BIOC4004 - Industrial Biochemistry
Lecture 13 - Mon Feb 22, 04

Topics for the Day:

* Searching molecular databases
« BLAST

* how it works

* how to use

* how to interpret
* Bioinformatics resources
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Searching of Molecular Databases

* Why ?
To look for similarities between a sequence of interest and and the
sequences in the database
« could help elucidate the function of an unknown sequence
« could help find conserved motifs shared by different sequences
* How ?
Need to compare the sequence to every sequence in the DB
* need to align the query sequence to every sequence in the DB
* need to calculate some metric to assess the quality of the match
* need to report the “good” matches

» Early sequence alignment programs were meant to perform the best possible
alignment of a pair of, at most, a few (dozen) sequences

» good results but computationally expensive

* no way could you use these to screen a DB of thousands of sequences

* Design of “heuristic” methods to perform the searches:
* an initial quick and dirty alignment between query and all the sequences
« assessment of potentially matching sequences worth “revisiting”
* a second, more accurate, alignment on the worthwhile sequences

* These heuristic methods are computationally economical:
« fast and good
« can handle lots of queries !!!
* Provide a statistical assessment of the match (more on this later)

* The program used for searching the GenBank DB is BLAST (Basic Local
Alignment Tool)
[Some of the European DBs use a program called FASTA, however,
GenBank cross-references entries in the European DBs anyway, so we'll
mostly talk about GB]
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BLAST (Basic Local Alignment Tool)

« find it at http://www.ncbi.nim.nih.gov/BLAST/
also mirrored at the Canadian Bioinformatics Resource
http://www.cbr.ca/blast/
* uses an approach based on:
* matching short sequence fragments (HSPs: High Scoring Segment Pairs)
« HSPs can be perfect matches or highly homologous
* looks for clusters of HSPs that are close to each other
* a “cut-off alignment score” is calculated to determine the minimum score
that should be met by an alignment in order to be significant
» the best local alignments between the query sequence and the database
sequence(s) are calculated and reported

BLAST VARIANTS

PROGRAM | QUERY | DB COMMENTS

compares amino acid query against protein

sequences

compares nucleotide query against DNA

sequences

BLASTX DNA orotein compares 6X translations of nucleotide guery
against protein sequences

TBLASTN orotein  DNA compares protein query against 6X translations
of DNA sequences

compares 6X translations of nucleotide query

against 6X translations of DNA sequences

BLASTP protein  protein

BLASTN DNA DNA

TBLASTX DNA DNA

*also :
* PSI-BLAST: protein query and protein DB - different statistics used to
detect weak similarities
* PHI-BLAST: protein query and protein DB - used to look for protein
patterns (small regions of conservation)
« MEGA-BLAST: larges sets of long DNA sequences
* CD Search - conserved domain detection
« BLAST2: pairwise alignment of two sequences
 Genome BLAST : alignment of DNA sequences to genome data
* VecScreen: used to detect vector sequence within sequence data

BIOC4004 - Lecture 13



How does BLAST work ? (part )

B Alist of words of length 3 in the query protein sequence is made.

B Using BLOSUMB2, the query words are evaluated for an exact match
with a word of any database sequence.(cf. 20 x 20 x 20 = 8000)

|.| eemremnemmmmmm there are 8000 different possible
AA triplet combinations (in theory)

Word List based on BLOSUMEG2

» each triplet is searched against all of the
triplets generated from the database

* USe scoring matrix to get a score for each
potential match
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How does BLAST work ? (part ll)

Let's look at one example:

Query: TPQGQRQGAQ....

TPQ POG QGQ
Query. GOR ORQ ROG \I/)vbaZT' t
Wordlist 0GQ etc etc orais

AAA AAC AAD ... PQG QGQ YYY
AGA AGC AAN ... PEG QGM ...
AAG CAC AAE ... PRG MGQ ...

GAA ACC AAQ ... PMG QAQ ...

m A cutoff score called neighborhood word score threshold(T) is used to

pull out low-score matches.

Let's look at PQG:

PQOG
&
6

| :
P
7

PQG
PEG
PRG
PMG
PNG
PDG

etc.

18
15
14
14
13
13

KEEP !!!
T (cut-off)

sl DISCARD !!

1. Select all Dbase triplets that score higher than cut-off (using

BLOSUM62 score)

2. Discard low scoring Dbase triplets (ie.lower than cut-off)

3. Most triplets will be discarded:

* less data to sift through in subsequent (computationally

intensive) steps
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How does BLAST work ? (part lll)

* You now have a "restricted data-set" of all the high scoring triplets

* You scan every sequence in the database for an exact match to each of the
high-scoring triplets (ie. do this with tens or hundreds of triplets, not 8000 !!!)
* Wherever there is a perfect match = SEED

Word List Database
© Sequences
[ E - rrrrrrr|
i S > M—
I —— -
@ Y e
CT T 1 E
L
. e e P e e [ e e e e e B

only high scoring triplets are

run against the Dbase !

« Each SEED is extended in either direction to get high-scoring segment pair

(HSP)
~dli—— ] ]| e

Query: 325 LNKCKTPQGORQGQOWIKQPLMDKN 350
L TPQGQR++++W+ P+ D
Sbjct: 290 LDCTVTPQGQREAERWLHMPVRDTR 315
An HSP is obtained when the score can
neither be improved by extending or trimming

* HSPs that are in close physical proximity are merged into one long HSP
* je. a gapped alignment !

T e e )

'—_T\_\_\_\_\_'_‘_'_';—'

T e e s e s e ) o o v o ) e )
[ [ T T T T ]S ] S S W] |
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How does BLAST work ? (part IV)

Dot Matrix Analysis

+ AJ. Gibbs and G.A. Mcintyre (1970)
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are merged. ot o

L LTRSS

* close physical proximity .-
* gapped or ungapped bl

- A

-
1

u M N

-
R

! AR

o At
E] g
]
RECR] j

BIOC4004 - Lecture 13 7



How does BLAST work ? (part V)

* E-value (or Expect value):
* Expected # of HSP alignments with a Score > S by chance alone
* S is computed for each query / dbase based on the other parameters
« BLAST uses a default E =10
* k is based on the word length (default = 3)
* N based on the query sequence length and the dbase size
« ) based on match / mismatch probabilities

.
N HSP Score\(‘naxmum "
3 E = kNe-
2 Number of HSP’s found
> purely by chance
©\ s
el i
S e UV S T

Extension (# aa)

* All HSPs with score greater than cut-off score(S) are identified and returned as hits
* All others discarded

How do we distinguish between good HSPs and poor HSPs ?
* For every HSP an E-value statistic is calculated based on the HSPs score

P= 1 'e('E) When E< 0.01, P~E (ie. E approximates the probability
of match occurring by chance alone as E gets smaller)

* So the E value is a good measure of the significance of the alignment
« the lower the E-value(closer to 0), the more likely that the match is real
« the higher the E-value (closer to 1), the more chance the match is bogus
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Running a BLAST search at NCBI

- Paste in sequence (FASTA format or type
in Gl or accession number)

>Mysequence MTO0895
KIQIYGTGCANCQMLEKNAREAVKELGIDAE
FEKIKEMDQILEAGLTALPGLAVDGELKIDS

OR

>
KIQIYGTGCANCQMLEKNAREAVKELGIDAE
FEKIKEMDQILEAGLTALPGLAVDGELKIDS

Choose a range of interest in the sequence
“set subsequences” (not usually used)

- Select the database from pull-down menu
(usually choose nr = non-redundant)

Keep CD Search “check box” on —*>Conserved Domain
Leave “Options” unchanged (use defaults)

Go to “Format” menu and adjust Number of
descriptions and alignments as desired

C’est tout !!!
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An Example of a Typical BLAST search (part )

Distribution of 176 Elast Hits on the Query Sequence

bouse-owverto show defline and scores. Click to show alignments

Color Key for Alignnent Scores

<40 40=510
1.9758
o b 100 150 200 250 300 350 400

* The first thing you get is the distribution of Blast hits on the query
* evaluate if the match occurs along the whole length of the query
VS
* matches on restricted are of query
* How good is the match ? The higher the score !!!
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An Example of a Typical BLAST search (part ll)

fuary= Phppi8bh {423 letters)

Probability of match
appearing by chance

Database: nr {493,611 sequences; 154,780,071 total letters)

Sequences producing significant alignments:

[(bits} WValus

sp|Q08168 |HRE _BLARE 58 ¥D PHOSPHOPROTEIN (HEAT SHOCK-RELATED PRO. .. 334 1g-90
_:ah|.?l..ﬂ-"'""?"'.ll.'“ 1| {L21710) 58 kDa phosphoprotein [Plasmodium bergheil] 325 1g-39
pir||T10455 heat shock related protein - Plasmodium berghel sgif ... 250 Z2e-85
sp|BS0503 |HIP _RAT HSCT0- INTERACTING PROTEIN =gi|4375408 |amb|CRAS. .. 106 5Se-22
gp|PS0502 |HIE_HUMAN HSCT0- INTERACTING PROTEIN (PROGESTERONE RECE. . . 27 3e-14
gh|.?l..ﬂ-._45[-!€l4.1 {BREQD3428) C0G2947 gene product [Drasophila meland. . . 27 4s-14
pir||T24865 hypothetical protein T12D8.8 - Caenorhabditis elegan. .. 86 Se-16
r:-ir| T04562 hypothetical protein T12H17 .60 - Arabidopsis thaliam. .. 21 Ze-14
7

Entries removed Alignment Score

for clarity
gh |AARCEOS55.2| {859774) STI1 stress-inducible protein homoleg [ .. 40  Z2e-04
gh |AAD33401 .1 |AF129086_1 (AF129086) carboxy termimus of Hsp70-in. .. 48 Ze-04
pir| |AS6534 PSS protein - bovine »gi 468012 |gbh|ARALITTSS.1| (U0D44. .. 48 Ze-04
gh|ARB48720.1| {U895%84) transformaticon-sensitive protein homolog. . . 47 4e-04 CRAP
pir| |Tle6E% hypothetical protein ROSF2.10 - Casnorhabditis elega. .. 47 4e-04
gh |AAD33400. 1 |AF129085_1 (AF129085) carboxy terminus of HspT70-in. .. 46 Ga-04

Identifier Line:
database | accession # | name or locus

enb | CARE15%5 . 1| (X89416) protein phosphatase 5 [Homo sapiens]
pdb | 1AL1T | Tetratricopeptide Repeats Of Protein Phosphatase S

ref |HE 006238 1| | protein phosphatase 5, catalytbic subunit =gi|l...
pir | 552570 phosphoprotein phosphatase (BEC 3.1.3 .16} 5, catalyiti. ..
_:31:|AAEI‘_EE 14 1) {U12203) phaosphoprotein phosphatase [Rattus norvse. |

sp|P53042 | PPES_RAT SERINE/THREONINE PROTEIN PHOSPHATASE 5 (PES)

gh |ARABGD3&4 . 1| {U25174] serine-threonine phosphatase [Homo sapiens]
E'|::I|CIHDF.'FE | PEES_MOTSE SERIME/THRECHINE PROTEIN PHOSEHATASE 5 (PBRG. ..
_:31:||AP-.EI'J'DF.‘?3 21 {BFQ18262) protein phosphatase 5; PEPS [Mus masculus]

Entries removed

for clarity
23 0.007
43 0.007
23 0.007
23 0.007 CRAP
23 0.007
43 0.007
23 0.007
42 0,009
£2 0009

* Note that the first few hits have very low E-values (1e-90)

* very close to 0; very good match

* | wouldn't trust anything with an E-value higher that ~1e-10 (if that...)
* as E gets closer to 1, you get closer to a 100% probability that the

match could have occurred by chance alone

BIOC4004 - Lecture 13

11



An Example of a Typical BLAST search (part lll)

(X93021)

hspll"_-l:l'_-L'E HIPF BHAT EECVO-INTERACTING FROTEILIN hg'_l-"-E'-"':l-"-L"'Bli:mb|I2|1.|!|'_-'."_--IE|.1
Hscli-interacting protein [Ratbtus norvegicus] [[Length = 366}
Score = 106 bits (261}, Expect = 5e-:z3] Filtering—Glu rich

Ldentities - 60/224 (26%)||Positives - 87/224 [42%} |

ueEry:

E-bji:t H

3

BEINTEEENE &0

1 MO IEX I EDLEKEFVASCEENFS ILLK PELSFFEDOF I ES PO T KEDEMIY
M B &l BV T #eFEaL Be F sdserhs (dkd
1 MOFRMVEE LAV EMCEODFS VLHTEEMR FLE RS ESMEa KV PFATHE

en

[EDEEEENEEEEEEREEDODFERLE)

CueEry: Gl R L L N L R A ANEC PR LA PN U AR RN ERER 120

B B A

Zbjct: 51 DETTEDMIKTEEFSSEESDLETTHNEN/IEADTOAPGEMADENAE ITEAMMDELNEKI GRS 120

CuEDY:
E-bji:t =
QueEry:

E-bji:t H

»pir| |

121 VDLYENEEYEEALERYHEL ISPOHNFEAM IYTERAS I LIMLERPEACIROCTERIMLNYOE 1ED
P & b & hbEdd @ i AsdsY BEARS# + Lea+lP A IR &+ «H DB
121 IDALNDGEL A IDLETDAI KT MR LA L LY ARRASYEVHLODKPFHALATROCTRATEINFOS 1ED

181 ANRERIRARAYEY LOEWEFAHLITHECCS [ DB WTMOR LI 224

A ZA R KA+E LO WE A De B+l EDES Mo+
181 AQPERWRIRAHR LI OHWEEASS DIALATR LD DEDNASAMIE BV 224

Middle row = matcheas and similar residues (+)

Score= = B6.2 bits (210}, Expect = S=-15
Identities = 44/101 (43%), Positives = 0/101 (SE%}, daps = /101 (1%

QueEry:
Ebji:t B
CuEDY:

Ehijct:

Score = 41.4 bits [(§%], Expect = O_{l6

115 HAVDLVENRKYEEALERYRE ] ISEUNPEAML s TERAS I LLNLERFEACIRDUTEALNIMNY 1TE
i@ H +& AL 4 I SaMes ERA++LL LERP A 1 DT #Reaal]
121 RAQEAFSNEDF D TALTHE AL L EAN POEAMLHAK ANV LLA LER FUAALADUDEA LS LM 1ED

178 DERNAY KL RANAYH LN NE S A HADMEQEOE LY DE - - R 217
L= YE H +A H LGKW A Dw HaDYDE
181 DeERgUEY EE R AN L LW E R T L AT ACH LI T DEAANE

T24Be5 hypothetical protein T12DE.#8 -Casnorhabditizs elegans {Length = 422}

Gaps o maximize alignment

Identiti=s = 18/34 (47%), Positives = 23734 (&a7%)

Query: 3 LARKFVASCEENPHILLEFELEEFREOZIEEEGOR] 42

E-bji:t H

LasFY Co WPsali FE EFFEDae B G 4

T LAY EMC AN PAVLHAFEFGEFEDY LVELGATL 40

A second high-
scoring segment

* note that low complexity regions have been filtered out
* can generate bogus matches
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Bioinformatics Analysis (revisited)

* Sequence Alignments
* Sequence Assembly
» Database Searching
* Function Prediction
* Domain Identification
* Molecular phylogenetics

* Motif-Finding
* DNA:
* restriction sites
* gene structure
* Transcription/Translation signals
* Intron/Exon boundaries
* gene prediction

* Proteins
« PTM prediction (phosphorylation, glycosylation, ...)
« structural motifs (zinc-finger, ATP-binding cassette...)
* transmembrane domains
* export sequences

* Protein Structure Analysis
* physical characteristics (hydrophobicity, o-helix/B-sheet potential...)
* protein structure comparison
« protein structure prediction (protein-fold prediction or threading)
» X-ray crystallography and NMR data analysis

* Gene Expression Analysis
* microarray data analysis (image analysis, data clustering)
* proteomics data analysis (2-D gel analysis, Mass Spec data analysis)
* metabolomics data analysis (Mass Spec data analysis)

* Pathway Analysis
* metabolic pathway reconstruction
* elucidation of regulatory networks
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The original bioinformatics resource.....

NCBI (http://nchi.nlm.nih.gov/): BLAST, Medline, GenBank

r

<3 NCBI

FPubhded Entrez

National Center for Biotechnology Information

MNational Institutes of Health

National Library of Medicine

BLAST Qi [P Books

Search |Muclectide =] for |

o

TaxBrowser

Structure

pukbl

r What does NCBI do?

Established in 1988 as a national resource for
molecular biclogy information, NCEl creates

ic databases, conducts research in

computational biology, develops software
tools for analyzing genome data, and
disseminates biomedical information - all for
the better understanding of molecular
processes affecting human health and
disease More

Try these:

Mouse Genome

* Clusters of

* Coffee Break

¥ Electraonic PCR

* Gene expression

omnibus

manipulating the mrouse genome.

u Resources: explore toofs for

Progress

Map ile'.'\.I er Sequencing Hurman-Mouse
Harmalogy

resaurces

PubmMed

Fulltext
Electronic
Journals

Mucleotide
Sequences

L)
Maps &
Genomes

Protein

3D
Structures

Sequences e

Taxonomy

* as it's matured: more user friendly
* plenty of FAQs and tutorials !!!
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¥ Cancer genome
anatormy project

arthologous groups

* Genes and disease

¥ Human genome
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For a general sequence analysis tools

BCM Search launcher (http://searchlauncher.bcm.tmc.edul)
BCM Search Launcher,

Baylor College of Medicing HGST

HGSC |SL Home |MBCR |Search Tools |Help |FAQ |What's New |Contact Us

|Comments |User Survey |Site Search

M| Choose a type of search from the pull-down menu

- Mucleic Acid Search
- General Protein Search

- Species Frotein Search

- hultiple Sequence Alignment
- Pairwise Sequence Alignment
- Gene Features Searches

- Sequence Utilities cher is an on-going project to organize molecular biology-

- Protein Structure Prediction —hle on the WA by function by providing & single point-of-entry

Cther Services " launching protein sequence searches using standard
- BCM Hurman Transcript Database =

h client. (ver 2.8) for your aperating system.

@i 0=

—
]
[ -

=

For a myriad of protein analysis tools
ExPASy (http Ilwww expasy.ch)

Elli* Edll Wew G0 I'l:l'fll'rll.ll'lll:m Haln

Sl May Swarh ExPAly Ludoul us |
|Hoste by 516 5vwitzedand [Mirar sies : jEustrais [Canede Chine Km'.\u|1mn|

=% ExPASy Molecular Biology Server Expert Protein Analysis System

Databases

tEMBL - Proteln knowledosbase
amies 2id damars

= T (=ChmanEinnal polvacrylamics el eladroohoness
- 3 mages of proteins and other biological

beppsEpry - Automatically genarated probain models
g - L0l Igand deterts
293 ADMendanire
gl - Sequence analysis bibiographic referances

* Links 10 many sthet meleoylor iolsgy daXabases
- [ . ara for 2-0 PAGE analysis
- - Automated knowledge-based probain

‘501!\’\'3’9 l'Clr 'Slirl.l:tl.lrE" ﬂiﬂla\' and anaksis

* Bubss-nhng - aumomancall ooran (by emalll new sequsniE entriss
remant o your fiekdis) of inoarest
Id

s - AmEnd & ore-wesk courss In uereva
S SUSERVLLE - OET o -0 waks paroemed amoring o slss
Srandads :I
== Dazurrart| lana ik e MEOER S
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Another excellent Site

‘A Iot more sequence anaIyS|s tools than offered at NCBI

I*I Matioral Research  Conseil national
Council Canada de recherches Canada

= T&TJ

CM§RE a!"?_a.uﬂ'..TaﬂuE'l

- g CEGCGATR

CANADIAN BIOINFORMATICS RESOURLCE

RESEALU DE BIOINFORMATIQUE CANADIEN

From Discovery to Innovation D la déconverte a linnovation

B Canadi

* Mirror for other bioinformatics sites:
« BLAST
* EXPASy
* CMS Molecular Biology resource (tons of stuff !!!)
a full suite of protein and DNA analysis

» Also offers other analysis programs:
* ClustalW: multiple sequence alignments
* DNA fold: DNA and RNA folding
« EMBOSS.: a full suite of protein and DNA analysis
* GeneMatcher: highly sensitive database and pattern searching
* MAGPIE: genome data analysis
« ReadSeq: sequence format conversion tool
* PRIMERS: PCR primer design
» WebPhylip: phylogenetic analysis
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