Kaikoura06 - Abstracts

Presenter:
Michael Baake

Title:

Recombination dynamics in continuous time 
Abstract:


The dynamics of recombination in genetics leads to an interesting nonlinear differential equation, which has a natural generalization to a measure valued version. The latter can be solved explicitly under rather general circumstances. It permits a closed formula for the semigroup of nonlinear positive operators that emerges from the forward flow, the determination of the equilibria, and a global convergence result.
Presenter:
Guy Baele

Title:

A novel approach to modelling site dependencies:  biological realism and computational complexity.
Abstract:
One of the longest kept assumptions in evolutionary nucleotide models is the independent evolution of sites [Fel81]. Both in coding as in noncoding DNA, the evolution of a site has been shown to be highly dependent on its neighboring sites. Such context effects are the strongest for the two flanking bases of a site but can also be detected for the second and third pairs of flanking bases [Mor97, MOC97], even longer-range dependencies have been observed. A first problem in tackling the site dependencies problem lies with the expression of the likelihood as a product over the sites of an alignment. Past research on the expression of the likelihood includes the work of Jensen and Pedersen [JP00] and of Siepel and Haussler [SH04]. Jensen and Pedersen’s approach however only allows the analysis of pairwise sequences and is thus not fit for reconstructing phylogenies. Siepel and Haussler’s approach does capture the full likelihood in terms of a number of either ‘predecessor sites’ or either ‘successor sites’, this however seems less biologically plausible. Other issues were also discussed by the authors. A second and better known problem is the computational burden with which site dependencies problems are faced. 

Our work focuses on the expression of the full likelihood in terms of a number of flanking bases and combines a number of advantages of previous studies in its calculation of the likelihood. While our current research focuses on the influence of the two immediate flanking bases, our approach can easily be extended to accommodate the influences of multiple flanking bases as well as other dependencies. However, as with other attempts to model complex evolutionary processes, calculation of the full likelihood becomes very complex because of both the increase in parameters in the evolutionary model(s), the necessary eigenvalue decomposition that accompanies this increase, and the cascading effects of the site dependencies which no longer enable one to economize on the computation using a ’pruning’-like approach [Fel81]. Exact calculation of the likelihood no longer seems possible, therefore a Markov Chain Monte Carlo method to approximate the likelihood will be needed to offer a significant decrease in calculation time.
Presenter:
Craig Benham

Title:

Assessment of DNA duplex destabilization and its role in biological processes.

Abstract:
Strand separation of the DNA duplex and its re-formation in a precisely ordered fashion is fundamental to life processes. Common methods of assessing strand separation using local DNA sequence information (A+T content/thermodynamic stability) are not relevant, for two reasons: First, strand separation in vivo happens under isothermal conditions, so there are no changes of temperature to drive a thermal denaturation (‘melting’). Second, DNA is held under regulated negative superhelicity in vivo, which couples the strand opening behaviors of all the base pairs that experience them. This coupling can occur over long distances, extending over many kilobases. Therefore, to accurately assess strand separation, the interplay between local properties (pair bonding, stacking energies and so on) and the long range coupling induced by superhelical stress energies needs to be considered. Hence, not only the local sequence, but also the genomic context in which a given sequence of interest is located needs to be taken into account. We use a calculation method that has empirically determined parameters (there are no free variables) to accurately evaluate energetic requirements of any given region of the DNA duplex to strand separate. We will present a description of the method followed by examination of duplex destabilization and its role in a wide range of organisms and phenomena ranging from origins of replication in yeast to social and sexual behavior in humans.
Presenter:
Rachel Bevan

Title:

How to best account for gene rate heterogeneity in phylogenetic inference

Abstract:

Accounting for rate heterogeneity across genes is important in order to correctly infer phylogenies in a maximum likelihood framework.  Current approaches account for gene rate heterogeneity in two ways: either through allowing proportional branch lengths, or through allowing each gene to have its own set of branch lengths.  Although the later approach introduces 2n-3 more parameters for each gene (where n is the number of species), it has been shown to lead to a better likelihood according to the Akaike Information Criterion.  In this talk I will present results that demonstrate that this is not the case when the loci are appropriately chosen.
Presenter:
Trevor Bruen

Title:

Characters, trees and recombination

Abstract:

Maximum parsimony is a well known criteria for reconstructing evolutionary trees from morphological or molecular characters. Parsimony has recently been used in supertree construction, despite the lack of interpretability of homoplasy in such a context. However, (Fitch/Wagner) parsimony can be alternatively motivated as a consensus method, giving an explicit characterization of homoplasy in terms of subtree-prune and regrafts. The relationship can be analogously extended to Robinson-Foulds distance and a variant of Dollo parsimony. In the special case of two characters, a simple generalization of incompatibility can be used to test for recombination. The test appears to be more powerful and less prone to false positives than other approaches developed so far.

Presenter:
David Bryant
Title:

Statistics of Split Networks

Abstract:

Split networks are mathematical generalisations of phylogenetic trees. They have, for the most part, been used only for exploratory data analysis and data representation. In this talk we explore issues relating to the use of split networks as a tool for statistical inference in phylogenetics and related areas. The motivation is that networks can both encode ambiguity and phylogenetic conflict, and the space of split networks is far simpler (though far bigger) than the space of trees. The current challenge is figuring out how to adapt probabilistic models of evolution to split networks. We report on recent progress, and sketch applications of this work.
Presenter:
Thomas Buckley
Title:

Phylogenetic studies on New Zealand insects
Abstract:

The New Zealand insect biota contains many excellent model systems for studying a wide range of evolutionary processes.  We are using various New Zealand insect taxa to investigate the following evolutionary and biogeographic processes; 1) relationships of the New Zealand insect fauna to other Southern Hemisphere landmasses, 2) the genetics of speciation and evolutionary radiations, 3) the effects of glacial cycling on population structure, and 4) the genomic footprint of parthenogenesis.  The major taxonomic groups being used to address these issues include stick insects, cicadas, moths, and beetles.  The phylogenetic tools that are being applied include maximum likelihood and Bayesian phylogenetic inference, relaxed clock dating, coalescent modeling and simulation, ancestral character state reconstruction, and haplotype inference.  The theoretical and practical limitations of these methods are discussed in the context of the current data. 

Presenter:
Keith Crandall
Title:

Ability to detect molecular adaptation using known drug resistance mutations in HIV
Abstract:

The ability to detect positive Darwinian is a central component to studies of molecular evolution.  While there is a diversity of methods available for detecting selection, very few have been tested and compared, especially with real biological data. Here we test eight general approaches for their ability to detect sites that are under selection. These approaches are implemented in four different program suites: (1) PAML (Phylogenetic Analysis by Maximum Likelihood), (2) TreeSAAP (Selection on Amino Acid Properties using phylogenetic trees), (3) CRANN, and (4) HyPhy. We test these methods by applying them to 33 longitudinal datasets with patients who were infected with HIV and over the course of molecular sampling developed resistance to drug treatment. Each dataset was tested using each program and the results from each program were compared with a list of predetermined drug resistance mutations found within each individual dataset. These predetermined mutations have been verified through molecular biological analyses to be causal mutations in the evolution of drug resistance and therefore are expected to be under selection.  Our results suggest that current methods fall short in their ability to detect selection and the situation becomes more complicated with the lack of sequence diversity and recombination. There is a great need for the designing and implementation of an algorithm that can deal with such real life problems.
Presenter:
Tobias Dezulian
Title:

CrossLink: visualization and exploration of sequence similarities between (non-coding) RNAs
Abstract:
Many non-coding RNA (ncRNA) interact with target transcripts by complementary base-pairing and can be classified into families on the basis of sequence similarity. The software CrossLink enables visual exploration of sense and antisense relationships among sets of nucleic acid sequences. Allowing extensive parametrization, CrossLink delegates the sequence similarity search to established tools (BLAST and Vmatch) and constructs a similarity network. Each node in this network represents a sequence and each link represents a match or a set of matches. Match attributes are reflected by graphical attributes of each link and corresponding alignments are displayed on a mouse-click. The distributions of match attributes such as E-value, match length and fraction of identical nucleotides are displayed as histograms. Selected sequence subsets can be highlighted and visibility of designated matches can be suppressed by real-time adjustable thresholds for attribute combinations. Powerful network layout operations (e.g. using a spring-embedding algorithm) and navigation capabilities complete the exploration features of this tool. CrossLink is available as an online and as a standalone version at:  http://www-ab.informatik.uni-tuebingen.de/software
Presenter:
Alexei Drummond
Title:

Changing rates of molecular evolution
Abstract:

Recent studies have shown that molecular evolutionary rates appear to vary according to the time period over which they are measured (Ho et al. 2005, Penny 2005). This surprising finding is most pronounced in the recent past, and suggests that many molecular clock calculations in this period could be seriously overestimated. Log-log plots of the mtDNA data support the initial conclusions and reveal a slope of -1/2, characteristic of a random walk. The implications of this will be discussed. 

A change in evolutionary rates explains the discrepancy between the extremely fast rates observed in family pedigrees or within populations, and much slower estimates calculated between species or populations using fossil calibration points. This difference may be due to the removal of fast rate mutations that may exist at the population-level, but which disappear over time because they are slightly deleterious, or removed via genetic drift. However these processes have not been properly characterised.

We are using ancient DNA sequences, and other datasets with time series measurements, to examine how evolutionary rates decline over time, both overall and at individual sequence positions. Differences in this effect will be used to examine the potential action of selection at sites, and related to functional constraints. A key aim is to properly characterise the shape of the ‘lazy-J’ curve identified in several mitochondrial datasets.

Presenter:
Greg Ewing
Title:

Estimation bias of population parameters with both ghost demes and very biased sampling of demes.
Abstract:
Often the case with HIV patents is that its imposable to samples all present subpopulation of the virus until the last sample. Thus we have samples over time for some demes but only a single sample time for others. We investigate the bias introduced when one deme is not sampled at all and when there are only some samples at the last time point. It is shown that even just a few samples can significantly improve the power of the method  from the un-sampled case..

Presenter:
Daniel Ford
Title:

Using phylogenetic methods in the search for drug resistance mutations in HIV

Abstract:
Parallel evolution is often viewed by phylogenists as a nuisance.  However, in some cases it is be a blessing.  Mutations in HIV conferring resistance to drug therapies often evolve independently in parallel.  Reconstruction of phylogenetic trees and ancestral states, using ‘almost fixed sites’, is used to identify site mutations displaying systematic parallel evolution.  Multivariate techniques are then used to find associations between these identified mutations.

Presenter:
Neil Gemmell

Title:

When good molecules go bad

Abstract:
Mitochondrial DNA (mtDNA) is the linchpin of modern population and evolutionary genetics. It is widely used to examine the evolutionary history of numerous species and has been employed to determine, for example, the origins and the global expansion of modern humans. The power of mtDNA analyses derives from the apparent simplicity of mitochondrial inheritance (maternal, without recombination), which has enabled models of population history to be much simpler than those needed for the analysis of nuclear DNA. However, in biology things are seldom simple and paternal inheritance of mtDNA, heteroplasmy, and recombination have recently been documented in humans and other species. Here I will evaluate the evidence for paternal inheritance, heteroplasmy and recombination and use these data to estimate the influence these phenomena may have on population and evolutionary interpretations of mtDNA data.
Presenter:
Tanja Gernhard
Title:

The age of a vertex
Abstract:
For a phylogenetic tree, which evolved under the Yule model, I will present a polynomial algorithm for calculating the probability distribution of the rank of an inner vertex. This gives us an idea about when an inner vertex evolved in the tree.

Presenter:
Russell Gray
Title:

Express trains, slow boats and tangled banks: Do more data and better methods help resolve debates about the settlement of the Pacific?
Abstract:
The sequence and timing of Pacific settlement remains the subject of considerable debate despite the large amount of linguistic, archaeological, and genetic research conducted in this area.  In this talk we will evaluate five models of Pacific settlement using basic vocabulary data  drawn from our database of over 350 Austronesian languages. We will use a Bayesian phylogenetic framework to test how robust inferences about the sequence and timing of the Austronesian expansion are over a range likelihood models of lexical change.

Presenter:
Stefan Grünewald
Title:

Thin quartet sets
Abstract:
Many methods in phylogenetic tree reconstruction are not feasible for a large number of taxa. Hence, it is a natural approach to construct trees on small taxa sets first and then to look for a big tree (supertree) on the union of the taxa sets that contains all information of the small trees. However, even if all input trees are quartets, i.e. binary trees with four leaves, it is an NP-complete problem to decide if they are compatible. 

I will present a new sufficient condition for a set of binary phylogenetic trees to be compatible. That result can be used to give a much shorter proof of the known characterization of quartet sets of minimal size which are defining, i.e. compatible with a unique supertree.

Presenter:
Sigurbjorg Gudlaugsdottir (Sibba)

Title:

Exon size distribution and the origin of introns.

Abstract: 


Since it was first recognised that eukaryotic genes are fragmented into coding segments (exons) separated by non-coding segments (introns), the reason for this phenomenon has been debated. There are two dominant theories: that the piecewise arrangement of genes allows functional protein domains, represented by exons, to recombine by shuffling to form novel proteins with combinations of functions; or that introns represent parasitic DNA that can infest the eukaryotic genome because it does not interfere grossly with the fitness of its host. Differing distributions of exon lengths are predicted by these two theories. This talk presents results from an examination of the distributions of exon lengths of six different organisms. We found that they offer empirical evidence that both theories may in part be correct. Furthermore, we discuss future work, the development of a model for the evolution of introns. For this work we are interested in using present day data (exon lengths) to infer details about the evolutionary factors that created this data.

Presenter:
Klaas Hartmann
Title:

Biodiversity conservation: The Noah's ark problem

Abstract:
If biodiversity conservation is motivated by utilitarian reasons the distinctiveness of the species that are expected to survive is important. A framework for allocating limited resources to conserving threatened species is the Noah's Ark Problem (NAP) introduced by Martin Weitzman. The NAP aims to allocate the limited resources such that the expected Phylogenetic Diversity of the species remaining at some future point in time is maximized. 

The problem with the NAP is that it is computationally difficult to compute the optimal solutions to a particular instance of the problem. I will present some restricted variations of the NAP where a simple ‘greedy’ algorithm produces the optimal solutions and show why this algorithm can not work in general.

Presenter:
Mike Hendy

Title:

Estimating evolutionary rates from mitochondrial pedigree data

Abstract:
Samples were collected from both parent and 2 chicks for a large number of nests, and in every case the mitochondrial sequences of the chicks matched that of their mothers. A small proportion of the sites are found to be heterogeneous, with the heterogeneity preserved across one generation. This is evidence for multiple independent mitochondrial copies to be inherited from the mother. In this study we examine how this data could be used to estimate the number of independent mitochondrial copies transmitted and the mitochondrial mutation rate among these birds.

Presenter:
Barbara Holland

Title:

Testing the longevity of sexual and asexual endophyte species.

Abstract:
Sex is a central mystery of evolutionary biology. Its cost, compared to clonal reproduction, is well understood: The number of offspring per individual is halved and co-adapted gene combinations are broken up. The benefits sex conveys to outweigh its cost have not yet been explained. That such benefits exist has been surmised mainly from the widespread occurrence of sex. However, even this evidence is inconclusive, being based largely on macroscopic organisms. Clonality seems more common among microscopic species. Since 99 % of microbes are still undiscovered and few investigated in terms of reproductive biology, even the ubiquity of sex is not certain. Many biologists are unaware of these open questions, and believe in the superiority of sex over clonal reproduction

Endophytes provide an interesting setting in which to test if there is statistical support for the superiority of sex, as the ability to have sexual reproduction has been lost multiple times in different species of endophyte. In this talk I will discuss some statistics we have been developing for testing the null hypothesis that the sexual endophyte species are longer-lived than the asexual species (i.e. that they persist over longer evolutionary periods of time). 

Presenter:
Daniel Huson

Title:

Metagenomics and Megan
Abstract:
New sequencing technology is making it easier to collect DNA sequence reads from environmental samples such as soil, sea water, sea sediment or even well-preserved specimens of extinct animals. A typical data set generated in the study of such a sample consists of some hundred thousand reads, each less than 1000 bp in length. The challenge for bioinformatics is to determine the taxonomical content of such a sample, that is, to estimate which organisms are present, and their relative abundances. We have recently developed software called Megan (MEtaGenome ANalyzer)  to address this task and as a first application we have used it to help identify reads obtained from a piece of Mammoth bone (Poinar et al., Science Express, 20 Dec 2005).
Presenter:
Camilla Ip
Title:

Inferring the age of Prochlorococcus

Abstract:
Oxygenic photosynthesis is thought to have evolved in the ancestors of the modern cyanobacteria and was acquired by the plastids of plants and algae probably through multiple endosymbiotic events involving at least one of the pioneering oxyphotobacteria. Inference of the order and timing of events in the history of cyanobacteria and plastids is complicated by the long time periods involved, the apparent selection for minimal-genome prokaryotes, the independent evolution of pigments, and the cyanophage-assisted lateral gene transfer of the core photosynthetic components.

Members of the genera Prochloron, Prochlorothrix and Prochlorococcus, collectively known as prochlorophytes, are distinguishable from the rest of the cyanobacteria by the presence of normal or divinyl derivatives of chlorophyll b. The similarity between this molecule and the chlorophyll b found in plants and algae suggested the presence of a recent common ancestor, but further analysis based on 16s rRNA suggest the evolutionary history of these organisms may not be that simple as prochlorophytes were found to be polyphyletic within the cyanobacteria.

We compared phylogenies of cyanobacteria and eubacterial outgroups based on 16s rRNA and proteins from a broad range of gene category groups across the publicly available cyanobacterial genomes to ascertain if genes shared by all these organisms share a common evolutionary history. In this talk, we present these results and discuss the implications for our understanding of the evolution of prokaryotic photosynthetic organisms.

Presenter:
Peter Jarvis

Title:

Path integral formulation and Feynman rules for phylogenetic branching models

Abstract:
The commonly used model of phylogenetic branching on trees can be presented as a path integral, using standard transcriptions taken from the microscopic formulation of nonequilibrium reaction-diffusion or birth-death processes. The path integral can be analysed in perturbation theory via the derivation of Feynman rules, which establish that the probabilities arising as matrix elements of the time evolution operator (corresponding to pattern frequencies of leaf colourations) are identical with those computed via the usual assumptions. The model as a whole, including the interaction terms which generate branching events, possesses invariance under local time reparametrisation, which generalises the well-known trade-off between faster mutation rates over shorter times, and slower mutation rates over longer times, on each edge separately. Applications of the path integral formulation include the possibility of modeling large phylogenetic trees, and of analyzing various types of phylogenetic invariants.

Presenter:
Thomas Lepage

Title:

Testing heterotachy
Abstract:
Heterotachy in a substitution process is observed whenever different sites are thought to have distinct variations patterns in their evolutionary rate.  Although heterotachy is increasingly acknowledged as an important feature of the substitution process, few parametric models have been proposed to statistically test its relevance.

We propose a new continuous model for modelling heterotachy, called the CIR process, a diffusion widely used in financial applications. The likelihoods of trees can be evaluated under this model using Monte-Carlo methods, and comparison with other models such as the Covarion can be performed.
Presenter:
Simone Linz

Title:

Estimating the rate of horizontal gene transfer
Abstract:
Gene trees reconstructed for different genetic loci for the same set of taxa do not necessarily agree. They may be different from each other and different from the species tree. This discrepancy is not always due to the uncertainty of the inference procedure, but rather due to biological processes like gene duplication and deletion events in conjunction with an undetected paralogous status of the sequences. Another process that leads to different trees is horizontal gene transfer (HGT). The estimates of the amount of HGT are still controversial and discussed to a large extent. We will suggest a maximum likelihood based approach to estimate the rate of HGT in a very simplified setting. To obtain estimates, we simulate the distribution of tree topologies for different numbers of HGT events on a species tree. From these distributions we can infer the rate for a collection of gene trees from a set of taxa. To apply our rate estimation method to real data we use the “Clusters of Orthologous Groups of Proteins (COGs)”.
Presenter:
Peter Lockhart

Title:

The New Zealand beech gap

Abstract:
The New Zealand South Island ‘Beech gap’ is a region of low endemism and disjunction in the New Zealand biota. It is typified by disjunct populations of Nothofagus forest separated by over 150 km of mixed podocarp forest on the Central West Coast of the South Island.  A similar disjunction is also evident for other alpine and forest plant species in this region. We report phylogeographic analyses of nuclear and chloroplast sequences for alpine Ranunculus and Nothofagus. We discuss the hypotheses that have been proposed to explain the gap phenomenon.

Presenter:
Erick Matsen

Title:

New approaches to tree shape
Abstract:
Historically the subject of phylogenetic tree shape has concerned itself with tree balance: the degree to which two daughter clades are the same size. However, there is more to tree shape than just tree balance, and statistics describing other aspects of tree shape would allow phylogenetics researchers to describe their trees with more precision. Better methods would also allow scientists studying macroevolution to test hypotheses with more power and would allow more specific identification of tree reconstruction bias. I will present some new methods which quantify the descriptive ability of sets of tree shape statistics and then use these methods to make concrete recommendations for a general-purpose suite of statistics. I will also mention some recent work on algebraic approaches to tree shape.
Presenter:
Vincent Moulton

Title:

Counting vertices and subcubes of median graphs

Abstract:
Median graphs are a natural generalisation of trees and hypercubes. They are closely related to distributive lattices and graph retracts, and have been characterized in various ways. Moreover, in the past decade, they have become of increasing interest to the biological community, where, amongst other things, they are applied to the study of evolutionary relationships within populations.

Two simple measures of the complexity of a median graph are its number of vertices and its number of maximal induced subcubes. These numbers can be useful to know in biological applications, and they are also of purely mathematical interest. However, they can be hard to compute in general. Here we present some special families of median graphs where it is possible to find a closed-form for these numbers.

Presenter:
Phil Novis
Title:

Origins of the green algae – a New Zealand perspective

Abstract:
Green algae are divided into two main lineages: the streptophytes (which include the land plants) and the chlorophytes.  Phylogenetic knowledge of the former is relatively advanced, owing to widespread speculation regarding the closest relatives of the land plants; by contrast, chlorophyte evolution is relatively poorly understood, despite the inclusion of several well known organisms in the group that have contributed much to the unravelling of photosynthesis, chloroplast genetics, and the structure of eukaryotic cells.

The common ancestor of the three classes currently accepted within the Chlorophyta is thought to have been a quadriflagellate unicell.  However, only five species of modern quadriflagellate unicells have been subjected to rigorous ultrastructural study and molecular sequencing, even though a large number have been described by traditional taxonomists.  I have added to this dataset results from the snow alga Chlainomonas, found in both New Zealand and North America, collected from both areas, and with the chloroplast genes rbcL, psaB, and atpB now sequenced.  Chlainomonas emerges basally within a clade that has previously been thought to lack quadriflagellate representatives, leading to speculation that all major groups in this part of the tree may have close quadriflagellate relatives that have not yet been identified.  The results also: 1) confirm the apparent lack of geographic barriers to dispersal of many algal species and the multiple origins of the biflagellate state, 2) provide strong evidence against the common assumption that soil chlamydomonads frequently invade snow, and 3) further highlight difficulties in reconstructing deep branching order between well-characterised groups – a problem by no means limited to the chlorophyte algae.

Presenter:
Mark Pagel
Title:

Detecting conflicting phylogenetic signals in gene-sequence data a Bayesian multiple topologies mixture model

Abstract:
Gene-sequence or other phylogenetic data often exhibit conflicting phylogenetic signals, taking the form of different sites in the alignment favouring different phylogenetic trees. Conflicting phylogenetic signals can arise from mechanisms of drift, natural selection, and lateral gene transfer. We present a Bayesian ‘mixture-model’ approach to identifying conflicting signals in multiple sequence alignments. In contrast to conventional models of phylogenetic inference, we allow each site in the alignment to infer more than one phylogenetic tree, with weights determined empirically from the data. The likelihood of the data at each site is summed over topologies as well as the usual model of sequence evolution. The approach can identify when more than one topology describes the data, and identify sites that support one topology strongly over another, without requiring the user to partition the data a priori. We illustrate the method by applying it to simulated data sets, to several ‘known’ phylogenies, and to a data set on the prokaryotes.

Presenter:
David Penny

Title:

Will the asymmetric Ornstein-Uhlenbeck process save the variable molecular clock?

Abstract:
Time estimates for deep events in phylogenetic trees are essential for testing theories about evolutionary processes, especially questions about the sufficiency of microevolution to explain macroevolution. However, with the acceptance of variable rates of molecular evolution there have been a wide variety of new possibilities for estimating divergence times. The Ornstein-Uhlenbeck process has some very desirable features that appear biologically realistic, but it leads to an apparent acceleration of rates of deep evolution, and consequently an accelerating underestimate of divergences. Furthermore, the results appear to both contradict established theorems and leads to conclusions that appear impossible from the genetic mechanisms involved. We have found that an asymmetrical application of the OUP, where reducing the mutation rate is increasingly difficult, but where faster rates are less restricted, does lead to a steady state distribution of rates. Perhaps there was too much reliance on simple statistical models without reference to their mathematical properties or to biological knowledge. If a process leads to predications that are impossible biologically, then we must check what aspect of the process is leading to unexpected results. However, we may still be focussing too much on actual times of divergence, and not enough on the length of time over which major transitions are occurring.
Presenter:
Allen Rodrigo

Title:

Modelling changes in models of evolution as functions of covariates
Abstract:
Biologically realistic models of evolution should allow for changes in substitution rates over time.  We present one particular class of models, where the transition probabilities change as some function of an external covariate.  In the simplest case, this covariate is time.  We look at cases where there is an analytic solution to calculating these covariate-dependent transition probabilities, and also, numerical methods where there is no closed-form solution.

Presenter:
Andrew J. Roger

Title:

Accounting for site-specific patterns of amino acid substitution in protein phylogenetics

Abstract:
The most widely used substitution models for proteins are empirical average matrices of amino acid interchange such as the PAM, JTT or WAG models derived from databases of protein alignments. Variation in the evolutionary process between sites is usually accommodated by allowing for a rates across sites distribution (e.g. the gamma model). However, sites in proteins not only vary in rates, but also in what kinds of amino acid interchanges are favoured.  Here we examine the degree to which the pattern of evolution at sites differs from that expected based on empirical amino acid substitution models with rates-across-sites distributions. By examining 21 large alignments (>200 sites, >>30 taxa), we find that the number states at a given site is, on average, smaller and the frequencies of these states are less uniform than expected based on the JTT+gamma substitution model.  With a four taxon example, we show that if data are simulated under these more realistic substitution conditions but phylogenetic estimation is performed under the JTT+gamma model, a serious long branch attraction artefact occurs.  By employing a 'random effects' mixture model with as few as four separate classes of site-specific state frequencies, huge improvements in model fit for real datasets can be achieved.  These simple mixture models also reduce the long branch attraction problems observed, although they do not eradicate them completely.
Presenter:
Klaus Schliep

Title:

Tree shape biases of different clustering methods

Abstract:
Hierarchical clustering was one of the first methods used in phylogentic tree reconstruction. In contrast to methods like Maximum Parsimony and Felsenstein’s Maximum Likelihood agglomerative clustering builds a tree from a distance matrix and the run time is only of order O(n3). It is important to have good and fast clustering methods for the inference of large datasets, as fast heuristics and also as a method to produce starting trees used by other methods.

In this study we compare the tree shapes of the estimated trees for well-known clustering algorithms on some real biological data sets. We also generate sequence data on a range of diverse trees and look how the different clustering algorithms recover the underlying topology. We observe a bias towards unbalanced resp. balanced trees for many of the methods.  

Presenter:
Charles Semple
Title:

Identifiability: weakening the notion of uniqueness
Abstract:
Uniqueness is an extremely strong property. Even if the input data  contains no conflicting information, to find that there is exactly  one evolutionary tree that is consistent with the data is very  unlikely. A property that is somewhat weaker and yet essentially just  as good is that of identifiability. In this talk, we introduce and describe some recent work on this property.
Presenter:
Ron Shamir
Title:

On the dynamics of transcription regulation in yeast

Abstract:
Most genes are regulated by transcription factors (TFs), which bind to specific short sequences at their promoters.  We are developing methods that use sequence, expression and other data from multiple species, in order to identify such signals and to trace their evolution. I will discuss two studies on the evolution of TF binding sites. The first focuses on the dynamics of minute changes in the regulatory sequences, using genomes of four closely related yeast species. The second analyzes the stability and change in transcriptional modules in 17 yeast species, using expression and sequence data.  While the methods that we use are well established and elementary, the emerging picture of the evolution in transcription regulation networks is quite fascinating.

Presenter:
Chris Simon
Title:

Accurate branch length estimation in partitioned bayesian analyses requires accommodation of among-partition rate variation and attention to branch length priors.
Abstract:
Molecular phylogenetic studies are making increasing use of partitioned Bayesian analyses, thanks in part to the availability of new software tools like MrBayes version 3.  Data partitioning is important because, as long as the same topology/history underlies all the partitions, it solves the complex problems associated with the combination of data sets with heterogeneous rates and circumvents the extensive debates surrounding combinability tests.  In addition, new studies indicate that data partitioning and the use of mixed models often dramatically improve the fit of model to data without the cost of over-parameterization. While applying partitioned models to our analyses of protein-coding mitochondrial data, we have found that analyses using MrBayes 3.0b4 may infer overly long trees if among-partition rate variation (APRV) is not explicitly accommodated and if data from different partitions evolve at different average rates.  This problem also influences posterior mean log-likelihoods in ways that can mislead model selection routines. Because the erroneous trees can be twice as long as those found when APRV is explicitly modeled, this finding should be of interest to those intending to apply molecular clock dates to branch lengths estimated under partitioned models in order to obtain divergence time estimates. In this talk we discuss the importance of among-partition rate variation and potential pitfalls in implementation of mixed models that accommodate APRV in Bayesian analyses.

Presenter:
Mike Steel
Title:

Trees to pedigrees: the curse of the unfaithful grandparents

Abstract:
If we knew the complete genomes of everyone on the planet, how much would this tell us about the detailed ancestry of humans? In this talk we consider (just) one aspect of this question by describing some recent combinatorial results on the reconstruction of pedigrees (directed graphs that show how we are all related via parents, grandparents etc). Pedigrees represent a more complex history than a tree, in that each individual has two incoming arcs (one from their father, one from their mother). Several hopeful conjecture founder on a counterexample involving two possible relationships between the grandparents of two siblings. However, as we will show, positive results are also possible.

Presenter:
Katherine St John
Title:

Approximating subtree distances between phylogenies

Abstract:
We give a 5-approximation algorithm to the rooted Subtree-Prune-and-Regraft (rSPR) distance between two phylogenies, which was recently shown to be NP-complete by Bordewich and Semple. This is the first approximation result for this important tree distance. The algorithm follows a standard format for tree distances such as Rodigues et al. and Hein et al. The novel ideas are in the analysis. In the analysis, the cost of the algorithm uses a “cascading” scheme that accounts for possible wrong moves. This accounting is missing from previous analysis of tree distance approximation algorithms. Further, we show how all algorithms of this type can be implemented in linear time and give experimental results.
Presenter:
Jeremy Sumner
Title:

What use is the tangle?

Abstract:
Comparing the use of classical invariant theory in quantum physics to known polynomials of phylogenetic data (such as the phylogenetic invariants and the logdet function) has uncovered a new framework for tackling phylogenetic reconstruction. To date the most interesting result has been the discovery of the “tangle” polynomial which can be used to give an improved and more consistent measure of pairwise distance between two sequences. This consistency result will be examined in detail, and further speculative uses of classical invariant theory in regard to the problem of phylogenetic reconstruction will be made.
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A polydnavirus paradox: cophylogeny and mosaic genomes
Abstract: 


The polydnaviruses associated with braconid parasitoid wasps have been shown to be restricted to a large lineage of the wasps, and to be inherited apparently by all individuals of this lineage. Expectations were therefore that the polydnaviruses and wasps would be found to have coevolved phylogenetically since a single original association. The braconids that carry the viruses form a monophyletic group that appears to have arisen about 74 million years ago, based on fossil-calibrated molecular clock estimates. Phylogenetic studies of bracoviruses carried by wasps within the wasp genus Cotesia show that the polydnavirus phylogeny, as inferred from the viral gene homologs of EP1 and CrV1, matches that of the wasps, as inferred from DNA sequences from the genes 16S, ND1, 28S and longwave opsin. Attempts to show that the cophylogenetic pattern extends throughout the bracovirus-bearing wasp lineage have so far not been successful. The recently fully sequenced genomes of several polydnavirusesnow show that the viruses are far more complex and composite in nature than originally realized, with multiple large gene families of different mosaic histories. Thus, progress in determining the early coevolutionary history of the wasps and viruses will depend upon either using phylogenetic network methods to untangle these mosaic histories, or identifiying single-copy viral housekeeping genes for analysis. Some promising prospects of both strategies are presented.

Presenter:
Oliver Will
Title:

Dating the origin of trophically diverse bird orders

Abstract:
Robert Bleiweiss in 1998 looked at dating the time of origin of three orders of extanct birds: Strigiformes (owls), Caprimulgiformes (goatsuckers), and Apodiformes (swifts, hummingbirds). He found that the fossil record supported a time of origin close to the K/T boundary much earlier than molecular clock estimates. I revisit his data and use probability model proposed in Tavaré et al (2001) to estimate the time of origin of the megaclade and find an earlier time of origin. However, I looked at a metric of model fit and find that Bleiweiss's probability model fits the data better.
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Can deletarious mutations explain the J-shaped curve?

Abstract: 


Ho et al. have observed that inferred mutation rates are much greater for recently diverged organisms than for distantly related ones. It is natural to try to explain this observation with slightly deleterious mutations, which can be maintained in a population over short periods by random drift, but are unlikely to fix. I analyse the expected inferred mutation rates for an exponentially distributed selection coefficient (deletariousness) of mutations. Comparing this analysis to Ho et al's data, I place lower limits on effective population sizes for the data to be explicable by deleterious mutations.
