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These lecture notes were all derived from the text:     Brown TA.  Genomes 3. Garland Science.

Molecular phylogenetics
I. Genomes evolve by the gradual accumulation of mutations

· Amount of difference in nt sequence between a pair of genomes should indicate how recently those two genomes shared a common ancestor

· By comparing 3 or more genomes, can work out the evolutionary relationships between them

Traditional method for classifying organisms was through their similarities and differences (Linnaeus)

· Phylogeny is classification based upon similarity between species and also their evolutionary relationships

Origin of molecular phylogenetics

· Examination of variable characters in the organisms being compared (originally morphological features)

· 1904:  Nuttall used immunological tests to deduce relationships between a variety of animals to place humans in their correct evolutionary position relative to other primates

· 1950’s: molecular data more widely used due to technological strides

Phenetics and cladistics require large datasets

· Phenetics:  novel phylogenetic method; classification should encompass as many variable characters as possible (rather than a limited number believed to be important)

· Characters scored numerically and analyzed by rigorous mathematical methods

· Cladistics: emphasizes the need for large datasets but differs from phonetics in that it does not give equal weight to all characters (recognition of anomalous data)

· Convergent evolution/ homoplasy: same character state evolves in two separate lineages i.e. wings in birds and bats (bats more closely related to wingless mammals)

· Ancestral character states distinguished from derived character states

· Ancestral/ pleisomorphic character state: one possessed by a remote common ancestor of a group of organisms ( 5 toes in verts)

· Derived/ apomorphic: one evolved from ancestral state in a more recent common ancestor, and so is seen only in a subset of the species in the group being studied (horses have one toe; lizards have 5 toes; but humans are more closely related to horses)
Large datasets can be obtained by studying molecular characters

· Molecular data has 3 advantages in comparison to phonetics and cladistics:

· A single experiment can provide information on many different characters (every nt has 4 character states, so large molecular datasets can be generated quickly)

· Molecular character states are unambiguous and cannot be confused with one another

· Molecular data are easily converted to numerical form and are amenable to mathematical and statistical analysis

Before protein and DNA sequencing was easily available, early studies depended on indirect assessments:

· Immunological data: measuring amount of cross-reactivity seen when and antibody specific for a protein in one organism is mixed with the same protein from another organism

· Protein electrophoresis used to compare the electrophoretic properties of proteins from different organisms
· DNA-DNA hybridizations between DNA samples from two organisms being compared

· Stability of hybrids depends on nt sequence similarity, measured by looking at Tm
DNA now predominately used

· DNA yields more phylogenetic information than protein (nt sequence of pair of homologous genes have a higher information content than the AA sequences of corresponding proteins, due to synonymous mutations)

· Can also use variability in coding AND noncoding regions of the genome

· Ease of preparation of DNA by PCR

· Can use sequence, RFLP, SSLP, SNP analysis
II. Reconstruction of DNA based phylogenetic trees

Objective of phylogenetic studies is to reconstruct the tree-like pattern that describes the evolutionary relationships between the organisms being studied

Basic terminology used in phylogenetic analysis
Topology of a tree

· External nodes (each gene being compared)

· Internal nodes (ancestral genes)

· Branches:  lengths indicate the degree of difference between the genes represented by the nodes

· Unrooted: only an illustration of the relationships btw the genes, but does not tell us about the series of evolutionary events that led to these genes

· Rooted tree: must have one outgroup (homologous gene less closely related to the genes being studied
· Allows the root of the tree to be located and the correct evolutionary pathway to be identified

· Can choose as an outgroup a homologous gene from an organism that we know branched away from lineage earlier than the other organisms in the tree

· Monophyletic sequences: derived from a single common ancestral DNA sequence

· Group of monophyletic sequences is a clade if it comprises all of the sequences included in the analysis that are descended from the ancestral sequence at the root of the clade

· Paraphyletic: group excludes some members of the clade

· Polyphyletic: two or more DNA sequences are derived from different ancestral sequences 

· Inferred tree: rooted tree that we obtain by phylogenetic analysis

· Depicts series of evolutionary events inferred from the data analyzed

· True tree: one that depicts the actual series of events that occurred

Gene trees are not the same as species trees

· Gene tree is reconstructed from comparisons between the sequences of orthologous genes (derived from the same ancestral sequence) to make inferences about the evolutionary history of the species from which the genes are obtained

· Assumption is that the gene tree will be more accurate of a species tree than is obtainable from morphological comparisons

· Gene tree is not always the same as the species tree

· Internal nodes in the gene and species tree would have to be equivalent

· Not equivalent: internal node in a gene tree represents the divergence of an ancestral gene into two alleles with different DNA sequences (mutation); and an internal node in a species tree represents a speciation event that occurs by a population of an ancestral species splitting into two groups that are unable to inbree due to geographic isolation
· Since mutation and speciation doesn’t occur at the same time, the gene and species tree will not match (both alleles of a gene will appear in the same population)
III. Tree reconstruction

4 main steps:

1) Align the DNA sequence and obtain comparative data that will be used to reconstruct the tree

· Sequence alignment is essential preliminary to tree reconstruction

· Sequences aligned must be homologs – if not, a tree will still be made and will have no biological relevance

· Alignment of nt sequences : indels (insertions/ deletions) cannot be distinguished from one another

· Similarity approach: maximizes the number of matched nucleotides

· Distance method:  objective is to minimize the number of mismatches

· Multiple alignment: more than two sequences are being compared (Clustal is popular choice)

2) Convert the comparative data into a reconstructed tree

· Several procedures; when comparatively tested, none has been shown to be better than another

· Main distinction is the way in which the multiple sequence alignment is converted into numerical data that can be analyzed mathematically to reconstruct the tree

· Distance matrix (simplest): table showing the evolutionary distances between all pairs of sequences in the dataset (Fig 19.12)

· Evolutionary distance is calculated from the number of nt differences between a pair of sequences and is used to establish the lengths of the branches connecting the sequences in the tree (4 differences/ 20 nts = 0.2)

· Multiple substitutions are not taken into account  (ATGT gives rise to AGGT and ACGT)

· Neighbor-joining method uses the distance matrix approach

· Starts with one internal node from which branches leading to all DNA sequences radiate out in a star-like pattern

· Next a pair of sequences is chosen at random, removed from the star, and attached to a second internal node, connected by a branch to the center of the star.  The distance matrix is used to calculate the total branch length in the new tree.

· Sequences returned to their original positions and another pair attached to the second internal node, and again the total branch length is calculated

· Repeated until all possible pairs have been tested, enabling the combination that gives the tree the shortest total branch length.  This pair of sequences will be neighbors in the final tree.

· Advantage is that the data handling is easy to carry out (info in multiple alignment has been reduced to its simplest form)

· Disadvantage is that some info has been lost – identities of ancestral and derived nts

· Maximum parsimony method takes account of information to recreate the series of nt changes that are most likely to have resulted in the pattern of variation revealed by the multiple alignment

· Parsimony decides between  different tree topologies by identifying the one that involves the shortest evolutionary pathway (the one with the smallest number of nt changes to go from the ancestral gene at the root of the tree to the present-day sequences that have been compared.

· Trees are constructed at random, and the number of nt changes that they involve calculated until all possible topologies have been examined and the one requiring the smallest number of steps is identified

· More data handling than N-J because it is more rigorous – for 10 sequences there are 2.027,025 unrooted trees!
3) Assess the accuracy of the reconstructed tree

· Bootstrap analysis is the method for assigning confidence limits to different branch points within a tree

· Fig. 19.14  Second multiple alignment that is different from, but equivalent to the original alignment

· Takes columns at random from the original alignment; comprises sequences that are different from the original, but has a similar pattern of variability

· Not the original analysis, but should get the same tree

· 1000 new alignments are created so 1000 replicate trees are reconstructed

· Bootstrap value at the node is the number of times that the branch pattern seen at the node was reproduced in the replicate trees

· If bootstrap value is greater than 700/1000, then a reasonable degree of confidence can be assigned

4) Use a molecular clock to assign dates to branch points within the tree
· Evolutionary relationships between the sequences compared can be revealed by the topology of the tree
· Can also discover when the ancestral sequences diverged to give the modern sequences 
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