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Outline Molecular phylogenetics Phylogenomics Lateral gene transfer Illustrated uses of evolutionary genomics in a microalgaevirus association
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A few words on molecular phylogenetics 3



• Goal: propose a hypothesis of relationships between several taxa



• Phylogeny = tree • Speciation: binary • Hypothesis: A



B



C



Phylogenetic network
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Phylogenetic trees
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Molecular data



• Most current source for phylogeny • Nucleotides ou amino acids (for ancient divergences) • Important step: alignment (with the help of alignment softwares)



• Use of evolutionary models to build trees 6



• Gene tree ≠ species tree • Genes: orthologous or paralogous Paralogs Orthologs



Orthologs
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Duplication



Tree Ancestral gene
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Making a molecular phylogeny Data DNA, AA, ...



Alignment Software + eye



Characters



Distances



Data quality Saturation, homogeneity, ...



Distances



Method



Model?



Data type, taxa number



BI ML Model?



MP



Optimality criteria



Weigthing? (sites, changes)



Yes



Tree(s) Validation Bootstrap, ...



ME...



No



NJ...
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Optimality criteria • Different methods to choose the “best tree” from the alignment



• Hypothesis on how evolution works • Different in different methods • Number of steps (parsimony) • Sum of branch lengths (minimum evolution) • Likelihood (ML, with evolutionary model) 9



Parsimony
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• Method based on individual characters, associated to cladistics



• “Ockham’s razor”: favour the simplest solution • Assess character fit to trees by character mapping via parsimony



• Optimisation is different on different trees
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Distances
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• Assessement of the mean number of changes between two taxa



• Based on distances, not individual characters • Data sometimes only as distances (e.g. DNA/ DNA hybridation temperature), if not, data transformation in distance matrix



• Mainly used for molecular data and molecular distances can be corrected using models of sequence evolution (same as ML)



• Main method: neighbor-joining (NJ) • Very fast
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Maximum likelihood
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• Maximum Likelihood = ML • Method based on individual characters • Uses an explicit evolutionary model (DNA or AA) • The more computationally complex method • Model very important: only for molecular data • ML finds (one) tree (and model parameters) maximizing the probability of the data
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Bayesian inference • Recent and now widely used method • Uses Bayes formula to generate posterior probability of parameters (among which topology and branch lengths), based on previous knowledge on data: prior probability



• Tree (as well as parameters of the model such as substitution rates) with confidence intervals (support values) for clades
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Validation • Trees can be validated using resampling



procedures such as boostrap (resampling with replacement)



• Assessment of clade support: add some noise in (alter) the data and rebuild the tree, do this from many altered datasets



• The more a clade is strong, the more it will appear in all trees: % = bootstrap support
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Supertrees
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• Combine trees with partially overlapping taxa • Bigger tree • Many methods (at least 17)
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• Uses of supertrees • Combining trees from different data/studies • Phylogenomics: genes are often unequally present in the taxa under study



• Metagenomic: taxa partially and unequally represented in sequences



➡Many gaps in the matrix:



• Supermatrix (as is) • Design several complete sub-matrices, compute subtrees, build supertree
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• e.g. Sargasso Sea environmental sequences



...
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Phylogenomics
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• Genomes: more accurate and precise phylogenies? Not so simple...



• Very large dataset: computation difficult • Genomes are plastic: duplications (total, partial), fusions, chromosome fissions, LGT, ...



• No good model of genomic evolution • Diminution of stochastic error (random), only by increasing character number



• The possibility of systematic error remains, for



example caused by wrong method or model choice
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• 3 main biases • Composition bias: sequences with the same composition tend to cluster



• Check from sequences • Long branch attraction • Good taxon sampling • Heterotachy: substitution rate change through time for fixed positions



• Hard to detect and correct 26



Genomes



• More characters • New character types: gene order, gene content,



nucleotidic signature (DNA strings), rare genomic changes



• 2 main approaches • Classical: sequences (gene concatenation) and phylogeny (supermatrix or supertree)



• Whole genome features: gene order, gene content, DNA string



• + 1: rare genomic changes
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Classical methods
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• Resolution of difficult phylogenetic problems (e.g. Tree of Life, Eukaryotes, Bilateria)



• Evolution of gene groups (e.g. family):



mutations, selective pressure, divergence, duplications, ...



• Identification of lateral gene transfer (which brings noise in the the tree-like signal)
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• Example: classical tree of Deuterostomians
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• Genomic data (Nature, 2006) - 146 genes - Classical methods: sequences - Bias control
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• Example: Eukaryote phylogeny (2009, 2010)
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• Example: Tree of Life (Science, 2006)
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• But is the history of life really tree like?
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Lateral Gene Transfer
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• LGT in the tree of life
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• Lateral gene transfer is more and more recognized



as an important factor shaping the evolution of life



• Current debate is no more on the existence of LGT but on its importance: can we still consider that the evolution of life is mainly tree-like?



• No (?) in Prokaryotes • Yes (?) in Eukaryotes 37
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Methods to unveil LGT • Compositional methods • Comparison of evolutionary rates • Look for similar sequences in databases through BLAST



• Phylogenetic approach 39



Compositional methods



• Look via bioinformatics in complete genomes for • atypical nucleotide composition in putatively transferred genes



• atypical codon usage patterns • Only for recent transfer events (before homogenization)
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Evolutionary rates



• Compare pairwise distances between gene



orthologs within families vs distances between genomes (from a reference tree): if no LGT, these distances should be roughly equal



• Another possibility is to compare instantaneous substitution matrices in genes vs genomes



• In case of LGT, these rates should differ 41



BLAST and similarity



• Find homologs of a query sequence in databases, genomes, ... via a similarity search (e.g. BLAST)



• Pattern of gene presence/absence in organisms = phyletic pattern



• Identification of LGT for genes with unusual affiliation



• Drawback: similarity does not necessarily mean evolutionary proximity



• Sensitive to taxa/gene representation in databases
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Phylogenetic approach



• Look for individual gene trees incongruent with a reference phylogeny



• Reference tree: rDNA, genomes, gene



concatenation, consensus tree, supertree, ...



• Need well supported trees • Test for incongruence between topologies • Cannot detect LGT between neighbours 43



• Between symbionts with complete genomes available: blast symbiont ORFs against host genome to identify putatively transferred genes



• Cophylogenetic methods (gene tree within species tree) can be used to infer a scenario for the LGT



44



• Example: frp gene acquired in red algae and green plants from ∂-proteobacteria
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• Example: multiple transfers virus-to-host and hostto-virus between Emiliania huxleyi and EhV86
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• Example: multiple transfers virus-to-host and hostto-virus between Emiliania huxleyi and EhV86
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Case study: Prasinophyte microalgae and their viruses 48



Hosts: Prasinophyceae Chlorophyta: green algae (Order Mamiellales, ubiquitous picophytoplankton) 3 main genera, 6 complete genomes to date Ostreococcus (3 genomes) Bathycoccus (1 genome) Micromonas (2 genomes)
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Chrétiennot-Dinet et al. (1995)



Ostreococcus



Bathycoccus
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Micromonas



Host phylogeny (SSU rDNA) Ostreococcus RCC344
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Viruses Phycodnavirus Prasinovirus Important role in the regulation of phytoplanktonic populations



ML Escande, OOB
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Giant virus ("Girus"): 100-200 nm Large genomes: about 200 Kb (closely-related Chlorovirus: almost 400 Kb!)
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Prasinovirus tree from partial DNA polymerase (about 600 bp) OxV



MpV



BpV
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Prasinovirus genomes 6 genomes (4 correspond to hosts with complete genomes) 3 OxV: 1 OlV + 2 OtV 2 BpV 1 MpV
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OtV5 genome
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Genome comparisons



!
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Phylogeny from genomic data
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Green algal dsDNA viruses monophyletic
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Lateral gene transfers in prasinoviruses
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Viruses are known as "bag of genes", or "gene robbers", steeling genes from their hosts: LGT Suspected to be vectors of gene transfers between eukaryotes Virus strains can recombine within hosts (e.g. H1N1)
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us



General methodolody for identifying LGT Define candidate gene for transfer via BLAST: present in host and viruses Find same genes in different taxa (using BLAST, GenBank, ...): make a dataset with most closely related hits (BLAST), reference taxa, candidate gene in host and virus Align sequences and make tree Look at the tree to identify LGT



65



Host-virus LGT in OtV5? Blast each viral ORF against host genome and keep ORF meeting specific criteria (AA ID > 45 % on > 50 AA) Blastp against GenBank nr, keep all viral ORFs with host in the 50 best blast hits, and get these BBHs Keep these sequences if similar known gene function in Phycodnaviruses 6 candidates for LGT
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Make phylogenetic tree for each candidate, adding host and virus sequences in the alignment + other BBHs (and reference sequences)
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NO



Topoisomerase



NO



Ribonucleosidediphosphate reductase
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? Maybe...
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LGT from the new genomic data? These virus genomes possess unique pathways for AA synthesis, never seen in any virus before These biosynthesis pathways are not shared by all prasinovirus genomes A HSP70 gene is found only in the BpV genome Do involved gene originate from a lateral transfer? LGT from host or other sources?
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Different AA synthesis pathways in related virus genomes Only in MpV and OtV: LGT?



!



Only in MpV and OtV: LGT? Only in OtV: LGT?
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Evolution of a gene family Example of capsid protein in prasinoviruses
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Phycodnaviruses are icosahedral, with a capsid formed by different proteins (capsomers, or capsid-like proteins (clp)), which have probably evolved via duplications



What comparative genomics tells us about clp evolution in prasinoviruses within phycodnaviruses?
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Evolution via duplications Loss of clp1 in BpV
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To conclude... All these questions can only be studied using comparative genomics Obtaining genomes is more and more easy, fast, and cheap, but analyzing them requires more and more human skills: this is where the bottleneck is now, so get to genomics!
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