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Tutorial
· Functional prediction of proteins in viral genome by means of PSI-BLAST and SVM.
Aim

The aim of this tutorial is to provide an easy guide about the prediction of the function of the proteins encoded in a viral genome. It includes the steps for 

1. Understanding a viral genome
2. PSI-BLAST and its use  for functional prediction based on the function of identified similarity proteins
3. SVM, a web-based software SVMProt and its use for protein functional prediction. 
4. Functional analysis of a selected viral genome.
Content

Viral genome list
PSI-BLAST tutorial
SVMProt tutorial

Functional analysis of a selected viral genome.
1. List of viral genomes for project 2
	Virus
	Segm
	Length
	Protein
	Date

	Avian infectious bronchitis virus
	1
	27608 nt
	10
	11/19/2002

	Bacteriophage VfO3K6
	1
	8784 nt
	10
	6/3/2000

	Beet necrotic yellow vein virus
	5
	15914 nt
	10
	9/2/1995

	Beet pseudo-yellows virus
	2
	15911 nt
	10
	11/11/2003

	Beet soil-borne mosaic virus
	4
	14222 nt
	10
	5/18/1998

	Bovine papillomavirus type 2
	1
	7937 nt
	10
	5/18/1995

	Coliphage alpha3
	1
	6087 nt
	10
	5/13/1992

	Coliphage phiK
	1
	6089 nt
	10
	7/30/1996

	Cottontail rabbit papillomavirus
	1
	7868 nt
	10
	3/2/2001

	Cypovirus 1
	10
	24732 nt
	10
	7/17/2001

	Enterobacteria phage If1
	1
	8454 nt
	10
	9/30/1998

	Enterobacteria phage Ike
	1
	6883 nt
	10
	1/12/2004

	Enterobacteria phage M13
	1
	6407 nt
	10
	6/9/1982

	Faba bean necrotic yellows virus
	10
	10028 nt
	10
	9/4/1998

	Hepatitis E virus
	1
	7176 nt
	10
	8/2/1993

	Human papillomavirus type 43
	1
	7975 nt
	10
	1/21/2004

	Human papillomavirus type 81
	1
	8070 nt
	10
	1/21/2004

	Human parainfluenza virus 1 strain Washington/1964
	1
	15600 nt
	10
	3/15/2002

	Indian cassava mosaic virus
	2
	5460 nt
	10
	7/29/1993

	Influenza A virus
	8
	13588 nt
	10
	6/9/1982

	Influenza A virus (A/Hong Kong/1073/99(H9N2))
	8
	13506 nt
	10
	6/21/2003

	Influenza A virus (A/Puerto Rico/8/34/Mount Sinai(H1N1))
	8
	13585 nt
	10
	1/11/2003

	Influenza B virus
	8
	14452 nt
	10
	8/2/1993

	Influenza B virus (B/Memphis/12/97)
	8
	14139 nt
	10
	5/9/2003

	Influenza B virus (B/Memphis/12/97-MA)
	8
	14217 nt
	10
	5/9/2003

	Little cherry virus 2
	1
	15045 nt
	10
	8/22/2003

	Mungbean yellow mosaic virus
	2
	5398 nt
	10
	4/26/2002

	Propionibacterium phage phiB5
	1
	5804 nt
	10
	3/21/2002

	Ralstonia phage p12J
	1
	7130 nt
	10
	10/9/2003

	Respiratory syncytial virus
	1
	15191 nt
	10
	3/28/1997

	Simian-Human immunodeficiency virus
	1
	10000 nt
	10
	2/2/1998

	Tomato leaf curl New Delhi virus
	2
	5435 nt
	10
	3/15/2003

	Tomato yellow leaf curl Thailand virus
	2
	5488 nt
	10
	6/16/1999

	Bovine circovirus
	1
	1768 nt
	11
	12/17/1998

	Bovine papillomavirus type 4
	1
	7265 nt
	11
	4/11/2003

	Bovine respiratory syncytial virus
	1
	15140 nt
	11
	12/17/1998

	Citrus tristeza virus
	1
	19296 nt
	11
	12/9/2002

	Coliphage phiX174
	1
	5386 nt
	11
	4/28/1993

	Enterobacteria phage G4
	1
	5577 nt
	11
	4/28/1993

	Human papillomavirus type 41
	1
	7614 nt
	11
	6/14/1991

	Human respiratory syncytial virus
	1
	15225 nt
	11
	11/2/1997

	Lymantria dispar cypovirus 14
	10
	25325 nt
	11
	7/16/2001

	Mammalian orthoreovirus 1
	10
	23605 nt
	11
	7/5/1999

	Mammalian orthoreovirus 2
	10
	23574 nt
	11
	5/19/2001

	Mammalian orthoreovirus 3
	10
	23558 nt
	11
	7/5/1999

	Milk vetch dwarf virus
	11
	10958 nt
	11
	10/27/1998

	Murine hepatitis virus
	1
	31357 nt
	11
	11/19/2002

	Mycoplasma virus P1
	1
	11660 nt
	11
	8/22/2000

	Nilaparvata lugens reovirus
	10
	28699 nt
	11
	9/21/1994

	Phage phiMH2K
	1
	4594 nt
	11
	1/3/2001

	Porcine adenovirus A
	1
	34094 nt
	11
	12/31/1994

	Rice ragged stunt virus
	10
	26164 nt
	11
	3/2/1998

	Simian hemorrhagic fever virus
	1
	15717 nt
	11
	11/27/2002

	Sweet potato chlorotic stunt virus
	2
	17630 nt
	11
	11/15/2002


2. How to access the genome entry?

Step 1: Webpage: http://www.ncbi.nlm.nih.gov/genomes/VIRUSES/10239.html
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Step 2: Click a selected virus genome name:
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In some cases, different entries of a virus had been deposited. You can choose any one of them by clicking on the “Graphical view” link.
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Step 3: Click the accession number
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Step 4: extract protein sequences for analysis:

It is easier to get the protein sequence following the link of “Protein ID”
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If you a FASTA format of the sequence is required, you need to choose “Display FASTA” in a droplist at the header part of the page:
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Please read the sequence annotation carefully and exclude signal peptide if there is one.

3. PSI BLAST tutorial

     NCBI has provided a very good PSI BLAST tutorial:

http://www.ncbi.nlm.nih.gov/Education/BLASTinfo/psi1.html

Please go through it before proceed to the next part.


As the iterations of PSI BLAST grow larger, this tool tends to link uncorrelated proteins together. So you can stop when no more relevant similar sequences are found. Empirical, the following parameters showed good performances in our past research. However, it doesn’t mean that they are the best for analyzing virus protein sequences:


E-value: 1

E-value for inclusion: 0.005
4. SVMProt tutorial


SVMProt is a collection of SVM models that predict whether a protein sequence belongs to a certain functional class. The complete list of functional classes that SVMProt may recognize is available at http://jing.cz3.nus.edu.sg/proteinfunc.html .

The use of SVMProt is very simple. You just need to log on its portal page, http://jing.cz3.nus.edu.sg/cgi-bin/svmprot.cgi, paste in your query sequence, and click the “Run SVMProt” button. 
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The example we use here is Avian infectious bronchitis virus membrane protein NP_040835. SVMProt predicts it as a structural or transmembrane protein.
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The principle of support vector machine is elaborated in appendix A and a detailed description of SVMProt algorithm can be found in the article “SVM-Prot: Web-Based Support Vector Machine Software for Functional Classification of a Protein from Its Primary Sequence” (C.Z. Cai, L.Y. Han, Z.L. Ji, X. Chen, Y.Z. Chen. Nucl. Acids Res., 31(13),3692-3697, 2003).
5. Functional analysis of a selected viral genome.


Genome annotation is the biggest challenge in the post-genomic era. In this project, we are going to develop a hands-on experience and deeper understanding of the sequence analysis tools BLAST, PSI-BLAST, and SVMProt.


Specifically, each one of you will be given one virus genome. Please use the BLAST, PSI BLAST and SVMPort tools to analyze the functions of proteins in your genome, and compare the strength and weakness of these approaches. You are not limited to the genomes assigned to you. In case you want to work on another genome, just pick up your favourite genome and send me an email. You request will be approved provided no one else has picked it up prior than you.

You are expected to submit a report by the deadline of this project. It should conform to the Scientific Style (Abstract, Introduction, Methods, Result, and Conclusion). The marking scheme will be:


40% for Writeup, Scientific style

30% for quality of finding

 20% for result analysis and well-reasoned arguments in conclusion
 10% for overall impression


Hints:

1. The putative function of a protein sequence is often assigned as the function of the most similar sequence detected by BLAST or PSI-BLAST. However, this may not be correct when 

a) Only a small segment of your query sequence or the similar sequence in database is matched (for example, only one domain of a multi-domain protein is matched).

b) The alignment contains many gaps.

c) The alignment contains many simple repetitions (therefore, it is better to activate the low complexity mask here).

2. It would be interesting to see whether there is any change in order in the PSI-BLAST result after the first iteration. Why does it happen? 
3. To evaluate the SVMProt approach, it may be better to use enzyme sequences, as this program has been trained to predict all types of enzymes.

4. You can also optionally search the medline to find experimentally indicated function for the proteins of unknown function in their selected genome.
5. An interesting topic to discuss is the implications of the predicted function of these proteins to the viral growth and infection. Particularly, whether the predicted protein function has been observed in some other viruses, is it play an essential or non-essential role for virus?
6. A chart is a good visual aid to compare the characters of different approaches.
