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Pairwise Alignment

Types of Pairwise Alignments
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Pairwise Alignment

Hox Alignment

D NEVSE&YGNHPHHHHPHAN DCYETTTASAANASSYFAPQRHQPHLCLQQQQQ 58
H - [MENARIN- - - - - - - - - SFLEMPI LESGDSGTCSARANPS- - -~ - - ~- = 30

D L CQPUSHL TYNGYESSSPGNYYPQCCASL TPEPTSSHCVVQQHQQGCRAQRQ 110
H RI'T TF[8SCAVSANSCGGDDRFLVGRGV®I GS[g- - - = = == = === === ---- - 64
D QLYPRESELFS Gl TTSTHTENPETPLHPEEHS[FADSYJEEDSVHSYNATA 165
H HHH»—E»—E )—EQSE E --Q - SEELEVSYS ~ccEs- -- quNFSAPSPY 111
D EAVATVAPPSNSSPI TAHNAEATSNTQQCQCQAAI | SSENCNNYTNLDCI\/ﬂiTAQA 220
H BLN------oo--- 0] A\[5)Y; S [ c M M=QC- 126
D 5 VHGYACQI EEKYAAVLHASYAPGNVLEDQDPNNQQATQSQNV\HHQQHLAG 275
A~ - 131
D ALDANDSLG g HL[ENL ANNPHQCQCPQVCQCCQQPHOOPQEPONQS 330
H SGNLSSPNV&ﬁm& EE vE ------------------- E ﬁsve-- 165
D PAAHEQEHCNSVSPNGGVNRQQRGGVI SPCSSTSSETEASNGA[{PAST KSPNH 385
H ----[@EECSLALATYN--------mnmeman- N- ELEPLHAS[EQEACRSPASET 198
D S| PIYKMYGL PQAPSYLPAPKL PASGI ASVHDY QVNGQL DNCRGGGG 440
7 A RV Rr Q1P oYL PAPKL PASE] ASMHDYGNNGQL DYVERESSS 218
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Pairwise Alignment

Development of Alignment Algorithms

Year Authors Algorithm Approach
1970 Needleman & Wunsch Global Optimal
1981 Smith & Waterman Local Optimal
1988 Pearson & Lipman FASTA Heuristic
1990 Altschul et al. BLAST Heuristic
1997 Altschul et al. Gapped BLAST Heuristic
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Pairwise Alignment

Possible Alignments

S; = AACGT, S, = ACCGTT

1 2 3 4 5 6
AACGT- | - AACGT | A- ACGT | AACGT---- | AA-CGT- | -A-A-CGT-
ACCGIT | ACCGIT | ACCGIT | ---ACCGIT | A-CCGIT | ACCGT-T
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Pairwise Alignment

Scoring

G == nge
G = dotlxge
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Pairwise Alignment

Amino Acids in Sequence Space
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Pairwise Alignment

Structures of Amion Acids
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Amino Acid Substitution Matrices

Normalization of Mutation Probabilities

300 amino acids
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Amino Acid Substitution Matrices

Amino Acid Background Frequencies
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Amino Acid Substitution Matrices

%-Difference

20
D= <1—ZM" xfi) x 100,
i
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Amino Acid Substitution Matrices

PAM Number vs. %-Difference

100 T

%-Difference
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Amino Acid Substitution Matrices

Derivation of PAM Matrix

M..
Rj = T”
sj = log, (Ry)
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Amino Acid Substitution Matrices

BLOSUM Derivation

i

1)

i { 2pipy. i # |
sj = logz (gi/ej)
tj = round (2sj)

Qij
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Amino Acid Substitution Matrices

Entry in BLOCKS Database

I D
AC
DE
BL

CLAUDI N1; BLOCK

| PB003548C; di stance from previ ous bl ock=(3, 4)
Claudin-1 signature

PRO1377; width=8; seqs=3; 99.5%501; strength=972

CLD1_HUMAN| 095832 ( 152) MIPVNARY 83
CLD1_MOUSE| 088551 ( 152) LTPI NARY 100

CLD1_RAT| P56745 ( 152) MIPVNARY 83

11
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Amino Acid Substitution Matrices

BLOSUM Example Computation: e;

A B
i Count p; A R N L M P T Y \Y
A 3 1/8 A | 1/64
R 3 1/8 R| 0 1/64
N 3 1/8 N| O 0 1/64
| 1 1/24 | 0 0 0 1/576
L 1 1/24 L| O 0 0 0 1/576
M 2 1/12 M| O 0 0 0 1/144 1/144
P 3 1/8 P| O 0 0 0 0 0 1/64
T 3 1/8 T O 0 0 0 0 0 0 1/64
Y 3 1/8 Y| O 0 0 0 0 0 0 0 1/64
\Y 2 112 V| 0 0 0 1/144 0 0 0 0 0 1/144
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Amino Acid Substitution Matrices

BLOSUM Example Computation: s & i
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Amino Acid Substitution Matrices

BLOSUM Example Computation: Clustering
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Amino Acid Substitution Matrices

Application BLOSUMS0

Homeodomain
D SIERTNFTINKCL TEL EKEFHFNIgY L TRARREEEYY
H IYzYRTNFTHIKCL TEL EKEFHENRNY L TRARREEVASE]
Homeodomain

D | AINIL QL NET QVKI WFCNRRVKQKKR 567
H ARSI QL NET QVKI WECNRRVKOKKR= 289
D |=e8| 572
H [=E8L 294
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Amino Acid Substitution Matrices

Application BLOSUM®62

Homeodomain
D SIERTNFTINKCL TEL EKEFHFNIgY L TRARREEEYY
H IYzYRTNFTHIKCL TEL EKEFHENRNY L TRARREEVASE]
Homeodomain

D | AINIL QL NET QVKI WFCNRRVKQKKR 567
H ARSI QL NET QVKI WECNRRVKOKKR= 289

I ADI LIICHSTSVI S KPPQQQQPCE 596
=(€]8| |% SPAIIPPGNDEKAIEESSEKSSSS 318

I0o
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Amino Acid Substitution Matrices

Application BLOSUMA45

D A TTETTTENPGTPL SPADSYYESDSVHSEYATARYATVAPPSNSSPI TEENASA
H EF@S‘ILSEGD eTCSARA@ﬁRI ----------- TIFQS SANSCGGDDRFL VIBRGVQI
D TE------ NTQQC%%AI I sa- EM\/ETNLDE- - V\/EPTAQA%VH GGl [BEK- - - - [JAAV
H PHHHHHHHHHFPEPAT Y QTEGNL[EVSNSHS S cP SMGSCNF SIS Y SPMAL NQEADVSGAYPQC
D L }-ﬁ\S/EAPGNVL EDQD@%QATQSQNVECQHLAGSYAL DANDSL GNHAE:YE§L PEEHL €NL AN
H  APAVISCNL- - - - SSIYME- - - - - - - - [B[§- - - - <= - o e e e - eYAGEAVES- - -

IS MUeRSay E0 s Moy SR NP S RIS ool

H  memme e e oo - TIeKWEEY YL Q- - - - - - - - - m s o oo e e e e
Homeodomain

L]

D SSCSL SSNTNNSARIINEINNeR=SNI4=SH S %YLTRARLQLNETQVKI WFQNRRNVKQ

I FAYYRTNE THKCL TEL EKEFHENNYL TRARR) ABEL OL NET QVKI WFONRRVK()

Homeodomain
I
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Amino Acid Substitution Matrices

Corresponding PAM & BLOSUM Matrices

BLOSUMNn PAMnN

45 250
62 160
80 120
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Number of Alignments

Ends of Alignments

Overhang Sy: (5™
Overhang S,: (82_[n])

Flush: (212[{:]])
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Number of Alignments

Number of Possible Global Alignments: Top-Down

f(2,2)

/Lf(l, 2)+f(L,1)+f(2,1)
l

[1(0,2)+1(0,1)+f(1,1)| [1(0,1) +1(0,0) +f(1,0)| [f(1,1)+f(1,0)+f(2,0)]

[1(0,1) +1(0,0) +f(1,0)] [(0,1) +1(0,0) +1(1,0)|
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Number of Alignments

Number of Posible Global Alignments: Bottom-Up

A B C
L fof1]2] L J[of1]2] L [[oJ1]2]
0 o111 o111
— —
1 11 11,3] 5
2 21 2] 1]5]13
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Global Alignment

Notation

|S| is the length of S.
Sli..j] is a substring of S.
S[1..i] is a prefix of S.
SJ[i..|S|] is a suffix of S.

ICB (© 2006 Birkhauser Verlag



Global Alignment

Global Alignment: Initialization

I |
-[AJCc]C]G[T]T
1 2]3]4 6

L —index of S;
ol il2 3 215 5 n_——firstrow of F(i, )

index of S

ICB (© 2006 Birkhauser Verlag
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Global Alignment

Global Alignment: Filling In

FG.j) A[C[C[G[T]T

0 1| 2[3[4[5] 6

ofo~N[-1][-2]3]-4]-5]-6
All[ 1=
G|2 2
T3 -3
T[4 4
C|5 5
A6 -6
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Global Alignment
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Global Alignment

Global Alignment: Recursion

F(i,0) = iXx0e0<i<m,
F(O,J) = jxg&OSan’

F(O.)—1)+0e
F(i,j)) = max{ F(i—1,] — 1)+ s(S1][i], S2li])
F(|_17])+ge

ICB (© 2006 Birkhauser Verlag
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Genome Projects

Global Alignment

Year Organism Genome Size Commentary

1978 bacteriophage ¢X174 5386 bp first genome [8]

1982 bacteriophage \ 48.502 bp shotgun sequencing [9]

1995 Haemophilus influenzae 1.8 Mb first free-living organism [5]

1996 Saccharomyces cerevisiae 12 Mb first eucaryote [6]

1998 Caenorhabditis elegans 97 Mb first metazoan [4]

2000 Arabidopsis thaliana 120 Mb first plant [11]

2000 Drosophila melanogaster 180 Mb first metazoan with whole-genome shotgun [1]
2001/2003 Homo sapiens 3.1Gb aim of the human genome project [7, 12, 2]
2002 Mus musculus 2.5Gb comparative pharmacogenomics [3]

2005 Pan troglodytes 3.1Gb closest relative of humans [10]
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Global Alignment

Shotgun Sequencing

L length of DNA sequence
s number of nucleotides sequenced

Probability of not sequencing a specific nucleotide

15
Po=11—--] ~e"”
o= (1p) =

Probability of sequencing a specific nucleotide

rln

P=1-e"°

where ¢ = s/L is the coverage.
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Global Alignment

Overlap Alignment

- A C C G T T
0 1 2 3 4 5 6
-10 0 —0 —0 —0 —0 —0 —0
Al1]10 N1 O Rl KT KT \T-1
G|2|10 T0 ~ 0 -1 RO | «—-1|x+T1-2
T|3]70|x«T-1 ~T-1 < -1 T-1 1 <0
TI4]10] ~e=-1 | ~T-2] <xT-2] xT-2] <10 N 2
C|5|]7160 e -1 ~ 0 e -1 — -2 T-1 T1
A6 7T0 1 —0 -1 | -2 1-2 T0
ACCGIT- -
--AGITCA
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Global Alignment

Overlap Alignment: Recursion

F(O.)—1)+0e
F(i,j)) = max{ F(i—1,] — 1)+ s(S1][i], S2li])
F(|_17])+ge

ICB (© 2006 Birkhauser Verlag



Global Alignment
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Global Alignment

Local Alignment: Recursion

F@{i,0) = O
F(O,j)) = O
F(@,) —1)+0e
F(ij) = max{ F0-Li=1D+s(Sil S

0

ICB (© 2006 Birkhauser Verlag



Global Alignment

Affine Gap Cost

F

- A T C

- OV\foo —00 —00

A -0 1 -10 -12
C -0 -2 -5

\% H
- AT - A T C
- 0 -7 /9 -11 - 0 —00 —00 —00
A —c0 —o0 -6 -8 A -7 —00 —00 —0
C -0 —c0 -17 -9 c-9 -6 -17 -19
ATC
A-C
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Global Alignment

Recursion for Affine Gaps

F(0,00 = 0

F(i,0) = V(i,0)=—oc;i >0
F(0,j)) = H(0,j)=—00;j>0
H(i,0) = Qgo+ix0e

V(0,j) Qo +J X Qe

F(i—1,j— 1) +s(Su[i], S2[i])
H(i—1,j — 1)+ go+ e

{ V(i_lyj_l)"‘go‘f'ge
Ly F(i,j — 1)+ 0o+ Qe
H(.D) = max{ H(ij — 1) + ge
L F(i—1,]) + 9o+ Qe
V)= max{ V(i—1,j)+0e
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Global Alignment

local
D.m. Al g ‘G OGGTAAGT - - - JYYA- - - GCANNACCCAANGINN 49
D.a. G% eGGTAAGT ATATRYNATAT ATINAVAAATIATAAINNI 55

D.m. H®RAG 54
D.a. [H®ATC 60

Local, score=7
D.m. [leiINYYell 7
D.a. [cegpyXeql 7

Overlap, score=1

D.m. ACTTCACCACGCTCCCTCGGCGGTAAGTTCATCAAAGGAAACGCAAAGTTTTCA, 54
. T

Dl == = e e e e e e e e e e e e el 54
D.a. TTCACTACTTCCTTTCGGGTAAGTAAATATATAAATATATAAAAATATAATTTTC 57

D.m. --- 54
D.a. ATC 60

ICB (© 2006 Birkhauser Verlag



Global Alignment
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