Phylogenetic analysis
This course supports the phylogenetic analysis, from the selection of homologous sequences,  to the comparative analysis of obtained trees with other correlated structures.
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and see the shared library directory in the phylogeny in order to recover the original data in your history. File manipulation is starting "whole_sequences.fasta"

Homologous search, clustering

Theory ...

Here are three important definitions, the two firsts apply to sequences, and the last one applies to biological objects:

1. Similarity: mathematical measure of similarity between two sequences.

2. Coverage: relative or absolute length along which two sequences are comparable.

3. Homology: two molecules are homologous if they have derived from a common ancestral molecule.

These definitions imply that compared molecules in a phylogenetic tree must be homologous. And to suppose homology between molecules, we must rely on similarity and coverage of corresponding sequences.

There are basically two major approaches to adress a problem of phylogeny:

1. The search for homologous genes in banks by BLAST: starting from a sequence of interest, we look in general banks for a set of similar sequences. These sequences come mostly from other species, more or less close to our species of interest.

2. The clustering of sequences: starting from a large number of sequences of interest (several genomes of individuals or species by example), we classify sequences in groups of similarity in order to retrieve homologous families.

Concepts addressed: 

"range" of the phylogenetic reconstruction, sequence similarity, homology and clustering.

Technologies covered: 
Sequence databases, BLAST, clustering softwares.

five types of BLAST exist:

	Query
	Method
	Subject

	Nucleic
	BLASTN
	Nucleic

	Nucleic translation
	BLASTX
	Protein

	Protein
	BLASTP
	Protein

	Nucleic translation
	TBLASTX
	Nucleic translation

	Protein
	TBLASTN
	Nucleic translation


Blast results provide, among other values:

- Score = value of 'quality' of the alignment depends on the length and the similarity between sequences
- Query coverage = percentage of the initial sequence length aligned by the local alignment
- E-value = number of sequences of the database that would give the same score value randomly. So the E-value depends on the size of the database (for the same alignment, the E-value is greater if the base is greater) and therefore a low E-value is all the more 'significant' that the base is large.
Practice ...

Part 1: Clustering
Run Program "uclust" (in "sequence comparisons") on the file"whole_sequences.fasta",with a rate of 0.50 similarity clustering.

Download the file containing the clusters, and isolate the two files in two lists of Fasta sequences using a text editor.

The cluster used in the rest of the training course is supposed to be identical to: "cluster_intraspecifique.fasta"
Part 2: Search for homologous by BLAST

Search for similar sequences by BLAST in different species and create a fasta file.

First test: search for sequences similar to the first sequence O. sativa example:

1. load the page of NCBI (http://www.ncbi. nlm.nih.gov /)
2. go to the link BLAST and nucleotide blast

3. open the file "cluster_intraspecifique.fasta"

4. take the first sequence of rice (tax1_SATIVA) and paste it into the BLAST window

5. set the query parameters (others / nr)

6. initiate the BLAST

Observe results (sequences found, score values ​​of 'Query coverage', and e value)

Second test: restriction of research.

1. O.sativa:query parameters to "Exclude Oryza sativa"

2. launch blast

3. retrieve a sequence of each species (the highest score in) by selecting sequences and then go out with "Get selected sequences"

4. download the result in a first fasta file

third test: search for sequences similar to the second sequence of O.sativa:

1. reproduce the steps already made ​​in the first test

2. retrieve a sequence of each species (the highest score in)

3. download the result in a second fasta file.

The file containing all sequences is supposed to be close to the later appointed "cluster_interspecifique.fasta".
Alignment, and cleaning

Theory...

The main objective of sequence alignment is to match the homologous portions of the molecules, in order to find as consistently as possible the phylogenetic signal.

Most of the multiple alignment methods are based on the algorithm of progressive alignment. Its principle is to align sequences in pairs of blocks, following a guide tree.

Cleaning the alignment (masking,curation) consists in the selection in an imperferct multiple alignment all the sites actually representative of the homology.

Concepts covered: alignment artifacts, curation, quality of alignment, phylogenetic signal.
Technologies discussed: alignment with MAFFT, selection of blocks with GBlock, edition with Seaview.
Practice...

we start from two files:

1. "cluster_intraspecifique.fasta" issued from the clustering operation

2. "cluster_interspecifique.fasta" issued from the BLAST operation

The practical steps can be broken down as follows:

1. Upload the two files in your Galaxy history: "cluster_intraspecifique.fasta" and "cluster_interspecifique.fasta."
2. Use the brick "MAFFT" in the category "Sequence comparisons" on your data sets. You can execute several tests, changing the opening and extension costs. Compare the results obtained using"Seaview".
3. Use the brick "GBlocks" in the category "Sequencecomparisons", and test different settings (block size, similarity of blocks, and amount of gaps allowed). Compare the results with Seaview or web browsers. Starting files, "mafft_intraspecifique.fasta"and"mafft_interspecifique.fasta" are available when needed.

Technical Notes:

MAFFT implements various options with a huge influence on the alignment results:

1. The dissimilarity matrix, which is useful for protein data.

2. The number of iterations, which increases computing time and results quality.

3. The opening and extension gaps penalty can modulate the inference of deletions and insertions (0 penalty extension set the same cost for each gap regardless of its length).

4. The distance method used, which influences computing time and result, according to the suitability of the method with the data.

GBlocks is also a software highly configurable, which will clean more or less strictly, the sequence alignments. The main parameters are:

1. The minimum number of conserved sequences, for a block and a main position and flanking positions. They can be set to 51% and 52% for the least strict as possible. The default settings are more selective.

2. The minimum size of a block of homology is the parameter most meaningful. It allows an intelligible formulatin for the hypothesis of homology: a conserved block is considered homologous if it includes a minimum number of sites.

3. The amount of gaps allowed:  none, all, or half of the sequences.

Phylogenetic reconstruction

Theory ...

A phylogenetic tree display the evolutionary history of an homologous molecule family. For one n leaves phylogeny, a very large number of resolved trees can explain the history:
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Either three trees for 4 leaves, 15 for 5 leaves, and already more than 2 million for 10 leaves.

Finding the best tree among all possible trees is a task that must be approximated, optimizing mathematical criteria. There are three main classes of phylogenetic reconstruction methods:

1. "Distance" methods minimizing the total length of the tree (UPGMA, NJ, BioNJ, FastME). These methods are very fast.

2. "Parsimony" methods optimizing the number of mutations needed to explain the evolutionary history.

3. "Maximum likelihood" methods maximizing the likelihood of the tree according to the data (sequence alignment) and a defined model of evolution. These methods are much slower. For nucleic acid sequences, the GTR model (optimizing the substitution costs regarding the data) with gamma distribution (considering four categories of mutation rates on all sites) is the standard.

4. Bayesian methods represent a fourth class, but will not be addressed.

Concepts covered: phylogenetic reconstruction methods, branch supports, topologies, branch lengths.
Technologies covered: PhyML, trees viewers.
Practice...

1. Place cleaned alignement files in your Galaxy history :"gblocks_intraspecifique.fasta"and"gblocks_interspecifique.fasta."
2. Convert the fasta file into a phylip file, using the brick fasta2phylip.

3. Produce phylogeny by maximum likelihood using the GTR + Gamma model. Try to produce the first with the SH-like supports, and then try to do with 100 bootstraps.

4. See those trees with the help of MEGA, or Dendroscope. Choose a root, and analyze the differences in topology between the trees.

Technical Notes:

PhyML compute a complete optimization of phylogenetic trees by maximum likelihood. For a nucleic family, GTR model with gamma distribution with four categories is the standard. One can also cite some important parameters:

1. the topology optimization method (by NNI, SPR, or NNI + SPR). An NNI (Nearest Neighbor Interchange) is a movement of short-range topology, altering the topology around a branch. A SPR (Subtree Pruning and Regraphing) disconnects a subtree and reconnects it elsewhere. The second is a more time-consuming computation, but is more powerful to avoid falling into a local minimum in the topology optimization. Use both strategies and make the best of both is the method producing the highest quality result.

2. The support branch method. The SH method adds 10% computing time of the tree, while the bootstrap multiplies by 100 or 1000 time calculation. The second method, the oldest, is well established as a reference the community.

Subsidiary questions

1. What can you say about observed duplications in the obtained trees ?

2. Use the brick "Rap_green" to reconcile your tree from interspecific data, with tree species available in the library training (species.phyloxml), with the default settings. 

3. Propose a Workflow processing a dataset from the raw file to the phylogenetic tree.

