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S = Z s(Zik, Yjk) Zd+l—1e

aligned,k gaps.,g
A ... W Y V
Scoring of Residue Pairs A 4 0320
Biologists provide substitution Wl -3 ' 11 2 3
matrices
Y | -2 2 7 -1
Reflect statistical model of
oL V|0 - 3 -1 4
substitutions BLOSUMS2: extract

Optimal Pairwise Alignment

M Many possible alignments
M Find highest scoring one — most likely actual relation

= Optimisation problem, solve by dynamic programming O(L?)
[Smith,Waterman;J.Mol.Bio;1970]
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ultiple Seq e Alignments

M Find the optimal alignment of N > 2 sequences
M Local alignment: best scoring mutual subsequence
M Dynamic programming in O(LY) for sequences of length L

10 LI T 3 I . 110

SEQL/1-120 EDMKEADGTKDAAFKI AFGVNLPALFMAVALVLPPPGNFMSI.SAEEL_ MSGGRVVHMVPDVVE
SERI1-120 K IKLF SVNRL QN - X TWHY.1 S ARAVEN LIKEAWRITINGDESK || KKAV | SFCLFKLFNFRKILY|RCMATSGRVQSLGGKPYEHAKGC INYTIVSVL
SEQI1120 LG LHMGEVARPAAPRLAPPVLVYCELVNNKSD ASCSNBEREANIERAGINISTNGERENAIIDNGINIES | A5 FGSF LS A FYGGYDFDKDEATRCE
SEQH/1-120  QPEELTVAYSLOM| _GN\MGAIANKDLLFAYLGCMLI’N\/_GSKKT\RFPSVGRKRFLAGFVF\VLSD}‘NRV
501120 HELPVAGPLTTATMMARAATS |ATELSRGDSPHGLAKENS IR | KCY T IDVGCCAES RPNEQUUIL TNCQP AS i EEEEEESESENSSSSSE . | AK Y £A | VGAARKE SODRE
SEQS/1.120  DRRVRDGGAHDV I FHNKERRKNKNKVLEKNTEGCMAL SV T EEESSSSSG—_— | A DPC TQENNSAKDVGRRTFEPLDGS IR | |GVALOLRLVVTTTEGAKDGHQRG I

e DR N ——— 0107 C (00 A i e o VA LoL L e AROCTOnG
SEGE/1-120  RFFWSMV I | S F L ERP ASGS IDGRTSFREPQVLACN TERWHYISARAVENLIKEAWRITINGDESKRSH IDSWHDG | LGAMVCFDKL INMRPYRTSNWK
SEQ 1120 CLFVGMFQWHY ISARAVENLIKEAWRITINGDESKAAFAPYATADQ F I O C C VMQ EDPQWY | KTSEHPQTSSNVFRMSDAGF LSGMPDKLQDEDVCSER

oz v ; : o T
mat fouss e Local MSA

B I

4 - i Global MSA of
e iEon < protein PO in
s i .
R : i several organisms
e i
i 3 i
s &

Miguel Andrade, http-/en wikipedia org/wiki/File:RPLP0.90._ClustalW.aln git
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Rare Event Simulation
Sequence Similarity

M Score so far only indicator for alignment optimization

B Relation or random agreements? How "good” is the
obtained score Syps?

= Score statistics as criterium: P(S > Sgps)

10+ - )
M Only covers high ol
probability region S S h“‘a 7
M Biologically relevant: ol .
low probability, high el \ |
Scoring tall -300 -250 -200 -150 -100 -50 0 50 100
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Mapping to Statistical Mechanics Hartmann;phys Rev.E:2002]

M Decrease energy — increase score: Use £ = —S

B Simulate Markov Chain of sequences at finite
“temperature” with probabilities P(.S) - exp(%)-

20 T T T T T 1400

T=353 —— . T=3.53
0 T=496 P el st 1200 T=4.96
20 | T=INF —— i T=INF
w0l /,wwj i 1000 |
-60 ¢ g""f ] ., 80
“
-80 |
£ £ 600
& 100 3
-120 ] 400
-140 200 f'"
-160
-180 or
200 ‘ ‘ ‘ ‘ ‘ 200 ‘ ‘ ‘ ‘
20 40 60 80 100 120 0 1000 2000 3000 4000 5000
MC step ¢ Sweep s
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Parallel Tempering

B To cover large score range: simulate at different
temperatures

B After one sweep switch systems of neighboring
temperatures with probability
Pow(T;) = max(1,exp(AS;AS;))
with ASZ' = (SZ' — SZ‘+1),A@‘ = T% —

Tit1

M Avoid trapping in local maxima

M Parallel simulation
using MPI: 15 to 20
temperatures
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P(S)

0 % T T T
10° g 30
220 L=40 ——<— 1
10 L=60
10-40 fl Gumbel+Gauss
Gumbel’ L60 .............
10790 f N=3" .
Substitution matrix:
-80
1077 ¢ 1 BLOSUM62
107190 1 Penalties:
10120 | ] Gap open: d = 12
extend: e =1
107140 | ]
10»160 | L L | |
0 200 400 600 800 1000 1200

M Previous studies found Gumbel distribution with Gaussian
correction for N = 2 seqUuENCES: wolfsheimer,Burghardt, AKH:Alg.Mol Bio.;2007]
P(S) oc dexp (=A(S — So) — e_’\(S_SO)) exp (—A2(S — So)?)

14
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18 ‘ —
N=2, Fit
16 | N=2 um —e—
LOCAL N=3 +--om

A,/107

| h 4

Length-Dependence of Gaussian Correction

M Use score per pair W

B Calculate ),

= decreases with increasing sequence length
= coincides so far with findings for N = 2

[Wolfsheimer,Burghardt,Hartmann;Alg. Mol. Bio.;2007]
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0
10 L=40 +
L=60 o
-50 [ L=100  x ]
10 L=200
Gamma distr.
107100 o 1 Global MSA,
2 i N =3,
= aso [l Gamma-
1077 Fiotf 1 distribution
" [Pang,Tang,Chen, Tao;
100+ BMC Bioinf; 2005]
10—200 L10® F ]
1010+ ‘
-700 -600 -500 -400 -300 -200 -100 0
10—250 L L L L )
-500 0 500 1000 1500 2000
S
Pr(S) = (S — )" exp (=A(S — p))
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500

YL)=al’+C ——
450 | P

400 - e .
350

300

40 60 80 100 120 140 160 180 200
L

Length-Dependence of ~

M - increases with growing sequence length
M y = 1: exponential distribution
B H — oo: normal distribution

250
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Conclusion
Large Deviation Simulation

M Mapping to statistical mechanics
M Successful approach to sample small probabilities

Local Alignments

B Behavior for N = 2 confirmed for N = 3

B Gumbel distribution of scores with Gaussian correction in
tail

M Deviation from the standard Gumbel distribution
e.g. relevant in database searches

[Wolfsheimer,Herms,Rahmann,Hartmann;BMC Bioninformatics;2011]
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Global Alignments

B No analytical solution

B Gamma distribution better candidate than Gumbel
distribution

Prospects

B Check if this holds for other substitution matrices
M Analyse dependence on gap penalties

M Develop heuristic for gapped local MSA

M Check results for sequence sets with N > 3
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Global Alignments

B No analytical solution

B Gamma distribution better candidate than Gumbel
distribution

Prospects

B Check if this holds for other substitution matrices
M Analyse dependence on gap penalties

M Develop heuristic for gapped local MSA

M Check results for sequence sets with N > 3

Thank you for your attention!
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Dynamic Programming

H E A G A W
0 -8 <+ -16 «+-24 <+ -32 <+ -40 <+ -48
N N N N
P| -8 -2 -9 -17 +-25 -33  «— -41
T T N N N
A | -16 -10 -3 -4 12 -20 <« -28
T T T N N N N
W | -24 -18 -11 -6 -7 -15 -5
T N N N N N T
H | -32 -14 -18 -13 -8 -9 -13

Dynamic Programming matrix for fixed gap costs [pumin19gs]

HEAGAW -
- - P - AW H
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P(S) = pr(S)Zr exp(=S/T)

Obtaining P(.S)

1
10 X T=INF —%—
. . . % T=47 —=—
M Simulations give 0 %A T=36 o
q q a ek % T=3.25 1
scaled distributions  _ Yot ees,
S I °e
pr(S) T S
8 z % e
‘5’ ] £
}'-S 104 FF H i mﬂ’m
2 ¥ 1 ()
a b
107 % t
10—6 L L L L L
0 100 200 300 400 500 600
Score S
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Obtaining P(.S)

10
W Simulations give S 100
scaled distributions ~ “t 107}
pr(S) g oy
. ré 1040 ¢
M Rescale with Z
a 1050 &
exp(—S5/T) E
; 10-6[) L
~ 10-70 L
10—80 L L L L L
0 100 200 300 400 500 600
Score §
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P(S) = pr(S)Zrexp(—S/T)

Obtaining P(.5)

10 "T=INF —x—
M Simulations give _ 0 136 o
scaled distributions ~ “% T=3.25
pT(S) é 1030 L
M Rescale with E o
exp(—S/T) % 1050
B Assume & |
P(S) = po(5) o S
. - Sh|f‘t on 0 100 200 300 400 500 600

Score §

logarithmic scale
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