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Objectives

u Defining and understanding the role of 
Bioinformatics in biological sciences

u Becoming familiar with the basic bioinformatic 
vocabulary

u Providing an overview of biomedical data and 
databases

u Providing an overview of biomedical analytical 
tools

u Learning how to discover, access, and utilize 
information resources



Biological Big Data

u Genomic

u Transcriptomic

u Epigenetic

u Proteomic

u Metabolomic

u Glycomic

u Lipidomic

u Imaging

u Health

u Integrated data sets
http://www.bigdatabytes.com/managing-big-data-starts-here/



Systems Biology

BMC Bioinformatics 2010, 11:117



Bioinformatics



What is Bioinformatics?

u Computer-aided analysis of  biological information



Bioinformatics = Pattern Discovery

u Discerning the characteristic (repeatable) patterns in 
biological information that help to explain the 
properties and interactions of  biological systems. 



Biological Patterns

u A pattern is a property of a biological system 
that can be defined such that the definition can 
be used to detect other occurrences of the same 
property
u Sequence

u Expression

u Structure

u Function

u …



Bibliography: Web Sites

u Databases:
u Nucleotide: www.ncbi.nlm.nih.gov
u Protein: www.uniprot.org/
u Protein structure: www.rcsb.org/pdb/

u Analysis Tools:
u Protein analysis: us.expasy.org/
u UAB Galaxy: www.uab.edu/galaxy
u Penn State Galaxy: main.g2.bx.psu.edu/
u Comparative genomics: ecrbrowser.dcode.org

u Genome Browsers:
u NCBI: (www.ncbi.nlm.nih.gov/genomes)
u Ensembl: (www.ensembl.org )
u UCSC Genome Browser: (genome.ucsc.edu)



Bibliography: Journals

u Nucleic Acids Research
u Database issue

u Every January

u Web Server issue
u Every July

u Bioinformatics

u BMC Bioinformatics

u PLoS Computational Biology



Bioinformatics at UAB
u Center for Clinical and Translational Sciences (CCTS) 

u Biomedical Informatics

u http://www.uab.edu/informatics

u Center for AIDS Research

u Molecular and Genetic Bioinformatics Facility

u http://www.genome.uab.edu/

u Heflin Center for Genetics
u http://www.heflingenetics.uab.edu/

u Comprehensive Cancer Center’s Bioinformatics Shared Facility
u http://www.uab.edu/ccc/biostatistics/

u Section on Statistical Genetics
u http://www.soph.uab.edu/ssg/

u UAB-IT Research Computing

u http://www.uab.edu/cores/uab-it-research-computing-services/



Bioinformatics Services Provided by CCTS Informatics
u Provision of  shared hardware supporting UAB’s bioinformatics needs

u Access to software
u Galaxy

u Other supplemental software as needed

u Access to databases
u Sequence, structure, motif, proteomic, expression…

u Education
u Introductory lectures in core graduate courses

u Bioinformatics module in upper-level courses

u Training
u Assistance in the use of  software and databases

u Assistance in planning, organizing, and carrying out bioinformatics analyses

u Analytical assistance

u Research Collaborations



Major Information Resources

u NCBI
u National Center for Biotechnology Information

u Databases, tools, links

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

u EBI
u European Bioinformatics Institute

u Research Services Training

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



National Centers for Biomedical 
Computing

u National Centers for Biomedical Computing
u NIH program to enhance the computational 

infrastructure for biomedical computing

u http://www.ncbcs.org/





Analytical Resources

u Bioinformatics Packages

u Web-based tools
u General Protein Analysis Tools

u http://us.expasy.org/

u Galaxy
u https://usegalaxy.org/



Local Bioinformatics Packages

u Geneious
u http://www.geneious.com

u MacVector
u http://www.macvector.com

u Vector NTI
u http://www.invitrogen.com/site/us/en/home/Products-and-

Services/Applications/Cloning/vector-nti-
software.html?CID=fl-vectornti

u DNAStar
u http://www.dnastar.com

u Sequencher
u http://genecodes.com



Galaxy

u Comprehensive set of  bioinformatics tools
u Basic sequence analysis (EMBOSS)

u Next generation Sequencing (NGS) analysis

u Statistical analysis

u http://www.uab.edu/galaxy
u Requires BlazerID login

u http://main.g2.bx.psu.edu/







Bioinformatic Databases

Something to compare against



Major Sequence Databases

u International Nucleotide Sequence Database 
Collaboration
u Genbank

u EMBL

u DDBJ

u Protein
u UniProt

u PIR

u Swiss-Prot

u Swiss-Prot TrEMBL

u NCBI



Other Databases

u Structural
u Protein Data Bank (PDB): http://www.rcsb.org/pdb/

u Expression
u Microarray Gene Expression Data Society (MGED):

http://www.mged.org/
u Gene Expression Omnibus (GEO – NCBI):

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

u Proteomic
u Mascot: http://www.matrixscience.com/

u Metabolism
u BioCyc: http://biocyc.org/
u Reactome: http://reactome.org/

u Ontology
u Gene Ontology (GO) Consortium: http://www.geneontology.org/
u Controlled vocabulary for the description of  biological processes



GenBank

u Primary nucleic acid sequence database

u Maintained by NCBI
u National Center for Biotechnology Information

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

u December, 2016; Release 211
u 203,939,111,071 bases

u 189,232,925 sequences

u WGS (Whole Genome Shotgun) Sequences
u Separate from GenBank

u 1,297,865,618,365 Bases

u 317,122,157 Sequences



GenBank Growth



NCBI Databases for NGS Data

u Bioproject
u Genomics, functional genomics, and genetics studies 

and links to their datasets

u Biosample
u Descriptions of  biological source materials used in 

experimental assays.

u Sequence Read Archive (SRA)
u Raw sequence data

u Assembly archive



Other NCBI Databases

u RefSeq

u HomoloGene

u Genomic

u SNPs

u …



RefSeq

u NCBI Reference Sequence project 

u Provides reference sequence standards for the 
naturally occurring molecules from chromosomes 
to mRNAs to proteins

u Stable reference point for:
u mutation analysis
u gene expression studies
u polymorphism discovery

u Accession numbers have two letters, an 
underscore, and six numbers
u NM_123456



HomoloGene

u Database of  homologs among the annotated genes of  
several completely sequenced eukaryotic geneomes



HomoloGene Release 68



Multi-Genome Comparison

u Evolutionarily Conserved Regions
u Coding Regions

u Regulatory Regions

u ECR Browser
u http://ecrbrowser.dcode.org 







Sequences



The Sequence Record

u Different for each database

u Locus (Name)

u Accession Number

u Keywords

u Description

u Properties

u References

u The Sequence



GenBank Sample Record
u http://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html



LOCUS       HUMCFTRM                6129 bp    mRNA    linear   PRI 27-APR-1993
DEFINITION  Human cystic fibrosis mRNA, encoding a presumed transmembrane

conductance regulator (CFTR).
ACCESSION   M28668
VERSION     M28668.1  GI:180331
KEYWORDS    cystic fibrosis; transmembrane conductance regulator.
SOURCE      Homo sapiens (human)
ORGANISM  Homo sapiens

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;
Catarrhini; Hominidae; Homo.
REFERENCE   1  (bases 1 to 6129)
AUTHORS   Riordan,J.R., Rommens,J.M., Kerem,B., Alon,N., Rozmahel,R.,

Grzelczak,Z., Zielenski,J., Lok,S., Plavsic,N., Chou,J.-L.,
Drumm,M.L., Iannuzzi,M.C., Collins,F.S. and Tsui,L.-C.
TITLE     Identification of the cystic fibrosis gene: cloning and

characterization of complementary DNA
JOURNAL   Science 245 (4922), 1066-1073 (1989)
PUBMED   2475911

GenBank Record Human CFTR



Accession Numbers

u Each  sequence submitted to a database is 
assigned a unique primary accession number

u Accession numbers do not change

u If  a sequence is merged with another, a new 
accession number is assigned, and the original 
number becomes a secondary accession 
number

u Accession numbers may include version 
numbers
u AO2428.2



GI numbers

u GenInfo Identifier

u Series of digits that are assigned consecutively 
to each sequence record processed by NCBI

u The GI number bears no resemblance to the 
Accession number of the sequence record

u Used to track sequence histories in GenBank 
and the other sequence databases
u If  a sequence is changed/updated, a new gi number 

is assigned



COMMENT     A three base-pair deletion spanning positions 1654-1656 is observed
in cDNAs from cystic fibrosis patients.

FEATURES             Location/Qualifiers
source          1. .6129

/organism="Homo sapiens"
/db_xref="taxon:9606"

CDS             133. .4575
/note="cystic fibrosis transmembrane conductance
regulator"
/codon_start=1
/db_xref="PID:g180332"
/translation="MQRSPLEKASVVSKLFFSWTRPILRKGYRQRLELSDIYQIPSVD
SADNLSEKLEREWDRELASKKNPKLINALRRCFFWRFMFYGIFLYLGEVTKAVQPLLL
LNRFSKDIAILDDLLPLTIFDFIQLLLIVIGAIAVVAVLQPYIFVATVPVIVAFIMLR
AYFLQTSQQLKQLESEGRSPIFTHLVTSLKGLWTLRAFGRQPYFETLFHKALNLHTAN
WFLYLSTLRWFQMRIEMIFVIFFIAVTFISILTTGEGEGRVGIILTLAMNIMSTLQWA
VNSSIDVDSLMRSVSRVFKFIDMPTEGKPTKSTKPYKNGQLSKVMIIENSHVKKDDIW
PSGGQMTVKDLTAKYTEGGNAILENISFSISPGQRVGLLGRTGSGKSTLLSAFLRLLN
TEGEIQIDGVSWDSITLQQWRKAFGVIPQKVFIFSGTFRKNLDPYEQWSDQEIWKVAD
EVGLRSVIEQFPGKLDFVLVDGGCVLSHGHKQLMCLARSVLSKAKILLLDEPSAHLDP
VTYQIIRRTLKQAFADCTVILCEHRIEAMLECQQFLVIEENKVRQYDSIQKLLNERSL
FRQAISPSDRVKLFPHRNSSKCKSKPQIAALKEETEEEVQDTRL"

BASE COUNT     1886 a   1181 c   1330 g   1732 t
ORIGIN



HUMCFTRM  Length: 6129  April 13, 1998 13:00  Type: N  Check: 6781  ..

1  AATTGGAAGC AAATGACATC ACAGCAGGTC AGAGAAAAAG GGTTGAGCGG

51  CAGGCACCCA GAGTAGTAGG TCTTTGGCAT TAGGAGCTTG AGCCCAGACG

101  GCCCTAGCAG GGACCCCAGC GCCCGAGAGA CCATGCAGAG GTCGCCTCTG

151  GAAAAGGCCA GCGTTGTCTC CAAACTTTTT TTCAGCTGGA CCAGACCAAT

201  TTTGAGGAAA GGATACAGAC AGCGCCTGGA ATTGTCAGAC ATATACCAAA

251  TCCCTTCTGT TGATTCTGCT GACAATCTAT CTGAAAAATT GGAAAGAGAA

301  TGGGATAGAG AGCTGGCTTC AAAGAAAAAT CCTAAACTCA TTAATGCCCT

351  TCGGCGATGT TTTTTCTGGA GATTTATGTT CTATGGAATC TTTTTATATT

401  TAGGGGAAGT CACCAAAGCA GTACAGCCTC TCTTACTGGG AAGAATCATA

451  GCTTCCTATG ACCCGGATAA CAAGGAGGAA CGCTCTATCG CGATTTATCT



analyze% typedata -ref GB_PR:HUMIFNRF1A

!!NA_SEQUENCE 1.0
LOCUS       HUMIFNRF1A   7721 bp    DNA             PRI       10-NOV-1992
DEFINITION  Homo sapiens interferon regulatory factor 1 gene, complete 
cds.
ACCESSION   L05072
NID         g184648
KEYWORDS    interferon regulatory factor 1.
SOURCE      Homo sapiens Placenta DNA.

ORGANISM  Homo sapiens
Eukaryotae; mitochondrial eukaryotes; Metazoa; Chordata;
Vertebrata; Eutheria; Primates; Catarrhini; Hominidae; Homo.

REFERENCE   1  (bases 1 to 7721)
AUTHORS   Cha,Y., Sims,S.H., Romine,M.F., Kaufmann,M. and 

Deisseroth,A.B.
TITLE     Human interferon regulatory factor 1: intron/exon organization
JOURNAL   DNA Cell Biol. 11, 605-611 (1992)
MEDLINE   93000481



FEATURES             Location/Qualifiers
source          1. .7721

/organism="Homo sapiens"
/db_xref="taxon:9606"
/tissue_type="Placenta"
/map="5q23-q31"

exon            1. .219
/gene="IRF1"
/note="putative"
/number=1

5'UTR           join(1. .219,1279. .1287)
/gene="IRF1"

gene            join(1. .219,1279. .1287)
/gene="IRF1"

intron          220. .1278
/gene="IRF1"
/number=1

exon            1279. .1374
/gene="IRF1"
/number=2

CDS             join(1288. .1374,2738. .2837,3630. .3806,3916. .3965,
4073. .4202,4386. .4508,5040. .5089,6248. .6383,6670.
.6794)
/gene="IRF1"
/codon_start=1
/product="interferon regulatory factor 1"
/db_xref="PID:g184649"
/translation="MPITRMRMRPWLEMQINSNQIPGLIWINKEEMIFQIPWKHAAKH
GWDINKDACLFRSWAIHTGRYKAGEKEPDPKTWKANFRCAMNSLPDIEEVKDQSRNKG
SSAVRVYRMLPPLTKNQRKERKSKSSRDAKSKAKRKSCGDSSPDTFSDGLSSSTLPDD
HSSYTVPGYMQDLEVEQALTPALSPCAVSSTLPDWHIPVEVVPDSTSDLYNFQVSPMP



intron          1375. .2737
/gene="IRF1"
/number=2

exon            2738. .2837
/gene="IRF1"
/number=3

intron          2838. .3629
/gene="IRF1"
/number=3

exon            3630. .3806
/gene="IRF1"
/number=4

intron          3807. .3915
/gene="IRF1"
/number=4

exon            3916. .3965
/gene="IRF1"
/number=5

intron          3966. .4072
/gene="IRF1"
/number=5

...

exon            5040. .5089
/gene="IRF1"
/number=8

intron          5090. .6247
/gene="IRF1"
/number=8

exon            6248. .6383
/gene="IRF1"
/number=9

intron          6384. .6669
/gene="IRF1"
/number=9

exon            6670. .7656
/gene="IRF1"
/number=10

3'UTR           6795. .7656
BASE COUNT     1750 a   1946 c   2253 g   1772 t
ORIGIN



Protein Sequence 
Databases



UniProt

u Single site for access to protein sequences

u http://www.uniprot.org/

u Combines
u Swiss-Prot

u TrEMBL

u PIR





Databases of  Biological 
Knowledge

Categorizing, Describing, and Referencing Biological 
Information



Biological Ontologies

u Dictionary of  terms describing biological processes

u Uses a “controlled vocabulary” to precisely define the 
terms to be used along with their definitions
u Also provides a table of  synonyms

u Provides the ability to construct reliable systems for 
computer-searchable databases and comparative 
analyses



A Few Ontologies

u Sequence Ontology (SO)
u Ontology suitable for describing biological 

sequences
u Sequence features with coordinates

u exon, promoter, binding site…
u Properties of  features

u http://song.sourceforge.net/

u Gene Ontology (GO)
u Provides a controlled vocabulary to describe gene 

and gene product attributes in any organism
u biological processes
u cellular components
u molecular functions

u www.geneontology.org





Searching for Information



Entrez Searching

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

u Search via text patterns

u Cross-database search interface
u Sequence

u PubMed

u OMIM

u Linkage information

u …





NCBI Gene

u Provides a single query interface to curated sequence 
and descriptive information about genetic loci
u Nomenclature

u Aliases

u Sequence accessions

u Phenotypes

u EC numbers

u OMIM numbers

u UniGene clusters

u Homology

u Map locations

u Web sites





OMIM

u Online Mendelian Inheritance in Man

u Database of  gene-linked genetic disorders

u Maintained at Johns Hopkins University
u Dr. Victor A. McKusick

u Provides link to GeneTests
u Laboratories that provide testing for specific genetic 

disorders





Comparative Analysis

Similarities and Differences



Comparative Analysis

u Identification of  similarities
u Primary sequence

u Structure

u Function

u Identification of  differences
u Gene complement

u Genotypic differences resulting in phenotypic changes

u Phylogenetic inference
u Predicting evolutionary history



Finding Sequences by 
Similarity



Homology vs. Similarity

u Similarity
u Arises from:

u Homology

u Convergence

u Gene Conversion

u Chance

u Homology
u Implies a common evolutionary origin

u Homologs

u Orthologs

u Paralogs



BLAST

u Basic Local Alignment Search Tool

u Search a sequence database for primary sequence 
similarities to some query sequence

u Provides a measure of  the significance of  the similarity

u Does not necessarily imply common evolutionary 
origin



BLAST

u All search combinations possible

u nt vs. nt database
u blastn

u protein vs. protein database
u blastp

u translated nt vs. protein database
u blastx

u protein vs. translated nt database
u tblastn

u translated nt vs. translated nt database
u tblastx



BLAST Searching at 
NCBI

















Pairwise Sequence 
Comparison



Detecting Similarity

u Is there a similarity between two sequences?
u Identical symbols (nucleotides or amino acids)

u Related symbols (amino acids)

u Do gaps/rearrangements allow for a higher degree of  
similarity?



Symbol Comparison Tables
(Scoring Matrices)

u How do we compare one sequence to another
u What is a match?

u Define match values for all possible symbol 
comparisons
u Nucleotides

u Amino acids



Nucleotide Tables

u Identical matches
u A=A, T=T, C=C, G=G, U=U, T=U

u Matches with ambiguous bases
u Based on ambiguity symbols

u Y=T, Y=C

u R=A, R=G

u Scores for matches or mismatches may differ 
depending on the table in use



Amino Acid Tables

u Measure of  similarity between amino acids

u Not a simple match/mismatch relationship

u Values vary depending on degree of  relatedness

u Based on evolution, chemistry, or structure



BLOSUM62 Table

u Default table for amino acid comparisons

u Many other similarity matrices are available



BLOSUM62 amino acid substitution matrix.
{
GAP_CREATE 12
GAP_EXTEND 4
}

A   B   C   D   E    F   G   H   I   K    L   M   N   P   Q    R   S   T   V   W    X   Y   Z 
A    4  -2   0  -2  -1   -2   0  -2  -1  -1   -1  -1  -2  -1  -1   -1   1   0   0  -3   -1  -2  -1 
B   -2   6  -3   6   2   -3  -1  -1  -3  -1   -4  -3   1  -1   0   -2   0  -1  -3  -4   -1  -3   2 
C    0  -3   9  -3  -4   -2  -3  -3  -1  -3   -1  -1  -3  -3  -3   -3  -1  -1  -1  -2   -1  -2  -4 
D   -2   6  -3   6   2   -3  -1  -1  -3  -1   -4  -3   1  -1   0   -2   0  -1  -3  -4   -1  -3   2 
E   -1   2  -4   2   5   -3  -2   0  -3   1   -3  -2   0  -1   2    0   0  -1  -2  -3   -1  -2   5 

F   -2  -3  -2  -3  -3    6  -3  -1   0  -3    0   0  -3  -4  -3   -3  -2  -2  -1   1   -1   3  -3 
G    0  -1  -3  -1  -2   -3   6  -2  -4  -2   -4  -3   0  -2  -2   -2   0  -2  -3  -2   -1  -3  -2 
H   -2  -1  -3  -1   0   -1  -2   8  -3  -1   -3  -2   1  -2   0    0  -1  -2  -3  -2   -1   2   0 
I   -1  -3  -1  -3  -3    0  -4  -3   4  -3    2   1  -3  -3  -3   -3  -2  -1   3  -3   -1  -1  -3 
K   -1  -1  -3  -1   1   -3  -2  -1  -3   5   -2  -1   0  -1   1    2   0  -1  -2  -3   -1  -2   1 

L   -1  -4  -1  -4  -3    0  -4  -3   2  -2    4   2  -3  -3  -2   -2  -2  -1   1  -2   -1  -1  -3 
M   -1  -3  -1  -3  -2    0  -3  -2   1  -1    2   5  -2  -2   0   -1  -1  -1   1  -1   -1  -1  -2 
N   -2   1  -3   1   0   -3   0   1  -3   0   -3  -2   6  -2   0    0   1   0  -3  -4   -1  -2   0 
P   -1  -1  -3  -1  -1   -4  -2  -2  -3  -1   -3  -2  -2   7  -1   -2  -1  -1  -2  -4   -1  -3  -1 
Q   -1   0  -3   0   2   -3  -2   0  -3   1   -2   0   0  -1   5    1   0  -1  -2  -2   -1  -1   2 

R   -1  -2  -3  -2   0   -3  -2   0  -3   2   -2  -1   0  -2   1    5  -1  -1  -3  -3   -1  -2   0 
S    1   0  -1   0   0   -2   0  -1  -2   0   -2  -1   1  -1   0   -1   4   1  -2  -3   -1  -2   0 
T    0  -1  -1  -1  -1   -2  -2  -2  -1  -1   -1  -1   0  -1  -1   -1   1   5   0  -2   -1  -2  -1 
V    0  -3  -1  -3  -2   -1  -3  -3   3  -2    1   1  -3  -2  -2   -3  -2   0   4  -3   -1  -1  -2 
W   -3  -4  -2  -4  -3    1  -2  -2  -3  -3   -2  -1  -4  -4  -2   -3  -3  -2  -3  11   -1   2  -3 

X   -1  -1  -1  -1  -1   -1  -1  -1  -1  -1   -1  -1  -1  -1  -1   -1  -1  -1  -1  -1   -1  -1  -1 
Y   -2  -3  -2  -3  -2    3  -3   2  -1  -2   -1  -1  -2  -3  -1   -2  -2  -2  -1   2   -1   7  -2 
Z   -1   2  -4   2   5   -3  -2   0  -3   1   -3  -2   0  -1   2    0   0  -1  -2  -3   -1  -2   5 



Dot Plots

u Allow comparison of  two sequences in all registers

u Produces a graph (Dotplot) of  sequence similarities

u The human brain interprets the results



Polio:Hepatitis A 20/10 
(Protein)

Polio:Hepatitis A 20/10 (Protein)

 Πρεσ



Polio:Hepatitis A 20/15 
(Protein)

Polio:Hepatitis A 20/15 (Protein)



Rous Sarcoma Virus vs. Itself
Rous Sarcoma Virus vs. Itself



E. coli tRNA-Cys vs. Itself
E.	coli	tRNA-Cys	vs.	Itself



E. coli tRNA-Cys vs. Its 
Reverse-Complement

E. coli tRNA-Cys vs. Its Reverse-Complement



Angiotensin II Receptor mRNA
Angiotensin II Receptor mRNA
3’ non-coding end; Bovine:Rat

Π σ Ρ τ



Computer Generated 
Alignments

u Align two (or more) sequences by the introduction of  
gaps
u Maximize sequence identity/similarity

u Minimize gaps



Local vs. Global Alignments

u Local: What is the best region of  similarity between 
two sequences?
u Smith and Waterman

u Not necessarily the whole sequence

u Global: What is the best possible alignment between 
two sequences?
u Needleman–Wunsch

u Always the whole sequence



Quality for Nucleotide 
Alignments

u Matches Rewarded

u Mismatches Penalized

u Gaps Penalized
u GapWeight

u Penalty for the introduction of  a new gap

u GapLengthWeight
u Penalty for extension of  an existing gap



Quality for Protein Alignments

u GapWeight and GapLengthWeight apply as for 
nucleotides

u A sum of  comparison values between aligned amino 
acids is used in place of  match and mismatch values





Multiple sequence 
alignments

Get it right the first time!!



Why MSAs?

u Starting point for many types of  comparative analyses

u Identification of  functional motifs
u Regulatory

u Protein domains

u Evolutionary inference
u Evolutionary history

u Selection pressures



Conserved functional domains

u Sequences required for common function

u Conserved among different species



Variable domains

u Sequences under selection
u Antibody escape mutants



Peptide motifs

u Active sites

u Binding motifs

u Protein modification motifs



The Alignment

u Critical!!!

u For coding regions first align the protein sequences and 
then align the nucleotide sequences to the protein 
sequence alignment

u Construct trees for both the protein and nucleotide 
alignments



Choose Your Program

u Simple nt or aa alignments
u Clustal

u Alignment of  many (hundreds) of  sequences

u Large alignments (Whole genomes)
u Sequence lengths from thousands to millions of  residues



MSA Programs

u Clustal (W and X)

u DIALIGN

u MAFFT

u MAUVE

u MAVID

u MUSCLE

u T-Coffee

u …



Choose your Parameters

u Gap weight penalty
u Penalty to introduce a new gap

u Gap length weight penalty
u Penalty to extend a gap

u Substitution matrices
u Evolutionary distance for various aa substitutions

u Start with the default settings
u Inspect the alignment

u Change parameters as needed



Inspect Your Results

u Alignment Uncertainty and Genomic Analysis
Science v319, p473, 1/25/2008
u Learn to critically evaluate anything the computer tells 

you

u Understand the limitations of  any particular analysis 
tool

u Understand the parameters that influence the behavior 
of  any particular analysis tool



Using ClustalX



Clustal NT Alignment



Clustal AA Alignment

u Align Protein Seqs

u “Back translate” NT 
Seqs to AA alignment
u MEGA

u T-Coffee

u Provides codon-aligned 
NT MSA



Genomics



Genomic Resources

u NCBI Genome Resources
u http://www.ncbi.nih.gov/Genomes/

u Ensembl 
u European Molecular Biology Laboratory (EMBL)

u European Bioinformatics Institute

u http://www.ensembl.org/

u UCSC Genome Browser
u http://genome.ucsc.edu





One Final Word of Wisdom...

u “...although the computer is a wonderful helpmate for 
the sequence searcher and comparer, biochemists and 
molecular biologists must guard against the blind 
acceptance of  any algorithmic output; given the choice, 
think like a biologist and not a statistician.”
u - Russell F. Doolittle, 1990


