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o NENA (purine)
— A: adenine, JRMERSY, A, §u4
— G: guanine, MRS, WRIL, 5o
o EEIE (pyrimidine)
— C: cytosine, MUMENE, 23k, smfg
—T: thymine, FIfREsnE, EAEL, 554
o F{H:A C/EH:T, G
o SHEH:A, T/5EEE:C G
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E|E 535 (repeats)
s EEFIIRIELK

o 10777 (Karlin 1983)
e ACGT:0,1,2,3

score = 1+ ¢ | q4F"

o X ERKENKIESE, k=2,3,...

Example: TGACC = 320114
1+3x4*4+2x43+0x42+1x4+1 x4 = 459
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Why align sequences?

* Functional predictions based on identifying
homologues

e Assumption:

Conservation of Conservation of
sequence &> function

! ] ! ]

DNA Seqguence Protein Structure



Implicit Assumption

DNA Sequence =—p Protein Structure

DNA Sequence 4@— Protein Structure



Sequence Similarity

* How to measure sequence similarity?
e \What’s the last common ancestor?

aagtaaagcttgagagac

gagtaagecttcgaggac
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Last Common Ancestor
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Sequence Evolution

begin Alc|g|TICc|AlTIC|A

mutation

l deletion

| Insertion

end TIA|IG|T|G|T|C|A




Infer Edit Operators

begin

end
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Methods

e Dot matrix analysis (intuitive)
e DP algorithm (exact)
e Word or k-tuple (FASTA, BLAST) (heuristic)
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O>» 410060 1002>»0-40

Dot Matrix

GATCAACTGACGTA

N
&
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Filtered Dot Matrix

GATCAACTGACGTA

# 4 bases window

3 stringency

O>—0060—"060>»0-4-40
:




Dot Matrix with Real Data
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The amino acid sequences of the phage AcI (horizontal sequence) and phage P22 ¢2 (vertical
sequence) repressors. The window size and stringency are both 1.



i e S . ZHANGroup O
Global vs. Local

A B C D
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Global alignment Local alignment



Needleman-Wunsch3s&s3x

( Hij_1.-1+ S(a;,b;)

H.: — max {22%%(@:-@—1 — wg + S(a;, b)))

i
\ 12]?%([{7:—1,3'—/@ —wy, + S(a;i, b))

Hijo = Hg; =0
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Smith-Waterman®t s

(

H; 1,1+ S(a;b;)
max (H;_g j — wg)

1<k<q
H;; = max{ =7~
J max (H; ;1. —w
1§k§j( 1,7—k k)
0

\

Hio = Hp; =0
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Substitution Matrix

e PAM (Point Accepted Mutations)
— Based on substitution data from alignment between similar proteins
— 1% expected substitutions = 1PAM
— PAMn = (1PAM)"

e BLOSUM (BLOck Scoring Matrix)

— Multiple alignment of distantly related proteins

— BLOSUMN = sequences with n% or more of identical residues were
clustered to compute log-odds ratio
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The Basic Local Alignment Search Tool (BLAST) finds regions of local similarity between sequences,
The program compares nucleotide or protein sequences to sequence databases and calculates the
statistical significance of matches, BLAST can be used to infer functional and evolutionary relationships
betwesn sequences as well as help identify mermbers of gene famiies,

Nucleotide

Quickly search for highly similar sequences
(rmegablast)

Quickly search for divergent sequences
(discontiguous megablast)
Mucleotide-nucleotide BLAST (blastrn)

Protein

Protein-protein BLAST (hlastp)

Position-specific iterated and pattern-hit
initiated BLAST (PSI- and PHI-BLAST)
Search for short, nearly exact matches
Search the conserved domain database

» Search for short, nearly exact matches (rpshlast)
» Search trace archives with megablast or » Protein homalogy by dornain architecture
discontiguous megablast (cdart)
Translated Genomes

» Translated query vs. protein database

Human, mouse, rat, chimp MY | cow, pig,

(blast) dog, sheep, cat
e Protein guery vs. translated database e Chicken, puffer fish, zebrafish
(thlastn} » Ervronmental samples
o Translated query vs. translated database » Malatia
thlastx
( ) » Insects, nematodes, plants, fung, microbial
genomes, other eukaryotic genomes
Special Meta

» Search for gene expression data (GEQ
ELAST)

+ Align two sequences (bl2seq)

+ Screen for vector contarnination
(Wecscreen)

» Immunoglobin BLAST (IgBlast)

o SNPELAST

+ Retrigve results

Discizimer
Privacy statement
Accessibiiity
This page I's valic XHTME 1.0,
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BLASTZS
o« BWFAIFHAAESE “HiE” , 1mH
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FE S ULEE b, T B2 [RIEA TR, )
Z X 3 FR segment pair

o Ksegment pair[A NN F AP R, HR|HA4
B b Ko & E R R 17X

o R FTAE valuelk T35 EH 45 3R




High-scoring Segment Pair

The BLAST Search Algorithm

neighborhood

query word (/= 3)

GEVEDTTCS S LAALLNKCK TP QGORLVNOW IKOPLMD ENR IEERLNLVE AFVE DAELROTLQEDL

PQG 18
FEG 15
FRG 14
FEG 14

FNG 13
FDG 13
PHG 13

PG 13 neighborhood

;ﬂqi E score threshold
PON 12 [’T=13]

e ..

- S -
SLAALLNECE TR GORLVNQUWIFQPFLMDENRIEERLNLVEA 365
+LA++L+ TF & B+ +li+ P+ D + ER + A
TLASVLDC TV TPMGES FILERVLHMFVED TEVLLERQOTIGA 330

High-scoring Segment Pair (HSP)
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BLASTE: 3589 22K

o “HAA]” KW
— DNAF4I: w=11
— EHARTH]: W=3
e Segment pairf &K 7ET
— BMR A TR DA B B @ AL OR 2
e Segment paird JEALIEX
— SR HIX AT UG IHSP YK
e Evalueid JERH
— X EERE R, Rl g REE




E value

o EHUEE BN T R, RBIMER
TS T SHIAN A EEXS I EE O L

o Evaluefli/)y, Nz EHISTTH & K.
o MIEFFAHIK AR
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H1ESfH (EVD)

e the sum of a large number of independent
identically distributed (i.i.d) random variables
tends to a normal distribution

e the maximum of a large number of i.i.d.
random variables tends to an extreme value
distribution

E = Kmn e'}'s



Bit scores

o “PRUEIL” JEHTHSPII %L

AS-In K
In 2

o FEPT TN HIRAE AT
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E =mn2




P-valu

o FERURPG R, RIS — AR M

B T L o

e

P=1-e

e E-valueltP-value B

= IR

E

o 4E<0.010}, WEHIR BT
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BLAST#2 /5
Sequence Database
nlastn nucleotide nucleotide
nlastp protein protein
nlastx nucleotide protein
tblastn protein nucleotide
tibastx nucleotide nucleotide
PSI-blast protein protein
PHI-blast protein protein
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BUKEE  (sensitivity) 4TS
Watermani 7= FIBLAST Z |H]
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FASTA3E%: (step 1)

Sequence B =9

N oo

b

{‘\\~\\
| \...\x\

N\

Find runs of identities



FASTA3ES: (step 2)

Sequence B =i

-€— Sequence A
e
s

Re-score using PAM matrix
Keep top scoring segments.



FASTA3ES%: (step 3)

Sequence B =i

N
\

<4— Sequence A

Apply "joining threshold"
to eliminate segments that

are unlikely to be part of the alignment
that includes highest scoring segment.



e

FASTA3ES%: (step 4)

<€+— Sequence A

Sequence B =

Use dynamic programming

to optimise the alignment in a
narrow band that encompasses
the top scoring segments.
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2 F3tesdt (MSA)

e Needleman- Wunschﬁ’iﬁiﬂlSmith-Waterman
VARl DL E ) BIKSR 72 ELEx

o DPHEIERITIEE Z4 4
— M\O(n?2)BE 4 J90(nk)
— k>63E AR Rk To vk oK f#
o MSA[O] R ZNP-hard (T ki)
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o 5k HIE (heuristic)
o [t e ZEE M (fixed parameter
complexity)

o ZITHT [ ITIASE I (polynomial time
approximation algorithm)




BEXESE (1)

e Bains (1986): consensus alignment

A7 5Bl consensus 7 A1) 44 BE Xt
— r= A I consensus

— H #|consensus A F A 4L,

— WA R A1 BT PR P

P




BEXES (2)

e Higgins and Sharp (1989): Clustal
— THE A R L ) E
— SESLARRUMEE R, XA T R 2R
— Hconsensus /7 V£ X 34T LU %t
— XA P IR AT LU

e ClustalW: J&3SELXsy

e ClustalV: & JaLbX)
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o XIAHER Y]

o [FJI 2 FE MSARI A 2 i3k Ak b

— Jotun Hein: TREEALIGN
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MSA#% 3848 5K
..... ACITGTCGAT. ... AGGTG ACI1G. ....TCGAT. ....AGGTG
TGCAC. .. . TCGATACATAAGGTG .. B. . TGCACTCGATACATAAGGTG

TGCACACATGT... TGCACACATGT...
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Partial Order Alignment

(@ . . PKMI1 VRPAQKNETV .
TH.KMLVR. . . NETIM

(b) KM~V ~RP QKN ~E~T~V)

P ///// — — o~ =
©) P DR P =@ =K N E)T) V)
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CONSENSO
Hs#S663801
Hs#S337687
Hs#S629177
Hs#S672957
Hs#S672182
Hs#S674099
Hs#S196113
Hs#5994400
Hs#S550772
Hs#580460
Hs#S539701
Hs#51988018
Hs#S341915
Hs#51794113
Hs#S5S4698
Hs#S813765
Hs#51184845
Hs#S51577463
Hs#5914987
Hs#51985364
Hs#51465644
Hs#51850471

............................

Al
AL

GTTCCTGC.
GTTCCTGC.
TTCCTGC.

.GTTCCTGC.
.GTTCCTGC.
.GTTCCTGC.
.GTTCCTGC.
.GTT)

TG&

.GTTCCTGC.
.GTTCCTGC.
.GTTCCTGC.
.GTTCCTGC.
.GTTCCTGC.
.GTTCCTGC.
.GTTCCTGC.

.GTICCTGC

TGCGTTTGCTGGACTGATGTACTT.
TGCGTTTGCTGGACTTATGTACTT.

GTTTGTGAGG . CAA
GTTTGTGAGG . CAA

TGCGTTTGCTGGACTGATGTACTTEkTTTGTGI* V-

TGCGTTTGCTGGACTGATGTACTT.

TGCGTTTGCT . . v v v v v v i i e v v a s
TGCGTTTGCTGGACTGATGTACTT.
TGCGTTTGCTGGACTGATGTACTT.

TGEETTTGCTGGACTGATGTACTT.
.GTTTGTGAGG.CEA

TGCGTTTGCTGGACTGATGTACTT.
TGCGTTTGCTGGACTGATGTACTT.

TGCGTTTGCTGGACTGATGTACTT.
TTGCTGGACTGATGTACTT.

TGC
TGCGTTTGCTGGACTGATGTACTT.
TGCGCTTGCTGGACTGATGTACTT .

TGCGTTTGCTGGACTGATGTACTT.
) CGTTTGCIGGAC@GATGTACTT )

GTTTG GG.CAA

..............

GTTTGTGAGG .CAA
GTTTGTGAGG .CARA

GTTTGTGAGG .CAA
GTTTGTGAGG . CARA
GTTTGTGAGG . CAA
INTTGTGAGG . CAA
GTTTGTGAGG . CAA
GTTTGTGAGG . CARA
GTTTGTCﬂGG .CAR
GTTlSTGAGG .CAR

............................................. G.CAA
............................................ GG.CAA

........................ CTGATGTACTT
.GTTCCTGC.

.. GTTCHTGC
I.GTT* TGC . TTTGCTGGACTgATGIA

TGCGTTTGCTGGACTGATGTACTT .

GCGTTTGCTGEACTGATGTACTT.

CTT

. GTTl;TGAGGECAA

GTTTGTGAGG . CAA

GTTAGT.AEG.CAA
TTNGT . AGG . CAA

-

= ZRANGrosp i
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o BLAST
— http://www.ncbi.nlm.nih.gov/BLAST/

e EMBOSS (Pairwise Alignment):

— http://www.ebi.ac.uk/emboss/align/
— http://emboss.sourceforge.net/

e ClustalW (Multiple Alignment):
— http://www.ebi.ac.uk/clustalw/
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Gene Finding

e Homology sequences (BLAST)
e Statistical difference of sequences
e Gene Prediction (HMM)



CpG Island

%C+G

60 —]
50 |
40

3

RAT0%I AN G 8T XA IR HCpGE &.



# States S ={S5,...,Sn}
# |Initial state distribution =; = P(¢

# Transition coefficients a;; = P(q; =
such that ijl ajj =1

= S;)



Hidden Markov Model

Every node generates an output symbol z;; we observe z;
but not ¢;.

40

)

o o ©

| I

-1 -2 it

|

1 €2
States S = {S51,...,Sn}
Initial state distribution 7 = {m; = P(q1 = S;)}
Transition coefficients a;; = P(q: = S;|@—1 = S;) > 0,
such that 3 | a;; = 1
Alphabet V = {vy,..., vy}
Observation probabilities b;(k) = P(x; = vg|g = S;)



q1

q2

q3

q4

Z



HMMAY =K o) &

Consider
# a Hidden Markov Model (HMM) A\ = (A, B, )

# observation sequence X = xg,...,zp

The following problems will arise.

# Evaluation Problem. Given X and )\, compute P(X|))

# Decoding Problem. Given X and ), choose an “optimal”
state sequence corresponding to X

# Learning Problem. Given X, adjust A to maximize P(X|\)




HMM for CpG Island

= 099999 P,,=0.001 |sland

. N
“Transition |/ Genmme C. O P =0.999

Drobabllltles ---------------------------

iy (LSS C G A T
mission | e
Probabilities” CpG Island:™0.3 0.3 0.2 0.2

Genome: 0.2 0.2 0.3 0.3




Structure of Typical Gene

5-10 Coding Exons

5 UTR 3 UTR
e g !
e W !
Promoter 5'ss 3 SS Fﬂ| VA

Slgnal
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Genescan




Accuracy on Vertebrate Genes

Accuracy per nucleotide Accuracy per exon

Method Sn Sp AC Sn Sp (Sn+Sp)/2 ME WE
GENSCAN 0.93 0.93 0.91 0.78 0.81 0.80 0.09 0.05
FGENEH 0.77 0.85 0.78 0.61 0.61 0.61 0.15 0.11
GenelD 0.63 0.81 0.67 0.44 0.45 0.45 0.28 0.24
GeneParser2 0.66 0.79 0.66 0.35 0.39 0.37 0.29 0.17
Genlang 0.72 0.75 0.69 0.50 0.49 0.50 0.21 0.21
GRAILII 0.72 0.84 0.75 0.36 0.41 0.38 0.25 0.10
SORFIND 0.71 0.85 0.73 0.42 0.47 0.45 0.24 0.14
Xpound 0.61 0.82 0.68 0.15 0.17 0.16 0.32 0.13
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What are Motifs

 Motifs: a recurring element in bio-sequence or
structure

* A motif typically has functional implications since it is
preserved (recurring) during evolution

 There are different types of motifs in biological data

— sequence motifs
— structure motifs
— network motifs




Sequence Motif

e DNA sequence motifs: they generally function as
regulatory elements in biological systems

— transcription regulatory motifs

* Protein sequence motifs: they are generally
functional sites



(a) _ Y-
external influences ™.
[drug interactions, metabolite feedback)
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Transcription Factors

e Different classes of transcription factors regulate the
on and off of transcription as well as the efficiency
— activators (general or specific)
— enhancers (general or specific)
— repressors (general or specific)
— inhibitors (general or specific)
— specificity regulators
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Transcription Factors

e A transcription factor could regulate multiple genes

 Knowing the genes regulated by a transcription
factor can help to elucidate a biological process
responsible for a complex task — a systems biology
view
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Regulatory Binding Site

* |Inagenome, find genes that are transcriptionally
(co-)regulated by the same transcription factor

e |dentify genes sharing “common” regulatory binding

sites

— Binding sites of the same transcription factor does not
have to be exactly the same in their sequences; rather they
should be “conserved”



e

ldentify Motif

TGTGAAAGACTGTTTTTTTGATCGTTTTGACAAAAATGGAAGTCCACA
AAGTCCACATTGATTATTTGCACGGCGTCACACTTTGCTATCCCATAG
TGATGTACTGCATGTATGCAAAGGACGTCAGATTACCGTGCAGTACAG
TAAACGATTCCACTAATTTATTCCATGTCACTCTTTTCGCATCTTTGT
ACATTACCGCCAATTCTGTAACAGAGATCACACAAAGCGACGGETGGGG
ACTTTTTTTTCATATGCCTGACGGAGTTGACACTTGTAAGTTTTCAAC

e -
- -
—— -
e -
i -
— -____,-‘
e e ‘:____.—-""-) i

A: 0 A0 A:1/6
C:0 C:5/6 C:1/6
G:0 G:1/6 G:2/6
T:6/6 T:0 T:2/6
IC = 0.602 IC = 0.407 IC = 0.0246

Information content: X F(X) log (F(X)/0.25)




Sequence Logo
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Problem

e A group of sequence motifs are considered as
“conserved” if their aligned positions have “high”
information content

* How to find blocks of DNA that have high
information content?

e Simple if the sequences are already aligned! But ......

e How to find the “conserved” sites?
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Brute-force Method

e Basicidea

— assume that we know that the length of the “conserved”
sites is K (K typically from 5 to 30)

— go through all possible combinations of K-mers, one K-mer
from each sequence, and calculate the information
content

— call a particular combination a “conserved” site if the IC is
high

e Too many combinations to consider!
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Approaches

* Heuristic methods
e Multiple sequence alignment

* MEME Suite
— http://meme.sdsc.edu



http://meme.sdsc.edu/
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