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Biomakromolekuly

; : Velké molekuly. Typické male Zakladni stavebni
Biomolekuly jsou : . ot :
o molekuly jsou tvoreny nekolika jednotky hmoty. Jsou
pfirozenou o rps o y .
v s irome atomy az nekolika sty atomu. tvoreny atomy, které
soucasti zivych or e s . . o
.l Makromolekuly tvofri tisice az navzajem spojuji
organismu. i o ]
miliony atomu. kovalentni vazby.
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Slozeni biomakromolekul

* Vznikaji spojovanim velkého mnozstvi nekolika malo
typu podjednotek
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Polysacharidy

Komplikovane sekvence — alignment se neprovadi

Polymer Protein Nukleova Polysacharid
kyselina

Pocet druhu 20 (22) 4 (DNA) desitky

zakladnich 4 (RNA)

stavebnich jednotek

Pocet typu 1 1 2 x 4 (pro hexosu)
vzajemnych vazeb



Struktura proteinu (NK)
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Alignment

Srovnani (prilozeni) dvou Ci vice sekvenci
(aminokyselinovych, nukleotidovych) na
zaklade jejich vzajemné podobnosti.




Vyznam alignmentu

|dentifikace sekvence v databazi
Hledani podobnych sekvenci v databazi
Detekce mutaci

Hledani konzervovanych casti sekvence
Odhalovani pfibuzenskych vztahu
Predpoved funkce makromolekuly
Predpoved vyssich struktur



Typy alignmentu

Pairwise alignment — dve sekvence

WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAM
WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAM

Multiple sequence alignment — vice sekvenci

WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAM
WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAM
WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAM
WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAM
WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAM
WLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAMWLAKALKYLMETAQASSISTELARHHPRAVDAKRKSEMKRKTAM



Pair-wise alignment

e Srovnani dvou sekvenci

* Sekvence mohou byt serazeny v cele své
délce (global alignment) nebo jen
v urcitém regionu (local alignment).

—==



Local alignment

Hleda useky dvou sekvenci, ktere si podle
zvolenych kritérii dobre odpovidaiji.
Nesnazi se zahrnout cele sekvence,
pokud si jejich nektere casti neodpovidaji.

—=s




Global alignment

Vychazi z predpokladu, ze obe srovnavaneé
sekvence jsou vicemene shodné v cele
své deélce. Alignment k sobe priklada cele
sekvence (od pocatku do konce) a to
vcetne casti, ktere si prilis neodpovidaji.




Algoritmy

 Témer vyhradne se uzivaji heuristicke
algoritmy — nalezeni vysledku
v dostatecne kratkém Case

* Vyvoj algoritmu je provadén v navaznostsi
na srovnavani vysledku s tzv. zlatym

standardem — alignment na zaklade
zname 3D struktur



Vstupni data

Sekvence AK (nt) v urCitém formatu — dnes desitky
formatu, mnohé obsahuji krom sekvence |
doplnujici data

BlizSi naptr.
http://emboss.sourceforge.net/docs/themes/SequenceFormats.html

« FASTA format

>nazev(_popis dle vlastni volby)
SEKVENCESEKVENCESEKVENCESEKVEN()
CESEKVENCESEKVENCEA

POVINNE VOLITELNE



Scoring matrix (skorovaci matice)

« Dvé sekvence povazujeme za pribuzné,
vychazeji-li ze spole€ného predka; pak dobu
potfebnou Kk jejich evoluci muzeme odvodit
Zz mnozstvi rozdild mezi nimi

- Zamena aa je Castéjsi nez inserce/delece. )
Pravdepodobnost zmeny jedne aminokyseliny na jinou je
primo umerna podobnosti obou aminokyselin.

« Matice vznika prifazenim hodnoty (pravdépodobnosti)
jednotlivym dvojicim aminokyselin v zavislosti na jejich
vzajemné ,zastupitelnosti® — pravdepodobnosti
substituce


http://javvi.webzdarma.cz/web TK/podpora- Sroubove spoje/matice.dwf

Typy matic

 PAM (Point Accepted Mutation) — zalozena na mutacich v ramci
globalniho alignmentu, tj. ve vysoce konzerovovanych i mutabilnich
oblastech. PAM 250 znamena, ze 250 mutaci na 100 AA muze nastat, PAM 10
akceptuje pouze 10 na 100, takze pouze velice podobné sekvence dosahnou na
pozitivni skore.

« BLOSUM (Blocks Substitution Matrix) — je odvozena z vysoce
konzervovanych oblasti neobsahujicich mezery - z téch pocita
relativni zastoupeni aa a pravdépodobnost jejich substituci — lepsi

pro lokalni alignment. Je vyuzivana v blastp, vhodna pro identifikaci neznamé
nukleotidové sekvence. BLOSUM matrices vysokymi Cisly je dobra pro porovnani
vysoce pribuznych sekvenci, zatimco nizké pro relativné vzdalené podobnosti

« GONNET - vytvorena 1992, postupnym opakovanim cyklu: pairwise
alignment — nova matice — novy pairwise alignment — nova matice...

* DNA identity matrix

V ramci jednoho typu existuje vice jednotlivych matic zalozenych na
stejnem principu, které se vsak lisi konkrétnimi hodnotami a tedy |
oblasti pouziti (vysoce pfibuzné nebo naopak velmi vzdalené
sekvence).



Matice PAM 250
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Matrice BLOSSUM vypada analogicky, liSi se hodnoty.



Matice PAM 250
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Matice BLOSUM 62
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GONNETova matice
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DNA matice

1
-10000 1
-10000 -10000 1
-10000 -10000 -10000 1

O 4>

A T G C

Jako pozitivni je uvazovana pouze shoda, jakakoliv
substituce je vysoce penalizovana; jsou vsak povoleny
mezery.



Mezery (Gaps)

Priciny vzniku mezer:

 Bodova mutace (velmi Casta pricina)

* Nepresny crossover pfi meioze (inzerce nebo delece
retézce bazi)

« DNA slippage behem replikace (vznika repetice —
opakujici se sekvence v retezci)

* Inzerce retroviru
« Translokace DNA mezi chromozomy
Mezery nachazime na zacatku retézce, uprostred nebo

na jeho konci.

CTGCGGG—--GGTAAT

T N
—-—GCGG-AGAGG-AA-

1 oy



Mezery umoznuji alignment sekvenci, kdy v jedné z nich
doslo k deleci. Zvysuji vSak také moznost alignmentu
nahodnych sekvenci. Jejich pritomnost je proto vzdy
,penalizovana“, Casto vice nez substituce.

LI A4V 4

alignment, ovSem z biologického hlediska muze jit o
nesmysl.

Jednotlivé programy obvykle penalizuji pritomnost
mezery (gap open) a také zvysuji penalizaci s délkou
mezery (gap ext).

Kratka mezera:
ATCTTCAGTGTTTCCCCTGTTTTGCCC-ATTTAGTTCGCTC

ererrrrrrrrrrerrrrr et e
ATCTTCAGTGTTTCCCCTGTTTTGCCCGATTTAGTTCGCTC

Dlouha mezera:
ATCTTCAGTGTTTCCCCTGTTTTGCCC-——————————————————— ATTTAGTTCGCTC

EErrr et EEREEERERNEE
ATCTTCAGTGTTTCCCCTGTTTTGCCCGCCCCCCCCCCCCCCCCCCCATTTAGTTCGCTC



Skore

Kazdé dvoijici sekvenci je ve vysledku prirazeno
Cislo — skore, které urcuje miru jejich podobnosti
[Range of Allgnmenti

ATTG TCAAAGA TIFG GETGATGC’A T
GGCAGA TGACAAGGGTATCG

Mismatch /’ll

S= Z(idantitiee, mismatches) - 2 (gap penalties)

score = Max(S)
Cim vy3Si je skore, tim vy3si je podobnost.
Podle pouzité matice muze byt skoére i zaporné.



Priklad VypOétU AABBCCDDEEF

AADDKKKEFGG

Ve chvili, kdy zafixujeme pozici dvou sekvenci, pak muzeme snadno vypocitat skére
pro dané prilozeni (pfiklad BLOSUM 62):

skore pro dané pfilozeni = skore na bazi jednotlivych aa + celkova penalizace

Napfriklad, celkové pozitivni skére na urovni jednotlivych aa

AABBCCDD--EZEF
AA----DDEKZEKZEKEZEFGS®G
444 +6+6 +1+5+6 = 32

Naopak, pro kazdou mezeru (-) je dana penalizace: prvni vyskyt zleva -10, kazda
nasledujici -1.

AABBCCDD--EZEF
AA----DDEKZEKZKEZEFGS®G
-10-1-1-1 -10-1 = =24

Celkové skdére 32-24=8



Multiple sequence alignment - MSA

(mnohonasobné pfrilozent)

Multiple alignment slouzi k:

* Nalezeni ,diagnostickeho vzoru® (diagnostic patterns) na
jehoz zaklade jsou charakterizovany proteinové
rodiny

 Odhaleni Ci dokazani homologie mezi novou sekvenci a
sekvencemi v databazich

* UrcCeni vzajemné pribuznosti sekvenci v ramci skupiny —
tvorba fylogenetickych stromui

* Predikci sekundarni a terciarni struktury novych
proteinu

« Navrzeni primeru (oligonukleotidi) pro PCR



Metody MSA

Dynamicke programovani (dynamic programming) —
rozsireni pairwise alignmentu - naroéné na pamét a &as, nevhodné
pro vice nez 3-4 sekvence (n=rozmeérny prostor)

Progresivni alignment (progressive sequence alignment)
— nejCastéji pouzivany k vytvoreni alignmentu; vyuziva
fylogenetické informace - hierarchicky, nejdFive identifikuje
nejpodobngjSi sekvence a nasledne inkorporuje ostatni

lterativni alignment (iterative sequence alignment) —
odstranuje problémy progresivniho alignmentu, ktery je zavisly na prvotnim

pfiloZeni nejpodobné&;jsich sekvenci pomoci Opakovani alignmentu pro
podskupiny sekvenci nasledujici po globalnim alignmentu

Hledani motivd — nalezeni ¢asti konzervovanych

sekvencnich motivd pomoci globalniho pfilozeni a nasledné
,hodnoceni“ técto useku nezavisle na celé sekvenci



Dynamické programovani

Simultanni alignment vsech sekvenci - analogicke
pairwise alignmentu

Programové baliky: MSA (Lipman et al., 1989) a DCA
(Stoye et al., 1997), zalozené na Carrilové a Lipmanoveé
algoritmu (1988)

Vyuziva skorovaci matice, ale vytvari
n-rozmérny prostor (n = pocCet sekvenci)

Extrémné naro€ny na vypocetni kapacity

| pfi zjednoduSeni nepouzitelné pro vice
nez cca 20 sekvenci




Progresivni multiple alignment

« Pouziva ho vétSina programu
* Vznik — 1987
Feng, D.-F. and Doolittle, R.F. (1987) J. Mol. Evol. 25, 351-360.

1) sestaveni pfibuzenského stromu (guide tree)
z neprilozenych sekvenci



Progresivni multiple alignment

* Pouziva ho vétSina programu

* Vznik — 1987
Feng, D.-F. and Doolittle, R.F. (1987) J. Mol. Evol. 25,

351-360.

1) sestaveni pribuzenskeho stromu (guide tree)
Z neprilozenych sekvenci

2) tvorba parovych alignmentu postupné podle pfibuznosti
(topologie guide tree)

* Dnes obsahuje Casto iterativni smycCku



Guide tree vs. phylogenetic tree

* Guide tree je vypocCitan na zakladée

matice vzdalenosti (distance matrix)
vytvoreneé podle skore pairwise
alignmentu. Vystupem je .dnd
soubor.

 Phylogenetic tree je vypocCten na
zaklade vytvoreneho MSA.
Vzdalenosti mezi sekvencemi jsou
vypocteny a ulozeny jako .ph
soubor. Nasledne je mozno je vyuzit
pro konstrukci fylogenetickeho
stromu (soubory .nj, .ph, .dst)
gorr)loci zvolené metody (nj, phylip,

Ist).

(

(
PAIIL:0.16435,

RSIIL:0.13654)
:0.03384,

(
CVIIL:0.16563,
BCLB:0.26800)
:0.02264,

(

(
BCLA:0.17899,

BCLD:0.26633)
0.18717,
BCLC:0.29707)
:0.03484);




DIST = percentage divergence (/100)
Length = number of sites used in comparison

1vs. 2 DIST
1vs. 3 DIST
1vs. 4 DIST
1vs. 5 DIST
1vs. 6 DIST

=0.6491; length= 114
=0.6842; length= 114
=0.9298; length= 114
=0.9035; length= 114
=0.9386; length= 114

1 = 5; length= 114
2vs. 3 DIST =0.3772; gth= 114

2vs. 4 DIS]
2vs. 5 DIST
2vs. 6 DIST
2vs. 7 DIST
3vs. 4 DIST
3vs. 5 DIST
3vs. 6 DIST
3vs. 7 DIST
4vs. 5 DIST
4vs. 6 DIST
4vs. 7 DIST
5vs. 6 DIST
S5vs. 7 DIST
6vs. 7 DIST

=0.9123; length= 114
=0.8947; length= 114
=0.9123; length= 114
=0.9386; length= 114
=0.9123; length= 114
=0.9386; length= 114
=0.9298; length= 114
=0.9474; length= 114
=0.9211; length= 114
=0.9035; length= 114
=0.9649; length= 114
=0.9561; length= 114
=0.9211; length= 114
=0.9649; length= 114

Neighbor-joining Method
Saitou, N. and Nei, M. (1987) The Neighbor-joining Method:
A New Method for Reconstructing Phylogenetic Trees.

Mol. Biol. Evol

., 4(4), 406-425

This is an UNROOTED tree
Numbers in parentheses are branch lengths

Cycle 1
Cycle 2
Cycle 3
Cycle 4
Cycle 5 (Last

SEQ: 2 ( 0.17807) joins SEQ:
SEQ: 1 ( 0.34101) joins Node:
SEQ: 5( 0.44298)joins SEQ:
SEQ: 4 ( 0.44518)joins SEQ:

cycle, trichotomy):

Node: 1 ( 0.12171) joins
Node: 4 ( 0.01864) joins
Node: 5 ( 0.02083)

Nj
soubor

3( 0.19912)
2 ( 0.13706)
7 ( 0.47807)
6 ( 0.45833)




(
(

(
PAIIL:0.16435,

RSIIL:0.13654)
0.03384,

(

(
BCLA:0.17899,

BCLD:0.26633)
0.18717,
BCLC:0.29707)
.0.03484)
0.02264,
CVIIL:0.16563,

BCLB:0.26800);

.ph soubor

BCLD



.dst soubor

14

PAIIL 0.000 0.649 0.684 0.930 0.904 0.939 0.982
RSIIL 0.649 0.000 0.377 0.912 0.895 0.912 0.939
CVIIL 0.684 0.377 0.000 0.912 0.939 0.930 0.947
BCLA 0.930 0.912 0.912 0.000 0.921 0.904 0.965
BCLB 0.904 0.895 0.939 0.921 0.000 0.956 0.921
BCLC 0.939 0.912 0.930 0.904 0.956 0.000 0.965
BCLD 0.982 0.939 0.947 0.965 0.921 0.965 0.000



Phylogram a cladogram

 Phylogram (phylogeny tree) — je rozvetveny
diagram (strom), ktery naznacuje fylogenezi
(postupny vyvoj). Délka jednotlivych vetvi je
umérna velikosti zmeény v prubéhu evoluce.

 Cladogram — rovnez strom, v nemz vsak
vsechny vetve maji stejnou delku. Ukazuje tak
sice ,spolecné predky” pro jednotlivé sekvence,
ale ne mnozstvi zmen, jez od té doby prodelaly
(evolucni dobu).



Phylogram a cladogram

|||||||||||||||||||| FAlIL

Phylogram

BCLD

.................... PAIIL
R5IIL
CwiIL

Cladogram

BCLBE

BCLA

BCLD

BCLE



Phylogram

Phylogenetic Tree of Life
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http://upload.wikimedia.org/wikipedia/commons/d/de/Tree_of_life_by_Haeckel.jpg

lterativni pristup

(Gotoh, 1996; Notredame & Higgins, 1996)

Vznikly strom | alignment jsou nasledne
optimalizovany do konvergence. Jinak jsou
chyby vznikle pri prvnim alignmentu (tvorba
stromu) zachovany i ve vysledku.

Nezarucuje nalezeni nejlepsiho vysledku, ale —
na rozdil od deterministickych alternativ — je
dostatecne robustni a dobre pouzitelny i pro
velky pocCet sekvenci.



Kombinace local a global alignment

« S vyhodou Ize kombinovat lokalni a globalni
alignment.

« Lokalni alignment muze byt reprezentovan
sadou kotvicich bodu v misté dobré shody

* Nasledny globalni alignment pak tyto
odpovidajici useky sekvenci zahrnuje (vyuzito
napr. v ClustalW2)



Vystup

Vystupem je sada sekvenci (pripadné s viozenymi
mezerami)

Ruzné formaty, nejCastéji pouzivan .aln soubor, ale
tez .fasta, a;.

Mnoho programu slouzicich pro zobrazeni a/nebo
editaci

— Bioedit

— JalView

— CINEMA 2.1...
— JavaShade



Vystup - .aln soubor
I

CLUSTAL 2.0.10 multiple sequence alignment

= e
RSITL,. = —mmmmmm e
CVIIL = mmm e
BCLB —-——-LVEKLPQYDVFVDIATIPYSFDVGSWONKVKTDAAGEVVACTVITWAGAPGVLPGAAA
BCLC ATATNQGVVADGCFTYSSKVPESTGRMPEFTLVATIDVGSGVTEVKGOWKSVRGSAMHIDS
BCLA = mmmmm e
BCLD LRETALALRAEVSVLFIRFALKDAGIVAPIELEVRDAATAVPDADDLLHPSCRPLKDHYW
PATIL. mmmm e e ATQGVET
RSITL. = —mmmm e AQQGVET
CVIIL = e m e AQQGVET
BCLB KFGVGAVVN-—-—————————————— YESKATPQPVQPAPVP-——————— TGGGERDGIFET
BCLC YASLSAIWG-—-—————————————— TAAPSSQGSGNQGAETGGTGAGNIGGGGERDGTEN
Bcra 0 e ADSQT---—————— SSNRAGEF'S
BCLD RSDVLAAGATTCTADFAVCDRDGTVSGYFRWETSIEIAGSQPDTKQPGFKPSSDRNGNE'S

* K
PATIL LPANTREFGVTAFANSSGTQTVNVLVNNETA--ATEFSGOSTNNAVIGTQVLNSGSSGKVQV
RSITL LPANTSEFGVTAFANAANTQTIQVLVDNVVK--ATFTGSGTSDKLLGSQVLNSGS-GAIKI
CVIIL LPARINFGVTVLVNSAATQHVEIFVDNEPR--AAFSGVGTGDNNLGTKVINSGS-GNVRV
BCLB LPPNIAFGVTALVNSSAPQTIEVEVDDNPKPAATFQGAGTQDANLNTQIVNSGK-GKVRV
BCLC LPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKGAGAQDONLGTKVLDSGN-GRVRV
BCLA IPPNTDFRATFFANAAEQQHIKLEFIGDSQEPAAYHKLTTRDGPRE--ATLNSGN-GKIRF
BCLD LPPNTAFKAIFYANAADROQDLKLEFIDDAPEPAATEFVGNSEDGVRL--FTLNSKG-GKIRI
. k% * o e . * . . . . * o o %k *




5 BioEdit Sequence Alignment Editor,

File Edit Sequence Alignment View Accessory Application  RMNA  World Wide Web  Options  ‘Window  Help
= b

\’ D:\Skola\¥yuka\M5A - data\BCL lectins seq.aln
(= |Eour|ar Mew j ‘11 j B 8 tatal zequences

Mode: - Selection: 0 Sequence Mask: Hane Start

ouz: | Select £ Slide Position: MNumbering Mask: Mone e at|!
T35 otleaTaT Tree Scroll Lol —1

€10 I3D Gon-+ =EREEE TIPS e st E Gl 7 o dow gy o fast
J"""”'|""|""|"""""""'""|""|""|”"‘""'""""""”""""" (AR RN RN LN RN E AL R NERE RN LRI
| 10 z0 30 40 50 &0 70 a0 90 100 110 1z0

————————— SOPFTHDDLYALLO--LAGHNDATAVOANGD QAVLDRMROFMTAD-—----—---LVEKLPQYDVFVDIATIPY 3FDVGAWONEVETDAAGEVVACTVTIWAZAP GVLE CAAARF GVEAT
—ELLEASTVSARVVTSETYVDIFGLY LDVARAGTRDGELOVIDNYETEY AT GHHFESTIYFATATHOSWYADGCFTY S8 KVEPESTSRMEFTLVATTIDVEGSGVTFVRGOWESVRGSAMHTID SYAST AT

® lalview 2.3
File Tools Help ‘Window

D:\Skola\Vyuka\MSA - data\BCL lectins seq.aln
Edit

File Select  Wiew Format  Colour  Calculate  Web Service

140 200 2'1D 220 230
FANL -114 LFARFBUAFA SEBTUNULUNNE.)\- . FSBQSNNAUIGQVL BSSBUU G A
REMLM-113  QRL PALRES F & WVERAF ALl ABN TERR T QML VBN VMK - - FTBSBS KLLGHEOMWL G5 - G A "u'"'u" -
CWIL1-713 QELPAR I NFEW IV LW SAATRIHWEI FWBMNEPR - - AAF SGWGEINGEN NL G | G5 - G NN SRALG
CLBA-243 LFPMIAFBUALV SEAF‘IEUFU NP KPABSRE QG AGENC ENA ML NERG W G K- GV EN WY ERALNE
CLGM-271 NLPPH I KFGWVIEAL HAHNDIDI.I DP KPP AALF KB AGAQBONLGIIKMNL G N - GV | W MATG
CLAM-128 IF'PDFRAIFFA AAMEQMHITIKLE IGREQEPAAYHKLTTRDGRRE - ﬁ«L G M- GRS 'lul' WG
CLO -288 LFFAFKAIF..H. AADREDLELE | APEPAANFVENSEDGEVRL - - FL K& - G TS .F|. ALG

T o Conservation
TEE3 4EGETGEGEEE44 40507050353 - - 6573747345245 - -36 S4- 40774768
Snimek 34 2 64 Wichozi navrh
cuery | [ I o 0 e el il D0
Consensus

TLPPNTAFGWTA+ANAA+TOTI+VFVDDEPKPAATF+GAGT+DANLGTQWLNSGE - GHKWVRWVOWVEANG

< | >
Sequence position 247 54604238
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Programove baliky ,

LE
A“!ﬂ i

ma]\ﬂ’ CTS
I-ANTS ] IﬂSﬁGEﬂNS
L

» EXxistuji programy pro pairwise alignment i
pro MSA

* Vyuzivaji lokalni nebo globalni alignment
nebo prip. kombinaci obou

* Neexistuje univerzalni ,nejlepsi® program
— zalezi na konkretnim pouziti



Pairwise alignment ,programy”

Oblasti pouziti:
* Prime porovnani dvou sekvenci

* Vyhledavani podobnych sekvenci
v databazich



:Emn@SS Needle & Water

* vytvoreny 1970
Needleman S.B. and Wunsch C.D. (1970) A general method applicable to the search

for similarities in the amino acid sequence of two proteins. Journal of Molecular
Biology 48: 443-453.

* vyuzivaji dynamické programovani
e umoznuji vilozeni mezer

Needle — globalni pairwise alignment,
Needleman-Wunsch algoritmus

Water — lokalni pairwise alignment,
Smith-Waterman algoritmus


http://emboss.sourceforge.net/index.html

Globalni alignment - Needle

A 1 MPTEFLYTSKIAAISWAATGGROQORVYFODLNGKIREAQRGGDNPWTGGS 50
B l] - ————————————— 0
A 51 SONVIGEAKLFSPLAAVTWKSAQGIQIRVYCVNKDNILSEFVYDGSKWIT 100
B ] - ———— e 0
A 101 GQLGSVGVKVGSNSKLAALQWGGSESAPPNIRVYYQKSNGSGSSIHEYVW 150
B ] - ———— e 0
A 151 SGKWTAGASFGSTVPGTGIGATAIGPGRLRIYYQATDNKIREHCWDSNSW 200
A I N - 3 IS I IRV N I O I I
B 1 -—-MOQTAAISWGTT-PS———————————— IRV=-YTANGNKITERCYDGSNW 34
A 201 YVGGFSASASAGVSIAATISW—--GSTPNIRVYWOQKGREELYEAAYGGSWNT 248
P B S N e[ ]
B 35 YTGAFN---QAGDNVSATCWLSGSAVHIRVY-—-———"—""""——-—————— 02
A 249 PGQIKDASRPTPSLPDTFIAANSSGNIDISVEFFQASGVSLOOWOWISGKG 298
R N O o I e B
B 63 ————— ATSGGSTTEWCW-DGDG 78
A 299 WSIGAVVPTGTPAGW 313
.. .
B 79 WIRGAY--TGL---- 87



Lokalni alignment - Water

155 TAGASFGSTVPGTGIGATAIGPGRLRIYYQATDNKIREHCWDSNSWYVGG 204
I I P - R O T 1 O - B I I I
3 TAAISWGTT-—-—————————— PS—-IRV-YTANGNKITERCYDGSNWYTGA 38
205 FSASASAGVSIAAISW--GSTPNIRVYWQKGREELYEAAYGGSWNTPGQI 252
| < N oo ]
39 FN---QAGDNVSATCWLSGSAVHIRVY—————————— e ——— 62
253 KDASRPTPSLPDTFIAANSSGNIDISVEFFQASGVSLOQWOWISGKGWSIG 302
R I e e I
F3 ——m ATSGGSTTEWCW-DGDGWTRG 82
303 A 303

83

A 83



101

151

201
94

208
101

245

——————————————————————————————— ADSQTSSN-——-—-————-

el
TEVKGOWKSVRGSAMHIDSYASLSAIWGTAAPSSQGSGNQGAETGGTGAG

——————— RAGEFSIPPNTDFRAIFFANAAEQQHIKLFIGDSQEPAAYHK—

BRI R, AR R R R Ny
NIGGGGERDGTFNLPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKG

——————— LTTRDGPREATLNSGNGKIRFEVSVNGKPSATDARLAPINGKK

[.]: S I I O - O I I I R I B
AGAQDONLGTK-—-——-—-- VLDSGNGRVRVIVMANGRPSRLGSRQVDI-FKK

SDGSPEFTVNFGIVVSEDGHDSDYNDGIVVLOWPIG 128

| SRR RN
S—————-- YFGIIGSEDGADDDYNDGIVFLNWPLG 271

RAGEFSIPPNTDFRAIFFANAAEQQHIKLFIGDSQEPAAYHK ————————

BRI R, AR R R RN R Ny
RDGTFNLPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKGAGAQDON

LTTRDGPREATLNSGNGKIRFEVSVNGKPSATDARLAPINGKKSDGSPFET
| . IR R R R

LGTK------ VLDSGNGRVRVIVMANGRPSRLGSRQOVDI~FKKS-—--—-

VNFGIVVSEDGHDSDYNDGIVVLQWPIG 128
SRR N e s

~YFGIIGSEDGADDDYNDGIVFLNWPLG 271

Lokalne podobné sekvence

150
50
200
93
243

50
207
100

244



Globalné podobné sekvence

Needle
PA-TIIL 1

RS-IIL 1
PA-TIL 51

RS-ITL 51
PA-ITIL 101

RS-IIL 100

Water
PA-TIL 1

RS-IIL 1
PA-TIL 51

RS-ITIL 51
PA-TIL 101

RS-ITIL 100

ATQGVETLPANTREGVTAFANSSGTQTVNVLVNNETAATFSGQSTNNAVI
N T A - I P O 1 - EPRPRS I I B A B
AQQGVFTLPANTSFGVTAFANAANTQTIQVLVDNVVKATFTGSGTSDKLL

GTQVLNSGSSGKVQVQVSVNGRPSDLVSAQVILTNELNFALVGSEDGTDN
AN A N AR AR R R
GSQVLNSG-SGAIKIQVSVNGKPSDLVSNQTILANKLNFAMVGSEDGTDN
DYNDAVVVINWPLG 114

AR

DYNDGIAVLNWPLG 113

ATQGVFTLPANTRFGVTAFANSSGTQTVNVLVNNETAATFSGQSTNNAVI
O T T 1 2 O RSO 6 I e R B B SR P I
AQQGVFTLPANTSFGVTAFANAANTQTIQVLVDNVVKATFTGSGTSDKLL
GTQVLNSGSSGKVQVQVSVNGRPSDLVSAQVILTNELNFALVGSEDGTDN
AN A N AR AR R R
GSQVLNSG-SGAIKIQVSVNGKPSDLVSNQTILANKLNFAMVGSEDGTDN
DYNDAVVVINWPLG 114

NN EARREE
DYNDGIAVLNWPLG 113

50

50
100

99

50

50
100

99



BLAST algoritmus

BLAST (Basic Local

Alignment Search Tool)

Heuristicky algoritmus

jehoz zakladem je
hledani slov
(nékolikapismennych
sekvenci),

s dostateCnou
podobnosti (poskytuji
dostateCné vysokeé
skore v substitucni
matici)

The BLAST Search Algorithm

query word (W= 3)

PQG
FEG
PRG

neighborhood PRG

— HG
words PDG
FHG
PG
FSG
POL
PON
afe.

- —

18
15
14
14
13
13
13
13
13
1z
1z

Query: GSVEDTTGSOSLAALLNKCKTPOGORLVNGHIKOPLMDENRIEERLNLVE AFVEDAELROTLOEDL

neighborhood
score threshold
(T=13)

.

Query: 325 SLAALLNECKETPQGORLVNOUIFKOQOPLMDENRIEERINLVEA 365
+LA++L+ TP G B+ +lW+ P+ D + ER + A
Shjce: 250 TLASVLDCTVTPMGSRMLERWLHMPVED TEVLLERQOTIGA 330

High-scoring Segment Pair (HSP)



Tvorba k-pismennych slov ze vstupni

sekve nce Query sequence: PQGEFG
pro proteiny typicky 3-pismennych (v pfipadée ==
DNA 11-pismennych)

Word 1: PQG
Porovnani slov na zakladé substituéni
matice Word 2: QGE
algoritmus BLAST hleda na zakladée
vlozeného skore slova, ktera jsou podobna Word 3: GEF
kazdému slovu v zadané sekvenci.
Vyhovujici slova jsou nasledné usporadana. Word 4: EFG

Prohledani databazovych sekvenci
Je hledana shoda s nalezenymi vysoce
podobnymi slovy.

Quervsequence:E P P Q G L F

R9Z§ﬁfeni SIOV na Segmer’lty .. Database sequence:D P P E G V V
Presne shody slov s databazovymi L, |
sekvencemi jsou rozSifovany obéma sméry. Exact match is scanned
To pokracCuje dokud skore pro tuto dvoijici Score-2 7 72 6 1 -1
sekvenci je dostateCne vysoke. i
HSP
Novéjsi verze BLASTu (BLAST2) ma mj. nize g acommbied oo S TETARSEL S

nastavenu hladinu pro hledani podobnych slov, coz
rozSifuje moznost nalezeni vzdalengjSich

homologu.


http://en.wikipedia.org/wiki/File:Extension_process.jpg
http://en.wikipedia.org/wiki/File:Query_word.jpg

FASTA algoritmus

Na rozdil od algoritmu BLAST jsou zde
tolerovany mezery. aacggecttacdg

Proces:
Obé porovnavané sekvence tvori
horizontalni a vertikalni osu grafu.

Nasledné jsou jednotliva slova z jedné
sekvence porovnavana se slovy sekvence
druhé. Odpovidajici pary pak vytvori sadu
bodu. Body na uhlopficce signalizuji
vyznamnou shodu (Ci podobnost). Cilem je
nalezeni nejdelsiho shodného useku (Useku
s nejvysSim skore).

g g c L L L cgdg

V dalsich krocich jsou zahrnuty konzervativni Priklad porovnani
zmeny pro nejlepsi useky z prvniho sekvenci
prohledani. Program pak vyhledava moznost GGCTTTCGG
spojeni vice takovych Usekd (miZe mezi nimi a
byt mezera, &i jsou na raznych diagonalach) AACGGCTTACG
a tyto spojené useky jsou posouzeny
z hlediska zadanych kriterii.



MSA ,programy”

Za poslednich 15 let vzniklo pres 50 MSA
prOg ramOV)'/Ch bal iklOJ (Wallace, I. M., O'Sullivan, O., Higgins, D. G. and

Notredame, C. (2006). M-Coffee: combining multiple sequence alignment methods with T-Coffee.
Nucleic Acids Res. 34, 1692-1699.)

Clustal W (Thompson et al., 1994)
Clustal X (Thompson et al., 1997)
Dialign2 (Morgenstern, 1999)
T-Coffee (Notredame et al., 2000)
MAFFT (Katoh et al., 2002)
MUSCLE (Edgar, 2004)

Kalign (Lassmann, 2005)



C I U Sta I http://www.ebi.ac.uk/clustalw/

* V soucasné dobé nejuzivanéjsi program

* Prvni verze 1988
Higgins,D.G. and Sharp,P.M. (1988) CLUSTAL: a package for performing multiple sequence
alignment on a microcomputer. Gene, 73, 237-244.

 Dnes pouzivané verze:
Clustal W (Thompson et al., 1994)
Clustal X (Jeanmougin et al., 1998)

* Vyuziva progresivni alignment

ClustalW: Jednotlivym sekvencim prirazuje vahy (weight —
W) podle Cetnosti zastoupeni (Cim vice jsou si sekvence
podobne tim nizsi maji vahu a naopak) a penalizuje
pritomnost mezer v zavislosti na jejich pozici (position-
specific gap penalties)



ClustalW?2 — postup

Provedeni pairwise alignmentl pro kazdou dvojici
sekvenci a urceni jejich podobnosti — v zavislosti na
mnozstvi neodpovidajicich residui a mezer

Sestaveni pribuzenského stromu (similarity tree)

Kombinace alignmentu (viz. 1.) v poradi dle
pribuznosti — od nejvice podobnych k nejméne
pribuznym (viz. 2.). Jednou vlozené mezery jsou
zachovany.



Clustal W/Clustal ¥ %

Pod alignmentem je uvaden tzv. consel
dohodnuté symboly vyjadrujici ,konzervovanost”

kazdeho sloupce:

* - Iidentickeé residuum ve vSech sekvencich
- silné konzervovany sloupec
- slabe konzervovany sloupec

IPPNTDFRAIFFANAAEQOQHIKLEFIGDSQEPAAYHKLTTRDGERE--ATLNSGNGKIRFE
LPPNTAFKATIFYANAADRODLKLEFIDDAPEPAATEVGNSEDGVRL--FTLNSKGGKIRIE
LPPNIAFGVTALVNSSAPQTIEVEVDDNPKPAATEQGAGTQDANLNTQIVNSGKGKVRVV
LPPHIKFGVTALTHAANDQTI DIYIDDDPKPAATFKGAGAQDCN L,GTKVLDSGNGRVRVI

** * e e o * L] e e o * *** ..* *. .*


http://science.csumb.edu/~hkibak/310/clustal/clustalx.exe

MUSCLE

(MUIltiple Sequence Comparison by Log-Expectation)
http://www.drive5.com/muscle

RychlejSi urCeni ,vzdalenosti“ dvou sekvenci
Tzv. log-expectation skorovaci funkce
Refinement metodou restricted partitioning

Vhodny i pro velky pocCet sekvenci (5000 seq po 350 bp za
7/ min na PC — rok 2004)

Postup:

1. Sestaveni matice pro kazdou dvojici sekvenci, urceni jejich
,<wzdalenosti“ a sestaveni matice vzdalenosti (distance matrix)

2. E\la zé;dadé distance matrix je sestaven prvni pribuzensky strom
tree

3. Skladani sekvenci v poradi dle tree1 od vétvi ke kmenu —
v kazdém rozvétveni je vytvoren profil, ktery pfri dalSim porovnavani
nahrazuje puvodni sekvence — vysledkem je prvni MSA


http://www.healthline.com/blogs/exercise_fitness/uploaded_images/Muscle-774348.jpg

Algoritmus MUSCLE (podobne PRRP a MAFFT)

Prepocitani vzdalenosti
sekvenci na zakladé vzniklého

, . 1.1 k-mer 1.2 1.3 progressive
MSA1 — tvorba druhé distance ~ ___ couning (111 |urems sigoment
matrix (D2) o H1H ) =——= MSA
Na zaklade D2 sestaven sequences  k-merdstamce  TREE] 2.1 compute
vylepseny pribuzensky strom 7eids from MSAT
(tre 62 ) —— . ,& Kimura distance
. , ] . e [T matrix D2
Progresivni alignment (viz bod wony | 2oprogressive 220PGMA
3) na zaklade tree2 — vytvoreni TREE2 ot
druhého MSA 1L s == =—  delete
] . i — 33 re;a.'a’gn MSA —— ‘:r"ela'.
Refinement — rozdéleni )Af 3.2 compute  profies o a7 save
e . v o / \g\ subtree profiles MSA3

vzniklého stromu na dve casti a /
VytVOr:' eBI Il\(/ISdA pro klaédQU eu‘gs.rjui?f?r;EE.?. repeat
z nich. Pokud je vysledny giving 2 sublrees
allgnment IepSI; Je ZaChovan Figure 2. This diagram summarizes the flow of the MUSCLE algorithm.
Toto se OpaKUJe do '{I:here arde three |.11ai]n hjuziesi: S:,mft‘yl fdru]ﬂ ipr[]gge.ﬁs;]jw]]._ Stage .'.'-_'

v £ r x 7 improved progressive) and Stage 3 (refinement). A multiple alignment is
konvvergenced (Zﬁ?navanSI available at the completion of each stage, at which point the algorithm may
Zmena nevede epsimu terminate.

vysledku) nebo do urCeného
poctu kroku



Dalsi skorovaci schemata (scoring
schemes) pro pairwise alignment

Algoritmy zalozené na matici (matrix-based algorithms) —
napr. ClustalWW, MUSCLE; pomoci substitucni matice je
prislusné dvojici (AK) prirazena hodnota. Rozhoduje
pouze identita techto dvou AK, pripadne jejich nejblizsi
okoli (viz. napr. BLAST)

Schémata zalozena na konzistenci (consistency-based
schemes) — poprve v T-Coffee, dale v PCMA, ProbCons,
MUMMALS, MAFFT, a;. Vycha2| Z nejlepsmh moznych
alignmentu kazdé dvonce sekvenci. Vyuziva casto i data
z ruznych zdroju (napf. strukturni informace). Cilem je
dosahnout maximalni konzistence (vnitfni shody).

LD a4



T-Coffee

http://www.tcoffee.org g

(Tree-based Consistency Objective Function for alignment Evaluation)

 Pomalejsi ale vyraznée presnejsi nez ClustalW

« Je schopen kombinovat data z vice predchozich
alignmentu, které mohly byt vytvofeny riznymi
postupy (lokalni, globalni, strukturni
podobnost,...)

Hlavnim rozdilem oproti tradiChim metodam
progresivniho alignmentu je pouziti poziche
specifickeho skorovaciho schématu (extended
library) namisto substitucni matice.


http://darbythorpe.homestead.com/WomanMarine.html

A ety
C

T-Coffee ===  ——

B

[ | gp—

() m—

Provedeni pairwise alignmentu Clustaty Prinary Ly ‘ Lalign Prifary Libeary (Lol
pro vSechny dvojice sekvenci S LPuiuie Algmend
pomoci globalniho a pomoci
lokalniho alignmentu (dvé wei:ﬁ,. !
primarni knihovny). " ignal Addiion
Jednotlivym pairwise |
alignmentum je prirazena vaha (pmmm memr)
podle pomeru poctu identickych y
ﬁg::gﬂ: k celkovému poctu TENSION

. . |
Kombinace obou knihoven. (mmnm lew]
Pokud je rozdil v globalnim a ‘

lokalnim alignmentu, jsou ]
zachovany oba s prislusnou PROGRESSIVE ALIGNMENT |
vahou. Vznika pozicne '
specificka matice (extended

v
library), ktera je dale pouZita [ . — ]

pro vlastni progresivni
alignment.




Zlepseni presnosti —
strukturni informace

« Sekvence s vySSi homologii (>40%) — vysoka
presnost alignmentu

 Bez homologie — nepouzitelné

« Tzv. twilight zone — malo podobné sekvence
(nizsi nez 20% homologie) = Spatna (mené nez
30%) presnost alignmentu

Reseni: nejCast&ji vyuziti znalosti strukturni
podobnosti (2D nebo 3D), ktera se behem
evoluce zachovava vice nez sekvence AK.



A\ A "4 r

RozsSireni
konzistentniho
modelu

Template-based alignment
metody — vyuziti
znamych homolognich
proteinu (srovnani dle
jejich struktury nebo
tvorba profilu
homolognich sekvenci)

Viyhoda: vyssi presnost

Sequences

.

Templates

Structure- based alignment

——
— Template-based alignmeant
— of the sequences

Primary Library

Template to sequence alignment



EXpresso

 Je zalozeno na T-Coffee

Expresso: MSA server, ktery srovnava sekvence
za uziti strukturni informace. Po zadani sekvenci
vyhleda v databazi struktur (PDB) pomoci
BLASTu homology a pouzije je jako templaty pro
nasledny alignment zadanych sekvenci pomoci

metod MSA zalozenych na strukture (napr. SAP,
Fugue).



4 4 4 <«

Zopakovani / shrnuti

Alighment — prilozeni sekvenci (2 nebo vice)
na zaklade podobnosti

Vyuziti pro hledani pribuznosti sekvenci,
tvorba profilu proteinovych rodin, aj.

Rada programi vyuzivajicich rozdilné pfistupy
— pouziti zavisi na vstupnich datech a ucelu
NejCasteji pouzivany (ClustalW)
neznamena nejpresnejsi — kazdy
program je kompromisem mezi
presnosti a rychlosti

Kazdy alignment potrebuje
lidskou kontrolu !!!



http://www.jelder.com/blog/uploaded_images/SmashTheComputer-794650.jpg




Benchmark (srovnavaci testy)

BAIIBASE - Prvni vytvorena sada
benchmarkovych testu pro multiple alignment
programy (Thompson et al., 1999) — byla
vytvorena pomoci manualnée provedeneho
alignmentu

Na zaklade srovnani 3D struktur byly vytvoreny
dalsi sety:
HOMSTRAD [Mizuguchi et al., 1998].
OxBench [Raghava et al., 2003]
PREFAB [Edgar, 2004]



Benchmark (srovnavaci testy)

Existuji | specificky zameéereneé
benchmarkoveé sety, napr.

IRMBASE [Subramanian et al, 2005] —
nahodné (neprilozitelné) sekvence
s vlozenymi motivy. Slouzi k testovani
metod pro lokalni alignment



BAIIBASE [Thompson ef al., 1999] contains eight reference sets, each dealing with a different type of alignment problem. Refl deals with test cases containing small numbers
of equidistant sequences, and is further subdivided by percent identity. RefZ alignments contain "orphan”, or unrelated, sequences. Refl test cases contain a pair of divergent
subfamilies, with less than 25% identity between the two groups. Refd is concernad with long terminal extensions, while Ref5 test cases contain large internal insertions and
deletions. Test sets from References 6-8 deal with problems like transmembrane regions, inverted domains, and repeat sequences. In previous versions of BAIBASE, test
cases were confined to homologous regions. In practice, the houndaries of such regions may be unknown. The current version [Thompson ef al,, 2005] now also provides
duplicate test cases containing full-length sequences. Only the first five reference sets are used here, as they have been corrected and verfied in the |atest release.

OxBench [Raghava et al., 2003] comprises 3 related datasets. Test cases in the MASTER set deal with isolated domains derived exclusively from sequences of known
structure. The FULL set was generated from suitable MASTER test cases, using full-length sequence data. High scoring homologous sequences were added to each MASTER
test case to generate the EXTENDED set. The resulis from this third set, however, are not used here. It was found that some of the test cases in the EXTENDED s2t proved foo
large for some programs, and aboried due o excessive memory requirements. Of the 278 test cases selected from EXTENDED, T-COFFEE retumned 235 alignments, and Align-
m was only ahle to align 107, using a single processor with 4GB of RAM.

PREFAB [Edagar, 2004] test cases are generataed by taking a pairwise alignment of sequences of known 3D structure, and adding up to 24 high scoring homologues for each
sequence. Accuracy is assessed on the structural alignment of the original pair alone.

SABmark [Van Walle et al., 2008] is divided info two subsets. Each test group in the SUPERFAMILY set represents a SCOP superfamily, whose sequences are 25-50%
identical. Each test group in the TWILIGHT set represents a common SCOF fold and sequences are 0-25% identical. In addition, these two subsets are also provided with non-
homologous (false positive) sequences included within each group. Instead of 2 single alignment acting as a reference, SABmark provides multiple pairwise references for each
test, and it is the average score from each of these references that is taken here as a score for each fest case.

IRMBASE [Subramanian et al., 2005] test cases contain a number of simulated motifs [Stoye ef al, 19%8] inserted into otherwise random {unalignable) sequences, and as such
is entirely different to the other benchmarks used in this study. Test cases are designed 1o examine whether a method can detect isolated maotifs within sequences, and so are
tailored to a local alignment approach.

HOMSTRAD [Mizuguchi ef al., 1998] is a database exclusively based on protein structures denved from the PDE, arranged into homologous protein families. It was not
specifically designed as a benchmark database, although it is regularly employed as such.



BaliBASE — ukazka alignmentu

40 420
P22736/1-598 RF VEEVVRTE- - - - - - SLKBRGEEGIGEINAR- - - - - - -
QITUTY1-592 F \ CQLNEHG
P41829/1-619 MVEE | VRHG- - - - - -SLSBR. -----.-
Q61JK3/1-576 F VIRV - - - - - LSRN EIS - - - - - - -
QISWF&/1-340 RF LREAVRED- -----RAPGBB @ ------.-
QISWG1-448 >RF SMLEEAVRED- -----RTPGB  ~  -------
096562/1-435 >RF GMK GSPAEVT
P49566/1-666 L GMKBBAVANE - - - - - - - - - - - ROR | SCRRTE IR
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Q59IV1-549 L SMVECGSBRE -RCBY-RIV-R  -ene-..
Q25C13/1-548 L GMM M- - -
Q15GJI1/1-548 RL SMM - ]« s=anses
QISWGH1-380 PIGCSE S 7 SCRL LKE - AQERME | A
Q2PK05/1-462 EGCHG . . ' ROENRCQY! GMKREAVAEE - - - - - - - - - - - GRE - - REDCDSES
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QIUG45/1-526 EGCHGF FRRS | Ol - NM | YTCHR- - - DKNEGV I NV TRNRCQYCRLQECF E VEMSBES VRNBRNKK - - - - - - KBETBKQE- - -------
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Conservation

HeaeEdas ELM instance
| true positive
SiLEE false negative
MLLLEE false positive
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Table 1: Programs used in this investigation.

Method

OVERVIEW

Align_m (2.3)
[Van Walle et al., 2004)]

htto:hicinformatics vub.ac belsoftware/sofiwarse_himl
Local, specialised for highly divergent sequences.

Clustal\v (1.2)
[Thompson et al., 15994]

httowww.ebiac.uklclustalw!
Global, progressive alignment package.

Dialign2 (2.2)
[Morgenstern, 1999]

htio:hibisery techfak uni-biglefeld. defdizlign/

Local, aligns segments of sequences rather than individual residues.

Dialign-t (0.1.3)
[Subramanian et al., 2005]

htip-iidialign-t.gobics def
Local, progressive alignment. Recent re-implementation of Dialign2.

MAFFT {5.531)
[katoh et al., 2002]

htto:wwew biophys kyoto-u_ac. jp/~katohfprograms/align/mafit’
Suite of alignment programs:

FFTNS

Global, uses Fast Fourier Transform to generate tree.

FFETNSI

As FFTNS, but with iteration step to refine alignment.

NWNS

Global, uses traditional Needleman-Wunsch algorithm.

MWNSI

As NWNS, but with iteration step to refir GINSi

Global, iterative, uses global pairwise alignment information.

FINSi

Blackshield 2006 oznacil
ProbCons jako nejlepsi na
zaklade 6 benchmarkovych

testu

Local, iterative, uses local pairwise aligr MUSCLE (3.6)

[Edgar, 2004]

htto:ffwww drives com/muscles
Global, iterative, progressive alignment program that uses Log Expectation as
scoring function.

ProbCons (1.09)
[Do et al., 2005]

htto:fprobecons. stanford . edus
Global, uses postenor-probabilities from HMMs and pairwise alignment
consistency.

PCMA (2.0)
[Pei et al., 2003]

ftp:ficle. swmed. edu/pub/PCMAS

Glohal, switches alignment strategies dependent on sequence data.
Clustal\V is used to align highly similar sequences and to form pre-aligned
groups. T-COFFEE is used to align the more divergent groups.

POA (v2)
[Lee et al., 2002]

hitpfwww . bicinformatics.ucla.edwipoal
Local; uses Partial Order graphs.

T-COFFEE (1.37)
[Motredame et al., 2000]

htipiigs-server.cnrs-mrs.fri~cnotred/Frojects_home_page!
i_coffee_home_page.html
Combines both global and local methods; uses consistency.




Local alignment

* For two-sequence comparisons, there is the
well-known Smith and Waterman (1981)
algorithm. Here we use Lalign

* For multiple sequences, the Gibbs sampler
(Lawrence et al., 1993) and Dialign2
(Morgenstern, 1999) are the main automatic
methods. These programs often perform well
when there is a clear block of ungapped
alignment shared by all of the sequences. They
perform poorly, however, on general sets of test
cases when compared with global methods



ajRegular Progressive Alignment Strategy

Segh GARFIELD THE LAST FAT CAT

IELD THE LAST FA-T CAT
SeqgB CGARFIELD THE FAST CAT LD THE FAST CA-T —--
— SeqC GARFIELD THE VERY FAST CAT
Seqh -—————- THE ---- FA-T CAT
SeqC GARFIELD THE VERY FAST CAT
gD THE FAT CAT
biPrimary Library
R - _— i HagB O FAST CAT  Prim Welght = 104
SaghA GLREFIELD THE LAST FAT CAT  Prim Weight =88 FAST ORT
BegB CARFIELD THE FAST CAT —-- ! SaqC AT CRT

Seqh GARFIELD THE LAST FA-T CAT SeqgB E PHE FAST CAT ,
SeqC GARFIELD THE VBRY FAST car Frim. Weight = SeqD ———---- THE FA-T CAT Frim. Welght = 100
THE LAST FAT CAT : - SeqC GARFIELD THE VERY EAST CAT prim. Welght=
§ogp CROFIELD [T LAST DT GAT  pem Weghi=100  gegp SCTURCY mE S-To prop cap i Welht=100
ciExtended Library for seql and seq2
- —— - Extended Library
Segh GARFIELD THE LAST EAT CAT
1 Weight = 8%
SegB GARFIELD THE FAST CAT Seqa “l’ﬁ"IiTl" iii LAST TRT
HSegh CARFIELD THE LAST FAT CAT SagB CAHFIELD
FRRTREEL BED DIRD TN S
sew° GTTHT T T N T e
SegB CARFIELD THE FAST CAT 1
| Dynamic Programming |
Segl GARFIELD THE LAST FAT CAT
11 11 |
Segh THE FAT CAT Weight = 100
11 LI\ AW
SeqR GARFIELD THE FAST CAT Segh CARFIELD THE LAST FA-T CAT
fSegB CARFIELD THE -—-—- FAST CAT

Figure 2. The library extension. (a) Progressive alignment. Four sequences have been designed. The tree indicates
the order in which the sequences are aligned when using a progressive method such as ClustalW. The mesulting align
ment is shown, with the word CAT mizaligned. (b) Primary library. Each pair of sequences iz aligned using Clustalw.
In these alignments, each pair of aligned residues is associated with a weight equal to the average identity among
matched residues within the complete alignment (mismatches are indicated in bold type). (c) Library extension for a
pair of sequences. The three pessible alignments of sequence A and B are shown (A and B, A and B through C, A
and B through D). These alignments are combined, as explained in the text, to produce the position-specific library.
This library is mesolved by dynamic programming to give the correct alignment. The thickness of the lines indicates
the strength of the weight.




Method Score Templates Validation Values Server
PreFab HOMSTRAD
ClustalW [14] Matrix — 61.80 [12] — http://www.ebiacuk/dustalw/
Kalign Matrix — 63.00 [18] — http://msa.cgb.kise/
MUSCLE [&] Matrix — 68.00 [16] 45.0 [9] http://www.drive 5.com/muscle/
T-Coffee [10] Consistency — 69.97 [12] 44.0 [9] http://www.tcoffee.org/
ProbCons [7] Consistency — 70.54 [12] — http://probcons.stanford .edu/
MAFFT [8] Consistency — 7220 [12] — http://align.genome.jp/mafft/
M-Coffee [12] Consistency — 7291 12) — http://www.tcoffee.org/
MUMMALS [16] Consistency — 73.10 6] — http://prodata.swmed.edu/mummals/
DbClustal [24] Profiles — — — http://bips.u-strasbg.fr/PipeAlign/
PRALIME [9] Matrix Profiles — 50.2 [9] http://zeus.cs.vunl/programs/prali newwww /
PROMALS [16] Consistency Profiles 79.00 [16] — http://prodata.swmed.edu/promals/
SPEM [28] Matrix Profiles 77.00 [28] — http://sparks.informaticsiupui.edu/Softwares-Services_files/spem.htm
Expresso [13] Consistency Structures — 719 [11)? http://www.tcoffee.org/
T-Lara [29] Consistency Structures — — https://www.mifu-berlin.de fw/LiSA/

Validation values were compiled from several sources, and selected for comparability. PreFab validations were made using PreFab version 3. HOMSTRAD validations were made on
datasets having less than 30% identity. The source of each value is indicated by the accompanying reference citation.

“The Expresso value comes from a slightly more demanding subset of HOMSTRAD (HOM39) made of sequences less than 25% identical.

doi:10.1371/journal.pchi.0030123.£001



