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Overview

* Week 2

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

e Week 3
* Profiles, Patterns, Motifs, and Domains
* Structures: VAST, Cn3D, and de novo 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

-2 importance of using correct terminology

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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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

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

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)

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Defining the Terms

Paralogs

Orthologs L 2 3] |4+ s

Most recent
— «a B

common ancestor

Gene duplication

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

* Any pair of @ and g genes are paralogous
(genes related through a gene duplication event)
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Overview
« Week 2

Similarity vs. Homology
Global vs. Local Alignments
Scoring Matrices

BLAST

* BLAT

e Week 3
* Profiles, Patterns, Motifs, and Domains
* Structures: VAST, Cn3D, and de novo Prediction
* Multiple Sequence Alignment
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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

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
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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

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Scoring Matrices

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

* lle/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?

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Scoring Matrices

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

* 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

* Simple match/mismatch
scoring scheme:

Match +2
Mismatch -3

* Assumes each nucleotide
occurs 25% of the time

Matrix Structure: Nucleotides

Q@ 3w

-3
-3
-3

-3

-3
-3

-3
-3

-3

-3
-3
-3
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BLOSUM Matri

¢ Henikoff and Henikoff, 1992
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BLOSUM n

* Calculated from sequences sharing no more than n%

A
identity
* Contribution of sequences > n% identical clustered
.
and weighted to 1
. . % % TGNQEEYGNTSSDSSDEDY
TGNQEEYGNTSSDSSDEDY
80% KKLEKEEEEGISQESSEEE
KKLEKEEEEGISQESSEEE KKLEKEEEEGISSESSEEE
KKLEKEEEEGISQESSEEE | =
KKLEKEEEEGISOESSEEE KKLEKEEEEGISQESSEEE
KPAQEETEETSSQESAEED
KPAQEETEETSSQESAEED
KKPAQETEETSSQESAEED KKPgQETEETSSgESAEED

A+T Hook Domain (Block IPBO00637B)

2,000 blocks representing > 500 groups of related proteins

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

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

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Which one to choose?

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

Best for detecting known
% members of a protein family 50-60
62 Most effective in finding all 30-40

potential similarities

30 Longer, weaker local alignments <30

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

So many matrices...

No single matrix is
the complete answer for
all sequence comparisons

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Further Reading

Un i t 3 5 Selecting the Right Protein-Scoring Matrix
OVERVIEW i, el the PAM

Current Protocols in
Bioinformatics

* PAM Matrices

* BLOSUM Matrices

* Specialized Scoring
Matrices

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

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
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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

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Overview

* Week 2

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

e Week 3
* Profiles, Patterns, Motifs, and Domains
* Structures: VAST, Cn3D, and de novo Prediction
* Multiple Sequence Alignment

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

13



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

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

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

BLAST Algorithms
Program Query Sequence Target Sequence
BLASTN Nucleotide Nucleotide
BLASTP Protein Protein
BLASTX Nucleotide, Protein
six-frame translation
TBLASTN Protein Nucleotide,
six-frame translation
TBLASTX Nucleotide, Nucleotide,
six-frame translation six-frame translation

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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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

18
15
14
14
13
13
13
13
13
12
12

etc.

=7+5+6

Neighborhood Score
Threshold
(T=13)

NATIONAL HUMAN GENOME RESEARCH
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High-Scoring Segment Pairs

PQG 18
PEG 15
PRG 14
PKG 14
PNG 13
PDG 13
PHG 13
PMG 13
PSG 13
POA 12
PON 12
etc.

;!;

+LA++L

Query: 325 SLAALLNKCKTPQGQORLVNQWIKQPLMDKNRIEERLNLVEA 365

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

Sbjct: 290 TLASVLDCTVTPMGSRMLKRWLHMPVRDTRVLLERQQTIGA 330

NATIONAL HUMAN GENOME RESEARCH

INSTITUTE
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Extension
Query: 325 SLAALLNKCKTPQGQRLVNQWIKQPLMDKNRIEERLNLVEA 365
+LA++L TP+G R++ +W+ +P+ D + ER + A
Sbjct: 290 TLASVLDCTVTPMGSRMLKRWLHMPVRDTRVLLERQQTIGA 330
X Significance decay

g — * mismatches
3 * gap penailties
2
]
E S
g \
)

T

Extension

INSTITUTE
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Extension
—_
Query: 325 SLAALLNKCKTPQGQRLVNQWIKQPLMDKNRIEERLNLVEA 365
+LA++L TP+G R++ +W+ +P+ D + ER + A
Sbijct: 290 TLASVLDCTVTPMGSRMLKRWLHMPVRDTRVLLERQQTIGA 330
Karlin-Altschul Equation
E = kmNe*S
Y
IS} m # letters in query
c% N # letters in database
@ mN size of search space
> AS normalized score
T k minor constant
E S
S
§)
T
Extension

INSTITUTE
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Scores and Probabilities

1

T

Query: 325
+LA++L

Sbjct: 290

SLAALLNKCKTPQGQRLVNQWIKQPLMDKNRIEERLNLVEA 365
TP+G R++ +W+ +P+ D
TLASVLDCTVTPMGSRMLKRWLHMPVRDTRVLLERQQTIGA 330

+ ER + A

E = kmNe*S

Number of HSPs

g found purely by chance
% Lower values signify
= higher similarity
®©
E S
S
§) /

-

Extension

NATIONAL HUMAN GENOME RESEARCH
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Scores and Probabilities

1

T

Query: 325
+LA++L

Sbjct: 290

SLAALLNKCKTPQGQRLVNQWIKQPLMDKNRIEERLNLVEA 365
TP+G R++ +W+ +P+ D
TLASVLDCTVTPMGSRMLKRWLHMPVRDTRVLLERQQTIGA 330

+ ER + A

E<10-
. for nucleotides
3 E<10-3
5 for proteins
§ S
§)
_—////// T

Extension

NATIONAL HUMAN GENOME RESEARCH
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Protein BLAST
BLASTP

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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BLAST: Basic Local Aligament Search Tool

http:/lwww.ncbi nlm nih.gov/IBLAST

»NCEY BLAST Home
BLAST fisds regioss of similarity between biological sequences. mem._

[mu—mm—wmnmrmu.-—u y]

BLAST Assembled Genomes g neprances s s effar e SLAST

Seanres.
Choose 2 species genome 0 search, or list all genomic BLAST databases. Fri, 18 Dec 2008 08:00:00 EST

aEE

E%%’E
E

Choose 2 SLAST progam o rem.
emacieotids biass | SeTh 2 nuclectide databese using 2 muclectide query
Asgorhess: biastr, megabiast, Giscontiguous megablast

protein biags | ST protsin database using 2 protein query
Algorthees: biastp, psi-biast, phi-biast

blastx  Search protein database using 2 Yanslated nuclectide query
thissts | Search ansiated nuclectide database using 3 protsin query

Diastx  Search transiated nucleotide databese using 2 translaied sucieotide query

Specialized BLAST

Choose 2 type of specialized search for atabase rame in parentheses )

 Find conserved domains in your sequence (cds)

© Find saquences with simiar conserved domaie architectues (ccant)
= Seamh sequences that have gese expressicn profiles IGEC)

= Search immusogiobulins GELAST)

= Seaxh for SNPs (snp)

2 Sceen sequence for wector contamination feecscreen)

= Align e for more) sequences using BLAST (biZseq) L
S Seaxch proteia or nuciectide tamsts in PutChem SicAssay -

Sequences Used in Examples

ann Cure Tepis i Genome Anssis 2010

http:liresearch.nhgri.nih.gov/
teachinglseq_analysis.shtinl

‘Current Topics in Genome Analysis 2010
Weeks 2 and 3: Bological Sequence Ansiysis
Protein and Nucleatice Secuences for Anayais
s

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

SLAST_PROG - Tvee

» NCEY BLASTI Sas® salte

Sheste NP Mests | Siisate | Seisete

_DEFAULT

BLAST pograms search protes Catabases Lsing 3 prstein query. mors

Enter Query Sequence
Ester accession nember, gi, or FASTA sequence & Coar Query subrange &
>Query sequence | From
MSSAAAMAACAAGCCALFQPQSVSTANSSSSNNNNSSTPAALATHSPTSNSAVSCASSASSULT &
NLFGGSSAXMLNELFCROQUK QARDATSGLAQSLDNAMLASAME TATSAELLIGSINSTS —
KLLQQQHNN! T SPHCSARV - =
L EQHQSQLOHDLVAHHMLINILQCKKELMQLDQELRTANG |

O, upload file Choose Fie ) mofle seiecied v
Job Title Query sequence

Enter 3 Sescripive tle b your BLAST search @
) Align two or more sequences &

<«—— Available protein databases include:

Non-redundant
Reference Sequences
SWISS-PROT

Patents

Protein Data Bank
Environmental samples

Choose Search Set
Dazbase Non-sefundart orotee sequences (=0 3] &
ey Cexcice &
Enter organisn common name, binomial, o 2 id. Only 20 1p @ will be show. @
S ) Modsis (XWXP) ) Environmental sampie saquences nr
Sreens
— Erer an Envez qoery b Imitseanh © f q
Program Selecfion SWZSSprOt
Mgeritum © Siastp (protein-protein BLAST) pat
O PSI-BLAST (Posiion-Specific ieated BLAST)
O PH-SUAST (Patem Ht Initsted BLAST)
Choose 2 SLAST aigorhes & pdb
env_nr
Search database Nos-recundant protsin sequences (nr) ssing Blastp |
T Show rescts i= 2 sew window
» Aigorifwn parameters

RefSeq

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

* Distinguishing Features
* Non-redundancy

and biology

review status indicated on each record

* Goal: Provide a single reference sequence for each

» Updates to reflect the current knowledge of sequence data

* Ongoing curation by NCBI staff and collaborators, with

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

From genome annotation:
XM 123456 Model mRNA
XP_123456 Model proteins

Complete key at

nitp.// www.ncblnim.nin.g RelSeqgl/ke

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Protein BLAST: search protein databases using a protein Query

SLAST_PROGH : TYPE. Y DEFAULT

» NCEY BLASTI Sas® sate

Sasts | Blastp | biaste | Sisenn | miseex

BLAST programs search protes Catabases Lsing 3 prstein query. mems

Enter Query Sequence

Ester accession nember, gi, or FASTA sequence & Cear Query subrange &
>Query sequence | From
MSSAAAMAACAACOCALFOPQSVSTANSSSSNNNNSSTPAALATHSPTSNSPVSCASsAssUT & ©

NLFGCSSACMLNELFCROQUK QARDATSGLAQSLDNAMLARAME TATSAELLIGSINSTS -
KLLOQUFNN T SPUGSARVSACSDRSLEAAAA = =
7 E0HQSQUOHDLVAHHMLINILOCKKELMQUDQELRTANG. |
O, upload file Choose Fie ) mofle seiecied v
Job Title Query sequence

Enter 3 Sesciptve e B your BLAST seamch &

 Align two or more sequences &

O PSI-BLAST (Posiion-Specific ieated BLAST)
O PH-SUAST (Patem H initisted BLAST)
Choose 2 SLAST aigorhes &

Search database Nos-recusdant protein sequences (rr) ssing Biastp [protein-protein SLAST)
Show wndcw

_____
IDMI

Choose Search Set
Dazbase Non-retondant rote= seqvences (= 3] W T17 7
— e ——— g . Limit by organism or
Enver organism comemon same, binamial, o tx 6. Oty 20 p i wil be shows. taxonomic group
E:u:- ) Models (XMXP) ) Erwironmental sample saquences
én—Q-y
Erer 21 Ervez qoery b It seanh @
Program Selection
Ngoritm © sy (protein-protein BLAST)
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Choose 2 SLAST sigorne

BLAST Search database Nos-recusdant protein sequences (rr) ssing Biastp [protein-proten SLAST)
© Show rssts = 2 sew window

the defauit are highlightad is yeliow and marked with ¢ sign

Default = 100

Select Be mairu nember of sigres seguences b dspisy @

Short quesies  Automaticaly adust parameters or short nput ssquences &
Expectreshold g @

Word size CHe

Scoring Parameters
Veatrix nosme2 3] @
Gap Costs Existence 11 Baenson 1 5] &

score man agmsrment 3]

Fikers and Masking
L= + f Low compiexity regoes &
sk 0 Mask for lockap talie only &
O Mask lower case letiers &

BLAS] Search database Nos—recusdant peotsia sequences () ssing Biastp [protein-peotsin SLAST)
& Show mssts = 2 new window

Choose 2 SLAST sigorne

BLAST Search database Noo-recusdant protein sequences (rr) ssing Biastp [protein-proten SLAST)
© Show mssts = 2 sew window

'V Algorithn parametars. Note: Parameter walues that difier from the defauit are highlighted in yellow and marked with ¢ sign

Max target =
Select Be mairu nember of sigres seguences b dspisy @

E value threshold

Reports all hits with E < 10

Gap Costs Exstence 11 Extenson 1 3] &
score mavis asrmen i3] ©
Fikers and Masking
Filer

+ o Low complexity regoes &

Mask O Masi for lookap talle only &
O Mask lower case leties &

BLAS] Search database Nos—recusdant peotsin sequences () ssing Biastp [protein-peotsin SLAST)
& Show mscts in 2 new window
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| <) >} rerp/ /oiast ncbisim nin gov)Bast c5PPROGRAM = 525toASLAST_PROGRAMS ~5stAPACE_TYPE~3asiSearthlSHOW DEFAULT € | Q- Cocgle

Choose 2 SLAST sigorne

BLAST Search database Nos-recusdant protein sequences (rr) ssing Biastp [protein-proten SLAST)
© Show rssts = 2 sew window

'V Mlgorithn parametars. Note: Parameter walues that difier from the defauit are highlighted in yellow and marked with ¢ sign

Max target =
Select Be mairu nember of sigres seguences b dspisy @

Short quesies  Automaticaly adust parameters or short nput ssquences &

——ie__Je PAM30
- PAM70
e BLOSUMS0

varis )
ey — BLOSUMG62
P BLOSUM45
Fiters and Masking

+ o Low complexity regoes &

Mask O Masi for lookap talle oy &
O Mask lower case leties &

BLAS] Search database Nos—recusdant peotsia sequences () ssing Biastp [protein-peotsin SLAST)
& Show mssts = 2 new window

Choose 2 SLAST sigorne

BLAST Search database Noo-recusdant protein sequences (rr) ssing Biastp [protein-proten SLAST)
© Show mssts = 2 sew window

'V Algorithn parametars. Note: Parameter walues that difier from the defauit are highlighted in yellow and marked with ¢ sign
General Parameters
Max target v mo@
Seiect Pe maxruT romter of Aigrec seguences D dspiay @
Short quaries & Atormatically adust parameters Sor shott input sequences &
Expectreshold g @

Word size GHe

Scoring Parameters

Veatrix mosome2 3] @

Gap Costs Existence 11 Baenson 1 5] &

score man agmsrment 3]

Fikers and Masking
= + ©f Low compiexity regoes &

Mask O Masi for lookap talle only &
O Mask lower case leties &

BLAS] Search database Nos—recusdant peotsin sequences () ssing Biastp [protein-peotsin SLAST)
& Show mscts in 2 new window

23




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

January 19, 2010

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_HUMAN Achae
MESSAKMESGGAGQQPQPQPQOPFLPPAACFFA!
DGQPSGGGHKSAPKQVKRQRSSSPELMRCKRRLNFSGFGYSLPQOORAAVARRNERERNRVKLVNLGFA'
LREHVPNGAANKKMSKVETLRSAVEYIRALQQLLDEHDA PTISPNYSNDLNSMAGSPVS
SYSSDEGSYDPLSPEEQELLDFTNWF

te-scute homolog

Homopolymeric
alanine-glutamine tract

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

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
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Search database Nos-redundant protein sequences (rr) ssing Biastp [protein-protain SLAST)
o Show macts = 2 sew window

'V Mlgorithn parametars Note: Parameter walues that difier from the defauit are highlighted in yellow and marked with ¢ sign

General Parameters

Max target =

sezusies e m

Select e maximum namber of sligres sequences b dspiay &

Short queries. & Astomatically adjust parameters for shost inpet sequences &

Expectreshold g o

Word size 38 @
Scoring Parameters

Veatrix sosems2 3 ¥

Gap Costs Existence: 11 Extenson- 1 5] &

score man agmsrment 3]

Fikers and Masking
- + & Low compiaxity regiors &

Mask O3 Mask for lockap tatie only &
T Mask lower cass leties &

Search database Nos-recusdant protein sequences () ssing Biastp [protein-protsin BLAST)
o Shcw mssts = 2 sew window

» NCE¥ BLASTI 5253 saitel Formating Results - MN1O32AX31S
Estand Rescbest  Sgve Seawh Stofegies  >Tommatfegopions  >Downioad

Query ID iI5273% Database Name ©r
Description Query sequence GenSark (OS5
Molecule type 2mino acd sam>es tam
Query Length 1403 Program SLASTP2.2.22+ >Chation
Oher reports: > Seaech Sermeary [Taxgnomy reports] [Disance tree of cosuts] [Reiated Sructyres] [Moltigie Jionment] "o

¥ Graphic Summary
¥ Show Conserved Domains

2

[
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ann NCBI Blast Query sequence
=2 herpr/ foiast.nchinim. ik gov/Blst.cgi [3
- = s = s = =a B
milies el [t =l )
188 ry Sequence &
Imnm*nmmnmw 1 Gap Within
e Ml e same hit
Color key —> : . : :
o 250 500 750 1000 1250 e >] HSP

/ * Masked
*%/ region

Unrelated — .  ————
hits i eeeeeee———————ae——
== | | Descending
— == || score
¥ Descriptions
Score L 3
o s 15 ({3its) Value
isoform P ila mel .. 53¢ s.o 8 .
Drceopa: melazogaster] 3 -
|
ann NCBI Blast Query sequence
= herpr/ foiast ncbinkmnitgov)Blast cgi 3

Descending

SCOre | scoze E
Seguezces producing significant alignments: Bits) Value

order
ref|NP_524317.3| prospero, isoform F [Drosophi 535 o.0 9
=b|CAZ77302.1. prospero [Drosophila melanogasteey 393 0.0 0.0 means
dbj |BAAD1464.1 prosperc [Drosophila melamogaster) 993 0.0 M
sb_AA.’_J_SllLJ.,AZl}_._iD_J-l bomeodomain transcription factor Pro... | 330 0.0 10,1000
ref|XP 001380573.1] GG18089 [Drosophila erecta] >gb|EDW49531....J 383 0.0 <
gb AAAJB841.1] Pros protein [Drosophila melanogaster) 382 0.0
ref|XP_002097201.1] GE26030 [Drosophila yakuba] >gb|EDW96313....J 381 0.0
ref|N> 783636.2| prospero, isoform G [Drosophila melamogaster...| ses 0.0 A9
gblAATS | LD37627p [Drosophila melanosaster) 343 0.0
ref|¥® 731365.3] p isoform E [ ila mel . s¢2  o.0 [
ref|XP 002031631.1 GM23939% [Drosophila sechellia) >gb|EDW426. 335 .0
ref|XP 001554214.1! GF16857 [Drosophila ananassae) >gb|EDV427. 504 0.0 E
ref|XP 001359985.2 GAl14403 [D: ila - 869 .o E
ref|XP 002069359.1] GX11290 [Drosophila willistoni] >gb|EDWS0. .o B
ref|XP_002053284.1] pros [Drosophila wirilis) >gb|EZDWES804.1]. .o @
reflx $98380. G=21437 [Drosophila gri=shawi] >gb|EDV350. o B
ref|XP 002000130.1 GI22696 [Drosophila mojavemsis] >gb|EDW1S5. E

homeobox protexn prouperolprox—l [2edes a
S_DROVI Ful protein prosper.

reflx? 0021038741 prospero [Drosoph.xla simulans) >gb zoxiss... | a2 1e-100 @ ~
oblEFAD7555.1] P I 2e-98 =2x1098 I

rospero [Tribolium castanea=:) 365
ref|x>_303606.4 2-PA [Azopheles gambiae str. PEST] ... | _363 Je-98
pcb|1XPX|A Chain A, Structural Basis Of Prospero-Dma Interact... 347 Te-93
zef|NP_001164363.1 homecbox protein prosperc [Nasonia witrip... [ _346 le-92

ref|XP_002427668.1 homeocbox protein prospero/prox-1/ceh-26, ... 345 3e-92
ref|XP 971664.2 PREDICTED: similar to homeobox protein prosp... | 342 2e-91
zef|XP 002019831.11 GL11958 [Drosophila persimilis] >gb|Eow3s... | 381 ge-91 Structure
ref|X®_392355.3| PREDICTED: similar to prospero CG17228-PA, i... [ _333 Je-83

ref|XP 001942706.1 PREDICTED: similar to homeobox protein pr... 322 2e-85
pcb|1MIJ|a Chain A, Crystal Structure Of The Homeo-Prospero D... 315 4e-83
ref|X? 002410204.1 prosperc protein, putative [Ixodes scapul... 30
db3i|Ba=83541.1] prospero [Bombyx mori]

at B 8 prospero protein [Cupiennius salei]
tepidariorum]

IE] Gene
@ UniGene

EEEEEEEEEEE

n}:r

GH11848p [:!zoacphxla melanogaster) 2
lated in protein [Platyne... 282 e
TOS| ro-lxke rotein [Schistosoma mansol 268 v
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s NCB: Blast Query sequence
RIS = herp:/ foiast ncbinimni gov/Blast cgi & WQ Google
ref|x> 001517520.1] PREDICIED: hypothetical protein [Ornithor... _210  le-51 r
ref|XP 522507.2 PREDICTED: hypothetical protein [Pan troglod 2039 le-51
ref|X> _001845683.1 protein prospero/prox-1 [Culex g 209 2e-51
ref|X> 001088672.1  SREDICTED: similar to prospero-related ho... 203  2e-51 LS
s0lQ3ISEN5.2|PROX2_SUMAN RecName: Full=Prospero homeobox prote... _208  Se-51
ref|N?_001073877.1] prospero homecbox 2 [Homo sapiens) 200 7e-s1 X9
gblAAT05928.1 PROX2 protein [Somo sapiens] >gb|AAI05721.1] P... 207 Je-51 E
gb ACT78708.1] prospero-like protein Prox3 [Danio rerio] _204 Se-50
zef|X> 001845682.1 [Culex qui iates) >gb|EDS... _208  se-so LG
ref|X> 692862.3| PREDICTED: similar to Homeobox prospero-like 208 se-so L9
ze£1XF 00131353611 PREDICTED: similar to proxi-like protein ... 204  Je-s0
|x2, 99957.1] PREDICTED: similar to prospero homeobox 2... _203  2e-49
= 2334.1 protein I nigroviridis] _202  4e-43
ref] 7 t:anlczxpt.um factor protein [Ciona intes... 199  2e-48
e=b|CAG04605.1 nigroviridis] _198  d4e-43
emb |CAP95276.1 uznamed pmteu px'oduct [Tetraodon nigroviridis] 196 2e-47
emb|CAG10630.1 protein I nigroviridis] _19 fe-47 Acccpt
—e: XP_002019832.11 GL11997 [brosophila persimilis) >gb|EDW3B... _183  3e-45
[!euopus laevis) 187 8e-45 (for HOW)
gab\;&gsng.l amed protein product [Tetraodom nigroviridis] _175  3e-41
zeflxe 547508, 1 mmcrm similar to RIXENW cONA 1700058C01 ... _168  4e-33 LG
= homecbox protein prospero/prox-l/cen-26 [... 181 3e-39
dbj ml?lll 1 Prox [{Cynops pyrrhogaster] 161 4e-37
gblEANS1198.1] hCGZZJSJ [Eomo sapiens) _158 4e-36
Gbi|BAC04278.1  umnamed protein product [Somo sapiens] 157 ge-38
gblAACS9731.1] prospero_like protein [Takifugu rubripes] 156 le-35
RIXEN cDNA 1700058C01, isoform CRA_a [Mus mesc... _154  TJe-35
esb|CAT15309.1] prosperc homecbox 1 [Somo sapiens) 3¢ 1e-3¢ @
ref|XP 849216.1 PREDICTED: similar to prospero-related homeo... 154 le-34 m
gblEFB818550.1] hypothetical pmteu PANDA_ 009835 [Axl 152 3e-34
e=b|CAG03167.1 prote: i nigrov s] 150 1e-33
emd|CAG13403.1 unnamed px'oteu: product [Tetraodom nigroviridis] _100 le-18
bIAAD30180.1 2 like in [Homo... 37.8 1le-17 &
ref|xXp 547411.2 similar to prospero-related homeo... 80.1  2e-12
f& Prox 1 gmem §71 _ chicken $0.1 2e-12
£1E 0010061 prospero Eomecbox 1. [Batt\l.s morvegicus] > 4L 0.031 u o)
eab |CAF94749. protein nigroviridis] 43.5 0.17
EB:J_QES_E.Z_LJ._ Proxl pzm:m [Xezopus trwzcalu] 42.0 0.64 .
gb AAF1302%.1|AF070733 transcriptioa factor Proxl [Notopath... 40.4 1.8 ReJect
gbABG29070.1 truscrxptxon factor Proxl [Pleurcdeles waltl) 38.9 5.3
'w (OSelectAll  Getselected saquences Distance tree of resulls e -

[@nno NCBI Blast Query sequence
> = hexpr ) (oiast nehinimnitgov) Blast cgi#22 1378762 [ G
>0 NP _731 i Bl ila mel ] r
. E 1 1 .
Length=1835 : ! e melanes ! >25% for proteins
GENE ID: 41363 pros | [ ila mel 1 > 70% for nucleotides
(Over 100 PubMed links)
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 LFQP( nssTPAALATHspLsnSD s11taaFGNLFGGSSA | 76 Gap
LFQP( AAL TSNSE L GNLFGGSSA a Low-
Sbjct 317 LEQP( AAL TSNSP L GNLFGGSSA | 376
Query 77  KMLNELFGROMKQAQDATSGLPQSLDNAMLAAAMETATSAELLIGSLNSTSXLLOQQENN 136 Complexity
KMLNELFGROMKQAQDATSGLPOSLDONAMLAAAMETATSAELL I
Sbjct 377 KMLNEL JME( PQSLDNAML LIGSLNSTSXLLOQQENN 436
Query 137 NSL sispgsahssshs
NSIL I
Sbjct 437 NSL I 496
Query 197 QHEDLVAEEMLRNILOG#EE] 256
 QEDLVAEE
Sbjct 497 )SQLQEDL 556
Query 257 gglgekeglHSKLonnnnnniaatannnnnttMESINLIDDSEMADIKIKSEPQTAPQPO 316
IAATANNNNNTTMESINLIDDSEMADIKIKSEPQTAPQPQ
Sbjct 557 QQLOEKEQLASKLNNNNNNNIAATANNNNNTTMESINLIDDSEMADIKIKSEPQTAPQPQ 616
Query 317 gsshssr sdgslrrkssdsldsHG: 376
JDEEDAAD"
sbjct 617 JAQDEEDAAD" 676
Query 377 QLPTK LDEVELLGL 1ldkddvldedddd 436
RAPEEPQLPTRKESVDDMLDEVELLGLAESRGSDMDSLASPSHS
Sbjct 677 JLPTK DEVELLGL 736
Query 437  dCVE( TVSGMRCSPSSGLAQAGOLQVNGCKERXLYQDQ 496
DCVE( LK TVSGMRCSPSSGLAQRGQLOVNGCKERKLYQRQ
Sbjct 737  DCVE( LK TWSGMRC AQRGOLQUVNGCXERXLYQPQ 796
Query 497 Va222GLNFGLNLOSMMLDQEL DIC KSQL 556 L
QEAMERYVAARAGLNFGLNLOSMMLDOEDSESNELESPQIQQXRVEKNALKSQLRSMOEQ =
v GLNLO SNE] O )4
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|« » I+ =t (oiast nchinim nih gov)Blast c5i# 221378762

Query 677
Sbjct 977

Score 6
Identities

—e

itional matrix a

36 bits (1640), Expect = 7e-180, Method: Compos
= 461/498 (92%), Positives 463/498 (92%), Gaps = 32/498 (6%)

906
1370

KTPQGMNPVARAALYNSMTGPFCLPPDGOgoagtagaggsa
P P+P +AAAMFOAPKTPOGMNPVAAAALYNSMTGP!
PHIRPSP---TAAAMFQAPKTPOGMNPVAAAALYNSMTGPFCLEPDQOQQOQTAQQOQSA

966

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

No definition line 2>
Second HSP identified

965
1426
1025

1486 | — Gap
a Low-

Complexity

1085
1546

SPYSPFFNPhaaaggataaqlhghhqghhphhgsmglsss
VSLPTSVAIPNPSLEESKVFSPYSPFFNPHAAAGOATAAQL SS
VSLPTSVAIPNPSLHESKVFSPYSPFFNPHAAAGOATAAQLEQEHQQHHP]

1phppsnlhpallaaahhggs, :
HPALLA KTCLRA
HPALLA

ECNSA
ECNSA

ECNSA

DMOFDGMAPTISFYKQMOLKTEEQESLMAKHCESLTPL TPMELREKAKILMFFWVRY
DMOFDGMAPT SSTLTPMELREAXKLMFFWVRY
DMOFDGMAPT: SSTLYPMELREKAKLMFFWVRY

PSSAVLEMYFPDIKFNENNTAQLVENFSNFREFYY IQMEXYARQAVTEGIKTPDDLLIAG
PSSAVLEXMYFPDIKFNENNTAQLVENFSNFREFYY IQMEXYARQAVTEGIKTPDDLLIAG
PSSAVLEMYFPDIKFNENNTAQLVENFSNFREFYY IQMEXYARQAVTEGIKTPDDLLIAG

DSELYRVLNLEYNRNNEIEVPONFRFVVESTLREFFRAIQGGKDTEQSWRESIYKIISRM
DSELYRVLNLEYNRNNEIEVPONFRFVVESTLREFFRAIQGGXDTEQSWRESIYKIISRM
DSELYRVLNLEYNRNNEIEVPONFRFVVESTLREFFRAIQGGXDTEQSWEKESIYXIISRM

DDPVPEYFKSPNFLEQLE 1403
DDPVPEYFKSPNFLEQLE
DDPVPEYFEKSPNFLEQLE 1835

1L

1606
1205
1666
1265
1697
1325
1757
1385
1817

Score
Identitie

942 bits (2435), Wexpect
s 688/688 (100%), Positives

688/688 (100%)W Gaps

0.0, Method: Compositional matrix adjust.

0/688 (0%)

Score
Identitie

636 bits (1640),ﬁxllect = 7e-180, Method: Com
s 461/498 (92%), Pdsitives 463/498 (92%)yf Gaps

ositional matrix adjust.
32/498 (6%)

HSP1 HSP2
Q: 17- 704 Q: 90
S: 317-1004 S: 137

6—-1403
0-1835

Color key for alignment score|

ﬂ

|
i

""I

.Ul
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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

Database Searching Artifacts
* Low-complexity regions

* Repetitive elements
* LINEs, SINEs, retroviral repeats
* Choose “Filter: Species-Specific Repeats” when using BLASTN
* RepeatMasker
http://lwww repeatmasker.org

* Low-quality sequence hits
» Expressed sequence tags (ESTs)

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

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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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

ann BLAST: Basic Local Aligament Search Tool
| <) » Jl+= rap/ roiast ncoinim nin gov/Bastcgi

o —— hitp://wWW.ncbi.nlm.nih gov/BLAST |

-

» NCEY BLAST Home
BLAST fisds regioes of similarity between biological sequences. mem._

[_.mmwmnmrmwu L-J]

tong seasences as wel s Sther new SUAST
BLAST Assembled Genomes
Choose 2 species genome %0 seanch, o list all gencenic BLAST databases. Fi, 18 Dec 2009080830 EST
2 Mors SLAST ews
o Humae c Onza saSve = Gallus galus
= Mouse = Sos urss = Pan Sogicdyies
= Rat = Danio rario = Microbes
o Arsbidopsis thaliana = Droscphils melacogaster = Apis mellifers Tip of the Day
Basic BLAST

Choose 2 SLAST progaam o n.

k’

rmacieotids biass | Seh 2 nuclectide databese using 2 mucieotide query
Asgorhess: biastr, megabiast, Giscontiguous megablast

protein bisss | SESTTh protein atabase using 2 protein query
Adgorthems: biastp, psi-biast, phi-biast

blastx Search protein datsbase using 2 Yansiated nuclectide query
thissts | Search translated nucleotide databese using 2 protsin Query

Diastx  Search transiated nuclectide databese using 2 translaied sucieotide query

Specialized BLAST
Choose 2 type of specialized ssarch jor Satabase rame in parentheses ) {

o Make specific prmers with Primer SLAST

= Seawh trace archives

© Find conserved domains in your sequence (cds)

© Fing ssquences with simiar conserved domais aschitactuse (cart)
= Search sequences that have gese expressicn profilles IGEO)

= Align two for mare) sequences using BLAST (bi2seq)
© Search protsia o pucieotide tagets in PubChem SicAssay
o Seaeh SRA wansceot lincacies
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ann Pronein BLAST- Align two Or more sequences using SLAST

G2 TYPE | DEF A TS=onaaLAST S5 C Q-

Enter Query Sequence
Entar accession sumber, gi, o FASTA sequence & e Query scbange &
>N?_00£872.1 SOX - 10 [Homo sapiens] 0 fre
E 1 SPCSAPSL CPDOCGCOSCLAASPCPGELCKVRKEQQDCEA e
DOOKFPVOREAVSQVLSCY DWT LVPUPVRVNCASKSKPHVER? R
HINAEL SXTLOKLWRLLNESOKRPF EEASRL RUCHIX DHPD Y CYOPRRRINCKAAQG To
EAE: PCICSPUSDONPEHPSOQSHCPFTPRTTPKTEL
O, uploac Sle Choose Fie ) o fie seleciad e
Jo Tle Ancy's biZses Examcle
Enter 3 descriptive fitle for your BLAST search i@
™ Asgn two ¢ mere sequences
Enter Subject Sequence
Entar accession sumber, gi, o FASTA sequence & o Subject subange &
>N?_ 0031311 sex determining regon ¥ [Home sapens] —
MIOSYASAMLSVFNSDOYSPAVREN: ENSKONVODRVIREM
NAFTVWSROCRRIVAL GOV
KYRPRENAXVLPONCSLLPADPASVLCSEVQLDNRLYRDDCTKAT-SRVEHQUOALPANARSS? 19
QQEDRYS-MTHL
O, upload Sle Choose Fie | o fie sslectad e
Program Selection
Ngwitm © biast (peotein-protein BLAST)

Choose 3 SLAST aigorites &

Seasch protein sequence ssing Blastp (proteis-protein SLAST)

Shcw s = 3 s wincew
P Algecthm sarameters

Rasercane

Soccmen

L4
e
4 >+ = oo st schisimangon AST cla
- T ORCTO TR T T BT S — 1|
¥ ASgn two or mere seqrences
Enter Subject Sequence
Entar accession sumber, gi, o FASTA sequence & e Subject subange i
>N?_ 0331311 sex determiaing region ¥ [Homo sapens] —
mwwm.mxwwmwmm
VILPONCSLLPADPASVL CSEVQLDNRLYRDDCTKATHSRMEHQUOHLPPINARSS? T2
QQRORYSHWTRL
O, upicac Sie Choose Fie ) o fie sslected »
Program Selection
Aigorhn © blasts (pestein-proten BLAST)
Croose a SLAST sigoitees &
Seasch protein sequence ssing Blastp (protein-protein SLAST)
¥ v remcts = 3 new wintiow
¥ Algecthm sarameters Note: Parameter vakues that differ from the defauk ace highlightad in yeliow and masked with + sign
Max target (|
Som— Seect Me ~ammu nDe of aigred secusrCes 1 3333y W
Short queries ¥ Actoratcaly adust parameters for ShOM roct S8gUENCES A
Exzect theshaid ° 3
Woed size Goe
Scorng Pzra—eters
watea = e PAM30
Gap Cests [Existexce 11 Baeasion 1 ¢ @ PAM70
(Conional Soove matrix adpsven ) W
BLOSUMS0
Filters anc Masking
= + ¥ Low compiexty regces & BLOSUMG62
) Mask iower case ietess &
P BIAST & | soo=n srotein seasence ssng Biastp (srotein-prosein sas7) I
¥ Shcw mmcts = 3 e winw ”
NCE 3
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ano NCEI BlastAndy's B2seq Example.
@awummwm
¥ Graphic Summary r
©
Mouseover T 570w 30 3C SIS Cicx X 3708 BFmects
Coior key for alignment scores
80

Score =
Sequences prodecing significast aligmments: (Bits) Value

1c1]46903 ¥2_033131.1 sex determinizg regice Y [Somo sapieas] 250 4e-24

>1c1|46509 52_003131.1 sex determinizg regiom ¥ [Somo sapiens]

Length=204

Score = 94.0 bits (232), Expect = {e-24, Method: Compositiozal matrix adjest.

Idextities = 33/B4 (45%), Positives = 62/B4 (73%), Gaps = 0/34 (3%)

Query 35 ETIGEINRLINESOXSZFI 154
5 + VERPMNAF-VW++ 33E+A + P + N+E+SK 1G W4+l E++K 27

sbict 51 118

Query 155 ESEAZRLAMQESXDEPOYSYQPIRR 173
+
sbict 111 QEAQXLQAMESSXYPNYSYRPSRK 134

Score = 15.4 bits (28), ZExpect = 1.3, Metiod: Comgositiomal matrix adjust.
Idextities = 3/7 (42%), Positives = 5/7 (71%1), Gaps = 0/7 (0%)
Query 2 GYIWTLV 83
GY W +=
Sbict 35 GYQNXML 101
8nno NCE: Blast Andy's Bseq Example.
@awummwm
¥ Dot Matrix View
Plot of ICE307 vs. 45909 &
+ : : :
CE0T 100 118 120 130 150 80 1m0 e

» Descrigtions

OSeect

>1cl| 46309 52_003131.1 sex
Length=204

determinizg regica Y [Bomo sapieas]

= 94.0 bits (232), Expect = fe-24, Method: Compositiomal matrix adjmst.

Ideztities = 33/B4 (45%), Positives = £2/84 (73%), Gaps = 0/84 (2%)
Query 35 SEKTLGEKLNRLL T 154

5 + VERPMNAFSVW++ 3S3K+A + P + N4E+SK 1G W+sL E+4K 27
sbict S T 110
Query 155 EEASRLIMQESXDEPOYSYQPIRR 178

SERS4Le Ees SPHYEV4PARS
Sbict 111 QEMXLOAMESEXYPNYIYRPIRX 134

bits (28),

= 15.4 Metiod: Compositiomal
Ide=tities = 3/7 (42%), Positives = 5/7 (71%), Gaps = 0/7 (O0%)

Query $2 GYDWILV &3
GY W+
sbict 55 CYQEEML 101

Zxpect = 1.9, matrix adjest.
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Nucleotide BLAST
MegaBLAST and BLASTN

NATIONAL HUMAN GENOME RESEARCH

INSTITUTE

BLAST: Basic Local Aligament Search Tool

http:/iwwwancebi .nlm.nih gov/IBLAST

===

» NCEY BLAST Home
BLAST fisds regioss of similarity between biological sequences. mem._

]u—..n-nmwmnmrmup—-m _s,)]

BLAST Assembled Genomes e

Choose 2 species genome 1o searh, o list all gesomic BLAST databases. Fri, 18 Dec 2009 080000 EST
= Mors SUAST mews.

o Human c Onza saSve = Gallus galus

= Mouse = Bos urws = Pan Sogiodytes

o Rat = Danio rario = Microbes

< Arabidops's thaliana = Orosophila melacogaster = Apis mellifers Tipofthe Day
S Morios

Basic BLAST

Croose 2 SLAST program so .

Search a neclectide database using 2 nuclectide query
Asgorhess: biastr, megabiast, Giscontiguous megablast

protein bisss | SSSTTA protein atabase using 2 protein Query
Asgorthess: blastp, psi-blast, phi-blast

blastx  Search protein database using 2 Yanslated nuclectide query
thiasts Search yansiated nucleotide databese using 2 protein queny

Diastx  Search transiated nuclectide databese using 2 translaied sucieotide query

Specialized BLAST

Choose 2 type of specialized search for database rame in parentheses )

© Find conserved domains in your sequence (cds)
© Find saquences with simiar conserved domaie architecturs (ccant)
= Seamh sequences that have gese expression profiles IGEC) U
= Search immusogiobulins GSLAST)

o Seasch for SNPs (srp)

= Screen sequence for wecior confamisation (recscreen)

= Align e for more) sequences using BLAST (biZseq) h
S Seaxch proteia or nuciectide tamets in PutChem SicAssay -

|
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800 3 BLAST. Search
2> ) = hep ) (blast achi s nh o Bst 05 PROCRAM = BastadBUAST_PROCRAMS ~mesaSlastSPACE TYPE~StasSearchSHOW_DEFAULTS—onti e L0 C Q-

»NCEU BLAST) blases suite
__blastn biastp biastx thiasts hlastx

= Resercene Scocmen

Enter Query Sequence
Ester accession sumber, g, or FASTA sequence & e Query ssbange

Or, upload Sile Cssose Fie | ne s selecisd -
Job Tile

Erter 2 descriptive e for your BLAST search
_ Align two or more sequences
Choose Search Set
Catazase © Human genomic + Fasscript O'Mouse genomic » ranscigt O Oters o eic )
[ Foman gesomic plus tanscipt (Humas C+1) B

Exciude () Models DOWOGP) [ Environmental sample sequences:

Enter an Ertez query 1o it seach @

Program Selection
Optimize for © Highiy simiar sequences (megatiast)
O More assmiler sequences [Sscontiguous megabias?)
O Somewtst smisr sequences Bastr)

Choose 2 SLAST sigostes &

Seasch catabase Human GoT ssm Magablast (Optimize fa¢ highly Simiar sequesces) !
——— |

0 Shcm s = 3 2
¥ Aigerhm arameters
General Parameters
Max target (0 3
seqaences e
Ssiect the maxmurs rurber of signed saquences % dssiay @
Short queries. & Actomatcaly agust parametars for shor put sequences

Expectthushold g P

Woud size [EEDL

Scoring Parameters
MatchMismatch (T2 3) @

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
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Overview

* Week 2

 Similarity vs. Homology
Global vs. Local Alignments
Scoring Matrices

BLAST

* BLAT

* Week 3

* Profiles, Patterns, Motifs, and Domains
¢ Structures: VAST, Cn3D, and de noveo Prediction
* Multiple Sequence Alignment

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

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
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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

LXaka) =3 Home
< > ||+ Blreo ) igercme scsc ey

UCSC Genome Bioinformatics

Genomes Bilat Tables Gene Sorter PCR VisiGene Proteome Session FAQ Help

http://genome ucsc .edu

About the UCSC Genome Bioinformatics Site

‘Weicome to the UCSC Genome Browser website. This site contains the reference sequence and working draft assemblies for a large collection of
gencmes. It also provides a portal to the ENCODE project.

we enoourageyou boe(pmthseseq.ae'ns-m our tools. The Genome Browser zooms and scrolls over chromosomes, showing the work of

ctators worldwide. The Gene Sorter shows expressicn, homology and other informaticn on groups of genes that can be related in many ways.
glgquuddy mwﬂueﬂmwmegmmem provides convenient access to the underlying catabase. VisiGene lets you
bro-semmugha large collection of in situ mouse and frog images to examine expression pattems. Genome Graphs aliows you to upicad and
display genome-wide data sets.

The UCSC Genome Browser is developed and maintained by the Genome Bicinformatics D, 2 cross-departmental team within the Center for
Biomolecular Science and Engmeenng (CBSE) at the University of California Santa Cruz [Lﬁ;) If you have feedback or questions concerning the
toois or data on this website, feel free to contact us on cur public maiing Est.

News News Archives >

To receive a-nmme—nlemslof mew genome assembly releases, new software features, updates and training seminars by emai, subscribe to the
genome-announce mailing list.

14 Dec. 2005 - New job 1 Data i <

The UCSC Genome Browser project is looking for a bicinformatician, biologist, or software engineer with a stmﬁg biclogy background to nollecx
Mdlmmdmlnmmmmmmmannw&snem person will work external research laboratories
capture their experimental results and methods and with intemal software developers and data:aseus:ng gﬁmm&zmed&ammetn
the woridwide sGentific community.

Candidates must have a bacheior’s degree in bioinformatics or 2 biclogical science (or equivalent wene'\ce) be proficient in UNDGLinux
command-line use, competent in UNIX shell scripting and Perl programming, a'\d familiar with relational database concepts and SQL. Besides
having the ability to guickly leam and interpret and the ideal is an effective communicator,
resourceful, and 2 cipiomatic team player who is both quality-oriented and ahle to work effectively under ceadiine.

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

7 Dec. 2009 - Bumaz Geacme Browser defazlt changing to bgl9: In comjunction with the release of the UCSC Genes and Conservation tracks
on the hg19 (GRCh37) human assembly, we have changed the default human browser on our website from hg18 to hg19. Read more.

1 Dec. 2009 - muummtmmmmuuunm ‘We're happy to anncunce the release of two of cur
most popular data sets on the hg19/GRCh37 human Genome Browser.

Conditions of Use
The seguence and annotation data displayed in the Genome Browser are freely available for any use with the following conditions:

. &nwemumumuﬂmamnuedmmnthesmessemmsmmemme
* Some tracks by extermal contain i y data that have spedfic use restrictions. To check for
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800 Rat BLAT Seasch

[ <> |+ B iseome s eduicp-dasSE ¢ WQ- Googe

Home Genomes Tables GeneSorter PCR Session FAQ Help

Rat BLAT Search
BLAT Search Genome
G nome: Asembly Query type: Sort output:  Output type:
DREY %) (evscore 3) [(hypedink ___3)

>CB312815 NICHD_Rr_Pi1 Raftus norvegicus cONA done

GGGOCTCTOGCT CTOCTTTCTCCACCTCTTCCTTGTGAATTTOCTAAACTCTC
TACCTCTCGTTCATCTTCOCTCT TCTCCATAGTCTGTGTGCAATCAGCCCTTAAACCAATATTCCAATGA
'GCCGTAGGCAAGG

(=} CAAATTCTCTCOCTTACTOCTOGCCAAAA ACACCTTCTCA!
ALAALCCATTCAATTAACACAAATCCARAATCATGCCCACAT! AMACA 'CTATGCAAGTGTTCATGTTTT
GATCATGGCCGGOCATATAGCTCAGTCATCCAGTGCT TGCATACCAATGTGCATAATCCCAGGTTCAACC

AT
AAACACCTACTCAGCCAATGCATAACCGCAGTGCCCTTGTCTATACTCGCCGATGCCT
AAACCATCC

AGTCATCACGT) TCATAAAATACCAATCCCATCCATCOOCCTTTY

A ———— N Cer—
'm feeling lucky | | dear

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 fie selectes { submit fite)

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 seguences can be submitted
at the same time. The total imit 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
proteins finds sequences of 80% and greater similarity of length 20 amino adds or more. In practice DNA BLAT works well on primates,

]

800 Rat WAT Amsbs

<> 4 Breo  gemome scsc eduicy-bamsSx ¢ WQ- Googe

Home Genomes Tables GeneSorter PCR Session FAQ Help

Rat BLAT Results

BLAT Search Results
ACTIONS QUERY SCORE START EXND QSIZE IDENTITY CHRO STRAND START END SPAN
m_e_ m CB312815 710 1 733 768 98.1% 5 + 101455599 101456323 725
) s CB312815 2% 501 537 768 89.2% 2 + 38736251 38736287 37
s CB312815 25 501 529 768 93.2% 3 + 22960346 22960374 29
CB312815 22 341 363 768 100.0% 1 + 122930956 122930979 24
ils CB312815 21 202 222 768 100.0% 17 - 33248146 33248166 21
s CB312815 21 706 727 768 100.0% 3 + 46857920 46857942 23
s CB312815 21 552 574 768 95.7% 1 + 157973111 157973133 23
s CB312815 20 277 2398 768 95.5% 2 - 240445870 240446831 22
s CB312815 20 442 461 768 100.0% 1 - 216323127 216323146 20
= e s CB312815 20 508 527 768 100.0% 1 - 56102029 56102048 20
ser detllils CB312815 20 453 474 768 95.5% 2 + 186587336 186587357 22
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Llaks) at Cars 101,455,417~ 101,455,504 - UCSC Genome Browser 2221
[ <>} + Blres ) i5mmome scsc sducy D mgTracks. c la-c
Home Genomes Blat Tables Gene Sorter PCR DNA Convert Ensembil PDFIPS Session Help 'n
UCSC Genome Browser on Rat Nov. 2004 Asemh_ly_(nﬂL !
move (<<<) <) (GG G3) zoom in (15)(Gx ) (3ox) (ase) z0om cut (152) \
\
position/search ca5:101.455.417- 101,456,504 (ome) (cear) size 1,088 bp. (cosfigere) t
o o —— = f
\
TTI el decemeesl  sesemes | ieiemeed  iwoeweiel  icmel  ieemce el imessel  eemaesd ez !
TS MArters On CEnetsC ana RAJNAC 0N MyDr 3 Rees i
573 vareers — \
See ocar s
, - = Lilimemeniiil :
il
= il
|
i
il
i
\
|
i
i
i
il
il
\
1 i
il
3 I
il
\
movesta‘t Click on a feature for details. Click or drag in the base pesition track to zoom in. Click gray/blue bars on left moveeﬁd “|
(Dze hmmamm S THES
22¢ cosom vacks \Jﬂ,
121314151 KN 9101112 I ECRiAE 19} Fil22h
(s ) Useammmﬂuolsbda-andprnsreﬁeshwdtuuadsdlsplayed (opend 22)
Tracks with lots of items will 2utomatically be displayed in more compact modes. TP
Mapping and Sequencing Tracks
Base Positicn Chromosome Band Eiﬁ
(e 5) @) @ 1 (e 9
GCPercent  Shoat Match Restr Enzymes Biat Sequence
=9 =3 (= _3) (=0
LXaka) Rat SLAT msuis.
[ <> |+ Blres ) smmome scsc sduicy dassS= c la-c
Home Genomes Tables GeneSorter PCR Session FAQ Help
Rat BLAT Results
BLAT Search Results
QUERY SCORE START END QSIZE IDENTITY CHRO STRAND START EXD SPAN
CB312815 710 1 733 768 98.1% 5 + 101455599 101456323 725
s CB312815 23 501 537 768 89.2% 2 + 38736251 38736287 37
s CB312815 25 501 529 768 93.2% 3 + 22960346 22960374 29
CB312815 22 341 363 768 100.0% 1 + 122930956 122930979 24
s CB312815 21 202 222 768 100.0% 17 - 33248146 33248166 21
s CB312815 21 706 727 768 100.0% 3 + 46857920 46857942 23
s CB312815 21 552 574 768 95.7% 1 + 157973111 157973133 23
s CB312815 20 277 298 768 95.5% 2 - 240446870 240446891 22
s CB312815 20 442 461 768 100.0% 1 - 216323127 216323146 20
L s CB312815 20 508 527 768 100.0% 1 - 56102029 56102048 20
etflils CB312815 20 453 474 768 95.5% 2 + 186587336 186587357 22
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User Sequeace vs Cenomic.

ano
e

_rash (bgSshoSs_genome_720f_bT7340.oxtn + A2RrasnA0fheSaRengs € M Q-

Alignment
of
CB312815

CB312815
Rat.chrS
biock1
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

TGCTTTCTCC ACCTCTIOCT 50
TCATGTTCGC TCTTCTGGAT 100
ATTGCAATGA GCTATAAGAG 150
TGGGACAGCA ARGGAAATTT 200
CCAGAGCCCA CTTTACCCCA 250
CAGTAGAGCT TAGGAARATG 300 |
ATTGTATACT TGGCATTTICT 350
CGTGGGGAAA ATAAGARATG 400
GAATTAAGAC AAATGGAARA 450
TTCATGTTTT GATCATGGCG 500
ATAGCAATGT GCATAATOCG 550
ac T 600
GGGARGGAGT TTARRCACCT 650
GTCTATACTC GGGgatgcCT 700
ATraaatacc aatgggatgg 750
Genomic chr5:
101455548
ggcccaggac acacaggacg gatgtttcca agtcactcca gggacagecat 101455598
GaBGGCTCTOG CTGGOCTGTG TCTCAGAAGC TGCTTTCTCC 101455648
TGTGAATTTC CTAAACTCTC TACCTCTGGT TCATGTTCOGC TCTTCTGGAT 101455698
AGTCTGTGTG CAATGAGCCC TTAARGGAAT ATTGCAATGA GCTATARGAG 101455748
TTGTGAGCCT GCGGTAGGCA AGGCCTGCAC TGGGACAGCA AAGGAAATTT 101455798
CATTGCATCT GCTCCTAAGT CACAGGTTAT CCAGAGCCCA CTTTACCOCA 101455848
AGAGACAGCC TCTCCCCCAT CCCTAGGAAR CAGTAGAGCT TAGGAAAATG 101455898
AATGACTCCA CCACATTCAA GAGGCTTCAA ATTGTATACT TGGCATTTCT 101455948
GATTTCAGTT CTGARATTCT GTCCCTTAGT CGTGGGGAAR ATAAGARATG 101455998
GAGTTACACC TTGTCATTTA AARAACCATT GAATTAAGAG ABATGGAARA 101456048
TCATGCOCAC ATAAAACATG TATGGAAGTG TTCATGTTTT GATCATGGCG 101456098
GGGGATATAG CTCAGTCATG GAGTGCTTGC ATAGCAATGT GCATAATOCG 101456148 .
AGGTTCARGC CCCAGCACOG AARARGAGAA gOGGGAGGAG TGGAGGCATT 101456198 g
ano User Sequeace vs Genomnc.
mw. _rrash (bgSahoSs_genome_720f_bT7340.oxn + A2RrasnA0hgsxarngs € MG
Alignment Side by Side Alignment
of
CB312815 .
>>>>>>>>> [ TP TTTTTT] 2>>>>>>>>
CB312815
101455599 gagw: gctg g 101455648
Rat.chrS
biodki 1 000000100
TERREETEREEER R e R R R R R R R TR E TR T TR >>>>>>>>>
101455649 101455698
000000101 ag 000000150
>>>>>>>>> | [[LEEELEEEEEVEEEEE R EEETE R ER TR EREEETETETEETE] >>>>>>>>>
101455699 101455748
000000151 0
>>>>>>>>> [ [[LEFELETETELETEEEETEEEL PR ER TR TR RETETTRITIT] >>>>>>>>>
101455749 101455798
1 g g 000000250
>>>>>>>>> [ [[LTELELEEEDEL T EEEETEEETEEECER PR EETEEETETEEETT N >>>>>>>>>
101455799 101455848
1 000000300
>>>>>>>>> [T TIEEELEEEDEL TR PR ETE R ER TR ERRTETTRETIRT >>>>>>>>>
101455849 101455898
000000301 = 000000350
>>>>>>>>> [ [[FLEFELEEECELEEEEEETEEERE R ER TR EEREEETETEETT TN >>>>>>>>>
101455899 101455948
000000351 00
>>>>>>>>> [[[FEEELEEETENEEEEERL RV EREVEREREETRERTETETETIN] >>>>>>>>>
101455949 101455998
1 s0
>>>>>>>>> [ [[LTEEELEEETELEEEEEETEEERE P ER T EEE RN EEEEE ] >>>>>>>>>
101455999 101456048
1
>>>>>>>>> [ ITEEELEEEEELEEETRE TRV ER T ERRREERRTETENRRETTNT >>>>>>>>>
101456049 101456098
. :
>>>>>>>>> [T TR PP T ETETELTRITTE] >>>>>>>>>
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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

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Further Reading
Chapter 11
& \ N Assessing Pairwise Sequence Similarity:
BLAST and FASTA
Chapter 6
Sequence Database Searching for
Similar Sequences

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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