Eva Roubeau Dumont 
email: evaroubeaudumont@ensat.fr
  
Camille Larue 
  
Hiram Castillo 
  
Hervé Gryta 
  
Clarisse Liné 
  
David Baqué 
  
Elisabeth Maria Gross 
  
Arnaud Elger 
  
  
Genotypes of the aquatic plant Myriophyllum spicatum with different growth strategies show contrasting sensitivities to copper contamination

Genotypic variability has been considered for years as a key attribute in species adaptation to new environments. It has been extensively studied in a context of chemical resistance, but remains poorly studied in response to chemical exposure in a context of global change. As aquatic ecosystems are particularly affected by environmental changes, we aimed to study how genotypic variability could inflect the sensitivity of aquatic plants to chemicals. Seven genotypes of Myriophyllum spicatum were exposed to three copper concentrations at 0, 0.15 and 0.5 mg/L.

The sensitivity of the different genotypes was assessed through several endpoints such as relative growth rate (RGR) and morphological traits, as well as physiological markers, such as plant biomacromolecular composition. Our results showed that genotypes exhibited significant differences in their life-history traits in absence of chemical contamination. Some trait syndromes were observed, and three growth strategies were identified: (1) biomass production and main shoot elongation, (2) dry matter storage with denser whorls to promote resource conservation and

(3) lateral shoot production. An up to eightfold difference in sensitivity for growth-related endpoints was observed among genotypes. Differences in sensitivity were partly attributed to morphological life-history traits. Our results confirm that genotypic variability can significantly affect M. spicatum sensitivity to Cu, and may influence the outcomes of laboratory testing based on the study of one single genotype. We recommend including genotypic variation as an assessment factor in ecological risk assessment and to study this source of variability more in depth as a possible driver of ecosystem resilience.

Introduction

Intraspecific variability has been investigated over the years as a key attribute in the adaptation and evolution of species [START_REF] Bradshaw | Evolutionary significance of phenotypic plasticity in plants[END_REF][START_REF] Marschner | Global change and the evolution of phenotypic plasticity in plants[END_REF]Oliver et al. 2015). It is acknowledged to play an important role in species adjustment to short or long term environmental shifts. Phenotypic plasticity is a response to short-term shifts, i.e. the ability of one genotype to produce several phenotypes depending on its environment [START_REF] Sultan | Phenotypic plasticity for plant development, function and life history[END_REF][START_REF] Whitman | What is phenotypic plasticity and why is it important?[END_REF]. Adaptation to long term environmental changes occur via genotypic variation, i.e. the evolution of the genetic code due to somatic mutations, selection pressures and gene flow [START_REF] Harris | Antioxidant capacity and phenolic content in blueberries as affected by genotype and growing season[END_REF][START_REF] Cao | Population genetic structure in six sympatric and widespread aquatic plants inhabiting diverse lake environments in China[END_REF]. Genotypic variation can sometimes confer specific life-history traits differing among populations [START_REF] Reusch | The emerging role of genetic diversity for ecosystem functioning : Estuarine macrophytes as models[END_REF][START_REF] Weyl | Morphological variations in southern African populations of Myriophyllum spicatum: Phenotypic plasticity or local adaptation?[END_REF][START_REF] Tóth | Morphological and Genetic Variability of Myriophyllum spicatum in Different Shallow Water Bodies of Hungary[END_REF]). Recently, it has been shown that genotypic variation strongly influences the resilience of ecosystems after disturbances (Oliver et al. 2015;[START_REF] Ehlers | Intraspecific genetic variation and species coexistence in plant communities[END_REF][START_REF] Timpane-Padgham | A systematic review of ecological attributes that confer resilience to climate change in environmental restoration[END_REF]. Indeed, a broad gene pool will be more likely to provide the proper response to an environmental shift, such as changes in nutrient load, heat waves or chemical contamination [START_REF] Reynolds | Genetic diversity enhances restoration success by augmenting ecosystem services[END_REF]). Conversely, a population exhibiting a low gene pool and not able to cope with a given environmental pressure may disappear from the ecosystem, whose dynamics and functions may drift due to the change in its species composition [START_REF] Timpane-Padgham | A systematic review of ecological attributes that confer resilience to climate change in environmental restoration[END_REF]). As such, genotypic variation is considered as a driver of ecosystem functioning, since it will affect population resistance and resilience in variable environments [START_REF] Woodward | Climate change and freshwater ecosystems: impacts across multiple levels of organization[END_REF]Oliver et al. 2015;[START_REF] Timpane-Padgham | A systematic review of ecological attributes that confer resilience to climate change in environmental restoration[END_REF].

Differences in the sensitivity to various stressors among populations might increase over time due to their adaptation to contrasting environments through selective pressures [START_REF] Brown | Genetic variation, inbreeding and chemical exposure--combined effects in wildlife and critical considerations for ecotoxicology[END_REF]Dalton et al. 2013;[START_REF] Esteves | Can we predict diatoms herbicide sensitivities with phylogeny? Influence of intraspecific and interspecific variability[END_REF].

Changes in environmental conditions are more likely to occur with human activities which inevitably impact ecosystems, notably via chemical contamination due to runoffs, wastewaters and atmospheric depositions [START_REF] Ehlers | Importance of genetic diversity in eelgrass Zostera marina for its resilience to global warming[END_REF]Oliver et al. 2015). In order to limit human impact on ecosystems, several policies have been implemented over the years, such as the E.U.

Water Framework Directive, the E.U. REACH regulation, the U.S. Endangered Species Act or the U.S. Clean Water Act [START_REF] Bouwma | Adoption of the ecosystem services concept in EU policies[END_REF][START_REF] Rouillard | Protecting aquatic biodiversity in Europe: How much do EU environmental policies support ecosystem-based management?[END_REF]. Those policies are based on ecological risk assessment (ERA) which allows to assess potential impacts of stressors on ecosystems as a result of human activities. It first started in the 1970s and has evolved since, along with environmental policies and global awareness of human impact on the environment [START_REF] Shea | Ecological risk assessment[END_REF][START_REF] Bouwma | Adoption of the ecosystem services concept in EU policies[END_REF]. The realism and complexity of ERA increase as scientific breakthrough highlights different processes which may inflect the current approaches and their outcomes [START_REF] Johnson | Are we going about chemical risk assessment for the aquatic environment the wrong way?[END_REF]. It is difficult to assess properly via laboratory testing the impact of a given molecule on its environment as many inherent and external factors will strongly influence the toxicity of chemical compounds, or the sensitivity of organisms.

Among those factors, genotypic variation is currently not taken into account in ERA approaches.

Very few studies have looked into the impact of genetic variation in aquatic species sensitivity to chemicals. This is of concern, as this sensitivity might significantly vary among genotypes due to contrasting morphological or physiological traits, and ultimately among populations, depending on selection pressures having filtered out unfitted genotypes [START_REF] Brown | Genetic variation, inbreeding and chemical exposure--combined effects in wildlife and critical considerations for ecotoxicology[END_REF]Dalton et al. 2013). Among those studies, one has investigated the resistance development in Hydrilla verticillata L.f. populations exposed to chemicals for weed control [START_REF] Arias | Molecular evolution of herbicide resistance to phytoene desaturase inhibitors in Hydrilla verticillata and its potential use to generate herbicide-resistant crops[END_REF].

Another has investigated the difference in sensitivity to pesticides in populations of Myriophyllum spicatum L. and hybrid populations with M. sibiricum kom. with resistant genotypes [START_REF] Thum | Field and laboratory documentation of reduced fluridone sensitivity of a hybrid watermilfoil biotype (Myriophyllum spicatum × Myriophyllum sibiricum)[END_REF]. More recently, we looked into the importance of genotypic variation of three aquatic macrophyte species exposed to Cu and found significant differences in sensitivity within species (Roubeau Dumont et al. 2019a).

To address the question of genotypic variation and its implication in species sensitivity to chemicals, we examined whether contrasting sensitivities to copper (Cu) exposure can be found across seven genotypes of M. spicatum potentially differing in their life-history traits. Copper is an essential trace element, which is involved in several metabolic pathways, such as reactive oxygen metabolism, photosynthesis and respiration [START_REF] Thomas | Effects of nanomolar copper on water plants-Comparison of biochemical and biophysical mechanisms of deficiency and sublethal toxicity under environmentally relevant conditions[END_REF][START_REF] Peñarrubia | Temporal aspects of copper homeostasis and its crosstalk with hormones[END_REF].

It is also harmful beyond a species-specific physiological threshold, due to excessive reactive oxygen species (ROS) production which triggers cellular damages [START_REF] Fidalgo | Copper-induced stress in Solanum nigrum L. and antioxidant defense system responses[END_REF]Costa et al. 2018). For example, Cu concentrations in leaves of terrestrial plants range between 5 to 20 µg g -1 dry mass [START_REF] Yruela | Copper in plants: Acquisition, transport and interactions[END_REF], and the toxicity threshold in leaves of crop species is generally above 20-30 µg g -1 dry mass [START_REF] Marschner | Global change and the evolution of phenotypic plasticity in plants[END_REF]. Copper is widely used in agriculture as fungicide, and is also released by industries and mining activities; thus high Cu concentrations can subsequently be found in top soils and aquatic ecosystems [START_REF] Willis | Understanding fate and effects of Copper pesticides in aquatic systems[END_REF][START_REF] Ballabio | Copper distribution in European topsoils: An assessment based on LUCAS soil survey[END_REF]. According to a recent study, Cu concentration in European top soils is on average 16.0 mg kg -1 , and going up to 91.3 mg kg -1 on average in French vineyards [START_REF] Ballabio | Copper distribution in European topsoils: An assessment based on LUCAS soil survey[END_REF].

M. spicatum originates from Eurasia, but is present now as invasive species in North America and South Africa [START_REF] Weyl | Morphological variations in southern African populations of Myriophyllum spicatum: Phenotypic plasticity or local adaptation?[END_REF]. It is used as a model species for rooted aquatic plants in freshwater ecosystems and is the subject of two standardized protocols in ERA since 2014 (OECD tests n°238 and n°239, OECD 2014a, b). Its genotypic variation and phenotypic plasticity have been widely documented regarding different populations and their genetic structure, or their plasticity toward environmental variations [START_REF] Barko | Comparative influences of light and temperature on the growth and metabolism of selected submersed freshwater macrophytes[END_REF][START_REF] Hussner | The influence of water level and nutrient availability on growth and root system development of Myriophyllum aquaticum[END_REF][START_REF] Li | Copper biosorption by Myriophyllum spicatum: Effects of temperature and pH[END_REF][START_REF] Cao | Growth response of the submerged macrophyte Myriophyllum spicatum to sediment nutrient levels and water-level fluctuations[END_REF][START_REF] Weyl | Morphological variations in southern African populations of Myriophyllum spicatum: Phenotypic plasticity or local adaptation?[END_REF][START_REF] Tóth | Morphological and Genetic Variability of Myriophyllum spicatum in Different Shallow Water Bodies of Hungary[END_REF]. In this study, we exposed seven genotypes of M. spicatum to three Cu concentrations and (1) assessed their difference in their life-history traits, (2) studied their difference in sensitivity through physiological and morphological endpoints and (3) linked their differences in life-history traits with their sensitivity.

Material and methods

A. Growth and Cu exposure

Six strains of M. spicatum (Haloragaceae) were randomly harvested in natural freshwater rivers in France between 2013 and 2016, and one strain of M. spicatum was regrown from an axenic culture established from material collected in Germany in 1990 (Table 1, Figure S1).

Each strain was collected from a different waterbody, in order to increase the probability to harvest different genotypes. All stock cultures were started from a single plant shoot to establish clonal strains. Each strain was grown outdoor in a 210 L tank filled with tap water and quartz sediment enriched with Osmocote ® (granulated fertilizer, NPK 16-09-10, Hortensia, KB) during at least six months prior to exposure experiments. For genotype distinction, inter simple sequence repeat (ISSR) method was used (see section 2.B for further details). Prior to Cu exposure, each shoot was cut to a length of 6 cm and rinsed in tap water before an acclimatization of 5 days in Smart & Barko medium pH 7.0 ± 0.1 (Smart and [START_REF] Barko | Comparative influences of light and temperature on the growth and metabolism of selected submersed freshwater macrophytes[END_REF]. Experimental units (15 cm height and 9 cm diameter) contained 500 mL media with 50 mL of quartz sediment (0.5 -2mm, Castorama, France) enriched with 66.6 mg Osmocote ®. For exposure, one apex was placed in each experimental unit during 10 days, with 1 cm of the shoot placed in sediment for root development. Temperature was set at 23.0 ± 0.1 °C, and light intensity at 153.0 ± 2.5 µE•m -2 s -1 provided by fluorescent tubes (Grolux ®, Sylvania Inc., Danvers, MA, USA), with a 14h/10h day/night cycle. Three Cu concentrations were used: 0, 0.15 and 0.5 mg/L Cu 2+ (i.e. 0, 2.38 and 7.94 mmol/L Cu 2+ ), with five biological replicates per concentration. 

B. Distinction of genotypes

Inter simple sequence repeat (ISSR) molecular typing method [START_REF] Zietkiewicz | Genome fingerprinting by simple sequence repeat (SSR)-anchored polymerase chain reaction amplification[END_REF][START_REF] Gupta | Amplification of DNA markers from evolutionarily diverse genomes using single primers of simple-sequence repeats[END_REF]) was used to verify that clonal strains corresponded to different genotypes. ISSR typing was conducted with 13 primers (Table S1) previously used with M. 

C. Copper concentration in water samples

Copper concentrations in the media were calculated by sampling water from experimental units at the beginning and at the end of Cu exposure, in order to assess effective concentrations at the beginning of exposure, and calculate time-averaged concentrations. Samples were acidified twice with one drop of 0.37M HNO 3 , prior to cold storage and before measurements using inductively coupled plasma with mass spectrometer (ICP-MS, 7500ce, Agilent, California, USA).

Three technical replicates were realized for each vessel, with control samples and re-calibration every 12 measurements to ensure quality (reference material: SLRS-6 and EPOND waters, provided by the National Research Council of Canada and EPOND, Switzerland, respectively) with a residual standard deviation of 4.02%. Effective Cu concentrations in the media were on average 96.7 ± 1.9 % of nominal concentrations at the beginning of exposure. Time-averaged concentrations were 54.7 ± 0.6 % and 50.9 ± 1.4 % for 0.15 mg/L and 0.5 mg/L Cu respectively.

D. Life-history traits

1) Growth-related and morphological traits

The number of roots, lateral shoots, as well as the number of whorls over 5 cm from the bottom of the shoot, were recorded on the first and the last day of Cu exposure for each experimental unit. Stem width was measured 5 cm away from the shoot tip, using a digital sliding caliper. Shoot length based on main shoot and lateral shoots was measured at the beginning and at the end of exposure to calculate the Relative Elongation Rate (RER), based either on total shoot length (RER) or on main shoot length (RERms). Fresh mass was measured at the same time after having gently dried the plants with blotting paper, to calculate the relative growth rate (RGR). Samples were oven-dried at 70 °C during 72 h before weighting to measure the Dry Matter Content (DMC).

RGR was calculated for each experimental unit as follows:

ܴܩܴ ି = ሺlnሺ݆ܰሻ -lnሺܰ݅ሻሻ / ݐ
where RGR i-j is the relative growth rate from time i to j, N i and N j are the endpoint (frond number, fresh mass) in the test or control vessel at time i and j, respectively, and t is the time period from i to j. RER and RERms were calculated following the same formula, replacing the fresh mass by the length of the main shoot (RERms) or total length (RER).

Dry matter content (DMC) in % was calculated as:

ܥܯܦ% = ൬ 100 × ܯܦ ܯܨ ൰
where FM is the fresh mass of plant samples, DM is their corresponding dry mass.

2) Biomacromolecule composition

Fourier Transform InfraRed spectroscopy (FTIR) was used to probe molecular vibrations in plant samples and thus gain information on their biochemical composition (lipids, carbohydrates, proteins). Samples were analysed using a FTIR microscope in attenuated total reflection (ATR) mode (Thermo Nicolet NEXUS 470 ESR, ThermoFisher™, Massachusetts, USA) over the frequency range of 4000 -400 cm -1 with a spectral resolution of 4 cm -1 . One spectrum was an average of 64 scans per sample. Each powdered plant was placed on the sample plate and three independent technical replicates for each sample (5 biological replicates per treatment) were acquired. OMNIC software was used to export experimental spectra after Attenuated Total Reflectance (ATR) correction (OMNIC™ FTIR Software, ThermoFisher™, Massachusetts, USA). FTIR data treatment was performed using the Orange software (Demšar et al. 2013).

Briefly, data were pre-processed which implies selection of the region of interest (including most of the variance among samples), vector normalization and smoothing by Savitzky-Golay filter.

Using the second derivative, a principal component analysis (PCA) was carried out for graphical display (n=45). The components permitting to explain at least 70% of the variance were used to perform a subsequent linear discriminant analysis (LDA). This approach permitted to plot the samples and detect differences among groups of samples. When a difference was detected, a logistic regression was applied to the pre-processed data to identify wavenumbers contributing to the difference detected among groups by the PCLDA.

E. Endpoints assessing Cu sensitivity 1) Growth inhibition

The inhibition percentage of RGR was calculated for each treated plant to assess the sensitivity of genotypes to Cu exposure regardless of their growth performance in absence of chemical contamination, following the formula:

ݎܫ% = ቆ ܴܿܩܴ തതതതതതത -ݐܴܩܴ ܴܿܩܴ തതതതതതത ቇ × 100
where %Ir is the inhibition percentage of the specific growth rate for a given individual plant from the treatment group, ܴܿܩܴ തതതതതതത , is the average value for RGR in the control group and RGR t is the RGR value of the individual treated plant. Similar calculations were performed for both RER and RERms.

2) Copper concentration in plants

Copper concentration in shoot at the end of Cu exposure was measured after acid digestion of dry plant material, which occurred in two steps. First, plant material (at least 20 mg per sample) was heated at 94°C during 30 minutes in a 1:1 ratio of deionized water: HNO 3 (65%), then allowed to return to room temperature. Second, the samples were brought to a 2:1 ratio of HNO 3 (65%):H 2 O 2 (30%) and heated at 94°C during 2 hours. Once the temperature cooled down to room temperature, samples were filtered with a 0.45 µm filter and diluted to obtain a final HNO 3 concentration of 2%. Samples were measured using ICP-MS with helium gas (7500ce, Agilent, California, USA), with three technical replicates per sample. Quality control was achieved with the use of control (only chemicals to test their purity) and reference material (white cabbage, certified reference material BCR® -679, NIVA17 and EPOND waters, provided by the Norwegian Institute for Water Research and EPOND, Switzerland, respectively). Quality assurance was ensured with a full recalibration every 12 measurements (residual standard deviation of 2.34%).

F. Statistical analyses

Results were analysed using the R studio software (R Core Team (2016) V 3. S2.

Results

A. Genetic differentiation of the 7 genotypes

ISSR amplifications performed with the 7 M. spicatum studied strains yielded a total of 88 clear and reproducible fragments of which 39 were polymorphic. Comparisons of resulting ISSR profiles and analyses among strain genetic relationships showed that each clonal strain genetically differed from the others, and that strains thus corresponded to different genotypes (Figure S2).

B. Differences in life-history traits among genotypes

In absence of Cu exposure, the studied genotypes showed differences in their life-history traits, with 5 of the 8 traits considered being significantly different among genotypes (Figures 1A, B, C, D andE). Some genotypes were significantly more efficient than others regarding RER (1-way ANOVA, F 6,28 = 4.156, P = 0.0041), with the "AGO" genotype having a RER of 0.049 d -1 , compared to 0.018 d -1 for the "DOR" genotype (Figure 1A). Stem width exhibited significant differences among genotypes (1-way ANOVA, F 6,28 = 11.55, P < 0.0001), with the genotypes "CAM", "DOR" and "DOU" exhibiting a stem diameter > 1 mm, against < 0.8 mm for "AGO" (Figure 1B). Main shoot elongation differed significantly among genotypes as well (1way ANOVA, F 6,28 = 4.987, P = 0.0014), with "GAR1" having a RERms of 0.042 d -1 , against 0.018 d -1 for the "DOR" genotype (Figure 1C). The density of whorls also significantly differed from one genotype to another, ranging from 1.2 whorls/cm (DOU) to 2.0 whorls/cm ("DOR") (1way ANOVA, F 6,28 = 47.97, P < 0.0001, Figure 1D). The number of lateral shoots varied among genotypes, some producing none (1-way ANOVA, F 6,28 = 7.268, P < 0.0001, Figure 1E).

Overall, the "DOR" genotype exhibited the lowest elongation rate but the highest whorl density, whereas the "GAR1" showed the highest main shoot elongation rate but produced no lateral shoot. RGR, DMC and root number, did not significantly vary among genotypes (Figure 1F, G and H, respectively). Three genotypes with contrasting life-history traits, "SCHO" (high RERms), "DOR" (high whorls/cm and DMC) and "CAM" (high LS and Stem width), were used to assess differences in biomacromolecule composition through FTIR. Significant differences were found in their functional groups (Figure 2). The PCLDA highlighted differences between "SCHO" genotype and the two others mainly along the first axis, with the first 3 dimensions explaining 93% of the total dataset inertia. Axis 1 and 3 were chosen for graphical display to highlight differences among genotypes (Figure 2A). Logistic regression for spectrum analysis fitted the data with an Area Under Curve (AUC) value of 0.992, and further analysis in the spectra showed 8 main peaks with significant differences among genotypes in the fingerprint region (1800-800 cm -1 ,

Figure 2B

). An inverse pattern was observed between "SCHO" and "CAM" genotypes, with either "SCHO" exhibiting the highest peaks and "CAM" the lowest, or the opposite. The first peak around 1725 cm -1 corresponds to C=O bonds from carboxylic acids and esters from various polysaccharides and fatty acids (Dokken et al. 2005;[START_REF] Ibrahim | Spectroscopic analyses of water hyacinth: FTIR and modeling approaches[END_REF]. The second peak, from 1650-1610 cm -1 , was attributed to C=O stretching bonds from carbonyl, C=C of aromatic ring vibrations [START_REF] Duarte | Spectroscopic study of the water-soluble organic matter isolated from atmospheric aerosols collected under different atmospheric conditions[END_REF][START_REF] Qu | Quantitative and qualitative characteristics of dissolved organic matter from eight dominant aquatic macrophytes in Lake Dianchi, China[END_REF][START_REF] Regvar | Biochemical characterization of cell types within leaves of metal-hyperaccumulating Noccaea praecox (Brassicaceae)[END_REF]) and C=O stretching from proteins [START_REF] Regvar | Biochemical characterization of cell types within leaves of metal-hyperaccumulating Noccaea praecox (Brassicaceae)[END_REF][START_REF] Bind | Comparative analysis of floating and submerged macrophytes for heavy metal (copper, chromium, arsenic and lead) removal: sorbent preparation, characterization, regeneration and cost estimation[END_REF]. This peak slightly shifted toward higher wavenumbers for "SCHO" genotype compared to the 2 others, with a peak area of 3.13, against 2.97 and 2.81 for "DOR" and "CAM", respectively. The same pattern was observed for the broad peak around 1535 cm -1 which was the highest for "SCHO", and was attributed to proteins (amide II bands) through N and N-H vibrations, and aromatic systems through C=C vibrations [START_REF] Duarte | Spectroscopic study of the water-soluble organic matter isolated from atmospheric aerosols collected under different atmospheric conditions[END_REF][START_REF] Regvar | Biochemical characterization of cell types within leaves of metal-hyperaccumulating Noccaea praecox (Brassicaceae)[END_REF]. The peak around 1410 cm -1 was the lowest for "SCHO" and was assigned to amine groups from proteins (Dokken et al. 2005), phenolic O-H compounds [START_REF] Qu | Quantitative and qualitative characteristics of dissolved organic matter from eight dominant aquatic macrophytes in Lake Dianchi, China[END_REF][START_REF] Ibrahim | Spectroscopic analyses of water hyacinth: FTIR and modeling approaches[END_REF], various polysaccharides from cellulosic compounds and O-H bending vibrations from carboxylic acid groups [START_REF] Regvar | Biochemical characterization of cell types within leaves of metal-hyperaccumulating Noccaea praecox (Brassicaceae)[END_REF]. The sharp peak around 1315 cm -1 was the highest for "SCHO" and was identified as C-O, C-H and C-N stretching vibrations [START_REF] Regvar | Biochemical characterization of cell types within leaves of metal-hyperaccumulating Noccaea praecox (Brassicaceae)[END_REF][START_REF] Ibrahim | Spectroscopic analyses of water hyacinth: FTIR and modeling approaches[END_REF] in polysaccharides, mainly from cellulosic compounds.

The broad peak at 1200-1180 cm -1 was assigned to C-O stretching vibrations from alcohol and esters, proteins (amide III) mainly from polysaccharides in cellulosic compounds [START_REF] Bonetta | Genetic dissection of plant cell-wall biosynthesis[END_REF]. It was the highest for "SCHO" genotype, with a peak area of 0.70, against 0.46 for the two others. The peak at 1065 cm -1 was assigned to S=O stretching bonds from sulfoxide, C=O from polysaccharides and esters [START_REF] Regvar | Biochemical characterization of cell types within leaves of metal-hyperaccumulating Noccaea praecox (Brassicaceae)[END_REF]. Finally, the peak at 990-970 cm -1 was the lowest for "SCHO" (peak area of 3.31 against 3.89 and 4.1 for "DOR" and "CAM", respectively) and assigned to alkene [START_REF] Arun | Phenolic composition , Antioxidant activity and FT-IR Spectroscopic Analysis of Halophyte Sesuvium portulacastrum L . extract[END_REF], alcoholic and C-O stretching vibrations [START_REF] Qu | Quantitative and qualitative characteristics of dissolved organic matter from eight dominant aquatic macrophytes in Lake Dianchi, China[END_REF], as well as polysaccharides such as cellulose, hemicellulose and starch compounds [START_REF] Regvar | Biochemical characterization of cell types within leaves of metal-hyperaccumulating Noccaea praecox (Brassicaceae)[END_REF].

Figure 2. PCLDA analysis of the Fourier-transformed infrared spectra from 3 genotypes of Myriophyllum spicatum, "CAM" = Camargue, "DOR" = Dordogne and "SCHO" = Schöhsee, exhibiting differences in life-history traits (A), with significant differences among genotypes identified by a logistic regression marked with black arrows on FTIR spectra (B), n = 45.

C. Relationships among life-history traits

The relationships among life-history traits were assessed through PCA on control plants and several trends were observable (Figure 3). Three main clusters were represented: Stem width was correlated to DMC and whorls/cm, and anti-correlated to Lateral shoot and RER, which were again positively correlated. RGR was clustered with RERms and root number, although the last one was poorly represented in the factorial map. RERms was the main contributor to the first axis, whereas RER was the main contributor of the second axis. 

D. Copper impact on M. spicatum: general patterns and intraspecific variation

Copper exposure negatively affected all genotypes with a concentration-dependent effect on growth related endpoints, and sensitivity to Cu significantly differed among genotypes (Figure 4). Sensitivity at 0.15 mg/L Cu varied up to 8 times for RGR, with biomass production inhibited from 7 % for "CAM" to 62 % for "SCHO". At 0.5 mg/L, the range of inhibition slightly decreased, and growth was inhibited from 40 % for "DOR" to 90 % for "DOU" (Figure 4A).

RER showed significant variations at 0.5 mg/L Cu with differences in sensitivity up to 7 times (Figure 4B). Elongation inhibition ranged from 11 % for "DOR" to 70 % for "DOU" at 0.5 mg/L. Generally, the "DOU" genotype was the most impacted genotype at high Cu concentration, and "DOR" the least impacted, while this genotype exhibited the lowest RER without Cu exposure. RERms was affected by Cu the same way as RER, and its sensitivity was similar, with at 0.5 mg/L "DOR" being the least impacted, and "DOU" being seven-fold more impacted (supplementary data S3). , where "CAM" = Camargue, "SCHO" = Schöhsee, "GAR1/2" = Garonne, "AGO" = Agout, "DOU" = Doubs, "DOR" = Dordogne, and their geographic origin can be found in Figure S1.

ANOVA P-values for genotype effects are provided; genotypes with same letters for a given combination endpoint x Cu concentration are not significantly different in terms of copper sensitivity (HSD Tukey test), n = 5 for each combination.

Significant differences in Cu accumulation in plant tissues were found at 0.5 mg/L Cu, which ranged from 2.68 mg Cu/g DW for "GAR1" to 5.18 mg Cu/g DW for "SCHO", which accumulated on average 1.5-fold more Cu than other genotypes (supplementary data S4). The increase in Cu concentration in plants was tightly correlated with Cu in the exposure media (r² of 0.96, Supplementary data S4).

The LDA revealed that Cu, Genotypes and their interactions significantly influenced lifehistory traits (Monte-Carlo test, P = 0.001, Figure 5, 43.7% of inertia explained). Copper concentrations expressed 14 % of inertia, whereas Genotypes expressed 18.8 % of inertia. The interactions between Cu concentrations and Genotypes explained 10.9 % of inertia, and were consistent with the results in Fig. 4 showing that there was a significant difference in Cu sensitivity among genotypes. The link between the life-history traits of genotypes and their sensitivity to Cu revealed that the studied life-history traits explained 63.2 % of the response variables; however, it was not statistically significant according to the Monte-Carlo test (Monte-Carlo, P = 0.1189).

Discussion

A. Intraspecific trait variability and trait syndromes

Our results show that the different genotypes of M. spicatum significantly differed in their morphology traits, their growth abilities and their biomacromolecule composition. Whorl density, stem width, lateral shoot production, as well as total shoot and main shoot elongation greatly varied among genotypes when no chemical stress was applied. It has been acknowledged in numerous studies that plant individuals can exhibit contrasting morphologies depending on their environment, both through phenotypic plasticity and genotypic variation [START_REF] Wersal | Influences of light intensity variations on growth characteristics of Myriophyllum aquaticum[END_REF][START_REF] Arshid | Phenotypic plasticity, clonal architecture and biomass partitioning in Myriophyllum spicatum L . across different lentic and lotic ecosystems of Kashmir[END_REF][START_REF] Ganie | Phenotypic plasticity: Cause of the successful spread of the genus potamogeton in the kashmir himalaya[END_REF][START_REF] Weyl | Morphological variations in southern African populations of Myriophyllum spicatum: Phenotypic plasticity or local adaptation?[END_REF][START_REF] Grenier | Phenotypic plasticity and selection: Nonexclusive mechanisms of adaptation[END_REF][START_REF] Tóth | Morphological and Genetic Variability of Myriophyllum spicatum in Different Shallow Water Bodies of Hungary[END_REF], Roubeau Dumont et al. 2019b). In our case, the plants were grown during at least 6 months in a similar environment prior to the experiment, and genotype morphologies never converged, indicating that genotypic variation was the main source of variation. Five of the seven genotypes were harvested from different streams, which were not connected, increasing the probability to get clonal strains corresponding to different genotypes, due to genetic heterogeneity among populations [START_REF] Harris | Antioxidant capacity and phenolic content in blueberries as affected by genotype and growing season[END_REF]Chen et al. 2009;[START_REF] Cao | Population genetic structure in six sympatric and widespread aquatic plants inhabiting diverse lake environments in China[END_REF]. The ISSR analysis confirmed that clonal strains were indeed different genotypes, even for the two Garonne strains.

Biomacromolecule composition significantly differed among genotypes, especially for "SCHO" and "CAM" which exhibited opposite peak intensities. Spectrum analyses showed that "SCHO" genotype had a relatively higher content of fatty acid compounds, proteins (amide III) and cellulosic compounds, compared to the 2 other genotypes, suggesting a higher investment in growth processes [START_REF] Bashline | Cell wall, cytoskeleton, and cell expansion in higher plants[END_REF]. In contrast, the 2 other genotypes, especially "CAM" exhibited higher contents in phenolic compounds, hemicellulose and starch compounds, which have been shown to vary in other species [START_REF] Harris | Antioxidant capacity and phenolic content in blueberries as affected by genotype and growing season[END_REF][START_REF] Mpofu | OECD TG 238 Guidelines for the testing of chemicals sediment-free Myriophyllum spicatum toxicity test OECD (2014b) OECD TG 239 Guidelines for the testing of chemicals water-sediment Myriophyllum spicatum toxicity test Oliver TH, Heard MS, Isaac NJB, et al (2015) Biodiversity and resilience of ecosystem functions[END_REF]). This suggests differences in cell wall structure and starch storage, hence in resource conservation [START_REF] Elger | Leaf dry matter content as an integrative expression of plant palatability: the case of freshwater macrophytes[END_REF], although further experiments are required to confirm these hypotheses.

Several trends among life-history traits were observed as traits syndromes (e.g. link between DMC and whorl density), and different growth strategies were drawn from these observations. A morphology with (1) numerous, dense whorls, likely promoting nutrient absorption and possibly light, (2) an architecture with a longer internode which allows to be closer to the light source through lateral shoot production to form a canopy or (3) an elongation of the main shoot to increase both light harvesting and nutrient absorption [START_REF] Liu | Roles of the environment in plant life-history trade-offs[END_REF].

B. Variations in Cu sensitivity

Strong differences in sensitivity to Cu were observed among genotypes, with up to eightfold difference in the inhibition range of growth-related endpoints. Those differences decreased along with an increasing Cu concentration, suggesting that at 0.5 mg/L Cu all the genotypes could no longer cope with this stress. The differences in sensitivity to Cu were partly (62%) attributed to the variations in life-history traits among genotypes, although the co-inertia analysis was not significant, most likely due to the low number of genotypes considered. Biomacromolecule composition and metabolic traits, such as antioxidant compounds and enzymatic activities, may better explain the differences in Cu sensitivity [START_REF] Singh | Heavy Metal Tolerance in Plants: Role of Transcriptomics, Proteomics, Metabolomics, and Ionomics[END_REF]. Indeed, visual observations showed a difference in pigment composition among genotypes (in supplementary data S5), which has been previously proved to influence photosynthetic efficiency, antioxidant balance and metal interactions [START_REF] Sivaci | Changes in antioxidant activity, total phenolic and abscisic acid constituents in the aquatic plants Myriophyllum spicatum L. and Myriophyllum triphyllum Orchard exposed to cadmium[END_REF]Zvezdanović and Marković 2009;Delmail et al. 2010;Brewer 2011[START_REF] Thomas | Deficiency and toxicity of nanomolar copper in low irradiance-A physiological and metalloproteomic study in the aquatic plant Ceratophyllum demersum[END_REF][START_REF] Borisova | Accumulation of heavy metals in leaves of submerged hydrophytes (Elodea canadensis Michx. and Potamogeton perfoliatus L.) and their responses to the effect of the wastewater of a metallurgical plant[END_REF]. The biomacromolecule composition analysis also revealed some significant variations in phenolic compounds, which may be directly linked to a difference in sensitivity among genotypes [START_REF] Gross | Release and ecological impact of algicidal hydrolysable polyphenols in Myriophyllum spicatum[END_REF][START_REF] Gross | Seasonal and spatial dynamics of allelochemicals in the submersed macrophyte Myriophyllum spicatum L[END_REF]Das and Roychoudhury 2014). Further investigations with more focus on specific metabolic changes would be required to identify properly the origin of the differences in chemical response among genotypes [START_REF] Pflugmacher | Activity of phase I and phase II detoxication enzymes in aquatic macrophytes[END_REF][START_REF] Kanoun-Boulé | Ecophysiological tolerance of duckweeds exposed to copper[END_REF][START_REF] Fidalgo | Copper-induced stress in Solanum nigrum L. and antioxidant defense system responses[END_REF][START_REF] Thomas | Effects of nanomolar copper on water plants-Comparison of biochemical and biophysical mechanisms of deficiency and sublethal toxicity under environmentally relevant conditions[END_REF].

Epigenetic mechanisms are also involved in stress response in plants, although few studies have investigated their impact in aquatic plants as a way to cope with abiotic stressors [START_REF] Regier | Analysis of the Elodea nuttallii transcriptome in response to mercury and cadmium pollution: Development of sensitive tools for rapid ecotoxicological testing[END_REF][START_REF] Gamain | Can pesticides, copper and seasonal water temperature explain the seagrass Zostera noltei decline in the Arcachon bay?[END_REF]. Our results highlight the need to go further into the mechanisms explaining aquatic plant responses and adaptation to environmental factors, including chemical stressors.

C. Implications of intraspecific variation for environmental risk assessment

The genotypes used in these experiments were coming from relatively similar aquatic environments in terms of nutrient loads, climate and environmental pollution, thus decreasing the probability to harvest very different genotypes undergoing strong selection pressures [START_REF] Weyl | Morphological variations in southern African populations of Myriophyllum spicatum: Phenotypic plasticity or local adaptation?[END_REF]. Our results have shown that the genotypic variation detected in M. spicatum may influence the outcomes of toxicity laboratory tests, with up to eightfold growth inhibition differences among genotypes. This implies that depending on the genotype used in the laboratory, the threshold value modeled from single-species laboratory assays may not be protective enough to ensure the absence of harmful effects on living organisms in this compartment. Hence, a given genotype might not be representative of the species sensitivity, and might mislead the following steps of ERA (Clark et al. 1999;[START_REF] Johnson | Are we going about chemical risk assessment for the aquatic environment the wrong way?[END_REF]Roubeau Dumont et al. 2019a). It is therefore crucial to take into account the different sources of variation that may influence the outcomes of laboratory testing in order to ensure their reliability.

D. Ecological implications of intraspecific variation

Intraspecific variability has been recognized for decades as a promoter of diversity and as a condition for coexistence of species within communities [START_REF] Bolnick | Why intraspecific trait variation matters in ecology[END_REF]. According to Albert et al. (2011), intraspecific variability should be taken into account in small-scale studies like single-species and mesocosm approaches, as it is higher than interspecific variability.

Linking ecosystems and species relies on approaches that consider how species traits affect ecosystem processes [START_REF] Bolnick | Why intraspecific trait variation matters in ecology[END_REF]). Cianciaruso et al. (2009) have shown that there was no relationship between plant species richness and functional diversity, as intraspecific variability in functional traits was very high. They concluded that assessing intraspecific variation would provide better predictions in species extinction consequences for ecosystem processes. Several studies have investigated phenotypic plasticity. For instance, [START_REF] Kremp | Intraspecific variability in the response of bloomforming marine microalgae to changed climate conditions[END_REF] highlighted its importance in diatom response to climate change and thus in ecosystem resilience. Similarly, [START_REF] Wolf | Resilience by diversity: Large intraspecific differences in climate change responses of an Arctic diatom[END_REF] studied artic diatoms which adapted to climate change through plastic responses, and showed very high variability in their sensitivity. Roubeau Dumont et al. (2019b) showed that environmental fluctuations could significantly influence aquatic plant ability to cope with chemical exposure. Very few studies have focused on the role of genotypic variation when it comes to chemical exposure (Dalton et al. 2013;Roubeau Dumont et al. 2019a). It is critical to do so in the current context, in which environmental pollution increases and threatens ecosystems, to assess how such variation may influence species sensitivity and ecosystem resilience (Oliver et al. 2015). Our results have shed light on the importance of genotypic variation in the sensitivity of M. spicatum to Cu, demonstrating that individuals can exhibit significantly different sensitivities, depending on their traits. Although we did not measure the genetic variation within populations, our results give insights on the increased resilience potential that a broad genetic diversity could provide to an ecosystem exposed to chemicals (Oliver et al. 2015).

Conclusion

We assessed the importance of genotypic variation in the intraspecific variability of M. spicatum sensitivity to Cu, and showed up to eightfold difference in sensitivity among genotypes.

ERA is an always evolving process along with scientific discoveries, in order to increase the relevance of environmental regulations. As such, we highlighted that genotypic variation is a source of variation in species sensitivity to chemicals, and we showed that life-history traits are partly linked to these differences in sensitivity. We call for further studies to be conducted to understand the underlying mechanisms, with a focus on physiological endpoints and epigenetic changes. 
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Table 1 .

 1 GPS coordinates and general characteristics of the French (F) and German (D)

sites from which the 7 genotypes of Myriophyllum spicatum were harvested between 2013 and 2016, and 1991 for "SCH". Names Streams Waterbody GPS coordinates Eutrophication status Land use

  

	Copper sulfate was purchased from Sigma (Analytical grade, purity > 99%, CAS number
	7758-99-8, Sigma, Saint-Quentin-Fallavier, France). A concentrated solution of 1 g/L Cu 2+ was
	prepared in ultrapure water, and diluted in the different media before pH adjustments.
	DOU	Doubs (F)	River	47.23153, 6.02252	Mesotrophic	Urban
	DOR Dordogne (F)	River cut-off channel	44.84584, 0.90596	Mesotrophic	Urban and agricultural
	SCH	Schöhsee (D)	Lake	54.16624, 10.44114 Mesotrophic	Rural and agricultural
	CAM Camargue (F) Drainage ditch 43.51133, 4.60584	Eutrophic	Agricultural
	GAR1	Garonne (F)	River	44.02281, 1.07797	Eutrophic	Agricultural
	GAR2	Garonne (F)	River	43.94622, 1.1711	Eutrophic	Agricultural
	AGO	Agout (F)	River	43.6395, 2.31875	Mesotrophic	Natural parc

Declaration of interests

☒ The authors declare that they have no known competing financial interests or personal relationships that could have appeared to influence the work reported in this paper.

☐The authors declare the following financial interests/personal relationships which may be considered as potential competing interests: