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Various Alignments
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alignment reliability  alignment between Lupinus luteus leghaemoglobin (1GDJ)

_ and human chain A deoxyhaemoglobin (2HHB A)



Needleman-Wunsch Algorithm

% dynamic programming algorithm: an optimal alignment is build recur-
sively, using previous solutions for optimal alignments for smaller subse-

quences.

XXXx; XXXx; X Xxi-
YYVy; YYy;- YYYy;

% The score of the best alignment between the initial segments xi,xo, ..., X;
and yi,yo,...,y; is stored in matrix F at position F(i,j).
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Recursion

e match (zi,y;):

F(')J) — F(l - ]-aJ - ]-) _I_ S(Xth)
e gap in sequence x (—,y,): F(I -1, J _1) F(i -1, J)

F(i,j) = F(i,j—1) —d S(Xim * q4

F(,1-1) — F(,))

e gap in sequence y (x;, —): —d

F(,j)) =F(—1,j) —d

F(i,j) =maxq F(i—1,5) - d
F@G,j—1) — d



% Initialisation

Y% Extension

{F(z‘ 1,j—1) + s(ziw)
F(i,7) = max F(i—1,7) — d
F(i,57—1) — d

% Backtracking

F(n,m), is by definition the best score for an alignment of xi,x2,...,x, and y1,y2, ..., Ym.

s(z,y) =2 if x =y, G -4 0 2 ZTO

s(x,y) =0ifxFEFy,d=2



Gap penalties

o linear: A\(l;) = —l,d
ly: length of the gap; d:gap penalty,

o affine: A(ly) = —(go + gext(ly — 1))

Jo. dap open and geyt: gap extension penalty;,

M(@i—1,5—1) + s(a;, b))

M(Z,]) = max E(Z — 1,j — 1) —|— S(CL?;,bj)
F(Z — 1?] — 1) + S(aiabj)
.o M(Z ] — 1) — do
E(q, = ma e
(Z ]) x { E(%] - 1) —  Yeat
M(Z_ 17]) _ do
F(Z7]) = MmaX E(Z_ 17]) — 9o

F(i—l,j) —  Yeuxt






Alignment Scores: Substitutions

Random Model: residues occure independently with some frequency q,:
P(a,b| R) = qag

Match Model: Aligned residue pairs occure with a joint probability p.:
P(a,b| M) = pay

ratio of these two likelihoods: odds ratio:

P(a,b| M)  paw
= = p(a,b)
P(a,b| R) qaqp

additive scoring system: log-odds ratio

s(a,b) = log <pab>

daqb
affine transformation of log likelihood ratio

s(a,b) = w + klog <pab>
daqb




Alignment Scores: Gaps (Indels)

e probability of a gap

p(g) — f(lg) H qa,

1ing

e odds ratio

(&)  _ FUD i gt

= f(l
Hi in g 9a: Hz in g a: f( 9)

e additive scoring system: log-odds ratio
v(ly) = log f(ly)
affine transformation

v(ly) = w4+ klog f(ly)



Probability of an alignment

Probability of a match
Pap = p(a,b)qaqs

Probability of a gap
p(g) =p-t, =pa— = fy) |] ta

1in g

Probability of the whole alignment

Prob(A) = Da;b; D—b; Pa;— =

7€sub 1€ins iedel

= p(a) p(b) H f(linder) H p(af,bf)

1€indel 1€esub



PrOb(A) = H f(lzndel) H p(az, Z

p(a) p(b) icindel iesub

S(A) = w+k{zlogf(lg)+ > logp(aib;) |

(i,j)€A
LS — H klog £(i,) H 109 p(asb,)
(1,j)€A
= {Hf(lg) 11 p(az,b>}
(i,j)€A
_ e”{ Prob(A)}
p(a)p(b)
(w/k)
Sk = _° Prob(.A)

p(a)p(b)



Partition Function Z

. p(a) p(b)
e(w/k)
Prob(A) = c e
Z Prob(A) = 1=c¢ Ze%
A A

partition function Z: sum of the Boltzmann factors for all possible states

. relationship between “energies’ and probabilities of states

_ 1
C—Z.

1 SCA)
Prob(A) = 7€ k



Partition Function 7

e e.g. Dayhoffs PAM Matrices

s(a, b) = 10logip <pab )
daqb
1
k = 0 ~ 4.3429
log, 10

e temperature dependent partition function

Z(T) =) err = Y S
A

A



prob(i,j)

Match Probabilities

{AI (,5) € A}
1 S Z(Q Z(82i;)

S(Az’jl) -+ S(.AZ;’”) — s(ai, bj)

§ B S SAT - beta s(ah)

A€,

Z eBS(AY) Z BSAT)  « e=Bs(aib)
Aca, o Aewy )

Zzg/l ZZI;/I —B s(ai,b))

es(aiabj) Z



Algorithm for the calculation
of the partition function

M _ (M E F ibs
Zij = (Zi—l,j—l T Zil15-1F Zz'—l,j—1>eﬂs(a )
Z’Ej — Z%_leﬁgo 4 Z,gj_leﬁgeXt

F M E o1 F
Zij = (Zz'—l,j +Zz'—1,j)eﬁ Bt Zi el

Zi; = Z{5+ 2+ 7}

J



Stochastic Backtracking

Probability of each state depends on the previous state

match

p(a,b)
p(_7 b)
p(a‘a _)

where Z%

gap in b

ZM -1 eﬁs(aivbj)

i—1
M
i,J
E Bs(a;,b;)
Ziq i€ !
ZM
i,J
F Bs(a;,b;)
Zi_1j-1€ ’
M
,J

(Z%1,j—1 + Zz'E—l,j—1
+ Z¢Ii1,j—1)eﬁs(ai’bj)

p(a,b)

p(_7 b)

where ij

gap in a
p(a, b)
p(_a b)
p(a‘a _)
where ZzF]
M 0
Zm,_l eb9
ZE
2y
E ex
Z@J—l eﬂg t
ZE
2y



entropy

Agensemble — g( A ) — kTInZ
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--LTE-QAALVKSSWEEFN----- HTHRFFILVLE-APAAK-------——————————————- HAGK-------------
--LSP-DKTNVKAAWGKVG----- YGAEALERMFL-FPTTK--------—-————————————- KVAD-------------
--LTESQAALVKSSWEEFNANI-KHTHRFFILVLEIAPAAKDLF----KGTSEVP--NPELQAHAGKVFKLVYE------

--LSPADKTNVKAAWGKVGAHA-EYGAEALERMFLSFPTTKTYF----FDLSHGS--K-GHGKKVADALTNAVA------
-ALTESQAALVKSSWEEFNANIPKHTHRFFILVLEIAPAAKDLFSFLKGTSE-VPQNNPELQAHAGKVFKLVYEAAIQLE

-VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFD----- LSHGSAQVKGHGKKVADALTNAVAHV-
GALTESQAALVKSSWEEFNANIPKHTHRFFILVLEIAPAAKDLFSFLKGTSE-VPQNNPELQAHAGKVFKLVYEAAIQLE
-VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFD----- LSHGSAQVKGHGKKVADALTNAVAHVD

GA SKLKGTSEVPQNN-PELQAHAGKVFKLVYEAAIQLE
-V --PHFDLSHGSAQVKGHGKKVADALTNAVAHV----

VIGVVVTDATLKNLGSVHV-SKGVADAHFPVVKEAILKTIKEVVGAKWSEELNSAWTIAYDELAIVIKKEMD---
----DDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTPAVHASLDKFLASVSTVLTSKYR---
———————————— NLG--------VADAHFPVVKEAILKTIKEVVG-KWSEELNSAWTIAYDELAIVIKKEM----
———————————— ALS--------VDPVNFKLLSHCLLVTLAAHLP-EFTPAVHASLDKFLASVSTVLTSKY----
—————————— LKNLGSVHV-SKGVADAHFPVVKEAILKTIKEVVGAKWSEELNSAWTIAYDELAIVIKKEMD---
—————————— LSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTPAVHASLDKFLASVSTVLTSKYR---
VIGVVVTDATLKNLGSVHVS-KGVADAHFPVVKEAILKTIKEVVGAKWSEELNSAWTIAYDELAIVIKKEMD---
--DDMPNA--LSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTPAVHASLDKFLASVSTVLTSKYR---
VIGVVVTDATLKNLGSVHVSK-GVADAHFPVVKEAILKTIKEVVGAKWSEELNSAWTIAYDELAIVIKKEMDDAA
D----- MPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTPAVHASLDKFLASVSTVLTSKYR---

VTGVVVTDAT -SK AA
----DDMPNA HKL -—-



-VLSPADKTN AGEYGAEALERMFLSFPTTKTYF--PHFDLSHGSAQVKGHGKKVADALTNAVAHV----

opt. aln. GALTESQAAL IPKHTHRFFILVLEIAPAAKDLFSEKGTSE QAHAGKV IQLEV
-VLSPADKTN AGEYGAEALERMFLSFPTTKTYFP----D KGHGKKV HVDD

struct. aln. GALTESQAAL-IPKHTHRFFILVLEIAPAAKDLFSKLKGTSEVPQNEPELQAHAGKVFKLVYEAAIQLE

struct. aln. VTGVVVTDATL -SKGEMID AHEFPV IKEVVGAKWSEELNSAWTIAYDELAIVIKK AA
----DDMPNAL HKLRP VNEFKL LAAHLPAEFTPAVHASLDKFLASVSTVLTS -

opt. aln. TGVVVTBAT HVSKGVAD--AHEPV IKEVVGAKWSEELNSAWTIAYDELAIVIKK AA
MPNALSHELS RVDP------ VNFKL LAAHLPAEFTPAVHASLDKFLASVSTVLTS ---

1.0 0.9 0.8 0.7 0.6 0.5 04




P(% id., score)
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