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[TapHOe BbipaBHUBaHMe ABNAETCA CaMOU
dyHOoamMmeHTanbLHOU onepaunen
onounHdopmaTUKn

 OnpenensieT cBdA3aHbl N CTPYKTYPHO WUIK
doyHKLMOHarnbHO ABa benka (nnv reHa)

* BoigBndeTr OOMEHbl UMM MOTMBLI, KOTOpPbLIE
ABMNSATCH 06LLMMN Mexay benkamm

* ichonb3yetca Ana aHanus3a U aHHoTauuu
reHoma (NMOUCK U OMucaHune reHoB, Yy4acTKOB
kognpytownx  pPHK un  TPHK, nowuck
PErynaTopHbIX CUrHANoB)



[MapHble BbipaBHMBaHUA: 6erikoBble
nocriegoBaTesibHOCTU MOTyT ObITbL Oornee
nHpopmMmaTuBHbIMU, Yem OHK

* [locnegoBaTenbHOCTbL benka bonee
MHJopMaTMBHA (20 NPOTUB 4 CUMBOOB); MHOTME
aMWUHOKWUCIOTbI MMEIOT obLmne dpunsnko-
XMMUNYecKne cCBomCTBa

° HyKJ'IeOTI/I,EI,HbIe KOAOOHbI BbIPOXAOEHbI: NBSMEHEHUNA
B TpeTbeVI NOo3NUnUnM HYaCToO HE NPUBOOUT K
N3IMEHEHUNKO aMNUHOKNCIIOThI

* [locnepoBaTtenbHocTn OHK moryT 6bITh
nepeBefeHbl B OenkoBsble, U 3aTEM
MCMoSb30BaTbLCA B NAPHbIX BblpaBHUBAHUAX



MpuHATbIe 0LQHOOYKBEHHbIE KoAbl
HYKITEMHOBbIX KUCNOT

A --> adenosine M--> A C (amino)

C ——> cytidine S ——> G C (strong)

G —--> guanine W -—-> AT (weak)

T --> thymidine B--—>GTC

U —--> uridine D-->GAT

R --> G A (purine) H-->ACT

Y ——> T C (pyrimidine) V-->GCA

K-->GT (keto) N-->AGCT (any)
— UHTEepBa
HeonpeaeneHHOU

OJTNHDbI



First letter

18.09.2019

Second letter

U C A G
UUU UCU ) UAU UGU U
uuc} Phe | uce o, | UAC | uac } Cys e
UUA} Loy | UCA ° | UAA Stop | UGA Stop | A
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Gua (V@ | gca (M@ | gaa } o | GGA Y | A
GUG. GCG . GAG GGG G

TAUYY U MU UV IV VI I Y M IVIGA T VI IV T

PHUMY
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18.09.2019 Functional Genomics, 2009



MpuHATbIEe 0QHOOYKBEHHbIE KOoAbl
HYKITEMHOBbIX KUCNOT

A alanine P proline

B aspartate or asparagine Q glutamine

C cystine R arginine

D aspartate S serine

E glutamate T threonine

F phenylalanine U selenocysteine
G glycine V valine

H histidine W tryptophan

| isoleucine Y tyrosine

K lysine Z glutamate or glutamine
L leucine X any

M methionine * translation stop
N asparagine — WHTepBan

HeonpeaeneHHOWN ANINHbI

Kadenpa 6buonHdpopmaTtnkm Mbd

18.09.2019 PHUMY



[MapHoe BbipaBHMBaHUe B 1950-x rogax

B-corticotropin (sheep) gly
Corticotropin A (pig) gl

Oxytocin CY&NCE,@G
Vasopressin CYEQNCPRG

asp glu
asp glu

Kadegpa 6uonHdpopmatnkm MBD

18.09.2019 PHUMY



MapHble BbipaBHMBaHusa HK
nocriegoBaTefibHOCTEN Norie3Hbl B crieayrowmx
cnyvasx:

e ANnga noarBepxaeHna ngeHtnyHoctn KAHK
(komnnemeHmapHas AHK (kHK, aHan. cDNA) — amo
LHK, cunme3supoeaHHas Ha mampuue 3pernou MPHK e
peakuuu, kKamanusupyemou obpamHou
mpaHcKpurnmasou).

* yccriegoBaHue Hekoagmpyowmx obnacten OHK
* n3y4vyeHusa nonmmopdunama JHK

— npumep: JHK HeaHaepTanbLua NpoTUB COBPEMEHHOU

............... = MLllr
Query: 181 catcaactacaactccaaagacacccttacacccactaggatatcaacaaacctacccac 240

ceeerrrr e reerrr et rrrrrerr et

Sbjct: 189 catcaactgcaaccccaaagccacccct-cacccactaggatatcaacaaacctacccac 247



OnpeaeneHne napHoOro BbipaBHUBAHUA

[1pouecc BbipaBHUBaHUA
OBYX
nocrnegoBaTefibHOCTEN ANd
NOCTMXKEHUS
MaKCMarbHbIX YPOBHEN
NOEHTUYHOCTU

(U KOHCcepsamusHocmu, 8
cllydae aMUHOKUCIIOMHbIX
rocriecoeamersibHocmedu)
C LIernblo OLIEHKU CTENEeHn
CX0oAcTBa U BO3MOXXHOM
FOMOJIOTnN.

18.09.2019

Matrix: EBLOSUM62
Gap_penalty: 14
Extend_penalty: 4

Length: 169
Identity: 69/169 (40.8%)
Similarity: 104/169 (€1.5%)

Gaps: 8/169 ( 4.7%)
Score: 282

Kadenpa 6GuonHmopmaTuku Mbw
PHAMY

10 20 30 40 S0
KLYTKTGDKGQTGLVGG-RIDKDSLRVESYGTIDELNSFIGLALAELSGQ
RIYTRTGDNGTTALFGGSRIDKDDIRVEAYGTVDELISQLGVCYASTRQA

10 20 30 40 S0

60 70 g0 90
PGFEDLTAELLTIQHELFDCGGDLAIVIE---RKDYKLTEESVSFLETRI

————ELR“EL1AYQKMLFVL”nELnS“QKaLTRLKQRI”EE“IlALEQLI
€0 70 g0 90

100 110 120 130 140
DAYTAEAPELKKFILPGGSKCASLLHIARTITRRAERRVVALMKSEEIHE

DRNMAQSGPLKEFVIPGKNLASAQLHVARTLTRRLERILIAMGRTLTLRD
100 110 120 130 140

150 160
TVLRYLNRLSDYFFAAARRV
EARRYINRLSDALFSMARI
150 160

10



omMmonorus

CxoAcTBO Mexay nocnegoBaTenbHOCTAMMU
CBSI3aHO C NPOUCXOXaeHneM oT obLLero

Beta globin myoglobin
(NP_000509) (NP_005359)
2HHB 2MM1

Kadegpa 6uonHdpopmatnkm MBD
PHUMY

18.09.2019
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[1Ba TMNna romosiormv

homologs

. .
g i
\ paralogs :
\ c 1
\ ' o = \
~ . ~ -~ =
frog 1 chick(X  mouse(x mouse[3 chick[3  frog[3

(z-chain gene 3-chain gene

\ gene duplication /

carly globin gene

Mapanoru: [omonornyHele NnocriegoBaTefibHOCTU
B Npeaenax o4HOro Bnaa, KoTopble BO3HUKNN
nyTemM AynnumkKawumm reHos.

Kadenpa 6buonHdpopmaTtnkm Mbd

18.09.2019 PHUMY

OpTonor

n:
[[lOMOnormyHbie

nocrenoBaTenbHOCTU
Y pa3HbIX BUOOB,
KOTOpbI€ BO3HUKNU U3
obLlero npeakoBoro
reHa BO Bpemsi
BUAoobpasoBaHus;
MOryT ObITb UMK HE
ObITb OTBETCTBEHHbIM
3a aHanornyHole

doyHKUMN.

12



Oowmn nogxon K nonapHomMy
BbipaBHUBaHUIO

BbiOpaTb ABe nocnegoBaTeNibHOCTU

BbibpaTb anropuTtm, KOTOPbIN FTEHEPUPYET OLEHKY
cxoacTBa

OnpenenuTtb ycriosus (Lutpadp) ansa npodbenos
(BCTaBKW, Aeneunmn) npu BblipaBHUBaHUN

CyeT oTpaXkaeT cTeNeHb CXOACTBaA

BblpaBHI/IBaHI/Ie MOXET ObITb rMobanbHbIMU UMK
JTOKallbHbIMIA

OuUeHNTb BEPOSATHOCTb TOMO, YTO BblpaBHUBAHME
NPOM30LLUSIO Crny4vyanHo



PepakumoHHoOe paccTosiHue

[l QnemeHmapHoe rpeobpasosaHue
nocsiedoeamesibHOCMU: 3aMeHa byKkBbl UK
yaoaneHue OykBbl U BCTaBKka OYKBbI.

[] PeOaKuuoHHOE paccmosiHUe: MMHNMarbHOE
KONIM4YECTBO 3NeMeHTapHbIX Npeobpa3oBaHni,
nepeBoAasiLLMX OAHY NOCriegoBaTEeNMbHOCTD B

APYTYIO.

[ dopmanusauus 3agavym cpaBHeHUS
nocrenoBaTenbHOCTEWN: HAUTU peaaKUMOHHOEe
paccTosiHue n Habop npeobpasoBaHnK, Ero
peanmnayoLmnn




PacyeT oueHKU BbipaBHUBaHUA (Score)
MM MaeHTUYHOCTBL (identity) —

A OoCTaTKn (aMUHOKMCNOThLI) B
$ ~ A OAVHAKOBbIX NO3ULMNAX
ATTG TCAAAGAQ/ TUTGAGCTGATGCAT nocnefoBaTeribHoCTe OQHN 1
|

| | I I I | | | | Te Xe. «+» OLUEeHKa
GGCAGA&@ GA-ZLTGACAAGGGTATCG

| Mismatch . —Gap |

e D

HecoBnageHue (mismatch) —

OoCTaTKn (aMUHOKMCNOThLI) B
S= Z(_identities, mismatches) - E (gap penalties) OAVHAKOBbIX NO3ULINAX

nocnenoBaTenlbHOCTEN

Score = MaX(S) pa3Hble. «-» UNN «+» OLleHKa

LUTpach 3a npoGen (gap penalty) — B 0gHON K3 nocnegoBaTenbHOCTEN NPOU3OLLa BCTaBka UK
aeneuusi, nodtomy Heobxoaumo gobaBuTb npobesn. T.K. Takoe cobbiTe NPOUCXOAUT pPeEXe, YeM
N3MEHEHNEe ocTaTKa, TO 3a 9TO AeucTteue BBoaumTca wTpad. LTpadbl MoryT ObiTb pasHble: 3a
Ha4yano npobena (gap opening) 1 3a NpodormkeHne npobena (gap extension). «-» oLeHKa

http.//www.ncbi.nlm.nih.gov/Education/BLAS Tinfo/Alignment_Scores2.html
Kadenpa 6buonHdpopmaTtnkm Mbd

PHUMY =

18.09.2019



CxoancTBo nocrnenoBaTtefnibHOCTEU
(Similarity)

CTeneHb, B KOTOPOW HYKNEOTUAHLIE UM aMUHOKUCNOTHbLIE
nocriegoBaTenibHOCTU CBA3aHbl Mexay cobon. OHa ocHoBaHa
Ha WOEHTUYHOCTM N KOHCEPBATUBHOCTW.

UoeHTNYHOCTL (identity) : CTeneHb, B KOTOpoM OBe (HYKNeOoTUAHble WUIn
aMUWHOKUCIOTHbIE) NocneaoBaTeNbHOCTN OANHAKOBBI.

KoHcepBaTMBHOCTL (conservation) : IamMeHeHUs B onpeaeneHHOM MOooXeHUn
aMMUHOKUCINOTHOrO ocTaTka nnu (pexe, HYKNEeoTUaHOro) B
nocrnegoBaTernibHOCTN, KOTOPblE COXPaHAT (MPU3MKO-XMMUYECKUe CBOWCTBA
MCXOOHOro ocTaTka.



CTpaTeI'VIVI BblpaBHUBaAHUA

1 MobanbHoe BblpaBHUBaHME

1 JlokanbHOe BblpaBHUBaAHUE

E——

1 [Tonck nepekpbiBaloLWMXCA NnocnegoBaTernbHOCTEN

T e——

Kadegpa 6uonHdpopmatnkm MBD

18.09.2019 PHUMY
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(- 5 Ablast.ncbi.nim.nih.gov/Blast.cgi C" Q rouck 4 A 4 9 ==

[8) Yacro nocewaemsie | | HauanbHas cipanuua & PubMed home | | SquirrelMail - Login | | 3akpbite | | Knuru astopa Knapk.. | | Koanekuws se6-dpar...

BiclfD - Search ’PDBe V‘ ‘Text Search V‘ for [ V‘ or PDB accession: \ ‘ P Search € Cle

;: BLAST® My NCBI [

Home RecentResults Saved Strategies Help [Sign In] [Register]

= 'NCB"BLASTHome = =

BLAST finds regions of similarity between biological sequences. more...

[Z) All Recent results...

DELTA-BLAST, a more sensitive protein-protein search  GeJ

News
BLAST Assembled Genomes
. ’ MOLE-BLAST
Find Genomic BLAST pages: .
i_,E‘“’@‘" organism name or n:i--f::c-mrgrjlenf.:m: will be suggested ’ MOLE-BLAST is a new tool to

classify multiple query
sequences and discover their

0 Human o Rabbit o Zebrafish relationship to each other.
& g S e
L ” ChJE § ° Clawted fro. Thu, 29 Jan 2015 10:00:00 EST
o Rat o Guinea pig o Arabidopsis
o Cow o Fruit fly o Rice [2) More BLAST news...
o Pig o0 Honey bee O Yeast
o Dog o Chicken o Microbes
3 Tip of the
Basic BLAST RN
Choose a BLAST program to run. How $o Search Custom

Using Entrez Queries.

Search a nucleotide database using a nucleotide query

nucleotide blast
—_— Algorithms: blastn, megablast, discontiguous megablast

A powerful feature of the
BLAST Web interface is the

. - 4 ability to limit BLAST searches
Search protein database using a protein query by

protein blast : : ;
Algorithms: blastp, psi-blast, phi-blast, delta-blast tog sipsclofaty dalabese
using a standard Entrez
blastx | Search protein database using a translated nucleotide query query;

[Z) More tips...

tblastn | Search translated nucleotide database using a protein query

Kadegpa 6uonHdpopmatnkm MBD

18.09.2019 PHUMY
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BLAST

Home RecentResults Saved Strategies | Help B bl 6 e pe M :

» NCBI/ BLAST/ blastp suite

blastn | blastp | blastx | tblastn | tblastx | Align tWO Or more

BLASTP programs search protein databases using a protein qu

Enter Query Sequence Seq u e N CeS .

Enter accession number, gi, or FASTA sequence & Clear Query subrange ©

Froml
Tol

Or, upload file | Browse.. | (2]

Jobh Title I

descriptive title for your BLAST search &)

I Align two or more sequences &,

Choose Search Set

Organism :
Optional Ir nter arganism name : ! JgE
Enter organism common hame, hinomial, or tax id. Only 20 top taxa will he shown. &

Database | Non-redundant protein sequences {nr) LI @

Entrez Query I

Optional o =
Enter an Entrez query to limit search &

Program Selection

Algorithm @ blastp (protein-protein BLAST)
' PSI-BLAST {Position-Specific Iterated BLAST)
' PHI-BLAST {Pattern Hit Initiated BLAST)
Choose a BLAST algorithm &)

| Search database nr using Blastp (protein-protein BLAST)

d Show results in a new window

19

P Algorithm parameters



BLaST  Basic Local Al Besenem aBe
- L L S nocnepoBaTesiIbHOCTMU
o (accession numbers Unu B
blastn | blastp | blastx | tblastn | tblastx |

BLASTP programs search protein s ¢opMaTe fasta format) M
KINUKHEM BLAST.

Enter Query Sequence

Enter accession number, gi, or FASTA sequence & Clear

MUVHLTPEERSAVTALWGKVNVDEVGGEALGRLLYVVYPWTQRFFESFGDLETPDAVMGNPRVEAH(

g;zﬁgl’;;;HLDNLKGTFATLSELHCDKLHVDPENFRLLGWLVCVLAHHFGKBFTPPVQAAYOM B bl 6e pe M llAIgo rit h m
« | »  parameters” n obpaTum
Or, upload file rowse.. | @ H
; | _Browse. | @ BHUMaHue Ha onuuio Matrix.

Jobh Title |wil4504348|refINP_000509.1] beta globin [Homo... ‘
Enter a descriptive title for your BLAST search @ Search protein sequence using Blastp (protein-protein BL

Show results in a new window

W Align two or more sequences &

: i :
Enter Subject Sequence ¥ Algorithm parameters Note
General Parameters
Enter accession number, gi, or FASTA sequence & Cl
4 : _ = Max target | 100 v]
np_ 005353 sequences

Selectthe maximum number of aligned sequences to display &)

Short queries W Automatically adjust parameters for short input sequences

Expect threshold Im 7)
Word size |3 vl ©

Or, upload file | Browse... | )

Program Selection

Algorithm @ blastp (protein-protein BLAST) Scoring Parameters

atiz FBLOSUMAS iv| ©

Search protein sequence using Blastp (protein-protein E Gap Costs |Existence: 13 Extension: 3 LI o

B " :
Show results in a new window WH(

5 Compositional IConditionaI compositional score matrix adjustment E] ©
(P Algorithm parameters HV adjustments




Pe3ynbTraTbl NapHOro BbipaBHUBaHUA human beta globin n

myoglobin
Myoglobin RefSeq

NHopmaLma o BbipaBHUBaAHUM:
score, expect value, identities,

positives, gaps...
>r_ref|NP 005359.1| EE nyoglobin [Homo sapiens]
ref |NP 976311.1| nyoglobin [Homo sapiens]

ref |NP 976312.1| nyoglobin [Homo sapiens]
Pll more sSequence titles
Length=154

GENE ID: 4151 ME | myoglobin [Hom apiens] (Over 10 PubMed links)

score = 47.4 bits (144), Expect = 8e-11l, Method: Compositional matrix adjust.
Identities = 37/145 (25%), Positives = 57/145 (39%), Gaps = 2/145 (1%)

Query 4 LTPEEKSAVTALWGKVNVDEVG--GEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPKY 61
I+ E ¥V 4WGKY D ¢ ELRL +PT F+F L+D+ + +
sbjct 3 LSDGEWQLVLNVWGKVEADIPGHGQEVLIRLFEKGHPETLEKFDKFEHLKSEDEMKASEDL 62

Query 62  KAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHFGK 121
K HG VL A L + + L+ H K + + + ++ VL
sbjct 63  KKHGATVLTALGGILKKKGHHEAEIKPLAQSHATEKHKIPVKYLEFISECIIQVLQSKHPG 122

Query 122 EFTPPVQAAYQKVVAGVANALAHKY 146
+F Qa K+ +4 Y
sbjct 123 DFGADAQGAMNKALELFREDMAS 147

Query = HBB Cpem}ﬂﬂ CTpOKa NnokasbiBaeT
Subject = MB identities;

18.09.2019 KactWWFM\F% atches 21




Pe3ynbTraTbl napHOro BbipaBHUBaHUA human beta globin n

myoglobin:

Score = CymMmMa coBnageHuu (match), HecosnageHuu
(mismatch), cosganue npobena (gap creation), n
npogormkeHne npobena (gap extension)

Score =

VTALWGKVNVD--EVGGEALGRLL
vV +WGKV D G E LI RL

Query 12

Sbjct 11 VLNVWGKVEADIPGHGQEVLIRLF
match 4 115 6 6 5 45
_ 6 4 | _ | 4
mismatch -11 0 -2-2 -4 0
-2 0O -3 0
gap open =3k

gap exten

V matching V gaet +4
T matching L naet -1

18.09.2019

18.1 bits (;;), Expect = 0.
Identities = 11/24 5%), Positives

015, Method: Composition-based stats.
= 12/24 (50%), Gaps = 2/24 (8%)

33

34

sum of matches: +6€0
-13

sum of mismatches:

-12

60! = A3 = 12 =<::>

sum of gap penalties:

total raw score:

9T OUEeHKN AaHbl HA OCHOBEe
MaTpuubl 3aMeH “scoring matrix”!

Kadegpa 6uonHdpopmatnkm MBD -
PHUMY



Score = 18.1 bits

Identities

11/24

[MpobGenbl (gaps)

(35),

Expect = 0.015, Method: Composition-based stats.

(45%), Positives = 12/24 (50%), Gaps = 2/24 (8%)

Query 12 VTALWGKVNVD--EVGGEALGRLL 33
vV +WGKV D

Sbjct 11 VLNVWGKVEADIPGHGQEVLIRLF 34

match

mismatch

gap open
gap extend |

6

G E L RL

65 4 5 sum of matches: +60

.—2 44 0 sum of mismatches: -13

sum of gap penalties: -12

total raw score: €0 - 13 - 12 = 35

First gap position scores -11

Second gap position scores -1

Co3pnaHue npobena - 6onbLlion wrpad;
PacwupeHue npodena - HebonbLwwoun wrtpad.

18.09.2019

Kadegpa 6uonHdpopmatnkm MBD
PHUMY
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HaxoxxaeHue npeAaka

(a)
beta globin
delta globin
alpha 1 globin
myoglobin
5
)

(b)

MVHLTPEEKSAVTALWGKV
MVHLTPEEKTAVNALWGKV
MV . LSPADKTNVKAAWGKV
. MGLSDGEWQLVLNVWGKV
MVHLSPEEKTAVNALWGKV
MVHLTPEEKTAVNALWGKV

T

®

18.09.2019

Kadegpa 6uonHdpopmatnkm MBD
PHUMY

beta globin (NP_000509)(1)
delta globin (NP_000510) (2)
alpha 1 globin (NP_000549)(3)
myoglobin (NP_000539)(4)

24



BbipaBHMBaHMe NapHbIX
nocrnenoBaTesibHOCTEN NO3BONAET HaM
BEPHYTbCH HA MUNNuapAabl NeT Ha3an

Camble paHHue dykopuoT

OKaMeHenocTH b1/ Hacekombi
MpoucxoxaeHu MpouncxoxaneHAMKCH, 161/ xuBOTHBIE
€ XXU3HU € dyKapuor PacTteHuns/XXnBoTH
| ‘ | ‘ | | ‘ |
4 3 2 1 0

Korga Bbl genaete NnorfnapHoe BblpaBHNBaAHUE TOMOJ10INM4YHbIX

6enkoB YernoBeka 1 pacTeHUN, Bbl N3y4aeTe
nocnegoBaTenbHOCTU OOLLLEro Npeaka, KmeLiero 1500000000

net Hasag/!



MHoOXecTBeHHOE BblpaBHUBaHMe
nocriegoBatesfibHOCTEM

rmyuuepanbaerug 3-chocart gerngporeHas:
npumMmep o4YeHb BbICOKOro KOHCepBaTU3Ma

fly GAKKVIISAP SAD.APM..F VCGVNLDAYK PDMKVVSNAS
CTTNCLAPLA
human GAKRVIISAP SAD.APM..F VMGVNHEKYD NSLKIISNAS
CTTNCLAPLA
plant GAKKVIISAP SAD.APM..F VVGVNEHTYQ PNMDIVSNAS
CTTNCLAPLA
bacterium GAKKVVMTGP SKDNTPM. .F VKGANFDKY. AGQDIVSNAS
CTTNCLAPLA
yeast GAKKVVITAP SS.TAPM..F VMGVNEEKYT SDLKIVSNAS
CTTNCLAPLA
archaeon GADKVLISAP PKGDEPVKQL VYGVNHDEYD GE.DVVSNAS
CTTNSITPVA
fly KVINDNFEIV EGLMTTVHAT TATQKTVDGP SGKLWRDGRG
AAQNIIPAST
human KVIHDNFGIV EGLMTTVHAI TATQKTVDGP SGKLWRDGRG
ALONIIPAST
plant KVVHEEFGIL EGLMTTVHAT TATQKTVDGP SMKDWRGGRG
ASONIIPSST
bacterium KVINDNFGII EGLMTTVHAT TATQKTVDGP SHKDWRGGRG
ASONIIPSST
yeast KVINDAFGIE EGLMTTVHSL TATQKTVDGP SHKDWRGGRT

18.09.201ASGNIIPSST

archaeon KVLDEEFGIN

Kadenpa 6uonHdpopmaTtnkm MO

PHAMY
AGOQLTTVHAY TGSQNLMDGP NGKP.RRRRA

26



Substituent residue
(Percentage of total residue sites at which the substituent occurs)

ARNDT CQEGHILKMEPSTMWYV
A o8 31|33 31
R .50 58 25
N |33 47 33 33 33|33

lys obHapyxeH B 58% canTtoB

arg

Emile Zuckerkandl u Linus Pauling (1965) noc4muTanu 4actoTy 3aMeH B 18
rmoduHax (MMornobuHbl U reMorfiodbuHbI OT YeroBeka 40 MUHOTN).

YepHbIn: NaeHTNYHbIE

Cepble: 04eHb KOHCEpBATUBHbIE 3aMEHbI (HacToTa >40%)
benble: cnabo KoHCepBaTUBHbIE 3aMeHbI (YacToTa >21%)
Red: 3amMeH He Habntoganocb

[Ba 6enka ¢ 50% MAEHTUYHOCTBLIO MOTYT UMETb 80 U3MeHEeHUI cpean 100
ocTaTkoB. (Mo4emy? MNoTomy YTO, NMOOON OCTAaTOK MOXET ObITh NPEAMETOM
obpaTHbIX MyTaLWIA.)

27



Sequence (original amino acid)

< <S4 UV N Xr-—-—IomOOonOo=zo >

Substituent residue
(Percentage of total residue sites at which the substituent occurs)

A RNDT COQEGH

I L K MFPSTWYV

28 31]a3 31
.50 58 25
33 47 33 33 33
44| |22 47| 3422 28 25
(66
56 30 [ 40 70
50 44 38 41 24
51 . 33 30 27 36
26 2630 22
om e E
21 23l 23| |28
o3[21| |28 31|23 21 21
22 22|89 20 45
22 [ 61
50 43 57|43 21
49 24 24|36 24 40
32 24 52
40) (60
(33 (50
21 43| 21 28




MaTtpuubl 3amMeH

MaTpuua 3aMeH COOEPXKUT 3Ha4YeHus,
nponopunoHarbHble BEPOATHOCTU TOro, YyTo
aMWHOKUCIIOTa i MyTUPYeT B aMWUHOKUCIIOTY j AN BCeX
nap aMMHOKMCIOT.

MaTpuubl 3aMeH CTPOATCA NyTEM coeauHeHNsT 6ONbLLOro
N pasHoobpasHoro Habopa NPOBEPEHHbLIX MOMapHbIX
BblpaBHUBAHUN (MNN MHOXECTBEHHbIX BblpaBHMBaAHWUN)
aMMWHOKUCIIOT.

MaTpuubl 3aMeH [OOMMKHbl  OTpa)aTb  UCTUHHbIE
BEPOATHOCTM MYTaLUN, NPOUCXOOAWNX B TEYEHUU
9BOSMIOLUMNMN.

PAM 1 BLOSUM - oBa OCHOBHbIX TUA MaTpuL, 3aMeH.



OCHOBHbIe MaTpPpUuLlbl 3aM€EH,
nMpMMeHsAeMbIe B UccrieqoBaHUAX

PAM (Percentage of Acceptable Point Mutations) nnm martpuua
Dayhoff. VicxogHaa maTpuua PAM paccuymTaHa no Habopy
rmobanbHbIX BblpaBHUBAHUN ONMM3KOPOOACTBEHHbLIX OENKOB
(>85% MOEHTUYHOCTL) CO CpeaHEN BEPOSTHOCTLIO MyTaLun B
1%. OcTanbHble MaTpuubl MNOMyYeHblI MYyTEM BO3BEOEHUS
MaTpuubl B COOTBETCTBYIOLLYIO cTerneHb. Hanbonee yacto
ncnonb3yeTtcs matpuua PAM250.

MaTtpuubl cepun BLOSUM paccymTaHbl Ha OCHOBE OJIOKOB,
COCTaBNEHHbIX N3 HEMPEPLIBHbLIX BblpaBHEHHbLIX PparMeHTOB.
MaTtpuua BLOSUMG62 paccymTaHa no BblipaBHEHHbIM Habopam
C WOEHTUYHOCTbIO HEe MeHee 62%.
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... K uenomy psiay
CKOPUHIOBbIX MaTpuL, TaKnNX

A 7
R |10 Kak PAM10, CTPOIrmx n He
-7 -9 9
'[‘)' YRR A R Tepndawunx HeCoOTBETCTBUA
cC |10 -11 -1; -2; ;g 9 (+13 gnsA 3aMeHbl W Ha W
g 55 5] ol 7] 8 wnu -19 gnsa 3amMmeHbl W Ha T)
G -4 1 -13 -6 -6 | -13 | -10 -7 7
H -1 -2 -7 | -10 -2 91 -13| 10
| -8 -8 -8 1 -11 91 -11 -8 -17] -13 9
L 9| -12| -10 | -19 | -21 -8 -13| -14| -9 -4 7
K -10 -2 -4 -8 | -20 -6 -7 | -10| -10 91 -11 7
M -8 -/ 15| 17| -20 -/ -10 | 12 | -17 -3 41 12
F 12112 -12 ) 21 -19 | <19 -20 | -12 -9 -5 -5 | -20 -7 9
P -4 O 121 -1 6 -9 1 -10 121 10 =10 -11 | -13 8
S -3 -6 -2 -7 -6 -8 -7 40 -9 10| 12 -7 -8 -9 -4 7
T -3 1 -10 -5 -8 -1 -9 91 -10] -1 -5 1 -10 -6 -7 | -12 -7 -2 8
W | -2 S -1 21 -2 19 -23 | -21 | -10 | -20 -91 -18 | -19 -7/ | -20 -8 @’
Y 11 ] -14 7| 17 -7 18| -11 | -20 -6 9 10| -12 ] 17 -1 -20 | -10 -9 -0 10
\V} S -11 | -12 ] -1 91 10| -10 -9 -5 | -13 -4 | -12 91 -10 -6 | -22 | -10
A|RIN|D |C|Q |E |G |H I L K I MF P S |T | W|Y

18.09.2019
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34 0enkoBbIX HaacemeuncrtBa Dayhoff

benok PAMs 3a 100 MIIH. neT
lg kappa chain 37

Kappa casein 33
luteinizing hormone b 30
lactalbumin 27
complement component 3 27
epidermal growth factor 26
proopiomelanocortin 21
pancreatic ribonuclease 21
haptoglobin alpha 20

serum albumin 19
phospholipase A2, group IB 19
prolactin 17

carbonic anhydrase C 16
Hemoglobin a 12

Hemoglobin b 12



human (NP_005203) versus mouse (NP_031812)

Score = 57.8 bits (138), Expect = 3e-07
Identities = 39/118 (33%), Positives = 61/118 (51%), Gaps = 2/118 (1%)

Query 1 MESFLLVVNALALTLPFLAVEVONQKQPACHENDERPFYQKTAPYVPHYYVPNSYPYYGT 60
M++F++V+N LALTLPFLA E+QN ENEE et ¥YP+ VN+ ¥
Shijct 2 MRNF IVVMNILALTLPFLAAEIQNPDSNCRGEKND IVYDEQRVLYTPVRSVLN-FNQYEP 60

Query 61 NLYQRRPAI-AINNPYVPRTYYANPAVVRPHAQIPQRQYLPNSHPPTVVRLPNLHPSF 117
N ¥ RP++ A +PY+ ++R AL I + Q +PN v +P3F
3hijct 61 NYYHYRPSLPATASPYMYYPLVVRLLLLRSPAPISKUQSMPNFPQSAGVPYAIPNPSF 118




34 0enkoBbIX HaacemeuncTtBa Dayhoff

benok PAMs 3a 100 MAIH. NneT
apolipoprotein A-I 10
lysozyme 9.8

gastrin 9.8

myoglobin 8.9

nerve growth factor 8.5
myelin basic protein 7.4
thyroid stimulating hormone b 7.4
parathyroid hormone 7.3
parvalbumin 7.0
trypsin 5.9

insulin 4.4

calcitonin 4.3

arginine vasopressin 3.6

adenylate kinase 1 3.2



34 0enkoBbIX HaacemeuncTtBa Dayhoff

benok PAMs 3a 100 MJIH. neT
triosephosphate isomerase 1 2.8
vasoactive intestinal peptide 2.6
glyceraldehyde phosph. dehydrogease 2.2
cytochrome ¢ 2.2

collagen 1.7

troponin C, skeletal muscle 1.5
alpha crystallin B chain 1.5
glucagon 1.2

glutamate dehydrogenase 0.9
histone H2B, member Q 0.9

< ubiquitin > 0 < )




Score

Identities
Query 1
Sbjct 1
Query 61
Sbjct 61
Query 121
Sbjct 121
Query 181
Shjct 181
Query 241
Sbijct 241

18.09.2019

[TapHOe BbipaBHMBaHUe YernoBe4Yeckoro

(NP_005203)

U MbilinHOro (NP_031812) yOnkBUTUHA

= 1316 bits (3407), Expect = 0.0

= 681/685 (99%), Positives = 682/685 (99%), Gaps = 0/685 (0%)

MOIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDQQRLIFAGKQLEDGRTLSDYN
MOQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDQQRLIFAGKQLEDGRTLSDYN
MOIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDQQRLIFAGKQLEDGRTLSDYN

IQRESTLHLVLRLRGGHMQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDQQRLI
IQRKESTLHLVLRLRGGHMQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDQQRLI
IQRKESTLHLVLRLRGGHQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDQQRLI

FAGKQLEDGRTLSDYNIQKESTLHLVLRLRGGMQIFVKTLTGKTITLEVEPSDTIENVKA
FAGKQLEDGRTLSDYNIQKESTLHLVLRLRGGMQIFVKTLTGKTITLEVEPSDTIENVEKA
FAGRKQLEDGRTLSDYNIQKESTLHLVLRLRGGMQIFVKTLTGKTITLEVEPSDTIENVKA

KIQDKEGIPSDQQRLIFAGKQLEDGRTLSDYNIQKESTLHLVLRLRGGHMQIFVKTLTGKT
KIQDKEGIP DQQRLIFAGKQLE GRTLSDYNIQKESTLHLVLRLRGGMQIFVKTLTGKT
KIQDKEGIPPDQQRLIFAGKQLEGGRTLSDYNIQKESTLHLVLRLRGGHMQIFVKTLTGKT

ITLEVEPSDTIENVKAKIQDKEGIPPDQQRLIFAGKQLEDGRTLSDYNIQKESTLHLVLR
ITLEVEPSDTIENVKAKIQDKEGIPPDQORLIFAGKQLEDGRTLSDYNIQKESTLHLVLR
ITLEVEPSDTIENVKAKIQDKEGIPPDQQRLIFAGKQLEDGRTLSDYNIQKESTLHLVLR
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Noaxopn Dayhoff no3BonsaeT nocunTaTb OLEeHKY
3aMeHbl A4Ns NObIX ABYX BbIPOBHEHHbIX
aMWHOKUCJIIOTHbIX OCTaTKOB

- 1ij
s; i =10 X log pi’])

Dayhoff onpegenser oueHKy OBYX BbIPOBHEHHbIX OcTaTkoB |, J, kak 10
KpaTHbIN fiorapudm OTHOLLEHUS], YaCTOTbl UX COBNaAeHUa B rnpupoae g (Ha
OCHOBE W3BECTHLIX MOcreaoBaTesibHOCTEN) HA BEPOSTHOCTbL COBMAAEHMUSA

IATNX aMUHOKNCIIOT cnyqa|7|Ho p.



Yucno "npuHMMaeMbIX TOYEYHbIX MyTaLun": Kakue
aMMWHOKUCIIOTHbIE 3aMeHbl MPONCXOAAT B 6ernkax?

A R N D C Q E G H I L K | M F P S T W | Y \Y%
Ala | Arg | Asn | Asp | Cys | GIn [ Glu | Gly | His | Ile | Leu [ Lys | Met | Phe | Pro | Ser | Thr | Trp | Tyr | Val

A

R 30

N 109 17

D 154 0 532

C 3 10 0 0

Q 93 120 50 76 0

E | 266 [© 54 831 | 0 422

G 579 10 156 162 10 30 112

PI 21 103 226 43 10 243 2 10

I 66 30 36 13 17 8 35 0 3

L 95 17 / 0 A4 5 5 3 5y 40 253

K 57 477 322 85 0 147 104 60 23 43 39

M 29 17 0 (o} 0 20 7 7 0 57 207 90

F 20 7 7 0 0 0 0 17 20 9 ( 1€ 0 17

P 345 67 27 0 10 93 40 49 50 7 43 43 - 7

S 772 137 432 98 117 47 86 450 26 20 32 168 20 40 269

T 590 20 1 57 10 37 31 50 14 129 52 200 28 10 73 696

W 0 27 (¢} 0 0 (o} 0 3 0 13 0 0 10 0 17 0

Y 20 3 3 0 30 0 10 0 40 13 23 10 0 260 0 22 23

V 365 20 1 A H 3 27 37 97 30 661 303 17 77 10 50 43 186 Q 17
A R N D C Q E G H | L K M |F P S T W Y \Y%
Ala | Arg [ Asn | Asp | Cys |GIn [Glu [Gly |His |Ile |[Leu [Lys | Met | Phe | Pro | Ser | Thr | Trp | Tyr | Val
18.09.2019 Kadenpa 6buonHdopmatviku Mb® 39
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OTHOCUTEeNnbHaA MyTabenbHOCTb
AMUHOKUCIIOTHbIX OCTAaTKOB

Asn 134 His 66
Ser 120 Arg 65
Asp 106 Lys 56
Glu 102 Pro 56
Ala 100 Gly 49
Thr 97 Tyr 41
lle 96 Phe 41
Met 94 Leu 40
Gin 93 Cys 20

Val 74 Trp 18



Hopman N30BdaHHasA 4aCTOTd daMNHOKUCITIOTHbIX

3dMEeH
Gly 8.9% Al'g 4.1%
Ala 8.7% Asn 4.0%
Leu 8.5% Phe 4.0%
Lys 8.1% GIn 3.8%
Ser 7.0% lle 3.7%
Val6.5% His 3.4%
Thr 5.8% Cys 3.3%
Pro 5.1% Tyr3.0%
Glu 5.0% Met 1.5%
Asp 4.7% Trp 1.0%

°* CUHUM = 6 KOAOHOB; KpacHbIN = 1 KOAOH



PAM1 (Point-Accepted Mutations)

MaTpuLa 4YacToTbl MyTaL U

A R |IN (D |C |Q |E |G |H |I
Ala | Arg | Asn | Asp | Cys | GIn | Glu | Gly | His | lle
A 9867 2 9 10 3 8 17 21 2 ©
R 1 9913 | 1 0 1 10 0 0 10 3
N B 1 9822 | 36 0 4 6 6 21 3
D 6 0 4z 9859 | O 6 53 6 - 1
C 1 1 0 0 9973 | O 0 0 1 1
Q 3 9 4 3 0 98760 | 27 1 23 1
E 10 0 7 56 0 35 9865 = 2 3
G 21 1 12 11 1 3 7 9935 1 0
H 1 8 18 3 1 20 1 0 9912 | O
| 2 2 3 1 2 1 2 0 0 9872

PAM1 - BCTpe‘-IaeTCFl OQHO M3MEeHEeHne aMMHOKUCNOTbI Ha 100

a&lﬁa-.zow
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PAM1 (Point-Accepted Mutations)
MaTpuLa BEPOATHOCTU MyTaLunn

Original amino acid

A R N D C Q E G H I L K

Ala Arg Asn Asp Cys Gln Glu Gly His Ile Leu Lys

A | 087 0.0 0.1 0.1 0.0 0.1 0.2 0.2 0.0 0.1 0.0 0.0

R 0.0 99.1 0.0 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.0 0.2

N 0.0 0.0 98.2 04 0.0 0.0 0.1 0.1 0.2 0.0 0.0 0.1

D 0.1 0.0 0.4 98.6 0.0 0.1 0.5 0.1 0.0 0.0 0.0 0.0

C 0.0 0.0 0.0 0.0 99.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Q | 00 0.1 0.0 0.1 0.0 08.8 0.3 0.0 0.2 0.0 0.0 0.1

- E 0.1 0.0 0.1 0.6 0.0 04 08.7 0.0 0.0 0.0 0.0 0.0
2|6 |02 0.0 0.1 0.1 0.0 0.0 0.1 994 0.0 0.0 0.0 0.0
g H | 00 0.1 0.2 0.0 0.0 0.2 0.0 0.0 99.1 0.0 0.0 0.0
; I 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 98.7 0.1 0.0
B L 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.2 99.5 0.0
§ K |00 04 0.3 0.1 0.0 0.1 0.1 0.0 0.0 0.0 0.0 99.3
;8' M |00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0
F 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0

P 0.1 0.1 0.0 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.0 0.0

S 0.3 0.1 0.3 0.1 0.1 0.0 0.1 0.2 0.0 0.0 0.0 0.1

T |02 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.1

W |00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Y | 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

vV |01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.1 0.0

Kadegpa 6uonHdpopmatnkm MBD
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MHoXecTBeHHOe BblpaBHUBaAHUWE nocrieaqoBaTters bHOCTEW

rmuuepanbperung 3-chocdart aernaporeHas: KOJIOHKMU

OCTaTKOB MOTYT UMETb BbICOKYO UJITN HU3KYIO
OHCepBaTUBHOCTb

fly

human
plant
bacterium
yeast
archaeon

fly

human
plant
bacterium
yeast
archaeon

fly

human
plant
bacterium
yeast
archaeon

18.09.2019

K

!

GAKKVIISAP
GAKRVIISAP
GAKKVIISAP
GAKKVVMT GP
GAKKVVITAP
GADKVLISAP

KVINDNFEIV
KVIHDNEFGIV
KVVHEEFGIL
KVINDNFEGII
KVINDAFGIE
KVLDEEFGIN

GAAKAVGKVI
GAAKAVGKVI
GAAKAVGKVL
GAAKAVGKVL
GAAKAVGKVL
GAAQAATEVL

SAD.APM. .F
SAD.APM. .F
SAD.APM. .F
SKDNTPM. . F
SS.TAPM. .F
PKGDEPVKQL

EGLMTTVHAT
EGLMTTVHATI
EGLMTTVHAT
EGLMTTVHAT
EGLMTTVHSL
AGQLTTVHAY

PALNGKLTGM
PELNGKLTGM
PELNGKLTGM
PELNGKLTGM
PELOGKLTGM
PELEGKLDGM

Kadenpa 6buonHdpopmaTtnkm Mbd

VCGVNLDAYK
VMGVNHEKYD
VVGVNEHTYQ
VKGANFDKY .
VMGVNEEKYT
VYGVNHDEYD

TATQKTVDGP
TATQKTVDGP
TATQKTVDGP
TATQKTVDGP
TATQKTVDGP

T GSONLMDGP NGKP.RRRRA AAENIIPTST

AFRVPTPNVS
AFRVPTANVS
AFRVPTSNVS
AFRVPTPNVS
AFRVPTVDVS
AIRVPVPNGS

PHAMY

PDMKVVSNAS
NSLKIISNAS
PNMDIVSNAS

AGODIVSNAS CTTNCLAPLA

SDLKIVSNAS
GE .DVVSNAS

SGKLWRDGRG
SGKLWRDGRG
SMKDWRGGRG
SHKDWRGGRG
SHKDWRGGRT

VVDLTVRLGK GASYDEIKAK

!

CTTNCLAPLA
CTTNCLAPLA
CTTNCLAPLA

CTTNCLAPLA
CTTNSITPVA

AAQNIIPAST
ALONIIPAST
ASONIIPSST
ASONIIPSST
ASGNIIPSST

VVDLTCRLEK PAKYDDIKKV

VVDLTCRLEK GASYEDVKAA
VVDLTVRLEK AATYEQIKAA

VVDLTVKLNK ETTYDEIKKV

ITEFVVDLDD

DVTESDVNAA
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v v

mouse A!PNPSFLAMPTNE%QDNTXIPTIDPITF¥VST——P¥PTM —————— ESIVN%VANPEAST
rabbit S--HPFFMAILPNKMQDKAVTPTTNT IAAVEPT--PIPTT-~=~~-- EPVVSTEVIAEASP
sheep PHPHLSFMAIPPKKDQDKTEIPAINTIASAEPTVHSTPTT-————-— EAVVNAVDNPEASS
cattle PHPHLSFMAIPPKKNQDKTEIPTINTIASGEPT--STPTT-————— EAVESTVATLEDSP
pig PRPHASFIAIPPKKNQDKTAIPAINSIATVEPT--IVPATEPIVNAEPIVNAVVTPEASS
human PNLHPSFIATPPKKIQDKIITPTINTIATVEPT—-PAPAT~—~—=~— EPTVDSVVTPEAFS
horse PCPHPSEFIAILIPPKKLOEITVIPKINTIATVEPT-~PIPTP~——===— EPTVNNAVIPDASS
* ok o .. * . * . * . * ) * -

FIGURE 3.11 Multiple sequence alignment of seven kappa caseins, representing a protein fam-
ily that is relatively poorly conserved. Only a portion of the entire alignment is shown. Note that just
eight columns of residues are perfectly conserved (indicated with asterisks), and gaps of varying
length form part of the alignment. In several columns, there are four different aligned amino acids
(arrowheads); in two instances there are five different residues (double arrowheads). The sequences
were aligned with MUSCLE 3.6 (see Chapter 6) and were human (NP_005203), equine (Equus
caballus; NP_001075353), pig (Sus scrofa NP_001004026), ovine (Ovis aries NP_001009378),
rabbit (Oryctolagus cuniculus P33618), bovine (Bos taurus NP_776719) and mouse (Mus musculus
NP_031812).

Bioinformatics and Functional Genomics, Third Edition, Jonathan Pevsner.
© 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd.
Companion Website: www.wiley.com/go/pevsnerbioinformatics
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original amino acid

- PAMO A R N D € Q E G
9 A 100 0 0 0 0 0 0 0
o R 0 100 0 0 0 0 0 0
g N 0 0 100 0 0 0 0 0
= D 0 0 0 100 0 0 0 0
c C 0 0 0 0 100 0 0 0
g Q 0 0 0 0 0 100 0 0
9 E 0 0 0 0 0 0 100 0
R G 0 0 0 0 0 0 0 100
2
S original amino acid
o PAM oo A R N D c Q S G
= A 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7
s R 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1
= N 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
= D 4.7 4.7 4.7 4.7 4.7 4.7 4.7 47
9 C 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3
3 Q 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8
@ E 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
G 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9

FIGURE 3.12 Portion of the matrices for a zero PAM value (PAMO:; upper panel) or for an
infinite PAMeo value (lower panel). At PAMe (i.e., if the PAMI matrix is multiplied by itself an
infinite number of times), all the entries in each row converge on the normalized frequency of the
replacement amino acid (see Table 3.1). A PAM2000 matrix has similar values that tend to con-
verge on these same limits. In a PAM2000 matrix, the proteins being compared are at an extreme
of unrelatedness. In constrast, at PAMO no mutations are tolerated and the residues of the proteins
are perfectly conserved.

Bioinformatics and Functional Genomics, Third Edition, Jonathan Pevsner.
18.1 © 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd.
Companion Website: www.wiley.com/go/pevsnerbioinformatics
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PAM250 maTpuua BEPOATHOCTU MyTaLU N
BcTpeyvaeTtcs 250 uameHeHum Ha 100 a.K. OCTaTKOB

Original amino acid
A[RIN|ID|C|QJE|G|H|I |[LI[K[M|F|P|[S |T|W|Y |V
A6 [9 [9 |5 [8 [9 [12[6 [8 [6 7 [7 |4 [t [t |11 |2 [4 |9
R |3 [l 4 2[5 [3 |2 [6 |3 |2 |9 [4 |1 [+ |4 [3[7 |22
N |4 Gl 7 |2 |5 |6 |4 [6 |3 (2[5 |3 |2 |45 |4 |2 |3 |3
D> 8 UL |7 [10[5 [6 [3 [2 |5 [3 [L [4 [5 [5 [|1 [2 (3
C |2 1 B 1 1 (2 [2 [2 1 [r [ [x 2|3 |2 |1 |4 |2
Q3 [5 [5[6 (» B [3 [7 [2 (3 [5[3|t [4[3 (3|1 |23
BIES [+ 7 [t o @5 [6 [3 (2[5 [3 |1 [+ 5[5 1 |23
SIG 125 [w0]w0]4 [7 [9 [2T]5 [5 |4 [6 |5 |3 |8 [11]|9 [2 |3 |7
g HI2z2 [5 (5[4 [2[7 [+ |2 B2 |2 (3 [2 (2 (3 [3 ]2 [2[3 |2
ST [3 [2 [2 [2 [2 [2 2 [2 |2 H0Me6 [2[6[5 [2[3 |4 [t [3 |9
EMLT6 [ [4 [3 [2 (6 (4 [3 |5 (5384 [20[B3]5 [4 (66 |7 |3
SR |6 [1B[10[8 [2 [10[8 [5 [8 |5 |4 [2&]9 |2 |6 [8 |8 [4 [3 |5
SMIT T [t [t o[t [t [t 1213 |2 Mz [t [t |1 |1 |1 |2
é‘ Fl2 [T [2 [T [T [T [T |1 |3 |5 (6 |1 |+« BT [2 |2 |4 [20]3
P17 (5[5 [4 [3 |5 [4[5([51[3 (3[4 (3 |2 1(E0Me |5 [t [2 |4
s lo e [8 7 7 16 [7 9 |6 |5 [4 7 |5 3|9 [10]9 [4 [4 [6
T8 [5 |6 |6 [4 |5 |5 |6 |4 |6 [4 [6 |5 3 |6 |8 ]33 |6
wlo [2 o o [o o [o fo [t o [t oo [1 o[t [o(5)1 [o
YT [T [2 [t [3 [t [t [T [3[2 (21 |2 5]t [2 |2 [ ]El:
V|7 |4 |4 [4 [4 [4 [4 |5 |4 [15][10[4 [10[5 [5 |5 |7 |2 |4 @

FIGURE 3.13 The PAM250 mutation probability matrix. At this evolutionary distance, only one
in five amino acid residues remains unchanged from an original amino acid sequence (columns) to a
replacement amino acid (rows). Note that the scale has changed relative to Figure 3.11, and the columns
sum to 100.

Bioinformatics and Functional Genomics, Third Edition, Jonathan Pevsner.
© 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd.
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[MoyeMy Mbl UCnonb3yeM BMeCTO MaTpuLlbl
BepOATHOCTEN MyTaLuun, maTtpuuy norapudgpmmyeckou
BEepPOSATHOCTU MyTaumn?

 OueHo4YHaa wmaTpuua p[gormkHa 6biTb yoobHou Aans
NonapHOro BbipaBHMBAHUA (UNK NMoucka BLAST) U OLEHKU
OBYX BbIpOBHEHHbLIX aMUHOKUCITOTHbIX OCTaTKOB.

° ﬂOI'apl/ICbel fierye mncrnosnb3oBaTb AlAd CUCTEMbI OLEHKW.
OHW No3BONAKT HaM CYMMMPOBATb bannbl BblPpaBHEHHbIX
OCTaTKOB BMECTO TOro, YToObl YMHOXWUTb NX.



[Mepexoa oT MmaTpuLbl BEPOATHOCTH
3amMeH K norapudgpmmnyeckomn matpuue

OueHka S ons BblpaBHMBAHUSA OCTATKOB a,b:

S(a,b) =10 log10 (M_ /p, )
M _, - 8epOSIMHOCMb 3aMeHbl a Ha b, p , - 4acmoma
3aMeHbl a.K. b

Hanpumep, TpuntodoaH:

S(trp,trp) = 10 log10 (0.55/0.010) = 17.4



YTo o3HayaroT uncna norapmdpmMmmyeckomn
MaTpuubl?

e CyerT 2 nokasbIiBaeT, YTO 3aMeHa aMUHOKUCTIOTbI
npoucxoanT B 1,6 pasa yalle, YeM OXXnaarnoch Crny4yanHo.

« CyeT 0 ABNSAAETCHA HEUTPATbHbIM.

* Cuyert -10 03Ha4aeT, YTO 3aMeHa aMUHOKUCIIOTbI B
BblpaBHMBaHUM NpouUCcxoguT B 10 pa3 MeasieHHeun, 4Yem
oXuganocb cnyyanHo.



BLOSUM 80 BLOSUM 62 BLOSUM 45

PAM 1 PAM 120 PAM 250
Less divergent = > More divergent
bonee MeHee
ROSEeHp BaFId BHbI LIV [SBIAE RRITUBHBIN

bakTepun
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600 T T T T

Human vs. Ghimpanzee
Hba vs. Hbb
500 o
[1Ba npakTnyecku
400 NOEHTUYHbIX 6enka -
2
=)
@ 300 1
S [1Ba oTAA/IEHHO
POACTBEHHbIX 6enka
200
B SRR
/ N~
100} i
/ e
/ o
0 | 1 ] 3
0 100 200 300 400 500

PAM matrix
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MaTtpuua BLOSUM (Block substitution matrix)

* OCHOBaHa Ha foKkaribHOM BblpaBHNBaAHNA

* OcHOBaHa Ha pacCMOTPEHUN TOSbKO
KOHCepBAaTUBHbIX y4aCTKOB (O/fTOKOB) HE
6rIM3KOPOACTBEHHBIX MOCNeN0BaTENbHOCTEN

* BLOSUM62 - maTpuLa BblYUCIIEHHAA U3
CpaBHEHUS NocneaoBaTenlbHOCTEN C HE MEHee
4eM 62% -bIM pacxoXxgeHnem



100

62

30

[MpoueHT MOEHTUYHOCTH a.K.

OCTaTKOB

18.09.2019

BLOSUMBS0

BLOSUM62
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[1Be cny4yanHo pacxoasiuecs
nocrieqoBaTesIbHOCTU Oesika N3MEeHAITCS
0oOpaTHO 3KCNMOHEeHUUanbHO

100 1
90 -
80 -
70 4
60 -

50 1 \\\

40 - ",

30 A

“cymepeyHast 3o0Ha”

Percent identity

20 - . =

10 1

0

0 50 100 150 200 250 300 350 400

JBonoLUMOHHOE paccTtossHne PAMs



AnroputmMmbl BblpaBHUBaHuA: HnaenmaHa-ByHla
(Needleman-Wunsch) n Cmuta-YotepmaHa
(Smith-Waterman)

* AnropunTtm rnobanbHOro BbipaBHUBaHUSA
HuoenmaHa-ByHwa (1970)

* ANropuTM nokarnbHOro BbipaBHMBaHUA CmMmuTa-
YoTtepmaHa (1981)

e BLAST (Basic Local Alignment Search Tool),
aBpucTnyeckasa sepcuna Cmmnta-yorepmaHa



Anroputm rnodanbLHOro BbipaBHUBaHMUS
HnaenmaHa-ByHwa

[1Be nocrnegoBaTenbHOCTU CpaBHMBAKOTCA B MaTpULLE C
ocsaMn X N Y (Kaxxgast U3 oceun AABnsieTcs
COOTBETCTBYIOLLIEN NOCNeaoBaTeNIbHOCTLIO)

Ecnn octatkm B No3numnm ogmMHaKoBble, TO NyTb B 3TON
AYelKe pUCYeTCs B BUAEe AMaroHanu

[MTonck onTMManbHbIX NOANYTEN, N UX AobaBneHne Ans
OOCTWKEHUS NydLlero pesynerata. Bknoyaer:

— [obaBrieHune ecnun Hy>XHO npobenos
— Pa3spelueHune KoHCcepBaTUBHbIX 3aMEH
— N3meHeHne cuctemMbl OLEHKN (CKOPUHra)

I'apaHTmpyeT HaxoxXgeHne onTnmalibHOro BbipaBHNBaHUA



Tpw wara B rnodarnbLHOM
BbipaBHUBaHUN anropmTtMom

HuaenmaHa-ByHwa
 [locTponTtb maTpuuy

* OueHka maTpuubl
* BbibpaTb onTMarnbHOE BbipaBHUBAHUE



sequence 2 (length n)

YeTbIpe BO3MOXHbIX Ucxoaa npu
BbipaBHMBaHUU OBYX
nocriegoBaTefibHOCTEeU

sequence 1 (length m)

region of

-<+— alignment
without gaps

: gap in
sequence 2

T

gap in
sequence 1

[1] v BeHTUYHOCTb
(ocTaBaTbCs BOOMNb AMaroHanm)

[2] HecoBnapgeHue
(ocTaBaTbCs BOOMNb AMaroHanm)

[3] npoGen B ogHOM
nocnenoBaTenbHOCTU
(nepenBuxeHue No BepTukanu!)

[4] npoben B apyrowu
nocriefqoBaTenbHOCTU
(nepenBuxeHue No ropusoHTanmn!)



Sequence 2 Sequence 2
D P L E D PME
- D =D
) Q
e P e P
g : 9
g =L
w E =
1 DPLE 1 DPLE
2 DPLE 2 DPME
" Sequence 2 Sequence 2
D P E .. D PLE
% D g D
e P o L
9 o
= o E
o, n
w E
1 DPLE 1 D-LE
2 DP-E 2 DPLE
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3anonHeHne maTpuLbl C UCMNOMb30BaHUEM
«AWHaAMMU4YeCKoro nporpaMmMmpoBaHUs»

18.09.2019

(a)

I x

Sequence 1

mr oOm

(e)

Sequence 1

(g)

Sequance 1
= IXxXm

mroom

Sequence 2
FMDTPL NE

0 -2 46 -8-10-12-14-16

Sequence 2

F(i—1.f—1) Fli-1,)

- gap
+ 8iXj, yﬁ\ L penalty

Fi, j-1)—»= Fi.j)
= gap
penalty

Sequence 2
FMDTPLNE
02 -4 -8 -8-10-12-14-16
4‘01-4«%—5 74041113
= I
-6

-1

(d)

Sequence 1

E

K

(b)

0
-2

-4

Sequence 2

U

Sequance 1

mrotom

»

Score = Max [ F(i=1, j=1) + si(x, y)
{F(i-U ) — gap penalty
F(i, j=1) —gap penalty

Score (this example) = +1 (match)

E

-2 (mismatch)

-2 (gap penalty)

(e)
M

-2 - o

+

I xm

=
-

-

Sequence 1

Sequence 2

FMDTPLNE
0 2 -4 6 -8-10-12-14-16
~
=2 #1133+ =574 041113
Y
—14 =34 =5 Tt —Qa=11=13
%459 % - —V»
8| =3 =3 -3+ =5rF+-04-11=13
~ L e . e e
8 5 e —5aT4-04-1113
P
—10 =7 | —4 4+ -6 —F+-0+11 =10
o y—ry
-12 _? £ =8+ 5T+ —0+-11-12
-t ~
-4 -11 8 & -5 ~4+-6+-8-10
+——+ 1y

-4

4+
-18-16-12 @ -0

Sequenca 2

F M

2| -4
-
\ J—6
1 ongd
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3anonHeHne MmaTpuLbl C UCNONMb30BaHUEM
«AWHAMMYeCKoro nporpamMmmMmpoBaHUA»

(a) Sequence 2
F M DT PL NE
0 -2 -4/ -6 -8 —10-12 —14—16 Anroputm HauMHaeTcs C

NnocTpoeHus
MaTpuLlbl UOEHTUYHOCTHU

5 M = = xR T
|
(00)

Sequence 1



3anonHeHne MmaTpuLbl C UCNONMb30BaHUEM
«AWHAMMYeCKoro nporpamMmmMmpoBaHUA»

(b) (c) Sequence 2

Score = Max{ F(i-1, j-1) + s(x; ¥)
F(/-1, /) — gap penalty :
F(i, j=1) — gap penalty F(i-1, j-1) F(i=1,))

—Jap
XpY]\\ penalty

F(i, j-1)—» F(,))
~gap

Score (this example) = +1 (match)
—2 (mismatch)

-2 (gap penalty)

Sequence 1

penalty

Kadenpa 6buonHdpopmaTtnkm Mbd

18.09.2019 PHUMY
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3anonHeHne MmaTpuLbl C UCNONMb30BaHUEM
«AWHAMMYeCKoro nporpamMmmMmpoBaHUA»

(d) Sequence 2
a M

0 1 —2 —4

: N

o F —2_—4>+1

=

=]

)

N

=
A

Kadenpa 6buonHdpopmaTtnkm Mbd
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3anonHeHne MmaTpuLbl C UCNONMb30BaHUEM
«AWHAMMYeCKoro nporpamMmmMmpoBaHUA»

18.09.2019

(e)

Sequence 1

A

Ml

Sequence 2
& M

2 |, 4
% l—e
—2 L nesd

Kadenpa 6buonHdpopmaTtnkm Mbd
PHUMY
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Sequence 1

HaxoxaeHue onTUMarnbHOro (fnyywero) nonapHoro

BbiDAaBHUBAHUA
Sequence 2 (b) Sequence 2
F M DT P L NE F M DT P L N E
0|—2|-4|-6|-8/-10/-12/-14/-16 0|-2|-4|-6|-8|-10]-12]-14}-16
% X
F | -2 +19—1+-3+ -5 =>7+-9+-11-13 F|—2§El-1]-38|-5]-7|-9°|-11}-13
T T T T T t
K -4 -1 -1%-3+-5=>7+-9+-11-13 K -4 -1 -1 -8 -5 -7 -9 -11-13
| T T T VY t
H -6 -8 -3|-3+-5=7+-9+-11-13 H|-68)-3|-3|-5]-7]-9|-11]-13
N Ny——N—N——N—— - .
M| -8 -5 —2=-4 | -5 =»7+-9+—11=13 o M| -8 -5 -2 -4/ -5 -7 -9 -11/-13
— % 2 t
E -10/ -7 4 -4+ -6 -7-9+-11-10 © E |-10| -7l —4 | 6| -7 |-9 |[-11]-10
% L — b o %
D -12| -9| -6 -8+ -5 »7+-9+-11 —12 3 D |-12| -9| -6 F8&=.Y -7 | -9 |-11]-12
T ey X
P |-14/-11| -8 | -5 | =5 =4+ -6+ —-8=-10 P |-14|-11| -8 |-5 | -5 =48 —6 | -8 |-10
¥ b odxd N X
L -16/-13 =10/ =7 | =7 -6 | -8+ —5=7 L -16/-13/-10|-7 | -7 | -6 | -3«=-5 -7
2R AU A B A AR e X
E |-18/-15|-12| 9| 9| -8|-5| 5| 4 E |-18|-15|-12|-9 | -9 -8 |-5 | -5 ==&
(c) % t X b % T x
+1 -1 -8 2 4 B8 «-5 4 3 «-5 -4
Sequence1 F K H M E D - p L - E

Sequence2 F - = M - D T P L N E



Bl EBI WI Nucleotide sequences VIM
=3

: uropean Bioinformatics Institute http//WWW@blaCUk/embOSS/allgn/

EBI Home About EBI Groups Services Toolbox Databases Downloads Submissions
SEQUENCE ANALYSIS

* Help Index SEeRl Pairwise Alignment Algorithms
* General Help
« Formats This tool is used to compare 2 sequences. YWhen you want an alignment that covers the whole .
length of both sequences, use needle. When you are trying to find the best region of similarity Q .
* Gaps between two sequences, use water. uerles'
* Matrix M
« References Method Gap Open beta glObln
« EMBOSS-Align Help IEMBOSS::needle (global) | I 10.0 'I (NP 0005 09)
Gap Extend Molecule Matrix -

[05 =] [Protem =] [Blosurez =] alpha globin
(NP_000549)

Sequence 1: paste Sequence in any format OR upload a file: Help

MVHLTPEEKS AVTALWGKVNVDEVGGE ALGRLLVVYPWTQRFFESFGDL!
AFSDGLAHLDNLKGTF ATLSELHCDKLHVDPENFRLLGNVLVCVL AHHF(
ALAHKYH]

K| | i3

Seq. 1 Upload a file: | Browse... l

Sequence 2: paste Sequence in any format OR upload a file: Help

MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDL!

VAHVDDHMPNALSALSDLHAHKLRVDPVNFELLSHCLLVTLAAHLPAEFTI] 69
YR
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HEBEBEBERERRRHRBEBEBE R RR BT BRBR LSRR R

¥ Program: needle
# Rundate: Tue Aug 2

2 16:29:58 2006

# Align_format: srspair

# Report_file: /ebi/extserv/old-work/needle-20060822-16295743003385 . output

S 2SS FSFFFIEITILI LRSI I BRI LI L FEE L2 E L2

#====================
¥

¥ Aligned_sequences:
# 1: EMBOSS_001

¥ 2: EMBOSS_001

¥ Matrixz: EBLOSUME2

¥ Gap_penalty: 10.0

¥ Extend_penalty: 0.5
¥

# Length: 149

# Identity: 6571
# Similarity: 90/1
¥ Gaps: 971
# Score: 292.5

¥

¥
#====================
EMBOSS_001 1
EMBOSS_001 1
EMBOSS_001 49
EMBOSS_001 49
EMBOSS_001 99
EMBOSS_001 94

49 (43.6%)
49 (60.4%)
49 ( 6.0%)

MVHLTPEEKSAVTALWGKV--NVDEVGGEALGRLLVVYPWTQRFFESFGD

Ll e bbbl ec bl e e e el deaelec ||
MV-LSPADKTNVKAAVGKVGAHAGEYGAEALERMFLSFPTTKTYFPHF-D

LSTPDAVMGNPKVKAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLH
| I S 0 P - [ i I
LS— HGSAQVKGHGKKVADALTNAVAHVDDMPNALSALSDLHAHKLR

VDPENFRLLGNVLVCVLAHHFGKEFTPPVQAAYQKVVAGVANALAHKYH

I e I e I R T I N e I
VDPYNFKLLSHCLLVTLAAHLPAEFTPAVHASLDKFLASVSTYLTSKYR

ndyedpd OMONHWPOLPNMd I VIKUN IVIDW

PHUMY

48

48

98

93

147

142
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mobanbHoOe vs. NoKanbHoOe

BblpaBHUBaAHUA

[ nobanbHoe BbipaBHMBaHWe (HugenmaHa-ByHiwa) npoxogut
OT O4HOr0 KOHLa KaXaou nocrieaoBaTtenbHOCTU K ApYyromy
KOHLY.

JlokanbHOe BbipaBHMBAHWE HAXOOUT PETNOHbI C
onTMManbHbIM COOTBETCTBMEM B ABYX MNOCNeaoBaTeNbHOCTAX
("nognocnenoBaTenbHoOCTU").

IlokanbHoe BblpaBHMBaHME MOYTU BCerga NCnonb3yeTcs ans
noucka B ba3ax AaHHbIX, Takux Kak BLAST. OHO none3Ho angd

noncka AOMEHOB (M OrpaHUYEHHbIX 0brnacTen romonorun)
BHYTPU NocnegoBaTefibHOCTEN.

CmMuT 1 YotepmaH (1981) peLlunnu npodbnemy BbINOSTHEHNS
ONTMMarbHOrO NIoKasibHOro BblpaBHUBAHUS
nocnegosarenoHocTen. [pyrne metoabl (BLAST, FASTA)
bhiCTpee, HO MeHeE T aTebHbl.

S



b\ |

1 JIVVOGIIDITVY D

NP_824492.
NP _337032.
NP_824492.
NP_337032.
NP _824492.
NP _337032.
NP _824492.
NP _337032.
NP_824492.
NP_337032.
NP _824492.

NP_337032.

NP _824492.
NP_337032.
NP_824492.
NP _337032.
NP_824492.

NP_337032.

DIMgGQDIIVIDAINIVIV |DVYYA) DTV TGS

coBnaaeHuAa, IrHopumpyemblie JIOKaJibHbIM
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153

44

196

93

245
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N e I et | P ) A o © |
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S T O R i

MFLEOYWGGPRTYSE QRGHPRLRMRHAPFRISLIERDAWLRCMHTAVAS

AGLPT-DAEFRSAFLAYAE 225

Bl s

IDSETLDDEHRRELLDYLE 123

15% identity

30% identity

NP 824492, NP 337032
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ANropnTtm nokKanbHOro
BblpaBHMBaHUA Cmuta-yorepmaHa

« Co3gaHne maTpuubl Mexay ABymsi benkamu
(pasmMepm+1,n+1)

* HeT oTpuuaTtenbHbIX 3HA4YEeHNN B CKOPUHTOBOM
maTtpuue! S>0

* CYeT B KaXXaomn KneTke MakcnumanbHbIN U3 YeTbIpex
3Ha4YeHun:

[1] s(i-1, j-1) + HOBaSA oueHKa [i,j] (coBnageHne nnum
HecoBMnaageHue)

2] s(i,j-1) — gap penalty

] s(i-1,j) — gap penalty
4]0

‘w




Anroputm Cmuta-yYotepmaHa no3Bonsiet
BblpaBHUBaTb nognocrnenoBaTefibHOCTHU

Sequence 1 (length m)
CAGCCUCGTCWU

18.09.2019

Sequence 2 (length n)

OoOo0OroO0Cccr>»O00OC>»>

U A G
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; 4
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I 4
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20
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0.0
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0.0

0.7
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0.7
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0.0
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Compare Two Sequences: http://fasta.bioch.virginia.edu/
Statistical Significance from Shuffles Qu erieS:

Find Internal Duplications beta gIObIn ( N P_000509)
Choose (A) program and (B, ) sequences to compare: d I pha g|0 bl n (N P_000549)

: : ™ Query post-trans modifications
(A) Program: | FASTA: protein:protein ;I Wi ichided for setioEsR

(B) Enter first (query) sequence: |FASTA format LI Subset range: |

>gi| 4504349 | ref|NP_000509.1| beta globin [Homo sapiens]
MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPKVK.

AFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHFGKEF TPPVQAAYQ] Entrez protein sequence browser
ALAHKYH

Entrez DN A sequence browser

«| | 1
@ Protein © DNA (both-strands) © DNA (forward only) © DNA (rev-comp only)

(C) Enter second (library) sequence: I FASTA format ;I

MVLSPADKTNVKAAWGKVGAHAGEYGAEALERNFLSFPTTKTYFPHFDLSHGS AQVKGHGKKY
VAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTPAVHASLDKFLASY

Y|
Compare Sequences
< I i
Other options:
Ktup: Scoring matrix: open: ext:

Iktup =2 | |Blosum50 ~| |-10 l-2
NnNayeLdpa uruvinyupNidi Vikv IVIDW
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Dot matrix (ToyeyHaqa maTpuua)

(a) Human cytoglobin compared to itself

NP_599030.1

. NP_599030.1 i

(b) Cytoglobin compared to a snail globin (BLOSUM62) (c) Cytoglobin compared to a snail globin (PAM250)

2148 =& 2148 5t
k. e —— 3

= Ik - = Bk e -

0] E O LF o
W O T
< - e ——— < ;
< 3 == < 3
e g 4 e 4 t
25 S vl <12
<C N 3 <C - 2
(U] ; O 3F
$ - L

< —_— SE__ A A

1 'A;‘y...:t‘...:—.n....;.........;.........;...u,........:....;..‘.n....;...‘.....;....‘.........] 1 -"',,"'f'.‘.f.'.“,""“" ------ S e e foossdosiatanes Aasosfosnsd
NP 539030 40 ) 83 00 B 140 30 W IBmI 4 00 ' { |

1 NP_599030.1 190 1 NP_599030.1 190
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