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Arabidopsis with inducible HPL: a tool to study the role of 
GLVs. 
 

Authors: Scala, Alessandra; de Vries, Michel; Haring, Michel A.; 
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Abstract:  

When plants are wounded or attacked by herbivores or 
pathogens, they produce a blend of six-carbon alcohols, 
aldehydes and esters, known as Green Leaf Volatiles (GLVs). 
GLVs have several functions in mediating different defence 
mechanisms such as influencing JA levels, priming, indirect 
defences and plant-to-plant communication. To study the role 
of GLV production during the Pseudomonas syringae pv. tomato 
DC3000–Arabidopsis interaction, we measured the E-2-hexenal, 
Z-3-hexenol and Z-3-hexenyl acetate produced during the 
infection of Landsberg erecta ecotype (HPL). We found that at 
24 hpi there is a higher production of Z-3-hexenyl acetate in the 
infected leaves compared to the mock inoculation, although not 
significant. To investigate this in more detail we cloned the 
cDNA of HPL, responsible for the synthesis of these volatiles, 

under the control of an -estradiol inducible promoter and 
transformed Arabidopsis ecotype Col-0 (an hpl mutant) with it. 

Subsequently we determined the -estradiol concentration 
necessary for HPL induction and investigated whether this 
influenced susceptibility to DC3000. We found no differences in 
the DC3000 population growth, indicating that under these 
experimental conditions HPL expression does not influence 
susceptibility. 
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INTRODUCTION 

GLVs are emitted in small quantities from unstressed plant 

tissues, but are quickly released in large amounts after stress 

events. Release of GLVs usually follows mechanical wounding 

(Turlings and Loughrin, 1995; Fall et al., 1999; Halitschke et al., 

2004) and abiotic stimuli (Hatanaka, 1993; Gomi et al., 2003; 

Brilli et al., 2011), and is influenced by environmental conditions 

as well such as soil humidity, fertilization and temperature 

(Gouinguené and Turlings, 2002). The emission of GLVs during 

pathogen infection has been reported for Botrytis cinerea in 

maize (Piesik et al., 2011) and Arabidopsis (Kishimoto et al., 

2008) and for Pseudomonas syringae pv. phaseolicola in lima 

bean (Croft et al., 1993) and Pseudomonas syringae pv. syringae 

for tobacco (Heiden et al., 2003). Both these Pseudomonas ssp. 

are avirulent on the plant species tested and in tobacco the GLV 

emission takes place during night.  

There are several reports showing that GLVs have antimicrobial 

activity against bacteria (Croft et al., 1993; Nakamura and 

Hatanaka, 2002; Prost et al., 2005) and fungi (Major et al., 1960; 

Zeringue, H J, McCormick, 1989; Hamilton-Kemp, 1992) in vitro. 

With HPL being the first committed step in GLV biosynthesis, 

Shiojiri and colleagues used HPL over-expressing and HPL-

silenced lines to investigate the effect of GLVs on Botrytis 

cinerea infection in Arabidopsis. Even though HPL over-

expressing plants showed lower susceptibility and HPL-silenced 
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plants showed higher susceptibility to the fungal pathogen, 

compared to wild type No-0 plants (Shiojiri et al., 2006; 

Kishimoto et al., 2008), Botrytis-induced defense responses 

were similar in the different plant lines (Kishimoto et al., 2008), 

indicating that it is the antimicrobial activity of the GLVs that 

determine the lower susceptibility to Botrytis. 

The mechanism by which GLVs influence pathogenesis seems to 

be dependent on the biotic agent. Indeed we showed that HPL 

has a positive influence on the growth of the virulent P. syringae 

pv. tomato DC3000 in Arabidopsis by inducing higher JA levels in 

infected plants than in hpl plants (Scala et al., 2013). Moreover 

a pre-treatment of Arabidopsis with E-2-hexenal increased the 

DC3000 bacterial population and this effect, mediated by 

ORA59, was partially coronatine-dependent (Scala et al., 2013). 

Therefore the question remained whether DC3000 exploits HPL 

(or its products) since in other biotic interactions HPL transcript 

levels can be lowered by feeding caterpillars of Manduca sexta 

and Pieris rapae (Halitschke et al., 2004; Savchenko et al., 2012). 

To our knowledge nobody has reported on GLV emission in 

Arabidopsis thaliana during Pseudomonas syringae pv. tomato 

(DC3000) infection and, since the emission of these volatiles 

happens during several biotic and abiotic conditions, we need a 

system where all the conditions can be controlled. Thus we 

decided for the use of a chemical inducible system, which offers 

very flexible control of gene expression. Here we describe the 
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generation of Arabidopsis Col-0 lines where HPL gene is under 

the control of an -estradiol inducible promoter. 

 

RESULTS 

Since we previously published that HPL, the gene encoding the 

enzyme HYDROPEROXIDE LYASE, the first committed step in 

GLV synthesis, might be a exploited by Pseudomonas syringae 

pv. tomato DC3000 in Arabidopsis for its own benefit, bending 

the defense responses towards the JA dependent ones (Scala et 

al., 2013), we decided to measure GLVs accumulated during 

infection with this pathogen. 

For this we decided to measure with Solid Phase Micro 

Extraction (SPME)-GC-MS three GLVs i.e. E-2-hexenal, Z-3-

hexenol, Z-3-hexenyl acetate in Landsberg erecta (Ler, HPL) 

ecotype and in an introgression line containing the Col-0 allele 

hpl1 that can synthesize only trace amounts of GLVs (Shiojiri et 

al., 2012) during DC3000 infection.  

The GLV production was measured from two leaves infected or 

mock inoculated at 2, 12, 24 and 48 hours post the infiltration 

(hpi). Figure 1 shows the results of three independent 

experiments. We could not find a consistent pattern for 

induction of GLV emission, except for a higher emission of Z-3-

hexenyl acetate, although not significant due to big variations 

(figure 1b and 1c). 
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HPL inducible lines in chat hpl Arabidopsis 

With the aim of controlling the GLV production in Arabidopsis 

we cloned HPL under the control of a chemically inducible 

promoter in vector pER8 (Zuo et al., 2000) in order to be able to 

control HPL expression. Furthermore the C-terminus of HPL was 

equipped with a Hemagglutinin (HA) tag (three times 

YPYDVPDYASL)(figure 2a). To reduce the conversion to acetates 

and thus, hypothetically, increase the amount of E-2-hexenal 

produced, we introduced the transgene in a Col-0 chat mutant 

(Pichersky et al., 2007) background. In figure 2a the cloning 

strategy and figure 2b the modified GLV biosynthesis are 

shown. 
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Figure 1. GLV accumulation during DC3000 infection of Arabidopsis 
Ler. Leaves were infected or mock inoculated and 2 leaves were used 
for the SPME measurement for each timepoint (n=3) i.e. 2, 12, 24 
and 48 hpi. Data show in a) the peak area for E-2-hexenal, Z-3-
hexenol, Z-3-hexenyl acetate normalized for the fresh weight in mg 
(mg FW), in b) the total GLV amount for DC3000 infected and mock 
inoculated are represented and in c) the ratio between the infected 
and mock inoculated peak areas. Data for hpl1 are not shown, since 
only trace amount of GLVs were detected. ANOVA followed by LSD 
post-hoc test with P>0.05 indicate no significant differences between 
mock and infected samples. 
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Figure 2. Molecular engineering strategy for HPL inducible 
lines. a) the vector pER8 with main  features: RB, right border; 
G10-90, strong constitutive promoter; XVE, transcriptional 
activator; TrbcSE9, rbcS E9 poly(A) sequence; Pnos, nopaline 
synthase promoter; HPT, hygromycin phosphotransferase for 
antibiotic resistance in planta selection; Tnos, nopaline 
synthase terminator; LexA, operator sequence; Pm35S, 35S 
minimal promoter; MCS, multiple cloning site; rbcsS 3A poly(A) 
sequence ; b) the GLV biosynthesis in Col-0 with chat mutation 
and HPL inducible expression (red). 
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To screen for transformants, we designed primers on the pER8 

vector, upstream and downstream the HPL cloning sites and 

performed PCR on genomic DNA of plant populations. In figure 

3 an example of such a screen is shown, with positive 

transformants having an amplicon of 2000 bp. Plants were also 

PCR tested for chat  background and found to be homozygous 

(results not shown).  

 

Figure 3. PCR on pER8-HPL-HA transformed Arabidopsis plants. 
Example of a plant population screening. MW is molecular 
marker. Plants considered positively transformed are marked 
by a white star. 
 

HPL protein production is induced by β-estradiol  treatment 

In order to determine if the molecular engineering worked, we 

decided to check if the recombinant protein, composed of HPL 

fused in frame with the coding sequence for  3xHA tag, was 

detectable after a treatment with the inducer of the promoter. 
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We sprayed 5M -estradiol in 0.01 % Silwett or 0.01% Silwett 

as negative control and collected leaves 24 hour after the 

treatment as reported in Zuo et al., 2000. We tested two 

independent transformed lines, for which the western blot with 

anti-HA antibodies is shown in figure 4. The molecular mass of 

recombinant HPL plus 3 x HA tag is around 54 kDa.  

 

 

Figure 4. Western blot analysis of the recombinant protein 
HPL-3xHA. In the first lane the molecular marker in kDa is 
shown. Two independent plants lines, OB3 and GA6, were 

induced with 5M -estradiol or mock sprayed and after 24h 
total protein extracts were separated and an immunoblot with 
anti-HA antibodies was performed.  
 

Only the line GA6 showed a band of the right molecular weight 

when treated with -estradiol (lane 4). Moreover the GA6 line 

did not show any detectable expression when sprayed with the 

carrier ( 0.01% Silwett ) (lane 6), meaning that the promoter is 

not leaking. At high molecular weight ( >75 KDa) and low 
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molecular weight (25 KDa) aspecific bands were present, also in 

the Col-0 protein sample. This indicates that in line GA6 the HPL 

protein is indeed inducible by -estradiol, 24h after the 

treatment. 

 

HPL inducible expression does not influence susceptibility to 

DC3000 

Since the HPL protein is expressed after induction, we decided 

to investigate if the induction of HPL would influence the 

susceptibility to DC3000 as we have previously published (Scala 

et al., 2013). Thus we used the plant line GA6 and repeated the 

induction, under the same conditions as before, after which the 

DC3000 infection was started. We did not find differences in 

bacterial populations measured at 72hpi, neither between 

chemically induced and control transgenic plants (figure 5a), 

nor between transgenic and chat plants both sprayed with 5M 

-estradiol (figure 5b).  
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Figure 5. HPL inducible expression does not influence susceptibility 
to DC3000. a) Bacterial populations of DC3000 at 72 hpi in infected 

GA6 line (HPLi) plant leaves, induced by 5M -estradiol treatment 
or mock sprayed 24h before the infection; b) Bacterial populations 
of DC3000 at 72 hpi in infected GA6 plant leaves and chat, sprayed 

by 5M -estradiol 24h before the infection. Were used 16 sets of 2 
leaf discs each, taken from 8 different plants, n = 1. 

 

More -estradiol induces a higher HPL expression 

Since the HPL protein is expressed, but no GLVs were detected 

with 5M of -estradiol (data not shown), we sought to boost 

the promoter with a higher concentration of the inducer. Thus 

we sprayed GA6 Arabidopsis 4-week old plants with 10mM -

estradiol and, 24h after the treatment, we measured with 

SPME-GC-MS the GLVs present in the leaves, after having 

wounded them with chat and Ler as controls. 
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Figure 6. SPME-GC-MS analysis of inducible HPL lines sprayed 

with 10mM -estradiol 24 h after the treatment. Overlaid 
chromatograms of ion 67 m/z counts of (red) chat wounded, 
(green) inducible HPL wounded,  (blue) inducible HPL not 
wounded and (cyan) Ler wounded.  
 

As shown in figure 6 a high concentration of -estradiol indeed 

led to the production of only Z-3-hexenol upon wounding of 

GA6 plants (figure 6, green line). As negative controls we used 

wounded chat plants (figure 6, red line) and GA6 plants treated 

with the inducer but not wounded (figure 6, blue line) which 

both did not produce GLVs. As positive control Ler was used 

whose leaves produced Z-3-hexenol and Z-3-hexenyl acetate 

upon wounding (figure 6, cyan line) and This indicates that the 

iHPL lines can indeed produce GLVs upon treatment with -

estradiol. 
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SUPPLEMENTAL RESULTS 

 

 
Supplemental figure S1. In silico absolute expression of CHAT 
during fungal and bacterial infection in Arabidopsis (eFP 
browser, http://bar.utoronto.ca/efp/cgi-bin/efpWeb.cgi). a) 
Botrytis cinerea infection compared with mock treatment and 
b) Pseudomonas syringae pv. tomato (DC3000) virulent 
infection compared with mock treatment (upper) and avirulent  
DC3000 avrRpm1 (lower). 
 
The analysis of CHAT expression in silico with eFP browser, 

(http://bar.utoronto.ca/efp/cgi-bin/efpWeb.cgi), a common 

bioinformatics' tool for gaining informations about the 

expression of genes of interest in several conditions, shows that 

CHAT is specifically highly induced at 24 hpi during virulent 
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infection with DC3000 (Supplemental figure S1 b), while with 

the tested fungal pathogen, Botrytis cinerea, it is not 

(Supplemental figure S1 a).  

 

DISCUSSION 

With the aim to study the role of GLV during plant pathogen 

interactions, especially the one between Arabidopsis and 

Pseudomonas syringae pv. tomato DC3000 we decided to 

measure the GLV volatiles produced in the leaves during the 

infection with this pathogenic bacterium. We chose to use first 

Landsberg erecta ecotype which has a functional copy of HPL 

and the introgression line hpl1 that can synthesize only trace 

amounts of GLVs (Shiojiri et al., 2012), which we already used as 

model system for our previous publication (Scala et al., 2013). 

These data indicated that HPL might be a exploited by DC3000 

for its own benefit, bending the defense responses towards the 

JA dependent ones (Scala et al., 2013). Since it is unknown 

whether GLVs are indeed produced during this interaction we 

set out to measure them using Solid Phase Micro Extraction 

(SPME) coupled with Gas Chromatography (GC)/Mass 

Spectrometry (MS), since this technique has been widely used 

for the study of GLVs (Chehab et al., 2006; Mirabella et al., 

2008; Matsui et al., 2012; Shiojiri et al., 2012). 

The GLV family compound consist of C6 aldehydes, alcohols and 

esters which originate in the oxylipin pathway from fatty acids. 



 

228 
 

 HPL inducible  lines: a tool  to study GLVs 

To reduce the complexity of our measurements, we decided to 

choose only one for each class i.e. E-2-hexenal for the aldehydes 

because, even if it not the most abundant GLV, it is emitted 

during incompatible interactions with Pseudomonas ssp. (Croft 

et al., 1993; Heiden et al., 2003), Z-3-hexenol for the alcohols 

because it can induce defence genes in monocots (Farag et al., 

2005; Engelberth et al., 2013) and Z-3-hexenyl acetate for the 

esters because it can induce priming (Frost et al., 2008). Both Z-

3-hexenol and Z-3-hexenyl acetate are the main products 

formed in the intact parts of partially wounded leaves (Matsui 

et al., 2012). 

We measured those GLVs present in the leaves during the 

exponential phase of bacterial growth at 2, 24, and 48 hpi, the 

same time points for which we measured plant hormones and 

transcripts levels plus 12 hpi. The results shown in figure 1 

indicate that, although there is a big variation between the 

experiments, there are more GLVs  in the infected Ler than in 

the mock infiltrated at 24 hpi (figure 1b), and that the volatile 

increasingly present during the infection is Z-3-hexenyl acetate 

(figure 1c).  

The roles reported for Z-3-hexenyl acetate are several. First of 

all, corn seedlings pre-treated with this volatile induced, not 

only a significantly higher level of JA compared to untreated 

ones, but also a priming effect on JA levels upon the subsequent 

application of crude caterpillar elicitors (Engelberth et al., 2004). 
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Moreover Z-3-hexenyl acetate is responsible for priming 

defence responses in poplar (Frost et al., 2008). Compared to Z-

3-hexenol and to Z-3-hexenal or E-2-hexenal, the ester is less 

toxic and more volatile (Farag et al., 2005; Matsui et al., 2012). 

Based on these data and our previous publication, we propose 

the following scenario: a functional HPL in Arabidopsis promotes 

susceptibility to DC3000 through increased JA levels, effect that 

is partially mediated by ORA59 in the plant and by COR in the 

bacteria. Assuming that the Z-3-hexenyl acetate increasing 

trend is consistent, it might be the inducer of higher JA levels 

since this effect has already been reported for this volatile in 

maize (Engelberth et al., 2004) and it has no antimicrobial 

activity (Deng et al., 1993), which is compatible with the 

bacterial proliferation in the apoplastic space. It would be 

interesting to investigate whether Pseudomonas syringae pv. 

tomato can influence the acyltransferase CHAT for its benefit as 

well. Although it is in Col-0 (hpl,(Duan et al., 2005)), in silico 

analysis with eFP browser (Supplemental figure S1) indicate not 

only that CHAT is highly induced with virulent infection with 

DC3000 (Supplemental figure S1 b), but also that the timing of 

induction is consistent with our volatile analysis, being 

specifically expressed at 24 hpi, the same time point where we 

see a higher trend for Z-3-hexenyl acetate production (figure 1b 

and 1c). Thus this seems to support further our hypothesis that 
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DC3000 exploits GLV production for steering the plant defenses 

towards JA dependent responses.  

Moreover Z-3-hexenyl acetate is used by herbivores, carnivores, 

and neighbouring plants as an info-chemical that indicates the 

presence of herbivores (Engelberth et al., 2004; Choh et al., 

2006; Heil and Kost, 2006; Kessler et al., 2006; Frost et al., 2007; 

Frost et al., 2008). In this case we can hypothesize a similar role 

for this GLV which, being more volatile than Z-3-hexenol and E-

2-hexenal (accordingly to the Henry's law constant of these 

GLVs and (Matsui et al., 2012)), might indicate that the plant is 

already infected by Pseudomonas syringae pv. tomato and that 

JA dependent defences are already triggered, thus making these 

plants unattractive to insects.  

To study the role of GLVs it would be ideal to have a system to 

switch their production on and off. Thus we decided to place 

the HPL gene under the control of a chemically inducible 

promoter in Col-0 (hpl, (Duan et al., 2005)). To achieve an higher 

production of E-2-hexenal (the GLV of interested) we used an 

acetyl-CoA:(Z)-3- hexenol acetyltransferase mutant (chat), in 

which the step converting Z-3-hexenol to Z-3-hexenyl acetate is 

absent (Pichersky et al., 2007). 

In order to check our HPL inducible Arabidopsis lines we chose a 

concentration, i.e. 5 M, of the inducer that, accordingly to the 

developer of -estradiol inducible promoter, gave a strong 

expression of the gene of interest (Zuo et al., 2000). As shown 
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by the western blot (figure 4), with this -estradiol 

concentration the HPL protein is successfully expressed and the 

inducible promoter is not leaking when the plant is treated only 

with the solvent of the inducer. However other independent 

transformant plant lines must be checked to draw definitive 

conclusions. We used these experimental conditions to measure 

GLV production and for a DC3000 susceptibility assay. Despite 

these premises, we could not measure any GLVs (data not 

shown) neither did we see a difference in the susceptibility 

between plants with HPL expression induced and the negative 

controls  (figure 5a and 5b). We hypothesize that the levels of 

HPL, achieved by the 5M -estradiol treatment, are not 

enough to synthesize enough GLVs to be detected by our SPME-

GC-MS and also to influence the susceptibility to DC3000. 

Another hypothesis is that E-2-hexenal is produced and then 

conjugated to glutathione (GSH), leading to the formation of E-

2-hexenal GSH adducts in the form of 1-hexanol-3-GSH (Davoine 

et al., 2006). Conjugation to GSH is a well-known mechanism to 

inactivate reactive molecules (Coleman et al., 1997) such as E-2-

hexenal with its -unsaturated carbonyl moiety (Farmer and 

Davoine, 2007). 

Since the response of -estradiol inducible promoter is linear 

(Zuo et al., 2000), we were confident that, by increasing the 

concentration of the inducer, this would provide an higher 

degree of HPL expression. Thus by increasing the levels of the 
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enzyme, this would lead to the synthesis of detectable amount 

of GLVs .To this end we treated inducible HPL Arabidopsis plants 

with a high concentration (10mM) of -estradiol and indeed 

GLVs were produced, mainly Z-3-hexenol, upon wounding 

(figure 6 ). Indeed no Z-3-hexenyl acetate was produced as 

expected due to the chat mutation, but also no E-2-hexenal as 

we hypothesized. This thus requires a dose-response curve to 

determine the optimal concentration of -estradiol so that we 

can use optimal conditions for DC3000 susceptibility assays. We 

cannot exclude then that the line OB3, which did not show any 

band in the western (figure 4), with higher concentration of -

estradiol could trigger HPL expression. Moreover if we 

hypothesize, as we mentioned above, that is the Z-3-hexenyl 

acetate the volatile that triggers the JA induction in Ler, in these 

HPL inducible lines with chat Col-0 background this effect 

between the Z-3-hexenyl acetate and the JA will no longer be 

established, opening to different possible scenarios. 

 

MATERIAL & METHODS  

Plant lines 

Arabidopsis plants, ecotype Landsberg erecta Ler and 

introgression line hpl1 (Shiojiri et al., 2012) were used in this 

study. The T-DNA insertion line SALK_025557 (Alonso et al., 

2003)) was used as Col-0 chat mutant (Pichersky et al., 2007). 
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Plants were grown in soil in a growth chamber at 21◦C, 70% 

relative humidity under an 11h photoperiod with 100 µEs−1 m−2. 

 

Creation of inducible HPL lines 

Total RNA was isolated using Trizol from 2 leaves from Ler 

ecotype, and treated with TurBo DNA- free (Ambion4) to 

remove DNA. cDNA was synthesized from 1µg of total RNA 

using M-MuLV reverse transcriptase (Fermentas), as described 

by the manufacturer, in a 20-µl reaction that was diluted to 50 

µl prior to using it for the PCR. To amplify HPL, specific primers 

were used on 5' UTR HPLf ATAGAAATAGAAGGCGAAGAG and on 

3'UTR, HPLr CTCTAACCATAGCAACACC and Phusion Taq with the 

following PCR cycle after heating at 98°C for 30": 98°C x 10", 

56°C x 30", 72°C x 2', 72°C x 5', 35 times. 10l of the reaction 

was cleaned with GeneJET PCR purification kit (Thermo 

Scientific). A overhangs were added by incubating 5l of the 

purified PCR reaction with Dream Taq (Fermentas) and 0.2mM 

dATPs at 72°C for 15' in 12.5l total. 3l of this reaction was 

ligated into pGEM-T easy with T4 ligase at 16°C overnight. Half 

of the ligation reaction was used to transform competent DH5 

E. coli cells (heat shock) and plated on LB with 100ug/ml 

ampicillin Colony PCR was done with primers on the pGEM-T 

with M13r GGAAACAGCTATGACCATG and M13f 

GTAAAACGACGGCCAGT primers and colonies with correct 

amplicon size were grown in LB plus ampicillin at 37°C. Plasmid 
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DNA was subsequently extracted and the insert sequenced and 

found to be correct.  

Specific primers for HPL1 were designed with attB adaptors in 

order to clone the gene in Gateway destination vector 

pDONR207. Primer used are the following: HPL1attB1 

GGGGACAAGTTTGTACAAAAAAGCAGGCTTAATGTTGTTGAGAACG

ATG and HPL1attB2 GGGGACCACTTTGT 

ACAAGAAAGCTGGGTATTTAGCTTTAACAACACG, creating a HPL 

without a stop codon. The PCR product was purified from gel 

with GeneJET Gel Extraction Kit and used as input for  BP 

Gateway reaction. The reaction was used to transform 

competent DH5 E. coli cells with heat shock and plated on LB  

agar plus gentamycin 10g/ml. From positive colonies plasmid 

DNA was isolated and sequenced. pDONR207-HPL1 was used to 

perform LR Gateway reaction with  pGWB414 as entry vector 

because this vector adds an HA tag at the C-terminal of the 

protein of interest.  The reaction was used to transform 

competent DH5 E. coli cells with heat shock and plated on LB 

plus spectinomycin 50g/ml.  

pGWB414-HPL1 was used as a template for PCR with primers 

HPL1-XhoI GTGCTCGAGAGAACACGGGGGACTCTA and HPL1-SpeI 

CTCACTAGTTTGAACGATCGGGGAA ATTCG. The product was cut 

with enzymes XhoI and SpeI and ligated into the pER8 vector 

(figure 2a) (Zuo et al., 2000), cut with the same restriction 

enzymes. The ligation reaction was used to transform 
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competent DH5 E. coli cells with heat shock and plated on LB 

plus spectinomycin. Colonies grown O/N at 37°C were screened 

with PCR using the primers HPL1-XhoI and HPL1-SpeI. Positive 

colonies were grown ON in LB plus spectinomycin at 37°C, 

plasmid DNA extracted and sequenced to be found correct. The 

pER8-HPL-HA vector with -estradiol inducible promoter driving 

HPL-HA was used to transform electro-competent 

Agrobacterium tumefaciens GV3101.  

 

chat T-DNA mutants 

As published by Pichersky and colleagues (Pichersky et al., 2007) 

we used the T-DNA  line SALK_025557 in Col-0 background and 

genotyped it with PCR using the primers CHAT_LP 

GAGATTATTTTTACCCGCAAATC, CHAT_RP 

ACCGTGAGTACGATGATCAGG and LBa 

TGGTTCACGTAGTGGGCCATCG (94°C x 1' followed by 94°C x 30", 

56°C x 30", 72° x 1' for 40 cycles and subsequently 5' at 72°C ). 

chat plants were transformed via floral dipping with 

Agrobacterium GV3101 carrying the pER8-HPL-HA. Seeds from 

Arabidopsis chat floral dipped plants were selected on 1/2 MS 

pH 5.8 , 1% agarose plus nystatin 50g/ml and hygromycin 10 

μg/ml for 2 generations. Subsequently, resistant plants were 

further selected by PCR on genomic DNA with primers on the 

vector pER8, lexAop_F ATCATCCCCTCGACGTACTG, pea3A_R 
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AAACCGATGATACGGACGAA 94°C x 1', 94°C x 20", 53°C x 1', 72°C 

x 2' for 35 cycles then a step of 72°C x 5'. 

 

-Estradiol induction and HPL-HA detection by western blot 

Plants were sprayed with 5M -estradiol in 0.05% Silwett and 

24h later leaves were frozen in liquid N2 and 0.1 g of ground 

plant material was used to extract protein with 300l of the 

following buffer:  40% glycerol, 240mM Tris.HCl pH 6.8, 8% SDS, 

0.04% bromophenol blue, 5% -mercapto-ethanol) and boiled 

1'. 5l was loaded on 10% SDS-polyacrylamide gel. After SDS–

PAGE, proteins were electrotransferred onto a nitrocellulose 

membrane (GE Healthcare). Immunoblotting was performed 

with anti-HA peptide polyclonal antibody (Agrisera, 

www.agrisera.com) produced in rabbits. The antibodies were 

diluted 1:5000 (v:v) in anti-sera buffer [0.05% (w/v) skim milk, 

0.1% (v/v) 10× phosphate buffered saline solution (PBS) with 

0.001% Tween-20] for incubation of the membrane O/N at RT. 

After washing the membrane with PBS, a Peroxidase-conjugated 

anti-rabbit IgG (Sigma) diluted at 1:10 000 (v:v) was used as 

secondary antibody for detection with ECL Plus (GE Healthcare). 

 

Volatiles measurement 

Solid-phase micro extraction (SPME) with GC-MS (method 1) 

hpl1 and Ler plants were infected with DC3000 (OD600 0.0007) in 

10mM MgSO4 or mock inoculated and then 2 leaves were 
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detached and placed in a SPME glass vial with 1ml of CaCl2 

saturated buffer pH 4.5. Samples were taken at the 2hpi, 12hpi, 

24hpi and 48 hpi. 

Solid-phase micro extraction was performed on a 7890A GC- 

system (Agilent) with an 7200A QTOF-GC/MS (Agilent). Samples 

were incubated for 10 minutes at 35°C after which the volatiles 

were extracted on a 100 μm PDMS fiber (Supelco) for 10 min at 

35°C. Extracted compounds were desorbed for 1 min at 250°C in 

the injector port in splitless injection mode. Volatiles were 

separated on a HP5MS column (5% phenyl methyl silox, 30 m x 

250 μm x 0.25 μm) with a constant helium flow of 1.2 mL/min. 

Oven temperature was set to 40°C for 3 min, ramped with 

2.5°C/min until 90°C, followed by a fast ramping of 15°C/min till 

250°C and held at 250°C for 5 min. Twenty mass spectra were 

recorded every second (m/z 30-500) at an ionization energy of 

70 eV. A calibration curve of E-2-hexenal, Z-3-hexenol and Z-3-

hexenyl acetate (Sigma-Aldrich, www.sigmaaldrich.com) in 

0.01% Tween-20 was used to identify and quantify GLVs. 

 

Solid-phase micro extraction (SPME) with GC-MS (method 2) 

Plants carrying the inducible HPL construct (line GA6) were 

sprayed with various concentration of  -estradiol and 24h later 

leaves were wounded or not as negative control. Wounded 

leaves of Ler and chat were used as controls. 
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Solid-phase micro extraction (SPME) was performed on a 6890 

GC (Agilent, http://www.agilent.com) coupled with Time-of-

Flight (TOF)-MS (Pegasus III; Leco, http://www.leco.com). 

Samples were incubated for 5 minutes at 35°C after which the 

volatiles were extracted on a 85 μm PDMS fiber (Supelco) for 10 

min at 35°C. Extracted compounds were desorbed for 1 min at 

250°C in the injector port. Volatiles were separated on a DB-5 

column (10 m x 180 μm x 0.18 μm) with a constant helium flow 

of 1.5 mL/min. Oven temperature was set to 40°C for 3 min, 

ramped with 30°C/min until 250°C, and held at 250°C for 5 min. 

Twenty mass spectra were recorded every second (m/z 50-300) 

at an ionization energy of 70 eV. Solvent delay was set to 30 

seconds. Ion 67 m/z was chosen as representative for GLV.  

 

Author contributions: A.S did most of the research and wrote the 

chapter; M.D.V measured GLV in HPL inducible lines after 

wounding, M.A.H. revised the chapter; R.C.S. advised the 

research and edited the chapter. 
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