

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	pyphylogenomics 0.3.13 documentation 
 
      

    


    
      
          
            
  
Welcome to pyphylogenomics’s documentation!

Contents:



	PyPhyloGenomics A package to work on Phylogenomics
	Developers

	Installing PyPhyloGenomics

	Install dependencies

	Reading PyPhyloGenomics’ documentation:

	Reproduce our analysis:





	Installation

	Usage
	Finding candidate genes from Bombyx mori

	Validation of exon structure

	Small break

	Exon Alignment

	Primer design

	Analysis of raw data output from IonTorrent

	Prepare raw NGS data

	Find reads matching target genes

	Separate gene bins according to indexes (or barcodes)

	Assembly of reads into consensus sequences





	History
	0.4.x (201x-xx-xx)

	0.3.13 (2014-12-23)

	0.3.12 (2013-11-14)





	pyphylogenomics Package
	pyphylogenomics Package

	BLAST Module

	MUSCLE Module

	NGS Module

	_orthodb Module












Indices and tables


	Index

	Module Index

	Search Page







          

      

      

    


    
         Copyright 2014, Carlos Pena.
      Created using Sphinx 1.2.2.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	pyphylogenomics 0.3.13 documentation 
 
      

    


    
      
          
            
  [image: Build Status] [https://travis-ci.org/carlosp420/PyPhyloGenomics] [image: Coveralls] [https://coveralls.io/r/carlosp420/PyPhyloGenomics?branch=master]


PyPhyloGenomics A package to work on Phylogenomics


Developers


	Carlos Peña (email: mycalesis@gmail.com)

	Victor Solis

	Pavel Matos

	Chris Wheat






Installing PyPhyloGenomics

PyPhyloGenomics has been developed in Python v2.7. The installer of
PyPhyloGenomics will try to download and install all its dependencies as
well.
Download the latest version from here:
https://github.com/carlosp420/PyPhyloGenomics/releases

To install PyPhyloGenomics use setup.py:

python setup.py build
python setup.py install





If it fails you can install the dependencies manually:




Install dependencies

pip install -r requirements/dev.txt






MUSCLE

It is necessary that you install MUSCLE so that PyPhyloGenomics can use
it to align sequences. Download and install from
here [http://www.drive5.com/muscle/downloads.htm].

If you are using Windows you can download the executable file
muscle3.8.31_i86win32.exe and save it in your Python folder (C:27)
as muscle.exe.




BLAST

Download and install the BLAST+ executables from the NCBI
website [http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Web&PAGE_TYPE=BlastDocs&DOC_TYPE=Download].
Or try:

sudo apt-get install ncbi-blast+








fastx-toolkit

Download and install from
here [http://hannonlab.cshl.edu/fastx_toolkit/]. Or:

sudo apt-get install fastx-toolkit










Reading PyPhyloGenomics’ documentation:

Read the online documentation here:
http://pyphylogenomics.readthedocs.org/

Or, after installling do the following:

cd doc
make html





Then open the file _build/html/index.html in your web-browser.




Reproduce our analysis:

You can reproduce all the steps detailed in our [Getting started with
PyPhylogenomics] guide. Just use the command line in the same folder as
the Makefile and type make ???
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Installation

At the command line:

$ easy_install pyphylogenomics





Or, if you have virtualenvwrapper installed:

$ mkvirtualenv pyphylogenomics
$ pip install pyphylogenomics
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Usage

Some snippets of code to get you started with writing code using PyPhyloGenomics.


Finding candidate genes from Bombyx mori

We need to obtain candidate genes to be used in phylogenetic inference that have to fulfill the following requirements:


	Our genes should be orthologs.

	Our genes should be single-copy genes.

	Their sequence need to be around 251 DNA base pairs in length.



We will assume that our Next Generation Sequencer available is the IonTorrent [http://www.iontorrent.com/].

We have to consider the IonTorrent [http://www.iontorrent.com/] platform requirements to arrive to our target 250bp gene length:







	Primer
	Length (bp)




	Adapter A
	30


	5’ Index
	8


	5’ Degenerate Primer
	25


	Exon
	???


	3’ Degenerate Primer
	25


	3’ Index
	8


	Adapter P
	23





For IonTorrent [http://www.iontorrent.com/] Platform2, the maximum length that can be sequenced is from 280bp to 320bp in total. Thus, 320 - 119 = 201 is the maximum internal gene region (region within degenerate primers).

Therefore, for the new set of primers, being designed for Platform2, we have a maximum amplicon size of 201 + 25*2 = 251bp.

The OrthoDB [http://cegg.unige.ch/orthodb6] database has a catalog of orthologous protein-coding genes for vertebrates, arthropods and other living groups.

For this quick getting-started guide, we will download the table of orthologous genes for Arthropoda from OrthoDB’s ftp server OrthoDB6_Arthropoda_tabtex.gz [ftp://cegg.unige.ch/OrthoDB6/].

Starting off:

>>> import pyphylogenomics
>>> from pyphylogenomics import OrthoDB





To see the full documentation you can use:

>>> help(pyphylogenomics) # shows list of modules
>>> help(pyphylogenomics.OrthoDB) # shows help for a specific module and its functions





This also works:

>>> from pyphylogenomics import OrthoDB
>>> help(OrthoDB) # shows help for a specific module and its functions





We will find all single-copy genes for the silk moth Bombyx mori using the
table from OrthoDB [http://cegg.unige.ch/orthodb6] as input file:

>>> in_file = 'OrthoDB6_Arthropoda_tabtext'
>>> my_orthodb = OrthoDB(in_file, 'Bombyx mori')
>>> genes = my_orthodb.single_copy_genes





The variable genes is a list of IDs for single-copy genes extracted from
the OrthoDB table:

>>> genes[0:3]
['BGIBMGA001335', 'BGIBMGA000535', 'BGIBMGA003429']
>>> len(genes)
325





We will use these gene IDs to obtain the gene sequences from the Bombyx mori
genome. The genome can be downloaded from silkdb.org [http://www.silkdb.org/silkdb/doc/download.html].
We will download the Consensus gene set by merging all the gene sets using GLEAN: Fasta file silkworm_glean_cds.fa.tar.gz.

Untar the gzipped file and you will get the FASTA formatted file silkcds.fa containing gene IDs and sequences for Bombyx mori.

We will need to BLASTn these single-copy genes against the Bombyx mori genome
in order to get exon sizes:


	Pull all sequences for our gene IDs from the CDS file and write them to a file pulled_seqs.fasta:

>>> from pyphylogenomics import BLAST
>>> cds_file = "silkcds.fa"
>>> BLAST.get_cds(genes, cds_file)
12167  sequences were written to file pulled_seqs.fasta







	Download the Bombyx mori genome from silkdb.org [http://www.silkdb.org/silkdb/doc/download.html] (download the file silkworm_genome_v2.0.fa.tar.gz). Unzip and untar the file to your working directory and you will get the file silkgenome.fa



	Do a BLASTn of the sequences against the Bombyx mori genome. The input arguments are your file containing the sequences for single-copy genes (pulled_seqs.fasta) and your file with the genome of Bombyx mori which is in FASTA format (silkgenome.fa).

>>> BLAST.blastn('pulled_seqs.fasta', 'silkgenome.fa')
...
BLASTn finished!
The BLAST results were written in to the file  pulled_seqs_blastn_out.csv









The file pulled_seqs_blastn_out.csv contains a BLAST output table with the blast results. PyPhyloGenomics has functions to filter out the table and get information to answer the following:



	Which are the longest gene-sequence to genome matches?

	Which are the genes that are “distantly enough” from each other? So that, they can used as independent evolutionary entities?







	As stated before, we prefer long exons for each of the candidate genes ( > 300 nucleotides):

>>> exons = BLAST.getLargestExon("pulled_seqs_blastn_out.csv", E_value=0.001, ident=98, exon_len=300)
Parsing BLAST table ...
Deleting exons below 300 nucleotides ...
There are 7411 exons







	Some small segments of sequences might match exons present in more than one scaffold. We will use the function eraseFalsePosi to keep those matches of longest length:

>>> exons = BLAST.eraseFalsePosi(exons) # Drop presumable false positives.
Erasing False Positives ...
There are 6346 exons







	Ideally we want exons that are not too close to each other in the genome to avoid gene linkage. So we will keep only those exons that are apart by 810 kilobases:

>>> exons = BLAST.wellSeparatedExons(exons) # Keep exons separated by > 810KB
Identifying exons separated by 810000 bases ...
There are 574 exons







	Finally we can use a function to save the obtained exons while making sure they are in frame. We need to use as additional arguments the genome file and output filename:

>>> BLAST.storeExonsInFrame(exons, "pulled_seqs.fasta", "Bombyx_exons.fas")
Storing exons ...
A total of 574 exons are kept
These exons have been stored in the file: Bombyx_exons.fas












Validation of exon structure

We have now 574 single copy exons extracted from the Bombyx mori genome. Let’s find
out whether these exons are conserved in other Arthropoda species.

For example we can compare these 574 exons with the genome of the monarch butterfly
Danaus plexippus.


Danaus plexippus


	Download the version two of the monarch butterfly genome from here: http://danaus.genomeprojectsolutions-databases.com/Genome_seq_stats.html



	Extract the genome as FASTA file using gunzip:


	gunzip Dp_genome_v2.fasta.gz





	Do a blastn of our Long Exons against the Danaus genome:

>>> BLAST.blastn("Bombyx_exons.fas", "Dp_genome_v2.fasta");
...
BLASTn finished!
The BLAST results were written in to the file Bombyx_exons_blastn_out.csv







	We need to parse the output blast table and extract the exons from Danaus that are longer than 300bp and are homologous to the exons of Bombyx mori.

>>> BLAST.blastParser("Bombyx_exons_blastn_out.csv", "Dp_genome_v2.fasta", "Danaus_exons.fasta", sp_name="Danaus")
Reading files ...
Parsing BLAST table ...
A total of 158 sequences passed the thresholds.
They have been stored in the file: Danaus_exons.fasta









The parameter sp_name is important as it will be used as part of the exons IDs.




Heliconius melpomene


	We can continue finding homologous exons in other related butterflies. For example Heliconius melpomene.



	Download the genome from here: http://metazoa.ensembl.org/Heliconius_melpomene/Info/Index



	Extract the genome as FASTA file:



	gunzip Heliconius_melpomene.Hmel1.17.dna_rm.toplevel.fa.gz

	mv Heliconius_melpomene.Hmel1.17.dna_rm.toplevel.fa Heliconius_genome.fa








	BLASTn the Bombyx mori exons against the Heliconius genome:

>>> BLAST.blastn("Bombyx_exons.fas", "Heliconius_genome.fa");
...
BLASTn finished!
The BLAST results were written in to the file  Bombyx_exons_blastn_out.csv







	Parse the blast table, extract the exon sequences and save them to a file:

>>> BLAST.blastParser("Bombyx_exons_blastn_out.csv", "Heliconius_genome.fa", "Heliconius_exons.fasta", sp_name="Heliconius")
Reading files ...
Parsing BLAST table ...
A total of 145 sequences passed the thresholds.
They have been stored in the file: Heliconius_exons.fasta












Manduca sexta


	Repeating the procedure for the tobacco hornworm.



	Download the genome from ftp://ftp.bioinformatics.ksu.edu/pub/Manduca/



	We downloaded the file Msex05162011.genome.fa.



	Blasted the Bombyx mori exons against the Manduca genome:

>>> BLAST.blastn("Bombyx_exons.fas", "Msex05162011.genome.fa")
...
BLASTn finished!
The BLAST results were written in to the file  Bombyx_exons_blastn_out.csv







	Parsing the output blast table:

>>> BLAST.blastParser("Bombyx_exons_blastn_out.csv", "Msex05162011.genome.fa", "Manduca_exons.fasta", sp_name="Manduca")
Reading files ...
Parsing BLAST table ...
A total of 219 sequences passed the thresholds.
They have been stored in the file: Manduca_exons.fasta














Small break

A quick summary of the work so far:


	We obtained a list of orthologous and single copy genes by parsing the dataset for Arthopod genes from OrthoDB [http://cegg.unige.ch/orthodb6].

	From those genes, we took the exon sequences for Bombyx mori from its Coding DNA Sequences (CDS) from silkdb.org [http://www.silkdb.org/silkdb/doc/download.html].

	We want to be sure that there are no introns inside our candidate exons. So we blasted the CDS sequences against the Bombyx mori genome.

	We filtered those exons that were longer than 300 bp, were separated by 810 kilobases and got them inframe.

	We did massive blasting of these selection of exons against genomes of related species: Danaus plexippus, Heliconius melpomene and Manduca sexta.

	We got one FASTA file with the homologous regions for each species genome.

	Now, we will proceed to align all those homologous exons in order to design primers.

	Thus, we will be albe to sequence these exons accross a wide range of species in the order Lepidoptera.






Exon Alignment

We will use our module MUSCLE to do the alignment. We need to use as input a python list of the filenames that contain the exons of each species.
All aligned sequences will be written into a folder called alignments as FASTA files (one file per exon).


Warning

In the list of files, we will put FIRST the file for Bombyx mori, so that it will be used as “master” file. This is because the script will look for sequences in other files that appear in the file for Bombyx mori.



Example:

>>> from pyphylogenomics import MUSCLE
>>> files = ['Bombyx_exons.fas', 'Danaus_exons.fasta','Heliconius_exons.fasta','Manduca_exons.fasta']
>>> MUSCLE.batchAlignment(files)
...
Pooling gene BGIBMGA000851:1-597
Pooling gene BGIBMGA010204:1-516
132 alignments have been saved in the folder "alignments"






Warning

It is always recommended to check by eye every alignment that has been generated by any software. Once you are sure that the alignment is correct, we can continue with the analysis.






Primer design

Now that we have our exons/genes from several species (Bombyx, Manduca, Danaus and Heliconius in this example), we can design primers in order to sequence these genes across a wide range of butterflies and/or moths.

Since we have 132 candidate genes to design primers for, we can automate the primer design using a nice tool available in PyPhyloGenomics.

The function designPrimers will send an alignment to primers4clades [http://floresta.eead.csic.es/primers4clades/#0] along (with some parameters) and do a request for primer design. This function will return the degenerate primers as estimated by primers4clades [http://floresta.eead.csic.es/primers4clades/#0].

It is recommended that you enter your email as one of the parameters so that primers4clades [http://floresta.eead.csic.es/primers4clades/#0] can send you an email with very detailed results for you to insect. Just in case you don’t provide your email, the very detailed results will be saved in the same folder of your alignments as HTML files.


Warning

Please keep in mind that the designPrimers function will return very little data, i.e. only the forward and reverse primers for an alignment. But it might be necessary that you inspect the detailed information saved as HTML files or the emails sent to you by primers4clades [http://floresta.eead.csic.es/primers4clades/#0]. You will receive one email for each alignment.



Before primer design it could be useful to trim off the ends of the sequences
so that all sequences will have the same length:

>>> from pyphylogenomics import MUSCLE
>>> MUSCLE.bluntSplicer("alignments/") # folder_path containing the FASTA file alignments





This will produce FASTA files ending in “_bluntlySpliced.fasta”. You may want to remove the old
unspliced FASTA files before doing primer design.

Automated primer design via primers4clades [http://floresta.eead.csic.es/primers4clades/#0]:




	Alignment in FASTA format containing at least 4 sequences.



	Several parameters:



	temperature

	minimium amplicon length

	maximum amplicon length

	genetic code

	cluster type

	substitution model

	email address













Example:
The values shown are the default. Change them if needed.

>>> from pyphylogenomics import MUSCLE





>>> folder = "alignments"   # folder containing the FASTA file alignments
>>> tm = "55"               # annealing temperature
>>> min_amplength = "250"   # minimium amplicon length
>>> max_amplength = "500"   # maximum amplicon length
>>> gencode = "universal"   # see below for all available genetic codes
>>> mode  = "primers"
>>> clustype = "dna"
>>> amptype = "dna_GTRG"    # substitution model used to estimate phylogenetic information
>>> email = "youremail@email.com"   # primer4clades will send you an email with very detailed results





>>> MUSCLE.designPrimers(folder, tm, min_amplength, max_amplength, gencode, mode, clustype, amptype, email)
...
Done.
All primers have been saved in the file "primers.fasta"








All primers will be saved to a file (primers.fasta). However, it is recommended that you study the very detailed
output saved into your alignments folder as HTML files so that you can decide to use these primers or not.




Analysis of raw data output from IonTorrent

We assume that you have ordered primers and perfomed PCR reactions of the found genes on your voucher specimens.
We also assume that you have followed any wet-lab protocol for library preparation for IonTorrent sequencing.
In the paper describing PyPhyloGenomics (doi:XXXXXXXXXX), we have used a modified version of
the protocol in Meyer & Kircher (2010) [1].




	[1]	Meyer M., Kircher M. 2010. Illumina Sequencing Library Preparation for Highly Multiplexed Target Capture and Sequencing. Cold Spring Harbor Protocols. 2010:5448.




We assume that your sequencing round was successful and you have data to analyze. In this tutorial,
we will show how we analyzed our IonTorrent sequence data using PyPhyloGenomics.




Prepare raw NGS data

The function prepare_data() in the module NGS will make a copy of your NGS data (which should be in
FASTQ format) into a new file and do the following:


	Change the quality format from Phred to Solexa (which is required by the fastx-toolkit).



	Change the sequences id to incremental numbers.



	Create a FASTA file for temporal use.


Files generated will be written to folder data/modified/


	ionfile argument is FASTQ format file as produced by IonTorrent



	
	index_length number of base pairs of your indexes. This is necessary 

	to trim the indexes before blasting the FASTA file      against the reference gene sequences.









Example:

>>> from pyphylogenomics import NGS
>>> ionfile = "ionrun.fastq";
>>> index_length = 8;
>>> NGS.prepare_data(ionfile, index_length);
Your file has been saved using Solexa quality format as data/modified/wrk_ionfile.fastq
Your sequence IDs have been changed to numbers.
The FASTA format file data/modified/wrk_ionfile.fasta has been created.















Find reads matching target genes

We can separate the sequenced reads that match the expected genes by using BLAST. For this,
we need as input a FASTA format file to create a BLAST database.
We will blast the file wrk_ionfile.fasta and then will parse the results to divide our
IonTorrent data in several bins (one bin per gene).

This step will accept matching reads that align more than 40bp to the
expected gene sequence. Function NGS.filter_reads()

>>> from pyphylogenomics import BLAST;
>>> query_seqs = "data/modified/wrk_ionfile.fasta";
>>> genome = "target_genes.fasta";
>>> BLAST.blastn(query_seqs, genome);
BLASTn finished!
The BLAST results were written in to the file  data/modified/wrk_ionfile_blastn_out.csv





We will use the recently generated wrk_ionfile_blastn_out.csv file to filter our reads
that match our expected gene sequences.

>>> from pyphylogenomics import NGS;
>>> blast_table = "data/modified/wrk_ionfile_blastn_out.csv";
>>> ion_file    = "data/modified/wrk_ionfile.fastq";
>>> NGS.parse_blast_results(blast_table, ion_file);





It will take a while to parse the results. The output will be several FASTQ files (one
per target gene) containing our matching IonTorrent reads. The files will have the
prefix gene_.




Separate gene bins according to indexes (or barcodes)

Then we need to separate the files prefixed by gene_ according to the indexes
that were used in our wet-lab protocol.
We used one index (or barcode) for each voucher specimen that went into the
Ion Torrent.
And we will use those reads to figure out which reads belong to each of our specimens.
It is possible that due to some errors in base calling during the sequencing procedure
mistakes might appear in the sequenced index region.
Thus, we will need to perform string comparisons accepting differences of up to 1 nucleotide
between our expected and sequenced indexes.
Our indexes differ in two nucleotides (they should ideally differ more) so it is safe
to accept up to 1 mistake during the sequencing of the index region.

PyPhyloGenomics uses Levenshtein distances [http://en.wikipedia.org/wiki/Levenshtein_distance]
for comparison of index sequences.

We assume that our FASTQ bins to separate are in the folder output and begin with the
prefix gene.

>>> from pyphylogenomics import NGS;
>>> import glob; # this module allow us selecting many files by using wildcards
>>> index_list           = "indexes.fasta";
>>> folder               = "output";
>>> levenshtein_distance = 1; # maximum number of differences allowed between index comparisons
>>> for file in glob.glob("output/gene*.fastq"):
...     NGS.separate_by_index(file, index_list, folder, levenshtein_distance);





All the reads will be saved to files with the prefix index_ and a identifier
depending on the sequence ID found in the indexes.fasta file.

For example, one of our files was written as index_IonADA_2_gene_rps5.fastq.

Depending on the amount of your data, this process can take several hours.




Assembly of reads into consensus sequences

Once we have one FASTQ file for each gene and for each specimen or barcode, we can
start doing the assembly of the consensus sequence.

It might be necessary for you to try out several parameters that will affect the final
assembled sequence. For example you might want to be strict and remove read with
low quality values (by default PyPhyloGenomics uses min_quality = 20) or change
the percentage of high quality values per read (default is percentage = 80).

After each iteration of parameters you can check the assembled sequences and
evaluate the sequence length and coverage and decide whether to accept of reject
the sequence.

We will do the assembly using the commonly used assembler velvet:

>>> from pyphylogenomics import NGS;
>>> fastq_file   = "index_Ion_4_gene_rps5.fastq";
>>> index_length = 8;
>>> min_quality  = 30; # optional
>>> percentage   = 80; # optional
>>> min_length   = 60; # optional
>>> NGS.assembly(fastq_file, index_length, min_quality, percentage, min_length);
Final graph has 3 nodes and n50 of 102, max 121, total 250, using 0/60354 reads
The assembly produced 2 potential contigs
Assembled sequence has been saved as file index_Ion_4_gene_rps5_assembled.fasta





This procedure performs quality control over the reads and then trying out
assembling the sequences using several Kmer values. Later it tries to guess the
best Kmer value and use it to do a final assembly.

The potential contigs are written to the file  index_Ion_4_gene_rps5_assembled.fasta.
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History


0.4.x (201x-xx-xx)


	Do some PEP8 fixes.

	Refactor orthodb module.

	Port code and tests to py33.






0.3.13 (2014-12-23)


	Move documentation to readthedocs.

	Do some PEP8 fixes.

	Replace library pp for multiprocessing.






0.3.12 (2013-11-14)


	Using Orthodb_ids for genes

	In order to get only those genes with no paralogs. We want only single-copy
genes.

	Updated UnitTest for OrthoDB and BLAST




	2013-11-12  Carlos Peña  <mycalesis@gmail.com>

	v0.3.11

Parallel running of function filter_reads
of module NGS didn’t work because the depending function prune was not
submitted to the parallel jobs.
Fixed by importing the function inside filter_reads.



	2013-11-11  Carlos Peña  <mycalesis@gmail.com>

	v0.3.10

Updated internal function filter_reads
of module NGS. It is more efficient and much quicker now.

Added UnitTest for filter_reads function
It is an internal function in the module NGS that extracts the FASTQ reads
according to a BLAST table output and stores them into gene bins.



	2013-11-07  Carlos Peña  <mycalesis@gmail.com>

	v0.3.9

Adding assembly_velvet.sh files
These are used when doing assembly of contigs. If they are not
in current folder they get downloaded from github.



	2013-10-18  Carlos Peña  <mycalesis@gmail.com>

	v0.3.8

Primer design, only process .fas[ta]* ending files
The funcion MUSCLE.designPrimers searches in a folder for files to design
primers for. It accepted any file. Now it accept only files ending with the
extension .fasta or .fas (case insensitive).



	2013-10-04  Carlos Peña  <mycalesis@gmail.com>

	v0.3.7

BLAST database making
Avoid redoing the BLAST database when user wants to use dustmaker as this is
slow.
If no dustmaker required, redo the database as it is quick to do.



	2013-10-03  Carlos Peña  <mycalesis@gmail.com>

	BLAST: splitting input FASTA files
If the FASTA file doesn’t need to be splitted, then don’t remove the original
file!

	2013-10-03  Carlos Peña  <mycalesis@gmail.com>

	Before BLAST, don’t split fasta file all the time
Module BLAST, function blastn was spliting all input FASTA files so
accelerate a BLAST.
I happened even though the input FASTA consisted of few FASTA sequences. It
now checks that it happens when the input file has more than 399 sequences.

	2013-09-24  Carlos Peña  <mycalesis@gmail.com>

	adding developers to front page

	2013-09-20  Carlos Peña  <mycalesis@gmail.com>

	end for now
testing travis
upgrading distribute
adding distribute
adding blast
fixing run_test and removing it from readme
adding build status using Travis CI
adding script for tests
adding dependencies
adding dependencies
adding language to travis
start using travis ci
fixing right extension for Bombyx_exons

	2013-09-19  Carlos Peña  <mycalesis@gmail.com>

	polishing test for BLAST

	2013-09-18  Carlos Peña  <mycalesis@gmail.com>

	adding more genes for tests, even
adding more genes for testing and fixing doc
adding two more genes for testing
adding test_getLargestExon and fixing typo in docs

	2013-09-16  Carlos Peña  <mycalesis@gmail.com>

	version 0.3.5

	2013-09-14  Carlos Peña  <mycalesis@gmail.com>

	preparing separtion by index function to be used in parallel

	2013-09-13  Carlos Peña  <mycalesis@gmail.com>

	using parallel python for dividing reads into bins according to genes
fixing typo in documentation

	2013-09-12  Carlos Peña  <mycalesis@gmail.com>

	unittest for test_blastn
continue unittest BLAST module
more unittest for BLAST module

	2013-09-08  Carlos Peña  <mycalesis@gmail.com>

	adding script to run all unit tests

	2013-09-04  Carlos Peña  <mycalesis@gmail.com>

	package cleaning
file cleaning
removing unneeded files

	2013-08-31  Carlos Peña  <mycalesis@gmail.com>

	unittest for BLAST in part
OrthoDB unittest end
start writing unittests
removing unneded DB module

	2013-08-05  Carlos.Peña  <mycalesis@gmail.com>

	adding Python version 2.7

	2013-07-17  mezarino  <vm_solism@yahoo.es>

	Set ‘mask=True’ as the default for our blastn function; and eliminated ‘-parse_seqids’ option from the command.
We made mask=True as the default for blastn, so that low-complexity regions are discarded previous the blast.
On the other hand, we eliminated ‘-parse_seqids’ option to make the function suitable for local databases, whose sequences have ID formats different to those defined by NCBI.

	2013-07-06  Carlos.Peña  <mycalesis@gmail.com>

	removing unneded files

	2013-07-05  Carlos.Peña  <mycalesis@gmail.com>

	adding some info for module NGS

	2013-07-05  Carlos Pena  <mycalesis@gmail.com>

	end assembly scripts

	2013-06-28  Carlos Pena  <mycalesis@gmail.com>

	making sure we use FASTA instead of FAS

	2013-06-26  mezarino  <vm_solism@yahoo.es>

	Update BLAST.py

	2013-06-25  Carlos Pena  <mycalesis@gmail.com>

	continue from NGS.parse_blats_results

	2013-06-24  Carlos Pena  <mycalesis@gmail.com>

	show how to do bluntSplicing of FASTA sequences
adding blast to requirements
instructions for MUSCLE under windows
pointing online documentation
adding beautiful soup to dependency list

	2013-06-21  Carlos.Peña  <mycalesis@gmail.com>

	Preparing inofile.fastq: removing indexes before BLASTn
Filtering of FASTQ reads, accepting those that align more than 40 bp to expected genes

	2013-06-20  Carlos Pena  <mycalesis@gmail.com>

	adding assembly function
index bins prefixed by “index_“

	2013-06-19  Carlos.Peña  <mycalesis@gmail.com>

	levenshtein distance = 0
output messages
BLAST.blastn output message
NGS.prepare_data output to data/modified

	2013-06-16  Carlos.Peña  <mycalesis@gmail.com>

	barcode length as variable

	2013-06-14  Carlos.Peña  <mycalesis@gmail.com>

	doc files
doc files

	2013-06-14  Carlos Pena  <mycalesis@gmail.com>

	adding info for separation by index
batch of gene files into indexes

	2013-06-13  Carlos Pena  <mycalesis@gmail.com>

	start separation by index
saving gene files into output folder
filtering reads according to gene match
changing folder to folder_path
adding folder argument fo bluntSplicer
fixes

	2013-06-12  Carlos.Peña  <mycalesis@gmail.com>

	split ionfile

	2013-06-12  Carlos Pena  <mycalesis@gmail.com>

	fixing typo
script for NGS analysis
splitting BLAST output and ionrun data
preparing fasta file

	2013-06-12  mezarino  <vm_solism@yahoo.es>

	Update MUSCLE.py
bluntSplicer function: MSA-objects splicer was incorporated.

	2013-06-11  Carlos.Peña  <mycalesis@gmail.com>

	NGS analysis
some text in NGS analysis

	2013-06-11  Carlos Pena  <mycalesis@gmail.com>

	start guide for iontorrent data analysis

	2013-06-11  mezarino  <vm_solism@yahoo.es>

	Update BLAST.py

	2013-06-10  Carlos.Peña  <mycalesis@gmail.com>

	small fix, @echo

	2013-06-10  Carlos Pena  <mycalesis@gmail.com>

	start IonTorrent NGS analysis
fix do primers

	2013-06-10  Carlos.Peña  <mycalesis@gmail.com>

	fixing silkgenome blast

	2013-06-10  Carlos Pena  <mycalesis@gmail.com>

	sequences with taxon header between brackets
primer design
alingment warmimg

	2013-06-09  Carlos Pena  <mycalesis@gmail.com>

	doing alignment
do_gene_search.py do Heliconius

	2013-06-09  Carlos.Peña  <mycalesis@gmail.com>

	do_gene_search.py Doing BLASTn
fixing downloading silkgenome
adding Makefile for reproducible analysis
removing README.txt file
fastx-toolkit as reference
adding instructions to install dependencies

	2013-06-06  Carlos Pena  <mycalesis@gmail.com>

	fixing importin upper case modules

	2013-05-15  Carlos.Peña  <mycalesis@gmail.com>

	adding dependencies

	2013-04-24  Carlos.Peña  <mycalesis@gmail.com>

	end primers section

	2013-04-22  Carlos Pena  <mycalesis@gmail.com>

	printing primer desing restuls to file

	2013-04-20  Carlos.Peña  <mycalesis@gmail.com>

	removing old scripts

	2013-04-19  Carlos.Peña  <mycalesis@gmail.com>

	changing headers
design primers in MUSCLE module

	2013-04-19  Carlos Pena  <mycalesis@gmail.com>

	designing primers

	2013-04-19  Carlos.Peña  <mycalesis@gmail.com>

	primer design
adding MUSCLE to dependencies
fixing MUSCLE
documentation: exon alignment

	2013-04-18  mezarino  <vm_solism@yahoo.es>

	Update MUSCLE.py
Update MUSCLE.py
The code has been change accordingly to recognize the ID format of the input sequences.
Update BLAST.py
Now the IDs of the stored sequences have the NCBI’s format.

	2013-04-18  Carlos.Peña  <mycalesis@gmail.com>

	adding sp_name
adding sp_name for parsing BLAST table
fixing documentation
fixing documentation

	2013-04-17  mezarino  <vm_solism@yahoo.es>

	Update OrthoDB.py
The statement “print gene ...” from single_copy_genes function was removed because it’s irrelevant to print that information.
Update BLAST.py
The sp_name parameter was add to the function blastParser.

	2013-04-17  Carlos.Peña  <mycalesis@gmail.com>

	editing documentation
saving alignments into folder

	2013-04-17  Carlos Pena  <mycalesis@gmail.com>

	adding muscle.py
updating quick guide
merge

	2013-04-13  Carlos.Peña  <mycalesis@gmail.com>

	documentation: Exon alignment

	2013-04-12  Carlos.Peña  <mycalesis@gmail.com>

	Heliconius
Heliconius
working with Danaus
working with Danaus

	2013-04-11  Carlos.Peña  <mycalesis@gmail.com>

	blasting Danaus
blasting Danaus
dont print divisor
dont print divisor
editing module
editing module

	2013-04-10  Carlos Pena  <mycalesis@gmail.com>

	adding instuctions and distrubuted script
adding instuctions and distrubuted script
using distribute
using distribute
fixing code blocks
fixing code blocks

	2013-04-10  Carlos.Peña  <mycalesis@gmail.com>

	adding install pp to README
adding install pp to README

	2013-04-09  Carlos Pena  <mycalesis@gmail.com>

	adding progress bar to blastn
adding progress bar to blastn

	2013-04-09  Carlos.Peña  <mycalesis@gmail.com>

	do parallel blast, part
do parallel blast, part

	2013-04-08  Carlos Pena  <mycalesis@gmail.com>

	fixing argument in blastn function
fixing argument in blastn function

	2013-04-06  Carlos.Peña  <mycalesis@gmail.com>

	using WTF public license
using WTF public license

	2013-04-05  Carlos.Peña  <mycalesis@gmail.com>

	expanded BLAST module
expanded BLAST module

	2013-04-05  Carlos Pena  <mycalesis@gmail.com>

	Merge branch ‘BlastExonParser’ output a list of candidate genes
Merge branch ‘BlastExonParser’ output a list of candidate genes
including blast table parse functions in BLAST module
including blast table parse functions in BLAST module
including blast table parse functions in BLAST module
including blast table parse functions in BLAST module
including blast table parse functions in BLAST module
including blast table parse functions in BLAST module

	2013-04-04  Carlos.Peña  <mycalesis@gmail.com>

	removing blank pages from documentation pdf
removing blank pages from documentation pdf
adding print messages
adding print messages
ignoring csv gz zip files
ignoring csv gz zip files
edited script
edited script

	2013-03-23  Carlos.Peña  <mycalesis@gmail.com>

	making db
making db

	2013-03-12  Carlos Pena  <mycalesis@gmail.com>

	doc
doc
guide - blast part
guide - blast part
blast script
blast script
blast script by Mezarino
blast script by Mezarino

	2013-03-10  Carlos.Peña  <mycalesis@gmail.com>

	TODO blast
TODO blast
gitignore
gitignore

	2013-03-08  Carlos Pena  <mycalesis@gmail.com>

	some work on BLAST
some work on BLAST

	2013-03-05  Carlos.Peña  <mycalesis@gmail.com>

	get_cds intro
adding get_cds intro
adding get_cds intro
function get_cds
function get_cds
getting cds file
getting cds file
removing build filess
removing build filess
0.2.0
0.2.0

	2013-03-04  Carlos.Peña  <mycalesis@gmail.com>

	including documentation in HTML files
including documentation in HTML files

	2013-03-04  Carlos Pena  <mycalesis@gmail.com>

	OrthoDB and documentation
OrthoDB and documentation
start documentation
start documentation

	2013-03-04  Carlos.Peña  <mycalesis@gmail.com>

	fixes
fixes
setup fixes
setup fixes

	2013-01-28  Carlos.Peña  <mycalesis@gmail.com>

	modified:   README.md
modified:   README.md

	2012-12-05  Carlos Pena  <mycalesis@gmail.com>

	author mezarino
author mezarino
ready script
ready script

	2012-12-05  Carlos.Peña  <mycalesis@gmail.com>

	finished script
finished script

	2012-12-04  Carlos.Peña  <mycalesis@gmail.com>

	arg species_name
arg species_name
added pars arguments
added pars arguments
work in progress
work in progress
initial script
initial script

	2012-11-29  Carlos.Peña  <mycalesis@gmail.com>

	readme in reST
readme in reST

	2012-11-28  Carlos.Peña  <mycalesis@gmail.com>

	adding OrthoDB6 gene table
adding OrthoDB6 gene table
adding OrthoDB6 gene table
adding OrthoDB6 gene table

	2012-11-28  Carlos Pena  <mycalesis@gmail.com>

	update README
update README

	2012-11-28  Carlos.Peña  <mycalesis@gmail.com>

	finish renaming repository
finish renaming repository
BLAST.py
BLAST.py

	2012-11-27  Carlos.Peña  <mycalesis@gmail.com>

	Merge remote-tracking branch ‘mezarino/master’
update Blast script
Merge remote-tracking branch ‘mezarino/master’
update Blast script

	2012-11-27  mezarino  <vm_solism@yahoo.es>

	Update pyphylogenomics/BLAST.py
Update pyphylogenomics/BLAST.py

	2012-11-27  Carlos.Peña  <mycalesis@gmail.com>

	more scripts
more scripts
adding scripts
adding scripts

	2012-11-25  Carlos.Peña  <mycalesis@gmail.com>

	test README
test README
rename
rename


setup.py
setup.py


rename
rename
renaming repository
renaming repository



	2012-09-23  Carlos.Peña  <mycalesis@gmail.com>

	more scripts
more scripts

	2012-05-14  Carlos.Peña  <mycalesis@gmail.com>

	README markdown
README markdown
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pyphylogenomics Package


pyphylogenomics Package

Python toolkit for developing phylogenomic markers in novel species for
Next Generation sequence data




BLAST Module


BLAST

Prepares data and executes BLAST commands to create BLAST database.
Performs blastn of user sequences against genomic sequences.
Provides functions to parse the generated BLAST tables and extract exons.


	
pyphylogenomics.BLAST.batch_iterator(iterator, batch_size)[source]

	Returns lists of length batch_size.

Taken from http://biopython.org/wiki/Split_large_file

This can be used on any iterator, for example to batch up
SeqRecord objects from Bio.SeqIO.parse(...), or to batch
Alignment objects from Bio.AlignIO.parse(...), or simply
lines from a file handle.

This is a generator function, and it returns lists of the
entries from the supplied iterator.  Each list will have
batch_size entries, although the final list may be shorter.






	
pyphylogenomics.BLAST.blastParser(blast_table, sbj_db, out_file, sp_name='homologous', E_value=0.01, ident=75, exon_len=300)[source]

	Returns the subjects’ sequences aligned with the queries as long as they pass
the thresholds given on the parameters.

Example:

>>> from pyphylogenomics import BLAST
>>> BLAST.blastParser("LongExons_out_blastn_out.csv", "Dp_genome_v2.fasta", "Danaus_exons.fasta", sp_name="Danaus");
Reading files ...
Parsing BLAST table ...
A total of 158 sequences passed the thresholds.
They have been stored in the file: Danaus_exons.fasta





The parameter sp_name is important as it will be used as part of the exons IDs.






	
pyphylogenomics.BLAST.blastn(query_seqs, genome, e_value=1e-05, mask=True)[source]

	Performs a BLASTn of user’s sequences against a genome. It will create a
BLAST database from the genome file first.

query_seqs argument is a FASTA file of users sequences.
genome argument is a FASTA file of a species genome.






	
pyphylogenomics.BLAST.do_blast(command)[source]

	




	
pyphylogenomics.BLAST.eraseFalsePosi(exons_dict)[source]

	Keeps the query-sbj match with the longest alignment number.

From a dictionary generated with the getLargestExon function, where 2 or more
query-sbj matches shared the same query, eraseFalsePosi keeps the query-sbj
match with the longest alignment.






	
pyphylogenomics.BLAST.filterByMinDist(genes_loci, MinDist)[source]

	Returns those genes that are separated from its precedent neighbour
by < MinDist threshold.

The parameter genes_loci is a list of tuples, where each tuple
consists of 3 items: a gene_id, start_position and end_position.





	Returns:	List of exons that are located too close to each other. Less than
the threshold set by MinDist.










	
pyphylogenomics.BLAST.getLargestExon(blast_table, E_value=0.001, ident=98, exon_len=300)[source]

	Returns the highest alignment number for each query-sbj match from a blast table.






	
pyphylogenomics.BLAST.get_cds(genes, cds_file)[source]

	Writes a FASTA file containing CDS sequences: pulled_seqs.fasta

genes argument is a list of gene IDs.
cds_file is the file name of predicted CDS for a species in FASTA format.






	
pyphylogenomics.BLAST.makeblastdb(genome, mask=False)[source]

	Creates a BLAST database from a genome in FASTA format and
optionally eliminates low-complexity regions from the sequences.






	
pyphylogenomics.BLAST.place_seq_in_frame(seq)[source]

	Trim nucleotides from the beginning until the sequence does not have any
stop codons when translated to protein. By doing this, we make sure that
the sequence is in frame. Recursive function.





	Parameters:	seq – Seq object


	Returns:	










	
pyphylogenomics.BLAST.storeExonsInFrame(exons_dict, queries_db, out_file)[source]

	Strips the exon’s ends, so that it is in frame, and then stores the results in a file.

Strip the exon’s first and last residues so that they correspond to the start
and end of a codon, respectively. Then stores the stripped exons in a file.






	
pyphylogenomics.BLAST.trim_seq(seq)[source]

	Trims one or two nucleotides from the end of sequences so the length can be
multiple of 3.





	Parameters:	seq – Seq object


	Returns:	










	
pyphylogenomics.BLAST.wellSeparatedExons(exons_dict, MinDist=810000)[source]

	Keeps the exons whose distance to the following exon is > MinDist.

From a dictionary generated with the getLargestExon function, where 2 or more
query-sbj matches shared the same sbj, wellSeparatedExons keeps the query-sbj
match whose distance to the following query-sbj match is greater than MinDist.










MUSCLE Module


MUSCLE

Reads in sequences from files, group homologous sequences based on gene IDs and aligns them.


	
pyphylogenomics.MUSCLE.batchAlignment(files)[source]

	Reads in sequences from files, group homologous sequences and aligns them.

files a list of file names. The first file in the list should
be the master file (e.g. exon sequences of Bombyx mori).

Example:

>>> from pyphylogenomics import MUSCLE
>>> files = ['Bmori_exons.fasta', 'Danaus_exons.fasta','Heliconius_exons.fasta','Manduca_exons.fasta']
>>> MUSCLE.batchAlignment(files)





All aligned sequences will be written into a folder called alignments as
FASTA files (one file per exon).






	
pyphylogenomics.MUSCLE.bluntSplicer(folder_path, window=20)[source]

	Splices Multiple Sequence Alignments objects found in folder_path.
Objects should be in FASTA format. Gaps from both flanks of the alignments
will be trimmed.

Window size is used to find gaps in flanks (default 20 nucleotides).
bluntSplicer reads the MSA files from folder_path, and stores the spliced MSAs
in the same folder.

Example:

>>> from pyphylogenomics import MUSCLE
>>> MUSCLE.bluntSplicer("alignments/") # folder_path containing the FASTA file alignments










	
pyphylogenomics.MUSCLE.designPrimers(folder, tm='55', min_amplength='100', max_amplength='500', gencode='universal', mode='primers', clustype='dna', amptype='dna_GTRG', email='')[source]

	
It will send a FASTA alignment to primers4clades [http://floresta.eead.csic.es/primers4clades/#0] in order to design degenerate primers. Input data needed:


	Alignment in FASTA format containing at least 4 sequences.



	Several parameters:



	temperature

	minimium amplicon length

	maximum amplicon length

	genetic code

	cluster type

	substitution model

	email address













Example:
The values shown are the default. Change them if needed.


>>> from pyphylogenomics import MUSCLE





>>> folder = "alignments"   # folder containing the FASTA file alignments
>>> tm = "55"               # annealing temperature
>>> min_amplength = "250"   # minimium amplicon length
>>> max_amplength = "500"   # maximum amplicon length
>>> gencode = "universal"   # see below for all available genetic codes
>>> mode  = "primers"
>>> clustype = "dna"
>>> amptype = "dna_GTRG"    # substitution model used to estimate phylogenetic information
>>> email = "youremail@email.com"   # primer4clades will send you an email with very detailed results





>>> MUSCLE.designPrimers(folder, tm, min_amplength, max_amplength, gencode, mode, clustype, amptype, email)





The best primer pairs will be printed to your screen. Detailed results will
be saved as HTML files in your alignments folder. But it is recommended if
you also get the results by email. primers4clades [http://floresta.eead.csic.es/primers4clades/#0] will send you one email
for each alignment.

The genetic code table (variable gencode) can be any of the following:


	universal for standard

	2 for vertebrate mitochondrial

	3 for yeast mitochondrial

	4 for mold and protozoa mitochondrial

	5 for invertebrate mitochondrial

	6 for ciliate

	9 for echinoderm and flatworm

	10 for  euplotid nuclear

	11 for  bacterial and plastid

	12 for  alternative yeast nuclear

	13 for  ascidian mitochondrial

	14 for  flatworm mitochondrial

	15 for  Blepharisma nuclear

	16 for  Chlorophycean mitochondrial

	21 for  Trematode mitochondrial

	22 for  Scenedesmus obliquus mitochondrial

	23 for  Thraustochytrium mitochondrial



The evolutionary substitution model can be any of the following (variable
amptype):


	protein_WAGG  for protein WAG+G

	protein_JTTG  for protein JTT+G

	protein_Blosum62G  for protein Blosum62+G

	protein_VTG  for protein VT+G

	protein_DayhoffG  for protein Dayhoff+G

	protein_MtREVG  for protein MtREV+G

	dna_HKYG  for dna HKY+G

	dna_GTRG  for dna GTR+G

	dna_K80G  for dna K80+G

	dna_TrNG  for dna TrN+G

	dna_JC69G  for dna JC69+G















NGS Module


NGS

Prepares output data from sequencing round in IonTorrent (FASTQ format file).


	Changes quality format from Phred to Solexa (which is required by the fastx-toolkit).

	Changes sequences id to incremental numbers.

	Creates temporal FASTA file.



This module also finds matches between reads and expected gene regions by using
BLASTn, and separates reads based on matches against indexes.

It also has functions to do assembly of reads using velvet.


	
pyphylogenomics.NGS.assembly(fastq_file, index_length, min_quality=20, percentage=70, min_length=50)[source]

	Do de novo assembly of expected sequences after doing quality control of a
FASTQ file. Quality control includes dropping reads with low quality values,
trimming of bad quality end and trimming index region.


	fastq_file FASTQ format file that ideally has been separated by gene and index using the functions NGS.parse_blast_results() and NGS.separate_by_index()

	index_length number of base pairs of the indexes. They will be trimmed from the reads during processing.

	min_quality minimum quality score to keep (20 by default)

	percentage  minimum percent of base pairs that need to have min_quality (70% by default)

	min_length minimum length of read sequences to keep (50 by default)



Example:

>>> from pyphylogenomics import NGS
>>> fastq_file   = "index_Ion_4_gene_rps5.fastq"
>>> index_length = 8
>>> min_quality  = 30; # optional
>>> percentage   = 80; # optional
>>> min_length   = 60; # optional
>>> NGS.assembly(fastq_file, index_length, min_quality, percentage, min_length)










	
pyphylogenomics.NGS.count_reads(fastqFile, file_format)[source]

	* Internal function *






	
pyphylogenomics.NGS.filter_reads(ion_chunk, blast_chunk, folder)[source]

	




	
pyphylogenomics.NGS.find_index_in_seq(barcode, seq, levenshtein_distance)[source]

	Internal function

Arguments:  barcode,  read sequence.
Iterate through primer’s degenerated IUPAC and try to find it in sequence
read.
Return TRUE on success.






	
pyphylogenomics.NGS.get_velvet_params(output)[source]

	* Internal function *






	
pyphylogenomics.NGS.guess_best_kmer(filter3_params)[source]

	* Internal function *






	
pyphylogenomics.NGS.levenshtein(a, b)[source]

	* Internal function *

Calculates the Levenshtein distance between a and b.






	
pyphylogenomics.NGS.parse_blast_results(blast_table, ion_file)[source]

	This function uses the BLAST results from a CSV file and separates the
IonTorrent reads into bins that match each of the target genes (or reference
sequences).
To speed up things a few tricks are made:
* Split CSV file into several chunks.
* Split ionfile.fastq into complementary chunks so that the reads in the CSV chunks will be found in our fastq chunks.
Reads will be written into separate FASTQ files, one per matching target
gene.
These files will be written in the folder output.

This step will accept matching reads that align more than 40bp to the
expected gene sequence. Function NGS.filter_reads()






	
pyphylogenomics.NGS.prepare_data(ionfile, index_length)[source]

	
	Changes quality format from Phred to Solexa (which is required by the fastx-toolkit).

	Changes sequences id to incremental numbers.

	Creates temporal FASTA file with the indexes removed from the sequences.



Files generated will be written to folder data/modified/


	ionfile argument is FASTQ format file as produced by IonTorrent

	index_length number of base pairs of your indexes. This is necessary                        to trim the indexes before blasting the FASTA file                             against the reference gene sequences.



Example:

>>> from pyphylogenomics import NGS
>>> ionfile = "ionrun.fastq"
>>> index_length = 8
>>> NGS.prepare_data(ionfile, index_length)
Your file has been saved using Solexa quality format as data/modified/wrk_ionfile.fastq
Your sequence IDs have been changed to numbers.
The FASTA format file data/modified/wrk_ionfile.fasta has been created.










	
pyphylogenomics.NGS.prune(folder, blast_data, seq_record, ion_id, min_aln_length)[source]

	* Internal function *

Takes a list of BLAST results and gets the gene_ids to save the current
FASTQ seq_record into a file.
It alse removes from the list those results that have been saved to a file
and returns the list.






	
pyphylogenomics.NGS.quality_control(fastq_file, index_length, min_quality=20, percentage=70, min_length=50)[source]

	* Internal function *

Use fastx-tools to do quality control on FASTQ file.






	
pyphylogenomics.NGS.separate_by_index(fastq_file, index_list, folder='', levenshtein_distance=1)[source]

	




	
pyphylogenomics.NGS.split_ionfile_by_results(ion_file, blast_chunk)[source]

	* Internal function *

This function divides an IonTorrent run file into chunks that match chunks
of a BLAST results file in CSV format.






	
pyphylogenomics.NGS.split_results_file(blast_table)[source]

	* Internal function *

Split a CSV format result file from a BLAST in chunks.










_orthodb Module


OrthoDB

This module uses the table OrthoDB6_Arthropoda_tabtext.csv
downloaded from OrthoDB (the database of orthologous groups)
ftp://cegg.unige.ch/OrthoDB6 to extract certain features and objects
described below.


	
class pyphylogenomics._orthodb.OrthoDB(in_file, species_name)[source]
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#!/usr/bin/env python

'''
===
NGS
===

Prepares output data from sequencing round in IonTorrent (FASTQ format file).

* Changes quality format from Phred to Solexa (which is required by the fastx-toolkit).
* Changes sequences id to incremental numbers.
* Creates temporal FASTA file.

This module also finds matches between reads and expected gene regions by using
BLASTn, and separates reads based on matches against indexes.

It also has functions to do assembly of reads using ``velvet``.
'''
import glob
import multiprocessing
import os
import re
import requests
import shutil
import subprocess
import sys

from Bio import SeqIO


[docs]def prepare_data(ionfile, index_length):
    '''
    * Changes quality format from Phred to Solexa (which is required by the fastx-toolkit).
    * Changes sequences id to incremental numbers.
    * Creates temporal FASTA file with the indexes removed from the sequences.

    Files generated will be written to folder ``data/modified/``

    * ``ionfile`` argument is FASTQ format file as produced by IonTorrent
    * ``index_length`` number of base pairs of your indexes. This is necessary \
                       to trim the indexes before blasting the FASTA file      \
                       against the reference gene sequences.

    Example:

    >>> from pyphylogenomics import NGS
    >>> ionfile = "ionrun.fastq"
    >>> index_length = 8
    >>> NGS.prepare_data(ionfile, index_length)
    Your file has been saved using Solexa quality format as data/modified/wrk_ionfile.fastq
    Your sequence IDs have been changed to numbers.
    The FASTA format file data/modified/wrk_ionfile.fasta has been created.
    '''
    # create folder to keep data
    folder = os.path.join("data", "modified")
    if not os.path.exists(folder):
        os.makedirs(folder)

    # change quality format from Phred to Solexa (required by fastx-toolkit)
    # write file to work on
    wrkfile = os.path.join(folder, "wrk_ionfile.fastq")
    SeqIO.convert(ionfile, "fastq", wrkfile, "fastq-solexa")
    print("Your file has been saved using Solexa quality format as " + wrkfile)

    # change sequences id to incremental numbers
    command = "fastx_renamer -n COUNT -i " + wrkfile + " -o tmp.fastq"
    p = subprocess.check_call(command, shell=True)
    if p != 0:
        print("\nError, couldn't execute " + command)
        sys.exit()
    print("Your sequence IDs have been changed to numbers.")

    # replace working file with temporal file
    os.rename("tmp.fastq", wrkfile)

    # create temporal FASTA file
    command = "fastq_to_fasta -i " + wrkfile + " -o tmp.fasta"
    p = subprocess.check_call(command, shell=True)

    # trim index region
    index_length = int(index_length) + 1
    command = "fastx_trimmer -f " + str(index_length) + " -i tmp.fasta "
    command += "-o " + os.path.join(folder, "wrk_ionfile.fasta")
    p = subprocess.check_call(command, shell=True)

    if os.path.isfile("tmp.fasta"):
        os.remove("tmp.fasta")

    print("The FASTA format file " + os.path.join(folder, "wrk_ionfile.fasta")
          + " has been created.")



[docs]def parse_blast_results(blast_table, ion_file):
    '''
    This function uses the BLAST results from a CSV file and separates the
    IonTorrent reads into bins that match each of the target genes (or reference
    sequences).
    To speed up things a few tricks are made:
    * Split CSV file into several chunks.
    * Split ionfile.fastq into complementary chunks so that the reads in the CSV chunks will be found in our fastq chunks.
    Reads will be written into separate FASTQ files, one per matching target
    gene.
    These files will be written in the folder ``output``.

    This step will accept matching reads that align more than 40bp to the
    expected gene sequence. Function :py:func:`NGS.filter_reads`

    '''
    # create folder to keep output data
    folder = "output"
    if not os.path.exists(folder):
        os.makedirs(folder)

    # split results file into chunks
    p = split_results_file(blast_table)
    if p != 0:
        print("\nError, couldn't execute parse_blast_results")
        sys.exit()

    # move splitted blast results to output/
    for file in glob.iglob("_re*"):
        src = file
        file += ".csv"
        dest = os.path.join("output", file)
        os.rename(src, dest)

    jobs = []

    # split fastq file into chunks
    for blast_chunk in glob.iglob(os.path.join("output", "_re*.csv")):
        jobs.append(multiprocessing.Process(target=split_ionfile_by_results, args=(ion_file, blast_chunk)))

    for job in jobs:
        job.start()
        job.join()

    # progressbar
    progressbar_width = 20
    sys.stdout.write("Progress: [%s]" % (" " * progressbar_width))
    sys.stdout.flush()
    sys.stdout.write("\b" * (progressbar_width + 1))

    # now we need to iterate over each chunk of blast result and fastq file
    # and separate the reads into bins according to matching gene
    # filter_reads(ion_chunk, blast_chunk):
    # folder is the "output" folder that we are using to keep our result data
    jobs = []
    for ion_chunk in glob.iglob(os.path.join("output", "_re*.fastq")):
        blast_chunk = ion_chunk[:-5] + "csv"
        jobs.append(multiprocessing.Process(target=filter_reads, args=(ion_chunk, blast_chunk, folder)))

    for job in jobs:
        sys.stdout.write("#")
        job.start()
        job.join()
        sys.stdout.flush()

    sys.stdout.write("\n")



[docs]def separate_by_index(fastq_file, index_list, folder="", levenshtein_distance=1):
    from Bio import SeqIO
    from pyphylogenomics import NGS

    '''
    This function divides FASTQ reads into bins according to a list of indexes
    (or barcodes).
    The *index_list* should be in FASTA format.
    It will compare the template indexes and those in the reads and accept
    indexes with a difference no bigger than the *levenshtein* distance (default
    1 base pair difference).

    See http://en.wikipedia.org/wiki/Levenshtein_distance

    * ``fastq_file`` FASTQ format containing reads as produced by IonTorrent
    * ``index_list`` FASTA format file containing indexes (or barcodes)
    * ``folder`` *Optional*: Directory containing FASTQ format files to process
    * ``levenshtein_distance`` *Optional*, default = 1: Maximum number of different nucleotides that will be accepted when comparing template and sequenced indexes (due to errors in base calling during sequencing).

    Example:

    >>> from pyphylogenomics import NGS
    >>> fastq_file = "gene_rps5.fastq"
    >>> index_list = "indexes.fasta"
    >>> folder     = "output"
    >>> NGS.separate_by_index(fastq_file, index_list, folder)

    You can also automate parsing many FASTQ files at once:

    >>> from pyphylogenomics import NGS
    >>> import glob; # this module allow us selecting many files by using wildcards
    >>> index_list = "indexes.fasta"
    >>> folder     = "output"
    >>> for file in glob.glob("output/gene*.fastq"):
    ...     NGS.separate_by_index(file, index_list, folder)
    '''
    print("Processing file " + fastq_file)
    if folder != "":
        folder = re.sub("/$", "", folder)
        folder = os.path.abspath(folder)
        print("Output files will be written into " + folder)

    for seq_record in SeqIO.parse(index_list, "fasta"):
        for fastq_record in SeqIO.parse(fastq_file, "fastq"):
            found_index = ""
            found_index = NGS.find_index_in_seq(seq_record, fastq_record, levenshtein_distance)
            if found_index == "TRUE":
                basename = os.path.basename(fastq_file)
                if folder != "":
                    filename = "index_" + str(seq_record.id) + "_" + re.sub(".fastq", "", basename) + ".fastq"
                    filename = os.path.join(folder, filename)
                else:
                    filename = "index_" + str(seq_record.id) + "_" + re.sub(".fastq", "", basename) + ".fastq"
                output_handle = open(filename, "a")
                SeqIO.write(fastq_record, output_handle, "fastq")
                output_handle.close()



[docs]def assembly(fastq_file, index_length, min_quality=20, percentage=70, min_length=50):
    '''
    Do *de novo* assembly of expected sequences after doing quality control of a
    FASTQ file. Quality control includes dropping reads with low quality values,
    trimming of bad quality end and trimming index region.

    * ``fastq_file`` FASTQ format file that ideally has been separated by gene and index using the functions :py:func:`NGS.parse_blast_results` and :py:func:`NGS.separate_by_index`
    * ``index_length`` number of base pairs of the indexes. They will be trimmed from the reads during processing.
    * ``min_quality`` minimum quality score to keep (20 by default)
    * ``percentage``  minimum percent of base pairs that need to have ``min_quality`` (70% by default)
    * ``min_length`` minimum length of read sequences to keep (50 by default)

    Example:

    >>> from pyphylogenomics import NGS
    >>> fastq_file   = "index_Ion_4_gene_rps5.fastq"
    >>> index_length = 8
    >>> min_quality  = 30; # optional
    >>> percentage   = 80; # optional
    >>> min_length   = 60; # optional
    >>> NGS.assembly(fastq_file, index_length, min_quality, percentage, min_length)
    '''
    # Do quality control first
    q = quality_control(fastq_file, index_length, min_quality, percentage, min_length)
    try:
        with open('assembly_velvet.sh'):
            pass
    except IOError:
        # downloading scripts to local folder
        r = requests.get("https://raw.github.com/carlosp420/PyPhyloGenomics/master/assembly_velvet.sh")
        f = open("assembly_velvet.sh", "w")
        f.write(r.content)
        f.close()

        r = requests.get("https://raw.github.com/carlosp420/PyPhyloGenomics/master/assembly_velvet2.sh")
        f = open("assembly_velvet2.sh", "w")
        f.write(r.content)
        f.close()

    if q == "ok":
        command = "bash assembly_velvet.sh filter3.fastq"
        filter3_output = subprocess.check_output(command, shell=True)
        filter3_params = get_velvet_params(filter3_output)

        best_input_kmer = guess_best_kmer(filter3_params)
        command = "bash assembly_velvet2.sh " + best_input_kmer[0] + ".fastq "
        command += str(best_input_kmer[1])
        assembly = subprocess.check_call(command, shell=True)

        if assembly == 0:
            if count_reads("test/contigs.fa", "fasta") > 0:
                print("The assembly produced " + str(count_reads("test/contigs.fa", "fasta")) + " potential contigs")
                filename = re.sub(".fastq$", "", fastq_file) + "_assembled.fasta"
                os.rename("test/contigs.fa", filename)
                print("Assembled sequence has been saved as file " + filename)
    else:
        print("Couldn't process file " + fastq_file)



[docs]def count_reads(fastqFile, file_format):
    '''
    \* *Internal function* \*
    '''
    count = 0
    for seq_record in SeqIO.parse(fastqFile, file_format):
        count = count + 1
    return(count)


# ----------------------------------------------------------------------------
# @input: output from runing velvet assembly on all Kmer values
# @output: a dictionary with the parameters: kmer, nodes, n50, max, total

def get_velvet_params(output):
    '''
    \* *Internal function* \*
    '''
    output = output.split("\n")
    mydict = dict()
    kmer = 31
    for line in output:
        if "n50" in line:
            lista = dict()
            nodes = re.search("(\d+)\snodes", line)
            nodes = nodes.groups()[0]
            lista['nodes'] = nodes

            n50 = re.search("n50 of (\d+)", line)
            n50 = n50.groups()[0]
            lista['n50'] = n50

            maxim = re.search("max\s(\d+)", line)
            maxim = maxim.groups()[0]
            lista['max'] = maxim

            total = re.search("total\s(\d+)", line)
            total = total.groups()[0]
            lista['total'] = total

            mydict[kmer] = lista
            kmer = kmer - 2
    return(mydict)


# ----------------------------------------------------------------------------
# @input: params from two runs of velvet on all Kmer values
#            these inputs are dictionaries
# @output: a list containing:
#            - the filtered file number either filter2 or filter3
#            - the best kmer value found by comparison of the two
[docs]def guess_best_kmer(filter3_params):
    '''
    \* *Internal function* \*
    '''
    n50 = []
    for i in filter3_params:
        n50.append(int(filter3_params[i]['n50']))
        n50.sort()
        n50.reverse()
    filter3_n50 = n50[0]

    for i in filter3_params:
        if filter3_params[i]['n50'] == str(filter3_n50):
            return(["filter3", i])


# ----------------------------------------------------------------------------
# @input: output from running velvet assembly on all Kmer values
# @output: a dictionary with the parameters: kmer, nodes, n50, max, total

[docs]def get_velvet_params(output):
    '''
    \* *Internal function* \*
    '''
    output = output.split("\n")
    mydict = dict()
    kmer = 31
    for line in output:
        if "n50" in line:
            lista = dict()
            nodes = re.search("(\d+)\snodes", line)
            nodes = nodes.groups()[0]
            lista['nodes'] = nodes

            n50 = re.search("n50 of (\d+)", line)
            n50 = n50.groups()[0]
            lista['n50'] = n50

            maxim = re.search("max\s(\d+)", line)
            maxim = maxim.groups()[0]
            lista['max'] = maxim

            total = re.search("total\s(\d+)", line)
            total = total.groups()[0]
            lista['total'] = total

            mydict[kmer] = lista
            kmer = kmer - 2
    return(mydict)



[docs]def quality_control(fastq_file, index_length, min_quality=20, percentage=70, min_length=50):
    '''
    \* *Internal function* \*

    Use fastx-tools to do quality control on FASTQ file.
    '''

    command = "fastq_quality_filter -q " + str(min_quality) + " -p " + str(percentage)
    command += " -i " + fastq_file + " -o filter1.fastq"
    p = subprocess.check_call(command, shell=True)
    print("Processing file " + fastq_file)

    index_length = index_length + 1
    command = "fastx_trimmer -f " + str(index_length) + " -i filter1.fastq -o filter2.fastq"
    p = subprocess.check_call(command, shell=True)
    print("Removing indexes")

    command = "fastq_quality_trimmer -t " + str(min_quality) + " -l "
    command += str(min_length) + " -i filter2.fastq -o filter3.fastq"
    p = subprocess.check_call(command, shell=True)
    print("Trimming low quality end")

    if p == 0:
        return("ok")



[docs]def find_index_in_seq(barcode, seq, levenshtein_distance):
    '''
    Internal function

    Arguments:  *barcode*,  *read sequence*.
    Iterate through primer's degenerated IUPAC and try to find it in sequence
    read.
    Return TRUE on success.
    '''
    found = "false"

    while (found != "true"):
        barcode_seq = str(barcode.seq)
        barcode_read = str(seq.seq)[0:len(barcode_seq)]

        # compare levenshtein
        distance = levenshtein(barcode_seq.upper(), barcode_read.upper())

        if distance < levenshtein_distance + 1:
            # accept
            found = "true"

            # if str(seq.id) not in fastq_id_list:
            #     fastq_id_list.append(str(seq.id))
            return("TRUE")
        else:
            # reversecomplement
            barcode_seq = str(barcode.seq.reverse_complement())

            # compare levenshtein
            distance = levenshtein(barcode_seq.upper(), barcode_read.upper())

            if distance < levenshtein_distance + 1:
                # print "Found reverse complement"
                # accept
                found = "true"

                # if str(seq.id) not in fastq_id_list:
                #     fastq_id_list.append(str(seq.id))
                return("TRUE")

        return("FALSE")



[docs]def levenshtein(a, b):
    '''
    \* *Internal function* \*

    Calculates the Levenshtein distance between a and b.
    '''
    n, m = len(a), len(b)
    if n > m:
        # Make sure n <= m, to use O(min(n,m)) space
        a, b = b, a
        n, m = m, n

    current = range(n + 1)
    for i in range(1, m + 1):
        previous, current = current, [i] + [0] * n
        for j in range(1, n + 1):
            add, delete = previous[j] + 1, current[j - 1] + 1
            change = previous[j - 1]
            if a[j - 1] != b[i - 1]:
                change = change + 1
            current[j] = min(add, delete, change)

    return(current[n])



[docs]def split_results_file(blast_table):
    '''
    \* *Internal function* \*

    Split a CSV format result file from a BLAST in chunks.
    '''
    # build an slicer for Python
    command = "split -l 10000 " + blast_table + " _re"
    p = subprocess.check_call(command, shell=True)
    return(p)



[docs]def split_ionfile_by_results(ion_file, blast_chunk):
    '''
    \* *Internal function* \*

    This function divides an IonTorrent run file into chunks that match chunks
    of a BLAST results file in CSV format.
    '''

    # get first id from result chunk
    with open(blast_chunk) as myfile:
        head = myfile.readline()
        head = head.split(",")
        first_id = "@" + head[0]

    # get last id from result chunk
    number_of_lines_in_chunk = sum(1 for line in open(blast_chunk))
    fp = open(blast_chunk)
    for i, line in enumerate(fp):
        if i == number_of_lines_in_chunk - 1:
            last_id = "@" + line.split(",")[0]
    fp.close()

    # get line with first and last ids in ionfile
    fp = open(ion_file)
    first_line = 0
    last_line = 0
    for i, line in enumerate(fp):
        if line.strip() == first_id:
            first_line = i
        if line.strip() == last_id:
            # adding 3 lines due to this being FASTQ file
            last_line = i + 3
    fp.close()

    # cut ionfile using first and last lines
    # _reaa.fastq
    ion_chunk = open(blast_chunk[:-4] + ".fastq", "w")

    fp = open(ion_file)
    for i, line in enumerate(fp):
        if i >= first_line:
            ion_chunk.write(line)
        if i > last_line - 1:
            print("Splitting " + ion_file + " into chunk " + blast_chunk[:-4] + ".fastq")
            break
    fp.close()

    ion_chunk.close()

    # return ion_chunk filename
    return(blast_chunk + ".fastq")



[docs]def prune(folder, blast_data, seq_record, ion_id, min_aln_length):
    '''
    \* *Internal function* \*

    Takes a list of BLAST results and gets the gene_ids to save the current
    FASTQ seq_record into a file.
    It alse removes from the list those results that have been saved to a file
    and returns the list.
    '''
    from Bio import SeqIO
    list = []
    for i in blast_data:
        if str(i.split(",")[0]) == str(ion_id):
            dic = {}
            dic['line'] = i
            i = i.split(",")
            dic['gene_id'] = i[1]
            dic['ion_id'] = ion_id
            dic['al_length'] = i[3]
            list.append(dic)

    # avoid saving the same seq_record into the gene bin twice
    last_saved = ""
    for i in list:
        if last_saved != i['gene_id']:
            if int(i['al_length']) > int(min_aln_length):
                filename = os.path.join(folder, "gene_" + i['gene_id'] + ".fastq")
                exon_out = open(filename, "a")
                SeqIO.write(seq_record, exon_out, "fastq")
                exon_out.close()
                last_saved = i['gene_id']
        blast_data.remove(i['line'])

    return(blast_data)



[docs]def filter_reads(ion_chunk, blast_chunk, folder):
    from Bio import SeqIO
    from pyphylogenomics import NGS
    '''
    \* *Internal function* \*

    Accepting alignment lengths higher than 40 bp
    longer than our primer lengths
    '''
    min_aln_length = 40

    blast_file = open(blast_chunk, "r")
    tmp = blast_file.readlines()
    blast_file.close()

    blast_data = []
    for i in tmp:
        blast_data.append(i.strip())

    # iterate over ion torrent reads
    for seq_record in SeqIO.parse(ion_chunk, "fastq"):
        if len(blast_data) > 0:
            # print "\n\nNew record--------------------"
            # print "seq record id @%s" % seq_record.id
            # avoid processing seq_records that are not in blast file
            # first id in blast_data
            # print blast_data
            first_id_in_blast_data = blast_data[0].split(",")[0]
            # print "fist id in blast_data %s" % first_id_in_blast_data

            if int(seq_record.id) >= int(first_id_in_blast_data):
                # if str(seq_record.id) == ion_id and aln_length > min_aln_length:
                if str(seq_record.id) == first_id_in_blast_data:
                    # print "prune"
                    blast_data = NGS.prune(folder, blast_data, seq_record,
                                           first_id_in_blast_data, min_aln_length)
                else:
                    break
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  Source code for pyphylogenomics.BLAST

'''
=====
BLAST
=====

Prepares data and executes BLAST commands to create BLAST database.
Performs blastn of user sequences against genomic sequences.
Provides functions to parse the generated BLAST tables and extract exons.
'''

import re
import sys
import subprocess
from Bio import SeqIO
from Bio.Seq import Seq
from Bio.SeqRecord import SeqRecord
from Bio.Alphabet import HasStopCodon
from operator import itemgetter
import multiprocessing
import shutil
import os


[docs]def get_cds(genes, cds_file):
    '''
    Writes a FASTA file containing CDS sequences: ``pulled_seqs.fasta``

    ``genes`` argument is a list of gene IDs.
    ``cds_file`` is the file name of predicted CDS for a species in FASTA format.

    '''

    records = []  # To store the sequences that matched.
    for seq_record in SeqIO.parse(cds_file, "fasta"):
        this_id = re.sub("-TA$", "", seq_record.id)
        if this_id in genes:
            records.append(SeqRecord(seq_record.seq, id=this_id))

    SeqIO.write(records, open("pulled_seqs.fasta", "w"), "fasta")
    print(len(records), " sequences were written to file pulled_seqs.fasta in the current working directory.")



[docs]def makeblastdb(genome, mask=False):
    '''
    Creates a BLAST database from a genome in FASTA format and
    optionally eliminates low-complexity regions from the sequences.
    '''

    if mask is True:
        command = 'dustmasker -in ' + genome + ' -infmt fasta '
        command += '-outfmt maskinfo_asn1_bin -out ' + genome + '_dust.asnb'
        try:
            with open(genome + "_dust.asnb"):
                print("Using existing ``" + genome + "_dust.asnb`` database")
        except IOError:
            print("masking low_complexity regions...")
            p = subprocess.check_output(command, shell=True)  # identifying low-complexity regions.
            print(p)

            command = 'makeblastdb -in ' + genome + ' -input_type fasta -dbtype nucl '
            command += '-mask_data ' + genome + '_dust.asnb '
            command += '-out ' + genome + ' -title "Whole Genome without low-complexity regions"'
            print("creating database...")
            p = subprocess.check_output(command, shell=True)  # Overwriting the genome file.
            print(p)

    else:
        command = 'makeblastdb -in ' + genome + ' -input_type fasta -dbtype nucl '
        command += '-out ' + genome + ' -title "Whole Genome unmasked"'
        print("creating database...")
        p = subprocess.check_output(command, shell=True)
        print(p)



[docs]def blastn(query_seqs, genome, e_value=0.00001, mask=True):
    '''
    Performs a BLASTn of user's sequences against a genome. It will create a
    BLAST database from the genome file first.

    ``query_seqs`` argument is a FASTA file of users sequences.
    ``genome`` argument is a FASTA file of a species genome.
    '''

    # do a BLAST database first
    makeblastdb(genome, mask=mask)
    blast_out = query_seqs.split(".")[0] + "_blastn_out.csv"  # Name of the output file.

    output = "blasting: " + query_seqs.split("\\")[-1] + " "
    output += "against db = " + genome.split("\\")[-1]

    # how many sequences in input file?
    nseqs = 0
    for seq_record in SeqIO.parse(query_seqs, "fasta"):
        nseqs += 1

    # split fasta file for parallel blast
    files = []
    divisor = 1
    if nseqs > 399:
        while nseqs // divisor > 200:
            divisor += 1
            if divisor > 400:
                break

        record_iter = SeqIO.parse(open(query_seqs), "fasta")

        for i, batch in enumerate(batch_iterator(record_iter, nseqs // divisor)):
            filename = "group_%i.fasta" % (i + 1)
            files.append(filename)
            handle = open(filename, "w")
            count = SeqIO.write(batch, handle, "fasta")
            handle.close()
    else:
        files.append(query_seqs)

    jobs = []
    for f in files:
        command = ('blastn -query ' + f + ' -db ' + genome + ' -task blastn -db_soft_mask 11 ' if mask
                   else 'blastn -query ' + f + ' -db ' + genome + ' -task blastn ')
        command += '-evalue ' + str(e_value) + ' -out ' + f + "_out.csv" + ' -num_threads 1 -outfmt 10'
        jobs.append(multiprocessing.Process(target=do_blast, args=(command,)))

    print("\nBlasting sequences. This might take several minutes ...")

    # progressbar
    progressbar_width = int(divisor) + 2
    sys.stdout.write("Progress: [%s]" % (" " * progressbar_width))
    sys.stdout.flush()
    sys.stdout.write("\b" * (progressbar_width + 1))

    # execute parallel jobs
    for job in jobs:
        job.start()
        job.join()
        # update the bar
        sys.stdout.write("#")
        sys.stdout.flush()

    sys.stdout.write("\n")

    print("\nBLASTn finished!")

    # merging blast tables generated above
    destination = open(blast_out, 'wb')
    for f in files:
        shutil.copyfileobj(open(f + "_out.csv", 'rb'), destination)
        os.remove(f + "_out.csv")
        if nseqs > 399:
            os.remove(f)

    destination.close()
    print("The BLAST results were written into the file ", blast_out)



[docs]def do_blast(command):
    subprocess.check_output(command, shell=True)



[docs]def getLargestExon(blast_table, E_value=0.001, ident=98, exon_len=300):
    """
    Returns the highest alignment number for each query-sbj match from a blast table.
    """
    table = open(blast_table, "r")
    # A dictionary, where the key is the (query,sbj) tuple
    # and the value is the longest alignment of all the possible
    # alignments between query and sbj.
    exons = {}

    print("Parsing BLAST table ...")
    for alignment in table:
        if 'Query' in alignment:
            continue  # in case the input table has header.

        align_vars = alignment.strip().split(",")  # "blast_table" must be a csv file.
        align_vars[3:10] = [int(i) for i in align_vars[3:10]]
        align_vars[3] -= align_vars[5]  # replaces the alignment length for the exon length

        if float(align_vars[10]) <= E_value and float(align_vars[2]) >= ident:
            if (align_vars[0], align_vars[1]) in exons:
                exons[(align_vars[0], align_vars[1])][-1] += 1  # Counts the number of alignments with that sbj.
                if align_vars[3] > exons[(align_vars[0], align_vars[1])][3]:
                    exons[(align_vars[0], align_vars[1])][:-1] = align_vars[:]
            else:
                exons[(align_vars[0], align_vars[1])] = align_vars[:] + [1]  # The 1st alignment with that sbj.

    bad = []
    print("Deleting exons below %d nucleotides ..." % exon_len)
    for key in exons:  # For deleting (query, sbj) alignments whose largest exon is below exon_len threshold.
        if exons[key][3] < exon_len:
            bad.append(key)
    for key in bad:
        del(exons[key])

    print("There are %s exons" % len(exons))
    return(exons)



[docs]def eraseFalsePosi(exons_dict):
    """
    Keeps the query-sbj match with the longest alignment number.

    From a dictionary generated with the getLargestExon function, where 2 or more
    query-sbj matches shared the same query, eraseFalsePosi keeps the query-sbj
    match with the longest alignment.
    """

    print("Erasing False Positives ...")
    new_exons_dict = {}

    # First sorts alphabetically by query_name and then by the total number of
    # alignments of each query-sbj match.
    keys = sorted([j + (exons_dict[j][-1],) for j in exons_dict.keys()],
                  key=itemgetter(0, 2), reverse=True)

    # Once sorted, throws the number of alignments of each query-sbj match.
    keys = [j[:2] for j in keys]
    unique = list(set([i[0] for i in keys]))
    for i in unique:
        # Since in 'keys', the query-sbj with the highest alignment number
        # always appear on the most-left side, only this one is kept.
        for key in keys:
            if key[0] == i:
                new_exons_dict.update({key: exons_dict[key]})
                break  # That's why we use inmediately break.
        continue

    print("There are %s exons" % len(new_exons_dict))
    return(new_exons_dict)



[docs]def filterByMinDist(genes_loci, MinDist):
    """
    Returns those genes that are separated from its precedent neighbour
    by < MinDist threshold.

    The parameter genes_loci is a list of tuples, where each tuple
    consists of 3 items: a gene_id, start_position and end_position.

    :returns: List of exons that are located too close to each other. Less than
             the threshold set by MinDist.
    """
    genes_loci.sort(key=itemgetter(1, 2))
    genes = []
    last_end = genes_loci[0][2]
    for loci in genes_loci[1:]:
        if loci[1] - last_end < MinDist:  # Exons whose separation is less than MinDist.
            genes.append(loci[0])
            last_end = loci[2]

    return(genes)  # This set will be filtered out in the next function.



[docs]def wellSeparatedExons(exons_dict, MinDist=810000):
    """
    Keeps the exons whose distance to the following exon is > MinDist.

    From a dictionary generated with the getLargestExon function, where 2 or more
    query-sbj matches shared the same sbj, wellSeparatedExons keeps the query-sbj
    match whose distance to the following query-sbj match is greater than MinDist.
    """
    print("Identifying exons separated by %d bases ..." % MinDist)
    scaffolds = list(set([i[1] for i in exons_dict.keys()]))
    for scaff in scaffolds:
        genes_in_scaff = []
        for key in exons_dict:
            if key[1] == scaff:
                gene_loci = (key[0],) + tuple(sorted(exons_dict[key][8:10]))
                genes_in_scaff.append(gene_loci)
        for gene in filterByMinDist(genes_in_scaff, MinDist):  # Use the function above to identify those exons which don't pass the MinDist threshold.
            del(exons_dict[(gene, scaff)])  # And filter them out!

    print("There are %s exons" % len(exons_dict))
    return(exons_dict)



[docs]def place_seq_in_frame(seq):
    """
    Trim nucleotides from the beginning until the sequence does not have any
    stop codons when translated to protein. By doing this, we make sure that
    the sequence is *in frame*. Recursive function.

    :param seq: Seq object
    :return:
    """
    translated = seq.translate().alphabet

    if type(translated) == HasStopCodon:
        seq = place_seq_in_frame(seq[1:])

    return(seq)



[docs]def trim_seq(seq):
    """
    Trims one or two nucleotides from the end of sequences so the length can be
    multiple of 3.

    :param seq: Seq object
    :return:
    """
    if len(seq) % 3 != 0:
        num_bp_to_remove = len(seq) % 3
        seq = seq[:-num_bp_to_remove]
    return(seq)



[docs]def storeExonsInFrame(exons_dict, queries_db, out_file):
    """
    Strips the exon's ends, so that it is in frame, and then stores the results in a file.

    Strip the exon's first and last residues so that they correspond to the start
    and end of a codon, respectively. Then stores the stripped exons in a file.
    """
    queries_dict = SeqIO.index(queries_db, "fasta")

    print("Storing exons ...")
    exons_in_frame = []
    for exon in exons_dict.values():
        if exon[6] % 3 == 1:
            start = exon[6] - 1
            end = exon[7] - exon[7] % 3
            seq = queries_dict[exon[0]].seq[start:end]
            seq = place_seq_in_frame(seq)
            seq = trim_seq(seq)
            ID = queries_dict[exon[0]].id + ':' + str(start + 1) + '-' + str(end)
            exons_in_frame.append(
                SeqRecord(seq, id=ID))

        else:
            start = exon[6] + (3 - exon[6] % 3) % 3
            end = exon[7] - exon[7] % 3
            seq = queries_dict[exon[0]].seq[start:end]
            seq = place_seq_in_frame(seq)
            seq = trim_seq(seq)
            ID = queries_dict[exon[0]].id + ':' + str(start + 1) + '-' + str(end)
            exons_in_frame.append(
                SeqRecord(seq, id=ID))

    SeqIO.write(exons_in_frame, open(out_file, "w"), "fasta")
    print("A total of %s exons are kept" % len(exons_in_frame))
    print("These exons have been stored in the file: " + out_file)



[docs]def blastParser(blast_table, sbj_db, out_file, sp_name='homologous', E_value=0.01, ident=75, exon_len=300):
    """
    Returns the subjects' sequences aligned with the queries as long as they pass
    the thresholds given on the parameters.

    Example:

    >>> from pyphylogenomics import BLAST
    >>> BLAST.blastParser("LongExons_out_blastn_out.csv", "Dp_genome_v2.fasta", "Danaus_exons.fasta", sp_name="Danaus");
    Reading files ...
    Parsing BLAST table ...
    A total of 158 sequences passed the thresholds.
    They have been stored in the file: Danaus_exons.fasta

    The parameter ``sp_name`` is important as it will be used as part of the exons IDs.
    """

    print("Reading files ...")

    table = open(blast_table, "r")
    sbj_dict = SeqIO.index(sbj_db, "fasta")
    seqs = {}

    print("Parsing BLAST table ...")
    for alignment in table:
        if alignment.startswith('Query'):
            continue  # in case the input table has header.

        align_vars = alignment.strip().split(",")  # "blast_table" must be a csv file.
        align_vars[3:10] = [int(i) for i in align_vars[3:10]]
        align_vars[3] -= align_vars[5]  # replaces the alignment length for the exon length

        if float(align_vars[10]) <= E_value and float(align_vars[2]) >= ident and align_vars[3] >= exon_len:
            if align_vars[8] < align_vars[9]:  # The alignment is with the sbj positive strand.
                start = align_vars[8] - 1
                end = align_vars[9]
                seq = sbj_dict[align_vars[1]].seq[start:end]
                ID = align_vars[0] + '-' + '_'.join(sp_name.split()) + '_' + align_vars[1] + ':' + str(start + 1) + '-' + str(end)
                DE = sp_name + ' sequence homologous to ' + align_vars[0] + ':' + str(align_vars[6]) + '-' + str(align_vars[7])
                seqs[ID] = SeqRecord(seq, id=ID, description=DE)
            else:  # The alignment is with the sbj negative strand.
                start = align_vars[9] - 1
                end = align_vars[8]
                seq = sbj_dict[align_vars[1]].seq[start:end].reverse_complement()  # Reverse and complement the plus strand!
                ID = align_vars[0] + '-' + '_'.join(sp_name.split()) + '_' + align_vars[1] + ':c' + str(end) + '-' + str(start + 1)
                DE = sp_name + ' sequence homologous to ' + align_vars[0] + ':' + str(align_vars[6]) + '-' + str(align_vars[7])
                seqs[ID] = SeqRecord(seq, id=ID, description=DE)

    SeqIO.write(seqs.values(), open(out_file, "w"), "fasta")
    print("A total of %s sequences passed the thresholds." % len(seqs))
    print("They have been stored in the file: " + out_file)



[docs]def batch_iterator(iterator, batch_size):
    """Returns lists of length batch_size.

    Taken from http://biopython.org/wiki/Split_large_file

    This can be used on any iterator, for example to batch up
    SeqRecord objects from Bio.SeqIO.parse(...), or to batch
    Alignment objects from Bio.AlignIO.parse(...), or simply
    lines from a file handle.

    This is a generator function, and it returns lists of the
    entries from the supplied iterator.  Each list will have
    batch_size entries, although the final list may be shorter.
    """
    entry = True  # Make sure we loop once
    while entry:
        batch = []
        while len(batch) < batch_size:
            try:
                entry = next(iterator)  # entry = iterator.next()
            except StopIteration:
                entry = None
            if entry is None:
                # End of file
                break
            batch.append(entry)
        if batch:
            yield batch
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  Source code for pyphylogenomics._orthodb

#!/usr/bin/env python

'''
=======
OrthoDB
=======

This module uses the table ``OrthoDB6_Arthropoda_tabtext.csv``
downloaded from OrthoDB (the database of orthologous groups)
ftp://cegg.unige.ch/OrthoDB6 to extract certain features and objects
described below.
'''

import argparse


[docs]class OrthoDB:
    def __init__(self, in_file, species_name):
        self.in_file = in_file
        self.species_name = species_name
        self.single_copy_genes = self._get_single_copy_genes()
        self.genes = self._get_single_copy_genes()

    def _get_single_copy_genes(self):
        '''
        Returns a list of single-copy genes for a species given by user.

        The species name should be in the same format as stated in the input
        file *in_file*.
        '''
        dictio = self._copies_per_gene()

        ids = dict()
        for key in dictio:
            if self.species_name in key and dictio[key] == 1:
                ortho_id = key[2]
                gene = key[1]

                if ortho_id not in ids:
                    ids[ortho_id] = [gene]
                else:
                    ids[ortho_id].append(gene)
            else:
                pass

        genes = list()
        for k, v in ids.items():  # for k, v in ids.iteritems()
            # we want only single copy genes
            if len(v) < 2:
                genes.append(v[0])
        return(genes)

    def _copies_per_gene(self):
        '''
        *Internal function*

        Creates a dictionary with the number of copies per gene and per species.

        The dictionary has as keys tuples=(species_name, gene_name) and
        values=integer that represent the number of copies of that gene
        in the species.
        '''
        dictio = {}

        handle = open(self.in_file, "r")
        handle.readline()  # skip header
        for line in handle:
            line = line.split('\t')
            specie = line[4]
            gene = line[3]
            o_id = line[1]
            if (specie, gene, o_id) not in dictio:
                dictio[(specie, gene, o_id)] = 1
            else:
                dictio[(specie, gene, o_id)] += 1

        handle.close()
        return(dictio)

    def _single_copy_in_species(self, gene_name):
        '''
        Returns the species where the gene_name given by user is a single-copy gene.

        The gene name should be in the same format as stated in the input file
        *in_file*.
        '''
        print("\nLooking for species with single-copy gene: " + str(gene_name))

        dictio = self._copies_per_gene()

        species = list()
        for key in dictio:
            if gene_name in key and dictio[key] == 1:
                print("Found species: " + str(key[0]))
                species.append(str(key[0]))
            else:
                pass

        print("Found " + str(len(species)) + " species.")
        self.species = species
        return(species)

    def _copies_per_gene_table(self, out_file):
        '''
        Stores the number of copies a gene has per species in a file.

        The output file is a table, where each row is a gene, and each columm
        is a species. The values in the table are the number of gene copies.
        Note: the first row in the otput table is the number of single-copy
        genes in a given species.
        '''
        print("Parsing input file...")

        dictio = self._copies_per_gene()

        genes = list(self.genes)
        genes.sort()
        species = list(self.species)
        species.sort()

        # Writing header of output file.
        out_file_handle = open(out_file, "w")
        out_file_handle.write("Genes\t" + "\t".join(species) + '\n')

        nr = []  # To store number of single-copy genes per specie.
        for sp in species:
            nr.append(0)
            for gn in genes:
                if (sp, gn) in dictio and dictio[(sp, gn)] == 1:
                    nr[-1] += 1  # This is a single-copy gene. Count it!
                else:
                    pass

        nr = [str(i) for i in nr]
        out_file_handle.write("Nr_single_copy_genes\t" + "\t".join(nr) + '\n')

        for gn in genes:
            row = [gn]
            for sp in species:
                if (sp, gn) in dictio:
                    row.append(str(dictio[(sp, gn)]))
                else:
                    row.append(str(0))

            out_file_handle.write("\t".join(row) + '\n')

        out_file_handle.close()

        print("\nOUTPUT FILE WAS GENERATED!")
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  All modules for which code is available
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  Source code for pyphylogenomics.MUSCLE

'''
======
MUSCLE
======

Reads in sequences from files, group homologous sequences based on gene IDs and aligns them.
'''

from Bio import SeqIO
from Bio import AlignIO
from Bio.Seq import Seq
from Bio.Alphabet import generic_dna
from Bio.SeqRecord import SeqRecord
from Bio.Align.Applications import MuscleCommandline
import subprocess
import sys
import time
import os
import string
import re
import requests
import glob


[docs]def batchAlignment(files):
    '''
    Reads in sequences from files, group homologous sequences and aligns them.

    ``files`` a list of file names. The first file in the list should
    be the master file (e.g. exon sequences of *Bombyx mori*).

    Example:

    >>> from pyphylogenomics import MUSCLE
    >>> files = ['Bmori_exons.fasta', 'Danaus_exons.fasta','Heliconius_exons.fasta','Manduca_exons.fasta']
    >>> MUSCLE.batchAlignment(files)

    All aligned sequences will be written into a folder called ``alignments`` as
    FASTA files (one file per exon).
    '''

    # create folder for saving alignments
    folder = "alignments"
    if not os.path.exists(folder):
        os.makedirs(folder)

    for idx, f in enumerate(files):  # Read each file into a dictionary.
        exec("handle%d = %s" % (idx + 1, "SeqIO.index(f, 'fasta')"))

    count = 0  # To count the number of homologous groups.
    print("If you are using Windows...")
    time.sleep(1)
    print("many command line shells might pop up now.")
    time.sleep(3)

    for ID1 in handle1:  # Parsing the master file.
        seqs_list = []
        seqs_list.append(SeqRecord(handle1[ID1].seq, id=ID1))
        print("Pooling gene %s" % ID1)

        idx = len(files)
        while idx > 1:  # Parsing the other files.
            script = '''for ID2 in handle%d:
    if ID1.split(':')[0] == re.sub(":.+$", "", ID2.split('-')[0]):
        seqs_list.append(SeqRecord(handle%d[ID2].seq, id = ID2))'''
            exec(script % (idx, idx))
            idx -= 1

        # TODO: Add a command for PSAs, for cases where the homologous group
        # has only 2 sequences.

        if len(seqs_list) > 2:  # Now perfom the MSA.
            count += 1

            path = os.path.join(folder, ID1.split(':')[0] + ".fasta")
            muscle_cline = MuscleCommandline(out=path, fasta=True)

            child = subprocess.Popen(str(muscle_cline),
                                     stdin=subprocess.PIPE,
                                     stderr=subprocess.PIPE,
                                     shell=(sys.platform != "win32"))  # In case the user's machine is not Windows.

            SeqIO.write(seqs_list, child.stdin, "fasta")
            child.stdin.close()

            time.sleep(3)  # Wait 3 seconds to not fill off the screen with CMDs.

    print("%d alignments have been saved in the folder \"%s\"" % (count, folder))



[docs]def bluntSplicer(folder_path, window=20):
    '''
    Splices Multiple Sequence Alignments objects found in *folder_path*.
    Objects should be in FASTA format. Gaps from both flanks of the alignments
    will be trimmed.

    Window size is used to find gaps in flanks (default 20 nucleotides).
    **bluntSplicer** reads the MSA files from *folder_path*, and stores the spliced MSAs
    in the same folder.

    Example:

    >>> from pyphylogenomics import MUSCLE
    >>> MUSCLE.bluntSplicer("alignments/") # folder_path containing the FASTA file alignments
    '''

    folder_path = folder_path.strip()
    folder_path = re.sub("/$", "", folder_path)

    # MUSCLE.batchAlignment.py created a alignments folder_path.
    for path in glob.glob(os.path.join(folder_path, "*.fasta")):
        alignment = AlignIO.read(path, "fasta")
        print("\nSplicing %s file" % path.split("\\")[-1])
        for i in range(0, alignment.get_alignment_length()):  # For checking gaps on the left flank.
            gap = False
            for record in alignment[:, i:i + window]:
                if "-" in record.seq:
                    gap = True
                    break
                else:
                    continue
            if gap is False:
                start = i
                break

        for i in range(alignment.get_alignment_length(), 0, -1):  # For checking gaps on the right flank.
            gap = False
            for record in alignment[:, i - window:i]:
                if "-" in record.seq:
                    gap = True
                    break
                else:
                    continue
            if gap is False:
                end = i
                break

        out = path.split(".fasta")[0] + "_bluntlySpliced.fasta"  # Saving edited MSAs in same folder.
        AlignIO.write(alignment[:, start:end], out, "fasta")



[docs]def designPrimers(folder, tm="55", min_amplength="100", max_amplength="500", gencode="universal", mode="primers", clustype="dna", amptype="dna_GTRG", email=""):
    '''
    It will send a FASTA alignment to `primers4clades`_ in order to design degenerate primers. Input data needed:

    * Alignment in FASTA format containing at least 4 sequences.
    * Several parameters:

        * temperature
        * minimium amplicon length
        * maximum amplicon length
        * genetic code
        * cluster type
        * substitution model
        * email address

   Example:
   The values shown are the default. Change them if needed.

    >>> from pyphylogenomics import MUSCLE

    >>> folder = "alignments"   # folder containing the FASTA file alignments
    >>> tm = "55"               # annealing temperature
    >>> min_amplength = "250"   # minimium amplicon length
    >>> max_amplength = "500"   # maximum amplicon length
    >>> gencode = "universal"   # see below for all available genetic codes
    >>> mode  = "primers"
    >>> clustype = "dna"
    >>> amptype = "dna_GTRG"    # substitution model used to estimate phylogenetic information
    >>> email = "youremail@email.com"   # primer4clades will send you an email with very detailed results

    >>> MUSCLE.designPrimers(folder, tm, min_amplength, max_amplength, gencode, mode, clustype, amptype, email)

    The best primer pairs will be printed to your screen. Detailed results will
    be saved as HTML files in your alignments folder. But it is recommended if
    you also get the results by email. primers4clades_ will send you one email
    for each alignment.

    The genetic code table (variable ``gencode``) can be any of the following:

    * ``universal`` for standard
    * ``2`` for vertebrate mitochondrial
    * ``3`` for yeast mitochondrial
    * ``4`` for mold and protozoa mitochondrial
    * ``5`` for invertebrate mitochondrial
    * ``6`` for ciliate
    * ``9`` for echinoderm and flatworm
    * ``10`` for  euplotid nuclear
    * ``11`` for  bacterial and plastid
    * ``12`` for  alternative yeast nuclear
    * ``13`` for  ascidian mitochondrial
    * ``14`` for  flatworm mitochondrial
    * ``15`` for  Blepharisma nuclear
    * ``16`` for  Chlorophycean mitochondrial
    * ``21`` for  Trematode mitochondrial
    * ``22`` for  Scenedesmus obliquus mitochondrial
    * ``23`` for  Thraustochytrium mitochondrial

    The evolutionary substitution model can be any of the following (variable
    ``amptype``):

    * ``protein_WAGG``  for protein WAG+G
    * ``protein_JTTG``  for protein JTT+G
    * ``protein_Blosum62G``  for protein Blosum62+G
    * ``protein_VTG``  for protein VT+G
    * ``protein_DayhoffG``  for protein Dayhoff+G
    * ``protein_MtREVG``  for protein MtREV+G
    * ``dna_HKYG``  for dna HKY+G
    * ``dna_GTRG``  for dna GTR+G
    * ``dna_K80G``  for dna K80+G
    * ``dna_TrNG``  for dna TrN+G
    * ``dna_JC69G``  for dna JC69+G

    .. _primers4clades: http://floresta.eead.csic.es/primers4clades/#0
    '''

    if os.path.exists(folder):
        # are there alignments/files in that folder?
        all_files = os.path.join(folder, "*")
        alns = glob.glob(all_files)

        if len(alns) > 0:
            url = "http://floresta.eead.csic.es/primers4clades/primers4clades.cgi"
            params = {'tm': tm, 'min_amplength': min_amplength,
                      'max_amplength': max_amplength, 'mode': mode, 'gencode':
                      gencode, 'clustype': clustype, 'email': email,
                      }

            primers = []
            for aln in alns:
                # match only files ending in .FAS[TA]
                if re.search("fas[ta]*$", aln, re.I):
                    print("\nProcessing file \"%s\"" % aln)
                    files = {'sequencefile': open(aln, 'rb')}
                    r = requests.post(url, files=files, data=params)

                    this_file = os.path.split(aln)[1]
                    this_file = re.sub(".fas.*", "", this_file)

                    # Save result to file
                    to_print = "Writing detailed results as file \""
                    to_print += str(aln) + ".html\""
                    print(to_print)

                    f = open(str(aln) + ".html", "w")
                    f.write(r.text)
                    f.close()

                    # Show primer pair to user
                    html_file = string.split(r.text, "\n")
                    i = 1
                    for line in html_file:
                        if "degen_corr" in line:
                            seq = line.split(" ")[0].strip()

                            description = line.split(" ")[2].strip()

                            this_id = this_file + "_" + line.split(" ")[1].strip()
                            this_id += "_" + str(i)

                            seq = Seq(seq, generic_dna)
                            seq_record = SeqRecord(seq)
                            seq_record.id = this_id
                            seq_record.description = description
                            primers.append(seq_record)
                            i = int(i)
                            i = i + 1

                        if i == 3:
                            break

            # Write primers to alignment file
            SeqIO.write(primers, "primers.fasta", "fasta")
            print("\nDone.\nAll primers have been saved in the file \"primers.fasta\"")

        else:
            print("\nError! the folder \"%s\" is empty.\n" % folder)

    else:
        print("\nError! the folder \"%s\" does not exists.\n" % folder)
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