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BIOC4004 - Industrial Biochemistry
Lecture 13 - Mon Feb 22, 04

Topics for the Day:
• Searching molecular databases
• BLAST

• how it works
• how to use
• how to interpret

• Bioinformatics resources
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Searching of Molecular DatabasesSearching of Molecular Databases

• Why ?  
To look for similarities between a sequence of interest and and the 
sequences in the database

• could help elucidate the function of an unknown sequence
• could help find conserved motifs shared by different sequences

• How ?
Need to compare the sequence to every sequence in the DB

• need to align the query sequence to every sequence in the DB
• need to calculate some metric to assess the quality of the match
• need to report the “good” matches

• Early sequence alignment programs were meant to perform the best possible 
alignment of a pair of, at most,  a few (dozen) sequences

• good results but computationally expensive
• no way could you use these to screen a DB of thousands of sequences

• Design of “heuristic” methods to perform the searches:
• an initial quick and dirty alignment between query and all the sequences
• assessment of potentially matching sequences worth “revisiting”
• a second, more accurate, alignment on the worthwhile sequences

• These heuristic methods are computationally economical:
• fast and good
• can handle lots of queries !!!
• Provide a statistical assessment of the match (more on this later)

• The program used for searching the GenBank DB is BLAST (Basic Local 
Alignment Tool) 

[Some of the European DBs use a program called FASTA, however, 
GenBank cross-references entries in the European DBs anyway, so we’ll 
mostly talk about GB]
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BLAST (Basic Local Alignment Tool)BLAST (Basic Local Alignment Tool)
• find it at http://www.ncbi.nlm.nih.gov/BLAST/ 

also mirrored at the Canadian Bioinformatics Resource
http://www.cbr.ca/blast/

• uses an approach based on:
• matching short sequence fragments (HSPs: High Scoring Segment Pairs)

• HSPs can be perfect matches or highly homologous
• looks for clusters of HSPs that are close to each other
• a “cut-off alignment score” is calculated to determine the minimum score 
that should be met by an alignment in order to be significant
• the best local alignments between the query sequence and the database 
sequence(s) are calculated and reported

• also : 
• PSI-BLAST: protein query and protein DB - different statistics used to 
detect weak similarities
• PHI-BLAST: protein query and protein DB - used to look for protein 
patterns (small regions of conservation)
• MEGA-BLAST: larges sets of long DNA sequences
• CD Search - conserved domain detection
• BLAST2: pairwise alignment of two sequences
• Genome BLAST : alignment of DNA sequences to genome data
• VecScreen: used to detect vector sequence within sequence data
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How does BLAST work ? (part I)How does BLAST work ? (part I)

there are 8000 different possible 
AA triplet combinations (in theory)

• each triplet is searched against all of the 
triplets generated from the database
• use scoring matrix to get a score for each 
potential match
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How does BLAST work ? (part II)How does BLAST work ? (part II)

Let’s look at one example: 

Query: TPQGQRQGQ….
AAA AAC AAD ... PQG QGQ YYY
AGA AGC AAN ... PEG QGM ...
AAG CAC AAE ... PRG MGQ ...
GAA ACC AAQ ... PMG QAQ ...

TPQ PQG QGQ
GQR QRQ RQG
QGQ etc etc
...

Dbase
Wordlist

Query
Wordlist

Let's look at PQG:
P Q G
| : |
P E G
7 2 6 = 15

P Q G
| : |
P R G
7 1 6 = 14

P Q G
| : |
P D G
7 0 6 = 13

P Q G

A A A
-1-1 0 =-2

(cut-off)

KEEP !!!

DISCARD !!!

1. Select all Dbase triplets that score higher than cut-off (using 
BLOSUM62 score)
2. Discard low scoring Dbase triplets (ie.lower than cut-off)
3. Most triplets will be discarded:

• less data to sift through in subsequent (computationally 
intensive) steps
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How does BLAST work ? (part III)How does BLAST work ? (part III)

• You now have a "restricted data-set" of all the high scoring triplets
• You scan every sequence in the database for an exact match to each of the 
high-scoring triplets (ie. do this with tens or hundreds of triplets, not 8000 !!!)
• Wherever there is a perfect match ⇒ SEED

only high scoring triplets are 
run against the Dbase !

An HSP is obtained when the score can 
neither be improved by extending or trimming

Query: 325 LNKCKTPQGQRQGQQWIKQPLMDKN 350
L    TPQGQR++++W+  P+ D

Sbjct: 290 LDCTVTPQGQREAERWLHMPVRDTR 315

• Each SEED is extended in either direction to get high-scoring segment pair 
(HSP)

• HSPs that are in close physical proximity are merged into one long HSP
• ie. a gapped alignment !
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How does BLAST work ? (part IV)How does BLAST work ? (part IV)

HSP1 HSP2 HSP3

• close physical proximity
• gapped or ungapped



BIOC4004 - Lecture 13 8

How does BLAST work ? (part V)How does BLAST work ? (part V)

HSP Score maximum

• E-value (or Expect value): 
• Expected # of HSP alignments  with a Score  >   S by chance alone
• S  is computed for each query / dbase based on the other parameters

• BLAST uses a default E = 10
• k is based on the word length (default = 3)
• N  based on the query sequence length and the dbase size
• λ based on match / mismatch probabilities

E = kNe-λS

• All HSPs with score greater than cut-off score(S) are identified and returned as hits
• All others discarded

How do we distinguish between good HSPs and poor HSPs ?
• For every HSP an E-value statistic is calculated based on the HSPs score

P= 1-e(-E) When E< 0.01, P~E (ie. E approximates the probability 
of match occurring by chance alone as E gets smaller)

• So the E value is a good measure of the significance of the alignment
• the lower the E-value(closer to 0), the more likely that the match is real
• the higher the E-value (closer to 1), the more chance the match is bogus
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Running a BLAST search at NCBIRunning a BLAST search at NCBI

Conserved Domain

C’est tout !!!
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An Example of a Typical BLAST search (part I)An Example of a Typical BLAST search (part I)

• The first thing you get is the distribution of Blast hits on the query
• evaluate if the match occurs along the whole length of the query 

vs
• matches on restricted are of query

• How good is the match ?  The higher the score !!!!
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An Example of a Typical BLAST search (part II)An Example of a Typical BLAST search (part II)

CRAP

CRAP

Good !

• Note that the first few hits have very low E-values (1e-90)
• very close to 0; very good match

• I wouldn’t trust anything with an E-value higher that ~1e-10 (if that…)
• as E gets closer to 1, you get closer to a 100% probability that the 
match could have occurred by chance alone
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An Example of a Typical BLAST search (part III)An Example of a Typical BLAST search (part III)

• note that low complexity regions have been filtered out
• can generate bogus matches
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Bioinformatics Analysis (revisited)Bioinformatics Analysis (revisited)
• Sequence Alignments

• Sequence Assembly
• Database Searching

• Function Prediction
• Domain Identification

• Molecular phylogenetics

• Motif-Finding
• DNA: 

• restriction sites
• gene structure

• Transcription/Translation signals
• Intron/Exon boundaries

• gene prediction

• Proteins
• PTM prediction (phosphorylation, glycosylation, …)
• structural motifs (zinc-finger, ATP-binding cassette…)
• transmembrane domains
• export sequences

• Protein Structure Analysis
• physical characteristics (hydrophobicity, α-helix/β-sheet potential…)
• protein structure comparison
• protein structure prediction (protein-fold prediction or threading)
• X-ray crystallography and NMR data analysis

• Gene Expression Analysis
• microarray data analysis (image analysis, data clustering)
• proteomics data analysis (2-D gel analysis, Mass Spec data analysis)
• metabolomics data analysis (Mass Spec data analysis)

• Pathway Analysis
• metabolic pathway reconstruction
• elucidation of regulatory networks
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The original The original bioinformatics bioinformatics resource…..resource…..
NCBI (http://ncbi.nlm.nih.gov/): BLAST, Medline, GenBank

• as it's matured: more user friendly
• plenty of FAQs and tutorials !!!
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For a general sequence analysis toolsFor a general sequence analysis tools
BCM Search launcher (http://searchlauncher.bcm.tmc.edu/)

ExPASy (http://www.expasy.ch)
For a myriad of protein analysis toolsFor a myriad of protein analysis tools
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Another excellent SiteAnother excellent Site
CBR (http://www.cbr.nrc.ca/): lotsa good stuff !!!!!

• A lot more sequence analysis tools than offered at NCBI

• Mirror for other bioinformatics sites:
• BLAST
• ExPASy
• CMS Molecular Biology resource (tons of stuff !!!)

a full suite of protein and DNA analysis

• Also offers other analysis programs:
• ClustalW: multiple sequence alignments
• DNA fold: DNA and RNA folding
• EMBOSS: a full suite of protein and DNA analysis
• GeneMatcher: highly sensitive database and pattern searching
• MAGPIE: genome data analysis
• ReadSeq: sequence format conversion tool
• PRIMER3: PCR primer design
• WebPhylip: phylogenetic analysis


