Recap From Last Time:

Bioinformatics is computer aided biology.

» Deals with the collection, archiving, organization, and
interpretation of a wide range of biological data.

There are a large number of bioinformatics databases (see

ha 1.
The NCBI and EBI are major online bioinformatics service providers.

Introduced via hands-on session the BLAST, Entrez, GENE, OMIM,
UniProt, Muscle and PDB bioinformatics tools and databases.

* Muddy point assessment (see re 5)

Also covered: Course structure; Supporting course website, Ethics
code, and Introductions...

Today’s Menu

Primary, secondary & composite databases

Bioinformatics databases can be usefully classified into primary,

Classifying Primary, secondary and composite secondary and composite according to their data source.

Databases Bioinformatics databases

» Primary databases (or archival databases) consist of data derived

: ; ; experimentally.

\Bh.g.n?tte dsmogsiraglng hc.)vz majo; » GenBank: NCBI's primary nucleotide sequence database.
loinformatics catabases Intersec » PDB: Protein X-ray crystal and NMR structures.

Using Databases

Major Biomolecular | How nucleotide and protein sequence + Secondary databases (or derived databases) contain information derived
. from a primary database.
Formats and structure data are represented p b
« RefSeq: non redundant set of curated reference sequences primarily
from GenBank

Alignment Introducing the why and « PFAM: protein sequence families primarily from UniProt and PDB

Foundations how of comparing sequences . = . . )
+ Composite databases (or metadatabases) join a variety of different primary
and secondary database sources.
+ OMIM: catalog of human genes, genetic disorders and related literature
+ GENE: molecular data and literature related to genes with extensive links
to other databases.

Alignment Hands-on exploration of alignment
Algorithms algorithms and applications

DATABASE VIGNETTE http://www.ncbi.nlm.nih.gov/
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Example Vignette Question

What chromosome location and what genes are in the vicinity of a
given query gene? NCBI| GENE

What can you find out about molecular functions, biological
processes, and prominent cellular locations? EB| GO

What amino acid positions in the protein are responsible for ligand
binding? EBI UniProt

What variants of this gene are associated with gastric cancer and
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(human) ]

Gene ID: 3845, updaled on 4-Jan-2015

- Summary

Official Symbol KRAS provided by HGNC

[ Homo sap

»

Official Full Name ~ Kirsten rat sarcoma viral oncogene nomelog provied by HONG

Primary source HGNC:HGNC:6407

Seerelated Ensemol ENSG00000133703; HPRD:01817; MIM;:190070;

Veqa:OTTHUMG00000171193
Gene type protein coding

RefSeq status REVIEWED
Organism Homo sapiens
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Why do we need Ontologies?

» Annotation is essential for capturing the understanding and
knowledge associated with a sequence or other molecular entity

 Annotation is traditionally recorded as “free text”, which is easy
to read by humans, but has a number of disadvantages,
including:
» Difficult for computers to parse
» Quality varies from database to database
» Terminology used varies from annotator to annotator

* Ontologies are annotations using standard vocabularies that try
to address these issues

» GO is integrated with UniProt and many other databases
including a number at NCBI

GO Ontologies

* There are three ontologies in GO:
» Biological Process
A commonly recognized series of events A
e.g. cell division, mitosis, ‘® @

» Molecular Function o
An elemental activity, task or job \
e.g. kinase activity, insulin binding

» Cellular Component
Where a gene product is located
e.g. mitochondrion, mitochondrial
membrane

20

Evidence
Functon Code Pubs

GDP binding
GMP binding

The '‘Gene Ontology’ or GO is

GTP binding
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UniProt will detail much more
information for protein coding genes
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Example Questions:
What positions in the protein are
responsible for GTP binding?
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Example Questions:

What variants of this enzyme are
involved in gastric cancer and other
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Display __nne  Pathology & Biotech ] human diseases?

Example Questions:
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LEUEMSA, AQUTE MYELOGENCUS (AML)

[PCTT T | [MIMI60L625]: A subtype of acute leckamia, 2 cancer of the white bicoc cells. AML Is a mallgnan: disease of bone
marrow by maturationa! armest of Precursors at an early staga of development. Cional

‘expansion of myelsid blasts ocours in bone marmow, bleod, end oner tissue. Myelogenous leukemias develo from
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Note: The diseese is caused by musations affecting the gene represented in this entry.
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Are high resolution protein structures
available to examine the details of
these mutations?
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their potential molecular effects?
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mediated Activation
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Deposition authorls): Sun, Q. Burke, J.P, Phan, J., Burns, Waterson,
AQ. Lee, T. Rossanese, O.W. Fesik SW.
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Back to UniProt:
What is known about the protein family,
| its species distribution, number in humans
Disply. i mwws wf  and residue-wise conservation, etc. .. ?
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Family and domain databases
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oo Cenesd' 3.40.50.300. 1 hit.
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5] processna 1PR00
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1PRO20843. Small GTPase Res
oo ] e o
PANTHER' PTHA24070. PTIIR24070. 1

mm————_ PFAM is one of the best

e mememne] | protein family databases

SVARI' SM00173. RAS. 1 hit,
[Grephica view]

SUPTAM!  SSF52540. S5F52540. L hi:.
TIGRFANS'  TIGRO0231. small GT?. 1 nit.

7. Pelaap_NTPase
5. Small GTP-bd dom,
1PROD806. Small_GTPase,

FROSITE!  PS5142:. RAS. 1 hi:.
[Graphical view]

Sequences (2)'
Sequence status': Complete.

Sequence processing: The displayed sequence is further processed into @ mazure form,
This entry describes 2 isclorms* produced by alternative splicing. | = Align

Example Questions:
What is known about the protein family,
its species distribution, number in
humans and residue-wise conservation,
etc...?
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Family: Ras (PF00071)
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Example Questions:
What is known about the protein family, its
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Summary Species distributi ?
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Example Questions:
What is known about the protein family, its
o e - e SPeCies distribution, number in humans and

e —"*”"‘”-‘“ residue-wise conservation, etc... ?
e pecie ditributi

Domain organisation
cian
Alignme
HMM log
Trees

Curation EMBL-E

centnatne
o) amamoglan 7 falgrmentaentjoblc-EDCAE-$396-" 1E4-D360-1003298E2175

Interacd Alignment for selectad ssquances

Structun Curer

Jump ¢
st 1D

Example Questions:
What is known about the protein family, its
species distribution, number in humans and

residue-wise conservation, etc...?
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Family: Ras (PFO0071)
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Contbuton

Pfam: Family: Kinesin (PF00225)

< + @ http://pfam janelia.org/family/kinesin#tabview=tab8 3= ¢ | (Q~ Google QO

Pfam

HHMI

HOME | SEARCH | BROWSE | FTP | HELP | ABOUT

Family: Kinesin (PF00225) -

ZLoading page components (1 remaining)...

£.)

= b
126 architectures 4150 sequences 6 Interactions 248 speces 114 structures

Domain
organisation There are 6 interactions for this family. More...

Clans Tubulin Tubulin Kinesin Tubulin inesin
Alignments Tubulin€

HMM logo

Trees
Curation & models
Species

Structures

Jump to... i
ET G

Questions or comments: Pfam@ianelia.hhmiorg
Howard Hughes Medical Institute




 http://pfam janelia.org/family/kinesin#tabview=tab9

janelia farm

Pfam

HOME | SEARCH | BROWSE | FTP | HELP | ABOUT
Keyword search | ()
T 7} q - . .
Family: Kinesin (PF00225) : & =
126 archtectures 4150 sequences 6 Interactions 248 speces 114 Stnctres
Domain
organisation For those sequences have a structure in th n we use the mapp veen UniProt, PDB and Pfam coordinate
systems from th p, to alk UniProt sequence: dimensional protein structures. The
Clans table below show: n whi en found.
Alignments 58]
UniProtentry UMIProt  FDB o, PDB View
HMM logo ™ residues 10 I residues
[ saor o I A 11-335 )mol AstexViewer Si
Curation & models | ASBKDL GIALA 11-335 2wa ) 5
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B 24-359
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s hittp:/ /pf: lia.org/structure 3bf

‘wellcome trust

sanger

PDB entry 3bfn

Your turn:

What can you find out about “eg5”

Jmol
PDB UniProt
Pfam family Colour
Chain Start End i0) Start End
A 49 368 KIF22 HUMAN 49 368 Kinesin (_PF00225)

EClose window
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Alignment
Foundations

Introducing the why and
how of comparing sequences

Alignment
Algorithms

Hands-on exploration of alignment
algorithms and applications
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ALIGNMENT FOUNDATIONS
e Why...
» Why compare biological sequences?

°
4
°
»
»
»

Basic Idea: Display one sequence above
another with spaces (termed gaps) inserted
in both to reveal similarity of nucleotides or
amino acids.

Segql: CATTCAC

Seq2: CcTCGCAGC

[Screencast Material]




Basic Idea: Display one sequence above
another with spaces (termed gaps) inserted
in both to reveal similarity of nucleotides or
amino acids.

Segql: CATTCAC

I |1
Seq2: CcCTCGCAGC

‘ L_mismatch
match
Two types of character
correspondence

Basic Idea: Display one sequence above
another with spaces (termed gaps) inserted
in both to reveal similarity of nucleotides or
amino acids.

Segql: CAT-TCA-C

[ I
Segq2: Cc-TCGCAGC

k _match
mismatch
Add gaps to increase

number of matches gaps

Basic Idea: Display one sequence above
another with spaces (termed gaps) inserted
in both to reveal similarity of nucleotides or
amino acids.

Segql: CAT-TCA-C
[ [
Seq2: c-TCGCAGC

§ _match .
mismatch } mutation

insertion }indels

Gaps represent ‘indels’ L
ps rep deletion

mismatch represent mutations

Why compare biological sequences?

» To obtain functional or mechanistic insight about
a sequence by inference from another potentially
better characterized sequence

 To find whether two (or more) genes or proteins are
evolutionarily related

* To find structurally or functionally similar
regions within sequences (e.g. catalytic sites,
binding sites for other molecules, etc.)

* Many practical bioinformatics applications...

Practical applications include...

» Similarity searching of databases
— Protein structure prediction, annotation, etc...

* Assembly of sequence reads into a longer
construct such as a genomic sequence

* Mapping sequencing reads to a known genome

— "Resequencing", looking for differences from reference
genome - SNPs, indels (insertions or deletions)

— Mapping transcription factor binding sites via ChlP-Seq
(chromatin immuno-precipitation sequencing)

— Pretty much all next-gen sequencing data analysis

Practical applications include...

romatin immuno-precipitation sequencing)
— Pretty much all next-gen sequencing data analysis




ALIGNMENT FOUNDATIONS
* Why...

+ Why compare biological sequences?

¢ What...

» Alignment view of sequence changes during evolution
(matches, mismatches and gaps)

e How...

» Dot matrices
» Dynamic programing
- Global alignment
- Local alignment
» BLAST heuristic approach

Sequence changes during evolution

There are three major types of sequence change that
can occur during evolution.

— Mutations/Substitutions

— Deletions

— Insertions
Common CTCGTTA Time
Ancestor  (C)

Becent  (g) (A)
pecies CATGTTA CACTGTA

Mutations, deletions and insertions

There are three major types of sequence change that
can occur during evolution.

— Mutations/Substitutions crcerTa — cacerTa
— Deletions
— Insertions

CTCGTTA
cAdGTTA Mutation

CATGTTA CACTGTA

Likely occurred prior to speciation

Mutations, deletions and insertions

There are three major types of sequence change that
can occur during evolution.

— Mutations/Substitutions CTCGTTA —> CACGTTA
— Deletions
— Insertions

CTCGTTA

cAdGTTA Mutation

CACGTT. ACGTTA (speciation)

CATGTTA CACTGTA

Mutations, deletions and insertions

There are three major types of sequence change that
can occur during evolution.

— Mutations/Substitutions CTCGTTA — CACGTTA
— Deletions

' CACGTTA —> CACTTA
— Insertions

CTCGTTA
cAdGTTA Mutation

CACGTT ACTTA )
~.__—Deletion
CTTA

CATGTTA CACTGTA

Mutations, deletions and insertions

There are three major types of sequence change that
can occur during evolution.

— Mutations/Substitutions CTCGTTA — CACGTTA

- Peletltc'ms CACGTTA — CACTTA
nsertions CACTTA —» CACTGTA
CTCGTTA

cAdGTTA Mutation

CACGTT. ACXTTA )
~.__—Deletion
CTTA

CATGTTA CACTGT%Insertion




Mutations, deletions and insertions

There are three major types of sequence change that
can occur during evolution.
— Mutations/Substitutions
— Deletions
— Insertions

CTCGTTA — CACGTTA
CACGTTA — CATGTTA

CTCGTTA

cAdGTTA Mutation

CACGTT.

Mutation/

CATGTTA CACTGTA

Alignment view

Alignments are great tools to visualize sequence similarity
and evolutionary changes in homologous sequences.

— Mismatches represent mutations/substitutions
— Gaps represent insertions and deletions (indels)

CTCGTTA Substitutionw ﬂlndels
©) (A) -TG
/\ © CATGI-
(B) (A)
CATGTTA CACTGTA - - G;p

Alternative alignments

* Unfortunately, finding the correct alignment is
difficult if we do not know the evolutionary history
of the two sequences

Q. Which of these 3 possible alignments is best?

1. 2. I 1
. CACTGT-A : -TG

Alternative alignments

* One way to judge alignments is to compare
their number of matches, insertions, deletions
and mutations

© 4 matches © 6 matches © 5 matches
© 3 mismatches © 0 mismatches © 1 mismatches
O 0gaps O 2 gaps O 2 gaps

. GACTGT-A | CAC-TG

Scoring alignments

* We can assign a score for each match (+3),
mismatch (+1) and indel (-1) to identify the
optimal alignment for this scoring scheme

O 4 (+3) © 6 (+3) O 5 (+3)
© 3(+1) © 0(+1) © 1(+1)
Oo(-1)=15 O2(-1)=16 O2(¢-1)=14

Optimal alignments

* Biologists often prefer parsimonious
alignments, where the number of postulated
sequence changes is minimized.

© 4 matches © 6 matches © 5 matches

© 3 mismatches | © 0 mismatches| © 1 mismatches

O 0gaps O 2 gaps O 2 gaps
-TG

creT-&|
_TGTTA




Optimal alignments

* Biologists often prefer parsimonious
alignments, where the number of postulated
sequence changes is minimized.

© 4 matches
© 3 mismatches
O 0 gaps

CACTGTA
IS IR
CATGTTA

© 6 matches
© 0 mismatches
O 2 gaps

CACTG

NN
CA-TGTTA

© 5 matches
© 1 mismatches
O 2 gaps

. CAC-TGTA

SN
. CATGT-TA

Optimal alignments

* Biologists often prefer parsimonious
alignments, where the number of postulated
sequence changes is minimized.

© 4 matches
© 3 mismatches
O 0 gaps

CACTGTA
IS IR
CATGTTA

© 6 matches © 5 matches

© 0 mismatches | © 1 mismatches

O 2 gaps O 2 gaps
CACTG . CAC-TGTA

L L N
CA-TGTTA CATGT-TA

Optimal alignments

* Biologists often prefer parsimoni

. CAC-TGTA
ORI
' CATGT-TA

ALIGNMENT FOUNDATIONS

e How...
» Dot matrices

» Dynamic programing
- Global alignment
- Local alignment
» BLAST heuristic approach

ALIGNMENT FOUNDATIONS

e How...
» Dot matrices

» O

How do we compute the optimal
alignment between two sequences?

» CAOT ITCursus approuactT

Dot plots: simple graphical approach

* Place one sequence on the vertical axis of a
2D grid (or matrix) and the other on the

horizontal

A C G C G

QO >» O >»




Dot plots: simple graphical approach

* Now simply put dots where the horizontal and
vertical sequence values match

A C G C G
Al--o
C ° °
Ao
C ° °
G ° °

Dot plots: simple graphical approach

* Diagonal runs of dots indicate matched
segments of sequence

A C G C G

NI
ANEN

QO >» O >»

Dot plots: simple graphical approach

Q. What would the dot matrix of a two identical
sequences look like?

A C G C G

Q0O ®© O >»

AN

Dot plots: simple graphical approach

» Dot matrices for long sequences can be noisy

B3 o o T

Dot plots: window size and match
stringency
Solution: use a window and a threshold
— compare character by character within a window
— require certain fraction of matches within window

in order to display it with a dot.
* You have to choose window size and stringency

Filter

—_—
Window = 3
Stringency = 3

Dot plots: window size and match
stringency
Solution: use a window and a threshold
— compare character by character within a window
— require certain fraction of matches within window

in order to display it with a dot.
* You have to choose window size and stringency

Filter

—_—
Window = 3
Stringency = 2




Window size = 5 bases

A dot plot simply puts a
dot where two sequences
match. In this example,
dots are placed in the plot
if 5 bases in a row match
perfectly. Requiring a 5
base perfect match is a
heuristic — only look at
regions that have a certain
degree of identity.

Do you expect
evolutionarily related
sequences to have more
word matches (matches in
a row over a certain
length) than random or
unrelated sequences?

Window size = 7 bases

This is a dot plot of the
same sequence pair. Now
7 bases in a row must
match for a dot to be
place. Noise is reduced.

Using windows of a
certain length is very
similar to using words
(kmers) of N characters in
the heuristic alignment
search tools

Bigger window (kmer)
fewer matches to consider

Web site used: http://www.vivo.colostate.edu/molkit/dnadot/

Only diagonals can be
followed.

Downward or rightward
paths represent insertion
or deletions (gaps in one
sequence or the other).

Web site used: http://www.vivo.colostate.edu/molkit/dnadot/

Uses for dot matrices

* Visually assessing the similarity of two
protein or two nucleic acid sequences

* Finding local repeat sequences within a
larger sequence by comparing a sequence
to itself

— Repeats appear as a set of diagonal runs stacked
vertically and/or horizontally

Repeats

Human LDL receptor
protein sequence

(Genbank P01130)
W=1
S=1

(Figure from Mount, “Bioinformatics sequence and genome analysis”)

Repeats
\'\~\\'\\\' o
w 4O AN N - 100
NN _

NN - ’ Human LDL receptor
e T\\\\ . N - protein sequence
w \. . (Genbank P01130)
w 4 N .

_, N\ § W =23
- - = S=7
700 N N - 700
N

T T T T T T T T
100 200 300 400 500 800 700 200

(Figure from Mount, “Bioinformatics sequence and genome analysis”)




Your Turn!

Exploration of dot plot parameters (hands-on worksheet Section 1)

gt

Protein Dot Plot DNA Dot Plat
walze -3 wstep - 3, nmatch - 2 walze -3 wstep - 3., nmeich - 2

ALIGNMENT FOUNDATIONS

e How...

»

» Dynamic programing

- Global alignment

- Local alignment
» BLAST heuristic approach

The Dynamic Programming Algorithm

* The dynamic programming algorithm can be thought of an
extension to the dot plot approach
— One sequence is placed down the side of a grid and another across the top
— Instead of placing a dot in the grid, we compute a score for each position

- Finding the optimal alignment corresponds to finding the path through the
grid with the best possible score

DPLE DPLE DPLE

D D 6 -1 4 2 D s_..1 4 2

(1), p 2) p-17 31 (3 P -1 '7‘_“.—3 1
M M 3 2 2 =2 M3 2 2 -2

E E 213 5 E 21 3875

Needleman, S.B. & Wunsch, C.D. (1970) “A general method applicable to the search
for similarities in the amino acid sequences of two proteins.” J. Mol. Biol. 48:443-453.

Algorithm of Needleman and Wunsch
* The Needleman—Wunsch approach to global
sequence alignment has three basic steps:

(1) setting up a 2D-grid (or alignment matrix),
(2) scoring the matrix, and
(3) identifying the optimal path through the matrix

DPLE DPLE DPLE

D D 6 -1 4 2 D s_..1 4 2

(1), p 2) p-17 31 (3 P -1 '7‘_“.—3 1
M M 3 2 2 =2 M3 22 -2

E E 213 5 E 21 3875

Needleman, S.B. & Wunsch, C.D. (1970) “A general method applicable to the search
for similarities in the amino acid sequences of two proteins.” J. Mol. Biol. 48:443-453.

Scoring the alignment matrix

« Start by filling in the first row and column — these are
all indels (gaps).
— Each step you take you will add the gap penalty to the
score (S;)) accumulated in the previous cell

j Sequence 2 Scores: match = +1, mismatch = -1, gap =-2
- D P L E

- - 0 -2 4 -6 -8

~ D2

S8 pla

g

> M -6

@

? E |8

Scoring the alignment matrix

« Start by filling in the first row and column — these are
all indels (gaps).
— Each step you take you will add the gap penalty to the
score (S;)) accumulated in the previous cell

j Sequence 2 Scores: match = +1, mismatch = -1, gap =-2
- D P L E

- 9 2 -4 6 -8

-~ D f

Eela Sia = (-2) +(-2) + (-2) + (-2)

[

g M6 Seql: DPME

@ 1 ql:

O E | 8 Seq2: ----




Scoring the alignment matrix

* Then go to the empty corner cell (upper left). It has filled in
values in up, left and diagonal directions
— Now can ask which of the three directions gives the highest score?
— keep track of this score and direction

Scores: match = +1, mismatch =-1, gap =-2

J-1 J
-1 S(i-1, j-1) | S(i;
=11 801, ) | SG

1

-1,
Gan

(i, j g wSl)
S

Scoring the alignment matrix

» Then go to the empty corner cell (upper left). It has filled in
values in up, left and diagonal directions

— Now can ask which of the three directions gives the highest score?
— keep track of this score and direction

Scores: match = +1, mismatch =-1, gap = -2‘

P L E
-4 -6 -8
S(i1, j-1) + (mis)match \(1)

S(i, j) = Ma; S(i-1, j) + gap penalty ®

S(i, j1) + gap penalty _, ®

Scoring the alignment matrix

* Then go to the empty corner cell (upper left). It has
filled in values in up, left and diagonal directions
— Now can ask which direction gives the highest score
— keep track of direction and score

lScores: match = +1, mismatch =-1, gap =-2

P L E
4 -6 -8 N (D (0)+(+1) = +1 <= (D-D) match!
Alignment
} @ (2+2)=-4 g

— (3 (2)+2)=-4

Scoring the alignment matrix

* At each step, the score in the current cell is determine by
the scores in the neighboring cells

— The maximal score and the direction that gave that score is
stored (we will use these later to determine the optimal alignment)

lScores: match = +1, mismatch =-1, gap = -2‘

L E
6 -8 N (D (2)+(-1) =-8 <= (D-P) mismatch!
Alignment
(D) (-4)4(-2) = - D-
| @ 9+2)=-6 Bp

—> (3) (1)+(-2)=-1

Scoring the alignment matrix

* We will continue to store the alignment score (S;)) for
all possible alignments in the alignment matrix.

lScores: match = +1, mismatch =-1, gap =-2

- D P|L|E

6|8 N () (4)+(-1)=-5 <= (D-L) mismatch
Alignment
(D) (-B)4(-2) = - D--
i (2) (-6)+(-2)=-8 BeL

— (3) (1)+(2)=-3

Scoring the alignment matrix

« For the highlighted cell, the corresponding score (S;))
refers to the score of the optimal alignment of the first

i characters from sequence1, and the first j characters
from sequence2.

lScores: match = +1, mismatch =-1, indel = -2‘

N D D+ =-2
Alignment

l @ (3+2=-5 ggi

— 3 (2+2)=0




Scoring the alignment matrix

» At each step, the score in the current cell is
determine by the scores in the neighboring cells

— The maximal score and the direction that gave that score is
stored

|Scores: match = +1, mismatch = -1, indel = -2

N (1) (2)+(-1) =0 <=mismatch
Alignment

2) = - DPM
| @ 0+2)=-2 BPL

—> (3) (0)+(-2)=-2

Scoring the alignment matrix

* The score of the best alignment of the entire sequences
corresponds to Sym
— (where nand m are the length of the sequences)

|Scores: match = +1, mismatch = -1, indel = -2

N D FD)+(1) =+2
Alignment

. D) — DPME
| @ (h+2)==3 BB

—> (3) (-1)+(2)=-3

Scoring the alignment matrix

 To find the best alignment, we retrace the arrows
starting from the bottom right cell

—N.B. The optimal alignment score and alignment are

Questions:

* What is the optimal score for the alignment of these
sequences and how do we find the optimal alignment?

- C A T G T T A

dependent on the chosen scoring system c 1

A 1 M2 | 0r-2-4>-41>-6_1228

|Scores: match = +1, mismatch = -1, indel = -2| + + ~
. DPLE C -? (.) 1 —-14>-3+4>-5 -7
T ?3 5 Mo Mot s
Alignment G I 5] Pageo | 1 s

me 1 1 1
DPLE T 5] 53] 0 [Ms P et

A aiPs s[5 T e
Questions: Questions:

» What is the optimal score for the alignment of these
sequences and how do we find the optimal alignment?

- C AT G T T A

C 1

A 1 Y2 | 0fe-2fe-afe6 128
C -ilv3 (T) 1 —>-1 —>-34>-5 4,7
T 53 Mo Morafs
G ? -?1 i 24+0 | 123
T -Zla -'gs 3 ('.J 3 {31 Ju-1
NTERIBEEE |

 To find the best alignment we retrace the arrows
starting from the bottom right cell

- C A T G T T A

C 1

A -1 2 0—-2->-4—>-6 {8
c 03 [ o P ra s e
T 512 o Morefos
G ? -?1 i[fageo [ 1128
EOENEIEIR RIS
A EISIEIEARAE




More than one alignment possible

* Sometimes more than one alignment can result in
the same optimal score

C AT G T T A

ol 246|810 12|14
cla2Mbatslslizlioln Alignment
Al 4l 0t-2ts-ats6 s CACTGT-A
L L CA-TGTTA
c |63 | 0 PP Ixstrs [y
+ CACTG-TA
T8 5|5 M0 Mofela CA-TGTTA
¥
G [10| 7|4 230 | 1123
v
T 2] 9| 556 s Bl
7
Alaal-18lB5]2]1 [*2

The alignment and score are dependent
on the scoring system

* Here we increase the gap penalty from -2 to -3

C AT G T T A

ol -3 6-9|-12|-15 -18]-21
C | B[ 1258111417 Alignment
A |6l 2 [od et dado CACTGT-A
< PR CA-TGTTA
o~ = b
c = i A W N Nl CACTG-TA
T 12| 8 | 4| o] o 47 CA-TGTTA
7| DT
T EIEAE Il 2o CACTGTA
GBI [ NGB IS CATGTTA
. >
T |-18]-12 10| -6 2oy
A |21 -17|13| 9| 5 1]

The alignment and score are dependent
on the scoring system

* Here we increase the gap penalty fro

CACTGT-A
CA-TGTTA

CACTG-TA

CA-TGTTA
CACTGTA
CATGTTA

Your Turn!

Hands-on worksheet Sections 2 & 3

Match: +2

ALIGNMENT FOUNDATIONS

e How...

- Local alignment

» BLAST heuristic approach

* For many practical applications

Global vs local alignments

* Needleman-Wunsch is a global Global
alignment algorithm N\ ||/
9 _ _9 N\ \V V774
— Resulting alignment spans the
complete sequences end to end Local

— This is appropriate for closely
related sequences that are similar in
length

we require local alignments

— Local alignments highlight sub-
regions (e.g. protein domains) in the
two sequences that align well




Local alignment: Definition

* Smith & Waterman proposed simply that a
local alignment of two sequences allow
arbitrary-length segments of each sequence
to be aligned, with no penalty for the
unaligned portions of the sequences.
Otherwise, the score for a local alignment is
calculated the same way as that for a global
alignment

Smith, T.F. & Waterman, M.S. (1981) “Identification of
common molecular subsequences.” J. Mol. Biol. 147:195-197.

104

The Smith-Waterman algorithm

* Three main modifications to Needleman-Wunsch:
— Allow a node to start at 0
— The score for a particular cell cannot be negative

« if all other score options produce a negative value, then a zero
must be inserted in the cell

— Record the highest- scoring node, and trace back from there

J-1 i

S(i-1, j-1) + (mis)match \ (1) 1] 8-, 1)

' S(iit,
S(i,))=MaxJ S(1.)-gappenalty 1 (3 Al : ”2\1) -
S(i, j-1) - gap penalty  _, ©) i | S j-1 o S(i, j)
A

0 @ |

Sequence 1

- CA|IG CCUGCG|CUUAG

0.0/0.0/0.0{0.0]0.0[0.0[0.0[0.0[0.0]0.0]0.0/0.00.0]0.0
0.0[0.0/1.0[0.0[0.0[0.0{0.0[0.0[0.0]0.0]0.0]0.0[1.0[0.0
0.0[0.0/1.0[0.70.0{0.0[0.0]0.0{0.0]0.0]0.0]0.0[1.0[0.7
0.0[0.0/0.00.7[0.3[0.0[1.0{0.0{0.0|0.0]1.0[1.0{0.00.7
00/0.0/00|1l03/00J0.0/07|1.0/00|00|07|07|10 Local alignment
0.0[1.0/0.0/0.0[2.0/1.3]0.3[1.0{0.3|2.0|0.7|0.30.30.3 GCC-AUG

0.0[1.0/0.7]0.0[1.0[3,0[1.7]1[1.0[1.3[1.70.3]0.0[0.0 GCCUCGC

0.0[0.0[20[0.7]0.3[1'7[2.7]1.3[1.0[0.7]1.0[ 1.3[1.3[0.0
0.0[0.0/0.7[1.7[0.3[13]2.7][2.3[ 1.0]0.7][1.7[2.0[1.0[1.0
0.0[0.0/0.3[0.3[1.3[10[23]2.3[20[0.7[1.7[27[1.7|1.0
0.0[0.0/0.0[1.3[0.0[1.0[1.0[2.0{3:3)2.0]1.7]1.3[23]27
0.0/0.0/1.00.0[1.0{0.3[0.7]0.7|20]3.0]1.7[1.3[2.3]2.0
0.0[1.0/0.0/0.7[1.0[2.0[0.7[1.71.7|3.0|2.7[1.3[1.0|2.0
0.0[0.0/0.7[1.0{0.30.7{1.7|0.3[27]1.7|27|23|1.0[20|
0.0/0.0/0.0[1.7[0.7[0.3[0.3[1.3[1.3]2.3]1.3|2.3[2.0[2.0

Sequence 2

QO 0O » 0 cCc c >» 006 c >» >

Local alignments can be used for
database searching

« Goal: Given a query sequence (Q) and a sequence
database (D), find a list of sequences from D that
are most similar to Q
— Input: Q, D and scoring scheme
— Output: Ranked list of hits

Input

Output

Query sequence Database
GTATGGTCA

GTATGGTCA

TAGTGGTCA

TGATGGTCA
TATGGTCA

»

Score Ranked hit list Annotation

100 GTATGGTCA Ras
90 TGATGGTCA Ras
40 CGATCTGCA HSP90
38  TceTTGCTA  P450

The database search problem

* Due to the rapid growth of sequence databases, search
algorithms have to be both efficient and sensitive

— Time to search with SW is proportional to m x n (m is length of query,
n is length of database), too slow for large databases!

10%0|
10¢)
108

To reduce search time
heuristic algorithms,

?: such as BLAST, first
g remove database
g sequences without a
E strong local similarity to
1984 1988 1992 1996 2000 2004 2008 2012 the query sequence ina
Year quick initial scan.

The database search problem

* Due to the rapid growth of sequence databases, search

algorithms have to be both efficient and sensitive

— Time to search with SW is proportional to m x n (m is length of query,
n is length of database), too slow for large databases!

QueryRGGVKRIKLMR

Smaller
—> databas
e

To reduce search time
heuristic algorithms,
such as BLAST, first
remove database
sequences without a
strong local similarity to
the query sequence in a
quick initial scan.




ALIGNMENT FOUNDATIONS

* Why...

+ Why compare biological sequences?
e What...

+ Alignment view of sequence changes during evolution
(matches, mismatches and gaps)

e How...

» Dot matrices
» Dynamic programing
- Global alignment
- Local alignment
| » BLAST heuristic approach

Rapid, heuristic versions of
Smith—Waterman: BLAST

* BLAST (Basic Local Alignment Search Tool) is a
simplified form of Smith-Waterman (SW) alignment that
is popular because it is fast and easily accessible

— BLAST is a heuristic approximation to SW - It examines only
part of the search space

— BLAST saves time by restricting the search by scanning
database sequences for likely matches before performing
more rigorous alignments

— Sacrifices some sensitivity in exchange for speed

— In contrast to SW, BLAST is not guaranteed to find optimal
alignments

Rapid, heuristic versions of
Smith—Waterman: BLAST

ot
2 a\‘\de? s““a\ 0390\ atches before performing
oe(\“ 93,\‘ o Q
e
N

ast to SW, BLAST is not guaranteed to find optimal

* BLAST uses this pre-screening heuristic
approximation resulting in an an approach that is
about 50 times faster than the Smith-Waterman

QueryRGGVKRIKLMR

A N

&%
v

Inital > Smaller &
Database Databas

a Exact SW BLAST

Speed

How BLAST works

* Four basic phases

—Phase 1: compile a list of query word pairs (w=3)

RGGVKRI Query sequence

RGG
GGV
generate list GVK
of w=3 VKR

words for
query

Blast

— Phase 2: expand word pairs to include those similar
to query (defined as those above a similarity

threshold to original word, i.e. match scores in
substitution matrix)

RGGVKRI Query sequence
RGG RAG RIG RLG
GGV GAV GTV GCV
GVK GAK GIK GGK
VKR VRR VHR VER

extend list of
words similar
to query




Blast

— Phase 3: a database is scanned to find sequence
entries that match the compiled word list

GNYGLKVISLDVE Database sequence

aGVKRI Query sequence
RGG™RAG RIG RLG
search for GGV GAV GTV GCV
perfect ~ GVK GIK GGK
matches in the VKR VRR VHR VER
database
sequence

Blast

— Phase 4: the initial database hits are extended in
both directions using dynamic programing

GNYISLDVE Database sequence
RGGVKRT
t

matched word
is used as a
local
alignment
seed

Query sequence

GKGNYGLEKVISLDUV
[
I

B

ranrn[{<aloman»

GKGNY[GLK|VISLDYV

FonHrR<aomwaow o
;‘f

GRGGVKRISGL Query sequence
GNYGLKVISLDV Database sequence

GKGNY[GLK|VISLDYV
\

dynamic
programming
I

Search for
high scoring
gapped
alignment

FonHrR<aomow o

GRGGVKRISGL Query sequence
GNYGLKVISLDV Database sequence

GKGNY[GLK|VISLDYV

BLAST
returns the
highest
scoring
database hits
in a ranked list

aunHIE<eWOR B

L
iRGiVﬁIZGi Query sequence
NYGL - Database sequence

BLAST output

* BLAST returns the highest scoring database hits in
a ranked list along with details about the target
sequence and alignment statistics

Max  Query Max
Description score cover Evalue ident Accession
kinesin-1 heavy chain [Homo sapiens] 677 100% 0 100% NP_004512.1
Kif5b protein [Mus musculus] 676 100% 0 98%  AAA20133.1
Kinesin-14 heavy chain [Danio rerio] 595 88% 0 78%  XP_00320703
hypothetical protein EGK_18589 48.2 40% 0.03 32%  ELK35081.1
mKIAA4102 protein [Mus musculus] 427 38% 3.02 24%  EHH28205.1




Statistical significance of results

* An important feature of BLAST is the

computation of statistical significance for each hit.

This is described by the E value (expect value)

Max  Query Max
Description score cover |Evalue| ident Accession
kinesin-1 heavy chain [Homo sapiens] 677 100% 0 100% NP_004512.1
Kif5b protein [Mus musculus] 676 100% 0 98%  AAA20133.1
Kinesin-14 heavy chain [Danio rerio] 595 88% 0 78%  XP_00320703
hypothetical protein EGK_18589 48.2 40% 0.03 32% ELK35081.1
mKIAA4102 protein [Mus musculus] 427 38% 3.02 24%  EHH28205.1

BLAST scores and E-values

* The E value is the expected number of hits that are
as good or better than the observed local alignment
score (with this score or better) if the query and
database are random with respect to each other
— i.e. the number of alignments expected to occur by chance

with equivalent or better scores

* Typically, only hits with E value below a significance
threshold are reported

— This is equivalent to selecting alignments with score above
a certain score threshold

* |deally, a threshold separates all query related
sequences (yellow) from all unrelated sequences

(gray)

Alignment scores of

» Unfortunately, often both score distributions overlap

— The E value describes the expected number of
hits with a score above the threshold if the query
and database are unrelated

Alignment scores of

- unrelated sequences - unrelated sequences
" E " E
g 3 g ES
5 a 5 a
- 3 - g
1 a 1 a
k] k]
z Alignment scores z Alignment scores
E of related E of related
z N z sequences
Local alignment score : Local alignment score
Max  Query Max
» Unfortunately, often both score distributions overlap Description score cover Evalue ident  Accession
. kinesin-1 heavy chain [Homo sapiens] 677 100% 0 100% NP_004512.1
— The E value describes the expected number of Kifsb protein [Mus musculus| 676 100% 0 98% AAA01S3
hits with a score above the threshold if the query Kinesin-14 heavy chain [Danio rerio] 595  88% 0 78%  XP_00320703
hypothetical protein EGK_18589 42.7 40% 0.03 32%  ELK35081.1

and database are unrelated

Alignment scores of
- unrelated sequences

estimate of the

number of false
. % positive hits!
o :

Local alignment score

: 2
g El

b a

-

S The E-value
é provides an
]

z

Alignment scores of

- unrelated sequences
2 A score of 42.7 or better is
£ expected to occur by chance
El 3.in 100 times (E-value =
b 0.03)
e
x
5
S
z
I3
42.7

Local alignment score




Max  Total Query E Max

Description score score cover value ident Accession
kinesin-1 heavy chain [Homo 677 677 100% 0 100% NP_004512.1
Kif5h nrotain IMiis misenlis] 676 676  100% 0 98% AAA20133.1

In general E values < 0.005 are usually significant.

To find out more about E values see: “The Statistics of
Sequence Similarity Scores” available in the help
section of the NCBI BLAST site:

http://www.ncbi.nlm.nih.gov/blast/tutorial/Altschul-1.html

/ /

42.7

Nun

Local alignment score

Your Turn!

Hands-on worksheet Sections 4 & 5

» Please do answer the last lab review question (Q19).

» We encourage discussion and exploration!

Practical database searching with

NCBI BLAST Home Page
http://blast.ncbi.nlm.nih.gov/Blast.cqi

psls thallana

Basic BLAST

Cacoss a SLAST orogram 0 run

atod nucleotide quory

Specialized BLAST

Practical database searching with
BLAST

* There are four basic components to a
traditional BLAST search
— (1) Choose the sequence (query)
— (2) Select the BLAST program
— (8) Choose the database to search
— (4) Choose optional parameters

* Then click “BLAST”

Step 1: Choose your sequence

* Sequence can be input in FASTA format or
as accession number

S NCBI  Resources @ HowTo &)

Protein Search: [ Protein = Limits Advanced search Help
Translations of Life ] [ Search [N
Sendlo 1 Change region shown
hemoglobin subunit beta [Homo sapiens]

Analyze this sequence
NCBI Reference ‘quuentz Run BLAST

GenPept  Graphi

>gi| 4504349 | ref |NP_000509.1| hemoglobin subunit beta [Howo sapiens]
MVHLTPEEKS AVTALUGKVNVDEVGGE ALGRLLVVYPUTQRFFESFGDLSTPD AVIGNPRVKAHGRRVLG

Identify Conserved Domains
Find in this Sequence
AFSDGLAHLDNLKGTF ATLSELHCDKLHEVDPENFRLLGNVLYCVL AHHF GKEF TPPVQAAYQKVVAGV AN

ALRHKYH

Step 2: Choose the BLAST program

Query Database

-_—

blastn DNA === DNA

1
blastp  protein _6>protein
blastx DNA protein
6
tblastn protein %DNA
W
tblastx

DNA é : %DNA




DNA potentially encodes six proteins

5’ CAT CAA
5’ ATC AAC
r 5" TCA ACT

5’ CATCAACTACAACTCCAAAGACACCCTTACACATCAACAAACCTACCCAC 3’

3’ GTAGTTGATGTTGAGGTTTCTGTGGGAATGTGTAGTTGTTTGGATGGGTG 5’
<

GTG GGT ‘o

5’ TGG GTA

5’ GGG TAG

eo0o Protein BLAST: search protein databases using a protein query.

| » || + || = blastncbinim.nihgov ¢] o
Enter Query Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &
>gi|4504349]refNP_000509.1| hemoglobin subunit beta [Homo sapiens) o
MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPKVKAHGK
KVLGATSDGLAVILONLKGTTATLSELHCOKLIHVDPENTRLLGNVLVCVLAHHIGKEFTPPVQAAYQK |
\WAGVANALAHKYH
Or, upload file Choose File | no fle selected ")
Job Title

Entera descrpiive il for your BLAST search @
() Align two or more sequences ©

Choose Search Set
Ouabase °

Organism

Optional Exclude .+
Enter organ'sm common nae, binomial, ortax id. Only 20 top taxa will be shown. &
Exclude Models (XM/XP) (] Uncultured/environmental sample sequences
Optional
Entrez Query
Optional

Enter an Envez query to limitsearch &

Program Selection
Algorithm @ blastp (protein-protein BLAST)
) PSI-BLAST (Position-Specific Iterated BLAST)
PHIBLAST (Patten Hit Initiated BLAST)
DELTA-3LAST (Domain Enhanced Lookup Time Acceleated BLAST)
Choose a BLAST algorithim @

(BLAST

Show results In 2 new window

(@) Algorithm parameters

Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)

Step 3: Choose the database

nr = non-redundant (most general database)
dbest = database of expressed sequence tags
dbsts = database of sequence tag sites

gss = genomic survey sequences

[Human genamic plus transcript (Human G+T1) ~)
\Genomic plus Transcript
lus b

Mouse genomic plus transcript (Mouse G+T) [Non-redundant protein sequences ()|~ |
\Other Databases i -
Nuclestide collsction (nifrt)
Reference mRNA sequences (refsec_ma)
Reference genomic sequences (rsfssd_genomic)
NCB Genormes (chromosorns)
Expressed sequence tags (=50
Non-human, non-mouse ESTs (est_others)
Genoric suvey sequences (gss) .
High throughput genomic sequences (HTGS) p rotein databases
Patent sequences(pa)
Protein Dt Bank (pclb)
Human ALU repest slements (alu_repests)
Sequence tagged sites (dbsts)
Whls-gename shotgun reads (wgs)
Froviranmental samoles (e nfl

nucleotide databases

I o 5 s (nn)
Reference proteins (refseq_pratein)
Swissprot protein sequences(swissprof)
Patented protein sequences(pat)
Protein Data Bank proteins(pdh)
Environmental samples

00 Protein ELAST: search protein databases using a protein query
< » ||+ | = blast.acbi.nim.nih.gov. ¢ [+
Enter Query Sequence

Enter accession numbers), gi(s), or FASTA sequence(s) & Gloar Query subrange &
>gi|4504349]refl[NP_000509.1] hemoglobin subunit beta [Homo sapiens] From
MVHLTPEEKSAVTAL GRLL) LSTS
KVLGATSDGLAHILDNLKGTTATLSELHCDKLHVDPENTRLLGNVLVCVLAHHTGKETTPPVQAAYQK | 1o
VVAGVANALAHKYH
Or, upload file Choose File | no file selected )
Job Title

Enter a descripive e for your BLAST search @
Align two or more sequences &

Choose Search Set

Database Non-redundant orotein seavences (nn %)
Organism

Optional Exclude +
Enter organ sm common nare, binomial, or tax id. Only 20 top taxa will be shown. &

Exclude C) Models (XM/XP) () Uncultured/environmental sample sequences
Optional

Entrez Query

G Enter an Enrez query o limitsearch &
Program Selection
Algorithm @ blastp (protein-protein BLAST)
PSIBLAST (Position-Specific Iterated BLAST)
PHI-BLAST (Pattern Hit Initiated BLAST)
DELTA-3LAST (Domain Enhanced Lookup Time Acceleated BLAST)
Choose a BLAST aigorithm @&

( BLAST
Show results in a now window

)Algorithm parameters

") | Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)

Step 4a: Select optional search

PPN

i¥ Algorithm parameters
General Parameters

Max target 00 >

sequences
4 Select the maximum number of aligned sequences to display @

Short queries. ¥ Automatically adjust parameters for short input sequences &
Expectthreshold | i ) _ Expect
Word size 3 - Word size
Max matchesina [ ™)

query range

Scoring Parameters

[Eosover [ @ Scoring matrix
Gap Costs Existence: 11 Extension: 1 »| &

Compositional [ Canditional compositional score matrix adjustment ] ©
adjustments

Filters and Masking
Filter ™ Low complexity regions €

Mask I Mask for lookup table only €
I Mask lower case letters ©

Search database Non-redundant protein sequences (nr) using Blastp|
I Show results in a new window 138

Step 4: Optional parameters

* You can...

choose the organism to search
change the substitution matrix
change the expect (E) value
change the word size

change the output format




Results page

Further down the results page...

NCBI Blast:gi|4504349|ref|NP_000509.1] hemoglobin

< + = blast.ncbi.nim.nih.gov

<Y
o

»NCBVBL
Edit and Resubmit h Strategie i > Download Change the result display back to traditional format
YoulfliT3Learn about the enhanced report  Blast report description
|refINP_000509.1|
Query ID d[84677 Database Name nr
Description ¢|45M349|M|NP 000509.1] hemogiobin su Description All non-redundant GenBank COS
beta [Homo sapiens] transiations+PDB+SwissProt +PIR+ PRF excluding
Molecule type amino acid environmental samples from WGS projects
Query Length 147 Program BLASTP 2.2.27+ b Citation

Other reports: > Search Summary [Taxonomy reports] [Distance tree of resyits] [Related Structyres] [Multiple alignment]

DELTA-BLAST, a more sensitive protein-protein search o)

©Graphic Summary
(©)Show Conserved Domains
Putative conserved domains have been detected, click on the image below for detailed results.
= o » 10 s w
G5 hare-binding site 4 A M AA Ad AA A

Specific hits
Superfanilies

NCBI Blast:gi| 4504349 ref|[NP_000509.1| hemoglobin
+ | | 2 blast.ncbi.nlm.nih.gov/ &ast ¢ (3]
Distribution of 100 Blast Hits on the Query Sequence &
[ mouse-over 1o show define and scores. cick 1o show algnments ]

Color key for alignment scores

Further down the results page.

Further down the results page.

NCBI Blast:gil4504349refINP_000509.1] hemoglobin
< + | | 2 blast.ncbi.nlm.nih.gov/ &ast ¢ (3]

Select: All None Selected:0

i Alignments o
Descption Max Toal Query B MBX accession
hemoglobin beta [synthetic construct] 301 301 100% 9e-103 100% AAX37051.1
) hemoglobin beta [synthetic construct} 301 301 100% 1e-102 100% AAX29557.1
O subunit beta [Homo sapiens] >reflXP_508242.1| PREDICTED: s 301 301 100% 1e-102 100% NP_000509.1
RecName; Full= subunit beta; AltName: Full=Beta-globin; AltName: Full=Hen 300 300 100% 4e-102 99% P02024.2
beta globin chain variant [Homo sapiens] 299 299 100% 5e-102 99% AANB4548.1
299 100% 5e-102 99% AAZ39780.1
beta-globin [Homo sapiens] 299 299 100% 5e-102 99% ACU56984.1
hemoglobin beta chain [Homo sapiens] 299 299 100% 6e-102 99% AAD19696.1
Chain B, Structure Of Haemoglobin In The Deoxy Quaternary State With Ligand Bound Al 298 298 99% 9e-102 100% 1COH 8
O 1 beta subunit variant [Homo sapiens] 1l b lobin [Homosa 298 298 100% 1e-101 99% AAF00489.1

Chain B, Human Hemoglobin D Los Angeles; Crystal Structure >pdbl2YRS|D ChainD,H 298 298 99% 2e-101 99% 2YRS B
Chain B, High- X-Ray Study Of Deoxy Human yn 297 297 99% 3e-101 99% 1DXU B

Chain B, Analysis Of The Crystal Structure, Molecular Modeling And Infrared Spectroscor 297 297 99% 3e-101 99% 1HDB B

NCBI Blast:gil4504349refINP_000509.1] hemoglobin
» | |+ | 2 blast.ncbi.nlm.nih.gov Blast ¢ (3]

[SDownload v GenPept Graphics V¥ Next A Previous 4 Descriptions

hemoglobin subunit beta [Homo sapiens]
Sequence ID: refINP_000509.1] Length: 147 Number of Matches: 1
> See 84 more title(s)

Related Information
Range 1: 1 to 147 GenPept Graphics .
thod Identities Positives " Gene - associated gene detail
positional matrix adjust. 147/147(100%) 147/147(100%) 0/147(0%)  YniGene-clustered expresse:

sequence tags

Query 1 J 60 Map Viewer - aligned genomic

sbjet 1 o 60 context

Query 61 120 Structure - 3D structure
AHHFG displays

sbjet 61 HCDKL AHHFG 120

PubChem Bio

Query 121 nmwmroxwmmmm 147
KEFTPPVQAAYQKVVAGVANALAHKYI

sbjet 121 nmwwyoxwm:vmuunu 147

Assay - bioactivity screening

[@iDownload v GenPept Graphics ¥ Next A Previous 4 Descriptions

RecName: Full=Hemoglobin subunit beta; AltName: Full=Beta-globin; AltName: Full=Hemoglobin beta chain
Sequence ID: $p|P02024 2|HBB_GORGO Length: 147 Number of Matches: 1
Related Information
Range 1: 10 147 GenPeot Graphics
Score Expect Method Identities Positives
300 bits(767) 4e-102 Compositional matrix adjust. 146/147(99%) 147/147(100%) 0/147(0%)

Different output formats are available

NCBI Blast:gil4504349refINP_000509.1] hemoglobin
< + | | 2 blast.ncbi.nlm.nih.gov/ &ast ¢ (3]

> BLAST®
~ Home  RecentResults = Saved Strategies Help

»NCBU BLAST/ blastp suite/ Formatting Results - FVGUTMRZ013

Edit and Resubmit  Save Search Strategies (7 Formatting options ) > Download Change the result display back.
YoulflT3 Leam about the enhanced report  Blas:

Formatting options " Reforma

Show Aignmentas [ HTML 4 ) OKd View Resetformto defaults  §

Alignment View [ Query-anchored with letters for identities % | 4

Display @ Graphical Overview (@ Sequence Retrieval _INCBI-gi §

Masking  Character: [ Lower C: %) Color: [ Grey ¢) §

Limit rosults (50 T2) (50 %) Aigments: (50 %) ¢

Organism  Type common name, binomial, taxid, or group name. Only 20 top taxa wil be shown.

] Exclude . F- ]

Entrez query: ] ]

ExpectMin:[  |ExpectMax:| | ]
PercentIdentty Min:[ | Percent identity Max:[ | §

Formatfor ()PSLBLAST  withincusion threshok:| | ]

gil4504349|ref[NP_000509.1| hemoglobin

E.g. Query anchored alignments

NCBI Blast:gi|4504349|ref|NP_000509.1| hemoglobin

+ | | 22 blast.ncbi.nim.nih.gov/last ¢ (3]
Query MVHL 0! 60
_AAX37051 60

AAX29557 60
NP_000509 60
P02024 VHL 60
AANB4548 60
AAZ39780 60
ACU56984 60
AAD19696 MVHL QRFLESFGDL 60
1COH B 59
_AAF00489 60
2YRS_B 59
1DXU_8 HL 0 59
)1HDB B 59
1pxv_ B 59
IKMF_C
AAL689T78 60

MVHLT 60

e e b e e R R e e b e e e e e e
w
°




... and alignments with dots for identities

- | | 2 blast.ncbi.nim.nih.gov

Common problems

Selecting the wrong version of BLAST
Selecting the wrong database

Too many hits returned

Too few hits returned

Unclear about the significance of a particular
result - are these sequences homologous?

How to handle too many results

* Focus on the question you are trying to
answer

— select “refseq” database to eliminate redundant
matches from “nr”

— Limit hits by organism

— Use just a portion of the query sequence, when
appropriate

— Adjust the expect value; lowering E will reduce the
number of matches returned

How to handle too few results

Many genes and proteins have no significant

database matches

—remove Entrez limits

—raise E-value threshold

— search different databases

— try scoring matrices with lower BLOSUM values
(or higher PAM values)

— use a search algorithm that is more sensitive than
BLAST (e.g. PSI-BLAST or HMMer)

Summary of key points

» Sequence alignment is a fundamental operation underlying
much of bioinformatics.

» Even when optimal solutions can be obtained they are not
necessarily unique or reflective of the biologically correct
alignment.

Dynamic programming is a classic approach for solving the
pairwise alignment problem.

» Global and local alignment, and their major application
areas.

Heuristic approaches are necessary for large database
searches and many genomic applications.

FOR NEXT CLASS...

Check out the online:
™ Reading: Sean Eddy’s “What is dynamic programming?”
™ Homework: (1) Quiz, (2) Alignment Exercise.

To Update!




Homework Grading

Both (1) quiz questions and (2) alignment
exercise carry equal weights (i.e. 50% each).

(Homework 2) Assessment Criteria m
Setup labeled alignment matrix -

Include initial column and row for GAPs -

| Analignment matrix elements scored (ie. filedin) | 1 |
| Evidence for correct use of scoring seheme | 1|
| Direction arrows drawn betweenallcells | 1|
| Evidence of muliple arrows to a given cell if appropriate | 1 |

Correct optimal score position in matrix used

Correct optimal score obtained for given scoring scheme
Traceback path(s) clearly highlighted -

Correct alignment(s) yielding optimal score listed

1B
A+




