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T-Coffee Installation


Warning

This chapter has been extensively updated in 11/2016. Installation of T-Coffee versions lower than version 9.03 may now be deprecated. Contact us if you need to install an older version !
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Quick Start Regressive Algorithm


Introduction

This document introduces the regressive mode of T-Coffee (please cite the Nature Biotech original publication [https://www.nature.com/articles/s41587-019-0333-6]). It is meant to align very large datasets with a high accuracy. In order to use it, you need a complete installation of T-Coffee with all supported third-party packages. These come by default in the installation package but you will have to install them manualy if you compile T-Coffee from its source code. See the installation section [https://tcoffee.readthedocs.io/en/latest/tcoffee_installation.html#installation] for more details.

Multiple sequence alignments (MSA) are usualy estimated by progressively aligning all the sequences, starting with the most similar. The regressive alignment is a new procedure that proceeds the other way around and starts by aligning the most distantly related sequences first. Like its progressive sibblin, the regressive algorithm starts with a guide tree. It uses this guide tree to extract the N most diverse sequences. In this first intermediate MSA, each sequence is either a leaf or the representative of a subtree. The algorithm is re-aplied recursively onto every representative sequence until all sequences have been incorporated in an internediate MSA of max size N. The final MSA is then obtained by merging all the intermediate MSAs into the final MSA. The merging is very efficient and does not require further alignment because the intermediate MSAs contain common sequences.

Aside from its improved accuracy, the main benefit of this protocol is to allow any third party multiple sequence aligner to be applied on the sub-groups (ClustalO, MAfft, etc) and any third party guide-tree protocol. The default T-Coffee supports a large number of internal and external package [https://tcoffee.readthedocs.io/en/latest/tcoffee_main_documentation.html#internal-external-methods] but if the one you need is not supported, note that it is relatively simple to create a configuration file allowing T-Coffee to interact with the package you need as documented here [https://tcoffee.readthedocs.io/en/latest/tcoffee_main_documentation.html#advanced-method-integration].

When deployed serialy, the regressive algorithm scales linearly with the number of sequences both in time and memory. The amount of memory it needs is roughly the amount of memory required to align N sequences with the selected alignment method. Given TOT sequences, the amount of time is roughly TOT/N*(amount of time required to align N Seq with the selected method). The algorithm implementation is multi-threaded and owing to its embarrasingly parralel nature, it benefits from a very efficient speedup when deployed this way.

In the following document, we list its main options and how these can be deployed from the T-Coffee algorithm.


Note

REG does not support ALL the T-Coffee options. It is especially limited with respect to input and output and will only allow FASTA.
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Quick Start Unistrap


Introduction

This document introduces the unsitsrap strategy that incorpates MSA instability into the estimation of the Felsentein Bootstrap replicates (please cite the Systematic Biology original publication [https://academic.oup.com/sysbio/article/67/6/997/4948750]).

The principke is very straightorward. It involves shuffling the input order of the sequences so as to generate MSA shuffle replicates, from which columns are then drawn with replacement so as to generate the Bootsrap replicates. As established in the paper, it is also possible to shuffle left and right chidren in the guide tree of any progressive methods. This procedure recapitulates two third of the instability measured when shuffling sequences. Whenever using a progressive algorithm, the tree shuffling procedure should be applied in order to by-pass any arbitrary stabilisation procedures (internal sorting for instance).

The procedure used for the original validation is available on Github [https://github.com/cbcrg/unistrap]). The content of this repository is not especially user friendly and its sole purpose is to allow reproducing the analysis provided in the original paper. For practical usage, we recommand using the re-implementation provided below that can be accessed using the T-Coffee package. This re-implementation supports all the T-Coffee supported aligners when shuffling input sequences (**t_coffee ** to get a list) and a subset of progressive aligners when using the tree shuffle strategy.

Aside from its improved accuracy, the main benefit of this protocol is to allow any third party multiple sequence aligner to be applied on the sub-groups (ClustalO, MAfft, etc) and any third party guide-tree protocol. The default T-Coffee supports a large number of internal and external package [https://tcoffee.readthedocs.io/en/latest/tcoffee_main_documentation.html#internal-external-methods] but if the one you need is not supported, note that it is relatively simple to create a configuration file allowing T-Coffee to interact with the package you need as docimented here [https://tcoffee.readthedocs.io/en/latest/tcoffee_main_documentation.html#advanced-method-integration].

When deployed serialy, the regressive algorithm scales linearly with the number of sequences both in time and memory. The amount of memory it needs is roughly the amount of memory required to align N sequences with the selected alignment method. Given TOT sequences, the amount of time is roughly TOT/N*(amount of time required to align N Seq with the selected method). The algorithm implementation is multi-threaded and owing to its embarrasingly parralel nature, it benefits from a very efficient speedup when deployed this way.

In the following document, we list its main options and how these can be deployed from the T-Coffee algorithm.


Note

REG does not support ALL the T-Coffee options. It is especially limited with respect to input and output and will only allow FASTA.
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Quick Start T-Coffee


Warning

This chapter has been extensively updated in 11/2016. All T-Coffee modes/tools/commands should be valid for version 9.03 and above, but it is not guaranteed for lower versions of T-Coffee.
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T-Coffee Main Documentation


Warning

This chapter has been extensively updated in 11/2016. We improved its readibility and incorporate all the latest development of the past years (PSI/TM-Coffee for homology extension based MSAs, Pro-Coffee for functional DNA, R-Coffee/SARA-Coffee for RNA, TCS and STRIKE for evaluating MSAs, T-RMSD for structural clustering). If you have any suggestion or correction, don’t hesitate to contact us.
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T-Coffee Technical Documentation


Warning

This chapter has been extensively updated in 11/2016. The T-Coffee Technical Documentation covers the different parameters, flags and options. Everything described here should be working from T-Coffee version 9.03 and higher, yet there is a trade-off between new options present in the most recent versions and old options now deprecated, unsupported or substituted by new ones (don’t worry it will specified in the documentation).
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T-Coffee Web Server


Warning

This chapter is currently under maintenance. Its aim is to describe what the T-Coffee web server is doing programmatically when you are using it; it provides technical details about the restrictions and commands in use.
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FAQ


Abnormal Terminations & Results


Q: The program keeps crashing when I give my sequences

A-1: This may be a format problem. Try to reformat your sequences, we recommend the FASTA format. If the problem persists, contact us.

A-2: Your sequences may not be recognized for what they really are. Normally T-Coffee recognizes the type of your sequences automatically, but if it fails specify the sequence format with -type and the type of sequence DNA, RNA or PROTEIN.

A-3: Costly computation or data gathered over the net is stored by T-Coffee in a cache directory. Sometimes, some of these files can be corrupted and cause an abnormal termination. You can either empty the cache ( ~/.t_coffee/cache/), request T-Coffee to run without using it (command 1), or update the files corresponding to your data (command 2).

Command 1: No cache
$$: t_coffee -pdb=struc1.pdb,struc2.pdb,struc3.pdb -method sap_pair -cache=no

Command 2: Update cache
$$: t_coffee -pdb=struc1.pdb,struc2.pdb,struc3.pdb -method sap_pair -cache=update







Q: The default alignment is not good enough

A: see next question



Q: The alignment contains obvious mistakes

A: This happens with most multiple alignment procedures. However, wrong alignments are sometimes caused by bugs or an implementation mistake. Please report the most unexpected results to the authors.



Q: The program is crashing

A: If you get the message FAILED TO ALLOCATE REQUIRED MEMORY refer to the next question. Otherwise, if the program crashes check whether you are using the right syntax. If the problem persists, contact us.



Q: I am running out of memory

A: You can use a more accurate, slower and less memory hungry dynamic programming mode called myers_miller_pair_wise (command 1). Note that this mode will be much less time efficient than the default, although it may be slightly more accurate. In practice the parameterization associate with special mode turns off every memory expensive heuristic within T-Coffee (command 2). If you keep running out of memory, you may also want to reduce the number of sequences using -maxnseq.

Command 1:
$$: t_coffee sample_seq1.fasta -mode low_memory

Command 2:
$$: t_coffee sample_seq1.fasta -method=slow_pair,lalign_id_pair -distance_matrix_mode \
    =idscore -dp_mode=myers_miller_pair_wise








Input/Output control


Q: How many sequences can T_Coffee handle?

A: T-Coffee is recommanded for a maximum of 200. Above this number, the regreessive flavor (t_coffee -reg ) should be used



Q: Can I change line length in the defaut format?

A: Yes, by using the flag -aln_line_length.



Q: Can I prevent the output of all the warnings?

A: Yes, by setting -no_warning.



Q: How many ways to pass parameters to t_coffee?

A: Refer to the T-Coffee Technical Documentation, Section T-Coffee Parameters & Flags.



Q: How can I change the default output format?

A: See the -output option in the T-Coffee Main Documentation; nearly all common output formats are recognized by T-Coffee.



Q: My sequences are slightly different between all the alignments.

A: It does not matter. T-Coffee will reconstruct a set of sequences that incorporates all the residues potentially missing in some of the sequences (See flag -in).



Q: Is it possible to pipe stuff out of T-Coffee?

A: Specify stderr or stdout as output filename, the output will be redirected accordingly. For instance this instruction will output the tree (in Newick format) and the alignment to stdout.

$$: t_coffee sample_seq1.fasta -outfile=stdout -out_lib=stdout







Q: Is it possible to pipe stuff into T_Coffee?

A: If as a file name you specify stdin, the content of this file will be expected throught pipe:

$$: cat sample_seq1.fasta | t_coffee -infile=stdin

is equivalent to:

$$: t_coffee sample_seq1.fasta





If you do not give any argument to T-Coffee, they will be expected to come from pipe:

$$: cat sample_param_file.param | t_coffee -parameters=stdin

or

$$: echo -seq=sample_seq1.fasta -method=clustalw_pair | t_coffee -parameters=stdin







Q: Can I read my parameters from a file?

A: See the T-Coffee Technical Documentation.



Q: I want to decide myself on the name of the output files !!!

A: Use the -run_name flag:

$$: t_coffee sample_seq1.fasta -run_name=luke_skywalker







Q: I want to use the sequences in an alignment file

A: Simply fed your alignment any way you like, but do not forget to append the prefix S for sequence:

$$: t_coffee sample_aln1.aln -in proba_pair

$$: t_coffee -seq=sample_aln1.aln -method=slow_pair,lalign_id_pair -outfile=outaln





This means that the gaps will be reset and that the alignment you provide will not be considered as an alignment, but as a set of sequences.



Q: I only want to produce a library

A: use the -lib_only flag; but note that this supersedes the use of the -convert flag. Its main advantage is to restrict computation time to the actual library computation.

$$: t_coffee sample_seq1.fasta -out_lib=sample_lib1.tc_lib -lib_only







Q: I want to turn an alignment into a library

A: use the -lib_only flag (command 1). It is also possible to control the weight associated with this alignment with the flag -weight (command 2).

Command 1:
$$: t_coffee -in=Asample_aln1.aln -out_lib=sample_lib1.tc_lib -lib_only

Command 2:
$$: t_coffee -aln=sample_aln1.aln -out_lib=sample_lib1.tc_lib -lib_only -weight=1000







Q: I want to concatenate two libraries

A: You cannot concatenate these files on their own. You will have to use T-Coffee assuming you want to combine for instance tc_lib1.tc_lib and tc_lib2.tc_lib:

$$: t_coffee -lib=sample_lib1.tc_lib,sample_lib2.tc_lib -lib_only -out_lib=sample_lib3.tc_lib







Q: What happens to the gaps when an alignment is fed to T-Coffee?

A: An alignment is ALWAYS considered as a library AND a set of sequences. If you want your alignment to be considered as a library only, use the S identifier; it will be seen as a sequence file, even if it has an alignment format (gaps will be removed).

$$: t_coffee Ssample_aln1.aln -outfile=outaln







Q: I cannot print the html graphic display!!!

A: This is a problem that has to do with your browser. Instead of requesting the score_html output, request the score_ps output that can be read using ghostview:

Postscript
$$: t_coffee sample_seq1.fasta -output=score_ps

PDF only if you have ps2pdf installed
$*: t_coffee sample_seq1.fasta -output=score_pdf







Q: I want to output an html file and a regular file

A: See the next question.



Q: I would like to output more than one alignment format at the same time

A: The flag -output accepts more than one parameter. For instance this will output four alignment files in the corresponding formats. Alignments’ names will have the format name as an extension.

$$: t_coffee sample_seq1.fasta -output=clustalw,html,score_ps,msf






Note

Note: you need to have the converter ps2pdf installed on your system (standard under Linux and Cygwin). The latest versions of Internet Explorer and Netscape now allow the user to print the html display. Do not forget to request background printing.
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T-Coffee release guide


Introduction

Before the realease of a new T-Coffee version, many command lines in the documentation are programmatically tested. The purpose of this document is to explain how to make a new release, which command lines are tested, how new command lines can be added to the documentation and how to perform a documentation check before a new release.



Making a new release

T-Coffee is automatically build by using the [Circle CI](https://circleci.com/gh/cbcrg/tcoffee) service. The procedure starts with an update of the version number followed by a git push that triggers the validation of the new release on circleCI and a posting via an Amazon instance hosting the T-Coffee web site. All these operations are detailed below. Depending on the release type the correspinding counter will be incremented by 1 <nmajor>.<stable>.<beta>

$#: cd t_coffee/src
$#: make release type=beta(default)|stable|major m='short description of the main feature' test=core(default)|all|full|remote|docs|web|none





core  : will test a throrough set of commands
all   : will run all the test commands packaged as dumps in tests
full  : will test all the commands packaged as dumps in the git repo - they are normally in docs and tests
remote: will run all tze tests command dealing with remote access (BLAST and PDB)
docs  : will run all the dumps compiled from the rst files


Beta Release

For a beta, the following needs to go through:

$#: make release type=beta test=core|none







Stable Release

For a Stable, the following needs to go through:

$#: make release type=beta test=core
$#: make release type=stable teste=none







Major Release

For a Major, the following needs to go through. Note that a major implies some important milestone such as a publication. For a start, you should make sure the documentation compiles well. If needed you should recompile all the available tests

$#: doc2test.pl -play docs/doc2test.rst -data docs/.data/ -dump docs/.dumps/ -update
$#: doc2test.pl -play tests/all2test.rst -data tests/.data/ -dump tests/.dumps/ -update






Tip

doc2test contains the list of ALL the rst files to be tested. Note that in an RST files, the only files CL that get tested are the ones starting wit $$
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Release Notes


Warning

This log of recent modifications is not as thorough and accurate as it should be.
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Citations & References


Note

It is important that you cite T-Coffee when you use it. Citing us is (almost) like giving us money: it helps us convincing our institutions that what we do is useful and that they should keep paying our salaries and deliver donuts to our offices from time to time (Not that they ever did it, but it would be nice anyway). Cite the approriate web server if you use one, otherwise, cite the original paper from 2000 (By the way…NOOO, it was never named ‘T-Coffee 2000’).
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Contacts, Adresses & Contributions


Contact us

If you have any problem, question, suggestion or else, contact Cedric Notredame by mail at cedric.notredame@crg.eu or at the T-Coffee group tcoffee@googlegroups.com.



Adresses

The T-Coffee group is currently at the Centre for Genomic Regulation (CRG), programme of Bioinformatics and Genomics (BiG), in Barcelona (PRBB, 88 calle del Doctor Aiguader, 08003, Barcelona). We are always very eager to get some user feedback, so please do not hesitate to drop us a line at cedric.notredame@crg.eu. The latest updates of T-Coffee are always available on our group webpage [http://www.tcoffee.org] where you will also find links to all the online T-Coffee servers.



Contributions


Main Contributions

T-coffee is developed, maintained, monitored, used and debugged by a dedicated team that include or have included:

Cedric Notredame, Paolo di Tommaso, Jean-François Taly, Cedrik Magis, Fabrice Armougom, Des Higgins, Sebastien Moretti,
Orla O’Sullivan, Eamon O’Toole, Olivier Poirot, Karsten Suhre, Iain Wallace, Andreas Wilm, Vladimir Keduas.



Other Contributions

We do not mean to steal code, but we will always try to re-use pre-existing code whenever that code exists, free of copyright,
just like we expect people to do with our code. However, whenever this happens, we make a point at properly citing the source
of the original contribution. If ever you recognize a piece of your code improperly cited, please drop us a note and we will be
happy to correct that.


Softwares

In the mean time, here are some important pieces of code from other packages that have been incorporated within the T-Coffee
package. These include:



	TMalign package from Zhang, Jeffrey and Skolnik (NAR, 2005, 33:2303).


	The Sim algorithm of Huang and Miller that given two sequences computes the N best scoring local alignments.


	The tree reading/computing routines are taken from the ClustalW Package, courtesy of Julie Thompson, Des Higgins and Toby Gibson (Thompson, Higgins, Gibson, 1994, 4673-4680,vol. 22, Nucleic Acid Research).


	The implementation of the algorithm for aligning two sequences in linear space was adapted from Myers and Miller, in CABIOS, 1988, 11-17, vol. 1).


	Various techniques and algorithms have been implemented. Whenever relevant, the source of the code/algorithm/idea is indicated in the corresponding function.


	64 Bits compliance was implemented by Benjamin Sohn, Performance Computing Center Stuttgart (HLRS), Germany


	David Mathog (Caltech) provided many fixes and useful feedback for improving the code and making the whole soft behaving more rationally.







An enormous thanks to these people who believe in free open source code.



Bug reports and feedback



	Prof David Jones (UCL) reported and corrected the PDB1K bug (now t_coffee/sap can align PDB sequences longer than 1000 AA).


	Johan Leckner reported several bugs related to the treatment of PDB structures, insuring a consistent behavior between version 1.37 and current ones.


	Enrico Bonatesta reported several mistakes in the T-Coffee tutorial and provided feedbacks about its readibility.


	…and to everyone else who send us their feedbacks and suggestions helping us to improve T-Coffee.
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License & Terms of Use

T-Coffee is distributed under the Gnu Public License

Please make sure you have agreed with the terms of the license attached to the package before using the T-Coffee package or its documentation. T-Coffee is a freeware open source distributed under a GPL license. This means that there are very little restrictions to its use, either in an academic or a non academic environment.

T-Coffee code can be re-used freely

Our philosophy is that code is meant to be re-used, including ours. No permission is needed for the cut and paste of a few functions, although we are always happy to receive pieces of improved code.

T-Coffee can be incorporated in most pipelines: Plug-in/Plug-out…

Our philosophy is to insure that as many methods as possible can be used as plug-ins within T-Coffee. Likewise, we will give as much support as possible to anyone wishing to turn T-Coffee into a plug-in for another method. For more details on how to do this, see the plug-in and the plug-out sections of the Tutorial Manual.

Again, you do not need our permission to either use T-Coffee (or your method as a plug-in/out) but if you let us know, we will insure the stability of T-Coffee within your system through future releases.

The current license only allows for the incorporation of T-Coffee in non-commercial pipelines (i.e. where you do not sell the pipeline, or access to it). If your pipeline is commercial, please get in touch with us.

T-Coffee can be used to automatically check if an updated version is available, however the program will not update automatically, as this can cause endless reproducibility problems.

$$: t_coffee -update
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My Title


Section title

Hello world!


Sub-section title

This is a code example:

printf "string %s"
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T-Coffee Tutorial (Practical Examples)


Note

This documentation is merely a cheat-sheet that recapitulates the material and the command lines associated with the manual. This tutorial itself is adpated from the T-Coffee Nature Protocols Article [http://www.nature.com/nprot/journal/v6/n11/full/nprot.2011.393.html] that can be followed step by step on the following site: Online T-Coffee Tutorial [http://www.tcoffee.org/Projects/tcoffee/workshops/tcoffeetutorials/index.html]
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