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Overview
e Week 2

Similarity vs. Homology
Global vs. Local Alignments
Scoring Matrices

BLAST

BLAT

* Week 4
* Profiles, Patterns, Motifs, and Domains
¢ Structures: VAST, Cn3D, and de nove Prediction
* Multiple Sequence Alignment
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Why do sequence alignments?

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

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

= importance of using correct terminology
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Defining the Terms

* The quantitative measure: Similarity
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 in biological function
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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.

Fitch, Trends Genet. 16: 227-231, 2000
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Defining the Terms

* 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

* 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 innovation™
(adapting a pre-existing gene product for a new function)
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Defining the Terms

Orthologs L 2 3|

Most recent
common ancestor
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Defining the Terms

Paralogs
Orthologs L 2 3|4 é

Most recent o /3

—_—
common ancestor

Gene duplication

* Genes 1-3 are orthologous
s Genes 4-6 are orthologous

* Any pair of a and B genes are paralogous
(genes related through a gene duplication event)
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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
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Local 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

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research

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
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Scoring Matrices

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

* Ile/Val - both small and hydrophobic
* 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?
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Scoring Matrices
* Why is understanding scoring matrices important?

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

* Choice of matrix can strongly influence outcomes of
analyses
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BLOSUM Matrices

* 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)
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BLOSUM n

* Calculated from sequences sharing no more than n%

b b
identity
‘ b ‘ b
* Contribution of sequences > n% identical clustered
and weighted to 1
. v % % TGNQEEYGNTSSDSSDEDY
TGNQEEYGNTSSDSSDEDY
KKLEKEEEEGISQESSEEE 80% KKLEKEEEEGISQESSEEE
KKLEKEEEEGISQESSEEE
KKLEKEEEEGISQESSEEE KKLEKEEEEGISOESSEEE
KKLEKEEEEGISQESSEEE
KPAQEETEETSSQESAEED
KKPAQETEETSSQESAEED KPAQEETEETSSQESAEED
KKPAQETEETSSQESAEED

A+T Hook Domain (Block IPB000637B)

2,000 blocks representing > 500 groups of related proteins
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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)

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

* Reducing n yields more distantly related sequences
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Which one to choose?

BLOSUM % Similarity
90 Short alignments, highly similar 70-90

Best for detecting known

80 members of a protein family 50-60

62 Most e‘ffec‘nv‘e in ?indmg all 30-40
potential similarities

30 Longer, weaker local alignments <30
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So many matrices...

No single matrix is
the complete answer for
all sequence comparisons
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Further Reading

Unit 3.5

Current Protocols in
Bioinformatics

* PAM Matrices
e BLOSUM Matrices

* Specialized Scoring
Matrices

12

Selecting the Right Protein-Scoring Matrix
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Gaps
* Used to improve alignments between two sequences

» Compensate for insertions and deletions =
gaps represent biological events

* 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”
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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
where G = gap-opening penalty 5 11
L = gap-extension penalty 2 1
n = length of the gap
and G>1L
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BLAST

* 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
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Program
BLASTN
BLASTP

BLASTX

TBLASTN

TBLASTX

BLAST Algorithms

Query Sequence
Nucleotide
Protein

Nucleotide,
six-frame translation

Protein

Nucleotide,
six-frame translation

Target Sequence
Nucleotide

Protein

Protein

Nucleotide,
six-frame translation

Nucleotide,
six-frame translation
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l

Neighborhood Words

Query Word (W =3)

Query: GSQSLAALLNKCKRLVNQWIKQPLMDKNRIEERLNLVEAFVED

Neighborhood
Words

l

PQG
PEG
PRG
PKG
PNG
PDG
PHG
PMG
PSG
PQA
PON
etc.

18
15
14
14
13
13
13
13
13
12
12

=7+85 +6

Neighborhood Score

Threshold
(T=13)
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High-Scoring Segment Pairs

PQOG
PEG
PRG
PKG
PNG
PDG
PHG
PMG
PSG
PQA
PON

etc.

18
15
14
14
13
13
13
13
13
12
12

|

—

+LA++L

Query: 325 SLAALLNKCKTPQGQRLVNQWIKQPLMDKNRIEERLNLVEA 365

TP+G R++ +W+ +P+ D + ER

Sbjct: 290 TLASVLDCTVTPMGSRMLKRWLHMPVRDTRVLLERQQTIGA 330

+ A
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Extension

|

—

+LA++L TP+G

Query: 325 SLAALLNKCKTPQGQRLVNQWIKQPLMDKNRIEERLNLVEA 365

R++ +W+ +P+ D

Sbjct: 290 TLASVLDCTVTPMGSRMLKRWLHMPVRDTRVLLERQQTIGA 330

+ ER + A

Cumulative Score

Extension

Jiynificancz dzczy
R ISTIEIGIIES]
¢ a0 penzliies
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|

Scores and Probabilities

—

+LA++L TP+G

Query: 325 SLAALLNKCKTPQGQRLVNQWIKQPLMDKNRIEERLNLVEA 365
+ ER + A
Sbjct: 290 TLASVLDCTVTPMGSRMLKRWLHMPVRDTRVLLERQQTIGA 330

R++ +W+ +P+ D

Karlin-Altschul Equation

E =

m
N
mhi.
1S

Cumulative Score

Extension

kmNe”S

# letters in query.

# letters in database
size of search space
normalized score
minor constant
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Scores and Probabilities

—

Query:

Sbjct:

325 SLAALLNKCKTPQGQRLVNQWIKQPLMDKNRIEERLNLVEA 365
+LA++L TP+G R++ +W+ +P+ D + ER + A
290 TLASVLDCTVTPMGSRMLKRWLHMPVRDTRVLLERQQTIGA 330

E = kmNe”s

Number of HSPs
found purely by chance

Lower values signify
higher similarity

Cumulative Score

Extension
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Division of Intramural Research

Scores and Probabilities

—
Query: 325 SLAALLNKCKTPQGQRLVNQWIKQPLMDKNRIEERLNLVEA 365
+LA++L TP+G R++ +W+ +P+ D + ER + A

Sbjct: 290 TLASVLDCTVTPMGSRMLKRWLHMPVRDTRVLLERQQTIGA 330

E<10-°¢

for nucleotides
@ E< 102
2 f oy :
g or proteins
S
S
&)

.

Extension
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Protein BLAST
BLASTP
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National Center for Biotechnology Information

IEe hitp:/[www.nebi.nlm.nih.gov 4
SNCBI (ArDstabases 7 |

National Center for
Biotechnology Information

NCBI Home

Welcome to NCBI
Site Map (A-2) Popular Resources
The National Center for Biotechnology Information advances science and
All Resources - . ? o N
health by providing access to biomedical and genomic information. Bookshelf
Chemicals & Bioassays Gene
About the NCBI | Mission | Organization | Research | RSS Feeds
Data & Software . | Mission | Organi ! ! Genome
DNA & RNA Nucleotide
Get Started OMIM
Domains & Structures
Tools: Analyze data using NCBI software Protein
Genes & Expression Downloads: Get NCBI data or software PubChem
Genetics & Medicine How-To's: Learn how to accomplish specific tasks at NCBI
Submissions: Submit data to GenBank or other NCBI databases PubMed
Genomes & Maps PubMed Central
Homology SNP
Literature
Proteine 3D Structures
NCBI News
i Explore three-dimensional structures of pro-
D teins, DNA, and RNA molecules. Examin New NCBI Newsletter
Taxonom sequence-structure relationships. active sites. 01Dec2011
Y molecular interactions. biological activities of Information on the new Genome Sits, & new
Training & Tutorials bound chemicals, and associated biosystems. 168 BLAST database, updates to Sequin,
Variation nm1 2 3 4 5 6 7
NCBI will continue to operate SRA
1300t 201
Subsequent to an announcement in February
2011 that NCBI was planning to phase out the
More...
-
r:' <
Done %)
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BLAST: Basic Local Alignment Search Tool

hitp:/[www.ncbi.nlm.nil.gov/BLAST A

»NCBI BLAST Home

Human
Mouse

Basic BLAST

nucleotide blast

protein blast
blastx
tblastn

thblastx

Rat
Arabidopsis thaliana

BLAST finds regions of similarity between biological sequences. more.

News

SOAP BLAST

Aligning Multiple Protein Sequences? Try the COBALT Multiple Alignment Tool. _Go)

BLAST Assembled RefSeq Genomes

Choose a species genome to search, o list all genomic BLAST databases.

Oryza sativa
Bos taurus

Danio rerio
Drosophila melanogaster

Choose a BLAST program to run.

Search a nucleotide database using a nucleotide query
Algorithms: blastn, megablast, discontiguous megablast

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

ASOAP based BLAST service is

available.

Mon, 18 Jul 2011 08:00:00 EST
[£) More BLAST news...

o Gallus gallus

o Pan trogl S

o Microbes Tip of the Day

o Apis mellifera T
Use Genomic BLAST to see the
‘genomic context

If you are interested in the evolution of
a particular gene or gene family itis
often intetesting to examine the
intro-exon structure even across
species.

[2) More tips...

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 using SNP flanks

%)

Sequences Used
in Examples

http:/lresearch.nhgri.nih.gov/
teaching/seq_analysis.shtml

52

2012
Cose

Current Topics in Genome Analysis 2012

LEIOIICA NG i sresearchavor o govneaching/sea_anahsisshims

senome gov

Current Topics in
Genome.

National Human Genome Research Institute

Research Funding [ =" 11" Health | Education |Issues in Genetics Newsroom Careers & Training About

Current Topics in Genome Analysis 2012

Weeks 2 and 4: Biological Sequence Analysis.
Protein and Nucleotide Sequences for Analysis

BuasTe

>Query sequence
uSsA

PANSTPNSNGTNASISPGSARSSSHSHQGYSPKGSRRVSACSDRSLEAAAADVAGGSPPRAASVSSLIGG
ASSGEQHQSQLOHDLVAHKMLRNILOGKKELNQLDQELRTANOQ0000LOEKEQLHSKLNNNNNNNIAA'

ANNNNNTTMES INLIDDSEMADIKIXSEPQTAPQPOQSPHSSHS SRSGSGECSHSSMASDGSLRAXSSD
SLDSHGAQDDAQ! RSESRAPEEPQLPTRKESVDDMLDEVELLGLHSRGSDNDSLASPSESD
MMLLDKDDVLDEDDDDDCVEQKTSGSGCLKKPGHDLKRARVENIVSGHRCSPS SGLAQAGOLOVNGCKKR

QFFFEQEARMAKEAAECOQ000000000000000EQORRFEQEQOEQORRKEEQQ0QTOROOQHLQOLOQ

PPGSLGALMDSRDS PP SMLEPALLAAAHHGGSPDYKTCLR
PTISFYKQNQLKTEHQESLMAKHCESLTPLASSTLTPHRLRKAKLMF
WVRYPSSAVLKMYPPDIKPNKNNTAQLVKWF SNFREFYY IQMEKYARQAVTEGIKTPDDLLIAGDSELY
Qe

BLAST 2 Sequences

>NP_008872.1 SOX-10
MAEEQDLSEVELSPVGSEEPRCLSPGSAPSLGPDGGGGGSGLRASPGPGELGKVKKEQQDGEADDDKFPY
CIREAVSQULSGYDNTLVPMPVRVNGAS KSKPHYKRPNNAFMVWAQAARRKLADQYPHLHNAELSKTLGK

ELD!
158

EHPSGO:
QYLPPNGH

TEL

SHGE
YGL AWISKPPGVALPTVSPEGY

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

Bt

>CB312815 NICHD Rr_Pitl Rattus norvegicus cDNA clone

CA ACA

cA 21 <
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800 Protein BLAST: search protein databases using a protein query o

/_DEFAULTS=0n&LINK_LOC=blasthome 17 ¥ ) (*§: Coogle

|
I
I
»NCBI/ BLAST/ blastp suite Standard Protein BLAST ;
blastn | blastp | blastx | thlastn | thlastx I
Enter Query Sequence BLASTP programs search protein databases using a protein query. more... Resetpage Bookmark :
|
Enter gi(s), or FASTA @ Cloar Query subrange & |
Query sequence |
;0 From
To
Or, upload file —
Job Title Query sequence
Enter a descriptive title for your BLAST search &
_ Align two or more sequences &

Choose Search Set ;
Databere edantprotein sequences ()_13) & Available protein databases include: ;
Organism
Optional UBxclude .+ ;

Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. & |

- |

Exclude () Models (XM/XP) O L it sample nr N on-ri edundant :

Optional

Enirez Query refseq Reference Sequences ;

Optional |
Enter an Entrez query to limit search & .

swissprot ~ SWISS-PROT :

Program Selection :

Algortthm © blastp (protein-protein BLAST) p at Patents |
O PSI-BLAST (Position-Specific lterated BLAST) : |
O PHI-BLAST (Pattern Hit Initiated BLAST) p db Protein Data Bank I
Croosoa BLASTagorm © env_nr Environmental samples | |
I
Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST) Y
Show results in a new window
(#)Algorithm parameters
Al
_—————ee..... ... ... ... . . i i o o e 0 : o : 0 : : : : i i =y
Done %)

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
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RefSeq Accesion Format

From curation of GenBank entries:

NT 123456 Genomic contigs
NM_123456 mRNAs

NP_123456 Proteins

NR_123456 Non-coding transcripts

From genome annotation:
XM_ 123456 Model mRNA

XP_123456 Model proteins

Complete key at

hitp //www.nebi.nlm.nih.gov/RefSealkey.hini

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

/_DEFAULTS=0n&LINK_LOC=blasthome 17 ¥ ) (*§: Coogle

|

|

:

»NCBI/ BLAST/ blastp suite Standard Protein BLAST ;

blastn [ blastp | blastx | tblastn | thlastx |

Enter Query Sequence BLASTP programs search protein databases using a protein query. more... Resetpage Bookmark :

Enter gi(s), or FASTA ) Clear Query subrange & E
Query sequence 0 From

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

To
INNNNIAATANNNNNTTMESINLIDDSEMADIKIKSEPQTAPQPQQSPHGSSHSSRSGSGSGSHSSMAS v
Or, upload file —_
Job Title Query sequence
Enter a descriptive title for your BLAST search &
_ Align two or more sequences &

Choose Search Set ;
Database Non-redundant protein sequences (nr) %] & LI, s |
P Limit by organism or ,
Optional OExclude '+ < — . ;

P T T T Mt e DT taxonomic group ;

Exclude ) Models (XM/XP) O L i sample |
Optional :
Entrez Query |
Optional |
Enter an Entrez query to limit search & |

|

i |

Program Selection |

Algorithm @ blastp (protein-protein BLAST) |
|
|
|
|
|
|
|
|
o

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

Show results in a new window

At

§
L
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800 Protein BLAST: search protein databases using a protein query

AST_| /_DEFAULTS=0n&LINK_LOC=blasthome 17 ¥

Algorithm @ blastp (protein-protein BLAST)

O PSI-BLAST (Position-Specific Iterated BLAST)
O PHI-BLAST (Pattern Hit Initiated BLAST)
Choose a BLAST aigorithm &

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

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

Max target +(250 9)

RRGUIIORS Select the maximum number of aligned sequences to display @ f _

Short queries =] ically adjust for short input ] De ault 1 00 J
Expectthreshold o

Word size GC®e

Maxmatchesina o o

query range

Scoring Parameters

Matrix (BLosumez 9] &

Gap Costs

score matrix adjustment  #] &

adjustments
Filters and Masking
Filter + @ 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 results In a new window

i

%)

Protein BLAST: search protein databases using a protein query

AST_| 5 /_DEFAULTS=0n&LINK_LOC=blasthome 17 ¥

@ blastp (protein-protein BLAST)

O PSI-BLAST (Position-Specific Iterated BLAST)
O PHI-BLAST (Pattern Hit Initiated BLAST)
Choose a BLAST aigorithm &

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

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

Max target +(250 9)

Scoring Parameters

Matrix (BLosumez 9] &

Gap Costs

| Conditional itional score matrix adjustment 3] &

adjustments
Filters and Masking
Filter + @ 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 results In a new window

RRGUIIORS Select the maximum number of aligned sequences to display @
Short queries 4 i adjust for short input 9
[emomm oo 1 E value threshold
Word size Cmo Reports all hits with E < 10
Maxmatchesina o o
query range

i

%)
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[ Jeks) Protein BLAST: search protein databases using a protein query

ASTS L /_DEFAULTS=0n8LINK_LOC=blasthome 17 ¥

Algorithm @ blastp (protein-protein BLAST)
O PSI-BLAST (Position-Specific Iterated BLAST)
O PHI-BLAST (Pattem 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

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

Max target +(250 9)

RRGUIIORS Select the maximum number of aligned sequences to display @

Short queries “ ically adjust for short input @

Expect threshold 10 @

. PAM30

Max matchesina ™

sSee PAM70
Scoring Parameters

Matrx (Eowe o BLOSUMS0

BLOSUMG62
Gap Costs (_Existence: 11 Extension: 1_13)
T BLOSUMA45

adjustments

Filters and Masking
Filter + @ Low complexity regions &
Mask (J Mask for lookup table only &

© Mask lower case letters &

— Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)
¥ Show results In a new window

[ Jeks) Protein BLAST: search protein databases using a protein query

ASTS L /_DEFAULTS=0n8LINK_LOC=blasthome 17 ¥

Algorithm @ blastp (protein-protein BLAST)
O PSI-BLAST (Position-Specific Iterated BLAST)
O PHI-BLAST (Pattem 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

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

Max target +(250 9)

RRGUIIORS Select the maximum number of aligned sequences to display @
Short queries ] ically adjust for short input ]
Expect threshold 10 @
Word size G®e
Max matchesina ™)
query range
Scoring Parameters
Matrix (BLosumez %) &

Gap Costs | Existence: 11 Extension: 1 B 9

| Conditional score matrix adjustment  #] &
adjustments
Filters and Masking
Filter + & Low complexity regions &
Mask CJ Mask for lookup table only &

© Mask lower case letters &

— Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)
¥ Show results In a new window
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Low-Complexity Regions

Defined as regions of biased composition
* Homopolymeric runs
* Short-period repeats
* Subtle over-representation of several residues

>gi|20455478|sp|P50553 |ASC1_HUNAN Acl
MESSAKMNESGGAGQQPQPQPQOPFLPPAACFFA'
DGQPSGGGHKSAPKQVKRQRSSS PELMRCKRRLNFSGFGYSLPQQOIAVARRNERERNRVKLVNLGFAT
LREHVPNGAANKKMSKVETLRSAVEYIRALQQLLDEHDA

SYSSDEGSYDPLSPEEQELLDFTNWF

alanine-glutamine tract

PTISPNYSNDLNSMAGSPVS

Homopolymeric

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research

Identifying Low-Complexity Regions

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

* May confound sequence analysis

* BLAST relies on uniformly-distributed
amino acid frequencies

* Often lead to false positives
* Filtering is advised (but not enabled by default)

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research
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Protein BLAST: search protein databases using a protein query (=)

=, hp:/ /blast.ncbi.nim.nih.gov/Blast.cgi?PROGRAM = blastp&BLAST_PROGRAMS=blastp&PAGE_TYPE = BlastSearch&SHOW_DEFAULTS=0n&LINK_LOC=blasthome 17 v ) ( 3 le Q)

(3 Algorithm parameters
General Parameters

Max target +(250 9

Algorithm @ blastp (protein-protein BLAST)
O PSI-BLAST (Position-Specific Iterated BLAST)
O PHI-BLAST (Pattem Hit Initiated BLAST)
Choose a BLAST algorithm &

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

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

adjustments

Filters and Masking

Ll Select the maximum number of aligned sequences to display &
Short queries. 2] adjust for short input ]
Expect threshold 15 @
Word size 3 e
Max matchesina g o
query range
Scoring Parameters
Matrix BLOSUM62 18] &
Gap Costs Existence: 11 Extension: 1 1% &

Compositional Conditional compositional score matrix adjustment_#)

Filter + @ 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 results In a new window

g

&

NCBI Blast:Query sequence [=)

= hup://blast.ncbi.nim.nih.gov/Blast.cgi FD 6 I

»NCBI/ BLAST/ blastp suitel Formatting Results - GPNN708U01S
Edit and Resubmit ~Save Search Strategies > Formatting options > Download

m
My NCBI CHC)
Sign In) [Register]

Query sequence

Query ID Icl|72602

Description Query sequence
Molecule type amino acid
Query Length 1403

S Graphic Summai
(© Show Conserved Domains

Query seq.
Superfanilies

Other reports: >Search Summary [Taxonomy reports] [Distance tree of results] [Related Structures] [Multiple alignment]

Database Name nr
Al GenBank CDS
excluding environmental samples from WGS projects
Program BLASTP 2.2.26+ b Citation

Putative conserved domains have been detected, click on the image below for detailed results.

L SR PR (PR . s——
a Provl Superfanlly { ) et erwimiy )

Distribution of 204 Blast Hits on the Query Sequence &
Mouse over to see the define, click to show alignments
Color key for alignment scores

<40 40-50 80-200 0

1 ) 1 |
1 250 500 750 1000 1250

— —
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800 NCBI Blast:Query sequence

Distribution of 204 Blast Hits on the Query Sequence & @
_mwamw Gefline and scores, click to show alignments
—— . p .
Color key for alignment scores Gap Wlthln
— 80-200 i
Color key overs} : : | | | same hit
1 250 500 750 1000 e >] HSP
= * Masked
region
_——— Unrelated
—_— f—
— f— — hits
Descending —
score —
(©Descriptions
Legend for links to other resources: [ UniGene 3 cE0 [8 Gene B structure [ Map Viewer il PubChem BioAssay
producing significant
Accession Description Max Total Query E Max
] | score score coverage — value ident
NP 524317.3  prospero, isoform F [Drosophila melanogaster] >sp|P29617.3|PROS_[ 994 1938 0.0 100%  [f .
BAAOI464.1  prospero [Drosophila melanogaster] 93 1932 0.0 100% g
Done ©
800 'NCBI Blast Query sequence =)
Q)
©Descriptions al
Legend for links to other resources: [ UniGene I3 6EO [8 Gene B structure [T Map Viewer i PubChem BioAssay
producing significant
Accession Deseri Max Total
; = e =
NP 524317.3  prospero, isoform F [Drosophila melanogaster] >sp|P29617.3|PROS_[ 994 1938
BAADI464.1  prospero [Drosophila melanogaster] 993 1932
CAA77802.1  prospero [Drosophila melanogaster] 93 1936
AAF05703.1 factor Prospero [Drosophila melanogaster’ 990 1821
XP_001980573.1 GG18089 [Drosophila erecta) >gb|EDV49531.1| GG18089 [Drosophil 989 1885
AAA28841.1 Pros protein [Drosophila melanogaster] 982 1811
XP_002097201.1 GE26090 [Drosophila yakuba] >gb|EDW96913.1| GE26090 [Drosophi 981 1885
NP_788636.2  prospero, isoform G [Drosophila melanogaster] >gb|AAN13500.3| pro 944 1862
AAT94492.1 LD37627p [Drosophila melanogaster] 943 1858
NP _731565.3 prospero, isoform E [Drosophila melanogaster] >gb|AAN13501.3| pro 942 1864
XP_002031631.1 GM23939 [Drosophila sechellia) >gb|EDWA42617.1] GM23939 [Drosop 935 1987
e 4214.1 GF16857 [Drosophila ananassae] >gb|EDV42775.1| GF16857 [Drosop 904 1673
XP_001359985.2 GA14403 [Drosophila pseudoobscura pseudoobscura] >gb|EAL29137. 859 1459
XP_002069959.1 GK11290 [Drosophila willistoni] >gb|EDW80945.1] GK11290 [Drosopl 845 1532
XP_002053284.1 pros [Drosophila virilis] >gb|EDW66804.1] pros [Drosophila virilis] 821 1429
XP_001994360.1 GH21437 [Drosophila grimshawi] >gb|EDV95096.1| GH21437 [Droso| 809 1374
XP_002000130.1 GI22696 [Drosophila mojavensis] >gb|EDW15591.1| GI22696 [Droso 804 1392
XP_001655942.1 homeobox protein prospero/prox-1 [Aedes aegypti] >gb|EAT46002.1| 571 770
Q9UGALL RecName: Full=Homeobox protein prospero >gb|AAF06660.1|AF1904 430 1299
XP_002103874.1 prospero [Drosophila simulans] >gb|EDX13377.1] prospero [Drosophi 372 600
1XPX A Chain A, Basis Of pero-Dna i Fe 347 347
XP 3096065  AGAP004052-PA [Anopheles gambiae str. PEST] >gb|EAA05345.5| AG 382 915
EFAQ7555.1 prospero [Tribolium castaneum] 365 706
M0 A Chain A, Crystal Structure Of The Homeo-Prospero Domain Of D. Mela 315 315
XP_971664.2 PREDICTED: similar to homeobox protein prospero/prox-1 [Tribolium ¢ 342 702 4e-97 89% U G}
XP_002019831.1 GL11998 [Drosophila persimilis] >gb|EDW38465.1| GL11998 [Drosop 341 783 2696 93% [GM]
NP_001164363.1 homeobox protein prospero [Nasonia vitripennis] 346 700 3e-96 97% U G M
XP_002427668.1 homeobox protein prospero/prox-1/ceh-26, putative [Pediculus humar 345 705 496 74% [G]
EH)71784.1 hypothetical protein KGM_10139 [Danaus plexippus] k38 3 1e-95 92%
XP_003395765.1 PREDICTED: hypothetical protein LOC100645194 [Bombus terrestris] 335 698 3e-93 97% (G
XP_003489214.1 PREDICTED: hypothetical protein LOC100746817 [Bombus impatiens] 335 697 3e-93 97% (G|
Xp 3923554 PREDICTED: hypothetical protein LOC406073 [Apis mellifera] 333 700 1e-92 LS U G V]
BAHB3641.1 prospero [Bombyx mori] 298 298 4e-91 91% [Gm}
XP_002410204.1 prospero protein, putative [Ixodes scapularis] >gb|EEC12842.1| prosj 1 425 7e-86 83% U G H
Done ©
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NCBI Blast:Query sequence

unnamed protein product [Tetraodon nigroviridis]

CAG09138.1 175 175 10% 5e-48 55% r
XP_003087794.1 hypothetical protein CRE_23850 [Caenorhabditis remanei] >gb|EFO9€ 174 174 7% 3e-46 75% (G]
AAC59781.1  prospero_like protein [Takifugu rubripes] 156 156 9% 1e-41 57% a
XP_002575867.1 protein prospero/prox-1/ceh-26 mansoni] > 167 167 10% -a1 49% lu G}
XP_003314467.1 PREDICTED: prospero homeobox protein 2 isoform 1 [Pan troglodytes 160 160 8% 1e-40 56% U G ™
BACD4278,1 unnamed protein product [Homo sapiens] 157 157 8% 2e-40 55% (G|
EHB15430.1 Prospero homeobox protein 2 [Heterocephalus glaber] 152 157 8% 2e-40 53%
XP_002805213.1 PREDICTED: prospero homeobox protein 2 isoform 2 [Macaca mulatta 160 160 8% 3e-40 B U G m
XP_003260805.1 PREDICTED: prospero homeobox protein 2 [Nomascus leucogenys 160 160 8% 3e-40 56% [Gm]
XP_002824990.1 PREDICTED: prospero homeobox protein 2-like isoform 2 [Pongo abeli 160 160 8% 4e-40 56% [Gm}
NP_001073877.2 prospero homeobox protein 2 isoform 2 [Homo sapiens] >gb|EAW811 158 158 8% 2e-39 55% U G M|
BABIZ311.1 Prox 1 [Cynops pyrrhogaster] 161 203 16% 3e-38 63%
XP_003149047.1 hypothetical protein LOAG_13494 [Loa loa] >gb|EFO15022.1] hypothi 145 145 7% 5e-38 61% (G}
EFN67531.1  Homeobox protein prospero [Camponotus floridanus] 157 422 23% 2e36 97%
EDL02840.1 RIKEN cDNA 1700058C01, isoform CRA_a [Mus musculus] 154 154 8% 2e-36 56% A t
GAAS1489.1 prospero homeobox protein 2 [Clonorchis sinensis] 147 147 14% 1e-35 37% ccep
CAI15309.1 prospero homeobox 1 [Homo sapiens] 154 198 15% 2e-35 65% (for naw)
EFB18550.1 hypothetical protein PANDA_009835 [Ailuropoda melanoleuca] 152 197 16% 6e-35 58%
CAG09167.1 unnamed protein product [Tetraodon nigroviridis] 150 190 18% 4de-34 47%
EF218533.1 hypothetical protein SINV_16510 [Solenopsis invicta] 126 126 4% le-31 89%
EH)71783.1 prospero [Danaus plexippus] 141 383 36% 3e-31 86%
EGW02786.1 Prospero homeobox protein 2 [Cricetulus griseus] 101 101 5% 4e-23 59%
CAG13403.1 unnamed protein product [Tetraodon nigroviridis] 100 100 4%
XP_003150096.1 hypothetical protein LOAG_14553 [Loa loa] >gb|EF013973.1| hypotht 105 105 3%
EGI67129.1 Homeobox protein prospero [Acromyrmex echinatior] 104 385 21%
EEN87731.1 Homeobox protein prospero [Harpegnathos saltator] 104 387 1%
EHH63774.1 hypothetical protein EGM_16808 [Macaca fascicularis] 99.8 99.8 4%
EHH2: hypothetical protein EGK_18383 [Macaca mulatta] 99.8 99.8 4%
AAD30180.1 homeobox prospero-like protein [Homo sapiens]) 92.4 974 4%
15496 Prox 1 protein 671 - chicken 80.1 183 19%
XP_003366161.1 _homeobox Emteln ceh-26 [Trichinella SEiraIis >gb EFV48171.1] home 52.0 57.0 1:\
CAF94749.1 unnamed protein product [Tetraodon nigroviridis] 435 43.5 3%
NP_001100671.1 prospero homeobox protein 1 [Rattus norvegicus) >gb|EDL94973.1| f  44.7 447 8%
CAPS8279.1 Prox1 protein [Xenopus (Silurana) tropicalis] 420 42.0 8%
AAF13029.1 factor Prox1 [ ] 404 40.4 7%
YP 004342610.1 hypothetical protein Arcve_1902 [Archaeoglobus veneficus SNP6] >gt 381 38.1 2%
ABG29070.1 factor Prox1 [| waltl] 389 389 7%
©Alignments L
(I SelectAll  Get selected sequences Distance tree of results Multiple alignment g
Done 155}
800 NCBI Blast:Query sequence (=)
(«)2)= () () () (= [ hup:olastochinim.nih gov/siast.ct Coogle Q
>Oref|Np 731565.3| (MG prospero, isoform E [ ila mel ]
b|AAN13501.3 isoform E ila mel .
Longthe1238 L ) > 25% for proteins
GENE ID: 41363 pros | [ ila mel ) > 70% for nucleotides
(Over 100 PubMed links)
Sort alignments for this subject sequence by:
E value Score Percent identity
Query start position Subject sta:
Score = 942 bits (2435), 0.0, Method: Compositional matrix adjust. Gap al
Identities = 688/688 (100\) 7 Poaxt:.ves = 688/688 (100%), Gaps = 0/688 (0%)
a Low-
Query 17 LFQPQ! 11taaFGNLFGGSSA | 76
LFQPQ! .LTAAFGNLFGGSSA 7
sbjct 317 | LroPo: P rvchtb o [ Complexity
Query 77 KMLNELFGRQMKQAQDATSGLPQSLDNAMLAAAMETATSAELLIGSLNSTSKLLQQQHNN 136
KHLNBLFGRDHKQAQDATSGLPQSLDNAHLAAAMETATSAELLIGSLNSTSKLLQQQH'NN
Sbjct 377 KMLNELF LDNAML LIGSLNSTSKLLQQQHNN 436
Query 137 NSL i h h 196
NSI I
Sbjct 437 NSI I 496
Query 197 LOHDLVAHHMLRNILQGKKELMQLDQEL 256
.QHDLVA TLOGKKELMQLDQEL 000
sbjct 497 .QHDLVA I DQEL 55
Query 257 gglgekeglHSKLnnnnnnniaat INLI IKI Q! QPQ 6
LQEKEQLHSK I INLI IKI QTAPQPQ
Sbjct 557  QOLQEKEQLHSK I INLI KI 0 ,7 616
Query 317 Qsph hssr lrrkssdsl P 376
ODEEDAA As
sbjct 617 DSHGAQDDAQDEEDAAPTGER 676
Query 377 DEVELLGL mmlldkddvldedddd 436
RAPEBPQLPTKKESVDDHLDMLLGLHSRGSDHDSLASPSHSDHHLLDKDDVLDBDDDD
Sbjct 677  RAPEEPQLPTKKESVDDMLDEV DKDDVLDEDDDD 736
Query 437 dC KK] I SSGLAQAGQI&VNGCKKRKLYQPQ 496
DC! KK GMRC: )AGQLQVNGCKKRKLYQPQ
Sbjct 737 DCVEC LKK IVSGHRCSPSSGLAQAGQI&VNGCKKRRLYQPQ 796
Query 497 GLNFGLNLQSMMLD( ) KSOLRSMQEQ 556
AAAGLNFGLNLQSMML RSMOEQ
sbjct 797 NLQSMML ) RSMQEQ 856
Query 557 LAZHQQKYVQLCSRHEQBSecqel IELSPSPTL 616 L
LAEMQOKYVQL VEQEQ! IELSPSPTL 3
Done 155}
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800

(4)2)= () ) () (= o 7visenconim v goviBias o

NCBI Blast:Query sequence

Query
sbjct
Query
Sbjct
Query
Sbjct

Score

557
857
617
917
677
977

= 636 bits (1640),

Query
Sbjct

906
1370

Query
Sbjct
Query
sbjct
Query
Sbjct
Query
Sbjct
Query
sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct

966

1427
1026
1487
1086
1547
1146
1607
1206
1667
1266
1698
1326
1758
1386
1818

LAEMQQKYVQLCSRMEQESecqeldgdgdveqeqepdNGSSDHIELSPSPTLTGDGDVSP
LAEMQQOKYVQLCSRMEQESEC VEQEQEP TELSPSPTL VSP
LAEMQQKYVQLC VEQEQEP! IELSPSPTL VSP

g 1kpktsl LENPLVGVGHP
NHKEETG( KPKTSL LENPLVGVGHP
NHKEETGQERI LKPKTSL LENPLVGVGHP

ALPQGFPPLLQHMGDMSHAAAMYQQFFF 704
ALPQGFPPLLQEMGDMSHAAAMYQQFFF
ALPQGFPPLLQHMGDMSHAAAMYQQFFF 1004

PQONGPTP: AAMFQAPKTPQ( ALY
P+P +MAHFQAPKTPQG}NPVMAALYNSMTGPFCLPPDQQQQQQTAQQQQSA
PHIR AAAMFQAPKTPQGMNP

999998599t 99gLEQNEALSLVVTPKKKREKVIDTRITPRIVSRILAQDI vvpDEGIDD
ALSLVVTPKK] TDTRITPRTVSRILAQDGVVPPTGGPP

QQQQQSSQQT“““"' LSLVVTPKKK TDTRITPRTVSRILAQDGVVPPTGGPP
8 !
STPOO00000000000000000 HPQ)
STP 0 T HPQ!
VSLPTSVAIPNPSLEESKVPSPYSPFFNPhdddqutdaqlhqwnqqhhpﬁhq:mqlss>
VSLPTSVAIPNPSL SPYSPF AGQATAAQLI
VSLPTSVAIPNPSLHESKVFSPYSPF' OLEQHEQO s
ppghlgALHDSRDspplphppsmlhpallaaahbgg&pDYKTCLRAVMDAQD CNSA
HP] LRAVMDAQROSECNSA
PPGSLGAL «PHPPSHLHPl'T" KTCLRAYMFAODROSECNSA
DMQFDGMAPTISFYKQMOLKTEHQESLMAKHCESLTPLHS, PMHLRKAKLMFFWVRY
DMQFDGMAPT TLTPMHLRKAKLMFFWVRY
DMQF SSTLTPMHLRKAKLMFFWVRY

PSSAVLKMYFPDIKFNKNNTAQLVKWFSNFREFYYIQMEKYARQAVTEGIKTPDDLLIAG
PSSAVLKMYFPDIKFNKNNTAQLVKWFSNFREFYYIQMEKYARQAVTEGIKTPDDLLIAG
PSSAVLKMYFPDIKFNKNNTAQLVKWFSNFREFYYIQMEKYARQAVTEGIKTPDDLLIAG

DSELYRVLNLHYNRNNHIEVPQNFRFVVESTLREFFRAIQGGKDTEQSWKKSIYKIISRM
DSELYRVLNLHYNRNNHIEVPQNFRFVVESTLREFFRAIQGGKDTEQSWKKSIYKIISRM
DSELYRVLNLHYNRNNHIEVPONFRFVVESTLREFFRAIQGGKDTEQSWKKSIYKIISRM

DDPVPEYFKSPNFLEQLE 1403
DDPVPEYFKSPNFLEQLE
DDPVPEYFKSPNFLEQLE 1835

616
916
676
976

Expect = 0.0, Method: Compositional matrix adjust.
Identities = 461/498 (93%), Positives = 463/498 (93%), Gaps = 32/498 (6%)

965
1426
1025
1486
1085
1546
114
606
1205
1666
1265
1697
1325
1757
1385
1817

No definition line >
Second HSP identified

Gap
a Low-
Complexity

&

Score

942 bits (2435), Expect = 0.0¥ Method: Compositional matrix adjust.
Identities = 688/688 (100% Positives = 688/688 (100%), Gaps = 0/688 (0%)

Score

Identities = 461/498 (93%

636 bits (1640), E Ject = 0.0¥'Method: Compositional matrix adjust.
)/( sitives = 463/498 (93%), Gaps

= 32/498 (6%)

HSP1 HSP2

Q: 17- 704 Q:

S: 317-1004 S: 1370-1835

Color key for alignment scort

906-1403

<40 4050
Query | ] "
|
1 20 500 750 1090 1250
—_—

i |
il (“
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Suggested BLAST Cutoffs

Sequence

E-value Identity

Nucleotide <10 > 70%
Protein <1073 >25%

* Do not use these cutoffs blindly!

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

* Do not ignore biology!

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research

Database Searching Artifacts

* Low-complexity regions

* Repetitive elements
* LINEs, SINEs, retroviral repeats
* Choose “Filter: Species-Specific Repeats” with BLASTN

* RepeatMasker
http://www repeatmasker.org

* Low-quality sequence hits
* Expressed sequence tags (ESTSs)

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

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research
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BLAST 2 Sequences

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

* All BLAST programs available
* Select BLOSUM and PAM matrices available for protein

comparisons

* 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

0

= htp:/ /blast.acbi.nim.ni.

© Human © Oryza sativa

© Mouse © Bos taurus

o Rat © Danio rerio

o Arabidopsis thaliana o Drosophila melanogaster
Basic BLAST

Choose a BLAST program to run.

blast Search a nucleotide database using a nucleotide query
i blastn, I i s

Search protein database using a protein query

rotein blast
proteln blast Algorithms: blastp, psi-blast, phi-blast

blastx | Search protein database using a translated nucleotide query

tblastn = 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

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)

© Search immunoglobulins (IgBLAST)

© Search using SNP flanks

© Screen sequence for vector contamination (vecscreen)

http:/Iwww.nebi.nlim.nih.gov/BLAST

© Pan troglodytes
o Microbes Tip of the Day

o is mellifera

Use Genomic BLAST to see the
genomic context

If you are interested in the
evolution of a particular gene or
gene family itis often intetesting to
examine the intro-exon structure
even across species.

[2) More tips...

o Align two (or more) sequences using BLAST (bl2seq)
© Search protein or nucleotide targets in PubChem BioAssay
o Search SRA transcript and genomic libraries

© Constraint Based Protein Multiple Alignment Tool

o Wi h Global I Tool

o Search RefSeqGene

o Search WGS sequences grouped by organism
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® 00 Protein BLAST: Align two or more sequences using BLAST. =)

A /_DEFAULTS=0n&BLAST_SPEC=blast2seq 17 ¥ ) (= Coogle

< BLAST® My NCBI
~ | Home | RecentResults | Saved Strategies | Help
» NCBI/ BLAST/ blastp suite Align Sequences Protein BLAST
blastn J' blastp ._ blastx | tblastn | tblastx I
BI i i in . Reset Bookmark
EnfeOliery/Seqiance LASTP programs search protein subjects using a protein query. more. Resetpage Bookmark
Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &

Or, upload file (Browse...) &
Job Title Andy's bi2seq Example

Enter a descriptive title for your BLAST search &
# Align two or more sequences &
Enter Subject Sequence

Enter accession number, gi, or FASTA sequence &
>NP_003131.1 sex determining region Y [Homo
MQSYASAMLSVEN: \VQE! SSSFLCTESCNS]

Subjectsubrange &

From

To

Or, upload file

Program Selection

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

Search protein using Blastp (protein-protein BLAST)

¥ Show results in a new window

(#)Algorithm parameters

® 00 Protein BLAST: Align two or more sequences using BLAST. =)

(4)2)- (&) GO () (= Do mustchmain =z x  DErANTS-onsBLAST src-busizsea v JRGRK Coode 5
‘

Choose a BLAST algorithm &

Search protein sequence using Blastp (protein-protein BLAST)

 Show results in a new window

(S)Algorithm parameters Note: Parameter values that differ from the default are highlighted in yellow and marked with ¢ sign
P —————
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 10 9

Word size

Max matches ina 0 1@

query range

Scoring Parameters

Matrix BLOSUM62 '3; L*] PAM30
PAM?70

Gap Costs [_Existence: 11 Extension: 1 %) &
Compositional [ Conditional compositional score matrix adjustment 4] B LOS UM 80
adjustments

Filters and Masking BLOSUM62
Filter + @ Low complexity regions & BLOSUM45

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

N

m: Search protein sequence using Blastp (protein-protein BLAST) I

” # Show results in a new window
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[ Jeks) NCBI Blast:Andy's bl2seq Example (=)

Home RecentResults Saved Strategies  Help

» NCBI/ BLAST/ blastp suite-2sequences/ Formatting Results - GR3U6352112
Edit and Resubmit Save Search Strategies > Formatting options > Download

Blast 2 sequences
Andy's bl2seq Example
Query ID [cl|57577 Subject ID 57579
Description NP_008872.1 SOX-10 [Homo sapiens] Description NP_003131.1 sex determining region Y [Homo sapiens]
Molecule type amino acid Molecule type amino acid
Query Length 466 Subject Length 204

Program BLASTP 2.2.26+ > Citation
Other reports: » Search Summary [Taxonomy reports] [Multiple alignment]

© Graphic Summary

Distribution of 2 Blast Hits on the Query Sequence &

Mouse over to see the defline, click to show alignments.

Color key for alignment scores

Query

a
©
o
-
@
°
N
~
°©
W
@
°

450

Dot Matrix View [ E ‘
© Descriptions
Legend for links to other resources: [ uniGene E GEO E Gene B structure [0 Map Viewer ¥4 PubChem BioAssay

Max Total Query .~ E Max
LE2ED | 5D | score | score = coverage — value ident | Uinks
57579 NP_003131.1 sex determining region Y [Homo sapiens] 94.0 109 19% 4e-24 46%
Done. [
800 'NCBI BlastAndy's biZseq Example =)

Dot Matrix View [ E ‘
© Descriptions
Legend for links to other resources: [ uniGene E GEO E Gene 8 Structure LTJ Map Viewer 4 pubChem BioAssay

Max Total Query E Max
e L5 |mn score  coverage — value ident = Uinks

57579 NP_003131.1 sex determining region Y [Homo sapiens] 94.0 109 19% 4e-24 46%

© Alignments

>1cl|57579 NP_003131.1 sex determining region Y [Homo sapiens]
Length=204

Sort alignments for this subject sequence by:
E value Score Percent identity
Query start position Subject start position
Score = 94.0 bits (232), Expect = 4e-24, Method: Compositional matrix adjust.
Identities = 39/84 (46%), Positives = 62/84 (74%), Gaps = 0/84 (0%)

Query 95  NGASKSKPHVKRPMNAFMVWAQAARRKLADQYPHLHENAELSKTLGKLWRLLNESDKRPFI 154
N + VKRPMNAF+VW++ RRK+A + P + N+E+SK LG W++L E++K PF
Sbjct 51  NSKGN IV 1 F 110

Query 155 EEAERLRMQHKKDHPDYKYQPRRR 178
+EA++L+ H++ +P+YKY+PRR+
Sbjct 111 QEAQKLOAMHREKYPNYKYRPRRK 134

Score = 15.4 bits (28), Expect = 1.9, Method: Compositional matrix adjust.
Identities = 3/7 (43%), Positives = 5/7 (71%), Gaps = 0/7 (0%)
Query 82 GYDWTLV 88
GY W ++
Sbjct 95 GYQWKML 101
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[ Jeks) NCBI Blast:Andy's bl2seq Example (=)
(4)2)- () CO(A) (= Dmospasincnmanoonsasics G (e )

(=) Dot Matrix View

Plot of Icl|57577 vs 57579 &

Seq. 2

Ic|57579

Seq. 1
i ' | I
1cIIS7577 100 110

0 130 140 150 160 170 178

(®Descriptions
©Alignments

>1cl|57579 NP_003131.1 sex determining region Y [Homo sapiens)
Length=204

Sort alignments for this subject sequence by:
E value Score Percent identity
Query start position Subject start position
Expect = 4e-24, Method: Compositional matrix adjust.
62/84 (74%), Gaps = 0/84 (0%)

Score = 94.0 bits (232),
Identities = 39/84 (46%), Positives =

Query 95 QAARRKLADQYPHLHENAELSKTLGKLWRLLNESDKRPFI 154
+ VKRPMNAF+VW++ RRK+A + P + N+E+SK LG W++L E++K PF
sbjct 51  NSKGNV L I SKQLGYQWKML F 110
Query 155 EEAERLRMQHKKDHPDYKYQPRRR 178
+EA++L+ H++ +P+YKY+PRR+ .
sbjct 111 QEAQKLOAMHREKYPNYKYRPRRK 134 3
[T &

Nucleotide BLAST
MegaBLAST and BLASTN

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research
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BLAST: Basic Local Alignment Search Tool

http:/Iwww.nebi.nlim.nih.gov/BLAST

[T TregeTen

»NCBI BLAST Home

BLAST finds regions of similarity between biological sequences. more.

Aligning Multiple Protein Sequences? Try the COBALT Multiple Alignment Tool. _Go)

BLAST Assembled RefSeq Genomes

Choose a species genome to search, o list all genomic BLAST databases.

Choose a BLAST program to run.

nucleotide blast | S€4rch a nucleotide database using a nucleotide query
R Algorithms: blastn, megablast, megablast

© Human o Oryza sativa o Gallus gallus

o Mouse o Bos taurus o Pan trogl s

o Rat o Danio rerio o Microbes

© Arabidopsis thaliana o Drosophila melanogaster o Apis mellifera
Basic BLAST

News
SOAP BLAST

ASOAP based BLAST service is
available.
Mon, 18 Jul 2011 08:00:00 EST

[£) More BLAST news...

If you are interested in the evolution of
a particular gene or gene family itis
often intetesting to examine the
intro-exon structure even across
species.

Search protein database using a protein query
tein blast
protein blast 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)

o Search Immunoglobulins (IgBLAST)

o Search using SNP flanks

[2) More tips...

%)

Nucleotide BLAST: Search nucleotide databases using a nucleotide query

[ <[> J [+ http://blast.ncbinl

~ , BLAST

<> Home  RecontResults  Saved Strategies  Help

» NCBU/ BLAST/ blastn suite
blastn | blastp | blastx | thiastn | tblastx

|_DEFAULTS =0n&LINK_LO

BLASTN Resetpage Bookmark
Enter Query Sequence
Enter accession number, gi, or FASTA sequence & Cloar Query subrange &
From
To
Or, upload file Choose File ) o 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) DE*)
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 Ssomewhat similar sequences (blastn)

Choose a BLAST algorithm &

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

O3 show resutts n  new window

¥ Algorithm parameters
General Parameters
Max target
i) Select the maximum number of aligned sequences to display &
Short queries. 4 Automatically adjust parameters for short input sequences &
Expectthreshold 75 @
Word sizs o

Scoring Parameters
Match/Mismatch @
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Nucleotide-Based BLAST Algorithms

w +/- Gaps

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 MegaBLAST 11 2,-3 Affine
BLASTN 11 2,-3 Affine

Finding short, nearly exact matches (< 20 bases)

BLASTN 7 2,-3 Affine
E = 1000, all filtering off

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 mMRNA/DNA searches
* May miss divergent or shorter sequence alignments

* Can be used on protein sequences

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research
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When to Use BLAT

* To characterize an unknown gene or sequence fragment
* Find its genomic coordinates
* Determine gene structure (the presence and position of exons)
* Identify 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

800 UCSC Genome Browser Home

(4))= () o) () (B o serame st
1Z] ome

UCSC Genome Bioinformatics

Genomes Blat Tables Gene Sorter PCR VisiGene Proteome Session FAQ Help

http://genome.ucsc.edu

About the UCSC Genome Bioinformatics Site

Welcome to the UCSC Genome Browser website. This site contains the reference sequence and working draft assemblies for a large
collection of genomes. It also provides portals to the ENCODE and Neandertal projects.

We encourage you to explore these sequences with our tools. The Genome Browser zooms and scrolls over chromosomes, showing
the work of 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 browse through a large collection of in situ mouse and frog images to examine
expression patterns. Genome Graphs allows you to upload and display genome-wide data sets.

The UCSC Browser is developed and maintai by the Genome Bioinformatics Group, a cross-departmental team within
the Center for Bi slar Science and i ing (CBSE) at the University of California Santa Cruz (UCSC). If you have
feedback or questions concerning the tools or data on this website, feel free to contact us on our public mailing list.

News [J News Archives b

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

3 y 2012 - Epi i Now Available through Data Hub at Washington University

We are pleased to announce the release of the Roadmap Epigenomics data on the UCSC Genome Browser through our Data Hub
function. The Roadmap Epigenomics Project is part of the The NIH's Common Fund's Epigenomics Program. It was launched with
the goal of producing a public resource of human epigenomic data to catalyze basic biology and disease-oriented research. The
Consortium leverages experimental pipelines built around next-generation sequencing technologies to map DNA methylation,
histone modifications, chromatin accessibility and small RNA transcripts in stem cells and primary ex vivo tissues selected to
represent the normal counterparts of tissues and organ systems frequently involved in human disease. The Consortium expects to
deliver a collection of normal epigenomes that will provide a framework or reference for comparison and integration within a broad
array of future studies.

All data were produced and processed by the di i i pping Consortium, and will be periodically updated.
Genome Browser tracks were constructed and hosted by VizHub at Washington University in St. Louis. Tracks are available at UCSC
Genome Browser via the Data Hub function, or follow this link. The di i rics Mapping Consortium is responsible for

the quality of the data.

19 December 2011 - Variant Call Format (VCF) Now Supported in Genome Browser

We are pleased to announce that the UCSC Genome Browser now supports Variant Call Format (VCF). VCF is a flexible and .
o A e 5 5 5 4 : 3

+ farmat hy tha 100, raiact far of cinala. indale _cany
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®0O0 Rat BLAT Search

(4)2)= () () () (B o rgenome v cavreg-birngoie

Rat BLAT Search

Q)

Hol

Genomes Tables GeneSorter PCR Session FAQ Help
Rat BLAT Search

BLAT Search Genome

Genome: Assembly: Query type: Sort output: Output type:
Rat ] Nov. 2004 (Baylor 3.4/m4) %) [ona K| [query.score ~| [hypedink — +]

>CB312815 NICHD_Rr_Pitl Rattus norvegicus cDNA clone
GGGGCTCTCGCTGGCCTGTGTCTCAGAAGCTGCTTTCTCCACCTCTTCCTTGTGAATTTCCTAAACTCTC
TACCTCTGGTTCATGTTCGCTCTTCTGGATAGTCTGTGTGCAATGAGCCCTTAAAGGAATATTGCAATGA
GCTATAAGAGTTGTGAGCCTGCGGTAGGCAAGGCCTGCACTGGGACAGCAAAGGAAATTTCATTGCATCT
GCTCCTAAGTCACAGGTTATCCAGAGCCCACTTTACCCCAAGAGACAGCCTCTCCCCCATCCCTAGGAAA
CAGTAGAGCTTAGGAAAATGAATGACTCCACCACATTCAAGAGGCTTCAAATTGTATACTTGGCATTTCT
GATTTCAGTTCTGAAATTCTGTCCCTTAGTCGTGGGGAAAATAAGAAATGGAGTTACACCTTGTCATTTA
AAAAACCATTGAATTAAGAGAAATGGAAAATCATGCCCACATAAAACATGTATGGAAGTGTTCATGTTTT
GATCATGGC CTCAGTC TTGCATAGCAATGTGCATAATCCGAGGTTCAAGC
CCCAGCACCGAAAAAGAGAAAC ATTCACAGCAGCGTTTTC. CGCAAAG
GGGA TTAAACACCTAC CCTTGTCTATACTC T
AGTCATCACGTAAGAAAAGTTT! 'CCCTTTAAACCATCC

AAATGATAAAATACCA.

feeling lucky ) (

\ in the the genome. Multiple sequences may be
'>' followed by the sequence name.

Paste in a query sequence to find4§
searched if separated by lines starti

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

Upload sequence: (Browse...) ('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.

—

®0O0 Rat BLAT Results.

(4)2)= () G () (BA o rgenome vsc eavreg -birngoie
Results

Hol Genomes

bles GeneSorter PCR Session FAQ Help
Rat BLAT Results

BLAT Search Results

72 v (2 g:( Google

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
brogser details CB312815 29 501 537 768 89.2% 2 + 38736251 38736287 37
bréser details CB312815 25 501 529 768 93.2% 3+ 22960346 22960374 29
brofilser details CB312815 22 341 363 768 100.0% 1 + 122930956 122930979 24
brofiser details CB312815 21 202 222 768 100.0% 17 - 33248146 33248166 21
brofilser details CB312815 21 706 727 768 100.0% 3 + 46857920 46857942 23
brofiser details CB312815 21 552 574 768 95.7% 1 + 157973111 157973133 23
brofilser details CB312815 20 277 298 768 95.5% 2 - 240446870 240446891 22
broflser details CB312815 20 442 461 768 100.0% 1 - 216323127 216323146 20
broflser details CB312815 20 508 527 768 100.0% 1 - 56102029 56102048 20
brofiser details CB312815 20 453 474 768 95.5% 2 + 186587336 186587357 22

Q)

&
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800 Rat chr5:101,455,400-101,456,480 - UCSC Genome Browser v261 =]

Y3 v IR Google Q

()20 o) () CBAL i isenome sscsavics-biingrcs

Genomes Blat les Gene Sorter PCR DNA PDF/PS

UCSC Genome Browser on Rat Nov. 2004 (Baylor 3.4/rn4) Assembly

PV ee Jrre e | T e VeV ey s Ve e e
(<)(>)(>>)(>>>) zoom in (1.5x)(3x)(10x)(base ) ZOOM out (1.5x)(3x)(10x

Convert Session Ensembl

(=0
MOVEif<civeey

position/search chrs:101,455,400-101,456,480

(jump )(clear) Size 1,081 bp. (configure)

[ors >
Scare o0 T T
= chrs: | 101455500 101455600| 101455708| 101455800| 101455900] 101456000| 1014561 00| 101456200| 101456300| 101456400|
STS Markers on Genetic and Radiation Hbr id Hap
B STS Markers p—
Gap Locat jons
B o
Jour Seauence from 81t Search
631251
Fl UGSC Known Genes Bazed on LniProt, ReFSed, and GenBank BRNA

RefSeq Genes
Non-Rat RefSeq Genes
Other Refseq
e Predict ions
Using Rat/Human Homo 109y

N-SCAN ¢
SOP Gene Predictions

SGF Genes
Rat mRNAS from Gergank

Rat nRNAS

Rat ESTs That Have Been Spiiced
Spliced ESTs T ———— o

Tebrate Multiz Alignment & Conservation

conservat ion

T T | — L]
s S
dos HIEE SR
opossum
chicken
%_tropicalis

Simple NuC1eOT ide POIUMOrPhisnS (CbSNP build 125)
snes. |

Repeating Elements by Repeathasker
Repeatiasker

I i

* red: Genome and query sequence have different bases at this position.

. The query sequence has an insertion (or genome has a deletion / alignment gap) at this point.
* purple: The query sequence extends beyond the end of the alignment.

* green: The query sequence appears to have a polyA tail which is not aligned to the genome.

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intramural Research

® 00 Rat BLAT Results. o

72 v (2 g:( Google Q)

(4)2)= () G () (AL o 7aenome wesceduica -bihosia

Hol Genomes bles 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
browser detgils CB312815 29 501 537 768 89.2% 2 + 38736251 38736287 37
browser de: 1ls CB312815 25 501 529 768 93.2% 3 + 22960346 22960374 29
browser detflils CB312815 22 341 363 768 100.0% 1 + 122930956 122930979 24
browser detflils CB312815 21 202 222 768 100.0% 17 - 33248146 33248166 21
browser detflils CB312815 21 706 727 768 100.0% 3 + 46857920 46857942 23
browser detflils CB312815 21 552 574 768 95.7% 1 + 157973111 157973133 23
browser detflils CB312815 20 277 298 768 95.5% 2 - 240446870 240446891 22
browser detflils CB312815 20 442 461 768 100.0% ¢b - 216323127 216323146 20
browser detflils CB312815 20 508 527 768 100.0% 1 - 56102029 56102048 20
browser detflils CB312815 20 453 474 768 95.5% 2 + 186587336 186587357 22

Done 5]
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Alignment
of
CB312815

CB312815
Rat.chr5
block1
together

User Sequence vs Genomic =
Q)

Alignment of CB312815 and chr5:101455599-101456323

N} _genome 8oL ; _genome_ 77 v R Coosl

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

CgGGCTCTCG
TGTGAATTTC
AGTCTGTGTG

CTGGCCTGTG
CTAAACTCTC
CAATGAGCCC

TCTCAGAAGC
TACCTCTGGT
TTAAAGGAAT

T CT
CATTGCATCT
AGAGACAGCC
AATGACTCCA
GATTTCAGTT
GAGTTACACC
TCATGCCCAC
GGGGATATAG
AGGTTCAAGC
CACAGCAGCG
ACTGAGCGRA
AGTCATC cg
atccecttta

GC CA
GCTCCTAAGT
TCTCCCCCAT
CCACATTCAA
CTGAAATTCT
TTGTCATTTA
ATAAAACATG
CTCAGTCATG
CCCAGCACCG
TTTTCAGTAT
TGGATAAGCG
ta’GAAAAGT
aaccatcc

AGGCCTGCAC
CACAGGTTAT
CCCTAGGARA
GAGGCTTCAA
GTCCCTTAGT
ARAAACCATT
TATGGAAGTG
GAGTGCTTGC
ARAAAGAGAA
AGGCGCAAAG
GAGTGCCcTT
TTGgarAATG

TGCTTTCTCC
TCATGTTCGC
ATTGCAATGA
TGGGACAGCA
CCAGAGCCCA
CAGTAGAGCT
ATTGTATACT
CGTGGGGAAA
GAATTAAGAG
TTCATGTTTT
ATAGCAATGT
aCGGGAGGAG
GGGAAGGAGT
GTCTATACTC
AT aaatacc

ACCTCTTCCT
TCTTCTGGAT
GCTATAAGAG
AAGGAAATTT
CTTTACCCCA
TAGGAAAATG
TGGCATTTCT
ATAAGAAATG
ARATGGAARA
GATCATGGCG
GCATAATCCG
TGGAGGCATT
TTAAACACCT
GGCgatgCtCT
aatgggatgg

50

100
150
200
250
300
350
400
450
500
550
600
650
700
750

Genomic chr5 :

cttggaagaa
ggcccaggac
GaGGCTCTCG
TGTGAATTTC
AGTCTGTGTG
TTGTGAGCCT
CATTGCATCT
AGAGACAGCC
AATGACTCCA
GATTTCAGTT
GAGTTACACC

ggtaactata
acacaggacg
CTGGCCTGTG
CTAAACTCTC
CAATGAGCCC
GCGGTAGGCA
GCTCCTAAGT
TCTCCCCCAT
CCACATTCAA
CTGAAATTCT
TTGTCATTTA

cattaatata
gatgtttcca
TCTCAGAAGC
TACCTCTGGT
TTAAAGGAAT
AGGCCTGCAC
CACAGGTTAT
CCCTAGGARAA
GAGGCTTCAA
GTCCCTTAGT
ARAAACCATT

gagccctett
agtcactcca
TGCTTTCTCC
TCATGTTCGC
ATTGCAATGA
TGGGACAGCA
CCAGAGCCCA
CAGTAGAGCT
ATTGTATACT
CGTGGGGAAA
GAATTAAGAG

tttctttgea
gggacagcat
ACCTCTTCCT
TCTTCTGGAT
GCTATAAGAG
AAGGAAATTT
CTTTACCCCA
TAGGAAAATG
TGGCATTTCT
ATAAGAAATG
AAATGGAAAA

101455548
101455598
101455648
101455698
101455748
101455798
101455848
101455898
101455948
101455998
101456048

%)

User Sequence vs Genomic

L0

‘B _genome. 681 r _oenome. 77 v WA oo

Alignment Side by Side Alignment
of
CB312815 p— 0
>>>>>>>>> | II|IIIIIIIIIIIIIIIIIIIIIII|IIII|IIIII|II|IIII[|I >>>>>>>>>
CB312815 101455599 gaggctc t 101455648
Rat.chr5
blockl 1 tgt gttcatgttcg tggat 000000100
together >>>>>>>>> | [|[|[[[IFITTTPEPEEEEEEETTTTREEEETEETTIITTEITTT ] >>>>>>>>>
101455649 tgtgaatttcctaaactctctacctctggttcatgttcgetecttectggat 101455698
000000101 agtctgtg 000000150
>>>>>>>>> [ ||| T[TITITTITITLLCEEEEETTE TN ELETEEEITITITNTITIT >>>>>>>>>
101455699 agtctgtg 101455748
000000151 t 000000200
2>32>>>>> I|II|IIIIIIIIIIIIIIIIIIIIII||IIII|IIIIIIIIIIIII[II >>33>>3>>
101455749 tgcgg 101455798
01 cat tgc g acccca 000000250
>>>>>>>>> | [ [[TILLLLECLCEETEEELETTETTTTETTETEELELLTTELTTT ] >>>>>>>>>
101455799 cattgcatctge g acccca 101455848
000000251 tg 000000300
>>>>>>>>> | [|[[|[TIITTEECEELLEEEETTEEELETTETTTTTTITTEELETT >>>>>>>>>
101455849 tg 101455898
000000301 t 000000350
>>32>>>>> I|II|IIIII|II|IIIII|I]II|lIIIIIIIIIIIIIIIIIIIIIIII >>33>>5>>
101455899 attgtatacttg t 101455948
000000351 ttct 4
>>>>>>>>> I|IIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIII[II >>3>>>>>>>
101455949 gatttcagttctgaaattctgtcccttagtcgtggggaaaataagaaatg 101455998
01 gagtt 000000450
>>>>>>>>> IIIIIIIIIIIIIIIIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIII >>>>>>>>>
101455999 gagttacaccttg 101456048
51 atggaagtgttcatgttttgatcatggeg 000000500
>>>>>>>>> I|IIIIIIIIIIIIIIIIIII]III[IIIIIIIIIIIIIIIIIIIII[II >>>>>>>>>
101456049 ttcatgttt gcg 101456098
000000501 t 50 3
Done %)
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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./lfasta.bioch.virginia.edu
http://lwww.ebi.ac.uk/fasta33
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Further Reading
Chapter 11
A/ Assessing Pairwise Sequence Similarity:
N BLAST and FASTA
Chapter 6
Sequence Database Searching for
Similar Sequences
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