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What is bioinformatics?

• Bioinformatics is an interdisciplinary field that develops 
methods and software tools for understanding biological 
data.  As an interdisciplinary field of science, 
bioinformatics combines computer science, statistics, 
mathematics, and engineering to analyze and interpret 
biological data. 

• Bioinformatics organizes and analyzes basic biological 
data, whereas computational biology builds theoretical 
models of biological systems, just as mathematical biology 
does with mathematical models.



Bioinformatics can...
z Identify similar sequences
z Provide a putative function for a sequence
z Assemble sequences (genomes, transcriptomes)
z Annotate genomes
z Identify differentially expressed genes
z Build networks of genes or metabolites
z Determine phylogenetic relationships
z Mine literature for biological information
z Uncover differences between two genomes
z Calculate how a protein folds
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What can bioinformatics do for me?

z Majority of  projects involve large datasets
z Speed up your research
z Enable you to ask new questions
z Basic knowledge of bioinformatics needed

z Extract information
z Transform information
z Run analyses
z Build hypotheses, etc.
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Increase in Sequencing Data

L. Stein, Genome Biology, 2010
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Why do we need bioinformatics?
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Linux
z UNIX-based, free and open source 

operating system
z Very stable, easy to use
z Created by Linus Torvalds in 1990s 

as a student
z Adopted for most bioinformatics 

work
z Also: installed on cell phones, 

laptops, desktops, clusters, 
supercomputers

z Can run on your computer!
z Virtualized or native

http://www.linux-netbook.com/linux/distributions/
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More on this next week!



Scripting

z Scripts: Small programs written by the end-
user that control the execution of other 
programs or perform a simple algorithm

z Extremely flexible
z Written in Shell, Perl, Python
z You can write them yourself!!!
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Web-based 
bioinformatics

• Many databases and tool are accessible 
through a graphical user interface (GUI).

• We will focus on these today.



Databases

Source: Contributing Organizations at GMOD



Biological Databases:

1- Types.

2-Public Repositories.

3-Community specific databases.
3.1- For species.
3.2- For specific datatypes.

4- Genomic Browsers.



1. Types.

There is 3 types of biological databases (Rhee SY. et al. 2006):

• Public repositories with massive data storage.

• Community-specific databases.

• Project-specific databases.



1. Types.

✴ Public repositories.

• Maintained by public agencies or public international 
consortiums.

• Massive data amounts (quantity).

• No curated or poorly curated data.

• Long term data storage.



2. Public Repositories.

NCBI (National Center for Biotechnology Information)
http://www.ncbi.nlm.nih.gov/

http://www.ncbi.nlm.nih.gov


NCBI (National Center for Biotechnology Information)
http://www.ncbi.nlm.nih.gov/

Highlights:
• GenBank.

• PubMed.

• Gene Expression Omnibus (GEO)

• Taxonomy

2. Public Repositories.

http://www.ncbi.nlm.nih.gov


GenBank, NIH database for sequences, an annotated collection 
of ALL publicly available DNA sequences (Benson DA. et al. 
2011).
http://www.ncbi.nlm.nih.gov/genbank/
http://www.ncbi.nlm.nih.gov/sites/entrez?db=nucleotide

2. Public Repositories: NCBI

http://www.ncbi.nlm.nih.gov/sites/entrez?db=nucleotide


GenBank:
1

2

3

4

Search Section

Similar Results in other 
sections Sequence Type Filter Taxonomic Filter

2. Public Repositories: NCBI



GenBank:
1 Filter application box

2. Public Repositories: NCBI



GenBank:
Tools Links

2. Public Repositories: NCBI



GenBank:
Format File Storage

2. Public Repositories: NCBI



GenBank:
File Storage

2. Public Repositories: NCBI



2. Public Repositories: NCBI

PubMed, NIH database for scientific literature and publications.
http://www.ncbi.nlm.nih.gov/pubmed/

http://www.ncbi.nlm.nih.gov/pubmed/


PubMed:
• Relatively updated (Gap between publication and loading 

in PubMed database around 1-2 days).

• It doesn’t have all plant science related journals (for 
example: Theoretical Applied and Genetics or Crop 
Science).

(More information: http://wwwcf.nlm.nih.gov/serials/journals/index.cfm)

• There are no links between articles and genes, sequences, 
expression or other information contained in the 
publication.

2. Public Repositories: NCBI

http://wwwcf.nlm.nih.gov/serials/journals/index.cfm


Sequence Read Archive (SRA), Database to store  sequences 
produced by NGS such as Illumina, 454, Solid, Helicos...
http://www.ncbi.nlm.nih.gov/sra

2. Public Repositories: NCBI

http://www.ncbi.nlm.nih.gov/pubmed/


EBI (European Bioinformatics Institute)
http://www.ebi.ac.uk/

2. Public Repositories: EBI

http://www.ebi.ac.uk


EBI (European Bioinformatics Institute)
http://www.ebi.ac.uk/

Highlights:

• ENA (European Nucleotide Archive).

• UniProt

• ArrayExpress

• Ensembl

• InterPro

2. Public Repositories: EBI

http://www.ebi.ac.uk


InterPro, protein domain database organized by superfamilies, 
families and subfamilies. It is frequently used for genome 
functional annotation, specially to link genes with gene 
ontologies associated with protein domains.  (http://
www.ebi.ac.uk/interpro/).

2. Public Repositories: EBI

http://www.ebi.ac.uk/interpro/


1. Types.

✴ Community-specific databases.

• Maintained by scientific groups, frequently associated 
with an specific project or a research line.

• Considerable data amount related with the community 
needs.

• Curated or highly curated data (quality).

• Long term data storage



3. Community specific databases

Name Species Data Link

The Arabidopsis Information 
Resource (TAIR)

Arabidopsis

Single Species Genomes, Genetic Markers, 
SNPs, Genes, Expression, Proteins, 
Ontologies, Metabolic Pathways, 

Publications  

http://
www.arabidopsis.org/

Gramene
Monocots
(Grape and  

Arabidopsis)*

Multiple Species Genomes, Genetic 
Markers, SNPs, Genes, Proteins, 

Ontologies, Metabolic Pathways, QTLs  

http://
www.gramene.org/

Sol Genomics Network 
(SGN)

Solanaceae, 
Rubiaceae

Multiple Species Genomes, Genetic 
Markers, SNPs, Genes, Expression*, 

Proteins, Ontologies, Metabolic Pathways, 
Publications, QTLs and Maps, Phenotypes 

http://solgenomics.net/

Genome Database for 
Rosaceae (GDR)

Rosaceae
Multiple Species Genomes, Genetic 

Markers, SNPs, Genes, Proteins, 
Ontologies, Phenotypes, Unigenes 

http://
www.rosaceae.org/

Phytozome Plants Multiple Species Genomes
http://

www.phytozome.net

Plant Genome Database 
(PlantGDB)

Plants Multiple Species Genomes, Genes, 
Unigenes http://www.plantgdb.org/

http://www.arabidopsis.org
http://www.gramene.org
http://solgenomics.net
http://www.rosaceae.org
http://www.phytozome.net
http://www.plantgdb.org


There are other community driven databases focused in a 
knowledge area: 

Metabolic databases:
MetaCyc: http://metacyc.org/

KEGG: http://www.genome.jp/kegg/

Ontology databases:
Gene Ontology: http://www.geneontology.org/

Plant Ontology: http://www.plantontology.org/

Transcription Factors database:
TranscriptionFactorDB (DBD): www.transcriptionfactor.org

3. Community specific databases

http://www.plantontology.org
http://www.transcriptionfactor.org/


1. Types.

✴ Project specific databases.

• Maintained by a group or a small consortium

• Low data amount.

• Variability for data curation (from poorly to highly).

• Limited lifespan generally associated with a project.

• Examples: Plant Genome Network (PGN)



4. Genomic Browsers

A Genome Browser is a graphical interface that shows aligned 
genomic data.

Each data type is in a track.

The tracks are hierarchically organized by track size. For 
example, the first track could be a chromosome, the second one 
a region and the third one,  a detailed region with gene 
structures.



Genome Browser most used: 

- JBrowse (GMOD). 

- GBrowse (GMOD).

- UCSC Genome Browser.

- Emsembl Genome Browser.

- Vista Genome Browser.

4. Genomic Browsers



Sol Genomics Network

JBrowse

http://solgenomics.net/



Sol Genomics Network

JBrowse



Sol Genomics Network

JBrowse

load tracks: Fasta, GFF3, BAM, BigWig

click on track: edit style,
save data for region or whole track, GFF3, BED, Fasta

Tomato genes linked to SGN on click
Right click view details, highlight, zoom



Sol Genomics Network

JBrowse

Navigation, zoom in and out
selecting a region

find feature by name



Sol Genomics Network

JBrowse



Sol Genomics Network

JBrowse: Pepper genome



Sol Genomics Network

JBrowse



Exercise 1
1. You are a coffee researcher and want to understand more about caffeine 

synthesis.  Using the tools we discussed, do the following analyses with 
caffeine synthase.

1. Find some papers on caffeine synthase published since 2010.

2. How many plant caffeine synthase protein sequences are in GenBank?  
How many are from Coffea arabica?

3. How many species have a caffeine synthase homolog?

4. Is caffeine synthase specific to the Gentianales clade or is it found 
elsewhere? 

5.  Which of the homologs seem realistic?  Download all Coffea canephora 
homolog sequences in fasta format and select full-length proteins.  How 
many appear full-length?    

Please save your results for the next exercise.



Exercise 1 Solutions

1. Find some papers on 
caffeine synthase published 
since 2010.

• use pubmed (http://
www.ncbi.nlm.nih.gov/
pubmed

http://www.ncbi.nlm.nih.gov/pubmed


Exercise 1 Solutions 
2.  How many plant caffeine synthase protein sequences are 
in GenBank?  How many are from Coffea arabica?
• 114 proteins total are from plants, 21 from C. arabica 

(http://www.ncbi.nlm.nih.gov/protein)

http://www.ncbi.nlm.nih.gov/protein


Exercise 1 Solutions 
3. 31 species:  

*click on “Tree” for next question



Exercise 1 Solutions 
(cont’d)

4. How many species have a caffeine synthase 
homolog?

• Found in Gentianales, Ericales, Sapindales, 
Malvales, etc

*click on “List” for next answer



Exercise 1 Solutions 
(cont’d)

5.  Which of the homologs seem realistic?  Download 
all Coffea canephora homolog sequences in fasta format 
and select full-length proteins.  How many appear full-
length?    

• Coffea arabica, Coffea canephora, Camellia sinensis, 
Theobroma cacao, Paullinia.  7 sequences appear to 
be full-length.



Part II: Web Tools



Bioinformatic Web Tools:

1- Search Tools:
1.1 - By Ontology.
1.2 - By Sequence Homology/Similarity (Blast).
1.3 - By Sequence/Chromosome coordinates (GBrowse).

2 - Manipulation and Sequence Analysis Tools:
2.1 - Translators and Gene Predictors.
2.2 - Multiple Sequence Alignment(Clustalw).
2.3 - Protein Domain Analysis (InterProScan).
2.4 - Signal Peptide Analysis (SignalP).

3 - Other Tools:
3.1 - Linkage Map Viewers (CViewer).
3.2 - Primer Design (Primer3).

4 - Web Pages with Multiple Tools.



Text Searches: 

One or more words are introduced in a box. The system use them 
to search coincidences with database fields or file sections such as 
genomic annotations.

NCBI:  http://www.ncbi.nlm.nih.gov/

1. Search Tools

http://www.ncbi.nlm.nih.gov


Text Searches: 

TAIR:  http://www.arabidopsis.org/

1. Search Tools

http://www.arabidopsis.org


Bioinformatic Web Tools:

1- Search Tools:
1.1 - By Ontology.
1.2 - By Sequence Homology/Similarity (Blast).
1.3 - By Sequence/Chromosome coordinates (GBrowse).

2 - Manipulation and Sequence Analysis Tools:
2.1 - Translators and Gene Predictors.
2.2 - Multiple Sequence Alignment(Clustalw).
2.3 - Protein Domain Analysis (InterProScan).
2.4 - Signal Peptide Analysis (SignalP).

3 - Other Tools:
3.1 - Linkage Map Viewers (CViewer).
3.2 - Primer Design (Primer3).

4 - Web Pages with Multiple Tools.



Sequence homology/similarity searches: 

It is based in the sequence comparison through a pair sequence 
alignment using different algorithms (blast, uses an approach to the 
Smith-Waterman algorithm). Matched sequences (hits) with some 
statistical values are selected and returned as result.

Most used programs are:

• Blast: (faster) http://blast.ncbi.nlm.nih.gov/Blast.cgi

• Fasta (sensitive): http://www.ebi.ac.uk/Tools/sss/fasta/

More information at: http://en.wikipedia.org/wiki/Sequence_alignment_software

1. Search Tools

http://www.ebi.ac.uk/Tools/sss/fasta/


Sequence homology/similarity searches: 

NCBI:  http://blast.ncbi.nlm.nih.gov/Blast.cgi

1. Search Tools

http://blast.ncbi.nlm.nih.gov/Blast.cgi


TAIR:  http://www.arabidopsis.org/Blast/index.jsp 
http://www.arabidopsis.org/cgi-bin/fasta/nph-TAIRfasta.pl

Sequence homology/similarity searches: 

1. Search Tools

http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.arabidopsis.org/cgi-bin/fasta/nph-TAIRfasta.pl


SGN:  http://solgenomics.net/tools/blast/index.pl

Sequence homology/similarity searches: 

1. Search Tools

http://www.gramene.org/multi/blastview


Blast: 

It is a tool designed to find regions with local similarity for a 
sequence pair. It compare nucleotides or protein sequences and 
calculate the statistical significance.

Blast Programs: 

INPUT

DATABASE

Nucleotide Translated Nucleotide Protein

Nucleotide BlastN - -
Translated Nucleotide - TBlastX TBlastN

Protein - BlastX BlastP

1.2 -Search by Sequence Homology



Blast uses: 

‣ Homologous gene search: 

BlastX (input=cDNA, database=proteins).

BlastP (input=protein, database=proteins).

TBlastN (input=proteins, database=cDNA)

‣ Intron-Exon alignment: 

BlastN (input=cDNA, database=genomic DNA).

(better Blat or GeneWise)

‣ SNP search:

BlastN (input=cDNA,gDNA, database=cDNA,gDNA).

1.2 -Search by Sequence Homology



Blast terminology:  

Query:  Input sequence.

Subject: Sequence from the database

Query Coverage: Percentage of the input sequence cover by the 
database sequence.

E-value (expect value): Expected hits at random. It depends 
from the database size and it decrease exponentially with the 
sequence pair score.

% identity: Identity percentage for a sequence pair.

1.2 -Search by Sequence Homology



Bioinformatic Web Tools:

1- Search Tools:
1.1 - By Ontology.
1.2 - By Sequence Homology/Similarity (Blast).
1.3 - By Sequence/Chromosome coordinates (GBrowse).

2 - Manipulation and Sequence Analysis Tools:
2.1 - Translators and Gene Predictors.
2.2 - Multiple Sequence Alignment(Clustalw).
2.3 - Protein Domain Analysis (InterProScan).
2.4 - Signal Peptide Analysis (SignalP).

3 - Other Tools:
3.1 - Linkage Map Viewers (CViewer).
3.2 - Primer Design (Primer3).

4 - Web Pages with Multiple Tools.



There are dozens of sequence manipulation tools with 
different licenses or for different operating systems.

+ Commercial package: 
  LaserGene (DNAStar) (http://www.dnastar.com/t-products-lasergene.aspx)

+ Free packages: 
BioEdit (Windows) (http://www.mbio.ncsu.edu/bioedit/bioedit.html) 
eBioTools (MacOS) (http://www.ebioinformatics.org/)
Mega (Win/OSX) (http://www.megasoftware.net/)

Some databases have programs with similar functions 
integrated with the database interface.

2 -Manipulation and Sequence Analysis Tools

http://www.dnastar.com/t-products-lasergene.aspx
http://www.mbio.ncsu.edu/bioedit/bioedit.html
http://www.ebioinformatics.org/
http://www.megasoftware.net/


Bioinformatic Web Tools:

1- Search Tools:
1.1 - By Ontology.
1.2 - By Sequence Homology/Similarity (Blast).
1.3 - By Sequence/Chromosome coordinates (GBrowse).

2 - Manipulation and Sequence Analysis Tools:
2.1 - Translators and Gene Predictors.
2.2 - Multiple Sequence Alignment(Clustalw).
2.3 - Protein Domain Analysis (InterProScan).
2.4 - Signal Peptide Analysis (SignalP).

3 - Other Tools:
3.1 - Linkage Map Viewers (CViewer).
3.2 - Primer Design (Primer3).

4 - Web Pages with Multiple Tools.



There are two tools types to find the right ORF for an expressed  
nucleotide sequence.

• Select the longest ORF.

• Gene prediction based on the exon-intron structure

Tool types:

‣ Translators (DNA to proteins without exon-intron 
consideration, and analyzing all the possible ORFs).  Use 
coding.

‣ Gene Predictors (DNA to CDS considering the intron-exon 
structure). They require software training with manually 
curated intron-exon structures.

2.1 - Translators and Gene Predictors.



Web-based translator programs:

• Translate Tool (ExPASy): http://expasy.org/tools/dna.html

• ORF Finder (NCBI): http://www.ncbi.nlm.nih.gov/projects/gorf/

• Transeq (EBI): http://www.ebi.ac.uk/Tools/emboss/transeq/

• RevTrans 1.4 Server (CBS): http://www.cbs.dtu.dk/services/RevTrans/

• Transeq (UMass): http://biotools.umassmed.edu/cgi-bin/biobin/transeq 

• Dnatoprotein (JHI): http://www.dnatoprotein.com/ 

• EstScan (embnet): http://www.ch.embnet.org/software/ESTScan2.html

2.1 - Translators and Gene Predictors.

http://expasy.org/tools/dna.html
http://www.ncbi.nlm.nih.gov/projects/gorf/
http://www.ebi.ac.uk/Tools/emboss/transeq/
http://www.cbs.dtu.dk/services/RevTrans/
http://biotools.umassmed.edu/cgi-bin/biobin/transeq
http://www.dnatoprotein.com
http://www.ch.embnet.org/software/ESTScan2.html


• Transeq (EBI): http://www.ebi.ac.uk/Tools/emboss/transeq/

2.1 - Translators and Gene Predictors.

http://www.ebi.ac.uk/Tools/emboss/transeq/


Web-based gene predictor programs:

• FGENESH (ULondon): 
http://mendel.cs.rhul.ac.uk/mendel.php?topic=fgen-file

• GENESCAN (MIT): 
http://genes.mit.edu/GENSCAN.html

• GeneMark.hmm (GaTech): 
http://opal.biology.gatech.edu/GeneMark/eukhmm.cgi 

• Augustus:
http://augustus.gobics.de/submission

2.1 - Translators and Gene Predictors.

http://mendel.cs.rhul.ac.uk/mendel.php?topic=fgen-file
http://genes.mit.edu/GENSCAN.html
http://opal.biology.gatech.edu/GeneMark/eukhmm.cgi
http://augustus.gobics.de/submission


Bioinformatic Web Tools:

1- Search Tools:
1.1 - By Ontology.
1.2 - By Sequence Homology/Similarity (Blast).
1.3 - By Sequence/Chromosome coordinates (GBrowse).

2 - Manipulation and Sequence Analysis Tools:
2.1 - Translators and Gene Predictors.
2.2 - Multiple Sequence Alignment (Clustalw).
2.3 - Protein Domain Analysis (InterProScan).
2.4 - Signal Peptide Analysis (SignalP).

3 - Other Tools:
3.1 - Linkage Map Viewers (CViewer).
3.2 - Primer Design (Primer3).

4 - Web Pages with Multiple Tools.



2.2 - Multiple Sequence Alignment

There are programs for multiple sequence alignment (nucleotide or protein) 
such as ClustalW or Muscle 

Some of them, as ClustalW, can create simple phylogenetic trees based in 
simple algorithms such as Neighbor-Joining. 

• ClustalW (EBI): http://www.ebi.ac.uk/Tools/msa/clustalo/

• Kalign (EBI): http://www.ebi.ac.uk/Tools/msa/kalign

• MAFFT (EBI): http://www.ebi.ac.uk/Tools/msa/mafft

• MUSCLE (EBI): http://www.ebi.ac.uk/Tools/msa/muscle

• T-Coffee (EBI): http://www.ebi.ac.uk/Tools/msa/tcoffee

http://www.ebi.ac.uk/Tools/msa/kalign
http://www.ebi.ac.uk/Tools/msa/mafft
http://www.ebi.ac.uk/Tools/msa/muscle
http://www.ebi.ac.uk/Tools/msa/tcoffee


2.2 - Multiple Sequence Alignment

• ClustalW (EBI): http://www.ebi.ac.uk/Tools/msa/clustalo/

Input: Set of 5 proteins



• ClustalW (EBI): http://www.ebi.ac.uk/Tools/msa/clustalo/

2.2 - Multiple Sequence Alignment



• ClustalW (EBI): http://www.ebi.ac.uk/Tools/msa/clustalo/

2.2 - Multiple Sequence Alignment



• ClustalW (EBI): http://www.ebi.ac.uk/Tools/msa/clustalo/

2.2 - Multiple Sequence Alignment



• ClustalW (EBI): http://www.ebi.ac.uk/Tools/msa/clustalo/

The alignment can be downloaded to be used by phylogenetic 
programs like Protpars (from Phylip package). 

2.2 - Multiple Sequence Alignment

Web-based Phylip package:  
http://mobyle.pasteur.fr/cgi-bin/portal.py?#welcome

http://mobyle.pasteur.fr/cgi-bin/portal.py?#


Bioinformatic Web Tools:

1- Search Tools:
1.1 - By Ontology.
1.2 - By Sequence Homology/Similarity (Blast).
1.3 - By Sequence/Chromosome coordinates (GBrowse).

2 - Manipulation and Sequence Analysis Tools:
2.1 - Translators and Gene Predictors.
2.2 - Multiple Sequence Alignment (Clustalw).
2.3 - Protein Domain Analysis (InterProScan).
2.4 - Signal Peptide Analysis (SignalP).

3 - Other Tools:
3.1 - Linkage Map Viewers (CViewer).
3.2 - Primer Design (Primer3).

4 - Web Pages with Multiple Tools.



2.3 -Protein Domain Analysis

   Some of the functional annotations are made by homology search with 
conserved protein fragments or domains.

   InterPro (http://www.ebi.ac.uk/interpro/) is an EBI resource with several protein 
domain databases such as ProSite, Pfam or Superfamily.

The tools used for functional domain search is InterProScan (http://
www.ebi.ac.uk/interpro/search/sequence-search).

http://www.ebi.ac.uk/interpro/


InterProScan (http://www.ebi.ac.uk/interpro/search/sequence-search).

2.3 -Protein Domain Analysis



InterProScan (http://www.ebi.ac.uk/interpro/search/sequence-search).

2.3 -Protein Domain Analysis



Bioinformatic Web Tools:

1- Search Tools:
1.1 - By Ontology.
1.2 - By Sequence Homology/Similarity (Blast).
1.3 - By Sequence/Chromosome coordinates (GBrowse).

2 - Manipulation and Sequence Analysis Tools:
2.1 - Translators and Gene Predictors.
2.2 - Multiple Sequence Alignment (Clustalw).
2.3 - Protein Domain Analysis (InterProScan).
2.4 - Signal Peptide Analysis (SignalP).

3 - Other Tools:
3.1 - Linkage Map Viewers (CViewer).
3.2 - Primer Design (Primer3).

4 - Web Pages with Multiple Tools.



2.4 - Signal Peptide Analysis 

   A signal peptide is a short (3-60 amino acids long) peptide chain that 
directs the transport of a protein. Signal peptides may also be called 
targeting signals, signal sequences,transit peptides, or localization signals. 
(wikipedia).

   Examples: 

   SignalP (http://www.cbs.dtu.dk/services/SignalP/) is a program to predict signal 
peptides.

http://en.wikipedia.org/wiki/Amino_acid
http://en.wikipedia.org/wiki/Peptide
http://en.wikipedia.org/wiki/Protein
http://www.cbs.dtu.dk/services/SignalP/


Bioinformatic Web Tools:

1- Search Tools:
1.1 - By Ontology.
1.2 - By Sequence Homology/Similarity (Blast).
1.3 - By Sequence/Chromosome coordinates (GBrowse).

2 - Manipulation and Sequence Analysis Tools:
2.1 - Translators and Gene Predictors.
2.2 - Multiple Sequence Alignment (Clustalw).
2.3 - Protein Domain Analysis (InterProScan).
2.4 - Signal Peptide Analysis (SignalP).

3 - Other Tools:
3.1 - Linkage Map Viewers (CViewer).
3.2 - Primer Design (Primer3).

4 - Web Pages with Multiple Tools.



3.2 - Primer Design.

 There are some web-based tools to design primers or to check the 
possible amplify fragments with the primers designed.

• Primer-Blast (NCBI) (design): 

http://www.ncbi.nlm.nih.gov/tools/primer-blast/ 

• Primer3 (design):

http://frodo.wi.mit.edu/primer3/ 

• In-Silico PCR (SGN) (fragment analysis):

http://solgenomics.net/tools/insilicopcr/index.pl

http://www.ncbi.nlm.nih.gov/tools/primer-blast/
http://frodo.wi.mit.edu/primer3/
http://solgenomics.net/tools/insilicopcr/index.pl


• Primer3 (design): http://frodo.wi.mit.edu/primer3/ 

Copy the downloaded sequence to Primer3. 
Change min. size to123 pb (intron size)
Change target to 200 (intron start), 123 (intron length)

3.2 - Primer Design.

http://frodo.wi.mit.edu/primer3/


• Primer3 (design): http://frodo.wi.mit.edu/primer3/ 

3.2 - Primer Design.

http://frodo.wi.mit.edu/primer3/


Bioinformatic Web Tools:

1- Search Tools:
1.1 - By Ontology.
1.2 - By Sequence Homology/Similarity (Blast).
1.3 - By Sequence/Chromosome coordinates (GBrowse).

2 - Manipulation and Sequence Analysis Tools:
2.1 - Translators and Gene Predictors.
2.2 - Multiple Sequence Alignment (Clustalw).
2.3 - Protein Domain Analysis (InterProScan).
2.4 - Signal Peptide Analysis (SignalP).

3 - Other Tools:
3.1 - Linkage Map Viewers (CViewer).
3.2 - Primer Design (Primer3).

4 - Web Pages with Multiple Tools.



4 - Web Pages with Multiple Tools.

  Useful bioinformatic web-portals with classical bioinformatic tools on-line:

• EBI (European Bioinformatic Institute): Analysis of sequences.

http://www.ebi.ac.uk/Tools/ 

• Mobyle (Instituto Pasteur): Phylogenetic analysis.

http://mobyle.pasteur.fr/cgi-bin/portal.py?#welcome 

• ExPASy (SwissProt): Analysis of proteins and sequences.

http://expasy.org/tools/

• CBS (Center For Biological Sequence Analysis).

http://www.cbs.dtu.dk/biotools/

• Phylemon2: Molecular evolution analysis

http://phylemon.bioinfo.cipf.es/evolutionary.html

http://www.ncbi.nlm.nih.gov/tools/primer-blast/
http://frodo.wi.mit.edu/primer3/
http://solgenomics.net/tools/insilicopcr/index.pl
http://solgenomics.net/tools/insilicopcr/index.pl


Exercise 2

1. Select a protein from exercise 1 part 5, what domains can be found?

2. Find the Arabidopsis thaliana best protein match to the protein. 

3. Find the tomato best protein match to the protein

4. What sequences are upstream and downstream of the tomato match from 
part 2?  How many introns does the match have? 

5. Align all sequences from exercise 1.4 with the Arabidopsis and tomato 
protein matches. 

6. Make a phylogenetic tree with the alignment from 5.  Which sequences 
appear to be most closely related?



Exercise 2 Solutions 
(cont’d)

1. Select a protein from exercise 1 part 5, what 
domains can be found?

http://www.ebi.ac.uk/interpro/search/sequence-search

http://www.ebi.ac.uk/interpro/search/sequence-search


Exercise 2 Solutions
2.  Find the Arabidopsis thaliana best protein 
match to the protein. 

            At5g04380 (http://arabidopsis.org/Blast/index.jsp)

3. Find the tomato best protein match to the 
protein

             Solyc04g055260 (http://solgenomics.net/tools/blast/index.pl)

http://arabidopsis.org/Blast/index.jsp
http://solgenomics.net/tools/blast/index.pl


Exercise 2 Solutions
4. What sequences are upstream and downstream of the tomato match 

from part 2?  How many introns does the match have? 
3 introns

https://solgenomics.net/jbrowse_solgenomics/



Exercise 2 Solutions
5.Align all sequences from exercise 1.4 with the Arabidopsis 

and tomato protein matches. 

http://www.ebi.ac.uk/Tools/msa/clustalo/



6. Make a phylogenetic tree with the alignment from 5.  
Which sequences appear to be most closely related?

Exercise 2 Solutions

http://www.ebi.ac.uk/Tools/msa/clustalo/



When using web tools 
remember: 

1.) Often not all program options are available

2.) Jobs are run on another server, large jobs may be   
better run locally



1. Next class will give hands on command line training,
• Linux Basics - Bryan Ellerbrock (6/22)

2. Following courses are optional:
• Intro to commandline tools: Adrian Powell (6/29)
• Next Generation Sequence Data - Surya Saha (7/6)
• Intro to R - Nick Morales (7/13)

3. Sign-up for optional courses: email srs57@cornell.edu                                                                                                                                                           

4. You will need to have a virtual machine installed 
prior to next class.  Instructions are here: 

https://btiplantbioinfocourse.wordpress.com/how-to/installing-the-virtual-
machine/

PLEASE STOP BY BIOINFORMATICS HOUR WEDNESDAY 1 - 2 PM IN 
THE RESOURCE CENTER TO SHOW US YOUR WORKING VIRTUAL 
MACHINE.  
* You will not be able to participate in the next class exercises without it.*

Additional Bioinformatics Classes

mailto:srs57@cornell.edu?subject=

