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PacueT BblpaBHMBaHUA ABYX NOCAeA0BaTE/bHOCTEMN

- Anropntm HnanmaHa-ByHwa (1970) ans rnob6anbHOro BblpaBHUBAHMUS
- Anroputm Cmunta-Yotepmana (1981) ans NoKanbHOro BblpaBHUBAHMUSA

Local Alignment



3HAYUMOCTb BblPaBHUBAHWNA

HacKkonbKO 3HAYMMO NoJlyYeHHOEe BbipaBHUBAHME?

MiImeeT 1M oHO BUONOTNYECKMA CMbICA NAKM 06pa3oBanoCb CAy4anHO?

SEQUENCE 1 VLSAADKTNVKAAWSKVGGHAGEYGAEALERMFLGFPTTKTYFPHEDLSH

rrerrrrrrrrrre et et e e
SEQUENCE 1 VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSH

SEQUENCE 51 GSAQVKAHGKKVADGLTLAVGHLDDLPGALSDLSNLHAHKLRVDPVNFKL

R N e N A e AR RN
SEQUENCE 51 GSAQVKGHGKKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKL

SEQUENCE 101 LSHCLLSTLAVHLPNDFTPAVHASLDKFLSSVSTVLTSKYR 141

LErrrrerrre b b e e b e e
SEQUENCE 101 LSHCLLVTLAAHLPAEFTPAVHASLDKFLASVSTVLTSKYR 141

# Matrix: EBLOSUM62

# Gap penalty: 10.0

# Extend penalty: 0.5

#

# Length: 141

# Identity: 123/141 (87.2%)
# Similarity: 128/141 (90.8%)
# Gaps: 0/141 ( 0.0%)

50

50

100

100



3HAYUMOCTb BblPaBHUBAHWNA

SEQUENCE 1 -VLSEGE/QLVLHV/WAKVEADVAGHGODILIRLFKSHPETLEKFDRFKHL
S O I P L I - I | o] .. ]
SEQUENCE 1 GALTESQAALVKSS/WEEFNANIPKHTHRFFILVLETIAPAAK---DLFSFL
SEQUENCE 50 KTEAEM-KASEDLKKHGVTV-=-=—==———— LTALGATILKKKGHHEAELKP
I R - A P B 3 R I
SEQUENCE 48 KGTSEVPONNPELQAHAGKVFKLVYEAATIQLEVTGVVVT—-—-—-—- DATLKN
SEQUENCE 89 LAQSHATKHKIPIKYLEFISEATTIHVLHSRHPGDFGADAQGAMNKALELF
I A I SR S R I - S - I R
SEQUENCE 93 LGSVHVSK-GVADAHFPVVKEAILKTIKE----VVGAK/'SEELNSAVWTIA
SEQUENCE 139 RKDIAAKY-KELGYQG 153
A R I
SEQUENCE 138 YDELAIVIKKEMDDAA 153
# Matrix: EBLOSUMG6?2
# Gap penalty: 10.0
# Extend penalty: 0.5
#
# Length: 166
# Identity: 35/166 (21.1%)
# Similarity: 62/166 (37.3%)
# Gaps: 26/166 (15.7%)

49

477

88

92

138

137



3HAaYMMOCTb BblpaBHMBAHUA

Kawanot JIronuH

MNocnegHuin obLWMM Npeaok *Xun okono 1 mapa net Hazaa/!

Y10 obLiero mexkagy HUMKM cemyac?



3HAaYMMOCTb BblpaBHMBAHUA

Title: 1IMBN Title: 1GDJ
PDB ID: 1MEN PDE ID: 1GD)

MwuornobuH Kawanota (1mbn, 1969) Nerremorno6uH nonuHa (1gdj, 1995) (MK PAH)
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1GDJ
1MBN
1GDJ
1MBN

1GDJ
1MBN
1GDJ
1MBN

1GDJ
1MBN
1GDJ
1MBN

e e e

54
53
54

105
102
105
102

3HAaYMMOCTb BblpaBHMBAHUA

MMOrNobMH KallanoTa v nerremornobuH ntonmHa

-CccC C cccceccif
GALTESQAALVKSSWEEFNANTPKHTHRFFILVLE TAPAAKDLFSFLKGTSE--
~VLSEGEWQLVLHVWAKVEADVAGHGQDILTRLFKSHPETLEKFDRFKHLKTEA

LKk e L - - L
-CCCC

C -C--CCC-- cccccli
~VPQNNPELQAHAGKVFKLVYEAATQLEVTGVVVTDATLKNLGSVHVSK-GVAD
EM-KASEDLKKHGVTVLTALGAI LKK-K--GHH--EAELKPLAQSHATKHKIPT

S - X S

CCCCCC CCCC
AHFPVVKEAILKTIKEVVGAKWSEELNSAWT IAYDELATVIKKEMDDA-A-—
KYLEFISEATTHVLHSRHPGDFGADAQGAMNKALELFREKDIAAKYKELGYQG

L] ***II LI L] L] L] * * L] L] *

NpaeHTuYHocTb 18%*, HO poACTBO NOATBEP}KAAETCS CXOACTBOM CTPYKTYPbI U GYHKLU MK

8



JKcnpecc-meToabl CpaBHEHMA NOC/ef0BaTE/IbHOCTEN.

FASTA

FASTA (Lipman and Pearson, 1985, Pearson and Lipman, 1988) npeaHa3Ha4yeH Ans
CPaBHEHMA HOBbIX NOCNEA0BAaTENbHOCTEN C YKe coaepKalmmmnca B 6asax AaHHbIX.

Anroputm:

MoMCK MAEeHTUYHbIX K-byKBeHHbIX cnos (k = 2 ansa 6enkos, 4-6 ana Hykneotnaos, 1 ana

KOPOTKMX NOCNea0BaTe/IbHOCTEN) MeXKay Noc/e0BaTe/IbHOCTAMMU;

PacumpeHme TOYEK NOAEHTUYHOCTU A0 obnacten

cXoAacrtBa € UCNOIb30BaHUEM MATPUL, 3aMEH

(BLOSUMS50 ana 6enKkos, eaguHUYHaA ana
HYKNEeoTUA0B);

<— Y 22uanbag

MepeoueHKa BbIsiB/IEHHbIX 0b1acTel cxoacTBa C
MOMOLLbIO LIeIeBON MaTPULLbl 3aMeH, onpeaeneHme
10 obnacten ¢ MaKCMMaNbHOM OLLEHKOW;

Mepebop BO3MOXKHbIX BAPMAHTOB NOCTPOEHMUA
BbIPaBHUBAHUA C UCNONb30BaHMEM 3TUX 0bnacTen

1 BbIBOP ONTUMA/IbHOTO C Y4ETOM OLLEHOK

%— \f 92uanbag

obnacten n WwWTpadoB 3a BCTAaBKY;

1.

Sequence B ———

\\\\ \Q \\\
N . \\
\\\\ \\\\\
N \\ \ \

‘\\\\\\\ N \

3.

Sequence B —>

AN

N
N

° AN

<— Y 92uanbag

%— Y @2uanbag

2.

Sequence B ——>

-
\\\\ \t\
\\ \\
\\\\\ AN
N N \

4,

Sequence B ——>




FASTA n FASTQ dopmaTbl

NcxopHo — popmaT npeactaB/ieHnAa nocaeaoBaTenbHocTen ansa nporpammbl FASTA.

V

sp|P69905|HBA HUMAN Hemoglobin subunit alpha OS=Homo sapiens..
MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMEFLSFPTTKTYFPHEDLSHGSAQVKGHG
KKVADALTNAVAHVDDMPNALSALSDLHAHKLR...

FASTQ, - 0606uweHune popmata FASTA.

@SEQ ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT

PUPIR((((F**4) ) $%%++) ($55%) . 1Lx**—+*11) ) **55CCEF>>>>>>CCCCCCC65

Kayectso npoutenna @ = —1010g,y € , roe e — BepoATHOCTb OWMBOYHOrO NPOYTEHUA

94 rpagaunmn B popmate ASCII:

I"#s%&" () *+,-./0123456789: ;<=>?@ABCDEFGHIJKLMNOP

QRSTUVWXYZ[\]" “abcdefghijklmnopgrstuvwxyz{|}~
13



American Standard Code for Information Interchange (1967 - 2007)

ASCII Code Chart

© ,1,2,3;4,5,6 7,89 A;B;C;D,;E,F
O| NUL | SOH|STX |ETX |EOT |ENQ|ACK|BEL| BS | HT | LF | VT [ FF | CR | SO | SI
1|DLE|DC1|DC2|DC3|DC4 |NAK|SYN|ETB|CAN| EM |[SUB|ESC| FS | GS | RS | US
2 ! -- # $ % & ' ( ) * + ’ - /
31 0 1 2 3 4 5 6 7 8 9 : ; < = > ?
4| @ | A|B| C|D|E|F|G|H|I|J|[K|[L|IM|[N]O
51 P Q R S T U V W X Y Z [ \ ] A —
6| - |a|blc|d|e|f|I9|h|i|J|KkK|[TL]|m|n]|o
7] P q r S t u v |w ]| x|Y z { | } ~ |DEL

128 cumBonos (256 = 28 B pacluMpeHHOW BEPCMU), TaK YTO A/19 KOAUPOBAHUA

Heobxogmm 1 6auT Ha 1 cumBon (KomaHAy AN 3HAK).

Koaunposka ASCIl 3ameHeHa Ha Unicode (B HacTosllee Bpema coaepxut 137 439

CMMBOJ1I0B, OXBaTbIBatoWMX 146 COBpEMEHHbIX U UCTOPUYECKNX LLIPUGDTOB,
MaTeMaTUYeCKMEe CUMBO/Ibl, SMOTMUKOHbLI U T.A.)




888888
8888 88888888 8888
888888 8888888888 888888
 888888888888888888888888
 888888888888888888888888
_ 8888888888888888888888
_ 88888888888888888888
8888888888888888
888888888888
* *
EIT * % FEE
R * % FEEEEE
CREEEEEE % RS
C EEEEEE 5 bR
FEEEE T

ASCII art

Rk IR b b d b b g b b g b b S b b S b b S b b IR g b b b b b S b b g b IR db b b I b b g b

* k)

*x k%

* k%

*x k%

* k%

*x Xk %

*x Xk %

*x Xk %

* kK

* kK

* kK

* kK

* kK

FoldX 4 (c)
code by the FoldX Consortium

Jesper Borg, Frederic Rousseau
Joost Schymkowitz, Luis Serrano
Peter Vanhee, Erik Verschueren

Lies Baeten, Javier Delgado

and Francois Stricher
and any other of the 9! permutations
based on an original concept by
Raphael Guerois and Luis Serrano

* k%

* kX %

* k%

* k%

* k%

* kK

* kK

* kK

* k)

* k)

* k)

* k)

* k)

R R R b A b b g b b g b S b b A b b I b b dh g b b A b b G b b A b Ib db b b A S b g b
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JKcnpecc-meToabl CpaBHEHMA NOC/ef0BaTE/IbHOCTEN.
BLAST

BLAST - Basic Local Alignment Search Tool (Altschul et al.,1990) npeaHa3HayeH ans
CPaBHEHMA HOBbIX NOCNEA0BATE/IbHOCTEN C YKe coaepKalmmmnca B 6asax AaHHbIX.

Query sequence: PQGEFG

Anroputm:

- YaoaneHue N\afIOl/IHCI)OpN\aTVIBHbIX y4aCTKOB

nocneaoBaTeNbHOCTM (MOBTOPbLI U T.M.);

Word 1: PQG

- CocTaBneHue cnuncka K-bykseHHbix cnos (K-tuple),

NPUCYTCTBYIOLWMX B NOC/1Ie40BaTENbHOCTM 3aNpocCa;

Word 2: QGE

- ConocTtaB/ieHMe 3TUX C/I0B CO BCEMU BO3MOMKHbIMU

CNOBaMM A/INHbBI K U OLEHKa CXoACTBa; oTbop cnoB ¢ i

. y Word 3: GEF
OLLeHKOM, NpeBblLWatoLLEe noporosyto (Hanpumep, Ans
cnoBa PQG cxoaHbimu 6yayt PNG, PEG 1 PDG, Ho He PQW)
Word 4: EFG

- CKaHuMpoBaHuMe nocnenoBatensHocT 13 b/] u NOUCK B HEN CNOB
C BbICOKOW OLEHKOM, NONIYY4EHHbIX Ha NpeablayLeM Liare;

17



JKcnpecc-meToabl CpaBHEHMA NOC/ef0BaTE/IbHOCTEN.

- PacwupeHmne nokanbHbIX
BblpaBHMBaHNI B 06e CTOPOHbI A0
TexX Nop, NOKa CyMMapHasa oueHKa
BblpaBHMBAHUA HE HAYMHAET
YMeHbLLIAaTbCA (NnoCcTpoeHme
cermeHTHbIX nap (high-scoring
segment pair, HSP));

Ob6begMHeHne cCermeHTHbIX nap,

NeXKawmx Ha yaaseHnn meHblle A;

CocTaBsieHMe CNUCKA CerMmeHTHbIX

obnacten c BbICOKOM OLEHKOM;

Pacuet craTucTtuueckom

3HAYUMOCTU 3TUX OLUEHOK.

BLAST

Quervsequence:E P P Q G L F
Database sequence:D P P E G V V
L"'Exa::t match is scanned.

Score:-2 7 7 2 6 1 -1

I_’HSP

Optimal accumulated score = 7+7+2+6+1 = 23

Query sequence Newly joined region,
e / then it is extended to be
v an HSP region.
X > t
W **  Distance < A
% X
X X

19
Database sequence



bpocaHune KybuKa

Paccmotpum 6pocaHue Kybuka n pas.
KakoBo matemaTuyecKoe oxkugaHue
yncna N_I noBTOpoOB A/IMHbI HE MmeHee [?

E(N,)=(n-1+1)@-p)p' =nl-p)p',

eoe P —e6eposimuocnib 8blNA0eHUS cpaHu

B cnyyae Hanbonee aamHHoro nostopa N = 1. Toraa ans
MaT. OXnaaHUA AAMHbI L 3Toro nosTopa cnpaseaimso

1=n(l-p)p"® = E(L) = Iog% n(1-p)

(Erdds, Rényi, 1970)

«Mamemamuk — amo aemomam
rno nepepabomke Koghe 8 meopemabi»

Anbdpen PeHbu
(1921 -1970)

22



BpocaHue KybuKa

TouyeuHana maTpumua — asymepHoe 0606weHne 6pocaHna Kybuka
C 3aMeHOW BepOsATHOCTM BbiNaAeHUA TPaHU Ha BEPOATHOCTb COBMNaAeHmnaA byKB.

[na nocnenoBaTtenbHOCTEN ANMHOW 11 U 11 UMEEM

E(N)=(n=1+)(m-1+D(1-p)p' =mn1-p)p',

20e P —8eposmHochb COBNAOEHUS

bonee TouHoOe paccmoTpeHne aaet ana mat. OXNaaHnAa 4/1MHbl ABYMEPHOTro NoBTOpPa
BblpaXKeHUNE

E(L)=Iog%(mn)+log%(l— p)+7/|og%e_%

rae «ramma» (nocrtosHHas dnnepa) = 0,577215...
1 1 1
= Ii — —In = i F=4+ =4 ...4 —=In
T n:}}n(z “) im (1454501 5 an)

(1735 — inep — 5 3HakKoB, ... 1973 — YotepmaH — 4879 3HaKOB, ...) 24



BpocaHue KybuKa

Mepexoan K HaTypanbHOMY norapudemy 1 BBoaa o603HaveHus

Iog%(l—p)ﬂxlog%e— 2zlog%)K, In}/ps/l

Monyyaem

E(L) = In(Kmn%

AHanorn4yHoe cnpaseananso (Karlin, Altschul, 19907) n gna makcMmanbHOM OLEHKMU

S_n,m cermeHTHOM napbl (HSP), obpa3zoBaHHOM Nociea0BaTENbHOCTAMM AJIMHON 11 U M1:

. In(Kmn)

Som
| A

Hopmanusaumsa (418 NCKAoYeHUA BKNaAa BEANYUH 11 U 11):

_In (Knm)

En,m — Jdam 1




BLAST. 3Ha4YMMOCTb BbipaBHUBAHUA

PacnpefeneHvne HOPMaM30BaHHbIX MAaKCMMa/lbHbIX OLLEHOK S n,m noaunHAeTcA

pacnpegeneHuto Nlymbensa (pacnpegeneHunto skcTpemasbHbix 3HayeHnin, Gumbel, 1937;
[HeaeHKo, 1943), ana Kotoporo

P (Sn,.m_ > S) ~ 1 —exp (—K mne &’) ~ Kmne ?

rae S — cnydyaiiHasa BeIMYMHA B MHTepBane (-oo; +oo) (Ho nocneaHee npnbankeHme
NENCTBUTENIbHO TO/IbKO anda bonblunx S, Korga Kmn*exp(- AS) mano!)

o4

04

Mormal distributian Extreme value distribution

03 - 03 -

0.25 0.25

0z -
az -

[*R}
[*R ]

0.05
0.05

P(x) = Ton _



BLAST. 3Ha4YMMOCTb BbipaBHUBAHUA

PlS,m>5) =1—exp({—HKmn e )~ Kmne
: I

Ho KakoBbl B 3TOM c/iydae K n A?
B otinume ot 6pocaHns KybmnKa, BepoATHOCTU coBMaaeHUN ByKB 3apaHee HEU3BECTHBbI.

Mponorapndmmupyem BblpasKeHne Ana BepoATHOCTHU:
in(P($ > 5)) = in(kmn) — a5

Takum 06pa3om, Mbl MOXKEM NOCTPOUTb MHOTO BbipaBHUBAHWUIM A1 OAHOW U TOW XKe
nocneaoBaTe/IbHOCTU 3aNpoca AAMHON n 1 6a3bl AaHHbIX CYMMapPHOM AJMHON M
(Nnpryem noyTn BCE 3TM BbiPpaBHUBAHUA ByayT 3aBeAOMO HENMPABUAbHbIMKU) U ANS
KaXKA0ro BblpaBHMBAHMA NOCTaBUTb TOUKY B KoopauHaTax (S, In(P(S>S))):

~4 nOﬂyLWIBLLIMECFI TOYKU MOXKHO

QS

3KCTPaNoAMpoBaTb NPAMOM Mo

MmeToay HauMeHbLLNX KBaAPaTOB,

Q J J .o
A o a HaK/IOH 3TOM NPAMON U eé
% o

o
& nepeceyeHne € oCcbio OpANHAT
<

no3BonAT onpeaenntb K n A.

29



BLAST. 3Ha4YMMOCTb BbipaBHUBAHUA

Ana BLOSUMG62 6binn nonyyeHbl 3HadeHna K = 0.040 n A = 0.254 (Altshul, Gish, 1996)(?).
MoacTtaBnaem mx B Gopmyny anda pacyeta BEPOATHOCTH:

P(Sym>8) =1—exp(—-Kmne ™) =~ Kmne®
: I

4 E<0,02 BbICOKAsA BEPOATHOCTb ro:v\onorvm\
p(sn > S) = E —value 0,02<E<1 romonorma He oyeBUAHA
E>1 CXOACTBO C/IY4aMHO
\ ,

MNpumep (MMornobuH Kawanorta):

>SP:MYG PHYCD P02185 Myoglobin OS=Physeter catodon 0X=9755 GN=MB PE=1l
SV=2 Length=154

Score = 104 bits (259), Expect = le-29
Identities = 50/50 (100%), Positives = 50/50 (100%), Gaps = 0/50 (0%)

Query 1 LAQSHATKHKIPIKYLEFISEATITHVLHSRHPGDFGADAQGAMNKALELEF 50
LAQSHATKHKIPIKYLEFISEAITHVLHSRHPGDFGADAQGAMNKALELF

Sbjct 90 LAQSHATKHKIPIKYLEFTISEATITHVLHSRHPGDFGADAQGAMNKALELEF 139
31



BLAST. 3Ha4YMMOCTb BbipaBHUBAHUA

Ana BLOSUMG62 6binn nonyyeHbl 3HadeHna K = 0.040 n A = 0.254 (Altshul, Gish, 1996)(?).
MoacTtaBnaem mx B Gopmyny anda pacyeta BEPOATHOCTH:

P(Sym>8) =1—exp(—-Kmne ™) =~ Kmne®
: I

4 E<0,02 BbICOKAsA BEPOATHOCTb romonormm\
p(sn > S) = E —value 0,02<E<1 romonorma He oyeBUAHA
E>1 CXOACTBO C/IY4aMHO
\ ,

[Opyron npnumep (KaAMOTOKCUH):
>1cl|PDB:1TI5 A mol:protein length:46 plant defensin Length=46

Score = 25.8 bits (74), Expect = 1.9
Identities = 12/31 (39%), Positives = 14/31 (45%), Gaps = 2/31 (6%)

Query 7 KCSGSPQULKPCUKDAGMRFGKC--MNRKCHC 35 KaJIMOTOKCHUH
K K+ G G M R C+
Sbjct 12 KCLIDTTCAHSCKNRGYIGGNCKGMTRTCYC 42 nmedeH3UH

33



BLAST. 3Ha4YMMOCTb BbipaBHUBAHUA

Ka/INMOTOKCUH |£I,€(I)€H3I/IH
30DV.T 1 -GVEINV-—--KCSGSPQCLKPEKDAGMRFGKCM-N-RKCHETPK- 38
1TI5 A 1 RTBMIKKEGWGKCLIDTTCAHSEKNRGYIGGNCKGMTRTCYELVNE 46
- * - *% Kk o« KKk % * . %k * kexk s

>1cl|PDB:1TI5 A mol:protein length:46 plant defensin Length=46

Score = 25.8 bits (74), Expect = 1.9
Identities = 12/31 (39%), Positives = 14/31 (45%), Gaps = 2/31 (6%)

Query 7 KCSGSPQULKPCKDAGMRFGKC--MNRKCHC 35 KaJIMOTOKCHUH
K K+ G G M R C+
Sbjct 12 KCLIDTTCAHSCKNRGYIGGNCKGMTRTCYC 42 nebeH3UH

[Ana KOPOTKMX NnocaeaoBaTe/IbHOCTEN CXOACTBO MOXeT 6biTb HE cayuaiiHbim gaXke

npnE>1! >



MHoKecTBeHHOe BblPpaBHNBaAHWNE

nocnenoBaTes/IbHOCTEMN
+ +

SARS PWYVWLGFIAGLIAIVMVTILL- -
AIBV1 PWYVWL-AIA-FLTIIFILVLCWI
AIBV2 PWYVWL-AIA- FJJLII IFILILGWY A Trimerizing GxxxG
BCoV PWYVWL-LIG-FAGVAMLVLLFFI Motifls Uniquely
HCoV1l PWYVWL-LIC-LAGVAMLVLLFFI Inserted in the SARS
MHV PWYVWL-LIG-LAGVAVCVLLFFI Coronavirus Spike
PRCoOV P WL-LIG-LVVIFCIPLLLFC Protein Transmembrane
FIPV PWYVWL-LIG-LVVVFCIPLLLFC Dpomain (2006)
HCoV2 PWWVWL-CIS-VVLIFVVSMLLLC

PEDV IRWPWWVWL-IIV- I"U’LIF?"U"ILL?FC

Identity [ N . ® ol

Multiple sequence alignment of the putative spike protein TMD of 10 different
coronaviruses. The SCoV spike protein TMD corresponds to residues Y1194-L1216.
The coloring is according to the chemical nature of the amino acid. The arrows

indicate the insertion of the glycine residues in the SCoV spike protein TMD.
36



MHOXeCcTBeHHOe BblpaBHMBAHMUE
nocnenoBate/ibHOCTEMN

Llenwn:

- NocTpoeHne punoreHeTUYECKUX AEPEBLEB

- BbiABNEeHME KOHCEPBATUBHbIX OCTAaTKOB M MOTUBOB
- NocTpoeHune npodpunen (BM3yannsauma)

- MTepaTI/IBHOE BblABIEHNE yﬂ,aHEHHOVI romoJsiormun

ANropuTMbl:

- AMHamunyeckoe nporpammumpoBaHue
- MporpeccmBHOE BblpaBHUBAHME

- CKpbITble MAapKOBCKUE moaenm

- KBaHTOBbIE KOMNbIOTEPDI?



[IMHamunyecKoe NnporpaMmmmnpoBaHume

Mpamoi MEeTOo/, BbINO/IHEHUA MHOEeCTBEHHOrIO BblPaBHUBAHMUA,
obecneuymnBaoWmMn HaxoxKaeHne rnobanbHOro oNTMMyMma.

Ona BblpaBHMBaHMA N nocnegoBaTenbHocTen Tpebyetca noctpoeHue N-
MEPHOM MaTpuubl. Takmm o06pa3om, MPOCTPAHCTBO MOMUCKA pacTeT
3KCMNOHEHUMaNbHO ¢ poctom N, a TaKXe 3aBUCMT OT  A/JUHbI
nocneposatesibHOCTEN. Bpems noncka moxKeT bbiTb oueHeHo Kak O(LMN).

A-BD-E-
ACB--E- c
A--DCEE
B
c | " E
E
c
A 1 5



MHOXeCcTBeHHOe BblpaBHMBAHMUE
nocnenoBate/ibHOCTEMN

Llenwn:

- MocTpoeHune punoreHeTUYECKUX AepEBLEB

- BbiABNEeHMe KOHCepBaTUBHbIX OCTaTKOB U MOTUBOB
- MocTpoeHune npoduneit (Bu3yanusauma)

- MTepaTI/IBHOE BblABIEHNE y,EI,aHEHHOVI romoJsiormun

ANropuTMbl:

- AnHammnyeckoe NporpammmnpoBaHme — He roamTCA
- MporpeccmBHOE BblpaBHUBAHME

- CKpbITble MAapKOBCKUE moaenm

- KBaHTOBbIE KOMNbIOTEPDI?



[locTpoeHune n Bn3yanmsauusa npopunen

— cemelictBO 6enKkoB, OTBeEYAOWUX 33 BOCCTAHOBJIEHUE
ancynbduaHbIX cBA3en B 6enkax U BCTPEYAIOWMXCA KaK B KMBOTHOM, TakK M B
PacTUTEIbHOM MUpE.

—S5
(S P (s SH fast SH SH
H ‘f\H 3

G cm o

TrxRoyx TrxReq

BblpaBHUBAHME CTPYKTYP TMOPEAOKCMHA NADPH+H+* NADP+
yenoseKa u mywkun Drosophila melanogaster.
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(a)

[MocTpoeHune n snlyanusayma npopunen
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[locTpoeHune n Bn3yanmsaumna npopunen

(b)

BTSN R SIS EEP T T I LR R 8D EE BRSO TR S 14
N~ o N m(Df\”
BT 8EEB RN RN RR e g3 858885005 8858885533885832 N 0er
e e i v-
Sequence logos: a new way to
s —yuuncno cumsonos B andasute (4, 20, ...) g g0s: Y

display consensus sequences

p(a, i) — BepoATHOCTb NosiBNeHMs BYKBbl @ B NO3ULUU |
(Schneider & Stephens, 1990)

H=- )  plalogp(ai)

LLIeHHOHOBCKaA 3HTPONUA j-TON NO3ULUM
10 BECEMY ATHaEETY

R.=log,s5— H,; NHopmMaUMOHHAA 3HAYMMOCTb j-TON NO3UNLUMN

hia,i) = pla,i)R,; BblcoTa cMMBOAa B npodune
42



[MocTpoeHune n snlyanusayma npopunen

Sequence logos: a new way to
display consensus sequences
(Schneider & Stephens, 1990)

. W —= P

Figure 4. Logo for a portion of the globins. The alignment was performed by the program described by Hein (13) with the weight of an insertion-deletion of length
k being & + 3 k. The 56 globin sequences supplied with the program were used. The logo 1s of the conserved packing and shiding contacts at the end of the B
through the beginning of the D helices of the globins (21). The vertical bar is 3 bits high. Although outlined characters take longer to draw. they are easier to distinguish
from one another when there are more than 4 characters. For example, an F on top of an L is distinguishable from a long E. As a substitute for color. external
polar (N and Q) and charged (D, E, K, R and H) amino acids are lightly stippled while ambivalemt (P. T. S. C. A, G. Y and W) and intcrnal non-polar (F. L.
I. M and V) amino acids are black {21). 43



KOHCEHCVCHaFI nocnenoBatTe/ibHOCTb U MOTUBDI

KoHceHcycHaa nocnepoBaTe/ibHOCTb — MOC/AeA0BaTENbHOCTb, B KaxKAOM MO3ULUM

KOTOpOI‘/JI Haxo4aunTca CMMBOI, Hanbonee 4yacTo BCTpeLlaI-OLLI,I/IIZCFl B IEI,aHHOl‘;I nosnymn

BblPpaBHNBAHUA.

MoTtue — Habop cMMBO/IOB, (NPeANONOKUTENbHO) MMEWMUIA Buonormyeckoe

3Ha4vyeHune.

SLYFTMTSLTTIGEGNIAPTTDVEK
ALYFTESSLTSVGEGNVSPNTNSEK
AFWWAVVTMTTVGYGDMTPVGVWGK
AMWWAVVTLSTTGYGDTIPQSFAGR

oooooooooooo *o*oo *

[TS] [IVT]G[FY]G

,L Outer vestibule ™~
5‘@“»&@7&,“

t;) ﬁ g é
2 T
Cytoplasmic'éx"

gate \

45



https://www.genome.jp/tools/motif/MOTIF2.html

MOTIF Search

Search Motif Library Search Sequence Database Generate Profile KEGG2
Help

Compute || Clear |

Enter query pattern or profile:

Pattern in PROSITE format [[TS]-[IVT]-G-[FY]-G. |

{(Example) C-x-{C}-[DM]-%(2)-C-x(5)-C-C.
Each residue must be separated by - (minus).

® represents any amino acid.

[DE] means either D or E.

{FWY} means any amino acid except for F, W and Y.
A(2,3) means that & appears 2 to 3 times consecutively,
The pattern string must be terminated with . (period).

Result of Pattern Search

Number of found sequences: 1000 in SWISSPROT G
Entry Name Position Description
. - IIP21215] RecMame: Full=12-alpha-hydroxystercid dehydrogenase;
12AH_CLOS4 118..22 EC=1.1.1.176; Flags: Fragment;
. S IIQ17239] RecMame: Full=5-hydroxytryptamine receptor;

SHTR_BOMMO (333..337 ol
AKALL RAT |275..780 [Q52924] RecMame: Full=A-kinase anchor protein 11;

T " # show all
AKT1_ARATH |253..257 Detail [[Q38928] RecMame: Full=Potassium channel AKT1;
AKT1_ORYSI |300..304 [POCS50] RecName: Full=Potassium channel AKT1: Short=0sAKT1:
AKT1_ORYS] |300..304 [Q0JKV1] RecMame: Full=Potassium channel AKT1: Short=0sAKT1:
AKT2_ARATH |277..281 [038808] RecName: Full=Potassium channel AKT2/3: 48



https://www.genome.jp/tools/motif/MOTIF2.html
https://www.genome.jp/tools/motif/MOTIF2.html

EXPASY

R ¥ Bioinformatics Resource Portal

Home ScanProsite ProRule Documents Downloads Links  Funding

Database of protein domains, families and functional sites

E-.w SARS-CoV-2 relevant PROSITE motifs

PROSITE consists of documentation entries describing protein domains, families and functional sites as well as associated patterns and
profiles to identify them [More. . / References / Commercial users ].

PROSITE is complemented by ProRule | a collection of rules based on profiles and patterns, which increases the discriminatory power of
profiles and patterns by providing additional information about functionally and/or structurally critical amino acids [More.__].

Release 2020_05 of 07-Oct-2020 contains 1865 documentation entries, 1311 patterns, 1288 profiles and 1321 ProRule.

Search Browse

by documentation entry
by ProRule description
by taxonomic scope

by number of positive hits

| | e.g. PDOCO00022, PS50089, SH3, zinc finger

Search
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| »Motif Discovery |

The MEME Suite

| » Motif Enrichment |
| » Motif Scanning |

| »Motif Comparison |

| » Gene Regulation |
| »Manual |

Motif-based sequence analysis tools
Your DNA, RNA ar Motif Discovery Rt Sequence o P ) et
profein sequences MEME de ) databases Click to submit a job fo the tool
- DREME (de novo, or to view database details. |
*  MEME-ChIP = ‘

Motif Enrichment

(> Guides & Tutorials )
| » Sample Outputs |

Motif Scanning Annotated sequences
MAST = .
MCAST o —
GLAM2SCAN ——
/—N

Motif Comparison
Tomtom

f _e

» File Format P r—
Reference daMWf
| »Databases ] S
[ »Download & Install ]
o — V=TT FIMO
| »Alternate Servers | N, Mustive £m for pot Excitaton ¥ g inavicmt Mot Gocurrencee
[ »Authors & Citing ] s @ v MA
[,Rece"t Jobs l Dicaeiminaive Reguiar Exprescion Mot Elicitson Anslysic of Mctf Enrichment L nouAmm§.Im1w

1 MEME-ChIF—

Moaf Analycic of Large Nuolectide Datacate

n! Motif Analycic Tool

\-MCAST

AoSr Clucier Alignment and 3sarch Took

m QGappad Looal Alignmeant of Motifc

*‘*eom

Geane Ontology for Mot

FAGLAM2Scan

F Soamning with Capped Motifs

“)MoMo

/\\

W Mcqmncm Tool

& GT-Scan

icantifying Unique Genomio Targets

CisMagper
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MHOXeCcTBeHHOe BblpaBHMBAHMUE
nocnenoBaTes/IbHOCTEMN

Llenwn:

- NocTpoeHne punoreHeTUHECKNX AepPEBLEB

- BbiABIeHUEe KOHCEePBATUBHbIX OCTaTKOB U MOTUBOB
- NocTpoeHune npodpunen (Busyanmsauums)

- UTepaTuBHOeE BbifABIEHUE YAA/IEHHO TOMOIOTUN

ANropuTtmbil:

- AnHammnyeckoe NporpammmnpoBaHme — He roamTCA
- MporpeccmBHOE BblpaBHUBAHME

- CKpbITble MAapKOBCKUE moaenm

- KBaHTOBbIE KOMNbIOTEPDI?
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Position-Specific Iterative BLAST (PSI-BLAST) (Altschul et al. 1997)

Position-Specific Iterative BLAST

http://www.ebi.ac.uk/Tools/sss/psiblast/

Anroputm:

NMpocmoTtp BbL, n coctaBneHune crnucka nocneposaTesb-
HOCTEMN, CXOA4HbIX C NOC/Ie40BaTE/IbHOCTbIO 3aMNpoca;
PacyeT MHOXECTBEHHOro BblpaBHMBAHMA W Habopa
NO3ULMOHHO-cNeunPunYHbIX matpuu, 3ameH (PSSM) ansa
Hero;

HoBbih npocmotp B[ ¢ mcnonb3oBaHMEM MOAYYEHHbIX
PSSM BmecTO CTaHAQPTHbLIX MaTpuUL,;

MoBTOpeHMe npoueaypbl AMbO XKenaemoe 4YUCNO pas,
nmMbo [0 AOCTUXKEHUA CXOAMMOCTU (cocToAaHMA, Koraa
HOBble NOCNeA0BaTENbHOCTU HEe OOHapPYXKMBAOTCA).

PSI-BLAST a¢ppekTmBeH npu noncKe yaanEHHbIX FOMOJIOr0OB.

Hasna JinnmaH

EN=3
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What about Impossible Burger?

https://impossiblefoods.com/
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https://impossiblefoods.com/

MHOXeCcTBeHHOe BblpaBHMBAHMUE
nocnenoBaTes/IbHOCTEMN

Llenwn:

- MocTpoeHune punoreHeTUHECKUX AepeBbeB

- BbiABIeHUEe KOHCEePBATUBHbIX OCTaTKOB U MOTUBOB
- NocTpoeHune npodpunen (Busyanmsauums)

- UTepaTuBHOe BbiAB/IEHUE YAA/IEHHO rOMOIOTUN

ANropuTtmbil:

- AnHammnyeckoe NporpammmnpoBaHme — He roamTCA
- MporpeccnBHoOe BbipaBHMBaHUE

- CKpbITble MAapPKOBCKME moaenu

- KBaHTOBbIE KOMNbIOTEPDI?
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O matemaTuke ana bnonoros

«B Hawy CcoBpPEeMEHHYI0 W3Hb BTOpraeTcs
MaTeMaTMKa C eé 0cobbIM CTUNEM MbILUNEHUA,

CTAQHOBAWMMCA cemyac obs3aTesibHbIM U ANA

NHXXeHepa, n ana buonora.»
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