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Pair HMMs

* Match state M: emission probability p_, for
emitting an aligned pair a:b

* States X and Y: emission probabilities g, for
emitting symbol a against a gap

* Emits a pairwise alignment instead of a single
sequence



Pair HMMs




Pair HMMs And
Alighments

m  Start in the Begin state and repeat the following
two steps:

(1) Pick the next state according to the transition
probabilities leaving the current state

(2) Pick a symbol pair to be added to the alignment
according fo the emission probabilities in the new
state



Viterbi Algorithm For Pair HMMs

Initialization:
AM(0,0) = 1. VX(0,0) =¥ (0,0) = 0,and v*(—1,j) = v*(i,—1) = 0.

Recurrence: i =0,....n,7=0,...,m:
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Pairwise Alignment Using HMMs

* To find the best alignment, we keep pointers and trace
back as usval

* To get the alignment itself, we keep frack of which
residues are emitted at each step in the path during
the traceback



A Pair HMM For Local Alignwment

* We need an HMM ‘component” that models the
“irrelevant” (low score) parts, which are not part of
the local alignment



A Pair HMM For Local Alignwment




Full Probability Of The Two Sequences

* A significant advantage of HMM approaches to
alignment over standard DP approaches, is that
HMMs allow for calculating the probability that a
given pair of sequences are related according to the
HMM by any alignment

* This is achieved by sumwming over all alignments

P(x,y) = EP(X,}?,JT)

alignment it



Full Probability Of The Two Sequences

* The way to calculate the sum is by using
the forward algorithm

* fKi j): the combined probability of all
alignments up to (i,j) that end in state k



Forward Algorithm For Pair HMMs

Initialization:

FM(0,0) = 1. £X(0,0) = f¥(0,0) = 0.
All f*(i,—=1), f*(—1, ) are set to 0.

Recursion:

M 5) = Payy [(1 =20 = 7) M0 = 1,5 — 1)+
(1—e—T7)(f (I—LJ—1)+fY(’i—1-.J'—1))]-

fY(l]) = (x [()f”("l - 1]) + Sf‘\,(’l.' - 1*])]
PV 5) = gy, [0S (5 = 1) + 2V (.5 = 1)].
Termination:

[E(mom) =7 [ [ (n,m) + [X(n,m) + ¥ (n,m)].



Forward Algorithm For Pair HMMs

Initialization:

FM(0,0) = 1. £X(0,0) = f¥(0,0) = 0.
All f*(i,—=1), f*(—1, ) are set to 0.

Recursion:

Y(6,) = Doy [(1 =20 =7) (0 = 1,5 — 1)+
(1—e—T7)(f (l—lsJ—1)+fY(’i—1~.J'—1))]-

JX¥i, ) = g [0SY (= 1,5) + =X = 1,5)].
PV 5) = gy, [0S (5 = 1) + 2V (.5 = 1)].
Termination:

P(X,Y) = [F(n.m)=r1 [ [M(n,m) + [X(n,m)+ f¥(n, m)].



Full Probability Of The Two Sequences

* P(xy) gives the likelihood that x and y are related by
sowme unspecified alignment, as opposed to being
unrelated

* |f there is an unambiguous best alignment, P(xy) will
be ‘dominated” by the single path corresponding to
that alignment



How Correct Is The
Alignment

* Pefine a posterior distribution P(x|x,y) over all
alignments given a pair of sequences x and y

P(x,y,m)
P(x,y)

Probability that the optimal scoring alignment is correct:

Plalx,yv)=

P(x,y,m) - v:(n,m)

s




How Correct Is The
Alignment

* Pefine a posterior distribution P(x|x,y) over all
alignments given a pair of sequences x and y

P(x,y,m)
P(x,y)

Probability that the optimal scoring alignment is correct:

iterbi algorithm
P(x,y,n*) - vE(n,m)‘/v :
By i)

Plalx,yv)=

PCr |xy)=




How Correct Is The
Alignment

* Pefine a posterior distribution P(x|x,y) over all
alignments given a pair of sequences x and y

P(x,y,m)
P(x,y)

Probability that the optimal scoring alignment is correct:
iterbi algorithwm
Plxiym ) vE(n,m)‘/v

By - ("’m)\l:orward algorithm

Plalx,yv)=

PCr |xy)=




% Usvally the probability that the optimal scoring
alignment is correct, is extremely small!

* Reason: there are many swmall variants of the best
alignment that have nearly the same score



The Posterior Probability That
Two Residues Are Aligned

* |f the probability of any single complete path being
entirely correct is small, can we say something about
the local accuracy of an alignment?

* |t is useful fo be able to give a reliability measure for
each part of an alighment



The Posterior Probability That
Two Residues Are Aligned

* Theideais:

* calculate the probability of all the alignments that pass
through a specified matched pair of residues (x; y)

* Cowmpare this value with the full probability of all
alignments of the pair of sequences

* |f the ratio is close to 1, then the match is highly reliable
* |f the ratio is close to 0, then the mateh is unreliable
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The Posterior Probability That
Two Residues Are Aligned

Notation: xQy;denotes that x; is aligned to y,
We are interested in Plx(y/x,y)

P(x,9,%07)
P('xioyjlxay)= P(x.y) -
We have i
P(xay’xioyj) = P(xl...i’yl...j’xioyj)P(xiH...n’yj+1...m lxi<>yj)

P(xy) is computed using the forward algorithm

Plxy.xy): the first terw is computed by the forward algorithm,

and the second is computed by the backward algorithm (=bM(i j) in
the backward algorithm)




Backward Algorithwm For Pair HMMs

Initialization:

b (n,m) =0 (n,m)=">0"(n,m) =r.
Allb*(i,m +1),b"(n + 1, 7) are set to 0.
Recursion: i =n...., 1,7 =m,....1 (except (n,m));
bM (2,_]) — (1 — 20 — T)pl‘w:+1yj+1bM(i + J-.] + 1)+
O |G DX (4 1) + gy, DY (. + 1),
€ — T)pl‘i+1yj+1blw(i + J‘*.] + l) + Eq;ri+1bx (Z + 13 .])
— & = T)Pryry OV 0+ 1,7+ 1) +2q,,,, b (i +1,7).



Questions?



