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Biomakromolekuly

: , Velké molekuly. Typické malé Zakladni stavebni
Biomolekuly jsou : . e :
frozenou molekuly jsou tvofeny nékolika jednotky hmoty. Jsou
prirozenou atomy az nékolika sty atomd. tvoreny atomy, které
soucasti zivych or e s . . .
s Makromolekuly tvori tisice az navzajem spojuji
organismu. - o ]
miliony atomu. kovalentni vazby.

Biomakromolekuly

Biomolekuly Makromolekuly

Proteiny
Nukleové kyseliny

Polysaccharidy



Slozeni biomakromolekul

* Vznikaji spojovanim velkého mnozstvi nekolika malo
typu podjednotek

Makromolekula Stavebni jednotky Typ vazby Schéma
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Trideni aminokyselin

Aminokyseliny aliphatic
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Polysacharidy

Komplikované 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)

ADSQTSSNRAGEFSIPPNTDFRAIF
FANAAEQQHIKLFIGDSQEPAAYHK
LTTRDGPREATLNSGNGKIRFEVSV
NGKPSATDARLAPINGKKSDGSPF
TVNFGIVVSEDGHDSDYNDGIVVL
QWPIG

primarni
(sekvence)

terciarni

cont: J1333323223333333323203333333233333330 031t

Pred: N —N —N
= / !

Pred: CCCCCEECCCCCCCCCCCCEEEECCCCCEEEEEEECCCCC
AR: DSQEPAAYHKLTTRDGFREATLNSGNGKIRFEVSVNGKFES

50 60 70 =1}

Conf: J1a223222233330033320371333333033333732 3

Pred: _fpm—N y—s
Pred: CCHHEEEECCCCCCCCCCCEEEEEEEECCCCCCCCCCCEE
AR: ATDARLAPINGKE SDGSPFTVNEGIVVSEDGHDSDYNDGI

a0 1lo0 110 1zo0

sekundarni

kvartérni




Kvartérni struktura proteinu

Homooligomer Heterooligomer

Homotetramer AB5 toxin
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Jsou sekvence stejné, podobné Ci zcela odlisne?

ATGTCTACTCCTGGAGCACAGCAAGTCCTCTTCCGCACCGGAATTGCCGCGGTCAACTCAACCAACCATCTCCGTGTTTACTTCCAGGATGTCTATGGCAG
TATTCGCGAGAGTCTCTACGAGGGCAGCTGGGCTAACGGCACCGAAAAGAACGTTATCGGCAATGCTAAGCTTGGCAGCCCTGTGGCCGCGACTTCTAAG
GAGCTGAAGCATATCCGTGTCTACACCCTCACTGAAGGAAACACCCTACAGGAGTTCGCCTACGACTCCGGAACCGGATGGTACAACGGCGGGLTGGGC
GGTGCAAAGTTCCAAGTCGCACCCTACTCTCGCATTGCTGCCGTGTTCCTAGCCGGAACAGATGCATTGCAGTTGCGAATCTATGCACAGAAGCCAGATAA
CACAATCCAGGAGTATATGTGGAACGGCGATGGCTGGAAGGAGGGCACCAACCTGGGAGGTGCTCTCCCCGGCACTGGAATCGGAGCCACCTCCTTCCG
CTATACCGACTACAATGGCCCAAGCATCCGGATCTGGTTCCAAACTGACCTCAAACTCGTCCAAAGAGCCTACGACCCGCACAAAGGCTGGTACCCGGAC
CTCGTCACCATCTTTGACAGGGCACCGCCACGTACGGCCATTGCAGCCACCAGCTTTGGAGCCGGCAACAGTTCCATCTACATGCGTATCTACTTTGTCAA
TTCGGACAACACTATCTGGCAGGTCTGCTGGGACCACGGCAAGGGCTATCACGACAAGGGAACCATCACCCCAGTCATTCAGGGCTCGGAGGTCGCCATT
ATCAGCTGGGGCAGTTTCGCCAATAACGGGCCGGATCTGCGTCTGTACTTTCAGAATGGAACATACATTAGTGCTGTGAGCGAGTGGGTTTGGAATCGGG
CACATGGGTCGCAGTTGGGCAGAAGTGCTCTTCCTCCTGCTTGA

ATGGCTGATTCTCAAACGTCATCCAACCGCGCCGGCGAATTCTCGATTCCGCCGAATACCGATTTCCGCGCGATTTTCTTCGCGAATGCCGCCGAGCAACA
GCACATCAAATTGTTCATCGGCGACAGCCAGGAACCCGCCGCGTATCACAAGCTGACGACGCGCGACGGCCCGCGCGAAGCCACGCTGAATTCCGGCAA
CGGCAAGATCCGTTTCGAGGTGTCGGTGAACGGCAAGCCGTCGGCGACCGACGCGCGTCTCGCGCCGATCAACGGCAAGAAGTCGGACGGCLCTCGCCGT

TCACGGTCAACTTCGGGATCGTCGTGTCGGAAGACGGCCACGACAGCGACTACAACGACGGCATCGTCGTGCTCCAGTGGCCGATCGGCTGA

ATGCTGGTGATTGTGGATGCCGTTACCCTGCTGAGCGCCTATCCGGAAGCCAGCCGTGATCCGGCCGCCCCGACCGTGATTGATGGTCGCCACCTGTATG
TTGTTAGCCCGGGCGATGCCGCGCAGCTGGGCCATAACGATAGCCGTCTGTTTACCGGTCTGAGCCCGGGTGATCAGCTGCATCTGCGCGAAACCGCGC
TGGCGCTGCGCGCGGAAGTGAGCGTGCTGTTTATTCGCTTTGCCCTGAAAGATGCCGGCATTGTTGCCCCGATCGAACTGGAAGTGCGTGATGCCGCCAC
CGCCGTTCCGGATGCGGATGATCTGCTGCATCCGAGCTGTCGTCCGCTGAAAGATCATTATTGGCGCAGCGATGTGCTGGCGGCGGGCGCGACCACCTG
TACCGCCGATTTTGCGGTGTGCGATCGTGATGGCACCGTGAGCGGTTATTTTCGTTGGGAAACCAGCATTGAAATTGCGGGCAGCCAGCCGGATACCAAA
CAGCCGGGCTTTAAACCGAGCAGCGATCGCAATGGCAACTTTAGCCTGCCGCCGAATACCGCCTTTAAAGCGATCTTCTATGCGAACGCGGCGGATCGTC
AGGATCTGAAACTGTTTATTGATGATGCGCCGGAACCGGCCGCCACCTTTGTGGGTAACAGCGAAGATGGTGTGCGTCTGTTTACCCTGAATAGCAAAGGT
GGTAAAATTCGTATTGAAGCGAGCGCGAACGGCCGTCAGAGCGCGACCGATGCCCGTCTGGCGCCGCTGAGCGCGGGCGATACCGTGTGGCTGGGLTG
GCTGGGCGCGGAAGATGGTGCCGATGCGGATTATAATGATGGCATTGTTATTCTGCAGTGGCCGATTACCTAA

ATGTCGAGCGTTCAAACCGCTGCCACTTCGTGGGGAACCGTACCGTCGATCCGTGTGTACACGGCCAATAATGGCAAGATCACCGAGCGATGCTGGGACG
GGAAGGGGTGGTACACCGGTGCCTTCAACGAGCCCGGCGATAACGTCTCCGTAACCAGCTGGCTGGTCGGCAGCGCGATCCATATCCGCGTCTATGCAA
GCACCGGCACCACGACCACGGAGTGGTGCTGGGACGGCAACGGCTGGACCAAGGGCGCCTACACCGCCACGAACTGA

ATGCCGCTGCTGAGCGCCAGTATCGTGAGCGCGCCGGTGGTGACCAGCGAAACCTATGTGGATATTCCGGGCCTGTATCTGGATGTTGCGAAAGCCGGTA
TCCGTGATGGCAAACTGCAGGTTATCCTGAATGTGCCGACCCCGTATGCGACGGGCAATAACTTTCCGGGTATTTATTTTGCGATCGCCACCAACCAGGGC
GTGGTGGCGGATGGTTGCTTTACGTATAGTAGCAAAGTGCCGGAAAGTACGGGCCGTATGCCGTTTACCCTGGTTGCGACCATTGATGTGGGTAGCGGTG
TTACCTTCGTGAAAGGTCAGTGGAAATCTGTTCGCGGCTCTGCGATGCATATTGATAGCTATGCAAGCCTGAGTGCGATTTGGGGCACCGCGGCACCGAGT
TCTCAGGGTTCTGGTAACCAGGGTGCGGAAACGGGTGGCACCGGTGCCGGTAATATTGGTGGCGGCGGTGAACGTGATGGCACCTTTAATCTGCCGCCG
CATATTAAATTCGGTGTTACCGCGCTGACCCACGCGGCGAACGATCAGACCATTGATATTTATATTGATGATGATCCGAAACCGGCAGCCACCTTTAAAGGC
GCGGGCGCGCAGGATCAGAACCTGGGTACCAAAGTGCTGGATTCTGGCAATGGCCGTGTTCGCGTTATCGTTATGGCGAACGGCCGTCCGAGCCGCCTG
GGTTCTCGTCAGGTGGATATTTTTAAAAAATCTTATTTCGGTATTATTGGCTCTGAAGATGGTGCGGATGATGATTATAACGATGGCATCGTGTTTCTGAACT
GGCCGCTGGGCTAA
ATGCCGCTCCTGAGCGCCAGTATCGTGAGCGCGCCGGTGGTGACCAGCCAAACCTATGTGGATATTCCGGGCCTGTATCTGGATGTTGCGAAAGCCGGTA
TCCGTGATGGCAAACTGCAGGTTATCCTGAATGTGCCGACCCCGTATGCGACGGGCAATAACTTTCCGGGTATTTATTTTGCGATCGCCACCAACCAGGGC
GTGGTGGCGGATGGTTGCTTTACGTATAGTAGCAAAGTGCCGGAAAGTACGGGCCGTATGCCGTTTACCCTGGTTGCGACCATTGATGTGGGTAGCGGTG
TTACCTTCGTGAAAGGTCAGTGGAAATCTGTTCGCGGCTCTGCGATGCATATTGATAGCTATGCAAGCCTGAGTGCGATTTGGGGCACCGCGGCACCGAGT
TCTCAGGGTTCTGGTAACCAGGGTGCGGAAACGGGTGGCACCGGTGCCGGTAATATTGGTGGCGGCGGTAAGCTTGCGGCCGCACTCGAGATCAAACGG
GCTAGCCAGCCAGAACTCGCCCCGGAAGACCCCGAGGATGCGTCGAGCACCACCACCACCACCACTGA



Jsou sekvence stejné, podobné Ci zcela odlisne?

MSTPGAQQVLFRTGIAAVNLTNHLRVYFQDVYGSIRESLYEGSWANGTEKNVIGNAKLGSPVAATSKELKHIRVYTLTEGNTLQEFAYDSGTGWYNGGLGGAKFQ
VAPYSRIAAVFLAGTDALQLRIYAQKPDNTIQEYMWNGDGWKEGTNLGGALPGTGIGATSFRYTDYNGPSIRIWFQTDDLKLVQRAYDPHKGWYPDLVTIFDRAPP
RTAIAATSFGAGNSSIYMRIYFVNSDNTIWQVCWDHGKGYHDKGTITPVIQGSEVAIISWGSFANNGPDLRLYFONGTYISAVSEWVWNRAHGSQLGRSALPPA

MADSQTSSNRAGEFSIPPNTDFRAIFFANAAEQQHIKLFIGDSQEPAAYHKLTTRDGPREATLNSGNGKIRFEVSVNGKPSATDARLAPINGKKSDGSPFTVNFGIV
VSEDGHDSDYNDGIVVLQWPIG

MLVIVDAVTLLSAYPEASRDPAAPTVIDGRHLYVVSPGDAAQLGHNDSRLFTGLSPGDQLHLRETALALRAEVSVLFIRFALKDAGIVAPIELEVRDAATAVPDADDLL
HPSCRPLKDHYWRSDVLAAGATTCTADFAVCDRDGTVSGYFRWETSIEIAGSQPDTKQPGFKPSSDRNGNFSLPPNTAFKAIFYANAADRQDLKLFIDDAPEPAA
TFVGNSEDGVRLFTLNSKGGKIRIEASANGRQSATDARLAPLSAGDTVWLGWLGAEDGADADYNDGIVILQWPIT
MSSVQTAATSWGTVPSIRVYTANNGKITERCWDGKGWYTGAFNEPGDNVSVTSWLVGSAIHIRVYASTGTTTTEWCWDGNGWTKGAYTATN

MPLLSASIVSAPVVTSETYVDIPGLYLDVAKAGIRDGKLQVILNVPTPYATGNNFPGIYFAIATNQGVVADGCFTYSSKVPESTGRMPFTLVATIDVGSGVTFVKGQW
KSVRGSAMHIDSYASLSAIWGTAAPSSQGSGNQGAETGGTGAGNIGGGGERDGTFENLPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKGAGAQDQOQNLGTKVL
DSGNGRVRVIVMANGRPSRLGSRQVDIFKKSYFGIIGSEDGADDDYNDGIVFLNWPLG

MPLLSASIVSAPVVTSQTYVDIPGLYLDVAKAGIRDGKLQVILNVPTPYATGNNFPGIYFAIATNQGVVADGCFTYSSKVPESTGRMPFTLVATIDVGSGVTFVKGQW
KSVRGSAMHIDSYASLSAIWGTAAPSSQGSGNQGAETGGTGAGNIGGGGKLAAALEIKRASQPELAPEDPEDVEHHHHHH



Alignment

Srovnani (prilozeni) dvou Ci vice sekvenci
(aminokyselinovych, nukleotidovych) na
zaklade jejich vzajemne 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

 Srovnani dvou sekvenci

« Sekvence mohou byt prilozeny v celé své
délce (global alignment) nebo jen
v urcitem regionu (local alignment).

—==




Global alignment

Vychazi z predpokladu, ze obé srovnhavaneé
sekvence jsou vicemene shodneé v cele
své delce. Alignment k sobe priklada celé
sekvence (od pocatku do konce) a to
vcetné Casti, které si priliS neodpovidaiji.




Local alignment

Hleda useky dvou sekvenci, které si podle
zvolenych kritérii dobre odpovidaiji.
Nesnazi se zahrnout cele sekvence,
pokud si jejich nékteré Casti neodpovidaji.

—==




Algoritmy

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

* Vyvoj algoritmu je provaden v navaznosti
na srovnavani vysledku s tzv. zlatym
standardem — alignment na zakladé
znamych 3D struktur



Vstupni data

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

BlizSi napfr.
http://emboss.sourceforge.net/docs/themes/SequenceFormats.htmi

« FASTA format

>nazev(_popis dle vliastni volby)d
SEKVENCESEKVENCESEKVENCESEKVENCES
EKVENCESEKVENCEA

POVINNE VOLITELNE



>AFL
MSTPGAQQVLFRTGIAAVNLTNHLRVYFQDVYGSIRESLYEGSWANGTEKNVIGNAKLGSPVAATSKELKHIRVYT
LTEGNTLQEFAYDSGTGWYNGGLGGAKFQVAPYSRIAAVFLAGTDALQLRIYAQKPDNTIQEYMWNGDGWKEGT
NLGGALPGTGIGATSFRYTDYNGPSIRIWFQTDDLKLVQRAYDPHKGWYPDLVTIFDRAPPRTAIAATSFGAGNSS
IYMRIYFVNSDNTIWQVCWDHGKGYHDKGTITPVIQGSEVAIISWGSFANNGPDLRLYFQNGTYISAVSEWVWNR
AHGSQLGRSALPPA

>BC2LA
MADSQTSSNRAGEFSIPPNTDFRAIFFANAAEQQHIKLFIGDSQEPAAYHKLTTRDGPREATLNSGNGKIRFEVSV
NGKPSATDARLAPINGKKSDGSPFTVNFGIVVSEDGHDSDYNDGIVVLQWPIG

> BC2LD
MLVIVDAVTLLSAYPEASRDPAAPTVIDGRHLYVVSPGDAAQLGHNDSRLFTGLSPGDQLHLRETALALRAEVSVL
FIRFALKDAGIVAPIELEVRDAATAVPDADDLLHPSCRPLKDHYWRSDVLAAGATTCTADFAVCDRDGTVSGYFR
WETSIEIAGSQPDTKQPGFKPSSDRNGNFSLPPNTAFKAIFYANAADRQDLKLFIDDAPEPAATFVGNSEDGVRLF
TLNSKGGKIRIEASANGRQSATDARLAPLSAGDTVWLGWLGAEDGADADYNDGIVILQWPIT

>RSL
MSSVQTAATSWGTVPSIRVYTANNGKITERCWDGKGWYTGAFNEPGDNVSVTSWLVGSAIHIRVYASTGTTTTE
WCWDGNGWTKGAYTATN

>0i|444369855|ref|ZP_21169562.1| fucose-binding lectin Il [Burkholderia cenocepacia K56-2Valvano]
MPLLSASIVSAPVVTSETYVDIPGLYLDVAKAGIRDGKLQVILNVPTPYATGNNFPGIYFAIATNQGVVADGCFTYSS
KVPESTGRMPFTLVATIDVGSGVTFVKGQWKSVRGSAMHIDSYASLSAIWGTAAPSSQGSGNQGAETGGTGAG
NIGGGGERDGTFNLPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKGAGAQDQNLGTKVLDSGNGRVRVIVMA
NGRPSRLGSRQVDIFKKSYFGIIGSEDGADDDYNDGIVFLNWPLG

>gi|283806765|pdb[2WQ4|A Chain A
MPLLSASIVSAPVVTSQTYVDIPGLYLDVAKAGIRDGKLQVILNVPTPYATGNNFPGIYFAIATNQGVVADGCFTYSS
KVPESTGRMPFTLVATIDVGSGVTFVKGQWKSVRGSAMHIDSYASLSAIWGTAAPSSQGSGNQGAETGGTGAG
NIGGGGKLAAALEIKRASQPELAPEDPEDVEHHHHHH



Jak ale poznam dobre prilozeni?

MAM--UZDOST--STAROSTISHAMIZ--NOSTIRATOLESTI

N NN L N
MAMRA--DOSTZESTARO--—-———= ZITNO-—--—-—-—~- STI

MAMUZDOST--STAROSTISHAMIZNOSTIRATOLESTI 37
RN . b T
MAMRADOSTZESTAR-———-—~ O-Z----I--TNO-STI 24
MAMUZDOST--STAROSTISHAMIZNOSTIRATOLESTI 37
N N R |1
MAMRADOSTZESTAROZITNO-~-—====——=—=———~— STI 24



Scoring matrix (skdérovaci matice)

« Dveé sekvence povazujeme za pribuzné,
vychazeji-li ze spoleéného predka; pak dobu
potfebnou k jejich evoluci muzeme odvodit
Zz mnozstvi rozdilu mezi nimi

« Zameéna aa je Castéjsi nez inserce/delece.
Pravdepodobnost zmeny jedné aminokyseliny na jinou je
pfimo umeérna podobnosti obou aminokyselin.

« Matice vznika prifazenim hodnoty (pravdépodobnosti)
jednotlivym dvojicim amlnokyselln Vv zavislosti na jejich
vzajemne ,zastupitelnosti” — pravdepodobnosti
substituce


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

Skorovani proteinoveho prilozeni

Substitucni matice (a z nich odvozeny
skorovaci matice)

Reflektuje fyzikalné chemicke viastnosti
jednotlivych aminokyselin ale zaroven i
pravdepodobnost, ze dojde k substituci
konkrétni aminokyseliny za jinou konkrétni
v prubehu evoluce.

S = (L, x 2)/(L, + Ly)] x 100
/‘ T

Pocet pfiloZzenych rezidui s Celkové délky
podobnymi vlastnostmi obou sekvenci



Substitucni matice

vicemene dva typy:

1. zalozene na zamennosti genetickeho kodu
nebo vlastnosti aminokyselin

2. odvozene z empirickych studii
aminokyselinovych substituci (presngjsi)

Nejvice pouzivane jsou empiricke matrice
PAM a BLOSUM



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 mize 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 podita
relativni zastoupeni aa a pravdépodobnost jejich substituci — lepSi
pro lokalni alignment. Je vyuzivéna v blastp, vhodna pro identifikaci neznamé
nukleotidové sekvence. BLOSUM matrice s vysokymi ¢isly je dobra pro porovnani
vysoce pribuznych sekvenci, zatimco nizkeé pro relativné vzdalene podobnosti

* GONNET - vytvorena 1992, postupnym opakovanim cyklu: palrW|se
alignment — nova matice — novy pairwise alignment — nova matice..

* DNA identity matrix

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



PAM — Point Accepted Mutation
Vytvorila Margaret Dayhoff roku 1978.

Zahrnuje pravdepodobnost zameéeny jedné
aminokyseliny v druhou behem evoluce

Predpoklada, ze kazda dalsi mutace nezavisi na
predchozi.

Odvozena z globalniho alignmentu 71 rodin
proteinu (Podobnost sekvenci v rodiné > 85%)
« vysoka spolehlivost alignmentu

 vysoka pravdépodobnost, Ze zaména aminokyseliny
je dana jedinou mutaci

Vypoctena pravdepodobnost s jakou jedna AA se
zmeni na jakoukoliv jinou



PAM1

Byla vypocCtena na zaklade 1572 zmeén
v aminokyselinovéem slozeni v 71 proteinovych
rodinach

PAM1 reflektuje primernou zameénu 1% vSech
aminokyselinovych pozic

PAM250 (20% identita) je odvozena od PAM1
jeji 250-tinasobnou multiplikaci (250 mutaci na
100 aminokyselin)

A a4 N’

vzdalenost
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D
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PAM matice

A R N D C
0867 2 9 10 3

I 9913 1 0 |

4 I 9822 36 0

0 0 42 9859 0

| | 0 0 9973

29



S <T1<r—-—-ZAIIOMUZOP>TAHAVN

PAM250
matrice

small, nonpolar

small, polar

7

-1

—2 6

=2 =2 0 6

=1 =2 =1 1 6
-1 -1 -2 0 2
-1 -1 -2 0 0
=20 =2 =0 =
=20 =1 =2 =2
=1 =1 =2 "} =1
—2 =1 =3 =2 =3
=350 =1 =4 =5 =3
-3 -1 -4 -3 -4
=2 0 =3 ~3 -5
-4 -2 -3 -3 -3
-3 -2 -3 -2 -3
-4 -3 -2 -4 -4
P A G N D

polar or acidic

5

0 8
1T 0
1 =1
=2
=5 =3
=2 -3
=2=3
=3 —1
=1 2
—Zn =2

Positive score — frequency of
substitutions is greater than would
have occurred by random chance.

Zero score — frequency is equal to
that expected by chance.

Negative score — frequency is less
than would have occurred by random
chance.

- basic

zZ 5
-1 -1 5 .
e large, hydrophobic
-2 -2 2 2 4

3 2 1 3 1 4
e o U e aromatic
-2 -2 -1 -1 -1 -1 3
-3 -3 -1 -3 -2 -3 1 2 11

R KM I L V F



Pozor na zjednoduseni v matici PAM:

— Mutace AA je nezavisla na predchozich mutacich
v téze pozici (Markov process requirement).

— Pouze matice PAM1 byla “zmérena”, vSechny
ostatni jsou extrapolace (). jsou zalozeny na
stejném modelu).

— VSechna mista podléhaji mutacim rovhomerne.

— Mutace nezavisi na okolnich residuich.

— Kratkodobé a dlouhodobée vlivy na evoluci
sekvenci jsou stejne ucinne.

— PAM matice je zalozena na proteinovych

sekvencich dostupnych v roce 1978 (bias
vzhledem k malym globularnim proteinum)

* Nova generace Dayhoff-type — napf. PET91



BLOSUM (Blocks Amino Acid Substitution)

1992, Henikoff and Henikoff

database BLOCKS — pouziva koncept ,bloku”
k identifikaci proteinovych rodin

sekvencni motiv

— konzervovany aminokyselinovy Usek spojeny se
specifickou funkci proteinu

sekvencni blok
— sparované motivy ze stejné proteinoveé rodiny bez mezer

BLOSUM matrice byly vytvoreny na zaklade
substitucnich vzoru vice nez 2 000 bloku (< 60
residui) z 500 skupin proteinu

nebere v potaz evoluci



« BLOSUMG62 — znamena, ze ke konstrukci
matrice byly pouzity proteiny s prumérnou
identitou 62%.

A .

A

C -

F I
C

» vyskyt kazdeho paru AA v kazdem
sloupci kazdeho bloku je secten

Cisla ziskana ze vSech bloku slouzi
pro vypocet BLOSUM matrici

QP Qp P
T
QP HMEHAQA
R R NND



Matice BLOSUM 62

Ala

Arg
Asn

-]

[

[t

Asp

-1
-1

GIn

Glu

O

L

Gly

-]

-]

-]

[

His

-3

-1

lle

[

-

-]

-

[

Phe
Pro
Ser
Thr

11

= = @ x— i

-

[

Tyr
Val

Ala Arg Asn Asp Cys GIn Glu Gly His lle Leu Lys Met Phe Pro Ser Thr Trp Tyr Val



Cislovani BLOSUM jde v obraceném poradi
oproti PAM

— Cim mensSi Cislo, tim odlisnéjsi sekvence byly

pouzity
Pam40 Short highly similar alignments 70-90
PAM160 Detecting members of a protein family 50-60
PAM250 Longer alingments of more divergent sequences ~30
BLOSUMO90 Short highly similar alignments 70-90
BLOSUMS80 Detecting members of a protein family 50-60

BLOSUMG62 Most effective in finding all potential similarities 30-40
BLOSUM30 Longer alingments of more divergent sequences <30

Similarity column gives range of similarities that the matrix is able to best detect.



Odlisné substitucni matice jsou pro
odlisne ucely

BLOSUM 80 BLOSUM 62 BLOSUM 45
PAM 1 PAM 120 PAM 250

-
T

Less divergent =

More divergent

more stringent less stringent

BLOSUM matrice pracuji obvykle lépe nez PAM pro lokalni vyhledavani
podobnosti (Henikoff & Henikoff, 1993)

“vwrs w7

Pro prohledavani databazi je nejbéznéjsi BLOSUMG2



Jak statisticky vyznamne je skore?

Pokud je podobnost dostateCne vyznamna Ize usuzovat
na spolecné¢ evolucni vztahy. Ale co je
DOSTATECNE?

Zavisi na typu sekvence a jeji delce

* Pravdépodobnost, Ze dvé rezidua v nepribuznych
sekvencich jsou identicke?

25% v NA, 5% v proteinech

« Vliv délky sekvence
— Cim kratSi sekvence, tim vétsi je Sance, ze alignment je
dan nahodnou shodou. Cim delsi, tim je méne
pravdepodobne, ze je stejna uroven podobnosti vysledkem
nahody.
— Kratsi sekvence vyzaduji vyssi cut-off pro zjisteni
pribuznosti nez u delsich sekvenci.



GONNETova matice

FEa0OE ANBEN

BiiR
it
i
33954
13333
33389
33357
394%5
33338
cLbEE
1335
LLF
3.

iR
R
HHHER

331.3 &8
=
it
33
3%

g



DNA matice

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

OO 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 pficina)

* Nepresny crossover pfi meidze (inzerce nebo delece
fetézce bazi)

« DNA slippage béhem replikace (vznika repetice —
opakujici se sekvence v retézci)

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

na jeho konci.

CTGCGGG——--GGTAAT

1] T
—-—GCGG-AGAGG-AA-

i+~ 4>



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.

L4 4V 4

Cim niZ8i je penalizace mezer, tim lepsi (dokonalejsi) bude
alignment, ovSem z biologického hlediska muze jit o
nesmysil.

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

Kratka mezera:
ATCTTCAGTGTTTCCCCTGTTTTGCCC-ATTTAGTTCGCTC

rrrrrerrrrrrrerrrrrrr et e e
ATCTTCAGTGTTTCCCCTGTTTTGCCCGATTTAGTTCGCTC

Dlouhd mezera;
ATCTTCAGTGTTTCCCCTGTTTTGCCC———————————————————— ATTTAGTTCGCTC

CErrrrrrrrrr et e EEEREREEEEEE
ATCTTCAGTGTTTCCCCTGTTTTGCCCGCCCCCCCCCCCCCCCCCCCATTTAGTTCGCTC



Skore

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

ATTG TCAAAGA TIFG GETGATGCA T
GGC’AG‘A TGACAAGGGTATCG

Mismatch r/ll

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

score - Max(S)
Cim vy33i je skore, tim vy33i je podobnost.
Podle pouzité matice muze byt skore i zaporné.



Priklad VypOétU AAEECCDDEEF

AADDKKKEFGG

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

skore na urovni jednotlivych aa pro nespravné prilozené sekvence:

D E E
EF G
2—-3-2-

w O H=

Cc CD
A A DDIZKIKTK
-3-3-1

4+4+242 +



Priklad V)’/pOétU AAEECCDDEEF

AADDKKKEFGG

Ve chvili, kdy zafixujeme pozici dvou sekvenci, pak miuzeme snadno vypocitat skore
pro dané pfilozeni (pfiklad BLOSUM 62):

skoére pro dané pfilozeni = skére na bazi jednotlivych aa + celkova penalizace

Napfiklad, celkové pozitivni skére na urovni jednotlivych aa

AAEFEECCDD--EEF
AA----DDEKZKZEKEVEFGS®G
444 +6+6 +1+5+6 = 32

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

AAEREECCDD--EEF
AA----DDKZKZKEVEFGS®G
-10-1-1-1 -10-1 = =24

Celkové skére32-24=8



Priklad vypoctu AAEEYYDDEEF

AADDFFKEFGG

Ve chvili, kdy zafixujeme pozici dvou sekvenci, pak miuzeme snadno vypocitat skore
pro dané pfilozeni (pfiklad BLOSUM 62):

skoére pro dané pfilozeni = skére na bazi jednotlivych aa + celkova penalizace

Napfiklad, celkové pozitivni skére na urovni jednotlivych aa

AAAEEYYDD--EEF
AA----DDFEFEKEZEFGS®G
444 +6+6 +1+5+6 = 32

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

AAEEYYDD--EEF
AA----DDFEFEKEZEFGSG
-10-1-1-1 -10-1 = =24

Celkové skére32-24=6



Priklad vypoctu AAEEYYDDEEF

AADDFFKEFGG

Ve chvili, kdy zafixujeme pozici dvou sekvenci, pak miuzeme snadno vypocitat skore
pro dané pfilozeni (pfiklad BLOSUM 62):

skoére pro dané pfilozeni = skére na bazi jednotlivych aa + celkova penalizace

Napfiklad, celkové pozitivni skére na urovni jednotlivych aa
AAEEYYDDETETF
AADDFF--KETFGG

44+4+242+3+43 +1+5+46 = 30

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

AAEEYYDDEETF
AADDFVF--KEVFGS®G
-10-1 = -11

Celkové skére30-11 =19



Multiple sequence alignment - MSA

(mnohonasobneé pfilozZeni)

Multiple alignment slouzi k:

* Nalezeni ,diagnostickeho vzoru® (diagnostic patterns) na
jehoz zakladé jsou charakterizovany proteinove
rodiny

 Odhaleni Ci dokazani homologie mezi novou sekvenci a
sekvencemi v databazich

« UrcCeni vzajemné pribuznosti sekvenci v ramci skupiny —
tvorba fylogenetickych stromi

* Predikci sekundarni a terciarni struktury novych
proteinu

« Navrzeni primeru (oligonukleotidu) pro PCR



Metody MSA

Dynamické 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)
— nejcasteji pouzivany k vytvoreni alignmentu; vyuziva
fylogenetické informace - hierarchicky, nejdrive identifikuje
nejpodobnéjsi sekvence a nasledné inkorporuje ostatni

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

pfiloZeni nejpodobnéjsich sekvenci pomoci Opakovani alignmentu pro
podskupiny sekvenci nasledujici po globalnim alignmentu

Hledani motivu — nalezeni ¢asti konzervovanych

sekvencénich motivu pomoci globalniho pfilozeni a naslednég
Jhodnoceni* técto useku nezavisle na celé sekvenci



Dynamickeé programovani

Simultanni alignment vsech sekvenci - analogicke
pairwise alignmentu

Programove baliky: MSA (Lipman et al., 1989) a DCA
(Stoye et al., 1997), zalozené na Carrilove a Lipmanové
algoritmu (1988)

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

Extrémné narocny na vypocetni kapacity

| pri 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 pribuzenskeho stromu (guide tree) na
zaklade distancni matice (distance matrix)
z jednotlivych sekvenci

A -
B 0.92 - A 0.92
C 0.65 0.79 - B :j 0.79

A B C C

PocCet exaktné stejnych shod délena
celkovou delkou sekvence (ignoruje
mezery)



Progresivni multiple alignment

0.92

A Nejdrive provede pairwise alignment A a B
B 0.79 Pak prida sekvenci C do predesiého alignmentu
(inzerce mezer, pokud je potreba)

C

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

* Dnes obsahuje Casto iterativni smyc¢ku



Guide tree vs. phylogenetic tree

« Guide tree je vypocitan na zaklade

matice vzdalenosti (distance matrix)
vytvorene podle skore pairwise
alignmentu. Vystupem je .dnd
soubor. NEMA fylogeneticky
vyznam

Phylogenetic tree je vypocCten na
zaklade vytvoreného MSA.
Vzdalenosti mezi sekvencemi jsou
vypocteny a ulozeny jako .ph
soubor. Nasledne je mozno je vyuzit
pro konstrukci fylogenetického
stromu (soubory .nj, .ph, .dst)
gprr)mci zvolene 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

lvs. 2 DIST =0.6491; length= 114 .
lvs. 3 DIST =0.6842; length= 114 nJ
1vs. 4 DIST =0.9298; length= 114 .

lvs. 5 DIST =0.9035; length= 114

lvs. 6 DIST =0.9386; length= 114 b

1 = 5; length= 114 S O u O r
_2vs. 3 DIST= 0.3772': [Bngth= 114

2vs. 4 DIST=0.9123; length= 114

2vs. 5 DIST =0.8947; length= 114

2vs. 6 DIST =0.9123; length= 21124 7770 '

2vs. 7 DIST =0.9386; length= 114

3vs. 4 DIST =0.9123; length= 114

3vs. 5 DIST =0.9386; length= 114

3vs. 6 DIST =0.9298; length= 114
3vs. 7 DIST =0.9474; length= 114
4vs. 5 DIST =0.9211; length= 114
4vs. 6 DIST =0.9035; length= 114
4vs. 7 DIST =0.9649; length= 114 ®
5vs. 6 DIST =0.9561; length= 114
5vs. 7 DIST =0.9211; length= 114
6vs. 7 DIST =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 = SEQ: 2( 0.17807)joins SEQ: 3 ( 0.19912)
Cycle 2 = SEQ: 1( 0.34101)joins Node: 2 ( 0.13706)
Cycle 3 = SEQ: 5/( 0.44298)joins SEQ: 7 ( 0.47807)
Cycle 4 = SEQ: 4 ( 0.44518)joins SEQ: 6 ( 0.45833)

Cycle 5 (Last cycle, trichotomy):
Node: 1 ( 0.12171) joins
Node: 4 ( 0.01864) joins
Node: 5 ( 0.02083)



.dst soubor

7

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



Fylogram a kladogram

* Fylogram (phylogeny tree) — je rozvétveny
diagram (strom), ktery naznacuje fylogenezi
(postupny vyvoj). Délka jednotlivych vetvi je
umérna velikosti zmény v prubéhu evoluce.

« Kladogram — rovnez strom, v némz vsak
vsechny vétve maji stejnou délku. Ukazuje tak
sice ,spolecné predky” pro jednotlivée sekvence,
ale ne mnozstvi zmen, jez od té doby prodelaly
(evolucCni dobu).



Fylogram

..................

IIIII

Kladogram



Fylogram a kladogram

Phylogenetic Tree of Life

— P A1IL

Bacteria Archaea Eucaryota . RSIL
F_la?reen
iEmertous .
Sprochetes bacter i Ertamosbas I'IS'I!:I\EE Animals — Ol
Gram [ | Ruai
positves | paag

Protechacteria ;-- Plarts e ECLH

Cyarcbacteria A ™ Cilimtes
Hanctomyces . | feus — ™ Flage lates BCLA
L T L1 . -\-\_\_\_
Eacteroides ™ Trichomorads
Cytophaga T \\‘nx . . BCLD
= Microsporidia
Thermmaotoga

. _ Diplomonads
Aquifex — I ECLC

............ [ErT FAIIL

RSIIL

CWIIL

Kladogram

BCLB
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Vystup - .aln soubor
I

CLUSTAL 2.0.10 multiple sequence alignment

PAITL o m e e
RSIIL. = mmmmmmm e e
CVIIL s mmm e
BCLB ———LVEKLPQYDVEFVDIATIPYSEDVGSWONKVKTDAAGEVVACTVTWAGAPGVLPGAAA
BCLC ATATNQGVVADGCEFTYSSKVPESTGRMPFTLVATIDVGSGVTEFVKGOWKSVRGSAMHIDS
BCLA o m e e
BCLD LRETALALRAEVSVLFIRFALKDAGIVAPIELEVRDAATAVPDADDLLHPSCRPLKDHYW
PAITL s m e e e ATQGVET
RSIIL,. = s mmm e AQQGVET
CVIIL = mmmmm e AQQGVET
BCLB KFGVGAVVN-—-—-—==—————————— YESKATPQPVQPAPVP———————— TGGGERDGIFT
BCLC YASLSAIWG—-——————————————— TAAPSSQGSGNQGAETGGTGAGNIGGGGERDGTEN
BCLA = o mmm e ADSQT-————=———— SSNRAGEFS
BCLD RSDVLAAGATTCTADFAVCDRDGTVSGYFRWETSTEIAGSQPDTKQPGEFKPSSDRNGNE'S

* *
PAITL LPANTRFGVTAFANSSGTQTVNVLVNNETA--ATEFSGQSTNNAVIGTQVLNSGSSGKVQV
RSTIL LPANTSFGVTAFANAANTQTIQVLVDNVVK--ATFTGSGTSDKLLGSQVLNSGS—-GAIKI
CVIIL LPARINFGVTVLVNSAATQHVEIFVDNEPR--AAFSGVGTGDNNLGTKVINSGS-GNVRV
BCLB LPPNIAFGVTALVNSSAPQTIEVEVDDNPKPAATFQGAGTQDANLNTQIVNSGK-GKVRV
BCLC LPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKGAGAQDONLGTKVLDSGN-GRVRV
BCLA IPPNTDFRATIFFANAAEQQHIKLFIGDSQEPAAYHKLTTRDGPRE--ATLNSGN-GKIRF
BCLD LPPNTAFKAIFYANAADRQDLKLFIDDAPEPAATEFVGNSEDGVRL--FTLNSKG-GKIRI
.« x * * e e e * .« oK *




> BioEdit Sequence Alignment Editor

File Edit Sequence Alignment Wiew Accessory Applicstion  RNA  World Wide web  Options  ‘Window  Help
=0

\’ D:\Skola\Vyuka\M5A - data\BCl lectins seq.aln
H ‘Eourlar MNew ﬂ ‘11 j B g tatal zequences
Mode: | Select / Slide + Selection: 0 Sequence Mask: None Start ;

Position: Mumbering Mask: Mone ruler at;

e Seroll Ll ] |
G| - E @%.% 1II !!! ';Ez EﬂE’ﬂ @I“II: ? SDDergd slow o fast

D
T tmrrmrw neaw [ mwew [ vwee|vwen[wree[wren[ween|[veen|veerrone|[eene|vere[vnee[tner[srver[veer [ veee [ vere|verevrenvrenvran v,

=l

g1 DI

————————— SQPFTHDDLYALLO- - LAGHDATAVOANGDOAVLDRMROFMT A —---—--—-LYERLPOYDVEFVDIATIPY BFDVEEWONEVRTDAACEVVACTVIWACAP GVLP GALARFGVGAY
—ELLEASTVSARVVTSETYVDIFSLY LDVARAGTRDGELOVILNVETEY ATGHNFPGTYFATATHOGYWADGCEFTY S S KWPFESTGRMEFTLWATID VS SV TFVECONESVRESAMHTDEY A8 SAT

LVIVDAVTLLAAYEPELASRDEALAPTVIDERHLY VWEPEDALQLEHND SRLFTCLERGDOLHLRETALALRAEVEVLFIRFALRKDAGTIVAFIELEVRDALTAVEDADDLLHE SCRELEDHYWRSDULA L

Clustal Cons

® Jalview 2.3
File Toals Help Window

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

File Edit Select Miew Format Colour Calculate  Web Service
180 200 2'1I:I 220 230
FAILA1-114  IILPALNIRF GWAFAF A SEBTUNULUNNE.A- - FSBQSNNAVIBQUL G
REMAA-113 WLPALNESFGWIFAF A AAN TERE T OWLWERN WY K- - & FTBSBS KLLGEOWL G
CWiIL1-113 WLPAR I NFGWERV LW SAATHEHWE I FWIBRNEPR - - AAF SGWGIIEERNMNLGE KA I G
BCLBM-243 LPPMIJ&FBUALU SEJ\\.PIEUFU NP KPABIRFE 06 AGHNCE A NLNEYC T W <]
BCLGM-271 NLPPHI KF&GWIEAL HAHNDIDI.I DPKPAAIF KGAGADRCONLGIIKWL G
BCLAM-128 IFPPLUAFDFRAIFFANASEQEHITKLE |GRSQEPAAYHKLTTRDGPRE - -ﬂ\L G
BCLn-288 LF‘F'AFKAIF.A AADREDLKLE I APEPAANFVENSEDGWRL - -FL G
w
. K Conservation
TEGE3 45GG7GGE544 40507050363 -- 573747345245 --36 §4. 4077476E
Snimek 34 z 64 tychoz! navrh
s [l O o 0 el il iy’ L0
Consensus
TLPPHNTAFGWYWVTA+ANAA+TOTI+WF VDDEPKPAATF+GAGT+DANLGTOWLNSGS - GHKYRVOWVSANG
< | ¥

ISequence pasition 247 5460425 I



ﬁ-

 EXistuji programy pro pairwise alignment |
pro MSA

Programové baliky

* Vyuzivaji lokalni nebo globalni alignment
nebo prip. kombinaci obou

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



Pairwise alignment ,programy”

Oblasti pouziti:
 Primeé porovnani dvou sekvenci

* Vyhledavani podobnych sekvenci
v databazich



2MIOSSE 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
* umoznuji vilozeni mezer

Needle — globalni pairwise alignment,
Needleman-Wunsch algoritmus

Water — lokalni pairwise alignment,
Smith-Waterman algoritmus


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

Globalneé podobné sekvence

Needle
PA-TIL 1

RS-IIL 1
PA-TIL 51

RS-ITL 51
PA-TIL 101

RS-ITL 100

Water
PA-TIL 1

RS-ITIL 1
PA-TIL 51

RS-ITL 51
PA-ITL 101

RS-TIL 100

ATQGVETLPANTREGVTAFANSSGTQTVNVLVNNETAATE SGQSTNNAVI
R O O O e I O B B R R B B O R B B R I R
AQQGVFTLPANTSFGVTAFANAANTQTIQVLVDNVVKATFTGSGTSDKLL

GTQVLNSGSSGKVQVQVSVNGRPSDLVSAQVILTNELNFALVGSEDGTDN
R N e N R AR
GSQVLNSG-SGAIKIQVSVNGKPSDLVSNQTILANKLNFAMVGSEDGTDN

DYNDAVVVINWPLG 114

NENEREER RN
DYNDGIAVLNWPLG |113

ATQGVFTLPANTRFGVTAFANSSGTQTVNVLVNNETAATFSGQSTNNAV I
T O I O I I R B B IR A B P
AQQGVFTLPANTSFGVTAFANAANTQTIQVLVDNVVKATFTGSGTSDKLL
GTQVLNSGSSGKVQVQVSVNGRPSDLVSAQVILTNELNFALVGSEDGTDN
I e R R AR RN
GSQVLNSG-SGAIKIQVSVNGKPSDLVSNQTILANKLNFAMVGSEDGTDN
DYNDAVVVINWPLG |114

AR AR
DYNDGIAVLNWPLGI113

50

50
100

99

50

50
100

99



101

151

201
94

208
101

245

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

el
TEVKGOWKSVRGSAMHIDSYASLSAIWGTAAPSSQGSGNQGAETGGTGAG

——————— RAGEFSIPPNTDFRAIFFANAAEQQHIKLFIGDSQEPAAYHK—

BRI R AR R R R R Ny
NIGGGGERDGTFNLPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKG

——————— LTTRDGPREATLNSGNGKIRFEVSVNGKPSATDARLAPINGKK

| .]: S T U A O L I I s I B
AGAQDONLGTK-————- VLDSGNGRVRVIVMANGRPSRLGSRQVDI-FKK

SDGSPFTVNFGIVVSEDGHDSDYNDGIVVLOWPIG 128

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

RAGEFSIPPNTDFRAIFFANAAEQQHIKLFIGDSQEPAAYHK ————————

BRI R I A
RDGTFNLPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKGAGAQDON

LTTRDGPREATLNSGNGKIRFEVSVNGKPSATDARLAPINGKKSDGSPET
| o] S T T - O I T I - I R O

LGTK-----~- VLDSGNGRVRVIVMANGRPSRLGSRQVDI-FKKS——---~
VNFGIVVSEDGHDSDYNDGIVVLQWPIG 128

SRR R A
~YFGIIGSEDGADDDYNDGIVFLNWPLG 271

Lokalne podobne sekvence

150
50
200
93
243

50
207
100

244



Global vs. local alignment

FRTOAIIMES

£ Matwdar-

o

321 [11.z28}
221 [15.38]}
221 [(T4.1&)

Skore:108

# Gap_penalty: 10.0 . . . o
? Zxtend penaley: 0.8 Pairwise 314 vs. 90 aa protein ..
$ Length: 357
§ Identity: 23/3E7 | S_2%) ObsahUJe repetlce 16/
$ Similarity: 33,5357 | ,_.»_% -1
£ Gaps: 310,357 (Be.8%) 1/
$ Score: E7.L
= .
: Skore:57.5
t
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Nelze vsak spoléhat na zdanlive dobra reseni

PLLSASIVSAPVVTSETYVDIPGLYLDVAKAGIRDGKLQVILNVPTPYATGNNFPGIYFAIATNQGVVADGCFTYSSKV
PESTGRMPFTLVATIDVGSGVTFVKGQWKSVRGSAMHIDSYASLSAIWGTAAPSSQGSGNQGAETGGTGAGNIG
GGGERDGTFNLPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKGAGAQDQNLGTKVLDSGNGRVRVIVMANGR
PSRLGSRQVDIFKKSYFGIIGSEDGADDDYNDGIVFLNWPLG

ERDGTFNLPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKGAGAQDQNLGTKVLDSGNGRVRVIVMANGRPSR
LGSRQVDIFKKSYFGIIGSEDGADDDYNDGIVFLNWPLGPLLSASIVSAPVVTSQTYVDIPGLYLDVAKAGIRDGKLQ
VILNVPTPYATGNNFPGIYFAIATNQGVVADGCFTYSSKVPESTGRMPFTLVATIDVGSGVTFVKGQWKSVRGSAM
HIDSYASLSAIWGTAAPSSQGSGNQGAETGGTGAGNIGGGGKLAAALEIKRASQPELAPEDPEDVEHHHHHH

£

E:

EMBOSS_001 L - o

_- EMBOSS_001 1 ERDGTENLPPHINEGVIALTEARKDOT IDIYIDDDFRFARTERGAGACDY 50
EMBOSS_001 L - o

EMB(33 001 51 NMLGTEVLDEGHGRVRVIVMENGRPARLEIRQVDIFFEESYPGIIGSEDGAD 100
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FEErrrrrrrrrrnn-=1 [RRRNNRRY
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EMBR33 001 201 MPEFTLVATIDVGSGVIIVEGONEIVEGIAMHIDIYASLIAIWNGTAAPISD 250

EMBR33 001 126 GEGNQGAETGETGAGHIGEEEERDEIFRLPFHIREGVTALTHARNDOTID 185
Trrerrrerrrerrrerrnnl

EMBR33 001 251 GEEENQEAETGEETERGHNIGEEFE————————————————————————————— 271
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BLAST algoritmus

BLAST (Basic Local
Alignment Search Tool) The BLAST Search Algorithm

.. , . query word (W = 3)
H e u rl Stl Cky al g O rltm u S Query: GSM‘EDTTGEC&EL&ALLM{CKTE%%QRLWQHIKQPLI@H-IRIEERIHLVE.&FUED&ELRQTLQEDL

jehoz zakladem je roo 1t
hledani slov . PG 14

)4 . ’ ’ ghborhood PKG 14
(nekolikapismennych words | oe 13
SekvenC|), i::g ig neighborhood
s dostatecnou a1 score threshold

PON 12 (T=13)

podobnosti (poskytuji

A4 A4 r
- = =
dOStatecne VySOke Cusry s 325 SLAALLNECKTPQGORLVNQWIKOPLMDENRIEERLNLVER 365
4 1 X 7 Li++L TF G B W+ P+ D ER A
skore v substitucni Shyce: 290 TLASVERCTUTIMCSRNLKRIL HVRD TRVLLERGOTICA 350

mat|C|) High-scoring Segment Pair (HSP)



Tvorba k-pismennych slov ze vstupni

sekvenc e . ] ) . . Query sequence: PQGEFG
pro proteiny typicky 3-pismennych (v pfipadé =i
DNA 11-pismennych)

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

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

Querysequence:R P P Q G L F

RS)ZSII:enl SIOV na Segmer,'ty .. Database sequence:D P P E G V V
Presneé shody slov s databazovymi L, .
sekvencemi jsou rozSifovany obéma sméry. ESEBERISRCHY S Camet
To pokracuje dokud skore pro tuto dvojici Grnersd A B B Y w4
sekvenci je dostateCné vysoke. L,
HSP
Nov8&jsi verze BLASTu (BLAST2) ma mj. nize Optintal accmulaled sScose - LRI EIOEL =23

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

Vystup z BLASTu

Distribution of 73 Blast Hits on the Query Sequence g
|"|"F_IZI[IEZSEEIT lectin [Burkholderia cenccepacia J2315) 5=435 E=3.92-173

Color key for alignment scores
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Vystup z BLASTu

fucose-binding lectin Il [Burkholderia multivorans ATCC BAA-247)
Sequence ID: reflZP 15916739.1] Length: 274 Number of Matches: 1
B See 1 more fitle{=)

Range 1: 31 to 274 GenP=gt Graphics

Seare Expect Method Bl Download ~ GenPept Graphics

443 bits(1140) 4e-155 Compositional matriz adju:

sugar-binding lectin protein [Ralstonia solanacearum PSI07]

Query 2 QPFTHDDLYALLOLAGNDATAVC Sequence ID: refl¥P 003750856.1] Length: 114 Number of Matches: 1

QPFTHDDLYALLOLAGHNDR AV = See 3 more fitlels)
Sbjct 31 QPFTHDDLYALLOLAGNDAKAN]

Range 1: 3 to 114 Ge=nP=pt Graphics

Query 62 SFOVGSWONEVETDARGEVVACT
SFOIVGSWONEVET DAAGHVWVACT
Sbjet 81 SFOVGSWONEVET DRRAGOVVACT

Seore Expect Method Identities Positives Gaps
124 bits{312) 2e-32 Compositional matrix adjust. 52/114(54%) 80/114(70%) 2/114(1%)

N Query 130 RDGIFTLPENIAFGVIALVNSSAPQTIEVEVDDNPKPAATFQGAGTQDANLNTQIVNSGK 189
Query 120 PREVETGGGERDGIFILEENILE + B+FTLE M FGVIZ MN++ OQTI+V VD+ K ATF G+GT 0 L +0++NSG+

P GGGERDG+F LPPNIAF - -
Sbict 151 PDTATAGGGERDGVFNLPENIAR Sbjet 3 QOGVFTLEANTHEFGVIAFANALNTOT IKVLVDNVVE--ATFSGSGTSDELLGSOQVLNSGE &0

. Query 190 GKVRVVVIANGKPSKIGSRQVDIFKKIYFGLVGSEDGGDGDYNDGIAILNWPLG 243
Query 180 INTOIVNSGRGKVRVVVIANGKE G V++ V+ NGKPS + 5 Q + K F +VGSED D DYNDGIA+LNWELG

. LNTQIVNSG GEVEVVVT NGEI spieor 61 GAVQIQVSVNGEESDLVSHOTILANKLNFAMVGSEDSSDNDYNDGIAVLNWRLG 114
Sbjct 211 LNTQIVNSGHGKVEVVVIVHGKE

Query 240 WPLG 243

WELG — -
Sbjct 271 WPLG 274 BlDownload ~ GenPept Graphics

fucose-binding lectin PA-IIL [Pseudomonas asruginosa ATCC 25324)
Sequence ID: reflZP_15613365.1] Length: 115 Number of Matches: 1
e See 1 more fitle{s)

Range 1: 5to 115 Ge=nP=pt Graphics

Seore Expect Method Identitieg Porgitives Gaps
117 bits{294) 7e-30 Compositional matrix adjust. 51/113({54%) 77/113(68%) 3/113(2%)

Query 132 GIFILPPNIAFGVIALVHSSAPQTIEVEVDDMEKPALTFOGRGTQDANLHNTQIVNSGE-G 150
G+FTLEF N FGVIER NS5 QT+ VWV N + ZATF G T +& + TO++NH3G G
Sbjct 35 GVETILPANTQFGVIAFANSSGIQTVNVLV-——HNETAATFSGOSTHNAVIGIQVLNSGSSG 62

Query 151 EVEVVVIANGKPSKIGSROVDIFEETYFGLVGSEDGSDGDYNDGIATLNWELG 243
EV+V V+ NG+PS + 5 QV + + F LVGSEDG D DYND + ++NWPLG
Sbjct 63 EVOVOVEVNGREP SDLVSAQVILTNELNFALVGSEDGTDHNDYNDAVVVINWELG 115



FASTA algoritmus

Na rozdil od algoritmu BLAST jsou zde
tolerovany mezery. aacggecttacdg

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

Nasledné jsou jednotliva slova z jedne
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 nejvysSSim skore).

g g9 c L Lt cgdqg

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 (maze mezi nimi a
byt mezera, &i jsou na rtiznych diagonalach) AACGGCTTACG
a tyto spojené useky jsou posouzeny
z hlediska zadanych kriterti.



MSA ,programy”

Za poslednich 15 let vzniklo pres 50 MSA
prog ramOV)’/Ch bal |’kl°J (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 Stal http://www.clustal.org/

* V soucCasné dobé nejuzivaneéjsi program

e 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)
Clustal Q) (Sievers et al., 2011)

« Vyuziva progresivni alignment

o 3L

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)


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

Clustal — postup

Provedeni pairwise alignmentu pro kazdou dvojici
sekvenci a ur€eni 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 nejmené
pribuznym (viz. 2.). Jednou vlozené mezery jsou
zachovany.



Clustal — vystup

Pod alignmentem je uvaden tzv. consensus —
dohodnuté symboly vyjadrujici ,konzervovanost®
kazdeho sloupce:

* - ldentické residuum ve vsech sekvencich
- silné konzervovany sloupec
- slabé konzervovany sloupec

IPPNTDFRAIFFANAAEQOHIKLEFIGDSQEPAAYHKLTTRDGERE-—ATLNSGNGKIREFE
LPPNTAFKATIFYANAADRODLKLEFIDDAPEPAATEVGNSEDGVRL--FTLNSKGGKIRIE
LPPNIAFGVTALVNSSAPQTIEVEVDDNPKPAATEFQGAGTODANLNTQIVNSGKGKVRVV
LPPHIKFGVTALTHAANDQTI DIYIDDDPKPAATFKGAGAQDQN] GTKVLDSGNGRVRVI

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



MUSCLE

(MUItiple 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. Na zakladé distance matrix je sestaven prvni pribuzensky strom
(treel)

3. Skladani sekvenci v poradi dle tree1 od vétvi ke kmenu —
v kazdem rozvétveni je vytvoren profil, ktery pri 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 i
MSAL — tvorba druhé distance =~ ___ couning (111 urems aignment.
matrix (D2) e ——— MSA1
, o unaligned .
Na zakladé D2 sestaven sequences  k-merdistance  TREE 2.1 compute
vylepseny pribuzensky strom 7eids from MSAT
(treeZ) —— . /& HH Kimura distance
. , . . = — [T ] matrix D2
Progresivni alignment (viz bod ong | 23 progressive 22uPGMA
v v . v P M= alignment TREE? .

3) na zakladé tree2 — vytvoreni e
druhého MSA m— = =— gelete

) . , = 33realgn  gp = ves,
Refinement — rozdéleni /,>L<\§\ S2compute - profles T T e

. , v v s . rec promes MSA3
vznikleho stromu na dve casti a /
vytvoreni MSA pro kazdou o et repeat
z nich. Pokud je vysledny giving 2 subrees
allgnment IepSI; Je ZaChovan Figure 2. This diagram summarizes the flow of the MUSCLE algorithm.
TO'[O se OpakUJe do 'fl:here arde three |.11u:i]n Hdm:ifh S,’[afffI fdr-f_]j‘r_ ipmggf_!iﬁ]jw]],. Stage[ _'.'-_'

vz z M 7 improved progressive) and Stage 3 (refinement). A multiple alignment is

konvvergenced (Zﬁdlnavqa|3| available at the completion of each stage, at which point the algorithm may
Zmena neveae K lepsimu terminate.

vysledku) nebo do urCeného
poctu kroku



DalSi skorovaci schémata (scoring
schemes) pro pairwise alignment

Algoritmy zalozené na matici (matrix-based algorithms) —
napr. ClustalW, MUSCLE; pomoci substitu¢ni matice je
prislusné dvojici (AK) prirazena hodnota. Rozhoduje
pouze identita téchto dvou AK, pripadné jejich nejblizsi
okoli (viz. napf. BLAST)

Schémata zalozena na konzistenci (consistency-based
schemes) — poprveé v T-Coffee, dale v PCMA, ProbCons,
MUMMALS, MAFFT, aj. Vycha2| Z nejlepsu:h moznych
alignmentu kazdé dVOche sekvenci. Vyuziva Casto i data
z ruznych zdroju (napf. strukturni informace). Cilem je
dosahnout maximalni konzistence (vnitrni shody).

LA a4



T-Coffee g
http://www.tcoffee.org s

(Tree-based Consistency Objective Function for alignment Evaluation)

 Pomalejsi ale vyrazné presnejsi nez ClustalW

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

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


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

T-Coffee == =—

E—
B - | g B
Ve . . . ° (e | ( — s e
P roved e n I pal rWI Se aI Ig n m e ntu ClustalW Primary Library ‘ Lalign Primary Library (Local

[Gi ohal Pai rw_if'i Align |_nem,'| I-'airvu.f_i se Alignment)

pro vSechny dvojice sekvenci

pomoci globalniho a pomoci . v

lokalniho alignmentu (dvé T

. , , . Weighting
primarni knihovny).  Sigual Addiion
Jednotlivym pairwise . |
alignmentum je pfifazena vaha PRIMARY ummr)
podle pomeru poctu identickych ~ y
residui k celkovemu poctu EXTENSION
residui. |
Kombinace obou knihoven. ( - ]

. s 7 e EXTENDED LIBRARY

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 R _
pro vlastni progresivni ===
alignment.




r

Clustal Q Q

L CLUSTAL

1. Provedeni pairwise alignmentu urychleno pouzitim
modifikovaného algoritmu mBed — pfevedeni sekvenci
na n-rozmérny vektor a nasledny alignment vektoru

2. Sestaveni pribuzenského stromu (similarity tree)

3. Sestaveni alignmentu uzitim presného algoritmu
HHalign (vyuziti skrytych Markovovych modelu).

UrCen pro obsahlé alignmenty.
V roce 2011 prilozeno 190 000 sekvenci behem nekolika hodin.



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



A\ A "4

RozsSireni
konzistentniho
modelu

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

tvorba profilu
homolognich sekvenci)

Vyhoda: vysSi presnost

Sequences

.

Templates

Structure- based alignment

|

Template-based alignment
of the sequences

I
I

Primary Library

Template to sequence alignmeant



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

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

Vyuziti pro hledani pribuznosti sekvenci,
tvorba profilu proteinovych rodin, a;.

Rada programu vyuzivajicich rozdilné pfFistupy
— pouziti zavisi na vstupnich datech a ucelu
NejcCasteji 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 manualné provedeného
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 zamérené
benchmarkoveé sety, napr.

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



BAIBASE [Thompson et 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 concerned with long terminal extensions, while Refs 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 latest 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 fo each MASTER
test case to generate the EXTENDED set. The results from this third set, however, are not used here. It was found that some of the test cases in the EXTENDED s=t proved too
large for some programs, and aboried due o excessive memory requirements. Of the 278 test cases selected from EXTENDED, T-COFFEE returmned 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 generated 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., 2005] is divided into 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 s&t represents a common SCOP faold 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 3 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 test case.

IRMBASE [Subramanian ef al, 2005] test cases contain a number of simulated motifs [Stoye ef al , 1928] inserted into otherwise random {unalignable) sequences, and as such
iz entirely different to the other benchmarks used in this study. Test cases are designed to examing whether a method can detect isolated molifs within sequences, and so are
tailored to a local alignment approach.

HOMSTRAD [Mizuguchi ef al., 1998] is a database exclusively based on protein structures derived from the PDE, arranged into homologous protein families. It was not
specifically designed as a benchmark database, although it is regularly employed as such.
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Table 1: Programs used in this investigation.

Method

OVERVIEW

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

httphicinformatics. vub.ac_belsoftware/software_htmi
Local, specialised for highly divergent sequences.

Clustal\Vv {1.8)
[Thompson et al., 1594]

httpfwenw ebi ac ukiclustalw!
Glohal, progressive alignment package.

Dialign2 (2.2)
[Morgenstern, 1999]

htipfhibisery techfak uni-biglefeld. de/dialign/

Local, aligns segments of sequences rather than individual residues.

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

htipfidialign-t.gobics.def
Local, progressive alignment. Recent re-implementation of Dialignz.

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

htipfweew biophys kyoto-u_ac. jp/~katoh/programs/align/mafit/
Suite of alignment programs:

FFTNS

Glohal, uses Fast Fourier Transform fo generate ree.

FFETNSI

As FFTNS, but with iteration step to refine alignment.

NWNS

Glohal, uses traditional Meedleman-Wunsch algorithm.

MNWNSI

As NWNS, but with iteration step to refir GINSi

Glohal, iterative, uses global painwise alignment information.

FINS

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/muscle/
Glohal, iterative, progressive alignment program that uses Log Expectation as
scoring function.

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

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

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

ftp:icle. swmed . edu/pub/PCMAS

Global, switches alignment strategies dependent on sequence data.
ClustalVW 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]

http:ffwww bicinformatics ucla_edwipoa/l
Local; uses Partial Order graphs.

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

htto:ffigs-senver cnrs-mrs fri~cnotred/Frajects_home_page/
{_coffee_home_page. himl
Combines both global and lacal methods; uses consistency.




Local alignment

* For two-seguence 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
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Figure 2. The library extension. (a) Progressive alignment. Pour 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 mizsalipned. (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 possible 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 resolved 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
PreFah HOMSTRAD
Clustal\W [14] Matrix — 61.80 [12] — http://www.ebiacuk/dustalw/
Kalign Matrix — 63.00 [18] — http://msa.cghb.ki.se/
MUSCLE [6] 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 18] — http://prodata.swmed.edu/mummals/
DbClustal [24] Profiles — — — http://bips.u-strasbg.fr/PipeAlign/
PRALINE [9] Matrix Profiles — 50.2 [9] http://zeus.cs.vunl/programs/prali newww/
PROMALS [16] Consistency Profiles 79.00 [16] — http://prodata.swmed.edu/promals/
SPEM [28] Matrix Profiles F7.00 [28] — http://sparks.informaticsiupui.edu/Softwares-Services_files/spem.htm
Expresso [13] Consistency Structures — 71.9 [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 00301 23.£001



