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INTRODUCTION
Bioinformatics is the merging of computer, information technology and molecular biology. It deals with genetic sequences and database of this sequences, and making sense of such information through a computer processing. Bioinformatics is a new field that arises mostly because of the sequencing of the genome of many organisms including us, humans, rice, Arabidopsis, Drosophila etc. Most of the databases and bioinformatics tools that crop up out of this are freely available on the web yet in the Philippines we do not have enough pool of bioinformatics expert to take advantage of this information. 

The question that this project will address is: how do we go about fast-tracking access to these free bioinformatics tools and web-based resources and present them to prospective users in such a way that it is user-friendly even for beginners. In here, we proposed a needs-based approach which is based on the needs and perspective of the prospective beginning user. 

The proposed needs-based approach will go something like, “if this is what you want to do, these are the bioinformatics tools you will need and here’s how to do it”. It’s a problem and solution-based approach to commonly encountered bioinformatics questions in the lab. In some way, it is like an indexing/cataloguing of bioinformatic free software and web-based resources based on some predetermined bioinformatics objective/ aim/ purpose/ function/ query/utility/need or method. Those who are new in the field will not understand if you say something like EMBOSS, BLAST, MEME, FASTPCR, or BioEdit. However, if you will say something like getting the reverse antisense of a 2kb, designing primers, or comparing a sequence to other sequences, they would get it. The theoretical framework that underlies this needs-based approach is that oftentimes biotech researchers know exactly what they want to do or at least have an idea on what to do bioinformatics-wise but they don’t know exactly how to do it or what bioinformatics tools to use. This needs-based intervention will also consider the fact that most Filipino office have limited internet access, or only a few computers are online and yet there are a lot of internet users.

Specifically, this study will create a listing of freely available bioinformatics tools and web-based resources through a need-based approach- when and how to use them? It will be listed and grouped according to commonly-used-together bioinformatic tools. The purpose is to create a one-stop bioinformatics box of tools. For the purpose of setting boundary, the bioinformatics tools and web-based resources to be tackled here is specifically in the field of agricultural biotechnology more specifically on rice but it should be understood that this study only serves as an illustrative example and same principles can be used in other field including medicine.

This study is specifically directed for those who are new in the field especially for those who are getting their hands dirty in the lab. Most bioinformatics books are for specialist. The need-based approach in this study is proposed to make the presentation of the bioinformatics tools and web-based resources to be practical and immediately useful even without the need for formal schooling or training in bioinformatics though people who have been into bioinformatics for a time can still glean something from it. It will also provide a way to spark the capacity for learning in the user in that said user will be advice a method on how to look for a certain bioinformatics tool in case such tool is not presented in the database in this study- e.g. the use of a search engine like google. Theories will be minimized and computer algorithms will not be tackled. It just takes on what is done by others and put them together into something much more useful and connected.


The final product of this project would be in the form of an e-copy. This is for the user to be able to click on the link and go directly to the website referred to. An e-copy also enables the user to use the Crtl F (Find) function when looking for a certain topic or keyword.

Today with the sequencing of the genome of many organisms including us humans, rice, Arabidopsis, Drosophila and many other important agricultural crops, there exist a lot of free biological information on the web. What remains are skilled biotech workers to take advantage on them. While other countries like US, Europe and Japan have several bioinformatics experts, Philippine experts on these fields is wanting. If we are to be competitive, we must also have the ability to access and understand the latest tools and databases and translate them into something we can make use of. What is sad about this is that most of these tools are free. Development of free bioinformatics tools and web-based resources is made by developed countries, and a biotech worker in developing countries without a basic knowledge in bioinformatics cannot compete in our world today and is several years behind someone who is knowledgeable.

As a case in point, PhilRice has been designated as the Agricultural Biotechnology Center of the Department of Agriculture (DA), and as a consequence, all agencies under the DA doing Biotech have been convened. It came out during the workshop that a great majority of these agencies do not have a hands-on experience on bioinformatics. It also came to our observation that if only these people know how to take advantage of bioinformatics tools, their work would be greatly enhanced. For them, one of the foreseen challenges when they take advantage of bioinformatics in their experiment would be: what tools to use, where to find it if there exist one, and how to use such a tool. Not only are they forced to understand the technical jargon of the field, but also they do not have enough experience or maybe even don’t any idea of where to go. What aggravates the matter even more is that some of these bioinformatics tools and softwares do not have a manual on how to operate it.

With this scenario in mind, we thought that a listing of freely available bioinformatics tools and web-based resources, what these resources are capable of doing and presenting it in a needs-based approach would fast-track access to this bioinformatics information. Our presupposition is that the output of this project would surely serve as a very good introduction and very useful for PhilRice Biotech people but also to these people, and others who are just at the beginner’s level though even an experienced user could also benefit from this. The proposed needs-based approach is envisioned to be stimulating.

It is also worth mentioning here that all of the bioinformatics tools and resources that will be included here are free. The significance of this can be appreciated if one realizes that commercial bioinformatics software package or license like DNASTAR or Vector NTI could be in the range of $10,000 to $100,000 plus a yearly renewal fee, and yet the performance is projected to be comparable to the proposed output of this project. The listing of bioinformatics tools here would also include free downloadable software so as to cut down their time on the use of internet connection. This is relevant in Philippine situation where the usual typical office has a very few computers connected to internet and yet they are many who want to use it. Some offices especially the remote ones do not have internet access and they have to go to an internet café just for that purpose.

There are books published on bioinformatics yet most of them are highly technical, specialized and software-based. Here, we proposed that needs-based approach to access bioinformatics tools and web-based resources engages the mind more since it is more active in nature and hence learning about bioinformatics is more stimulating. 

There is a good book by Claverie and Notredame (2003) which is reader-friendly entitled “Bioinformatics for dummies”. For a fast-evolving field, however, like bioinformatics, there are some new developments that are not in the book, and some of the links provided are no longer working (e.g. the link on Webcutter). This book also limits itself to online programs. In countries where internet is limiting or has mostly slow connection like the Philippines (especially in faraway places like Ilocos), online programs could cause hassle and waste a lot of time especially if there is only one or few computers having connection and there are several users. In this study, downloadable free softwares that not only can do the job but do it even better is included. Bioinformatics cannot do without an internet connection but the object is to lessen it so we have included these free downloadable bioinformatics softwares. These softwares can do a lot of things for routine bioinformatics in the lab like primer design or sequence manipulation etc.

The object of this study is to fast-track access to free bioinformatics tools and web-based resources and present them in a way that is user-friendly even for beginners. It also aims to establish ICIS at PhilRice to systematize data management and utilization. The specific objectives are: (1) to assemble and catalogue commonly used and freely available bioinformatics tools and web-based resources. It will be listed and grouped according to commonly-used-together bioinformatics tools. The purpose is to create a one-stop bioinformatics box of tools. Enhanced access to some of the bioinformatics tools in case of limiting internet connection will be provided by free downloadable bioinformatics softwares.; (2) to assemble a list bioinformatics databases to be limited to agricultural biotechnology, specifically those pertinent to Oryza sativa; (3) to present said bioinformatics tools and databases according to objective 1 and 2 in a need-based approach- what are they used for, when do you use them and how to use them?; (4) to provide a way on how to search for a new bioinformatics tool in case of need; (5) to establish ICIS at PhilRice and train as many users as possible.

Methodology

Assembling and cataloguing of commonly used and freely available bioinformatics tools and web-based resources.

A listing of bioinformatics tools and databases vis-a-vis what are these tools capable of doing will be done but it will be limited to agricultural biotechnology more particularly on rice. The said tools will be listed and grouped according to commonly-used together bioinformatics tools including databases. These tools will also include but will not be limited on how to search papers on biotechnology, taxonomy etc.. The final product would be like a one-stop box of bioinformatics tools. Operation of such tools in a way that a molecular biologist could understand and ways on how to find a new bioinformatics tool will also be included. 

Examples of such could take the following form:

1. Establishing the identity of my expressed sequence tag- Use NCBI BLAST as bioinformatics tool- here’s how to do it

2. Determination of intron-exon junction- Use est2genome of EMBOSS as bioinformatics tool- here’s how to do it

Assembling and cataloguing of commonly used and freely available bioinformatics tools and web-based resources.

The bioinformatics tools and websites assembled herein are those used and will be most likely used in PhilRice labs more particularly in rice biotechnology. 

The residues, amino acids and nucleotides, are the components of macromolecules like DNA and protein. Familiarization of this codes is important since they will be the basis for many of the tolls that will be elaborated. Here below are the accepted nucleic acid and amino acid codes.

Accepted Nucleic Acid codes:
	A --> adenosine

	C --> cytidine

	G --> guanine

	T --> thymidine

	U --> uridine

	R --> G A (purine)

	Y --> T C (pyrimidine

	K --> G T (keto)


Accepted amino acid codes
	A alanine
	P proline

	B aspartate or asparagine
	Q glutamine

	C cystine
	R arginine

	D aspartate
	S serine

	E glutamate
	T threonine

	F phenylalanine
	U selenocysteine

	G glycine
	V valine

	H histidine
	W tryptophan

	I isoleucine
	Y tyrosine

	K lysine
	Z glutamate or glutamine

	L leucine
	X any

	M methionine
	* translation stop

	N asparagine
	


Sequence Formats
During data manipulation and analysis, there are some format that are required in order for the program to run. As a start, the two most popularly use formats will be introduced here. Sequence formats are simply the way in which the amino acid or DNA sequence is recorded in a computer file. Different programs expect different formats, so if you want to run a successful job, it is important to understand what the various formats look like.

Raw Format:
Like a text/plain format without any white space or digits. It accepts only alphabetic characters and rejects anything
else. Digits, spaces, TAB characters or else are removed and ignored. Non-alphabetic characters (for instance,
punctuation characters) will made the sequence rejected as erroneous. Here are some examples of raw formatted
sequences:
ataaattcttattttgacactcaccaaaatagtcacctggaaaacccgctttttgtgaca
aagtacagaaggcttggtcacatttaaatcactgagaactagagagaaatactatcgcaa
actgtaatagacattacatccataaaagtttccccagtccttattgtaatattgcacagt
gcaattgctacatggcaaactagtgtagcatagaagtcaaagcaaaaacaaaccaaagaa
aggagccacaagagtaaaactgttcaacagttaatagttcaaactaagccattgaatcta
tcattgggatcgttaaaatgaatcttcctacaccttgcagtgtatgatttaacttttaca
FASTA format description
Sequences in FASTA formatted files are preceded by a label line starting with a ’>’ symbol. The first word on this line is the name of the sequence. The rest of the line is a description of the sequence. Many sequences can be listed in the file, the format indicating a new sequence at each new ‘>’ symbol found.
As for the previous raw data format, sequences must be in the standard IUB/IUPAC amino acid or nucleic acid codes, but with some additions. Thus, lower-case letters are accepted and are mapped into upper-case and a single hyphen or dash can be used to represent a gap of indeterminate length. Before submitting a request, any numerical digits in the query sequence should be either removed or replaced by appropriate letter codes (e.g., N for unknown nucleic acid residue or X for unknown amino acid residue).
>Name of the sequence
ctgcgagNcgcgcgatgatagMMMNNNnnnnncgcggcgagcatgtagcatgctagctgtcgcgagcactUUUURRRrrrrrrrcggccgagatcaggcgatgcatgcgcagggagcagcgagcgacgagcacagcatgctagctagatgcatgctaVvvvcgtaggcag ccgccgagagacgatggagctgc
Sequences in FASTA format are analyzed and all non IUB/IUPAC code letters are removed
Below is a list of bioinformatic tools and downloadable programs and their function in tabular form. To get to the specific function mentioned, use the ‘Ctrl F’ function of the keyboard and type in the topic of interest. E.g. Ctrl F “Finding out more a protein”.

Table 1. A list of the different bioinformatic web-based tools and their function/s.

	Web-based Tool
	Function
	Website

	NCBI PubMed
	Finding out more about a protein, a gene, QTL or a trait etc.
	www.ncbi.nlm.nih.gov/entrez/ 

	NCBI BLAST
	Establishing the identity of a gene, expressed sequence tags (ESTs), or protein by a homology search; sequence comparison; data mining; verifying if sequence is from species of interest; verifying if primers will not anneal to any fungal or bacterial sequences, or any sequences from unwanted organisms
	http://www.ncbi.nlm.nih.gov/BLAST/

	NCBI Nucleotide
	Downloading multiple sequences
	http://www.ncbi.nlm.nih.gov/

	CLUSTALW
	Aligning multiple sequences to detect polymorphisms due to SNP, indels etc.
	http://align.genome.jp/

	CAP3 Sequence Assembly Program
	Assembling sequence fragments to obtain a longer picture of the gene
	http://pbil.univ-lyon1.fr/cap3.php

	EST2GENOME
	Looking for intron-exon junction
	http://bioweb.pasteur.fr/seqanal/interfaces/est2genome.html

	Homology Search
	Predicting the function of a DNA sequence
	http://gibk26.bse.kyutech.ac.jp/jouhou/HOMOLOGY/dbsearch/

	Predotar
	Establishing presence of targeting sequences from mitochondria or chloroplast
	http://ihg.gsf.de/ihg/mitoprot.html

	NCBI Taxonomy Browser
	Finding out the taxonomical hierarchy of an organism
	http://www.ncbi.nlm.nih.gov/Taxonomy/taxonomyhome.html/index.cgi?chapter=extinct

	EXPASY Biochemical Pathways
	Finding out about the biochemical pathway
	http://www.expasy.ch/cgi-bin/search-biochem-index

	NCBI VecScreen
	Removing vector sequence contamination and other artifacts in a DNA sequence
	http://www.ncbi.nlm.nih.gov/VecScreen/VecScreen.html

	WebCutter
	Restriction mapping for uncovering the enzymes that could cut a given DNA sequence
	http://rna.lundberg.gu.se/cutter2/

	NCBI ORF Finder
	Viewing the different open reading frame of a DNA sequence
	http://www.ncbi.nlm.nih.gov/projects/gorf/

	ProtParam
	Deducing the physico-chemical property of a protein
	http://www.expasy.ch/tools/protparam.html

	PFAM
	Uncovering motif in amino acid sequence
	www.sanger.ac.uk/software/pfam

	GRAMENE Multi BlastView
	Verifying the location of primers in rice genome
	http://www.gramene.org/Multi/blastview

	GRAMENE QTL
	Finding more information about a particular trait/QTL
	http://www.gramene.org/qtl/

	GRAMENE CMap
	Finding the location of a marker in a genome; finding more markers for fine-mapping
	http://www.gramene.org/cmap/

	GRAMENE MapView
	Getting a list of predicted genes within a QTL region
	http://www.gramene.org/Oryza_sativa_japonica/index.html

	Google
	Searching for a new bioinformatics tool
	www.google.com

	BlastDigester
	Generation of CAPS markers
	http://www.bar.utoronto.ca/ntools/cgi-bin/ntools_blast_digester.cgi

	REBASE
	Finding the recognition sequence of a restriction enzyme
	http://rebase.neb.com/rebase/rebase.html

	NCBI
	Retrieving protein and DNA sequences
	www.ncbi.nlm.nih.gov.  

	CDART
	Finding the functional domain of a protein
	http://www.ncbi.nlm.nih.gov/Structure/lexington/lexington.cgi?cmd=rps

	Sequence Extractor
	Help build DNA construct
	http://www.bioinformatics.org/seqext/

	Weight to Molar Quantity
	Calculation of molar quantity for nucleic acids
	http://molbiol.ru/eng/scripts/01_07.html . 



	Dilution calculation
	Dilution calculation
	http://www.restrictionmapper.org/dilutioncalc9.htm

	GenBank Feature Extractor
	Extracting features from a GenBank entry
	http://www.sanbi.ac.za/%7Ermuller/SMS/index.html

	GenBank to FASTA
	GenBank to FASTA format
	http://www.bioinformatics.org/sms/

	lettercount
	Counting the number of sequences
	http://www.lettercount.com/

	Alignment of two DNA, RNA or protein sequences.
	Aligning two DNA, RNA or protein sequences
	http://insilico.ehu.es/align/

	PlasMapper
	Plasmid annotation
	http://wishart.biology.ualberta.ca/PlasMapper/index.html

	NCBI
	Knowing more about viral genomes
	http://www.ncbi.nlm.nih.gov/genomes/static/vis.html

	NCBI
	Finding more about bacterial genomes
	http://www.ncbi.nlm.nih.gov/genomes/static/eub.html

	Swiss-Prot/TrEMBL
	Building a phylogenetic tree
	http://www.expasy.ch/sprot/sprot-retrieve-list.html.

	PSIPRED 
	Predicting the secondary structure of proteins
	www.bioinf.cs.ucl.ac.uk/psipred

	BLAST 2 SEQUENCES
	Aligning two nucleotide or protein sequences using BLAST2 sequences
	http://www.ncbi.nlm.nih.gov/blast/bl2seq/wblast2.cgi


	
	
	


Table 2. A list of bioinformatic downloadable programs and what could it be used for.

	Downloadable Tool
	Function
	Website

	FastPCR
	Primer design; determination of the primer length, the melting temperature, the virtual quality of the oligonucleotide, the molecular weight, the minimal and maximal optimal annealing temperature for unknown PCR product, presence of primer-dimer; Sequence manipulation which includes reverse, complement and reverse-complement transformation; DNA-to-protein translation in all the 6 reading frames; and protein-to-DNA translation; cleaning sequences from non-DNA letters; repeats or microsatellite search
	http://www.biocenter.helsinki.fi/bi/Programs/download.htm

	BioEdit
	Plasmid drawing


	http://www.mbio.ncsu.edu/BioEdit/bioedit.html

	CLUSTALX and Phylip programs
	Making a phylogenetic tree using 


	http://www.protein.sdu.dk/bm131/html/downloads.html and

www.evolution.genetics.washington.edu/phylip/getme.html

	MW program
	Calculating the molecular weight of a compound
	http://publish.uwo.ca/~jkiernan/filelist.htm


Finding out more about a protein; a gene, a trait etc; Searching nucleotide; Retrieving protein and DNA sequences;

www.ncbi.nlm.nih.gov/entrez/ 

For example, you may be interested about xa21 gene, a gene for bacterial blight resistance. You type in “xa21” in the search field as shown below and then click “go”.
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Then it will give you a list of references whereby you can go for further information as shown below:
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In a way, this is a sort of literature search. 

Establishing the identity of a gene, expressed sequence tags (ESTs), or protein by a homology searches;

The sequence below is something that I made off the cuff. Let’s say that said sequence is an EST you got from the lab. 

GATCCTTTGGGTAGGTACCGGTTTGGCCGTGATGCTAGTAGCTGCTACGTAGTATTTCTGTGCCTCATAACCCCTGGCTGTGATCGTACGCTGCTAGCTAACCCAAAATGGTTACACTACAGCCAAGGGCTCTTGCCTGGTACTCTGTACTCAGAGAACTCTGCGTGGAAGCCCAGAGTCCTAGTGGTCAGTAACAGGAGTGTTTTCCCGTTGCCATAGTGATATGTAGGCAAATCCCTGAGAGCCACCTGGGCCTTAACTCTGACACAGTGCCTTCGTTTTTGAGCCTGGGACTTGGCGAAAAAACGTCGTGTCGTGCTGTCGTGACCTGTAGGTGGTGTGTGCAGTCAGAGCTAGGGAATAAACAATTTGAATGGCCTCACTTCC

To establish identity of said sequence, the first step is to point your browser here: http://www.ncbi.nlm.nih.gov/BLAST/ 
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Click ‘nucleotide blast’
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Enter sequence as shown above. In the ‘database’, choose ‘Others’ since we do not want to limit our search on human or mouse sequence. 

Note that there are a few more options, but for the sake of simplicity, we are ok with the default. We then click “BLAST’ below. 

After a few seconds of processing, we get the following result:

[image: image5.png]—_— e
—
| | | I I
80 160 240 320 400

105 W

cher resources: [ tnicene 3 o30 (@ cone B serucenre [ ey vicwer

ignificant alignnents
= e Lmne |

TED: Rattus norvagicus trypsin domain containing 1 (predicted) (Tysndl_pred 372 a2 9% 7e-100
STED: Rattus norvegicus trypsin domain containing 1 (predicted) (Tysndi_pred 372 a2 9% 7e-100
STED: Mus musculus trypsin domain containing 1, transcript variant 3 (Tysnd1) 206 206 9% 7250 |





At this point we have established that the identity of our EST is similar to trypsin. By convention, the e-value should be less than or equal to 1 x 10-4 in order for the similarity to be valid. 

Downloading multiple sequences

Point browser here: http://www.ncbi.nlm.nih.gov/ 
In the ‘Search’ drop-down menu, choose ‘nucleotide. Enter your keyword to download the sequences you are interested in e.g. rice tungro spherical virus
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Click ‘Go’.
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Click on the highlighted number which in this case is the number of CoreNucleotide records. 
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Let us say that we are only interested in downloading the FASTA format of the rice tungro spherical virus sequences. So what we do is click on the drop-down menu of the Display and change it from ‘Summary’ to ‘FASTA’. 
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Then we click on the ‘send to’ drop-down menu and choose ‘file’ to download all the sequences, or only those you have selected. This action will save the sequences in your computer and can open as a text file or BioEdit file if you already have installed BioEdit, ready for further manipulation.

Aligning multiple sequences to detect polymorphism due to SNP, insertion, deletion etc.;

Point your browser here: http://align.genome.jp/ 
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>1

AACGGTCATTGTGGGAGGTGATGAAGAGCAAGAGGCCCATCAGGATAGTAGTGTTGCAGCAGCTGGACCCATTGATGAACATAACGCCATGCTGCAAAAGATCTACCTTGGTTCTTTTAAGTGGAAAGTATCTGATGGGGGGGGTTCAATTCTCAAAACCTTCTCTCTCCCATCTGACATATGGGCTGCCAATGATAGGATGAAGAATTTCCTCAGCTATTTCCAGTATTATACTTGTGAGGGAATGACATTTACGCTCACGATCACCAGCATTGGACTGCATGGGGGTACGCTGCTTGTAGCTTGGGATGCCTTGAGTAGTGCAACACGGAGAGGAATCGTTTCAATGATACAGCTGAGCAATCTCCCCTCAATGACGCTGCATGCAAGTGGAAGCTCTATTGGTACGCTTACTGTGACTTCTCCTGCGATTCAACACCAGATTTGTACGTCGGGAAGTGAAGGCTCCATAGCTAATTTGGGCTCTCTTGTGATTTCTGTTGCAAATGTGCTGTGCGCTGATTCTGCATCAGCTCAGGAACTTAACGTCAATGCTTGGGTACAATTTGATAAGCCCAAGCTCAGCTACTGGACAGCACAACATACGATTGCGCAG

>2

GAGGCCCATCAGGATAGTAGTGTTGCAGCAGCTGGACCTACCGATGAACATAACGCTATGCTGCAGAAGATCTACCTTGGCTCTTTCAAATGGAAGGTGTCTGATGGGGGGGGTTCTATTCTCAAAACCTTTTCCCTTCCATCTGATATATGGGCTGCCAACGACAGGATGAAGAATTTCCTCAGCTATTTTCAGTATTATACTTGCGAGGGAATGACATTTACGCTCACGATCACTAGCATTGGGCTGCATGGGGGTACGCTGCTTGTTGCCTGGGATGCCTTGAGTAGTGCGACGCGAAGAGGAATCGTCTCGATGATACAGCTAAGCAATCTTCCTTCAATGACGCTGCATGCAAGTGGAAGCTCTATTGGCACTTTGACTGTAACTTCTCCAGCGATTCAACATCAAATCTGCACATCAGGAAGTGAAGGCTCCATTGCCAATTTGGGCTCTCTCGTGATCTCCGTAGCAAATGTGCTGTGTGCCGATTCAGCTTCAGCCCAGGAACTCAATGTCAATGCCTGGGTACAGTTTGACAAGCCTAAACTTAGCTATTGGACGGCGCAACACGCGATTGCACAG

>3

GAAACGGTCATTGTGGGAGGTGATGAAGAGCAAGAGGCCCACCAGGATAGTAGTGTTGCAGCAGCTGGACCTACCGATGAACATAACGCCATGCTGCAGAAAATTTATCTTGGCTCTTTTAAATGGAAGGTGTCTGATGGGGGAGGTTCCATCCTCAAAACCTTTTCCCTTCCATCTGATATATGGGCTGCCAATGACAGGATGAAGAATTTCCTCAGCTACTTCCAATATTATACTTGCGAGGGAATGACATTTACGCTCACGATCACTAGCATTGGACTGCATGGGGGTACGCTGCTTGTTGCTTGGGATGCCTTGAGTAGTGCAACGCGAAGAGGAATCGTCTCGATGATACAGCTGAGCAATCTGCCTTCAATGACATTGCATGCGAGTGGAAGCTCTATTGGCACTTTGACTGTGACTTCTCCAGCGATTCAACACCAAATCTGCACATCAGGAAGTGAAGGCTCCATCGCCAATTTGGCTCTCTTGTGATCTCCGTAGCAAACGTGCTGTGTGCCGATTCAGCTTCAGCTCAGGAACTCAATGTTAATGCCTGGGTACAGTTTGATAAGCCTAAACTTAGCTACTGGACAGCGCAGCATACGATCGCACAG

>4

CAAGAGGCCCATCAGGATAGTAGCATTGCAGCAGCTGGACCTACCGATGAACATAACGCCATGCTGCAGAAAATTTATCTTGGCTCTTTTAAATGGAAGGTGTCTGATGGGGGAGGTTCCATTCTCAAAACCTTTTCCCTTCCATCTGATATATGGGCTGCCAATGACAGGATGAAGAATTTCCTCAGCTACTTCCAATATTATACTTGCGAGGGAATGACATTTACGCTCACGATCACTAGCATTGGACTGCATGGGGGTACGCTGCTTGTTGCTTGGGATGCCTTGAGTAGTGCAACGCGAAGAGGAATCGTCTCGATGATACAGCTGAGCAATCTGCCTTCAATGACATTGCATGCGAGTGGAAGCTCTATTGGCACTTTGACTGTGACTTCTCCAGCGATTCAACACCAAATCTGCACATCAGGAAGTGAAGGCTCCATCGCCAATTTGGGCTCTCTTGTGATCTCCGTAGCAAACGTGCTGTGTGCCGATTCAGCTTCAGCTCAGGAACTCAATGTCAATGCCTGGGTACAGTTTGATAAGCCTAAACTTAGCTACTGGACAGCGCAGCATACGATCGCACAG
Copy the above sequences and paste it into the query box.
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Click on “execute multiple alignment”
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Looking at the multiple alignments above, SNP’s and indels are now obvious.

Assembling sequence fragments to obtain a longer picture of the gene;
Just as an example, you have generated the following expressed sequence tags (ESTs) of a certain gene.

>1

tgaaaattggggtatagagataccccaaatcaattgccttatggccgcttgcgagtagtcgccatataggtgttgccgaaacatgtgaaaggattcacaaactactcatccattgaagattgatgaacatctcatgattttccgattagtgtctgacgtagcacagaacacttagtatgcacacagggcttccctgtccctctgctaagctagtaatgcgaaatcagtttgccgtgcacactgggcttcctggtccctccggctattcaaacacttagacgaaatagtgagtttgccatgcacactgggcttcctggtccctctggctttaaaattgttcagatatctgatttggttgtggtgtattccagttttctggtttcccacttggccgagtgagtagttgagctagcaatatattccggtcgggcggatactattgttagtgtgtctccgagtagcgtgtgtaggcgcacctagtttcttacgcataagaattccgtttgcatcagcaatgcagagctttcttctttcgtctaaaaatcaagcgaagttgttacacgctggtttagagtttgttggaggtgtccggtgtgctcaccagggctgggttagtggtaaggcggttgtattttgtaactattgtaattttgcacatagattgtatagattttatactaagaatcattgtgttttaaataaagaactattgaaaatctctgtggaaggtcttttgtgtcattgtatagagcaggcctttttatttagacgattttacgatcgacgatttgcttggcaaaggaaatatgcaaaggggtttctatttgataatctgtctatccctttcgatgattgcgctctttgtcctaatgctggcactcgtctttcgcaaaccggtgttagtcatgatcactttgtgtgtaattatgttgagcatctttttgaatgtgctagctttagtcgtgagaccggaggaaaatttttccgagcttgtagcgagggttggcactggaacgccacttgcacgacttgcggagcgtcgtgtagatttgccaacccgcgggagaatatagtgatagctatttttatgaactttcttcgtgtaatgta

>2

gattgcgctctttgtcctaatgctggcactcgtctttcgcaaaccggtgttagtcatgatcactttgtgtgtaattatgttgagcatctttttgaatgtgctagctttagtcgtgagaccggaggaaaatttttccgagcttgtagcgagggttggcactggaacgccacttgcacgacttgcggagcgtcgtgtagatttgccaacccgcgggagaatatagtgatagctatttttatgaactttcttcgtgtaatgtatgatggtaacaaatattatgtttctttgcattgtgatactgagtggatacctgtacatcctctttttgcgcgactagttctgatggttcgagggtttgcgccgctggataatagccatgtcattgaggaggacgagatggacatttgtggacactcatcagaggttacatatgaagatccatcaaaatttgccttcacgcaccagcatgttacgcgtggagtgggcatgggacatttggccttttgcagggatgccaatggagtagacagaggcgagcataagttttatctacatggcccttttgatttgaaaatgacgcatgccatgtttagagtgttcatgattttgctcaactgtcatgggtacgttcaatccgagttcagagatgagtttccagatatcaaggaccgctccttgtgtggattgttgtcagttgctggattacggggagttaatgtatcttgcaatgaagaattcatccatttgcactcacagttccacaatggttccttcagatctcagaggccaatccctatggtgtatgccgagccagagatgtacccgccacttggatatgtgcacctcactgaaagttgggtaccgcgcggtcggctgttgatagatgatttgccatcgctcatgagcagagtgtacgctgaaagttcccaggcgcaagcaggcgaaatatatgaagagacat

>3

gtcagttgctggattacggggagttaatgtatcttgcaatgaagaattcatccatttgcactcacagttccacaatggttccttcagatctcagaggccaatccctatggtgtatgccgagccagagatgtacccgccacttggatatgtgcacctcactgaaagttgggtaccgcgcggtcggctgttgatagatgatttgccatcgctcatgagcagagtgtacgctgaaagttcccaggcgcaagcaggcgaaatatatgaagagacatttgatgaggatgatttatttgagcttgatggtgaagagggcacaagcacacgcggtctcttggatcttggaaggagacttggcggtctactattgggtgccacgaagtgcgtgaaaggtttgcactctgtcattgagtggccagtcgatgtgctcacaaaggaggctgaggatcttgggacgtggcttgctgataacaagaaatatgtcagtgaatcaacttggagttgtcaggtctgccctgaggtgcaagatgctttggagaaatccatgcgagagcaagcaaaactgaatgctcaaatgatcagtggcattaagaagttggccacaaccatggattcggccacattgaagctgagagacaatctgaaggagttagagcagagaattagtgtgctggaacaaggtgcagatgatacgcagcaagtgcgcattactaatctggagaacttttgtgaggatgctgcaaaagcttttgaggcactgcgcaacgacattgaagccctcaagaagaagccagcacagagcgtgacaccattgccatcaccttcaggaaactcaggcacagctggtgaacagcgccctccccctagacggagacggagaccccccgtagttgagatgtctgaggcgcaagctggcgaaacggtcattgtgggaggtgatgaagagcaagaggcccaccaggatagtagtgttgcagcagctggacccgctgacgaacataatgccatgctgcagaagatttaccttggctcttttaaatggaaggtgtccgatggggggggttcaattctcaaaaccttttcccttccgtccgatatatgggctgccaacgacaggatgaagaatttcctcagctatttccagtattacacttgc

>4

cccccgtagttgagatgtctgaggcgcaagctggcgaaacggtcattgtgggaggtgatgaagagcaagaggcccaccaggatagtagtgttgcagcagctggacccgctgacgaacataatgccatgctgcagaagatttaccttggctcttttaaatggaaggtgtccgatggggggggttcaattctcaaaaccttttcccttccgtccgatatatgggctgccaacgacaggatgaagaatttcctcagctatttccagtattacacttgcgagggaatgacatttacgctcacaattaccagcattgggttgcatggaggcacgctgctcgtagcctgggatgccttgagtagtgccacacgaagagggattgtttcaatgatacagctgagtaacctcccttcaatgacgttgcatgcgagtgggagttctattggcacgctcactgtgacctctcctgcgattcaacaccagatttgcacatcaggaagtgaaggctctctagctaacttgggctcgcttgtgatttcagtagcaaatgtgctgtgtgccgactctgcatcggcccaggaacttaatgtcaatgcttgggtacagttcaacaagcccaagcttagttattggacagcacaacattcaattgcacagagcgggggttttgaagagtctcaagatttgggtgatttgcaggccataatagcgactggaaagtggtccactacgagcgataagaatttgatggaaattattgttcaccccaccgcttgttatgtgtcggagaaattaatttatcagaccaacttgagtgttgtggctcacatgtttgccaaatggtctggatctatgaggtacacatttgtttttggagcttcgatgtttgataggggcaagataatggtgagtgctgttccagtacagtttagaaattcaaagctcactctatcacaaatggcagcatttccctcaat

>5

gaaattcaaagctcactctatcacaaatggcagcatttccctcaatggtgtgcgatttgagcatggagacgagggagttcactttcgaggttccatacatttccatcggcaagatgagcttggtttgcaaagattatctttttgatatctcctcttataatgctgacttggttgtgagccgactgcatgtgatgatcttggatcccctcgtgaagactggaaatgcatcgaactcaataggcttttatgtcgttgctgggcctggcaagggttttaaactgcatcaaatgtgcggggtcaagagccaatttgctcatgatgtgctgaccgcacaggattttggaagaagcctatcatgctcgcgtctccttggcaatgggttcaaagaatggtgctcccgagaatcgctgttgatgagagttcctctgaagagtggcaagaaacgagccttcaagtacgctgtgactccccgaatgcgaacactgcctcctgaagccacaagccttagttggttgagccaaattttcgttgaatggcgtggatctctgacttacaccatccacgttcaatctggatctgctatccagcattcgtacatgcgcatctggtatgaccccaatggcaaaactgatgaaaaggaggtcaaatttcttgacagtgcacatccaccagcagggatcaaggtgtatcattgggacctcaaaataggagatagctttcgcttcaccgtcccatactgcgctagaacggagaaattgcagatcccaaaagcttatgcgtcaacgccatacgagtggctcacgatgtacaacggggcggtgacttttgatttgcgtagtggtgccgacatggagctttttgtctcaattgctgggggagacgattttgaaatgttcgaacagacagtgcccccaaaatgcggctcagtgagtgattcgtacactgtcctatcatatgcggatgacgttaagagcgtgacggaggtgccgaataagaccacgtatctggcagatgagcaaccaacaacctcagcacctcgtacatctattgtgaacactgaggatgatccgccaactgaaggggagattgcgagaactacgaatggaacccttgtgcagtatcgtggaggagcttggaaaccaatggtggaacgcacgccgacgatgtcgaagaagcaagtgggcccggagcttacggtgtcagatcctcaaatgtataagtgcatcaaaaacatgaacaaaaacgtcaagattctgaccgacagacagtgcactgcaaagttggcaaatatagtggactcagcccaggagcttgttggaagtaatagca

>6

gcacgccgacgatgtcgaagaagcaagtgggcccggagcttacggtgtcagatcctcaaatgtataagtgcatcaaaaacatgaacaaaaacgtcaagattctgaccgacagacagtgcactgcaaagttggcaaatatagtggactcagcccaggagcttgttggaagtaatagcacttttgttgaggatttggcagtgggcgccaagcagatccggaaatttggagagagcctagacgttttcgagggaagtatgagtgctgcaaagactgctgagttaattgacaacacgcacgcagccttctccgggccagctgatgggagcccaatttcaaacgtcgtgcaattgttgctgcctatgctttcctcaatcaaaggcatgtctggaaaaatggagagtaagatggcctcattgactgcaatgttccaaccatgtaagaaagcgattacacatttgattgagaggtccttcccatacttggcatgcaaaggcttcaaaacagacaagtggatttgggcagccttggcttctattcttgttggagcagcactcttgcattactaccgctcagatctcaaatttgtaaagaaatggtccgtgatgtgtatgattatttgggccccactattagcagagaaagcttaccatcttgggacgtggattaaagagaaatttctcaaaagtctcccaagaacaagaacgatcaaagactcgtgccgtaaacactctttggcaggcgcgttcgaatgcttggcatcagcctcttgtgcttacattaaggacaattgggctaagacgatgtcaagtcttttaacgatactaagtgtagtagcgagtcttgttatgtggggaaagattccagatgataaagagatcacaagctttgcggacaaattccacagcatagggaagaaaggcagatccatcacgaatataattggcgggtttgaaaagattacttcagtgtgcaagaaatggagcgagaccctggttagttggatcgtgtcgaacgtgagcggtggcattccgaaggaggacctagcaatgactgcgtacctgggcttcaagattcatgactgggttagagaaacgcgcgatatggctcttatggaaaatcgctttcgaggctttggtggagatgagcacttggtcaaagtaagacgactttatggacattcactcaaaattgataatgcgctcatggaaaaacagatagttccagatatgcagttgagcctcataatcaaagaatgtcgtcaaaaatgccttgagctaatgaatgagagttacacgtacaaaggaatgaagcaatctcgcatcgatccgctacatgtgtgtatgcttggtgcgcctggagtcggaaagtccacaattgctcatgtggtcatcaaccatttgctggatcacagaggagagcctgaagtcgatagaatttacacgagatcgtgcgcagacgcttattggagcaattatcatcaagagccagttatattatacgatgatcttggcgccatcaagagcaacctgcgactgtcggactatgctgagatcatgggt

>7

aatgaagcaatctcgcatcgatccgctacatgtgtgtatgcttggtgcgcctggagtcggaaagtccacaattgctcatgtggtcatcaaccatttgctggatcacagaggagagcctgaagtcgatagaatttacacgagatcgtgcgcagacgcttattggagcaattatcatcaagagccagttatattatacgatgatcttggcgccatcaagagcaacctgcgactgtcggactatgctgagatcatgggtattaaaactaatgatcctttttccgtacccatggcggccgtcgaagataagggtaaacactgtaccagcaaatatgtattctcgtgcaccaatgttttgaatttggacgatactggggatgtggtaactaagatggcatactataggcgacgcaatgttcttgtcaaggttgaaagagatcctgacgttcccaagaatgaggccaatcccactgagggcctggtgtttactgtgctaggccatgatcaaaattgtcaaggagatcctcaatttgtggtgaaagagaattgggacgagccttttctgcgcgaagtcgatactgaagggtggcggtttgagcgcgttgaatacagaacgtttctaaggttcttgtgcatgtacacagatgcatatatgtatagccaggaacaagtgcttcagggaattaaaacgttcaagatgaatccttttgcgcccgagcccgagtttgcgcaagcccagaatggagaggccgctgagtgtgagatcgtcgaggagatgcaggaagtgccaggggaggccccgcaagaagcgaaggaacttgtcaagattgagaccgcgccaaatatggacgagctagtagaggcctttaataagctgagagtgactccagggcacctgaatgatattttgagagatggatcaggttgctacattgacgagtgggcaatagctggacctcggtggctgagctttcatgagttgttaccatttacctgtggttgtcatcatactagggtgtgtgattttaacattgtatataataatatgtgtaaagctgttaggagccagagtgtacattttaagtatagagccaatcaggctattaaatatgcatatactcataagttgcattcacagtgtagatatagtatagattttgagaaacttcgtgagtgcaatcccttggacgtttttgtttgtgttttatccaagtatacggcagatgaccattcttttgagcgacgatgtccaaagaagatgaacgtggtgaggatgcagaggccgccagtttttgagcttaagatgcggccccctagtgatagtgtggttgttgaggacgagcaaggccagcgtatttttgagtggccccatttgtacatatttttgcgatatagagccatcgagtttaaggatgacaaaggctccctgactgtgagggaagatgctggtgctgacgtgtgcccatggaatgaattcctgaaattgccgtggctggatggtgaccaactcaaatctgtgttgccagcacatttacatcggatggtgcaagcacgcttagaacaggtggagataatggaagagaatggaaattacagtggagagatgagaaacgcaattgctgaaatcaaggagtacttggaccaggatcaccagtgggttgctgcgttggttttagtggcatgtgccgtgaaagaacgacgaagaatgacgcatgacaaattgcaccggaaaagtttcaa

For practical reason, you want to get a longer picture of the gene. What you do is you plug in the sequences above into this internet program called CAP3, A DNA sequence assembly program. Point your browser here: http://pbil.univ-lyon1.fr/cap3.php. Note that it should be in FASTA format. 
[image: image13.png]CAP3 Sequence Assembly Program

||| BEE contribution to PBIL in Lyon, France

Enter your sequences in FASTA format (no more than 50 kb):

>1
tgaaaattggugtatagagatacCECcanateattoCCttatgICEguEICTagtagtee

=
gattgogetetttgtectastgetgeactegtotttegcasaceagtattagteatgate
@im LI

This form allows you to assemble a set of configuous sequences (contigs) with the CAP3 program.

Tfyon use CAP3 in any published work, please cite the following reference.

Huane ¥ and Madan, & (1999} CAP3: A DNA sequence assembly program (Genowme Res, 9. 96




You click ‘Submit’.
[image: image14.png]CAP3 assembly:

Runing ... done
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Click on contigs to get a more comprehensive picture of the gene.

[image: image15.png]) The page cannot be displayed B view-

G

>Contigl
TGLALATTGGGGTATAGAGATACCCCARATCARTTGCCTTATGGCCGCTTGCGAGTAGTC
GCCATATAGGTGTTGCCGLAACATGTGARAGGATTCACARACTACTCATCCATTGAAGLT
TGATGAACATCTCATGATTTTCCGATTAGTGTCTGACGTAGCACAGLACACTTAGTATGE
ACACAGGGCTTCCCTETCCCTCTGCTARGCTAGTAATGCGARATCAGTTTGCCGTGCACA
CTGGGCTTCCTGGTCCCTCCGGCTATTCALLCACTTAGACGALATAGTGAGTTTGCCATS
CACACTGGGCTTCCTGGTCCCTCTGGCTTTALRATTGTTCAGATATCTGATTTGGTTGTG
GTGTATTCCAGTTTICTGETTTCCCACTTGGCCGAGTGAGTAGTTGAGCTAGCRATATAT
TCCGGTCGGGCGGATACTATTGTTAGTGTGTCTCCGAGTAGCGTGTGTAGGCGCACCTAG
TTTCTTACGCATARGAATTCCGTTTGCATCAGCARTGCAGAGCTTTCTTCTTTCGTCTAL
BALTCAAGCGARGTTGTTACACGCTGGTTTAGAGTTTGTTGGAGGTGTCCGGTGTGCTCA
CCAGGGCTGGGTTAGTGGTALGGCGETTGTATTTTGTAACTATTGTRATTTTGCACATAG
ATTGTATAGATTTTATACTARGAATCATTGTGTTTTALATARAGEACTATTGALLRTCTC
TGTGGAAGGTCTTTTGTGTCATTGTATAGAGCAGGCCTTTTTATTTAGACGATTTTACGL
TCGACGATTTGCTTGGCALAGGALATATGCLARGGGGTTTCTATTTGATAATCTGTCTAT
CCCTTTCGATGATTGCGCTCTTTGTCCTALTGCTGGCACTCGTCTTTCGCALACCGGTGT
TAGTCATGATCACTTTGTGTGTALTTATGTTGAGCATCTTTTTGLATGTGCTAGCTTTAG
TCGTGAGACCGEAGGALLLTTTTTCCGAGCTTGTAGCGAGGGTTGGCACTGGALCGCCAC
TTGCACGACTTGCGGAGCGTCGTGTAGATTTGCC LACCCGCGOGAGLATATAGTGATAGE
TATTTTTATGAACTTTCTTCGTGTARTGTATGATGGTAACARATATTATGTTTCTTTGCA
TTGTGATACTGAGTGGATACCTGTACATCCTCTTTTTGCGCGACTAGTTCTGATGGTTCG
AGGGTTTGCGCCGCTGOATARTAGCCATGTCATTGAGGAGGACGLGRTGGACATTTGTGS
ACACTCATCAGRGGTTACATATGLAGATCCATCARAATTTGCCTTCACGCACCAGCATGT
TACGCGTGGAGTGGGCATGGGACATTTGOCCTTTTGC AGGGATGCC LATGGAGTAGACAG
AGGCGAGCATARGTTTTATCTACATGGCCCTTTTGATTTGARLATGACGCATGCCATGTT
TAGAGTGTTCATGATTTTGCTCALCTGTCATGGGTACGTTCAATCCGAGTTCAGAGATGL




Here now is a more complete DNA sequence of the gene upon assembly of smaller DNA sequences.
Looking for intron-exon junction
This could be critical in some primer design since you may want to anchor your primer on the conserved region. Some markers in introns could be highly desirable due its inherently high polymorphism.
Just as an example, you may have the following sequences:

>gDNA

ctccttcccctccactggctgctgctgcacctgtcagctagggcgggcatggcgcgccgcgccgcttcccgcgctgctggcgcccttcgctcggagggctcgatccaagggcgagggggccgcgcggggggcagtggcggtggcgcggaggacgcacgccacgtgttcgacgaattgctccgtcgtggcataccagatgtcttctcctacaatattcttctcaacgggctgtgtgatgagaacagaagccaagaagctctcgagttactgcacataatggctgatgatggaggtgactgcccacctgatgtggtgtcgtacagcaccgtcatcaatggcttcttcaaggagggggatctggacaaaatgcttgaccagaggatttcgccaaatgttgtgacctacaactctattattgctgcgctatgcaaggctcaaactgtggacaaggccatggaggtacttaccaccatggttaagagtggtgtcatgcctgattgcatgacatataatagtattgtgcatgggttttgctcttcagggcagccgaaagaggctattgtatttctcaaaaagatgcgcagtgatggtgtcgaaccagatgttgttacttataactcgctcatggattatctttgcaagaacggaagatgcacggaagcaagaaagatttttgattctatgaccaagaggggcctaaagcctgatattactacctatggtaccctgcttcaggggtatgctaccaaaggagcccttgttgagatgcatggtctcttggatttgatggtacgaaacggtatccaccctaatcattatgttttcagcattctagtatgtgcatacgctaaacaagagaaagtagaagaggcaatgcttgtattcagcaaaatgaggcagcaaggattgaatccgaatgcagtgacctatggaacagttatagatgtactttgcaagtcaggtagagtagaagatgctatgctttattttgagcagatgatcgatgaaggactaagacctgacagcattgtttataactccctaattcatagtctctgtatctttgacaaatgggagaaggctgaagagttatttcttgaaatgttggatcgaggcatctgtcttagcactattttctttaattcaataattgacagtcattgcaaagaagggagggttatagaatctggaaaactctttgacttgatggtacgaattggtgtgaagcccgatatcattacccttggcaggtaagatggatgaagcaatgaagttactttctggcatggtctcagttgggttgaaacctaatactgttacttatagcactttgattaatggctactgcaaaattagtaggatggaagacgcgttagttctttttaaggagatggagagcagtggtgttagtcctgatattattacgtataacataattctgcaaggtttatttcaaaccagaagaactgctgctgcaaaagaactctatgtcaggattaccgaaagtggaatgcagattgaactttgttagatttaattggataattaatccatttaaatcaattaaatcaaataaattccaaggctcattatgctaggaattcatgtgaattcattcttctatgggatatcaatgggatgaagagttttgagaattaatccatttgattaaggaattggtaacttatatcaattaatcctaattgatggatggttgatggttgtgtagtggaggatggttcatggctagttgatgacaattagttgctctattcctcttcctattccattggtaacttacatcaattactcttaattgattgttggttgatggttgtgtagtggaggatggttcatggctagttgatgacaattagttgctccattcctcttcctattccatgactcttactcttcatcttccattcctcttataaaatgagaatggatttgatctcccgcgagaagaagaagacacactttcatccattttcaaaagctgttgctgctacggtaatcccatcccgacgagtgtgtgcacacgcgttgggagagtaggcctccgaaaccacgcgttgctgcgacgtttgcacagacgggcgggcgatcaggtttttggggagcgcaaggcgcgactactcactgttcgtcaacatctacttcatcttcaccaacatgtcgaacactggagacaaggagaaggagactcccgtcaacaccaacggaggcaatactgcctcaaactccagcggaggaccattcttggggtataaccttattacattatttcaattagaagttttactgttaatgttcatcgcaatgtcaacattgtgtcattatgtgattgttgatgcttattcaacgttaagcatgctcatgttgattacattcaccactatcactggatcaaatcctattgtaaatatcatgtttattatcttgttattttggattaaaatatgccgaattatgaccaaatttccaacaaacttagcacatacaacataatccttcatggactttgcaaaaacaaactcactgatgatgcacttcgaatgtttcagaacctatgtttgatggatttgaagcttgaggctaggactttcaacattatgattgatgcattgcttaaagttggcagaaatgatgaagccaaggatttgtttgttgctttctcgtctaacggtttagtgccgaattattggacgtacagattgatggctgaaaatattataggacaggggttgctagaagaattggatcaactctttctttcaatggaggacaatggctgtactgttgactctggcatgctaaatttcattgttagggaactg

>EST

ctccttcccctccactggctgctgctgcacctgtcagctagggcgggcatggcgcgccgcgccgcttcccgcgctgctggcgcccttcgctcggagggctcgatccaagggcgagggggccgcgcggggggcagtggcggtggcgcggaggacgcacgccacgtgttcgacgaattgctccgtcgtggcataccagatgtcttctcctacaatattcttctcaacgggctgtgtgatgagaacagaagccaagaagctctcgagttactgcacataatggctgatgatggaggtgactgcccacctgatgtggtgtcgtacagcaccgtcatcaatggcttcttcaaggagggggatctggacaaaatgcttgaccagaggatttcgccaaatgttgtgacctacaactctattattgctgcgctatgcaaggctcaaactgtggacaaggccatggaggtacttaccaccatggttaagagtggtgtcatgcctgattgcatgacatataatagtattgtgcatgggttttgctcttcagggcagccgaaagaggctattgtatttctcaaaaagatgcgcagtgatggtgtcgaaccagatgttgttacttataactcgctcatggattatctttgcaagaacggaagatgcacggaagcaagaaagatttttgattctatgaccaagaggggcctaaagcctgatattactacctatggtaccctgcttcaggggtatgctaccaaaggagcccttgttgagatgcatggtctcttggatttgatggtacgaaacggtatccaccctaatcattatgttttcagcattctagtatgtgcatacgctaaacaagagaaagtagaagaggcaatgcttgtattcagcaaaatgaggcagcaaggattgaatccgaatgcagtgacctatggaacagttatagatgtactttgcaagtcaggtagagtagaagatgctatgctttattttgagcagatgatcgatgaaggactaagacctgacagcattgtttataactccctaattcatagtctctgtatctttgacaaatgggagaaggctgaagagttatttcttgaaatgttggatcgaggcatctgtcttagcactattttctttaattcaataattgacagtcattgcaaagaagggagggttatagaatctggaaaactctttgacttgatggtacgaattggtgtgaagcccgatatcattacccttggcaggtttttggggagcgcaaggcgcgactactcactgttcgtcaacatctacttcatcttcaccaacatgtcgaacactggagacaacacttcgaatgtttcagaacctatgtttgatggatttgaagcttgaggctaggactttcaacattatgattgatgcattgcttaaagttggcagaaatgatgaagccaaggatttgtttgttgctttctcgtctaacggtttagtgccgaattattggacgtacagattgatggctgaaaatattataggacaggggttgctagaagaattggatcaactctttctttcaatggaggacaatggctgtactgttgactctggcatgctaaatttcattgttagggaactg
First off, go here: http://bioweb.pasteur.fr/seqanal/interfaces/est2genome.html 

Enter your genomic and EST sequence in their respective boxes. On the output section, check the checkbox of the “show the alignment’ menu. Then click ‘Run est2genome’.
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Click on outfile.out to view the summary page and alignment.
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Here is a summary that shows that there are two intronic regions in the genomic DNA. 
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Here you can see a graphical representation of the splice junction which shows the exact location of the intron.
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Prediction of function of a certain DNA sequence
Just as an example you may have the following sequence:

>test

atggcctcagagtggcgtctgaagattcgggactgccgacctgcacggtaaccgcagtactcgacacggtgtttcggtgtcagctctccatctaacgttgttcagtgtcacgacccgtccaaacgtttgcagacacctcaccgtcaccactcctgttagaataccccgctcttctgggaaggctttccattagatttgtggggattagtgtttattcaggtactgatgatacgatctcgaggaggctccggttccagttcattcgggttgagagatcagggctctgaagagttcttccactccgaccttaacacaccacgtcttcacggagcgcgcatcgtcacgcacaggcgcttcgtcacgctggaaccggtttggacctcttggttgcagtgaagagaaactcttgagacgtcctattatacagttgtgttggtctagttttggaaatatgggtgtgatggtcaagtgtccacaaccttttggcctgctgtactgtatgtgtcaaggtttaatgtttcatgttgtcgcaggtgggtctgtggatcgatgctgggagtcggtacgagaacgacaggaacaatggcacagcccacttcctggagcacatggcatttaaggtgagagagagagcgtgtcgatcgatgtgcgatacaggaacctgagctgggaggatttgttcattcaactggagtgtgtgctgtatctccgtgttccttttctgtattttatagggtaccaggaagcgttcccagctagacctggagcttgagattgagaacatgggagcccacttgaatgcctatacttccagagagcagacagtgtattacgccaaagccttttctaaagaccttcccagaggtac
Firstly, you need to convert this to an amino acid sequence. Open the FastPCR software and go to ‘converting’ and choose ‘DNA-Protein’. Just for illustration purpose, I choose the first translation which is shown below.

>Direct_Frame1

masewrlkirdcrpar*pqystrcfgvsspsnvvqchdpskrlqtphrhhsc*ntplfwegfpldlwglvfiqvlmirsrggsgsssfglrdqgseeffhsdlntprlhgarivthrrfvtlepvwtswlq*retletsyytvvlv*fwkygcdgqvsttfwpavlyvsrfnvsccrrwvcgsmlgvgtrttgtmaqptswstwhlr*erervdrcaiqepelggfvhstgvcavspcsfsvfyrvpgsvps*twslrlrtwept*mpilpesrqcitpkpflktfpev
Go here: http://gibk26.bse.kyutech.ac.jp/jouhou/HOMOLOGY/dbsearch/  

Input the amino acid sequence and click submit.
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Click ‘start FASTA session’
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Establishing presence of targeting sequences either from mitochondria or chloroplast
>test

marvcgkcsssasaarctrsirdtakasgscagggsksghikgdaidsdmrsrsvvdckmgvvvrmrdvisykmrkircdiystiikccscskastgktkghdvvtnthgcvdrvsanhmttcrnvvtttmngcrgrivavadrmmdgtitygtivdgmckkgdtvsanrkmvshiinvviysaiidsckdgrhsdantmkgidtynsmivgcssgrwsdamrkisdvvtynainavkgkaydmrgiintityssmidgcknrdaahmymatkgcsnitntidgycgakriddgmhmttgvadtttyntihgyvgdnaadmissgcdivtcdtdgcdngkkdamkvmkskkddashngvdvtyniisgingkaymhrgivdtityssmidgcksrdatmdsmgskssnvvtttingyckagrvddgcmgrrgivanaityiticgrkvgningadimissgvydtitirnmtgwskkravamkmsmdsgg
Point browser here: http://ihg.gsf.de/ihg/mitoprot.html 
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Finding out about the taxonomical hierarchy of a certain organism;
Point your browser here: http://www.ncbi.nlm.nih.gov/Taxonomy/taxonomyhome.html/index.cgi?chapter=extinct
Let’s say we want to search the taxonomical hierarchy of eggplant. We enter that: and click search.

[image: image25.png]As| complete name v

Extinct organisms that are represented with sequence data
GenBank

Mammals:

(ancient bison)
(steppe bison)
(desert rat kangaroo)
(Tapanese wolf)
(pig-footed bandicoot)
(wooly thinoceros)
(Tilo island dwwasf elephant)
(quagga)
(Pleistocene horse from South America)





[image: image26.png]Solanum melongena

Taxonomy ID: 4111
Genbank common name: e
Rank: species
Genetic code: Translation table 1 (Standard)
Mitochondrial genetic code: Translation table 1 (Standard)

Other names:

lant

synonym: Solanum insanum

synonym: Solanum insamum L.

synonym: Solanum melongena L.
common name: auhergine

common name: bringal

Lineage(full)
cellular organisms, Eukaryots, Viridiplantae; Streptophyta; Sireptophyting, Embryophyta;

Tracheophyta;, Euphyllophyta;, Spermatophyta; Magnoliophyta; eudicotyledons; core
eudicotyledons; asterids; lamiids; Solanales; Solanacear; Solancideae; Solaneae;
Solanum





Data mining using BLAST; verifying if your sequence is really from your species of interest not from any unrelated organism; verifying if primers will not anneal to any fungal or bacterial sequences;
We may have sequence our gene at the lab but in some cases, we are not really sure if we have the right sequence we are after. It could be that there is some contamination (e.g. bacteria, fungi) and it so happen that other gene other than our target is isolated and sequenced. The ability to query databases to satisfy what we are after is called data mining. To do this, follow the procedure below:
> test
Gcgacgcgtcggtgctgatcgcggggccggacgacgagcacagcgcgggcgcggacacgacgctgtcgccggacgcgctggacctcatcacccgcgccaaggccgccgtcgacgccgacgcccagtgcgccaacaaggtctcctgcgccgacatcctcgccctcgccgcccgcgacgtcgtctcccaggcaggaggaccctactaccaggtggagctggggcggcttgacggcaaggtcgggacgcgcgccgtggtgaagcacagcctccccggcgccgccttcgacctcgaccagctcaacaagctcttcgccaccaacggcctcacccagaccgacatgatcgccctctcaggagggcacacgataggggtgacgcactgcgacaagttcgtgcggcggctgtaccagttcaagggggcggcgccgcagtacagcccgccgatgaacctggcgttcctgcggcagatgaggcagacgtgcccgctcagctacagcccgaccaccgtcgccatgctcgacgccgtctcgcccaacaagttcgacaatggctacttccaggcgctgcagcagctcaagggcctcctcgcctccgaccaggtgctcctcgccgaccgccgctcgcgcgccaccgtcaactacttcgccgccaaccagaccgccttcttcgacgccttcgtcgccgccatcaccaagctcggccgcgtcggcgtcaag
Open this webpage: http://www.ncbi.nlm.nih.gov/blast/
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Chaose & BLAST pragrarm to run

Search a nucleotide database using a nucleotide query
Algorithms: blastn, megablast, discontiguous megablast

Search protein database using a protein query
Algorithins: blastp, psi-blast, phi-blast

blasts ‘ Search protein database using a translated nucleotide query

thlastn ‘ Search translated nucleotide database using a protein query




Click on ‘nucleotide blast’
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Paste your sequence on the box. If it is a primer, paste the primer sequences. On the database, choose others, and on the dropdown menu, choose ‘Nucleotide collection (nr/nt)’. Click ‘BLAST’. 
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Here, it is obvious that our sequence really came from Oryza sativa. To be valid, the e-value of the alignment should be at less than or equal to 1 x 10-4. For further confirmation, you can also run the sequence on ‘blastx’ for comparison to database on translated proteins using the same procedure.
Biochemical pathway

You may have a protein of interest or enzyme, and for whatever reason, you find it necessary to see what biochemical pathway it is involve in. Point your browser here: http://www.expasy.ch/cgi-bin/search-biochem-index
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Click ‘Submit Query”.
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ENZYME: 31211
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CHOLOYLGLYCINE HYDROLASE
ENZYME: 35.1.24
Available map(s): K10,L10




Click F8 for map or ‘ENZYME’ for more info about enzyme

Here is the detailed information about the enzyme.
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Acetoacetyl-CoA hydrolase.
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Here is the biochemical pathway showing the involvement of the enzyme.
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Removing contamination in a sequence like vector sequences, and other artifacts;

>test

gattaagattataagaaaaaaaacatccgcggtccatgctccgggccgtatggcggccgcgggattcgattctcttgcttacgcgtggcactcatactgtgactgagatatgtgtgtgtgtgtgtgtgtgtgtgtgtgtgtgtacttaggcaaacctgatgttatattatatattgattggattgattaagatatggattacaggtccagtgacctactcactgagctttttagctcactactctacagttcttagttttgcaggttagttctggtgatcaggctcctccaccgtaccgctgcagtattcgctacttgtccagtcttagtgcagaacaaggttgctgttttgcatctaatgcatgaataattattaagggtttttgttattgttctaacatatggccgaaagagtgaccataccattgtaaatccagcatttgc
Contaminated sequences could affect any further DNA sequences. If you suspect that your DNA sequence is contaminated with a vector sequence, you should run it through the VecScreen program by going to this site: http://www.ncbi.nlm.nih.gov/VecScreen/VecScreen.html 
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Restriction mapping for finding out the enzymes that could cut a DNA sequence
Point browser here: http://rna.lundberg.gu.se/cutter2/
>test

gattaagattataagaaaaaaaacatccgcggtccatgctccgggccgtatggcggccgcgggattcgattctcttgcttacgcgtggcactcatactgtgactgagatatgtgtgtgtgtgtgtgtgtgtgtgtgtgtgtgtacttaggcaaacctgatgttatattatatattgattggattgattaagatatggattacaggtccagtgacctactcactgagctttttagctcactactctacagttcttagttttgcaggttagttctggtgatcaggctcctccaccgtaccgctgcagtattcgctacttgtccagtcttagtgcagaacaaggttgctgttttgcatctaatgcatgaataattattaagggtttttgttattgttctaacatatggccgaaagagtgaccataccattgtaaatccagcatttgc
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Click on ‘Analyze sequence’ below.
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Finding the open reading frame;

Point browser here: http://www.ncbi.nlm.nih.gov/projects/gorf/ 
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Deducing the physico-chemical property of a protein;

>test

marvcgkcsssasaarctrsirdtakasgscagggsksghikgdaidsdmrsrsvvdckmgvvvrmrdvisykmrkircdiystiikccscskastgktkghdvvtnthgcvdrvsanhmttcrnvvtttmngcrgrivavadrmmdgtitygtivdgmckkgdtvsanrkmvshiinvviysaiidsckdgrhsdantmkgidtynsmivgcssgrwsdamrkisdvvtynainavkgkaydmrgiintityssmidgcknrdaahmymatkgcsnitntidgycgakriddgmhmttgvadtttyntihgyvgdnaadmissgcdivtcdtdgcdngkkdamkvmkskkddashngvdvtyniisgingkaymhrgivdtityssmidgcksrdatmdsmgskssnvvtttingyckagrvddgcmgrrgivanaityiticgrkvgningadimissgvydtitirnmtgwskkravamkmsmdsgg
Point browser here: http://www.expasy.ch/tools/protparam.html Enter the test amino acid sequence above into the box as shown below.
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Click on ‘Compute parameters’.
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The different physico-chemical properties of said protein are shown on this page
Finding domains in protein
Point browser here: www.sanger.ac.uk/software/pfam 
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Verifying the location of primers in rice genome
Point your browser here: http://www.gramene.org/Multi/blastview 
Enter your primer sequences on the “Enter the Query Sequence” textbox. In the “Select the databases to search against” box, choose rice. Click the “RUN” button.
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The window blow will appear. Click the ‘view’ button for the forward primer or reverse primer to view their matches on the rice genome.
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E.g. clicking on the ‘view’ button of the forward primer showed that it is located on chromosomes 1 and 3. From here, you need to gather more information or evidence to really pinpoint the location or target of your primer.
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Clicking the ‘view’ button of our reverse primer showed that it is located on chromosome 1. From here, we can conclude that our target amplicon is on chromosome 1.

[image: image53.png][ Asignment Locations vs. Karyotype (click arrow to hide)

0.






Find more information about a particular trait/QTL?

Go to http://www.gramene.org/qtl/
Searching databases like this is basically a trial and error.  So if your initial search did not work, you may try in another search term which is synonymous to the trait you are interested in. Let us say we are interested in drought tolerance. So we type in ‘drought tolerance’ in QTL quick search and then click ‘submit’. 
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This gives us a list of tabulated result which gives us among others the trait name, trait category, linkage group and map position.

Let us say that we are interested in Oryza sativa drought so we click on the ‘QTL Accession ID’ of the second entry in the tabulated result.
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This gives a detailed description for the QTL as shown below.
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To view the position of the QTL in the context of a genetic map, click on ‘View Comparative Map’.
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To view other traits or QTL that are on the same chromosome as your trait of interest (e.g. drought tolerance, just click on the chromosome ‘3’ link as shown above.
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Needless to say, there are also several links of interest like marker association, related ontologies and references.

Find the location of a marker in the genome?

Go here: http://www.gramene.org/cmap/
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Clink the link on feature search as highlighted above.
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Just as an example, we type in the rice aroma marker RM223 in the feature name.  Choose ‘rice’ for the ‘Restrict species’ and ‘-All Feature Types-“ in ‘Restrict feature types’ and default on the search field.
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Click ‘Submit’.
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Let us say we want to use the map set for indica rice (93-11) so we click on ‘View on Map’ link of ‘Class I SSR (93-11) 2005’. 
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To find more information about the marker, you can click on the link ‘Feature Details’ above.

Find markers for fine mapping?
Suppose we need to have more markers aside from the one or few we have (e.g. RM223). What we do is go back to the feature search as we did above but this time, we choose from a list of map sets as shown below. 
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Let’s say we are still interested on Class I SSR (93-11) 2005 so we click on that map set and the following will be loaded: 
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Click on the ‘Map Viewer’ one after the other until you find one which contains the marker RM 223. You would notice that Map 8 contains RM223.  To highlight the marker RM223 and reveal the adjacent markers, click on the ‘Feature Options’ box.
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The said menu will expand to u\include different options. Type ‘RM223’ in the ‘Highlight Features’ box. In the ‘Show Labels’, choose ‘All’.
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Then click ‘Redraw’ and we will get the figure below. RM223 is highlighted with its adjacent markers. Now, it’s possible to pick markers for further fine-mapping. 
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Get a list of predicted genes within a QTL region?
Go to: http://www.gramene.org/Oryza_sativa_japonica/index.html
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Let us say that you may be interested in chromosome 10.
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Scroll below until you come to ‘Jump to ContigView’. Let us say that we are interested about the genes in between the markers S12564  and S10019. Input those markers as shown below. Ensure that the drop-down menu is ‘Marker’. You can also input, among others,  the BAC clone, and the gene name.
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Click on ‘Go’.
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To export the file containing the genes in between the two markers (S12564  and S10019), go to the left side of the screen and look for ‘Export data’ as shown below.
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There are many ways to export data depending on your needs. Just for the sake of illustration, click on “Export information about region”. The following will then be loaded.
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Click on the dropdown menu and for the sake of example, choose ‘Tab separated values’ under ‘Feature list’. Of course you can also use the other options.
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In the output format, choose ‘Text’. Click on continue. This will give you a test file which can be opened later also by spreadsheet programs like Excel.

Generation of CAPS markers

CAPS markers are a type of PCR based marker. In this method, genomic DNA is amplified by PCR using specific sets of primers complementary to a given region. The PCR product is then digested with a restriction enzyme and the products separated on an agarose gel. The polymorphisms detected by this method typically show an absence or presence of a restriction site leading to a difference in the size of DNA fragments.
An in silico enhanced generation of CAPS markers can be done through the following steps:
Run BLAST for your sequence:

>trial

ACTTAGCACATACAACATAATCCTTCATGGACTTTGCAAAAACAAACTCACTGATGATGCACTTCGGATGTTTCAGAACCTATGTTTGATGGATTTGAAGCTTGAGGCTAGGACTTTCAACATTATGATTGATGCATTGCTTAAAGTTGGCAGAAATGATGAAGCCAAGGATTTGTTTGTTGCTTTCTCGTCTAACGGTTTAGTGCCGAATTATTGGACGTACAGGTTGATGGCTGAAAATATTATAGGACAGGGGTTGCTAGAAGAATTGGATCAACTCTTT
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Save the file. Then, go to: http://www.bar.utoronto.ca/ntools/cgi-bin/ntools_blast_digester.cgi. Go to the upload box and upload your saved file.
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Run the program and the following output would come out:
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From here, you have a list of restriction enzymes on whose sites you can design primers.

Finding the recognition sequence of a restriction enzyme
Recognition sequence is the sequence recognized by a restriction enzyme. To find the recognition sequence of a primer, go here: http://rebase.neb.com/rebase/rebase.html
e.g. type ‘EcoRI’ on the box for enzyme name and click ‘Go’.
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Click, ‘Go’ and the following output would come out.
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Retrieving protein and DNA sequences

To retrieve DNA or protein sequences, go to the NCBI site: www.ncbi.nlm.nih.gov.  
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To retrieve DNA sequences, choose ‘Nucleotide’ on the dropdown menu for ‘Search’.
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If you have the accession number for the specific nucleotide you wanted, you can enter on the blank space provided. Or, you may wish to use a keyword search. E.g. search nucleotide for Rice Tungro Spherical Virus. 
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Click ‘Go’.
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Click on the hyperlink for CoreNucleotide records. This gives you a list of all the nucleotides submitted for Rice Tungro Spherical Virus (RTSV).
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From here, you can click the hyperlink of the RTSV nucleotide that you want to explore further. For example, you may click on number 2, and the following web page will appear showing the nucleotide sequences of RTSV.
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To retrieve protein sequences, pull the dropdown menu to ‘Protein’. For example, you may be interested in getting the amino acid sequence of protease.
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Click the accession number in hyperlink to retrieve the amino acid sequence: 
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Finding the functional domain of a protein:
The functional domain refers to a region of a polypeptide chain of a protein that performs a particular function. To find the functional domain of a protein , go here: 

http://www.ncbi.nlm.nih.gov/Structure/lexington/lexington.cgi?cmd=rps
For example, we want to find the functional domain of protease. From the previous example, we know that the accession number of protease is AAB49732. 
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Click search and this will give us the functional domain:
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Using Sequence Extractor to build DNA construct

A DNA construct is a DNA sequence that has been modified to yield a recombinant DNA molecule. In building a DNA construct, two ends of DNA are joined together by ligase. However, this is only possible if the two ends are complementary, that is, if they are cut by the same restriction enzymes. Sequence extractor can be used to extract sequences bounded by two restriction enzymes of interest to enable it to join other DNA sequences having the same cut to form a DNA construct. First, go here: http://www.bioinformatics.org/seqext/
For example, we have the following sequences, and the primers below to amplify certain regions of the DNA. 

>Rf1B

gcacacaactgcgcaagagatcgatcgcgatcaccctgctcgtcgccgatctcctacaccatccctgccatctccttcccctccactggctgctgctgcacctgtcagctagggcgggcatggcgcgccgcgccgcttcccgcgctgctggcgcccttcgctcggagggctcgatccaagggcgagggggccgcgcggggggcagtggcggtggcgcggaggacgcacgccacgtgttcgacgaattgctccgtcgtggcataccagatgtcttctcctacaatattcttctcaacgggctgtgtgatgagaacagaagccaagaagctctcgagttactgcacataatggctgatgatggaggtgactgcccacctgatgtggtgtcgtacagcaccgtcatcaatggcttcttcaaggagggggatctggacaaaatgcttgaccagaggatttcgccaaatgttgtgacctacaactctattattgctgcgctatgcaaggctcaaactgtggacaaggccatggaggtacttaccaccatggttaagagtggtgtcatgcctgattgcatgacatataatagtattgtgcatgggttttgctcttcagggcagccgaaagaggctattgtatttctcaaaaagatgcgcagtgatggtgtcgaaccagatgttgttacttataactcgctcatggattatctttgcaagaacggaagatgcacggaagcaagaaagatttttgattctatgaccaagaggggcctaaagcctgatattactacctatggtaccctgcttcaggggtatgctaccaaaggagcccttgttgagatgcatggtctcttggatttgatggtacgaaacggtatccaccctaatcattatgttttcagcattctagtatgtgcatacgctaaacaagagaaagtagaagaggcaatgcttgtattcagcaaaatgaggcagcaaggattgaatccgaatgcagtgacctatggaacagttatagatgtactttgcaagtcaggtagagtagaagatgctatgctttattttgagcagatgatcgatgaaggactaagacctgacagcattgtttataactccctaattcatagtctctgtatctttgacaaatgggagaaggctgaagagttatttcttgaaatgttggatcgaggcatctgtcttagcactattttctttaattcaataattgacagtcattgcaaagaagggagggttatagaatctggaaaactctttgacttgatggtacgaattggtgtgaagcccgatatcattacccttggcaggtaagatggatgaagcaatgaagttactttctggcatggtctcagttgggttgaaacctaatactgttacttatagcactttgattaatggctactgcaaaattagtaggatggaagacgcgttagttctttttaaggagatggagagcagtggtgttagtcctgatattattacgtataacataattctgcaaggtttatttcaaaccagaagaactgctgctgcaaaagaactctatgtcaggattaccgaaagtggaatgcagattgaactttgttagatttaattggataattaatccatttaaatcaattaaatcaaataaattccaaggctcattatgctaggaattcatgtgaattcattcttctatgggatatcaatgggatgaagagttttgagaattaatccatttgattaaggaattggtaacttatatcaattaatcctaattgatggatggttgatggttgtgtagtggaggatggttcatggctagttgatgacaattagttgctctattcctcttcctattccattggtaacttacatcaattactcttaattgattgttggttgatggttgtgtagtggaggatggttcatggctagttgatgacaattagttgctccattcctcttcctattccatgactcttactcttcatcttccattcctcttataaaatgagaatggatttgatctcccgcgagaagaagaagacacactttcatccattttcaaaagctgttgctgctacggtaatcccatcccgacgagtgtgtgcacacgcgttgggagagtaggcctccgaaaccacgcgttgctgcgacgtttgcacagacgggcgggcgatcaggtttttggggagcgcaaggcgcgactactcactgttcgtcaacatctacttcatcttcaccaacatgtcgaacactggagacaaggagaaggagactcccgtcaacaccaacggaggcaatactgcctcaaactccagcggaggaccattcttggggtataaccttattacattatttcaattagaagttttactgttaatgttcatcgcaatgtcaacattgtgtcattatgtgattgttgatgcttattcaacgttaagcatgctcatgttgattacattcaccactatcactggatcaaatcctattgtaaatatcatgtttattatcttgttattttggattaaaatatgccgaattatgaccaaatttccaacaaacttagcacatacaacataatccttcatggactttgcaaaaacaaactcactgatgatgcacttcgaatgtttcagaacctatgtttgatggatttgaagcttgaggctaggactttcaacattatgattgatgcattgcttaaagttggcagaaatgatgaagccaaggatttgtttgttgctttctcgtctaacggtttagtgccgaattattggacgtacagattgatggctgaaaatattataggacaggggttgctagaagaattggatcaactctttctttcaatggaggacaatggctgtactgttgactctggcatgctaaatttcattgttagggaactgttgcagagaggtgagataaccagggctggcacttacctttccatgattgatgagaagcacttttccctcgaagcatccactgcttccttgtttatagatcttttgtctgggggaaaatatcaagaatatcatatatttctccctgaaaaatacaagtcctttatagaatctttgagctgctga

cgatctcctacaccatccctg Rf1BF2,

gtgctaagacagatgcctcg Rf1BR2

cactgatgatgcacttcg Rf1BF3

acaaggaagcagtggatgc Rf1BR3

Input these sequences to their respective place in the Sequence Extractor program as shown below.
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Click ‘Submit’ and the restriction map and primer map shown below is generated.
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To extract the sequence you want, you first click on the first desired restriction enzyme and then to the second restriction enzyme. E.g. Clicking on TaqI and MboI will generate a 26 bp oligonucleotide bounded by these two enzymes as shown below. Note that another piece of DNA cut with the same piece of restriction enzymes will be able to join with that sequence.
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Calculation of molar quantity for nucleic acids

For weight to molar quantity conversion, go to: http://molbiol.ru/eng/scripts/01_07.html . 
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As an example, we wanted to know the weight of a 10 picomole (pmol) single stranded DNA sequence which is 200 bp long (0.2 kb).  We choose ‘ssDNA’ in the dropdown menu and input 0.2 kb. Then in the “mole” to “weight” conversion, we input 10 pmol and click ‘Calculate’.
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Dilution calculation

Let’s say we have a 100 µg/ml ampicillin to be diluted into 10 µg/ml in a 1 liter solution. Go to: http://www.restrictionmapper.org/dilutioncalc9.htm. We input the required data into the Dilution Calculator.
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Click on calculate dilution: 
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Extracting features from a GenBank entry

A feature refers to any gene or other genetic element that resides on a chromosomal sequence. One or more features can be associated with a gene. Features include mRNAs, tRNAs, cDNAs, ESTs, and ORFs. To extract mRNA or cDNA sequence, gene sequence , or coding sequences, use GenBank Feature Extractor by going here: http://www.sanbi.ac.za/%7Ermuller/SMS/index.html and paste the contents of a Genebank entry
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Paste the contents of a GenBank file into the text area below.

Locus AF177870 3123 pp DA v 31-0CT-1995

DEFINITION Caenorhsbditis remanei putative PP2C protein phosphatase FEN-
(fen-2) gene, complete cds.

ACCESSION  AF177570





Run the program and the following features will be extracted:
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GenBank to FASTA format
Some programs accepts only FASTA format. To quickly transform a GenBank format to FASTA format, go here: http://www.bioinformatics.org/sms/. Paste the contents of a GenBank entry.
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Paste the contents of a GenBank file into the text area below.
Locus 20251347 669 bp DA = 07-0CT-1998
DEFINITION F2SD1-T7 IGF Arabidopsis thaliana genomic clone F2SD1, genoms

survey sequence.
ACCESSION 20251347

nID 93704413
VERSTON 20251347.1 GI:3704413
KEYWORDS  GSS.





Click ‘Submit’. Now we have a sequence in FASTA format.
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Counting the number of sequences

In most sequence manipulation of DNA, RNA or amino acid, we need to know the exact number of the sequences we’re dealing with or the exact location of our target e.g for primer design. Go here and paste your sequence: http://www.lettercount.com/
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Input sequence and click ‘Count characters’.

Aligning two DNA, RNA or protein sequences

To align two DNA or RNA or protein sequences, go to: http://insilico.ehu.es/align/ 

e.g.  Enter the sequences below on their respective boxes on the program.

sequence 1

atgaagtttttggcatgggcttggcccgcagtgctgcatatgggcttgatgcagccactacaccgaaagtttattgtccttgataaggctaaatcaatcgactccaggccagattggagtaagttcactttaggtccttcatcttgacatcgagtttgaatcacattcctaaaccgtagtacccgaaatatttatccccaacttataacaaactgagttaaattagatcctccgacagtatagatatctagtttcactgacgtggcaagttgatcaggtccactcatgatgactaggcgcttaaatggcaaaaacaaaagtgggcttcacatgtcatcatcactcttctccctctatctcctcagtgtcgcatccttctccttataccctctccctccctccctcgccggccggccaccagaatgctattggtagccctccggccttccctgctccctccacgtcacgatgcaccggcaggtcaagcaactccctcactaacaccatcgatgctgcaacacgcctcgagcggagcctccgtcgtcctcgtcagcgtcgtgcttgggctcctcgtcacgagctcgctaggatgccaccctatccacctcctcctcacgcttgtcgacactgccaacagtggcaaagcggtgcgtggatctggaggaagaggaagggggagaaaggaggatgtgacctcaccatcgccactctcttctccactgtcaccgagctcgtggcgtacgacaccatggacgcgctcttcaccatgatgtcgttcgacgatggcttccacggaagcttcccccttcttcctcctcacaactcgaccggagtttggtgcccgccatcgccgtgcttctcagcaaccacgagaagagagaggagagcagggttaatcttatcagttaggccgatttga

sequence 2

Atgaagtttttggcatgggcttggcccgcagtgctgcatatgggcttgatgcagccactacaccgaaagtttattgtccttgataaggctaaatcaatcgactccaggccagattggatgtcgcatccttctccttataccctctccctccctccctcgccggccggccaccagaatgctattggtagccctccggccttccctgctccctccacgtcacgatgcaccggcaggtcaagcaactccctcactaacaccatcgatgctgcaacacgcctcgagcggagcctccgtcgtcctcgtcagcgtcgtgcttgggctcctcgtcacgagctcgctaggatgccaccctatccacctcctcctcacgcttgtcgacactgccaacagtggcaaagcggtgcgtggatctggaggaagaggaagggggagaaaggaggatgtgacctcaccatcgccactctcttctccactgtcaccgagctcgtggcgtacgacaccatggacgcgctcttcaccatgatgtcgttcgacgatggcttccacggaagcttcccccttcttcctcctcacaactcgaccggagtttggtgcccgccatcgccgtgcttctcagcaaccacgagaagagagaggagagcagggttaatcttatcagttaggccgatttga

[image: image106.png]Alignment of two DNA, RNA or protein sequences
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Click ‘Align sequences’.
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Plasmid annotation

Sometimes we have a plasmid but we don’t have information about it ‘s features such as polylinker, selectable markers etc.  Go to http://wishart.biology.ualberta.ca/PlasMapper/index.html  and input the sequence of your plasmid as shown below.

[image: image108.png]PlasMapper Version 2.0
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Download Plashapper Source
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For additional information on howto run Plashapper, click

Select desired DNA sequence file (FASTA format onh)

|(Browse...]

OR Select a plasmid based on supplier| Amersham Pharmacic | [__Plasmid Library

OR paste the DNA sequence info the textwindow below (FASTA fomat onb)
CeCCGCECaTtGOCeaat toat taAtorAgCtGOCatGaACagat L LCeCoaCtGORARGCGOGCAGtGANCEcaREaca A
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Run the program. If you wanted a graphical picture, you can click ‘graphic map’, and you will get a plasmid map like the one below.
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Knowing more about viral genomes

If you want to know more about viral genomes, lineage, nucleotide, etc., go to: http://www.ncbi.nlm.nih.gov/genomes/static/vis.html. This site gives you a list of all the viral genome available. For example, we might be interested with rice tungro spherical virus. Using the ‘crtl F’ function of the keyboard, type the name of the virus you’re interested in. You can also choose to scroll down since it is alphabetized anyway.
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We click on the ‘rice tungro spherical virus’ hyperlink and we will get the web page below. There are many more links that leads to more information about rice tungro spherical virus.
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Finding more about bacterial genomes

To find more about a bacterial genome, go to http://www.ncbi.nlm.nih.gov/genomes/static/eub.html. We may be interested about Bacillus thuringiensis. Use Ctrl F function at the keyboard and type the bacteria of interest, or just scroll down to it. 
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Click on the Bacillus thuringiensis hyperlink, and the following webpage will appear.
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We may click on ‘Bacillus thuringiensis serovar aizawai’ hyperlink to get more information about this strain of Bacillus thuringiensis.
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Building a phylogenetic tree- for protein
First, you have to retrieve a list of entries for Swiss-Prot/TrEMBL. For example, you already have the following protein entries: O12957, O02672, O02683, O02690, O02681, O02687, O02673, O02688, O12959, O02677, O02689, O02682, O02676, O02680, O12954. Go to: http://www.expasy.ch/sprot/sprot-retrieve-list.html. Enter the different entries on the box provided as shown below.
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Click ‘Create FTP file’. 
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Paste the whole document into a word processor and rename your sequences.  This I just to give you an idea what those sequences represent. Here’s a suggestion: O12957 (sheep) to O12957_she, O02672 (Moose) to O02672_Moo, O02683 (Giraffe) to O02683_Gir, O02690 (Chevrotain) to O02690_Che, O02681 (Beluga) to O02681_Bel, O02687 (Sperm whale) to O02687_Spe, O02673, O02688 (Rorqual) to O02688_Ror, O12959 (Peccary) to O12959_Pec, O02677 (Dromedary) to O02677_Dro, O02689 (Tapir) to O02689_Tap, O02682 (Horse) to O02682_Hor, O02676 (Hyena) to O02676_Hye, O02680 (Coyote) to O02680_Coy, O12954 (Hippopotamus) to O12954_Hip.

Go to: http://www.ebi.ac.uk/Tools/clustalw2/index.html and paste the whole edited document.
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Click the ‘Run’ button, and you will get the following output.
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Enter or paste a set f aligned sequences in any supported format:

CLUSTAL 2.0.1 multiple sequence alignment 2y

002685 _Tap 1

RFGSYCPTTCGIADFLSTYQTXVDKDLQVLED ILNQAENKTSEAREL TKATQVRYKPDEP 60
onzesz_Hor
RFGSYCPTTCGIADFLSNYQTSVDKDLODFEDILERAENQTSEAEQLTQATRTSTNPDEP 60
on2685_Pig
RFGSYCPTHCGIAGFLSTYONTVEKDLONLEGILEQVENKTSEAREL TKATQISYNPEDL 60

012953 _Pec
RFGSYCPTTCGITDFLSTYONTVEKDLONLEGILEQUENKTSEAREL TKATQISTNPDXP 60 9





Copy the multiple sequence alignment as shown above and include the top line that starts with CLUSTAL W. Click the ‘Back’ button of your browser and click the ‘Reset’ button of the CLUSTAL W form. Paste the multiple sequence alignment into the sequence window. Choose ‘NJ’ in the Phylogenetic tree dropdown menu as shown in the above figure. Choose ‘On’ from the Corect Dist. drop down menu. Choose ‘On’ also on Ignore Gaps dropdown menu. Click on the ‘Run’ button.
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Click on the Neighbor-Joining tree file hyperlink and the following cladogram appears:
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To obtain the Phylogram tree, click on the ‘Show as Phylogram tree’ button. The branches in phylogram represent real distances while in cladogram, the branches only represent topology.
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Predicting the secondary structure of proteins
You can download a protein sequence from the NCBI. For this example we will have RTSV coat proteinwith accession number AAL99540. 
RTSV coat protein

LOCUS       AAL99540                 344 aa            linear   VRL 31-MAR-2002

DEFINITION  coat protein [Rice tungro spherical virus].

ACCESSION   AAL99540

VERSION     AAL99540.1  GI:19849256

DBSOURCE    accession AF484118.1
KEYWORDS    .

SOURCE      Rice tungro spherical virus

     Protein         <1..>344

                     /product="coat protein"

                     /name="CP3"

ORIGIN      

        1 dfgrslscsr llgngfkewc sresllmrvp lkngkkrafk yavtprmrtl ppeatslswl

       61 sqifvewrgs ltytihvqsg saiqhsymri wydpngktde kevkfldsah ppagikvyhw

      121 dlkigdcfrf tvpycartek lqipkayast pyewltmyng avtfdlrsga dmelfvsiag

      181 gddfemfeqt vppkcgsvsd syavlsyadd vksvtevpnk ttyladeqpt tsaprtstad

      241 tdedpptege iartsngtlv qyregawkpm veraptmskk qvgpelkvsd phmykciknm

      301 nknvkvltdr qctakladiv dsaqelvgsn stfvedlavg akqi

Go to www.bioinf.cs.ucl.ac.uk/psipred. This will display the PSIPRED Protein Structure PredictionServer. Scroll down server and click ‘Access the server here’ link. Copy your sequence and input it at the sequence window, Enter your email address at the top field. 
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Click the ‘Predict’ button. The results will be return by email. The result for this prediction is shown below.
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Helices are where residues seem to be following the shape of a spring. The most common are the so-called alpha helices. Extended or Beta-strands are where residues are in line and successive residues turn their back to each other. Random coils arewhen the amino-acid chain is neither helical nor extended.

Aligning two nucleotide or protein sequences using BLAST2 sequences. 

For example you have the following two sequences and you want to do a pairwise alignment

>B1070A12

Atgaagtttttggcatgggcttggcccgcagtgctgcatatgggcttgatgcagccactacaccgaaagtttattgtccttgataaggctaaatcaatcgactccaggccagattggagtaagttcactttaggtccttcatcttgacatcgagtttgaatcacattcctaaaccgtagtacccgaaatatttatccccaacttataacaaactgagttaaattagatcctccgacagtatagatatctagtttcactgacgtggcaagttgatcaggtccactcatgatgactaggcgcttaaatggcaaaaacaaaagtgggcttcacatgtcatcatcactcttctccctctatctcctcagtgtcgcatccttctccttataccctctccctccctccctcgccggccggccaccagaatgctattggtagccctccggccttccctgctccctccacgtcacgatgcaccggcaggtcaagcaactccctcactaacaccatcgatgctgcaacacgcctcgagcggagcctccgtcgtcctcgtcagcgtcgtgcttgggctcctcgtcacgagctcgctaggatgccaccctatccacctcctcctcacgcttgtcgacactgccaacagtggcaaagcggtgcgtggatctggaggaagaggaagggggagaaaggaggatgtgacctcaccatcgccactctcttctccactgtcaccgagctcgtggcgtacgacaccatggacgcgctcttcaccatgatgtcgttcgacgatggcttccacggaagcttcccccttcttcctcctcacaactcgaccggagtttggtgcccgccatcgccgtgcttctcagcaaccacgagaagagagaggagagcagggttaatcttatcagttaggccgatttga

>NM_191521

Atgaagtttttggcatgggcttggcccgcagtgctgcatatgggcttgatgcagccactacaccgaaagtttattgtccttgataaggctaaatcaatcgactccaggccagattggatgtcgcatccttctccttataccctctccctccctccctcgccggccggccaccagaatgctattggtagccctccggccttccctgctccctccacgtcacgatgcaccggcaggtcaagcaactccctcactaacaccatcgatgctgcaacacgcctcgagcggagcctccgtcgtcctcgtcagcgtcgtgcttgggctcctcgtcacgagctcgctaggatgccaccctatccacctcctcctcacgcttgtcgacactgccaacagtggcaaagcggtgcgtggatctggaggaagaggaagggggagaaaggaggatgtgacctcaccatcgccactctcttctccactgtcaccgagctcgtggcgtacgacaccatggacgcgctcttcaccatgatgtcgttcgacgatggcttccacggaagcttcccccttcttcctcctcacaactcgaccggagtttggtgcccgccatcgccgtgcttctcagcaaccacgagaagagagaggagagcagggttaatcttatcagttaggccgatttga

Point your web browser here:

http://www.ncbi.nlm.nih.gov/blast/bl2seq/wblast2.cgi
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Enter sequence 1 on sequence 1 box and sequence 2 on sequence 2 box. 
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Click “Align”.
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Searching for a new bioinformatics tool
Point your browser to www.google.com 

There will be times where there is a need for a certain bioinformatic tools. Chances are such program/s has/have already been created somewhere and all you have to do is make a search on a search engine like ‘google’. When searching for new tools, bear in mind that you use key words that includes the utility/ functionality that you want and include terms such as ‘software, programs, finder’ etc.. E.g. motif search software or motif finder. It’s a trial and error thing. Try this: search ‘RNA secondary structure prediction software’ at google.com. 
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Downloadable Programs

Fast PCR

Go here to download the program: http://www.biocenter.helsinki.fi/bi/Programs/download.htm 

Primer Design
Assuming we have the following sequence:

GTATACGGCAGATGATCATTCTTTTGAGCGACGATGTCCAAAGAAGATGAATGTGGTGAGGATGCAAAGG

CCGCCTGTTTTTGAGCTTAAGATGCGGCCCCCGAGCGATAGTGTGGTTGCTGAAGATGATCGAGGTCAGC

GTGTTTTTGAGTGGCCCCACCTGTACACATTTTTGCGATATAGGGCCATCGAGTTTAAGGATGACAAAGG

CTCCCTGACTGTGAGAGAAGATGCCAGCGCTGACGTGTGCCCGTGGAACGAATTCTTGAAGTTGCCGTGG

CTTGATGGTGACCAACTTAAATCTGTATTGCCAGCACATTTACATCGGATGGTACAAGCGCGCTTGGAAC

AGGTGGAGATAATGGAGGAGAACGGAAATTACAGCGGAGAAATGAAGAACGCGATTGCTGAGATAAAAGA

GTATTTGGATCAGGATCACCAGTGGGTTGCTGCATTGGTTTTGGTAGCATGTGCTGTGAAAGAACGACGG

AGAATGACGCATGATAAGTTACATCGGAAAAGTTTCAACGCTCTGGATAAACTGGACAAATGGTATACTA

CAACTGCGCCTAAAACTTCGAAGAAGATGAAAATTCTACTGGCCATTGGTGCAAGCGTTGCAGTAGCTGG

AGTTGCTGTTGGAGCCGTGATTTTACTGCAGAAGACTAATTTGTTTGGCTCTAAAGAGGATGAGGAGATT

GAAGGAGAAGAAGGTGAGACACAGGCCAGTGGAGCACATGAATCAGACGGAATTGTGACACAGCACCTCA

AAAGAGATATTCGGCCAAAAATGAGGGTGACTTACACAGACCATCATGTTGCTGAGGCACATGAGGAGAA

AGGCGCCGAAAAGTCACGTAAGCCTGGCAATCCAGCTAGAAAGAGCTATTTAGGCTTGTCGCCAGGCTTC

GCTGAAAGAGGAATGGGCGTTACATATGAAGAGCACACACCTTTAAAAGATGCACTACTTGATGAAAGCA

ACAAGGTGTTTAGGCGCAAAATTGTGGCTTCAGTGGAAAGTGCTGTGAAACAGGGCGGCAAGGCCTCAAA

GGATTCTGTGTTGTCACAAATAAGTGAATGGCAAGATAAGGTTAAGGCCACTGGAGTAATAGCAGCAAGA

CAGTTGGAAGCGAGCGGAAGCTTGAAGAAAATTCACAATCTTAACTCCAGGAGAACCAGTAGTCATGTCA

TGCCAGGGCTCGTCGTTCATGATGGTACGTTTGAAAGATCTGATGAAGTAGATGCCGAGTTGCACCGCAT

AACTATTGATGAAGTGAAGTCCTGTCCGAAAATGATCAAGGAAGGGGTTTCTACCCTATCAGTGAAGAAA

GCGTCGGTTGGCATGCTAGCTCTCCAGAAAGCTGAATCGCAGTTGTCCTTTCCGTTCACATCACGTGCCG

GGGTTGATAGAGATTTAAGCATGACCAATTTGATTGATACTCACATGGCAGGAATGAGCTGTATTATCAT

AAGTGAACTGGGCAACGTATTTAGGACCTTTGGTGTGTTGCGTCTGTGTGGTACTTACGTATGCATGCCT

GCACACTATTTGGACGAAATTACGAGTGAACACACATTGTACTTCGTGTGCCCTAGCAAGATCACACAGA

TTCAATTGGAACGACATCGGGTATGCTTGGTGAATGGATTTCAAGAAACAGTGGTGTGGGATCTTGGACC

TTCAGTGCCACCCAGTCGCAATTATATTGACTTTATCGCGAATGCTGACGACTGGAAGAATTACAAGGCA

ACAAGTGGAGCGCTTGTCATGTCAAAATATTCGGTGGATAGTATGCTTCAGTGTGTGCATTTCTTGGACA

GTATTGAATTGACAGAGGCAAATGTTTCAGTGCCCACTAGTTACTATGAGGCAAATGGAGGAATACACAC

CATTATTTCTGGTCTGAGATATAGAGTTCACTGTATGCCAGGATTTTGTGGAGCTGCCATCATGAGAGCT

GATGCGACCTGTTTCAGGAAGATAATTGGAATGCACGTCAGTGGGCTACGCAACAAATGTATGGGATATG

CTGAAACATTGACTCAGGAACACTTAATGCAGGCCATTGAAACATTGAAGAAGACAGGTCTAATGAAGCA
-all
This command allows FastPCR to design PCR primers along all sequence length, without limit for the amount of primers and their combinations. This is the default analysis if no command line is implemented. E.g. using the same sequences above.
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To run it, go to ‘Run’ and then ‘Start F5’. This command will load results in two notepad. The first result shows the forward and reverse primers designed. Result2 notepad will show the compatible primer combination.
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bo-all ~
1F1_21-41 cttttgagcgacgatgtecaa 21 56.7°C 47.6% 118
2F1743-70 gaatgtggtgaggatgcaaagg 22 57.7°C 50.0% B2
3F17112-135 tgtggtigctgaagatgatcgagy 24 59.8°c 50.0% 123
4F17145-165 tittgagtggccccacctgta 21 59.6°c 52.4% 7
SF17202-225 tgacaaaggetccctgactgtgag, 24 6l.4°c 54.2% 115
6F1_228-249 aagatgccagcgetgacgtgty 22 63.2°c 59.1% 107
7F1-269-292 aagttgccgtggctigatggtgac 24 62.9°c 54.2% 125
BF1_311-334 ccagcacatttacatcggatggta 24 57.9°C 45.8% 136
9F1_385-408 cggagaaatgaagaacgegatioc 24 59.8°C 50.0% 98
10FI_431-452  caggatcaccagtgggttgctg 22 6l.4°c 59.1% 123
11F17466-489  agcatgtgctgtgaaagaacgacg 24 60.7°c 50.0% 117
12F17510-533  tacatcggaaaagtttcaacgetc 24 $6.6°C 41.7% 116
13F17595-616  tctactggccattogtgcaage 22 61.0°c 54.5% 13
14F17619-642  tgcagtagctggagttgetgttgg 24 62.2°c 54.2% 123
15F17643-666  agccgtgattttactgcagaagac 24 58.3°C 45.8% 130
16F17673-696  gtttggctctaaagaggatgagga 24 57.2°C 45.8% O
17F17748-771  cggaattgtgacacagcacctcaa 24 60.5°C 50.0% 126
18F17805-826  cacagaccatcatgttgctgag 22 57.3°c 50.0% 136
19F17855-876  cacgtaagcctggeaatccage 22 62.0°C 59.1% 136
20F17882-905  agagctatttaggettgtcgccag, 24 59.6°c 50.0% 105
21F17977-998_  agcaacaaggtgtitaggcgea 22 60.6°C 50.0% 104
22F171002-1025 ttgtggcttcagtggaaagtgety 24 60.8°c 50.0% 120
23F171042-1065 ggcctcaaaggattctgtgttgtc 24 59.3°C 50.0% 105
24F171098-1121 ccactggagtaatagcagcaagac 24 58.4°C 30,0% 123
25F171176-1197 ccagtagtcatgtcatgecagg 22 58.7°c 34.5% 113
26F171198-1219 getcgtcgttcatgatggtacg 22 58.9°C 34.5% 116
27F171738-1259 gtagatgccgagtigcaccgea 22 62.8°c 59.1% 125
28F171282-1305 ctgtccgaaaatgatcaaggaagg 24 57.0°c 45.8% 9
29F171329-1352 aagcgtcggttggeatgetagetc 24 64.3°C 58.3% 129
30F171350-1371 ctctccagaaagctgaatcgea 22 58.0°c 50.0% 129
31F171374-1395 tgtcctttccgttcacatcacg 22 58.3°C 50.0% 84 @
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> -all b
1F1 21-41 1R1.2043-2066  2046bp 59.5°C
1F1721-41 2RI1Z2022-2045  2025bp 59.3°C
1F1721-41 3RIZ1992-2013  1993bp 59.5°C
1F1721-41 4RIZ1943-1965  1945bp 59.5°C
1F1721-41 SRIZ1921-1944  1924bp 59.5°C
1F1721-41 6RI_1871-1894  1874bp 59.5°C
1F1721-41 7RI_1835-1858  1838bp 59.5°C
1F1721-41 8RI_1781-1804  1784bp 59.5°C
1F1721-41 9RI_1748-1770  1750bp 59.5°C
1F1721-41 10RI_1719-1739 1719%bp 59.5°C
1F1721-41 11RI_1667-1690  1670bp 59.4°C
1F1721-41 13RI_1580-1603  1583bp 59.4°C
1F1721-41 14RIZ1536-1559  1539bp 59.4°C
1F1721-41 15R1_1508-1529  1509bp 59.4°C
1F1721-41 16R1_1479-1502  1482bp 59.4°C
1F1721-41 17R1_1440-1460  1440bp 59.4°C
1F1721-41 18RI_1387-1409  1389bp 59.4°C
1F1721-41 20R171300-1323  1303bp 59.4°C
1F1721-41 22R1°1239-1262 1242bp 59.4°C
1F1721-41 23R171201-1223  1203bp 59.3°C
1F1721-41 24R1T1171-1194  1174bp 59.3°C
1F1721-41 25R1°1099-1122 1102bp 59.3°C
1F1721-41 26R1_1044-1067 1047bp 59.3°C
1F1721-41 27R171005-1028  1008bp 59.3°C
1F1721-41 28R1_961-982 962bp 58.7°C
1F1721-41 29R1-896-919 899bp 59.2°C
1F1721-41 30R17855-876 856bp 59.2°C
1F1721-41 32R1.763-786 766bp 59.1°C
1F1721-41 34R12671-692 672bp 58.2°C @





F1 refers to forward primer while R1 refers to reverse primer. Each primer combination on Result2 notepad includes information for primer position and length, optimal annealing temperature and product length.
(N1-N2)
This command specifies the minimal and maximal size of the desired PCR product. N1 stands for for the shortest product (minimum 30 bp), and N2 for the longest PCR product (No limit). E.g. > (400-500). See below for example using the same sequence above.

[image: image131.png]B result - Notepad
Fie Edt Fomat view Hep

> (300-400) ~
1F1_21-41 cttttgagcgacgatgtecaa 21 56.7°C 47.6% 118
2F1743-70 gaatgtggtgaggatgcaaagg 22 57.7°C 50.0% B2
3F17112-135 tgtggtigctgaagatgatcgagy 24 59.8°c 50.0% 123
4F17145-165 tittgagtggccccacctgta 21 59.6°c 52.4% 7
SF17202-225 tgacaaaggetccctgactgtgag, 24 6l.4°c 54.2% 115
6F1_228-249 aagatgccagcgetgacgtgty 22 63.2°c 59.1% 107
7F1-269-292 aagttgccgtggctigatggtgac 24 62.9°c 54.2% 125
BF1_311-334 ccagcacatttacatcggatggta 24 57.9°C 45.8% 136
9F1_385-408 cggagaaatgaagaacgegatioc 24 59.8°C 50.0% 98
10FI_431-452  caggatcaccagtgggttgctg 22 6l.4°c 59.1% 123
11F17466-489  agcatgtgctgtgaaagaacgacg 24 60.7°c 50.0% 117
12F17510-533  tacatcggaaaagtttcaacgetc 24 $6.6°C 41.7% 116
13F17595-616  tctactggccattogtgcaage 22 61.0°c 54.5% 13
14F17619-642  tgcagtagctggagttgetgttgg 24 62.2°c 54.2% 123
15F17643-666  agccgtgattttactgcagaagac 24 58.3°C 45.8% 130
16F17673-696  gtttggctctaaagaggatgagga 24 57.2°C 45.8% O
17F17748-771  cggaattgtgacacagcacctcaa 24 60.5°C 50.0% 126
18F17805-826  cacagaccatcatgttgctgag 22 57.3°c 50.0% 136
19F17855-876  cacgtaagcctggeaatccage 22 62.0°C 59.1% 136
20F17882-905  agagctatttaggettgtcgccag, 24 59.6°c 50.0% 105
21F17977-998_  agcaacaaggtgtitaggcgea 22 60.6°C 50.0% 104
22F171002-1025 ttgtggcttcagtggaaagtgety 24 60.8°c 50.0% 120
23F171042-1065 ggcctcaaaggattctgtgttgtc 24 59.3°C 50.0% 105
24F171098-1121 ccactggagtaatagcagcaagac 24 58.4°C 30,0% 123
25F171176-1197 ccagtagtcatgtcatgecagg 22 58.7°c 34.5% 113
26F171198-1219 getcgtcgttcatgatggtacg 22 58.9°C 34.5% 116
27F171738-1259 gtagatgccgagtigcaccgea 22 62.8°c 59.1% 125
28F171282-1305 ctgtccgaaaatgatcaaggaagg 24 57.0°c 45.8% 9
29F171329-1352 aagcgtcggttggeatgetagetc 24 64.3°C 58.3% 129
30F171350-1371 ctctccagaaagctgaatcgea 22 58.0°c 50.0% 129
31F171374-1395 tgtcctttccgttcacatcacg 22 58.3°C 50.0% 84 @





[image: image132.png]Fl Edt Format View Hel

Compatible combination of pair primers ~
> (300-400)

1F1 21-41 40R1_380-403 383bp 58.5°C

1F1721-41 41R1-342-365 345bp 58.4°C

1F1721-41 42R1-309-332 312bp 58.2°C

2F1745-70 40R1-380-403 355bp 58.7°C

2F1749-70 41R1_342-365 317bp 58.6°C

4F17145-165 39R1_431-454  310bp 59.1°C

SF17202-225 37RI_S64-584  383bp 58.4°C

SF17202-225 38RI_524-547  346bp 58.7°C

6F1_228-249 38R1.524-347  320bp 58.6°C

7F17269-292 37R1564-384  316bp 58.2°C L
BF1_311-334 34R17671-692 3BZbp 57.7°C

BF1_311-334 35R1°630-653 343bp 58.7°C

BF1_311-334 36R1_606-628 31Bbp 58.6°C

9F17385-408 33R1_730-751  367bp 59.1°C

9F1-385-408_ 34R1671-632  308bp 57.4°C

10FI_431-452 32RI_763-786 356bp 59.1°C

10F17431-452 33R1730-751 321bp 58.3°C

11F17466-489 31R17809-832 367bp 59.6°C

11F17466-489 32R1_763-786 32lbp 59.0°C

12F17510-533 30R1-855-876 367bp 58.4°C

12F17510-533 31R17809-832 323bp 58.2°C

13F17595-616 29R1-896-913 323bp 59.6°C

14F17619-642 29R17896-919 301bp 59.8°C

15F17643-666 27R1-1005-1028 386bp 59.0°C
15F17643-666 28R1_961-982 340bp 57.8°C

16F17673-696 26R1_1044-1067 395bp 58.7°C
16F17673-696 27R1-1005-1028 356bp 58.6°C
17F17748-771 25R1°1099-1122 375bp 58.7°C
18F17805-826 24R1_1171-1194 390bp 58.7°C @





-tagNl-N2/N3
 define position of the target on initial N1 and final N2 position in DNA sequence: N3 stands for optional value (200 default) for distance before (Forward primers) and after (Reverse primers) target:
>
-tag650-700
>
-tag650-700/100
See below for example using the same sequence above.
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1R1.763-786
2R17730-751
3R1°671-632
4R17630-653
SR12606-628

tgtggttgctoaagatgatcgagy
tcagegtatttttgagtggeecca
tgacaaaggctccctgactatgag
aagatgccagcactoacgtotg 22
23gttoccgtogcttgatogtgac

ggccgaatatctctttgaggtac,
tccgtetgattcatgtacteca 22
catcctctttagagccaaacaa 22
azatcacggctecaacageaactc,
agctactgcaacgettgcaccaa 23
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Fompatible combination of pair primers

> ~tag300-600

1F1.112-135 1R1.763-786  675bp 59.
1FIT112-135 2R17730-751  640bp 59!
1FIT112-135 4R15630-653  542bp 59
1FIT112-135 SR1Z606-628  317bp 59!
1R17763-786  651bp 59!
2R17730-751  61bp 59!
R1T671-692  557bp 58!
5R17606-628  433bp 800
1R17763-786  585bp 59
2R17730-751  550bp 5
3R1T671-692  431bp 5
5R1T606-628  427bp 5
63-786  55%bp 5
4F17228-249 30-751  524bp 5
4F17228-249 71-632  465bp 57.9:¢
4F17228-249 30653 426bp 59.9:C
GFI338343 Shieon-eas  doiey 80.37¢
SF17269-292 1r1-763-786  518bp 59.6°C
5F17269-292 2R1-730-751  483bp 59.4
5F12269-292 3R1671-692  424bp 57.8°C





-lpdNl-N2
this command defines the position or range in which the left primer will be designed. Using this alone will design primers for the left side.

-rpdNl-N2
this command defines the position or range in which the right primer will be designed. Using this alone will design primers for the right side.

See below for example using the same sequence above.
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b -1pd100-300 -rpd600-800

1F1112-135
2F17136-150
3F17202-229
4F17228-249
SF12269-292

1R1.763-786
2R17730-751

tgtggttgctoaagatgatcgagy
tcagegtatttttgagtggeecca
tgacaaaggctccctgactatgag
aagatgccagcactoacgtotg 22
23gttoccgtogcttgatogtgac

ggccgaatatctctttgaggtac,
tccgtetgattcatgtacteca 22
catcctctttagagccaaacaa 22
azatcacggctecaacageaactc,
agctactgcaacgettgcaccaa 23
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Compatible combination of pair primers

> ~1pd100-300 -rpd600-800

1F1.112-135 1R1.763-786  675bp
IFIT112-135 7R12730-751  640bp

1F17112-133 542bp
IFI7112-133 517bp
2F17136-159 851bp
2F17136-159 616bp
2F17136-159 3R1T671-692  557bp
2F17136-159 SR1T606-628  493bp
3F17202-225 1R17763-786  585bp
3F12202-225 7R17730-751  550bp
3F17202-225 3R1T671-692  43lbp
3F12202-225 SR1Z606-628  427bp

4F17228-249 1R17763-786  559bp
4F17228-249 JR1Z730-751  524bp
4F17228-249 3R1T671-692  465bp
4F17278-249 4R17630-65)  426bp
4F17228-249 SR1Z606-628  40lbp
SF12269-292 1R17763-786  518bp
5F12269-297 ZR17730-751  483bp
§F12269-202 3R1T671-692  424bp





PCR primer design options
Advice: try to always use the default conditions to design primers. It is better to change the primers search location than to change the default design conditions. Only if a small field of primers or primers for degenerated sequences or low GC% are required (or other highly specific criteria) the default condition should be manually changed.

To load this, go to ‘PCR’ drop-down menu, and then choose ‘PCR primers (probes) options’.

[image: image137.png]Pimers o Prbes Ostons | T sscondary (o s i st Mt Trgaratars |

™ Overtapping Prmers.
¥ Primer Qualty Contol
¥ primers Low Complesty Corirol

Longth ange Ends uceotide Compositon
Mo 21 Max 24 S [ wsssaswasws 3|
T Range »2hsss wlh ok et wean vt Seen wes S
et o et ot v s
w5 a5 croon
LoopondDimer Ansing
T H T o
nBases t3-endorDimer. [ 5
| intmalSases nDmer. [ 10
1T Localsimiary, 70.100%: [ 80
Wn[ i M 0

‘SpecialSetings fo Prmers or robes
@ DefautPrimers  C LowCO% Sequence
€ Bestpimers € DifcutSequence.
€ Longper © Manualy Primers
 Prosin Sequence

Detaut sae





CHECKING PRIMERS FOR COMPATIBILITY AND PREDICTION OF ANNEALING TEMPERATURE
The program allows to determine the PCR optimal annealing temperature for a PCR with an unknown amplification product (e.g. for RAPD, ISSR, AFLP, IRAP, REMAP, or Alu-PCR analyses).
Paste  the  primer  sequence(s)  on the box that will appear by clicking on the  “Primer  Test"  windows.  The  program  will  immediately  show  primer characteristics: length in bases, melting temperature, virtual quality, molecular weight, and minimal and maximal optimal annealing temperature for unknown PCR products. If the primer is self-complementary, the program will show a picture of where this self-complementarity happens. Here is an example and one primer:
[image: image138.jpg]|CATAGCATGGATAATAAACGATTATC
26nt Tm=31.0 Tm10=24 .5 C5%=30.5 MN=T356 3'-end dimer

Optimal PCR Annealing Ta=57.3...62.3

-catagcatggataatasacgattatc->
[ (NRREN
<-ctattagcaaataataggtacgatac-5

Primer Dimer Alignment Parameters

Minimal amount of complement bases at 3'—end:| 7
Minirmal amount of complement internal bases: | 10

Dimer local alignment similarity, 0.1 00%:

O




The program will immediately show the primer length, the melting temperature, the virtual quality of the oligonucleotide, the molecular weight, and the minimal and maximal optimal annealing temperature for unknown PCR products. If the primer is self-complementary, the program shows a yellow text background and a picture of where this self-complementarity happens. Example, CATAGCATGGATAATAAACGATTATC is a self-complementary primer. A self-priming ability will also be detected and shown by the program. When the two primers are forming such a dimer, the program will also show it.
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DNA analysis
The FastPCR program includes tools for the manipulation of DNA or protein sequences: reverse, complement and reverse-complement transformation; DNA-to-protein translation in all the 6 reading frames; orientation, complementation of protein sequence; and protein-to-DNA translation. The accepted sequences can come from both public and personal databases.
                                                                  [image: image140.emf]
Sequence Modifications
These icon menus represent (from left to right): Cleaning sequence(s) from non-DNA letters, make reverse, complement and reverse-complement chain.
     [image: image141.jpg]



Sequence Translation/Reverse-Translation
Translate a nucleotide (DNA/RNA) sequence in a protein sequence or back-translate a protein sequence into DNA.

[image: image142.png]M




Repeats Search
This tool can perform quick search of all kinds of repeats or check for these in a personal database. This fast and effective DNA analysis algorithm was developed for the search of composite and long repeats by alignment in the following formats; direct vs. direct, direct vs. reverse, direct vs. complement, direct vs. reverse-complement. Searching in all orientations facilitates the rapid identification of unique sequence representing long terminal repeats (LTR), tandem repeats, and even new retrotransposons (such as LARD or TRIM) and transposons (such as MITEs)
BioEdit 

Plasmid drawing

Download BioEdit program here: http://www.mbio.ncsu.edu/BioEdit/bioedit.html 

Let’s take the following sequences.

GCTGGTGAGACAGTTATTGTGGGCGGTGATGAGGAGCAAGAGGCCCATCAGGATAGTAGCATTGCAGCAG

CTGGACCCACTGATGAATATAACGCTATGCTGCAAAAGATTTACCTTGGCTCCTTTAAGTGGAAGGTATC

AGATGGAGGGGGTTCAATTCTCAAAACCTTCTCCCTCCCATCAGACATATGGGCTGCCAATGACAGGATG

AAAAATTTCCTCAGCTACTTTCAGTATTACACTTGTGAGGGAATGACATTTACGCTCACGATCACTAGTA

TTGGTCTGCATGGAGGAACGCTGCTTGTAGCCTGGGATGCCTTGAGTAGTGCGACAAGAAGGGGAATCGT

TTCGATGATACAGCTGAGCAACCTCCCCTCAATGACATTGCATGCAAGTGGGAGCTCTATTGGCACTTTG

ACCGTGACTTCTCCGGCAATTCAACATCAGATCTGCACGTCAGGAAGTGAAGGCTCTATAGCGAATTTGG

GCTCTCTCGTGATCTCCGTTGCGAACGTGTTGTGCGCCGACTCAGCTTCAGCCCAGGAACTTAATGTCAA

CGCTTGGGTGCAGTTTGATAAACCCAAGCTCAGTTATTGGACGGCACAACACACGATCGCACAGAGCGGA

GGTTTTGAGGAAACGCAGGATTTGGGCGATCTACAGGCCATAATTGCCACTGGGAAATGGTCCACTACGA

GTGATAAGAATTTGATGGAGATTATTGTTCACCCCACTGCGTGCTACGTGTCGGAAAAACTGATATACCA

GACCAATTTGAGCGTTGTGGCTCACATGTTTGCCAAATGGTCTGGATCAATGAAGTACACGTTTGTTTTT

GGAGCTCCGCTGTTTGACAGGGGAAAGATAATGGTGAGCGCTGTTCCAGTGCAGTTCAGAAATTCAAAGC

TCACACTATCACAAATGGCAGCGTTTCCCTCGATGGTGTGTGATTTGAGCGTGGATACACGGGAGTTTAC

ATTTGAGGCGCCATACATTTCTATCGGCAAAATGAGTTTGGTTTGTAAAGATTATCTTTTTGACATTTCT

TCCTACAATGCCGATTTGGTTGTGAGCCGTCTGCATGTGATGATCCTGGATCCCTTGGTGAAGACTGGAA

ATGCGTCCAATTCGATAGGCTTTTATGTAGTTGCTGGGCCTGGCAAAGATTTCAAATTGCACCAAATGTG

CGGGGTCAAGAGCCAATTTGCTCATGATGTGCTGACCGCACAAGATTTTGGGAGAAGCCTAACGTGTTCG

CGTCTTCTTGGCAATGGATTTAAAGAATGGTGCTCCCGAGAGTCGTTGTTAATGAGGGTCCCTCTTAAAA

ATGGAAAGAAACGAGCCTTCAAGTATGCCGTGACTCCCCGGATGCGAACTCTGCCTCCTGAAGCCACAAG

TCTTAGCTGGTTGAGCCAAATTTTTGTTGAGTGGCGCGGATCTCTGACTTACACTATTCACGTCCAATCT

GGGTCCGCCATTCAATACTCGTATATGCGCATCTGGTATGACCCCAATGGCAAAACTGATGAAAAGGAGG

TCAAATTTCTTGACAGCGCGCATCCACCAGCAGGGATCAAAGTGTACCACTGGGACCTCAAAATAGGAGA

CTGCTTTCGCTTCACTGTCCCATACTGTGCAAGAACAGAGAAATTGCAGATCCCAAAGGCTTATGCGTCG

ACACCGTACGAGTGGCTCACGATGTACAATGGAGCAGTGACTTTTGATTTGCGCAGTGGTGCCGACATGG

AGCTCTTCGTCTCGATTGCTGGAGGAGATGATTTTGAGATGTTTGAACAGACCGTGCCTCCAAAATGTGG

TTCAGTGAGCGACTCATACACTGTCCTATCATATGCAGACGATGTTAAGAGCGTGACGGAAGTGCCGAAC

AAGACCACGTATTTGGCAGATGAGCAACCAACAACCTCGGCACCTCGTACGTCTACTGTGGATACTGACG

AAGACCCACCAACTGAGGGAGAGATCGCGAGGACTTCAAATGGAACTCTTGTGCAGTACCGTGGAGGAGC

GTGGAAGCCAATGGTGGAACGTGCGCCAACGATGTCGAAGAAGCAAGTGGGTCCAGAGCTTGAGGTGTCA

GACCCTCAC

Open BioEdit. Enter the sequences above by going to the ‘File’ menu and then choose ‘New Text’. Paste the sequences above and save it. Close the file. Reopen the file by going to ‘File’ menu and open the file. 
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First, highlight the sequence above by clicking on its file name (e.g. test plasmid). Go to ‘Sequence’ menu and point to ‘Nucleic Acid’ submenu, and then choose ‘Create Plasmid from Sequence’. Just click ok to any dialog box that will appear.
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To add some features like the origin of replication, gene, marker, polylinker etc. , go to ‘Vector’ menu and choose ‘Add Vector Feature’. 
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Input the feature name that you want (e.g. Ori to stand for the origin of replication). Define the ‘Start’ and ‘End’ position. You can also customize the color and the type of highlighter for the feature (e.g. normal arrow).  Click ‘Apply & Close. You can add more features by following basically the same procedure. See below for an example.
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To add restriction sites, go to ‘Vector’ menu again, and choose ‘Mark Restriction Enzymes’. The figure above will appear. Now you can choose which restriction enzymes to include by clicking on the double back arrow. See below for example. 
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Click ‘Apply & Close.

Here is an example of a vector map drawn using the program. Of course, there are more options available. You just have to play with it.
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Making a phylogenetic tree using CLUSTALX and Phylip programs

Phylip is one of the best programs for building highly accurate phylogenetic trees. First, you need to have a multiple sequence alignment and you can do this through CLUSTALX. To get the CLUSTALX program, go here: http://www.protein.sdu.dk/bm131/html/downloads.html. As an example, we have four sequences below. The sequences are formatted in such a way that the number ‘4’ at the top of the sequences represent the number of sequences to be analyzed. If you have 10 sequences, you change this to ‘10’. Phylip programs are very stringent on this. Save this sequences in a text file. Load this file at CLUSTALX by going at File, then ‘Load sequences’. 

4

>1

AACGGTCATTGTGGGAGGTGATGAAGAGCAAGAGGCCCATCAGGATAGTAGTGTTGCAGCAGCTGGACCCATTGATGAACATAACGCCATGCTGCAAAAGATCTACCTTGGTTCTTTTAAGTGGAAAGTATCTGATGGGGGGGGTTCAATTCTCAAAACCTTCTCTCTCCCATCTGACATATGGGCTGCCAATGATAGGATGAAGAATTTCCTCAGCTATTTCCAGTATTATACTTGTGAGGGAATGACATTTACGCTCACGATCACCAGCATTGGACTGCATGGGGGTACGCTGCTTGTAGCTTGGGATGCCTTGAGTAGTGCAACACGGAGAGGAATCGTTTCAATGATACAGCTGAGCAATCTCCCCTCAATGACGCTGCATGCAAGTGGAAGCTCTATTGGTACGCTTACTGTGACTTCTCCTGCGATTCAACACCAGATTTGTACGTCGGGAAGTGAAGGCTCCATAGCTAATTTGGGCTCTCTTGTGATTTCTGTTGCAAATGTGCTGTGCGCTGATTCTGCATCAGCTCAGGAACTTAACGTCAATGCTTGGGTACAATTTGATAAGCCCAAGCTCAGCTACTGGACAGCACAACATACGATTGCGCAG

>2

GAGGCCCATCAGGATAGTAGTGTTGCAGCAGCTGGACCTACCGATGAACATAACGCTATGCTGCAGAAGATCTACCTTGGCTCTTTCAAATGGAAGGTGTCTGATGGGGGGGGTTCTATTCTCAAAACCTTTTCCCTTCCATCTGATATATGGGCTGCCAACGACAGGATGAAGAATTTCCTCAGCTATTTTCAGTATTATACTTGCGAGGGAATGACATTTACGCTCACGATCACTAGCATTGGGCTGCATGGGGGTACGCTGCTTGTTGCCTGGGATGCCTTGAGTAGTGCGACGCGAAGAGGAATCGTCTCGATGATACAGCTAAGCAATCTTCCTTCAATGACGCTGCATGCAAGTGGAAGCTCTATTGGCACTTTGACTGTAACTTCTCCAGCGATTCAACATCAAATCTGCACATCAGGAAGTGAAGGCTCCATTGCCAATTTGGGCTCTCTCGTGATCTCCGTAGCAAATGTGCTGTGTGCCGATTCAGCTTCAGCCCAGGAACTCAATGTCAATGCCTGGGTACAGTTTGACAAGCCTAAACTTAGCTATTGGACGGCGCAACACGCGATTGCACAG

>3

GAAACGGTCATTGTGGGAGGTGATGAAGAGCAAGAGGCCCACCAGGATAGTAGTGTTGCAGCAGCTGGACCTACCGATGAACATAACGCCATGCTGCAGAAAATTTATCTTGGCTCTTTTAAATGGAAGGTGTCTGATGGGGGAGGTTCCATCCTCAAAACCTTTTCCCTTCCATCTGATATATGGGCTGCCAATGACAGGATGAAGAATTTCCTCAGCTACTTCCAATATTATACTTGCGAGGGAATGACATTTACGCTCACGATCACTAGCATTGGACTGCATGGGGGTACGCTGCTTGTTGCTTGGGATGCCTTGAGTAGTGCAACGCGAAGAGGAATCGTCTCGATGATACAGCTGAGCAATCTGCCTTCAATGACATTGCATGCGAGTGGAAGCTCTATTGGCACTTTGACTGTGACTTCTCCAGCGATTCAACACCAAATCTGCACATCAGGAAGTGAAGGCTCCATCGCCAATTTGGCTCTCTTGTGATCTCCGTAGCAAACGTGCTGTGTGCCGATTCAGCTTCAGCTCAGGAACTCAATGTTAATGCCTGGGTACAGTTTGATAAGCCTAAACTTAGCTACTGGACAGCGCAGCATACGATCGCACAG

>4

CAAGAGGCCCATCAGGATAGTAGCATTGCAGCAGCTGGACCTACCGATGAACATAACGCCATGCTGCAGAAAATTTATCTTGGCTCTTTTAAATGGAAGGTGTCTGATGGGGGAGGTTCCATTCTCAAAACCTTTTCCCTTCCATCTGATATATGGGCTGCCAATGACAGGATGAAGAATTTCCTCAGCTACTTCCAATATTATACTTGCGAGGGAATGACATTTACGCTCACGATCACTAGCATTGGACTGCATGGGGGTACGCTGCTTGTTGCTTGGGATGCCTTGAGTAGTGCAACGCGAAGAGGAATCGTCTCGATGATACAGCTGAGCAATCTGCCTTCAATGACATTGCATGCGAGTGGAAGCTCTATTGGCACTTTGACTGTGACTTCTCCAGCGATTCAACACCAAATCTGCACATCAGGAAGTGAAGGCTCCATCGCCAATTTGGGCTCTCTTGTGATCTCCGTAGCAAACGTGCTGTGTGCCGATTCAGCTTCAGCTCAGGAACTCAATGTCAATGCCTGGGTACAGTTTGATAAGCCTAAACTTAGCTACTGGACAGCGCAGCATACGATCGCACAG

Then go to ‘Alignment, and then choose ‘complete alignment’. Click align and you will see the alignment below.
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Save the alignment as Phylip file by going to File, then ‘Save sequences as, choose Phylip and name the file as alignment.phy.

Get your Phylip package here: www.evolution.genetics.washington.edu/phylip/getme.html
Unzip the Phyllip package. Copy your alignment.phy file and save it in the file where you can find the DNAdist program. Click on ‘DNAdist’.  The following would appear: 

Dnadist: can't find input file "infile"

Please enter a new file name> alignment.phy

Type ‘alignment.phy’ as shown above, then ‘Enter’. The following would come out:

[image: image150.emf]
Type ‘y’ then ‘Enter’. The result is saved as ‘outfile’. Go back to the folder where DNAdist is and rename this as ‘infile’.

Click on ‘Neighbor’ and after it has read the file ‘infile’, the following would appear:

[image: image151.emf]
Type ‘y’ and then ‘Enter’. Once the processing is done, the files ‘outfile’ and ‘outtree’ are created. For the tree drawing, you first have to rename the file ‘outtree’ to ‘intree’.  Click on ‘Drawgram’. Drawgram searches for ‘Fontfile’. You can choose from font1 to font6. Fort this purpose, type ‘font1’ and then ‘Enter’. The following would then appear:

[image: image152.emf]
Drawgram opens another window showing a preview of the tree as shown below. If satisfied, go to File, and then choose ‘Plot’. A new file called ‘plotfile’ appear in the folder.

[image: image153.png]



Calculating the molecular weight of a compound

First, download the MW program here: http://publish.uwo.ca/~jkiernan/filelist.htm
Just as an example, we may be interested in getting the molecular weight of Ammonium Acetate (NH4C2H3O2). We open the MW program as shown below.
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We input the chemical formula of ammonium acetate., and then press ‘Enter’.
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Using the tools together

It may appear that there is no rhyme or reason to the ordering of these tools, and it is so because at the end of the day the different combination of said tools depends to a large extent on the objective or purpose of the user.

Glossary of terms: 
alignment score 
The alignment score, represents the likelihood that  the described alignment is not random, providing an indication of its  validity. They are calculated by totaling the scores for each matched pair of  residues at each position in the alignment, plus unmatched residues are given  the gap open penalty, (the gap penalty for non-affine searches), or the gap  extension penalty, if appropriate in the alignment, and if the affine search  is running.

annealing temperature
The temperature at which a length of single-strand  (heat denatured) DNA or RNA will anneal to a complementary strand.

annotation 
A combination of comments, notations, references, and  citations, either in free format or utilising a controlled vocabulary, that  together describe all the experimental and inferred information about a gene  or protein. Annotations can also be applied to the description of other  biological systems. Batch, automated annotation of bulk biological sequence  is one of the key uses of Bioinformatics tools.

antisense
Nucleic acid that has a sequence exactly opposite to an mRNA  molecule made by the body; binds to the mRNA molecule to prevent a protein  from being made.

assembly - Compilation of overlapping sequences from one or more related  genes that have been clustered together based on their degree of sequence  identity or similarity. Sequence assembly may be used to piece together  "shotgun" sequencing fragments (see shotgun sequencing) based upon  overlapping restriction enzyme digests, or may be used to identify and index  novel genes from "single-pass" cDNA sequencing efforts.

BAC; bacterial artificial chromosome
A vector used to clone DNA fragments  (100- to 300-kb insert size; average, 150 kb) in Escherichia coli cells.  Based on naturally occurring F-factor plasmid found in the bacterium E. coli.

bioinformatics
The science of managing and analyzing biological data using  advanced computing techniques. Especially important in analyzing genomic  research data. 

ClustalW  
ClustalW produces multiple alignments of protein sequences,  such tools are important tools in studying sequences. The basic information  they provide is identification of conserved sequence regions. This is very  useful in designing experiments to test and modify the function of specific  proteins, in predicting the function and structure of proteins, and in  identifying new members of protein families. Sequences can be aligned across  their entire length (global alignment) or only in certain regions (local  alignment). This is true for pairwise and multiple alignments. Global  alignments need to use gaps (representing insertions/deletions) while local  alignments can avoid them, aligning regions between gaps. ClustalW is a fully  automatic program for global multiple alignment of DNA and protein sequences.  The alignment is progressive and considers the sequence redundancy. Trees can  also be calculated from multiple alignments. The program has some adjustable  parameters with reasonable defaults.

consensus sequence 
A nominal sequence inferred from multiple, imperfect  examples. Multiple lanes of shotgun sequence can me merged to show a  consensus sequence. The optimal sequence of nucleotides recognized by some  factor. A DNA binding site for a protein may vary substantially, but one can  infer the consensus sequence for the binding site by comparing numerous  examples. For example, the (fictitious) transcription factor ZQ1 usually  binds to the sequences AAAGTT, AAGGTT or AAGATT. The consensus sequence for  that factor is said to be AARRTT (where R is any purine, i.e. A or G). ZQ1  may also be able to weakly bind to ACAGTT (which differs by one base from the  consensus).

data mining
The ability to query very large databases in order to satisfy  a hypothesis ("top-down" data mining); or to interrogate a database in order  to generate new hypotheses based on rigorous statistical correlations  ("bottom-up" data mining).

DNA construct  A DNA molecule inserted into a cloning vector, usually a  plasmid.

Dot Plot
A dot plot is a way of summarising data, often used in  exploratory data analysis to illustrate the major features of the  distribution of the data in a convenient form. For nominal or ordinal data, a  dot plot is similar to a bar chart, with the bars replaced by a series of  dots. Each dot represents a fixed number of individuals. For continuous data,  the dot plot is similar to a histogram, with the rectangles replaced by dots.  A dot plot can also help detect any unusual observations (outliers), or any  gaps in the data set. 

domain
Refers to a discrete portion of a protein assumed to fold  independently of the rest of the protein and which possesses its own  function.

expression profile 
The level and duration of expression of one or more  genes, selected from a particular cell or tissue type, generally obtained by  a variety of high-throughput methods, such as sample sequencing, serial  analysis, or microarray-based detection.

expression vector 
A cloning vector that is engineered to allow the  expression of protein from a cDNA. The expression vector provides an  appropriate promoter and restriction sites that allow insertion of cDNA.

fine mapping
The process of narrowing down the location of a candidate  gene by saturating the region with additional markers.

fingerprint 
A fingerprint is a set of motifs used to predict the  occurrence of similar motifs, in either an individual sequence or in a  database. Fingerprints are refined by iterative scanning of a composite  protein sequence database. A composite or multiple-motif fingerprint contains  a number of aligned motifs taken from different parts of a multiple  alignment. True family members are then easy to identify by virtue of  possessing all elements of the fingerprint, while subfamily members may be  identified by possessing only part of it.

footprinting 
A technique by which one identifies a protein binding site on  cellular DNA. The presence of a bound protein prevents DNase from "nicking"  that region, which can be detected by an appropriately designed gel.

frame number
The frame number determines the way a DNA sequence is  translated into a protein sequence-the 1st, 2nd, or 3rd nucleotide of the  positive strand of the DNA sequence, or the 1st, 2nd, or 3rd nucleotide of  the negative strand.

gap
A gap is defined as any maximal, consecutive run of spaces in a  single string of a given alignment. Gaps help create alignments that better  conform to underlying biological models and more closely fit patterns that  one expects to find in meaningful alignment. The idea is to take in account  the number of continuous gaps and not only the number of spaces when  calculating an alignment. Affine gaps contain a component for gap insertion  and a component for gap extension, where the extension penalty is usually  much lower than the insertion penalty. This mimics biological reality as  multiple gaps would imply multiple mutations, but a single mutation can lead  to a long gap quite easily.

gap extension penalty 
The gap extension penalty is added to the standard  gap open penalty for each base or residue in the gap. This is how long gaps  are penalised. If you don't like long gaps, just increase the extension gap  penalty. Usually you will expect a few long gaps rather than many short gaps,  so the gap extension penalty should be lower than the gap penalty. An  exception is where one or both sequences are single reads with possible  sequencing errors in which case you would expect many single base gaps. You  can get this result by setting the gap open penalty to zero (or very low) and  using the gap extension penalty to control gap scoring.

gap penalties
The penalty applied to a similarity score for the introduction of an  insertion or deletion gap, the extension of a gap, or both. Gap penalties are  usually subtracted from a cumulative score being determined for the  comparison of two or more sequences via an optimization algorithm that  attempts to maximize that score.

GenBank
GenBank is a primary nucleotide sequence database produced and  maintained at the National Center for Biotechnology Information (NCBI) at the  National Institutes of Health (NIH) in Bethesda, MD, USA. GenBank  collaborates with EMBL and DDBJ to form the International Nucleotide Sequence  Database Collaboration.

gene prediction 

Predictions of possible genes made by a computer program based on how well a  stretch of DNA sequence matches known gene sequences 

genetic marker 

A gene or other identifiable portion of DNA whose inheritance can be  followed. 

Gene Ontology (GO) resource
a dynamic controlled vocabulary. This  vocabulary will be applied to a non-redundant set of proteins described in  the Swiss-Prot, TrEMBL and Ensembl databases that collectively provide  complete proteomes for Homo sapiens and other organisms.

global alignment 
An alignment that assumes that the two proteins are  basically similar over the entire length of one another. The alignment  attempts to match them to each other from end to end, even though parts of  the alignment are not very convincing.

homology
Similarity in DNA or protein sequences between individuals of  the same species or among different species. 

Homology and Similarity Searching 
Given a newly sequenced gene, there  are two main approaches to the prediction of structure and function from the  amino acid sequence. Homology methods are the most powerful and are based on  the detection of significant extended sequence similarity to a protein of  known structure, or of a sequence pattern characteristic of a protein family.  Statistical methods are less successful but more general and are based on the  derivation of structural preference values for single residues, pairs of  residues, short oligopeptides or short sequence patterns. The transfer of  structure/function information to a potentially homologous protein is  straightforward when the sequence similarity is high and extended in length,  but the assessment of the structural significance of sequence similarity can  be difficult when sequence similarity is weak or restricted to a short  region.

homology search 
Given a newly sequenced gene, there are two main  approaches to the prediction of structure and function from the amino acid  sequence. Homology methods are the most powerful and are based on the  detection of significant extended sequence similarity to a protein of known  structure, or of a sequence pattern characteristic of a protein family.  Statistical methods are less successful but more general and are based on the  derivation of structural preference values for single residues, pairs of  residues, short oligopeptides or short sequence patterns. The transfer of  structure/function information to a potentially homologous protein is  straightforward when the sequence similarity is high and extended in length,  but the assessment of the structural significance of sequence similarity can  be difficult when sequence similarity is weak or restricted to a short  region.

identity matrix
A scoring matrix in which only identical characters receive a  positive score; the matrix has ones along the main diagonal and zeroes  elsewhere.

indel
An INsertion/DELetion in a DNA or protein sequence.

in silico
(biology) (Lit. computer mediated). The use of computers to  simulate, process, or analyse a biological experiment.

local alignment 
An alignment that searches for segments of the two  sequences that match well. There is no attempt to force entire sequences into  an alignment, just those parts that appear to have good similarity, according  to some criterion.

locus
The position in a chromosome of a particular gene or allele.

marker
Sequence of DNA that is easily traced and almost always associated  with a certain trait and so can be used to mark a location on a chromosome  and increase the speed and efficiency of genotyping and breeding.

motif
A characteristic stretch of amino acids in a protein sequence which  is responsible for a biochemical function, e.g. the active site of an enzyme.

open reading frame; ORF
A sequence of nucleotides in a DNA molecule that has  the potential to encode a peptide or protein: comprises a start triplet  (ATG), followed by a series of triplets (each of which encodes an amino  acid), and ending with a stop codon (TAA, TAG or TGA).

p-value
i.e. sorts blast output from most statistically significant (lowest  P-value) to least statistically (highest P-value). The P-values are a  function of N, as used in Karlin-Altschul Sump (sum probability) statistics  or Poisson statistics.

pairwise alignment 
Aligns your query sequence and database matches in  pairs. Matches are connected with a "|" symbol. Mismatches are opposed with a  spce. Gaps are introduced with a "-" symbol. e.g.

parameter
User-selectable values, typically experimentally determined,  that govern the boundaries of an algorithm or program. For instance,  selection of the appropriate input parameters governs the success of a search  algorithm. Some of the most common search parameters in bioinformatics tools  include the stringency of an alignment search tool, and the weights  (penalties) provided for mismatches and gaps.

PDB; Protein Data Bank
the single worldwide repository for the processing  and distribution of 3-D biological macromolecular structure data.

primer-dimer
refers to the annealing of two complemetary or nearly  complementary primers.

QTL; Quantitative Trait Loci
The type of marker described by statistical  association to quantitative variation in a particular phenotypic trait that  is thought to be controlled by the cumulative action of alleles at multiple  loci.; QTLs are essentially a statistical creation that identifies a  particular region of the genome as containing a gene (or genes) that is  associated with the phenotype being measured.

restriction map
A map of a DNA sequence with restriction enzyme recognition  sites serving as landmarks.

secondary structure
The organization of the peptide backbone of a protein  that occurs as a result of hydrogen bonds e.g alpha helix, Beta pleated  sheet.

similarity Score
A measure of the amount of similarity in an  alignment. It is the sum of all residue pair scores in an alignment.

similarity search 
Given a newly sequenced gene, there are two main  approaches to the prediction of structure and function from the amino acid  sequence. Homology methods are the most powerful and are based on the  detection of significant extended sequence similarity to a protein of known  structure, or of a sequence pattern characteristic of a protein family.  Statistical methods are less successful but more general and are based on the  derivation of structural preference values for single residues, pairs of  residues, short oligopeptides or short sequence patterns. The transfer of  structure/function information to a potentially homologous protein is  straightforward when the sequence similarity is high and extended in length,  but the assessment of the structural significance of sequence similarity can  be difficult when sequence similarity is weak or restricted to a short  region.

SSR; Simple Sequence Repeat; microsatellite
Repetitive DNA with repeats  ranging in size from 1 to 6 bp.

vector
In DNA cloning, the plasmid or phage chromosome used to carry the  cloned DNA segment. Also refers to the plasmids used to transform a plant.[image: image156.jpg]



