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Problém: Lokalne zarovndvanie (local alignment)

ggcccttggagttgactgtcctgetgetecttgagg
ccattctcagagagaggaagtggcctcattttaatc
cgcttcccacagecttgtcctttccagacccatggg
agagggaggggctgagggtgtggectgageccaccca
agtcacgcgtcactctgecaggtccctctcccccaag
gcecgtggecttgggageccgtggatcccagtgagtg
acgcctccaccccccgecctactcgggeagtttaac
ccttgttgttcacttgcagacatcgtgaacacggcec
cggcccgacgagaaggecataatgacctatgtgtec
agcttctaccatgccttttcaggagecgecagaaggta
ccgagcagggccaggcaggecctcctegecgecace
gcgcaatgecgecgetgectctegectecegtgete
acctcatttctcttgcagacggcagtggectetete
caactggaagccacccccagcetcect. ..

Vstup: dve sekvencie

Jana Cernikové (FMFI UK)

tgatgccgaggatgtgttcgtcgagecatccggacga
gaagtccatcacctacgtggtcacctactatcacta
ctttagcaaactcaagcaggagacggtgcagggecat
aagcgtatcggtaaggtggtcggecattgecatggag
aacgacaaaatggtccacgactacgagaacttcaca
agcgatctgctcaagtggatcgaaacgaccatccag
tcgetgggegagegggagttcgaaaactcgetggece
ggcgtccaagggecagttggeccagttctccaactac
cgcaccatcgagaagccgcccaagtttgtggaaaag
ggcaacctcgaggtgctccttttcaccctgeagtce
aagatgcgggccaacaaccagaagccctacacaccc
aaagagggcaagatgatttcggacatcaacaaggcc
tgggagecgtctggagaaggeccgagecacgaacgcegaa
ttggcecctgegegaggagetcatecg. ..
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Problém: Lokalne zarovndvanie (local alignment)

ggccecttggagttgactgtcctgetgeteccttgagg
ccattctcagagagaggaagtggcctcattttaatc
cgcttcccacagecttgtcctttccagacccatggg
agagggaggggctgagggtgtggetgageccaccca
agtcacgcgtcactctgcaggtccctctcccccaag
gccgtggecttgggageccgtggatcccagtgagtg
acgcctccaccccccgecctactegggeagtttaac
ccttgttgttcacttgcagacatcgtgaacacggcec
cggcccgacgagaaggceccataatgacctatgtgtcec
agcttctaccatgccttttcaggagecgecagaaggta
ccgagcagggccaggcaggecctcctegecgecace
gcgcaatgecgecgetgectctcgectcccgtgete
acctcatttctcttgcagacggecagtggectctcte
caactggaagccacccccagctccect. ..

tgatgccgaggatgtgttcgtcgagecatccggacga
gaagtccatcacctacgtggtcacctactatcacta
ctttagcaaactcaagcaggagacggtgcagggecat
aagcgtatcggtaaggtggtcggecattgecatggag
aacgacaaaatggtccacgactacgagaacttcaca
agcgatctgctcaagtggatcgaaacgaccatccag
tcgetgggegagegggagttcgaaaactcgetggee
ggcgtccaagggcagttggeccagttctccaactac
cgcaccatcgagaagccgcccaagtttgtggaaaag
ggcaacctcgaggtgctccttttcaccctgeagtce
aagatgcgggccaacaaccagaagccctacacacce
aaagagggcaagatgatttcggacatcaacaaggcc
tgggagcgtctggagaaggeccgagcacgaacgegaa
ttggccctgegegaggagetcatecg. ..

Vystup: podobné tdseky (zarovnania, alignments).

CCCGACGAGAAGGCCATAATGACCTATGTGTCCAGCTTCTACCATGCCTTT

CCGGACGAGAAGTCCAT---CACCTACGTGGTCACCTACTATCACTACTTT

Vloz pomltky (medzery, gaps) tak, aby rovnaké bazy boli pod sebou.
Dobré zarovnanie ma vela zarovnanych rovnakych bdz, malo medzier.
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Na ¢o st dobré zarovnania?

@ Orientacia v obrovskych databazach.
Genbank WGS ma vy%e 22 TB sekvencii.
Napr. z ktorého genému (a odkial) pochddza dand sekvencia?
o Prekryvy ¢&itani pri skladani genémov, mapovanie &itani
e Uréovanie funkcie (napr. proteinu).
Podobné sekvencie &asto maji rovnakdi/podobni funkciu.
o Stidium evollcie.
Hladdme homolégy: sekvencie, ktoré sa vyvinuli z tej istej sekvencie v
spolo¢nom predkovi.
V idedlnom pripade medzery zodpovedaju inzercidm a delécidam,
zarovnané bazy zachovanym bazam a substittciam.
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Zarovnavanie sekvencii ako optimalizaény problém

e Ciel: n3jdi pary homologickych sekvencif
(tych, &o pochddzaji z rovnakého spolo¢ného predka)
@ Modelovacia faza: vytvor skérovaciu schému, ktord
— skutoénym homologickym parom dava vysoké skére
— falo3ne pozitivnym parom dava nizke skére
o Optimalizaéna faza:
pre dané dve vstupné sekvencie, najdi zarovnanie s najlepsim skére
(Optimalizana faza je téma dne3nej prednasky.)
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Formulacia problému

Skdérovanie zarovnania: napr. zhoda +1, nezhoda -1, medzera -1.

GAGAAGGCCATAATGACCTATGTGTCCAGCT

FEEEEE T FEEEE e e 1l
GAGAAGTCCAT---CACCTACGTGGTCACCT

22 zhod, 6 nezhdd, 3 medzery — skére 13.
V praxi zloZitejSie skérovanie.

Problém 1: globalne zarovnanie (global alignment)
Vstup: sekvencie X = x1x2...xpa Y =y1yo... Vm.
Vystup: zarovnanie X a Y s najvyssim skére.

Problém 2: lokalne zarovnanie (local alignment)
Vstup: sekvencie X = x1x2...xpa Y =yiyo...Vm.
Vystup: zarovnania podretazcov x;...xj a yk ... ys s najvy$sim skore.
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Dynamické programovanie pre globdlne zarovnanie
(Needleman, Wunsch 1970)

Podproblém: A/, j]: najvy$3ie skére globdlneho zarovnania retazcov
X1X2...X;pa yiys...Yj.

Jeden z retazcov dizky 0: druhy retazec je zarovnany s medzerou.
Al0,j] = —J, Ali,0] = —i.

Vseobecny pripad, i >0, j > 0:
@ ak x; = yj st zarovnané A[i,j] = Ali —1,j — 1] +1
@ ak x; # yj st zarovnané A[i,j] = Ali —1,j —1] -1
@ ak x; je zarovnané s medzerou A[i,j] = Ali — 1,j] — 1

@ ak y; je zarovnané s medzerou Ali, ] = Ali,j —1] -1
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Dynamické programovanie pre globdlne zarovnanie

Podproblém: A[i, j]: najvysie skére globalneho zarovnania retazcov

X1X2...X;pa yiy2...Yj.

Vseobecny pripad, i >0, j > 0:
@ ak x; = yj st zarovnané A[i,j] = Ali —1,j — 1] +1
@ ak x; # yj st zarovnané A[i,j] = Ali —1,j —1] -1
@ ak x; je zarovnané s medzerou A[i,j] = Ali — 1,j] — 1
@ ak y; je zarovnané s medzerou Ali, ] = Ali,j —1] —1

Rekurencia:

Ali — 1,5 — 1] + s(xi, ),
A[I’J] = max A[I - 17./] - 17
/Q[i,j — 1] -1

kde s(x,y) =1lakx=y s(x,y)=-1lakx#y
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Priklad globalneho zarovnania

CATGTCGTA vs CAGTCCTAGA
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Ali — 1,j — 1] + s(xi, yj),

Ali, j] = max

A[I - 1a./] - 17

Alij—1]-1
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Priklad globalneho zarovnania
CATGTCGTA vs CAGTCCTAGA

Cc AG T CCT A G A
o -1 -2 -3 4 -5 6 -7 -8 -9 -10

c-1 1 0 -1 -2 -3 -4 -5 -6 -7 -8
A2 0 2 1 0 -1 -2 -3 4 5 -6
T 3 -1 1 1 2 1 0 -1 -2 -3 -4
G 4 -2 0 2 1 1 0 -1 -2 -1 -2
T 5 -3 -1 1 3 2 1 1 0 -1 -2
c 6 4 2 0 2 4 3 2 1 0 -1
G -7 5 -3 -1 1 3 3 2 1 2 1
T 8 6 -4 2 0 2 2 4 3 2 1
A9 -7 5 -3 -1 1 1 3 5 4 3

Ali = 1,j = 1] + s(xi, y;),
Ali,j] = maxq Ali —1,j] -1,
Alij—1]-1
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Ako ziskat zarovnanie?

CAGTOCCTAGA
051234567 -B-9+-10

C -1 1«<0<-1<-2 -3 -4<5<6<-7-8
1 NG

A 2 0 2«<1«<0<-1<2<3 -4<-5 -6
I NN

T 3 -1 1.1 2«<1<0_-1=-2<-3<-4
b TG 1N N\

G 4 2 0 2 1 1 0 -1 -2 4=-2
[ e AN

T f\? 1 1 ?<?<1 1<0<-1 -2

o] f f %\o % ?\é(?(ﬁ(?eq

G 7 -5 -3 -4 1 3 38 2 1 2«1
b AN NN AN

T ? f\f f ? %\F ?<?«2\j

A9 -7 5 3-11 1 3 5<4 8

CA-GTCCTAGA
CATGTCGT--A

Casova zlozitost celého algoritmu O(nm)
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Dynamické programovanie pre lokdlne zarovnanie
(Smith, Waterman 1981)

Podproblém: A[i, j]: najvy$sie skére lokdlneho zarovnania retazcov
X1X2...Xj a y1)y2...Yj, ktoré obsahuje bazy x; a y;, alebo je prazdne.

Jeden z retazcov dizky 0: prizdne zarovnanie
Al0,j] = A[i,0] = 0

Vseobecny pripad, i >0, j > 0:
@ ak x;j a yj st zarovnané A[i,j] = A[i — 1,j — 1] + s(xi, y;)
e ak x; je zarovnané s medzerou A/, j] = A[i —1,j] -1
@ ak yj je zarovnané s medzerou A[i,j] = Ali,j — 1] — 1

@ ak x; a y; nie st astou zarovnania s kladnym skére A[i,j] =0
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Dynamické programovanie pre lokdlne zarovnanie
(Smith, Waterman 1981)

Podproblém: A[i, j]: najvy$Sie skére lokdlneho zarovnania retazcov
X1X2...Xj a y1)2...Yj, ktoré obsahuje bazy x; a y;, alebo je prazdne.
Vseobecny pripad, i >0, j > 0:

@ ak x;j a yj st zarovnané A[i,j] = A[i — 1,j — 1] + s(x;, y;)

@ ak x; je zarovnané s medzerou A[i,j] = A[i —1,j] -1

@ ak y; je zarovnané s medzerou A[i, ] = Ali,j —1] -1

e ak x; a yj nie sd Castou zarovnania s kladnym skére A[/,j] = 0

Rekurencia:
0,
— Ali — 1,j = 1] + s(xi, yj),
A= My afi 1 -1,
Ali,j—1] -1
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Priklad lokalneho zarovnania

C AGTU CCTAGA
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ZloZitejSie skérovanie

Problémy +1, —1 skérovania:

@ Je skutolne jedna nezhoda alebo medzera a7 takd zla v porovnani s
jednou zhodou?
o Co urobime pre zarovnévanie proteinov?
(20 prvkové abeceda a2 200 parametrov)
Uloha skoérovacej schémy:
@ Chceme vediet rozli&it lepsie zarovnania od horsich zarovnani:
» Ktoré usporiadania pomlciek davaji va&si zmysel
@ Chceme vediet, & dané zarovnanie md biologicky vyznam:
» Ide o homoldgy, alebo st zarovnané len ndhodou?
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Povedali sme si:
@ Globalne a lokalne zarovania
@ Needlemanov-Wunschov a Smithov-Watermanov algoritmus

Pokracovanie prednasky
https://youtu.be/0GkhkRigbl4?feature=shared&t=2227

@ Skérovanie zarovnani pomocou porovnavania modelov
@ Proteinové BLOSUM matice

@ Afinne skdrovanie medzier
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Globalne zarovnanie

UvaZujme skérovanie zhoda +3, nezhoda -1, medzera -2
Retazce TAACGG a CACACT

Ali — 1,j = 1] + s(xi, yj),
A[’v./] = max A[I - 17./] - 27
Alij—1] -2

s(xi,yj) =3 ak x; = yj,
s(xi,yj) = —1 ak x; # y;

Ali,0] = —2i,
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Globdlne zarovnanie
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Globalne zrovnanie
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Lokalne zarovnanie

UvaZujme skérovanie zhoda +3, nezhoda -1, medzera -2
Retazce TAACGG a CACACT

0

C o Ali — 1,j = 1] + s(xi, yj),
AI=mea a1 -2
Aliyj—1] -2

s(xi,yj) =3 ak x; = yj,
s(xi,yj) = —1 ak x; # y;

Ali, 0] = 0,
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Lokalne zarovnanie
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Lokalne zarovnanie

0 1 2 3 4 5 ]

C A Cc A C T

0 0 0 0 0 0 0 0
1 T 0 0 0 0 0 0 3
2 Al 0 0 3 1 3 1 1
3 A 0 0 3 2 4 2 0
4 c 0 3 1 6 4 7 5
5 G 0 1 2 4 5 5 B
6 G 0 0 0 2 3 4 4

ACAC
A-AC
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Mitochondridlny geném &loveka vs. ryba Danio rerio

2000 G000 000 Bo0o 0000 2000 L4000 6000
A1 Homo_sapiens/Homo_sapiens,NIBI36,52, dna_rm,chromosome, MT, fgferse aligment
B: Danio_rerie/Danic_rerio.2FISH?.52.dna_rm.chromosome, MT, FaForvard aligment
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Mitochondridlny genédm ¢&loveka vs. Drosophila

melanogaster
\ -
SN _
\\ ¢
7 8
000
e
/! 1z
s
A: Homo_sapiens/Homo_sapiens,NGBI36,52.dna_rm.chr W, fgrerse
B: Dr la, -/Dr 1a BOGFS,, 4, 55 TARE AR ine
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Mitochondridlny gendm ¢loveka vs. to isté

o = = D)
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Drosophila mRNA Qaz zinc finger vs. genomicky usek
(¢ast chr2R)

1000
o0 B
3000
1000 2000 3000 4000 5000 5000 7000
A: pasted.1 A * Reverse aligment
B: pasted.2 * Forward alignnent
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Drosophila protein Escargot zinc finger vs. to isté

CG3758—RA
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Zhluk génov PRAME v ¢loveku vs. to isté
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