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Introduction

Amphibians have received much research attention because 41% of existing species are threatened with extinction [START_REF] Ceballos | Accelerated modern human-induced species losses: Entering the sixth mass extinction[END_REF][START_REF] Wake | Colloquium paper: are we in the midst of the sixth mass extinction? A view from the world of amphibians[END_REF]. Many factors, including habitat loss, introduction of exotic species, global climate change and the emergence of infectious diseases are involved. Pollution of wetlands by endocrine disruptors (ED) also affect amphibian reproduction and recruitment making them likely important factors in amphibian declines [START_REF] Hayes | The cause of global amphibian declines: a developmental endocrinologist's perspective[END_REF][START_REF] Kiesecker | Synergism between trematode infection and pesticide exposure: a link to amphibian limb deformities in nature[END_REF][START_REF] Trudeau | Agrochemicals disrupt multiple endocrine axes in amphibians[END_REF]. ED are exogenous substances or mixtures that alter the function(s) of the endocrine system and consequently causes adverse health effects in an intact organism, or its progeny, or in (sub)populations [START_REF] Who | State of the science of endocrine disrupting chemicals in[END_REF]. In amphibians, ED can disrupt thyroid and gonadotrop axis crosstalk leading to impairment of larval development and disruptions of egg and sperm maturation in adults [START_REF] Duarte-Guterman | Mechanisms of crosstalk between endocrine systems: regulation of sex steroid hormone synthesis and action by thyroid hormones[END_REF]Hayes et al., 2002a;[START_REF] Hayes | Demasculinization and feminization of male gonads by atrazine: consistent effects across vertebrate classes[END_REF]Hayes et al., 2002b;Langlois et al., 2010a;Langlois et al., 2010b;[START_REF] Trudeau | Agrochemicals disrupt multiple endocrine axes in amphibians[END_REF]. ED can also induce metabolic disorders in amphibians that decrease fitness. These metabolic disorders have been described following acute [START_REF] Regnault | Metabolic and immune impairments induced by the endocrine disruptors benzo[a]pyrene and triclosan in Xenopus tropicalis[END_REF][START_REF] Regnault | Impaired liver function in Xenopus tropicalis exposed to benzo[a]pyrene: transcriptomic and metabolic evidence[END_REF] and chronic exposure to benzo[a]pyrene (BaP) and triclosan (TCS) [START_REF] Regnault | Unexpected metabolic disorders induced by endocrine disruptors in Xenopus tropicalis provide new lead for understanding amphibian decline[END_REF][START_REF] Usal | Concomitant exposure to benzo[a]pyrene and triclosan at environmentally relevant concentrations induces metabolic syndrome with multigenerational consequences in Silurana (Xenopus) tropicalis[END_REF].

Mechanisms underlying ED effects are complex. ED act at low doses and follow nonmonotonous dose-response relationships rather than following the classical toxicology maxim that "the dose makes the poison" [START_REF] Vandenberg | Hormones and endocrine-disrupting chemicals: low-dose effects and nonmonotonic dose responses[END_REF]. Individuals exposed to ED during developmental or reproduction stages, which constitute "susceptibility windows", can display delayed effects at a later time and possibly transmit toxic effects to their progeny [START_REF] Pechenik | Larval experience and latent effects--metamorphosis is not a new beginning[END_REF][START_REF] Svanholm | Developmental reproductive toxicity and endocrine activity of propiconazole in the Xenopus tropicalis model[END_REF][START_REF] Usal | Transgenerational metabolic disorders and reproduction defects induced by benzo[a]pyrene in Xenopus tropicalis[END_REF]. Delayed effects in ecology are considered as carryover effects that occur in situations where the previous history and experience of an individual explains its current performance in a given situation [START_REF] O'connor | Biological carryover effects: linking common concepts and mechanisms in ecology and evolution[END_REF]. For example, ED exposure during the larval stage may affect the gonadal development and fitness of exposed individuals [START_REF] Trudeau | Agrochemicals disrupt multiple endocrine axes in amphibians[END_REF]. Multi-and transgenerational effects, which imply that paternal or maternal exposure to a particular stress could influence progeny performance, are also considered as carryover effects but the underlying mechanism is more complex [START_REF] O'connor | Biological carryover effects: linking common concepts and mechanisms in ecology and evolution[END_REF]. Endocrine disruptor multiand transgenerational effects have been associated with reprotoxicity, cancer, metabolic impairment, obesity, diabetes and neurodegeneration [START_REF] Chen | Changes in hepatic metabolic profile during the evolution of STZinduced diabetic rats via an (1)H NMR-based metabonomic investigation[END_REF][START_REF] Coimbra | Chronic effects of clofibric acid in zebrafish (Danio rerio): a multigenerational study[END_REF][START_REF] Decourten | Direct and indirect parental exposure to endocrine disruptors and elevated temperature influences gene expression across generations in a euryhaline model fish[END_REF][START_REF] Perera | The role of environmental exposures and the epigenome in health and disease[END_REF][START_REF] Usal | Transgenerational metabolic disorders and reproduction defects induced by benzo[a]pyrene in Xenopus tropicalis[END_REF]. These effects have often been associated with epigenetic mechanisms [START_REF] Baker | Dioxin induction of transgenerational inheritance of disease in zebrafish[END_REF][START_REF] Major | Early life exposure to environmentally relevant levels of endocrine disruptors drive multigenerational and transgenerational epigenetic changes in a fish model[END_REF][START_REF] Perera | The role of environmental exposures and the epigenome in health and disease[END_REF]. Such epigenetic modifications might be involved in life-history theory suggesting that animals must partition limited resources between growth and reproduction.

Since resources are limited, there are physiological constraints in adult amphibians that cannot be modified without causing deleterious effects on reproduction including progeny development [START_REF] Lardner | Growth or reproduction? Resource allocation by female frogs Rana temporaria[END_REF][START_REF] Trudeau | Agrochemicals disrupt multiple endocrine axes in amphibians[END_REF]. In this way, a "metabolic-link" mechanism must be considered for explaining multi-and transgenerational effects. For example, in female amphibians, a large component of liver metabolism is directed to the constitution of fat bodies associated with reproduction and an inverse relationship exists between coelomic fat body size and gonad size [START_REF] Fitzpatrick | Life history patterns of storage and utilization of lipids for energy in amphibians[END_REF][START_REF] Wright | Cholesterol, corneal lipidosis, and xanthomatosis in amphibians. The veterinary clinics of North America[END_REF]. Disruption of metabolism by ED leading to egg reserve modification may be involved in transgenerational reproduction defects in amphibians. S. tropicalis exposed to the ED BaP produced F1 progeny with slower development, smaller adult size, delayed sexual maturity, metabolic impairment at the adult stage and reduced reproductive success [START_REF] Regnault | Unexpected metabolic disorders induced by endocrine disruptors in Xenopus tropicalis provide new lead for understanding amphibian decline[END_REF]. In addition, F2 progeny from F0 exposed animals had delayed metamorphosis and sexual maturity. F2 females from F0 BaP-exposed animals laid eggs with metabolite contents significantly different from the control and these eggs did not produce viable progeny [START_REF] Usal | Transgenerational metabolic disorders and reproduction defects induced by benzo[a]pyrene in Xenopus tropicalis[END_REF]. Additional data from the toad (Bufo bufo) showed that maternal exposure to ED had a much greater effect on growth and sexual differentiation of progeny than direct exposure [START_REF] Orton | Agricultural intensity in ovo affects growth, metamorphic development and sexual differentiation in the common toad (Bufo bufo)[END_REF]. These results indicate that maternal metabolic disorders leading to decreased investment in reproduction might account for a significant part of multi-and transgenerational effects.

We studied the multi-and transgenerational impacts of a mixture of BaP and TCS on S. tropicalis females following F0 generation exposure from the tadpole to the mature adult stage at an environmental concentration (50 ng.L -1 of each ED) [START_REF] Blair | Pharmaceuticals and personal care products found in the Great Lakes above concentrations of environmental concern[END_REF][START_REF] Lindstrom | Occurrence and environmental behavior of the bactericide triclosan and its methyl derivative in surface waters and in wastewater[END_REF][START_REF] Olivares-Rubio | Relationship between biomarkers and endocrine-disrupting compounds in wild Girardnichthys viviparus from two lakes with different degrees of pollution[END_REF][START_REF] Trapido | On polynuclear aromatic hydrocarbons contamination levels in the ecosystem of Lake Peipsi in the 1970s-1980s[END_REF]. BaP and TCS were chosen because they are widespread contaminants in the waters of streams and lakes [START_REF] Galloway | Occurrence of pharmaceuticals and other organic wastewater constituents in selected streams in northern Arkansas[END_REF][START_REF] Whitacre | Reviews of Environmental Contamination and Toxicology[END_REF] and are classified, or suspected as, ED [START_REF] Petersen | Study on enhancing the Endocrine Disrupter priority list with a focus on low production volume chemicals[END_REF]USEPA, 2010;[START_REF] Wang | Reproductive endocrine-disrupting effects of triclosan: Population exposure, present evidence and potential mechanisms[END_REF]. F0 genitors directly exposed to the mixture were studied and the results were given in a previous paper. F0 females developed liver steatosis and transcriptomic signature associated with glucose intolerance syndrome and pancreatic insulin hyper secretion typical of pre-diabetes. These metabolic disorders were not associated with decreased reproductive investment [START_REF] Usal | Concomitant exposure to benzo[a]pyrene and triclosan at environmentally relevant concentrations induces metabolic syndrome with multigenerational consequences in Silurana (Xenopus) tropicalis[END_REF]. Following F0 exposure, larval mortality and developmental impairments, together with metabolic disorders and maternal investment in reproduction, were studied in the F1 and F2 generations. At each generation female liver transcriptome was studied by RNA sequencing. As previously described, a large component of liver metabolism is directed to the constitution of fat bodies associated with reproduction and liver is the central organ regulating energy metabolism.

Liver transcriptome analysis was used to get more insight into the toxicity mechanisms of BaP and TCS.

Material and methods

Ethics statement

All experiments were performed in an accredited animal housing facility (LECA, n° C3842110001) and approved by the ethics committee ComEth Grenoble -C2EA -12 (animal welfare agreement n° 02545.03).

Animals

F0 animals were exposed to 50 ng.L -1 BaP and TCS from the seven-day old tadpole stage to mature adult stage as previously described [START_REF] Regnault | Unexpected metabolic disorders induced by endocrine disruptors in Xenopus tropicalis provide new lead for understanding amphibian decline[END_REF]. This concentration matched BaP and TCS concentrations often found in polluted waters [START_REF] Blair | Pharmaceuticals and personal care products found in the Great Lakes above concentrations of environmental concern[END_REF][START_REF] Lindstrom | Occurrence and environmental behavior of the bactericide triclosan and its methyl derivative in surface waters and in wastewater[END_REF][START_REF] Olivares-Rubio | Relationship between biomarkers and endocrine-disrupting compounds in wild Girardnichthys viviparus from two lakes with different degrees of pollution[END_REF][START_REF] Trapido | On polynuclear aromatic hydrocarbons contamination levels in the ecosystem of Lake Peipsi in the 1970s-1980s[END_REF], and is below the maximum acceptable safe drinking water concentration for BaP (Health Canada, 2016;[START_REF] Who | Polynuclear aromatic hydrocarbons in Drinking-water. Background document for development of WHO[END_REF]. At the adult stage, five F0 females and ten F0 males were selected from the BaP and TCS mixture treatment and from the control treatment and allowed to mate. The methods used are described in the SI.

Developmental and reproduction endpoint monitoring

Mortality was monitored during each generation at two critical times, i.e. at 5 d corresponding to the free feeding stage and the end of vitellus feeding and at 50 d corresponding to metamorphosis. The percentage of metamorphosed individuals and mature females were evaluated at 150 d and 400 d respectively. These represent the times required to obtain 100% metamorphosed individuals and 100% mature females respectively in the F0 control population [START_REF] Usal | Concomitant exposure to benzo[a]pyrene and triclosan at environmentally relevant concentrations induces metabolic syndrome with multigenerational consequences in Silurana (Xenopus) tropicalis[END_REF]. Metamorphosis corresponded to emergence of the hind limb and forelimb together with regression of the tail. Female maturity (at 400 d) was defined by the appearance of secondary sexual characters such as a turgescent cloaca. At adult stage (450 d), female snout-vent length and body mass were analyzed. We evaluated the gonadosomatic (gonad mass/ body mass) and adipose-somatic (adipose tissue mass/ body mass) indexes as a proxy for the female body reserve investment in gonadal development.

Female investment in reproduction was evaluated using the percentage of successful amplexus, by the oocyte lipid content and by the number of eggs laid.

Plasma glucose measurements

Frogs were fasted 24 h before the test. Glycaemia was measured by blood digital sampling using a glucometer (Accu-Chek Performa, Roche Diagnostics, Meylan, France).

Plasma triglyceride and cholesterol concentration measurements

Frogs were fasted 24 h before the test. Plasma total triglycerides and cholesterol concentrations were determined using a triglycerides GPO-POD and CHOD-POD kits (Sobioda, Montbonnot-Saint-Martin , France) following manufacturer instructions.

Histological observations

The liver (same lobe/frog) and the muscle were collected, embedded in Tissue OCT (Labonord -VWR, Templemars, France), frozen in liquid nitrogen, and stored at -80°C. Using a cryostat (CM3050 S, Leica, Nussloch, Germany), histological transverse sections 7 μm thick were produced and mounted on Super-Frost plus microscope slides (Labonord).

Staining procedures are described in the SI.

Oocyte lipid content

Five to ten mg of oocytes were crushed in 500 µl of 1:1 chloroform/methanol then kept at 4°C for 60 min. The samples were centrifuged at 18,000 g for 30 min then 100 µl of supernatant was placed in a glass tube. The samples were placed in a dry bath at 95°C for 10 min to obtain lipid deposition. Once the solvent evaporated, 200 µl of 95% sulfuric acid was added and the samples were kept at 95°C for 10 min. Once the samples had cooled, 4.8 mL of phospho-vanillin reagent (240 milligrams of vanillin dissolved in 40 mL of absolute ethanol min, lipids were measured spectrophotometrically at 535 nm.

Statistics

For F1 and F2 females, phenotypic data are expressed as the mean ± SEM derived from 5 to 16 individuals, depending on the measured parameter (see Fig. legends). Since the statistical distribution of the data was Gaussian for several data sets and not for others, Wilcoxon's test was used to compare the Mix-exposure population to the control population.

To statistically compare the percentage of tadpole mortality, metamorphosed tadpole and female maturity between F1/ F2 controls and F1/F2-Mix populations a chi-square test was used.

Liver RNA extraction and sequencing

For each biological replicate, TRIzol RNA isolation reagent (Invitrogen, Life Technologies, Carlsbad, CA, USA) was used to extract the total RNA from 15 mg of liver according to manufacturer instructions. RIN quality for all RNAseq samples were above 7. RNA-seq libraries were prepared using the TruSeq Stranded mRNA sample Prep kit (Illumina, San Diego, CA, USA) and sequenced on an Illumina GAIIx sequencer as 75 bp reads by Hybrigenics-Helixio (Clermont-Ferrand, France). Read mapping on the last Xenopus genome (v. 10.0), gene expression quantification and differential analysis were performed using Trimmomatic (v0.32.1) [START_REF] Bolger | Trimmomatic: a flexible trimmer for Illumina sequence data[END_REF], HISAT2 software [START_REF] Kim | HISAT: a fast spliced aligner with low memory requirements[END_REF], Cufflinks (v0.0.7), Cuffmerge (v0.0.6) and Cuffdiff (v0.0.7) [START_REF] Trapnell | Transcript assembly and quantification by RNA-Seq reveals unannotated transcripts and isoform switching during cell differentiation[END_REF] tools implemented in the Galaxy pipeline (http://galaxyproject.org). Differentially expressed genes (FC ≥ 2 in both directions and corrected p<0.01) were subjected to Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway and General Ontology terms (GO-term) enrichment analysis, using the online functional annotation tool DAVID (Database for Annotation, Visualization and Integrated Discovery, http://david.abcc.ncifcrf.gov) [START_REF] Huang Da | Bioinformatics enrichment tools: paths toward the comprehensive functional analysis of large gene lists[END_REF] as previously described [START_REF] Huang Da | Bioinformatics enrichment tools: paths toward the comprehensive functional analysis of large gene lists[END_REF][START_REF] Regnault | Unexpected metabolic disorders induced by endocrine disruptors in Xenopus tropicalis provide new lead for understanding amphibian decline[END_REF][START_REF] Regnault | Impaired liver function in Xenopus tropicalis exposed to benzo[a]pyrene: transcriptomic and metabolic evidence[END_REF][START_REF] Usal | Concomitant exposure to benzo[a]pyrene and triclosan at environmentally relevant concentrations induces metabolic syndrome with multigenerational consequences in Silurana (Xenopus) tropicalis[END_REF][START_REF] Usal | Transgenerational metabolic disorders and reproduction defects induced by benzo[a]pyrene in Xenopus tropicalis[END_REF]. The significance of differences was calculated using a modified Fisher's Exact test (p < 0.05).

Results

Exposure to the BaP and TCS mixture leads to developmental impairments, metabolic disorders and reduced reproductive investment in F1 progeny.

Exposure to the ED mixture did not induce an increase in tadpole mortality at 5 d (functional mouth development) or at metamorphosis (50 d) (Fig. 1a). However, F1 tadpoles from mixture exposed animals had significantly delayed metamorphosis at 150 d compared to the control (Fig. 1b). In addition, F1 females from mixture exposed animals also showed delayed sexual maturity at 400 d (Fig. 1c), were lighter (p= 0.012) and were smaller (p= 0.0018) (Fig. 1 d,e). No difference in basal glycaemia was observed in F1-Mix females (Fig. 1 f). This normoglycaemia was associated with a decrease of muscle carbohydrate content (0.7 fold, p= 0.01468) (Fig. 1g). For lipid metabolism, a tendency to decrease in fasting plasma cholesterol (0.51-fold, p= 0.07) and a decrease in fasting triglyceride (0.29-fold, p=0.0185) concentrations were found in the F1-Mix compared to F1-Control females (Fig. 1 h, i). At the tissue level, the liver sections of F1-Mix females showed hepatocytes with fewer cell contacts and irregular shapes and leukocyte infiltrates. No fibrosis was observed (Fig. 1 j, k, l, m).

We evaluated the gonadosomatic and adipose-somatic indexes as a proxy for the female body reserve investment in gonadal development. Although F1-mix females did not differ from controls in the gonadosomatic index, their adipose-somatic index tended to decrease by about 50% (p = 0.07) (Fig. 1 n,o) associated with a significant decrease in oocyte lipid content (p = 0.0283) (Fig. 1p). To assess F1 female reproductive investment we mated five F1 pairs from both the control and F1-Mix group. Amplexus was successful for 100% of the controls at 2h 30 min post-stimulation but amplexus was successful for only 40% of the F1-Mix frogs at the same time (Fig. 1q). At the end of the mating period, only 3 out of 5 pairs of F1-Mix frogs produced viable progeny. Although not statistically significant, F1-Mix female stimulation and mating decreased the number of eggs laid by about 33% (Fig. 1r). A decrease in F1 female investment in reproduction was highlighted by a marked increase in F2 progeny mortality at 5 d (p<0.0001) (Fig. 2a). This confirmed reduced oocyte reserve contents available for early tadpole development.

Exposure to the BaP and TCS mixture leads to mortality, developmental impairments and metabolic disorders in F2 progeny.

Exposure to the ED mixture induced a marked increase in tadpole mortality at metamorphosis (50 d, (p<0.0001)) (Fig. 2b). However, F2 surviving tadpoles from the mixture exposed animals did not display delayed metamorphosis at 150 d nor delayed sexual maturity at 400 d (Fig. 2 b,c). F2 females from mixture exposed animals were slightly smaller but had weights similar to the controls (Fig. 2 d,e). An increase in basal glycaemia was observed in F2-Mix females (1.2 fold, p= 0.03668) (Fig. 2 f). No changes in muscle carbohydrate contents were seen in F2-mix females (Fig. 2g). For lipid metabolism, a significant increase in fasting plasma cholesterol (1.8 fold, p= 0.0015) and triglyceride concentrations (1.9 fold, p= 0.0068) was found in F2-Mix compared to F2-Control females (Fig. 2 h,i).

At the tissue level, the liver sections of F2-Mix females showed hepatocytes with fewer cell contacts and irregular shapes, leukocyte infiltrates and swollen blood vessels. No fibrosis was observed (Fig. 2 j,k,l,m). F2-mix females did not differ from controls in gonadosomatic index, adipose somatic index and oocyte lipid content (Fig. 2 n,o,p). To assess F2 female reproductive investment we mated five F2 pairs from both the control and F2-Mix group. Amplexus was successful for 100% of the F2-controls and F2-Mix frogs (Fig. 2 q) and all mating pairs give a viable progeny. Although not statistically significant, F2-Mix female stimulation and mating led to a decrease of about 41% of eggs laid by females (Fig. 2 r). However, no difference in F3 progeny mortality at 5 d was observed (Fig. 2 s) suggesting a normal investment of females in oocyte reserve contents available for early tadpole development.

Hepatic transcriptome confirms multi-and transgenerational metabolic impairments

Statistical analyses were used to identify the genes that were differentially transcribed between the control and exposed animals at each generation.

The liver transcriptomic signature of F1-Mix females showed differential transcription of 249 among which 56% were downregulated (Supplementary Table 1). Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses performed on the upregulated genes in F1-Mix females indicated a link between parental mixture exposure and "Metabolic pathways" (2.5-fold) and "Oxidative phosphorylation" (7.3-fold). The same analysis performed on the downregulated gene indicated a link between mixture-parental exposure and "FoxO signaling pathway" (4-fold) (Table 1). Liver transcriptomic signature of F2-Mix females showed differential transcription of 1609 among which 50% were upregulated (Supplementary Table 1). Enrichment analysis performed on the upregulated genes in F2-Mix females indicated linkage between grandparental mixture exposure and "Spliceosome" (3.8-fold), "Ribosome biogenesis in eukaryotes" (3.6-fold), "Herpes simplex infection" (2.4-fold), "ABC transporters" (4.5-fold), "RNA transport" (2-fold) and "Nucleotide excision repair" (3.2-fold). For downregulated genes in F2-Mix females, an enrichment of several pathways involved in energetic metabolism was observed with "Metabolic pathways" (1.3-fold) and several pathways involved in lipid metabolism including "Steroid hormone biosynthesis" (3.6-fold), "Retinol metabolism" (3.3-fold), "Sphingolipid metabolism" (2.9-fold), "Fatty acid metabolism" (2.7-fold), "Steroid biosynthesis (4.2-fold)", "Biosynthesis of unsaturated fatty acids" (3.6-fold) and "Primary bile acid biosynthesis" (4.6-fold). In addition, two pathways associated with the immune system also appeared enriched including "Cytokine-cytokine receptor interaction" (2.2-fold) and "Toll-like receptor signaling pathway" (2.2-fold) (Table 1).

The enriched pathways highlighted from the F1 and F2 female transcriptome indicated global metabolic changes encompassing lipid, carbohydrate and protein metabolism. To compare metabolic changes occurring in F1 and F2 females, we focused on the genes involved in carbohydrate, lipid and protein metabolism observed in both generations (Fig. 3). The affected genes appeared different in F1 and F2 females. The F1 female transcriptome revealed that glucose metabolism was affected by parental exposure. Indeed, glucose-6-phosphate catalytic subunit genes (g6pc.1; g6pc.2, g6pc.3), fructosebisphosphatase 2 (fbp2) and PPARG coactivator 1 alpha (ppargc1a) involved in glucose production through gluconeogenesis and solute carrier family 2 member 2 (scl2a) gene involved in glucose capture from blood appeared downregulated (Fig. 3). In parallel, a marked upregulation of genes involved in mitochondrial oxidative phosphorylation was observed in F1 females including NADH:ubiquinone oxidoreductase subunit A8 (ndufa, 8,2fold), ATP synthase F1 subunit gamma (atp5f1c, 2-fold), ubiquinol-cytochrome c reductase (uqcrfs1, 2-fold), cytochrome c oxidase subunit Va (cox5a, 2.2-fold), ubiquinol-cytochrome c reductase complex III subunit VII (uqcrq, 2.2-fold), ATP synthase membrane subunit c locus 1 (atp5mc1, 2.3-fold) and pyrophosphatase 2 (ppa2, 2.4-fold) (Fig. 3). The down-regulation of cyp7a1 (0.09-fold) suggest a possible effect of exposure on bile acid synthesis [START_REF] Kim | Differential regulation of bile acid homeostasis by the farnesoid X receptor in liver and intestine[END_REF]. However, the cytochrome P450 8B1 (cyp8b1.1) and the aldo-keto reductase family 1, member D1 (aldo-keto reductase family 1, member D1 (akr1d1) genes encoding enzymes responsible of cholic acid synthesis [START_REF] Kim | Differential regulation of bile acid homeostasis by the farnesoid X receptor in liver and intestine[END_REF] appeared upregulated (Fig. 3). Focus on amino acid metabolism did not reveal precise regulation but glycine, arginine, histidine, alanine, tryptophane and cysteine metabolism appeared affected in F1 females (Fig. 3).

Finally, crosslinking histological data revealing fewer cell contacts and leukocyte infiltrates with transcriptomic signatures did not reveal a correlation in F1 females.

The F2 female transcriptome revealed that the insulin resistance pathway is affected by grandparental exposure. Phosphoenolpyruvate carboxykinase 1 (pck1) and peroxisome proliferator-activated receptor gamma coactivator 1 beta (ppargc1b) genes physiologically repressed by insulin [START_REF] Southgate | PGC-1alpha gene expression is down-regulated by Aktmediated phosphorylation and nuclear exclusion of FoxO1 in insulin-stimulated skeletal muscle[END_REF] appeared upregulated and the glucose-6phosphate dehydrogenase (g6pd) gene physiologically activated by insulin was downregulated 2-fold. In addition, protein phosphatase 1 regulatory subunit 3C (ppp1r3c.2) associated with high blood glucose levels and adiponectin receptor 2 (adipor2) which increases liver insulin sensitivity were also upregulated by 2.3 and 2.4-fold respectively [START_REF] Dong | Insulin-induced gene: a new regulator in lipid metabolism[END_REF][START_REF] Wagle | Insulin regulation of glucose-6-phosphate dehydrogenase gene expression is rapamycin-sensitive and requires phosphatidylinositol 3-kinase[END_REF]. This phenotype was associated with a 1.6-fold decrease in insulin receptor gene (insr) transcription, a 2.3-fold-decrease in the insulin induced gene 1 (insig1) gene transcription and a 2-fold increase of the gluconeogenic enzyme regulator CREB binding protein (crebbp) gene transcription [START_REF] He | Metformin and insulin suppress hepatic gluconeogenesis through phosphorylation of CREB binding protein[END_REF] (Fig. 3).

Many differentially transcribed genes were associated with lipid metabolism and there was a marked downregulation (from 6.3 to 2.3-fold) of genes involved in cholesterol and steroid metabolism including the cytochrome P450 family 1 subfamily A member 1 (cyp1a1), cytochrome P450 family 21 subfamily A member 2 (cyp21a2.1), cytochrome P450 family 2 subfamily D member 6 (cyp2d6), cytochrome P450 family 7 subfamily A member 1 (cyp7a1), cytochrome P450 family 7 subfamily B member 1 (cyp7b1), cholestenol delta-isomerase (ebp), hydroxysteroid (17-beta) dehydrogenase 3 (hsd17b3), hydroxysteroid (17-beta) dehydrogenase 8 (hsd17b8), lipase A, lysosomal acid, cholesterol esterase (lipa), methylsterol monooxygenase 1 (msmo1), NAD(P) dependent steroid dehydrogenase-like (nsdhl) and UDP glucuronosyltransferase 1 family, polypeptide A1 (ugt1a1). Only the hydroxysteroid (17-beta) dehydrogenase 1 gene (hsd17b1) appeared upregulated by 4.9-fold (Fig. 3). In addition, 13 genes involved in fatty acid metabolism were also downregulated (from 2 to 5-fold) including acyl-CoA oxidase 3, pristanoyl (acox3), acyl-CoA synthetase bubblegum family member 2 (acsbg2), 3-hydroxybutyrate dehydrogenase 1 (bdh1), carnitine palmitoyltransferase 1A (liver) like (cpt1al), carnitine palmitoyltransferase 2 (cpt2), ELOVL fatty acid elongase 2 (elovl2), fatty acid desaturase 1 (fads1), fatty acid hydroxylase domain containing 2 (faxdc2), hydroxyacyl-CoA dehydrogenase trifunctional multienzyme complex subunit alpha (hadha), lipase, hepatic type (lipc), stearoyl-CoA desaturase (delta-9desaturase) (scd), acyl-CoA oxidase-like (acoxl) and acyl-CoA dehydrogenase family member 11 (acad11). Only the acyl-CoA dehydrogenase family member 10 (acad10) gene was up-transcribed by 3.6-fold (Fig. 3).

As in F1 females, the amino acid metabolism did not reveal precise regulation in F2-Mix females but glycine, arginine, histidine, lysine, tyrosine, valine, methionine and cysteine metabolism appeared affected (Fig. 3).

Analysis of genes associated with the immune system confirmed the histological data and indicated an inflamed liver condition with a marked upregulation of the C-reactive protein 4 (crp4, 3.4-fold) in F2-Mix females (Supplementary Table 1). Thus, histological data highlighting decreased cell-cell contact was confirmed by the downregulation of cadherin 2 (cdh2, 0.42-fold), claudin 15.1 (cldn15.1, 0.36-fold) and claudin 2 (cldn2, 0.30-fold) genes involved in tight-junction integrity (Supplementary Table 1). Although liver tissue disorganization was not associated with fibrosis, a marked upregulation of collagen genes was observed in F2 females including procollagen C-endopeptidase enhancer (pcolce, 2.4fold), collagen, type IV, alpha 5 (col4a5, 2-fold), collagen, type I, alpha 1 (col1a1, 2.1-fold) and collagen, type V, alpha 1 (col5a1, 2.4-fold) genes (Supplementary Table 1).

Discussion

The metabolic disorders induced by ED as potential causes for decreased amphibian fitness and global population declines have been recently reported [START_REF] Regnault | Unexpected metabolic disorders induced by endocrine disruptors in Xenopus tropicalis provide new lead for understanding amphibian decline[END_REF][START_REF] Trudeau | Agrochemicals disrupt multiple endocrine axes in amphibians[END_REF][START_REF] Usal | Concomitant exposure to benzo[a]pyrene and triclosan at environmentally relevant concentrations induces metabolic syndrome with multigenerational consequences in Silurana (Xenopus) tropicalis[END_REF][START_REF] Usal | Transgenerational metabolic disorders and reproduction defects induced by benzo[a]pyrene in Xenopus tropicalis[END_REF]. In females, cholesterol synthesis in the liver provides vitellogenin lipidation that is stored in fat bodies for later use in oocyte yolk [START_REF] Di Croce | Independent responsiveness of frog liver low-density lipoprotein receptor and HMGCoA reductase to estrogen treatment[END_REF]. It is expected that disruption of metabolism by ED will have important negative consequences on female reproduction.

In amphibians, healthy offspring are typically produced by healthy mothers [START_REF] Swain | Role of maternally derived immunity in fish[END_REF] since tadpole sustainability in the first stages of development is dependent on female investment in the egg yolk. Therefore, multi and transgenerational maternal effects on offspring could be explained by a lower investment in egg reserves [START_REF] Hedayatirad | Transgenerational disrupting impacts of atrazine in zebrafish: Beneficial effects of dietary spirulina[END_REF][START_REF] Usal | Transgenerational metabolic disorders and reproduction defects induced by benzo[a]pyrene in Xenopus tropicalis[END_REF]. This hypothesis has been confirmed in X. tropicalis where F2 females from F0 BaP-exposed animals laid eggs with carbohydrates, amino acid and lipid contents significantly different from the control and were unable to produce viable progeny [START_REF] Usal | Transgenerational metabolic disorders and reproduction defects induced by benzo[a]pyrene in Xenopus tropicalis[END_REF]. We studied the multi and transgenerational effects of a mixture of BaP and TCS on female metabolism and investment in reproduction and showed that a high mortality rate at the tadpole stage in the F2 generation may have selected individuals which were better able to invest in reproduction than their genitors.

For all the parameters measured in this study, the differences among the control generations have been statistically tested. No differences were observed between generations (data not shown) except for tadpole mortality which was higher in F1 and F3 individuals compared to F2 individuals. This difference was not associated with significant lipid oocyte modifications (Fig. 1p, 2p and Supplementary Fig. 1). It is widely accepted that the potential usefulness of Xenopus tropicalis in regulatory test guidelines is weakened by the lack of standardized husbandry guidelines. Also, larval mortality rates are variable and often as high as those in the present study [START_REF] Kvarnryd | Early life progestin exposure causes arrested oocyte development, oviductal agenesis and sterility in adult Xenopus tropicalis frogs[END_REF][START_REF] Pettersson | Persistent sex-reversal and oviducal agenesis in adult Xenopus (Silurana) tropicalis frogs following larval exposure to the environmental pollutant ethynylestradiol[END_REF][START_REF] Svanholm | Developmental reproductive toxicity and endocrine activity of propiconazole in the Xenopus tropicalis model[END_REF]. Xenopus used in this study were bred and maintained in optimal conditions of density, water quality and diet) [START_REF] Mcnamara | Husbandry, General Care, and Transportation of Xenopus laevis and Xenopus tropicalis[END_REF]. However, considering the time between successive generations, a comparison of larval mortality was unfeasible.

Since control and Mix-individuals were bred in parallel and in the same husbandry conditions, differences of larval mortality likely reflect the effects of the ED mixture at each generation.

F1 tadpoles from F0 exposed animals did not have increased mortality at 5 d or 50 d suggesting a good investment in reproduction of their genitors. These results were similar to previous results obtained in genitors in which the number of hatched eggs per amplexus was equivalent to the controls [START_REF] Usal | Concomitant exposure to benzo[a]pyrene and triclosan at environmentally relevant concentrations induces metabolic syndrome with multigenerational consequences in Silurana (Xenopus) tropicalis[END_REF]. However, the F1-Mix frogs had significantly delayed metamorphosis and female sexual maturity. In addition, mature females were smaller and weighed less than the controls. The same results were previously observed for F1 frogs from BaP-exposed animals but not for TCS [START_REF] Regnault | Unexpected metabolic disorders induced by endocrine disruptors in Xenopus tropicalis provide new lead for understanding amphibian decline[END_REF]. These results suggest a multigenerational cost of tolerance to chemical contaminants in their genitors leading to progeny with reduced development [START_REF] Bokony | Endocrine disruptors in breeding ponds and reproductive health of toads in agricultural, urban and natural landscapes[END_REF]. B. bufo data suggested that maternal exposure to ED had a much larger effect on growth, metamorphic development and sexual differentiation of progeny than direct exposure [START_REF] Orton | Agricultural intensity in ovo affects growth, metamorphic development and sexual differentiation in the common toad (Bufo bufo)[END_REF].

Toads from genitors originating from human-influenced habitats took longer to complete metamorphosis and had reduced body mass even after completing development in clean water [START_REF] Bokony | Endocrine disruptors in breeding ponds and reproductive health of toads in agricultural, urban and natural landscapes[END_REF]. At the adult stage, F1 females from F0 exposed animals displayed a decrease in muscle carbohydrate contents. However, no difference in fasting glycaemia was observed. A decrease in pancreatic insulin secretion was observed in F1 animals from BaP exposed genitors. This phenotype was not associated with muscle insulin resistance but with an increase in the transcription of gluconeogenic genes [START_REF] Usal | Transgenerational metabolic disorders and reproduction defects induced by benzo[a]pyrene in Xenopus tropicalis[END_REF]. In parallel, a marked upregulation of genes involved in mitochondrial oxidative phosphorylation was observed in F1-Mix females. Many studies have indicated that overtranscription of oxidative phosphorylation (OXPHOS) genes represents a physiological response to environmental variations. This overtranscription may facilitate adequate energy production under extreme environmental conditions and is a mechanism used to cope with increased energetic demands [START_REF] Evans | Oxidative phosphorylation gene transcription in whitefish species pairs reveals patterns of parallel and nonparallel physiological divergence[END_REF]. OXPHOS gene overtranscription has also been associated with mitochondrial impairments like radical oxygen species (ROS) production linked to metabolic disorders [START_REF] Reinecke | OXPHOS gene expression and control in mitochondrial disorders[END_REF].

Transcriptomic data obtained from F1-mix females revealed a marked upregulation of the superoxyde dismutase gene (SOD, 2.48-fold) (Supplementary Table 1) indicating possible oxidative stress.These results suggest that F1-Mix females coped with the increased energetic demands associated with liver metabolic impairments. In addition, liver from F1-Mix females revealed inflammation and loss of tissue integrity which is consistent with hepatotoxicity associated with metabolic disorders [START_REF] Takahashi | Histopathology of nonalcoholic fatty liver disease/nonalcoholic steatohepatitis[END_REF]. These results confirmed previous observations in F1 progeny associated with BaP parental exposure [START_REF] Usal | Transgenerational metabolic disorders and reproduction defects induced by benzo[a]pyrene in Xenopus tropicalis[END_REF] and demonstrate that the histological phenotype observed in genitors exposed to the BaP and TCS mixture [START_REF] Usal | Concomitant exposure to benzo[a]pyrene and triclosan at environmentally relevant concentrations induces metabolic syndrome with multigenerational consequences in Silurana (Xenopus) tropicalis[END_REF] was transmitted to their progeny. Metabolic disorder observed in F1-Mix females was accompanied by a decrease in fasting plasma cholesterol and triglyceride concentrations. This phenotype was confirmed by the downregulation of the cytochrome P450 7A1 gene (cyp7a1) which constitutes the first, and rate limiting step, in bile acid synthesis [START_REF] Kim | Differential regulation of bile acid homeostasis by the farnesoid X receptor in liver and intestine[END_REF] and which is activated at the transcriptional level by high cholesterol levels [START_REF] Goodwin | Differential regulation of rat and human CYP7A1 by the nuclear oxysterol receptor liver X receptor-alpha[END_REF]. In female amphibians, cholesterol synthesis in liver enhances vitellogenin lipidation that is stored in fat bodies for oocyte yolk [START_REF] Di Croce | Independent responsiveness of frog liver low-density lipoprotein receptor and HMGCoA reductase to estrogen treatment[END_REF] and a large component of liver metabolism is directed to the constitution of fat bodies associated with reproduction. In this way, an inverse relationship between coelomic fat body size and gonad size has been found in sexually mature females [START_REF] Fitzpatrick | Life history patterns of storage and utilization of lipids for energy in amphibians[END_REF][START_REF] Wright | Cholesterol, corneal lipidosis, and xanthomatosis in amphibians. The veterinary clinics of North America[END_REF].

The tendency of decreased blood cholesterol concentrations observed in F1-Mix females was associated with a near significant decrease in the adiposomatic index without any impact on the gonadosomatic index. Since lipid oocyte contents were decreased in F1-Mix females compared to the control, our data suggest that the F1-Mix females tended to produce the same amount of oocytes as the control with decreased capacities for reserve constitution. Reproductive investment of F1-Mix females was also decreased compared to the controls. The F1-Mix females showed delayed amplexus, tended to laid fewer eggs (not statistically significant) than the controls and these eggs produced progeny with high mortality levels at 5 d post hatch. Since tadpoles feed on vitellus until day 5, the high mortality observed might be associated with the decrease of oocyte lipid reserves available for early tadpole development and might confirm the decrease in F1-Mix female investment in reproduction due to metabolic impairments.

Higher F2-Mix tadpole mortality at 5 d post-hatching was confirmed at the time of metamorphosis (50 d) where F2-Mix individuals showed a 1.7-fold increase in mortality compared to the controls. However, F2-Mix surviving tadpoles did not display delayed metamorphosis at 150 d nor delayed sexual maturity at 400 d compared to the controls. These results were different from those obtained in F2-BaP frogs for which a delayed metamorphosis and sexual maturity was observed [START_REF] Usal | Transgenerational metabolic disorders and reproduction defects induced by benzo[a]pyrene in Xenopus tropicalis[END_REF]. In addition, despite being slightly smaller than the controls, F2-Mix females had weights similar to those of the controls. These results suggested that the high mortality levels observed in the F2-Mix tadpoles selected for individuals with performances similar to the controls.

At the adult stage, F2 females from F0-exposed animals also displayed metabolic disorders associated with hepatotoxicity. Histological data showed hepatocytes with fewer cell contacts and irregular shapes, leukocyte infiltrates and swollen blood vessels. These data suggested transmission of an inflammatory state from the F0-Mix to F2-Mix females. At the transcriptomic level, this phenotype was confirmed by the marked upregulation of the Creactive protein 4 gene and the marked downregulation of genes involved in tight-junction integrity (cdh2, cldn15. 1, cldn2). In mammals, fibrosis is a natural consequence of hepatoxicity induced by metabolic disorders [START_REF] El-Serag | Diabetes increases the risk of chronic liver disease and hepatocellular carcinoma[END_REF]. Here, we showed that though a marked upregulation of collagen genes occurred in F2-Mix females liver tissue, disorganization was not associated with fibrosis. F2 females from F0 exposed frogs had an increase in basal glycaemia. The liver transcriptomic data revealed an enrichment of the insulin resistance pathway with a marked upregulation of the gene encoding for the neoglucogenic enzyme activator crebbp and the major neoglucogenic enzyme pck1 (He et 21 al., 2009). In addition, the ppargc1b gene physiologically repressed by insulin [START_REF] Southgate | PGC-1alpha gene expression is down-regulated by Aktmediated phosphorylation and nuclear exclusion of FoxO1 in insulin-stimulated skeletal muscle[END_REF] appeared upregulated and the g6pd and insig1 genes physiologically activated by insulin [START_REF] Dong | Insulin-induced gene: a new regulator in lipid metabolism[END_REF][START_REF] Wagle | Insulin regulation of glucose-6-phosphate dehydrogenase gene expression is rapamycin-sensitive and requires phosphatidylinositol 3-kinase[END_REF] appeared downregulated. These results suggest a decrease in liver sensitivity to insulin which might be explained by the 1.6-fold decrease in insulin receptor gene (insr) transcription. In addition, the protein phosphatase 1 regulatory subunit 3C gene (ppp1r3c.2) associated with high blood glucose levels [START_REF] Brereton | Hyperglycaemia induces metabolic dysfunction and glycogen accumulation in pancreatic beta-cells[END_REF] and the adiponectin receptor 2 (adipor2) gene which increases liver insulin sensitivity [START_REF] Inukai | Regulation of adiponectin receptor gene expression in diabetic mice[END_REF] were also upregulated in F2-Mix females. These data confirmed the observed phenotype and highlighted the regulatory mechanism for enhancing liver insulin sensitivity. The insulin resistance phenotype was also observed in F0 genitors [START_REF] Usal | Concomitant exposure to benzo[a]pyrene and triclosan at environmentally relevant concentrations induces metabolic syndrome with multigenerational consequences in Silurana (Xenopus) tropicalis[END_REF] exposed to the ED mixture suggesting that transgenerational transmission of metabolic impairment might occur in frogs. In F0 genitors, the insulin resistance phenotype was accompanied by a liver steatosis highlighting marked deregulation of lipid metabolism [START_REF] Usal | Concomitant exposure to benzo[a]pyrene and triclosan at environmentally relevant concentrations induces metabolic syndrome with multigenerational consequences in Silurana (Xenopus) tropicalis[END_REF]. We found that F2-Mix females did not display liver steatosis but transcriptomic data revealed downregulation of the genes associated with cholesterol and fatty acid metabolism. This transcriptomic regulation is associated with a increase in blood cholesterol and triglycerides concentrations suggesting a complex regulation mechanism.

Contrary to F1-Mix females, F2-Mix frogs did not display significant change in gonadosomatic index and oocyte lipid contents. These results indicated that the F2-Mix females have correctly directed liver lipid metabolism to the constitution of fat bodies and oocyte yolk stores [START_REF] Di Croce | Independent responsiveness of frog liver low-density lipoprotein receptor and HMGCoA reductase to estrogen treatment[END_REF][START_REF] Fitzpatrick | Life history patterns of storage and utilization of lipids for energy in amphibians[END_REF][START_REF] Wright | Cholesterol, corneal lipidosis, and xanthomatosis in amphibians. The veterinary clinics of North America[END_REF]. In addition, seminatural mating indicated a similar reproductive investment of F2-Mix females compared to the controls with normal amplexus delay. The F2-Mix females tended to laid fewer eggs (not statistically significant) than the controls but these eggs produced progeny that did not show high mortality at 5 d post hatching compared to the controls. These results were confirmed by the high quality of oocyte reserve contents available for early tadpole development.

Results obtained with F2 females from F0 BaP-exposed animals indicated a compromised ability to reproduce associated with metabolite contents, especially cholesterol, in eggs that was significantly different from the control [START_REF] Usal | Transgenerational metabolic disorders and reproduction defects induced by benzo[a]pyrene in Xenopus tropicalis[END_REF]. Here, the marked difference between F1-F2-and F3-Mix progeny survival might be linked to the investment of their mother in oocyte lipidation. Transcriptomic data from F0, F1 and F2 animals revealed an increase in the number of genes differentially transcribed across generations, from 120 at generation F0 [START_REF] Usal | Concomitant exposure to benzo[a]pyrene and triclosan at environmentally relevant concentrations induces metabolic syndrome with multigenerational consequences in Silurana (Xenopus) tropicalis[END_REF], 249 at generation F1 to 1609 at generation F2. Such transcriptional responses are not well documented, but a few studies in invertebrates and fish suggest that changes induced by environmental stressors can be adaptive [START_REF] Goncalves | Rapid transcriptional acclimation following transgenerational exposure of oysters to ocean acidification[END_REF][START_REF] Vera-Chang | Transgenerational hypocortisolism and behavioral disruption are induced by the antidepressant fluoxetine in male zebrafish Danio rerio[END_REF]. Interestingly, differential expression analysis of the F2-Mix female liver transcriptome indicates a marked upregulation of key genes regulating DNA and histone modifications [START_REF] Ferrari | Linking epigenetics to lipid metabolism: focus on histone deacetylases[END_REF][START_REF] Giotopoulos | The epigenetic regulators CBP and p300 facilitate leukemogenesis and represent therapeutic targets in acute myeloid leukemia[END_REF] including the CREB binding protein (crebp, 2-fold), E1A binding protein p300 (ep300, 2.17-fold), lysine acetyltransferase 7 (kat7, 2-fold), histone deacetylase 9 (hdac9, 1.86-fold) and histone deacetylase 4 (hdac4, 2.75-fold) (Supplementary Table 1). Since these epigenetic regulators have been associated with liver glucose and lipid metabolism [START_REF] Ferrari | Linking epigenetics to lipid metabolism: focus on histone deacetylases[END_REF], these results might indicate a possible adaptive response of F2-mix individuals leading to equal performance than controls. However, both F1 and F2-Mix females displayed metabolic disruption but the females had different phenotypes. The difference between F1 and F2 individual phenotypes might be explained by exposure conditions. The F0 generation was exposed from the 7 d old tadpole stage to the mature adult stage. A parental transfer of BaP and TCS to their offspring (F1 generation) via the gametes (e.g. maternal transfer of contaminants via oocytes) has probably occurred. Embryos and early development stages of the F1 generation could have been exposed to significant concentrations of BaP and TCS (and/or to their metabolites). Therefore, part of the effects observed in the F1 generation might be associated with a direct interaction between ED and cellular components. For example, Ah-R can modulate the expression of a number of genes involved in the cholesterol synthesis pathway [START_REF] Tanos | Aryl hydrocarbon receptor regulates the cholesterol biosynthetic pathway in a dioxin response element-independent manner[END_REF]. Compared to F2-Mix females, F1-Mix females displayed marked disruption of lipid metabolism associated with a decrease blood cholesterol concentrations and egg lipid stores. This phenotype could be associated with Ah-R activation by BaP. However, no difference in the transcription of the gene encoding for the Ah-R was observed. In contrast, F2-Mix females, not directly exposed to ED, displayed deregulation of carbohydrate metabolism associated with liver insulin resistance phenotypes with no obvious consequence on their capacity to correctly constitute egg reserves.

Conclusion

This study confirmed that a BaP and triclosan mixture, at a concentration commonly found in natural ponds, can induce multi-and transgenerational metabolic disorders in amphibian progeny that are not directly exposed. We propose a hypothesis for explaining the transmission of metabolic syndrome across generations. Though epigenetic mechanisms are widely accepted for explaining various diseases transmission [START_REF] Baker | Dioxin induction of transgenerational inheritance of disease in zebrafish[END_REF][START_REF] Major | Early life exposure to environmentally relevant levels of endocrine disruptors drive multigenerational and transgenerational epigenetic changes in a fish model[END_REF][START_REF] Perera | The role of environmental exposures and the epigenome in health and disease[END_REF] in vertebrates, involvement of egg reserve modification as a potential cause of transgenerational reproduction defect in amphibians is proposed. We demonstrated that female investment in reproduction can be affected by their capacity to cope with metabolic disorders. When a trade-off between metabolic disorders and reproduction occurs and is not overcome across generations, the metabolic costs might induce reproductive defects. The high mortality observed at the tadpole stage in F2-Mix tadpoles might have produced individuals able to cope with the metabolic cost and to generate viable progeny through a suitable investment in the content of oocyte reserves. The genes showing a significant differential transcription from control in at least one condition were used for annotation enrichment using the Database for Annotation, Visualization and Integrated Discovery (DAVID) functional annotation tool (modified Fisher's exact test with P < 0.05). 
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 1 Fig. 1. Multigenerational effects of ED-mixture on F1 tadpoles and females. a. Percentage of tadpole mortality at day 5 (free feeding stage) and 50 (metamorphosis). b. Percentage of metamorphosed individuals at day 150. Percentages were calculated from 849 and 997 fertilized eggs for Control and Mix animals respectively. c. Percentage of mature female at day 400 (n Control = 8, n Mix = 9). Statistical significance of percentage changes between F1-control and F1-Mix populations were compute with a Khi² test. * p-value < 0.05; ** p-value < 0.01. d. Body mass of F1 females (n Control = 8, n Mix = 16). e. Snout-vent length of F1 females (n Control = 8, n Mix = 16). f. Fasting glycaemia of F1-control and F1-Mix females (n Control = 7, n Mix = 14). g. Muscle glycogen contents of F1-Control and F1-Mix females (n Control = 5, n Mix = 7). h. Fasting plasma cholesterol concentrations of F1-Control and F1-Mix females (n Control = 5, n Mix = 9). i. Fasting plasma triglyceride concentrations of F1-Control and F1-Mix females (n Control = 5, n Mix = 9). j. Hematoxylin and erythrosin staining of liver sections from F1-Control females (Scale bars, 100 μm). k. Hematoxylin and erythrosin staining of liver sections from F1-Mix females (Scale bars, 100 μm). The asterisks indicate leukocyte infiltrates. l. Hematoxylin and erythrosin staining of liver sections from F1-control females (Scale bars, 50 μm). m. Hematoxylin and erythrosin staining of liver sections from F1-Mix females (Scale bars, 50 μm). n. Adipose-somatic index of F1-Control and F1-Mix females. (n Control = 6, n Mix = 14). o. Gonadosomatic index of F1-Control and F1-Mix females. (n Control = 6, n Mix = 14). p. Oocyte lipid contents of F1-Control and F1-Mix females. (n Control = 5, n Mix = 5). q. Percentage of female accepting amplexus at 2h30 post-stimulation (n Control = 5, n Mix = 5). r. Number of eggs laid by female from F1-Control and F1-Mix populations (n Control = 5, n Mix = 5). Statistical analyses were performed using Wilcoxon's test. The asterisks indicate a significant difference from the control: * p-value < 0.05; ** p-value < 0.01.

Fig. 2 .

 2 Fig. 2. Transgenerational effects of ED-mixture on F2 tadpoles and females. a. Percentage of tadpole mortality at day 5 (free feeding stage) and 50 (metamorphosis). Percentages were calculated from 1995 and 335 fertilized eggs for Control and Mix animals respectively. b. Percentage of metamorphosed individuals at day 150 (n Control = 111, n Mix = 16). c. Percentage of mature female at day 400 (n Control = 109, n Mix = 15). Statistical significance of percentage changes between F2-control and F2-Mix populations were compute with a Khi² test. ** p-value < 0.01. d. Body mass of F2 females (n Control = 16, n Mix = 14). e. Snout-vent length of F2 females (n Control = 16, n Mix = 14). f. Fasting glycaemia of F2control and F2-Mix females (n Control = 36, n Mix = 15). g. Muscle glycogen contents of F2-Control and F2-Mix females (n Control = 16, n Mix = 13). h. Fasting plasma cholesterol concentrations of F2-Control and F2-Mix females (n Control = 10, n Mix = 10). i. Fasting plasma triglyceride concentrations of F2-Control and F2-Mix females (n Control = 10, n Mix = 10). j. Hematoxylin and erythrosin staining of liver sections from F2-Control females (Scale bars, 100 μm). k. Hematoxylin and erythrosin staining of liver sections from F1-Mix females (Scale bars, 100 μm). The arrow indicates a dilated blood vessel. l. Hematoxylin and erythrosin staining of liver sections from F1-control females (Scale bars, 50 μm). m. Hematoxylin and erythrosin staining of liver sections from F1-Mix females (Scale bars, 50 μm). The asterisks indicate leukocyte infiltrates. n. Adipose-somatic index of F2-control and F2-Mix females. (n Control = 16, n Mix = 14). o. Gonadosomatic index of F1-control and F1-Mix females. (n Control = 16, n Mix = 14). p. Oocyte lipid contents of F1-control and F1-Mix females. (n Control = 5, n Mix = 5). q. Percentage of female accepting amplexus at 2h30 post-stimulation (n Control = 5, n Mix = 5). r. Number of eggs laid by female from F2-Control and F2-Mix populations (n Control = 5, n Mix = 5). s. Percentage of F3 tadpole mortality at day 5 (free feeding stage). Statistical analyses were performed using Wilcoxon's test. The asterisks indicate a significant difference from the control: * p-value < 0.05; ** p-value < 0.01. Percentage of F3 tadpole mortality at day 5 (free feeding stage). Percentages was calculated from 1611 and 1473 fertilized eggs for Control and Mix animals respectively.
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 3 Fig. 3. Liver transcriptome of F1 and F2 females from F0-control or mixture exposed individuals. The color scale indicates transcription ratios (log2) relative to the controls. The black boxes indicate the metabolic pathway highlighted by the gene found to be differentially transcribed compared with the control. Stars indicate that the specific gene was found to be differentially transcribed between F0-control and F0-exposed group in the considered generation (modified Fisher's exact test with P < 0.05). n = 5 per exposure group.

  

Table 1 : Kegg pathway enrichment study based on genes differentially transcribed between F1/F2-Mix and F1/F2-control females

 1 

	Generation	Gene regulation	Kegg pathway	Number of genes	Fold enrichment	pvalue
	F1	UP	Metabolic pathways Oxidative phosphorylation	23 7	2.5 7.3	4.68E-06 2.71E-04
		DOWN	FoxO signaling pathway	5	4	3.17E-02
			Spliceosome	21	3.8	3.12E-07
			Ribosome biogenesis in eukaryotes	12	3.6	3.95E-04
		UP	Herpes simplex infection ABC transporters	14 6	2.4 4.5	5.46E-03 9.05E-03
			RNA transport	13	2	2.34E-02
			Nucleotide excision repair	6	3.2	3.64E-02
			Metabolic pathways	92	1.3	7.62E-04
	F2		Steroid hormone biosynthesis Retinol metabolism	8 8	3.6 3.3	4.95E-03 8.16E-03
			Sphingolipid metabolism	9	2.9	1.09E-02
		DOWN	Cytokine-cytokine receptor interaction Fatty acid metabolism	13 8	2.2 2.7	1.23E-02 2.67E-02
			Steroid biosynthesis	5	4.2	2.75E-02
			Toll-like receptor signaling pathway	9	2.2	4.60E-02
			Biosynthesis of unsaturated fatty acids	5	3.6	4.60E-02
			Primary bile acid biosynthesis	4	4.6	5.00E-02
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