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Overview

* Week 2
» Similarity vs. Homology
Global vs. Local Alignments
Scoring Matrices
BLAST
BLAT

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Why do sequence alignments?

o Provide a measure of relatedness between nucleotide or
amino acid sequences

» Determining relatedness allows one to draw biological
inferences regarding
e structural relationships
* functional relationships

 evolutionary relationships

~ importance of using correct terminology

A NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research
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Defining the Terms

» The quantitative measure: Similarity
e Always based on an observable
» Usually expressed as percent identity

» Quantify changes that occur as two sequences diverge
(substitutions, insertions, or deletions)

 Identify residues crucial for maintaining a protein’s structure
or function

» High degrees of sequence similarity might imply
* a common evolutionary history

» possible commonality i biological function

N NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Defining the Terms

* The conclusion: Homology

» Genes are or are not homologous
(not measured in degrees)

» Homology implies an evolutionary relationship

It is worth repeating here that homology, like preg-
nancy, is indivisible®. You either are homologous (preg-
nant) or you are not. Thus, if what one means to assert is
that 80% of the character states are identical one should
speak of 80% identity, and not 80% homology.

FEitch, Trends Genet. 16: 227-251, 2000

N NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Defining the Terms

e The term “homolog™” may apply to the relationship
* between genes separated by the event of speciation
(orthology)
» between genes separated by the event of genetic duplication
(paralogy)
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Defining the Terms

» Orthologs

e Sequences are direct descendants of a sequence in a common
ancestor

* Most likely have similar domain structure, three-dimensional
structure, and biological function

» Paralogs
» Related through a gene duplication event

* Provides insight into “evolutionary mnovation™ (adapting a
pre-existing gene product for a new function)

A NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Defining the Terms

Paralogs

Orthologs

Most recent
D —
o N . (04
Common ancestor
Gene duplication —————————————

* Genes 1-3 are orthologous

» Genes 4-6 are orthologous

» Any pair of ezand g genes are paralogous
(genes related through a gene duplication event)

A\ NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Overview

o Week 2

Similarity vs. Homology
Global vs. Local Alignments
Scoring Matrices

BLAST

BLAT
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Global Sequence Alignments

Sequence comparison along the entire length of the two
sequences being aligned

Best for highly-similar sequences of similar length
As the degree of sequence similarity declines, global

alignment methods tend to miss important biological
relationships

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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ILocal Sequence Alignments

Sequence comparison intended to find the most similar
regions in the two sequences being aligned (“paired
subsequences’)

Regions outside the area of local alignment are excluded
More than one local alignment could be generated for
any two sequences being compared

Best for sequences that share some similarity, or for
sequences of different lengths

A NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Scoring Matrices

» Empirical weighting scheme representing
physicochemical and biological characteristics of
nucleotides and amino acids

» Side chain structure and chemistry
» Side chain function

* Amino acid-based examples:
» Cys/Pro important for structure and function
* Trp has bulky side chain
» Lys/Arg have positively-charged side chains

A\ NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Scoring Matrices

» Conservation: What residues can substitute for another
residue and not adversely affect the function of the
protein?

 Jle/Val - both small and hydrophobic

e Ser/Thr - both polar

» Conserve charge, size, hydrophobicity,
other physicochemical factors

» Frequency: How often does a particular residue occur
amongst the entire constellation of proteins?

A NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Scoring Matrices

e Why is understanding scoring matrices important?

» Appear in all analyses involving sequence comparison
* Implicitly represent particular evolutionary patterns

e Choice of matrix can strongly imfluence outcomes of analyses

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Matrix Structure: Nucleotides

» Simple match/mismatch
scoring scheme:

Martch +2
Mismatch — 3

o Assumes each nucleotide
occurs 25% of the time

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Matrix Structure: Proteins

A R N D C Q E G H
A 4 -1 -2 -2 -1
-2
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BLOSUMG62
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BLOSUM Matrices

o Henikoff and Henikoff, 1992
» Blocks Substitution Matrix

Look only for differences in conserved, ungapped regions of a
protein family (“blocks™)

Directly calculated, using no extrapolations

More sensitive to detecting structural or functional
substitutions

Generally perform better than PAM matrices for local
similarity searches (Henikoff and Henikoff, 1993)

N NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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BLOSUM n

e (Calculated from sequences sharing no more than 7%
identity

» Contribution of sequences > n% identical clustered
and weighted to 1

TGNQEEYGNTSSDSSDEDY

* * * *

TGNQEEYGNTSSDSSDEDY
KKLEKEEEEGISQESSEEE
KKLEKEEEEGISQESSEEE
KKLEKEEEEGISQESSEEE
KPAQEETEETSSQESAEED
KKPAQETEETSSQESAEED

KKLEKEEEEGISQESSEEE
KKLEKEEEEGISQESSEEE
KKLEKEEEEGISQESSEEE

KPAQEETEETSSQESAEED
KKPAQETEETSSQESAEED

A+T Hook Domain (Block IPB0O00637B)

2,000 blocks representing > 500 groups of related proteins

) 00006
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BLOSUM n

» Clustering reduces contribution of closely-related
sequences (less bias towards substitutions that occur in
the most closely-related members of a family)

e Substitution frequencies are more heavily-influenced by
sequences that are more divergent than this cutoff

» Reducing n yields more distantly-related sequences

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research

10



NHGRI Current Topics in Genome Analysis January 19, 2010
Week 2: Biological Sequence Analysis |

Which one to choose?

BLOSUM % Similarity

0] Short alignments, highly similar 70-90

Best for detecting known

members of a protein family 2t

30

Most effective in finding all
potential similarities

30-40

Longer, weaker local alignments <30

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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S0 many matrices...

No single matrix is

the complete answer for

all sequence comparisons

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research
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Further Reading

U 4 1 i t 3 _5 Selecting the Right Protein-Scoring Matrix

aminacids, caled the PAM 1

Current Protocols in
Bioinformatics

s PAM Matrices

s BLOSUM Matrices

» Specialized Scoring
Matrices

A\ NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Gaps
Compensate for insertions and deletions

Used to improve alignments between two sequences

Must be kept to a reasonable number, to not reflect a
biological implausible scenario
(~1 gap per 20 residues good rule-of-thumb)

Cannot be scored simply as a “match” or a “mismatch”™

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research
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Affine Gap Penalty

Fixed deduction for introducing a gap plus
an additional deduction proportional to the length of the gap

Deduction for a gap=G + Ln

nucleotide protein
gap-opening penalty S I'1
gap-extension penalty. 2 |
length of the gap
L

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research

Overview

e Week 2
» Similarity vs. Homology
Global vs. Local Alignments
Scoring Matrices
BLAST
BLAT

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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BLAST

January 19, 2010

» Basic Local Alignment Search Tool

» Seeks high-scoring segment pairs (HSP)

pair of sequences that can be aligned with one another

when aligned, have maximal aggregate score
(score cannot be improved by extension or trimming)

score must be above score threshhold S

gapped or ungapped

» Results not limited to the “best HSP” for any given
sequence pair

) 00006

BLAST Algorithms

Program

BLASTN

BLASTP

BLASTX

TBLASTN

TBLASTX

) 00006

Query Sequence
Nucleotide
Protein

Nucleotide,
six-frame translation

Protein

Nucleotide,
Six-frame translation

14
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Target Sequence
Nucleotide

Protein

Protein

Nucleotide,
Six-frame translation

Nucleotide,
Six-frame translation

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research
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Neighborhood Words

Query Word (W =3)

Query: GSQSLAALLNKCK @ ORLVNQWIKQPLMDKNRIEERLNLVEAFVED

l

Neighborhood

Words

Neighborhood Score
Threshold
(T'=13)

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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SLAALLNKCKTPQGQRLVNQWIKQPLMDKNRIEERLNLVEA
+LA++L T R++ +W+ +P+ D + ER + A
TLASVLDCTVTPMGSRMLKRWLHMPVRDTRVLLERQQTIGA

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research
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Extension

SLAALLNKCKTPQGQRLVNQWIKQPLMDKNRIEERLNLVEA
+LA++L TP+G R++ +W+ +P+ D + ER + A
TLASVLDCTVTPMGSRMLKRWLHMPVRDTRVLLERQQTIGA

Significance decay
> mismatches
> gap penalties

Cumulative Score

Extension

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research

Extension
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SLAALLNKCKTPQGQRLVNQWIKQPLMDKNRIEERLNLVEA
+LA++L TP+G R++ +W+ +P+ D + ER + A
TLASVLDCTVTPMGSRMLKRWLHMPVRDTRVLLERQQTIGA

Karlin-Altschul Equation

E = kmNe7s

m # letters in query.

N. # letters in database
mh. Size of search space
AS normalized score

k minor constant

Extension

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research
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Scores and Probabilities

Cumulative Score

SLAALLNKCKTPQGQRLVNQWIKQPLMDKNRIEERLNLVEA
+LA++L TP+G R++ +W+ +P+ D + ER + A
TLASVLDCTVTPMGSRMLKRWLHMPVRDTRVLLERQQTIGA

E = kmNe*s

Number of HSPs
found purely by chance

Lower values signify
higher similarity

Extension

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research

Scores and Probabilities

Cumulative Score

SLAALLNKCKTPQGQRLVNQWIKQPLMDKNRIEERLNLVEA
+LA++L TP+G R++ +W+ +P+ D + ER + A
TLASVLDCTVTPMGSRMLKRWLHMPVRDTRVLLERQQTIGA

E<10-°¢
for nucleotides

E<10-3
for proteins

Extension

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research
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Protein BLAST
BILASTP

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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National Center for Biotechnology Information

S NCBI  Resources ¥) How To (¥)

Resources

NCBI Home

All Resources (A-2)
Literature
DNA&RNA
Proteins

Sequence Analysis
Genes & Expression
Genomes

Maps & Markers
Domains & Structures
Genetics & Medicine
Taxonomy

Data & Software
Training & Tutorials
Homology

‘Small Molecules

Variation

‘You are here: NCBI

National Center for Biotechnology Information

Welcome to NCBI
The National Center for Information ad and
health by pr g access to biomedical

More about the NCBI | Mission | Organization | Research | RSS.

Genome Reference Consortium

Formed to improve human and mouse reference
assemblies, GRC will fix loci misrepresented in
reference assembly, fill remaining gaps. and make
alternate representations of complex locl.

n 12 3 a

How To...
Obtain the full text of an article
Retrieve all sequences for an organism or taxon
Find a homolog for a gene in another organism
Find genes associated with a phenotype or disease
Design PCR primers and check them for specificity
Find the function of a gene or gene product
Find

between th "

Seeall ...

NLM/NCBI HIN1 Flu Resources

"FLUcov

Know what to do
about the flu.

FSHARETHISWIDGETT)]

Newest HIN1 influenza
sequences

Submit flu sequences to GenBank
Latest HINT citations in PubMed
MedlinePlus (consumer health
information)

Enviro-Health links

e
<

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

Search [ Al Databases

) for

Popular Resources

PubMed
PubMed Central

Nucleotide

Protein

GEO

Conserved Domains
Structure

PubChem

NCBI News

November and
October News
Featured: New Discovery-oriented
PubMed and NCBI Homepage. T...

02 Dec 2009

NCBINews -
September 2009
The September 2009 issue of the
NCBINews is available ...

05 0ct 2009

NCBI News - August
2009

The August 2009 issue of the
NCBI News is available online. ...

19 Aug 2009

More...

Help Desk
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BLAST: Basic Local Alignment Search Tool

http:/Iwww.ncbi.nlm.nih.gov/BLAST

IS TN TRemISter

Home  RecentResults = Saved Strategies  Help

»NCBU BLAST Home

BLAST finds regions of similarity between biological sequences. more...

News

l [T Aligning Multiple Protein Sequences? Try the COBALT Multiple Alignment Tool. | o)

BLAST+ article in BMC Bloinformatics

Anew article, BLAST+: architecture and

BLAST Assembled Genomes

Choose a species genome to search, or list all genomic BLAST databases.
o Human o Oryza sativa o
o Mouse o Bos taurus o
o Rat o Danio rerio o
o Arabidopsis thaliana o Drosophila melanogaster o

Basic BLAST
Choose a BLAST program to run.

Search a nucleotide database using a nucleotide query

nucleotide blast
Algorithms: blastn, megablast, discontiguous megablast

rotein blast | Search protein database using a protein query

appiications, describes improvements for
long sequences as well as other new BLAST
features.

Fri, 18 Dec 2009 08:00:00 EST

Gallus gallus
Pan troglodytes
Microbes

Apis mellifera

Algorithms: blastp, psi-blast, phi-blast
bl Search protein database using a translated nucleotide query

Search translated nucleotide database using a protein query

Search translated nucleotide database using a translated nucleotide query

Specialized BLAST
Choose a type of specialized search (or database name in parentheses.)
Make specific primers with Primer-BLAST
Search trace archives
Find conserved domains in your sequence (cds)
Find sequences with similar conserved domain architecture (cdart)
Search sequences that have gene expression profiles (GEO)
Search immunoglobulins (IgBLAST)
Search for SNPs (snp)
Screen sequence for vector contamination (vecscreen)
Align two (o more) sequences using BLAST (bl2seq)
Search protein o nucleotide targets in PubChem BioAssay

earch SRA transcriot libraries

booooooooaoao

Sequences Used in Examples

hitp:/research.nhgri.nih.gov/
teaching/seq_analysis.shtml
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Home | About NHGHI | Newsroom | S|
Teallh Tdocationd!
Resources & Training

Current Topics in Genome Analysis 2010
‘Wesks 2 and 3: Biological Saqusnce Analysis
Protein and Nucieatide Sedquances for Anaiyais

i s e

BuAST 2 Sequences
e T PR SO A ST

L e T e ST

R Xy LA KO EAGR VR YT AR EAI TE

oo
sguery_sequence

im0

Conserved bamain Datsbase (€00

O AL DL RR QL SWGSLL L0 [LASAAARS DG AOCLASLSDSGSL LS AL RVAGEL
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8006 Protein BLAST: search protein databases using a protein query
[ <[ » ][+ [= http://viast.ncbi.nim.nih.gov/Blast.cgi?PROG LAST_PRO E_TYi OW_DEFAULT: ¢ | (Q Google

My NCBI a
[Sign In] [Register]

» NCBU/ BLAST/ blastp suite

biastn | blastp | biastx | tblastn | tblastx |

ASTS g Resetpage Bookmark
Enter Query Sequence = ing a protein more... eset mart

Enter accession number, gi, or FASTA sequence & Cloar Query subrange &

>Query sequence From

MSSAAAAAAGAAGGGALFQPQSVST PAALATHSPT LT &

AAFGNLFGGSSAKMLNELFGRQMKQAQDATSCLPQSLDNAMLAAAMETATSAELLIGSLNSTS & D —

KLLQQQ PMSNGTNASI: SDRSLEAAAA v °

DVACCSPPRMSVSSLNGCESGEQHQSQLQHDLVAHHMLRNILQCKKELMQLDQELRTAMQ 4

Or, upload file o i sclcted )
Job Title Query sequence

Enter a descriptive title for your BLAST search &
() Align two or more sequences &

Choose Search Set

Database (Ron-redundant poten sequences o) 18) <«—————1 Available protein databases include:

Gt O Exclude [+

Optional
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. &
Exn‘lud‘- (O Models (XM/XP) () Environmental sample sequences nr N on-re dundal’lt
Entrez Qu
S ~ Enter an Entrez query to limit search & refseq Reference Sequences
e swissprot  SWISS-PROT
Algorithm @ blastp (protein-protein BLAST) p a t P a t en t S
O PSI-BLAST (Position-Specific Iterated BLAST)
O PHI-BLAST (Pattemn Hit Initiated BLAST) /
Choose a BLAST algorithm & pdb PrOteln Data Bank
env_nr Environmental samples
‘ Search database Non-redundant protein sequences (nr) using Blastp (protei
(O Show results in a new window
P Algorithm parameters y

RefSeq

* Goal: Provide a single reference sequence for each

molecule of the central dogma
(DNA, mRNA, protein)

» Distinguishing Features
* Non-redundancy
» Updates to reflect the current knowledge of sequence data
and biology
Ongoing curation by NCBI staff and collaborators, with
review status indicated on each record

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research
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RefSeq Accesion Format

From curation of GenBank entries:

NT 123456 Genomic contigs

NM 123456 mRNAS
NP 123456 Proteins

From genome annotation:

XM 123456 Model mRNA

XP_123456 Model proteins

Complete key at
hitp://www.nebi.nlm.nil.gov/RefSeq/key.htmil

January 19, 2010

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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800 Protein BLAST: search protein databases using a protein query

[ <[ » J [+ [= http://viast.ncbi.nim.nih.gov/Blast.cgi?PROG LAST_PRO E_TYi OW_DEFAULT

¢ Qr Google

My NCBI a

Enter an Entrez query to limit search @

Program Selection
Algorithm @ blastp (protein-protein BLAST)
O PSI-BLAST (Position-Specific Iterated BLAST)
O PHI-BLAST (Pattern Hit Initiated BLAST)
Choose a BLAST algorithm @

‘ Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)

[ Show results in a new window

[Sign In] [Register]
» NCBU BLAST) blastp suite
blastn [ blastp | biastx | thiastn | tolast |
ASTI i datab Reset page Bookmark
Enter Query Sequence - S et
Enter accession number, gi, or FASTA sequence & Cloar Query subrange ©
>Query sequence From
MSSAAAAAAGAAGGGALFQPQSVST PAALATHSPT 1T &
AAFGNLFGCSSAKMLNELFGRQMKQAQDATSGLPQSLONAMLAAAMETATSAELLIGSLNSTS 4| ———————
KLLOQQ PMSNGTNASI SDRSLEAAAA v O
DVAGGSPPRAASVSSLNGGASSGEQHQSQLQHDLVAHHMLRNILQGKKELMQLDQELRTAMQ .
o, uplosd file v )
Job Title Query sequence
Entera descriptive tite or your BLAST search @
[ Align two or more sequences &
Choose Search Set
Database ((Non-redundant protein sequences (1) |+) © 117 7
. Limit by organism or
e OExclude [+ Gu—
Optional O Exclude .
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. @ taxonomic g}’oup
Exclude () Models (XM/XP) O Environmental sample sequences
Optional
Entrez Query
Optional

» Algorithm parameters I
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8006 Protein BLAST: search protein databases using a protein query.

[ <[ » ][+ [ htep:/sbiast.ncoinim.nih.gov/Blast.cg LAST_PRO _TYPE=BlastSearch&SHOW_DEFAULT & | (Qr Google

Optional

Enter an Entrez query to limitsearch @
Program Selection
Slgcian @ blastp (protein-protein BLAST)

O PSI-BLAST (Position-Specific Iterated BLAST)
O PHI-BLAST (Pattemn Hit Initiated BLAST)
Choose a BLAST algorithm ©

Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)
4 Show results in a new window

the default are highlighted in yellow and marked with ¢ sign

General Parameters

b ) Default = 100
Select the maximum number of aligned sequences to display & B

Short queries & Automatically adjust parameters for short input sequences &
Expectthreshold 7o @
Word size a=)
Scoring Parameters
Matix (w2 1) ©
Gap Costs ®

Compositional | ( Conditonal fonal score matrix adustment 15) ©

Filters and Masking
I +  Low complexity regions ©
Mask (0 Mask for lookup table only ©

O Mask lower case letters ©

Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)
@ Show results in a now window

8006 Protein BLAST: search protein databases using a protein query.

[ <[ » ][+ [ htp:/sbiast.ncoinim.nih.gov/Blast.cg LAST_PRO _TYPE=BlastSearch&SHOW_DEFAULT & | (Qr Google

Enter an Entrez query to limitsearch @
Program Selection
Slgcian @ blastp (protein-protein BLAST)

O PSI-BLAST (Position-Specific Iterated BLAST)
O PHI-BLAST (Pattemn Hit Initiated BLAST)
Choose a BLAST algorithm ©

Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)
4 Show results in a new window

W Algorithm parameters Note: Parameter values that differ from the default are highlighted in yellow and marked with ¢ sign
General Parameters

Max target ,
ectarion ¢ (250 @)
Select the maximum number of aligned sequences to display @
Short queries Automatically adjust \eters for short input seguences
Expectthrsshold o E value threshold

erdse cHe Reports all hits with E < 10

Scoring Parameters
Matrix BLOSUME2 [3) ©
Gap coste ®

Compositional | ( Conditonal fonal score matrix adustment 15) ©

Filters and Masking
I + # Low complexity regions ©
Mask (0 Mask for lookup table only ©

O Mask lower case letters ©

Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)
@ Show resuits in a new window

22
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8006 Protein BLAST: search protein databases using a protein query.
[ <[ » ][+ [ htep:/sbiast.ncoinim.nih.gov/Blast.cg LAST_PRO _TYPE=BlastSearch&HOW_DEFAULT- & | (Q- Google

Reee Enter an Entrez query to limit search @
Program Selection
Slgoritil @ blastp (protein-protein BLAST)

O PSI-BLAST (Position-Specific Iterated BLAST)
O PHI-BLAST (Pattemn Hit Initiated BLAST)
Choose a BLAST algorithm &

4 Show results in a new window

Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)

General Parameters
Max ta -

Selectthe maximum number of aligned sequences to display @
Short queries & Automatically adjust parameters for short input sequences &

Expectthreshold 77 @

Word size acK)

Scoring Parameters

¥ Algorithm parameters Note: Parameter values that differ from the default are highlighted in yellow and marked with ¢ sign

Matix (siosovez 8 ©
Gap Costs Existence: 11 Extension: 1 ﬁ %)
Compositional | Conditonal fonal score matrix adjustment [8) ©

Filters and Masking
I + @ Low complexity regions @
Mask () Mask for lookup table only ©

() Mask lower case letters &

PAM30
PAM70
BLOSUMS0
BLOSUMG62
BLOSUMA45

# Show results in a new window

Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)

8006 Protein BLAST: search protein databases using a protein query.
[ <[ » ][+ [ htp:/sbiast.ncoinim.nih.gov/Blast.cg LAST_PRO _TYPE=BlastSearch&HOW_DEFAULT- & | (Q- Google

Optional

Enter an Entrez query to limitsearch @
Program Selection
Slgortil @ blastp (protein-protein BLAST)

O PSI-BLAST (Position-Specific Iterated BLAST)
O PHI-BLAST (Pattemn Hit Initiated BLAST)
Choose a BLAST algorithm &

4 Show results in a new window

Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)

General Parameters
Max ta r~

Selectthe maximum number of aligned sequences to display @
Short queries & Automatically adjust parameters for short input sequences &
Expectthreshold 7o @

Word size acK)

Scoring Parameters

Matix (oosuwez 1) ©
Gap Costs ®
Compositional  ( Conditional fonal score matrix adjustment 18] ©

Filters and Masking

I + @ Low complexity regions &

Mask () Mask for lookup table only ©
() Mask lower case letters &

'¥ Algorithm parameters Note: Parameter values that differ from the default are highlighted in yellow and marked with ¢ sign

# Show results in a new window

‘ Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)

Copyright | Disc
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Low-Complexity Regions

Defined as regions of biased composition
* Homopolymeric runs
e Short-period repeats

e Subtle over-representation of several residues

>gi|20455478 | sp|P50553 |ASC1_HUMAN Achaete-scute homolog 1 (HASHI1)

e e e
DGOPSGGGHKSAPKQVKRORSSSPELMRCKRRLNFSGFGYSLPOOQOT AAVARRNERERNRVKLVNLGFAT
LREHVPNGAANKKMSKVETLRSAVEYIRALOOLLDEHDAVSAAFQAC VLSPTISPNYSNDLNSMAGSPVS

SYSSDEGSYDPLSPEEQELLDFTNWE
Homopolymeric

alanine-glutamine tract

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research

Identifying LLow-Complexity Regions

» Biological origins and role not well-understood
» DNA replication errors (polymerase slippage)?
* Unequal crossing-over?

* May confound sequence analysis

» BILAST relies on uniformly-distributed
amino acid frequencies

» Often lead to false positives
» Filtering is advised (but nof enabled by default)

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research
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8006 Protein BLAST: search protein databases using a protein query.
[ <[ » J [+ ] hup://plast.ncbi.nim.nih.gov/Blast.c LAST_PRO E_TYI OW_DEFAULT: & | (Q~ Google

Optons Enter an Entrez query to limit search @
Program Selection
Algorithm @ blastp (protein-protein BLAST)
O PSI-BLAST (Position-Specific Iterated BLAST)
O PHI-BLAST (Pattern Hit Initiated BLAST)
Choose a BLAST algorithm ©
Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)
@ Show results in a new window
W Algorithm parameters Note: Parameter values that differ from the default are highlighted in yellow and marked with ¢ sign
General Parameters
Max target :
sequences ()
Select the maximum number of aligned sequences to display ©
Short queries & Automatically adjust parameters for short input sequences &
Expectthreshold 7o @
Word size G@ e
Scoring Parameters
Matrix ((Bosume2 [3) ©
Gap Costs. [(Existence: 11 Extension: 1 [4) ©
Compositional ((Conditional itional score matrix adjustment 1%) ©
Filters and Masking
I + & Low complexity regions &
Mask () Mask for lookup table only ©
() Mask lower case letters &
Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)
@ Show resuits in a new window

NCBI Blast:Query sequence
£ http://blast.ncbi.nlm.nih.gov/Blast.cgi ¢ | (Qr Google

My NCBI
Sign In] [Re

Recent Results = Saved Strategies  Help

» NCBU BLAST) blastp suite/ Formatting Results - MN1002AX01S.
Edit and Resubmit ~ Save Search Strategies > Formatting options ~ >Download

Query sequence
Query ID Idl|52739 Database Name nr
Description Query sequence Al GenBank CDS
Molecule type amino acid excluding environmental samples from WGS projects
Query Length 1403 Program BLASTP 2.2.22+ bCitation
Other reports: >Search Summary [Taxonomy reports] [Distance tree of resuits] [Related Structures] [Multiple alignment] New

¥ Graphic Summary
'¥ Show Conserved Domains

have lick on the image below for detalled results.
i 250 s00 ki 100 1250 1403

Query seq.
Superfanilies  froxt s/ ((Proxt supersamily Proxi superfami el Proxi superfanily )

Distribution of 189 Blast Hits on the Query Sequence &

[Mouse-over to show defline and scores, click to show alignments. |

Color key for alignment scores
40-5¢ 50-80

<40 80-200 >=200
ey
I | [l 1 [l [l
0 250 500 750 1000 1250
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NCBI Blast:Query sequence

¢ [(Qr Google

s00 1000
i i !

1250
7

108
!

8006
(<[> ] [4]= up://blast.ncoi.nim.nin.
1
ery seq.
Superfanilies

Color key =

[ Proxt swertant

Distribution of 189 Blast Hits on the Query Sequence &

Im&merwsmmm and scores, click 1o show algnments I

Color key for alignment scores
4050 50-80 80200

<40 >=200

Query "
1250

1 [l
750 1000

/

olereteii)

Gap within
same hit

e >] HSP
* Masked

¥ Descriptions

Sequences producing significant alignments:

Score

E
(Bits) Value

hil

FI
prospero [Drosophila melanog:

aster]

=_=’ region
Unrelated
hits —_—
= | | Descending
— —— score
= =\ order

®00 NCBI Blast:Query sequence
[ <[> J [+ ] hup://blast.ncbi.nim.nih.gov/Blast.cgi ¢ J(Q- Google
¥ Description
Descending
score | score E
Sequences producing significant alignments: Bits) Value
order
ref |[NP_524317.3 prospero, isoform F [Drosophi 994 0.0 m
prospero [Drosophila melanogasterT 993 0.0
prospero [Drosophila melanogaster]) 993 0.0
gb|AAF05703.1[AF190403_1 in transcription factor Pro... 990 0.0
ref|XP_001980573.1| GG18089 [Drosophila erecta] >gb|EDV49531....J _989 0.0 G]
gb|AAAZ8841.1] Pros protein [Drosophila melanogaster] 982 0.0
ref|XP_002097201.1| GE26090 [Drosophila yakuba] >gb|EDW96913.... [ _981 0.0 G]
ref|NP_788636.2| prospero, isoform G [Drosophila melanogaster...f 944 0.0 A&
gb|AAT94492.1 LD37627p [Drosophila melanogaster] 943 0.0
ref|NP_731565.3| prospero, isoform E [Drosophila melanogaster...f 942 0.0 L&
ref|XP_002031631.1| GM23939 [Drosophila sechellia] >gb|EDW426... [ _935 0.0 [G]
ref|XP_001954214.1| GF16857 [Drosophila ananassae] >gb|EDV427...[J _904 0.0 G}
ref|XP_001359985.2 GA14403 [Drosophila pseudoobscura pseudoo... 869 0.0 E
ref|XP_002069959.1| GK11290 [Drosophila willistoni] >gb|EDW80... [ _845 0.0 G}
ref|XP_002053284.1| pros [Drosophila virilis] >gb|EDW66804.1|... 821 0.0 G}
ref|XP_001994360.1| GH21437 [Drosophila grimshawi] >gb|EDV950...J _809 0.0 [G]
ref|XP_002000130.1 GI22696 [Drosophila mojavensis] >gb|EDW15... 804 0.0 [G]
ref|XP_001655942.1 homeobox protein prospero/prox-1 [Aedes a... 571 3e-160 m
sp|Q9U6Al.1|PROS_DROVI : Full protein e 430 7e-118
ref|XP _002103874.1 prospero [Drosophila simulans] >gb|EDX133... 372 le-100 E
gb|EFA07555.1] prospero [Tribolium castaneum] 365 2e-98
ref|XP_309606.4| AGAP004052-PA [Anopheles gambiae str. PEST] ... | 363  7e-98 L&
pdb|1XPX|A Chain A, Structural Basis Of Prospero-Dna Interact... 347 7e-93 E
ref |[NP_001164363.1 homeobox protein prospero [Nasonia vitrip... 346 le-92 E
ref|XP_002427668.1| homeobox protein prospero/prox-1/ceh-26, ...| _345 ze-92 @
ref |XP_971664.2 PREDICTED: similar to homeobox protein prosp... 342 2e-91 [!IE
ref|XP_002019831.1| GL11998 [Drosophila persimilis] >gb|EDW38...[ _341 te-91 @
ref|Xp_392355.3| PREDICTED: similar to prospero CG17228-PA, i...| 333  7e-89 LAY
ref|Xp_001942706.1| PREDICTED: similar to homeobox protein pr...| 322  2e-85 LAS
pdb|1MIJ|A Chain A, Crystal Structure Of The Homeo-Prospero D... 315 4e-83 E
ref|XP_002410204.1 prospero protein, putative [Ixodes scapul... 301 3e-79 EE
dbj|BAHB3641.1| prospero [Bombyx mori] 298 3e-78 (&
emb | CAE 1.1] prospero protein [Cupiennius salei] 298 3e-78
dbj|BAE 0. P ch. anea tepidariorum] 294 6e-77
gblAAL2 .1| GH11848p [Drosophila melanogaster] 284 5e-74
emb [ CAY 3.1| prospero related in protein [Platyne... 282 2e-73
ref|XP 002578694.1 rospero-like protein [Schistosoma manson... 268 5e-69 E
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0.0 means
< 10—1000

[ 2e-98 =2x10%

Structure
Gene
UniGene
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NCBI Blast:Query sequence

Qr Google

ref|XP _001517520.1| PREDICTED: hypothetical protein [Ornithor... _210 le-51 AA< 2
ref|Xp_522907.2| PREDICTED: hypothetical protein [Pan troglod... _209  le-51 KAS
ref |XP. 184 21 homeobox protein prospero/prox-1 [Culex ... 209 2e-51 m m
ref|Xp_001088672.1| PREDICTED: similar to prospero-related ho... _209  2e-51 LS
sp|Q3B8N5.2|PROX2_HUMAN RecName: Full=Prospero homeobox prote... 208 5e-51 E
ref |NP_001073877.1 prospero homeobox 2 [Homo sapiens] 207 7Te-51 EE
gb|AAT05928.1| PROX2 protein [Homo sapiens] >gb|AAI05721.1| P... 207 7e-51 @
gb|ACT78708.1 prospero-like protein Prox3 [Danio rerio] 204 5e-50
ref|XP_001845682.1| prospero [Culex quinquefasciatus] >gb|EDS... _204 se-so [Id
ref|XP_692862.3 PREDICTED: similar to Homeobox prospero-like... 204 6e-50 m
ref|Xp_001919536.1| PREDICTED: similar to proxl-like protein ... _204  9e-50 LUK&
ref|Xp_002199957.1] PREDICTED: similar to prospero homeobox 2... _203  2e-49 A9
emb|CAF92934.1] unnamed protein product [Tetraodon nigroviridis] _202 4e-49
ref|NP_001071961.1 transcription factor protein [Ciona intes... 199 2e-48 m
emb|CAG04605.1| unnamed protein product [Tetraodon nigroviridis] _198 4e-48
emb |CAF95276.1 unnamed protein product [Tetraodon nigroviridis] 196 2e-47
emb|CAG10630.1] unnamed protein product [Tetraodon nigroviridis] _195  de-47 Accept
ref|XP_002019832.1 GL11997 [Drosophila persimilis] >gb|EDW38... 189 3e-45 E
b|AAC28353.1| Proxl [Xenopus laevis] 187 8e-45 (fornow)
emb|CAG09138.1 unnamed protein product [Tetraodon nigroviridis] 175 3e-41
ref|Xp_547908.2| PREDICTED: similar to RIKEN cDNA 1700058C01 ... _168  4e-39 LS
ref |XP_002575867.1 homeobox protein prospero/prox-1/ceh-26 [... 167 9e-39 m
dbj|BAB17311.1] Prox 1 [Cynops pyrrhogaster] 161 4e-37
b|EAW81198.1 hCG22353 [Homo sapiens] 158 4e-36
dbi|BAC04278.1| unnamed protein product [Homo sapiens] ge-36 &
b|AAC59781.1 prospero_like protein [Takifugu rubripes] le-35
gb|EDL02840.1 RIKEN cDNA 1700058C01, isoform CRA_a [Mus musc... 7e-35 E
emb|CAT15309.1 prospero homeobox 1 [Homo sapiens] le-34 E
ref|Xp 849216.1| PREDICTED: similar to prospero-related homeo... 1e-3¢ [
gb|EFB18550.1 hypothetical protein PANDA_009835 [Ailuropoda ... 3e-34
emb|CAG09167.1| unnamed protein product [Tetraodon nigroviridis] le-33
emb|CAG13403.1 unnamed protein product [Tetraodon nigroviridis] le-18
gb|AAD30180.1|AC006530_2 homeobox prospero-like protein [Homo... 1e-17 @
ref|Xp_547411.2| PREDICTED: similar to prospero-related homeo... 2e-12 &
pir||JC5496 Prox 1 protein 671 - chicken 2e-12
2

Tef NP _001100671.1] prospero 1 [Rattus norvegicus] >... 0.091
emb|[CAF94749.1] unnamed protein product [Tetraodon nigroviridis] 0.17
emb | CAP5827 Proxl protein [Xenopus tropicalis] 0.4 @ .
ab|AAF13029.1|AF070733 transcription factor Proxl [Notophth... 1.8 Re]ect
gb|ABG29070.1 transcrxptxon factor Proxl [Pleurodeles waltl] 5.3

(O Select All Get selected sequences Distance tree of results Multiple alignment New v

®00 NCBI Blast:Query sequence
[ <[ » ][+ [= http://viast.ncbi.nim.nih.gov/Blast.cgi#221378762 ¢ (@~ Google

27

> 25% for proteins
> 70% for nucleotides

76
376
136

43

496
256
556
316
616
376
676
436
736
496
796

556

>_lref|Np _731565.3 UG prospero, isoform E [Drosophila melanogaster]
gb|AAN13501.3 E prospero, isoform E [Drosophila melanogaster]
Length=1835
GENE ID: 41363 pros | prosp [D. ila mel ter]
(Over 100 PubMed ll.nk )
Score = 942 bits (2435), Expect = 0.0, Method: Compositional matrix adjust.
Identities = 688/688 (100%), Positives = 688/688 (100%), Gaps = 0/688 (0%)
Query 17 LFQPQSV: ALATHsptsnsp 11taaFGNLFGGSSA
LFQPQSV AL TSNSP .LTAAFGNLFGGSSA
Sbjct 317 LFQPQSV AL TSNSP .LTAAFGNLFGGSSA
Query 77 KMLNELFGRQMKQAQDATSGLPQSLDNAMLAAAMETATSAELLIGSLNSTSKLLOQQOHNN
KMLNELFGROMKQAQDATSGLPQSLDNAMLAA ELLIGSLNSTSKLLOQQHNN
sbjct 377  KMLNELFGRQMKQAQDATSGLPQSLDNAMLAA, ELLIGSLNSTSKLLOQQHNN
Query 137  NSIAP; sispgsahssshshqgvspKGSRRVSACSDRSLEAAAAD
NSIAP] I SDRSLE. AGG
Sbjct 437 NSIAP; I VAGG
Query 197  SPPRAASVSSLNGGASSGEQHQSQLQHDLVAHHMLRNI: LMQLDQELRTAMqqqq
SPPRAASVSSLNGGASSGEQHQSQLOHDLVAH] KKELMOLDQELRTAMOOQO
Sbjct 497 SPPRAASVSSLNGGASSGEQHQSQLOHDLV! ILOGKKELMOLDQELRTAMQOQOQ
Query 257 gglgekeglHSKLnnnnnnniaatannnnnttMESINLIDDSEMADIKIKSEPQTAPQPQ
QOLOEKEQLHSKLNNNNNNNIAATANNNNNTTMES INLIDDSEMADIKIKSEPQTAPQPQ
Sbjct 557  QQLOEKEQLHSKL IA; INLIDDSEMADIKIKSEPQTAPQPQ
Query 317 Qsph rsg 1rrkssdsl PTGORSES
[o] DGSLRRKSSDSLDSHGAQDDAQDEEDAAPTGQRSES
sbjct 617 O DGSLRRKSSDSLDSHGAQDDAQDEEDAAPTGORSES
Query 377 RAPEEPQLPTKKESVDDMLDEVELLGLHSRGSDMDSLASPSHSdmm11dkddvldedddd
RAPEEPQLPTKKESVDDMLDEVELLGLHSRGSDMDSLASPSHSDMMLLDKDDVLDEDDDD
Sbjct 677 RAPEEPQLPTKKESVDDMLDEVELLGLHSRGSDMDSLASPSHSDMMLLDKDDVLDEDDDD
Query 437  dCVEQKTSGSGCLKKPGMDLKRARVENIVSGMRCSPSSGLAQAGQLOVNGCKKRKLYQPQ
DCVEQKTSGSGCLKKPGMDLKRARVENIVSGMRCSPSSGLAQAGQLOVNGCKKRKLYQPQ
Ssbjct 737  DCVEQKTSGSGCLKKPGMDLKRARVENIVSGMRCSPSSGLAQAGQLQVNGCKKRKLYQPQ
Query 497 QHAMERYVaaaaGLNFGLNLQSMMLDQEDSESNELESPQIQQKRVEKNALKSQLRSMQEQ
QHAMERYVAAAAGLNFGLNLQSMMLDQEDSESN‘ELESPQIQQKRVEKNALKSQLRSMQEQ

Gap
a Low-
Complexity
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800

NCBI Blast:Query sequence

<|»

+ | = http://blast.ncbi.nim.nih.gov/Blast.cgi#221378762

Sbjct
Query
Sbjct

Score

917
677
977

= 636 bits (1640),
Identities = 461/498 (92%), Positives =

Query
Sbjct

906
1370

Query
Sbjct

966
1427

ALPQGFPPLLQHMGDMSHAAAMYQQFFF 704
ALPQGFPPLLQHMGDMSHAAAMYQQFFF

ALPQGFPPLLQHMGDMSHAAAMYQQFFF 1004

—e

7e-180, Method: Compositional matrix a
463/498 (92%), Gaps = 32/498 (6%)

Expect =

PQNGPTPATQSAAAMFQAPKTPQGMNP AAALY. LPPDggggagtaggggsa
P+P +AAAMFQAPKTPQGMNPVAAAALYNSMTGPFCLPPDQOQQOOQOTAQQQQSA
PHIRPSP---'I‘AAAMFQAPKTPQGMNPVAAAALYNSMTGPFCLPPDQQQQQQTAQQQQSA

99999ssqqtqqoLEQNEALSLVVTPKKKREKVTDTRITPRTVSRILAQDGVVDPPtagpp
00000SSQOTQOOLEQNEALSLVVTPKKKREKVTDTRI TPRTVSRILAQDGVVPPTGGPP
00000SSQQTQQOLEQNEALSLVVTPKKKREKVTDTRITPRTVSRILAQDGVVPPTGGPP

Query 1026

AY]

STPOOO0000000000000000

\YHPQPPPPPPPMMP

Sbjct 1487 STPQOO000OOQ0000000000C

\YHPQPPPPPPPMMP

Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct

1086
1547
1146
1607
1206
1667
1266
1698
1326
1758
1386
1818

VSLPTSVAIPNPSLHESKVFSPYSPFFNPhaaaggataaglhghhgghhphhgsmglsss
VSLPTSVAIPNPSLHESKVFSPYSPFFNPHAAAGQATAAQLHQHHQOHHPHHOSMOLSSS
VSLPTSVAIPNPSLHESKVFSPYSPFFNPHAAAGQATAAQLHQHHQOHHPHHOSMOL,

SECNSA
DRQSECNSA
AQDRQSECNSA

PpPgs1gALMDSRDspplphppsmlhpallaaahhggs pDYKTCLRAVMDA(
PPGSLGALMDSRDSPPLPHPPSMLHPALLAAAHHGGSPDYKTCLRAY
PPGSLGALMDSRDSPPLPHPP HPALLAAA DYKTC:

DMQFDGMAPTISFYKQMOLKTEHQESLMAKHCESLTP: . TPMHLRKAKLMFFWVRY
SSTLTPMHLRKAKLMFFWVRY

SSTLTPMHLRKAKLMFFWVRY

PSSAVLKMYFPDIKFNKNNTAQLVKWFSNFREFYYIQMEKYARQAVTEGIKTPDDLLIAG
PSSAVLKMYFPDIKFNKNNTAQLVKWFSNFREFYYIQMEKYARQAVTEGIKTPDDLLIAG
PSSAVLKMYFPDIKFNKNNTAQLVKWFSNFREFYYIQMEKYARQAVTEGIKTPDDLLIAG

DSELYRVLNLHYNRNNHIEVPONFRFVVESTLREFFRAIQGGKDTEQSWKKSIYKIISRM
DSELYRVLNLHYNRNNHIEVPONFRFVVESTLREFFRAIQGGKDTEQSWKKSIYKIISRM
DSELYRVLNLHYNRNNHIEVPONFRFVVESTLREFFRAIQGGKDTEQSWKKSIYKIISRM

DDPVPEYFKSPNFLEQLE 1403
DDPVPEYFKSPNFLEQLE
DDPVPEYFKSPNFLEQLE 1835

¢ [(Qr Google

No definition line 2>
Second HSP identified

1426
1025
1486
1085
1546

— Gap
a Low-
Complexity

1L
1606
1205
1666
1265
1697
1325
1757
1385
1817

Score

Score = 636 bits (1640), -
Identities = 461/498 (92%), p.~1tives =

942 bits (2435),
Identities

Expect =
= 688/688 (100%), Positives =

0.0, Method: Composit

688/688 (100%)y Gaps =

7e-180, Method: Com

463/498 (92%)yfGaps =

HSP 1
0:
S:

17- 704
317—1004

HSP 2
0:
S

Color key for alignment score

40-50 50-80 80- 00

28

ional matrix

adjust.

0/688 (0%)

ositional matrix adjust.
32/498 (6%)

906—1403
1370-1835
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Suggested BLAST Cutoffs

Sequence
E-value Identity

Nucleotide <10°¢ > 70%

Protein <1073 > 25%

» Do not use these cutoffs blindly!

s Pay attention to alignments on either side of
the dividing line

» Do not ignore biology!

A\ NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research

Database Searching Artifacts

* [ow-complexity regions

e Repetitive elements
* [LINEs, SINEs, retroviral repeats
* Choose “Filter: Species-Specific Repeats™ when using BLASTN

* RepeatMasker
http://lwww.repeatmasker.org

* [ow-quality sequence hits
» Expressed sequence tags (ESTs)

* Single-pass sequence reads from large-scale
sequencing (possibly with vector contaminants)

A NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research

29
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BLAST 2 Sequences

» Finds local alignments between two protein or
nucleotide sequences of interest

e All BLAST programs available

o Select BLOSUM and PAM matrices available for protein
comparisons

e Same affine gap costs (adjustable)

* Input sequences can be masked

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research

BLAST: Basic Local Alignment Search Tool

hitp://www.ncbi.nlm.nil.gov/BLAST i

IS TN TRemISter

Home  RecentResults = Saved Strategies ~ Help

»NCBI/BLAST Home
BLAST finds regions of similarity between biological sequences. more...

BLAST article in BMC Bioinformatics
l [ Aligning Multiple Protein Sequences? Try the COBALT Multiple Alignment Tool. | o)

Anew article, BLAST+: architecture and
appiications, describes improvements for

BLAST Assembled Genomes i
Choose a species genome to search, or list all genomic BLAST databases. o (EEen AT ST
[2) More BLAST news...
o Human o Oryza sativa o Gallus gallus
o Mouse o Bos taurus o Pan troglodytes
o Rat o Danio rerio o Microbes
o Arabidopsis thaliana o Drosophila melanogaster o Apis mellifera Tip of the Day
2| More tips...
Basic BLAST

Choose a BLAST program to run.
nucleotide blast | Search a nucleotide database using a nucleotide query
RS Algorithms: blastn, megablast, discontiguous megablast

; Search protein database using a protein query
protein blast
rotein blas Algorithms: blastp, psi-blast, phi-blast

blastx | Search protein database using a translated nucleotide query
thlastn | Search translated nucleotide database using a protein query

tblastx | Search translated nucleotide database using a translated nucleotide query

Specialized BLAST
Choose a type of specialized search (or database name in parentheses.)

o Make specific primers with Primer-BLAST

o Search trace archives

o Find conserved domains in your sequence (cds)

o Find sequences with similar conserved domain architecture (cdart)
o Search sequences that have gene expression profiles (GEO) i
o Search immuneglobulins (IgBLAST)

o Search for SNPs (snp)

o Screen sequence for vector contamination (vecscreen)
o Align two (or more) sequences using BLAST (bl2seq) -
o Search protein o nucleotide targets in PubChem BioAssay

o_Search SRA transcript libraries

30
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Protein BLAST: Align two or more sequences using BLAST

Blast,

[« > ] [+]= nttp://blast.ncoinim.nin. x - 5

/_DEFAULTS=0n&BLAST_SPEC

» NCBI/ BLAST/ blastp suite

blastn | blastp | blastx | tblastn | tblastx

Q~ Google

BLASTP
Enter Query Sequence

Enter accession number, gi, or FASTA sequence & Cloar

>NP_008872.1 SOX-10 [Homo sapiens]

MAEEQDLSEVELSPVGSEEPRCLSPGSAPSLGPDGGGGGSGLRASPGPGELGKVKKEQQDGEA
DDDKFPVCIREAVSQVLSGYDWTLVPMPVRVNGASKSKPHVKRPMNAFMVWAQAARRKLAD &
QYPHLHNAELSKTLGKLWRLLNESDKRPFIEEAERLRMQHKKDHPDYKYQPRRRKNGKAAQG v
EAECPGGEAEQGGTAAIQAHYKSAHLDHRHPGEGSPMSDGNPEHPSGQSHGPPTPPTTPKTEL

Choose File ) no file selected )

Or, upload file

Reselpage Bookmark
Query subrange &

From
To

Job Title Andy's bizseq Example
Enter a descriptive title for your BLAST search @

™ Align two or more sequences &
Enter Subject Sequence

Enter accession number, gi, or FASTA sequence & Cloar

>NP_003131.1 sex determining region Y [Homo sapiens|

MQSYASAMLSVFNSDDYSPAVQENIPALRRSSSFLCTESCNSKYQCETGENSKGNVQDRVKRPM
NAFIVWSRDQRRKMALENPRMRNSEISKQLGYQWKMLTEAEKWPFFQEAQKLQAMHREKYPNY
KYRPRRKAKMLPKNCSLLPADPASVLCSEVQLDNRLYRDDCTKATHSRMEHQLGHLPPINAASSP

QQRDRYSHWTKL 4

Or, upload file

Choose File) no file selected )

Program Selection
Algorithm

@® biastp (protein-protein BLAST)
Choose a BLAST algorithm &

Search protein sequence using Blastp (protein-protein BLAST)
Show rosults In a now window

P Algorithm parameters

Subject subrange &
From

To

[ « | » | [ + < http://blast.ncbi.nim.nih.gov/Blast. T

Protein BLAST: Align two or more sequences using BLAST

Y /_DEFAULTS=0n8BLAST_SPEC. ¢ | (Q- Google

ENter & GBSCTpUVE U Tor your BLAS T Searc
¥ Align two or more sequences &

Enter Subject Sequence
Enter accession number, gi, or FASTA sequence & Cloar

>NP_003131.1 sex determining region Y [Homo sapiens]
MQSYASAMLSVFNSDDYSPAVQENIPALRRSSSFLCTESCNSKYQCETGENSKGNVQDRVKRPM
NAFIVWSRDQRRKMALENPRMRNSEISKQLGYQWKMLTEAEKWPFFQEAQKLQAMHREKYPNY
KYRPRRKAKMLPKNCSLLPADPASVLCSEVQLDNRLYRDDCTKATHSRMEHQLGHLPPINAASSP
QQRDRYSHWTKL P

Choose File ) no file selected @
Program Selection

Algorithm ® blastp (protein-protein BLAST)
Choose a BLAST algorithm &

Or, upload file

Search protein sequence using Blastp (protein-protein BLAST)
Show results in 2 now window
¥ Algorithm parameters
General Parameters

Max target 00
sequences

Select the maximum number of aligned sequences to display &

Short queries ¥ Automatically adjust parameters for short input sequences &
Expectthreshold 75 @
Word size

Subject subrange ©

To

Note: Parameter values that differ from the default are highlighted in yellow and marked with ¢ sign

Scoring Parameters

Matrx °
Gap Costs Existence: 11 Extension: 1§ ] &

((Conditional score matrix adjustment ] &

Filters and Masking

LD + Low complexity regions &

Mask

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

PAM30
PAM70
BLOSUMS0
BLOSUMG62
BLOSUMA45

Search protein sequence using Blastp (protein-protein BLAST)

¥ Show rosults ina new window

> BLAST 2

dls

NCBILNLM  NJH | DHHS
==u
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800 NCBI Blast:Andy's bl2seq Example
<[ » ] [+ [ htp://blast.ncbi.nim.nih.gov/Blast.cgi ¢ Q- Google )
¥ Graphic Summary r
Sequence &/
Mouse-over to show defline and scores, click to show alignments
Color key for alignment scores
<40 40-50 50-80 80-200 >=200
O vy
1 | | ] 1 1
o 90 180 270 360 450 |
» Dot Matrix View @
¥ Descriptions
ore E
Sequences producing significant alignments: (Bits) value
1c1]46909 NP_003131.1 sex determining region Y [Homo sapiens] 94.0  4de-24
¥ Alignments (JSelect Al Get selected sequences Multiple alignment New
>1c1|46909 NP_003131.1 sex determining region Y [Homo sapiens]
Length=204
Score = 94.0 bits (232), Expect = de-24, Method: Compositional matrix adjust.
Identities = 39/84 (46%), Positives = 62/84 (73%), Gaps = 0/84 (0
Query 95 T 154
N + VKRPMNAF+VW++ RRK+A + P + N+E+SK LG W++L E++K PF
Sbjct 51 NSKGN' T I 110
Query 155 EEAERLRMQHKKDHPDYKYQPRRR 178
+EA++L+ H++ +P+YKY+PRR+
Sbjct 111 QEAQKLQAMHREKYPNYKYRPRRK 134
Score = 15.4 bits (28), Expect = 1.9, Method: Compositional matrix adjust.
Identities = 3/7 (42%), Positives = 5/7 (71%), Gaps = 0/7 (0%) |
Query 82 GYDWTLV 88
sbjct 95 svowxnn 101
800 NCBI Blast:Andy's bl2seq Example
<[ » ] [+ [ htp://blast.ncbi.nim.nih.gov/Blast.cgi ¢ Q- Google )
¥ Dot Matrix View
Plot of 146907 vs 46909 &
—
S£
2 -
o
St
- - - : : - - - -
Iclj46307 100 120 130 140 150 160 170 178

» Descriptions
¥ Alignments (JSelectAll  Get selected sequences Multiple alignment New

Length=204

>1c1|46909 NP_003131.1 sex determining region Y [Homo sapiens]

Score = 94.0 bits (232), Expect = 4e-24, Method: Compositional matrix adjust.
Identities = 39/84 (46%), Positives = 62/84 (73%), Gaps = 0/84 (0

Query 82 GYDWTLV 88

Sbjct 95 GYQWKML 101

Query 95 LADQYPHLANAELSXTLGRLWRLLNESDKREFL 154
N + VKRPMNAF+VW++ RRK+A + P + N+E+SK LG WL E++K
Sbjct 51 NSKGN T 110
Query 155 EEAERLRMQHKKDHPDYKYQPRRR 178
4EA++L+ H+ +P+YKY+PRR+
Sbjct 111 QEAQKLQAMHREKYPNYKYRPRRK 134
Score = 15.4 bits (28), Expect = 1.9, Method: Compositional matrix adjust.
Identities = 3/7 (42%), Positives = 5/7 (71%), Gaps = 0/7 (0%)
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Nucleotide BLAST
MegaBILAST and BLASTN

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research

BLAST: Basic Local Alignment Search Tool

http:/Iwww.ncbi.nlm.nih.gov/BLAST

IS TN TRemISter

Home  RecentResults = Saved Strategies ~ Help

»NCBU BLAST Home

News
BLAST finds regions of similarity between biological sequences. more...

BLAST article in BMC Bioinformatics
l [ Aligning Multiple Protein Sequences? Try the COBALT Multiple Alignment Tool. | o)

Anew article, BLAST+: architecture and
appiications, describes improvements for

BLAST Assembled Genomes i
Choose a species genome to search, or list all genomic BLAST databases. o (EEen AT ST

o Human o Oryza sativa o Gallus gallus

o Mouse o Bos taurus o Pan troglodytes

o Rat o Danio rerio o Microbes

o Arabidopsis thaliana o Drosophila melanogaster o Apis mellifera

Basic BLAST
Choose a BLAST program to run.

nucleotide blast | S€ach a nucleotide database using a nucleotide query
PR Augorithms: blastn, megablast, discontiguous megablast

Search protein database using a protein query

tein blast
Peoie’n et Algorithms: blastp, psi-blast, phi-blast

bl Search protein database using a translated nucleotide query

thlastn | Search translated nucleotide database using a protein query

tblastx | Search translated nucleotide database using a translated nucleotide query

Specialized BLAST

Choose a type of specialized search (or database name in parentheses.)

Make specific primers with Primer-BLAST

Search trace archives

Find conserved domains in your sequence (cds)

Find sequences with similar conserved domain architecture (cdart)

Search sequences that have gene expression profiles (GEO)

Search immunoglobulins (IgBLAST)

Search for SNPs (snp)

Screen sequence for vector contamination (vecscreen)

Align two (o more) sequences using BLAST (bl2seq)

Search protein or nucleotide targets in PubChem BioAssay 4
earch SRA transcriot libraries i

booooooooaoao

33



NHGRI Current Topics in Genome Analysis January 19, 2010
Week 2: Biological Sequence Analysis |

800 Nucleotide BLAST: Search nucleotide databases using a nucleotide query
[« > J [+ htep://vlast.ncbi.nim.nih. gov/Blast. T_PROGRAMS =megaBlast&PAGE TYPE=BlastSearchdSHOW_DEFAULTS=on&LINK L0 & | (Q- Google

_, BLAST
b whcs B

Sign In] [Roglster]

— | Home | RecentResults = Saved Strategies = Help

» NCBI/ BLAST/ blastn suite
blastn | blastp | blastx  tblastn  tblastx

BLASTN Resetpage Bookmark
Enter Query Sequence
Enter accession number, gi, or FASTA sequence & Glear Query subrange &
From
To
4
Or, upload file Choose File ) no file selected @
Job Title
Enter a descriptive title for your BLAST search &
() Align two or more sequences &
Choose Search Set
Database ® Human genomic + transcript O Mouse genomic + transcript O Others (nr etc.):
((Human genomic plus transcript (Human G+T) e
Exclude (O Models (XM/XP) () Environmental sample sequences
Optional
Entrez Query
Optional

Enter an Entrez query to limit search @

Program Selection
Optimize for @ Highly similar sequences (megablast)
O More dissimilar sequences (discontiguous megablast)
O Somewnhat similar sequences (blastn)
Choose a BLAST algorithm &

Search database Human G+T using Megablast (Optimize for highly similar sequences)

() Show ot n  now window 4

'V Algorithm parameters
General Parameters

Max target 00 %
sequences

Select the maximum number of aligned sequences to display &
Short queries ™ Automatically adjust parameters for short input sequences &
Expectthreshold 70 @

Word size ™

Scoring Parameters

MatchiMismatch  (1573) &

Nucleotide-Based BLLAST Algorithms

W +/— Gay

Optimized for: aligning very long and/or highly similar sequences (> 95%)

MegaBLAST (default) 28 1,-2 Linear
Better for diverged sequences and|/or: cross-species comparisons (< 80%)

Discontiguous MegaBILAST 11 g Affine
BLASTN = Affine

Finding short, nearly exact matches (< 20! bas

BLASTN
E = 1000, all filtering off

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research
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Overview

o Week 2

» Similarity vs. Homology
Global vs. Local Alignments
Scoring Matrices
BLAST
BLAT

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research

BLAT
“BLAST-Like Alignment Tool”

Designed to rapidly-align longer nucleotide sequences
(L >40) having > 95% sequence similarity

Can find exact matches reliably down to L = 33

Method of choice when looking for exact matches in nucleotide
databases

500 times faster for mRNA/DNA searches
May miss divergent or shorter sequence alignments

Can be used on protein sequences

A NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research
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When to Use BLLAT

» To characterize an unknown gene or sequence fragment

* Find its genomic coordinates
» Determine gene structure (the presence and position of exons)

» [dentify markers of interest in the vicinity of a sequence

» To find highly-similar sequences
* Identify gene family members

 Identify putative homologs

» To display a specific sequence as a separate track

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research

UCSC Genome Browser Home

http://genome.ucsc.edu/

UCSC Genome Bioinformatics

Genomes Blat Tables Gene Sorter PCR

http://genome.ucsc.edu |

Gene Proteome Session FAQ Help

Genome About the UCSC Genome Bioinformatics Site \
Browser Welcome to the UCSC Genome Browser website. This site contains the reference sequence and working draft assemblies for a large collection of
ENCODE genomes. It also provides a portal to the ENCODE project.
Blat We encourage you to explore these sequences with our tools. The Genome Browser zooms and scrolls over chromosomes, showing the work of
t annotators worldwide. The Gene Sorter shows expression, homology and other information on groups of genes that can be related in many ways.
Blat quickly maps your sequence to the genome. The Table Browser provides convenient access to the underlying database. VisiGene lets you
;‘b" browse through a large collection of in situ mouse and frog images to examine expression patterns. Genome Graphs allows you to upload and
bl display genome-wide data sets.

Gene Sorter The UCSC Genome Browser is developed and maintained by the Genome Bioinformatics Group, a cross-departmental team within the Center for
S Biomolecular Science and Engineering (CBSE) at the University of California Santa Cruz (UCSC). If you have feedback or questions concerning the
::'cs;“‘“’ tools or data on this website, feel free to contact us on our public mailing list.

Genome
Graphs News News Archives b

Galaxy To receive announcements of new genome assembly releases, new software features, updates and training seminars by email, subscribe to the
‘genome-announce mailing list.

VisiGene 14 Dec. 2009 - New job posting: Biological Data Technician

Proteome The UCSC Genome Browser project is looking for a bioinformatician, biologist, or software engineer with a strong biology background to collect
Browser and import data into the UCSC Genome Browser database and website. This person will work closely with external research laboratories to
Utlities. capture their experimental results and methods and with internal software developers and database testing staff to make the data accessible to
the worldwide scientific community.

Downloads Candidates must have a bachelor's degree in bioinformatics or a biological science (or equivalent experience), be proficient in UNIX/Linux
S command-line use, competent in UNIX shell scripting and Perl programming, and familiar with relational database concepts and SQL. Besides
4wkl | having the ability to quickly learn and interpret biological and technical information, the ideal candidate is an effective communicator,
W resourceful, and a diplomatic team player who is both quality-oriented and able to work effectively under deadline.

Tracks To find more information and application instructions for this job as well as other open positions with the UCSC Genome Browser project and the
Aﬁ UCSC Center for Biomolecular Science and Engineering, see the CBSE staff positions web page.

aeal

e 7 Dec. 2009 - Human Genome Browser default changing to hgl9: In conjunction with the release of the UCSC Genes and Conservation tracks

Mirrors on the hg19 (GRCh37) human assembly, we have changed the default human browser on our website from hg18 to hg19. Read more.

Archives 1 Dec. 2009 - New UCSC Genes and tracks rel d on hgl9 We're happy to announce the release of two of our
most popular data sets on the hg19/GRCh37 human Genome Browser. Read more.

Training

Credits
Wi || Conditions of Use
e The sequence and annotation data displayed in the Genome Browser are freely available for any use with the following conditions:

Cite Us
« Genome sequence data use restrictions are noted within the species sections on the Credits page. 4

Lices
L « Some annotation tracks contributed by external collaborators contain proprietary data that have specific use restrictions. To check for
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8006 Rat BLAT Search

[ <] > J [+ [BBntp: /genome.ucsc.edu/cgi-bin/ hgBiat ¢ J(Q- Google )

Home Genomes Tables Gene Sort

n FAQ Help

Rat BLAT Search
BLAT Search Genome

Genome: Assembly: Query type: Sort output:  Output type:

Rat +) ((Nov. 2004 %) ((DNA +) ((query,score 4] (“hyperlink 4)

>CB312815 NICHD_Rr_Pit1 Rattus norvegicus cDNA clone
GGGGCTCTCGCTGGCCTGTGTCTCAGAAGCTGCTTTCTCCACCTCTTCCTTGTGAATTTCCTAAACTCTC
TACCTCTGGTTCATGTTCGCTCTTCTGGATAGTCTGTGTGCAATGAGCCCTTAAAGGAATATTGCAATGA
GCTATAAGAGTTGTGAGCCTGCGGTAGGCAAGGCCTGCACTGGGACAGCAAAGGAAATTTCATTGCATCT
GCTCCTAAGTCACAGGTTATCCAGAGCCCACTTTACCCCAAGAGACAGCCTCTCCCCCATCCCTAGGAAA
CAGTAGAGCTTAGGAAAATGAATGACTCCACCACATTCAAGAGGCTTCAAATTGTATACTTGGCATTTCT
GATTTCAGTTCTGAAATTCTGTCCCTTAGTCGTGGGGAAAATAAGAAATGGAGTTACACCTTGTCATTTA
AAAAACCATTGAATTAAGAGAAATGGAAAATCATGCCCACATAAAACATGTATGGAAGTGTTCATGTTTT
GATCATGGCGGGGGATATACCI'CACTCATGGAGTGCTI'GCATAGCAATGTGCATAATCCGAGG'I'I'CAAGC
CCCAGCACCGAAAAAGAGAAACGGGAGGAGTGGAGGCATTCACAGCAGCGTTTTCAGTATAGGCGCAAAG
GCCAACGAG'I'I'I'AAACACCTACI'CACGGAATCGATAAGCGCACTCCCC'I'I'CTCTATACTCCCGGATGGCT
AGTCATCACGTAAGAAAAGTTTGGAAAATGATAAAATACCAATGGGATGGATCCCCTTTAAACCATCC

Paste in a query seque £ its location in the the genome. Multiple
sequences may be searched
sequence name.

File Upload: Rather than pasting a sequence, you can choose to upload a text file
containing the sequence.

Upload sequence: ( Choose File) no file selected submit file

Only DNA sequences of 25,000 or fewer bases and protein or translated sequence
of 10000 or fewer letters will be processed. Up to 25 sequences can be submitted |
at the same time. The total limit for multiple sequence submissions is 50,000 bases

or 25,000 letters.

For locating PCR primers, use In-Silico PCR for best results instead of BLAT.

About BLAT

BLAT on DNA is designed to quickly find sequences of 95% and greater similarity of length 25 bases or more. It may miss more divergent
or shorter sequence alignments. It will find perfect sequence matches of 25 bases, and sometimes find them down to 20 bases. BLAT on 4
proteins finds sequences of 80% and greater similarity of length 20 amino acids or more. In practice DNA BLAT works well on primates,

800 Rat BLAT Results
(<[] (B rgenome vesc equcar-binvgsia & )@ coogie p)
Home Genomes Tables Gene Sort n FAQ Help
Rat BLAT Results
BLAT Search Results
ACTIONS QUERY SCORE START END QSIZE IDENTITY CHRO STRAND START END SPAN
browser details CB312815 710 1 733 768 98.1% 5 + 101455599 101456323 725
CB312815 29 501 537 768 89.2% 2+ 38736251 38736287 37
CB312815 25 501 529 768 93.2% 3+ 22960346 22960374 29
CB312815 22 341 363 768 100.0% 1+ 122930956 122930979 24
CB312815 21 202 222 768 100.0% 17 - 33248146 33248166 21
CB312815 21 706 727 768 100.0% 3+ 46857920 46857942 23
CB312815 21 552 574 768 95.7% 1+ 157973111 157973133 23
CB312815 20 277 298 768 95.5% 2 - 240446870 240446891 22
CB312815 20 442 461 768 100.0% 1 216323127 216323146 20
CB312815 20 508 527 768 100.0% 1 - 56102029 56102048 20
CB312815 20 453 474 768 95.5% 2+ 186587336 186587357 22
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Rat chr5:101,455,417-101,456,504 - UCSC Genome Browser v221
-bin/hgTracks ¢ (@~ Google )
Home Genomes Blat Tables Gene Sorter PCR DNA Convert Ensembl PDF/PS Session Help I
UCSC Genome Browser on Rat Nov. 2004 Assembly (rn4
move in (Ls0(30) zoom out (150 (3x) (10x)
position/search chrs:101,455,417-101,456,504 size 1,088 bp.
ches (aat) IEEIENNSAT. FECR. R SasE ]
g s iomsssasl | ronssseosl | 1o1s5svosl | 1eisssouol  rorsssouol  rorassoosl  ioisssiosl  forssozedl | ioissseel  ioisssacsl  ioisseso
STS Markers on Denetic and Radiation Hubrid Haps
STS Markers —
i Gan Locat ions
I~ T leasledd ‘Your Seguence from Blat Search
= Y e e
Ferseq Geres
Non-Rat Rerseq cenes
Other Refseq
N-SCAN Gene Predict ions
R 6P Gene Preaict ions Us ing Rat/Human Honology
= Rat RNAS from GenBank
FaEts That ave secn Soiiced
Spliced EsTs
Vertebrate Maltiz Alignwent & Conservat ion
Conservat ion
Y
LETE [ — | LT
anar W | i
dog l—— oy
u X. tropicalis (Aug. 2005/xenTro2) Alignment Net
k. cronicaris vet
e Sinple Nucleotide Polynorshisus (bSHF build 125)
] Repeat ing Elements by RepeatMasker
move start Click on a feature for details. Click or drag in the base position track to zoom in. Click gray/blue bars on left _move end “
.0 for track options and descriptions. .
(efault tracks ) (add custom tracks ) refresh
Chromosome Color Key:
P EAES 7 8 9 10 11 12 (L1516 17 18 (2021 F7% Y M UA
5 Use drop-down controls below and press refresh to alter tracks displayed. 5
Tracks with lots of items will automatically be displayed in more compact modes.
- | Mapping and Sequencing Tracks
Base Position Chromosome Band STS Markers Assembly Gap IEEﬂTn
dense  § hide  $ dense  § hide % dense  §
GC Percent  Short Match Restr Enzymes Blat Sequence
bkt
[ -] Phenotype and Disease Associations
RGD QTL
- | Genes and Gene Prediction Tracks
Ensembl 4
Known Genes RefSeq Genes Other RefSeq M TransMap... v
(s T i | (e = 1 Genes
800 Rat BLAT Results
(«]>] -bin/hgBlat ¢ J(Q- Google )
Home Genomes Tables GeneSorter PCR Session FAQ Help
Rat BLAT Results
BLAT Search Results
ACTIONS QUERY SCORE START END QSIZE IDENTITY CHRO STRAND START END SPAN
browser details CB312815 710 1 733 768 98.1% 5 + 101455599 101456323 725
det@hi CB312815 29 501 537 768 89.2% 2 i 38736251 38736287 37
CB312815 25 501 529 768 93.2% 3 + 22960346 22960374 29
CB312815 22 341 363 768 100.0% 1 + 122930956 122930979 24
CB312815 21 202 222 768 100.0% 17 - 33248146 33248166 21
CB312815 21 706 727 768 100.0% 3 + 46857920 46857942 23
CB312815 21 552 574 768 95.7% 1 + 157973111 157973133 23
CB312815 20 277 298 768 95.5% 2 - 240446870 240446891 22
CB312815 20 442 461 768 100.0% 1 - 216323127 216323146 20
CB312815 20 508 527 768 100.0% 1 - 56102029 56102048 20
CB312815 20 453 474 768 95.5% 2 + 186587336 186587357 22

38



NHGRI Current Topics in Genome Analysis
Week 2: Biological Sequence Analysis |

January 19, 2010

8006

User Sequence vs Genomic

<[] [+ ]m

._genome_720f_b77940.pslx+. X2Ftrash¥2Fhgss2hgs. & | (Qr Google

Alignment
of
CB312815

CB312815
Rat.chr5
block1

together

Alignment of CB312815 and chr5:101455599-101456323

Click on links in the frame to the left to navigate through the alignment. Matching bases in cDNA and genomic sequences
are colored blue and capitalized. Light blue bases mark the boundaries of gaps in either sequence (often splice sites).

cDNA CB312815

GgGGCTCTCG CTGGCCTGTG TCTCAGAAGC TGCTTTCTCC ACCTCTTCCT 50
TGTGAATTTC CTAAACTCTC TACCTCTGGT TCATGTTCGC TCTTCTGGAT 100
AGTCTGTGTG CAATGAGCCC TTAAAGGAAT ATTGCAATGA GCTATAAGAG 150
TTGTGAGCCT GCGGTAGGCA AGGCCTGCAC TGGGACAGCA AAGGAAATTT 200
CATTGCATCT GCTCCTAAGT CACAGGTTAT CCAGAGCCCA CTTTACCCCA 250
AGAGACAGCC TCTCCCCCAT CCCTAGGAAA CAGTAGAGCT TAGGAARATG 300
AATGACTCCA CCACATTCAA GAGGCTTCAA ATTGTATACT TGGCATTTCT 350
GATTTCAGTT CTGAAATTCT GTCCCTTAGT CGTGGGGAAA ATAAGAAATG 400
GAGTTACACC TTGTCATTTA AAAAACCATT GAATTAAGAG ARATGGAAAA 450
TCATGCCCAC ATAAAACATG TATGGAAGTG TTCATGTTTT GATCATGGCG 500
GGGGATATAG CTCAGTCATG GAGTGCTTGC ATAGCAATGT GCATAATCCG 550
AGGTTCAAGC CCCAGCACCG AAAAAGAGAA aCGGGAGGAG TGGAGGCATT 600
CACAGCAGCG TTTTCAGTAT AGGCGCAAAG GGGAAGGAGT TTAAACACCT 650
ACTGAGGgAA TGGATAAGCG GAGTGCCCTT GTCTATACTC GGGgatgGCT 700
AGTCATCAcg taAGAAAAGT TTGgalAATG ATRaaatacc aatgggatgg 750
atccccttta aaccatcc

Genomic chr5 :

cttggaagaa ggtaactata cattaatata gagccctctt tttctttgca 101455548
ggcccaggac acacaggacg gatgtttcca agtcactcca gggacagcat 101455598
GaGGCTCTCG CTGGCCTGTG TCTCAGAAGC TGCTTTCTCC ACCTCTTCCT 101455648
TGTGAATTTC CTAAACTCTC TACCTCTGGT TCATGTTCGC TCTTCTGGAT 101455698
AGTCTGTGTG CAATGAGCCC TTAAAGGAAT ATTGCAATGA GCTATAAGAG 101455748
TT A AGGCCTGCAC TGGGACAGCA AAGGAAATTT 101455798
CATTGCATCT GCTCCTAAGT CACAGGTTAT CCAGAGCCCA CTTTACCCCA 101455848
AGAGACAGCC TCTCCCCCAT CCCTAGGAAA CAGTAGAGCT TAGGAAAATG 101455898
AATGACTCCA CCACATTCAA GAGGCTTCAA ATTGTATACT TGGCATTTCT 101455948
GATTTCAGTT CTGAAATTCT GTCCCTTAGT CGTGGGGAAA ATAAGAAATG 101455998
GAGTTACACC TTGTCATTTA AAAAACCATT GAATTAAGAG AAATGGAAAA 101456048
TCATGCCCAC ATAAAACATG TATGGAAGTG TTCATGTTTT GATCATGGCG 101456098
GGGGATATAG CTCAGTCATG GAGTGCTTGC ATAGCAATGT GCATAATCCG 101456148
AGGTTCAAGC CCCAGCACCG AAAAAGAGAA gCGGGAGGAG TGGAGGCATT 101456198

8006

User Sequence vs Genomic

<[] [+ ]m

._genome_720f_b77940.pslx+. X2Ftrash¥2Fhgss2hgs. & | (Qr Google

Alignment
of
CB312815

CB312815
Rat.chr5
block1

together

Side by Side Alignment

000000001 ggggctctcgetggectgtgtectcagaagetgetttetecacctettect 000000050

>>>>>>>>> | [ LLLLLCELEELEEEPE LTV TTTEREEEEEEEERETTTT LTI >>>>>>>>>
101455599 gg tcgetggectgtgte ttctccacctettect 101455648
1 tgtga taaac 000000100
>>>>>>>>> [[[[[ [T IIIIIIIIIIIIIIIIIIII]IIIIIIII >>>>>>>>>
101455649 tgtgaatttcctaaac acctctggttcatgttegete 101455698
000000101 ttgcaatgagctataagag 000000150
22333335 ]IIIIIIIIIIIIIIIIIIII FEECEEEERERRELTTTTTTTTTEEETTT >>>>>>>>>
101455699 agtctgtg! agag 101455748
000000151 ttg ttt 000000200
>>>>>>>>> [ [[[TLLECEEEETTE LTV ETTEEEEEEEEEEET T TTT LTI >>>>>>>>>
101455749 ttg ttt 101455798
000000201 a 000000250
>>>>>>>>> [ [ [[LLLLLEELELLEEEEEC T TEEEEEEEEEEET T TTTT T ] >>>>>>>>>
101455799 gtcacagg 101455848
000000251 tg 000000300
>>>>>>>>> [ [[TLLLEECCEC L ETEEEEEEEEEEEET LTI LTI >>>>>>>>>
101455849 tg 101455898
000000301 ttct 000000350
22333335 ]IIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIII]IIIIIIII 22335533
101455899 tatacttggcatttct 101455948
000000351 gatttcagttc 00
>>>>>>>> [T IIIIIIIIIIIIIIIIIIII]IIIIIIII >>>>>>>>>
101455949 gatttcagttc attctgtcccttagteg 101455998
401 tggaaaa 450
22233535 ]IIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIII]IIIIIIII 22333353
101455999 gag! 101456048
51 gtatggaagtgttcatgttttgatcatggeg 000000500
>>>>>>>>> ]IIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIII]IIIIIIII >>>>>>>>>
101456049 tca tgtatggaagtgttcatgttt 101456098
01 gtgcttgcatagcaatgtgcataatccg 000000550
>>>>>>>>> IIIIIIIIIIIIIIIIIIIII L L] >>>>>>>>>
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FASTA

Identifies regions of local alignment

Employs an approximation of the

Smith-Waterman algorithm to determine the best

alignment between two sequences

Method is significantly different from that used by

BLAST

Online implementations at
http://fasta.bioch.virginia.edu
hitp://www.ebi.ac.ukifasta33
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Further Reading

Chapter 11

Assessing Pairwise Sequence Similarity:
BLAST and FASTA

Chapter 6

Sequence Database Searching for
Similar Sequences

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intramural Research

40



