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Local MSA

 Most widely used M SA tools are global
alignment which generally perform better.

e Local MSA can be useful infinding local
conserved regions: functional sites, DNA
motifs.

e Local MSA can be useful for alignments of
multiple-domain protein sequences.



What's Local MSA?

Generalization of local pairwise alignment

Find a set of sub-sequences of multiple
sequences whose alignment has maximum
allgnment score.

It iIsNP-hard as global MSA.

Local MSA isto find highly conserved
regions (motifs) of related genes or a
protein family



Examples. Transcription Factors

— yeast: Gal4 ee
— drosophila
— mammal )

1: actcgtcggggcgtacgtacgtaacgtacgta

2: cggagcactgttgagcgacaagta gtacgtac
3: ccccgtagg ggcgtacgtacgtaacgtacgta
4: agggcgcgtacgctaccgtcgacgtcg acgct

Kathrina Kechris, 2005 (RAKSCRPTONDUA. CRYSTAL STRUCTUR)
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One Example Problem

Upstream sequences from co-regulated/co-expressed genes.
Binding site occurs in most sequences

actcgtcggggcgtacgtacgtaacgtacgtacggacaactgttgaccg
cggagcactgttgagcgacaagtacggagcactgttgagcggtacgtac
cccecgtaggcecggcecgcactcectcecgececgggegtacgtacgtaacgtacgta
agggcgcgtacgctaccgtcgacgtcgecgecgceccgcactgcectceccgacgacet

1 23456 789 1011 12 13 14 15 16 17

1) Estimate motif — Al0003033030 3 3 73000

2) Align motif / Predict motif locations Cl§00:3:133209303703 330

~ 4 4 A 3 1 1 3 3 2 1 4

.....H.l TIooooooo0oi30 3 1L 0200 0

actcgtcggggcgtacgtacgtaacgtacgta

cggagcactgttgagcgacaagta gtacgtac
cccegtagg ggcgtacgtacgtaacgtacgta
agggcgcgtacgctaccgtcgacgtcg acgct

Kathrina Kechris, 2005



Alignment of Transcription
Factor Binding Sites

1l: actcgtcggggcgtacgtacgtaacgtacgta
2: cggagcactgttgagcgacaagta gtacgtac
3: cccecgtagg ggcgtacgtacgtaacgtacgta
4 : agggcgcgtacgctaccgtcgacgtcg acgct



Some Motif Databases

e PROSITE:
e InterPro:
e BLOCKS:
e PRINTS:

« TRANSFAC:

(DNA binding sites)



Local MSA Methods

e Progressive Local DP approach
 EM algorithm: MEME
* Glbbs sampling algorithms



Progressive Local DP Approach

o Same idea as global progressive M SA

e Three Steps
1. align sequences pairwisaly using local
DP and generate ssimilarity and distance
matrices
2. construct aguide tree

3. align seguences progressively according
to guide tree.




Expectation and Maximization
Algorithm

Representative method: MEME (multiple
EM for motif elicitation)

EM agorithm is a general, powerful
method to maximize likelithood
P(D|model)

Motif Is represented as a probability matrix

Estimate motif locations and the matrix
Iteratively until converge



EM Algorithm

Assumption: size of motif isfixed

I nitialization:
Make an initial guess of the motif locations and compute
probability matrix

Repeat:
E-step: use the matrix to evaluate the probabilities of all
positions in each of all sequences (product of probability).
M-step: Select the position with maximum probability in
each sequence and recal cul ate the motif probability matrix

Until matrix is not changed.



| nitialization

actcgtcggggcgtacgtacgtaakgtacgtaCGGACAACTGTTGACCG
cggagcactgttgagcgacaagtaCGGAGCACTGTTGAGCthacgtac
cccecgtaggCGGCGCACTCTCG CCGggcgthgtacgtaacgtacgta
agggcgcgtacgctaccgtcgakgtchGCGCCGCACTGCTCCGacgct

Motif Size: 17
Construct a probability matrix (profile)

14

16

17

A (V4|14
C |24 |14
G |0 2/4




E-step

1

actcgtcggggcgtacgtacgtaacgtaLgtaCGGACAACTGTTGACCG
cggagcactgttgagcgacaagtaCGGAGCACTGTTGAGCGgtacgtac
cccecgtaggCGGCGCACTCTCGCCCGggecgtacgtacgtaacgtacgta
agggcgcgtacgctaccgtcgacgtcgCGCGCCGCACTGCTCCGacgcet

1 2 3 4 5 6 7 8 9 10 |11 (12 |13 | 14 1 (16 |17
5
A (V4|14
C |24 |14
G |0 2/4
T /4 |0

Find the best position in each sequence

That maximize product of probability

Prob

(posi 1)

2/4 * 2/4 * .




M aximization

actcgtcggggcgtacgtacgtaacgt4cgtaCGGACAACTGTTGACCG
cggagcactgttgagcgacaagtafPGGAGCACTGTTGAGCGgtacgtac
ccccgtaggCGGCGCACTCTCGCCCGqugtacgtacgtaacgtacgta
agggcgcgtacgctaccgtcgacg4chGCGCCGCACTGCTCCGacgct

Construct a probability matrix (profile) from new positions

14

16

17

A |0 0
C |4/4]0
G |0 4/4




Local Minima versus Global Minima

-P(D|M)

Max1m}z§ P(D|M) /// Gibbs Sampling
<-> Mlnimize

-P(D|M) EM-Algorithm




Gibbs Sampling Algorithm

Gibbs sampling algorithm isMCMC (Markov Chain
Monte Carlo) method.

It introduces randomness into EM algorithm.
It is harder to detect convergence of alignment.

For each run, it i1s stochastic instead of deterministic. Less
susceptible to local minima.



Gibbs Sampling
Assumption: size of motif isfixed
I nitialization:
Make an initial guess of the motif locations and compute a
probability matrix
Repeat:
Select one sequence randomly

Use the matrix to evaluate the probabilities of all positions
In the sequence (product of probability)

Select (or sample) a position in the sequence according to
their probability
Recal culate the motif probability matrix with the new
position

Until matrix converges.



Sample a position according to probability instead of choosing best

actcgtcggggcgtacgtacgtaacgtaL%taCGGACAACTGTTGACCG
cggagcactgttgagcgacaagtaCGGAGCACTGTTGAGCGgtacgtac
cccecgtaggCGGCGCACTCTCGCCCGggecgtacgtacgtaacgtacgta
agggcgcgtacgctaccgtcgacgtcgCGCGCCGCACTGCTCCGacgcet

1 2 3 4 5 6 7 8 9 10 |11 (12 |13 |14 15|16 |17
A |va|ua
C |24 |14
G |0 2/4
T |valo
— * * —1 e —
Compute P, = 2/4 2/4 . l<=i<=n)

Select a position according to 1its
Normalized probability.
ol

I
Sample probability of 1 = ji[)
|

1=1



) MEME - Introduction - Mozilla Firefox

File Edit Wew Go Bookmarks Tools Help

QE - |:> - @ @ ||_| http: /fmeme.sdsc.edu/meme fintro. himl

GDUgIE - I meme sequence motf

_I *|' G/ search - @% Fragefiank A Check = i\ Autolink ] AutoFil E Options <% @ meme @ sequence

Menu

B Submit A Job
---Resnurces

H-Alternate Servers
&-Other Tools

\, MAST

Multiple Em for Motif Elicitation Motif Alignment & Search Tool

THE MEME/MAST SYSTEM
Motif Discovery and Search
Version 3.5.3

The MEME/MAST system allows you to

1.
2.

discover motifs (highly conserved regions) in groups of related DNA or protein sequences using MEME and,
search sequence databases using motifs using MAST.

* ¥ W *

*

The MEMEMAST system was developed by Timothy Bailey, Charles Elkan, and Bill Moble at the UCSD Computer Science
and Engineering department with input from Michael Gribskov at Purdue University.

MEME and MAST are described in detail in the papers available here.

Answers to Frequently Asked Questions about MEME and MAST are given in the GENERAL FAQ.

Yisitthe MEME user forum for anline discussions with the MEME support team memebers and other MEME users.

You can see sample MEME output or sample MAST output.

Differences hetween the current release of the MEMEMAST systern and earlier releases are described in the release notes
You can download the MEME/MAST software and install it on your own computer. This will allow you to use many features
that are not available with the interactive versions of MEME and MAST.

Meta-MEME combines motif models from MEME into a hidden Markov model framework for use in searching sequence
databases.

MEME and MAST are copyrighted software and can be licensed for commercial use.



Menu

ggggt:tr;;;m 9 M EM E Use this form to submit DNA or protein sequences
Al i S to MEME. MEME will analyze your sequences for
---Ot:m?re | S Multlple Em for Motif Elicitation similarities among thern and produce a description
G ROt (motif) for each pat tern it discovers. Your results will
Yersion 3.5.3 ke sent to you by e-mail.
-| Data Submission Form |
Required
Your e-mail address: Haow do you think the occurrences of a single
hianlin.cheng@gmail.cnm | motif are distributed among the sequences?
Re-enter e-mail address: = One per sequence
|jian|in.cheng@gmail.cnm | " Zeroor one per sequence

L& Any number of repetitions
Please enter the sequences which you believe share one or more

motifs. The sequences may contain no more than 60,000

MEME will find the optimurm width of each
characters total in any of a large number of formats.

motif within the limits you specify here:

Enter the name of a file containing the sequences here: Minimum width (== 2)
Browse...
. I | Maximum width (<= 300)

The actual sequences here (Sample Input Sequences):

=5eq1 -~ r-.-1axim|_|m number of motifs to find

adcgtcggggcgtacgtacgtaacgtacgtacGGAC.MCTGﬁGA_
CCG o

=5eq2
cogageactgttoagooacaagtaCGCAGCACTETTCAGCGt

Optional

Description of your sequences:

™ Text output format

| [T shuffle sequence letters

MEME will find the optimum number of sites for

each motif within the limits you specify here: FIE‘ DNA EE'CII...IEHCEE only:
Minimum sites (== 2) e Search gwerl strand only
I:l Maimemn sites: f<= 300) Look for palindromes only

| Start search | | Clear Input |




PN MOTIF2 width=17 sites=4 Nr=65 E-value = 1.4e+000
Simplified A :::8: 3a::::::5: ::
pos.specific C a:: 338: B: 333: 55a:
probability & :aa: 8::3:8:3a: 5:a
matrix T::::::::-a:85:::::
bits 2.5 N |
2.2 N |
2.0 N |
L7E B [
Information 1.5. I I I I I
content 1.2 I I I I I I
23.6bits) O RIR RN R}
o7 1N HRRRE "N
o5 IEERCEREREN'IND
o2 NI
0.0
Multlevel CCGAGCACTGTTGACCG
COnsSensus ccn G CCC CG
Sequence G
NAME STRAND START P-VALUE SITES
seql + 1 244e-10 CGGAGCACTGTTGAGCG LCAAGTACGE
seql + 33 5.18e-09  AACGTACGTA CGGACAACTGTTGACCG
5.;—;q4 - 28 1.08e-07 AGCGT COGAGCAGTOGCGGCGCE CRALCGTCRAC
seq3 + 10 1.08e-07 CCCCGTAGE COGCOCACTCTCGCCCO GRCOGTLACGETR

Motif 2 block diasrams




Gibbs Motif Sampler

http://bayesweb.wadsworth.org/gibbs/gibbs.html
The Gibbs Motif Sampler

(for DNA)
Show advanced i How to enter data?
options
Eemail Address:
Flease enter the data sequence: (FASTA format) *
%ﬁ?ﬁ [ Frokaryotic Defaults ] %&? Eukaryotic Defaults
Sampler Mode: () Site Sampler O Motf Sampler &) Recurstve Sampler
Mo, of different Mlax sites per seq;
motifs (patterns): {recursive sampler)
Motif Width(s)* Est. total sites for

each motif type:

[ Submit ] [Clear]




Gibbs Motif Sampler
http://bayesweb.wadsworth.org/gibbs/gibbs.html

Email Address: Ijianlin.cheng@gmail.cnm The Gibbs Motif Sampler
Please enter the data sequence: (FASTA format) *

rzeqgl
actecgtoggggogtacgtacgtaacgtacgtaCGEACAACTCTTGACCE
rEeql
cggagcactgttgageogacaagtalGEAGCACTEGTITGAGCGgtacgtac
>sedqd
coccegtagyCEECECACTCTCGCCCGggogtacgtacgtaacgtacga
>sedqd
agggcgocgtacgctacocgtogacgtogCEEGCCECACTEGCTCCGacget

(for DNA)

I Browse. . |

Prokarvotic Defaunlts Prokaryotic Defaults I Eukarvofic Defanlts  Eukaryotic Defaults |
Sampler Mode: ' Site Sampler " Motif Sampler " Recursive Sampler
No. of different motifs I 3 Max sites per seq: I

(patterns): (recursive sampler)

Est. total sites for each I

if W1 -
Motif Width(s): [17 motif type:

Submit | Clear |

Browse the Gibbs Motif Sampler Manual




Motif probability model

. Pos.# a t ¢ g
Output of Gibbs
11 0.014 0.013 0.949 0.024
Sam pI er 2| 0.014 0.013 0.023 0 950
3| 0.014 0.013 0.023 0.950 '
4 0.7550.013 0.209 0.024 Prob Matrix
51 0.014 0.013 0.209 0.765
actcgtcggggegtacgtacgtaacgtacgtaCGGACAACTGTTGACCG 6| 01990013 0.764 0.024
cggagcactgttgagcgacaagtaCGGAGCACTGTTGAGCGgtacgtac 7] 094000130023 0.024
cceegtaggCGGCGCA CTCTCGCCCGggcegtacgtacgtaacgtacgta 8| 0.014 0.013 0.764 0.209
agggegegtacgctacegtcgacgtcgCGCGCCGCACTGCTCCGacgct 9| []-01 4 []-939 U-UEE U-DE "
10| 0.014 0.013 0.209 0.765
111 0.014 0.754 0.209 0.024 :
12| 0.014 0.568 0.209 0.209 Confidence
13| 0.014 0.013 0.023 0.950

14| 0.570 0.013 0.354 0.024
151 0.014 0.013 0.394 0.573
16 0.014 0.013 0.945 0.024
171 0.014 0.013 0.023 0.950

Motif

Background probability maodel
Start pos 0.225 0.189 0.279 0.306

End pos

1, 1 ™33 acgta CGGACAACTGTTGACCG 49 1.00 F seql
2.1 1 CGGAGCACTGTTGAGCG acaag 17 049 F seq2

2, 2 25 aagta CGGAGCACTGTTGAGCG gtacg 41 0.51F seqg?
3,1 10 gtagg CGGCGCACTCTCGCCCG ggecgt 26 1.00 F seq3
4.1 44 agegt CGGAGCAGTGCGGCGCG cgacg 28 1.00 R segd
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weblogo.berbezley adu

e Graphical representation of nucleotide base (or amino acid)
conservation in amotif (or alignment)

* Informationtheory 24 Z p(b)log, p(b)

b={a,c,c,T}

 Height of letters represents relative frequency of nucleotide bases

i File Edit Wi = T & c
Back - @ - (%] [B] @) O seach SipFovuies € A2 (D) M - [JE
http: I keley.edu/ ' ' -
p. W Ogo. er Q/.  Address | ] hitp:pweblogo.chrnre.ca/logo.coi v B Go Lk (David & BBC &]CNN &] Yahoo Mail

WEBLOGQ - about - create - examples -

@ Multiple Sequence Alignment

@ Upload Sequence Data
Image Format & Size

Kathrina Kechris, 2005 | zeeer e




Entropy and Information

Visualization goals
(1) The height of the position is proportional to the information
contained at the position
(2) The height of aletter is proportional to the probability
of the letter appearing at the position

Two new concepts related to probability matrix:
Entropy
Information



e Entropy isameasure of
uncertainty of adistribution

A C G T
V4 (14 |14 |1/4
0 1 0 0
12 (12 |0 0

> —plog, p

What 1s the entropy
Of positions 1,2,37



 Information isthe opposite of entropy. It
measures the certainty of adistribution

 |nformation = maximum entropy — the
entropy of a position (or distribution)

Maximum entropy for n characters 1is the
Entropy when n characters are uniformly

Distributed. |0g2 N

Info. Of pos 1= 2 - 2 = 0
Info. Of pos 2 =2 - 0 = 2
Info. Of pos 3 =2 -1 =1



http://weblogo.berkeley.edu/logo.cgi

WEBLQGQ - about - create - examples -

»zeql ﬂ

CGGACARCTGTITGACCE
»segl
CGGAGCACTGTIGAGCGE
>=zeqg3
CGGCGCACTCTCGCCCE
>zegd
CGCGCCGCACTGCTCCE

© Upload Sequence Data: | Browse... |

@ Image Format: [PNG (bitmap) =] @ Logo Size per Line: [18 X5 fem =

@ Sequence Type:  amino acid © DNA/RNA & Automatic Detection
@ First Position Number: |1 @ Logo Range: | _|
@ Small Sample Correction: v ® Frequency Plot: 1

|

— — — — — — — g



Ten Topics

1. Introduction to Molecular Biology and Bioinformatics
2. Pairwise Sequence Alignment Using Dynamic Programming

3. Practical Sequence/Profile Alignment Using Fast Heuristic Methods
(BLAST and PSI-BLAST)

4. Multiple Sequence Alignment

5. Gene and Motif Identification

6. Phylogenetic Analysis

7. Protein Structure Analysis and Prediction

8. RNA Secondary Structure Prediction

9. Clustering and Classification of Gene Expression Data

10. Search and Mining of Biological Databases, Databanks, and
Literature



