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» Sequence analysis provides access to genomics/related
information
— because it represents the primary data, accessing genomics
Web sites via sequence comparison bypasses problems
associated with searching using key words, gene names,
various types of accession #s

ATCCGTAAC...

Access to many types of info Near & distant homologs in
about a gene/protein multiple species
- browsers - primary sequence DBs
. organism DBs - precalculated family DBs
. specialty DBs (ex: IGTC, . gene families within a
GNF expression data) species of interest (ex:

« proteomics info GPCRs)



Exact (or nearly exact) matches:
finding your gene



Example: searching for a LdIr knockout
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About IGTC Statistics and News

Gene trapping is a high-throughput approach that is used to introduce insertional mutations » Statistics: Mar 28, 2008

across the genome in mouse embryonic stem (ES) cells. In addition to generating standard ) ) X )
loss-of-function alleles, newer gene trap vectors offer a variety of post-insertional modification IGTC cell lines in database:128076 cell lines

Pipeline Status:128075 (100.00%) processed
cell lines
Last dbGSS deposit:2008-03-26
Ensembl version:48, NCBI m37, IGTC cell line
coverage 8801 (32.04%)
genes
Entrez version:NCBI m37, IGTC cell line
coverage 11204 (17.53%)
genes

strategies for the generation of other experimental alleles.

The International Gene Trap Consortium (IGTC) represents all publicly available gene trap cell
lines, which are available on a non-collaborative basis for nominal handling fees. Researchers
can search and browse the IGTC database for cell lines of interest using accession numbers or
1Ds, keywords, sequence data, tissue expression profiles and biological pathways.

> IGTC Switches to Unmasked Genome

INFORMATION

Mar 14, 2008
& D & & |

Today the IGTC began using the unmasked
version of the mouse genome for all
localization. Prior to today, the IGTC used the
masked genome. Overall we expect this
change to result in more cell line
identifications and therefore more gene
associations as sequence tags are reprocessed

G £ m
over the coming weeks. See the pipeline

- - - description for more information about cell

line processing. The UCSC website also
CELL LINES describes how the two genome versions differ.

REQUEST ES

> In Situ Images Available




Example: searching for a Ldlr knockout

IGTC International Gene Trap Consortium v

INFORMATION DATA ACCESS TUTORIALS REQUEST ES CELL LINES

Data Access

® Keyword/ID Search
‘ ® Blast Search

® Expression Search

® Batch Keyword/ID Search
® Browse

® MeSHLinker

® Biological Pathways

CONTACT US Copyright 2008, International Gene Trap Consortium. All rights reserved.
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Example: searching for a Ldlr knockout

r@t International Gene Trap Consortium v

INFORMATION DATA ACCESS TUTORIALS REQUEST ES CELL LINES

Blast Search

A local BLASTN seach will be run on the IGTC databases using NCBI's BLAST server software

Choose the database to search:

| cell line tags |

Enter sequence below in FASTA format

3|ref|NM_000527.2| Homo sapiens low density
n receptor (familial hypercholesterolemia) (LDLR), m

TCGCGGGAAGCC}\GGGT'I‘TCCAGCTAGGACACAGCAGGTCGTGATCCGGGTCGGGAC\:
CGACGCGCTCGCCACGCATGCCECCCCTCGECECCTCEAAATTCGCCCTGCACCETCCGCCTTGCTCCT &
ACTGCACGTCGCCGCCACACATCTCAAACAAACCACGTTCCACTCCCAACACCCCARATCC ¥

€ | - X

" Clear Sequence | _Quick Search |
A quick search is run with the default settings listed below.




Example: searching for a LdIr knockout

Distribution of 114 Blast Hits on the Query Sequence

Mouse-over to show defline and scores. Click to show alignments

Color Key for Alignnent Scores

<40 40-50 50-80 | 80-200  INSSIONNN

L1 11

0 1K 2K 3K 4K 5K
Score E

Sequences producing significant alignments: (bits) Value
RST562 (BG) 354 le-96
RSTO050 (BG) 250 2e-65
RST527 (BG) 198 le-49
RST575 (BG) 185 le-45
LST106 (BCG) 160

4e-~38




Example: searching for a Ldlr knockout

I@t International Gene Trap Consortium

INFORMATION DATA ACCESS TUTORIALS REQUEST ES CELL LINES

Cell Line Annotation

-—

Sequence Tag Annotation
Sequence Tag: RST562
MGI Symbol: LdIr
Gene Description: low density lipoprotein receptor
Synonyms:

Identification Status’: A B (Localized+Transcript)
Chromosome Position: Chr.9(+): 21536308-21539802 [NCBI37]

Warning: Additional genes may be trapped.’

Genome Browser: UCSC [NCBI37]
dbGSS: CC248985
Process Date: 2008-03-02
Detailed Report

Additional Information

Show All (V) / Hide All ()

b
b
b
b
b
b
b

Accessions (10)
PubMed (365)
Homology (2)
Gene Ontology (24)
InterPro (8)
Protein Family (1)

MGI Allele (3)




Distant matches:
inferring functional properties



Homology: Sharing of a common ancestor by descent or

recombination;
» 2 proteins can’t be “significantly” homologous, 60% homologous...

» homology is a conjecture, not an experimental fact and requires
knowledge of the evolutionary relationships among the sequences
being compared only degrees of similarity can be quantified and
explicitly defined

Orthology: sequence similarity as a
consequence of a speciation event

Parology: sequence similarity between —al—

the descendants of a duplicated /\ o
ancestral gene paralogous Duplication

orthologous
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Matches to similar sequences

Involves accessing evolutionary signals

Sequence
onservation

Structure
Conservation

|—> Function

Conservation

Rule: What is conserved in a gene [protein] family is functionally important

» due to purifying selection driven by functional constraints observable in a
background described by the theory of neutral evolution
— fast enough that pseudogenes rapidly deteriorate over evolutionary timescales

— in any prokaryotic genome, homologs from more than one distantly related
species are detectable for 70-80% of proteins

Application: Comparison of sequence/structures can identify homologous
relationships, allowing inference of function based on that relationship
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Practical Issues in Sequence Analysis

Database searching
— principles for pairwise comparisons
— primary tools

Using BLAST & interpreting the results

— BLAST output
— statistics & interpreting E value

Using Psi-BLAST to find distantly related sequences
Evaluation using multiple alignments
Adding 3D structure information

Resources, tools, references

— posted at the end of this lecture, which is available at http:/
/www.genetrap.org/tutorials/seganalysis.html



Database Searching

How to find a relationship between a query sequence &
sequences in a database?
» correspondence between 2 or more alighed sequences

— similarity score
— graphical representations: alignments, motifs, patterns

» candidate homologs evaluated using statistics

Formalizing the problem - pairwise comparisons

Given: two sequences that you want to align

Goal: find the best alignment that can be obtained by sliding
one sequence along the other

Requirements:

— a scheme for evaluating matches/mis-matches between any two
characters

— a score for insertions/deletions
— a method for optimization of the total score
— a method for evaluating the statistical significance of the alignment
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Scoring systems

The degree of match between two letters can be
represented in a matrix and changing the matrix can
change the alignment
» Simplest: Identity (unitary) matrix

» Better: Definitions of similarity based on inferences about
chemical or biological properties
— Examples: PAM, Blosum, Gonnet, profiles, HMMs, neural network
models, etc.

» Scores often reported w statistics of the form p_,/q.q,
where p,, is the probability that residue a is substituted by residue b, and g, and
q, are the background probabilities for residue a and b respectively

» Scores historically derived empirically from an evolutionary
model describing expected evolutionary change by point
mutations (scoring gaps not accommodated in the models)

— models used to define expected numbers & types of mutations
based on evolutionary distance



Database searching

Current algorithms handle large DBs quickly, even for divergent
relationships
» generates alignments & estimates of statistical significance
» different scoring matrices/other parameters provide tuning

» 2 major heuristic algorithms compromise speed & sensitivity (only
slightly compared to more rigorous but slower algorithms such as
Smith-Waterman)

— BLAST generates pairwise alignments, based on rigorous statistical
formalism for the significance of these alignments
(http://www.ncbi.nlm.nih.gov/BLAST/; http://blast.wustl.edu/)

— FASTA (http://fasta.bioch.virginia.edu/)

» very fast variants developed for localizing sequences to the
genomes (faster because they only look for ~exact matches)
— BLAT (UC Santa Cruz browser & GNF expression datasets)
— SSAHA2 (Ensembl)
— MegaBlast (NCBI genome browser)
— GMAP (Genentech)



BLAST

(excellent documentation at http://www.ncbi.nlm.nih.gov/BLAST/)

‘MyNCBI 2]

Sign In] [Register]

» NCBV/ BLAST Home

Basic BLAST

nucleotide blast

protein blast

blastx
tblastn

tblastx

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

Learn more about how to use the new BLAST design

BLAST Assembled Genomes

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

o Human 0 Oryza sativa o0 Gallus gallus
o Mouse o Bos faurus o Pan troglodytes
O Rat o Danio rerio o0 Microbes

o0 Arabidopsis thaliana o Drosophila melanogaster © Apis mellifera

Choose a BLAST program to run.

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

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

Search protein database using a translated nucleotide query
Search translated nucleotide database using a protein query

Search translated nucleotide database using a translated nucleotide query

New Gene Info in
BLAST Results

BLAST results now
contain information from
the NCBI gene database.
2007-11-28 07:00:00

[2) More BLAST news...

Tip of the Day

Using Genomic BLAST

Genomic BLAST pages
are helpful because they
allow the genomic context
of a BLAST search to be
displayed in the Map
Viewer. For example,
discontiguous
(cross-species)
MegaBLAST against the
human RefSeq transcript
for albumin (NM_000477)
can be used to identify the
homolog in the rat
genome.
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BLAST flavors

blastp compares an amino acid query sequence against a
protein sequence database

blasth compares a nucleotide query sequence against a
nucleotide sequence database

blastx compares the six-frame conceptual translation
products of a nucleotide query sequence (both strands)
against a protein sequence database

tblasth compares a protein query sequence against a
nucleotide sequence database dynamically translated in
all six reading frames (both strands)

tblastx compares the six-frame translations of a nucleotide
query sequence against the six-frame translations of a
nucleotide sequence database




Running BLAST
&
Interpreting Results



Example: highly conserved gene families — creatine kinase

My NCBI 2]

[Sign In] [Register]

» NCBI BLAST/ blastp suite: BLASTP programs search protein databases using a protein query. more... Reset page Bookmark
Enter Query Sequence
Enter accession number, gi, or FASTA sequence &) Clear Query subrange ©)

Or, upload file I Browse... | (%)

Job Title Iqi|180590|gb|AAASBT44. 1| creatine kinase
Enter a descriptive title for your BLAST search &)

Choose Search Set

Database : Swissprot protein sequences(swissprot) j ©
Organism
Optional I
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. (?)
Entrez Query |
Optional

Enter an Entrez query to limit search &)

Program Selection

Algorithm & blastp (protein-protein BLAST)
{" PSI-BLAST (Position-Specific Iterated BLAST)

20



Example: highly conserved gene families — creatine kinase

:_/ BLAST My NCBI ]
-~ Home RecentResults SavedStrategles Help [Si an In] [Register]
» NCBI/ BLAST/ blastp suite: BLASTP programs search protein databases using a protein query. more... Resetpage Bookmark

Enter Query Sequence

Enter accession number, gi, or FASTA sequence &) Clear Query subrange &)
>qi|180530| gb| ARASS744 1| cre
HAGPF SRLLSARPGLRLLALAGAGSLAAG] TPA From[
TYARLCDKTTPTGATLIOCIQTGY DREGHPF KT VG AGDEETYEVFADLFIF Y IQERKNGY IPRTUKH
TTDLDASKIRSGYFDERY VLS SRYRTGRSTRGL SLPPACTRAERREVERYTYDAL SGLKSILAGRYYRLS

< |4 To

. v

Or, upload file Browse... | &

Job Title [oil180550]gbIAAASB744.1| creatine kinase
Enter a descriptive tite for your BLAST search @

Choose Search Set
Database E . )
o
Optional I*' ter organisr
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. (g
Entrez Query I
Optional

Enter an Entrez query to limit search (@)

Program Selection

Algorithm & blastp (protein-protein BLAST)
¢ PSI-BLAST (Position-Speci LAST)

-  Home RecentResults Saved Strategies  Help [Sign In] [Register]

» NCBI/ BLAST/ blastp/ Formatting Results - YVTSYY7301R Reformat these Results )Edit and Resubmit [Sign in above to save your search si

Job Title: gi|180590|gbJAAA98744.1| creatine kinase ¥ Show Conserved Domains

Putative conserved domains have been detected, click on the image below for detailed results.
75 150 225 300 375 417

ATP-gua_PtransN ATP—gua_Ptrans

-




Example: highly conserved gene families — creatine kinase

.:'_) BLAST v My NCBI
-  Home RecentResults Saved Strategles Help [Sign In] [Register]
» NCBI/ BLAST/ Format Request
Query Icl|6029 gi|180590|gb|AAA98744.1| creatine kinase(417 letters)
Database swissprot
Job title gi|180590|gb|AAA98744.1| creatine kinase
Request D yyTSYY7301R | View report | [~ Show results in a new window
Format Show |Alignment v| as|HTML v [ Advanced View Reset form to defaults
Alignment View | Painvise |
Display [¥ Graphical Overview [¥ Linkout [¥ Sequence Retrieval [~ NeBlgi
Masking Character: | Lower Case Ll] Masking Color:
Limit results  Descriptions: | 100 ¥| Graphical overview: Alignments:
Organism Type common name, binomial, taxid, or group name. Only 20 top taxa will be shown.
Entrez query: I
ExpectMin:[  |ExpectMax:| |
Formatfor | PSIBLAST  withinclusion threshoid:[ |
Copyright | Disclaimer | Privacy | Accessibility | Contact | Send feedback on new interface NCBI | NLM | NIH
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Distribution of 90 Blast Hits on the Query Sequence

Mouse-over to show defline and scores, click to show alignments

Color key for alignment scores
<40 40-50 50-80 80-200

Query

: : !
0 76" 140 210 750 0
/ K

\ /

Score E
Sequences producing significant alignments: (Bits) Value
qi|125305|sp|P06732 | KCRM HUMAN Creatine Xinase M-type (Creatine 757 0.0
qi|125303|sp|P05123  KCRM CANFA Creatine kXinase M-type (Creatine 740 0.0
gi|125313|sp|P09605|KCRS RAT Creatine kinase, sarcomeric mito... 479 6e~135
qi|6016429|sp|077814 |KCRS RABIT Creatine kinase, sarcomeric m... _471 2e-132
gi|41017422|sp|Q9XY07|KARG STIJA Arginine kinase (AK) 427 2e-~119
gi|3183058|sp|015991 |KLOM EISFO Lombricine kinase (LK) 398 le-~110
qi| 1730042 |sp|P51546 | KCCY NERDI Glycocyamine Xinase (CGK) (CGuanid 384 3e~106
gi|3183059|sp| 015992 KARC ANTJA Arginine Xinase (AK) 292 le-78
gi|3183060|sp|PI91798 | KARG_SCHAM Arginine kinase (AK) 272 le-72

23



What's an E value?

Sequences producing significant alignments:

gi|125305 sp|P06732 | KCRM HUMAN Creatine Xinase M-type (Creatine
qil125303 /sp|P05123 | KCRM CANFA Creatine Xinase M-type (Creatine

gqi|125313|sp|P09605|KCRS RAT Creatine kinase, sarcomeric mito...
gqi|6016429 |sp|077814 | KCRS RABIT Creatine kinase, sarcomeric m...

qi|41017422|sp|Q9XY07 | KARGC STIJA Arginine kinase (AK)
gqi|3183058|sp /015991 |KLOM EISFO Lombricine kXinase (LK)

qi|1730042 |sp|P51546 | KCCY NERDI Glycocyamine kXinase (CGK) (CGuanid

gi|3183059|sp| 015992 | KARC ANTJA Arginine kinase (AK)
gqi|3183060|sp|PI91798 | KARG_SCHAM Arginine kinase (AK)

-~J
wn
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NN
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'—.

KN
[ 8]
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w
el
(&4}

w
(e}
N

8]
el
o8]

(o8]
~)
(o8]

! |

E
value

oo
oo

6e~135
2e-~132
2e-~119
le-110
3e~106
le-78

le-72

E value = Expectation value, the number of alignments with scores = than the

associated score expected to occur in a database search by chance

> for E-values, the smaller the better!

> depends on both the size of the alignments & the size of the sequence

database
— E-value INCREASES as the database gets bigger
— E-value DECREASES as the alignment gets longer



Example: highly conserved gene families — creatine kinase

> qi|3183060|sp|P91798 | KARG SCHAM Arginine kinase (AK)
Length=356

Score = 272 bits (695), Expect = le-72
Identities = 153/339 (45%), Positives = 214/339 (63%), Caps = 15/339 (4%)

Query 22 DLSKHNNHMAKVLTLELYKKLRDKETPS~CGFTVDDVIQTGVDNPCGHPFIMTVGCVAGDEE 80
+ S + + K LT E++ KL+ K+TPS C T+ D IQ+CG++N VG ADE
Sbjct 18 EASDSKSLLKKYLTREVFDKLKTKKTPSFGSTLLDCIQSCGLENHDSG=~~~VGIYAPDAE 73

Query 81 SYEVFKELFDPIISDRHGCYKPTDKHKTDLNHENLKGGDDLDPN~~YVLSSRVRTGRSIK 138
+Y VF +LFDPII D HGG+K TDKH N ++ +LDPN YV+5+RVR CRS++
Sbjct 74 AYTVFADLFDPIIEDYHGCGFKKTDKHPPK~NFCGDVDTLANLDPNGEYVISTRVRCGRSMQ 132

Query 139 CYTLPPHCSRCGERRAVEKLSVEALNSLTGEFKCGKYYPLKSMTEKEQQQLIDDHFLFDKPV 198
CY P + + + +E+ L+SL GE KG++YPL M+++ QO+LIDDHFLF K
Sbjct 133 CGYPFNPCLTEAQYKEMEQKVSTTLSSLEGELKGQFYPLTGMSKEVQQOKLIDDHFLF-KEG 191

Query 199 SPLLLASCMARDWPDARGIWHNDNKS 258
L A+ R WP RCGI+HNDNK+ .
Sbjct 192 DRFLOAANACRFWPSCGRGIYHNDNKTFN 251

Query 259 KIEEIFKKACHPFMWNQHLCGYVLTCPSNLCTCLRCCVHVKLAHL-~SKHPKFEEILTRLRL 317
+IE+ PF + LG++ _CP+NLCT LR VH+KL L + K EE+ + L
Sbjct 252 EIERKRI===== PFSHDDRLG CPTNLCGTTLRASVHIKLPKLAADRTKLEEVACKFNL 306

Query 318 QKRGTGCVDTAAVCGSVFD¥SNADRLGSSEVEQVQLVVDG 356
QRG+ G T A G VHD+SN R+C +E + V+ + DG
Sbjct 307 QVRGSTGEHTEAEGCVYDISNKRRMCGLTEYDAVKEMNDG 345



Example: highly conserved gene families — creatine kinase

Query
Sbict
Query
Sbict
Query
Sbijct
Query
Sbict

Score
Identities

Score

Sequences producing significant alignments: (Bits)
qi|88958929 §QTQ724I1 Y243 LISMF Hypothetical ATP:guanido phosph 69.3
‘ qi|25453326|sp|Q48759|¥231 LISMO Hypothetical ATP:guanido phosph 68.9
qi|25453355|sp | Q8XHPO | Y2442 CLOPE Hypothetical ATP:guanido phosp 55.8
qi 48428976 sp| |P26460 1 [Segment 1 of 2] Creatine kinase B-t... 53.5
qi 48428977 |sp| |P26460 2 [Segment 2 of 2] Creatine kinase B-t... 47.0
qi|14916789 |sp|Q9Z7K4|Y701 CHLPN Hypothetical ATP:guanido pho... 36.6
qi|59797795|sp|Q72LR0O |GIDA LEPIC tRNA uridine 5-carboxymethyl... 33.9

= §8.9 bits (167), Expect = 2e-l1

118
16

178
64

237
114
297
169

= 62/238 (26%), Positives = 107/238 (44%), Gaps = 31/238 (13%)

CDDLDPNYVLSSRVRTGRSIKGYTLPPHCSRCGERRAVEKLSVEALNSLTCEFKCGKYYPLK 177
GDD D VLSSR+R R++K P + + E +++t F + 4K
GDPDDD~~VVLSSRIRLARNLKDEQF Pe= e —— IYEQRKEEIVDNIAEVFDDNFILIK

Q L+ L +K +8P ++
Me===NOQISLLOKALLVEKHLISPYMMNKS

VISMEKGCNMKEVFRRFCVCLOKIEEIFKKACHPFMWNQHLCYVLTCPSNLGTGLRGCGVH 296
+ M C +F Lo + 4K + F ++ CGY+ +C +N+GTG+R V
IQCMTPG~~~LRLFDALEAALQIDCGYVEEKLSYAF~~DKEFGYLTSCVINIGTCGMRASVM 168

VL L + 4+ ++ 4R RGC G +
VHLPCLVTTKRIKSVIEAIRSLCFVVRCGIYCECSMPASNLIFQVSNQVTLCKTEAEIVE 226

E

value

2e-11
2e~11
2e-07
le-06
le-04
0.14

0.88

>l_'gi|25453326|sg|Q48759|Y231 LISMO Hypothetical ATP:guanido phosphotransferase Lmo0231
Length=340
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Example: highly conserved gene families — creatine kinase

Sequences producing significant alignments:

88958929 sp|Q724T1[v¥243 LISMF Hypothetical ATP:guanido phosph

qi
qi| 25453326 |sp|Q48759|¥231 LISMO Hypothetical ATP:guanido phosph
qi|25453355|sp|Q8XHPO | Y2442 CLOPE Hypothetical ATP:guanido phosp
qi 48428976 sp| | P26460 1 [Segment 1 of 2] Creatine Xkinase B-t...

1148428977 |sp| |P26460 2 [Segment 2 of 2] Creatine kinase B-t...

gqi|14916789|sp|Q9Z7K4 Y701 CHLPN Hypothetical ATP:guanido pho...
III‘} g1

159797795 |sp|Q72LR0O | GIDA_LEPIC tRNA uridine 5-carboxymethyl...

Score
(Bits)

(=}
O
-

w

(o))
o
-

O

o

wun
. |

o

un
w
w

[N
~J
.

o

w
(=3}
-

(=3}

w
w
-

O

E
value

2e-11
2e~11
2e-07
le~06
le-04
0.14

0.88

>l_-Qil59797795|SD|Q7ZLRO|GIDA LEPIC tRNA uridine 5-carboxymethylaminomethyl modification

(Glucose~inhibited division protein A)
Length=635

Score

Identities

Query
Sbijct
Query
Sbijct
Query
Sbijct

= 33.9 bits (76), Expect = 0.88

29
399
71
456
122
516

= 34/121 (28%), Positives = 54/121 (44%), Gaps = 30/121 (24%)

HMARVLTLELYKKLRDRETPSCGFTVDDVIQTGVDNPCHPF wm e e mmmm e IM
H + LT L+K+ E+ G +DD++ GV++P F +M
HSLRNLTPLLFKR=~~SESYICGVLIDDLVHKCGVEDPYRMFTSRAEHRLLLRODNADQRLM

TVGCVACG~~DEESYEVFKELFDPIISDRHGCY = =~~~KPTDKHKTDLNHE -~ ~NLKGGDDL
G G D++SY+ KE ++ + S R Y KP+DK + L+ + NKCGC L
KYCYDLCLVDOKSYDCMREKYERVNSVREKIYQIPLKPSDKFONLLDORKCITNYKFCGMKL

D 122
D
D 516

70
45

w

121
515
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Example: poorly conserved homologs — haloacid dehalogenases

An important caveat - Statistical significance & biological significance are not
necessarily the same thing!

Query= /phosphonatase/phosSt.gcg (255 letters) (10/20/99/pcb)
Database: /mol/seq/blast/db/swissprot 78,725 sequences; 28,368,147 total letters

Score E
Sequences producing significant alignments: (bits) Value
sp| 006995 | PGMB_BACSU Begin: 93 End: 204 PUTATIVE BETA-PHOSPHOGLUCOMUTASE (BETA-PGM) 38 0.020
sp|P31467|YIEH ECOLI Begin: 1 End: 180 HYPOTHETICAL 24.7 KD PROTEIN IN TNAB-BGLB I... 36 0.10
sp|014165|YDX1 SCHPO Begin: 34 End: 201 HYPOTHETICAL 27.1 KD PROTEIN C4C5.01 IN CHR... 31 2.6
sp|P41277 |GPP1_YEAST Begin: 133 End: 200 (DL)-GLYCEROL-3-PHOSPHATASE 1 30 4.4
sp|039565|DYHB_CHLRE Begin: 3911 End: 4032 DYNEIN BETA CHAIN, FLAGELLAR OUTER ARM 29 7.6
sp|P77625|YFBT ECOLI Begin: 143 End: 187 HYPOTHETICAL 23.7 KD PROTEIN IN LRHA-ACKA I... 29 10.0
sp|0Q40297|FCPA MACPY Begin: 146 End: 176 FUCOXANTHIN-CHLOROPHYLL A-C BINDING PROTEIN... 29 13
sp|P40853 |GPHP_ALCEU Begin: 94 End: 188 PHOSPHOGLYCOLATE PHOSPHATASE, PLASMID (PGP) 29 13
sp|Q40296 | FCPB_MACPY Begin: 146 End: 176 FUCOXANTHIN-CHLOROPHYLL A-C BINDING PROTEIN... 29 13
sp|P52183 |ANNU_SCHAM Begin: 119 End: 168 ANNULIN (PROTEIN-GLUTAMINE GAMMA-GLUTAMYLTR... 29 13
sp|P40106 | GPP2_YEAST Begin: 133 End: 200 (DL)-GLYCEROL-3-PHOSPHATASE 2 28 17
sp|P37934|MAY3 SCHCO Begin: 435 End: 552 MATING-TYPE PROTEIN A-ALPHA Y3 27 29
sp|006219 | MURE MYCTU Begin: 255 End: 371 UDP-N-ACETYLMURAMOYLALANYL-D-GLUTAMATE--2,6... 27 29
sp|P08419|EL2 PIG Begin: 182 End: 245 ELASTASE 2 PRECURSO 27 38
sp|Q011034|Y07S _MYCTU Begin: 163 End: 218 HYPOTHETICAL 69.5 KD PROTEIN CY02B10.28C 27 38
sp|P00577 |RPOC_ECOLI Begin: 1290 End: 1401 DNA-DIRECTED RNA POLYMERASE BETA' CHAIN (T 27 38
sp|P32662|GPH_ECOLI Begin: 20 End: 49 PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 27 38
sp|P32662 |GPH_ECOLI Begin: 116 End: 224 PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 27 28
sp|P32282|RIR1 BPT4 Begin: 239 End: 266 RIBONUCLEOSIDE-DIPHOSPHATE REDUCTASE ALPHA C... 27 50
sp|P17346|LEC2_MEGRO Begin: 36 End: 121 LECTIN BRA-2 27 50
sp|P54947 | YXEH BACSU Begin: 24 End: 51 HYPOTHETICAL 30.2 KD PROTEIN IN IDH-DEOR IN... 27 50
sp|P77366 | PGMB_ECOLI Begin: 95 End: 190 PUTATIVE BETA-PHOSPHOGLUCOMUTASE (BETA-PGM) 27 50
sp|P30139 | THIG_ECOLI Begin: 43 End: 79 THIG PROTEIN 27 50
sp|P95649 |CBBY RHOSH Begin: 96 End: 189 CBBY PROTEIN 27 50
sp|Q43154|GSHC_SPIOL Begin: 228 End: 327 GLUTATHIONE REDUCTASE, CHLOROPLAST PRECURSO... 26 66
sp|P34132|NT6A HUMAN Begin: 191 End: 215 NEUROTROPHIN-6 ALPHA (NT-6 ALPHA) 26 66
sp|P34134|NT6G_HUMAN Begin: 115 End: 144 NEUROTROPHIN-6 GAMMA (NT-6 GAMMA) 26 66

sp|P95650 | GPH_RHOSH Begin: 48 End: 114 PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 26 66
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BLAST

(see http://www.ncbi.nlm.nih.gov/BLAST/ for excellent documentation)

‘MyNCBI 2]

Sign In] [Register]

» NCBV/ BLAST Home

Basic BLAST

nucleotide blast

protein blast

blastx
tblastn

tblastx

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

Learn more about how to use the new BLAST design

BLAST Assembled Genomes

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

o Human 0 Oryza sativa o0 Gallus gallus
o Mouse o Bos faurus o Pan troglodytes
O Rat o Danio rerio o0 Microbes

o0 Arabidopsis thaliana o Drosophila melanogaster © Apis mellifera

Choose a BLAST program to run.

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

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

Search protein database using a translated nucleotide query
Search translated nucleotide database using a protein query

Search translated nucleotide database using a translated nucleotide query

New Gene Info in
BLAST Results

BLAST results now
contain information from
the NCBI gene database.
2007-11-28 07:00:00

[2) More BLAST news...

Tip of the Day

Using Genomic BLAST

Genomic BLAST pages
are helpful because they
allow the genomic context
of a BLAST search to be
displayed in the Map
Viewer. For example,
discontiguous
(cross-species)
MegaBLAST against the
human RefSeq transcript
for albumin (NM_000477)
can be used to identify the
homolog in the rat
genome.
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Extending our reach: Psi-Blast, etc.

(Altschul et al., “Gapped Blast and PSI-Blast: A new generation of protein database search programs,” NAR 25:3389-3402, 1997)

» Generalizes BLAST algorithm to use a position-specific
score matrix in place of a query sequence & associated
substitution matrix for searching the databases

» Position-specific score matrix generated from the output of a
gapped Blast search, i.e., uses a profile or motif defined in
the initial Blast search in place of a single query sequence
and matrix for subsequent searches of the database

» Results in a database search “tuned” to the specific
sequence characteristics of interest

» Good at finding remote homologs but contains no clustering
information
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Evaluation of sequence relationships using
multiple alignments

Multiple alignments provide more information than
pairwise alignments

» ldentification of conserved elements important to function

» Determination of the level and sites of variability across the
members of subgroups/families/ superfamilies

» Many tools & compilations of pre-computed alignments
available
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Example: poorly conserved homologs — haloacid dehalogenases

BLASTP 2.0al9MP-WashU [05-Feb-1998] [Build decunix3.2 01:53:21 05-Feb-1998]
Query= /phosphonatase/phosBc.gcg (302 letters)
Database: swissprot l
77,273 sequences; 27,815,109 total letters.
SmalldPGPhos - - — — — MP GVL D@LH SAPDIHA AN K
Sum|Phosphon MDRMKIEA|V|I WA TIV/DYGCFAPLE|VIFM
High Probab{
Sequences producing High-scoring Segment Pairs: Score P (N) ggg:;lslon :;‘::E:E%ii@k ggiigil‘ilgl;;ﬁ?g;g;ég
sp|P77247 | YNIC ECOLI HYPOTHETICAL 24.3 KD PROTEIN IN PFKB... 116 2.2e-0] o =]
<p|067359 | GPH_AQUAE PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 106 0.0003(ESFPhos  RVLAARGHEAPDANRORELOGRFMARNERDE
sp|006995|PGMB_BACSU PUTATIVE BETA-PHOSPHOGLUCOMUTASE (BE... 97 0.0039 —
sp|P31467|YIEH_ECOLI HYPOTHETICAL 24.7 KD PROTEIN IN TNAB... 94 0.0082|pephos ATTITSVYPl- - - — — - _ AEAATIR HILRIA E[GlW R
sp|P44755|GPH_HAEIN PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 93 0.011 Phosphon E IIE'FAIL;RYASPIngIVKEVIEIASLRER;IIK
sp|P54607 | YHCW BACSU HYPOTHETICAL 24.7 KD PROTEIN IN CSPB... 89 0.030
sp|P32662|GPH_ECOLI PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 87 0.067 |PGPhos BL CENKPVEIA s[RlpILSLF - - _GLEELF_ -
Phosphon ST ————GYTiEMMDIVAKEAALQGYKP
PGPhos AIIGGES QR E'DAPLRATAAﬂN———
Phosphon FLVTPDDl AGR|P|Y[PWMS YKNAME|[LIGVYP
PGPhos EEVVLYVGDSEVFAATAEALRFALFTEE
10 151 176 Phosphon MNHMIK|VGDITVS|DMKEGRN MWTVGVIL|G
* * *
Cu++ATPase. Ec LDTVVIFD KTGTILTEG VIAGVLPDG[KAEATIKHL AMVGID|GINDAPAL ::ﬁg:;:on ’S{:giZXTEggsgggg:sggggﬁggg%,;s;.‘
Cu++ATPase. Hs VKVVVIFD KTGTIITHG VFAEVLPSHKVAKVKQL AMVGID|GINDSPAL
Ca++ATPase. At ATTICSD KTGTILTTN VMARSSPMDKHTLVRLL AVTG|D/GTNDAPAL ~ 21% identical
Urf.Mj KVAIVIFD SAGTILVKI E---AHQEL|KRDLIRNL IMVG|D/GANDVPAM
PhosSerPhos . Hs ADAVCIFD VDST|VIRE TAE-SGGKGKVIKLLKE IMIG|D/GATDMEAC
2-D0-6-PPhos. Sc VDLCLIFD LDGT|IVST ITGFDVKNGKPDPEGYS VVFED|APVGIKAG
DL-Gly-3-Phos.Sc  INAALFD VDGTIIIS ITANDVKQGKPHPEPYL VVFED/APAGIAAG
Phosphon..Pa LQAAIILD WAGT[VVDF ATDEV-PNGRRPWPAQAL VKVDD|TWPGILEG
Phosphon. St THAVIILD WAGT|TVDF ATDDLAAGGRPGPWMAL VKVD|D|AAPGISEG
Phosphon..Bc TEAVIFD WAGTTVDY TPDDV-PAGRPYPWMSY TKVGD TVSDMKEG
PhosGlycolPhos.Rs  MPGVVFD LDGTLVHS IGGESLPQRKPDPAPLA LYVGDSEVDAATA
NtermDom.IGPD.Pp  VQALL|LD MDGVMAEV LEDCPP---KPSPEPIL AMVGD|TVDDIIAG
B-PhosGlucoMut.Ll ~ FKAVLIFD LDGV[ITDT AEVAAS---|KPAPDIFI IGLE|D/SQAGIQAI
HaloAcidDehal .PspYL IKGIAFD LYGTLFDV LSVDPVQVY|K PDNRVYE LFVS|SINAWDATGA
NtermDomEpoxHyd.Hs L RAAVIFD LDGV|[LALP TESCQVGMVKPEPQIYK VFLD|D|IGANLKPA
EnolasePhos .Ko IRAIVTD IEGT[TSDI FD--TLVGAKREAQSYR LFLS|D|THQELDAA
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Example: highly conserved gene families — creatine kinase

What is the range of divergence among the sequences you plan to
align?

Score E

Sequences producing significant alignments: (Bits) Value

qil|125305 sp P06732 | KCRM HUMAN Creatine kinase M-type (Creatine 757 0.0
gi|125303|sp|P05123 |KCRM CANFA Creatine kinase M-type (Creatine 740 0.0
qi 6228664llspIQDXLD3IKCRN PIGC Creatine kinase M-type (Creatine 739 0.0
gqi|125304|sp|P00565 | KCRM CHICK Creatine Xinase M-type (Creatine 695 0.0
qi|125310|sp|P00566 | KCRM TORMA Creatine Xinase M-type (Creati... 665 0.0
gi 125309 |sp|P04414 KCRM TORCA Creatine Xinase M-type (Creatine 664 0.0

pairwise % identity:
Human CKM vs Torpedo california CKM = 84%



Example: highly conserved gene families — creatine kinase

Alignment of highly similar proteins

|POGT7 321K CRIV_HUMAN/1-381
|@EXLO3MCRM_PiG/1-381
|POS1 23K CRM_CANFA/1-381
|POOSES|KCRIV_ CHICHK/ 1-381
|POOSEE|KCRM TORMA/1-381
|PO44 141K CRI_TORCA/-381

A
A
A
A
E
A
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Example: highly conserved gene families — creatine kinase

What is the range of divergence among the sequences you plan to
align?

Score E
Sequences producing significant alignments: (Bits) Value
gi|125305|sp | PO0A732 | KCRM HUMAN Creatine kinase M-type (Creatine 748 0.0
.
-
gi|1730042 |=sp| P5S1546|KGCY NERDI Glycocyamine kinase (GK) (Guanid 421 3e-117
.
-
gi|3183058|sp| 015991 |KLOM EISFO Lombricine kinase (LK) LA 4e-102
=
-
gi|25453075|sp| Q9U9T4| KARG CARMA Arginine kinase (AK) 23 de-60
.
| ]
gi|134552 |sp|P16641| SMC7 SCHMA ATP:guanidino kinase SMC74 (ATP:g 191 4e-48
.
-
gi|3183053|=sp| Q29577 |KCRU PIG Creatine kinase, ubiquitous mit... 114 7e-25

pairwise % identity:
Human CKM vs Schistosoma guanidino kinase= 36%
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Example: highly conserved gene families — creatine kinase

Alignment of highly similar proteins

|POGT7 321K CRIV_HUMAN/1-381
|@EXLDIKCRN_PIG/1-381
|POS1 23| KCRM_CANFA/1-381
|POOSES|KCRM_ CHICH/1-381
|POOSEE|KCRM_ TORMAS1-381
|PO44 141K CRI_TORCA/-381

|POE732|KCRM_HUWANA-38- FEEILTRLREQK
|Q29577|KCRU_FIGA-738 FPKILENLRLQK
|O1599|KLOM_E/SFOVI-371 FEEI | LAFHLQK
|PS1546|KGCY_NERD¥1-393 FDDFLAKLRLGK
|QOUIIKARG_CARMA/-35 LEEVAGKYSLQV
|P166d 1| SMC7_SCHWAM-67E FKE I CEKHG IQP

EHTEAVDDVY RARLKKSEREFMQLLIDGVGKLIEYE
ESSLAEDSTY LARLGKSERELVMQVLVDGVNVLIEAD
EHTEAEGGVY KREMGLTEFQAMKEMQDG ILELIKIE

VDTAAVGSYFDVENADRLGSSEVEQWRLVVDEYKLMYEME
VDTAATGESFDISNLDRLGKSEVELMOLY IDGYNYLIDLA
I
I
I
EHTESVGG | YDLSNKRRLGLTELDAMTEMHSGVRALLELE

...and less similar proteins that are still homologous
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Example: poorly conserved homologs — haloacid dehalogenases

Adding structural information

Query= /phosphonatase/phosSt.gcg (255 letters) (10/20/99/pcb)
Database: /mol/seq/blast/db/swissprot 78,725 sequences; 28,368,147 total letters

Score E
Sequences producing significant alignments: (bits) Value
sp|006995 | PGMB_BACSU Begin: 93 End: 204 PUTATIVE BETA-PHOSPHOGLUCOMUTASE (BETA-PGM) 38 0.020
sp|P31467|YIEH ECOLI Begin: 1 End: 180 HYPOTHETICAL 24.7 KD PROTEIN IN TNAB-BGLB I... 36 0.10
Sp|014165|YDX1 SCHPO Begin: 34 End: 201 HYPOTHETICAL 27.1 KD PROTEIN C4C5.01 IN CHR... 31 2.6
sp|P41277 |GPP1_YEAST Begin: 133 End: 200 (DL)-GLYCEROL-3-PHOSPHATASE 1 30 4.4
Sp|039565|DYHB_CHLRE Begin: 3911 End: 4032 DYNEIN BETA CHAIN, FLAGELLAR OUTER ARM 29 7.6
Sp|P77625|YFBT_ECOLI Begin: 143 End: 187 HYPOTHETICAL 23.7 KD PROTEIN IN LRHA-ACKA I... 29 10.0
Sp|0Q40297 |[FCPA_MACPY Begin: 146 End: 176 FUCOXANTHIN-CHLOROPHYLL A-C BINDING PROTEIN... 29 13
sp|P40853 |GPHP_ALCEU Begin: 94 End: 188 PHOSPHOGLYCOLATE PHOSPHATASE, PLASMID (PGP) 29 13
Ssp|0Q40296 | FCPB_MACPY Begin: 146 End: 176 FUCOXANTHIN-CHLOROPHYLL A-C BINDING PROTEIN... 29 13
Sp|P52183 |ANNU_SCHAM Begin: 119 End: 168 ANNULIN (PROTEIN-GLUTAMINE GAMMA-GLUTAMYLTR... 29 13
sp|P40106 |GPP2_YEAST Begin: 133 End: 200 (DL)-GLYCEROL-3-PHOSPHATASE 2 28 17
sp|P37934 |MAY3 SCHCO Begin: 435 End: 552 MATING-TYPE PROTEIN A-ALPHA Y3 27 29
sp|006219 | MURE_MYCTU Begin: 255 End: 371 UDP-N-ACETYLMURAMOYLALANYL-D-GLUTAMATE--2,6... 27 29
sp|P08419 |EL2_PIG Begin: 182 End: 245 ELASTASE 2 PRECURSO 27 38
sp|Q11034|Y07S_MYCTU Begin: 163 End: 218 HYPOTHETICAL 69.5 KD PROTEIN CY02B10.28C 27 38
sp|P00577 |RPOC_ECOLI Begin: 1290 End: 1401 DNA-DIRECTED RNA POLYMERASE BETA' CHAIN (T 27 38
sp|P32662 |GPH_ECOLI Begin: 20 End: 49 PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 27 38
sp|P32662 |GPH_ECOLI Begin: 116 End: 224 PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 27 28
sp|P32282|RIR1_BPT4 Begin: 239 End: 266 RIBONUCLEOSIDE-DIPHOSPHATE REDUCTASE ALPHA C... 27 50
sp|P17346 |LEC2_MEGRO Begin: 36 End: 121 LECTIN BRA-2 27 50
Sp|P54947 | YXEH_BACSU Begin: 24 End: 51 HYPOTHETICAL 30.2 KD PROTEIN IN IDH-DEOR IN... 27 50
sp|P77366 | PGMB_ECOLI Begin: 95 End: 190 PUTATIVE BETA-PHOSPHOGLUCOMUTASE (BETA-PGM) 27 50
sp|P30139|THIG_ECOLI Begin: 43 End: 79 THIG PROTEIN 27 50
sp|P95649|CBBY RHOSH Begin: 96 End: 189 CBBY PROTEIN 27 50
Sp|Q43154 |GSHC_SPIOL Begin: 228 End: 327 GLUTATHIONE REDUCTASE, CHLOROPLAST PRECURSO... 26 66
Ssp|P34132 |NT6A_HUMAN Begin: 191 End: 215 NEUROTROPHIN-6 ALPHA (NT-6 ALPHA) 26 66
Ssp|P34134 |[NT6G_HUMAN Begin: 115 End: 144 NEUROTROPHIN-6 GAMMA (NT-6 GAMMA) 26 66
sp|P95650 | GPH_RHOSH Begin: 48 End: 114 PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 26 66
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Example: poorly conserved homologs — haloacid dehalogenases

Adding structural information

Query= /phosphonatase/phosSt.gcg (255 letters) (10/20/99/pcb)
Database: /mol/seq/blast/db/swissprot 78,725 sequences; 28,368,147 total letters

Score E

Sequences producing significant alignments: (bits) Value
sp|006995 | PGMB_BACSU Begin: 93 End: 204 PUTATIVE BETA-PHOSPHOGLUCOMUTASE (BETA-PGM) 38 0.020

sp|P31467|YIEH ECOLI Begin: 1 End: 180 HYPOTHETICAL 24.7 KD PROTEIN IN TNAB-BGLB I... 36 0.10
sp|014165|YDX1l SCHPO Begin: 34 End: 201 HYPOTHETICAL 27.1 KD PROTEIN C4C5.01 IN CHR... 31 2.6
sp|P41277 |GPP1_YEAST Begin: 133 End: 200 (DL)-GLYCEROL-3-PHOSPHATASE 1 30 4.4
sp|Q39565|DYHB_CHLRE Begin: 3911 End: 4032 DYNEIN BETA CHAIN, FLAGELLAR OUTER ARM 29 7.6
sp|P77625|YFBT ECOLI Begin: 143 End: 187 HYPOTHETICAL 23.7 KD PROTEIN IN LRHA-ACKA I... 29 10.0

sp|Q40297 |FCPA_MACPY Begin: 146 End: 176 FUCOXANTHIN-CHLOROPHYLL A-C BINDING PROTEIN... 29 13

sp|P40853 | GPHP_ALCEU Begin: 94 End: 188 PHOSPHOGLYCOLATE PHOSPHATASE, PLASMID (PGP) 29 13

sp|Q40296 | FCPB_MACPY Begin: 146 End: 176 FUCOXANTHIN-CHLOROPHYLL A-C BINDING PROTEIN... 29 13

sp|P52183 |ANNU_SCHAM Begin: 119 End: 168 ANNULIN (PROTEIN-GLUTAMINE GAMMA-GLUTAMYLTR... 29 13

sp|P40106 |GPP2_YEAST Begin: 133 End: 200 (DL)-GLYCEROL-3-PHOSPHATASE 2 28 17

JHCO Begin: 435 End: 552 MATING-TYPE PROTEIN A-ALPHA Y3 27 29

CTU Begin: 255 End: 371 UDP-N-ACETYLMURAMOYLALANYL-D-GLUTAMATE--2,6... 27 29

Begin: 182 End: 245 ELASTASE 2 PRECURSO 27 38

CTU Begin: 163 End: 218 HYPOTHETICAL 69.5 KD PROTEIN CY02B10.28C 27 38

OLI Begin: 1290 End: 1401 DNA-DIRECTED RNA POLYMERASE BETA' CHAIN (T 27 38

I Begin: 20 End: 49 PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 27 38

EI Begin: 116 End: 224 PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 27 28

T4 Begin: 239 End: 266 RIBONUCLEOSIDE-DIPHOSPHATE REDUCTASE ALPHA C... 27 50

GRO Begin: 36 End: 121 LECTIN BRA-2 27 50

CSU Begin: 24 End: 51 HYPOTHETICAL 30.2 KD PROTEIN IN IDH-DEOR IN... 27 50

foLTI Begin: 95 End: 190 PUTATIVE BETA-PHOSPHOGLUCOMUTASE (BETA-PGM) 27 50

OLI Begin: 43 End: 79 THIG PROTEIN 27 50

OSH Begin: 96 End: 189 CBBY PROTEIN 27 50

IOL Begin: 228 End: 327 GLUTATHIONE REDUCTASE, CHLOROPLAST PRECURSO... 26 66

N Begin: 191 End: 215 NEUROTROPHIN-6 ALPHA (NT-6 ALPHA) 26 66

[ N Begin: 115 End: 144 NEUROTROPHIN-6 GAMMA (NT-6 GAMMA) 26 66

15% |dentity : SH Begin: 48 End: 114 PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 26 66
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Example: poorly conserved homologs — haloacid dehalogenases

Confirmation of relationships for biological insight

»  map conserved elements of structure to conserved elements of

function

10 151 180

* * *
FD KTGT KA GDGIND
FDKTGT Kv GDGIND
SD KTGT KH GDGTN D
FD SAGT KR GDGAND
FD VDST KV GDGATD
FDLDGT Kp EDAPV G
FD VDGT Kp EDAPA G
LD WAGT RP DDTWP G
LD WAGT RP DDAAP G
FD WAGT RP GDTVS D
FDLDGT Kp GDSEVD
LD MDGV Kp GDTVD D
FDLDGV KP EDSQA G
FDLYGT KP SSNAW D
FDLDGV Kp DDIGA N
TD IEGT KR SDIHQ E

>  experiment!

39



www.rcsb.org/pdb

A memBer ofF THE @ IPID B
3 P D B An Information Portal to Biological Macromolecular Structures

p R() TEIN DATA BAN K As of Tuesday Mar 25, 2008 B there are 49760 Structures (g | PDB Statistics @
CONTACT US | HELP | PRINT PAGE @ PoB ID orkeyword g Author |G ® | Advanced Search

Home| Search| Structure| Resuits| Are you missing data updates? The PDB archive has moved to ftp://ftp.wwpdb.org.

Queries For more information click here.

Helpl Structure Summaryl Biology & Chemlstryl Materials & Methodsl Sequence Detallsl Geometry

= M 110E
i Images and Visualization
p Download Files 1i0e @ @ DOI 10.2210/pdb1i0e/pdb
- M FASTA Sequence ) , << | Biological Molecule 1 >>
Red - Derived Information
p Download Original Files
) Display Files Title CRYSTAL STRUCTURE OF CREATINE

KINASE FROM HUMAN MUSCLE
) Display Molecule
~ M Structural Reports Shen, Y.-Q., Tang, L., Zhou,
- M External Links Authors H.-M., Lin, Z.-].

P Structure Analysis Shen, Y.Q., Tang, L., Zhou, H.M., Lin,
- ) Help Z.J. (2001) Structure of human muscle creatine
Primary Citation kinase. Acta Crystallogr,SectD 57: 1196-1200

[Abstract) @

C'Zuic( 7;/” . X History 888%2?012001-01-29 Release
Click the PDB file icon Experimental Type X-RAY DIFFRACTION Data B
above to view the PDB file. Method E)SS] [ Display Options @
KiNG
: R-Value R-Free Group WebMol
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One-stop shopping

http://193.62.197.151/services/services tree.html

EBI Home

Services ‘
Overview

Database Repository
Software Repository

% WHATS 2can?

This logo is a link to * GeneQuiz * ASD
a relevant section in ® Inquisitor NEW ® ATD NEW
the £E8I's new ® |nterProScan * EMBL-Align database
bioinformatics ® ppsearch * EMBL-Bank
educational website. * Pratt * ENMBL CDS
2can Bioinformatics’. ® Radar ® Ensemb!
Proteomic Servi * Genomes Server
— Proteomic Services . .
Live EBI News Feed [TI5) ® Dasty Genotm Reviews NEW
2 ® UniProt DAS ® Karyn's Genomes NEW
* IMGT/HLA
— Sequence Analysis * IMGT/LIGM
* Algn * IPD
* ClustalM &L Al

— Prot. Function. Analysis
® CiuSTr
® FingerPRINTScan

* ArrayExpress
* MIAME

— Nucleotide Databases

EBI

Site
Map
About EBI Groups Services Toolbox Databases Downloads Submissions
VIEW MAIN EBI SERVICES
Databases %
— Database Browsing & Entry
Retrieval via...
% * BioMart
Toolbox : ENMBL-SVA
— Similarity & Homology Fetch Tools
* Blast2 - ASD NEW ® Integr8 NEW
® Blast? - EVEC : Query ArrayExpress
* Blast2 - NCBI : gRg
* Blast2 - Parasite RS3D
® Blast? - WU ® UniProt DAS NEW
Submissions * Biiz ® UniProt Search NEW
AEdb ® Fasta * WSDbfetch
AmayExpress via * Fasta - ASD NEW
MIAMExpress — Literature Databases
EMBL via WEBIN ¢ Fasta - LGIC NEW ® MEDLINE
EMDep ® Fasta - Geno./Proteo. * OMIM
Downloads IMGT/HLA ® Fasta - SNP server * Patent Abstracts
T p—— PDB-AutoDep ® Fasta - WGS server ® Taxonomy
52" F;[z Server UniProt via SPIN ® MPsrch
p Files Webin-Align ® Scanps I~ Microarray Databases

ot [ T PTrRge] o SN M 2 St ocorc [N M >

Database
Queries
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see http://www.ncbi.nlm.nih.gov/gquery/gquery.fcqgi

% NCBI G

Entrez, The Life Sciences Search Engine

GELIEEGEU R  PubMed |  All Databases | Human Genome | GenBank | Map Viewer | BLAST
Search across databases |[creatine kinasg] | Dol ety Help
PubMed: biomedical literature : .
23100 m citations and abstracts 2 120 m Books: online books 2
4 PubMed Central: free, full text OMIM: online Mendelian
3720 ij journal articles @ 180 Inheritance in Man 2
4«4 Site Search: NCBI web and OMIA: Online Mendelian
pone m FTP sites & 2 % Inheritance in Animals @
Nucleotide: sequence database cl UniGene: gene-oriented clusters
3425 ‘ (GenBank) @| [208 of transcript sequences @
o o - CDD: i i
503 LX) Protein: sequence database 2 none t, datl:b;::served protein domain 2
Genome: whole genome é 3D Domains: domains from
4 !“ sequences & 73 Entrez Structure el
Structure: three-dimensional UniSTS: markers and mapping
L .?‘ macromolecular structures el 36 PP data @
Taxonomy: organisms in PopSet: population study data
none| (@4 GenBank 2 3 OD sets 2
w . SNP: single nucleotide # GEO Profiles: expression and
910 ‘nin polymorphism @ | 4240 L molecular abundance profiles 2
% . Gene: gene-centered 42 GEO DataSets: experimental
139 .'. information 2 1 sets of GEO data @
- HomoloGene: eukaryotic gu Cancer Chromosomes:
29| L+ homology groups @ | [none I’ cytogenetic databases @
'e) PubChem Compound: unique E—— @ PubChem BioAssay: bioactivity @
none "=y small molecule chemical 2 screens of chemical substances
s GENSAT: gene expression atlas
PubChem Substance: 26 N of mouse central nervous 2
23 deposited chemical substance 2 system
records - =
) 69 um Probe: sequence-specific @
— H Genome Project: genome @ W reagents
project information
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Primary sequence/structure resources

Entrez: Access site for multiple types of databases at NIH NCBI, including
GenBank, GenPept, Gene, Genomces, SNPs, etc.
http://www.ncbi.nlm.nih.gov/gquery/gquery.fcgi

SwissProt: A highly curated protein sequence database
http://www.expasy.org/sprot/

Pfam: Pre-computed library of multiple sequence alignments and HMM*s
for many protein domains (7316 families as of 1/04) http://pfam.wustl.edu/

Superfamily: Pre-computed multiple sequence alignments & HMMs based
on 1539 structural superfamilies associated with the SCOP hierarchy
(see below), http://supfam.mrc-lmb.cam.ac.uk/SUPERFAMILY/

Protein Data Bank: The repository of all publicly available 3D structures
http://www.rcsb.org/pdb/\Welcome.do

SCOP (Structural Classification of Proteins): Compilation of publicly
available 3D structures organized hierarchically by fold, superfamily,
family http://scop.mrc-Imb.cam.ac.uk/scop/

MODBASE: A database of structural models (3,094,524 reliable models or
PSI-BLAST fold assignments for domains in 1,094,750 proteins)
http://modbase.compbio.ucsf.edu/modbase-cgi-new/search_form.cqi

*HMM = Hidden Markov model, as used for sequence analysis: A probabilistic model used to align and analyze
sequence datasets by generalization from a sequence profile
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Tools



Note: Searching any genomics database with either a nucleic acid or
protein sequence requires specific formats that the resource software
can recognize
— Most common: Fasta format (for more information, see
http://www.ncbi.nlm.nih.gov/BLAST /fasta.shtml)
— Many others, including plain text

Blast

A local BLASTN seach will be run on the IGTC databases using NCBI's BLAST server software

Choose the database to search:

| cell line tags | v

Enter sequence below in FASTA format

gi[8051613|ref|NM_000527.2| Homo sapiens low density
lipoprotein receptor (familial hypercholesteroclemia) (LDLR), O
A
GCCCCCAGTCCAATCCGCCGCCAAGCCAGCGCTTTCCAGCTAGCGACACACGCAGGTCCETCGATCC 1
CTGCCTCGCCACACGCCTCGCCACGCATCCCCCCCTCCCCECTCGCAAATTCCCCTCGCACCCETCE
CCGCCCGCCGCGCCCCECACTCCACTCGCCCCACACATCTCAAACAAACCACTTCCACGTCCCAACGA Y

(& <>

>@gi|8051613|ref[NM_000527.2] Homo sapiens low density lipoprotein receptor (familial

hypercholesterolemia) (LDLR), mRNA
GCCCCGAGTGCAATCGCGGGAAGCCAGGGTTTCCAGCTAGGACACAGCAGGTCGTGATCCGGGTCGGGAC
ACTGCCTGGCAGAGGCTGCGAGCATGGGGCCCTGGGGCTGGAAATTGCGCTGGACCGTCGCCTTGCTCCT
CGCCGCGGCGGGGACTGCAGTGGGCGACAGATGTGAAAGAAACGAGTTCCAGTGCCAAGACGGGAAATGC
ATCTCCTACAAGTGGGTCTGCGATGGCAGCGCTGAGTGCCAGGATGGCTCTGATGAGTCCCAGGAGACGT
GCTTGTCTGTCACCTGCAAATCCGGGGACTTCAGCTGTGGGGGCCGTGTCAACCGCTGCATTCCTCAGTT
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Multiple alignment tools

Local alignment methods identify ordered series of motifs, then aligns
the intervening regions

> Examples: MACAW, PIMA

Global alignment methods construct an alignment throughout the
length of the entire sequence

> Examples: Pileup, Clustal family, MSA

HMMs & profile methods generate a profile or position-specific scoring
system based on the liklihood of seeing a particular residue at a given
position

T-Coffee attempts to combine the best of both local and global
alignments

MUSCLE combines tree-building with progressive global alignments &
profile methods - fast becoming the method of choice in the field
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Tools for working with 3D structures

Structure comparison

» Fold-based

— Combinatorial Extension algorithm (CE); server available at
http://cl.sdsc.edu/

— Dali algorithm (pre-computed comparisons in FSSP DB); server
at http://www.ebi.ac.uk/dali/
» Active-site templates
— Fuzzy Functional forms, SPASM, JESS

Structure visualization/mapping to sequence info

» Evolutionary Trace (no really good automated servers yet
available)

» Chimera - structural visualization software developed at
UCSF, free download at http://www.cgl.ucsf.edu/chimera/
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Multiple alignment program: ClustalW*

Most commonly used implementation in a family of programs
using profile-based progressive alignment

Access: http://www?2.ebi.ac.uk/clustalw/

Permits user adjustment of many parameters for both the
pairwise and multiple alignment stages

Computes position-specific gap opening and extension penalties
as the alignment proceeds, e.qg., varies parameters at different
positions

Uses different weight matrices for different alignments

Allows addition of new sequences to an existing alignment
without recomputing the entire alignment (recomputes weights)

Alternate version, ClustalX, provides a windows interface for
ClustalW

*"W" stands for "weighting" the sequences to correct for unequal sampling of sequences
from different evolutionary distances
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Evolutionary Trace

Takes advantage of the larger context provided by a family-based
view of proteins to improve the accuracy of binding site
determination

Uses sequence-based clustering of related proteins to distinguish
class-specific differences in ligand binding determinants across
a particular family or superfamily of proteins.

The sequence information derived from multiple alignments and
phylogenetic clustering is leverage by mapping class specific
patterns likely to be functionally important onto three
dimensional structures and models

see papers by Lichtarge, O and Joachimiak MP & Cohen FE,
“JEvTrace: refinement and variations of the evolutionary trace
in JAVA,” Genome Biol. 3:(12), Epub 2002 Nov. 26
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1. Select nodes

2. Select conserved or
class conserved regions

e

S puFLF~KEERERREA0RER
o e e G
5 LI:DHFLF; I'gﬂgTﬂhgiRYWPTeRGIFHNIDA_gLFL
LIS DHFLFE PLHLASiw'RHWP»ARGI*HNDNKTFL
LIS DHFLF iL‘LASiwﬂRgWP»ARGI!HNDNKTFL
LIBDHFLF® iL‘LASeHHRgWPDARGI HNDNKTF L
LIEDHFLFE ‘iL ASE@HRQWP»ARGI!HNDNKSFL
LIS DHFLF ~-L-LASﬁwHRQWP»ARGI*HNDNKSFL
LI§DHFLF ‘PLILAS‘WHRQWP»ARGI*HNDNKTFL
LI§DHFLF iL- S‘wHRgWP»GRGI*HNNDKTFL
LI DHFLF ~PL- AA‘wHRgWP»ARGI*HNNEKSFL
LI=DHFLF§ ‘I'SI TaAeEl IHR:WP»ARGI*HNNEKTFL
LI§DHFLF ~PL- AhI'RgWPDARGI!HNYDKTFL
LI§DHFLFS -PL-TCA_l-R_WPmARGI!HNYDNTFL
LIBDHFLF} ‘PLITCAh A RS WPE ARG S HNNDKTF L

LIEDHF LFE KP'I‘GALLTTSGCARDWPDGRGIWHNNGKNF L
LIEDHFLFEKPTGALLTTSGCARDWPDGRGIWHNNGKNE L
LIADHFLFOKPTGHLMYVNSGAVRDWPDARGIWHNKDKTEF L

3. Map selections to structure
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Statistical Significance

For searching large DBs, the ONLY criteria available to judge the likelihood
of an evolutionary relationship between 2 sequences is an estimate of
statistical significance

to determine if the alignment score has statistical meaning,
compare it with the score generated from the alignment of random

sequences

» a model of random sequences is needed
— simplest: choose the amino acid residues in a sequence independently,

with background probabilities

)

Twilight zone

y <25% identity (Doolittle)
» better rule of thumb

— <3 SD = not statistically significant
— 3-6 SD = twilight zone

— >6 SD = statistically significant

— P(2) —
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