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Due to high protein contents, legume seeds provide an important source for human and animal nutrition and play therefore a crucial role in research regarding the improvement of seed quality. Previous studies have demonstrated that reserve production and accumulation in legume seeds is transcriptionally regulated, in which the transcription factor DOF1147 is involved. In addition, auxin is known to play a significant role in modelling the transition from mitotic cycles to endocycles in Medicago truncatula developing seeds by favoring sustained cell divisions while prolonging endoreduplication. The intent of this study was to examine the effect of the transcription factor DOF1147 and of auxin on cell division and endoreduplication in immature seeds of Medicago truncatula. Therefore, the study's focus rests on the transition from the embryo cell division to seed filling phase, and it compares a wild-type genotype with a DOF1147-overexpressing transformant. Thus, seeds were harvested at 8, 10, 12, 14 and 16 DAP (days after pollination) and cultured in vitro on media either without auxin or supplemented with indole-3-butyric acid (IBA) or naphthaleneaceticacid (NAA) at 1 mg/l. The in vitro seed development was analyzed by flow cytometry and by the kinetics of seed fresh weight and surface area, with all parameters determined every two days from the start of in vitro culture. The results showed that auxin causes an increase in seed weight and size, with NAA having a stronger effect than IBA. Interestingly, the transformant seeds exhibited a stronger reaction as compared to wild-type seeds. In addition, endoreduplication occurred earlier and for a longer period of time in the seeds of the DOF1147-transformant with NAA having again the greatest effect. The results of this study confirm previous observations on the participation of auxin in seed development and unveil new information about the gene DOF1147 and its activity during the filling stage of legume seed development.
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Introduction

Legumes provide an important source of proteins and are widely cultivated for human consumption and animal feed as seeds or fodder [START_REF] Hoffmann | A New Medicago truncatula Line with Superior in Vitro Regeneration, Transformation, and Symbiotic Properties Isolated Through Cell Culture Selection[END_REF][START_REF] Journet | La légumineuse modèle Medicago truncatula: approches génomiques et perspectives[END_REF][START_REF] Gallardo | Proteomics of Medicago truncatula Seed Development Establishes the Time Frame of Diverse Metabolic Processes Related to Reserve Accumulation[END_REF][START_REF] Gallardo | Reserve accumulation in legume seeds[END_REF][START_REF] Verdier | Transcriptional Regulation of Storage Protein Synthesis During Dicotyledon Seed Filling[END_REF]Verdier et al., 2008;[START_REF] Thompson | Post-Genomics Studies of Developmental Processes in Legume Seeds[END_REF][START_REF] Ochatt | Rounding up plant cells[END_REF][START_REF] Ochatt | Immature Seeds and Embryos of Medicago truncatula Cultured In Vitro[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Boulisset | Influence de l'auxine sur le développement in vitro de la graine de Medicago truncatula, génotype sauvage et transformants[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF]. Unlike cereals, the protein content in legume seeds ranges from 20 up to 40 %, whereas the economical and nutritional significant storage compounds consist principally of the legumin (11S) and vicilin (7S) globulin classes [START_REF] Gallardo | Proteomics of Medicago truncatula Seed Development Establishes the Time Frame of Diverse Metabolic Processes Related to Reserve Accumulation[END_REF][START_REF] Gallardo | Reserve accumulation in legume seeds[END_REF]Verdier et al., 2008). Those storage proteins accumulate during the seed filling phase of seed development and are mainly stored in the cotyledonary cells of the embryo [START_REF] Golombek | Control of storage protein accumulation during legume seed development[END_REF][START_REF] Gallardo | Seed Biology of Medicago truncatula[END_REF][START_REF] Gallardo | Reserve accumulation in legume seeds[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. On account of the nutritional and economic importance of legume seeds, there is great interest in evaluating the mechanisms that control storage protein accumulation and protein content, and the breeders' effort in improving seed quality and the human profit of legume seeds is great [START_REF] Golombek | Control of storage protein accumulation during legume seed development[END_REF][START_REF] Gallardo | Proteomics of Medicago truncatula Seed Development Establishes the Time Frame of Diverse Metabolic Processes Related to Reserve Accumulation[END_REF][START_REF] Verdier | Transcriptional Regulation of Storage Protein Synthesis During Dicotyledon Seed Filling[END_REF][START_REF] Boulisset | Influence de l'auxine sur le développement in vitro de la graine de Medicago truncatula, génotype sauvage et transformants[END_REF]. In this context, the transcription factor DOF1147 has been identified to be involved in embryo development and seed filling in wild-type seeds of the model legume Medicago truncatula. The gene expression of DOF1147 starts at the transition from the cell division to the storage protein accumulation phase during seed development and reaches its peak at the mid seed filling stage (Verdier et al., 2008;[START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Boulisset | Influence de l'auxine sur le développement in vitro de la graine de Medicago truncatula, génotype sauvage et transformants[END_REF][START_REF] Noguero | The role of the DNA-binding One Zinc Finger (DOF) transcription factor family in plants[END_REF]. This transition phase is known to be indicated by the switch from mitotic cycles to endocycles, which is in turn modulated by the phytohormone auxin [START_REF] Ochatt | Immature Seeds and Embryos of Medicago truncatula Cultured In Vitro[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Boulisset | Influence de l'auxine sur le développement in vitro de la graine de Medicago truncatula, génotype sauvage et transformants[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF]. So, results of in silico promoter analyses of putative target genes of DOF1147 suggested a possible role of auxin along with various transcription factors during seed development [START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF].

The aim of this study is to examine the effect of the transcription factor DOF1147 and of auxin on cell division and endoreduplication in developing seeds of Medicago truncatula.

Therefore, pods of a wild-type genotype and a transformant, overexpressing the gene 
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importance in sustainable agriculture and their high nutritional value for humans and animals [START_REF] Journet | La légumineuse modèle Medicago truncatula: approches génomiques et perspectives[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. Within the family Leguminosae, species having seeds rich in protein are classified as protein legumes (pea and faba bean) or pulses (bean, lentil and chickpea), whereas those with seeds rich in protein and oil are classified as oilseeds (soybean, peanut).

Nowadays, the cultivated legumes in Europe represent all the subgroups, whereas peas, soybeans, faba beans, lupins, chickpeas, lentils and Phaseolus beans (e. g. bush beans)

have to be mentioned [START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. Regarding the grain legume production within the Phaseolus genus are less cultivated for grain production, having a yield of 2600 t and 176 t, respectively, in 2012 (Food and Agriculture Organization of the United Nations, 2012). Barrel medic is an annual autogamous diploid (2 n=16) legume species that is native to the Mediterranean basin, where it occurs in open areas in typical ephemeral populations [START_REF] Barker | Medicago truncatula, a model plant for studying the molecular genetics of theRhizobiumlegume symbiosis[END_REF][START_REF] Blondon | Genome size and base composition in Medicago sativa and M. truncatula species[END_REF][START_REF] Journet | La légumineuse modèle Medicago truncatula: approches génomiques et perspectives[END_REF][START_REF] Rose | Medicago truncatula as a model for understanding plant interactions with other organisms, plant development and stress biology: past, present and future[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Boulisset | Influence de l'auxine sur le développement in vitro de la graine de Medicago truncatula, génotype sauvage et transformants[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF]. The pods of M. truncatula are abundantly set in absence of insect pollination and contain up to 12 seeds, whereas basal seeds develop quicker than the distal ones [START_REF] Journet | La légumineuse modèle Medicago truncatula: approches génomiques et perspectives[END_REF][START_REF] Gallardo | Seed Biology of Medicago truncatula[END_REF][START_REF] Ochatt | Immature Seeds and Embryos of Medicago truncatula Cultured In Vitro[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF]. At maturity, the pods represent compact spiky coils, which remain indehiscent (Gallardo et al., 2006a;[START_REF] Garcia | Seed storage and germination[END_REF]. Besides its agricultural importance as a forage crop and soil improver in Australia, the phylogenetic proximity to the most widely cultivated legumes in Europe (e. g. pea and faba bean) characterizes the species [START_REF] Bataillon | Evolutionary and Ecological Genetics of Evolutionary and Ecological Genetics of Medicago truncatula[END_REF][START_REF] Nair | Medicago truncatula cultivars[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF]. Furthermore, M. 
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truncatula is closely related to the important agricultural crop alfalfa, Medicago sativa [START_REF] Ochatt | Flow cytometric analysis and molecular characterization of Agrobacterium tumefaciens-mediated transformants of Medicago truncatula[END_REF], which differs with its relative that is a tetraploid outcrossing species, by a low self-fertility [START_REF] Barker | Medicago truncatula, a model plant for studying the molecular genetics of theRhizobiumlegume symbiosis[END_REF]. Barrel medic is suitable for studies due to its small genome size (500 Mb/1 C), short generation time and transformation and regeneration efficiency that are rare amongst annual legumes [START_REF] Barker | Medicago truncatula, a model plant for studying the molecular genetics of theRhizobiumlegume symbiosis[END_REF][START_REF] Ochatt | Flow cytometry in plant breeding[END_REF][START_REF] Rose | Medicago truncatula as a model for understanding plant interactions with other organisms, plant development and stress biology: past, present and future[END_REF][START_REF] Boulisset | Influence de l'auxine sur le développement in vitro de la graine de Medicago truncatula, génotype sauvage et transformants[END_REF][START_REF] Ochatt | Cell Morphometry as Predictor of Protein Legume In Vitro Growth[END_REF][START_REF] Ochatt | Flow cytometric analysis and molecular characterization of Agrobacterium tumefaciens-mediated transformants of Medicago truncatula[END_REF]. In addition, the interactions of plants with symbionts, i. e. S. meliloti and Glomus spp., pests and pathogens can be investigated [START_REF] Gallardo | Seed Biology of Medicago truncatula[END_REF][START_REF] Rose | Medicago truncatula as a model for understanding plant interactions with other organisms, plant development and stress biology: past, present and future[END_REF]. Besides Medicago truncatula, the legume species Lotus japonicus is also used as a model plant for genetic and genomic analyses [START_REF] Gallardo | Reserve accumulation in legume seeds[END_REF][START_REF] Rose | Medicago truncatula as a model for understanding plant interactions with other organisms, plant development and stress biology: past, present and future[END_REF].

The mature seeds of M. truncatula consist mainly of the embryo and of a persistent endosperm of up to 10 % of the final seed mass. In contrast, mature seeds of pea or faba bean comprise mainly the embryo (Gallardo et al., 2006a;[START_REF] Ochatt | Immature Seeds and Embryos of Medicago truncatula Cultured In Vitro[END_REF]. The protein content of barrel medic seeds accounts between 35 and 45 %, and most carbon is stored in the form of oil with a starch content of less than 1 % (Gallardo et al., 2006a, b;[START_REF] Ochatt | Immature Seeds and Embryos of Medicago truncatula Cultured In Vitro[END_REF]. In comparison, pea or faba bean store starch as the principal form of carbon (Gallardo et al., 2006a). So, the resemblance to legume oilseeds is significant, wherefore barrel medic can also serve as a model for soybean or other economically important legume species (Gallardo et al., 2006a;[START_REF] Ochatt | Immature Seeds and Embryos of Medicago truncatula Cultured In Vitro[END_REF]. Regarding seed development and storage protein accumulation, M. truncatula shows a similar pattern as the other major grain legumes, thus, the use for genomic studies of seed development and for analyses of seed filling in grain legumes is appropriate [START_REF] Rose | Medicago truncatula as a model for understanding plant interactions with other organisms, plant development and stress biology: past, present and future[END_REF][START_REF] Ochatt | Immature Seeds and Embryos of Medicago truncatula Cultured In Vitro[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF].

Seed development

Seed development is an important process, by which the quantity and quality of different food reserves within the seeds are determined [START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. The seeds comprise three distinct components i. e. the embryo, which gives rise to the daughter plant, the endosperm that transmits nutrients from the maternal tissues to the embryo during embryogenesis and maturation, and the seed coat, which protects the embryo and transfers nutrients from the maternal plant to the developing embryo [START_REF] Weber | Molecular Physiology of Legume Seed Development[END_REF][START_REF] Thompson | Post-Genomics Studies of Developmental Processes in Legume Seeds[END_REF][START_REF] Ochatt | Immature Seeds and Embryos of Medicago truncatula Cultured In Vitro[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF]. In comparison to monocots, the endosperm in most dicots is only transient and successively replaced by the growing embryo. Therefore, the final seed size is primarily determined by the number and size of cotyledonary cells [START_REF] Weber | Molecular Physiology of Legume Seed Development[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF][START_REF] Ochatt | Cell Morphometry as Predictor of Protein Legume In Vitro Growth[END_REF]. Among legume species, the seed development after the double fertilization follows a similar pattern and can be divided into three key phases:

embryogenesis and cell division, seed filling, and the phase of dehydration [START_REF] Weber | Molecular Physiology of Legume Seed Development[END_REF][START_REF] Ochatt | Immature Seeds and Embryos of Medicago truncatula Cultured In Vitro[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Boulisset | Influence de l'auxine sur le développement in vitro de la graine de Medicago truncatula, génotype sauvage et transformants[END_REF]. These phases are characterized by distinct physiological events and activities (Fig. 3), and studies have shown that the transitions between those phases in developing seeds of M. truncatula are mainly regulated at the transcriptional level [START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Noguero | The role of the DNA-binding One Zinc Finger (DOF) transcription factor family in plants[END_REF].

Embryogenesis is the first phase of seed development and is characterized by the differentiation of the embryo through several distinct phases (globular, heart and torpedo), ending at the cotyledonary stage [START_REF] Gallardo | Proteomics of Medicago truncatula Seed Development Establishes the Time Frame of Diverse Metabolic Processes Related to Reserve Accumulation[END_REF]Verdier et al., 2008).

During this morphogenetic phase, the embryo grows mainly by cell division, directed by the seed coat, which acts as a pass-through tissue for nutrients required by the developing embryo [START_REF] Weber | Molecular Physiology of Legume Seed Development[END_REF][START_REF] Gallardo | Seed Biology of Medicago truncatula[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. In this context, this phase is crucial for the final seed size and weight, determined by the number of cotyledonary cells and by the maximum size they can reach [START_REF] Ochatt | Immature Seeds and Embryos of Medicago truncatula Cultured In Vitro[END_REF][START_REF] Ochatt | Cell Morphometry as Predictor of Protein Legume In Vitro Growth[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. In seeds of the model legume M. truncatula, the embryogenesis lasts approximately 12 days after pollination (DAP), whereby the cell division begins to cease from 8 DAP onwards [START_REF] Gallardo | Proteomics of Medicago truncatula Seed Development Establishes the Time Frame of Diverse Metabolic Processes Related to Reserve Accumulation[END_REF][START_REF] Gallardo | A Combined Proteome and Transcriptome Analysis of Developing Medicago truncatula Seeds: Evidence for Metabolic Specialization of Maternal and Filial Tissues[END_REF]Verdier et al., 2008;[START_REF] Ochatt | Immature Seeds and Embryos of Medicago truncatula Cultured In Vitro[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF]. During this developmental stage, the water content of the seeds remains continuously high ( 90 %), and the seeds are unable to germinate or to withstand desiccation [START_REF] Gallardo | Proteomics of Medicago truncatula Seed Development Establishes the Time Frame of Diverse Metabolic Processes Related to Reserve Accumulation[END_REF][START_REF] Gallardo | Seed Biology of Medicago truncatula[END_REF]. The second phase of seed development corresponds to seed filling and maturation and is characterized by the accumulation of storage proteins, and the acquisition of germination ability and desiccation tolerance [START_REF] Gallardo | Seed Biology of Medicago truncatula[END_REF][START_REF] Verdier | Transcriptional Regulation of Storage Protein Synthesis During Dicotyledon Seed Filling[END_REF]. During the transition from embryogenesis to this developmental phase (12 -14 DAP), the cell division ceases [START_REF] Ochatt | Immature Seeds and Embryos of Medicago truncatula Cultured In Vitro[END_REF][START_REF] Ochatt | Flow cytometry in plant breeding[END_REF] and the cotyledons develop from a meristem-like tissue into a highly differentiated storage organ [START_REF] Weber | Molecular Physiology of Legume Seed Development[END_REF]. In addition, the transition phase is associated with the gain of photosynthetic activity of the embryo, the induction of storage associated gene expression [START_REF] Weber | Molecular Physiology of Legume Seed Development[END_REF] and the onset of endoreduplication [START_REF] Ochatt | Flow cytometry in plant breeding[END_REF][START_REF] Ochatt | Immature Seeds and Embryos of Medicago truncatula Cultured In Vitro[END_REF][START_REF] Noguero | The role of the DNA-binding One Zinc Finger (DOF) transcription factor family in plants[END_REF].

Regarding the legume storage protein accumulation from 14 up to 24 DAP, the major protein classes, i. e. vicilin, legumin and convicilin, accumulate in a sequential fashion, starting with the vicilin class at 14 DAP, followed by the legumin class at 16 DAP, and at 18 DAP, the accumulation of the convicilin class begins [START_REF] Gallardo | Proteomics of Medicago truncatula Seed Development Establishes the Time Frame of Diverse Metabolic Processes Related to Reserve Accumulation[END_REF](Gallardo et al., , 2006a(Gallardo et al., , b, 2007;;Verdier et al., 2008;[START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. In this context, the peak of accumulation of storage compounds is at 20 DAP [START_REF] Gallardo | A Combined Proteome and Transcriptome Analysis of Developing Medicago truncatula Seeds: Evidence for Metabolic Specialization of Maternal and Filial Tissues[END_REF]. During this accumulation process, the cells of the cotyledons continue growing by enlargement, the seed dry weight increases, and the relative water content decreases [START_REF] Gallardo | Proteomics of Medicago truncatula Seed Development Establishes the Time Frame of Diverse Metabolic Processes Related to Reserve Accumulation[END_REF][START_REF] Gallardo | Seed Biology of Medicago truncatula[END_REF][START_REF] Gallardo | A Combined Proteome and Transcriptome Analysis of Developing Medicago truncatula Seeds: Evidence for Metabolic Specialization of Maternal and Filial Tissues[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Boulisset | Influence de l'auxine sur le développement in vitro de la graine de Medicago truncatula, génotype sauvage et transformants[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF]. The seeds gain the ability to germinate at approximately 14 DAP and acquire desiccation tolerance two to three days later (16 -19 DAP;[START_REF] Gallardo | Proteomics of Medicago truncatula Seed Development Establishes the Time Frame of Diverse Metabolic Processes Related to Reserve Accumulation[END_REF][START_REF] Gallardo | Seed Biology of Medicago truncatula[END_REF].

The dehydration phase of legume seed development starts between 20 and 24 DAP and is characterized by a great decrease in water content, during which the seed dry weight keeps increasing [START_REF] Gallardo | Proteomics of Medicago truncatula Seed Development Establishes the Time Frame of Diverse Metabolic Processes Related to Reserve Accumulation[END_REF][START_REF] Gallardo | A Combined Proteome and Transcriptome Analysis of Developing Medicago truncatula Seeds: Evidence for Metabolic Specialization of Maternal and Filial Tissues[END_REF]. Additionally, the embryo becomes inactive, is able to undergo dormancy, and between 30 to 36 DAP, the legume seed development is finished [START_REF] Gallardo | Proteomics of Medicago truncatula Seed Development Establishes the Time Frame of Diverse Metabolic Processes Related to Reserve Accumulation[END_REF][START_REF] Gallardo | Seed Biology of Medicago truncatula[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF].

Endoreduplication -A variant cell cycle

Endoreduplication is a modified cell cycle, characterized by one or several rounds of DNA replication in the absence of mitosis. As every round of endocycling results in a doubling of the chromosome number, the ploidy level increases, e. g. up to 128 C in M.

truncatula [START_REF] Lur | Role of Auxin in Maize Endosperm Development. Timing of Nuclear DNA Endoreduplication, Zein Expression, and Cytokinin[END_REF][START_REF] Grafi | Cell cycle regulation of DNA replication: the endoreduplication perspective[END_REF][START_REF] Joubès | Endoreduplication in higher plants[END_REF][START_REF] Ochatt | Flow cytometry. Ploidy determination, cell cycle analysis, DNA content per nucleus[END_REF][START_REF] Ochatt | Flow cytometry in plant breeding[END_REF][START_REF] Ishida | Auxin modulates the transition from the mitotic cycle to the endocycle in Arabidopsis[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Boulisset | Influence de l'auxine sur le développement in vitro de la graine de Medicago truncatula, génotype sauvage et transformants[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF]. In contrast, the normal cell cycle comprises four distinct phases (i. e. G0/G1, S, G2, M) and involves the accurate duplication and segregation of chromosomes, ending with the transmission of the genetic information from one mother cell to two daughter cells [START_REF] Grafi | Cell cycle regulation of DNA replication: the endoreduplication perspective[END_REF][START_REF] Joubès | Endoreduplication in higher plants[END_REF][START_REF] Ochatt | Flow cytometry in plant breeding[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF]. The G0/G1 phase represents a checkpoint for ensuring the presence of adequate material to move to the S-Phase, which is a step of accurate replication of DNA. After the DNA replication has occurred, the DNA-duplication is checked during the G2 phase, leading to the final M phase (mitosis), in which the segregation of the duplicated chromosomes, followed by cell division, proceeds [START_REF] Grafi | Cell cycle regulation of DNA replication: the endoreduplication perspective[END_REF][START_REF] Joubès | Endoreduplication in higher plants[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF].

Endoreduplication is the most common mode of polyploidisation in plants and occurs in over 90 % of the angiosperms [START_REF] Joubès | Endoreduplication in higher plants[END_REF]. In this respect, endoreduplication has been observed in many cell types and tissues, e. g. seeds (endosperm and embryo suspensor; [START_REF] Lur | Role of Auxin in Maize Endosperm Development. Timing of Nuclear DNA Endoreduplication, Zein Expression, and Cytokinin[END_REF][START_REF] Ochatt | Flow cytometry in plant breeding[END_REF][START_REF] Ochatt | Immature Seeds and Embryos of Medicago truncatula Cultured In Vitro[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF], trichomes [START_REF] Joubès | Endoreduplication in higher plants[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF] and fruits [START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF].

Even though the process is still poorly understood, previous studies have shown that plant cells often transit into endocycles at well-defined time points during plant development, indicating a probable developmental regulation [START_REF] Joubès | Endoreduplication in higher plants[END_REF][START_REF] Ishida | Auxin modulates the transition from the mitotic cycle to the endocycle in Arabidopsis[END_REF]. In developing seeds of the model legume M. truncatula for example, endocycles occur from 10 DAP onwards up to 18 -20 DAP. Therefore, the process serves as a marker of the initiation of cell differentiation as well as of the accumulation of protein reserves [START_REF] Ochatt | Flow cytometry. Ploidy determination, cell cycle analysis, DNA content per nucleus[END_REF][START_REF] Ochatt | Flow cytometry in plant breeding[END_REF][START_REF] Ochatt | Immature Seeds and Embryos of Medicago truncatula Cultured In Vitro[END_REF][START_REF] Rose | Medicago truncatula as a model for understanding plant interactions with other organisms, plant development and stress biology: past, present and future[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. In addition, cell volume within a range of tissues from different species is correlated with the extent of nuclear endoreduplication [START_REF] Ochatt | Rounding up plant cells[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF][START_REF] Ochatt | Cell Morphometry as Predictor of Protein Legume In Vitro Growth[END_REF], so it might provide a mechanism, whereas cells increase the availability of DNA template combined with a greater level of gene expression [START_REF] Grafi | Cell cycle regulation of DNA replication: the endoreduplication perspective[END_REF][START_REF] Joubès | Endoreduplication in higher plants[END_REF][START_REF] Ishida | Auxin modulates the transition from the mitotic cycle to the endocycle in Arabidopsis[END_REF]. For this reason, controlling endoreduplication is of great interest as this alternative to a cell cycle is a means of increasing the genetic and metabolic capacities [START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF]. Regarding the control of the switch from mitotic cycles to endocycles, diverse components are involved, including molecular factors such as cyclin-dependent kinases (CDKs), which are involved in the progression of mitotic cycles, or phytohormones, e. g. auxins. However, most of these component roles are still not well defined [START_REF] Joubès | Endoreduplication in higher plants[END_REF][START_REF] Ishida | Auxin modulates the transition from the mitotic cycle to the endocycle in Arabidopsis[END_REF].

As mentioned above, preliminary studies have already demonstrated the influence of auxin in modulating the switch from mitotic cycles to endocycles [START_REF] Lur | Role of Auxin in Maize Endosperm Development. Timing of Nuclear DNA Endoreduplication, Zein Expression, and Cytokinin[END_REF][START_REF] Ishida | Auxin modulates the transition from the mitotic cycle to the endocycle in Arabidopsis[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Hayashi | The Interaction and Integration of Auxin Signaling Components[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF]. In this respect, [START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF] have shown that auxin has a strong effect on both the onset and the duration of endoreduplication in developing seeds of M. truncatula, depending on the developmental stage and on the type of auxin used. More precisely, their results suggested a possible role of auxin in prolonging endoreduplication, while favoring sustained cell division. Furthermore, high auxin levels were shown to inhibit and delay endocycles in root meristems of A. thaliana and, conversely, the cells enter endoreduplication in low auxin conditions [START_REF] Ishida | Auxin modulates the transition from the mitotic cycle to the endocycle in Arabidopsis[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF]. In this context, auxin seems to be involved in downregulating the CDKs at the transition from the G2 to the M phase of cell cycle, resulting in the skip of mitoses, while still permitting DNA replication [START_REF] Ishida | Auxin modulates the transition from the mitotic cycle to the endocycle in Arabidopsis[END_REF]. As a consequence, the entry and exit from endoreduplication might be linked processes where auxin signaling plays a major role [START_REF] Ishida | Auxin modulates the transition from the mitotic cycle to the endocycle in Arabidopsis[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF].

Transcription factors

Transcription factors (TFs) are DNA-binding proteins that modulate gene expression by binding to specific DNA sequences, i. e. cis-regulatory elements, in the promoter regions of the target genes and hence, activate or repress gene expression [START_REF] Liu | Transcription factors and their genes in higher plants. Functional domains, evolution and regulation[END_REF][START_REF] Udvardi | Legume Transcription Factors: Global Regulators of Plant Development and Response to the Environment[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Noguero | The role of the DNA-binding One Zinc Finger (DOF) transcription factor family in plants[END_REF]. So, they have an imperative function in all living organisms, and plant genomes devote approximately 7 % of their coding sequence to transcription factors [START_REF] Udvardi | Legume Transcription Factors: Global Regulators of Plant Development and Response to the Environment[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. In plants, gene regulation at the transcriptional level can be associated with developmental processes, cell cycle regulation, stress and hormonal responses [START_REF] Verdier | Transcriptional Regulation of Storage Protein Synthesis During Dicotyledon Seed Filling[END_REF][START_REF] Noguero | The role of the DNA-binding One Zinc Finger (DOF) transcription factor family in plants[END_REF]. Regarding legumes, the activity of TFs during seed developmental transitions, the seed filling phase and seed germination has been reported [START_REF] Riechmann | A genomic perspective on plant transcription factors[END_REF][START_REF] Verdier | Transcriptional Regulation of Storage Protein Synthesis During Dicotyledon Seed Filling[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. The expression of plant TF genes may either be constitutive or in organ-limited, stimulus-responsive, developmentdependent and cell cycle-specific manners [START_REF] Liu | Transcription factors and their genes in higher plants. Functional domains, evolution and regulation[END_REF]. According to the DNAbinding domain, the TFs are classified into approximately 50 TF families, some of which (e. g. DOF) are plant-specific whilst others are found in all eukaryotes [START_REF] Liu | Transcription factors and their genes in higher plants. Functional domains, evolution and regulation[END_REF][START_REF] Riechmann | A genomic perspective on plant transcription factors[END_REF][START_REF] Yanagisawa | Dof Domain Proteins: Plant-Specific Transcription Factors Associated with Diverse Phenomena Unique to Plants[END_REF][START_REF] Udvardi | Legume Transcription Factors: Global Regulators of Plant Development and Response to the Environment[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Noguero | The role of the DNA-binding One Zinc Finger (DOF) transcription factor family in plants[END_REF]. These domains are highly conserved and contain amino acid residues that contact DNA bases at target gene cis-acting elements, which determine the specificity of the protein [START_REF] Liu | Transcription factors and their genes in higher plants. Functional domains, evolution and regulation[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. In addition, the affinity and selectivity of the TFs seems to be affected by the secondary structure in the DNA-binding domains [START_REF] Liu | Transcription factors and their genes in higher plants. Functional domains, evolution and regulation[END_REF].

In Medicago truncatula, Verdier et al. (2008) have examined 712 putative TFs preferentially expressed during seed development, whereby 80 TFs were active during the seed filling phase, and 28 TFs could be associated with the transition between embryogenesis and seed filling.

The DOF-family

The DOF (DNA-binding with one finger) family is a group of plant-specific TFs that is involved in many fundamental processes in higher plants, such as seed development and germination, responses to light, stress and phytohormones, and vascular tissue development [START_REF] Yanagisawa | Dof Domain Proteins: Plant-Specific Transcription Factors Associated with Diverse Phenomena Unique to Plants[END_REF][START_REF] Yamamoto | Synergism between RPBF Dof and RISBZ1 bZIP Activators in the Regulation of Rice Seed Expression Genes[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Boulisset | Influence de l'auxine sur le développement in vitro de la graine de Medicago truncatula, génotype sauvage et transformants[END_REF][START_REF] Noguero | The role of the DNA-binding One Zinc Finger (DOF) transcription factor family in plants[END_REF]. Previous studies have demonstrated that a number of Dof genes are encoded in plant genomes [START_REF] Yanagisawa | Dof Domain Proteins: Plant-Specific Transcription Factors Associated with Diverse Phenomena Unique to Plants[END_REF], and Atif (2012) has identified 25 Dof genes in the model legume Medicago truncatula. The DOF proteins act as transcriptional activators and repressors, depending on the respective factor and the target gene [START_REF] Yanagisawa | Dof Domain Proteins: Plant-Specific Transcription Factors Associated with Diverse Phenomena Unique to Plants[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Noguero | The role of the DNA-binding One Zinc Finger (DOF) transcription factor family in plants[END_REF]. Concerning DNA-binding, a highly conserved DOF-domain consisting of 52 amino acid residues, building a single C2-C2 zinc finger, is necessary [START_REF] Yanagisawa | Dof Domain Proteins: Plant-Specific Transcription Factors Associated with Diverse Phenomena Unique to Plants[END_REF][START_REF] Yamamoto | Synergism between RPBF Dof and RISBZ1 bZIP Activators in the Regulation of Rice Seed Expression Genes[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Noguero | The role of the DNA-binding One Zinc Finger (DOF) transcription factor family in plants[END_REF], and mutation analyses have shown that changes in the finger configuration lead to abolishment in DNA-binding [START_REF] Noguero | The role of the DNA-binding One Zinc Finger (DOF) transcription factor family in plants[END_REF]. This structural domain occurs in one copy per protein and is generally located in the N-terminal regions of the proteins, whereas the regions outside the DOF-domain do not seem to play a major role in interaction with DNA [START_REF] Yanagisawa | Dof Domain Proteins: Plant-Specific Transcription Factors Associated with Diverse Phenomena Unique to Plants[END_REF]. In case of transcriptional regulation, the DOF TFs bind to single or multiply occurring AAAG sequences in the target promoters, but not all AAAG strings represent DOF protein binding sites [START_REF] Yanagisawa | Dof Domain Proteins: Plant-Specific Transcription Factors Associated with Diverse Phenomena Unique to Plants[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Noguero | The role of the DNA-binding One Zinc Finger (DOF) transcription factor family in plants[END_REF]. DOF-domains are also involved in protein-protein interactions, which require the presence of the DOF-domain, but no DNA-binding [START_REF] Yanagisawa | Dof Domain Proteins: Plant-Specific Transcription Factors Associated with Diverse Phenomena Unique to Plants[END_REF][START_REF] Yamamoto | Synergism between RPBF Dof and RISBZ1 bZIP Activators in the Regulation of Rice Seed Expression Genes[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Noguero | The role of the DNA-binding One Zinc Finger (DOF) transcription factor family in plants[END_REF].

Previous studies have demonstrated that seed development in M. truncatula is regulated at the transcriptional level, whereas some of the TFs involved, are expressed in specific tissues [START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. Concerning this, DOF TFs are known to mediate the expression of seed storage protein genes in developing cereal endosperm in concert with other TFs [START_REF] Yamamoto | Synergism between RPBF Dof and RISBZ1 bZIP Activators in the Regulation of Rice Seed Expression Genes[END_REF]Verdier et al., 2008;[START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. As a result, [START_REF] Verdier | Transcriptional Regulation of Storage Protein Synthesis During Dicotyledon Seed Filling[END_REF] suggested DOF TFs as possible regulators of legume seed storage protein synthesis along with members of the bZIP family of TFs. 

The transcription factor DOF1147

The transcription factor DOF1147 belongs to the DOF family and is localized in the nucleus at the subcellular level [START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. Verdier and colleagues (2008) have reported the activity of this protein during the seed filling phase of seed development in developing seeds of M. truncatula, where its transcript is expressed in the endosperm during the transition period from embryogenesis to seed filling [START_REF] Yanagisawa | Dof Domain Proteins: Plant-Specific Transcription Factors Associated with Diverse Phenomena Unique to Plants[END_REF](11)(12), reaching its peak at the mid seed filling stage (14 -20 DAP).

The phytohormone auxin

Auxin is a phytohormone that is involved in almost every aspect of plant growth and development [START_REF] Hooykaas | Biochemistry and molecular biology of plant hormones[END_REF][START_REF] Woodward | Auxin: Regulation, Action, and Interaction[END_REF][START_REF] Ochatt | Immature Seeds and Embryos of Medicago truncatula Cultured In Vitro[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Forestan | The Maize PIN Gene Family of Auxin Transporters[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF]. The hormone acts always in concert with other growth regulators and plays a key role in processes such as tropic responses [START_REF] Abel | Early genes and auxin action[END_REF][START_REF] Hooykaas | Biochemistry and molecular biology of plant hormones[END_REF][START_REF] Woodward | Auxin: Regulation, Action, and Interaction[END_REF][START_REF] Forestan | ZmPIN1-Mediated Auxin Transport Is Related to Cellular Differentiation during Maize Embryogenesis and Endosperm Development[END_REF][START_REF] Forestan | The Maize PIN Gene Family of Auxin Transporters[END_REF][START_REF] Hayashi | The Interaction and Integration of Auxin Signaling Components[END_REF], cell division and elongation [START_REF] Lur | Role of Auxin in Maize Endosperm Development. Timing of Nuclear DNA Endoreduplication, Zein Expression, and Cytokinin[END_REF][START_REF] Abel | Early genes and auxin action[END_REF][START_REF] Hooykaas | Biochemistry and molecular biology of plant hormones[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Boulisset | Influence de l'auxine sur le développement in vitro de la graine de Medicago truncatula, génotype sauvage et transformants[END_REF][START_REF] Hayashi | The Interaction and Integration of Auxin Signaling Components[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF], apical dominance [START_REF] Abel | Early genes and auxin action[END_REF][START_REF] Forestan | The Maize PIN Gene Family of Auxin Transporters[END_REF][START_REF] Hayashi | The Interaction and Integration of Auxin Signaling Components[END_REF], fruit ripening and bud formation [START_REF] Hooykaas | Biochemistry and molecular biology of plant hormones[END_REF][START_REF] Forestan | The Maize PIN Gene Family of Auxin Transporters[END_REF].

Several endogenous auxins have been identified in plants, but indole-3-acetic acid (IAA)

is the predominant naturally occuring auxin, followed by indolebutyric acid (IBA; [START_REF] Hooykaas | Biochemistry and molecular biology of plant hormones[END_REF][START_REF] Woodward | Auxin: Regulation, Action, and Interaction[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Hayashi | The Interaction and Integration of Auxin Signaling Components[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF]. The phytohormone is always distributed differentially within the plant tissues and elicits different cellular responses depending on its concentration [START_REF] Hooykaas | Biochemistry and molecular biology of plant hormones[END_REF][START_REF] Ishida | Auxin modulates the transition from the mitotic cycle to the endocycle in Arabidopsis[END_REF][START_REF] Vanneste | Auxin: A Trigger for Change in Plant Development[END_REF][START_REF] Forestan | ZmPIN1-Mediated Auxin Transport Is Related to Cellular Differentiation during Maize Embryogenesis and Endosperm Development[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. These concentration gradients are established and maintained by de novo biosynthesis, deconjugation and intercellular transport in the tissues and can be reduced through conjugation or degradation of the molecules [START_REF] Hooykaas | Biochemistry and molecular biology of plant hormones[END_REF][START_REF] Woodward | Auxin: Regulation, Action, and Interaction[END_REF][START_REF] Ishida | Auxin modulates the transition from the mitotic cycle to the endocycle in Arabidopsis[END_REF][START_REF] Vanneste | Auxin: A Trigger for Change in Plant Development[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Hayashi | The Interaction and Integration of Auxin Signaling Components[END_REF].

The synthesis of hormones in plants is not restricted to a particular, specialized tissue, but auxin is primarily produced in shoot apical regions, young leaves and developing leaf primordia [START_REF] Woodward | Auxin: Regulation, Action, and Interaction[END_REF][START_REF] Vanneste | Auxin: A Trigger for Change in Plant Development[END_REF]. In this regard, a tryptophan (Trp)-independent or several Trp-dependent pathways are used by plants for the synthesis of IAA [START_REF] Hooykaas | Biochemistry and molecular biology of plant hormones[END_REF][START_REF] Woodward | Auxin: Regulation, Action, and Interaction[END_REF][START_REF] Ishida | Auxin modulates the transition from the mitotic cycle to the endocycle in Arabidopsis[END_REF][START_REF] Vanneste | Auxin: A Trigger for Change in Plant Development[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. However, it still remains indeterminate which pathway a plant uses during specific physiological processes, or why a plant uses for example only one pathway [START_REF] Hooykaas | Biochemistry and molecular biology of plant hormones[END_REF]. Concerning the Trp-dependent pathways, four pathways have been described previously, and they all involve the conversion of Trp into IAA via distinct intermediates (IPA, IAM. IAOx and tryptamine; [START_REF] Hooykaas | Biochemistry and molecular biology of plant hormones[END_REF][START_REF] Woodward | Auxin: Regulation, Action, and Interaction[END_REF][START_REF] Vanneste | Auxin: A Trigger for Change in Plant Development[END_REF]. The synthesis of Trp and its conversion to IAA are indeed separable in terms of time [START_REF] Hooykaas | Biochemistry and molecular biology of plant hormones[END_REF]. In case of a Trp-independent IAA-synthesis, mutation studies in Zea mays and Arabidopsis thaliana have shown that plants accumulate amide-and ester-linked IAA conjugates without using a Trp intermediate and that they accumulate less IAA than via the Trp-dependent pathway [START_REF] Woodward | Auxin: Regulation, Action, and Interaction[END_REF]. In this regard, plants can switch from the Trp-independent to the Trp-dependent pathway when more IAA is needed e. g.

during stress [START_REF] Woodward | Auxin: Regulation, Action, and Interaction[END_REF].

Within the cell, auxin exerts its physiological effects through transcriptional regulation, whereas the spatio-temporal presence of auxin in varying concentrations is responsible for gene regulation [START_REF] Abel | Early genes and auxin action[END_REF][START_REF] Ishida | Auxin modulates the transition from the mitotic cycle to the endocycle in Arabidopsis[END_REF][START_REF] Vanneste | Auxin: A Trigger for Change in Plant Development[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Hayashi | The Interaction and Integration of Auxin Signaling Components[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF]. In this regard, Auxin-binding protein 1 (ABP1), which acts as an auxin receptor, PINFORMED protein (PIN) and AUXINpermeases (AUX), i. e. transport proteins in the plasmalemma, are responsible for the establishment of the concentration gradient [START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Hayashi | The Interaction and Integration of Auxin Signaling Components[END_REF]. Upon its perception in the nucleus, the degradation of auxin/IAA (Aux/IAA) transcriptional repressors is enhanced, resulting in an activation of the auxin response factor (ARF) transcription factors. These TFs induce early auxin-responsive gene expression by binding to auxin-responsive elements (AuxREs) that are present upstream of the target genes [START_REF] Woodward | Auxin: Regulation, Action, and Interaction[END_REF][START_REF] Ishida | Auxin modulates the transition from the mitotic cycle to the endocycle in Arabidopsis[END_REF][START_REF] Vanneste | Auxin: A Trigger for Change in Plant Development[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Hayashi | The Interaction and Integration of Auxin Signaling Components[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF]. In case of a decreasing auxin concentration, Aux/IAA repressor proteins become more stable and increase their interactions with ARF TFs to repress their transcriptional activity [START_REF] Ishida | Auxin modulates the transition from the mitotic cycle to the endocycle in Arabidopsis[END_REF][START_REF] Hayashi | The Interaction and Integration of Auxin Signaling Components[END_REF]. Although auxin stimulates the turnover of Aux/IAA repressor proteins, its role during the transcription of some Aux/IAA genes, mediated by ARF proteins via AuxREs in Aux/IAA promoter regions, has also been reported [START_REF] Woodward | Auxin: Regulation, Action, and Interaction[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF].

Materials and Methods

Plant material and growth conditions

For the purpose of this study, two different genotypes of the model legume Medicago truncatula were used. The wild-type genotype Medicago truncatula R-108 was used for controlling and comparing the transformed type Medicago truncatula genotype R108pMDC83_20b_T1.

Medicago truncatula genotype R-108

The genotype R-108 was obtained through cell culture selection by Hoffmann et al.

(1997) and has been reported to exhibit superior in vitro regeneration competence [START_REF] Journet | La légumineuse modèle Medicago truncatula: approches génomiques et perspectives[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Ochatt | Flow cytometric analysis and molecular characterization of Agrobacterium tumefaciens-mediated transformants of Medicago truncatula[END_REF]. Thus, it was used for transformation experiments and transgene expression studies [START_REF] Trinh | Rapid and efficient transformation of diploid Medicago truncatula and Medicago sativa ssp. falcata lines improved in somatic embryogenesis[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Ochatt | Cell Morphometry as Predictor of Protein Legume In Vitro Growth[END_REF]. In this study, R-108 was used as wild-type control for analysing and comparing the data obtained with the transformed genotype (Fig. 5).

Medicago truncatula genotype R108pMDC83_20b_T1

The transformed genotype derives from a transformation system developed by Atif (2012), using the Agrobacterium tumefaciens strain EHA105 and the binary vector system pMDC83. The genetically modified identity of the plants has been verified by Polymerase Chain Reaction (PCR) and Southern-Blot [START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. The greenhousegrown plants of this study belonged to the generation "T1" and derived from the pod "b" of the transformed plant, named "20". The in vitro cultured immature seeds represented the generation "T2". 

The transformation construct

The binary vector system pMDC83 has been designed by [START_REF] Curtis | A Gateway Cloning Vector Set for High-Throughput Functional Analysis of Genes in Planta[END_REF] and represents a Gateway® compatible cloning vector (Fig. 6). Specifically [START_REF] Curtis | A Gateway Cloning Vector Set for High-Throughput Functional Analysis of Genes in Planta[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. The marker genes for kanamycin and hygromycin phosphotransferase are located adjacently to the left border of the T-DNA and underlie the same transcriptional regulation as the fusion construct [START_REF] Curtis | A Gateway Cloning Vector Set for High-Throughput Functional Analysis of Genes in Planta[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. In order to study seed filling in Medicago truncatula, Atif (2012) used pMDC83 to prepare the translational GFP reporter fusion construct p35S::dof-gfp for the purpose of monitoring transcriptional activity of DOF1147 protein (Fig. 7). In this regard, the expression construct contains the dual CaMV35S promoter, controlling the nos terminator and the DOF1147 coding sequence, fused to the N-terminus of the histidinetagged GFP6 in expression vector pMDC83 [START_REF] Curtis | A Gateway Cloning Vector Set for High-Throughput Functional Analysis of Genes in Planta[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. 

Growth conditions

The plants were grown in a glasshouse under natural daylight conditions, and a supplementary light of 1,6 E/m 2 /s (PHILIPS SON-T Plus 400 W) was automatically added when the natural light intensity fell below 800 µE/m 2 /s. In this regard, the exposure time of the lamp accounted for 16 h on cloudy days. The average temperature was about 18 °C overnight and 23 °C during daytime, the aeration started at 26 °C.

Regarding the relative humidity, no measurements took place.

The plants were daily fertigated by drip irrigation (N:P:K 10:10:10 + MgSO4 + NaCL), resulting in a conductivity of 1 mS/cm. Always three plants were planted per 1,5 l-pot that were filled with a 70 %/30 % mixture of fired clay pebbles and attapulgite, adjusted to a pH of 6.5.

The tagging and harvest of the flowers and pods

In order to determine precisely the developmental stage of the seeds, the tagging of flowers was guided by morphological features, characterizing the day following pollination and defined in [START_REF] Ochatt | Immature Seeds and Embryos of Medicago truncatula Cultured In Vitro[END_REF] and previously used by [START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF].

Briefly, tagging took place, when the petal size was at its maximum, but the pistil was not yet apparent (Fig. 8). For this purpose, colored tags were used, signifying the day of 

In vitro culture

After disinfection, using the protocol described by [START_REF] Boulisset | Influence de l'auxine sur le développement in vitro de la graine de Medicago truncatula, génotype sauvage et transformants[END_REF], the pods were aseptically opened and the excised seeds weighed with a micro scale. Briefly, disinfection was done by immersing the pods into 70° ethanol for one minute followed by a 15-min immersion in sodium hypochlorite (6 g active Cl2/l). Finally, the pods were rinsed four times in sterile water.

Afterwards, they were cultivated on multiwell (5x5) dishes in a culture chamber with a photoperiod of 24 h (warm white fluorescent light with an intensity of 100 µE/m 2 /s) and a temperature of 23 °C. The in vitro cultures were terminated at the developmental stage of 30 DAP.

Culture media

The immature seeds of M. truncatula were cultivated on MS basal medium [START_REF] Murashige | A Revised Medium for Rapid Growth and Bio Assays with Tobacco Tissue Cultures[END_REF], supplemented with 6 g/l agar, 130 g/l sucrose and without growth regulators or with naphthaleneacetic acid (NAA) and indole-3-butyric acid (IBA), respectively, at 1 mg/l each (Tab. 1). The high sugar concentration has been reported to create conditions permitting the comparison of the development in vitro to that in planta (Gallardo et al., 2006a;[START_REF] Ochatt | Immature Seeds and Embryos of Medicago truncatula Cultured In Vitro[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF]. The pH of all media was adjusted to 5.6 by KOH or HCl with both 1 N. After autoclaving at 112 °C for 30 min, the 1-l bottles were stored in the dark at 4 °C. The media were heated before use and dispensed as 2 ml aliquots in multiwell (5x5) dishes, which were stored at room temperature in the dark. 

Sucrose (double-chrystallized) 130000

Agar HP 696 6000

Indole-3-butyric acid (mg/ml) --1

Naphthaleneacetic acid (mg/ml) -1 -

Measurements

The in vitro development of the seeds was assessed by the time course of the changes in surface area, fresh weight and DNA content, with each measurement carried out on the day of harvest and at two days intervals thereafter up to a developmental stage of 16 DAP. The last measurement for all treatments took place at 30 DAP, concomitant with the end of seed development in planta. Every measurement was repeated at least three times per developmental stage and culture medium. The results were expressed as the mean values ± standard error from approximate 25 replicates in square millimeter for the surface area or in milligram for the fresh weight.

Determination of seed surface area

In order to create comparable values and to determine precisely the surface area of the immature seeds, a program, named ARCHIMEDPRO (Microvision, Evry, France), was used for the image acquisition, and the subsequent treatments were made using HISTOLAB (Microvision). In this regard, the procedures, described by [START_REF] Ochatt | Flow cytometry in plant breeding[END_REF][START_REF] Ochatt | Immature Seeds and Embryos of Medicago truncatula Cultured In Vitro[END_REF] and

Ochatt and Moessner (2010), were followed.

Determination of the DNA content using flow cytometry

Flow cytometry serves as a method for the quantitative determination of the nuclear DNA content. In plant breeding, the technique is mainly used for the analysis of the ploidy level, the mitotic index and of the cell cycle of a large number of species, i. e.

plants and animals [START_REF] Nunez | DNA Measurement and Cell Cycle Analysis by Flow Cytometry[END_REF][START_REF] Ochatt | Flow cytometry in plant breeding[END_REF].

In our study, the measurement of the DNA content has taken place parallel to the determination of the surface area and the fresh weight, i. e. at the same developmental stages of the immature seeds.

For this, a Partec PAS II flow cytometer, equipped with a mercury HBO 100 W lamp (Partec GmbH, Munster, Germany), a dichroic mirror (TK 420) and an in-built program for the processing of data (Flomax, Partec GmbH) was used. Methods used for the preparation of the plant material, e. g. leaves and seeds, as well as the technical aspects of the analyses have been described elsewhere [START_REF] Ochatt | Flow cytometry. Ploidy determination, cell cycle analysis, DNA content per nucleus[END_REF][START_REF] Ochatt | Flow cytometry in plant breeding[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF]. Briefly, nuclei were mechanically isolated from leaves and seeds by chopping with a razor blade and stained with DAPI. This fluorescent dye binds specifically to the adenine and thymine bases of DNA and emits a fluorescence proportional to DNA content upon UV-excitation. The data is recorded by the in-built computer program, and the flow cytometer transforms the light into a curve. Within the profiles, the intensity of the emitted fluorescence (abscissa) and the counted number of objects (ordinate) are indicated [START_REF] Ochatt | Flow cytometry. Ploidy determination, cell cycle analysis, DNA content per nucleus[END_REF][START_REF] Ochatt | Flow cytometry in plant breeding[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF].

The calibration of the flow cytometer was carried out using leaves of Pisum sativum cv.

Frisson, and the analyzed tissues were compared with leaves taken from mother plants of Medicago truncatula R-108. Both of them were harvested from seedlings germinated in vitro on MS0 medium, or from glasshouse-grown plants.

Results

The results comprise the kinetics of immature seed features, i. The time course of changes in the surface area of the wild-type seeds followed a similar pattern on each medium during the eight days of in vitro culture, starting at 8 DAP (Fig. 10). The seed surface area decreased on all media between 8 DAP and 8 DAP + 2, mostly pronounced on the auxin-containing media. In the following interval (8 DAP + 2 -8 DAP + 4), the time course of the changes in the surface area was characterized by an erratic increase on all media, exceeding the seed surface area in planta. In this regard, NAA had the strongest effect, followed by the auxin-free medium "MS130". Moreover, the seeds on the NAA-containing medium kept enlarging until 8 DAP + 6, whereas the surface areas of the seeds on both the auxin-free and the IBA-containing medium started decreasing from 8 DAP + 4 onwards. In the final stage of the in vitro culture (8 DAP + 6 -8 DAP + 8), the seeds cultured on the IBA-containing medium exhibited the smallest surface area, followed by the seeds on the medium containing NAA. These changes in the surface areas were perfectly represented by the corresponding tendency curves, which characterized the increase in surface area in the beginning of the culture by positive slopes until the inflection point at approximately 8 DAP + 4. In contrast to the time The surface area of the wild-type seeds cultured in vitro during six days starting at 10 DAP (Fig. 12) increased on all media, whereas NAA had the strongest effect in the beginning of the observed period. The seeds on the IBA-containing medium decreased in surface area during the first two days of culture (10 DAP -10 DAP + 2), but exceeded the surface area of the seeds on the NAA-containing media at 10 DAP + 6. In comparison, the surface area of the seeds cultured on the auxin-free medium increased consistently and was at the end of the in vitro culture, as compared to the seeds cultured on auxincontaining media. Conversely, the surface area of seeds of the DOF-transformed genotype increased on all media during the first two days (10 DAP -10 DAP + 2) of culture, but decreased between 10 DAP + 2 and 10 DAP + 4 (Fig. 13). In this regard, NAA had the greatest effect, followed by the seeds that were cultured on the auxin-free "MS130"-medium. Regarding the time course between 10 DAP + 4 and 10 DAP + 6, the IBA-containing media had an increasing impact on surface area and at 10 DAP + 6, the seeds exhibited a greater surface area than the seeds cultured on the auxin-free medium or on the NAA-containing medium. The tendency curves of the changes in the surface area of both genotypes revealed this development by positive slopes for the wild-type seeds and negative slopes for the DOF-transformant seeds. In comparison to the transformant seeds, at 12 DAP, the surface area of the seeds of the wild-type genotype increased predominantly during the observed culture period of four days (Fig. 14). More precisely, seeds cultured on auxin-containing media showed the greatest increase in surface area with NAA having a greater effect than IBA. In this respect, the surface areas of the seeds cultured on auxin-free medium and on medium containing IBA, respectively, had almost the same surface area at 12 DAP + 4. As a result, all tendency curves of the time course of the changes in the surface area of the wild-type genotype had positive slopes. Regarding the surface area of the DOF-transformant seeds, an increase was remarkable on all media in the beginning of the culture (12 DAP -12 DAP + 4; Fig. 15), followed by a decrease between 12 DAP + 2 and 12 DAP + 4. Seeds on the NAA-containing medium increased the most in surface area, and IBA had the least effect. In this context, transformant seeds at 12 DAP + 4 on the IBA-containing medium even decreased in surface area as compared to the beginning of the in vitro culture. The seeds on the auxin-free medium "MS130" nearly remained constant in surface area after an increase in the beginning of the culture. In contrast to the tendency curves of the changes in the surface area of wild-type seeds, those of the transformant seeds all exhibited negative slopes, and particularly on the IBA-containing medium. Regarding the time course of the surface area of immature seeds at 14 DAP, seeds of the DOF-transformed genotype decreased in surface area on all media during the two days of culture (Fig. 16). This decrease was less pronounced on "MS130"-medium, followed by the IBA-containing medium. In comparison, the wild-type seeds exhibited the greatest increase in surface area on the auxin-free medium and on the medium containing IBA. Figure 17 illustrates the time course of growth of both wild-type and transformant in planta seeds. In this regard, a greater increase of the wild-type seed fresh weight between 8 and 12 DAP was noticeable, even when the transformant seeds showed a higher weight in the beginning at 8 DAP. However, the transformant seeds increased more in weight than the wild-type seeds between 12 and 16 DAP, and although there was no significant increase of the transformant seed fresh weight between 14 and 16 DAP, the wild-type seeds remained lighter. The tendency curves evidenced a faster development of the transformant seeds. The in vitro development of the wild-type seeds weight proceeded in a similar way on every medium during the eight days of culture (Fig. 18). After a reduction in seed fresh weight at the beginning of the in vitro culture (8 DAP -8 DAP + 2), an increase was remarkable until 8 DAP + 4 on each medium, being more pronounced on "MS130"medium. Seeds on the auxin-containing media kept increasing in fresh weight until 8 DAP + 6, whereas the fresh weight of seeds on the auxin-free medium started decreasing from 8 DAP + 4 onwards. Concerning the last interval of in vitro culture, the seed fresh weight decreased on all media, but mainly on the NAA-containing-medium. As a result, seeds on the medium containing NAA had the greatest weight at 8 DAP + 8, followed by the seeds on the auxin-free medium. The similar trend of in vitro seed development was revealed by the tendency curves with positive slopes and inflection points at approximately 8 DAP + 4. In comparison to the time courses of growth of the wild-type seeds, the seeds of the DOF-transformed genotype exceeded the weight in planta at the end of the observed culture period (Fig. 19). In this respect, there was a light weight loss in the beginning of the in vitro culture on the auxin-containing media and between 8 DAP + 2 and 8 DAP + 4 on the auxin-free medium. Concerning this, the seed fresh weight on the medium containing NAA kept decreasing until 8 DAP + 4. Thereafter, an increase in seed fresh weight was remarkable on each medium, but was more pronounced in seeds cultured on the NAA-containing medium, followed by the "MS130"-medium. The erratic increase in seed fresh weight on the NAA-containing and the auxin-free medium was represented by tendency curves with inflection points at approximately 8 DAP + 2 and positive slopes up to 8 DAP + 8. In contrast, the graph of the time course of growth of the seeds cultured on the IBA-containing medium did not reach the inflection point during the observed period. So, a slight positive slope indicated this more constant increase in weight. In the beginning of the in vitro culture, the seeds of M. truncatula R-108 lost in weight on every medium, whereupon an increase in weight followed later on (Fig. 20). More precisely, the seeds cultured on the auxin-free medium increased in weight from 10 DAP + 2 up to 10 DAP + 6, without exceeding the observed weight in planta. In comparison, the seed fresh weights on the auxin-containing media decreased between 10 DAP + 4 and 10 DAP + 6, and at the end of the in vitro culture, the seed fresh weight on the "MS130"-medium was superior to the weight on the auxin-containing media. These differences in time courses were represented by the tendency curves with positive and negative slopes and inflection points at approximately 10 DAP + 2 and 10 DAP + 4, respectively. Compared to the in vitro development of the wild-type seeds, the seeds of the DOF-transformed genotype increased in weight on every medium during the first two days of in vitro culture, mostly on the auxin-free medium (Fig. 21). During the subsequent development, the seed fresh weight on the NAA-containing media decreased up to 10 DAP + 6, whereas the seeds under the influence of IBA or no auxin increased again between 10 DAP + 4 and 10 DAP + 6. In the final stage of the culture period, the weight of the seeds cultured on the IBA-containing medium was superior, followed by the seeds developed on the auxin-free medium "MS130". As a consequence, the tendency curves of the in vitro seed development on IBA-containing medium and "MS130"medium exhibited inflection points at approximately 10 DAP + 4. Similar to the in vitro seed development after 10 DAP, the weight of the wild-type seeds, harvested at 12 DAP, decreased at the beginning of the in vitro culture on all media, but exceeded the weight in planta at the end of the observed culture period (Fig. 22).

12 DAP

14 DAP

10 DAP

12 DAP

Although, the seeds on the NAA-containing medium decreased less in weight between 12 DAP and 12 DAP + 2, the seeds cultured on the medium containing IBA exceeded the weight of the seeds on the NAA-containing medium at 12 DAP + 4. Concerning the time course of growth of the wild-type seeds on the auxin-free medium, a lesser effect was observed, resulting in a lower seed fresh weight in the final stage of the culture. As a consequence, the increase tendency of the seeds cultured on the IBA-containing medium was superior to the tendencies of time course of growth on "MS130"-and NAAcontaining medium, respectively. In comparison, the tendency graphs of the time courses of growth of the DOF-transformant-seeds showed negative slopes, indicating a decrease in weight on every media during the culture period of four days (Fig. 23). In this respect, the only increase in seed fresh weight occured on the NAA-containing medium between 12 DAP and 12 DAP + 2, but the seeds on the medium containing IBA decreased less in weight than the seeds on the other media (12 Dap + 2 -12 DAP + 4).

For this reason, the tendency curves of the seeds cultured on the auxin-containing media exhibited a greater slope than those of the seeds cultured on the auxin-free medium "MS130". The in vitro development of the seeds of both genotypes from 14 DAP up to 14 DAP + 2 (Fig. 24) was characterized by weight losses on all media, whereas the transformant seeds decreased more in weight than the wild-type seeds. The greatest decrease in seed fresh weight occured under influence of NAA, and the lesser effect was observed on the IBA-containing medium for the transformant and on "MS130"-medium for the wild-type seeds. and the histogram of the transformant seeds on the NAA-containing medium indicated the largest number (four) of peaks. The peak number of the wild-type seeds on the auxin-free medium "MS130" decreased at the end of the culture period (8 DAP + 22), whereas the number of peaks in profiles of the transformant seeds on "MS130" remained the same.

14 DAP

In table 5, the evaluation of the flow cytometry profiles of the seeds of both genotypes, cultured in vitro for a period of 20 days, starting at 10 DAP is shown. At 10 DAP + 2, the profiles of both genotypes displayed the same amount of detectable peaks, and seeds on the auxin-containing medium had the greatest degree of endoreduplication (four detectable peaks on NAA-containing medium, three on IBA-containing medium). In this respect, only two peaks were detected by the flow cytometer on the auxin-free medium "MS130", whereas three peaks could be observed in the profile of the wild-type seeds. During the ongoing process, the amount of detected and observed peaks decreased in the histograms of the DOFtransformant seeds. 10 DAP + 6 and 10 DAP + 20 were the only development stages that showed more than two detectable peaks on the IBA-containing medium and respectively, on the auxin-free medium. Regarding the course of the wild-type seeds, three peaks could be detected in the profiles of all media at 10 DAP + 4, the largest number of peaks being observed in the profiles of seeds cultured on the NAA-containing medium. During the subsequent culture interval , the degree of endoreduplication decreased in wild-type seeds on "MS130" and the NAA-containing medium, but increased on the IBA-containing medium (four peaks detected at 10 DAP + 6). In the final stage of the in vitro occured and increased, respectively, up to 14 DAP + 16, as was indicated by four detectable peaks on all media. (2009). This homozygous mutant exhibits a stop codon mutation in the DOF-domain, resulting in a truncated protein [START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. As a consequence, the plants are characterized by seed abortion at the early cell division phase (8 -10 DAP), seed setting in the end of the life cycle and a reduced pod number, size and weight. In addition, seedling mortality of the dof1147 mutant is greater as compared to wild-type plants, caused by abnormal and fused cotyledons at germination [START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. In this context, [START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF] 

Influence of DOF1147 on cell division and endoreduplication

The transition from embryogenesis to the phase of seed filling in developing wild-type seeds of the model legume Medicago truncatula is characterized by ceasing cell divisions from 8 up to 12 DAP and by the occurrence of endoreduplication (10 -20 DAP;[START_REF] Gallardo | Proteomics of Medicago truncatula Seed Development Establishes the Time Frame of Diverse Metabolic Processes Related to Reserve Accumulation[END_REF]Verdier et al., 2008;[START_REF] Ochatt | Immature Seeds and Embryos of Medicago truncatula Cultured In Vitro[END_REF][START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF][START_REF] Atif | In vitro auxin treatment promotes cell division and delays endoreduplication in developing seeds of the model legume species Medicago truncatula[END_REF]. DOF1147, a transcription factor, has been reported to be active during this accumulation phase (Verdier et al., 2008), and[START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF] has suggested its involvement in controlling the key processes during seed filling. In this context, [START_REF] Boulisset | Influence de l'auxine sur le développement in vitro de la graine de Medicago truncatula, génotype sauvage et transformants[END_REF] worked with a wildtype and a DOF-transformed genotype of Medicago truncatula as well, but the promoter (i. e. DOF1147 promoter) of the transformant line appeared to be too weak. So, the gene's effect on seed filling and, therefore, the results were not significant enough compared to the wild-type seeds (Annexe 2).

In this study, a transformant line with a stronger promoter (35S) and carrying DOF1147

was used, aimed at clearly elucidating the role of the gene of interest in the seed filling phase. The results showed significant differences regarding the time frame of the peak of DOF1147 in wild-type and transformant seeds in terms of gain in seed fresh weight and size, and in terms of endoreduplication intensity. In this context, the seed surface area and fresh weight of wild-type in planta seeds increased the most between 12 and 14 DAP (Fig. 9, 17), shortly after the beginning of the DOF1147 gene expression (10 -12 DAP;[START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF]. Simultaneously, endoreduplication occurred at 10 DAP and reached its 10, 18, 20, 22 and 24). This trend has also been observed in previous studies [START_REF] Boulisset | Influence de l'auxine sur le développement in vitro de la graine de Medicago truncatula, génotype sauvage et transformants[END_REF]Atif et al., 2013) and is caused by a loss in seed water content due to alterations of environmental conditions, e. g. drop of air humidity. In our study, the dissection of the seeds under the laminar air flow hood and the environmental adjustment within the multiwell plate could be possible reasons for this decrease in weight. In contrast, the surface area and fresh weight of the transformant seeds increased or remained the same in the beginning of the cultures, starting at 8, 10 and 12 DAP (Fig. 11,13,15,19,21 and 23). As a consequence, the DOF-transformed seeds seem to have lower water content than the wild-type seeds during these initial stages of seed development. This confirms again the earlier onset of storage protein accumulation. Concerning the peak of DOF1147 in the transformant seeds, the seed fresh weight and the surface area showed increasing tendencies at the end of the culture periods started at 8 and 10 DAP, but were more pronounced at 8 DAP (Fig. 11,13,19 and 21). This contrasts the trend for 12 and 14 DAP seeds, which showed decreasing tendency curves (Fig. 15, 16, 23 and 24), indicating the declining effect of transcription factor DOF1147. In comparison, the wild-type seeds exhibited increasing tendencies for both traits after 10 and 12 DAP (Fig. 12,14,20 and 22), marking again the natural peak of DOF1147. The evaluation of the flow cytometry profiles emphasized this observation and presented endoreduplication in the in vitro cultured transformant seeds from 8 DAP onwards (Tab. 4). Interestingly, the cells continued endocycling in seeds of both genotypes up to 30 DAP, whereas an increase in the degree of endoreduplication occurred during the last interval (Tab. 4,5,[START_REF] Abel | Early genes and auxin action[END_REF]7 and 8).

In regard of these results, DOF1147 seems to have its peak in the transformant seeds between 7 and 10 DAP, but the question of the exact start and end of the peak of expression remains to be elucidated.

To sum up, the results reveal that the overexpression of the DOF1147 gene induces an earlier arrest of cell divisions combined with an earlier onset of endoreduplication in developing seeds of the DOF-transformed M. truncatula line. In this respect, endoreduplication occurs enhanced and lasts for a longer period as compared to wildtype seeds. So, the activity of DOF1147 gene during the filling stage of seed development is validated, and its participation in the regulation of the storage protein synthesis can be assumed.

Influence of auxin on cell division and endoreduplication

Within the framework of the research project of [START_REF] Boulisset | Influence de l'auxine sur le développement in vitro de la graine de Medicago truncatula, génotype sauvage et transformants[END_REF], immature seeds of a wild-type and a DOF-transformed genotype of M. truncatula were cultured in vitro on different auxin-containing media, demonstrating the greatest effect on seed fresh weight and surface area on IBA and NAA. During the ongoing process, it has been shown that auxin stimulate both the onset and duration of endoreduplication. From this perspective, the effect differed depending on the type of auxin used (NAA, IBA), and NAA appeared to have a greater effect than IBA. In addition, a greater effect could be observed at the seed developmental stages of 10 and 12 DAP, as compared to seeds cultured from 8 DAP onwards. So, as the seed surface area and the fresh weight increased during the in vitro culture started at 8 DAP, [START_REF] Boulisset | Influence de l'auxine sur le développement in vitro de la graine de Medicago truncatula, génotype sauvage et transformants[END_REF] suggested that the cell division rate might be influenced by the supplemental auxin. Interestingly, the effect of auxin was more pronounced in seeds of the DOF-transformed genotype than in wild-type seeds, suggesting the participation of auxin in concert with the transcription factor DOF1147 in seed development of M. truncatula. However, this effect was again marginally significant due to the weakness of the promoter (Annexe 2; [START_REF] Boulisset | Influence de l'auxine sur le développement in vitro de la graine de Medicago truncatula, génotype sauvage et transformants[END_REF].

Conversely, in this study, the effect of auxin in terms of prolonging and disrupting the endoreduplication process, as well as, in terms of gain in seed fresh weight and surface area could also be observed, and NAA elicited almost always a greater effect than IBA.

These effects were clearer and statistically more significant as compared to those in the study of [START_REF] Boulisset | Influence de l'auxine sur le développement in vitro de la graine de Medicago truncatula, génotype sauvage et transformants[END_REF], which is due to the stronger promoter (35S) in the transformant line. In the present study, seeds of both genotypes were endoreduplicated for a longer period on the auxin-containing media, as shown by the tendency curves at 12 DAP (Fig. 14 and22) and by the flow cytometry analyses at 8 and 10 DAP (Tab. 4 and 5). The time courses of growth and of the surface area of the seeds of both genotypes before 12 DAP did not always indicate the effect of both auxins, and sometimes, IBA seemed to have a lesser effect than "MS130" concerning prolongation of endoreduplication. Probably, this may be caused by the rather large standard errors in the time courses of the early stages of seed development. On the other hand, the flow cytometry profiles at 10 DAP demonstrated greatly the disruption of the onset of endoreduplication on auxin-containing medium (Tab. 5). In this respect, both auxins, and especially NAA, had a greater effect in the seeds of the DOF-transformant which was also indicated at 8 DAP + 22 (Tab. 4). In addition, the tendency curves of the courses of the transformant seeds at 10 and 12 DAP (Fig. 13, 21 and 23) showed a prolongiation of endoreduplication and a greater effect as compared to the auxin-free medium as well.

Although, the time courses of growth and of surface area, and the flow cytometry profiles did not show clear differences at each developmental stage, all assumptions and observations were confirmed by the cell cycle analyses (Annexe 1). In this regard, the disruption of the onset of endoreduplication and the elongation of endoreduplication were significantly greater under the influence of DOF1147 and auxin as compared to wild-type seeds or the time courses on the auxin-free medium.

In comparison to the results of [START_REF] Boulisset | Influence de l'auxine sur le développement in vitro de la graine de Medicago truncatula, génotype sauvage et transformants[END_REF], the effect of auxin in seeds of both genotypes was more significant, especially in the DOF-transformant and on the NAAcontaining medium. So, both auxins had a greater effect in disrupting the onset of endoreduplication and in prolonging the endocycle process. As the in silico promoter analyses of putative target genes of DOF1147 by [START_REF] Atif | Dissecting the factors controlling seed development in the model legume Medicago truncatula[END_REF] have identified cisregulatory elements along with AuxREs, the possible role of auxin during seed development has been suggested. In this context, the results of this study give reason for the assumption that auxin and the transcription factor DOF1147 act in concert to regulate seed development and therefore, the storage protein accumulation in Medicago truncatula at the transcriptional level.

Finally, the question of possible parameters that could influence the results has to be addressed. As already described (Chap. 1.1.1), seed development within the pods of Medicago truncatula follows an irregular pattern, so that the basal seeds develop quicker than the distal ones. This phenomenon seems to be even stronger during the early stages of development (6 to 10 DAP). Superimposed in this, seed size depends on the place of growth of the pod on the plant, and shadowed pods might be less developed than pods that grew in full light. During the dissection of the pods, no attention was paid to the initial size of the seeds, so that even at the same developmental stage, seeds with differences in initial seed size were taken into in vitro culture. These sources of error can be overridden by the cultivation of a very large number of replicated immature seeds per stage, but cultivation of more plants and the dissection of much more pods would be necessary. Seed size is also influenced by the point in time, at which the tagging of the flowers occurred, even if each tagging was performed at roughly the same time of the day for the different developmental stages. This was done by several persons, so that the process was individually influenced even though distinct morphological features were determined to reduce it. Thus, there are some points that could be ameliorated, so that standard errors can be reduced. Among them, cultivation of plants in a controlled chamber rather than in the glasshouse would seem at first sight to be most important (pers. comm. S. J. Ochatt). So, beside the better control of parameters, i. e. temperature, their special adjustment to the cultivated plants may be possible. This has already been tried in the past with little effect on the reduction of standard errors. One possibility would therefore be that phonological differences between pods at 8, 9, 10 and 11 DAP (i.e. at 1 day intervals) are too subtle to be observable but yet, the peak of expression of DOF1147 occurs at a very precise developmental stage (pers. comm. S. J. Ochatt). These would then be the limitations of this approach, which nonetheless, has proven precise enough as evidenced by the results obtained during this research work.

Conclusions and Perspectives

This study demonstrates and describes the effect of the transcription factor DOF1147

and of auxin on cell division and endoreduplication in immature seeds of Medicago truncatula. Seeds of a wild-type and of a DOF1147-overexpressing genotype were cultured in vitro on auxin-free medium or on medium containing NAA or IBA, and the evolution of fresh weight and size, and the status of the cell cycle were examined. The focus was on the transition period from embryogenesis to seed filling stage of seed development (8,[START_REF] Yanagisawa | Dof Domain Proteins: Plant-Specific Transcription Factors Associated with Diverse Phenomena Unique to Plants[END_REF]12,14 and 16 DAP).

The results of this study corroborate previous observations on the participation of auxin in the seed development of the model legume Medicago truncatula and unveil novel and original information about the gene DOF1147. So, the activity of DOF1147 during the filling stage of seed development was verified, and the assumption of the interaction of the phytohormone and the transcription factor DOF1147 in partially regulating legume seed development underlined. To summarize, endoreduplication within the DOFtransformant seeds was prolonged and enhanced, resulting in an extension of reserve accumulation, which could increase the nutritional value of legume seeds as both food (for humans) and feed (for animals). In seeds of both genotypes, this effect was more pronounced on the auxin-containing media, with NAA having a greater effect than IBA.

The results gave reason to assume the peak of DOF1147 gene expression between 7 and 10 DAP in the transformant seeds, which could be verified in further investigations via transcriptome analyses. In order to validate the assumption of the participation of the gene in the regulation of storage protein synthesis, the proteomics of the immature transformant seeds from 8 to 16 DAP could be analyzed, and the different storage protein fractions, e. g. vicilins, convicilins, legumins and globulins, identified. This was beyond the scope and timeframe of this study. The shape coefficient developed by [START_REF] Ochatt | Rounding up plant cells[END_REF] for characterizing cotyledonary cells may serve as an additional method for validating the gene function of DOF1147 and its participation in the regulation of storage protein synthesis. So, the coefficients of wild-type and transformant seeds could be compared. According to the proteomic content, detailed explanations concerning the timeframe of the storage protein accumulation within the transformant seeds could thus be made. In this regard, Western Blotting or immunocytology could be applied.

In conclusion, further research projects can be established on the results of this study to make the knowledge about the role of auxin and of the transcription factor DOF1147 during legume seed development more complete.

Results of Boulisset (2012)

1. Kinetics of immature seed features 
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Figure 1 :

 1 Figure 1: Grain legume production in the EU-countries; Germany is in the fourth position (Food and Agriculture Organization of the United Nations, 2012).

Figure

  Figure 2: Grain legume crop production in Germany (Food and Agriculture Organization of the United Nations, 2012).

Figure 3 :

 3 Figure 3: The three phases of seed development and the corresponding physiological activities; the bars show the volume of the protein spots identified as vicilins or as legumins (adapted from Gallardo et al., 2007).

Figure 4 :

 4 Figure 4: The structure of the DOF-domain; highly conserved cysteine residues (red) bind Zn (Zn 2+ ) in the characteristic finger configuration; further highly conserved residues (purple), well-conserved residues (blue) and abundant residues (grey) are shown (Yanagisawa, 2004).

Figure 5 :

 5 Figure 5: Transformant (l.) and wild-type plant (r.).

  designed for subcellular localization by expressing a protein in translational fusion, the generation of promoter-reporter constructs is enabled, and efficient cloning of genomic DNA fragments for complementation experiments is facilitated. Regarding subcellular localizations, pMDC83 was produced for N-terminal fusions of the encoded protein and the histidine-tagged GFP6, both driven by the dual 35S promoter of the Cauliflower Mosaic Virus (CaMV) and the nopaline synthase (nos) terminator of A. tumefaciens at the end of T-DNA

Figure 6 :

 6 Figure 6: The binary vector pMDC83 (Atif, 2012).

Figure 7 :

 7 Figure 7: T-DNA region of the translational fusion construct p35S::dof-gfp: LB = left border, RB = right border, 2 x 35S = dual CaMV 35S promoter, nosT = nos terminator, AttB1 and AttB2 = DNA recombination sequence, AscI and PacI = restriction enzymes, hptII = hygromycin resistance gene, gfp6his = enhanced green fluorescent protein gene with histidine tag (Atif, 2012).

  developmental stage of the pods (8, 10, 12, 14 or 16 DAP). Every tagging and harvest comprised a minimum of 15 flours or pods, respectively.

Figure 8 :

 8 Figure 8: Flower at the tagging stage (0 DAP).

Figure 9 :

 9 Figure 9: Time course of the surface area of in planta immature seeds of the wild-type and the DOFtransformed genotype of M. truncatula (mean ± SE) at 8, 10, 12, 14 and 16 DAP. Tendency curves are shown, including their mathematical function and statistical evaluation.

Figure 9 Figure 10 :Figure 11 :

 91011 Figure9illustrates the time course of the changes in the surface area of in planta immature seeds of both genotypes at distinct developmental stages(8, 10, 12, 14 and 16 

Figure 12 :

 12 Figure 12: Time course of the surface area of immature seeds of M. truncatula R-108 (mean ± SE) for a period of 6 days, starting at 10 DAP. Tendency curves of the in vitro development on each medium are shown, including their mathematical function and statistical evaluation.

Figure 13 :

 13 Figure 13: Time course of the surface area of immature seeds of DOF-transformed M. truncatula (mean ± SE) for a period of 6 days, starting at 10 DAP. Tendency curves of the in vitro development on each medium are shown, including their mathematical function and statistical evaluation.

Figure 14 :

 14 Figure 14: Time course of the surface area of immature seeds of M. truncatula R-108 (mean ± SE) for a period of 4 days, starting at 12 DAP. Tendency curves of the in vitro development on each medium are indicated, including their mathematical function and statistical evaluation.

Figure 15 :

 15 Figure 15: Time course of the surface area of immature seeds of DOF-transformed M. truncatula (mean ± SE) for a period of 4 days, starting at 12 DAP. Tendency curves of the in vitro development on each medium are shown, including their mathematical function and statistical evaluation.

Figure 16 :

 16 Figure 16: Time course of the surface area of immature seeds of the wild-type and the DOF-transformed genotype of M. truncatula (mean ± SE) for a period of 2 days, starting at 14 DAP.

Figure 17 :

 17 Figure 17: Time course of growth of in planta immature seeds of the wild-type and the DOF-transformed genotype of M. truncatula (mean ± SE) at 8, 10, 12, 14 and 16 DAP. Tendency curves are shown, including their mathematical function and statistical evaluation.

Figure 18 :

 18 Figure 18: Time course of growth of immature seeds of M. truncatula R-108 (mean ± SE) for a period of 8 days, starting at 8 DAP. Tendency curves of the in vitro development on each medium are shown, including their mathematical function and statistical evaluation.

Figure 19 :

 19 Figure 19: Time course of growth of immature seeds of DOF-transformed M. truncatula (mean ± SE) for a period of 8 days, starting at 8 DAP. Tendency curves of the in vitro development on each medium are shown, including their mathematical function and statistical evaluation.

Figure 20 :

 20 Figure 20: Time course of growth of immature seeds of M. truncatula R-108 (mean ± SE) for a period of 6 days, starting at 10 DAP. Tendency curves of the in vitro development on each medium are shown, including their mathematical function and statistical evaluation.

Figure 21 :

 21 Figure 21: Time course of growth of immature seeds of DOF-transformed M. truncatula (mean ± SE) for a period of 6 days, starting at 10 DAP. Tendency curves of the in vitro development on each medium are shown, including their mathematical function and statistical evaluation.

Figure 22 :

 22 Figure 22: Time course of growth of immature seeds of M. truncatula R-108 (mean ± SE) for a period of 4 days, starting at 12 DAP. Tendency curves of the in vitro development on each medium are shown, including their mathematical function and statistical evaluation.

Figure 23 :

 23 Figure 23: Time course of growth of immature seeds of DOF-transformed M. truncatula (mean ± SE) for a period of 4 days, starting at 12 DAP. Tendency curves of the in vitro development on each medium are shown, including their mathematical function and statistical evaluation.

Figure 24 :

 24 Figure 24: Time course of growth of immature seeds of the wild-type and the DOF-transformed genotype of M. truncatula (mean ± SE) for a period of 2 days, starting at 14 DAP.

  assumed the implication of DOF1147 in repressing the expression of genes that are overexpressed in the EMS109 mutants due to the truncation of the DOF1147 protein. During this study, the pod development of the transformant and the wild-type plants did not differ noticeably in terms of pod abortion, pod number or pod size, and the seed setting had not shifted in time. Concerning the development of the cotyledons, germinated seeds of the DOF-transformant did not differ from wild-type seedlings. These observation and results verify the activity of DOF1147 gene within the transformant line. Regarding the in vitro germination of both wild-type and transformant seeds, the technique for comparing seed development in vitro to that in vivo, developed by Gallardo et al. (2006a), was validated.

  peak at 12 DAP (Tab. 3). Regarding the evolution of in planta seeds of both genotypes, a faster gain in both surface area and seed fresh weight was indicated by the tendency curves of the transformant seeds (Fig.9, 17). As a consequence, endoreduplication and therefore, the increase of cell size by enlargement occurred earlier and were enhanced in seeds of the DOF-overexpressing genotype. The flow cytometry analysis (Tab. 3) affirmed this observation and demonstrated the longer duration of the endoreduplication process. So, the greater size of the wild-type seeds at 10 DAP and the slight increase between 10 and 12 DAP can be explained by a prolonged cell division that started to cease at that stage, while the cell division rate of the transformant seeds already decreased in the same stage. Regarding the in vitro cultures of the wild-type seeds, a decrease in seed fresh weight and surface area, respectively, could be noticed during the first culture interval at almost every development stage (Fig.

Figure 25 :Figure 26 :Figure 27 :Figure 29 :Figure 30 :Figure 31 :

 252627293031 Figure 25: Time course of the changes in the surface area of immature seeds of both genotypes (mean ± SE) for a period of 10 days, starting at 8 DAP (WT = Wild-type, TR = Transformant, JAP = DAP, AIB = IBA, ANA = NAA); (adapted from Boulisset (2012))
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Table 1 : Ingredients and concentrations of the three culture media.

 1 

	Ingredients	Media and their concentrations (mg/l) MS130 NAA IBA
		NH4NO3	1650
		CaCl2 . 2H2O	440
	Macroelements	MgSO4 . 7H2O	370
		KH2PO4	170
		KNO3	1900
		H3BO3	6,2
		MnSO4 . 4 H2O	22,3
		ZnSO4 . 7 H2O	10,6
	Microelements	KI	0,83
		CuSO4 . 5 H2O	0,025
		CoCl2 . 6 H2O	0,025
		Na2MoO4 . 2 H2O	0,25
	Fer EDTA	SO4Fe . 7 H2O Na2EDTA . 2 H2O	27,85 37,25
		Nicotinic acid	0,5
		Pyridoxine HCL	0,5
	Vitamines	Thiamine HCL	0,1
		Glycine	2,0
		myo -Inositol	100

  Table4presents the analysis of the flow cytometry profiles of immature seeds of both genotypes at different developmental stages, starting the in vitro culture at 8 DAP. The histograms exhibited two detectable peaks for almost all analyses up to 8

	DAP + 8, but in general, more peaks, i. e. three or four, could be noticed. In this
	respect, endoreduplication was detectable in the profiles of the wild-type seeds on
	the IBA-containing medium at 8 DAP + 4 and of the transformant seeds on the
	NAA-containing medium at 8 DAP + 8. The amount of peaks increased on the
	auxin-containing media during the last culture interval (8 DAP + 8 -8 DAP + 22),

Table 8 : Flow cytometry analyses of wild-type and transformant seeds harvested at 16 DAP and cultured in vitro on auxin-free, IBA-or NAA-containing medium; the numbers in brackets indicate the amount of observed peaks.

 8 

			16 DAP + 14	
		MS130	MS130 +	MS130 +
			IBA	NAA
	WT	(7)		(5)
	TR	(5)	(5)	(5)

Table 8

 8 presents the evaluation of the flow cytometry profiles of seeds of both genotypes, harvested at 16 DAP and cultured in vitro for a period of 14 days. The four detected peaks in the histograms of both genotypes and all media indicated the still ongoing endoreduplication process, also underlined by the greater number of observable vs. detectable peaks.

	4 Discussion
	4.1 Activity of DOF1147 gene
	Atif (2012) carried out his study on plants of the EMS109 dof1147 mutant of M.
	truncatula, which had been identified from a mutagenized population, created by Le
	Signor et al.
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Flow cytometry analysis

The analyses of the flow cytometry profiles of the immature seeds are represented via a color code, and each color stands for a specific number of peaks (Tab. 2). 

TR

(5) (4) (4)

Table 3 shows the evaluation of the flow cytometry profiles of in planta wild-type and transformant seeds at 8, 10, 12, 14 and 16 DAP. Endoreduplication occured in seeds of both genotypes at 10 DAP, but more than two peaks could be observed at 8 DAP as well.

In contrast to the DOF-transformant, the wild-type seeds exhibited a peak in endoreduplication intensity at 12 DAP, whereupon the number in detected peaks decreased up to 16 DAP. At this stage, the flow cytometry profiles showed three peaks, two of which were detected by the flow cytometer. Concerning the course of endoreduplication in the transformant seeds, the histograms showed three detectable peaks between 10 and 16 DAP, and at 14 and 16 DAP, four peaks were observable. 12 DAP + 2 12 DAP + 4 12 DAP + 18 

culture (10 DAP + 20), the histograms of the wild-type seeds, cultured on the auxin-free and the NAA-containing medium, exhibited three detectable peaks. In contrast, the amount of detectable peaks decreased up to two peaks on the IBAcontaining medium.

Table 6 shows the evaluation of the flow cytometry profiles of immature seeds of both genotypes, starting their in vitro culture at 12 DAP. Regarding the histograms at 12 DAP + 2, endoreduplication was present in the wild-type seeds, as indicated by three detected peaks. In contrast, the profiles of the transformant seeds exhibited two detectable peaks, even if three peaks could be observed. The number of peaks in the flow cytometry profile of the DOF-transformant seeds increased during the last culture interval (12 DAP + 4 -12 DAP + 18), and four peaks could be detected on "MS130" while three peaks were observed on the auxin-containing media at the end of the period. In comparison, the number of peaks of the wildtype profiles increased on all media up to 12 DAP + 4. At the final stage of the in vitro culture (12 DAP + 18), this number decreased to three peaks on the auxinfree and the IBA-containing medium and two on the NAA-containing medium. The interval between 14 DAP + 2 and 14 DAP + 16 (Tab. 7) was characterized by an increase of the degree of endoreduplication in seeds of both genotypes. In this context, the flow cytometry profiles included two detectable peaks on all media in the beginning of the culture, and only the histogram of the transformant seeds on "MS130" showed four peaks. Regarding the ongoing process, endoreduplication 14 DAP + 2 14 DAP + 16