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Introduction

Plants produce several secondary metabolites that play a crucial role as defence compounds against pathogens and herbivores. In the Brassicaceae family, most species produce phytoanticipins (namely glucosinolates) as constitutive defences (Fig. 1). Some species further produce phytoalexins as inducable defences among which camalexin is the most studied compound [START_REF] Kliebenstein | Secondary metabolites and plant/environment interactions: a view through Arabidopsis thaliana tinged glasses[END_REF] (Fig. 1). Fungal pathogens including A. brassicicola, a Brassicaceae specialist that causes black spot disease, are more or less sensitive to camalexin, glucosinolates and glucosinolates-breakdown products, present in leaves [START_REF] Thomma | Deficiency in phytoalexin production causes enhanced susceptibility of Arabidopsis thaliana to the fungus Alternaria brassicicola[END_REF][START_REF] Sellam | In vitro antifungal activity of brassinin, camalexin and two isothiocyanates against the crucifer pathogens Alternaria brassicicola and Alternaria brassicae[END_REF]. However, A. brassicicola also spreads by seeds [START_REF] Oliver | Vertical disease transmission in the Cakile-Alternaria host-pathogen interaction[END_REF][START_REF] Pochon | The Arabidopsis thaliana-Alternaria brassicicola pathosystem: A model interaction for investigating seed transmission of necrotrophic fungi[END_REF] and little is known about the transmission of the pathogen from seed to seedling during germination and post-germinative growth as well as the role of defence compounds in this process. One reason for that is that the detection of secondary metabolites from the complex matrix of seed reserves [START_REF] Mira | Lipid Thermal Fingerprints of Long-term Stored Seeds of Brassicaceae[END_REF] is quite difficult and that only small amounts of sample material [START_REF] Al-Shehbaz | The tribes of Cruciferae (Brassicaceae) in the southeastern United States[END_REF] is available at the early stages of plant development. To accurately determine secondary metabolites in brassicaceous seeds and seedlings, an analytical procedure suitable for small-sized samples and adapted to maximize the recovery of glucosinolates and camalexin is therefore required. Furthermore, both glucosinolates and camalexin play important but different roles in plant protection against various pathogens. As their biosynthetic pathways are tightly regulated and interconnected [START_REF] Yang | Co-regulation of indole glucosinolates and camalexin biosynthesis by CPK5/CPK6 and MPK3/MPK6 signaling pathways[END_REF], a method allowing identification and quantification of both types of metabolites from a single sample may assist the elucidation of their relative roles during and after germination.

Because of the great ongoing interest in glucosinolates as biologically active compounds [START_REF] Maina | Human, Animal and Plant Health Benefits of Glucosinolates and Strategies for Enhanced Bioactivity: A Systematic Review[END_REF][START_REF] Traka | Health Benefits of Glucosinolates[END_REF][START_REF] Razis | Glucosinolates and Isothiocyanates: Cancer Preventive Effects[END_REF], many protocols for extraction, identification and quantification have been published for five decades. They can be basically classified into two groups [START_REF] Clarke | Glucosinolates, structures and analysis in food[END_REF][START_REF] Mawlong | A simple spectrophotometric method for estimating total glucosinolates in mustard de-oiled cake[END_REF].

The first group focuses on the total content of glucosinolates and including destructive methods as well as non-destructive methods will not be discussed.

Conversely, the second group allows quantification of individual glucosinolates, like desulfoglucosinolates, TMS-ether of desulfo-glucosinolates, isothiocyanates or intact form. The conversion of glucosinolates to isothiocyanates by myrosinase or the derivatization of desulfo-glucosinolates to TMSethers for GC-MS analysis is no longer conducted [START_REF] Clarke | Glucosinolates, structures and analysis in food[END_REF]. Current analytical determinations are now conducted on the desulfo-glucosinolates or intact forms by LC-UV, GC-FID or LC-MS, however it is uncommon to perform UV quantification on the intact form [START_REF] Francisco | Simultaneous identification of glucosinolates and phenolic compounds in a representative collection of vegetable Brassica rapa[END_REF] because the desulfation process typically acts as an essential clean-up step. HPLC-UV and GC-FID yield comparable results for desulfoglucosinolates and are therefore considered validated approaches [START_REF] Hrncirik | Comparison of HPLC and GLC methodologies for determination of glucosinolates using reference material[END_REF]. However, with the advanced development of hyphenated MS based chromatographic methods, GC-FID is no longer used [START_REF] Kiddle | Highperformance liquid chromatographic separation of natural and synthetic desulphoglucosinolates and their chemical validation by UV, NMR and chemical ionisation-MS methods[END_REF]. The detection of glucosinolates has been reported for many ionization techniques (FAB, ESI, APCI or MALDI) [START_REF] Bianco | Investigation of Glucosinolates by Mass Spectrometry[END_REF], and detector configurations such as single/triple quadrupole, IT or TOF [START_REF] Bianco | Investigation of Glucosinolates by Mass Spectrometry[END_REF]. The quantification can be accurate and precise if executed correctly. However, the lack of universal response factors in MS which is linked to several parameters (individual behaviour of analyte with settings for ionization and/or fragmentation, matrix effects, differences in linear range of detection among instruments) limits accurate quantification to few commercially available standards [START_REF] Clarke | Glucosinolates, structures and analysis in food[END_REF][START_REF] Crocoll | Analysis and Quantification of Glucosinolates[END_REF].

For the moment, the conversion of glucosinolates to desulfo-glucosinolates by sulfatase followed by HPLC-UV analysis [START_REF] Minchinton | Separation of desulfoglucosinolates by reversed-phase high-performance liquid-chromatography[END_REF] represents the official analytical approach outlined in European Union regulations (ISO 9167) [START_REF] Anon | Rapeseed and rapeseed meals -Determination of glucosinolates content -Method using high-performance liquid chromatography, International Organisation for Standardization[END_REF] and therefore remains widely used [START_REF] Crocoll | Analysis and Quantification of Glucosinolates[END_REF]. It still provides a robust, direct and relatively low-cost approach that can be easily performed on standard laboratory equipment.

Meanwhile, suggestions to improve and simplify the method have been outlined in several publications [START_REF] Wathelet | Determination of glucosinolates in rapeseed improvement of the official HPLC ISO method (precision and speed)[END_REF][START_REF] Grosser | A Straightforward Method for Glucosinolate Extraction and Analysis with High-pressure Liquid Chromatography (HPLC)[END_REF][START_REF] Doheny-Adams | Development of an efficient glucosinolate extraction method[END_REF]. Moreover, desulfo-glucosinolates are chemically quite stable when kept airtight in cool water [START_REF] Grosser | A Straightforward Method for Glucosinolate Extraction and Analysis with High-pressure Liquid Chromatography (HPLC)[END_REF] and most response factors of quantification (relative to sinigrin) are well defined and accessible by open access in publications [START_REF] Clarke | Glucosinolates, structures and analysis in food[END_REF]. In many cases, retention times linked to reported data are used for compound identification [START_REF] Blazevic | Glucosinolate structural diversity, identification, chemical synthesis and metabolism in plants[END_REF], however MS detection provides significant added analytical value by allowing a more accurate analysis [START_REF] Bianco | Investigation of Glucosinolates by Mass Spectrometry[END_REF].

Camalexin is an important component of inducible defences and contributes to the partial resistance against several pathogens [25]. Therefore, the quantification of this phytoalexin is also very important for understanding processes of plant physiology and phytopathology. The extraction protocols for camalexin are quite similar in most publications. In general 70 to 80% methanol is used as solvent at a temperature range of 20-80°C. Extraction time may last from ten minutes to one hour [START_REF] Beets | Quantification of camalexin, a phytoalexin from Arabidopsis thaliana: A comparison of five analytical methods[END_REF][START_REF] Tewes | Metal hyperaccumulation in the Brassicaceae species Arabidopsis halleri reduces camalexin induction after fungal pathogen attack[END_REF] and sometimes residue is re-extracted with chloroform [START_REF] Glazebrook | Isolation of phytoalexin-deficient mutants of Arabidopsis thaliana and characterization of their interactions with bacterial pathogens[END_REF][START_REF] Mert-Turk | Quantification of camalexin in several accessions of Arabidopsis thaliana following inductions with Peronospora parasitica and UV-B irradiation[END_REF][START_REF] Staal | Transgressive segregation reveals two Arabidopsis TIR-NB-LRR resistance genes effective against Leptosphaeria maculans, causal agent of blackleg disease[END_REF]. Fluorometric analyses are performed using 318 nm excitation and 385 nm emission wavelength [START_REF] Mert-Turk | Quantification of camalexin in several accessions of Arabidopsis thaliana following inductions with Peronospora parasitica and UV-B irradiation[END_REF] but for an accurate quantification of camalexin chromatographic purification is required in order to eliminate quenching interference [START_REF] Beets | Quantification of camalexin, a phytoalexin from Arabidopsis thaliana: A comparison of five analytical methods[END_REF].

For ten years, LC-MS has been the predominant technique because of short analysis times and is especially effective in identifying of camalexin based on accurate mass as well as determining low concentrations [START_REF] Beets | Quantification of camalexin, a phytoalexin from Arabidopsis thaliana: A comparison of five analytical methods[END_REF][START_REF] Beets | Activation of camalexin biosynthesis in Arabidopsis thaliana in response to perception of bacterial lipopolysaccharides: a gene-to-metabolite study[END_REF].

On the other hand, the simultaneous detections of glucosinolates and camalexin has hardly been conducted from one sample. When done, it was either by a single method based only on relative quantification by UPLC-MS [START_REF] Shih | Differential roles of glucosinolates and camalexin at different stages of Agrobacterium-mediated transformation[END_REF][START_REF] Izquierdo Zandalinas | A Fast and Precise Method To Identify Indolic Glucosinolates and Camalexin in Plants by Combining Mass Spectrometric and Biological Information[END_REF] or by an absolute quantification with two separate methods requiring twice as much raw material [START_REF] Shih | Differential roles of glucosinolates and camalexin at different stages of Agrobacterium-mediated transformation[END_REF][START_REF] Cargnel | Linking phytochrome to plant immunity: low red : far-red ratios increase Arabidopsis susceptibility to Botrytis cinerea by reducing the biosynthesis of indolic glucosinolates and camalexin[END_REF][START_REF] Geu-Flores | Cytosolic gamma-Glutamyl Peptidases Process Glutathione Conjugates in the Biosynthesis of Glucosinolates and Camalexin in Arabidopsis[END_REF]. A procedure allowing the identification and quantification of glucosinolates and camalexin from a single extraction would be beneficial for the analysis of samples that are generally limited in quantity, like small seeds and seedlings. The aim of this work was therefore to provide a validated method analysis for the determination of glucosinolates and camalexin in small-sized samples (less than 250 mg of dry matter (DM) for a triplicate analysis).

The proposed method comprises the simultaneous extraction of both constituents from seed and leaf samples prior to HPLC analysis and targets a broad Brassicaceae phylogenetic group with potentially contrasting profiles. The approach is based on the specificity of the desulfation process of glucosinolates and the specificity of fluorescence detection for camalexin analysis.

Experimental

Chemicals and reagents

HPLC grade acetonitrile (MeCN) and methanol (MeOH) were purchased from HoneyWell (Charlotte, USA). Absolute ethanol (EtOH) was purchased from Carlo Erba Reagents (Val de Reuil, France).

Anhydrous sodium acetate (NaOAc) and 37% hydrochloric acid (HCl) were purchased from Fisher Chemical (Illkirch, France). Sinigrin potassium salt (≥ 99%) was purchased from Extrasynthese (Genay, France). Camalexin (≥ 98%), DEAE-Sephadex A-25 and sulfatase type H-1 from Helix pomatia were purchased from Sigma-Aldrich (Darmstadt, Germany). Ultrapure water (H2O) was obtained by a MilliQ Advantage system from Millipore (Darmstadt, Germany).

Standards and reagents solutions

Stock solution of sinigrin was prepared in H2O at a concentration of 5050 µM. A stock solution of camalexin was prepared in 70% MeOH at a concentration of 38.8 µg.mL -1 . The enzyme solution was prepared by dissolving and mixing 10000 units of sulfatase in 30 mL of H2O and 30 mL of EtOH before centrifugation at 2650 g for 20 min at room temperature. The supernatant was taken and mixed with 90 mL of EtOH before centrifugation at 1030 g for 15 min at room temperature. Finally, the pellet was dissolved in a total of 25 mL of H2O and aliquoted in 1.5 mL microtubes. All solutions were stored at -20°C before use.

The ion exchange medium was prepared by mixing 10 g of DEAE-Sephadex A-25 resin with 125 mL of H2O and the resulting mixture was stored at 4°C. The solution of 70% MeOH was prepared by mixing 350 mL of MeOH and 150 mL of H2O. The 20 mM NaOAc buffer was prepared by dissolving 410 mg of NaOAc in 250 mL of H2O and adjusting the pH at 5.5 with HCl. These solutions were prepared extemporaneously and conserved one week at 4°C.

Samples collection and preparation

Three certified rapeseed reference materials by European Commission called ERM-BC366 (seeds with low level of glucosinolates), ERM-BC190 (medium level) and ERM-BC367 (high level) were purchased from Sigma-Aldrich and stored at 4°C. Seeds of Arabidopsis thaliana (L.) Heynh (= natural population), Barbarea vulgaris Aiton, Brassica nigra (L.) Koch, Capsella bursa-pastoris (L.) Medik., Cardamine hirsuta L., Coincya monensis (L.) Greuter and Burdet, Sinapis arvensis L., and Sisymbrium officinale (L.) Scop. were collected in 2018 in natural populations around Angers (France). Species identification was verified by Josiane Le Corff.

Seeds from these populations were sown in the spring in a substrate of 50% sand, 37.5% blond peat, and 12.5% black peat, and grown in a glasshouse under natural daylight for 4-5 weeks. Mean daily temperature was 14°C and ranged from 10°C up to 22°C for a few hours on sunny days.

In addition, seeds of A. thaliana of the ecotypes Columbia (Col) and Wassilewskija (Ws) were harvested in 2018 from a culture in a growth chamber in a substrate of 75% blond peat and 25% black peat, under controlled conditions (16h/8h light/dark, 22°C/19°C light/dark) for 3 months. Seeds were sown in a substrate of 75% blond peat and 25% black peat and grown in a growth chamber under controlled conditions (8h/16h light/dark, 22°C/19°C light/dark) for 4 weeks.

Before harvest, a subsample of rosettes (at least 5 per genotype) from A. thaliana natural population, Col and Ws were inoculated on five leaves per plant with one 5 µL drop of an A. brassicicola (previously described Abra43 isolate [START_REF] Sellam | In vitro antifungal activity of brassinin, camalexin and two isothiocyanates against the crucifer pathogens Alternaria brassicicola and Alternaria brassicae[END_REF]) conidial suspension (10 5 conidia.mL -1 in water). Other plants as controls (at least 5 per genotype), were treated with one 5 µL drop of water on 5 leaves per plant. All plants were then maintained for two days in saturating humidity (100% relative humidity) and collected seven days after inoculation. For all samples (seeds from natural populations and ecotypes and leaves from plants that had been inoculated or not), material was immersed and grinded in liquid nitrogen upon harvest, freeze-dried then stored at -20°C prior to analysis.

Extraction procedure

Extraction was carried out following a protocol previously published by Grosser et al. [START_REF] Grosser | A Straightforward Method for Glucosinolate Extraction and Analysis with High-pressure Liquid Chromatography (HPLC)[END_REF] with minor modifications. One Pasteur pipette (150 mm) per sample and sinigrin reference was filled with approximatively 1 cm of glass wool, then set up on a homemade rack. Each column was filled with 0.5 mL of resin (40 mg dry weight equivalent) then washed with 1 mL of H2O. Finally, 15 mL vials were placed on a rack to collect the column washes including camalexin.

Dry samples were weighed in round-bottom microtubes and two metal balls (3 mm in diameter) as boiling retardants were added. In parallel, seven calibration standards of sinigrin were prepared in the concentration range of 50 to 3500 µM by diluting the stock solution in H2O.

A volume of 1 mL of 70% MeOH (not pre-heated) was added on each sample, vortexed and heated 5 min at 91°C. Then, the microtubes were placed in an ultrasonic bath during 15 min before centrifugation at 2700 g for 10 min at room temperature. The supernatants and the calibration standards were deposited on separate columns. Another 1 mL of 70% MeOH was added to the remaining pellets and to the calibration standards microtubes. The samples were vortexed and placed in an ultrasonic bath during 15 min then centrifugated at 2700 g for 10 min at room temperature. The supernatants and the 7 calibration standards were added to their respective columns.

Each column was sequentially washed with 2 x 1 mL of 70% MeOH, 1 mL of H2O and 2 x 1 mL of 20 mM NaOAc buffer waiting for the column to run dry between each washing. At this moment, 15 mL vials (camalexin fractions) were replaced by 2 mL microtubes and placed overnight under an air stream to remove MeOH. A volume of 20 µL of sulfatase solution was added onto each column followed by 50 µL of 20 mM NaOAc buffer. The columns were covered with aluminium foil and let stand overnight.

The next day, the desulfo-glucosinolates were eluted in 2 mL microtubes by pipetting 2 x 0.75 mL of H2O onto each column (desulfo-glucosinolates fractions).

Camalexin and desulfo-glucosinolates fractions were frozen in a -80°C freezer for 4 hours then freezedried for 16 hours (8h/8h, primary/secondary desiccation) to remove water.

Liquid chromatography 2.5.1. HPLC-UV-MS conditions for desulfo-glucosinolates

Chromatographic analyses were performed on a 2695 separation module coupled to a 2489 UV/Visible detector (Waters, Saint-Quentin-en-Yvelines, France) and to an Esquire 3000 Plus ESI-IT-MS (Bruker, Wissembourg, France) assisted by Empower (Waters) and Data Analysis software (Bruker).

After the freeze-drying process, the desulfo-glucosinolates fractions were dissolved in 1 mL of H2O (high content samples, e.g. seeds) or 0.2 mL of H2O (low content samples, e.g. leaves). The injection volume was 10 µL.

Samples were injected onto a Gemini C18 column (150 mm x 4.6 mm, 3 µm, Phenomenex, Le Pecq, France) heated at 40°C. The analytes were separated by a gradient elution with H2O (A) and MeCN (B) at a flow rate of 0.75 mL.min -1 (2% to 35% B in 35 min). The UV detection was monitored at 229 nm and MS n detection was monitored in positive and negative mode.

HPLC-FLD conditions for camalexin

Chromatographic analyses were performed on a 2695 separation module coupled to a 2475 multi λ fluorescence detector assisted by Empower software (Waters).

After freeze-drying process, the camalexin fractions were dissolved in 2 mL of 70% MeOH. Eight calibration standards of camalexin were prepared in the concentration range of 0.025 to 5 µg.mL -1 by diluting the stock solution in 70% MeOH. The injection volume was 10 µL.

Samples were injected onto a Gemini C18 column (150 mm x 4.6 mm, 3 µm, Phenomenex) heated at 40°C. The analytes were separated by a gradient elution with H2O (A) and MeCN (B) at a flow rate of 0.75 mL.min -1 (2% to 100% B in 35 min). The fluorescence detection was monitored at 318 and 385 nm as excitation and emission wavelengths, respectively.

Method validation

The calibration curves were set to the concentration range expected for each compound. The linearity of the calibration curves was assessed by injecting calibration standards of sinigrin (7 levels) or camalexin (8 levels) in three replicates. Residuals (difference between nominal concentration and calculated concentration by the linear model) and their distribution (normally distributed around the mean) were monitored. LOD and LOQ were defined as 3 x and 10 x SD of five replicate measurements of analyte close to the detection limit, respectively.

Precision was evaluated by repeated analysis of both, standards and samples, within different analytical batches. For glucosinolates, accuracy was assessed using three certified rapeseed reference materials with three different levels of glucosinolates. Some samples were spiked with different levels of camalexin at the start of extraction procedure in order to evaluate the recovery. All statistical work was conducted on Microsoft Excel 365® and the Minitab 19® software.

Method calculation

Glucosinolates analysis

The HPLC-UV-MS chromatograms at 229 nm were integrated respecting the defined LOQ and glucosinolates were identified by MS data, retention time and comparison with literature data.

Peak areas of desulfo-glucosinolates were corrected with an UV response factor at 229 nm compared to desulfo-sinigrin provided reference data were available [START_REF] Clarke | Glucosinolates, structures and analysis in food[END_REF][START_REF] Grosser | A Straightforward Method for Glucosinolate Extraction and Analysis with High-pressure Liquid Chromatography (HPLC)[END_REF] (Table A1). For all other cases including unidentified glucosinolates the response factor was set to 1. Results were expressed in mmol.kg -1 of DM (following the standard) and calculated according to the formula presented in appendix (Eq. A1).

Camalexin analysis

The HPLC-FLD chromatograms acquired at an emission wavelength of 385 nm and an excitation wavelength of 318 nm were integrated according to the defined LOQ. The results were expressed in µg.g -1 of DM following the formula presented in appendix (Eq. A2).

Results and discussion

Glucosinolates analysis validation

The evaluation of the modified method [START_REF] Grosser | A Straightforward Method for Glucosinolate Extraction and Analysis with High-pressure Liquid Chromatography (HPLC)[END_REF] was the first step of this study. For that, three samples of certified rapeseed reference material containing the three classes of glucosinolates, aliphatic (progoitrin, epiprogoitrin, glucoalyssin, gluconapoleiferin, gluconapin and glucobrassicanapin), benzenic (gluconasturtiin) and indolic (4-Hydroxyglucobrassicin, glucobrassicin and neoglucobrassicin) [START_REF] Fahey | The chemical diversity and distribution of glucosinolates and isothiocyanates among plants[END_REF] and with three levels of glucosinolates were taken as references: BCR-366R at 11.9 ± 1.3, BCR-190R at 23 ± 4 and BCR-367R at 99 ± 9 mmol.kg -1 [START_REF] Linsinger | The certification of the total glucosinolate and sulphur contents of three rapeseed (colza) materials BCR-190R, -366R and -367R, Office for Official Publications of the European Communities[END_REF].

Previously, the linear relationship between area under the curve at 229 nm and the concentration of sinigrin was validated in the concentration range evaluated for glucosinolates with a correlation coefficient higher than 0.999 (Fig. A1) and was repeated for different batch analyses at different times of the study. The range of linearity from 50 to 3500 µM was assessed after control of the standardized residuals. LOD and LOQ were statistically calculated at 3.8 and 12.6 µM, respectively (Table A2).

Next, each certified rapeseed sample was tested in triplicate at about 80 mg following the protocol described in the experimental section and the results were calculated with the calibration curve of sinigrin and UV response factor at 229 nm of identified glucosinolates (Fig. 2). The results (total and individual glucosinolates contents) were in accordance with the certification report [START_REF] Linsinger | The certification of the total glucosinolate and sulphur contents of three rapeseed (colza) materials BCR-190R, -366R and -367R, Office for Official Publications of the European Communities[END_REF] (Fig. 3).

Finally, the procedure was down scaled to 10 mg of DM for the three certified rapeseed samples. Fig. 4 shows that results were similar in a mass range of 10-80 mg for the three certified rapeseeds for total and individual glucosinolates contents.

The method was precise and accurate and can therefore be used from 10 to 80 mg samples with high or low glucosinolates contents.

Camalexin analysis validation

To verify whether the quantitative extraction of camalexin and glucosinolates together with desulfation can be performed simultaneously, rapeseed samples were spiked with camalexin. Indeed, the absence of camalexin in the rapeseed samples was checked beforehand.

Previously, the linear relationship between the area under the curve at 385 nm (after excitation at 318 nm) and the concentration of camalexin was validated in the concentration range evaluated for the samples with a correlation coefficient higher than 0.999 (Fig. A2) and was repeated for different batch analysis at different times of the study. The range of linearity was assessed after control of the standardized residuals. LOD and LOQ were statistically calculated at 0.014 and 0.046 µg.mL -1 , respectively (Table A3).

Next, different rapeseed samples were supplemented with camalexin from 0.05 to 2 µg before the extraction procedure. The extracts containing camalexin and glucosinolates were deposited on anionexchange columns. Columns were sequentially washed with some eluents to prepare them to the desulfation process of glucosinolates. All these columns washes were collected then freeze-dried giving fractions containing camalexin. These fractions were analysed in HPLC-FLD (Fig. 2) and the percentage of recovery was calculated with the calibration curve between 98 and 117% with an RSD between 3 and 21% (Table 1).

Finally, a down scaled was carried out from 50 to 10 mg of DM of one of the A. thaliana natural population leaf samples containing a medium quantity of camalexin. Quantification of camalexin were homogeneous for starting materials from 50 to 20 mg while below 20 mg the sampling appeared too small to be reproducible (Fig. 5). This method was linear from 0.025 to 5 µg.mL -1 with an LOD and LOQ of 0.014 and 0.046 µg.mL -1 , respectively. It was precise and trueness and can therefore be used from 20 to 50 mg of samples.

Application of the method

The applicability of the method was evaluated by screening for glucosinolates and camalexin in different Brassicaceae genera (Arabidopsis, Barbarea, Brassica, Capsella, Cardamine, Coincya, Sinapis and Sisymbrium), genotypes of A. thaliana (natural population, ecotypes Col and Ws) and organs (leaves and seeds) and with plants inoculated or not with A. brassicicola.

According to previous results (see 3.1 and 3.2), these investigations were performed on 20 to 50 mg of DM as starting material and each sample was tested 2 to 11 times (depending on the sample availability). Glucosinolates were identified by MS data and retention times compared to the references, considering both rapeseed reference materials and A. thaliana Col seeds as authentic references (Table A4). Apparent glucosinolates not available as references were tentatively identified from MS data, reasonable retention times compared with the literature [START_REF] Olsen | Glucosinolate diversity within a phylogenetic framework of the tribe Cardamineae (Brassicaceae) unraveled with HPLC-MS/MS and NMR-based analytical distinction of 70 desulfoglucosinolates[END_REF], and comparison with previous investigations of these species, as discussed below. Concentrations (total and individual) were calculated with the calibration curve of sinigrin and the UV response factor acquired at 229 nm.

Camalexin was identified according to its retention time and its concentration was calculated with the calibration curve.

The range in total glucosinolates content was quite large from 0.2 to 92.4 mmol.kg -1 with an average RSD of 7% (Fig. 6). As expected [START_REF] Bennett | Screening crucifer seeds as sources of specific intact glucosinolates using ion-pair high-performance liquid chromatography negative ion electrospray mass spectrometry[END_REF], the total concentration of glucosinolates was higher in seeds (18.4 to 92.4 mmol.kg -1 ) compared to leaves (0.2 to 18.2 mmol.kg -1 ). For a given Brassicaceae species, seeds contained 2 to 20 times more glucosinolates than leaves. Brassica nigra was the species with the highest concentration of glucosinolates in the leaves (18.2 mmol.kg -1 ) and C. monensis the species with the highest concentration in the seeds (92.4 mmol.kg -1 ). Similarly, the seeds of the two A. thaliana ecotypes Col and Ws, showed a 100-fold higher concentration of glucosinolates than leaves, while the concentration in the seeds was similar between the two ecotypes, Col (51.1 mmol.kg -1 ) and Ws (58.6 mmol.kg -1 ).

From 89 to 100% of the individual glucosinolates were identified or tentatively identified in different samples (Table 2). More precisely, 40 glucosinolates were (tentatively) identified and quantified in 21 samples including 31 response factors. In accordance with previously published reports, experiment data confirmed that leaves and seeds of S. arvensis mostly contained sinalbin and long chained methionine derived glucosinolates [START_REF] Bennett | Screening crucifer seeds as sources of specific intact glucosinolates using ion-pair high-performance liquid chromatography negative ion electrospray mass spectrometry[END_REF][START_REF] Agerbirk | Sinapis phylogeny and evolution of glucosinolates and specific nitrile degrading enzymes[END_REF], while sinigrin was predominant in leaves and seeds of B. nigra [START_REF] Bennett | Screening crucifer seeds as sources of specific intact glucosinolates using ion-pair high-performance liquid chromatography negative ion electrospray mass spectrometry[END_REF][START_REF] Agerbirk | Sinapis phylogeny and evolution of glucosinolates and specific nitrile degrading enzymes[END_REF]. Similarly, seeds of C. bursa-pastoris mostly contained glucoarabin and glucocamelinin [START_REF] Daxenbichler | Glucosinolate composition of seeds from 297 species of wild plants[END_REF], seeds of S. officinale exhibited high yields of glucoputranjivin [START_REF] Bennett | Screening crucifer seeds as sources of specific intact glucosinolates using ion-pair high-performance liquid chromatography negative ion electrospray mass spectrometry[END_REF], and leaves of C. hirsuta mostly gluconapin, glucobrassicanapin and glucotropaeolin [START_REF] Agerbirk | Glucosinolate profiles and phylogeny in Barbarea compared to other tribe Cardamineae (Brassicaceae) and Reseda (Resedaceae), based on a library of ion trap HPLC-MS/MS data of reference desulfoglucosinolates[END_REF]. Leaves and seeds of B. vulgaris contained mostly one glucosinolate. Four isomers with the side chain formula C8H9O have been reported from B. vulgaris [START_REF] Agerbirk | Glucosinolate profiles and phylogeny in Barbarea compared to other tribe Cardamineae (Brassicaceae) and Reseda (Resedaceae), based on a library of ion trap HPLC-MS/MS data of reference desulfoglucosinolates[END_REF], but usually the dominant isomer is glucobarbarin [START_REF] Griffiths | Identification of glucosinolates on the leaf surface of plants from the Cruciferae and other closely related species[END_REF][START_REF] Badenes-Perez | Insect Attraction versus Plant Defense: Young Leaves High in Glucosinolates Stimulate Oviposition by a Specialist Herbivore despite Poor Larval Survival due to High Saponin Content[END_REF]. However, for some samples, the composition in glucosinolates differed from results reported in previous studies. Mostly sinigrin was found in the leaves of C. bursa-pastoris as it is sometimes referenced in seed samples [START_REF] Lockwood | Glucosinolate spectrum of some Algerian Cruciferae[END_REF]. Leaves of S. officinale mostly contained glucobrassicin and not a 65/35 ratio of glucoputranjivin and glucobrassicin as previously described [START_REF] Griffiths | Identification of glucosinolates on the leaf surface of plants from the Cruciferae and other closely related species[END_REF]. In a previous study, on leaves of C. monensis, sinalbin, gluconapin, progoitrin, epiprogoitrin and sinigrin were detected [START_REF] Agerbirk | Sinapis phylogeny and evolution of glucosinolates and specific nitrile degrading enzymes[END_REF]. Our seed samples mostly contained progoitrin and epiprogoitrin while in the leaves, besides small quantities of sinalbin and gluconapin, the main glucosinolate was tentatively identified as glucoaubrietin generally found in the genera Tropaeolum and Aubretia [START_REF] Bennett | Screening crucifer seeds as sources of specific intact glucosinolates using ion-pair high-performance liquid chromatography negative ion electrospray mass spectrometry[END_REF][START_REF] Agerbirk | Sinapis phylogeny and evolution of glucosinolates and specific nitrile degrading enzymes[END_REF].

Unlike the previously discussed species, seeds of A. thaliana exhibit a diverse array of individual glucosinolates, with principally sulfur-containing side-chains [START_REF] Brown | Variation of glucosinolate accumulation among different organs and developmental stages of Arabidopsis thaliana[END_REF][START_REF] Petersen | Composition and content of glucosinolates in developing Arabidopsis thaliana[END_REF][START_REF] Hogge | HPLC separation of glucosinolates from leaves and seeds of Arabidopsis thaliana and their identification using thermospray liquidchromatography mass-spectrometry[END_REF]. The main compound, glucoerucin or glucoibervirin, representing 40% of the total glucosinolates content was different in the ecotypes Col and Ws, respectively. Although in trace quantities, presence of late-eluting acylated glucosinolates is well-established in seeds of A. thaliana [START_REF] Reichelt | Benzoic acid glucosinolate esters and other glucosinolates from Arabidopsis thaliana[END_REF] and B. vulgaris [START_REF] Bianco | Acylated glucosinolates with diverse acyl groups investigated by high resolution mass spectrometry and infrared multiphoton dissociation[END_REF]. We searched for the expected peaks using extracted ion chromatograms with negative result. We concluded that either our material did not contain these glucosinolates, or our conditions were not suitable for detection of acylated glucosinolates, which are known to require higher elution volumes from anion-exchange columns after desulfation process than other glucosinolates.

Leaves of A. thaliana natural population showed a high diversity of glucosinolates with indol-3ylmethyl backbone, methylthio and methylsulfinylalkyl side-chains. Glucoraphanin was the main compound in all samples (50%) [START_REF] Brown | Variation of glucosinolate accumulation among different organs and developmental stages of Arabidopsis thaliana[END_REF][START_REF] Hogge | HPLC separation of glucosinolates from leaves and seeds of Arabidopsis thaliana and their identification using thermospray liquidchromatography mass-spectrometry[END_REF][START_REF] Bianco | Acylated glucosinolates with diverse acyl groups investigated by high resolution mass spectrometry and infrared multiphoton dissociation[END_REF]. There was no significant change in the total glucosinolates content nor in the proportion of the 12 identified glucosinolates, following inoculation with A.

brassicicola. The concentration of glucosinolates in the ecotypes Col and Ws remained extremely low after inoculation and did not differ from non-inoculated samples. This was a quite interesting observation as the pathogen was reported to trigger glucosinolates production [START_REF] Hanschen | Differences in the enzymatic hydrolysis of glucosinolates increase the defense metabolite diversity in 19 Arabidopsis thaliana accessions[END_REF]. However, this is in line with some reports mentioning no accumulation of glucosinolates after fungal inoculation. The effect might be linked to several factors, such as the kinetics of induction, environmental conditions, and the pathogen [START_REF] Doughty | Variation in the glucosinolate content of oilseed rape (Brassica napus L.) leaves[END_REF][START_REF] Andini | Modulation of Glucosinolate Composition in Brassicaceae Seeds by Germination and Fungal Elicitation[END_REF].

Camalexin was not detected in any seed sample, which is in line with results from by Rauhut et al. [START_REF] Buxdorf | The Effects of Glucosinolates and Their Breakdown Products on Necrotrophic Fungi[END_REF].

Likewise and confirmed by previous reports for some, camalexin was not found in the leaves of B. vulgaris, B. nigra, C. bursa-pastoris [START_REF] Rauhut | Inducible expression of a Nep1-like protein serves as a model trigger system of camalexin biosynthesis[END_REF], C. hirsuta [START_REF] Jimenez | Phytoalexins produced in the leaves of Capsella bursapastoris (shepherd's purse)[END_REF], C. monensis, S. arvensis and S. officinale.

Conversely, all leaf samples of A. thaliana (except for the non-inoculated leaves of ecotype Ws) contained some camalexin. As expected, the inoculation with A. brassicicola triggered camalexin production, increasing its overall content from less than 2.8 µg.g -1 to 30.9 µg.g -1 (Fig. 7). With regards to the natural population and the ecotype Col of A. thaliana, non-infected samples showed very similar basal concentrations of camalexin of 2.7 and 2.8 µg.g -1 , respectively. After inoculation, the concentration increased 11-fold to 30.9 µg.g -1 for the natural population and 7-fold to 20.2 µg.g -1 for ecotype Col, respectively. In the Ws ecotype, no camalexin was detected before inoculation. Inoculated samples then showed 3.3 µg.g -1 of the compound, which is in the range of the basal level of the two other ecotypes. The constitutive presence of camalexin in some ecotypes of A. thaliana has been documented [START_REF] Bednarek | Conservation and clade-specific diversification of pathogen-inducible tryptophan and indole glucosinolate metabolism in Arabidopsis thaliana relatives[END_REF] as well as the lower camalexin content for Ws compared to the Col ecotype [START_REF] Zhang | Constitutive camalexin production and environmental stress response variation in Arabidopsis populations from the Iberian Peninsula[END_REF]. In addition to the variability between genotypes, the levels of camalexin measured in this study and the increase after infection were consistent with data from the literature [START_REF] Izquierdo Zandalinas | A Fast and Precise Method To Identify Indolic Glucosinolates and Camalexin in Plants by Combining Mass Spectrometric and Biological Information[END_REF][START_REF] Kagan | Arabidopsis ecotype variability in camalexin production and reaction to infection by Alternaria brassicicola[END_REF][START_REF] Bottcher | The Biosynthetic Pathway of Indole-3-Carbaldehyde and Indole-3-Carboxylic Acid Derivatives in Arabidopsis[END_REF]. It should nevertheless be kept in mind that the production of camalexin seems greatly dependent on a number of factors, including plant development stage, time of harvest after inoculation, and environmental conditions [START_REF] Buxdorf | The Effects of Glucosinolates and Their Breakdown Products on Necrotrophic Fungi[END_REF][START_REF] Zhang | Constitutive camalexin production and environmental stress response variation in Arabidopsis populations from the Iberian Peninsula[END_REF][START_REF] Yaguchi | Induction of plant disease resistance upon treatment with yeast cell wall extract[END_REF].

Conclusion

The present study proposes a quantification method for the simultaneous routine analysis of glucosinolates (total and individual) and camalexin adapted to small-sized samples from Brassicaceous plants. The protocol is based by simultaneous liquid extraction and combined purification prior to HPLC-UV-MS and HPLC-FLD approach. The linearity of the method for glucosinolates and camalexin were in the range of 50 to 3500 µM and 0.025 to 5 µg.mL -1 , respectively. LOD/LOQ based on UV absorption and fluorescence detection were 3.8/12.6 µM and 0.014/0.046 µg.mL -1 . This method was proven precise, accurate and true and can therefore be used from 20 to 50 mg of DM starting material, requiring as little as 60 mg for a triplicate analysis. The applicability of the proposed method was evaluated by the identification and quantification of glucosinolates and camalexin in different Brassicaceae genera, A. thaliana genotypes, organs (leaves and seeds), and after pathogen inoculation.

The results were comparable to those found in the literature, which confirms the precision of our method.

The proposed concept not only allows characterizing glucosinolates and camalexin from single smallsized samples it also significantly reduces experimental time and the overall costs of analysis. Obtaining qualitative and quantitative information on phytoalexins and phytoanticipins from a single small-sized sample is a crucial element for a better understanding of the role of these compounds in the A. brassicicola-Brassicaceae interactions. This particularly concerns early developmental stages of the black spot cycle, in which important changes in the content of glucosinolates and camalexin are expected. Such analyses are essential for all Brassicaceae species including those with small seeds, or with high concentrations of seed reserves. 
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Figures and Tables

Fig. 1. General structure of glucosinolates with biological variation predominantly due to a substitution of side group R but derivatives at the thioglucose moiety are also known (137 identified whose 88 conclusively characterized) [START_REF] Blazevic | Glucosinolate structural diversity, identification, chemical synthesis and metabolism in plants[END_REF] and camalexin. 
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 2 Fig. 2. Examples of HPLC analysis of desulfo-glucosinolates and camalexin fractions. (A) HPLC-UV
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Table 1

 1 Recovery of camalexin from rapeseed samples spiked at different levels (n=3). Down scaled results in µg.g -1 of DM for A. thaliana natural population leaf samples containing a medium quantity of camalexin. Camalexin content with starting material from 8 to 45 mg. The value between brackets was not included in the average.

	Spiked quantity (µg) Recovery (%) RSD (%)
	2.00	110	18
	1.50	101	3
	1.03	99	8
	0.77	104	9
	0.39	117	9
	0.26	108	4
	0.10	98	21
	0.05	100	4
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Glucosinolate (GSL). Below limit of quantification (blq) is between LOD and LOQ. Tentatively identified (*).