Automatic functional transcriptomic annotation
1 - Presentation of ESTtik
ESTTik (Expressed Sequence Tag Treatment and Investigation Kit) is a tool dedicated to the analysis and annotation of cDNA (complementary DNA). This tool has been optimized for the study of tropical crops transcriptomes, and combines a processing chain, a database and a web interface to view and download data.

* A workflow of automated processing (or pipeline)
ESTTik consists in a main program that uses Perl modules. Using these programs, the pipeline analyzes raw input data in order to clean the sequences (low quality or too short sequences, etc). The sequences are then assembled in a non-redundant set of data (consensus and singletons). Afterward, the program performs a search for molecular markers (microsatellites). Then, unigenes are annotated using public databases.
* A database
The information collected by each module of the pipeline is stored and organized into a MySQL database. The database can be used to create public and private projects related to each user. Data are accessible only to those who have previously be identified on the website.
* A web interface
A complete web interface connected to the database can be used in order to view the results of the annotation, or to search for sequences by keyword or term of the Gene Ontology. The site combines the technologies Perl / CGI, HTML, Javascript and Flash.
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ESTtik system.

2 -  Goal of the training course
The objective of this training course is to infer an automatic functional annotation of the consensus sequences that were assembled in the previous course (qSH1 sequence). We will firstly compare sequences in public databases using the tool BLAST (Basic Local Alignment Search Tool) for an annotation by similarity. Then, we will to annotate sequences with Gene Ontology terms using the tool Blast2GO. Finally, we will use these annotations on a predicted protein sequence in order to search its known functional protein domains.
3 – BLAST annotation
	Theory

After the contig assembly step, we obtain a non-redundant set of sequences that represent expressed genes in plant. This module will allow determining the potential function of the proteins. The principle is to compare obtained sequences to sequences stored in public databases using the local alignment program BLAST (Basic Local Alignment Search Tool). This program compares nucleotide or protein sequences to sequence databases and calculates the statistical significance of matches. BLAST can be used to infer functional and evolutionary relationships between sequences as well as help identify members of gene families. 
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BLAST results example.

For this training course we will use data from the first course Mira assembly.
* Go to the tab Shared Data -> Data libraries -> Training -> Annotation and import files mira_contigs.fasta and mira_contigs.qual by clicking Import Into this dataset selected history. Choose your history from the dropdown menu on the right and click on Import Library.
* To differentiate the files of each participant and avoid redundancy worries filenames I ask you to download these two files on your computer, rename them (for example your username) and upload the new file into Galaxy using: Get Data -> Upload File.
* Use the brick sequence comparison -> BLAST+ BLASTX (MC). We use a BLASTX, so the sequences of our input file will be compared to a protein database sequences.
Specify the database NR (non-redundant database of NCBI).
Specify output format BLASTXML, then the result file will be compatible with future annotation programs.
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BLAST results will be used in the following questions of the training course.

4 – Annotation using Gene Ontology terms

	Theory

The Gene Ontology provides a structured and controlled vocabulary for the annotation of gene products. Using Gene Ontology database terms allows you to add some semantics to data, and to standardize their annotation. Thus it becomes easier to query the function of gene products.

Blast2GO is a Java software to automatically annotate sequences from the Gene Ontology terms. (Gotz S, Garcia-Gomez JM, Terol J, et al. High-throughput functional annotation and data mining with the Blast2GO suite).

Initially the software performs a BLAST in order to annotate sequences with a user database parameter. However it is also possible to provide to the software a BLAST results file.
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Blast2GO then compares our BLAST results with Gene Ontology annotation files of the Blast2GO server. Sequences are then annotated with terms of the Gene Ontology.

The Software can finally perform statistical analysis and visualize the results using graphs. 


Blast2GO result file example :
	KZ0AAH12YH03FM1 GO:0000786 histone h2 KZ0AAH12YH03FM1 GO:0003677 histone h2 KZ0AAH12YH03FM1 GO:0006334 histone h2 KZ0AAH12YH03FM1 GO:0005634 histone h2 KZ0AAH12YH04FM1 GO:0009536 peroxisomal membrane 22 kda family protein 

KZ0AAH12YH08FM1 GO:0045261 atp synthase epsilon subunit 

KZ0AAH12YH08FM1 GO:0042777 atp synthase epsilon subunit 

KZ0AAH12YH08FM1 GO:0046933 synthase epsilon subunit

KZ0AAH12YH08FM1 GO:0009579 atp synthase epsilon subunit 

KZ0AAH12YH08FM1 GO:0005524 atp synthase epsilon subunit 

KZ0AAH12YH08FM1 GO:0046961 atp synthase epsilon subunit 

KZ0AAH12YH08FM1 GO:0009507 atp synthase epsilon subunit 

KZ0AAH12YH11FM1 GO:0004427 vacuolar h+-translocating inorganic pyrophosphatase KZ0AAH12YH11FM1 GO:0016020 vacuolar h+-translocating inorganic pyrophosphatase KZ0AAH12YH11FM1 GO:0009678 vacuolar h+-translocating inorganic pyrophosphatase KZ0AAH12YH11FM1 GO:0015992 vacuolar h+-translocating inorganic pyrophosphatase


* Use the Convert format -> XML4Blast4GO brick for your BLAST output file to be compatible with the Blast2GO module.
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* Use the Gene / Protein prediction -> Blast2GO brick, on the XML4Blast4GO output file.
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We then obtain a tabulated file as a result, containing sequence names, infered GO identifiers, and annotations from the BLAST results.
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* For more information on GO identifiers, please visit the AmiGO website : http://amigo.geneontology.org/cgi-bin/amigo/go.cgi
* You just have to enter an identifier to know its definition and its position in the ontology.
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5 – Sequence translation
	Theory

The protein prediction from ESTs presents difficulties: the poor quality of sequences can cause shifts in the reading frame (base insertion or deletion). These errors may involve improper recognition of the coding region. The initiation codon may be hided, or a stop codon can be inserted into the sequence.
Prot4EST is a program written in Perl that optimally translates ESTs into protein sequences. The interest to get a translation of these sequences is to eventually find specific motives of known protein functional domains.
The program processes data in several steps:
- Identification and elimination of sequences from untranslated RNA (rRNA).
- Identification of ESTs derived from mitochondrial genes. The program will use the genetic code to translate the mitochondrial protein sequences.
- Identification of protein coding regions (ORFs - Open Reading Frame) based on the BLAST results similarity.
- Prediction of peptides from the longest ORFs, for the six reading frames.
The sequences that can’t be translated are put aside. Once the peptides obtained, prot4EST attempts to extend the prediction at the 5 'and 3' based on the BLAST results. We use for example this extension in order to find such a methionine initiation in the peptide sequence. Lastly, the sequences obtained are stored in a file in FASTA format. 



* Use Gene / Protein Prediction -> Prot4EST brick with the following input files:

- Sequence fasta file.

- Sequence qual file.

- Formated BLAST result file.
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We then obtain the output file, containing translated sequences.
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5 – Proteic domain detection

The InterProScan website provide Tools to annotate proteic sequences, comparing these with InterPro profiles (Hunter et al., 2009).

* Connect to the InterProScan website : http://www.ebi.ac.uk/Tools/pfa/iprscan/
* Paste one proteic sequence, then click on « submit ».
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* Once results are displayed, click on an InterPro identifier (IPRxxxxxx) to gather informations about proteic domains.
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