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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

XmX NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intromurol R rch

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, msertions, 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

XmX NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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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

—_—
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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 I

—

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

 Side chain structure and chemistry
 Side chain function

e Amino acid-based examples of considerations:

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

* Lys/Arg have positively charged side chains
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Scoring Matrices

o (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)

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

Generally perform better than PAM matrices for local similarity
searches (Henikoff and Henikoff, 19953)

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

* * %
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Calculate
BLOSUMSO0

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division

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 Sy

Most effective in finding all

L 30-40
potential similarities

Longer, weaker local alignments <30

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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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 (HSPSs)

 Pair of sequences that can be aligned with one another

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

o 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
Division of Intromurol R rch

Query: GSQSLAALLNKCK @ ORLVNQWIKQPLMDKNRIEERLNLVEAFVED

Neighborhood
Words

Neighborhood Score
Threshold
(T=13)
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High-Scoring Segment Pairs

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

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intromurol R rch

Extension

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

Significance decay
o mismatches
e oap penalties

Cumulative Score

Extension

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Scores and Probabilities

Cumulative Score

—In

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

E = kmNe 45

m # letters in query.

N # letters in database
miN. size of search space
AS normalized score

k minor constant

Extension

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intromurol R rch

Scores and Probabilities

Cumulative Score

—In

SLAALLNKCKTPQGQRLVNQWIKQPLMDKNRIEERLNLVEA
+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

Extension
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Scores and Probabilities

Query:

Sbjct:

Cumulative Score

—In

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

E=10°

Jfor nucleotides
E <107

for proteins

Extension

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
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Using BLAST for
Protein Similarity Searching

Division
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Sequences Used
in Examples

http://research.nhgri.nih.goy/
teaching/seq_analysis.shtml

Weeks 2 and 3: Blological Sequence
Protein and Nucleotide Sequences for Analysis

Current Topics in Genome Analysis 2014

Analysis
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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

XmX NATIONAL HUMAN GENOME RESEARCH INSTITUTE

RefSeq Accession Number Prefixes
From curation of GenBank entries:

NT Genomic contigs

NM mRNAS

NP Proteins

NR Non-coding transcripts

From genonie annoration.:

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
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3 Division of Intromurol R rch
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Word sizs e PAM30
Maxmcresing o PAM70
e BLOSUMS0
Scoring Parameters
Matrx noswe <& BLOSUMG62
BLOSUMA45
Gap Costs bustance 31 batengion 1
G i soe s e ) 0 BLOSUMS50
— BLOSUM90
Filters and Masking
Filtor + o Low compiexty regiens &
e Mask for kookup tatie only

Mask lower casa latiers &

Search catabase

protain (nn) using B BLAST)

 Show rests i 2 new wincow

|io]
3
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500 o BART. ok protein Gaavaces ving 3 proim oy
= proswe mast sowes prweme | =]
() 5 imcrctimin A oo, s o RORAM- S A ML TS uiciawird = —ushiein
= CIR W CIINEL COWY 1 P Sew T o n—
Program Selection
Algorithm ® biasp (protein-protein BLAST)
PSI-BLAST (Postion-Specific llerated BLAST)
PHLBLAST (Patiom Hit Initiated BLAST)
DELTA-BLAST (Domain Enanced Lookup Time Accoloratod BLAST)
Choows & BLAST sigortun £
Search database Non-redundant protein sequences (r) using Blastp (proteln-protein BLAST)
M Show ressts i 3w wincow
)Algodithen parameters Note: Parameter values that differ from the default are highlightad in yellow and marked with + sign
General Paramelers
Max target N
sty Saloct o manrum rumder of 8igred s0quences 1 dapay W
$Short queries ™ Automatically adjust paramesons for shod put S0GUENCes &k
Expect threshold © -
Word size e
Maxmatchesina 5 v
Query range
Scoring Parameters
Matrix uosuvez :
Gap Costs. Lostance 35 engion 1 48
[ | carmgor ore matrin agpviment © | W
djustments
Filters and Masking
Filtor + M Low complexty regions 4
Mask Mask for kokup tatle only &
Mask wer case latiers &
(BIASTT)  sesrcncatabess protein (nr) using BLAST)
 Show rests i 2 new wincow
4

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 not enabled by default)

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intromurol R
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Proven BART saarch protein daasaces vomg 3 ot Guary

Mask lower casa latiers &

Algorithm  bissp (protein-protain BLAST)
PSI-BLAST (Position-Specific lieratad BLAST)
PHLBLAST (Patiom Hit Initiated BLAST)
DELTA-LAST (Domain Enhanced Lookup Time Accelorated BLAST)
Choows & BLAST sigortun £
CBLAST Search database Non-redundant proteln sequences (nr) using Blastp (proteln-protein BLAST)
¥ Show vt n 3w wincow
(S Algorithen parameters Note: Parameter values that differ from the default are highlighted in yellow and marked with + sign
General Paramelers
Max target NeT)
i Saloct o manrum rumder of 8igred s0quences 1 dapay W
‘$hort queries ' Automaticolly odjust PAramesors for hor Mput S0GUENCEs 4k
Expectthreshold 1o ™
Word size 3 @
Maxmatchesina 5 ¢
Query range
Scoring Parameters
Matrix uosuvez :
Gap Costs Guistance 31 batengion. 1 1|4
[ core matri adpviment : W
djustments
Filters and Masking
Filter +  Low compiexty rogions 4
Mask Mask for kokup tatle only &

Search catabase No pros (nr) using 8 BLAST)
o Show resuns m & new wincow
A
%00 NGB W25 Quary sequence 7]
L; al = * k&b J
g c )8 Q)(¢) e)(@)

» NCBI BLAST/ blastp sultel Formatting Results - G4Y4D4ZS014
Edtand Resubmit  Save Search Stralegies > Formating options

Query sequence

& Dowrdoad

RID GAY4D4ZS014 (Expires on 02-19 04:01 am)
Database Name nr

Weulf3TIHow 1o read ths page  Biast report description

Other reports: > Search Summary [Taxeoomy reports] [Distance iree of results] [Refated Siructures] (Muliiple algoment]
[ DELTA-BLAST, a more sensitive protein-protein search  ge)

Description Query sequence Ly GenBank CCS
Molecule type amino ocd exduding emvironmental samples from WGS projects
Query Length 1403 Program BLAST? 2.2.29+ »Citation

Mouse over 12 s e define. Gk 10 show digrmens

€ Graphic Summary
()Show Corarved Domains
Putative conserved domains have been detected, click on the image bolow for detailed results.
- - e ne s .
Specifie :Iltl
Super(anilios [ oty

Color key for alignment scores

—_——
— —
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NGB W2 Quary sequence o
N
) @ bz nctsrin i gov, B cot qm
fy Sequence &
L |
’ - Gap in
COlO" key — uery 050 80-200 200 p
1 250 500 750 1000 1250 allgnment
with subject
e >] HSP
* Masked
—_——— region
——— [r— /
- - = <«— Unrelated hits
Descendmg = ——
score —
order - emm— ——]
—
© Descriptions.
Select Al None Selectec0
1 Aignmenis °
Max Total Query E
Descheur score score cover value 'Ot Accession
orapen, scform M IDwscchia melascansier >a2/PRe617.34PROS._DROME Reciame: Fuliemesbox oiein omapsrs >OAFHRENA 1l roscero. i S04 1508 93% 0.0  100% NP 0012470461
PRORDIS, B0 J [OroRcpiis MAanogasten >emOICAATTE02 1] proaprs [Drosepnia melanogester] »RIAAFSIE28 4| prospars, ofomm J [Droscpaia §93 1638 93% 00 100% NP 5243174
WGE B ey vegeance 7
) 8 Vst m i oo, Souw ol Qm
EDescriptions
0.0 means
-1000
Select All None Selected0 <10
i Asgnments
Max
Dewcéos score Conen,
pers, Bokorm M [Dioschls melacgasier] apP26017 APROS DROME Recharme: FusHomeckas prfnin pospars gt AFVOGNS 1| promgar, i 894 NP_OD1247046.1
DROEDGT, Kot J Kroecphils Malanoaacter >emGICAAT 02,1 reepan Dreeo/va melanogaster] SIRIAAK 64628 4] croesam, ofomn 4 [Drosophia. 803 1806 93% 00 100% NP 5243174
e {Drimonh i medarogpo o) #93 1532 3% 00 100% BSAADNG4 )
hemecdomain Yransriction facier Prosoers [Drososhia mokansgaster] 990 1821 93% 00 100% AAFOSICE:
GG.1608 Droeops it i it J §65 1885 93% 00 9% XP 001S60571 3
Prea eroton Drosochis meacocasnr) 862 1811 93% 00 97% AAA28410
GEZH0 [00scpnis yahuds] U 3.1 GE26090 youos) 881 1685 93% 00 97T% XP COXATIO1Y
g, scform = [Deosochia mokngasie’] HAFHORIAR 1 proses_ sotrm M Drowsghis mea wges] $44 1862 93% 00  100% NP ODIZ4T0441
PREDST, Loform L IDreop i mokaregaster] 1% SRAANTISN Al prospom, sofom L[Drosoghea 1 843 1856 93% 0.0 100% NP Tes63s3
Pespers, S | [Drosogkta menogsed] >obJATHEISY, 1] prosper, oot | Droscphia meanogaste 842 1864 93% 00 100% NP OO1MM4S ¢
PRApErS, eoform < [Dmacohia meenogester] RAAN1I$01.4] prosgon. soferm K [Drosaghia moancgere’] B42 1863 93% 00  100% NP T3sess
GM239% [Dosorhia 7,1, GMZ393% [Drosog '] 035 1067 93% 00 98% P coxaumny
QL0657 Droacohia o 11 GE 106857 100 ol 804 1673 83% 00 2% XP OO
GX(11290 [Droscphia wiksion'] >EOECIYE0RS, 1) GK(11250 [Oroscphia wilsion] 845 1532 85% 00 B83% XP COXEMMS0
G180, iscform 8 [Drmcgile P cootscya pemdorteo il >REEALZRIT 3 GAI40Y otrm B Doxghi seeudcobsum psnioctsara]l 845 1476 80% 00 B1% XP 013503053
o Doacehia veikel >elEDWEE204.1| 2roa [Droscpiie vida] €21 1429 8% 00 9% P oxeIma
GH21437 [Drpmopnile grimstiew] >RIEDVRS0, 1| GHZ 1437 Drosaphita grishinsd 802 1374 84% 00 BO% P COtGwO:
Q122693 [Drosoenile aiavenaal > EDW1ES1.1] GI220% [Drsacohia mesvensa) 804 1292 84% 0.0 80% XP 00X001301
PRED CTED. nemoooax peosorr prospard ine isokorm X2 |Ceratss cagean] 61 1|
2 3e-179 =3x10"'7°
GA 14400, incform C [Drosceriie paecootacu’s senudoobsaml >cbiE 1152350, 1L OA 14400, acform C D:oaceh i seevdcotncuin saacoctecaal 611 1
POMOCEAt OLON DIOSDRCANX 1 150008 D] 00 EATIE00Z 11 AREL00Z76 74, 2artal (Aodes accyoul 871 770 62% 30179 %9% P 001esneal
PREDICTED nemectas paoasie prospers-is isofonm X1 |Caratds cagtuta) 491 1080 84% Se-14d 02% NP COLMD 1
Recheme: 7 DrOtOn pOAsErC >NAA TIAF 190405 1 Proscers [Drosepnia viela] 440 1208 TE% 20126 B0% QO
prosperc | i 1 tans, 378 608 26% e-112 100% XP 0021004741
PEEDCTER. LOW QUALITY PROTRIN. Domectex Riviein crasser-ie INuace somexica) 397 1080 72% 1e-110 82% XP 0051882661
Crain A, Stuctral Sass Of Prospers-Dna inenacscn; mpleatcns For Trarecncton Reg.aaicn it Devsloging Celle 247 347 1% 20107 100% DXPX A
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@00 &l NGE B2 Quary seqesnce
) 3 Vimscrcti ni s oow, S
PoORPERS homeotax pter 2 [Hatte ronegoss) 1%
PSEDICTED. prospara hormston geoteln 2 1 0ndonta aftienal 10%
PIEDCTED. proneerd homeodan ceciein 2 Twrxoms nuncatal 214 e %
PEDCTED. prospers homesox profein 2 KOrsings orca) 2 216 1%
PSEDCTED. prospen A 214 2% 0%
PREDCTED. progpen focton 2 (Algater 214 2% %
PSEDICTED. prospero homwoha seotein 2 Vo paces] 213 213 1%
PREDCTED. prosperd homoodas paiein 2 [Sares sreno.s] 23 213w
PREDCTED proapen srtutn 2 Corstmae simrn) 213 213 1%
LR fecir ot Koona mieaineia) 210 20 % 58% BALOGISN )
peapers homestax 2 [Dan0 0] >gOIABS 304172 prox2 prote Dank ren] 212 212 10% %9% NP ODIIRITEL2
PAEDCTED prospers hormobis groteks 2 (ASgator sieenis] 2% e % 57% XP QOG0 1
PREDCTED: prospen pochoin 2 oform X1 212 213 0% Al
PAEDICTED jronpara horwebns ecnts -tk Tsfug rtw o) 214 214 10%
PREDCTED: prospen pactein 1ma | 214 216 0% Accept
xper g 21 22 22 ww tess |{ (for now)
PREDICTED LOW QUALITY PROTEIN: crospero bomeobn proledn 2 |Calishri jacchyn] 211 211 1% 2654 | 5T% XPCOITMRA
PREDCTED: prospers homacnox pectein -5 isoform X1 [Pundamia mysrses] et COS742780.1) PREICTED: proters homestas prosen 213 10% 2054 | 9% xP cospez7es
usvwerad protein grod.ct [Tatvsadon rigrovivdinl 168 10% 2e-58 | 5O% CAODS0S)
PREDCTED: prospers homeotoa profein 1-#e acform X1 [Moplochroms turtond >w/1XP 008616498, 1| PREDICTED: proopee homocbom prtoln 146 213 213 10%  20-54 | 50% P COSU"63G4 1
PREDCTED jroap Trwtns ey §-Van tebcthunty 213 213 10%  2e-58 | 59% XP 0007601251
PRCOCTER: aroapero homesos peotehn 1-ee (Mayiancia zoben] 213 213 10% 2054 | 50% X 004840774
PREDICTED, rospers homesox promein 2 I5ava comelus] 210 211 1% 2088 | 59% xP 0OMT2N2 Y
PRLDCTL o3 pecein 2 (¢ 211 211 NN 2054 | 57 P ORI
PREDCTED: proeper homoodan proten 2 [Camebus ferus] 211 217 1% 3054 | 57T% XP COS184500 1
PAEDCTED, jruspars homeston pectetn 2 soform 2 Gorite gosita gorkal 210 210 10% T7e54 | 5% P COLS501Y
PREDCTED: LOW QUALITY PROTEIN: arospers homeobox profen 2 [0choiona sincceal 292 292 13% 8054 || 51% P Lossaese
PREDCTED. prospers homeodar geoten 2 soform 2 [Pen trogiooyies] 209 200 10% 954 | 58% xp 2270072
PREOCTER: urchamcinrizes orodsin LOCTTREN) I00a mtastratal 214 2% N% 1053 || 58% P Co2122508 0

| Reject above desired threshold (E < 107) I

© Alignments
%00 B ot Qo vequence
|12 e masn sown = = IR,
) @ bl cts.sim. v oov) B co 1IGTE5 570
prospero, isoform L [D: 1 > 25% for proteins
Sequence ID: refINP_788636.3| Length: 1374 Number of Matches: 2 > 70% for nucleotides
> See 2 more title(s) —
Related Information
Range 1: 17 to 704 GanPept Graghics W Next Ma!
Score Expect Method Identities Gaps Qﬂtﬂ'ﬂﬂ“h&dgem cetalls
943 bits(2437) 0.0 C jonal matrix adjust. 688/688(100%, 688(100%) 0/688(0%) uniGene - clustered expressed
sequence tags
L ATHopt 11t00PGULIGGESA
Query 17| & LLMPRLIVNNEA | 76 Map Viewer - aligned genomic
sbics 17| & LTAAFGNLEGGSSA | 76 context
Query 77  KMLNELFGROMKOAQDATSGLPOSLDNAMLAARMETATSAELLIGSLNSTSKLLOQOHNN 136 [centical Proteins - Proteins
KMLNELE L IGELMETEXLLOOQHNN identical to the subject
Sbjct 77  KMLNELP 1GSL 136
Query 137 i s 196 G
sbict 137 196 — Gap
Query 197 1 256 a Low complexity
SSCEQHO .OGKKELMOLDOELRTAMOO0O
sbice 197 GEQHOSOL ILOGKKELMOLDQELRTAMOO0O 256
Query 257 qglgekeqlHSKL {astannnnnttMESINLI 1 Q 316
QQL INLT 1 QTAPQPQ
Sbjct 257 QQ 1 Q
Query 317 Qsphgsshssrag 1rrkasds) dondanpTGoRsES/ 176
sbict 317 Q8 cgiflEs 376
Query 1377 Q DEVEL 1ldkddvldedddd 436
Sbict 377 Q DEDOOD 436
Query 437 Q 496
Sbjct 437 XXPGVDL Q 496
Query 437 QF QQ! 556
bt 20 REMOEQ
Sbict 437 Qs 556
Query 557 L qeldqdqdveq: P 616
sbict 557 L 616
Query 617 psplkpktsl 676
sbjct 617 676
Query 677 ALPQGFPPLLQENGDNSHAAANYQQFFF 704
ALPQGY PPLLOHMGDMS HAARMYQQY FF
sbict 677 ALPQGFPPLLQHMGDNSHAAANYQQFFF 704
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®e00 NCR Blast Quary sequance o
Z al= L=k
() & vt e g o0 a3
Query 617 NHKEETGQERpgssspspsplkpktsly 676
Sbict 617 LKPKY! 676
Query 677 ALPQGFPPLLOHMGDNSHAAAMYQQFFF 704
ALPQGFPPLLOKVGDMSHAAANYQQFFF
Sbict 677 ALPQGFPPLIOHMGDMSHAAAMYQQFFF 704
Range 2: 777 t0 1374 GenPeot Graphics bl T i | Second HSP ld€ntlﬁ€d I
Score Expect Method Identities Positives Gaps
915 bits(2365) 0.0 Compositional matrix adjust. 598/627(95%) 598/627(95%) 29/627(4%)
Query 777 - XSELSEXPOML E 836
sbict 777 Ty QM SEKFQML E 836
Query 837  GLADVLKSEITTSLSALVDTIVIRFVHQRRLPSKQADSVTAAAEQLNKDLLLASQILORK 696
GLADVLKSEITTSLSALVDTIVIRFVHQRRLFSKQADSVTAAAEQLNKDLLLASQILORK
Sbict 837  GLADVLXSEITTSLSALVDTIVTRFVHQRRLPSXQADSVTAAAEQLNXDLLLASQILORK 836
Query 837  SPR o QAPKTPOC 2 LPPDaqqq 956
SPRT " QAPKTPOGMN: AAAL FOOOVC0
Sbict 857 SPR QN 'QAPKT PPDQOO0Q 956
Query 957  gtaqqogsaqoqqqssaqtqqLEQNEALSLVVTPKKKRHEVIDTRITPRTVSRILAQDg 1016
N . EQNEALSLVVT TOTRITPRIVERILAODG
sbict 957 EQNEALSLVVT TDTRITPRTVSRILAQDG 101
— Gap
Query 1017 vvpptggppstpaqqqeqqqeeqaqqaaaqay qp 1076 .
sbict 1017 KL ook v a Low complexity
Query 1077 CVSLPTSVAIPNPSLHESKVFSPYSPFFNPhaancqs 1136
PTSVAIPNP! T
Sbjet 1077 PTSVAIPNP! T 36
Query 1137 hqenglsssppgslgALMDSRDspplphppsalhpallaaahhggspDYRTCL AQ 1196
HOSMOLSSSPPGSLGALMDSRDSPPLPHPPSKLUPALLAAAHGGSPDYK! VMDAQ
Sbict 1137 HQSMOL PHPPSMLHPALL ACLRAVMOAQ 1196
Query 1197 £33 47“;“1.“,\ 1256
DRQSECNSADMQFDGMAPT V' SSTLTPMHLRXA
Sbict 1197 SSTUTPMHLRXA 1227
Query 1257 KLMFF ¥POI SNFREFY X 1316
Xy XMYFPOI SXFREFYY X
Sbict 1228 Kuurr XMrreol Y X 1287
Query 1317 TPDDLLIAGOSELYRVLL o REFFRA 1376
TPDDLLIAGDSELYRVLNLHYNRKNHIEVPQNFRFVVESTLREFFRALQGGKDTEQSWEK
Sbict 1288 TPDDLLIAGDSELYRVLNLHYY 0 REFFRA EQSWXX 1347
Query 1377 SIYKIISRMDDPVPEYFKSPNFLEQLE 1403
SI¥KIISRMDDFVPEYFXSPNFLEQLE
Sbict 1348 SIYKIISRMDDPVPEYFKSPNFLEQLE 1374

Score Expect Method

Score Expect Method
915 bits(2365) 0.0y Compositio

HSP 1
Q: 17-
S: 17-

704
704

Identities
943 bits(2437) 0.0/ Compositional matrix adjust. 688/688(100%)

Identities
bl matrix adjust. 598/627(95%) W#08/627(95%) 29/627(4%)

Positives

Gaps

Positives
(‘;8/688(100%) 0/688(0%)

Gaps

HSP 2

Q

S:

777—1403
777—1374
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Suggested BLAST Cutoffs

Sequence
E-value Identity

Nucleotide < 10° > 70%

Protein < 107 >25%

» Do not use these cutoffs blindly!

» Pay attention to alignments on either side
of the dividing line
* Do not ignore biology!

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division

BLLAST 2 Sequences

Finds local alignments between two protein or nucleotide
sequences of interest

All BLAST programs available

Select BLOSUM and PAM matrices available for protein
comparisons

Same affine gap costs (adjustable)

Input sequences can be masked

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division
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BUAST, Batic Leca) Nlgemant Saarch Toet

+ NCEV BLAST Home
BLAST finds regione of simiarity betwoen biological 5equences. mere.

@ DELTA-BLAST, a more sensitive protein-protein search  Ge) I

BLAST Assembled RefSeq Genomes
Chocse 3 species genome 10 search, of list all genomic BLAST databases.

© Humaa © Oryza sativa
° Mouse ° Bos faunus
o Rat © Danio rerio
@ Arabidopsis thallana o Drosophils mels: stor

© Gallus gaifus
@ Pan troglodytes
o Microbes

o Apis meliifera

Basic BLAST
Chocse a BLAST program to rn.

nucloctice blast | SPATE 8 nucieotide database using @ nuclectide query
AQontnme. DISEN, MeQADISE!, SECONIIUOUS MEGEDI3st
Search protein database usng & protein query

protain blast
Algoatirns. blastp, psi-blast, phidlast, deita-tiast

blastx | Search pr

g 3 transiated query
Wilastn | Search translated nucieotide database usig a protein query

Wiastx | Search translated nucleotide Catabase using a transtated nuciectide cusry

Specialized BLAST

Chocss & type of specialized ssarch (or database name n parenthesss. |

Maks specic prmens wih Primer-BLAST
Search trace archives

Find conserved domalns in your sequence (cds)
Find sequences with simlar conserved domain architacture (cdart)
$6arch oquUencos Tat have gene expression profilés (GEC)
Search immunogobuling and T cell receptor (1gBLAST)
Screen sequence for vector contamination (vecscreen)
Allgn two (or more) 50Qences g BLAST (ti2seq)

BLAST 22,29+ released

A rw version of e stand-akore BLAST=
35940003 & v oD
Mon, 03 Jan 2014 120000 E6T

1R Move DLAST nows

Tipof the Day
[0 Moee tipe.,

Search proteln or nucieotide trgets in PUChem BicAssay
Search SRA by experiment
Constraint Based Protoin Myltiple Alignment Tool

onsooooenoae

00 Protar BT Algn two of 1eors teqomnaes sng BAGT

Align Sequences Protein BLAST

BLASTP programs search protein sub]ects using 3 proteln Guery. mors...

Enter Query Sequence
Enter accession number(s), gi(s), or FASTA sequence(s) w4 Clear Query subrange 44
>N 048872, 1 80X-10 (Bomo saplens)
- From
To
Or, upload file Browse. | No fle sebciod. “
Job Title
Enter a descriptive e for your BLAST search #)
© Align two or more sequences i\
Enter Subject Sequence
Enter accession number(s), gi(s), or FASTA sequence(s) Cloar Subject subrange 44
SHP_0¢3131.1 sex determining reqion ¥ [fioso sapicns]
& From
To
Or, upload flle Browse... | No fle seleciod. v
Program Selection
Algorithm @ biastp (protoin-protein BLAST)

Chocse a BLAST aigortnm &3

@ Search protein sequence using Blastp (proteln-protein BLAST)
Show results in a new window

My NCBI

Bmetpoce  Bookmard

NCEI | NLM | A | D

30



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

March 5,2014
Andy Baxevanis, Ph.D.

RID

Query ID
Description
Molecule type

NP_008872.1 SOX-10 [Homo sapiens] (466

GAUBSO5P114 (Expires on 02-19 02:53 am)
1e1]19239

NP_008872.1 S0X-10 [Homo sapiens]
amino acid

G Prccar BAST Algn two of ors teqamnces wang BAGT B
% e masT Mo e w2
'q_A_.ﬂ\_. i s o oo B P U Bares AT ST P RAALIN LOC-EHsaaMAST TAGE ~SUsnSRAST T~ 012l Y > WP CEMT: c M-
R B3 (B OMBIN proton BLAS 1) o
Choose 3 BLAST sigonthm 4@
" BLAST Search protein using Blastp (protein-protein BLAST)
& Show results In a mew window
Note: Parameter values that differ from the default are
General Parameters
Max target 100 2
sequences Select the maximum number of aiignod SequUences 1o dspiay &
Short queries t4 adjust for short Input ~
Expect threshold 1y "
Word size 3 N
Max matches in a 0 "
Qquery range
Scoring Parameters
Matrix sosUMe2 | 4 PAM30
PAM?70
Gap Costs Existence: 11 Extension: 1 & 4 PAM250
Compositional Conditional positonal matr; ustment 1 4
Eomatsn sl composian scors matis i BLOSUMS0
Filters and Masking BLOSUMG62
Filtor + 8 Low complaciy regions @ BLOSUM45
Mask Mask for lookup table only & BLOSUM50
Mask lower case lefters 14 BLOSUM90
Search protein using Blastp (prote in BLAST)
o Snow results in 8 new window
A
2 rogistord tradomank of the Natons 3
right | Dis: p Send (90 NCBI [ NLM | NI | DHHS
|00 NCBI Blast N2 OOEST2.1 LOX 10 Plome tapen) 1466 <
= woa =l
e — & i)
»NCBU BLAST! blastp sufte 6 Rosuits - GAUESOSP114 -
Egit and Resubmk  Save Search Strategies  » Formatting options. > Download YoulZT3How to road this page  Blast report doscription
Blast 2 sequences

Subject ID Icl|19241
Description NP_003131.1 sex cetermining region Y [Homo sapiens)
Molecule type amino ack

Query Length 466

Subject Length 204
Program BLASTP 2.2.29+ >Citation

Other reports: > Search Summary [Taxonomy reports] [Myltiple alignment]

© Descriptions

{=)Graphic Summary
Di of. on the Query ~
Meuss cver 1o see the defien. cick 'o show algnmens
Color key for alignment scores
<40 4050 5080 80-200 >=200
Query
1 S0 180 270 360 450
@ Dot Matrix View - //
Select: Al None Selectec:0
i Alignments o
Max Total Query E
Descrioon score score cover value dent
NP _DO3131,1 yex dedermrining region Y [Homo sapiens] 840 108 19% ‘e-26 46% 19241
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NCR Biast W2 DORAT2.1 OX- 10 Dhame tapent] 1466

ey

) 3 Vst s i oow, Vw3l

@ Dot Matrix View : /|
©Descriptions

significant

Select: All None Selected:0

ii Alignments

NP_003131.1 sex cetermining region Y [Home sapiers)

©Alignments

[#Download ~ Graphics Sortby: E value

Description

o

Max Total Query E \dent o

score score cover value
840 109 19% 1e-26 46% 19241

: A Descriptions

NP_003131.1 sex determining region Y [Homo sapiens]
Sequence 10: Ic/|19241 Length: 204 Number of Matches: 2

Related Information
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N +  VERPMNAF4VW++ RRKHA + P + N4ESBK LG WHL E+4K PF
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Nucleotide Similarity Searching

MegaBLAST, BLASTN, and BLAT

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intromurol R rch

FUAST, Batic Leca) Nlgemant Saarch Toet ]

¥ NCEV BLAST Home

Your Recert Resufts New!
BLAST finds regions of simiarity betwoon biological 6quences. e
T 4 AN Recard resitn.,
X DELTA-BLAST, a more sensitive protein-protein search  Ge) I :
Nows
BLAST Assembled RefSeq Genomes
Chocse 3 species enoms 10 search, of list all gonomic BLAST databases. BLAST 22,29+ relsaseg
5 Human 5 Oryza sativa © Gallus gaifus el e
° Mouse © Bos faurus © Pan troglodytes Mon, 03 Jan 2014 120000 EST
o Ray © Danio rerio o Microbes
3 Arabidopsis thallana o Drosophils melancgester o Apis melifera (R Move DLAST nows
Basic BLAST
Chocse a BLAST program 1o rn. Tipof the Day

[0 Moee tipe.,

nucloctice blast | SSATE 8 nucieotide database using @ nuclectide query
AQontnme. DISEN, MeQADISE!, SECONIIUOUS MEGEDI3st

Searcn peotein dstabase Usng & protein quory
otein blast
protein bl Algonthms: blasp, psi-blast, phidlast, deita-tiast

blastx | Search protein database usng 3 transiated nucleotide query
Wlastn | Search translated nucieotide database usig a protein query

Wiastx | Search translated nucleotide Catabase using a transtated nuciectide cusry

Specialized BLAST

Chocss a type of specialized search (or database name n parentiesss. |

© Make specc pimens wih Primer-8LAST

© Search irace archives

= Find conserved domalns in your sequence (cds)

8 Find sequences with simlar conserved domain architecture (cdart)
© Search soquences hat have gene expression profiles (GEO)

@ Search immuncslobulins and T cell receptor sequences (IgBLAST)
2 Screen sequence for vector contamination (vecscreen)

= Align two (o more) s0quences usng BLAST (ti2seq)

o Search proteln or nucleotide trgets in PUChem BicAssay

= Search SRA by experiment

© Constraint Based Protoin Myltiple Alignment Too!
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Ncectas BLAST S43/ch muckotids £¥anaces wiing 3 me ot comy -J

» NCBY BLAST/ blastn sulto Standard Nucleotide BLAST
JGewn | ploetp | peets | wieete | ®isety |
Resar Baookmon
Enter Query Saquence S o
Enter lon number(s), gi(s), or FASTA " Gaw  Ouerysubrange
From
To
Or, upload file Weowse | ot wncs “
Job Title

Enter a doscriotive teo %o your BLAST search &
AJign two or More SeqUeNces

Choose Search Set

Database Human genomic + iranscript - Mouse genomic + transcript (SOmers (nr elc. )
Nudeoide collectcn (nr ) e
°c:"':'" Exchde +
Entr organiem commen name, Binomia, or 1 K5, Only 20 109 txd wil be rowe

Exclude Models (XM/XP) | Unastumedienvironmental samphe saquences.
Optionat
Entrez Query
Oysmest Erter an Enruz cumy 10 1 sumren o

Program Selection
Optimize for @ Highty similar sequences (megaotest)

Moro dissimiar S6quUoncos (4:800AEgUOUS Mogablast)
Somewhat similar sacuences (biastn)
Choose 3 BLAST aigortnm &9

(BUAST )  sesrch catabase Nucleatide cobection (nrint) using Megablast (Optimize for highly simlar sequences)
Show reeutts i 8 new wincow
(S Aigorthen parameters
Genaral Parameters
Max target 100
sequences

Select the maxerum oumber of aigred sequences o dspiay &

Short queries o adiust carameters for chod Inout socuencos 4

Nucleotide-Based BILAST Algorithms
W +/— Gaps
Optimized for aligning very long and/or highly similar sequences (> 95%)
MegaBLAST (default) 1, = LLinear

Better for diverged sequences and/or cross-species. comparisons (< 80%)

Discontiguous MegaBLLAST 11 2,-3 Affine
BLASTN 11 2,-3 Affine

Finding short, nearly exact matches (< 20 bases)

BLASTN 2,3 Affine

XHXX} Y, NATIONAL HUMAN GENOME RESEARCH INSTITUTE
A Division of Intromurol 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

XmX NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intromurol R rch

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

XmX NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Division of Intromurol R rch
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e —
O 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 Neanderta! projects.

We encourage you to explore these sequences with our tools. TheGenomeBmzmaudwrdlamchmmn,mngmammm
woridwide. The Gene Sorter shows and cther i on groups of genes that can be related in many ways. Blat quickly maps your
soquence 1o the genome. The Table Browser provides convenient access to the underlying database. VisiGene lets you browse through a large collection of in
situ mouse and frog images o examine expression pattems. Genome Graphs allows you to upload and display genome-wide cata sets.

The UCSC Genome Browser is and maintained by the Group, team within the Center for Biomolecular
mwmm(csse)um-u-wmammmcfuz(ucsc; lmmwwuqmmmmlmwmud‘hmm
website, feel free 1o contact us on our public mailing list.

News [ News Archives b
To rocoive of new genome Y 16100508, new software features, Updates and training seminars by email, SUbSErbe 10 the Genome-
announce mailing list.

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

Utilities Wa're pleased to announce the release of the Veb Sequences track on the UCSC Genome Browser. This track, produced in collaboration with Microsoft
Research, contains the results of a Sacoy scan for DNA sequences from over 40 billion different webpages. The sequences were then mapped with Blat to the
T h ge (ng19) and other species including mouse (mmg), rat (md), and zebrafish (danRer7). The data were exiracted from a variety of

sources Including patents, onine 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 internet! The Web Sequences track description page contains more detalls on how the track was generated.

$m 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.

Cancer

Browser 14 January 2014 - Two E. coli comparative assembly hubs now available

Microbial 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

Genomes 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.

Mirrors

= These hubs focus on and the new "snake” track type. Snakes, which visualize alignments from Hierarchical Alignment (HAL)

) llos.pmvloonwaylovbwsmofpdmﬁogmnnlgm\onhmmmlymapmmmcmgmo(mm)mm genome, and show

Credits various types of genomic More details about the new snake track display and its configuration
options can be found on our Qonomt Sfmmr help page.

Publications

To access and view these hubs, navigate o the Track Hub gateway page and select one of the two E. coli comparative assembly hubs from the Public Hubs list.

Cite Us

®00 Rat AT Search B
B e L=l
53 a0, -Din Dot c (|- Q) (4] a0
Genome Browser Tools s ‘ My Data About Us Help
Rat BLAT Search
BLAT Search Genome
Genome: Assembly: Query type:  Sort output:  Output type:
Rat 2] | Nov. 2004 (8aylor 3.4/rm4) :| [ONA ¥ [queryscore of [Pyperink
>CB312815 NICHD Rr Pitl Rattus norchlnu ©DNA clone
TICCTTGIGARTT
7¢; ¢
TICATIGCATCT
GCTC CCACTTTACCCCANGAGAC

TTCAAATTGTATACTTGGCATTTCT
A

GATTTCAGT “TGTCOCTT

feeling hacky | | clear
ion in the the gencme. Multiple sequences may
ing with >' followed by the sequence name.

Paste in a query sequence td
be searched if separated by line

File Upload: Rather than pasting a sequence, you can choose to upioad a text file

containing the sequence.

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

Only DNA sequences of 25,000 or fewer bases and protein or lranslated sequence of
10000 or fewer letters will be p Up to 25 seq can be itted at the
same time. The total limit for multiple sequence submissions 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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ok AT Racte

Genome Browser Tools Mirrors Downloads My Data About Us Help

Rat BLAT Results
BLAT Search Results

ACTIONS QUERY SCORE START END QSIZE IDENTITY CHRO STRAND START  END SPAN
browser details CB312615 710 1 733 768 98.1% S 4+ 101455599 101456323 725
brofser details CD312615 29 501 537 768 89.2% 2 ¢+ 38736251 38736287 37
orfer details CBI12615 25 501 529 768 93.2% 34 22960346 22960374 29
brofiser detaile CB312615 22 341 363 768 100.0% 1+ 122930956 122930979 24
brofler details CBI12615 21 202 222 768 100.08 17 - 33248146 33248166 21
broflser detaile CB3L12615 L 706 727 768 100.0% 3+ 46857920 46857942 23
broflser dotails CB312815 21 552 574 768 95.7% 1+ 157973111 157973133 23
broflser detaile CBIL2815 20 277 298 768 95.5% 2 - 240446870 240446891 22
broflser dotails CB312815 20 442 461 768 100.0% 1 - 216323127 216323146 20
broflser detaile CBI12615 20 508 527 768 100.0% 1 - 56102029 56102048 20
troflser details CB312815 20 453 474 768 95.5% 2+ 186587336 186387357 22

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

mMOVe <<< << < > >> >>> ZOOMIN 15x 3x 10x base zOOMoOUt 15x 3x 10x

chr5:101,455,417-101,456,504 1,088 bp. enter positian, gane symbal or search tarms
[ conn T e R )

seate wee F § rne
et 101, %6, 000]
STE MAPKOrS 0N COPATIC M RAGIMTI0N MEF 10 NapS
373 rarkers
G0 Locat iors
con

1o Gones
Mon-R3T Reftea Cenes

N-3CAM Garie e 1<T fons
SO Gane FTed|ctiont USInG KAT/MmAN Moo 103y
sor Cores

FU 1 AT IONE: SeCRANCEE N BCIeNKIFIC Articies
Secmnces

Rat whNAS from Conank

nat weres

Rat £315 TRaT Haoe Reen Sp1iced
201 icoa £2T2

Vertebrate MAILIZ Aligreent & Cormervat «on

TUNO16 MuC 14Ot (g6 POTyRIFER (NS (BINP build 138)
|
FEORAT IR E lenents by Kepeatiasxer

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

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

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

NATIONAL HUMAN GENOME RESEARCH INSTITUTE

Division of Intromurol Reszarch
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ok AT Racate

Genomes Genome Browser Tools My Data About Us 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% L + 101455599 101456323 725
browser ' CD312615 29 501 537 768 89.2% 2 . 38736251 38736287 37
browser CB312€15 25 501 529 768 93.2% 3 + 22960346 22960374 29
browser CB312615 22 341 363 768 100.0% 1 4 122930956 122930979 24
browser CB312615 21 202 222 768 100.0% 7 - 33248146 33248166 21
browser CB312815 21 706 127 768 100.0% 3 . 46857920 46857942 23
browser CB312615 21 582 574 768 95.7% 1 + 157973111 157973133 23
browser CB3L12815 20 277 298 768 95.5% 2 = 240446870 240446891 22
browser CB312615 20 442 461 768 100.0% 1 - 216323127 216323146 20
browser CBll2e1s 20 508 527 768 100.0% 1 - 56102029 56102048 20
browser CB312615 20 453 a4 768 95.5% 2 + 186587336 186587357 22
®00 Uier Sequence vi Lemam B

[ T —r—

() 5 concmeuorcocus T s orreme % 2708 it — . 155 e c (8- Q) () &0
.
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
;513 lhlrgli blue and capitalized. Light blue bases mark the boundaries of gaps in either sequence (often splice sites).
.cl
block1
together cDNA CB312815
(gGGCTCTCG CTGGCCTGTG TCTCAGAAGC TGCTTTCTCC ACCTCTTCCT 50
TGTGAATTTC CTAAACTCTC TACCTCTGGT TCATGTTCGC TCTTCTGGAT 100
AGTCTGTGTG CAATGAGCCC TTAAAGGAAT ATTGCAATGA GCTATAAGAG 150
TTGTGAGCCT GCGGTAGGCA AGGCCTGCAC TGGGACAGCA AAGGAAATTT 200
CATTGCATCT GCTCCTAAGT TAT CTT CA 250
AGAGACAGCC TCTCCCCCAT CCCTAGGAAA CAGTAGAGCT TAGGAAAATG 300
AATGACTCCA CCACATTCAA TTCAR ATTGTATACT TGGCATITCT 350
GATTICAGTT CTGAAATTCT GTCCCTTAGT CGTGGGGAAA ATAAGARATG 400
GAGTTACACC TTGTCATTTA AARAACCATT GAATTRAGAG ARATGGAAAA 450
TCATGCCCAC AT: TG TATGGAAGTG TTCATGTTTT GATCATGGCG 500
GGGGATATAG CTCAGTCATG GAGTGCTTGC ATAGCAATGT GCATAATCCG 550
AGGTTCANGC CCCAGCACCG AAAAAGAGAR aCGGGRGGAG TGGAGGCATT 600
CACAGCAGCG TTTTCAGTAT AGGCGCAAAG GGGAAGGAGT TTARACACCT 650
ACTGAGGGAA TGGATAAGCG GAGTGCCCTT GICTATACTC GGGGatgGeT 700
AGTCATCACG TAAGAAAAGT TTCQAAAATG AT/ aaatacc aatgggatgg 750
atccccttta aaccatce
Genomic chrs :
101455548
g g 101455598
TGCTTTCTCC ACCTCTICCT 101455648
TCATGTTCGC TCTTCTGGAT 101455698
ATTGCAATGA GCTATAAGAG 101455748
TGGGACAGCA AAGGAAATTT 101455798
CCAGAGCCCA CTTTACCCCA 101455848
GCT TA 101455898
ATTGTATACT TGGCATTTCT 101455948
CGTGGGGARA ATAAGAARTG 101455998
GAATTAAGAG RAATGGARAA 101456048
TTICATGTTTT GATCATGGCG 101456098
GC ATAGCAATGT GCATAATCCG 101456148
gCGGGAGGAG TGGAGGCATT 101456198
GGGARGGAGT TTAAACACCT 101456248
CTATACTCGG CatGCTAGIC 101456298
ATCAGLAGAA ARGTTTGAAA TGATAgatac gatggatgat cccttaaaca 101456348
101456398
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500
[ T ——r—

(4) & cercme ey

Alignment of
CB312815

CB312815
Rat.chr5
block1
together

Saa33335s T LTI T o555

101456099 ggggatatagctcagtcatggagtgcttgeatagcaatgtgcataatceg 101456148

sz (T TN S2aes
101456149 101456198

000000601 cacagcagegttttcagtataggegoaaaggggaaggagtttaaacacet 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://www.ebi.ac.uk/fasta33

NATIONAL HUMAN GENOME RESEARCH INSTITUTE
Divi R h
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P
[E3
oe=103435 5268 Ty 138 | (8- & & D)
Side by Side Alignment
1 ggggctetegetyg
55555555 [ L[ ITOETDT T TITTITTEETTETTITTITT] 23355555
101455599 gtg 101455648
1 g 000000100
>>>>>>>>> [[[TTITCETTETNTTTEEOT T >>>>>>>>>
101455649 101455698
000000101 agtctgtgtgcaatgageocttaaaggaatattgcaatgagetataagag 000000150
555555555 11T T 55555555
101455699 101455748
000000151 000000200
55555555 [T EOETEEITEEDETTTETITIEETTTTITTTT 225>
101455749 101455798
1
>>>>>>>>> [[[[TLITTTITTTTEDTTUEE TN TTITETTTTITTIT] 2>>>>>>>>
101455799 g t 101455848
1 ttaggaaaatg 000000300
55335333 LT T 22022555
101455849 gag: g 101455898
000000301 g 000000350
>>>>>>>>> [[[TITITTCTTCTEETTTENCET T I TTTITTTTT] >>55>55>>
101455899 101455948
000000351
>>>>>>>>> [[[I[TITITTTITTTITEEC TITATITE T T >>>>>>5>>
101455949 tegt t 101455998
1 gagte 5 -
>>>>>>>> [[T[LLCCUTCUCECECEETEETTTELT T T 2222352
101455999 g 101456048
1
>>>>>>>5> [T IETTTTTETTTITITITTITITTT >>>>>>>>>
101456049 g 101456098
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