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Sequence Alignments:
Determining Similarity and
Deducing Homology
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Why construct 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

Important to use correct terminology when describing
phylogenetic relationships

XXXX é 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
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Defining the Terms

The conclusion: Homology

» Homology: Implies an evolutionary relationship
* Homologs: Genes that have arisen from a common ancestor

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

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

Orthologs: Genes that diverged as a result of a speciation event

Sequences are direct descendants of a sequence in a
common ancestor

Most likely have similar domain and three-dimensional
structure

Usually retain same biological function over evolutionary time

Can be used to predict gene function in novel genomes
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Defining the Terms

Paralogs: Genes that arose by the duplication of a single gene in a
particular lineage

» Perhaps less likely to perform similar functions
» Can take on new functions over evolutionary time

» Provides insight into “evolutionary innovation”
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Defining the Terms

Paralogs

Orthologs

Speciation
events

—
_—
—

Gene in
COmmon ancestor

Gene duplication

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

e Any pair of @ and g genes are paralogous
(genes related through a gene duplication event)
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Similarity Searching to Identify Reciprocal Best Hits

Search
vs. Organism 1

E—

Search
vs. Organism 2

Organism 1 Organism 2
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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
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Scoring Matrices:
Construction and Proper Selection
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Scoring Matrices

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

e Side chain structure and chemistry
 Side chain function

e Amino acid-based examples of considerations:

* Cys/Pro important for structure and function
e Trp has bulky side chain

» Lys/Arg have positively charged side chains

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Scoring Matrices

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

 [le/Val - both small and hydrophobic
e Ser/Thr - both polar

» Conserve charge, size, hydrophobicity, additional
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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Matrix Structure: Nucleotides

* Simple match/mismatch
scoring scheme:

Match +2
Mismatch -3

o Assumes each nucleotide
occurs 25% of the time
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Matrix Structure: Proteins
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BLOSUM Matrices

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

Directly calculated based on local alignments
» Substitution probabilities (conservation)

* Opverall frequency of amino acids
Sensitive to detecting structural or functional substitutions

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

BLOSUM series can be used to identify both closely and distantly
related sequences
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BLOSUM n

* Built using sequences sharing no more than n% identity

* Contribution of sequences > n% identical clustered and
replaced by a sequence that represents the cluster

* * % ok
TGNQEEYGNTSSDSSDEDY
KKLEKEEEEGISQESSEEE
KKLEKEEEEGISQESSEEE
KKLEKEEEEGISQESSEEE
KPAQEETEETSSQESAEED
KKPAQETEETSSQESAEED

BLOSUM n

TGNQEEYGNTSSDSSDEDY

KKLEKEEEEGISQESSEEE
KKLEKEEEEGISQESSEEE
KKLEKEEEEGISQESSEEE

KPAQEETEETSSQESAEED
KKPAQETEETSSQESAEED

. TGNQEEYGNTSSDSSDEDY
Cluster o
—- KKLEKEEEEGISQESSEEE

KPAQEETEETSSQESAEED

|

Calculate
BLOSUMSO0
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Clustering reduces contribution of closely related sequences
(Iess bias towards substitutions that occur in the most closely
related members of a family)

Reducing n yields more distantly related sequences

Increasing n yields more closely related sequences

Il
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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 S0

80

Most effective in finding all

e 30-40
potential similarities

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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Gaps
» Used to improve alignments between two sequences

» Compensate for insertions and deletions

* As such, gaps represent biological events

* Must be kept to a reasonable number, to not reflect a biologically
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
gap-opening penalty S 11
gap-extension penalty 2 |
length of the gap
L
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BLAST:
The Basic Local Alignment Search Tool
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BLAST
» Seeks high-scoring segment pairs (HSPs)

 Pair of sequences that can be aligned with one another

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

e Score must be above score threshhold S
* Gapped or ungapped

* Results not limited to the “best™ high-scoring segment pair for
the two sequences being aligned

Altschul et al., J. Mol. Biol. 215: 403-410, 1990
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BLAST Algorithms

Program
BLASTN
BLASTP
BLASTX

TBLASTN

TBLASTX

Query Sequence
Nucleotide
Protein

Nucleotide,
six-frame translation

Protein

Nucleotide,
six-frame translation

Neighborhood Words

Query Word (W = 3)

|

Target Sequence
Nucleotide
Protein

Protein

Nucleotide,
six-frame translation

Nucleotide,
six-frame translation

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Query: GSQSLAALLNKCK @ ORLVNQWIKQPLMDKNRIEERLNLVEAFVED

Neighborhood
Words

Neighborhood Score
Threshold
(T=13)

15
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High-Scoring Segment Pairs

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

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R

Extension

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

Significance decay
* mismatches
e gap penalties

Cumulative Score

Extension

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Scores and Probabilities

—In

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

E = kmNe 45

m # letters in query.

/ # letters in database
size of search space
normalized score
minor constant

Cumulative Score

Extension

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Scores and Probabilities

—In

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

E = kmNe 45

Number of HSPs found
purely by chance

Lower values signify
higher similarity

Cumulative Score

Extension
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Scores and Probabilities

Query:

Sbjct:

Cumulative Score

—In

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

E=10°

for nucleotides
E =107

for proteins

Extension

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Using BLAST for
Protein Similarity Searching
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Divisior R

18

March 5,2014
Andy Baxevanis, Ph.D.



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

http://ncbi.nlm.nih.gov

Search

- Bl Rogoures ™ How To &
< ="
dNCB Al Databases
Nationa Conter for
| NcBiMome "~ Welcome to NCBI
i Dasowos Ll et} The or advances science ant heakh by providing access to tiomacical
Al Resources and genomc irdormaton.
Cremicals & Bossssys About the NCB! | Mission | Organizason | Resesrch | NCBI News
Dits & Saltware
DNA & RNA
Get Started
| Domains 8 Stuchues
b B « Tools: Anaiyze data Lsing NCBI sctware
| - « Downloacs: Get NC3I data or scftware
| Genetics 8 Mesicine o How-To's: Laam how 1o accomplish spacie tasis at NCBI
Genomes & Maos. * Submecos: otner NCB!
Homology
Litereture
Proteins 3D Structures
Sequence Awlyils Faplore ae-dimermional strscrores of pro-
i ONA. 4né ANA molecules. 1
Taxonomy :..‘-u-- lmmmumn:m
Tramng & Tuonals Voens comicat, s smacioed Morvaems.
Vanation

Popular Resources
PubMed
Bookshalt

NCBI Announcements
Human genome an-otation reiease 105
0w availabie

The human (Homo sagiens) geaome

NC3I redeases Entrez Direct, the Ertrez
uliities on the UNIX command line

NGB! has just reeased Entraz Direct. 0

Sequance Viewsr wpdated (o version 3.1

Ferd 20M

NCS! Saquence Viewsr provides &
grachcal view of sequences and

More

GETTING STARTED
NCHI Pacation
NCBI Holp Marusal
NCBI Harethxh
Training & Tuterialy

You are here: NCB! > Nasonsl Cantar for Beatechnoiogy ieoamaton

RESOURCES
Chernicats & Mowssnys
D & Scwam
ONA & RNA
Domairs 8 Strctres

FEATURED
Gurwic Ty Ragatry
PutMed Hown

Cor Bk

Weta 10 e Helo Desk

NCBI INFORMATION
Aeost NCBI
Rusasrch w NCBI
NCE News

NG FTP 526

WUAST Ratic Lecal Al gemant Saarch Toet

Home  Rocent Resuita  Seved Stwlegies  Help

+ NCEW BLAST Home
BLAST finds reglons of similarity between

@ Human
° Mouse

o Ray

= Arabidopsis thaliana

Basic BLAST

Crocse a BLAST program 1o un.

nucloctice blast Search & nucieotide
Al

protain blast

Searcn

biological sequences. rmare..

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

Your Recert Resufts New!

lﬁ -DELYA-éLAS{n more sensitive protein-proten search 7& ]

BLAST Assembled RefSeq Genomes
Chocse 3 species gencme 10 search, or ist all genomic BLAST databases.

L] e stor

using @ nuclectide query
351

database
Qontme: DISEN, Megablas:, SIECONBIUOUS Megab:

[ A% Reoeed remitin.,

A v version of ine stanc-skore BLAST=

Baciove
Mar, 03 Jan 2014 1200.00 EST
(2 Mose DIAST nows ;.

Tip of the Day
[0 Meee on,

Search protein detabase usng a pr ¥
Algoathms: blasip, psi-blast, phidlast, deita

bisstx
lastn

i

Specialized BLAST

= Searcn {ace archives

e

ng & translated query

Chocse a type of specialized search (or database name in parentheses. |
© Make speciic primers wih Primer-8LAST
= Find conserved domalns in your sequence (cds)

2 Find sequences with simiar conserved domain architactisre (cdart)
@ Search soquances hat have gene expression profiles (GEO)

= Align two (or more) 50quences uang BLAST (bi2sea)
5 Search proteln or nucleotide trpets in PUbChem BicAsssy
Search

© Constraint Based Protein Myltipls Akgnment Too!

Search translated nucleotide Catabase using a protein query

Searcn transiated nuckeotide Catabase usig a transtated nucieotide cusry

19

March 5,2014

Andy Baxevanis, Ph.D.



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

Sequences Used
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» NCBI BLAST/ blsstp suits Standard Protein BLAST

e [ | piaw | mews | e
Enter Query Sequence
Enter accession number(s), gis), or FASTA sequence(s) &
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Job Title Guory saquarce

Entor a cescripive e for your BLAST somrch )
Align two or MOre SeqUINCes 14

Database Mo radindn prowin iaeices 0 e Available protein databases include:

Optional Exioe *

z ok crparien e e, b, o eI Oy 20 5 s it b s @ nr Non-redundant

Exclude )

Options samele osesneme refseq Reference Sequences

Entrez Query .

Dt ot o s ey ik s O swissprot SWISS-PROT

Program Selection pat Patents

Asgorithm =) blastp (protain-protein BLAST) 7
bompidpmisingitardl y pdb Protein Data Bank
PHIBLAST (Pace Hi Infsted BLAST) env_nr Environmental samples
DELTA-BLAST (D E Lockup Time BLAST)

Chocss 2 BLAST algorties &

Search database Non-redundant peolein sequences (nr) using Blastp (protein-protein BLAST)
¥ Show reeums n & sew windew

)Aigorithm parameters Note: Parameter values that differ from the default are highlighted in yellow and marked with + sign

L4

NCBI | 1M NH | DS
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NCBI RefSeq Database

* Goal: Provide a single reference sequence for each molecule of
the central dogma (DNA, mRNA, and protein)

* Distinguishing features

Non-redundancy
Updates to reflect the current knowledge of sequence data and biology
Includes biological attributes of the gene, gene transcript, or protein

Encompasses a wide taxonomic range, with primary focus on
mammalian and human species

Ongoing updates and curation (both automated and manual review),
with review status indicated on each record

Pruitt et al., Nucleic Acids Res. 42: D756-D763, 2014

XXX NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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RefSeq Accession Number Prefixes
From curation of GenBank entries:

NT Genomic contigs

NM mRNAS

NP Proteins

NR Non-coding transcripts

From genonie annotation.:

XM Model mRNA

XP Model proteins

Complete list of molecule types in Chapter 18 of the NCBI Handbook
http://ncbi.nim.nih.gov/books/NBK21091

XXX NATIONAL HUMAN GENOME RESEARCH INSTITUTE
0 Dy n R

21



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

March 5,2014
Andy Baxevanis, Ph.D.

Enter Query Sequence
Enter accession number(s), gis), or FASTA sequence(s) &
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PHI-BLAST (Patiern Hit Infistod BLAST)

DELTA-BLAST (Domain Enhanced Lockup Time Accelerated BLAST)
Choose a BLAST algortne &

Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)
¥ Show reeums i & sew window

Note: Parameter values that differ from the default are highlighted in yellow and marked with + sign
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S Algorithen parameters Note: Parameter values that differ from the default are highlightad in yellow and marked with + sign
General Paramelers
Max target +(250
epth oy Soloct Fo manrum rumder of 8igred soquences 1 dapey W
Short queries ' Automaticodly odjust PAramesors 100 hod MpUt S0GUENCES 4k
Expectthreshold ¢ v
Word size 3 i@
Max matches Ina 5 v
Query range
Scoring Parameters
Matrix HOSUME2 “
Gap Costs Gdistance 31 batengion. 1 2|8
Ce More malri adpviment ~
adjustments
Fiters and Masking
Filor + o Low compiexty regions 4

Mask Mask for koxup tathe only v
Mask kower case latiers &

[ BLAST | Search catabase No protein (nn) using 8| BLAST)
 Show rmeuns w8 rew wincow

Low-Complexity Regions

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

* May confound sequence analysis
* BLAST relies on uniformly-distributed amino acid frequencies
» Often lead to false positives

» Filtering is advised (but ot enabled by default)

Y NATIONAL HUMAN GENOME RESEARCH INSTITUTE
AN 4 Division of Research
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DELTA-BLAST (Domain Enhanced Lookup Time Accoloratod BLAST)
Choowe & BLAST sigortun £

Search database Non-redundant proteln () usi

 3hw reeus 03 ew wincon.

(= Algorithen parameters Nota: Parameter values that iffer from the default are
General Paramelers
Max target (20 =
Seoloct e of aigrec soquinces 1 dapay W
o, 80 NDUL SOCUENCES Lo
Expectthreshold  1c ™
Word size s oie
Maxmatches Ina -
Qquery range
Scoring Parameters
Matrix uosUwE? W
Gap Costs Dastance 31 baengion 1 4
.2 ore sacrs affuienert ¢ | &
Conditansl conpoutions
Fitters and Masking
Fittor + M Low complexty regions 4
Mask Mask for kookup tale only &

in BLAST)

highlightad in yellow and marked with + sign

Search catabase

 Show rmauns m 2 rew wincow

NGB B2 Query sequance

Home  RecentResults  Saved Strategies  Help

» NCBI BLAST/ blastp suite/ Formatting Results - G4Y4D4Z5014
Edtand Resubmit  Save Search Strategles > Formatting optiors > Download

Query sequence

RID
Query 1D
Description
Molecule type
Query Length

GAYAD4ZS014 (Expires on 02-19 04:01 am)
Icl| 56462

Query sequence

omino ocd

1403

WulfET How 1o resd th's page

Database Name
oS

Al
excluding emdronmental samples from WGS projects
Program BLASTP 2.2.29+ »Cilation

Other reports: > Search Summary [Taxecomy reports] [Distance iree of results] [Related Structures] [Multipie algnment]

X DELTA-BLAST, a more sensitive protein-protein search  ge)

© Graphic Summary
©)Show Consarved Domains
have been dotecte: the image below for detailed
- b - B I B By it
Specific hits
superfanilios WO rewtmity
Sequence .

[Mouse over 1 39 e define. dick 1 show digrmens

B
)

500

Color key for alignment scores

e e e

20-200

~
o
°©

||{|
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800

NGR B2z Quary sequence

@ blanencks s i gov) Bawc

lor Key for alignmaent scores Gav in
Color key ———> | _ BTN CET P
1 250 500 750 1000 allgnment
with subject
e >] HSP
* Masked
region
- - = —— [ Unrelated hits
Descending
score
order
S Descriptions
Select Al Nono  Selectec:0
1l Rignments O o
Max Total Query E
Detcpor score score cover vake 'O Accesson
£aapers, soform M IDwacchia melancoasier] >30iP28617.3PROS DROME Rechiame: Fullehomentox e oaosm >SAFHIGNM dl oroacero.iar 994 1538 93% 00 100% NP 0012470461
PRoApers, meform J [Oroecohils Malanogaetin >emOICAATTE02 1| reepars [Drosepnis melanogasner] »RIAAFSIE28 4 crospars, ofom J [Droscpata. 993 1938 93% 00 100% NP 5243174
®o0 WG B2 Quary waeence
" T S
W Mt st e A gov. Shaw q& Q
©Descriptions
0.0 means
-1000
Select Al None Selected < 10
1 Asgnmeets
Max Total Query|
SCOMG SCOM  Cover oinie
93% 00 100% NP ODI4TO<E
3% 00 100% NP s23TA
83% 00 100% BAADIMG4 Y
93% 00 100% AAFOSACI®
516085 [Drosoptia erestal >gb ECVAPRN, 1) GG 18069 [Doscphia erecta] $65 1885 93% 00 9% XP 001SA0ST3Y
Prwa eroton Drosohis measooasnd 62 1611 93% 00 97% AA281)
yakus] yowos) 981 1685 93% 00 O7% XP coxeravi:
femapen, Boform 4 [Depsochia melaicgasied >ATHISIAR 1 prospes;. sohnn M Dmeoghis Meercgester] $44 1662 93% 00 100% NP ODIZ4T044L
PROEDETS, OO 1 STHAANIS00 41 prosper, sofom L [Drososia 1 843 1868 93% 00 100% NP Tess3
Pesper, sofom | [Deosoctta melnogaied] >RbIATHEIAY 1] prospers, isolont | D0sIphis Meanogase 842 1864 93% 00 100% NP O0TI4MIMS 1
PrRapers, eoform X [Drecohia menogester] IHAAN1I$01.4| prospon. soferm K [Drosoghia moancgasie] B42 1865 93% 00 100% NP T3SESS
M9 AVA2817,1] GM23935 (D  secrotia) 935 1967 93% 00 08% P coxaumit
QEL06GT Droscohia e 7501 GE 10687 804 1673 83% 00 % XP OO
eton] \ 1 845 1532 85% 00 B3% P CoXeosa !
GA 14400, inoform 8 IOmecorile. . 2REALZRNIT.Y GA 14403, Isoform 8 [D:x 845 1476 80% 00 B1% XP COVMGEMSD
I all Ve vide) €21 1429 8% 00 9% P 0xsIma
GHR1ay o i " Al LG 1437 Prosophile grirehand 802 1374 84% 00 BO% P COISRENO
0122693 [Droscenie Daenaal A1 GIz20%. 2 804 1392 84% 00 B80% P 00X001301
PREDCTED: Nemesoex proin prospers e solom X2 [Cerstys cagea] €1 11 _ -179
018409, ixcorm & 11014453, o111 3e-179 =3x10
hemecbas proten 1150308 pearstl E.00276% 7, anysl ST IO 62% 30479 %0% X 00lessl’
PREDICTED nemector oferm X1 JCarsts g 491 1090 84% Se-idd W% XP CODNMI T
Recheme: 7 sroten po TAF 190405 1 Prescers [Dresapnia viela) 40 1200 75% 30126 B0% QOURATT
) 1 tany, 378 606 26% 3e-112 100% XP 002103374 1
PREDCTER.LOW QUALITY PROTEIN. homectex IVuxa somexcal 397 1080 T2% 1e-110 2% XP 0051882861
] Crain A, Stuctaral Bass Of Prospers-Ona interacson; Imglcacas For Tranecrnon Reg.aaicn i Developing Cull U7 UT 1% 20107 100% DEXA
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8 Vs et s A gow, Yo 3

cE- Q

peospers homestax protor 2 [Katts nonvegous) 214 214 1% 3e55%e%  Ne oonrenot
PSEDICTED orospera horwetas peotetn 2 A osudonta afrianal 214 214 10% e85 | 00% P COMOBSEL 1
PIEDCTED. sroaeera homeonon feciei 2 Turwom vuncatul 214 214 1% 4e8S | 8% P (oKX
PIEDCTED. prospers homeston protein 2 M0rsinus oa) 218 216 1% 4e55 | 58% XP 004200 1
PSEDCTED.. 5 214 214 10%  4o85 | 2% P 00161002
PREDCTED (roperd homecnax packei 2 (A1Gater Massesoensis| 214 214 % 6088 | 5T% xP comuenn
PIEDICTED. prospern homeshar Seoein 2 (Vomne peces] 213 213 1% 6e55 | SB% P 00MOG1I6
PREDCTED: prospend homoodan pacein 2 (Sarex sranoial 213 213 12% 6085 | 54% X comaury
PREDCTED prospars gocasin 2 213 213 1% 6es5 | so% 121
EReniaeon feckr oratmn Koo meaineia) 210 290 M% Be8S | 8%  BALOmSN )
ke 2 prox2 protee Dans o] 212 212 10% 9085 | %% NP oomiee
PAEDCTED proapern hormobes pecteis 2 Algaer sieans] 214 214 1% 9085 | 57% P 0OMMM00T
PREDCTED: prosperd homooha peckein 2 goforn X1 [Equas cotolusl 213 213 10%  Te8¢
PREDCTED goctnks 1t 214 214 10% 15t
PAEDCTED: prosperd homoosax packein 14 IOreosyromss mlotous] 214 214 10%  To84 Accept
gocanin 21 12 22 ww tess |4 (for now)
1! LITY N 211 211 M% 2658 | STH XPCOITMNSY
1l 1 X1 Purgamia nyerers] 742780.1) PRECICTED: Tdhei 213 213 10%  20-54 | %% XP 00574z7es
e ad protmn grod et Tevsodon rigrovicdi 198 198 10% 2054 | 59% CAQDSNS
PREDCTED: proapers hameshox profein -4 meform X1 [Hoploshromis burtond >wiXP. 0084156495, 1) PREDICTED: proopers homesbom prsfoln 14 213 213 10% 2064 | 50% X9 Coseress s
PREDICTED o teichunty 213 213 10% 258 | 59% P 0007601251
PAEDCTED: seotein 213 213 10% 2054 | 50% XP 004840774
PREDICTED. rospero homecdon protein 2 ICava poelus] 211 211 1% 2054 | 59% XP 0OMTZN2Y
PAEDCTED: peotein 2 211 211 M% 2054 | 57% XP GOSN
PREDCTED prospend homeodas proten 2 [Camehs ferus] 211 217 1% 3054 | 57% XP COS18AN06
PREDCTED. jruspere homwodon gecten 2 soform 2 IGorita gurite gorta] 210 210 10% 7e-58 | 58% XP 0050
PREDCTED: LOW QUALITY PROTEIN: aroepers homeobax profein 2 10choiona sncoeal 212 212 13% 8054 | 51% XV COMEesed
PREDCTED. prospers homeotox ceotedn 2 soform 2 [Pan rogkoories] 209 208 10% w54 | 58% xp w2072
PAEDCTLD. urchameinizns protein LOCTINE) K00 stestraial 214 214 1% 1053 | 5B% X 021226081

| Reject above desired threshold (E < 107) l

© Alignments

NG B2 Query sequance

B bl ~ct i A oov. w3 K765 5 T

> 25% for proteins
> 70% for nucleotides

prosp isoform L [Dr ]
Sequence ID: refINP_788636.3| Length: 1374 Number of Matches: 2
> See 2 more tite(s)
Range 1: 17 to 704 GanPeat Graghics W Next Ml
Score Expect Method Identities Gaps
943 bits(2437) 0.0 Ct matrix adjust. 688/688(100%) 688(100%) 0/688(0%)
Query 17
sbict 17 | LEQP
Query 77  KMLNEL 136
KMLNEL
sbict 77 136
Query 137 196
ABSSSHSHOGVSPXG
sbjct 137 SPGSABSSSHSHOGVSPKG 196
Query 197 SGEQHQOSQLOHOLVAHHMLRNI LOGKKELMOLDQELRTAMGqqq 256
SPPRAASVSSLNCGAS SCEQHOSQLOHDLYARNMLRNILOGKKELMOLDOELRTAMOOOQ
sbjet 197 VAHEVLRNILOGKKELMOLDOELRTAMOOOO 256
Query 257 qqlgekeqlHSKL 4 MESINLI I 316
Sbjct 257 QQ
Query 317 1rrkssdsl e/ 376
sbjct 317 Q! r..”' 376
Query 1377 QLP 11dkddvldedddd 436
sbjct 377 Q 436
Query 437 Q496
Sbict 437 Q 496
Query 437 Q% Q0! 856
o 0 RSMOEQ
Sbjct 437 QH 556
Query 557 LAEMOOK 616
LAEMQOK:
Sbict 557 LAEMQQ! 616
Query 617 kpktsl 676
sbjct 617 676
Query €77 ALPQGFPPLLOEMGDNSHAAAMYQQFFF 704
ALPOGF PPLLQHMGDNSHAAANYQQF FF
Sbjct €77 ALPQGFPPLLOHMGDMSHAAANYQQFFF 704

Related Information

Gene - associated gene cetalls
UniGene - dustered expressed
sequence tags

Map Viewer - aligned genomic
context

Icentical Proteins - Proteins.
identical to the subject.

— Gap
a Low complexity
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%00 WS Fiae Gy veqvencs 7
|2 e masn s prmema_x ] = =l
) & timcrcti.rim i gov B 0676 < (8

Query 617 sssspspsplkpktsl 676

sbict 617 sPEs 676

Query 677 HAAANYQQFFE 704

ALPQGF PPLLQHNGDNS!
ALPQGF PPLLOUMGDNS HAAANYQQF TP
Sbjct 677 ALPQGFPPLIQHMGDNSHAAANYQQFFF 704

Range 2: 777 to 1374 GenPept Graphcs bl T I Second HSP identiﬁed I

Score Expect Method Identities Positives Gaps
915 bits(2365) 0.0 Compositional matrix adjust. 598/627(95%) 598/627(95%) 29/627(4%)

XSELSEXPOML £ 836
SEXPOML E
SEXPQML E 836
TVTRF NKOLLLASQILORK 696
TVTRP LASQILORK
Sbjct 837  GLADVLXSEY IVIRF NXOLLL LORK 896
Query 857 Q! QA 06 99999 956
QAPKTPOGHEN 00000
Sbict 837 Q! 'QRPKTPOG! Q0200 956
Query 957  qteqquasaqqqqqssaqtqqLEQNEALSLVVTPKKKRHEVIDTRITPRTVSRILAQDg 1016
TG 00QL menmrrmrplwu.uow
Sbict 957  QTAQQ 000! TDTRITPRTVSRILAQDG 1016 Ga
Query 1017 vwpptgoppstogay 49 (SUATEAQSPTAS 9 1076 P .
Sbjct 1017 VVPPTGGPPSTPOQ000000000000000000ASHGGNSNATPAQSPTRSSGGAAYHPQ? 1076 a Low Complwﬂty
Query 1077 ppppopEmPVSLPTSVAT N sqataaglhghbgghhph 1136
LPTSVAL
Sbjet 1077 LPTSVAL 36
Query 1137 hgenglsssppgsl 1phppsal hpallaaahhggspDYKTCLI A 1196
HOSMOLSSSPPGSLGALMDSRDSPPLPHPPSHLHPALLAAAKNGGSPDY! VMDAQ
Sbict 1137 HQSMQL HPALL P3 RAVMDAQ 1196
Query 1197 £34 TPLUSSTLTPMELRXA 1256
DRQSECNSADNQFDGMAPT V' SSTLTPMHLRXA
sbict 1197 SSTUTPMHLRKA 1227
Query 1257 KLMFF ¥ X 1316
KLAPY Y x
Sbict 1228 Kuury Y X 1287
Query 1317 TPDDLLIAGDSELYRVLXL 1376
rwm.x.ucosuxuvmuxxmuuvmmrwxrmrmxmmmswu
Sbict 1288 TPDDLLIAGDSELYRVLNL QNFREV 1347

Query 1377 SIYKIISRMDOPVPEYFKSPNFLEQLE 1403
SIYKIISRMDDPVPEYFKSPNFLEQLE
Sbict 1348 SIYKIISRMDOPVPEYFKSPNFLEQLE 1374

Score Expect Method Identities Positives Gaps
943 bits(2437) 0. 0/ Compositional matrix adjust. 688/688(100%)%8/688(100%) 0/688(0%)

Score Expect, Method Identities Positives Gaps
915 bits(2365) 0. 0/ Compositiorfal matrix adjust. 598/627(95%) y¥#98/627(95%) 29/627(4%)

HSP 1 HSP 2
Q0: 17- 704 Q: 777-1403
S: 17- 704 S: 777-1374

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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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
Divisior R

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
Divisior R
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WUAST Ratic Lecal Al gemant Saarch Toet

+ NCEW BLAST Home
BLAST finds regions of similarity betwoen biological 58quences. mare. .

|m bELfA-BLAé‘E A more sensitive protein-protemn search h.l]

BLAST Assembled RefSeq Genomes

Chocse 3 5pecies enoms 10 Search, of list all gonomic BLAST databases.

© Human L] ra sativa © Gallus us
° Mouse ° Bos faunis © Pan troglodytes
© Rat o Danio rerio o Microbes
s Arabidopsis thaliana s ke melanogaster @ Apis mefiifera
Basic BLAST
Chocse a BLAST program 1o mn.
uclootice blast | P4 8 nucieotide database using & nucleotide query

AQontnme. DISEN, MeQADISS!, JIECONIZUOUS MEGabIast

Search protein detabase usng a protein query

rotein blast
L Algonthms: blasip, psi-blast, phidlast, delta-tiast

blastx | Search protein database using & transiated nucleotide query
lastn | Search translated nucleotide Catabase using  protein query

i

Search translated g @ translated Quary

Specialized BLAST

Chocse & type of specialized search (or database name n parentesss. |

S Make speciic primers wih Primer-BLAST

© Search race archives

= Find conserved domalns in your sequence (cds)
@ Find sequences with simiar conserved domain architactire (cdart)
© Search soquences hat have gene expression profiles (GEC)

o Search and T cell receptor (IgBLAST)
@ Screen sequence for vector contamination (vecscreen)
= Align two (o more) 50quences usng BLAST (bi2seq)

BLAST 2229+ released

At version of ihe stanc-store BLAST+
Baciove

Mar, 03 Jan 2014 1200.00 EST

(2 Move DIAST nows ;.

Tip of the Day
[0 Meee on,

5 Search proteln or nuckeotide trpets in PUbChem BicAsssy
= Search

© Constraint Based Protein Myltipls Akgnment Too!

oter BAST Alge s o1 ot reaces g BOGT

e~ 0 ST WrABAST T

Home  Recant Results  Saved Strategies  Help

»NCBU BLAST! sulte
I blastp | blasts | thiastn | M.I

Align Sequences Protein BLAST

Enter Query Sequence ISR
Enter accession number(s), gi(s), or FASTA sequence(s) w4

>NP_0¢8872.1 80X-10 [Bowo aaplens)

Ciar  Query subrange 4

o From
s

Or. upload file Browse.. | Nofle selected. B3
Job Title
Enter a descriptive te for your BLAST search &)
# Align two or more sequences
Enter Subject Sequence
Enter accession number(s), gi(s), or FASTA sequence(s)

>NP_0¢3131.1 sex determining reqion ¥ [komo sapiens)

Cosr Subjectsubrange 4

From
s .
O, upload flle Browse... | No fle selected. 2

Program Selection
Algorithm @ blastp (protoin-protein BLAST)

Choose a BLAST sigortnm 4

Search protein sequence using Blastp (protein-protein BLAST)
Show results In a new window

BLAST is @ rogistared trademarx of the Naton

Cooyright | Dischainer | Prvacy | Accasebity | Contact | Send foedtack

NCBI | NLM | MM | DHES

L4
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Fcter RAST Algn e or rears teaunces g BAGT

et Lo A A S GT 7St or Cowrt—— C W “W
Search protein sequence using Blastp (protein-protein BLAST)
& Show results In a new window
Note: Parameter values that differ from the default are
General Parameters.
Max target 100
sequonces Seloct the maxsmum number of akgnod $equences 1o dspiay &b
Short queries ¥ Automatically adjust parameters for short Input sequences 44
Expect threshold 1o "
Word size 38
Max matchesina o Y
Qquery range
Scoring Parameters
Matrix BLOSUMG2 ¢ 44 PAM30
PAM?70
Gap Costs Existence: 11 Extension: 1 5 44 PAM250
Compositional Conditional compositional score matrix adjustment  * | 4 BLOSUMSO
Filters and Masking BLOSUM62
Fitar et BLOSUM4S
Mask ~ Mask for lookup table only &4 BLOSUMS50
~ Mask lower casa letters 4 BLOSUM90
Search protein sequence using Blastp (protein-protein BLAST)
& Snow resutss in & new window
| 4
BLAST s a registornd radomark of the Natonad Library of Medcne
Copyright | Disclaimer | Privacy | Accessibitty | Contact | Sead feedback NCBI [ NLM | NiH | DHHS
—
B0 = R Bt 45 0ORA73.1 VO3 10 Dlame rapent] HEE B
13'® b s nb oo o 33 “W
»NCBY BLAST! blastp sulto- 9 Resuits 14
Edit and Resubmk  Save Search F ptions VoslZl3How to road this page  Blast rapont description
Blast 2 sequences.
NP_008872.1 SOX-10 [Homo sapiens] (466
RID GAUES05P114 (Expires on 02-19 02:53 am)
Query ID 1cf|19233 Subject ID icl|19241
Description NP_008872.1 SOX-10 [Homo sapiens] n  NP_003131.1 sex cetermining region Y [Homo sapiens]
Molecule type amino acid Molecule type amino ackd
Query Length <66 Subject Length

204
BLASTP 2.2.29+ »Citation

NP._CON131,1 yex deterriciog reghon ¥ [Homo sapiens]

S Graphic Summary
the Query @
Mouss over o see the define, cick 10 show algnments.
Color key for alignment scores
050 5
Query
1 90 180 270 360 450
@©Dot Matrix View |
©Descriptions
Select: Al None Selectad:0
i Alignments. o
ption Max Total Query E dent

score score cover value
840 108 19% 1e-26 46% 19241
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R Blast N2 D0KAT2. 0K

0 Deame apent] 1466

v i oo, S 5

@Dot Matrix View | /|
) Descriptions
& TR

Select: All None Selecled:0

ii Alignments & Downosd - Graph fultiole alionm
Description

[ NP_003131.1 sex cetermining region Y [Homo sapiens]

©Alignments

[ Download ~ Graphics Sortby: E value

NP_003131.1 sex determining region Y [Homo sapiens]
Sequence 1D: |cl|19241 Length: 204 Number of Matches: 2

Range 1: 51 to 134 Graprics
E Method

Score xpect Identities
94.0 bits(232) 1e-26 Ct

matrix adjust.

Max Total Query E
score score cover value

940 109 19% 1e-26 46% 19241

Ident Accession

4 Descriptions.

Related Information
¥ Next Match

Positives Gaps
39/84(46%) 62/84(73%) 0/B4(0%)

Query 95  NGASKSKP!
N

DKRPFI 154

HVERPMRAFMVRAQAARRKLADQY PHLENAE LS KTLGKLWALLNES |
+  VERPMNAF+VW++ RREK+A + P + NHESSK LG WL E+4K PP

sbict 51
Query 155 BEAERLAMQHEXDHPDYXYQPRAR 178
4EA+4LE  Hé+ +PHYKY+PRRE

Sbict 111 OBAOKLOAMHREXYPNYKYRPRRK 134

Range 2: 95 to 101 Grapiiks

Score Expect Method
15.4bs(28) 1.9 Compositional matrix adjust. 3/7(43%)
Query 82 GYOWTLV 88

CY N ++
sbict 9% GYQWENL 101

110

I A Previous Match { First Match
Identities  Positives  Gaps
S/7(71%)  0/7(0%)

R Blast N2 D0KAT2. 0K

0 Deame apent] 1466

Y 9
mmn—nmunm-m
Color key for alignment scores
| <0 soso  [ENSORO 80 :
00'”#
1 90 180 270 360 450
RO
(Dot Matrix View
Plotof Ic19239 vs kcl|19241
IEN
s
g"’/
s+
Seq. 1
} ; 4 ', 4 ) 4 } bt
Icl1823% 100 110 120 130 140 150 180 170 178
(®JDescriptions
@Alignments
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BUAST, Batic Leca) Nlgemmant Saarch Toet

+ NCB BLAST Home
BLAST finds regions of similarity between biological sequences. rare.

|m DELTA-BLAST, a more sensitive protein-protemn search L-JI

BLAST Assembled RefSeq Genomes

Chocse 3 species gancme 10 search, of list all gonomic BLAST databases.

© Human 8 Oryza sativa © Gallus galfus
o Mouse © Bos taurus @ Pan troglodytes
° Rat o Danio rerio o Microves

s Arabidopsis thaliana 8 Drosophils melanogaster o Apis meliifera
Basic BLAST

Chocse a BLAST program 1o mn.

n o b Search & nucieotide database using @ nuclectide

BLAST 22.29¢ relaased

A rem varsion of e stanc-siore BLAST=
aiove

Mor, 03 Jan 2014 120200 E8T

[ Mose DIAST nows

Tip of the Day
[0 Moes o,

query
AQontnme. DISEN, MeQADIas!, SIECONIIUOUS MEGIDIasT

Search protein database usng & protein query

rotein blast
el Algoathrms blasip, psi-blast, phidlast, deita-tiast

blastx | Search protein database usng 3 transiated nucleotide query

Wiastn | Search translated nucleotide Catabase using a protein query

iasty | Search translated nucleotide Catabase using a transtated nucieotide cusry

Specialized BLAST

Chocse & type of specialized ssarch (or database name in parentheses. |

© Maks specc primers with Primer-8LAST

< Search yace archives

= Find conserved domalas i your sequence (cds)

© Find sequences with simiar conserved domalin architactire (cdart)

@ Search coguences that have gene expression profiles (GEO)
o Search and T cell receptor (IgBLAST)

 Screen sequence for vector contamination (vecscreen)

= Align two (or more) 50quences usng BLAST (bi2seq)

5 Search proteln or nuckeotide trgets in PubChem BicAssay
= Search

= Constraint Based Protein Myitiple Aignment Too!
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Necectas BLAST | F431ch muckotids $¥anaces wiing 3 maeatcs cowy

» NGBV BLAST/ blastn sulte

vt | pastp | g | iewn | mie

Align Iwo o More SeqUeNces &

Enter Query Sequence
Enter i(s), or FASTA v Gaw  Ouerysibaange
From
To
Or, upload file rowse... | No the saiecied. o
Job Title

Enter a doscriotive 180 foe you BLAST seorch &

Choose Search Set
Database Human genomic + anscrigt  Mouse genomic + ranscript  SOthers (nr elc ).
Nucieorsde coliecticn ine/al BE
Organism
Optondd Exhde +
En00r OIGANEm COMMOn NaMo, DINCAIY, O 13X 2. Only 20 100 taxa wil Do shown &)
Exclude Mode's (XM/XP) | Unasturedienviconmental sample saquences.
Opsionat
Entrez Query
o Erter a1 Entruz cuery 10 b soarcn 44
Program Selection
Optimize for @ Highly similar sequences (megadtst)
More diosimiar 56qUences (9350Aigu0Us moganiast)
Somewhat similar sacuences (biastr)
Choose a BLAST aigortnm &9
_ BIAST Search catabase Nucleotide coliection (nrint) using Megablast {Optimize for highly similar sequences)
a0 reeu'ts ;8 new wincom
SAigorithn parameters
General Parameters
Max target 100
secuonces Select e maerum oumber of wigred sequences o dagiay &
Short queries o adugt meders f0r shod INDUL SOCUENCOE 44

Nucleotide-Based BLAST Algorithms

W +/— Gaps

Optimized for aligning very long and/or highly similar sequences (> 95%)
MegaBLAST (default)
Better for diverged sequences and/or cross-species comparisons (< 80%)

Affine
Affine

Discontiguous MegaBLLAST 11
BLASTN 11

2,-3

2,-3

Finding short, nearly exact matches (< 20 bases)
BLASTN

2, =5 Affine

mx NATIONAL HUMAN GENOME RESEARCH INSTITUTE
A ' Division of Reszarch
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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 than BLAST for mRNA/DNA searches
May miss divergent or shorter sequence alignments

Can be used on protein sequences, but BLASTP is more efficient

XXXX é NATIONAL HUMAN GENOME RESEARCH INSTITUTE
B R

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)

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

* To find highly similar (or identical) sequences
o Alignment of mRINA sequences onto a genome assembly
 Identification of gene family members

» Cross-species alignment to identify putative homologs

* To display a specific sequence as a separate track within the
UCSC Genome Browser

XXXX é NATIONAL HUMAN GENOME RESEARCH INSTITUTE
B R
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L. 00 - UCSC Canoma Browter Home.
e hitp://genome.ucsc.edu

UCSC Genome Bioinformatics

Genomes Blat Tables Gene Sorter PCR VisiGene Session FAQ Help

| 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.

Waonmnoayouhoxpunmm saquences with our tools. The Genome Browser zooms and scrolls over chromosomes, showing the work of annotators
woridwide. The

and other on groups of genes that can be related in many ways. Blat quickly maps your
Blat mwmogomomebmmmﬂwmhmum\oahmVklsammmmmmnaummmn
e situ mouse and frog images to examine expression pattems. Genome Graphs allows you to upload and display genome-wide data sets.
al
Browser The UCSC Genome Browser is and maintained by the Genome Group, team within the Center for Biomolecular

Science and Engineering (CBSE) at the University of California Santa Cruz (UCSC). lywmww«qmmwnlmwmudmmm

Batbatball  website, feel free to contact us on our public mailing list.

In Silico PCR

Genome ‘ News [ News Archives >

Graph
. To receive of new genome ly releases, new software features, updates and training seminars by email, subscribe 1o the genome-
announce mailing list.

22 January 2014 - All the DNA on the internet now at your fingertips!

We're pleased to announce the release of the Yeb Sequences track on the UCSC Genome Browser. This track, produced in collaboration with Microsoft
, contains the results of a 30-day scan for DNA sequences from over 40 billion different webpages. The sequences were then mapped with Blat to the
n ge (ng19) and other species including mouse (mmg), rat (md), and zebrafish (danRer7). The data were extracted from a variety of
sources Including patents, online textbooks, help forums, and any other webpages that contain DNA saquence. In essence, this track displays the Blat alignments
of nearly every DNA sequence on the Intemet! The Web Sequences track description page contains more details on how the track was generated.

‘We would like to acknowledge Max Haeussler and Matt Speir from the UCSC Genome Browser staff and Bob Davidson from Microsoft Research for their hard
‘work in creating this track.

14 January 2014 - Two E. coli comparative assembly hubs now available
We're pleased to add two new assembly hubs produced by the UCSC David Haussler lab 1o our collection of publicly available hubs. The new hubs feature over

60 bacterial assemblies, including more than 55 different E. coli strains. The assembly annotations include genes, pathogenic genes, conservation, GC percent,
repetitive elements and much more.

These hubs focus on and the new "snake” track type. Snakes, which visualize aligr from ig (HAL)

floo.mmolwmvbwmoipdmmmmmdmymﬂ»mmmcmm(mm)mm genome, and show
Credits various types of genomic variations such as i More details about the new snake track display and its configuration

Training

options can be found on our Genome Browser help page.
To access and view these hubs, navigale o the Track Hub gateway page and select one of the two E. coli comparative assembly hubs from the Public Hubs list.

00 Rat BAT Search ‘1
[ -

Genome Browser Tools L s Down'oads My Data About Us

BLAT Search Genome
Genome: Assembly: Query type:  Sort output: Output type:
Rat 3 | Nov. 2004 (8aylor 3.4/rm4) : | [ONA ' [queryscore o [Pyperink o

>CB312815 NICHD Rr Pitl Rattus norvegicus cDNA clone

feeling hucky | | clear

Paste in a query sequence Rtation in the the genome. Multiple sequences may
be searched if separated by line ing with >' followed by the sequence name.

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

Upload sequence: srowse... | No file selected. submit fie

Only DNAmuenoasd%Ow:xlwarbasesandwotenorlnwaudwqumoeof
10000 or fewer letters will be p Up to 25 seq can be i atthe
same time. The total lnmformumpbuquonoom\bmm is 50,000 bases or 25,000
lelters.

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 grealer similarity of length 25 bases or more. It may miss more divergent or shorter sequence
alignments. It will find perfect sequence matches of 20 bases. BLAT on proteins finds sequences of 80% and greater similarity of length 20 amino acids or more.
In practice DNA BLAT works well on primates, and protein blat on land vertebrates.
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®00 Rat BLAT Ragudts. B
[ T Tee— L=l

Genome Browser Teols Mirrors Downloads My Data - T Help
Rat BLAT Results
BLAT Search Results
ACTIONS QUERY SCORE START END QSIZE IDENTITY CHRO STRAND START SPAN
browser details CB312815 710 1 733 768 98.1% s + 101455599 101456323 725
CB312615 29 501 537 768 89.2% 2 ‘ 38736251 18736287 37
CB312615 25 501 529 768 93.2% 3 + 22960346 22960374 29
CB312815 22 341 363 768 100.0% 1 4 122930956 122930979 24
CB312615 21 202 222 768 100.0% 7 - 33248146 33248166 21
CB312815 21 706 727 768 100.0% 3 + 46857920 46857942 23
CB312615 21 582 574 768 95.7% 1 + 157973111 157973133 23
CB312815 20 277 298 768 95.5% 2 = 240446870 240446891 22
CB312615 20 442 461 768 100.0% 1 - 216323127 216323146 20
CBl12815 20 508 527 768 100.0% 1 - 56102029 56102048 20
CB312615 20 453 s 768 95.5% 2 + 186587336 186587357 22

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

move <<< | << (< > >>  >>> zoOMIiNn 15x  3x| 10x  base ZoOm out 15x| 3x | 10x
chr5:101,455,417-101,456,504 1,088 bp. enter position, gane symbol or search tarms
Im B S e e o S Dl E—n——

seave e I
e 1

T8 Markers on
373 Markers

G0 Locat iors

o mE
vour Secuence rro Biak Sew-an
costane
Cers

Reftea Cones
Mor-Rat Reftea Genes
Other Rerses
H-3CAN Garoe P < 108
SO GAne FTed|CTIGnt USING KAT/MmMAN HORO 100y
or Cores

PUDIECATIONES DECKANCES In STIENEIFIC articles
Seamnces

fat whras (rom Condank
nat s ——
2t €575 That Ane Been Spiiced

so14coa €572 ——1HE

Tebrate MUILIZ A1 igreent & Conservat on

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

« orange: 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
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Rt BAT Racalts

@ cunome sIC G coH-Din bodat

Downloads My Data
Rat BLAT Results
BLAT Search Results
QUERY SCORE START END QSIZE IDENTITY CHRO STRAND START END SPAN
details CB312615 710 1733 768 98.1% S 4 101455599 101456323 725
ils CD312615 29 501 537 768 89.2% 2 ‘ 38736251 38736287 a7
Js CB312815 25 501 768 93.2% 3 + 22960346 22960374 29
e CB312815 22 341 363 768 100.0% 1 + 122930956 122930979 24
15 cB312815 21 202 222 768 100.08 17 - 33248146 33248166 21
Lls CB3IL2615 21 706 727 3 . 46857920 46857942 23
Li1s CB312615 21 552 574 1 + 157973111 157973133 23
ile CBIL2ELS 20 277 298 2 = 240446870 240446891 22
L1 CB312815 20 442 461 1 - 216323127 216323146 20
f1s CBI12615 20 508 527 1 - 56102029 56102048 20
L1s CB312615 20 453 e 2 + 186587336 186587357 22
o User Saqueace vs Camamic q
& seseme s oc $300a- DALl = Trshh b garcme 367 370080 piles A2 Trap ST w2 gt gerose 57 270 I (3 q)w
.
Alignment of | Alignment of CB312815 and chr5:101455599-101456323
CB312815
. Click on links in the frame to the left to navigate through the alignment. Matching bases in cDNA and genomic sequences are colored
%:3 1}17;215 blue and capitalized. Light blue bases mark the boundaries of gaps in either sequence (often splice sites).
t.C
block1
together <DNA CB312815
« TGCTTTCTCC ACCTCTTCCT 50
TGTGAATTITC CTAAACTCTC TACCTCTGGT TCATGTTCGC TCTTCTGGAT 100
AGTCTGTGTG CAATGAGCCC TTAAAGGAAT ATTGCAATGA GCTATAAGAG 150
T A T 200
CATTGCATCT AGT CTT CA 250
300
AATGACTCCA CCACATTCAA ATTGTATACT TGGCATTTCT 350
GATTTCAGTT CTGAAATTCT GTCCCTTAGT CGTGGGGAAA ATAAGAAATG 400
GAGTTACACC TTGTCATTTA AAAAACCATT GAATTAAGAG ARATGGARAA 450
TICATGTITT GATCATGGCG 500
T6C GCATAATCCG 550
AGGTTCAAGC T 600
T AG TTAAACACCT 650
ACTGAGGGAA TGGATAAGCG GAGTGCCCTT GTCTATACTC GGGgatgiCT 700
AGTCATC cg ta’ TTCga’AATG AT/ aaatacc aatgggatgg 750
atccccttta aaccatce
Genomic chrs :
101455548
g gg 101455598
TGCTTITCTCC ACCTCTTCCT 101455648
TGTGAATTTC CTAAACTCTC TACCTCTGGT TCATGTTCGC TCTTCTGGAT 101455698
AT’ GC 101455748
RAGGAAATTT 101455798
CATTGCATCT GCTCCTAAGT TAT CTT 101455848
101455898
AATGACTCCA CCACATTCAA GAGGCTTCAA ATTGTATACT TGGCATTTCT 101455948
GATTTCAGTT CTGAAATTCT GTCCCTTAGT CGTGGGGAAR ATAAGAAATG 101455998
GAGTTACACC TTGTCATTTA AAAAACCATT GAATTAAGAG AAATGGAAAA 101456048
ATAAAACATG TTCATGTTTT GATCATGGCG 101456098
TGC ATAGCAATGT GCATAATCCG 101456148
AGGTTCAAGC g T 101456198
o AGGAGT TTAMACACCT 101456248
ACTGAGCAAT GGATAAGCGG AGTGCCITGT CTATACTCGG CattCTAGTC 101456298
ATCAGtAGAA AAGTTTCAAA TGAT/gatac gatggatgat cccttaaaca 101456348
101456398
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O*'LLI”V?"*’ — Uier Sequence vi Lemamic
(7] =l
) & concme oacace cor-bind - 1034555Hibe v = s P Pt arceme %7 370083 ule+ S TG W5IR i sesorse 957 27000 o) 12 01 3Ac-csai=103¢ - C (- a)(s)elo:)
Ali t of Side by Side Alignment
CB312815
1

gﬁ?c]hzr?s T INinnanmnannmnmnannmnmnn T—
block1 1 tgtg. 000000100
together >>>>>>>>> [[[TTTTENTETTTEEOT O] >>>>>>>>>

101455649 101455698

000000101 agtctgtgtgcaatgagcecttaaaggaatattgcaatgagetataagag 000000150
22252505 111111 22020050

101455699 101455748

000000151

>>>55555> [ [T CETEETTETTETTTETITTETITTITETT] >>2>5>5>>

101455749 101455798
1

>>>>>>>>> [[[[T[ITTTITOTTHECTTOEE TN TEITETTTTTTTIT] >>>>>>>>>

101455799 g gt g 101455848
1 t 000000300

223323 [/ TITITTUTCCTCDETDTTELEEITEITITTILITTITITTT >2oaeamaa

101455849 101455898

000000301 g 000000350

>>>>>>>>> [[ [T ITTTETTTTITTTTT 2>>>>>>>>

101455899 101455948

000000351 g g

>>>>>>>>> [[[I[TITITITITTTITEEC T ATITR T T >>>>>>5>>

101455949 tegt 101455998
1 gage e

>>>>>>>>> [[[LLLTTCUT DT EEUEEEETEETITELTETITITEITITTIT ] 222>>>5>>

101455999 gag' 101456048
1

>>>>>>>>> [[ [T ETOETENTTTEETEITEETITITITITIT >>>>>>>>>

101456049 g 101456098

1 "
>>>>>>>>> [[TTITIITUITTITETTITITTTINCTTETTITITTITTTT >>>>>>>>>
101456099 ggggatataget gettgeat tgtgcataatceg 101456148

sz (T T TN Soamess
101456149 101456198

000000601 cacagcagegttttcagtataggegeaaaggggaaggagtttaaacacet 000000650

FASTA

Identifies regions of local alignment

Employs an approximation of the Smith-Waterman algorithm to
determine the best alignment between two sequences

Method is significantly different from that used by BLAST

Online implementations at:

http://fasta.bioch.virginia.edu
http://lwww.ebi.ac.uk/fasta33

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divisior R
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one program

m Intramural Research Program many people

Our Research Changes Lives infinite possibilities
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