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3apoxKaeHne 6UoNHPOPMATUKM

NHuymmposana co3ganme Atlas of Protein Sequence and
Structure (1965) (65 nocnegoBatenbHocTen) -> PIR -> Uniprot

I'IepBoﬁ Ha4da/la UCMOJ/Ib30OBaHMNE KOMMbHKOTEPOB ANA
CpaBHEHUA I'IOCI'Ie,CI,OBaTEJ'IbHOCTEIZ

Mpepnoxnna ogHOb6YKBEHHDbIN KOA ANA aMUHOKUCNOT

Maprapet anxodp
(1925 —-1983)

Bnepsble npoBesa PEKOHCTPYKLUIO
3BO/IIOLUMOHHOIO AepeBa UCXoaa 13
BblpaBHUBaHWA NocieaoBaTenbHocTeln (1966)

David Lipman, (ex)director of the NCBI: “She was the mother and father of bioinformatics".
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MbI TO/IBKO YTO CeKBEHUPOBaANU HOBYIO nocnegosatenbHocTb [AHK

TAT CAT CA :'—:Tﬁ.TGGGC CACGGCTGC

YTO Mbl MOXXEM O HEN Y3HATL?
- OTHOCUTCA 1M OHA K Y)Ke U3BECTHOMY reHy?

- KaK oHa cooTHOCUTCA C APYFMMM U3BECTHbIMM FEHaMMU: UMEKT I OHU obuiero
npeAWwecTBEHHUKA WAN CXOACTBO QPYHKUMW NOJYYEHO MNYTEM KOHBEPreHTHOMU
3BOIIOLUN?

- Kakasa 6enkoBaA nocneaoBaTeNbHOCTb COOTBETCTBYET 3TOM MOC/eA0BaTe/IbHOCTHU
AHK 1 yTO 310 MoXeT 6biTb 33 6enoK?
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CpaBHeHMe nocaeaoBaTe/IbHOCTEN

Lenn:

- CousmepuTb CX0ACTBO MOC/eA0BATE/IbHOCTEM WU YCTAaHOBUTb COOTBETCTBME MeXAy
HYKN€O0TUAaMU MAN AMUHOKUCAOTHBIMM OCTaTKaMM

- BbIABUTb KOHCEpBaTMBHbIE U BapmnabenbHblie 0b6i1acTn

- MNpeanosoK1Tb 3BONOLMOHHbIE B3aMMOCBA3U

BbipaBHUBaHME NOCNAE[0BATENBHOCTEN —
OCHOBHOMW UHCTPYMEHT 6MonHpopmaTUKu
DEQTDIARAYKITSLET IVL-FEKGOEKHRATGFMPKARIVOLVSO——

ELGDVAQENEVSAMPTLLL-FENGEEVAEVVGANPAAT-KOQATRARNA

DENPSTAAKYEVMSTIPTLIV-FEDGOPVDEVVGFOQPEENTL.AEVI.OKHL

n on on
0 oo Co

i
i

0 DDAONVATHCOVECMETFOQF - YENGEEVOEFSGANKERT.-EETTESLV
0 DDCODVALDCEVECMETFOF - YREGOEVGEFSGANFERT. —-EATITEFA
0 DD CODVALE CEVECMETFOF-FEEGOEVDEFSGANEERL-EATTEGLI
0 DD CODVALECEVECMETFOF-FEEGOEVSEFSGANEERL-EATINELI
0 DDA ODVASHCOVECMETFOF-YENNEEVHEF SGANEERL-EEATEEYN
0 DD CODVASECEVECMETFOF-FEEGOEVCGEFSGANEERL-EATINELL
0 DDCORVASECEVECMPTFOF-FEEGOEVGEFSGANKERT. —EATTINELY
0 DDCODVALECEVECMPTFOF-FEEGOEVGEFSGANEER L -EATINELT
0 DDCHEDIAAECEVRCMPT FOF-FREGOEVGEFSGANKERT.—EATTNELL
0 DDCODVASECEVRECMET FOF -FREGOEVGEFSGANFERT. —EATTNELY
0 DDCODVALDCEVRECMET FOF - YREGOEVGEFSGANFEERT. —-EASTTEYA

-

DD OOV A SECEVECMETFOFFFREGOEVGEFSGANEERT. -EATINELYV 17
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CpaBHeHMe nocaeaoBaTe/IbHOCTEN

PaccmoTpum nocnegosaTtesibHOCTU gctgaacgun ctataate.

NX MOXXHO BbIPOBHATD:

HEMHDOPMATUBHO - - -----gctgaacg
ctataatc------ -
6e3 nponycKos gctgaacg
c t ataatoc
C Nponyckamu Tak gctga-a--¢g
- —ct -—-—ataatc
UNN TaK gctg-aa-cg
- ctataatc-

CKO/bKO cyLecTBYeT BbipaBHUBAHUIA ANA nocaeaoBaTelbHOCTe AJIMHbI M U n?
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ToyeyHaa matpuua cxoactsa (dotplot) (1970)

CHoBa ABe nocseno0BaTeNIbHOCTHU:
— DOROTHYHODGKIN
— DOROTHYCROWEFOOTHODGKIN

MaTpuua cxoacTsa Ana HUX ByaeT BbIrNsAeTb TaK:

P O ROTHY YO CROWPFOOTHRODGIKTIN

D . ’ ’ ’ - - - - - :_-I

¢ —— -

(1910 - 1994)

XonectepuH (1937)
NeHnumnnmny (1945)
Butamunu B12 (1954)
NHcynunH (1969)

HobeneBcKuin

naypeart 1964 roga
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ToyeyHaa matpuua cxoactsa (dotplot) (1970)

MocnepoBaTe/IbHOCTb C MOBTOPaMMU MannHApoMHasa NnocneaoBaTe/IbHOCTb
(ABRACADABRACADABRA): (MAX I STAY AWAY AT SIX AM):

ABRACADABRACADA ATGBRA MAXISTAYAWAYATSTIXAM
A|A A A A A A A A MM M
B B B B al |a Al [a]l [a] [a A
R R R R X X X
ala al lal |a al |Ial |a A I I 1
= = o s s s
ala al [a] |a al |al |a A x : 3
5 = = al |a Al [a] [a] |a A
ala Al |al| |a Al |al |a A - X s

al |z al [a] |a] |a

B| |B B B o =
R 2 R R A - A A A A A
ala al |al |a al |al |a A % 3 Y
¢ c ¢ al |a al [a] |a] |a A
Ala Al |a| |a al |al |a A T T T
D D D s s s
ala al lal |a al |lal |a A I 1 1
B B B B X X X
R R R R al |a ; | |a] [a A
Ala Al |al |a al |al |a A MM M
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ToyeyHaa matpuua cxoactsa (dotplot) (1970)

[Ons peanbHbiXx nocneposaTenbHocTen (6enok PAX-6
mbiwK (Koa no B Uniprot P63015) n 6enok eyeless
nnogoson mywku (018381)) maTpumua cxoAcTBa
nmeet 6onee CNOXHbIN BUA. XOPOLWO 3aMETHbl TpU
MNPOTSAMEHHbIX y4aCTKa CXOACTBa.

ana COKpaLLEeHMA LIYMOB npUMeHAeTCcA
dunnbTpoBaHUE pe3ynbTaToB. Hanpumep, TOUYKU He
MOKa3bIBAKOTCA A0 Tex Mop, NMOKa B OKHe 3a4aHHOM

LWNPUHbI HE OKAXXeTCA 3aJ4aHHOEe YNCNO0 COBI'Ia,EI,eHVIlZ.
..l ..l

NHTEepaKTUBHOE NOCTPOEHME TOYEYHbIX MaTpULL;:

http://www.bioinformatics.nl/emboss-explorer/ -> dotpath

mouse PAX-6 / Drosophila eyeless
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ToyeyHaa matpuua cxoactsa (dotplot) (1970)
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MaTpuubl cxoactsa nocnegosatenoHocter kKaHanoB KCNH1 u KCNH5 yenoBeka
npu ANnHe oTobparkaembix NOBTOPOB 2, 3 n 4.

Unipro

Free bioinformatics software: m G EN E

http://ugene.net 26
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ToyeyHble MaTpULbl M BbipaBHMBAHUE
nocnenoBaTeIbHOCTEN

Jlioboir nNyTb NO TOYEYHOU MmaTpuue U3
NIEBOTO BEPXHEro yrna B MPaBblil HUKHUM
AAeT BO3MOXXHOEe BbipaBHUBaHMeE:

DOROTHY-=-==—-—-—- HODGKIN
DOROTHYCROWEFOOTHODGKIN

DOROTHYCROWPFOOTHODGKTN
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ToyeyHble MaTpULbl M BbipaBHMBAHUE
nocnenoBaTeIbHOCTEN

Jlioboir nNyTb NO TOYEYHOU MmaTpuue U3
NIEBOTO BEPXHEro yrna B MPaBblil HUKHUM
AAeT BO3MOXXHOEe BbipaBHUBaHMeE:

DORO—-——-—-- THYHOD---GKIN
DOROTHYCROWEFOOTHODGKIN

DOROTHYCROWPFOOTHODGKTN

D Dy, l D |
o OO\ O * » 'O; O'OQ 4 1C" » h . .
Rl | Ry [ | | R | | i [ | |
o| o] [oy o| | |ojo| | lo |
T - - T—\"——-ﬂ — » - “ ‘ :OT"; — > “
H b A i N i B H |

| | A N | | L
Bl | | i ”‘””JV*”R |
o ‘.Cil’ ol | | [ | fo} [ Jolel | Jof | | | |
D|D L A D,
. N A _la]
K | | | | >k
I Iy
N *z?

Kak BbiGpaTh ONTMMAaNbHOE BbIPaBHUBAHME U3 BCEX BO3MOXHbIX? HyskHa mepa cxopdreal



Mepa cxoacTBa nocnenoBaTe/ibHOCTEN

PacctoaHne no XammwuHry (1950) —
KO/INYECTBO HEeCcOoBMadaloWmx nosu-
UMA  MeXay nocnenoBaTe/lbHOCTAMM
OAWNHAKOBOW AJINHbI;

PaccrosHue no JleBeHLWTENHY
(«pepakuMoOHHOe paccTossHme») (1965)
— MMWHMMAZIbHOE YUCI0 onepaumi
PeaaKTUPOBAHUA, HEOBXOAUMbIX AN
NpeBpaLLEHMA OAHON CTPOKM B APYryto
(ANMHbBI CTPOK MOryT He coBnaaaTh).

Prvuapa XaMMUHT
(1915 - 1998)

Jlaypeat npemun
TbtopuHra 1968 roga
EN=4

Bhragumup
JleBeHWTenH
(1935 -2017)

MexmaTt MIY (1958)

Mepanb XamMUHra
2006 roga

EN=3
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Mepa cxoacTBa nocnenoBaTe/ibHOCTEN

PacctosaHue no
BbipaBHMBaHMe

JleBeHLWwTEeNHY
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OaHako anAa 6onee akKKypaTHOW OLLEHKWN HYKHO MMETb B BUAY, UYTO:

b)

Mepa cxoacTBa nocnenoBaTe/ibHOCTEN

HekoTopble 3amMeHbl NPOMCX0AAT BepoATHee ApYrux (0cob. aMUHOKUCNOTHbIE);

CoBMmecTHas Ageneumva HEeCKONbKMX OCTaTKOB bosiee BeposiTHa, YeM HE3aBUCMMaS;

n21 &

H22

o2

H4l

[MnoTeTnyeckasn MatTpuua HyYKJ1€OTUOHbIX

3daMeH, y4inTbiBarowad, 4YTto TpaH3INLUUNU
BCTPEYAIOTCA Yalle TpaHCBepCMI\/JIZ

a
a 10
g 0
t -5
C -5

g

10
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CocTaBneHne maTpul, 3ameH

0) MpocTenWwnn BapnaHT: eAMHNYHAA MaTpULa.
Mo3BoNAeT BbIABAATL UAEHTUYHbIE WIN OYEeHb
noxoxue noc/ie0BaTe/IbHOCTH; Ansa
aMUHOKUCNOTHbIX NOCNEeA0BaTE/NIbHOCTEN  He
MCrnonb3yeTca.

tiny SMALL

Aromatic

HYDROPHQOBIC

1 0 --- 0)
0 1 - 0

1) «PauuoHanbHbIA NoOAXOA»:
Knaccndbuumpyem amuHOKUCAOTbI
Ha rpynnbl, a 3aTem npubasnaem 1
K OUEHKe BblpaBHMBAHMA 3a
MyTaUMIO BHYTPW Tpynnbl  UAU
BbluMTaem 1 3a myTauuio mexxay
rpynnamm.
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CTpyKTYypa aMUHOKUCNOT

@ Positive @ Negative

* Side chain charge at physiological pH 7.4

A. Amino Acids with Electrically Charged Side Chains C. Special Cases

Positive Negative " . . y
A A Cysteine Selenocysteine  Glycine Proline

Arginine Histidine i 'Aspartic Acid Glutamic Acit‘i (Cys) G (Sec) 0 (Gly) @ (Pro) e

(Asp) (Glu)
© B E)

A/O s /Yo - pKam pKa 19 ‘/O "K‘”"‘/o pxu_gs/yo

(@] (@) ©) pKa 1047
NH NH
uuuzo g PKa|028 pamo pKa9528 NH
@)
O

pKaB.H

D. Amino Acids with Hydrophobic Side Chain B.  Amino Acids with Polar Uncharged Side Chains
Alanine Valine lsoleudne Leucine  Methionine  Phenylalanine Tyrosine Tryptophan Serine Threonine Asparagine Glutamine
o o "o Yo g e Yo Wy | "o “e Yo “o

% : P21} ﬁnl!l

Sy

o ﬁ/ - i opm.w




CocTaBneHne maTpul, 3ameH

2) «dmnupuyeckuii nogxoa»: cobnpaem CTaTUCTUUYECKME AaHHble O BCTPEYaemocCTu

dMNHOKNC/NTOTHbLIX 3aMeH B BblIPaBHNBAHUAX U3BECTHbIX b6enkos
(ﬂ) 10 29 30 40 50

Eacherichia coll

Porphyra purpurea
Thiobacillus ferrooxidans
Streptosyces clavuligerus
Cyanidioschyzon merolae
Human

Rhesus monkey

Sheep

Rabbit

Chicken

Dictyostelium discoideum
Dictyostelium discoideum
Drosophila melanogaster
Caencrhabditis elegans
Ricinus communis
Neurcospora crassa

DF A WCGPC P
PEBABY auacaaoa 00 00O O 08 O 0 OO0 O O 0800 08 CL T8 ppp

60 70 80 09 100
{ ] |

Escherichia coli QNPGTA : : : NGEVA.
Porphyra purpurea
Thiobacillus ferrooxidans
Streptomyces clavuligerus
Cyanidioschyzon merolae
Human
Rhesus monkey
Sheep
Rabbit
Chicken
Dictyostelium discoideum
Pictyosteliwm discoideum
Drosophila melancgaster
Caenorhabditis elegans
Ricinus communis
Neurcspora crassa

D | | } T g Ga Lp
BppPeana wacaa BB ppp FRPBAPRBARE cauaaauecuana3dd



CocTtaBneHmne maTpuu, sepoaTHocTen 3ameH. PAM

Accepted Point Mutation (APM -> Point mutations
o No mutation el |

PAM) — 3ameHa ogHom Silent Nonsense Missense
dMWHOKMNCAOOTbI Ha plpyry}O’ conservative  non-conservative
3aKpenuBLIasnca B npouecce DA level I IR ATC TCC TGC
3BONIIOUMNN. mMRNA level AAG AAA UAG AGG ACG

protein level Lys Lys STOP Arg Thr
PAM (Percent Accepted Mutation) — ; ? P Y

eaAnHNUa U3aMmepeHnAa pacxoxXaeHunA
I'IOCﬂe,EI,OBaTefIbHOCTEI\;I B basic
BblPpaBHUBAHUN.

PAMN — Habop maTpul, BepoATHOCTEM 3aMeH, annpPOKCUMUPOBAHHbLIX AA
BbIPpaBHMUBaHWIN, coaeprKawmx N 3ameH Ha 100 octatkoB. MicxogHo maTtpuua PAMI
HOpMMpPOBaHa W3 pacyeTa He 6onee 1 mytaumm Ha 100 OCTATKOB, OCTa/ibHbIE
NONY4AOTCA MATPUUYHbIM YMHOXEHUEM.
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MaTpuua seposaTHocTen 3ameH PAM1
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CoctaBneHune oueHo4YHbIX maTpuy ana PAM

LeHa myTaunmn i <j

= 101g

Habntopaemas yactota MyTauun i €]

YacTtoTa myTauun i €>j, oxnagaemas

(ynpolueHHo)

(M.O.Dayhoff, 1978)
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¢ Cys |12 M3 YaCTOTbl BCTPEYAEMOCTM a.0. i U |

5 Ser | 012

T Thr -2 11 :3.

P Pro | -3 (1 0 ‘6

A Ma]-2]1 101 2

Galy [3]1 i0i1:1 5

N 2l 211 0 1.0 0 1z /1 pepeBo, 1572 3ameHbl -> PAM1 -> PAM250

T e b Bl b e

E Glu |-5 10 :0 i-1:0:0 [1 i3 ‘4

Q Gln [-5[-1i-1:0i0 i-1]1:2 :2 :4

H His -3 |-1:-1:0 :-1:-212 :1 :1:3 |6

R Arg |4 [0 i-1:0 -2:-3]10 :-1:-1:112 6

B.Iys |5 T 0 a1 i1 5 o i1 o

M Met | -5 [-2:-1:-2:-1:-31-2:-3:-2:-1]-2:0 :0 |6

I Me |-2|-1:0:-2:-1:-3]1-2:-2:-2:-2]1-2:-2:-2]2 ©5 |

L Leu|6|-3:2:3.2:4|3:4:3.2]2:3:34 2 :6

v oval [-2 |10 o222z ez s i e

F Phe |4 |-3i-3:-5{-5:5]4:-6:-5:5]-2:-4:-5]|0:1:2 :-1]19

T Tyr |0 |-3:-3:-5i-3:-51-2:-4 -4 .40 4:.-4]1-2:-1:-1:-217 .10
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CocTaBneHune maTpul, 3amMeH

fi =1 BcTpeyaemocTb aMMHOKUCAIOTHOIO OCTaTKa TUNa i B 6enkax
BepoATHOCTb 3amMeHbl OCTaTKa TUNa i Ha OCTAaTOK TUNa j
pi,j
f BepoATHOCTb TOro, YTO Napa OCTAaTKOB B BblpaBHMBAHMU ABIAETCA
i pi,j cneacTBMeM MyTauuu, T.e. NO3ULMKM BbIPOBHEHbI NPaBUAbLHO
f f BepoATHOCTb TOro, YTO Napa OCTAaTKOB B BblpaBHWUBaHMM 0bpa3oBanach
1) C/IY4aMHO, T.e. NO3ULUMN COBNAIN CY4aANHO
fi pi,j _ pi,j CooTHOWeEHWe NPaBaoNoA0OHOCTM BblpaBHUBAHMSA NO3MLUN
ff f
H pik,jk CooTHOWeHWe NpPaBAoNoA0OHOCTU BbiPaBHMBAHUA BCEX kK MO3MLUN
f. B benke
k Jk
S | pik,,—k OueHKa BblpaBHMBaHUA (BO M3berkaHMe oWnboK oKpyrneHns
- Z 00, MCMNONb3YIOT NorapuPmmpoBaHue)
k

Jk 43



PAM. YTo HacyeT KOHCEPBATUBHOCTU?

PAM 0 1 30 80 110 200 250
~ % WOEHTUYHOCTU 100 99 75 50 60 25 20

(A. Neck. BBeaeHue B buonHdpopmatmky (2009), ctp. 200)

1) KaK oueHUTb KOHCEePBATUBHOCTb, ecnn matpuubl PAM2...PAM250 nonyyeHsl
YMUCTO TEOPETUYECKU?

2) BepHbl v yncna B 3ToM Tabanue?

UpaeHTUYHOCTL
[e)}
o

T
1
1
1
1
1
:
1
L
1
1
1
1
1
1
:
1
'
¢
1
1
i
1
L
1
1
1
1
1
1
i
1
L
1
1
1
1
1
1
1
1
L
1
1
1
1
1
1
1
1
1

L 4 E E 1 1 E @ leck, ctp 200

0 50 100 150 200 250 300
PAM_N
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PAM. YTo HacyeT KOHCEPBATUBHOCTU?

0O

@
@

I
O

1ala
v bod  hd L
0 1 2 3
N —4ncno nyHoK
K — obuwiee yncno wapos
g — BEPOATHOCTb TOrO, YTO Hayraj BbIOpaHHAsA IYHKA OKarXKeTcs NyCcTom

E(L) — maTemaTUyecKoe oxkugaHue 4ymcna nycTbiX YHOK

K

N -1

q= N

E(L)=Ng=N| ——=| =N|1-



PAM. YTo HacyeT KOHCEPBATUBHOCTU?

T.0. ecnm 6ol MYTaUNUUN PA3/TUYHBIX OCTATKOB 6bln PaBHOBEPOATHDbI, TO
1 K . 1 K
E(L) = N(l—ﬁ) ,E(M) =N — N(l—ﬁ)

N — AnnHa nocneaoBaTeNIbHOCTH

K — obuiee yncno mytaymi

M — 4yncno No3nUUIM € MyTaLUAMM

E(L) — maTemaTnyeckoe onaaHme Yncaa KoOHCepPBaTUBHbIX MO3MLNINA

E(M) — maTemaTnuyeckoe oxkuaaHue 4ymcaa no3mumi ¢ MyTaumsamm

PAM 0 1 30 80 110 200 250
100 99 74 45 33 13 8
100 99 75 50 60 25 20

~ % NOEHTUYHOCTHU

[loBepsi, Ho nposepain! ©
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(a)

CoctaBneHue matpuu 3ameH. BLOSUM

Eacherichia coll

Porphyra purpurea
Thicbacillus ferrocoxidans
Streptosyces clavuligerus
Cyanidioschyzon merolae
Human

Rhesus monkey

Sheep

Rabbit

Chicken

Dictyostelium discoideum
Dictyostelium discoideum
Drosophila melanogaster
Caencorhabditis elegans
Ricinus communis
Neurcspora crassa

Escherichia cold

Porphyra purpurea
Thiobacillus ferrooxidans
Straptomyces clavuligerus
Cyanidioschyzon merolae
Human

Rhesus monkey

Sheep

Rabbit

Chicken

Dictyostelium discoideum
Pictyosteliws discoideum
Drosophila melancgaster
Caenorhabditis elegans
Ricinus communis
Neurcspora crassa

BLOck SUbstitution Matrix

10 20 30 40 50

DF A WCGPC P

BRBABE cuacauca 000 O 0801 O O OF 01 00 0 €8 0800 01 0L e ppp

60 70 80 09 100
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fpPpPeaca wauaa BEppp BEPBAPRBBRPH EEaarEaaan agg




CoctasneHune matpuu 3ameH. BLOSUM
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[pyrne maTtpuubl 3ameH

FASTA — nonck romosioros B 6a3ax AaHHbIX

Target Identity Abbreviation

BLOSUMS0
BLASTP62
BLOSUME0

PAM250
PAM120
MDM40
MDM20
MDM10
VTML160
VTML120
VTMLS0
VTMLA40
VTML20
VTML10

25%
30%
40%
20%
35%
65%
85%
90%
25%
35%
40%
65%
85%
90%

BL50
BP62
BL80
P250
P120
M40
M20
M10
VT160
VT120
VT80
VT40
VT20
VT10

-Aaxe He ryruntca ®

1

S —

- aHanorn PAM no aaHHbIM Ha 1992 ropg,

MonyyeHbl B 2000 roay nytem nNocTpoeHwus
- TEOPETUYECKOM MOAENIN ANBEPTrEHLUN
nocnenoBaTe/IbHOCTEN B NPOLLECCE 3BONOLMUN
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PacyeT BblpaBHUBaHUA ABYX NOC/eA0BaTeIbHOCTEM

CKONbKO NnyTew BeAeT OT cTapTa K PUHULLY U NPOXOAUT Yepes TOUKY A?

CKONbKO NyTen Hago OUeHUTb, YTOD BbIOPATb NydLWINA?

MeTog AMHAMMYECKOro nporpaMMMUPOBaAHUA MO HaXOXAEHWUIO
ONTMManbHOrO MNyTM B  MaTpuMLE OCHOBaH Ha Muaee eé

CUCTEMATNYECKOTO pa3aeneHna Ha Bce bonee menkue (I)paI'MeHTbI.
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Z2HXaoaUoUOo0oOEX 30 OO

[MoncK rnobanbHOro BblpaBHMBAHMUSA

OnTMManbHbIM NYyTb A0 TOYKM (i, j) onpeaenaeTcs oNnTUMaAbHbIMU NYTAMMU
[0 ToYek ( ), (i, j) n (i, j-1) n oueHKoM nocneaHero nepexoaa.

DOROTHYCROWFOOTEHEODGKTIN

1 D l
I

—




PacuyeT BblpaBHUBAHMA ABYX NOCAe40BaTE/IbHOCTEN.
Anropntm Hnanmana-ByHwa (1970)

"“teg ¢ t g a a ¢ g match mut>gap
0 -1 -2 -3 4 -5 -6 -7 -8 2 -2/ -1
c -1
t 2 basuc
a -3 F“'c" =d-1
¢ 4 FTog=d-j
3 -5 PEI-(prVIFI, OCHOBAHHAaA Ha nNpuUHUUMne onTUMaJibHOCTVA.
1 -6 Fij = 11131(E‘-1,j-1 + S(A;, Bj)_- Fij1+d, Fioq 5+ d).
t -7
c -8

wrpa¢ 3a BCTaBKy cg

MaTpuLa 3aMeH



PacueT BblpaBHMBAHMUA ABYX NOC/AeA0BaTE/IbHOCTEMN.
Anropntm HnanmaHa-ByHuwa (1970)

0 -1
1 -2

c t g a a cC g match mut gap
-2 3 4 -5 -6 -7 -8 2 -2 -1
N\
1 0 -1 -2 -3 -4 -5
—>
-2 = max(-1-1, 0-2, )

\

-4 = max(-3-1, -6+2, ) c—
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PacueT BblpaBHMBAHMUA ABYX NOC/AeA0BaTE/IbHOCTEMN.
Anropntm HnanmaHa-ByHuwa (1970)

match mut gap

Il_ll 2 _2 _1

C

¢ gctga-a-—-c¢g
- ct —-—-ataatc-

a L:6

[locTpoeHune nyTu
«MNO MAaKCUMyMaM»

[NpouTeHune
BblPaBHUBAHUA
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Pacuer BblIPaBHUBaAHWA ABYX ﬂOCﬂe,EI,OBaTeﬂbHOCTEVI.

Anropntm HnanmaHa-ByHuwa (1970)

g ¢ t g a a ¢ g match mut gap
""" 0 -1 2 3 4 5 -6 -7 -8 0 -1 -1

gct -—gaacg
- ctataatc

a 3 3 3 -2 -2 2 -3 -4 -5 L =75
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PacuyeT BblpaBHUBAHMA ABYX NOCAe40BaTE/IbHOCTEN.
Anropntm Hnanmana-ByHuwa (1970)

BapuaHTbl WTpadoB 3a BCTABKY: MOCTOAHHbIN, NNMHENHDbIN, aPpOUHHDBIN, ...

MocTpoeHne rmMobanbHOro BblpaBHMBAHUA He roauTca AN noucka no B (coTHwu
TbICAY nocnenoBaTeNbHOCTEN), T.K. TpebyeT (M x n) BpemMeHu W namaTn Ans

XpaHeHMA MaTpuLl. m
DOROTHYCROWFOOTHODGKTIN
DIDy | } | 7 0
O O, hed i O |C {C
CKOMbKO  CyLLecTByeT 2 ’ 'R\Lo' : RAO =
BblpaBHMBAHUN  ANA “ T 1ol T =
v L ' W — = - I |
nocienoBaTe/IbHOCTEN H | 5] | H
AJIMHBI M nu n? L of I N N b < S N O N A =4 55 B I
n H H !-ol;—o-p-r »—»»—»H\
o [ o olo 'o\ NN
D |1 oy | [ |
G * r ’ ' -q\g +
K I | | IKg |
I| | | | | | | | TI\
N| | | | | | N

f(mln)=f(m'1ln)+.f(m'1ln'1)+f(mln'1) 62



,ﬂ,pyrme NPUNoOXKeHNnAa AMHamMmnyeCKoro nporpaMmmmnpoBaHmA

«PacnosHaBaHMe C/10B YCTHOM peyn meToaamm ANHAMUYECKOro NPOrpaMmmMmnpoBaHms»

AT

L

Euclidean Matching

/

\

N

I~

Dynamic Time Warping Matching

(BuHutoK T.K., 1968)

template | s

inpu'tl g | o | fre Il:I'II | | ng |

Getting to know Sirti:
Dvnamic Time Warping
algorithm for speech recognition
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https://algosandmachines.com/2015/06/14/getting-to-know-siri-dynamic-time-warping-algorithm-for-speech-recognition/
https://algosandmachines.com/2015/06/14/getting-to-know-siri-dynamic-time-warping-algorithm-for-speech-recognition/
https://algosandmachines.com/2015/06/14/getting-to-know-siri-dynamic-time-warping-algorithm-for-speech-recognition/
https://algosandmachines.com/2015/06/14/getting-to-know-siri-dynamic-time-warping-algorithm-for-speech-recognition/
https://algosandmachines.com/2015/06/14/getting-to-know-siri-dynamic-time-warping-algorithm-for-speech-recognition/
https://algosandmachines.com/2015/06/14/getting-to-know-siri-dynamic-time-warping-algorithm-for-speech-recognition/
https://algosandmachines.com/2015/06/14/getting-to-know-siri-dynamic-time-warping-algorithm-for-speech-recognition/
https://algosandmachines.com/2015/06/14/getting-to-know-siri-dynamic-time-warping-algorithm-for-speech-recognition/

,ﬂ,pyrme NPUNoOXKeHNnAa AMHamMmnyeCKoro nporpaMmmmnpoBaHmA

KomnbloTepHoe
cTepeo3peHue

MpaBbiit (= HUXKHUIN) PpParMeHT PacTAHYT U CMeLleH OTHOCUTE/IbHO 1EBOrO (= BEPXHEro)
— TUNWYHAA 3a4a4a ANA BblpaBHUBAHUA 64



The European Bioinformatics Institute (EMBL-EBI)

maintains the world’s most comprehensive range of freely available and up-to-date

Tools & Data Resources

molecular data resources

Q, |[Search all tools & data resourc

Tools Data resources
Clustal Omega fe) Ensembl e!
Multiple sequence alignment of DNA or Genome browser, APl and database, b

protein sequences. Clustal Omega replaces the older
ClustalWW alignment tools.

Multiple sequence alignment

InterProScan §2 InterPro

InterProScan searches sequences against InterPro's
predictive protein signatures.

Protein feature detection | Sequence motif recognition

BLAST [protein] g

Fast local similarity search tool for
protein sequence databases.

Sequence similarity search

providing access to reference genome annotation

UniProt

A comprehensive resource for protein
sequence and functional annotation.

'..I"‘IPI"I:.E. ::

The European resource for the

collection, organisation and dissemination of 3D structural
data (from PDB and EMDB) on biclogical macromolecules
and their complexes.

Europe PMC @

A database to search the worldwide life
sciences literature

Browse by type

00 I a2
DNA & RNA . _
Gene Expression Proieins

i G -
Structures Systems Chemical biology

8 =] =]
Oniologies Literature Cross domain

Programmatic access

EMBL-EBI web services allow you to query our
large biological data resources programmatically,
so that you can develop data analysis pipelines or
integrate public data with your own applications.
The Web Services technology we use are built on
open standards to ensure client and server
software from various sources will work well
together.

Browse EMBL-EBI web services
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[Mprmep BbipaBHMBAHMA ABYX NOC/IeA0BaTE/IbHOCTEMN.
EMBOSS Needle

STEP 1 - Enter your protein sequences

=Protein1_name
QWERTYASDFGH

Or, upload a fil2: | BuBepure dadin | Dain He euifpan

AND

>Protein2_name
WERTYASDFGHEK

STEP 2 - Set your pairwise alignment options

The default settings will fulfill the needs of most users.

STEP 3 - Submit your job

Submit

{Click here, if you want to view or change the default settings.)

Be nofified by email {Tick this box if you want to be notified by email when the resi

Aligned sequences: 2
1: Proteinl name

2: Protein2 name
Matrix: BLOSUM62

Gap penalty: 10.0
Extend penalty: 0.5

Length: 13

Identity: 11/13 (84.6%)
Similarity: 11/13 (84.6%)
Gaps: 2/13 (15.4%)

Score: 67.0

H FH H= FHF H= H HF H= FH H= H H

Proteinl_name 1 OWERTYASDFGH- 12

LTI
Protein2 name 1 -WERTYASDEFGHK 12
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[MprMmep BbipaBHMBAHUA ABYX NOCAE€A0BaTE/IbHOCTEN.

— Input section EMBOSS NEEdle

Select an input sequence. Use one of the following three fields:
1. To access a sequence from a database_ enter the USA here:

2. To upload a sequence from vour local computer, select 1t here: | Bubepure daiin | ®ann He suibpaH
gctgaacy

3. To enter the sequence data manually, type here: P

Select an mput sequence. Use one of the following three fields:
1. To access a sequence from a database, enter the USA here:

2. To upload a sequence from vour local computer, select 1t here: | Buibepure daiin | ®ann He euibpaH
ctataatc

3. To enter the sequence data manually, type here: P

Matrix file. Use one of the following two fields:
1. To access a standard EMBOSS data file, enter the name here:
(default is EBLOSUMG.? for protein, EDNAFULL for nucleic)

2. To upload a data file from your local computer, select it here: | Buibepute dain | ®ain He euibpaH




PacueT BbipaBHMBAHMUA ABYX NOC/IeA0BaTE/IbHOCTEN.
Anropntm Cmuta-YotepmaHa (1981)

— moamndukauma anropntma HnanmaHa-ByHwa ¢ adpduHHbIM WTpadom 3a BCTABKY
M O0bHyNeHMem OTpULATENbHbIX 3HAYEHUW B MaTpuuLe — NO3BOAET BbIABAATb
JIOKa/IbHbl€ BblpaBHMBAHMA.

oD
C v } !

Local Alignment .



PacueT BbipaBHMBAHUA ABYX NOC/1Ie40BaTE/IbHOCTEN.
Anropntm Cmuta-Yotepmata (1981)

"-" g C t g a a ¢ g match mut gap

- 0 0 0 0 0 0 0o 0 O 0,5 -1 -1
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[MprMmep BbipaBHMBAHUA ABYX NOCAE€A0BaTE/IbHOCTEN.

— Input section E M BOSS Wate r

Select an input sequence. Use one of the following three fields:
1. To access a sequence from a database_ enter the USA here:

2. To upload a sequence from vour local computer, select 1t here: | Bubepure daiin | ®ann He suibpaH
gctgaacy

3. To enter the sequence data manually, type here: P

Select an mput sequence. Use one of the following three fields:
1. To access a sequence from a database, enter the USA here:

2. To upload a sequence from vour local computer, select 1t here: | Buibepure daiin | ®ann He euibpaH
ctataatc

3. To enter the sequence data manually, type here: P

Matrix file. Use one of the following two fields:
1. To access a standard EMBOSS data file, enter the name here:
(default is EBLOSUMG.? for protein, EDNAFULL for nucleic)

2. To upload a data file from your local computer, select it here: | Buibepute dain | ®ain He euibpaH




[MprMmep BbipaBHMBAHUA ABYX NOCAE€A0BaTE/IbHOCTEN.

— Input section E M BOSS Wate r

Select an input sequence. Use one of the following three fields:
1. To access a sequence from a database_ enter the USA here:

2. To upload a sequence from your local computer, select i1t here: | Buibepute dhaiin | Qaiin He soibpan

# Aligned sequences: 2
# 1:
# 2:
# Matrix: DNAFULL
# Gap penalty: 10.0
3. To enter the sequence data manually, type hs # Extend penalty: 0.5
#
# Length: 2
Select an input sequence. Use one of the following 4 Tdentity: 2/2 (100.0%)
1. To access a sequence from a database, enter # Similarity: 2/2 (100.0%)
2. To upload a sequence from vour local comp # Gaps: 0/2 ( 0.0%)
# Score: 10.0
#
#
#===================::::::::::::::::::::
2 ct 3
3. To enter the sequence data manually, type hs ||
1 ct 2

Matrix file. Use one of the following two fields:
1. To access a standard EMBOSS data file, enter the name here:
(default is EBLOSUMG.? for protein, EDNAFULL for nucleic)

2 To upload a data file from your local computer. select it here: | Builbepute tain | ©aiin 4e soibpan




Opyrne matpuuybl 3ameH. DNAFULL

N

D
-1 -2

-1 -2
-1 -2

W R Y K M B V H

S

A T G C

-1 -1

-4
-1
-1
-1
-1
-3
-3
-1
-1
-3

-4 -4 1
1 -4
1 -4

-4

1
-4

1
1
-4
-4
-4

-4 -4 -4 -4

A 5

-4 -1

-1 -4

-4 -4 -4 1
-4

5

-4

1

1
-1
-4
=2
-2
=2
-2
-1
-1
-3
-3
-1

5 -4

-4 -4

G
C

-2

1 -1 -1 -4

1
-2
-2
-4

-4
-2
-1 =2

-2
-2
=2
-2

5
1

-4

-4 -4 -4

-1 -3 -3 -1

-2 =2
-2 =2
-2 =2
-1 -2 -2
=2
-2

1
-4

-4

S -4

-1 -1
-1 -3 -1 -1

-3 -1
-3 -1

1
-4

1

-1
-4
-2
-2

1 -4

-3 -1

1
1 -4

-4

-3 -3 -1 -1

-1 -4

-4

1
-4
-1
-4
-1
-1
-2

-4

-3 -1
=2
-2
-2

-1 -1

-1

1

1

M
B -4

-1
-1
-1

-2 -2
-1 -2

-2 -1

-3 -3 -1 -1 -3 -1

-1 -1
-1 -1
-4

-2
-2
-3 -1 -3 =2

-3 -3 -1
-1 -1 -1

-3 -1

-1

\Y
H -1

-1 -3 -1 -3 -1
-1 -1

-1

-1 -1
-1 -1

-2 -2
-1 -1

-1 -4

-2

D -1

-1

-1 -1

-2

-2

N
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