MHOXeCcTBEHHbIE BblPpaBHNBAHWA

v/ 3a4yeM BCe 3TO HYXXHO?

v/ [obanbHble MHOXXECTBEHHbIE
BblpaBHMBaHNS — OCHOBbI anropuTma,
nporpamMmb|

v/ [ oe nckatb Ha Web?

v’ MOXHO nn pegakTupoBaTth
MHOXXECTBEHHOE BblpaBHUBaAHNE?

v/ JlokanbHble MHOXXEeCTBEHHbIE
BblpaBHUBAHUA



UTO Takoe MHOXXeCTBEHHOEe
BbipaBHMBaHNE?

HeCcKonbKO roMOsIorM4YHbIX NociiegoBaTeNibHOCTEN,
HanMcaHHbIX ApPyr nog ApyromMm onTuMarsribHbIM
CMocoboM:

v/ [oMonormn4yHble ocTaTtku OAviH NoA ApYrnm

v OcTaTtku B 04MHAKOBOM NPOCTPAHCTBEHHOM
NONOXKEHUN OOMH Mo, APYrUM

v/ OcTtaTku, umerLLe OgNHAKOBYIO
OYHKLMOHANbHYIO HaArpy3Kky, OauH Noa aApyrum

v OOuHakoBble UIM NMOXOXKWe OCTaTKu OOMH noa
Apyrum



Kakoe BbipaBHMBaHWE UHTEPECHEE??

N 20
XYLR_ECOL| : EeSINOGRSIE GAMDTIRMAEY : 24
XYLR_HAEI N : [EeSTROGREIIS GFEEMEERY © 24

* 20
ADI Y_ECOLI : YN TSYgl SVIgKDFYGM (gL HYV
APPY_ECOLI : YN TSY[gl CAGKDYYGV [ZSHYF :
CELD_ECOLI : ¥YS PSL{gl KT|gKKLTSF [gKSYR :
CFAD_ECOLI : IS ASY[gl RVENKHYGV [RKQFF
ENVY_ECOLI : YS TSY[gl SVIgKAFYGL [gl NYL :
FAPR_ECOLI : YT VSY{gl KTIgKEYYGV [gKKFE :

MELR_ECOLI : FR SSREYST[gGKYVGMSEQQYR :
RHAS_ECOLI : FSDSNHESTLERREFNWSZRDI R :
ROB_ECOLI/ : RFD QQTgTRAZGKKQFAQ [FALYR :
TETD_ECOLI : QFD QQSETRREKYI FKV [ESYYR :
XYLR_ECOLI : YP LQYgYSVgKKAYDT [FKEYR :
XYLR_HAEIN :  YP | QY|gYSVIgKKEFEM [ZKEFR




Kakne 6biBatoT BbipaBHMBAHUA?

BbipaBHMBaHUA

NapHbIE MHO>XECTBEHHbIE

rmoodanbHble  NnoKanbHble rmodanbHble  JloKalrbHbIe



3a4yeM HY>XHO MHOXXeCTBEHHOE
BblpaBHUBaHNE?

v/ [lepeHoc aHHOTauuu

v’ [penckasaHne pyHKUUM KaXKaoro ocrtaTka
(Hanpumep, BbiABNEHNE OCTaTKOB,
COCTaBIAOLWMX aKTUBHbIN LEHTP bepmeHTa)

v MopgenupoBaHnune 3D — cTpyKTypbl

v/ PeKOHCTpYKUMS 3BOMNOLMOHHOU UCTOPUM
nocnegoBaTesibHOCTU (dunoreHuns )

v/ BbigBneHue natrepHa yHKLUNOHAlNbHbIX
cemencTB n curHanos B JHK

v/ [locTpoeHne JoMeHHbIX Npodannos

v/ AKKypaTHbIn gn3aunH npammepos ans PCR
aHanusa



Kak BbiOpaTb nocrieqoBaTenbHOCTU OIS
MHOX>XECTBEHHOIo BblpaBHUBAHNA?

v/ BbipaBHuBanTe benku, a He JJHK, ecnn ecTtb
BbIOOP

v/ [locnepgoBaTtenbHOCTEN Nnyylle MHOro, HO He
cnmwkom (~ 10-15)

v/ B BbIbOpKe ny4ylle nsberatb:
= CITMLLKOM MOXOXUX NocrieaoBaTernbHOCTEN
(>90% id)
= CJIMLLKOM pas3sHbIX nocrenoBaTernbHOCTEN
(<30% id ¢ bonbLWMHCTBOM)

= HEMOJIHbIX NMocrieaoBaTeNbHOCTEN
(pparmeHTOB)

= TAHOEMHbIX NMOBTOPOB



3y4yas HOBYIO nocrnegoBaTernibHOCTb

v/ Bblbopka Ha ocHoBe BLAST

v’ [loapoBHO oxapakTepn3oBaHHbIE
nocrienoBaTeribHOCTU - aHHOTaLUA

v/ CoBceM HeoxapakTepusoBaHHbIe
(hypothetical proteins) — goctato4yHbIN
YPOBEHb pa3HOObpa3us

v/ BbipaBHMBaHWe No Bcen AnMNHe
v e-value—104-10°
v/ V3beratb partial sequences



[ToarotoBka BbIOOPKU

BLAST => coxpaHuUTb BCe nocrenoBaTenbHOCTU
pa3om B FASTA popmaTe nnum cpasy Ha
BblpaBHUBaHWE

MmeHa nocnenoBaTefibHOCTEMW:
v/ He bonee 15 cumBosnos
v/ 6e3 npobenos
¢/ KaK MOXXHO MeHbLLE Cny>XebHbIX CUMBOJSIOB —

13 b

MOXHO “
v/ Henb3g Ucnonb3oBaTb OAMHAKOBbLIX UMEH!



Kak MOXXHO CTpOuUTb rrnobarnbHoe
MHO>XeCTBEHHOE BblpaBHMBAHUE?

MO>XHO NbITaTbCA CTPOUTb TOYHO TaKXe, Kak
N NapHoe — crieBa HanpaBo, MakCUMU3NPYH
BEC BblpaBHMBaHWNSA No cTonbuam (anroputm
HugenbmaHa —ByHwa)

[TocTpoeHne MHOXECTBEHHOIO BblipaBHMBaAHUA N
nocnegoBaTenbHOCTEN



PykoBogsiiee

Anroputm Clustal\W —

S npUMep 3BPUCTUYECKOIO
¢ NPOrpPEeCcCUBHOIO
anropuTma
—

OueBuaHbIE HEOOCTATKM:
1) PesynbraT 3aBMCUT OT NOpsiaka BblpaBHUBAHWUM;

2) «OQOuvH pas ran — Bceraga rany



CoBpeMEeHHbIe MeTOoAbl MOCTPOEHUS
MHO>XECTBEHHOIO BbipaBHNUBAHUS
(MSA, multiple sequence alignment):

v/ Anroputm ClustalW (peanusauun ClustalX, emma un3
EMBOSS) — 0o cux nop cambin NonynsipHbIN, HO yXe
yctapeBwunn metog (Ha Web — Hanpumep,

¢ Muscle — ObICTpEE N HEMHOIO TOYHEE, CaMbll HOBbIN U
OOBOSTbHO MOAHbIN

(
)

v/ T-COFFEE — 3amMeTHO TO4YHEE, HO CYLLECTBEHHO MeaJlIEHHEE

( )



cnonb3oBaHue ClustalW

ClustalW

ClustalYy is a general purpose multiple sequence alignment program for DNA or proteins. It produces
hiologically meaningful multiple sequence alignments of divergent sequences. It calculates the hest match
for the selected sequences, and lines them up so that the identities, similarities and differences can he
seen. Evolutionary relationships can be seen via viewing Cladograms or Phylograms.

New users, please read the FAQ.

>> Download Software

L2slL)
R EMAIL ALIGNMENT TITLE R LTS

Sequence interactive ¥

percent ¥
END

UTPUT
ER

alnw/numbers v aligned

Enter or Paste a seto que 3 1N 2 supported format:

Unpload afile:




Kakne output-dpopmaTtbl ObIBatOT

v/ Post-script, pdf, html — Tonbko rpadpuka

v/ FASTA — nocnegoBaTenbHOCTU OTOENbHO,
Ho ¢ npobenamu (PIR — aHanorn4yHo)

v MSF (ALN, Phylip, Selex ...) — HarnaaHo.
CBepxy — onnucaHne BbIDOPKW: nporpamma,
Ha3BaHWe nocsiegoBaTenbHOCTEN, UX
ONHa, BEC B BbipaBHMBAHWN, NMOTOM CaMO
BblpaBHMUBaHMe bnokamu no 60 octaTkoB



[lepeBon dopmaTtoB: READSEQ

WWW READSEQ Sequence Conversion
Function: Converts input DINASA A sequence to specified format (Tnput format 1s determined automatically).
As of Feb. 3, 2006, Sequence Conversion uses the JAVA version of the READSE(Q) program (Readseq version 2.1.22 (02-May-2005),
READSEQ 1s maintained at the IUbio Archive site at University of Indiana.

‘Pearson/Fasta i v Format for the output (Use this form for 'Pretty’ format)

Additional formatting options:
) Mixed Case O Lower Case O Upper Case
[1Remove Gap Symbols ('-")

Please enter or paste sequence[s] to be converted (most formats accepted):

submit || reset | Credits: WIWIW implementation by BIMAS Staff

AHanornyHo: SEQCHECK




ClustalW - output

ClustalW Results

Humber of sequences

Alignment score 18810
Sequence format Pearson
Sequence type aa

ClustalW version 1.83

JalView
Start Jalview

Output file
Alignment file
Guide tree file g 7112 04771 .dnd

Your input file I 04771 .input

SUBMIT ANOTHER JOB

To save a reswit file vight-click the file Iink In the above table and choose “Save Target As”.
Ifyou cannot see the Jallliew button, reload the page and check your browser settings to enable Java Applets.

Scores Table

Sequence Number v || View Output File

Seqd Name Leni{aa) SegB Nanme Len{aa) Score

APOE_HUMAN 317 APOE_PONPY 317 264
APOE_HUMAN 317 APOE_PANTR 317 264
APOE_HUMAN 317 APOE_GORGO 317 264
APDE_HUMAN 317 APOE_HYLLA 317 256
APOE_PONPY 317 APOE_PONPY 317 271




JalView — pegaktmupoBaHue
BbipaBHUBaAHUN

£ hitp:/fwww.ebi.ac. ukicgi-bin/jobresults/clustatwiclustalw-20071126-16313068.aln 5 EE

File Edit Select “iew Format Colour Calculate Help
10

NPOE_HUNAN/1-317 MIEV LWAAL L VT

NPOE_PONPY/1-317 MV LWAAL LV

NPOE_PANTR/1-317 MEBV LWAAL LV

NPOE_HYLEAM-317 MV LWAAL LV

NPOE_GORGCY1-31 7MIEV LWAAL L VT

Conservation

Consensus

MKVLWAALLVTFLAGCQAKVEQAVETEPEPELRQQAEWQSGQRWELALGRFWDYLRWYQTLSEQVQEELLSSQVTQELTALMDET

Eequence 5 ID: APOE_GORGO Residue: GLU (63)

[pyrne nporpammbl ANs pegakTupoBaHus BblpaBHMBaHUM (stand-alone):
GeneDoc; CINEMA: Seaview:; Belvu; Bioedit; DCSE
Cnincok - http://bioweb.pasteur.fr/cgi-bin/seqganal/review-edital.pl



TCoffee

v/ [locTpoeHne MHOXXeCTBEHHbIX
BblpaBHNUBaAHNU

v OueHKa JOCTOBEPHOCTU CYLLIECTBYHOLLENO
BblpaBHUBAHUA

v/ Vichonb3oBaHue 3-D cTpyKTypbl Npu
NOCTPOEHUUN BblpaBHUBaHUS

v/ CpaBHEHME N KOMOUHNUPOBAHME
BblpaBHNBaHUU



TCoffee
TCoffee

A collection of tools for Computing, Evaluating and Manipulating Multiple
Alignments of DNA, Protein Sequences and Structures

. . 5w ’.A-‘<;.’ e
Mirrersites: )% g s s ggﬁm

HOME | references | help |

ALIGNMENT
TCOFFEE Regular Advanced
EXPRESSO(3DCoffee) Regular

MCOFFEE Regular Advanced
COMBINE Regular Advanced

EVALUATION
CORE Regular Advanced
iRMSD-APDB Regular Adwvanced

PROCESSING

PROTOGENE Regular Adwvanced

Mirrersites: [y g e “%s %l;‘im

Bbixog — dpannel Bbixog — dpannel clustalw_aln,
bavine! clustalw aln fasta aln BLixona — chavinekl clustalw aln fasta aln




Kak ncnonb3oBatb [ Coffee ons
Opyrnx uenewu

 MHOXecTBeHHOE BblpaBHMBAHNE HA ocHoBe 3D-
CTPYKTYpbI (EXpresso):

. Tect — “Template

file” (uncno cTpyktyp). Ecnun He B PDB —
“Advanced”

* Alignment evaluation — rotoBoe BbipaBHMBaHUE
Ha BxoA4. Ha BbIxode — pacKpalleHHoe
BblpaBHMBaHWe (score.html, score.pdf): kaxxgbin
cTonobeLl, nokpalleH B COOTBETCTBUMN C KA4ECTBOM
— KpacCHbIN/OopaHXeBbIU/XXeNTbIN - XOPOLLO



Kak “yntatb  MHOXXeCTBeHHOoe
BbipaBHMBaHNE?

v/ Xopollee BbipaBHUBAHNE — BbICOKO-
KOHCepBaTMUBHbIE DIOKM, NepemMeKatoLLnecs
briokamu ¢ nHcepuusamu/geneumamm

v/ JHK — KkOHCepBaTMBHbIE “OCTPOBKW”
v/ KayecTBO — score, NokanbHO BaXXHO
v/ ‘consensus’ — CTPOKa C CMMBONaMW e

“.” — KOHCepBaTUBHbIN, NMOXOXWNE MO pa3|v|epy
" rmnponaquHocm, NOXOXne No pasmepy

NI rmgponaTU4HOCTU, COOTBETCTBEHHO



Ecnn KoHcepBaTUBHbI TOMbLKO
oTOernbHble cTonoubl

v W, Y, F — KoOHCcepBaTuBHOE rnapodpobHoe 5400,
cTtabunusupytowlas ponb B aape. Ecnn n
MYTUPYIOT, TO MeXay cobon

v G,P - donaHkupytot beta-cTtpeHabl U anbda-
cnvpanu

v C — yyacTtByeT B 06pa3oBaHum ancynbMuaHbIxX
MOCTMKOB — OMHAKOBOE PacCTOsiHNE MeXay

v/ H,S — katanntnyeckue ueHTpbl NpoTeas

v K R, D, E - 3apsXeHHble aMUHOKNCIOTHI,
y4acTBYHOT B CBA3bIBAHUW NraHOoOB

v/ L — peako koHcepBaTuBHbI. PopmMupytoT leucine
zipper — benok-6enkoBbIe B3aUMOENCTBUS



JlokanbHOEe MHOXeCcTBeHHOe
BblpaBHUBaHME — NOCTaHOBKA 3a4a4yu

Paa nocrnegoBaTenbHOCTEN, B KaXKO0OW U3 KOTOPbIX
eCTb MHTEpPeCHOe CnoBo (JIMbO TOYHO, NNOO C
HeOONbLLUNM KONMMYECTBOM 3aMEH) N3BECTHOM
OSVHBI

=> Hauntun n onucaTtb 3TO CITOBO

Hoes. bynem nckatb nepenpencraBrieHHOE CIOoBO.
CTapTyeM cOo BCeX CNnoB B BblpaBHMBAHUN, ULLIEM
nyJliee ero npencraBneHne B KaXkgou 13
nocriegoBaTefibHOCTEN U MOTOM YTOYHAEM MO
nony4yeHHoMy npodauny




Kak 3To BbIrMaaunT

ACATTATCCGTTAGGAGGATAAAAATG
GTGATACTTCAGGGAGGTTTTTTAATG
TCAATAAAAAAAGGAGTGTTTCGCATG

CAAGCGAAGGAGATGAGAAGATTCATG
GCTAACTGTACGGAGGTGGAGAAGATG
ATAGACACAGGAGTCGATTATCTCATG
ACATTCTGATTAGGAGGTTTCAAGATG
AAAAGGGATATTGGAGGCCAATAAATG
TATGTGACTAAGGGAGGATTCGCCATG
GCTTACTGTGGERAGGAGGTAAGGAATG
AAAGAAAATAGAGGAATGATACAAATG
CAAGAATCTACAGGAGGTGTAACCATG
AAAGCTCTTAAGGAGGATTTTAGAATG
TGTAGGCGAAAAGGAGGGAAAATAATG
CGTTTTGAAGGAGGGTTTTAAGTAATG
AGATCATTTAGGAGGGGAAATTCAATG

tacataaaggaggtttaaaaat




Gibbs sampler

Let's A be a signal (set of sites), and /(A)
be its information content.

At each step a new site Is selected in one
sequence with probabillity

P ~exp [([(A,,,)]
For each candidate site the total time of
occupation is computed.

(Note that the signal changes all the time)



COOTBETCTBYIOLLME NporpamMmebl




[lpegcTaBneHne pesynsraTtoB
Takux nporpamm — Logos

[1lporpammbl NOCTPOEHUSA —



Greedy algorithms (MEME)

Find a signal among all k-words (assuming that we
know the length signal).

For all k-words it's too time-consuming (k~16). So
initially we consider only k-words that were
present in the fragments.

For each k-word construct a matrix of “sites”:
alignment of best “copies” of the k-word from
every sequence fragment.

Select the best k-word. What is the measure for
comparison of matrices? Information content!



Greedy algorithms. Cont'd

o Select the k-word with maximal
Information content

Problem. We considered only k-words from
our sequences => may select not the
signal (the consensus word), but only its
best representative in our sample

Solution. For each k-word from the sample
construct PWM and reconstruct the
frequency matrix based on it. Repeat until
stabilization of the matrix. Use the
consensus of this matrix.




Limitation of greedy algorithms

« Started from k-words in our sequences
and increase the information content at
each step => find a local (not global)
maximum of the functional.

* We need an alternative algorithm that
will not be “greedy”!



Frequency matrix

Information content 7= Zj 2. fib,)llog fib,) / p(b)]

W(b,))=In(N(b,))+0.5) — 0.25ZIn(N(i,/)+0.5)



