The future of agriculture is rapidly evolving due to climate change and demographic context around the world. Indeed, global warming poses a greater risk every year to our ways 2016 and then 2020 being the hottest years on record since 1880 (Earth Science Communications Team at . As well as temperature, atmospheric CO2 is rising and is set to surpass 550 ppm in the next 30-80 years [START_REF] Smith | Impact of anthropogenic CO2 emissions on global human nutrition[END_REF]. On top of this, according to the FAO, food production must increase by 90% by 2050 to feed 9.1 billion people (Food and Agriculture Organization, 2009) Thus, researchers and farmers are working together to find solutions to support the transition towards a more sustainable yet productive agricultural system. Amongst strategies to improve agricultural efficacy, we can envisage optimizing fertiliser use efficiency as well as seed and seedling performance (especially as some crops have a germination rate as low as 80%). To this extent, seed germination is a widely studied notion and has been thoroughly investigated for many crop species, in the aim of ensuring reliable crop establishment under climate and nutrient stress. This brings us to another important agricultural issue concerning chemical and natural fertilizers, as they may come to be in short supply (e.g. phosphorus) and can be pollutants (e.g. nitrate). Generally, the major elements used in fertilizer are phosphorus, nitrogen and potassium. Nitrogen is believed to be the main nutrient that limits crop production today (Andrews et al., 2013). In addition, nitrogen is a key element for postgerminative growth and seedling establishment, which are the first steps to a successful production. Strategies have to be found to provide adequate N supply to conform with environmental imperatives, as N fertilization can be problematic as it can pollute water sources and cause ammonia toxicity in plants (Britto and Kronzucker, 2002;[START_REF] Crawford | Molecular and physiological aspects of nitrate uptake in plants[END_REF]Andrews et al., 2013). Therefore the current inclination in agriculture is too reduce N input in agrosystems. For example, one solution is intercropping with legumes to enrich the soil in N for non-legume partner species [START_REF] Fustec | Nitrogen rhizodeposition of legumes. A review[END_REF].

Fabaceae seeds have high protein content, are a key part of human and animal food consumption and are useful as rotational, forage and association crops as well as increasing biodiversity in farming systems [START_REF] Graham | Legumes: Importance and Constraints to Greater Use[END_REF][START_REF] Zander | Grain legume decline and potential recovery in European agriculture: a review[END_REF].Due to the intended decrease in nitrogen input and the importance of fertilization for crops, legumes have potential to compensate the former in agriculture, and can colonize low N areas. Indeed, legumes are well known to form nodules with atmospheric-nitrogen fixing bacteria (Rhizobium) [START_REF] De Faria | Occurrence of nodulation in the Leguminosae[END_REF]Beringer et al., 1979). Medicago truncatula also known as barrel medic, a model legume has been widely studied, has a small diploid genome (500-550 Mb) and relatively quick cycle (3 months) [START_REF] Young | Translating Medicago truncatula genomics to crop legumes[END_REF]. This plant has been used a lot for studying nodule formation, seedling growth, genomics, transcriptomics, proteomics and metabolomics [START_REF] Rose | Medicago truncatula as a model for understanding plant interactions with other organisms, plant development and stress biology: past, present and future[END_REF]Ben Hdech et al., 2020;Benedito et al., 2008;[START_REF] Repetto | Exploring the nuclear proteome of Medicago truncatula at the switch towards seed filling[END_REF][START_REF] Farag | Metabolomics Reveals Novel Pathways and Differential Mechanistic and Elicitor-Specific Responses in Phenylpropanoid and Isoflavonoid Biosynthesis in Medicago truncatula Cell Cultures[END_REF]. To add to these qualities, M. truncatula characteristics can be inferred to wild and crop species as it has a high level of synteny with other plants such as alfalfa [START_REF] Choi | A Sequence-Based Genetic Map of Medicago truncatula and Comparison of Marker Colinearity with M. sativa[END_REF] and pea (Aubert et al., 2006). . M. truncatula is originally from the Mediterranean basin and many different ecotypes from various geographical locations have been found. These are amongst the main reasons we chose to use M. truncatula for this study.

Plant roots can absorb nitrate (NO3 -), ammonium (NH4 + ) and to a lower extent, organic N such as or some amino acids. Nitrate is nevertheless the main form of nitrogen taken up by seedlings as it is usually the most accessible form in soil (Harper, 1994;[START_REF] Crawford | Molecular and physiological aspects of nitrate uptake in plants[END_REF]. Once the plant has absorbed NO3 -thanks to nitrate transporters (NRT), it is reduced to nitrite by the nitrate reductase, and then into ammonium thanks to nitrite reductase [START_REF] Crawford | Molecular and Developmental Biology of Inorganic Nitrogen Nutrition[END_REF]. Ammonium is then incorporated via the GOGAT (glutamate synthase) / GS (glutamine synthase) cycle thereby generating glutamine and glutamate.

Glutamate serves as an amine (NH2 group) donor to form other amino acids via transaminases.

Legumes have adopted strategies in low nitrogen conditions to sustain their nutritive needs. For example For example, HATS (high affinity transporter system) transporters (NRT2 family), are active when NO3 -concentration is low [START_REF] Nacry | Nitrogen acquisition by roots: physiological and developmental mechanisms ensuring plant adaptation to a fluctuating resource[END_REF]. In barrel medic, it is worth noting that NRT1.3 has a dual affinity for both high and low concentration ranges (Morère-Le Paven et al., 2011). Nitrate has an important trophic and signalling role as its variation is one of the main factors that can have important consequences on M. truncatula seedling growth [START_REF] Brunel-Muguet | Modelling the relative contribution of seed nitrogen reserves and external nitrogen uptake during heterotrophic growth in Medicago truncatula[END_REF]Ben Hdech et al., 2020). Nitrate acts as a signal for seedlings and can affect the architecture of the root system due to its influence on ROS which in turn influences root growth [START_REF] Dunand | Distribution of superoxide and hydrogen peroxide in Arabidopsis root and their influence on root development: possible interaction with peroxidases[END_REF]. Generally, nitrate reduces the length of the primary root growth in M. truncatula [START_REF] Morère-Le Paven | Characterization of a dualaffinity nitrate transporter MtNRT1.3 in the model legume Medicago truncatula[END_REF][START_REF] Pellizzaro | The Nitrate Transporter MtNPF6.8 (MtNRT1.3) Transports Abscisic Acid and Mediates Nitrate Regulation of Primary Root Growth in Medicago truncatula1[W][END_REF] by influencing ROS metabolism which contributes to regulating root elongation [START_REF] Zang | Nitrate inhibits primary root growth by reducing accumulation of reactive oxygen species in the root tip in Medicago truncatula[END_REF]. In particular, it has been suggested that nitrate induces a decline in H2O2 in the root tip leading to a decrease in OH , and thus, reduces primary root elongation by influencing the expression of various peroxidases [START_REF] Zang | Nitrate inhibits primary root growth by reducing accumulation of reactive oxygen species in the root tip in Medicago truncatula[END_REF]Zang et al., 2022). This may be the general rule in light growing conditions but there are some exceptions as shown by Ben Hdech et al., (2020).

Indeed, radicle length can vary depending on the genotype and depending on growth conditions such as dark growth conditions.

Studying M. truncatula under low nitrate conditions before nodule formation (200°days [START_REF] Moreau | The model symbiotic association between Medicago truncatula cv. Jemalong and Rhizobium meliloti strain 2011 leads to N-stressed plants when symbiotic N2 fixation is the main N source for plant growth[END_REF]) is of great interest as legumes are considered to be less efficient at absorbing nitrogen in soil than other crops due to their relatively low seed mass and slow lateral root growth [START_REF] Thorup-Kristensen | The effect of nitrogen catch crop species on the nitrogen nutrition of succeeding crops[END_REF][START_REF] Dayoub | Traits affecting early season nitrogen uptake in nine legume species[END_REF]. Nevertheless, nitrate is still essential to legume establishment and seedlings need to transiently absorb nitrate. [START_REF] Brunel-Muguet | Modelling the relative contribution of seed nitrogen reserves and external nitrogen uptake during heterotrophic growth in Medicago truncatula[END_REF] have shown that in M.truncatula, seedlings start absorbing nitrate as soon as the radicle protrudes the seed coat, i.e. at germination.

Germination is the developmental step which precedes heterotrophic growth.

Germination is considered to be the period starting with seed imbibition to the moment when the radicle protrudes the seed coat thanks to activation of metabolic pathways (Bewley, 1997).

The embryonic axis development that ensues gives rise to the three organs that compose the seedling. The radicle, which becomes the primary root, ensures a sturdy fixation in the soil, allows for potential secondary root growth, percieves external stimuli and absorbs nutrients and water. For epigeal species, such as M. truncatula, the second organ is the hypocotyl which grows towards the surface by cell elongation [START_REF] Youssef | Cell length instead of cell number becomes the predominant factor contributing to hypocotyl length genotypic differences under abiotic stress in Medicago truncatula[END_REF], where the cotyledons open and initiate photosynthesis.

Seedling heterotrophic growth, also called pre-emergence growth, is the stage between germination sensu strictu and the cotyledons opening above the surface (Fig. 1). Seedlings are considered to be heterotrophic because reserves such as sugars, proteins and lipids from cotyledons are remobilized towards the hypocotyl and radicle. The heterotrophic phase is crucial for ensuring a good establishment in the field and seedlings are particularly vulnerable to the environment during this stage. However, the transition to autotrophy depends also on exogenous resources [START_REF] Maillard | The effects of lifting on mobilisation and new assimilation of C and N during regrowth of transplanted Corsican pine seedlings. A dual 13C and 15N labelling approach[END_REF]. Autotrophy is not viable during this stage because there is little incident light in the soil meaning that a quick heterotrophic growth is necessary for establishment. It should be noted that not all of the reserves are used for hypocotyl and radicle biomass accumulation since a substantial portion is lost via both growth and maintenance respiration, and such a loss has been estimated to reach up to 27 % in M. truncatula (Ben Hdech et al., 2020). Interestingly, in M. truncatula, the number of cells in the hypocotyl is pre-defined during seed maturation and embryo formation [START_REF] Pierre | Cellular changes during Medicago truncatula hypocotyl growth depend on temperature and genotype[END_REF], therefore it does not depend on external conditions. Therefore, only cell elongation is involved in hypocotyl length increase. Soluble sugars are believed to play a crucial role in hypocotyl growth since the concentration in fructose and glucose has been found to increase concurrently with endoreplication cycles in the elongating cells [START_REF] Pierre | Cellular changes during Medicago truncatula hypocotyl growth depend on temperature and genotype[END_REF]. Also, in both radicle and hypocotyl, cell wall remodelling is important not only to accommodate turgor pressure increases due to concentrated solutes, but also to accompany increase in cell size. In fact, expansins, xyloglucan endotransglucosidases, cellulose synthase and other enzymes involved in cell wall remodelling have been found to be up-regulated during seedling growth [START_REF] Gimeno-Gilles | ABA-Mediated Inhibition of Germination Is Related to the Inhibition of Genes Encoding Cell-Wall Biosynthetic and Architecture: Modifying Enzymes and Structural Proteins in Medicago truncatula Embryo Axis[END_REF]Pierre, 2012).

Heterotrophic growth of M. truncatula seedlings under different nitrogen and temperature conditions has been investigated previously in Ben Hdech et al., (2020) and Ben Hdech, (2020), using various genotypes representative of natural genetic diversityA total of 192 different accessions1 of M. truncatula are grouped in a nested core collection (CC192) [START_REF] Ronfort | Microsatellite diversity and broad scale geographic structure in a model legume: building a set of nested core collection for studying naturally occurring variation in Medicago truncatula[END_REF][START_REF] Loridon | Single-nucleotide polymorphism discovery and diversity in the model legume Medicago truncatula[END_REF] truncatula accessions seem to emerge, based on trait (organ length and biomass) response to nitrate supply (Fig. 2). These groups were thus termed 'physiogroups'. Indeed, in response to the absence of nitrate, the red group promotes radicle growth and maintains hypocotyl growth, the blue enhances seed biomass mobilization and biomass loss during growth, the green increases biomass mobilization, promotes radicle elongation and maintains hypocotyl growth and finally, the black group maintains growth while the hypocotyl is affected in both elongation and biomass allocation.

Up to now, there seems to be no general link between seed metabolism and vigour (rapid and uniform emergence, growth potential under stress and normal seedling development)

because it is variable between plant groups and families. Yet, common points exist between several studies such as increased malate and hexose content in high-performing or artificial ageing resistant seeds (Domergue et al., 2019 and references therein). Soluble sugars seem to play a key role not only as the main source of carbon but also in regulating seedling metabolism during germination. For instance, RFOs (raffinose family oligosaccharides) are often found in large quantity in Fabaceae seedlings [START_REF] Peterbauer | Biochemistry and physiology of raffinose family oligosaccharides and galactosyl cyclitols in seeds[END_REF] and notably in M.

truncatula, RFOs are the major sugars and can be associated with seed vigour [START_REF] Vandecasteele | Quantitative trait loci analysis reveals a correlation between the ratio of sucrose/raffinose family oligosaccharides and seed vigour in Medicago truncatula[END_REF][START_REF] Pierre | Cellular changes during Medicago truncatula hypocotyl growth depend on temperature and genotype[END_REF]. These RFOs disappear relatively quickly leading to fructose and glucose accumulation in M. truncatula seedlings [START_REF] Pierre | Cellular changes during Medicago truncatula hypocotyl growth depend on temperature and genotype[END_REF]. Starch also plays a transient role as a carbon store formed during seed maturation and then carbon source via hydrolysis and synthesis of RFOs which accumulate towards the end of seed maturation [START_REF] Djemel | Development and composition of the seeds of nine genotypes of the Medicago truncatula species complex[END_REF]. Overall, it should not come as a surprise to find sugars belonging to the RFOs (raffinose, stachyose and verbascose) as well as sucrose, glucose and fructose (resulting from hydrolysis of these sugars) as important metabolites for legume seed quality (high germination and vigour). Proteins are the second most important reserve molecules and especially for legumes, since they can represent up to 40% of seed dry weight in several species, including soybean and M. truncatula [START_REF] Djemel | Development and composition of the seeds of nine genotypes of the Medicago truncatula species complex[END_REF][START_REF] Patil | Molecular mapping and genomics of soybean seed protein: a review and perspective for the future[END_REF]. Vicillins, convicilins, legumins and coglutins are the major storage proteins in M. truncatula [START_REF] Gallardo | Proteomics of Medicago truncatula Seed Development Establishes the Time Frame of Diverse Metabolic Processes Related to Reserve Accumulation[END_REF]. Therefore, a large relative abundance of amino acids can be found in seeds and seedlings due to the high protein content. Metabolomic studies that discuss nitrate conditions and seedlings do exist. Monosaccharides as well as organic acids increase under nitrogen stress and amino acid content was higher with nitrogen applications in wheat seedlings [START_REF] Khan | COMPARATIVE METABOLITE PROFILING OF TWO WHEAT GENOTYPES[END_REF].

Our objective is to characterize the heterotrophic growth and metabolism, under two different nitrate conditions, of four contrasting accessions which represent their respective physiogroups found by Ben Hdech et al., (2020), as well as Jemalong A17 (L000738), which is the accession used in many studies including genome sequencing. This study will pave the way for a future in-depth analysis of the different physiotypical behaviours described previously. To this extent, we have looked at metabolites that accumulate in seeds and are looking at the metabolites that accumulate in seedling organs under contrasting nitrogen conditions by gas chromatography coupled with exact mass spectrometry (GC-MS). Our work however represents an exciting scientific aspect as, to our knowledge, metabolomics analyses have rarely been carried out on the heterotrophic growth stage in M. truncatula and legumes in general. Additionally, we have investigated the content of different elements as well as their isotopic composition in the five different accessions sampled after 9 days of heterotrophic growth. We also measured the impact of exogenous nitrogen in plants, by calculating hypocotyl and radicle NUE as well as seedling nitrogen usage index in hope of linking nitrogen use to genotype behaviours. has the heaviest seeds and L000550 the lightest.

In order to determine at which developmental stage we were going to sample the seedlings for GC-MS, we decided to follow the growth of the accessions mentioned above, over 9 days. Roughly 40 seeds from each accession were scarified with sand paper and imbibed in 4 mL water on Whatman paper in round Petri dishes. Petri dishes were then wrapped in aluminium foil to block out light for 3 h at 20°C in the green growth chamber for imbibition.

Seeds were then moved to the cold room (4°C) for 72 h for stratification. Seeds were placed at 17°C in the dark for 24 h to induce germination. This temperature was chosen as we consider 17°C to be the control heterotrophic growth temperature for different M. truncatula genotypes [START_REF] Brunel | Using a model-based framework for analysing genetic diversity during germination and heterotrophic growth of Medicago truncatula[END_REF]. Thereafter, 11 germinated seeds with a radicle of between 0.8 and 1.2 cmwere placed on square dishes and imbibed with 8 mL of a nutritive MS solution either with (N+) or without (N-) 5 mM NO3 -in the form of KNO3. The nutritive solution contains the following elements: CaCl2 2H2O (3 mM), MgSO4 7H2O (1.5 mM), KH2PO4/K2HPO4 (1.25 mM), MnSO4 H2O (100 µM), ZnSO4 7H2O (30 µM), CuSO4 5H2O (0.1 µM), Na2Mo4 2H2O (1 µM), H3Bo3 (100 µM), KI (5 µM), CoCl2 6H2O (0.1 µM), FeSO4 7H2O (100 µM), Na2EDTA

2H2O (100 µM) and KNO3 (5 mM) for the MS N+ solution and KCl (5 mM) for the normal MS N-solution. KCl is added to the MS when no KNO3 is present to account for osmotic balance.

MES buffer was added to stabilize pH at 5.5 (0.05 g / 100 mL). Two plates per genotype and per nitrate condition were sealed to maintain high humidity and were also wrapped in aluminium foil before being put, at random, in an incubator at 17°C in the dark with an angle of 85°for gravitropism. We then measured hypocotyl and radicle length at 25, 48, 72, 96, 168, and 192 h after having transferred seedlings to square dishes (hours after transfer: HAT) All measurements were carried out in the green room to mimic dark conditions. We photographed seedlings and then sampled organs at 216 HAT for elemental and isotopic analysis (see below).

Hypocotyl and radicle length (HL and RL respectively) was determined with ImageJ [START_REF] Schindelin | Fiji: an open-source platform for biological-image analysis[END_REF] at every time point. We then modelized the kinetics of hypocotyl and radicle heterotrophic elongation thanks to the Weibull equation (Eqn. 1). We modelized growth as follows:

Equation 1.

with L(t) the length of a given organ over time, the final length, and the other parameters of the model line. Time was measured after the transfer of seedlings to square dishes (HAT).

Seeds as well as cotyledons, hypocotyls and radicles collected on day 9 (216 HAT) from the two nitrate conditions (NC) were freeze-dried and lyophilized (0.01 to 0.2 mbar, -45 to -50°C). Samples were ground and 2 mg of each was weighed tin capsules. Elemental carbon, sulfur and nitrogen content (%C, %S, %N) and the carbon, sulfur and nitrogen isotopic 13 34 15 N) were measured in the samples mentioned above with a CHONS Elemental Analyser (Vario-EA PYROcube® Elementar) coupled to an isotope ratio mass spectrometer (IRMS Isoprime PrecisIon® Elementar). Possible offsets of raw IRMS values were corrected using both international IEAE (caffeine IAEA-600, IAEA Vienna) and homemade standards (sucrose-methionine-glycine mixture, referred to as SMG and cross-calibrated against caffeine IAEA-600 and Ag2S IAEA-S-1, for C, N and S isotopes).

Nitrogen use efficiency (NUE) is a parameter allowing us to quantify the apparent usage of nitrogen by plants. NUE has had many different definitions [START_REF] Hirose | Nitrogen Turnover and Dry-Matter Production of a Solidago Altissima Population[END_REF]Berendse and Aerts, 1987;[START_REF] Moll | Analysis and Interpretation of Factors Which Contribute to Efficiency of Nitrogen Utilization 1[END_REF][START_REF] Hirose | Nitrogen use efficiency revisited[END_REF], NUE calculation all depends on the system studied. In our case, we estimate the quantity of nitrogen present in M. truncatula dry seeds and Exogenous NUE and endogenous and exogenous usage indexes were estimated thanks to the biomass and %N obtained from EA analyses (Eqn. 2; Eqn. 3; Eqn. 4). The NUE was here calculated as follows:

Equation 2.

with i and j as growing organs (hypocotyl and radicle) under N+ and N-conditions, respectively, CUE, carbon use efficiency was also calculated in the same manner, however no exogenous carbon was added to the medium. Also, thanks to the SDW we could also estimate seedling exogenous and endogenous nitrogen usage Nitrogen usage was calculated as follows:

Equation 3. where Trait N - i;j is a given trait for seedling i for genotype j, in the absence of nitrate and Trait N + j(avg), the average response of genotype j, in the presence of nitrate. This equation was used for all given phenotypical traits (pHL, pRL, pCRDW, pHADW, pRADW, pLDW).

Metabolites from seed, hypocotyl and radicle samples were extracted with an 90%-MeOH / 10%-H2O extraction buffer with ribitol as an internal standard (concentration of 3.2 mg/L). An adjusted volume of extraction buffer was added to each sample to obtain a ratio of 500 µl of MeOH for 10 mg of dry weight for every sample. The samples were ground and heated during 20 min for metabolite extraction (60°C, 1,200 rpm). After centrifugation (10,000g, 10 min), 5 µL of the supernatant was diluted in 245 µL extraction buffer to dilute the concentration of metabolites 50-fold. 10 µL of each sample was put into a round-end glass vial with an insert for gas chromatography/mass spectrometry (GC-MS). Samples were spin-dried at 39°C. GC-MS analyses were carried out using a GC-MS-Orbitrap Q Exactive (Thermo Scientific) according to [START_REF] Domergue | Compound-Specific 14N/15N Analysis of Amino Acid Trimethylsilylated Derivatives from Plant Seed Proteins[END_REF]. Samples were derivatized (automatically with 29 a preparative robot) with 20 µL methoxyamine (20 mg mL -1 in pyridine; 90 min at 37°C) and 30 µL N-methyl-N(trimethylsilyl)trifluoroacetamide (MSTFA) for 30 min at 37°C. Prior to injection, 5 µL of alkane mix (14 alkanes from C9 to C36, 3 µg µL -1 , Connecticut n-Hydrocarbon Mix, Supelco) were added in each sample to compute the retention index. Analyses were performed by injecting 1 µL in splitless mode at 230°C (injector temperature) in a TG-5 SILMS column (30 m x 0.25 mm x 0.25 µm; Thermo Scientific) set in a Trace 1300 Series GC (Thermo Scientific). Helium was used as gas carrier with a constant flow of 1 mL min -1 . After one minute at initial GC oven temperature (70°C), temperature was raised to 325°C at 15°C min -1 and finally kept at 325°C for 4 min. MS analyses were operated in positive polarity in full MS scan mode with the following source settings: mass scan range 50-750 m/z, resolution 60,000, AGC target 1E6, MS transfer line 300°C and filament delay 4.12 min. Ionisation by electron impact (70 eV) was performed with at 250°C ion source temperature. Metabolites were identified automatically using TraceFinder (Thermo Scientific) using retention time, the main characteristic fragment (exact mass m/z ion) and a confirmation fragment.

For seedling traits, all tests were carried out with R studio and SAS. Wherever possible, we carried out ANOVA (or pairwise Student t-tests for comparing differences between nitrate conditions (NC) for a given genotype) analyses followed by post-hoc Tukey tests. The statistical significance threshold was 5% to evaluate genotype (G), nitrate condition (NC) and G x NC interaction effects. For non-parametric data, Scheirer-Ray-Hare and Dunn tests were used with a significance threshold of 5%. Principle component analysis (PCA) was carried out on the pTrait data to see how the different parameters structured the variation of the genotypes. The first PCA projects the four representative accessions of the CC192 based on their biometric response to the absence of nitrate. We made a second PCA by adding L000738 triplicates in ANOVA analyses were carried out on the EA-IRMS results when possible, to check for differences in %C, %N and %S between organs, genotypes, and NC. We did not carry out statistical analysis on combined genotype isotopic composition because their isotopic signatures are too variable between genotypes. A PCA was conducted using SIMCA® software with the element content and isotopic compositions as projected variables and the genotypes/organs as projected individuals.

ANOVA was carried out with MeV software on hierarchal clustered metabolites to compare differences between seeds. An orthogonal partial least squares (OPLS) was drawn with SIMCA® with metabolite relative concentration as X (predictive) variables and SDW as the Y (predicted) variable.

We measured both shoot (hypocotyl) and root (radicle) elongation of the five genotypes (L000049, L000445, L000550, L000639, L000738) over time with 5 mM nitrate or without nitrate (Fig. 3). As expected under dark growth conditions, elongation time courses have a slow starting phase then an exponential phase and finally a plateau. Radicle length (RL) reaches its maximum length quicker than hypocotyl length (HL) in all genotypes. At 216 HAT, radicle length is within 29.6-55.9 mm and 31.2-54.3 mm under N+ and N-conditions, respectively.

Hypocotyl length is within 41.5-62.5 mm and 44.3-63.7 mm under N+ and N-conditions, respectively.

There are significant differences between genotypes (ANOVA p<0.05, data not shown).

Across nitrogen conditions (NC), two initial RL groups appear (at 25 HAT), opposing L000550, the smallest genotype, to the four other genotypes. However, this evolves over time (by 168 HAT) giving rise to three main groups. At 216 HAT, the longest radicle belongs to L000049 (about 59 mm). Likewise, there are general differences for HL. Initially at 25 HAT, L000445 and L000639 are part of the longest group (both about 8.5 mm) and the smallest group includes L000550 and L000049 (5.1-5.7 mm). At 216 HAT, L000639 is the longest accession (c. 63 mm) however, L000049 (c. 54 mm) recovers its late start. Overall, there is no overall nitrate (NC) effect, nor NC x genotype interaction effect on HL during the kinetic growth experiment. However, as expected, NC seem to have a general effect on RL since on average, at 216 HAT, the radicle measures c. 49 mm and 44 mm under N-and N+ conditions, respectively. This NC effect seems to be present during the entire growing period, since at every time point there is a significant difference between N+ and N-(ANOVA p<0.05, data not shown).

The main objective of this kinetic experiment was to identify the developmental stage at which we should sample organs for GC-MS (experiment 2). Under the assumption that HL represents seedling developmental progression (since it represents a higher biomass than the radicle), we may choose 65 and 216 HAT to reflect exponential growth phase (65) and growth termination (216). Still, there are striking differences between genotypes (and sometimes between NC at 65 HAT). Yet, all of the accessions are still in their exponential phase at 65 Table 2. Average phenotypical measurements and pTraits of all five accessions as well the overall averages for the five accessions at 216 HAT in both NC (n = 30 /genotype/NC). Significant differences between NC (Student t-tests p<0.05) are noted with letters (a,b). HL: hypocotyl length, RL: radicle length, CRDW: cotyledon residual dry weight, HADW: hypocotyl allocated dry weight, RADW: radicle allocated dry weight, LDW: lost dry weight. pTraits correspond to the response of a given trait to the absence of nitrate.

HAT although some seedlings may be more advanced than others (at 65 HAT: HLL000049 = 32 % HLL000049max vs. HLL000738 = 64 % HLL000738max).

Seedling elongation and seed biomass use plasticity traits were determined for all accessions in both NC at 65 HAT (exponential growth) and 216 HAT (plateau) (Tab. 2; Fig. 4; Annex Tab. 5). At 65 HAT, overall genotype and NC effects are both significant for HL (Scheirer-Ray-Hare p<0.05, Annex Tab. 6). The genotype effect alone is significant for RL, CRDW and HADW, meaning that there are differences between accessions (Fig. 4; Annex Fig 12, Annex. Tab. 6). Pairwise testing showed that no genotype differs significantly under N-and N+ conditions. However, when combining all genotypes, HL is significantly different (ANOVA p<0.05) and is slightly longer under N+ conditions (c. 28.0 (N+) vs. 26.3 mm (N-)) (Annex Tab. 5, Annex. Tab. 6).

At 216 HAT, genotype, NC and genotype x NC effects are all significant for HL and RL, whereas only the genotype effect is significant for biomass allocation parameters (ANOVA p<0.05) (Fig. 4.; Tab.2; Annex Fig. 12, Annex. Tab. 6). In line with the 65 HAT samples and the elongation course experiment, L000738 and L000639 have the longest hypocotyls and L000049 has the longest radicle. Also, L000550 has the shortest HL and RL under both NC.

Finally; L000049 and L000738 both have significantly longer hypocotyls as well as longer radicles in the absence of nitrate (Tab.2; Fig. 4). Concerning biomass allocation, only L000049 has significant differences for HADW and LDW between NC (Tab. 2, Annex Fig. 12). This reinforces the idea that the NC effect on HL and RL is genotype-dependent whereas biomass allocation is less affected by NC. As expected, HL and RL increase over time (Fig. 4). CRDW decreases (remobilization of reserves) and HADW increases whereas RADW stays stable between 65 and 216 HAT (Annex Fig. 12). LDW tends to slightly increase in each genotype, which is linked to seedling respiration (carbon loss). The genotype x HAT effect was found to be significant for all parameters between 65 and 216 HAT except for RADW and LDW (Annex Tab. 6). Multivariate analyses were carried out using principal component analysis (PCA). The first PCA uses pTraits as predictive variables (X matrix) and samples are the triplicates of the four accessions selected from the CC192, i.e., without Jemalong A17 (L000738) (Fig. 5A). The PCA statistical model explains 80% of variance (axis 1: 61.8 %; axis 2: 18.6 %). Along principal component 1, pLDW is singled out and opposes all of the other variables implying this trait could be a phenotypic marker of genetic diversity. Genotype replicates tend to group together, for example, we can observe L000049 to the right of the score plot, in the area correlated to pRL, and pTraits associated with biomass allocation and L000445 is more central because of its high pLDW. A second PCA analysis was conducted, also explaining roughly 80% variance (axis 1: 56.9 %; axis 2: 23.8 %), yet, we added L000738 to the samples. L000738 is found to the right of the score plot, due to its relatively high pRL , pHL and pHADW, however the three replicates vary to a certain degree along PC2. Thanks to the pTraits (Tab. 2), and the PCAs (Fig. 5) deduce that L000049 promotes radicle and hypocotyl growth as well as biomass mobilization to the hypocotyl. L000445 has an apparent high dry weight loss and less biomass is allocated to the radicle, but organ growth is maintained. L000550 tends to maintain growth and biomass allocation yet LDW is variable. L000639 seems to have a high LDW, and HL as well as the maintained. Finally, L000738 has a similar, yet less intense, response to L000049 to the absence of nitrate. Indeed, both HL and RL are stimulated in N-conditions, and both pHADW and pLDW appear to have the same tendency as L000049.

Elemental content

The elemental content of C, N and S (in % DW) as well as the isotope composition (Fig. 6) 13 34

15 N) were measured in seeds and seedlings from experiment 1 (216 HAT) (Tab.4; Annex Tab. 7). There were significant differences between organs (Fig. 6): the hypocotyl has a higher %N (c. 8.9 %) than the radicle (c. 6 %), whereas %S in the radicle (c. 0.9%) is higher than in the hypocotyl (c. 0.8%). Cotyledons have higher %C and %N than growing organs, reflecting the presence of yet non-remobilized protein reserves. NC have a significant effect on %N (Fig. 6), where the radicle has a higher %N under N+ conditions (also note an insignificant increase observed in the hypocotyl). Conversely, N-conditions lead to a higher %C in the radicle. No difference was observed for %S between the NC for the three organs.

Isotopic analyses

Isotopic analyses were also carried out on EDTA and MES free nutrient solutions since the isotope composition of seedlings can be modified due to the absorption of N and S from nitrate and sulphate present in the nutrient solution. In effect, nitrate and sulphate had specific signature (rather 15 N-enriched, and 34 S-depleted) (Tab. 3). Seeds were found to be roughly similar isotopically, with the exception of accession L000550 which had 15 N-depleted seeds . 4). Overall, growing organs appear to be enriched in 15 N and depleted in 34 S compared to cotyledons, especially in the radicle (Fig. 6).

This likely reflects both an isotope fractionation in metabolism and allocation, and the use of N and S from the nutrient solution (under N+ conditions).

Interestingly, there were isotopic differences between genotypes. At the seedling scale 13 C is different in each accession (Annex Tab. 7). As an example, the smallest accession 13 C whether it be in the hypocotyl, radicle or cotyledons. There

15 N, but also between organs, the radicle being 15 N-enriched (Annex. Tab. 7 34 S in the radicle but further investigation with higher statistical power is needed to determine possible differences.

A PCA analysis was conducted with all datapoints together to show how accessions and organs are distributed in the elemental-isotopic space (Fig. 7). The PCA statistical model captured 79% of variance (axis 1: 60 %, axis 2: 19 %) and shows that samples are grouped primarily by organ type along axis 1. Cotyledons and seeds (with high %N and %C) are separate and appear on the right-hand side. Radicle and hypocotyl samples are on the left, their relative position driven by their high %S. The variance associated with genotype effect was essentially captured by axis 2, and especially L000550 (green) which appears to be well separate from the other accessions, driven by the 13 C value (higher 13 C abundance than the other genotypes).The systematic 13 C-enrichment in L000550 suggests that perhaps, this genotype had specific photosynthetic properties in plants that produced seeds, that is, that photosynthesis fractionated less against 13 C due to, e.g., water deficit or conservatively low stomatal conductance (but see also below).

Some correlation was found between elemental and isotopic parameters (Fig. 8). Indeed, 34 S tends to decrease as %S increases (R² = 0.66) and this relationship is driven by organ types and not genotypes (Fig. 8A). This means that samples that are sulphur rich are naturally depleted in 34 S. This effect is probably caused by both the contribution of sulphate from the nutrient solution (which is 34 S-depleted) and S-rich organs are associated with higher relative content in 34 S-depleted components. In particular, it is interesting to note that cotyledons are isotopically similar to seeds ( 34 S-enriched) than to other organs ( 34 S-depleted) (Fig. 7). This strongly suggests an effect of isotopic fractionation during protein remobilisation in cotyledons, producing naturally 34 S-depleted S-containing metabolites (e.g. methionine) exported to growing organs. Another interesti 13 C in hypocotyl and HL (R² = 0.80) (Fig 8B). All genotypes combined, HL increases as 13 C decreases, and this relationship is driven by genotypes and not by NC. L000550 is the genotype with the smallest HL and 13 C and L 13 C. This suggests that this 13 C does not depend on external conditions but is determined genetically. In addition to photosynthetic properties of the mother plant that might impact on HL of offspring seedlings, it is probably that there is a metabolic effect. For example, there could be a change in reserves naturally 13 C-enriched and protein remobilisation from cotyledons and this can impact carbon provision to the hypocotyl and thus HL.

Apparent nitrogen use efficiency

Total elemental nitrogen present in seedlings is the result of remobilisation from cotyledons and N assimilation under N+ conditions. It is thus important to estimate the apparent gain or loss in N (relative NUE) in radicles and hypocotyls and look at differences between NC and genotypes. The same applies to carbon (carbon use efficiency, CUE) although no organic carbon is provided by the nutrient solution. Relative NUE and CUE was calculated for each genotype by comparing the absolute quantity of nitrogen and carbon in the seedlings in both NC (absolute content = biomass x elemental content) (Fig. 9). The difference in relative NUE between the two NC is presented in Fig. 9A. L000049 growing organs apparently did not benefit from NO3 -under N+ conditions because they have lower carbon and nitrogen quantities in N+ conditions. L000445 and L000639 greatly benefited from added NO3 -both for N and C nutrition (Fig. 9A). The fact that N+ conditions increase both N and C gain in the hypocotyl and radicle strongly suggest that in addition to N provision by external nitrate, N+ conditions stimulated redirection of organic matter from cotyledons to growing organs, that is, nitrate upregulated remobilisation. Interestingly, under N+ conditions cotyledons always tend to have higher %N suggesting nitrate can also accumulate in cotyledons (Fig. 9B).

GC-MS analysis of seeds of the five genotypes allowed identification and quantification different between genotypes and then they were grouped using hierarchical clustering.

Resulting metabolic signatures are presented as a heatmap (Fig. 10). Notably, L000639 has a high relative concentration in metabolites linked to the polyamine pathway (citrulline, ornithine, arginine, spermidine, asparagine) as well as general nitrogen metabolism (glutamine and glutamic acid). Interestingly, cadaverine and putrescine are less abundant in L000639 and more abundant in L000445. L000639 probably accumulates more spermidine than putrescine which is upstream of the former in the biosynthetic pathway. In terms of sugars, certain genotypes have a high content in oligosaccharides such as raffinose (L000639 and L000550), gentiobiose (L000049 and L000445) and trehalose (L000049) whereas L000445 and L000738 have a higher content in monosaccharides (glucose, mannose, galactose, allose). L000738 also has a high abundance threonic acid and lipoamide, and amino acids (serine, proline, lysine, tyrosine) as well as intermediates and derivatives of the TCA cycle (malic acid, methylmalonic acid, citramalic acid). Isocitric acid, another TCA intermediate is also abundant in L000738 and L000049. The few metabolites of sulphur metabolism found here to be significant (methionine, cystathionine) are particularly abundant in L000550.

A supervised multivariate analysis using OPLS was conducted using metabolites as predictive X variables and seed weight as a response Y variable (R²X = 0.651, R²Y = 0.968, Q² = 0.723; Annex Fig. 13). This allows us to see which variables cause separations between different seeds based on their dry weight. We then used the p(corr) (loading of the OPLS) and -log(p-value) of linear regressions between metabolites and SDW to draw a volcano plot (Fig. 11). The metabolites on the far left or far right and above the significant threshold (p<0.05) explain possible differences between accessions when taking into account seed biomass (Tab.

1). The central cluster represent metabolites that are present in seeds with a median SDW (L000445, L000639, L000738) and/or both heavy (L000049) and light seeds (L000550) (Fig. 11). Despite this, this representation is interesting to show that some metabolites both scale with seed weight and differ between genotypes. So is the case of isocitric acid, threitol, threhalose, 3-dehydroskimic acid, which could be potential biomarkers for heavy M. truncatula seeds. On the other side of the spectrum, allantoin (N storage), pyridoxine, cystathionine, tryptophan and phenylalanine can be correlated to light seeds. Currently, we are investigating the metabolic signatures of hypocotyls and radicles in N+ and N-conditions, and we will be using seed metabolome as an initial basis (i.e., reference for comparison for a given genotype and link with seedling behaviour (Tab. 2)). Here, we measured and calculated biophysical traits and indices as well as metabolic contents in M. truncatula heterotrophic growth stage under contrasting nitrate conditions.

Genotypes chosen here were based on Ben Hdech et al., (2020) to represent typical physiogroups.

Biometrics in responses to nitrate s in response to the absence of nitrate found in the present study (Tab. 2; Fig. 5) coincide with the physiotypical responses found by Ben Hdech et al.,

(2020), meaning that the selected panel represents their respective groups. For example, HL seems to a be a rather stable trait (except L000049), and is less affected than radicle length in the response to the absence of nitrate. In brief, RL, HL and LDW for L000049 all are significantly different as found in the previous study. Correspondingly, RL in L000639 as well as HL in L000445 do not differ significantly between NC. Also, some other traits appear to have the same response as in the previous study although they are not significant here (pCRDW and pLDW for both L000445 and L000550, and pHL and pLDW for L000639). The most interesting hypothesis is that we may be able to link L000738 to the red physiotypical group as truncatula, seed lots have an effect on different seed traits which could influence our findings.

Notably, the seed lot affects traits concerning biomass use and organ length (Ben Hdech, 2020).

This could be due to seed dry weight which is genotype x seed lot dependant [START_REF] Brunel | Using a model-based framework for analysing genetic diversity during germination and heterotrophic growth of Medicago truncatula[END_REF]. That said, the genetic structuration suggested by PCA 1 (Fig. 5) is symmetrical to that found in the PCA plot in ( (Fig. 2), meaning that the chosen accessions satisfactorily reproduce the natural variation of the CC192 with the same plasticity indexes.

CNS metabolism amongst genotypes and conditions

%S, %N and %C follow the same tendency whatever the accession, with higher %C and %N in the hypocotyl and higher %S in the radicle. %C in the radicle tends to be lower under N+ conditions as it is diluted by the subsequent higher N content.In seeds and seedlings isotopic signatures vary between accessions. For example, 15 N is a lot lower in L000550 seeds and 13 C is higher in L000550 seedlings. This suggests that L000550 has fewer natural legume (pea/broad bean [START_REF] Styring | Cereal grain, rachis and pulse seed amino acid 15N values as indicators of plant nitrogen metabolism[END_REF])) 15 N enriched amino acids (asparagine, aspartic acid, proline) or has more 15 N depleted amino acids (leucine, alanine) [START_REF] Styring | Cereal grain, rachis and pulse seed amino acid 15N values as indicators of plant nitrogen metabolism[END_REF].

However, judging by out heatmap (Fig. 10), this is not the case, perhaps the high content in allantoin in L000550 seeds, an ureide, is responsible for the 15 N depletion. According to the correlation shown in figure 8A, the S absorbed by the seedlings seems to be allocated to the radicle, as its isotopic composition is impoverished in 34 S when compared to the hypocotyl and especially the cotyledons. We can make this observation because the medium used has negative 34 S isotopic signature (Tab. 3). Additionally, this suggests that the S content in the seed stays for the most part in the cotyledons. To summarize, the isotopic composition in the radicle reflects the isotopic composition of the nutritive solutions used, whereas the 34 S-enriched cotyledons tend towards the isotopic composition of the initial reserves in the seed suggesting a fractionation during remobilization of S metabolites. It is possible that the S content found in the hypocotyl comes from both the nutritive solution and mobilised reserves from the cotyledons. However, it is also possible that the naturally depleted 34 S isotopic signature of S rich organs contributes to our results as well as the nutrient solution.

We found 13 C in seedlings is ruled by a genetic factor and could be a potential biomarker for HL as the higher the heavy isotope abundancy, the longer the hypocotyl. It is worth noting that the %C in the seedlings originates from the seed filling from the parent plant, and that in theory, the C in the nutritive solution is negligible. Therefore, the 13 C content in the seeds/seedlings is due to the discrimination via photosynthesis and stomatal closure. Rubisco tends to discriminate against 13 C however, this discrimination is weakened when CO2 is scarce in the chloroplast due to stomates closing during drought stress (Bchir et al., 2016). Water use efficiency (WUE) can be considered as the quantity of carbon accumulated (net photosynthesis rate) in relation to the amount of water transpired over a growing period. 13 C and WUE are tightly linked in plants [START_REF] Farquhar | Isotopic Composition of Plant Carbon Correlates With Water-Use Efficiency of Wheat Genotypes[END_REF] and could explain the difference in HL between accessions. This would suggest that L000550 has a higher WUE than the other genotypes, however it is more likely that due to the culture conditions, stomatal closure was preferred in this genotype leading to less 12 CO2 available in the chloroplast and thus its higher 13 C value. Another possible explanation is that perhaps L000550 has different reserve types that affect 13 C (higher naturally 13 C enriched reserves in seeds) . However, to confirm this hypothesis, further investigation is needed. Interestingly the genotypes L000445 and L000639 seem to accumulate more C in their growing organs under N+ conditions, this could be due to the enzyme phosphoenolpyruvate carboxylase that can capture CO2 in roots which has been shown to be induced by nitrate in maize . The apparent higher N content in cotyledons in N+ conditions (Fig. 9B)

suggests that the exogenous NO3 -stimulates the preservation of nitrogen reserves in cotyledons coming from seeds. While this is possible, it is more likely that NO3 -has the opposite effect by inducing the remobilisation of seed reserves, as seen in cereal seeds [START_REF] Lieffering | Nitrate Stimulation of Mobilization of Seed Reserves in Temperate Cereals: Importance of Water Uptake[END_REF] .

The five accessions have distinct seed metabolomic signatures as they are characterized by significant differences in metabolites such as amino acids, organic acid, and sugars.

Interestingly, L000639 has a high raffinose and myo-inositol content implying that the typical RFO (Raffinose Family Oligosaccharides) metabolism was involved. RFOs are known to accumulate in M. truncatula [START_REF] Djemel | Development and composition of the seeds of nine genotypes of the Medicago truncatula species complex[END_REF][START_REF] Vandecasteele | Quantitative trait loci analysis reveals a correlation between the ratio of sucrose/raffinose family oligosaccharides and seed vigour in Medicago truncatula[END_REF]. Also, An increase in sucrose/RFO in seeds could negatively affect seed vigour, that is rapid germination and uniform emergence, even under stress conditions [START_REF] Vandecasteele | Quantitative trait loci analysis reveals a correlation between the ratio of sucrose/raffinose family oligosaccharides and seed vigour in Medicago truncatula[END_REF]. Bearing in mind, no differences in sucrose content was observed between genotypes: This suggests raffinose could be a seed vigour biomarker in M. truncatula as L000639 accumulates raffinose and has one of the longest HL during heterotrophic growth. Galactinol is another actor in RFO metabolism. However, it is less abundant in L000639, yet present in L000445. This suggests that genotypes could modulate the different steps of RFO metabolism differently. Furthermore, our volcano plot separates metabolites found in the panel of accessions by their respective SDW. .

However, the heavy seed phenotype may be correlated to metabolites such as theirol, trehalose and isocitric acid. Interestingly, heavy seeds were linked to seedling performance during heterotrophic growth. Indeed, a correlation , in our experimental conditions, within the CC192 has been described between SDW and RL (Ben Hdech et al., 2020). Thus, this correlation indicates that the heavier the seed, the longer the radicle. This is noteworthy because we could link metabolites found in L000049 (the heaviest seed) to better seedling performance as L000049 has the longest RL in both NC. In addition, we also found a correlation between SDW and RL (R² = 0.74; data not shown) supporting this idea. Therefore, the metabolites found in heavier seeds are possible biomarkers for RL.

According to our plasticity indexes (Tab. 2, Fig. 5), L000738 could belong to the same physiotypical group as L000049 (red group; Fig. 2 Ben Hdech et al., 2020) because it tends to behave like L000049 in N-conditions. This argument, while requires more investigation, is L000738 could belong to the same physiotypical group as L000049 a genotype characterized by its long radicle in N-conditions. Concerning metabolomics, each genotype has been found

to have a specific metabolomic signature in their seeds. According to our GC-MS analysis, L000049 and L000738 seeds have similar behaviours, again suggesting their likeness.

Important metabolic pathways emerge in our analysis such as the polyamine pathway, amino acid synthesis, the Krebs cycle and RFO metabolism. It is important to point out that proteins were not hydrolysed prior to the GC-MS run, therefore bound amino acids may go undetected.

The isotopic analysis showed that the genotypes may have different seed reserves (soluble sugars, amino acids), water use efficiency, photosynthetic processes as their isotopic signature varies. Cotyledons inherit reserves from the seed and the available N and S in the nutritive medium is preferably assimilated in the radicle and hypocotyl. Finally, interesting biomarkers whether it be the 13 C composition in seeds or metabolites found in heavier seeds may be an interesting starting point for selecting agronomically interesting species for intercropping and forage.

In light of these preliminary results we are going to investigate the partitioning of N in the seedling during heterotrophic growth thanks to isotopic enrichment (tracing with 15 N). We will also look at the effect of sulfur on heterotrophic growth as well as the effect of cold germination temperatures on the metabolism. Indeed, in response to more difficult germinating conditions, in Europe many farmers could resort to either planting their seeds earlier in the year or on Northern latitudes to avoid the crop cycle to coinciding with high Summer temperatures [START_REF] Tuck | The potential distribution of bioenergy crops in Europe under present and future climate[END_REF][START_REF] Olesen | Changes in time of sowing, flowering and maturity of cereals in Europe under climate change[END_REF][START_REF] Jacobsen | The scope for adaptation of quinoa in Northern Latitudes of Europe[END_REF].
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Figure 1 .

 1 Figure 1. Germination to seedling emergence diagram with the transition from heterotrophy to autotrophy (Teulat).

Figure 2 .

 2 Figure 2. Scattergram of principal components 1 (PC1) and 2 (PC2), and 1 (PC1) and 3 (PC3) with projections of the seedling plasticity indexes to the absence of nitrate (left) and the 175 accessions representing Medicago truncatula natural diversity (right). The projected traits pHL, pRL, pCRDW,pHADW, pRADW and pLDW correspond to the response of hypocotyl length, radicle length, cotyledon residual dry weight, dry weight allocated tohypocotyl, dry weight allocated to radicle and lost dry weight to the absence of nitrate, respectively. The threefirst PCs explain around 70% of thetotal inertia. Colored points correspond to the accessions clustered in four distinct groups for the variables investigated (Group 1: Red; Group 2:Green; Group 3: Blue; Group 4: Black) (Ben Hdech et al., 2020).

Five

  different M. truncatula genotypes were chosen. Four of these genotypes represent their respective groups established in BenHdech et al. (2020). Lines L000049, L000445, L000550, and L000639 represent the red, blue, green and black group, respectively (Fig.2). It should be noted that L000049 and L000550 had already been selected, based on their seed dry weight, for a first in-depth characterization and had revealed interesting physiological and metabolic behaviours to be confirmed(PhD, Ben Hdech, 2020). L0000738 (Jemalong A17) is the fifth genotype. The seeds were all produced in Angers in 2021 (IRHS, France). The genetic variability is shown by the seed dry weight (SDW) of different accessions (Tab. 1) as L000049

  index of endogenous (UIendo) and endogenous + exogenous (UIendo+exo) nitrate.Seedlings were grown in the same conditions as experiment 1 with the exception of adding 10 seeds to square plates. Based on results from experiment 1 (see result section), sampling was performed at 65 HAT and 216 HAT. Three replicates were carried out. Each replicated consisted of 30 plates, 20 plates for sampling at 65 HAT and 10 plates at 216 HAT Each genotype was represented by three plates for each NC, each plate containing 10 seedlings. At 65 and at 216 HAT seedlings were photographed and sampled. All seed coats were removed at this stage. Cotyledons, hypocotyls and radicles were put into liquid nitrogen to quench metabolism. HL and RL were measured digitally. ImageJ[START_REF] Schindelin | Fiji: an open-source platform for biological-image analysis[END_REF] segmented line tool was used to measure hypocotyl and radicle size. The sampled organs were lyophilized in the same manner as previously mentioned to remove all traces of water from tissues. The dry weight was then determined. Meanwhile, 3 replicates of 10 seeds of each accession were weighed and frozen in liquid nitrogen as this will serve as the initial time point for analyses. Likewise, seed coats were also lyophilised and weighed for lost dry weight estimation (see below). Seed biomass use parameters such as cotyledon residual dry weight (CRDW; Eqn. 5), hypocotyl allocated dry weight (HADW; Eqn. 6), radicle allocated dry weight (RADW; Eqn. 7) lost dry weight (LDW; Eqn. 8) were also calculated at 65 and 216 HAT as follows:where SDW, HDW, RDW, ScDW are seed, hypocotyl, radicle and seed coat dry weight, respectively. The response of a trait to nitrate absence was quantified as follows, from Ben Hdech et al., (2020) where p Equation9.

Figure 4 .

 4 Figure 4. Hypocotyl and radicle length at 65 and 216 HAT for all genotypes (n = 30 / genotype / NC). Statistical differences were calculated with Scheirer-Hare-Ray and Dunn procedure as well as ANOVA and Tukey procedure for HL and RL at 65 and 216 HAT respectively (p<0.05).

Figure 5 .

 5 Figure 5. PCA score plot with plasticity indexes (left) and accessions (right) projected. A: The triplicates of the four representative accessions are projected. B: the triplicates of all accessions are projected . pHL, pRL, pCRDW, pHADW, pRADW, pLDW correspond to the response of hypocotyl length, radicle length, cotyledon residual dry weight, hypocotyl allocated dry weight, radicle allocated dry weight and lost dry weight to the absence of nitrate.

Figure 9 .

 9 Figure 9. A: Relative variation of C and N content in the hypocotyl and radicle (means of both organs) of the five genotypes (exogenous NUE and CUE). B: Usage index of endogenous nitrogen (N-conditions) and endogenous + exogenous nitrogen (N+) in growing organs and cotyledons. (n = 22 / genotype / NC).

  it presents similar phenotypical responses to L000049. The discrepancies found when comparing our results and Ben Hdech et al.'s, (2020) could be due to different experimental conditions and especially different seed lots. Indeed, our seeds were produced in 2021 in Angers whereas Ben Hdech et al., (2020) used a 2015 seed lot produced in Montpellier. In M.

  candidate gene selection and for investigating synteny with the model legume Medicago truncatula. Theor. Appl. Genet., 112, 1024 1041. Bchir, A., Escalona, J.M., Gallé, A., Hernández-Montes, E., Tortosa, I., Braham, M. and Medrano, H. (2016) Carbon isotope discrimination ( 13C) as an indicator of vine water status and water use efficiency (WUE): Looking for the most representative sample and sampling time. Agric. Water Manag., 167, 11 20. Ben Hdech, D. (2020) Exploration de la diversité naturelle chez Medicago truncatula pour la température. Ben Hdech, D., Aubry, C., Alibert, B., Beucher, D., Prosperi, J.-M., Limami, A.M. and Teulat, B. (2020) Exploring natural diversity of Medicago truncatula reveals physiotypes and loci associated with the response of seedling performance to nitrate supply. Physiol. Plant., 170, 227 247. Benedito, V.A., Torres-Jerez, I., Murray, J.D., et al. (2008) A gene expression atlas of the model legume Medicago truncatula. Plant J., 55, 504 513. Berendse, F. and Aerts, R. (1987) Nitrogen-Use-Efficiency: A Biologically Meaningful Definition? Funct. Ecol., 1, 293 296. Beringer, J.E., Brewin, N., Johnston, A.W., Schulman, H.M. and Hopwood, D.A. (1979) The Rhizobium--legume symbiosis. Proc. R. Soc. Lond. B Biol. Sci., 204, 219 233. Bewley, J.D. (1997) Seed Germination and Dormancy. Plant Cell, 9, 1055 1066. Britto, D.T. and Kronzucker, H.J. (2002) NH4+ toxicity in higher plants: a critical review. J. Plant Physiol., 159, 567 584.

  

  

Lines derived from ecotypes

Table 7. Average element content (%C, %N, %S) and isotopic composition ( 13C, 34S, 15N) of seedlings in both NC with standard deviation.

supported by the heatmap (Fig. 10), which clusters the two genotypes together opposing the three others. It is worth mentioning that polyamine pathway metabolites are less abundant and that certain organic acids (isocitric acid) and sugars (trehalose) accumulate in these two accessions. This suggests that seed metabolomic signatures may be characteristic of physiotypical groups. L000049 is from Tunisia and L000738 from New South Wales, Australia, perhaps, hot, Mediterranean-like conditions have had an effect on these varieties. However, the other genotypes also come from Mediterranean climates (L000445: Spain, L000550: France, L000639: Algeria) and many different climate factors have naturally selected the lines from CC192 and L000738 (Jemalong A17) has been selected for agriculture. All of these factors need to be accounted for when looking at behavioural responses. Ben Hdech, (2020) showed that SDW and HL were partially linked to origin geo-climatic conditions. They proposed that cold and humid regions were correlated with low seedling vigour (low SDW and HL) whereas hot and arid regions (like the regions of L000738 and L000049) have high seedling vigour (high SDW and HL). Additionally, L000639 is native to a high-altitude area in Algeria which has dry climate conditions and has the second the heaviest seed and the longest hypocotyl.

Unfortunately, GC-MS analyses encountered some technical difficulties leading to some delay in batch analyses. Thus, seedlings analysis is still underway. However, we can look at an example found in literature of another Fabaceae to have an idea of what to expect.

According to [START_REF] Liu | Integration of the metabolome and transcriptome reveals the resistance mechanism to low nitrogen in wild soybean seedling roots[END_REF] a tolerant genotype of soybean seedling roots, accumulates metabolites of the shikimate pathway as well as monosaccharides under low N conditions. They also argue that the low-N tolerant genotype reduces amino-acid synthesis to save energy. However, soybean is very different to M. truncatula (geographical origin, seed size, reserves and seedling type). Concerning other expected results, M. truncatula, enzymes resulting from the expression of sentinel genes accumulate when nitrate is detected (NR, GS2) (Zang et al., 2022), this implies that more amino acids downstream of GS in N+ conditions could be preferentially detected in N+ conditions.

To conclude, our phenotypical analysis of four accessions (L000049, L000445, L000550, L000639, L000738) selected based on their divergent responses to the absence of nitrate seems to corroborate the four physiotypical groups of the 192-accession core collection described by Ben Hdech et al., (2020). The differences with previous works occur but are mostly linked to the seed lot effect or the fact that the analysis was carried out on only four accessions of the CC192. On a biometric level, the new genotype included in this study, Table 5. Average phenotypical measurements and pTraits of all five accessions as well the overall averages for the five accessions at 65 HAT in both NC. Significant differences between NC (Student t-tests p<0.05) are noted with letters. HL: hypocotyl length, RL: radicle length, CRDW: cotyledon residual dry weight, HADW: hypocotyl allocated dry weight, RADW: radicle allocated dry weight, LDW: lost dry weight. pTraits correspond to the response of a given trait to the absence of nitrate.