

    
      
          
            
  
Welcome to Read the Docs

This is an autogenerated index file.

Please create an index.rst or README.rst file with your own content
under the root (or /docs) directory in your repository.

If you want to use another markup, choose a different builder in your settings.
Check out our Getting Started Guide [https://docs.readthedocs.io/en/latest/getting_started.html] to become more
familiar with Read the Docs.
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CHANGES.md


v0.2.9


	fix 1ssue #132: TETRA would fail if not all 4-mers present in all input sequences







v0.2.8


	fixed warnings about deprecated usage of pandas and other syntax


	ANIb now respects the --workers argument (PR #127 from Özcan Esen [https://github.com/ozcan])


	distance matrices are converted from square to condensed form for linkage analysis


	matplotlib calls use new API (‘false’, ‘off’ -> False; ‘true’, ‘on’ -> True)


	deprecate legacy BLAST testing: ANIblastall commands still work, but are no longer supported


	update concordance tests (issue #105)


	extend test suites (issue #104)


	modify ANIm concordance test to accommodate new command structure


	add delta-filter wrapper for compatibility with SGE/OGE schedulers







v0.2.7


	Fix for issue #97 where numeric arguments to the GenBank download script were not recognised


	GenBank download script now insists on integer input for --batchsize, --retries, and --timeout


	Added setup.cfg that points to README.md


	Fix issue #97 where valid input arguments were not recognised in the download script







v0.2.6


	Add Dockerfiles for making Docker images







v0.2.5


	Version bump to fix PyPI wheel/script shebangs







v0.2.4


	ANIm now uses delta-filter to remove alignments of repeat regions (issue #91)


	added --filter_exe option to specify location of delta-filter utility (issue #91)


	fixed --format option so that GenBank downloads work again (issue #89)


	add --SGEargs option to average_nucleotide_identity.py for custom qsub settings


	README.md badges now clickable


	--version switch added to average_nucleotide_identity.py


	FTP timeouts are now caught differently in genbank_get_genomes_by_taxon.py


	Additional characters in NCBI FTP URIs now escaped in genbank_get_genomes_by_taxon.py - should be fewer failed downloads


	Modified error messaging when NUCmer alignment fails


	average_nucleotide_identity.py argument documentation improvements


	Script now fails immediately if label or class files missing (issue #78)


	Changes to --noclobber log behaviour (issue #79)


	fixed --rerender code (issue #85)







v0.2.3


	fixes a bug in the installed scripts where the shebang (#!) in wheel and egg packages pointed to a development Python







v0.2.2


	fix for issue #53 (–maxmatch has no effect)


	fix to genbank_get_genomes_by_taxon.py to account for NCBI FTP location changes


	fixed issue #52 (local variable bug)


	fixed issued #49 (TETRA failure) and #51 (matplotlib bug)


	add several tests and support for codecov.io, landscape.io and Travis-CI


	removed requirement for rpy2


	moved scripts to bin/ subdirectory







v0.2.1


	pyani now requires rpy2 v2.8.0 in order to satisfy running under Anaconda (see issue #26)


	pyani now checks for presence of rpy2 and - when run from source - if rpy2 is not available, pyani doesn’t throw an error until R graphical output is requested. If installed via pip, then pyani still raises pkg_resources.DistributionNotFound if rpy2 is missing.


	Updated genbank_get_genomes_by_taxon.py script to use the new FTP locations at NCBI for each assembly.


	Fixed bug where ANIb would not go to completion if empty BLASTN files were generated (see issue #27)


	Fixed bug where ANIm would not finish under multiprocessing if input sequences were highly divergent.


	Added Hadamard product of percentage identity and alignment coverage as output.


	Fixed bug where label/classes are out of sync with new NCBI downloaded filenames


	Added –rerender option to draw (new) graphics from old output, without recalculation


	Corrected matplotlib row dendrogram orientation


	Seaborn output no longer dumps core on large (ca. 500 genome) datasets


	genbank_get_genomes_by_taxon.py attempts to identify cause for failed downloads and correct, where nomenclature/versions are at fault


	graceful replacement of classes that are not present in classes.txt


	add pyani version to log file







v0.2.0


	Merged pull request [https://github.com/widdowquinn/pyani/pull/17] from peterjc to make printing from tests Python3-friendly.


	Merged pull request [https://github.com/widdowquinn/pyani/pull/21] from peterjc to use open() for opening files.


	Merged pull request [https://github.com/widdowquinn/pyani/pull/24] from peterjc to cope with missing labels/classes more gracefully


	Fixed -s/--fragsize option in average_nucleotide_identity.py (thanks to Joseph Adelskov for hte report).


	BLAST and nucmer results are now written to a subdirectory of the output folder. By default, these sequence search output files are compressed, but this behaviour can be suppressed using the --nocompress option.


	Added genbank_get_genomes_by_taxon.py as an aid to downloading publicly-available genome files from GenBank, for analysis.










          

      

      

    

  

    
      
          
            
  
CONTRIBUTORS.md


	Leighton Pritchard [https://github.com/widdowquinn]


	Peter Cock [https://github.com/peterjc]


	ytanizaw [https://github.com/ytanizaw]


	Will Trimble [https://github.com/wltrimbl]


	Özcan Esen [https://github.com/ozcan]








          

      

      

    

  

    
      
          
            
  
README-docker.md

This document describes using building/testing a Docker container for pyani


Set up the registry

Start the registry container.

$ docker run -d -p 5000:5000 --restart=always --name registry registry:2








Build the image

$ docker build -t leightonpritchard/pyani .





Note on passing arguments: https://stackoverflow.com/questions/32727594/how-to-pass-arguments-to-shell-script-through-docker-run

Note on Python image: https://store.docker.com/images/python







          

      

      

    

  

    
      
          
            
  
README.md (pyani)

[image: PyPi version]pyani PyPi version [https://pypi.python.org/pypi/pyani]
[image: PyPi licence]pyani licence [https://github.com/widdowquinn/pyani/blob/master/LICENSE]
[image: _images/pyani2.svg]pyani TravisCI build status [https://travis-ci.org/widdowquinn/pyani/branches]
[image: _images/master.svg]pyani codecov.io coverage [https://codecov.io/github/widdowquinn/pyani]
[image: _images/average_nucleotide_identity.svg]pyani Docker Pulls [https://hub.docker.com/r/leightonpritchard/average_nucleotide_identity]
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Overview

pyani is a Python3 module that provides support for calculating average nucleotide identity (ANI) and related measures for whole genome comparisons, and rendering relevant graphical summary output. Where available, it takes advantage of multicore systems, and can integrate with SGE/OGE [http://gridscheduler.sourceforge.net/]-type job schedulers for the sequence comparisons.

pyani installs the following scripts into the $PATH:


	average_nucleotide_identity.py that enables command-line ANI analysis.


	genbank_get_genomes_by_taxon.py that downloads publicly-available genomes from NCBI.


	delta_filter_wrapper.py is a helper script required to run delta-filter on SGE/OGE systems.







Installation

The easiest way to install pyani is to use pip3:

pip3 install pyani





From version 0.1.3.2 onwards, this should also install all the required Python package dependencies. Prior to this version (i.e. 0.1.3.1 and earlier), you can acquire these dependencies with pip -r, and pointing at requirements.txt from this repository:

pip3 install -r requirements.txt








Docker images

pyani’s scripts are also provided as Docker [https://www.docker.com/] images, that can be run locally as containers. To use these images, first install Docker, then to run the corresponding scripts issue either:

docker run -v ${PWD}:/host_dir leightonpritchard/average_nucleotide_identity





or

docker run -v ${PWD}:/host_dir leightonpritchard/genbank_get_genomes_by_taxon





The -v ${PWD}:/host_dir argument enables the Docker container to see the current directory. Without this argument, the container will not be able to see your input files, or write output data.




Testing pyani

pyani includes tests that can be run with nosetest (including coverage measurement using coverage.py) with the following command, executed from the repository root directory:

nosetests --cover-erase --cover-package=pyani --cover-html --with-coverage





Coverage output will be placed (by default) in the cover subdirectory, and can be loaded into the web browser.




Running pyani


Script: [bookmark: average_nucleotide_identity.py]average_nucleotide_identity.py

The average_nucleotide_identity.py script - installed as part of this package - enables straightforward ANI analysis at the command-line, and uses the pyani module behind the scenes.

You can get a summary of available command-line options with average_nucleotide_identity.py -h

$ average_nucleotide_identity.py -h
usage: average_nucleotide_identity.py [-h] [-o OUTDIRNAME] [-i INDIRNAME] [-v]
                                      [-f] [-s FRAGSIZE] [-l LOGFILE]
                                      [--skip_nucmer] [--skip_blastn]
                                      [--noclobber] [--nocompress] [-g]
                                      [--gformat GFORMAT] [--gmethod GMETHOD]
                                      [--labels LABELS] [--classes CLASSES]
                                      [-m METHOD] [--scheduler SCHEDULER]
                                      [--workers WORKERS]
                                      [--SGEgroupsize SGEGROUPSIZE]
                                      [--maxmatch] [--nucmer_exe NUCMER_EXE]
                                      [--blastn_exe BLASTN_EXE]
                                      [--makeblastdb_exe MAKEBLASTDB_EXE]
                                      [--blastall_exe BLASTALL_EXE]
                                      [--formatdb_exe FORMATDB_EXE]
                                      [--write_excel] [--subsample SUBSAMPLE]
                                      [--seed SEED] [--jobprefix JOBPREFIX]


[…]





Example data and output can be found in the directory test_ani_data. The data are chromosomes of four isolates of Caulobacter. Basic analyses can be performed with the command lines:

$ average_nucleotide_identity.py -i tests/test_ani_data/ -o tests/test_ANIm_output -m ANIm -g
$ average_nucleotide_identity.py -i tests/test_ani_data/ -o tests/test_ANIb_output -m ANIb -g
$ average_nucleotide_identity.py -i tests/test_ani_data/ -o tests/test_ANIblastall_output -m ANIblastall -g
$ average_nucleotide_identity.py -i tests/test_ani_data/ -o tests/test_TETRA_output -m TETRA -g





The graphical output below, supporting assignment of NC_002696 and NC_011916 to the same species (C.crescentus), and the other two isolates to distinct species (NC_014100:C.segnis; NC_010338:C. sp K31), was generated with the command-line:

average_nucleotide_identity.py -v -i tests/test_ani_data/ \
    -o tests/test_ANIm_output/ -g --gformat png,pdf,eps \
    --classes tests/test_ani_data/classes.tab \
    --labels tests/test_ani_data/labels.tab





[image: ANIm percentage identity]ANIm percentage identity for Caulobacter test data
[image: ANIm alignment coverage]ANIm alignment coverage for Caulobacter test data
[image: ANIm alignment length]ANIm alignment length for Caulobacter test data
[image: ANIm alignment similarity]ANIm alignment similarity errors for Caulobacter test data




Script: [bookmark: genbank_get_genomes_by_taxon.py]genbank_get_genomes_by_taxon.py

The script genbank_get_genomes_by_taxon.py, installed by this package, enables download of genomes from NCBI, specified by taxon ID. The script will download all available assemblies for taxa at or below the specified node in the NCBI taxonomy tree.

Command-line options can be viewed using:

$ genbank_get_genomes_by_taxon.py -h
usage: genbacnk_get_genomes_by_taxon.py [-h] [-o OUTDIRNAME] [-t TAXON] [-v]
                                        [-f] [--noclobber] [-l LOGFILE]
                                        [--format FORMAT] [--email EMAIL]
                                        [--retries RETRIES]
                                        [--batchsize BATCHSIZE]
[…]





For example, the NCBI taxonomy ID for Caulobacter is 75, so all publicly-available Caulobacter sequences can be obtained using the command-line:

$ genbank_get_genomes_by_taxon.py -o Caulobacter_downloads -v -t 75 -l Caulobacter_downloads.log --email me@my.email.domain
INFO: genbank_get_genomes_by_taxon.py: Mon Apr 18 17:22:54 2016
INFO: command-line: /Users/lpritc/Virtualenvs/pyani3/bin/genbank_get_genomes_by_taxon.py -o Caulobacter_downloads -v -t 75 -l Caulobacter_downloads.log --email me@my.email.domain
INFO: Namespace(batchsize=10000, email='me@my.email.domain', force=False, format='gbk,fasta', logfile='Caulobacter_downloads.log', noclobber=False, outdirname='Caulobacter_downloads', retries=20, taxon='75', verbose=True)
INFO: Set NCBI contact email to me@my.email.domain
INFO: Creating directory Caulobacter_downloads
INFO: Output directory: Caulobacter_downloads
INFO: Passed taxon IDs: 75
INFO: Entrez ESearch with query: txid75[Organism:exp]
INFO: Entrez ESearch returns 29 assembly IDs
INFO: Identified 29 unique assemblies
INFO: Taxon 75: 29 assemblies
[…]
INFO: Assembly 639581: 271 contigs
INFO: Assembly 233261: 17 contigs
INFO: Assembly 575291: 48 contigs
INFO: Mon Apr 18 17:25:46 2016
INFO: Done.





NOTE: You must provide a valid email to identify yourself to NCBI for troubleshooting.

The number of attempted retries for each download, and the size of a batch download can be modified. By default, the script will attempt 20 download retries, and obtain sequences in batches of 10000.






DEPENDENCIES

Note that Python package dependencies should automatically be installed if you are using version 0.1.3.2 or greater, and installing with pip install pyani.

For earlier versions, you can satisfy dependencies by using pip install -r requirements.txt (using the requirements.txt file in this repository).


For ANI analysis


	Biopython http://www.biopython.org


	NumPy http://www.numpy.org/


	pandas http://pandas.pydata.org/


	SciPy http://www.scipy.org/





Alignment tools


	BLAST+ executable in the $PATH, or available on the command line (required for ANIb analysis) ftp://ftp.ncbi.nlm.nih.gov/blast/executables/blast+/LATEST/


	legacy BLAST executable in the $PATH or available on the command line (required for ANIblastall analysis) ftp://ftp.ncbi.nlm.nih.gov/blast/executables/release/LATEST/


	MUMmer executables in the $PATH, or available on the command line (required for ANIm analysis) http://mummer.sourceforge.net/









For graphical output


	matplotlib http://matplotlib.org/


	seaborn https://github.com/mwaskom/seaborn









Method and Output Description


Average Nucleotide Identity (ANI)

This module calculates Average Nucleotide Identity (ANI) according to one of a number of alternative methods described in, e.g.


	Richter M, Rossello-Mora R (2009) Shifting the genomic gold standard for the prokaryotic species definition. Proc Natl Acad Sci USA 106: 19126-19131. doi:10.1073/pnas.0906412106. (ANI1020, ANIm, ANIb)


	Goris J, Konstantinidis KT, Klappenbach JA, Coenye T, Vandamme P, et al. (2007) DNA-DNA hybridization values and their relationship to whole-genome sequence similarities. Int J Syst Evol Micr 57: 81-91. doi:10.1099/ijs.0.64483-0.




ANI is proposed to be the appropriate in silico substitute for DNA-DNA
hybridisation (DDH), and so useful for delineating species boundaries. A
typical percentage threshold for species boundary in the literature is 95%
ANI (e.g. Richter et al. 2009).

All ANI methods follow the basic algorithm:


	Align the genome of organism 1 against that of organism 2, and identify the matching regions


	Calculate the percentage nucleotide identity of the matching regions, as an average for all matching regions




Methods differ on: (1) what alignment algorithm is used, and the choice of parameters (this affects the aligned region boundaries); (2) what the input is for alignment (typically either fragments of fixed size, or the most complete assembly available).


	ANIm: uses MUMmer (NUCmer) to align the input sequences.


	ANIb: uses BLASTN+ to align 1020nt fragments of the input sequences


	ANIblastall: uses legacy BLASTN to align 1020nt fragments of the input sequences


	TETRA: calculates tetranucleotide frequencies of each input sequence




The algorithms takes as input correctly-formatted FASTA multiple sequence files. All sequences for a single organism should be contained in only one sequence file. Although it is possible to provide new labels for each input genome, for rendering graphical output, the names of these files are used for identification so it is best to name
them sensibly.

Output is written to a named directory. The output files differ depending on the chosen ANI method.


	ANIm: MUMmer/NUCmer .delta files, describing each pairwise sequence alignment. Output as tab-separated plain text format tables describing: alignment coverage; total alignment lengths; similarity errors; and percentage identity (ANIm).


	ANIb and ANIblastall: FASTA sequences describing 1020nt fragments of each input sequence; BLAST nucleotide databases - one for each set of fragments; and BLASTN output files (tab-separated tabular format plain text) - one for each pairwise comparison of input sequences. Output as tab-separated plain text tables describing: alignment coverage; total alignment lengths; similarity errors; and percentage identity (ANIb or ANIblastall).


	TETRA: Tab-separated plain text files describing the Pearson correlations between Z-score distributions for each tetranucleotide in each input sequence (TETRA).




If graphical output is chosen, the output directory will also contain PDF, PNG and EPS files representing the various output measures as a heatmap with row and column dendrograms. Other output formats (e.g. SVG) can be specified with the --gformat argument.






Developer notes

The pyani package is presented at GitHub [https://github.com/widdowquinn/pyani] under two main branches:


	master is the source code underpinning the most recent/current release of pyani. It will (almost) always be in sync with the latest release found at https://github.com/widdowquinn/pyani/releases. The only time this code should not be in sync with the release is when there are modifications to documentation, or immediately preceding a release.


	development is the current bleeding-edge version of pyani. It should (almost) always be in a working and usable condition, but may not be complete and/or some features may be missing or still under development.




### Code Style and Pre-Commit Hooks

The source code for pyani is expected to conform to flake8 linting, and black code styling. These are enforced as pre-commit hooks using the pre-commit package (included in requirements.txt).

The black and flake8 hooks are defined in .pre-commit-config.yaml. Custom settings for flake8 are held in .flake8.

To enable pre-commit checks in the codebase on your local machine, execute the following command in the root directory of this repository:

pre-commit install








Licensing

Unless otherwise indicated, all code is subject to the following agreement:

(c) The James Hutton Institute 2014-2019
Author: Leighton Pritchard

Contact: leighton.pritchard@hutton.ac.uk

Address: 
Leighton Pritchard,
Information and Computational Sciences,
James Hutton Institute,
Errol Road,
Invergowrie,
Dundee,
DD6 9LH,
Scotland,
UK





The MIT License

Copyright (c) 2014-2019 The James Hutton Institute

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the “Software”), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED “AS IS”, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
THE SOFTWARE.







          

      

      

    

  

    
      
          
            
  
README.md - pyani/tests

This README describes the pyani testing suite


Testing pyani


Dependencies

The tests in this directory rely on the nose [https://nose.readthedocs.org/en/latest/] package, which can be installed using

pip install nose








Running tests

To run the tests in this directory with nose run the following command:

nosetests





This will run silently for quite a while (the comparisons are not quick), but should generate output that looks like this:

$ nosetests
........
Thread 2: value 0
Thread 2: value 1
Thread 3: value 0
Thread 3: value 1
Thread 3: value 2
Thread 1: value 0
Thread 4: value 0
Thread 4: value 1
Thread 4: value 2
Thread 4: value 3
..
----------------------------------------------------------------------
Ran 14 tests in 804.833s

OK










The tests


test_cmdlines.py

This tests the correct generation of nucmer command lines by the anim.py module.




test_concordance.py

This tests the results of ANIm, ANIb, ANIblastall and TETRA analysis (using the relevant modules, not the average_nucleotide_identity.py script) against the corresponding results from the JSpecies [http://imedea.uib-csic.es/jspecies/] package. The JSpecies output has previously been collected and is described in test_JSpecies/README.md.




test_dependencies.py

Tests whether pyani’s dependencies are installed.




test_multiprocessing.py

Tests correct functioning of the run_multiprocessing module.

### test_parsing.py

Tests correct parsing of nucmer .delta files by anim.






Other files

Four directories contain reference tabular output files, to check consistency of analysis output on the test data in test_ani_data:


	target_ANIb_output/


	target_ANIblastall_output/


	target_ANIm_output/


	target_TETRA_output/




The test_ani_data directory contains input files for testing pyani, and examples for comparative testing of graphics output.

The test_failing_data directory contains input data that throws expected errors in ANI analysis, as described in test_failing_data/README.md.







          

      

      

    

  

    
      
          
            
  # README.md - test_JSpecies

## Overview

This directory contains output data from JSpecies version 1.2.1 [http://imedea.uib-csic.es/jspecies/download.html], as applied to the four FASTA files located in ../test_ani_data:


	NC_002696.fna


	NC_010338.fna


	NC_011916.fna


	NC_014100.fna





Files


	jspecies_results.tab: ANI tables saved from the JSpecies GUI.


	NC_002696_1020_vs_NC_010338_JSpecies.tab: legacy BLASTN tab-separated (-m 8) output for one of the JSpecies comparisons. The .blast tables written into pyani_tests by JSpecies are not the native BLAST output. This file is provided for comparison purposes.


	pyani_tests: directory containing output files generated by JSpecies during the analysis.








          

      

      

    

  

    
      
          
            
  
README.md - test_failing_data

This set of sequences should be a ‘failing’ data set, where at least one pair of genome sequences has no appreciable similarity to each other, generating zero values from alignment output that can be problematic in processing.


Genomes


	NC_000918.fna: Aquifex aeolicus VF5 chromosome


	NC_010473.fna: Escherichia coli str. K-12 substr. DH10B chromosome


	NC_013353.fna: Escherichia coli O103:H2 str. 12009


	NC_015216.fna: Methanobacterium sp. AL-21 chromosome


	NC_023044.fna: Methanobacterium sp. MB1 complete sequence







Command-line

bin/average_nucleotide_identity.py -i tests/test_failing_data/ -o ./test_out -m ANIm -g --gformat png








Expected error

WARNING: Total alignment length reported in ./test_out/nucmer_output/NC_015216_vs_NC_000918.delta is zero!
WARNING: Total alignment length reported in ./test_out/nucmer_output/NC_010473_vs_NC_023044.delta is zero!
WARNING: Total alignment length reported in ./test_out/nucmer_output/NC_000918_vs_NC_023044.delta is zero!
WARNING: Total alignment length reported in ./test_out/nucmer_output/NC_010473_vs_NC_015216.delta is zero!
WARNING: Total alignment length reported in ./test_out/nucmer_output/NC_013353_vs_NC_015216.delta is zero!
WARNING: Total alignment length reported in ./test_out/nucmer_output/NC_010473_vs_NC_000918.delta is zero!
WARNING: Total alignment length reported in ./test_out/nucmer_output/NC_013353_vs_NC_000918.delta is zero!
WARNING: Total alignment length reported in ./test_out/nucmer_output/NC_013353_vs_NC_023044.delta is zero!
ERROR: This is possibly due to a NUCmer comparison being too distant for use. Please consider using the --maxmatch option.
ERROR: This is alternatively due to NUCmer run failure, analysis will continue, but please investigate.











          

      

      

    

  _static/comment-bright.png





_static/ajax-loader.gif





_static/comment-close.png





_static/comment.png





_images/ANIm_alignment_lengths.png
500000 —

a100000 B

2100000

00000

C.crescentus NAL00D

C.crescentus CB15

C.segnis ATCC 21756

Caulobacter sp. K31

Caulobacter sp. K31

C.segnis ATCC 21756
C.crescentus CB15
C.crescentus NAL00D





_images/ANIm_percentage_identity.png
Caulobacter sp. K31
C seqnis ATCC 21756
C crescentus NA100O
C crescentus CB15

1631 s 3pegoine)

95LTZ 201 Subas >

000TYN Smus3s31>

s80 smuassan






_images/ANIm_alignment_coverage.png
100

,
[E—

C.crescentus NAL00D

C.crescentus CB15

C.segnis ATCC 21756

Caulobacter sp. K31

000TYN SMu=3s31>5

180 smuassany

95412 201y SB35

Tex “ds 1aeqomne).





_images/ANIm_similarity_errors.png
000

Caulobacter sp. K31

C.segnis ATCC 21756

C.crescentus NAL00D

C.crescentus CB15

1631 s 3pegoine)

95LTZ 201 Subas >

000TYN Smus3s31>

s80 smuassan





_static/down-pressed.png





nav.xhtml

    
      Table of Contents


      
        		
          Welcome to Read the Docs
        


      


    
  

_static/file.png





_static/minus.png





_static/down.png





_static/up-pressed.png





_static/up.png





_static/plus.png





