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Unit 1;
From States to Markov Chain
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Affine gap penalty: opening a gap receives a score of
d; extending a gap receives a score of e.

Penalty =d + (n-1)* e

a
T

Aligned seguences: 2

#
3
# 1: HBA_HUMAN
# 2: HBEE_HUMAN

# Matrix: EBLOSUMGZ
# Gep_penalty: 10.0
# Extend penalty: 0.3

#

# Length: 149
# Identity:

$ Similarity:
# Gepa:

# Score: 292.5
i

#

65/149 ([43.6%)
9075149 (e0.4%)
9/149 [ 6.0%)

HBA_HUMAN
HBE_HUMAN
HBL HUMAN
HBE_HUMAN
HBL_HUMAN

HEE HUMAN

1 MV-LSPADKTHVERAWGKVGAHAGEYGAEATFRMFLSFETTKTYFFHE-D

I - I I 1 I I O [y I O O I e
1 MVHLTPEEKSAVIALWGEV—-NVDEVEGERLGRLLVVY PRTQRFFESFGD

43 L5-———- HESAQVEGHGEE VLD L TN AVLHVDDMENA L. SAT.SDTHAHETLE.
| elzazllalllllaalezsaz]l ol aaaasallzllanll.
49 LSTPDAVMGHNPEVERHGEEVLGAFSDEGLAHLDNLKGT FATLSELHCDKLH

94 VDEVNFHELLSHCLLVILARHLPAEFTPAVHLSLOKFLASVSTVITSHYR
I I e I I I 1 I I I I I I (T I I
99 VDEENFRLLGHVLVCVLAROFGKEE T PEVQAR Y QRVVAGVANATAHKYH
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Alignment as (a series of) state(s)

Mew Best Alignment = Previous Best # Local Best

Scare of Best Previous dlipnment

A A G
0 -—’-5\
'\\ .
A 2 J—|-3
\
G 1
T
Cc -6

Match (not necessarily identical)

Insert at sequence X
(delete at sequence Y)

Insert at sequence Y
(delete at sequence X)
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M  Match (not necessarily identical)

Insert at sequence X

X
(delete at sequence Y)
Insert at sequence Y
Y
(delete at sequence X)
d Gapopen

e Gap Extension
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* M (i,j) is the score of the best alignment between x, ;andy,
given x; aligned to y;

* X(i,j) is the score of the best alignment between x; ;andy,
given x; aligned to a gap

* Y(i,j) is the score of the best alignhment between x;, ;andy,
given y; aligned to a gap

S(x,y,) €

M (i-1,j-1)+s(x,y,) /o
M@, j)=max{X(i-1,j-1)+s(x,y) )
KY (1-1,)-1)+s(x,,Y,) S(%,)
o M(i—1,j)-d o M (i, j-1)-d
X(I’J)_maX{X(i—l,j)—e Y(I’J)_maX{Y(i,j—l)—e
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‘M (i-1,j-1)+s(x,y,) afteramatch

x; aligned to y, M (i, j)= max < X (1—-1, ] —1) + s(x,, y,—)
V(-1 -1 +s(x,y,) [T

S(x,y)) ©
| . M (I _11 J) o d S(x,y;) /:
x; aligned to a gap X(I,J)— Mmax X(i 1 J) € | \_ (:j )
S(x,y))
M
N M (i, j—1) - d |
y; alignedtoagap Y (I, J) = max {Y(i,j—l)—e ”
VA /
Y
7 7
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Markov Chain

A Markov chain describes a discrete stochastic
process at successive times. The transitions
from one state to any of all states, including
itself, are governed by a probability 1-
distribution.

1-28
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Markov Chain

¢ P(XelXpXea) = P0G X Xe)
* Xi=f(Xew XepXim)

A chain of random variables in which the next
one depends (only) on the current one
— P(Xe X1 Xe21) = P(X5 1 Xe2q)



Transition Probability

Ay, = P(Xt — SI ‘ Xt—l — Sk) S, 1 I
aIk — P(Xt — Sk ‘ Xt—l — SI) > A
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Affine gap penalty: opening a gap receives a score of
d; extending a gap receives a score of e.

Penalty =d + (n-1)* e

Extend

No gap Gap Open

Extend

#

#

# Lligned sequences: 2

$# 1: HBA_HUMAN

# 2: HBB HUMAN

# Matrix: EBLOSUMGZ

# Gap_penalty: 10.0

# Extend penalty: 0.3

#

# Length: 148

# Identity: 657149 (43.6%)

# Similarity: 90/149 (60.4%)

$# Gapsa: 97149 ( 6.0%)

# Score: 292.5

#

#

#

HBL HUMIN 1 MV-LSPADKTHVEAAWGEVGAHAGEYGAEATEEMFLSFETTETYFEHF-D
(I T S Iy (O e ey A Y Y O 0 R 2 I

HBEE HUMAN 1 MWVHLTPEEESAVIALWGEV—NVDEVGEEALGELLVVYEWIQRFFESEGD

HBL HUMAN 49 LS-———- HESAOVHEGHGEEVADAL.THAVAHVDDMEPNATLSAT.SDLHAHKTLE
I 1 dratllallealazsazl lalesasazallzllaall.

HBEB HUMLN 49 LSTPDAVMGNEEVERAHGERV LGAFSDGLAHLDNLEGTFATLSELHCDELH

HBL HUMAN 94

HEE HUMAN 98
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M  Match (not necessarily identical)
Insert at sequence X
X
(delete at sequence Y)
Insert at sequence Y
Y
(delete at sequence X)
0 Gap open
€ Gap Extension
M X
M 1-28 5
X 1-¢ €
1-¢ 0

Y
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M  Match (not necessarily identical)
Insert at sequence X
X
(delete at sequence Y)
Insert at sequence Y
Y
(delete at sequence X)
0 Gap open
€ Gap Extension
M X
1-20 0

P(XMMY)=a,,a,,a X -

XM T"MM T"MY

= (1—8)(1—25)5 1-e 0

Y
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Summary Questions

 There isn’t direct transition between Xand Y
in our model, do you think it’s reasonable?
Explain your answer.

* |s it possible to have global alignment based
on the rephrased Markov Chain-based model?
Explain your answer.
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