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INTRODUCTION

Copy number variants or genome-chromosome duplications have huge implications in evolution and can be involved in various processes such as speciation and the evolution of novel functions [START_REF] Ohno | Evolution by Gene Duplication[END_REF][START_REF] Van De Peer | The evolutionary significance of ancient genome duplications[END_REF][START_REF] Flagel | Gene duplication and evolutionary novelty in plants[END_REF]. Well documented cases include whole genome duplication in ancestral vertebrate [START_REF] Dehal | Two Rounds of Whole Genome Duplication in the Ancestral Vertebrate[END_REF] or multiple whole genome duplications in plants [START_REF] Vanneste | Analysis of 41 plant genomes supports a wave of successful genome duplications in association with the Cretaceous-Paleogene boundary[END_REF][START_REF] Scott | Whole genome duplication in coast redwood (Sequoia sempervirens) and its implications for explaining the rarity of polyploidy in conifers[END_REF][START_REF] Segraves | The effects of genome duplications in a community context[END_REF][START_REF] Smith | Disparity, diversity, and duplications in the Caryophyllales[END_REF]. However, when a single chromosome is duplicated, an immediate issue arises: the imbalance of ploidy and gene dose within a same karyotype. This is deleterious because it creates an imbalance of the transcript production, which is costly and can disrupt the function of a pathway and gene interactions [START_REF] Veitia | Gene dosage imbalances: action, reaction, and models[END_REF]. In Caenorhabditis elegans, mutation accumulations at different effective population sizes showed purifying selection against duplications causing excess of transcripts as compared to transcript levels in the ancestral state [START_REF] Konrad | Mutational and transcriptional landscape of spontaneous gene duplications and deletions in Caenorhabditis elegans[END_REF]. Aneuploid karyotypes are also known to be at the origin of genetic diseases, such as Trisomy 21 in humans. The effects of aneuploidy lead to the evolution of mechanisms that restore the ancestral gene dose by modifying the transcription level, such as the dosage compensation (DC) during the evolution of heterogametic sex chromosomes, known both in plants [START_REF] Muyle | Rapid De Novo Evolution of X Chromosome Dosage Compensation in Silene latifolia, a Plant with Young Sex Chromosomes[END_REF][START_REF] Muyle | The Evolution of Sex Chromosomes and Dosage Compensation in Plants[END_REF][START_REF] Charlesworth | Young sex chromosomes in plants and animals[END_REF]) and animals [START_REF] Disteche | Dosage Compensation of the Sex Chromosomes[END_REF]; [START_REF] Graves | Evolution of vertebrate sex chromosomes and dosage compensation[END_REF]. As a consequence of the degeneration of the non-recombining sex chromosome, such as the Y in human or Drosophila, the X-linked genes are haploid in males. Different DC mechanisms evolved, either by simulating the ancestral ploidy (by doubling the expression of the genes of the single copy male X) or by equalizing the ploidy between the two sexes (by halving the expression -silencing of one X in female). Although DC is well studied in sex chromosome evolution, how DC evolves shortly after a gene dose -chromosome ploidy variation is unclear, particularly for autosomes. In Drosophila, it has been reported that gene duplication induces a significant increase of expression for the duplicated genes [START_REF] Loehlin | Expression of tandem gene duplicates is often greater than twofold[END_REF]. In contrary, in yeast and mammals, gene duplication has been associated with a decrease of the expression of the two copies, suggesting immediate DC at the transcriptional level [START_REF] Qian | Maintenance of duplicate genes and their functional redundancy by reduced expression[END_REF][START_REF] Henrichsen | Segmental copy number variation shapes tissue transcriptomes[END_REF]). In the case of whole chromosome duplication, disomic yeasts show a dramatic increase in the expression of genes located in the duplicated chromosome [START_REF] Kaya | Molecular signatures of aneuploidy-driven adaptive evolution[END_REF]. In Arabidopsis, the consequences of aneuploidy on gene expression are complex and highly variable as gene expression changes spread outside the duplicated regions [START_REF] Song | Gene Balance Predicts Transcriptional Responses Immediately Following Ploidy Change in Arabidopsis thaliana[END_REF][START_REF] Hou | Global impacts of chromosomal imbalance on gene expression in Arabidopsis and other taxa[END_REF]. These previous studies show that the transcriptional response and immediate DC following a duplication are variable between species and genotypes. [START_REF] Krasovec | Spontaneous Mutation Rate in the Smallest Photosynthetic Eukaryotes[END_REF](Krasovec et al. , 2018a[START_REF] Krasovec | First Estimation of the Spontaneous Mutation Rate in Diatoms[END_REF]. Whole chromosome duplications detected here are part of structural mutations, such as large insertions-deletions, inversions or chromosome rearrangements and may have huge phenotypical effect, much more than a nucleotide or short insertion-deletion mutations because they impact a larger proportion of the genome. However, studies on the structural mutation rate are very limited [START_REF] Press | Substitutions Are Boring: Some Arguments about Parallel Mutations and High Mutation Rates[END_REF][START_REF] Ho | Intraspecific variation in the rates of mutations causing structural variation in Daphnia magna[END_REF] making this study a significant step in our understanding of structural mutation rate in unicellular eukaryote. We then estimate the effect of such chromosome duplication on the transcription and translation rates by coupling transcriptomics with translatomics sequencing in one cryopreserved mutation accumulation line of Bathycoccus prasinos.

RESULTS

Whole chromosome duplication rate

In this study, we leveraged sequencing data from mutation accumulation (MA) experiments [START_REF] Krasovec | Spontaneous Mutation Rate in the Smallest Photosynthetic Eukaryotes[END_REF](Krasovec et al. , 2018a[START_REF] Krasovec | Fitness Effects of Spontaneous Mutations in Picoeukaryotic Marine Green Algae[END_REF] 

Compensation of Whole Chromosome Duplication (WCD)

To explore the effect of the WCD on transcript production, we estimated the level of transcription of a control line (B. prasinos RCC4222) and one MA line of B. prasinos by recovering one 4-year-old cryopreserved mutation accumulation lines. This cryopreserved culture originated from the MA line Bp37, and the recovered culture was hereafter named Bp37B. Chromosome copy number of Bp37B and the control line were estimated by whole genome resequencing. This confirmed the two copies of chromosome 4 in Bp37B as in the original Bp37 (Figure 2A and S7), but also revealed additional changes: an increase in chromosome 1 copy number (Figure 2A) in Bp37B, as well as a duplicated copy of chromosome 10 in the control line (Figure S18).

Transcriptomic analyses of Bp37B and the control line revealed that there are in average twice the number of transcripts for genes located on chromosome 4

(Transcription Rate (TR) average=1.94, median=1.87, estimated in TPM, Figure 2B, raw data provided in Table S3) compared to the control line. There is thus evidence of overexpression of the duplicated genes. As no DC could be observed at the transcriptional level, we investigated whether post-transcriptional processes may temperate this twofold excess of transcripts. This second hypothesis was tested in the same B. prasinos MA line by sequencing mRNAs associated with ribosomes (polysomes) in order to compare the translation efficiency (TE) of genes located on duplicated and non-duplicated between lines.

The translation efficiency of each transcript was estimated by the ratio of mRNAs in polysomes versus total RNA between Bp37B and control. We found that the average TE for the genes located on the duplicated chromosome 4 was 0.67 (median=0.50) compared to the genes on this chromosome in the control line (Figure 2 C). Last, we estimated the expected protein production in Bp37B as compared to the control line by going back to the absolute translation rate for each gene: that is the ratio of mRNA in polysomes in Bp37B as compared to the control (Figure 2D). This showed that genes on chromosome 4 have a similar protein production in Bp37B and in the control line, despite a 1.94 higher transcription rate as a consequence of the WCD.

Interestingly, the duplications who arose more recently as part of the strain recovery from cryopreserved lines were not compensated neither at the transcription, nor at the translation level (chromosome 1 and chromosome 10, Figure 2).

The observed compensation at the translation level on chromosome 4 suggests that a post-transcriptional mechanism occurs on duplicated transcripts to allow DC. Poly(A)

tail is a key feature of many cytoplasmic mRNAs and is known to regulate positively or negatively translation via size variation [START_REF] Subtelny | Poly(A)-tail profiling reveals an embryonic switch in translational control[END_REF][START_REF] Lim | mTAIL-seq reveals dynamic poly(A) tail regulation in oocyte-to-embryo development[END_REF][START_REF] Eichhorn | mRNA poly(A)-tail changes specified by deadenylation broadly reshape translation in Drosophila oocytes and early embryos[END_REF]). Here we tested if translation compensation observed for transcripts linked to duplicated chromosome 4 is associated with a variation of poly(A) tail length. Using 3'RACE experiment, we measured the poly(A) tail length of three duplicated transcripts on chromosome 4 (04g00840, 04g01730 and 04g04360) compared to two transcripts on chromosome 8 (non-duplicated) and chromosome 1 (duplicated but without translation regulation) as control in Bp37B and control lines (Figure 3 and S18). For the 3 transcripts tested, we systematically observed that the poly(A) tail length is significantly reduced in Bp37B line compared to control line for transcripts located on chromosome 4 (Figure 3), whereas no difference is observed for transcripts of non-duplicated chromosome (Figure S18).
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DISCUSSION

Mechanism of WCD in unicellular eukaryotes

There are two possible mechanisms at the origin of whole chromosome duplication: i) the additional replication of a chromosome before mitotic cell division, leading to one cell with one chromosome and one cell with two copies; or ii) the unequal segregation of chromosomes during cell division, leading to one cell with two copies and one cell without any copy of the chromosome. The latter scenario seems more likely in extremely small-sized Mamiellophyceae (1µm cell diameter) cells as they contain fewer kinetochore microtubules than chromosomes [START_REF] Gan | Organization of the Smallest Eukaryotic Spindle[END_REF], which could lead to a higher error rate in chromosome segregation. However, yeast cells contain approximatively as many kinetochore microtubules as chromosomes [START_REF] Peterson | Electron-microscopic study of the spindle and chromosome movement in the yeast Saccharomyces cerevisiae[END_REF]) and whole-chromosome duplication and loss estimates are 9.7x10 -5 and 7.0x10 -6 events per diploid genome per generation, respectively [START_REF] Zhu | Precise estimates of mutation rate and spectrum in yeast[END_REF], which are values close to the rates of whole chromosome duplication reported here. Furthermore, these rates are expected to vary with environmental conditions, as previous mutation accumulation studies in seven different environments reported significant variation in the rates of chromosome gain and loss [START_REF] Liu | Yeast Spontaneous Mutation Rate and Spectrum Vary with Environment[END_REF].

Interestingly, the rate of chromosome duplication loss was estimated to be about three orders of magnitude higher than the whole chromosome duplication rate. This suggests that cells with duplicated chromosomes are ephemeral and are unlikely to be maintained for a long time in batch culture.

Fitness effect of WCD and dosage compensation.

The disruption of chromosome numbers is expected to incur a significant fitness cost, in contrast to point mutations whose fitness effects cover the deleterious to advantageous range (Eyre-Walker and Keightley 2007). Using the number of cell divisions per days as a proxy of fitness during the mutation accumulation experiment [START_REF] Krasovec | Fitness Effects of Spontaneous Mutations in Picoeukaryotic Marine Green Algae[END_REF], we found that only one out of the 15 MA lines with a WGD displayed a significant fitness decrease along the experiment (Bp28b, Pearson correlation, p-value = 0.015, rho = -0.850). A possible cause of aneuploidy tolerance, or at least of the non-detection of fitness decrease in most of MA lines, may be due to a compensating point mutation [START_REF] Torres | Identification of aneuploidy-tolerating mutations[END_REF]: in yeast, point mutations leading to non-synonymous changes in specific genes (particularly the deubiquitinating enzyme involved in proteins degradation) have been found in several disomic lines with higher growth rates than their parents. However, these mutations did not lead to a fitness increase in all disomic strains, and a few disomic strains with higher growth rates did not harbour any non-synonymous mutations. The previously identified point mutations from each MA line carrying a WCD in this study (Table S2) [START_REF] Krasovec | Spontaneous Mutation Rate in the Smallest Photosynthetic Eukaryotes[END_REF](Krasovec et al. , 2018a[START_REF] Krasovec | First Estimation of the Spontaneous Mutation Rate in Diatoms[END_REF] are unlikely to impact the aneuploidy tolerance for two reasons.

First, some lines such as Mp03, Bp28b, Bp26 or Bp25 did not carry any additional point mutation as compared to MA lines without WCD. Second, the number of mutations per line was limited and, in some cases, appears only in intergenic region or leads to synonymous codon change (i.e. Om3 or Mp28).

The more likely process limiting the deleterious effect of aneuploidy is a DC mechanism that prevents the disruption caused by the excess of transcripts. Here in B. prasinos, there is evidence for DC at the translation level for the duplicated chromosome 4 only. However, more recent WCD in cryopreserved lines like chromosome 1 led to an excess of transcripts from this chromosome which was not tempered by a lower translation rate. On the contrary, it seems that the part of the chromosome with a lower copy number experienced an increased translation rate (Figure 2C) as if to compensate with the lower transcription level. Another chromosome, chromosome 19, also shows a particular pattern with lower transcription and higher translational rates in the BP37B strain. This chromosome is an outlier chromosome typical of Mamiellophyceae species [START_REF] Yau | Virus-host coexistence in phytoplankton through the genomic lens[END_REF]Blanc-Mathieu et al. 2017) with lower GC content than the rest of the genome, likely involved in antiviral immunity. Compensation at the level of gene translation such as observed here in chromosome 4 is relatively unexplored and poorly understood. In Drosophila, a compensation of aneuploid genes has been reported and seems to depend on both the genotypic and the developmental context [START_REF] Zhang | Translational compensation of gene copy number alterations by aneuploidy in Drosophila melanogaster[END_REF]. In yeast, a previous study suggested compensation at the post-translational level by protein degradation but failed to detect any compensation during translation [START_REF] Dephoure | Quantitative proteomic analysis reveals posttranslational responses to aneuploidy in yeast ed[END_REF].

The role of poly(A) tail length

The role of poly(A) tail length in the translation efficiency is starting to be better understood [START_REF] Weill | Translational control by changes in poly(A) tail length: recycling mRNAs[END_REF][START_REF] Subtelny | Poly(A)-tail profiling reveals an embryonic switch in translational control[END_REF], and alternative polyadenylation is indeed implicated in several processes: transcription termination by RNAP II, mRNA stability, mRNA export and translation efficiency (Di [START_REF] Giammartino | Mechanisms and consequences of alternative polyadenylation[END_REF][START_REF] Zhang | To polyadenylate or to deadenylate: that is the question[END_REF]). In the cytoplasm, the poly(A) tail plays important roles in mRNA translation and stability and the modulation of its length has an important impact on translation efficiency [START_REF] Subtelny | Poly(A)-tail profiling reveals an embryonic switch in translational control[END_REF][START_REF] Lim | mTAIL-seq reveals dynamic poly(A) tail regulation in oocyte-to-embryo development[END_REF][START_REF] Eichhorn | mRNA poly(A)-tail changes specified by deadenylation broadly reshape translation in Drosophila oocytes and early embryos[END_REF]. As an example, during oocyte maturation and early embryonic development, an increase of poly(A) tail length occurs for particular mRNAs resulting in an increase of translation [START_REF] Subtelny | Poly(A)-tail profiling reveals an embryonic switch in translational control[END_REF][START_REF] Lim | mTAIL-seq reveals dynamic poly(A) tail regulation in oocyte-to-embryo development[END_REF][START_REF] Eichhorn | mRNA poly(A)-tail changes specified by deadenylation broadly reshape translation in Drosophila oocytes and early embryos[END_REF]. This modulation of poly(A) tail length has also been found to activate some neuronal transcripts [START_REF] Udagawa | Bidirectional control of mRNA translation and synaptic plasticity by the cytoplasmic polyadenylation complex[END_REF]. This modulation seems to be specific of a particular developmental context. Recently, it has been also suggested that poly(A) tails can be modulated to balance mRNA levels and adjust TE [START_REF] Slobodin | Transcription Dynamics Regulate Poly(A) Tails and Expression of the RNA Degradation Machinery to Balance mRNA Levels[END_REF]. In this last case, the CCR4-Not complex shortened the poly(A) tails that reduce the stability of mRNAs. Here, our data suggest that, in a context of chromosome duplication, modulation of poly(A) tail length appears as a key post-transcriptional mechanism necessary for DC at translation level.

CONCLUSION

In conclusion, we estimated an unexpected high rate of whole chromosome duplication in five unicellular photosynthetic eukaryotes. In one species, B. prasinos, we identified that a whole duplication chromosome event is associated with a chromosome wide post-transcriptional regulation which might involve the adjustment of poly(A) tail length. These results stress the importance of post-transcriptional regulation mechanisms in DC of aneuploid karyotypes.

MATERIALS AND METHODS

Sequencing data from mutation accumulation experiments

Mutation accumulation (MA) experiments of the 6 species Picochlorum costavermella RCC4223, Ostreococcus tauri RCC4221, O. mediterraneus RCC2590, Bathycoccus prasinos RCC1105 (synonym to RCC4222), Micromonas pusilla RCC299 and Phaeodactylum tricornutum RCC2967 were conducted with a flow cytometry protocol described previously for phytoplankton species in liquid medium [START_REF] Krasovec | Fitness Effects of Spontaneous Mutations in Picoeukaryotic Marine Green Algae[END_REF]. Briefly, a mutation accumulation experiment consists in following of mutation accumulation lines which evolved from the same cell (the ancestral line) during hundreds of generations. Relaxed selection pressure on spontaneous mutations is ensured by maintaining all MA lines at very low effective population sizes (6<Ne<8.5 [START_REF] Krasovec | Fitness Effects of Spontaneous Mutations in Picoeukaryotic Marine Green Algae[END_REF])) throughout the experiments. Coupled with whole genome sequencing of ancestral and MA lines, this experiment enables the direct estimation of the spontaneous mutation rate of a species. Here, MA lines came from a single cell obtained by dilution serving as T0 culture (named the mother line, ML) and were maintained in 24-wells plates in L1 medium at 20 °C with a 16h-dark 8h-light life cycle.

Single cell bottleneck by dilution were done each 14 days to have a low effective population size and limit selection. DNA of initial line (ML line) and final time of MA lines were extracted with chloroform protocol and sequencing done with Illumina HiSeq or MiSeq by GATC biotech (Germany). To detect duplications, raw reads were mapped against the reference genomes with bwa mem v0.7.12 [START_REF] Li | Fast and accurate long-read alignment with Burrows-Wheeler transform[END_REF].

Then, bam files were treated with samtools v1.3.1 (Li et al. 2009) and bedtools v 2-2.18.0 [START_REF] Quinlan | BEDTools: a flexible suite of utilities for comparing genomic features[END_REF] to extract the coverage.

Dosage compensation analysis

This study was done three to four years after the end of MA experiments, but some MA lines had been cryopreserved which allowed us to re-start a culture of one B. prasinos MA line with a duplicated chromosome 4 (Bp37) to investigate dosage compensation. The restarted culture from the cryopreserved Bp37 was renamed Bp37B. As control, we used the reference culture of the strain B. prasinos RCC4222, that is the derived from the RCC1105 used for the MA experiment. All cultures (Bp37B and RCC4222) were maintained under a 12:12 h light:dark regime under 50 μmol photon m -2 s -1 white light at 20 • C. The karyotype of the defrozen cultures Bp37B and the control RCC4222 were checked by DNAseq resequencing. There was a change in the karyotype of Bp37B as compared to Bp37 and in the karyotype of RCC4222 as compared to the mother line (ML) (Figure S18). As a consequence, the relative transcription rate was corrected by the number of DNA copy in the control RCC4222 line for further analysis below.

For expression analysis, total RNA was extracted using the Direct-zol RNA MiniPrep Kit (Zymo Research, Californie, USA) from pooling flasks of cultures (100 ml cultures with 200 million cells per ml) taken 6h before and 1h before the light on. Three extractions were done for the control culture RCC4222 and two for Bp37B. Then for translation efficiency analysis, polysome extraction was performed for Ribo-seq as described previously [START_REF] Carpentier | Monitoring of XRN4 Targets Reveals the Importance of Cotranslational Decay during Arabidopsis Development[END_REF]) with few modifications. Briefly, 600 mL of B. prasinos culture were centrifuged at 8,000 g for 20 minutes. After centrifugation, pellets were resuspended in 2.4 mL of polysome extraction buffer. After 10 minutes of incubation on ice and centrifugation, 2 mL of supernatant was loaded on a 9 mL 15-60% sucrose gradient and centrifuged for 3h at 38 000 rpm with rotor SW41 Ti.

Fractions corresponding to polysomes were pooled and polysomal RNA was extracted as previously described [START_REF] Carpentier | Monitoring of XRN4 Targets Reveals the Importance of Cotranslational Decay during Arabidopsis Development[END_REF]. RNA library preparation was performed on total or polysomal RNA using a NEBNext Poly(A) mRNA Magnetic Isolation Module and a NEBNext Ultra II Directional RNA Library Prep Kit (New England Biolabs) according to the manufacturer's instructions with 1 μg of RNA as a starting point. Libraries were multiplexed and sequenced on a NextSeq 550. Raw reads were mapped against the reference transcriptome of B. prasinos with RSEM with standard parameters [START_REF] Li | RSEM: accurate transcript quantification from RNA-Seq data with or without a reference genome[END_REF]. We obtained the TPM average that we compared between B. prasinos RCC4222 and the MA line Bp37B. To be able to (polysome_TPM_Bp37B/total_TPM_Bp37B)/(TPM_RCC4222/total_TPM_RCC4222)

. Poly(A) tail analysis was performed as previously described with slight modifications [START_REF] Sement | Detection of uridylated mRNAs[END_REF]. PCR products were resolved on a 2.5% agarose gel.

Primers used in this study are present in Table S2. 

Figure 1 .

 1 Figure 1. A. Normalised raw genomic coverage of the mother line, Bp20c and Bp28 mutation accumulation lines of Bathycoccus prasinos. In blue are the chromosomes in double copies. Raw coverage of all lines from all species are provided in Figures S1 to S16. B. Pedigree of the mutation accumulation lines from the Bathycoccus prasinos experiment. The chromosome 01 is duplicated in the T0 line (named mother line) of the experiment. This duplication is then lost several times, and 5 independent chromosome other duplications of chromosome 4, 5 and 19 occurred.

  Figure 2. A. Raw coverage by 1000 bp windows along the genome of the MA line Bathycoccus prasinos Bp37B (Bp37B is the culture started in 2019 from the MA Bp37 culture cryopreserved in 2016). Grey lines are chromosome separators. C01d: duplicated part of the chromosome 1. C01nd: non duplicated part of the chromosome 1. B. Distribution of genes expression ratio of Bp37B over control TPM of the 19 chromosomes. C. Distribution of genes translation efficiency of the 19 chromosomes. B and C. The expression and translation efficiency ratio averages are different between chromosomes (ANOVA, p-value < 0.001). The expression is different between chromosome 4 and all other chromosomes and the non-duplicated part of the chromosome 1 (Student test, adjusted p-value for multiple tests <0.0001), excepted with the duplicated part chromosome 1 (Student test, adjusted p-value for multiple tests =0.101); and translation efficiency is different between chromosome 4 (highlighted in blue) and all other chromosomes (Student test, adjusted p-value for multiple tests <0.001). C01 to C19 are the chromosome numbers. D. Distribution of genes translation rate ratio of the 19 chromosomes.

Figure 3 .

 3 Figure 3. Transcripts from genes located on duplicated chromosome 04 present shorter poly(A) tail. Poly(A) tail measurement was performed using modified 3'RACE. PCR amplification was performed using primers flanking poly(A) tail (A) or primers anchored in 3'UTR just before poly(A) tail as internal control (B). Experiments was performed using total RNA from RCC4222 line (control line) and BP37B line (with duplicated chromosome 4). Illustrations representing PCR amplification are present on the right panel. Black line represents the messenger RNA and the orange line represent the ligated adapter used for reverse transcription and PCR amplification. FW. Forward primer. RV. reverse primer.

  compare the expression and translation rate values, TPM were first normalised within each replicate by the gene Bathy11g03260. Then, expression difference , the expression rate obtain for Bp37B were normalised again for each gene by the expression rate average of non-duplicated chromosome. The polysome RNA TPM values were normalised identically,

Figure S17 .

 S17 Figure S17. Coverage by 1 kb windows of the control Bathycoccus prasinos RCC4222.

Figure S18 .

 S18 Figure S18. Transcripts from duplicated chromosome 1 and non-duplicated chromosome 8 present similar poly(A) tail. Poly(A) tail measurement was performed using modified 3'RACE. PCR amplification was performed using primers flanking poly(A) tail. Experiments was performed using total RNA from RCC4222 line (control line) and BP37 line (Chromosome 4 duplicated). Illustrations representing PCR amplification are present on the left panel. Black line represents the mRNA and the orange line represent the ligated adapter used for reverse transcription and PCR amplification.

Table 1 .

 1 Spontaneous whole chromosome duplication rate in six species. Nlines is the number of MA lines, Gen the average number of generations per MA line, TotGen the total number of generations, NChrom is the number of chromosomes in the ancestral karyotype, NWCD is the

	to estimate the whole chromosome

number of independent whole chromosome duplications, UWCDl is the whole chromosome duplication rate per chromosome per cell division, and UCell is the whole chromosome duplication rate per cell division, Ubs is the base substitution mutation rate per cell division.

NWCD and Ucell of O. tauri and P. costavermella are calculated assuming one duplication event.

The whole chromosome duplication rate per cell division represents 5% of the rate of spontaneous point mutations in these species in average.
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