CMSC 423:
Sequence Alignment

Part 3



@ and Think

Can we use the
alignment graph to find
a longest common
subsequence of two
strings?

Yes, with dynamic
programming!
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Dynamic Programming

ldea: re-use previously computed information
Solve each smaller problem once, rather than billions of times



> o P> 0| H 0

S;

)

v =AGCGTAG

w = GTCAGA
~ Sig 1t
if v,=w,
.= Max 7 Si—l,j+ 0
Sijt 0




> o P> 0| H 0

OO0 O O O O O

v=AGCGTAG
w = GTCAGA

Sp,j = Max—




> P> 0O o
OlO0O|lO0O|O0|O0O|O|O

v =AGCGTAG

w = GTCAGA
~ Sig 11,

if v, =w;
So;j=mMax7 |s;;,+0
Si.1 + U

“—



> | P> 0O H 0

OO0 O O O O O

v=AGCGTAG
w = GTCAGA

S11= Max—

Al=G




> o P> 0| H 0

OO0 O O O O O

v =AGCGTAG

w = GTCAGA
~  Spotl,

ifv, =w,
Spp=max | sy, +0
S10t 0

“—



oo

> o P> 0| H 0

OO0 O O O O O

v=AGCGTAG
w = GTCAGA

~  Sgotl,
ifv, =w,
Spp=Mmaxy sy, +0
S0+ 0




> o P> 0| H 0

OO0 O O O O O

v =AGCGTAG

w = GTCAGA
~ S;ot],

ifv, =w,
S;p=Maxy s, +0
S, 0t O

“—



v =AGCGTAG

GTCAGA

w

~ Sig, 11,

W;

if v,

Si-1,j + 0
Sijat0

“—

= max

SI,]

AG|CGT AG

0/0/0/0]0]0/0]|0

G0|0]/1/0(1/0]0]|1
T0O/0|1|1]1(2 2|2
C0|0]1}2(2|2|2]|2
AO|1/1/2/22|3]|3
G0|0]2/2|3|3|3|4
A0 |1/2(2/3 (3 /4|4




7 -1
W.I.
-~ |l
— o
+1_¢_wn.w+1
O < SM_, SM_SU
5 L
O & N
A__ ©
S -
__.J
mmﬁﬁqmim
i J%H|
e ae bty
WA 44
O % »m.:nw“”w“
Gw\}vl bt | NN
Il G omamed An mﬁm
L | O=PO=PpO=Pp O =PpO=PpO
ol -lu|a|o|«




2 g

O <

3 5

! 3

OO NN

LML VS

Tw|v0+ &4
3 N ,

: — 414

o[58 AR

. " 4

] | O\=p> O\

<« dorolo Mo

A
O = O <O | <




AG

O <«
<(
5 3
G_l
AG
S0
mmﬁﬁqmim
+ T e
e ae bty
wﬁ +»$n“””“
A wand Y + 4
GwU‘1_IV1 mpr— | O\=> O\
< |§oprp g
L | O=PpO=Pp OO =PpO=PpO
O = O <O | <L




TAG

2 g

O <

3 5

! 3

OO NN

LML VS

Tw|v0+ &4
3 N ,

: — 414

o[58 AR

. " 4

] | O\=p> O\

<« dorolo Mo

A
O = O <O | <




v |

SHENS

=

v O
O <«
<(
5 3
G_l
AG
S0
mmﬁﬁqmim

+ T R
e ae sty
wH »»:n“””“
LA Y 4
G%U‘1_IV1_ mpr— | O\=> O\
Aw.+.+.¢1mﬁm
L | O=PpO=Pp OO =PpO=PpO
O = O <O | <L




v =AGCGTAG

GTCAGA

w

-GTAG
AG-A -

A allee i dies:
< w A+/r!/_ <
= T 2y

wH } »:J:ﬁuHu“
LA Y 4
U wU‘1_IV1 mpr— | O\=> O\
it

O = O <O | <L




v =AGCGTAG

GTCAGA

w

C-GTAG
CAG-A-

A allee i dies:
< w A+/r!/_ <
= T 2y

wH } »:J:ﬁuHu“
LA Y 4
U wU‘1_IV1 mpr— | O\=> O\
it

O = O <O | <L




GTCAGA

v =AGCGTAG

w

-C-GTAG
TCAG-A-

A allee i dies:
< w A+/r!/_ <
= T 2y

wH } »:J:ﬁuHu“
LA Y 4
U wU‘1_IV1 mpr— | O\=> O\
it

O = O <O | <L




v =AGCGTAG

GTCAGA

w

G-C-GTAG
GTCAG-A-

A allee i dies:
< w M/rVZ <
= T 2y
wH rdae’y
| ﬁm_.:nwﬂwu
U @1{1 mpr— | O\=> O\
< snles
L O = Q| <O | <L




v =AGCGTAG

GTCAGA

w

AG-C-GTAG
-GTCAG-A -

A allee i dies:
< w M/rVZ <
= T 2y
wH rdae’y
| ﬁm_.:nwﬂwu
U @1{1 mpr— | O\=> O\
< snles
L O = Q| <O | <L




Extending to sequence alignment

* When solving for the LCS, mis-alignments are free

* What happens if we pay for our "mistakes"? (this also allows us to

account for "similar" amino acids)
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‘Match] =10
[Mismatch] = -5

Gap] =-2

Match = [A,A], [C,C], [G,G], [T, T]
Mismatch = [A,G], [A,C], [AT], ...
Gap = [A,-], [-,A], ...

The same dynamic programming algorithm works!
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