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How much Computing skiIFs./

Bioinformatics can be seen as a tool that the biologist
needs to use - like PCR

Or should biologists be able to write their own programs
and build databases?

e it is a big advantage to be able to design exactly the tool
that you want

e this may be the wave of the future

“Two months in the lab can easily save an afternoon on the computer.”
—Alan Bleasby, 1997

Q: Is this school going to train "bioinformatics
professionals” or biologists with informatics skills?

A: Both!
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What is Bioinformatics?

The use of computers to collect,
analyze, and interpret biological
iInformation at the molecular level.

A set of software tools
for molecular sequence
analysis




YES e

* DNA & protein sequence databases

e Sequence similarity, alignment, & assembly
e Sequence patterns/motifs

e Phylogenetics

e Microarray gene expression data

e Protein structure prediction

e Mapping metabolic and regulatory pathways (graph theory)

NO
e patient medical charts, billing, hospital payroll, etc.
e X-ray image analysis

MAYBE

e Ontologies

(biological function, research methods, clinical terminology, etc.)
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Bioinformatics - origins

Driven by experimental molecular biology

- lab folks generate the data, then need a way to organize
and analyze it

Grabs methods from many different fields

» biostatistics, machine learning, data mining, linguistics,
etc

Use computer (algorithms) to gain novel biological
knowledge.

Use biological knowledge to construct algorithms.



The Biologist in the Age
of Information
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Training "computer savvy" scientists
e Know the right tool for the job

e Get the job done with tools available

e Network connection is the lifeline of
the scientist

e Jobs change, computers change,
projects change, scientists need to be
adaptable
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The‘job of the biologist is changing

As more biological information
becomes available ...

e The biologist will spend more time using computers,
building and mining databases

e The biologist will spend more time on data analysis
(and less doing lab biochemistry)

 Biology will become a more quantitative science (think
how the periodic table and atomic theory affected
chemistry)
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Biological Data Characteristics

Huge data
Heterogeneous distributed data
Frequently updated data

Defining and representing complex queries are
extremely important to the biologist

Most biologist will not care or know about the data
structure or the schema design

Users of biological information often require access
to previous versions of existing data.
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I. “Traditional” bioinformatics methods

e Conduct online literature and similarity
searches (NCBI Entrez and Blast)
e Use desktop sequence analysis tools
» restriction digest, PCR primer design, ORF
finding
* Assembly of automated sequencing
reads



II. More advanced stuff -

e Multiple alignment
e Phylogenetic trees

e Motif/domain analysis of proteins
(Pfam, Blocks, ProDom)
e Motif/domain analysis of DNA

(promoters, transcription factors, intron splice
sites)

e Genefinding in genome data

combining data from ORFs, promoters, and
cDNA homology
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I1I. Genome scale data analysis

Handling large amounts of data
» Create an experiment or lab database
« use traditional bioinformatics tools on different data
» scripting languages (simple programming tools, Perl)
Microarray gene expression analysis
» differential expression and classification/prediction
» clustering, principle components

» functional genomics - pathways, ontology classification

Genome-wide SNP or genome tiling analysis



_ A Genome Revolutionin Bi

and Medicine

We are in the midst of a "Golden Era" of biology

The Human Genome Project has produced a huge
storehouse of data that will be used to change every
aspect of biological research and medicine

The revolution is about treating biology as an
information science, not about specific biochemical
technologies.
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Genome Projects

The Human Genome sequence is complete
approximately 3.2 billion base pairs

HUMAN
GENOME

®° HUMAN
GENOME
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blointormatics ... =

.......

A breakthrough towards ...
Various Applications

Clinical OQutcomes Data ‘ ‘

Pathology

Targeted Pharmaceuticals

‘;_“

Cancer Treatments

Bench Bedside

Proteomic Data Treatment and Care

Laboratory Data Genetic Data

Surgical & Radiotherapeutic
Technologies
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Various Disciplines

Structural Genomics

Microarray Gene
Expression =] ol P d = Interactomics
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Genomics Metabolomics

the Gene Ontology

But

=sHow to reach each?

= How to Integrate? Ontologies &

= What about after inteqgration?

Specialized Databases
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All the Genes =

Any human gene can now be found in the
genome by similarity searching with over 99.9%
certainty.

However, the sequence still has gaps

Still can’t identify pseudogenes, false genes with
certainty
» This will improve as more sequence data accumulates

We are getting close to a complete list of human
genes and proteins

- Needed as a starting point for gene expression, pattern
finding, and systems biology
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http://www.wormbase.org/

Bioinformatics Challenges™ —

The huge dataset . s wiee o

European Molecular Biology Laboratory and
the DHA Data BFank of Japan, have reached a

LOtS Of neW Sequences belng added milestone of 100 billion bases from over

165,000 organisms. See the press release or find

L4 automated SequencerS more information on GenBank.
e genome sequencing Growth of the
~ E ST Sequencing International Nucleotide Sequence Database Collaboration

« environmental/metagenomic
sequencing

GenBank has over 100
Billion bases and is
doubling every year!!
e problem of exponential growth
e how can computers keep up? Base Fais corbibated by GonSankG—n EMBL—+ DDEJ—

sSUONIIE W siped SR g

e hard drives are cheaper, but processor speeds
are not keeping up
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Doubling time = 18 months

NA Sequencing capability has grown exponentially
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Sequencing & Assembly

genes & genomes
o faster sequencing relies on better software

* ~500 bp reads must be assembled

® Automated Sequencers
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Genomics Technologies

Next-Generation DNA sequencing
Automated annotation of sequences
DNA microarrays
gene expression (measure RNA levels) o
single nucleotide polymorphisms (SNPs) e
ChIP-chip, genomic tiling, etc ¢
Proteomic {3
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mRNA Expression Protein 2-D gel

Protein 3-D Structure

Mass Spec.

Genome sequence

The Cell
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New Types of Big Biological Data

Microarrays - gene expression

Networks of protein-protein interactions
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Microarray Data Analysis

Linkage between gene expression data and gene
sequence/function/metabolic pathways
databases

Discovery of common sequences in co-
regulated genes

Meta-studies using data from multiple
experiments
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A Visually Navigate BIND - Microsoft Internet Explorer
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Impact on Bioinformatics

Genomics produces high-throughput, high-quality
data, and bioinformatics provides the analysis and
interpretation of these massive data sets.

It is impossible to separate genomics laboratory
technologies from the computational tools required
for data analysis.
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Formats

dSe

Database Data Format Website Access

IntAct Flat File http://www.ebi.ac.u
k/intact

IntEnz XML http://www.ebi.ac.u ftp://ftp.ebi.ac.uk/pub/d
k/intenz/ atabases/intenz/

Pfam Flat File http://www.sanger.a ftp://ftp.sanger.ac.uk/pu
c.uk/Software/Pfam b/databases/Pfam/
/

UniProt Fasta, Flat File http://www.expasy. ftp://ftp.expasy.org/
ch/

KEGG XML http://www.genome Web Services,
.ad.jp/kegg/

PDB pdb Flat file, http://www.rcsb.org Web Services,

mmCIF, XML /pdb ftp://ftp.wwpdb.org/
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ftp://ftp.ebi.ac.uk/pub/databases/intact/current
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ftp://ftp.genome.jp/pub/kegg/
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Sequence Alignment

Detfinition: Procedure for comparing two or more
sequences by searching for a series of individual
characters or character patterns that are in the same
order in the sequences

e Pair-wise alignment: compare two sequences

e Multiple sequence alignment: compare more than
two sequences
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The next step is ob—‘viously to locate all of the g/enes
and describe their functions. This will probably take

another 15-20 years!

o similarity o Hurnan gene shown in Red Teveral BLASTY

—  O3d |- 1 OO0 1 I | ) -e— zimilarities in this line
—_ —_ =
o 0 o o ta - l . T Dl J—CnglqnﬁUsage SETIe
o L I T O O A A I I [
The thres o B m oo B o0 0o - | o o o =l— Paotential Start Codons
forward I | i e e e e e wenn
Ieading,
= | —
fratmes o ) o o -0 mo  m o a =1
| 1] e Traerr 1 R B N N A | - Ztop Codons
Exon — — ——— = ' ~——— Features: Polys sighals
Fegions
2 2
] ] o
o ] 'E}
— e T T Scale (bp)

Total Coding, Fegion
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Similarity Searching the Databanks

What Is similar to my sequence?

Searching gets harder as the databases get
bigger - and quality degrades

Tools: BLAST and FASTA = time saving
heuristics (approximate)

Statistics + informed judgement of the
biologist



BLAST Algorithm

(1) Forthe query, find the list of high scoring words of length w

Guery Sequence of length L

———————————— tazdmurn of L-w+ 1 words [bepically w = 3 for proteing]

For each word from the query sequence
find the list of words that wAll score at least
T when scored using a pair-score makmx
[e.q. PAk 250).

(2) Cormnpare the word list to the database and identify exact matches

Word
List

Database
SeqUEnCes

|

Exact matches of words
frormn word list



: 88357 194087 BAR rus CDNA 5'.
369
Score = 272 bits (137), Expect = 4e-71

S N B e L T R P S B A

Strand = Plus / Plus

Query: 17 aggatccaacgtcgctccagctgctcttgacgactccacagataccccgaagccatggeca 76

P 0 0 A e e v ol e o v I 4 el e A o v ol v i v e

STl aggatccaacgtcgctgcggctacccttaaccact-cgcagaccccceccgcageccatggee 59

Query: 77 agcaagggcttgcaggacctgaagcaacaggtggaggggaccgcccaggaagccgtgtca 136

o B B o o I e A o o P e P o e o o e B e )
Sbjct: 60 agcaagggcttgcaggacctgaagaagcaagtggagggggcggcccaggaagcggtgaca 119

Query: 137 gcggccggagcggcagctcagcaagtggtggaccaggccacagaggcggggcagaaagece 196
R T e e B T e e e o e e e s S s
Sbjct: 120 tcggccggaacagcggttcagcaagtggtggatcaggccacagaagcagggcagaaagcec 179

Query: 197 atggaccagctggccaagaccacccaggaaaccatcgacaagactgctaaccaggcctct 256

O A A o e e o e e e e g
Sbjct: 180 atggaccaggttgccaagactacccaggaaaccatcgaccagactgctaaccaggcctect 239

Query: 257 gacaccttctctgggattgggaaaaaattcggcctcctgaaatgacagcagggagac 313

9 Ve T A e e e A i e O e i P e i e e
Sbjct: 240 gagactttctcgggttttgggaaaaaacttggcctcctgaaatgacagaagggagac 296
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Finding Genes In genome

Seqguence Is Not Easy

About 1% of human DNA encodes functional
genes.

Genes are interspersed among long stretches of
non-coding DNA.

Repeats, pseudo-genes, and introns confound
matters



/(
Pattern Finding Tools =

It iIs possible to use DNA seguence patterns to

predict genes:
e promoters
« translational start and stop codes (ORFS)
e intron splice sites
« codon bhias

Can also use similarity to known genes/ESTs

GENSCAN predicted genes in seqoence HSKER 101




Alignment

Alignment Is the basis for finding similarity
Pairwise alignment = dynamic programming

Multiple alignment: protein families and functional
domains

Multiple alignment is "Impossible” for lots of
sequences

Another heuristic - progressive pairwise alignment
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Sample Multiple Alighment

=] Alignment Editor: cytochrome-c.bal [

File Edit Transfer Display Help

Pos: 31 10 z0 30 40 B0 &0

123456789012345678901234567890123456789012345678901234567590
CONSENSUS. | ————=——————mmmmmmmm B-----—-—-—-- G-————-- L Lengt

1: horse GOYERCERIF v BC A CHTVERGCEERTGPNLEGLE CERTGOAPGE TTTD ANENECG T 104
2: honevbee | GIPAGDPERGERIFvOECROCHTIESCGHEEEVGENL TGVTSEETGOAPGTSTTDE 107
3: hippo GDVERCERIF v B A0 CBTVER-CEEETPNLECLE GEETG) SPGF SYTD ANENEG T TW 104
4: guin. pig | GDVEEGERIFvOECAOCETVERCGEEETGENLESLEGEETSORAGE STTDANENEGITW 104
E: guanaco GDYERCERIF voRC A0CBTVERSCEERTCPNLESLEF GERTCOAVCE STTD ANENEG I T 104
£: alga STFARAPPGERABCARIFEARC AZCBTVES - - FACHR CPNLNGAF GETSCTARGE STS 111
7: ginkgo ATF SEAPPGDPEACERIFETE.A=CETV=H- -CAGHR GPNLEGLEGEO SGTTAGYSTS 113
8: veast PTAPCDEERGASLFETRC A0 CHTVERGGANEYGENLAGYE GEETGOAESE STTEANED 108
9: elder ESFARAPPGNPEACERIFETECNG CETYDE- -GAGHERE GENLNGLEGE) SGTTAGTSTS 111
10: E wiridis | ODAERGENLFESEAGOCHSSOBGYNSTGRAL vGVYGRTSGTYEGTAT SHANENAATYWE 102
11: E gracili | GDAEECGEELFESEAZOCHSACEGYNSTGESLWGVTCETSGSVEGTAT SNANENAATVVE 102
12: emu GDIEBCERIFvoRC socBTVERCCEEETCPNLNGLE GERTGOARGE STTD ANENEG T TW 104
Consensus Threshold: | 65 [ % | [ = ][ = ] [ compute Alignment




Structure- Function e

Relationships

Can we predict the function of protein molecules
from their sequence?

seguence > structure > function

Conserved functional domains = motifs

Prediction of some simple 3-D structures (a-
helix, 3-sheet, membrane spanning, etc.)



--------------
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Protein domains

(from ProDom database)

& rros_pooes —

B e stest i
B ri_stem Rk

& rrir_pooes *

B i pacsr —e
B rri_meie ==teak )




etho

Alignment
* Word or k-tuple methods (FASTA and BLAST)



»//\**-n.,. /
Sample Multiple Alighment

=] Alignment Editor: cytochrome-c.bal [

File Edit Transfer Display Help

Pos: 31 10 z0 30 40 B0 &0

123456789012345678901234567890123456789012345678901234567590
CONSENSUS. | ————=——————mmmmmmmm B-----—-—-—-- G-————-- L Lengt

1: horse GOYERCERIF v BC A CHTVERGCEERTGPNLEGLE CERTGOAPGE TTTD ANENECG T 104
2: honevbee | GIPAGDPERGERIFvOECROCHTIESCGHEEEVGENL TGVTSEETGOAPGTSTTDE 107
3: hippo GDVERCERIF v B A0 CBTVER-CEEETPNLECLE GEETG) SPGF SYTD ANENEG T TW 104
4: guin. pig | GDVEEGERIFvOECAOCETVERCGEEETGENLESLEGEETSORAGE STTDANENEGITW 104
E: guanaco GDYERCERIF voRC A0CBTVERSCEERTCPNLESLEF GERTCOAVCE STTD ANENEG I T 104
£: alga STFARAPPGERABCARIFEARC AZCBTVES - - FACHR CPNLNGAF GETSCTARGE STS 111
7: ginkgo ATF SEAPPGDPEACERIFETE.A=CETV=H- -CAGHR GPNLEGLEGEO SGTTAGYSTS 113
8: veast PTAPCDEERGASLFETRC A0 CHTVERGGANEYGENLAGYE GEETGOAESE STTEANED 108
9: elder ESFARAPPGNPEACERIFETECNG CETYDE- -GAGHERE GENLNGLEGE) SGTTAGTSTS 111
10: E wiridis | ODAERGENLFESEAGOCHSSOBGYNSTGRAL vGVYGRTSGTYEGTAT SHANENAATYWE 102
11: E gracili | GDAEECGEELFESEAZOCHSACEGYNSTGESLWGVTCETSGSVEGTAT SNANENAATVVE 102
12: emu GDIEBCERIFvoRC socBTVERCCEEETCPNLNGLE GERTGOARGE STTD ANENEG T TW 104
Consensus Threshold: | 65 [ % | [ = ][ = ] [ compute Alignment




Examples

|
“Once upon a midnight dreary, while | pondered, weak and weary,
Over many a quaint and curious volume of forgotten lore,
While I nodded, nearly napping, suddenly there came a tapping,
As of some one gently rapping, rapping at my chamber door.
""Tis some visitor,” | muttered, "tapping at my chamber door-
Only this, and nothing more."

AY
“Presently my soul grew stronger; hesitating then no longer,
"Sir," said 1, "or Madam, truly vour forgiveness [ implore;
But the fact 1s | was napping, and so gently you came rapping,
And so faintly you came tapping, tapping at my chamber door,
That I scarce was sure | heard you"- here [ opened wide the door;-
Darkness there, and nothing more. "



W

.1 pondered ... 1)
,v.Lronger, ..
...0f forgotten--- - ---lore 1)

your forglv-eness [ implore

...napping sud - den-ly there came a tapping, (ILI)
...napping and so gently you-- came - rapping
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Examples (Cont...)

hg of some one gently --- ---- rapping rapping at my chamber door (IV)
An d- go-- --f aintly you came tapping tapping at my chamber door

[ muttered tapping at my chamber door (IV')
. came tapping tapping at my chamber door

...rapping rapping at my chamber door (V')
...Lapping tapping at my chamber door
Lymeesaes tapping at my chamber door
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Why do sequence alighments?

To find out whether homologs of this gene (protein)
are already available, and if they are, what is known
about them

To find whether two (or more) genes or proteins are
evolutionarily related to each other

To find structurally or functionally similar regions
within proteins



Origin of similar genes

Similar genes arise by gene

duplication A

Copy of a gene inserted G

next to the original dupﬂﬂf'ﬂﬂ |
Two COpieS mutate Speciton (Gene duplication
independently

Each can take on separate Specissl  Spei]
functions ¢

All or part can be
transferred from one part
of genome to another
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Example sequence alighment

Task: align “abcdef” with “abdgf”
Write second sequence below the first

abcdef
abdgf

Move sequences to give maximum match between
them

Show characters that match using vertical bar



Example sequence alighment
abcdef

|
abdgf

* Insert gap between b and d on lower sequence to allow
d and f to align



Example sequence alighment
abcdef

I
ab-dgf



N

Example sequence alighnment
abcdef

I
ab-dgf

* Note € and g don’t match



An alighnment oT Two sequenceS/

and s must satisfy:

All symbols (residues) in the two sequences have to be in the
alignment, and in the same order they appear in the sequences
We can align one symbol from one sequence with one from
the another
A symbol can be aligned with a blank (’-’)

Two blanks cannot be aligned
t:cgggtatccaa
s;ccctaggtccca

t:cgggta--t-ccaa
siccec-taggtceccc-a



N '

Matching Similarity vs. Identity

Alignments can be based on finding only identical
characters, or (more commonly) can be based on
finding similar characters

More on how to define similarity later



Global vs. Local Alignment
We distinguish

e Global alignment algorithms which optimize overall
alignment between two sequences

e Local alignment algorithms which seek only relatively
conserved pieces of sequence
- Alignment stops at the ends of regions of strong similarity

- Favors finding conserved patterns in otherwise different pairs
of sequences



N

| Global vs. Local Alignment

* Global
| GPSSKQTGKGS-SRIWDN

L
| N-ITKSAGKGAIMRLGDA




N

| Global vs. Local Alignment

* Global
| GPSSKQTGKGS-SRIWDN

L
| N-ITKSAGKGAIMRLGDA




o
Sequence FASTA Format — —

In the process of writing a similarity searching program
(in 1985), William Pearson designed a simple text format
for DNA and protein sequences

The FASTA format is now universal for all databases and
software that handles DNA and protein sequences

One header line, starts with > with a [return] at end

All other characters are part of sequence.
Most software ignores spaces, carriage returns.
Some ignores numbers

>UROL1 urol.seq Length: 2018 November 9, 2000 11:50 Type: N Check: 3854 ..
CGCAGAAAGAGGAGGCGCTTGCCTTCAGCTTGTGGGAAATCCCGAAGATGGCCAAAGAC
A

ACTCAACTGTTCGTTGCTTCCAGGGCCTGCTGATTTTTGGAAATGTGATTATTGGTTGTT
GCGGCATTGCCCTGACTGCGGAGTGCATCTTCTTTGTATCTGACCAACACAGCCTCTACC
CACTGCTTGAAGCCACCGACAACGATGACATCTATGGGGCTGCCTGGATCGGCATATTTG
TGGGCATCTGCCTCTTCTGCCTGTCTGTTCTAGGCATTGTAGGCATCATGAAGTCCAGCA
GGAAAATTCTTCTGGCGTATTTCATTCTGATGTTTATAGTATATGCCTTTGAAGTGGCAT
CTTGTATCACAGCAGCAACACAACAAGACTTTTTCACACCCAACCTCTTCCTGAAGCAGA
TGCTAGAGAGGTACCAAAACAACAGCCCTCCAAACAATGATGACCAGTGGAAAAACAATG



/ ‘

ulti-Sequence FASTA file”

>FBpp0074027 type=protein; loc=X:complement(16159413..16159860,16160061..16160497); ID=FBpp0074027; name=CG12507-PA;
parent=FBgnoo030729,FBtroo74248; dbxref=FlyBase:FBppoo74027,FlyBase_Annotation_IDs:CG12507
PA,GB_protein:AAF48569.1,GB_protein:AAF48569; MDs5=123bg7d79d04a06c66e12fa665e6d801; release=r5.1; species=Dmel; length=294;

MRCLMPLLLANCIAANPSFEDPDRSLDMEAKDSSVVDTMGMGMGVLDPTQ

PKQMNYQKPPLGYKDYDYYLGSRRMADPYGADNDLSASSAIKIHGEGNLA

SLNRPVSGVAHKPLPWYGDYSGKLLASAPPMYPSRSYDPYIRRYDRYDEQ

YHRNYPQYFEDMYMHRQRFDPYDSYSPRIPQYPEPYVMYPDRYPDAPPLR

DYPKLRRGYIGEPMAPIDSYSSSKYVSSKQSDLSFPVRNERIVYYAHLPE

IVRTPYDSGSPEDRNSAPYKLNKKKIKNIQRPLANNSTTYKMTL

>FBppo082232 type=protein; loc=3R:complement(9207109..9207225,9207285..9207431); ID=FBpp0082232; name=mRpS21-PA;
parent=FBgnoo44511,FBtroo82764; dbxref=FlyBase:FBppoo082232,FlyBase_Annotation_IDs:CG32854-
PA,GB_protein:AAN13563.1,GB_protein:AAN13563; MDs5=dcf91821f75ffab320491d124a0d816¢; release=r5.1; species=Dmel; length=87;

MRHVQFLARTVLVQNNNVEEACRLLNRVLGKEELLDQFRRTRFYEKPYQV

RRRINFEKCKATYNEDMNRKIQFVLRKNRAEPFPGCS

>FBppooguis9 type=protein; loc=2R:complement(2511337..2511531,2511594..2511767,2511824..2511979,2512032..2512082); ID=FBppoogu59; name=CG33919-
PA; parent=FBgnoo53919,FBtroogi923; dbxref=FlyBase:FBppoogii59,FlyBase_Annotation_IDs:CG33919-
PA,GB_protein:AAZ52801.1,GB_protein:AAZ52801; MD5=c91d880b654cd612d7292676f95038¢5; release=rs.1; species=Dmel; length=191;

MKLVLVVLLGCCFIGQLTNTQLVYKLKKIECLVNRTRVSNVSCHVKAINW

NLAVVNMDCFMIVPLHNPIIRMQVFTKDYSNQYKPFLVDVKIRICEVIER

RNFIPYGVIMWKLFKRYTNVNHSCPFSGHLIARDGFLDTSLLPPFPQGFY

QVSLVVTDTNSTSTDYVGTMKFFLQAMEHIKSKKTHNLVHN

>FBppoo70770 type=protein; loc=X:join(5584802..5585021,5585925..5586137,5586198..5586342,5586410..5586605); [ID=FBppoo70770; name=cv-PA;
parent=FBgnooo0394,FBtroo70804; dbxref=FlyBase:FBppoo70770,FlyBase_Annotation_IDs:CGi2410-
PA,GB_protein:AAF46063.1,GB_protein:AAF46063; MD5=0626ee34a518f248bbddana2ufgbi4; release=rs.1; species=Dmel; length=257;

MEIWRSLTVGTIVLLAIVCFYGTVESCNEVVCASIVSKCMLTQSCKCELK
NCSCCKECLKCLGKNYEECCSCVELCPKPNDTRNSLSKKSHVEDFDGVPE
LFNAVATPDEGDSFGYNWNVFTFQVDFDKYLKGPKLEKDGHYFLRTNDKN
LDEAIQERDNIVTVNCTVIYLDQCVSWNKCRTSCQTTGASSTRWFHDGCC
ECVGSTCINYGVNESRCRKCPESKGELGDELDDPMEEEMQDFGESMGPFD
GPVNNNY




BLAST Algorithm

(1) Forthe query, find the list of high scoring words of length w

Guery Sequence of length L

———————————— tazdmurn of L-w+ 1 words [bepically w = 3 for proteing]

For each word from the query sequence
find the list of words that wAll score at least
T when scored using a pair-score makmx
[e.q. PAk 250).

(2) Cormnpare the word list to the database and identify exact matches

Word
List

Database
SeqUEnCes

|

Exact matches of words
frormn word list



: 88357 194087 BAR rus CDNA 5'.
369
Score = 272 bits (137), Expect = 4e-71

S N B e L T R P S B A

Strand = Plus / Plus

Query: 17 aggatccaacgtcgctccagctgctcttgacgactccacagataccccgaagccatggeca 76

P 0 0 A e e v ol e o v I 4 el e A o v ol v i v e

STl aggatccaacgtcgctgcggctacccttaaccact-cgcagaccccceccgcageccatggee 59

Query: 77 agcaagggcttgcaggacctgaagcaacaggtggaggggaccgcccaggaagccgtgtca 136

o B B o o I e A o o P e P o e o o e B e )
Sbjct: 60 agcaagggcttgcaggacctgaagaagcaagtggagggggcggcccaggaagcggtgaca 119

Query: 137 gcggccggagcggcagctcagcaagtggtggaccaggccacagaggcggggcagaaagece 196
R T e e B T e e e o e e e s S s
Sbjct: 120 tcggccggaacagcggttcagcaagtggtggatcaggccacagaagcagggcagaaagcec 179

Query: 197 atggaccagctggccaagaccacccaggaaaccatcgacaagactgctaaccaggcctct 256

O A A o e e o e e e e g
Sbjct: 180 atggaccaggttgccaagactacccaggaaaccatcgaccagactgctaaccaggcctect 239

Query: 257 gacaccttctctgggattgggaaaaaattcggcctcctgaaatgacagcagggagac 313

9 Ve T A e e e A i e O e i P e i e e
Sbjct: 240 gagactttctcgggttttgggaaaaaacttggcctcctgaaatgacagaagggagac 296



A

.......

Two classes of widely used protein
scoring matrices

PAM = % Accepted Mutations:
1500 changes in 71 groups w/ > 85% similarity

BLOSUM = Blocks Substitution Matrix:
2000 “blocks” from 500 families



>Mmysequencel
atggaggatgatttcatgtgcgatgatgaggaggactacgacctggaatactcetga
agatagtaactccgagecaaatgtggatttggaaaatcagtactataattccaaag
cattaaaagaagatgacccaaaageggcattaagecagtttccaaaaggttttggaa
cttgaaggtgaaaaaggagaatggggatttaaagcactgaaacaaatgattaagat
taacttcaagttgacaaactttccagaaatgatgaatagatataagcagetattga
cctatatteggagtgecagtcacaagaaattattctgaaaaatcecattaattetatt
cttgattatatctctacttctaaacagatggatttactgecaggaattctatgaaac
aacactggaagctttgaaagatgctaag

Use Blast - there are different varieties, depending on what kind of
sequence you have and what kind of sequence you are looking for

blastn  Search nucleotide database using a nucleotide query
blastp  Search protein database using a protein query
b

astx  Search protein database using a translated nucleotide query
thlastn  Search translated nucleotide database using a protein query
thlastx  Search translated nucleotide database using a translated nucleotide query

\\



. \8

08|~ EWEight Matrices for Seque... f:j Mucleotide BLAST: Sear... X ESequence Formats

Recent Results

r HCEl BLAST! blastn suite

blastn | blastp | blastx | thlastn | thlastx |

Enter Query Sequence

BLASTH programs search nucleotide databases using a nucleotide query. more...

Enter accession number|s), gi{s}, or FASTA sequence(s) & Clear Query subrange &

el

From

To

Or, upload file )

Job Title
Enter a descriptive title for your BLAST search &

("] Align two or more sequences &

Choose Search Set

Database @ Human genomic + transcript ) Mouse genomic + transcript ) Others (nr etc.):
Human genomic plus transcript (Human G+T) > @

Exclude [C] Models (XM/XP) [C] Uncultured/environmental sample sequences

Optional

Entrez Query

Optional

Enter an Entrez query to limit search &

Program Selection

Optimize for @ Highly similar sequences (megablast)

) More dissimilar sequences (discontiguous megablast)

A . P A R . (P Tl | o o g §



og | . |. Weight Matrices for Seque... E-'j Mucleotide BLAST: Sear... 2 | g Sequence Formats | |

¥ Algorithm parameters

General Parameters

Max target 100 =

sequences Select the maximum number of aligned sequences to display &

Short queries Automatically adjust parameters for short input sequences &

Expect threshold 4, ©

Word size 28 -~ g

The length of the seed that initiates an alignment. more...

Max matches in a 0

query range @
Scoring Parameters

Match/Mismatch 12 » @

Scores

Gap Costs Linear MR 2
Filters and Masking

Filter Low complexity regions &

Species-specific repeats for: Human v @

Mask Mask for lookup table only &
Mask lower case letters &

Show results in a new window

@ ‘ Search database Human G+T using Megablast (Optimize for highly similar sequences)
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How to read a BLAST result

score — indicates how

similar the query sequence

is to the results,

larger number is better

BUT: longer sequences
lead to higher scores

dene id of hit
(accession

humber) description

Legend for links to other ESSOUECES: m TniFsne E FED E Fens E SLEUCTUE S Eﬂ Mep Viesuver

=

e-value — expectation val
how often would you exp:
to find this sequence in tr
database randomly (this i
particularly relevant if yoL
guery sequence is short ¢
contains many repeats, e
smaller number is bette
Note: 2e-3 =2"10-3=0.0(

Sequencel produecing significant g1
(Click Msders To gorv columns)

e et | s::':ra ;r::rﬂ; | cu[ll.ll:ﬁra’:;a |—‘ uaIIEua | IE'::
Hom o gapiens COP? constitutive phoba morphogenic homolog subunit 2 [Arabidopsisy §2OPS2 ), mARNS 457 457 100% la-125 L00%%
.1 PAEDICTED: Pan troglodytes similar ta COPS comples subund 2, transcript vanant 1 (LOC453417), mRKN, 457 457 100% 1e-125 1005,
PREDICTED: Pan troalodytes similar to COP S comples subunit 2, transoript warant 2 (LOCA53417], mRM, 457 457 10 0% 1e-125 TO0%,
Homo sapiens COP3 constitubive phoba morphogenic homolog subunit 2 [Arabidopsis), mRNA (cDNA daone 57 457 100% 18-125 L1007
Hamo sapiens mRNA for COPS constitutiva phatom orphoga nic homolag subunic 2 wariant, clons: CAS0S0 4 457 100% le-125 100%,
Horm o gapiens mRNa for COP9 constitutive phabom orphoge nic homolag subunit 2 wariant pratgin A5 F 457 100% la-125 1009
Hamo sapicns TRIF1S-150 mAMS, complate ois 457 457 100% 1e-125 100
full-length cOMA clane CEOIDIO7DvADZ of Placenta Cot 25-narmalized of Homa sapiens (human) 407 457 100% 1e-125 1O0%:
C 113514 full-length cOM& clane CEIDAN11YE02 of M=urablastoma of Homo sspiens (human) 157 457 100% 1m-125 1005
RIEEREN Haom o sapiens signalosorns subunit 2 (5GM2) mAMS, complete cds 4 457 100% 1e-125 100%
AF10076Z.1 Homo sapiens thyroid receptor interactor tripd3 mRMA, complete cde 457 457 100% la-125 L1007
BFAZ0ZG6.1 Homo sapiens &LTEN (ALTEN] mRWE, complete cds 457 457 100% 1e-125 100%
ANIee Hrmn caniane thenir racentos intararbor (TRTEISY mB R 5 and af e AGT AR Tnnw 1n 176 1



An individual “BLAST hit” in more detalil

accession number + description

et |ue 004236 2| M8 doame =apiens copd ecanstirutive photomsrphagenis hamsolag subond
2 {Rrabidopsizy (COPS2), mENA
Length=1%47

score, e-value,

i i i Score = 457 bits (247, EBxpect = le-125
identical nucleotides, Idsntities = 247/247 (100%), Gaps = 07247 (0%

gaps, orientation — strand=rlu=/Flus

ousry 1 ATGEAZEATGATTTCATGTG  EATGATGASFAGGACTACGACCTEEARTACTCTEARGAT &0

frrreererrrrrreeerrrrre e e ey
dkict 21 ATGEAFEATEATTTCATGTG A TGATGAGGAGEACTACGACCTEEARTACTCTEARGAT B0

YDU r Seq uence i ouary Rl AGTRACT COGRAGCCARATGTEEATTTGGAARATCAGTACTRATAAT TCCRARGCATTRARS 120

Frrrrerrrrrrrreeerrrree e e e e e e e e
blast hit—" sbict &l ARTARCTCCERGCCARRTETECATTTECARARTCACTACTATART TCCARASCATTARAR 140

ogery lEl GAfGATGACCCARAN GO AT TARGTAGT T TOCARAA GG TTT T AL TTEALGE AR LB
FErrerrrrrrrerereerrrrrrrrererrrrrrerrrrerr e e e et e e
Skict 141 GARGATERACCCAARAGCGGUATTARGCAZTTTOCAAAAGETTTTEEARCTTEARGETEAS 200

ouery 181 PRARGGERAGRATGEGCATTTRAAACCACTGAAACARRTGAT TRAGATTARCTTCARGTTERACR 240

Frrrrerrrrrrrreeerrrre et et e e e e e
fhict 201 ARAGCRACARTCCCCRATTTARACCACTEARACARATEAT TRACATTARCTTCARASTTERSR 240

olery 241 AACTTTC =247
L
Shict 261 ALCTTTC 267

This is a perfect match!
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