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Deletions, duplications, insertions, inversions and translocations are commonly referred to as structural variants (SVs). Fungal plant pathogens have compact genomes, facilitating the generation of accurate maps of SVs for these species in recent studies. SVs have been found to constitute a significant proportion of the standing genetic variation in fungal plant pathogen populations, potentially leading to the generation of accessory genes, regions or chromosomes enriched in pathogenicity factors. SVs are involved in the rapid adaptation and ecological traits of pathogens, including host specialization and mating. Long-read sequencing techniques coupled with theoretical and experimental approaches have considerable potential for elucidating the phenotypic effects of SVs and deciphering the evolutionary and genomic mechanisms underlying the formation of SVs in fungal plant pathogens.

I. Introduction

Fungal plant pathogens constitute a major threat to global food security and some natural ecosystems. Over the last decade, intraspecific comparative analyses and population genomics studies have aimed to elucidate the genomic basis of host specialization and local adaptation of fungal plant pathogens to both anthropogenic and natural ecosystems [START_REF] Fisher | Threats posed by the fungal kingdom to humans, wildlife, and agriculture[END_REF].

Most fungal plant pathogens have small genomes (< 100 Mb) with relatively few repeats.

Chromosome-level genome assemblies were successfully generated in major fungal plant pathogen species thanks to long-read sequencing (> 1 kb to a few Mb), which has greatly facilitated bioinformatic analyses relying on the availability of high-quality genome assemblies, such as structural variants (SV) identification [START_REF] Potgieter | On variant discovery in genomes of fungal plant pathogens[END_REF]. SVs are deletions, novel sequence insertions and duplications, leading to a loss or gain of DNA, and translocations and inversions, which rearrange DNA within the genome, affecting regions extending over a few nucleotides (typically at least 50 bp) to full chromosomes [START_REF] Abel | Mapping and characterization of structural variation in 17,795 human genomes[END_REF]. SVs may have major consequences, including incorrect allele exchanges during meiosis; they may be neutral or subject to selection, and may constitute a genetic barrier to gene flow at the onset of speciation [START_REF] Wellenreuther | Going beyond SNPs: The role of structural genomic variants in adaptive evolution and species diversification[END_REF].

Recent studies in fungal plant pathogens have revealed that SVs constitute a major source of genetic polymorphism within species, with a potential role in adaptive processes.

Remarkably, pathogens of agricultural systems were found to have a particularly large number of diverse SVs [START_REF] Langner | Genomic rearrangements generate hypervariable mini-chromosomes in host-specific isolates of the blast fungus[END_REF][START_REF] Badet | Machine-learning predicts genomic determinants of meiosis-driven structural variation in a eukaryotic pathogen[END_REF]. This brief review focuses on the shaping of fungal plant pathogen genome by SVs and the ecological and evolutionary importance of these variants. Promising avenues of research exploring the eco-evolutionary and genomic mechanisms underlying SVs in fungal plant pathogens are then highlighted.

II. The shaping of fungal plant pathogen genomes by structural variants

SVs may affect single genes or genomic regions of various sizes (Fig. 1), and recent studies have shown that SVs account for a large proportion of the standing genetic variation in both sexual and asexual fungal plant pathogens (Badet et al., 2020;[START_REF] Langner | Genomic rearrangements generate hypervariable mini-chromosomes in host-specific isolates of the blast fungus[END_REF].

Gene gains and losses (Fig. 1A,B,D,E) result in intraspecific gene content variation. They have been extensively studied in fungal plant pathogens, as they may lead to gains or losses of function, such as pathogenicity. The investigation of a fungal pangenome* (see Box 1 for definitions) using long-read sequencing (> 1 kb to a few Mb) from 19 strains of the wheat pathogen Zymoseptoria tritici, which frequently undergoes sexual recombination, showed that gene presence/absence polymorphisms occurred in 40% of the species gene pool, disproportionately affecting the effector* genes that modulate fungal pathogenicity (Badet et al., 2020).

Deletions, novel sequence insertions, duplications and translocations also affect non-coding DNA and transposable elements* (TEs) may be considered to be a type of SV (Fig. 1C; (Mérot et al., 2020b)). A population genomics study of TE dynamics in the mainly asexual fungal plant pathogen Verticillium dahlia revealed a high rate of TE insertion polymorphisms throughout the genome and a correlation between the presence of polymorphic TE insertions and the expression of pathogenicity-related genes [START_REF] Torres | Transposable elements contribute to genome dynamics and gene expression variation in the fungal plant pathogen Verticillium dahliae[END_REF]. A comparison of TE dynamics in several populations of Z. tritici showed that TEs may drive genome expansions over short evolutionary time scales [START_REF] Oggenfuss | A population-level invasion by transposable elements in a fungal pathogen[END_REF].

Losses, fissions, fusions and translocations of large regions have been identified in several fungal plant pathogens (Fig. 1F,G). These SVs may lead to the formation of accessory* regions, or even chromosomes. A study of SVs in four strains of the blast fungus Magnaporthe oryzae showed that accessory chromosomes probably emerged from interchromosomal translocations between core* and accessory* chromosomes and segmental duplications* of core* chromosomes [START_REF] Langner | Genomic rearrangements generate hypervariable mini-chromosomes in host-specific isolates of the blast fungus[END_REF]. These accessory* regions or chromosomes are often enriched in TEs, rapidly evolving genes, such as effector* genes, and various types of SVs relative to other regions of the genome.

III. Multiple eco-evolutionary processes in fungal plant pathogens are driven by structural variants

In addition to shaping pathogen genomes, SVs are directly associated with rapid adaptation and ecological traits in fungal plant pathogens.

Gene gains and losses may determine host specialization (Fig. 1A,B). Deletion of an effector* locus may enable the pathogen to escape the recognition by a host resistance locus in genefor-gene interactions. In the wheat stem rust pathogen Puccinia graminis f. sp. tritici, the loss of the AvrSr27 locus that is recognized by the major Sr27 resistance locus in wheat was found to arise independently in multiple field strains that became virulent on wheat cultivars carrying Sr27 resistance [START_REF] Upadhyaya | Genomics accelerated isolation of a new stem rust avirulence genewheat resistance gene pair[END_REF]. Gains of effectors* through horizontal gene transfer* underlie specialization on new hosts in the wheat pathogens Parastagonospora nodorum, Pyrenophora tritici-repentis, and Bipolaris sorokiniana [START_REF] Mcdonald | Transposon-mediated horizontal transfer of the host-specific virulence protein ToxA between three fungal wheat pathogens[END_REF] and in host-specialized Fusarium species [START_REF] Peck | Historical genomics reveals the evolutionary mechanisms behind multiple outbreaks of the host-specific coffee wilt pathogen Fusarium xylarioides[END_REF]. One intriguing trend repeatedly identified is the higher proportion of gene gains and losses in fungal plant pathogens from agricultural ecosystems than in fungal plant pathogens from forest or wild ecosystems.

Analyses of gene presence/absence polymorphisms in Microbotryum anther-smut fungi [START_REF] Hartmann | Gene presence-absence polymorphism in castrating anther-smut fungi: recent gene gains and phylogeographic structure[END_REF][START_REF] Beckerson | Cause and effectors: whole-genome comparisons reveal shared but rapidly evolving effector sets among host-specific plant-castrating fungi[END_REF] and in the chestnut blight pathogen Cryphonectria parasitica [START_REF] Demené | Whole-genome sequencing reveals recent and frequent genetic recombination between clonal lineages of Cryphonectria parasitica in western Europe[END_REF][START_REF] Stauber | Emergence and diversification of a highly invasive chestnut pathogen lineage across southeastern Europe[END_REF] have revealed very low frequencies of gene gains and losses in these pathogens. Various confounding factors may explain this discrepancy, including differences in pathogen population size and mode of reproduction, or environmental selective pressures (Badet & Croll, 2020). Regarding gene gains and losses associated to host specialization, the use of major resistance genes in host plants and the importance of arms race dynamics* in agricultural ecosystems may also result in pathogens being more prone to adaptive gene loss or gain. Conversely, the importance of quantitative sources of resistance and the trench warfare dynamics* in forests or natural ecosystems may favor alternative routes of pathogen adaptation [START_REF] Möller | Evolution and genome architecture in fungal plant pathogens[END_REF].

Additional striking examples of gene gains and losses linked to important ecological functions in pathogens include SVs affecting clusters of genes encoding proteins involved in secondary metabolite production (Fig. 1E). [START_REF] Zhong | Emergence of a hybrid PKS-NRPS secondary metabolite cluster in a clonal population of the rice blast fungus Magnaporthe oryzae[END_REF] reported a recent duplication of a secondary metabolite gene cluster containing an effector* gene in a clonal population of the rice blast fungus Magnaporthe oryzae [START_REF] Zhong | Emergence of a hybrid PKS-NRPS secondary metabolite cluster in a clonal population of the rice blast fungus Magnaporthe oryzae[END_REF]. Transposable element insertions have been shown to shape the genetic regulation of melanin production in the wheat pathogen Z. tritici (Fig. 1C, [START_REF] Krishnan | Transposable element insertions shape gene regulation and melanin production in a fungal pathogen of wheat[END_REF]). SVs have also been shown to be associated with very recent adaptation, as gene duplications have been reported to confer fungicide resistance within a few years in Z. tritici [START_REF] Steinhauer | A dispensable paralog of succinate dehydrogenase subunit C mediates standing resistance towards a subclass of SDHI fungicides in Zymoseptoria tritici[END_REF].

Recombination is often reduced at some SVs, particularly within inversions (Fig. 1H; [START_REF] Faria | Evolving inversions[END_REF]). The suppression of recombination due to segregating inversions may protect beneficial combinations of alleles against recombination events, in some cases leading to the formation of a supergene, i.e. a suite of genes inherited as a single unit that controls complex phenotypes. Supergenes are classically described in plants and animals to influence remarkable ecological or adaptive traits, and examples are emerging in fungal plant pathogens. Two inversions segregating between two host-specialized populations of the anther smut fungus Microbotryum in natural ecosystems, but fixed within populations, probably protected beneficial combinations of alleles and promoted population divergence in these plant pathogens from wild ecosystems [START_REF] Hartmann | Higher gene flow in sex-related chromosomes than in autosomes during fungal divergence[END_REF]. Chromosome fusions at centromeres or chromosome arm edges have been shown to have evolved several times in multiple host-specialized Microbotryum fungi. They maintain compatible combinations of alleles at two mating-type loci*, providing excellent examples of supergenes in fungi. The linking of the two mating loci* involved in mating compatibility in Basidiomycetes is beneficial in Microbotryum fungi which have high selfing rates, as it increases the odds of compatible gametes [START_REF] Branco | Multiple convergent supergene evolution events in mating-type chromosomes[END_REF][START_REF] Carpentier | Convergent recombination cessation between mating-type genes and centromeres in selfing anthersmut fungi[END_REF].

IV. Promising avenues of research using structural variants in fungal plant pathogens

IV.1. What is the impact of structural variants on fitness-relevant phenotypic traits?

Despite the identification of several adaptive SVs, the adaptive potential of SVs in fungal plant pathogens remains largely overlooked. The associations of SVs with a wide range of phenotypes or environmental variables (Fig. 2A) are promising tools for assessing the impact of SVs on fitness-relevant phenotypic traits. In a genome-wide association study (GWAS) performed in 106 Z. tritici strains, [START_REF] Badet | Machine-learning predicts genomic determinants of meiosis-driven structural variation in a eukaryotic pathogen[END_REF] showed that SNPs statistically associated with 16 life history traits overlapped with SVs. Remarkably, 14% of SNPs found associated with a fungicide resistance phenotype, overlapped with regions containing insertions or deletions, inversions or translocations, highlighting the importance to consider SVs more frequently in GWAS.

Genome engineering (Fig. 2B) is a powerful approach for functionally validating the impact of SVs on fitness-relevant phenotypes and was successfully applied in the yeast Saccharomyces cerevisiae [START_REF] Fleiss | Reshuffling yeast chromosomes with CRISPR/Cas9[END_REF]. Multiple translocations were generated in yeast with CRISPR/Cas9 technology. No point mutations were introduced with this method, so that it was possible to evaluate the effects of rearrangements specifically. The generation of translocations resulted in considerable phenotypic diversity, and conferred a fitness advantage in stressful environmental conditions, with the formation of unanticipated SVs, such as segmental duplications* [START_REF] Fleiss | Reshuffling yeast chromosomes with CRISPR/Cas9[END_REF]).

An experimental evolution set-up (Fig. 2E) in Z. tritici showed that greater chromosome instability occurs in heat stress conditions, with the fusion, fission or duplication of both core* and accessory* chromosomes, suggesting that SVs may serve as a response to stress in this pathogen. The overall effect of SVs on fitness was found to be small in this study, but complex, as it depended on both environment (in vitro vs in planta) and genotype [START_REF] Möller | Extraordinary genome instability and widespread chromosome rearrangements during vegetative growth[END_REF]. Theoretical modelling of the expected fitness effect of SVs in populations (Fig. 2C) may be a complementary approach to evaluate life-history trade-offs and would be interesting to be performed in fungal plant pathogens (Mérot et al., 2020a).

IV.2. What are the evolutionary forces driving structural variants in populations?

It remains unclear whether changes in the frequency of SVs in populations are mainly driven by selection or by neutral processes. A comparison of the population distribution of SVs versus neutral markers, such as SNPs, was performed in several fungal plant pathogens (Fig. 2D). It revealed that SVs can provide a global view of the population structure, with frequency differences observed between geographically and genetically isolated populations [START_REF] Hartmann | Gene presence-absence polymorphism in castrating anther-smut fungi: recent gene gains and phylogeographic structure[END_REF][START_REF] Hartmann | Higher gene flow in sex-related chromosomes than in autosomes during fungal divergence[END_REF][START_REF] Badet | A 19-isolate reference-quality global pangenome for the fungal wheat pathogen Zymoseptoria tritici[END_REF][START_REF] Stauber | Emergence and diversification of a highly invasive chestnut pathogen lineage across southeastern Europe[END_REF]. However, the differences between populations depended on SV type and differed from those observed for SNPs, suggesting differences in the underlying evolutionary processes. Recent gene losses and TE insertions present a significant excess of low-frequency variants relative to SNPs in the wheat pathogen Z. tritici, suggesting that strong purifying selection acts on these SVs [START_REF] Hartmann | Distinct trajectories of massive recent gene gains and losses in populations of a microbial eukaryotic pathogen[END_REF][START_REF] Badet | A 19-isolate reference-quality global pangenome for the fungal wheat pathogen Zymoseptoria tritici[END_REF]. Excess population differentiation has been observed for some SVs in Z. tritici and Microbotryum, suggesting positive selection [START_REF] Hartmann | Gene presence-absence polymorphism in castrating anther-smut fungi: recent gene gains and phylogeographic structure[END_REF][START_REF] Hartmann | Higher gene flow in sex-related chromosomes than in autosomes during fungal divergence[END_REF][START_REF] Badet | A 19-isolate reference-quality global pangenome for the fungal wheat pathogen Zymoseptoria tritici[END_REF]. Comparisons of empirical SV distribution with predictions from theoretical simulations (Fig. 2F) can help evaluating the relative effects of selective and demographic processes on SVs. The differences of mutation rates, allele numbers, population size and allele segregation at meiosis between the different types of SVs call for additional theoretical studies on SV evolution (Mérot et al., 2020b).

The role of allelic content and selection in driving SVs to fixation or maintaining polymorphism has recently been investigated in plants and animals in empirical and theoretical studies [START_REF] Faria | Evolving inversions[END_REF]. Fungal plant pathogens have diverse mating systems and life cycles, with haploid and dikaryotic ploidy stages of various lengths. It would be interesting to assess the effects of these features on the evolutionary trajectories of SVs, and to compare these trajectories with those in plants and animals. For example, it would be worthwhile investigating whether large adaptive polymorphic inversions or supergenes*, like those identified in Microbotryum fungi (see III.), have evolved frequently and independently in fungal plant pathogens and whether they contribute to rapid or ecological adaptation or whether most large SVs are deleterious. In addition to positive selection, non-adaptive divergence between arrangements of SVs, such as mutation accumulation, may also keep them polymorphic (Jay et al., 2021a;[START_REF] Berdan | Deleterious mutation accumulation and the long-term fate of chromosomal inversions[END_REF]. Simulations show that decreases in recombination at SVs may lead to the accumulation of recessive deleterious mutations and an increase in overdominance, due to less effective selection and stronger genetic drift [START_REF] Berdan | Deleterious mutation accumulation and the long-term fate of chromosomal inversions[END_REF]. A theoretical model has predicted the accumulation of inversions and other SVs around permanently heterozygous loci, such as the fungal mating-type loci*, as this permanent heterozygosity protects linked SVs against the expression of their recessive mutation load (Jay et al., 2021b). Interspecific gene flow was shown to play a role in the formation and evolution of SVs at supergenes in insects [START_REF] Jay | Supergene evolution triggered by the introgression of a chromosomal inversion[END_REF]. The role of introgression on the existence of SVs in fungal plant pathogen populations needs to be investigated.

IV.3. What are the genomic mechanisms generating structural variants?

SVs are often particularly abundant near centromeres [START_REF] Carpentier | Convergent recombination cessation between mating-type genes and centromeres in selfing anthersmut fungi[END_REF][START_REF] Cook | A unique chromatin profile defines adaptive genomic regions in a fungal plant pathogen[END_REF], regions with a high repeat content [START_REF] Faino | Transposons passively and actively contribute to evolution of the two-speed genome of a fungal pathogen[END_REF][START_REF] Peck | Historical genomics reveals the evolutionary mechanisms behind multiple outbreaks of the host-specific coffee wilt pathogen Fusarium xylarioides[END_REF][START_REF] Torres | Transposable elements contribute to genome dynamics and gene expression variation in the fungal plant pathogen Verticillium dahliae[END_REF][START_REF] Badet | Machine-learning predicts genomic determinants of meiosis-driven structural variation in a eukaryotic pathogen[END_REF] or regions with epigenetic marks contrasting with other regions of the genome, such as heterochromatin [START_REF] Cook | A unique chromatin profile defines adaptive genomic regions in a fungal plant pathogen[END_REF][START_REF] Soyer | Genome-wide mapping of histone modifications during axenic growth in two species of Leptosphaeria maculans showing contrasting genomic organization[END_REF]. Similarly, although the mechanisms of horizontal gene transfer* in eukaryotes remain poorly understood, a genome-wide survey of horizontal gene transfer* events in Verticillium dahliae showed that such events occur preferentially in repeat-rich regions of the genome [START_REF] Shi-Kunne | The genome of the fungal pathogen Verticillium dahliae reveals extensive bacterial to fungal gene transfer[END_REF]. The functional relevance of these features to SV formation within species remains to be determined. Ongoing improvements in genome engineering techniques and in the fine-scale dissection of epigenomic and repeat landscapes through long-read sequencing are likely to shed light on the interplay between these processes and SVs (Fig. 2G-2H).

In the fungus Z. tritici, the causes of SVs were recently studied by a pioneering approach that would be worth expanding both within this species and in other systems. A machine learningtrained model was used to predict the major SV events in a Z. tritici pedigree and to identify the principal genome features associated with SVs, in terms of base composition, gene density and retrotransposons, for example (Fig. 2I; [START_REF] Badet | Machine-learning predicts genomic determinants of meiosis-driven structural variation in a eukaryotic pathogen[END_REF]). In several meiotic crosses of Z. tritici, SVs were also found to be frequently located in close proximity to crossing-over sites. Analyses of rearranged chromosomes in the progeny of fungal crosses that can be readily performed in the laboratory are also a powerful resource for elucidating the mechanisms generating SVs [START_REF] Fouché | Meiosis leads to pervasive copy-number variation and distorted inheritance of accessory chromosomes of the wheat pathogen Zymoseptoria tritici[END_REF][START_REF] Badet | Machine-learning predicts genomic determinants of meiosis-driven structural variation in a eukaryotic pathogen[END_REF].

V. Conclusions

SVs shape the genomes of fungal plant pathogens, and there is increasing evidence to suggest that they play an important role in multiple eco-evolutionary processes in these organisms.

Current sequencing technologies are very promising for population-scale studies of SVs in fungal pathogens. However, there is a need to combine genomic analyses with more theoretical approaches predicting the effect of selective and demographic processes on SVs and experimental studies of the ways in which fungal genomes "cope" with such structural changes in terms of phenotypes, gene expression and fitness.

Box 1: Glossary. Terms defined below are indicated by an asterisk in the text.

Accessory: term that refers to genes, genomic regions or chromosomes not present in all individuals within a species / a population. Arm race dynamics: a theoretical model describing the evolution of effector* and resistance genes in plant-pathogen interactions in which a new allele providing a fitness advantage is under positive selection and is quickly fixed in the population of the pathogen or the host. Core: term that refers to genes, genomic regions or chromosomes present in all individuals within a species / a population. Effector: term that refers to genes or proteins encoded by fungal plant pathogen genomes and that modulate fungal pathogenicity on the host plant. Some effector proteins are recognized and interact directly or indirectly with host plant proteins. Horizontal gene transfer: exchange of genetic material between organisms often sharing an environment that is not vertically transmitted (i.e. inherited from parents to offsprings). It is also called lateral gene transfer (LGT) Mating-type locus: locus that controls mating compatibility in fungi based on molecular haploid nonself-recognition, mating being successful only between different alleles. Non-allelic homologous recombination: recombination event that occurs between highly similar but not homologous sequences (such as similar duplicated sequences or paralogous genomic segment) and may generate SVs. Segmental duplications: long DNA fragments (typically > 1kb) that have high sequence similarities and exist in multiple locations along chromosomes, tandem or interspersed. They result of duplication events and generate often SVs. Paracentric / Pericentric inversion: Paracentric inversion has breakpoint located on the same arm of a chromosome and doesn't include the centromere. Pericentric inversion has breakpoint located on opposite arms of the chromosome. and include the centromere. Pangenome: the full set of genes present within multiple individuals of a species, including core* genes and accessory* genes. Trench warfare dynamics: a theoretical model describing the evolution of effector* and resistance genes in plant-pathogen interactions in which a diversity of pathogen effectors* and host resistance alleles are under balancing selection and maintained in populations of the pathogen or the host. SVs in fungal plant pathogens are presented in blue circles. Green, orange and yellow rectangles refer to population genomics tools, experimental approaches and theoretical modelling methods, respectively, already successfully applied and that would be worth to be extended in several fungal plant pathogens. References related to examples of applications of these methods are cited in the main text or hereafter. A. Genome-wide association study (GWAS) look for significant relationships between genotypic variation and phenotypic variation and can give cues of the phenotypic impact of SVs. As illustrated by [START_REF] Badet | Machine-learning predicts genomic determinants of meiosis-driven structural variation in a eukaryotic pathogen[END_REF], SNPs may be used to test for associations and then coincidence with SVs can be investigated, or the association with SVs may be tested directly (Mérot et al., 2020b).
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Environmental association studies that test for associations between SVs and environmental variables were successfully performed in plants [START_REF] Todesco | Massive haplotypes underlie ecotypic differentiation in sunflowers[END_REF] and would be worth expanding to fungal plant pathogens. B. Engineering of novel SVs in genomes and assessment of the SV fitness effect with in vitro petri dish assays or with in planta tests may help assessing the phenotypic impact of SVs. C. Theoretical modelling can be used to simulate and predict the fitness effect of SVs in populations. D. Long read-based genotyping of SV in multiple populations within a species and investigating population frequency differences of SVs and neutral markers may be indicative of neutral and selective processes on SVs. E.

Experimental evolution allow to study the apparition and evolution of SVs in controlled conditions and can be used to address the three major presented outstanding questions on SVs, as indicated by the dotted blue lines. 
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 1 Figure 1: Diversity of structural variants (SVs) and their ecological and evolutionary significance in fungal plant pathogens. (i) Several types of SVs, ranging from a few hundreds of base pairs to SVs encompassing larger genomic regions (>100 kb). (ii) Examples of eco-evolutionary significance of these SV types in fungal plant pathogens. From top to bottom panels: A. Loss of a single gene; B. Gain of a single gene. Gene gain and loss may be mediated via various mechanisms including nonallelic homologous recombination*, horizontal gene transfer*, or de novo gene evolution; C. Indel or transposable element (TE) jumps leading to gene expression changes. Changes in gene expression such as gene dosage or loss of expression may occur for genes located at SV breakpoints or in the vicinity of SVs; D. Gene duplication; E. Gain of a gene cluster; F. Translocations involving multiple chromosomes (interchromosomal) or along a chromosome (intrachromosomal); G. Fusion/fission of chromosomes. Major consequences of translocations, fusion and fission include linkage between previously unlinked loci, chromosome size variation and change in chromosome numbers; H. Inversions. Inversions may be pericentric* or paracentric* and recombination may be blocked between inverted haplotypes. Segregating inversion within or between populations may protect co-adapted allele combinations. References related to these examples are cited in the main text.

Figure 2 :

 2 Figure 2: Outstanding questions about structural variants (SVs) in fungal plant pathogens and pioneering approaches to address them. Major outstanding questions about

  F. Theoretical modelling can be used to simulate and predict the population genetics of SVs. G. Screening SVs distribution and frequency in genomes give insight in their occurrence with specific genome features, such as epigenetic marks. H. Engineering techniques allow to functionally validate the genetic mechanisms generating SVs. I. Modelling such as machine learning can be used to predict SVs.
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