levels in our plc mutants either (Fig. 7, data not shown) Nonetheless, as PIP is 40-

100 times more abundant than PIP2 [34, 35], it is possible that a relative small 

change in PIP escaped our detection. According to this explanation, the observed 

formation of IP3 should be due to phosphorylation of IP2. 

 

Loss of PLC activity should also lead to reduced DAG accumulation during NaCl 

stress. Unfortunately, we cannot detect DAG because it does not contain a 

phosphate group. As an alternative, the DAG-binding domain C1a, fused to YFP as 

a DAG-sensor could be used to visualize DAG [36]. However, when transiently 

expressed in tobacco BY-2 cells, C1a:YFP was localized in the cytosol, even after 

NaCl treatment. These results suggest that the affinity of the DAG-sensor is too low 

for the available concentrations of DAG in the membrane [37] (J.E.M. Vermeer, 

T.W. Gadella and T. Munnik, unpublished). Possible explanations for this 
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phenomenon are that the NaCl-induced increase of DAG was not sufficient to 

trigger C1a:YFP translocation or that the DAG formed by PLC was rapidly 

phosphorylated to PA by DGK. Consistently, PA is produced upon NaCl treatment 

in various plant cells and in the green algae Chlamydomonas [25]. Our results show 

that PA levels were not reduced in plc3,6,9. Perhaps other PLCs in combination 

with DGK are responsible for the observed accumulation of PA. However, 

preliminary data suggest that the PA response is not affected by T-DNA insertions 

in the other PLC genes after NaCl treatment (S.A. Arisz, M.A. Haring and T. 

Munnik, unpublished).  

 

We did not find a role for PLC in NaCl tolerance. This seems to contradict the 

studies in which the PLC inhibitor U73122 was reported to reduce NaCl-induced 

marker gene expression and proline accumulation [12, 28]. However, marker gene 

expression is not necessarily the same as NaCl tolerance. Moreover, it cannot be 

excluded that the inhibitor affected these markers by a mechanism other than by 

inhibition of PLC signaling.  

 

This study showed that the combined loss of multiple PLC genes results in a growth 

phenotype. However, it also suffered from the limitations of genetics: lethality and 

redundancy. Nonetheless, there are several new developments that could contribute 

to our understanding of PLC function, including the isolation of weak loss of 

function alleles by TILLING [38], inducible silencing and the simultaneous 

knockdown of related genes by targeted deletions [39] or amiRNAs [40]. 
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Materials and methods 

 

Plant material  

T-DNA insertion lines were isolated by PCR with gene specific primers in 

combination with the left border primer LBa (table 1 and 3) as described [30]. The 

double mutants were generated by crossing the indicated mutant lines (table 2). 

Successful crosses were identified by PCR as heterozygous in the F1. The double 

mutants were identified by PCR in the F2. The triple mutant was generated by 

crossing indicated double mutants that shared the plc3-2 background. 

 

Table 1. T-DNA insertion lines used in this study 

genotype  F R orientation of 

LBa 

RT F RT 

R 

plc3-2 SALK_037453 495 496 F/R* PLC3_RT_F 496 

plc6 SALK_090508 658 659 F   

plc9-1 SALK_025949 510 511 F 510 511 

plc9-2 SALK_021982 510 511 F 510 511 

 

* Left border primer gives a product with both gene specific primers 

 

Table 2. Generation of higher order mutants 

Genotype pollen acceptor pollen donor 

plc3,6 plc3-2 plc6 

plc3,9 plc3-2 plc9-1 

plc6,9 plc9-1 plc6 

plc3,6,9 plc3,6 plc3,9 
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Table 3. Primers used in this study 

Primer Sequence 

495 TGC TGA AGT TCG TCA TGG CAG 

496 GTC CAC CCA ACA TGA GGA TCG 

510 GGT CGC GTC CCA AAT TAT TTC A 

511 TCC AAG CTT TGT TGG GGG TCT 

658 GGT CGC GTC CCA AAT TAT TTCA 

659 GCA AGG CTT TGA TCA CAG GGA 

LBa TGG TTC ACG TAG TGG GCC ATC G 

PLC3_RT_F TTA ACT AAA ACA TAC AGA GGG ATG 

TUB_F CCA GCC ACC AAC AGT TGT TC 

TUB_R CAC AAG ACG AGA TTA TAG AGA 

 

 

Growth of seedlings 

Seeds from comparable seed batches were used. A maximum of 100 μl seeds was 

put into an Eppendorf tube which was placed in a dessicator together with a beaker 

containing 100 ml household bleach to which 3 ml concentrated HCl was added. 

After 3 hours, the Eppendorf tubes were placed in a flow cabinet to allow the 

chloride gas to evaporate. Seeds were placed on plates containing 2,2 g/l Murashige 

and Skoog medium, pH 5,7 with KOH (supplemented with 1% (w/v) sucrose for the 

experiment in Fig. 4) which were kept in the cold for 3 days to promote uniform 

germination. Seeds were allowed to germinate by placing the plates in a climate 

room which was kept at 22 °C and 70 % humidity, with a 16-hour photoperiod. 

 

32
P labeling of seedlings 

For phospholipid analysis, 4 day-old seedlings were transferred from plate to 2ml 

eppendorf tubes (2 seedlings per tube), containing 200 μl labeling buffer (2.5 mM 

MES, 1mM KCl pH 5.7 with KOH). 1 μl 
32

P-labeled PO4
3-

 (2.5 – 10 μCi, 

Amersham, carrier free) was added and the seedlings were allowed to label 

overnight.  
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32
P labeling of leaf discs 

Plants were grown in a climate cabinet at 21°C, 70% humidity under an 11-hour 

photoperiod. After 4 weeks, leaf discs were prepared from the 4
th

 true leaf and 

younger which were floated in 100 μl of labeling buffer. 1 μl 
32

P-labeled PO4
3-

 (2.5 

– 10 μCi, Amersham, carrier free) and the leaf discs were allowed to label 

overnight.  

 

Phospholipid analysis of NaCl treated Arabidopsis 

NaCl treatment was started by adding 1 volume of labeling buffer containing NaCl 

in a double concentration. After 5 minutes (seedlings) or 15 minutes (leaf discs), the 

treatment was stopped by adding 5% (v/v) final concentration of perchloric acid. 

Lipid extraction and separation was essentially done as described by Munnik [41] 

 

Root growth assay 

Five days after germination, seedlings of comparable size were transferred under 

sterile conditions to fresh plates with or without NaCl. The length of the root was 

indicated with a marker to allow quantification of root elongation. After 5-6 days of 

growth, the plates were scanned and root elongation was quantified with Object 

Image software. 

 

RT-PCR 

Total RNA was extracted as described previously [42]. 5 μg of RNA was converted 

to cDNA using oligo-dT18 primers, dNTPs, and SuperScript III Reverse 

Transcriptase (Invitrogen, Breda, The Netherlands) according to the manufacturer’s 

instructions. PLC genes and TUBULIN�4 were PCR amplified for 40 and 30 cycles 

respectively with gene specific primers (table 1 and 3) 
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