CDO\KH‘Q( OW

CHAPTER 7

7.1 TINTRoDVCTION

Thfs c‘r\ap‘\‘ef' discusses ‘Hwe problem o'F o.(igm'ncg b‘uo\og{m\
Seqboenc-e& +o prabe ‘For Homo\ogous of gUnC'*‘fonal similarities.
Given +wo seguences, for insfance AGHGHVWR and AHGTIRN,
on a\ugnment is simp(‘g a SUPerpo.si‘Hon

AGHGHV WR—

A-HG-TTIRN
in which each letter of each seguence (s o.(.igneo[ with o letter
or gop in the other seguente , When bio/ogica’ seguences eae
homol ogous | foece will be a naturdl a\ignment between Hrem thal
expresses their b\‘o\og{co.Q 5imilw;¥g . Recall from Section 6,7
+hat  two Pm‘\ein sequences ane homolo(gous of 'H\ecg have
descendod. from a comman | ancestal seguenca, We gavt o
made - up example in  Sechion(7.1 of a genealoa-‘ca( tree
Showinj e evolution of +he anceshal se?;uenc& ARNGVW info
the homelogous family {GRQGW_/) GRGVW, ARWNGVW, ARNGVWS_
To capture  the homological relationship  between | say the sewnd
ond third sequencos of Hhis familg , we wrote. +he a!oanme.nt

G R—-——GV W (1)
A RWNGV W

The cxlc'anecl pairs of lellees in ("Zl) repr-esen+ aming acids
olescendmg from amino acids in the ancestrald seguence., 7705_,

in the first pair 2 G came from a sobstifution mutation replac;vy
He A in ABRNGCVW {g G, whle tha A in 2 '3 ‘7'aa7L Ha



orfgma.o. A o8 ARNGVW. The Po:’rs /5 , CCvJ \\//J :‘//

in the a,/ynnun/t L ropronemt  doscond without modification

of the origmal R,G,V, amd W in the ancasfrad segoence.

On +he other hand |, ak some Po'«»\t in the evolution d(i, ARWNG VW,
a W was insected between R and N of the ancestral ARN GV W,
Thow is no amino acid in the seguence GRGVW relatod + tha
msked W and se  w is wwd i the alignmnw‘f of (1.1).
Likewise , the paic repnoents tho doletion of N i the evolution
of GRGVW. Ingeneral) am o correct alignmont of two
homologovs segoences, an aligned pair g rognosasdy  wmino acids in
each asguonce that have evolved ,P,-om o common amino acid in an
ancesteal. Pro’:e\in, sequenca. 5 Gin ammo acid x aﬂgmecﬁ with o gap

a0 in X or ;) repcesenls cither an insertion or deletion evert.

“The a\\gnmen{; in (71 was decived Lrom full know\eclge of
the e.Vo(uﬂonarg hix’cora of its +wo seguences, Bot o‘f course
biologists an not privy bo soch Foll information . Rather, #he /Jrob/em
'Hley Faca 15 given several /oro‘:‘ein seguences o dlocicle whsthu the
sequences , of even owoﬁ /oadﬁ o[ the seguences, aw bOMologouSJ amd,|
if so, to infec how they m{ghf be a./gnecl. In chapter 6 we
discussed how fo score aligned seguences fo test for homolegy. Bt
before app{y:hj a fest if /s necessaty 7o a/g/n, the Seguencas in the first
Place. Two seguences may be a/gnec/ in a mcyra'ac[ of wayd when §aps
ane a//ouJeo(s Cven more possibia}q Wgenerﬂio( o'fffhe am @ not b
align  the entice seguences [t fo look for parts of aach thal may
be similar. Fven when it is known that two seguences cue homologovs
it is not clear how Hey shald ke a%neci, for example,, the al{gnmeﬂ{'



n (D) of GRGVW and ARWNGVW looks good by
inSpec,ﬁon becauan <l oﬂtgm mang ma‘f‘c’m@ pairs bot withouk

knowledge of +he genealoﬁg, other aligmoils ane C""t‘"‘él withm
Fhe realm of possibility.

The s*r&’te&j for c,koos'mj an al‘gnmo-\t Lrowm among
many Poss(hihjries for fwo given shrings of lelers is  fust
}o cuoose o Scormg mathed  for scoring o.\aanvas , and thew
do  Lind dthak aQ.jnmw‘t mo.xwlz;ng Ha seove. Given tha
5coring mathod ) tho challowge is & fnd @ compuiai’fm\msw-j
eSlicont wuathod for f—(nc&(ng maxa\ma\\g scor'wﬂ a.Qt‘gnwwis.
Thak s Heo %ueshck o be addrsrced (n Ak W’th

We will v a fechmigoo allod  dynamic programmmg
which has  an mportance in applied wia Hhamatics 304»\7 fn
Beydwo( ’fkoaQ'(gnMM-t prda{em

We shall freat fuwo Scon-y mathods LA based on
usMg a sobstrfution malicx SCQb}Eqbe whne H &
e oIphahat . In 7ha fist mathod — we £ix- a pona.QjEf
—d - fo each gop ——1hiy is ezwm@ui +o ao[o/lnj elemonts
Sla, )= S(-,a) =-ol  for eveyy a e A fo o substibdion mchix
(gops ane asven alugmod el ges).  Thia is cllled Tha Limaan

be a Xy—==— -
gop nolly millod becowe o gop gyl gy e

0’6 Qz?/ﬂ\ adds a ,wrw.% ‘Jf A o acsw (é(g,apméz;
bGimoon 1 ng. For exemp@ Yo score 4

A GG ICH
A--k P

wonld be  sCAA -2d +5(kQ+ SCHP).



Janice
Pencil


“The seconcl scoring method is callod tha affire aap W\aﬂf:{
method,  Ta Hais method ‘e n & pevally -d %o
opening a gap amd om addihonall pomalty -e for each
new olipwed pair g or X in Mo samu gep. To
explain | soppose  we seo

r, — — — =

g Y2 Ya 3’9 yg-u

mwaﬁw /(mﬂweSanW rgéﬁ/ﬂ\,g

——

Tho st a'\qn v’* costs ~d; each -fo(\owmj
a\\gnmevut 753 R 3% , efec. wstks - . Tha Tw gL
conhnbute

- - [g—z}&. ()

7L0 Fhe fotul Seore Since  Fho exp e () is an
ofia bonchion f g, to gap penalty o cllod athno
Alwcudsj d is chossm do ke facger than e,
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Pencil


AN

72  LINEAR GAP PENALTY ALGORYTHMS

721 The edd graph and represedation o a[igmmew‘ts.

loe 'Lwo sebue)acas.

Le:l: X, - - Wa omd 3‘...8"“
We shall represek gepped alignmenks of Hese S eguencat oswng

Pa‘\’\'\s N an e_'_g_\ii 3_{_%)1/\ m ec[t'Tl \7/‘&ph ﬂr ‘lll\a fwo Sezumc_a&
s the clirectd 3rafgl\

x: I’L xS Tt r'\
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F‘:‘g,wuz 7.1

This 1s a grapk with verhieS n « m&uv«g«»ﬁm aMad

with o column for each 2¢;  anda unlabelled colomn at

e fofb hamd side, similanly | the At coo is nof fabelled,
(it the re\mammy oo laledlod @ Ho [eHers S m. The O"IJ
lirected edars allowed ace .()'t(.@ {—E”u shown | ecthen pomjl»j r.JU“
\norQov\‘uQﬁa ona column ;| down oo w , or AugcmaﬂQd down  amdd

‘l"D ’flo “39'(»k One w(unn amd. omg oW
Usua«(\j we Shall suppeess wriH\? i Al o dicected

CASQS - "H«\nj ore '\'\'\we iw\‘o(o’uiay,




\/\/e Hank 0¥ 'P'\Q '?\‘\'S‘} ro® a$ row O and OL ta -c(rs“’ edlomn
os colomn O . We laka tha vertex in colomn § and

row 3 Uy CI,:D

TR S <

R CT N I ¢ 7 S R AR
(I
S‘W\ .(o,M\ - i T .’Lf,":) “ T ® (nlw\\
F\‘%AA.ML 7.2

’T"\IL vijPot;ﬂx ﬁn’W\ Vertex (‘l,(ﬂ w;{""\ (7",37/l
look Qe (wih duscled edsos info Cig) shown onﬁa):

C;-‘J ."} -
53 L) Cl,g’i)
~ \) \{,
®—----> @ '
. Cia)
C\f,ﬁ) A




A P,f_’i\ﬂ an ‘H\e ed(‘l’ 8““9‘" 1S o con‘l‘inuou& se?Juenco 66 AcﬁreaoJ
ec;\ggsJ Hnat 1S eadn .succasove edge depacts fom fhe verfex
attaned ba Hrg Prew‘ous edse,

Xy A X X, T e

® > e
\.\

L 3 - L 4 - >

j‘ NS
2 - - L 4 L ] -
0 e - \}.__.\ .
gu - - . . ':':rbo\\ . °
(js. . . . . . ae——=3 e

Figune T4:  Seme paths.

We shafl call a S“Te‘\"d’\ 3(‘; x;+,—~~TZ:J- o‘p

consecotive lefess in o, .- 2n o  sobsegmenk of 2o

We will now s,oecipa a recpe |y which any 3afo,z,aoQ
a\\'gvx\d\evvt a’() o solosegwenk 5 o€ - with e
Su\o§e3mov\k c(,) %V"‘dm Con be re\oresevxw Bg co
Pa‘\"’\ 2} +\Mz edt 3”‘1""\ s omal) oov\uwsd.j ) any pa‘\’k
repuoonds an  alkgnment of svbseguunls, The recipe is
Cioty3-0)
0" o

wuwans add ' b Ha a(ighme-\)t
08 d

Ci-4,3 N . N
‘2}..__._%(.'33 o ans 1 add =X o Ha a‘u‘jnment

('.:3"3 1 _ o
.. \L W0 O “ ao!ol 'l-o “’Ka aﬁt‘dnmmd;
32 2 | 3



Examere 1.1

L A H A [
Q - L) - [ 3 [ g [ Py -
P o a .\a—_:;o e 4 .
H e . - e 0\0 -« v

!

K s . . « - o . o
K o . e . < g\‘ -

This pd’\n repruev\’\s He a.\\'anmev\'\: i t\ﬁ

H <
P K K
of tne :;u\oseawv\t HAGK n LAHAGKP oith dhe
gJoSejw\.av\i PHKKX n QPHKK

722  Types _gf a\i;nmen'\'s
let XX G Y be two SeqUences.

A 810‘00& alignmenk of tose sequoncaa IS 0N alignment
of  tha  entice sequeace X, e with He enbire
sequence Y, Ym.
A 8lo\oaQ a(fanmewt corcespondt fo o path in e
edt grap\f\ from  vectex  (00) CUPFM [eft) ko vertex (n,m)

( lower ﬂ‘g”ﬂ . T T global cligumant:
3 o . . . © .2"| xz ?3 Ve
\ - \\ y‘ _ ‘jg ‘;'3
‘1’2 3 » [ 4 . P



A local alignment s an alignment of a subsegmant
o; Xy X with  a Subsedmnwt rF g""éfm , whae ok
[easT owe su‘osgfma«i is propet Hak is, is not the edllire
seaw\evx‘t‘ The o((ghmen'f of Execcoe T is local. We
fook for locad al@nmenﬁ when we have [ong s‘fnh(ys and want
o doleemine if —Hn.m/ contain  homologous domains . Anf] patih
i e edit 6ro.p’f\) exc_ap‘f’ Hro se 3iu}nj g/obaﬁ ahgnmmJSJ
repusewis a loced a\\‘ahmevdc

An overlap o,ls\‘?nmm.t s a speciall +UFQ e—f [ocad a\.‘gnmevdf
m which eithor
D an inihal segment a0y of xi-oxm s aligaed
with a termmal segmeud, Y5 Y ‘/6 Y, --Ym
b)) & Jermumald SQJWJ Xy - - X is oligvaed w it an
initiad segmam.t Y, Yo ; of
Q) The enfire 59%4%1’ Z, - % aligna w . « sobseymad

v/g g1 Ym or vie-verda..

Example 7.2

= |
CN .\...
LS
CONLN N
(<.‘ \\ .

Each path th Fhis éra.,oh represenls am av(’ﬂ/af a/@”m“’vt

For example, path I, with faa unaligned pact cppondoc i pargmineses, (3

LAHA (GkP)
(QP)H K - K




Sfm{{aAQnJ ,oaJﬂf\ T s
() - A HAG (cP)
Q P H KK 5

G — K P
PHK — (. &

Notice +hed  4he P"'H‘ of an ouer‘/q,o kf,ynm»Jf must
ok ab @ verkx in e dopmart row or lefbmost
column  and wust end in T witom row o r@wfmasf

colomn

Suppou. we ore mtmeslel in  Isolating -.,'.»_nan.qverla‘,oip:'nj
Subseamen’h o'? 2, - X -H'\a‘t a\,u‘&n :l-o 5ubseamen“3 o‘f g....gn.
Sueh an als'gﬂmnev\“' is callbd a r-elﬁea.‘k makeh aﬁ.t‘gnwux‘.

Example 7.3 Let x= HAPW HAKPILA G ..  amd
Y = PXA HAPG Here is +he represen+a+{oﬂ of a re\uci
maotch a\\'jv\mev\k, .

HAPWHAKPILA =G
HAP - HA-P . -ATE

—_ PN
N
y = PKA HF\P\CJ

T the dop row the seguence 2, - .- Xw  cppears in its
enticelty in propat ordst | with pessille geps. Tn the bo#otu
row an tha varieus subsegmenty of Y that ane bemj aﬁameﬂ_
with  Ha nor\overlappmj svbseqmeds «f; 2 . We havt moicabsd




w\’\th ‘H\o Subse‘imew’ks o‘? 9 cowe ﬁ'crm 6(5 o/mwniy

y belocw with arrows amd bars fo indiccle what is aligning
with what. Dots (oot 80,05) awe wasd to sepandte the
sub alignmends | We repursent H allignmant aga}n,%b)fs

fwee wifn brackds do enclesed Jus  non-overlapping aﬂgmcl

§u\0593me»13 of te = Sequenca

HAaelwHax Pl 1 L'[A— G|

HaP . HA-P - APG =

In bes exawmple N non-overlappinj Sﬁamasd(& are
sm &epanaicoq ( we do not see [HAP](HA kP o
exqm,ﬂﬁu)_ Icle&lb ong shoudd allow adéauni. sob aligned
5055?3M4\J3 withoat sepanotion, bet for Hdechaiedd s\}np\iat/
we shall (mpose o condibiow et Ho a\(gned’ segwmdtﬁ
m e x sequ euce be slrr(chlj separated -

To jrapln. repeoi mau‘&‘()\ o.[(gnme-\jis we aéd two
Ne w {yrms o") d«'reriug E’dg,ps R Eo(;{'gro,p(m \

¢ :
’TW <) . Jf‘*‘ Tr a path this edge
o) UM’OX ends a s:;b.sesmnm.* ag‘ammauf
' (a mq}rc"\s Ly aAoln'tj
I ~ ST .
R i3 [ ) \i fo o afignment



" x.
Tyes €D ein
_va a pq:H'\_, 1LLH‘.S 60(391

marhs bhe skt o, a vew
e . 50‘05 want a,[«' nwmenk 5{11«4‘\‘
R ¢iq) eﬂ , J g
ot Ci,4)

A{SGJ uwe QM\/@(“"EX to e ed/;.t Src\_'ah i pcS:"‘""mr\ Cf“":OB
omek end every poti reprem% o re,uo,t makch &QtJ\;\WJ
ol am edge fo  Casys)

e P x

L
P e Cn*\,O)
b: /

,

/)

&

Cn,m)

Here. is ‘\'L\L Pa'Hf\ Pepresen“‘iﬂs 4—\4& repeoi ma:kc\r\ a[ignmen’{: o{:
Examp\& T3,

H
e o
P 8 e
1% of e
A o, ©
K 1] \lo
A e ©
Pe o
G PR




.23 Scor\‘ng paths

We will show how to score paths  so that the
score of a path is the score of the alignmest
it represenls .

Assume we are given sobstitotion matnix S
omd o gop Penaﬂ:% ~d. The idea is swple: each
directod eo\gg s assijne& Q weiaH‘ which e%uaﬂo Hae
conbribution to the alignmonk score of +u aliav\ed. pair

or ga"o( ~repnMpoQ béf J{w diceclod ealge.

.'(““;."
) The edge hie

B¢

wdds Xy Jo  heo O.Q!'JMW\Q‘&i, so ths weught zr[) Heg

35
edge v sCeci y;)
AR o CI:a—;) P
U\) The ?dép_ adds 4, o Ha a\\anm«t
s 3) ’
so X has weqlk -

(U'SB The edge o« —j - adds _:f o Hho afgnmuf

G", 3\ C“Jd\

so (£ s ueugfld -d,

Cgo far we har ngt Lol ot He ex{m; re,waf m/cl\
AQ«{;nmcut edges . We do s /ah)




r4
To Su(mmc.rt'ze:

Cl:(,&’\) - ® C (} 3- ()

5("—(\,!3)

P
. > Ci,3)
cinyy ¢

r“aa/\,a 7.5‘ E‘&&Q we{am .gr SCQr‘\Ag‘

The score of a path s thon dofined fo be the
som of  fhe weights of it edges,

Tha pa/’h score will Fhen give Hhe scoce
caa_c__ @al“gnwmwt it represeds  using Dnean g0

penalkes, This s eas(y fo see 6(7 e)(am/o/ﬂ

—————————

ExameLE 7.4 Here we show a Pa'Hf\ represen%hj G
g[oboﬂ aoignnw&)(

L A HA A & K f

Q
P «® € &—> 8 .~y e ® a e
H

K - o e ® e 2 e Py

K < & [+] @ € @ %

The weignt of fu 1 edge 6 sa,L) ,of e 2% sCAA), o o
frardl -4, ebe. The path score is thos
Sea,L) +SEBA -d-d 4+ S G) +SkK) + s(k,P)



-
1§

ond this is peecisely the scoce & Ha Aignmedl

LAHFHGKP
Q P - -~ HEKK

724 F\'ncl\fhﬂ _o_Eh‘ma.Q (_\x_;&\r\eﬁ swr‘“fn_‘g) g\n\Oq.Q. mlignmeuﬁ

One way bl fa highest seacing global alignmeut
s swmply o list each global g..l-;gnmeu‘fd seore iF, and go down
tae list b fnd  Tlo hgl\.asf s‘mr;ﬁ ones, Jha i nol pracﬁ'cc.Q\
Fhe nvm be‘r‘af pm‘ﬁa in the edif 5rapk reprf:enﬁi}j afa(‘?nmeds 1003
exporentially with n and m. For even meductal, sized groghs
Frove ane gaot oo masy possibn lohes

Ra‘["tﬂn, we fake an agproach called dynamic pr@mmm‘t‘gtjj
m:oi’ht‘ﬂj M Ho ed;-l' 3rapt1. W-e d.ﬁpu;-ﬂ be -?a“am'-uj fund*ionJ
called -I—M.n value funchon , on the panh
of twe edit &fdﬁ,p"\

CL{) o&ish, 0cfem,
A
Bleoy = O

BCI_,.]) é Y AXIMUm Score a’{‘\ a“ Pa‘\"hﬁ frcm
| (0’0"_5 e Cl}j\
wm A AX IV S Core o{ a“ a.\u‘gnme.w’\s o'F

:x:l IQ_"I:

with Y- 45



We propase b dind, {BC\'JQD toofisn, oségmg_

A* 'ﬁr‘JYL 'j'lm'S Vn(?hf Seem Cfazg . HQUC’WLf (,d'fd'ﬁtuﬂl Ja}cl 717\.04,(2.,
are  foo maay paths fo coont to olo T pra rfim_,@@ 7 Tewa, bt
x{' %rns oul 'H/lai B Sa‘hsﬂies a S\‘mple, Fecursive e%ua O,

R&CQH ‘Hf\a‘t_ %CK,J\B i,S ‘Hﬂ& max(ma,Q Score o'{) a,“ Pc{l'\/\s
'@foW\ (0,03 +o Ct.,j) . Now all Pd"HIJ fr‘om (D,o) +o C'/JB
end. with one of the edﬁes n Hae ci(ajram

Co~t 3= . .
& C IJQ"’()

N l
SENH =d

X ) ® C .J . )
(!'IJJB vd

Whal is dhe moximum score from among all paths from (0,0)
b C,4) the end with the diagonal edoe feom
Gy o Cig) T Cleacly if s

BC(—\,?{'\X + S(Cf.‘,:]jﬁ
becw BC“' g‘j"x 1S tle wriaximum Seoce mﬁ AW pa‘H\S
Lo (o0 4o C«’—I,J,:\ and. S‘(sr:,gq‘} is o w&JU addod
4 ta Score (éf tHo Lnal annm»jC a(:) ’;‘a .

SIMJ./a/\Qa
B(ljg'l) -d is the maximum scere oF a({ Fc,of_{/hs) #Dm (O,o} fo (’/J>
‘_)3"\

thal end in 7ho edge ! Cf]j)
B(i",j) ~d s fwe maximem Score of alf pajd'\s from  (0,0) +o (Lj]
Hoat end in fre edge Ci-l,§) e—>e CU;))




EEEEEmm——— L e

(7

—r‘fteS‘E‘ -L-hree castel eth‘[’ O.QQ ’H\.D pnﬂfbt’l:'l’l'e's from Pal"k&

Leom (0,8 4o Cl',j)#' so we can draw Ywo conclusions:

Y B() = max{ BG4 S G y), Blig -d, BG-1g -A)§
( DPE)

Cii) The last edge on a quima\lj 5c°r.'r3 Pa-l-h [ g—
Co,8) +o (if) points from ths vectex thet gives
o migximum  in () ,(qu examplly lJ Bfi-|,j—l\J+S(DC.',,ﬂﬁ
s geeftn than fhe eftr hao deems, the edge

C.‘-t,:_'\-o\. will (e fhe fast ed}p ,g A max:m‘aﬂé

€ o

scoring path from @ 4o Gi3))
(DPE)
E%un‘h«m ATEY called. fhe d;ﬂdrﬂllﬂ pragrammu'y Pﬁuaﬁbq’\ﬁsr
B The bEcmi'g of i1 s that it can be solved 5!5151"'1 and.
(‘Eauwive;la starting fom verdex (0,0) omd moving  down and
r“i‘ﬁk‘\'wmal in e edit a/tap[q We. get a simple a\gori‘l‘km for
?!""dq'aj wmaximal Sscore global alignments

A) Solve —por' B at all verhces in the edit Srapk 1:3
using Hie dynamic pmaro.mm{nj E%ud'[’iom.

B) A+ each shp draw o traceback acrow  froe Ci,j) ta
He vertex flor uerh'c.cs) 3ivinj e wnaximom m the
dynamic progrmww;iﬁ eabw.i-\'“m

)  When A) and 8) om done , follow the frcwbacle
arrows  froa ‘-H«.'a fimsl vertex (nwm) 4o (0,0), When
read 11 a dorwand diveclion fhis Pm’h will hawe maximol stare



g

Befoce we  give an example we haw bo add one mere

Pw“\’ O\C o ol:fv/\a/m(c ‘orog/)cwvxw\inj e%ocﬁ\‘ov\J becaunso we

Aenived Hais onla ﬁor (,‘/J‘) with 1'>,IJ3‘7,O‘
What it =07 Thom fow is ody o edge b

Ci,0) , ncwwaﬁa

&’ T &
Ci-1,6) C"‘J?)
Thws |
B (i) = Blia-d, 17l ( DPE,)

Snw[mﬂﬂ

In C’U’bc\a caRad ’H\Q '?(v’a,u baclL S 7‘11,0 reyn e Gé /j”ru: Sll';g/@ eoﬁég Jrvfo
We wok a fwaQ Qxa.wp,@e be(ouﬁ)' Lﬁ'ﬂ) or (04)

B(so) = BGuo -, §7la ( DPE;)




i9

E’xﬁMﬂLE‘, 7% . ch/ ﬂm maxme scare a(.gnmen+ o')f
x = AAQCCDN ond 8: Acc Us}nj d=6

and  the substitulion malnix

A R N D C Q

A [ s -2 v 2oL
R 1 A W M B |
S- N 7 2+ 2 O
O § 1 O
C 13 -2
Q T

\A/Q Skw do Hm‘s Pro‘c\em b:j e\r\\?r.mj Jr\/\n Va,Qu.M 4<3
B(i,j) d{reoﬁ«j o Fae ed & g/mfok,

Lets stk by fiading  BCoe)  ALTET omd Blog), 1545
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