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MNocnepoBaTenbHOCTU MUOINIOOMHOB YesloBEeKa, MbILLU U BblKa

>MYG_HUMAN
MGLSDGEWQLVLNVWGKVEADIPGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASE
DLKKHGATVLTALGGILKKKGHHEAEIKPLAQSHATKHKIPVKYLEFISECIIQVLQSKH
PGDFGADAQGAMNKALELFRKDMASNYKELGFQG

>MYG_MOUSE
MGLSDGEWQLVLNVWGKVEADLAGHGQEVLIGLFKTHPETLDKFDKFKNLKSEEDMKGSE
DLKKHGCTVLTALGTILKKKGQHAAEIQPLAQSHATKHKIPVKYLEFISEITIIEVLKKRH
SGDFGADAQGAMSKALELFRNDIAAKYKELGFQG

>MYG_BOVIN
MGLSDGEWQLVLNAWGKVEADVAGHGQEVLIRLFTGHPETLEKFDKFKHLKTEAEMKASE
DLKKHGNTVLTALGGILKKKGHHEAEVKHLAESHANKHKIPVKYLEFISDAITIHVLHAKH
PSDFGADAQAAMSKALELFRNDMAAQYKVLGFHG



Hanuwem nocnepoBaTeNbHOCTU APYr NOA APYrom, UTo6bl 661710 BUAHO CXOACTBO:

MYG_HUMAN
MYG_MOUSE
MYG_BOVIN

MYG_HUMAN
MYG_MOUSE
MYG_BOVIN

MYG_HUMAN
MYG_MOUSE
MYG_BOVIN

MGLSDGEWQLVLNVWGKVEADIPGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASE
MGLSDGEWQLVLNVWGKVEADLAGHGQEVLIGLFKTHPETLDKFDKFKNLKSEEDMKGSE
MGLSDGEWQLVLNAWGKVEADVAGHGQEVLIRLFTGHPETLEKFDKFKHLKTEAEMKASE

DLKKHGATVLTALGGILKKKGHHEAETIKPLAQSHATKHKIPVKYLEFISECIIQVLQSKH
DLKKHGCTVLTALGTILKKKGQHAAEIQPLAQSHATKHKIPVKYLEFISEITIEVLKKRH
DLKKHGNTVLTALGGILKKKGHHEAEVKHLAESHANKHKIPVKYLEFISDAITIHVLHAKH

PGDFGADAQGAMNKALELFRKDMASNYKELGFQG 154
SGDFGADAQGAMSKALELFRNDIAAKYKELGFQG 154
PSDFGADAQAAMSKAL ELFRNDMAAQYKVLGFHG 154

BuaHo, 4to 60nbWNHCTBO BYKB COBMAaaET, HO HEKOTOPLIE pa3nnyaroTCs.
OTO nocneanoBaTeNbHOCTU FOMOSONNMYHbIX 6ENKOB, YTO O3HAYaET, UTO 3TN DENKn Npom3oLwwnn ot
obLero npeaka. 3a Bpems, npowieqllee oT CyLlecTBoBaHUs obLiero npegka, Hekotopble OYKBbI
MEHSAMNCb, HO BOMBLUMHCTBO OCTANIMCb HEN3MEHHbLIMM.

60
60
60

120
120
120



MNocnepoBatenbHOCTU MMOTNOBUHOB YenoBeKa U pbibbl

>MYG_HUMAN
MGLSDGEWQLVLNVWGKVEADIPGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASE
DLKKHGATVLTALGGILKKKGHHEAEIKPLAQSHATKHKIPVKYLEFISECIIQVLQSKH
PGDFGADAQGAMNKALELFRKDMASNYKELGFQG

>MYG_DANRE
MADHDLVLKCWGAVEADYAANGGEVLNRLFKEYPDTLKLFPKFSGISQGDLAGSPAVAAH
GATVLKKLGELLKAKGDHAALLKPLANTHANIHKVALNNFRLITEVLVKVMAEKAGLDAA
GQGALRRVMDAVIGDIDGYYKEIGFAG

PasHasi gnuHa, Kak cpaBHMBaTb?



MNocnepoBatenbHOCTU MMOTNOBUHOB YenoBeKa U pbibbl

>MYG_HUMAN
MGLSDGEWQLVLNVWGKVEADIPGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASE
DLKKHGATVLTALGGILKKKGHHEAEIKPLAQSHATKHKIPVKYLEFISECIIQVLQSKH
PGDFGADAQGAMNKALELFRKDMASNYKELGFQG

>MYG_DANRE
MADHDLVLKCWGAVEADYAANGGEVLNRLFKEYPDTLKLFPKFSGISQGDLAGSPAVAAH
GATVLKKLGELLKAKGDHAALLKPLANTHANIHKVALNNFRLITEVLVKVMAEKAGLDAA
GQGALRRVMDAVIGDIDGYYKEIGFAG

PasHasi gnuHa, Kak cpaBHMBaTb?
OTBET: BbipaBHUBaHUE

MYG_HUMAN
MYG_DANRE

MYG_HUMAN
MYG_DANRE

MYG_HUMAN
MYG_DANRE

MGLSDGEWQLVLNVWGKVEADIPGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASE 60
----MADHDLVLKCWGAVEADYAANGGEVLNRLFKEYPDTLKLFPKFSGISQG-DLAGSP 55

DLKKHGATVLTALGGILKKKGHHEAEIKPLAQSHATKHKIPVKYLEFISECIIQVLQSKH 120
AVAAHGATVLKKLGELLKAKGDHAALLKPLANTHANIHKVALNNFRLITEVLVKVMAEKA 115

PGDFGADAQGAMNKALELFRKDMASNYKELGFQG 154
--GLDAAGQGALRRVMDAVIGDIDGYYKEIGFAG 147



MICTOYHWKM pa3HOODpa3na reHoMoB

1. OwunbKun penamnkaumm HK

PerynapHoe nepenucbiBaHMe MHPOPMaALMM KaK cnocob coxpaHeHUA nmeeT
onpeAesieHHble NPenmyLLecTsa.
Pykonucb «Cnosa o nonky Uropese» cropena, HO MHPOPMaLNA COXPaHMNACD.

Mpu NnepenucbiBaHUM ObIBAOT OLLIMOKKM — MyTaLU MM,

OHK ntob0oro HbiHEe }KUBYLLETro OpraHn3ma nony4mnacb nepenucbiBanmem AHK

OpPraHmM3ma, *1BLLEero NnpMmepHo 3,5 mapa net Tomy Hasaga.

10T opraHu3m Ha3sbiBatoT LUCA (Last Universal Common Ancestor).

Mpu nepenuncbiBaHUM Cy4annchb U A06aBAEHUA, MPU STOM UCTOYHUKM «HOoBOW» JHK aoBosbHO
3araJouHbl.

Teketr AHK, KOHEYHO, U3MEHUNCA A0 HEY3HABAEMOCTM.
Ho poactBo (romonorMyHoCTb) NocneaoBaTeIbHOCTEN HEKOTOPbIX 6enKoB BO BCEX
COBPEMEHHbIX OPraHM3max yCTaHaB/IMBAETCA AOCTAaTOYHO HA4EeXHO



MICTOYHWKM pa3HOODpa3na reHoMoB

2. NospexaeHna OHK n ux penapauuma

* imeeTca MHOro UCTOYHUKOB nospexaeHnn AHK
* YyAbTPadPMONETOBOE U3NTYYEHMUE

* pa3/InYHble XMMUYECKMEe BellecTBa, CoAepKallnecs B nuLle, Bo3ayxe, TabayHom
AbIMe...

* HeKoTopble GepMeHTbI CAMOro OpraHM3Ma

* MoBpexaeHna AHK KOHTpOAMPYIOTCA KNETKOU U penapupyroTcs
YBbI, He Bceraa npaBuibHO. OAHO U3 CNeaCcTBUIN — OHKOJIOTMYEeCKne 3aboneBaHms.



[[OMOIOTMYHbIe NOoCcA ea10BadTE€J/IbHOCTU

>First
CGTTCCCGGGTCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGCCG
GTGGAGTAACCATTTGGAGCTAGCCGTCGAAGGTGGG

>Second
CGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGAAGTCTGCAATGCCCAAAGTCG

GTGGGATAACCTTTATAGGAGTCAGCCGCCTAAGGCAGG



BblpaBHMBaHMe
(1eMOHCTPUpPYET CXOACTBO)

>First
CGTTCCCGGGTCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGCCG
GTGGAGTAACCATTTGGAGCTAGCCGTCGAAGGTGGG

>Second
CGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGAAGTCTGCAATGCCCAAAGTCG
GTGGGATAACCTTTATAGGAGTCAGCCGCCTAAGGCAGG

First 1 CGTTCCCGGGTCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAAC 50

L PO R I O B PO I
Second 1 CGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGAAGTCTGCAAT 50

First 51 ACCCGAAGCCGGTGGAGTAACCAT--TTGGAGCTAGCCGTCGAAGGTGGG 98

I R e e e e R e R A S P R I
Second 51 GCCCAAAGTCGGTGGGATAACCTTTATAGGAGTCAGCCGCCTAAGGCAGG 100



HeromonormyHble
NnocneaoBaTe/IbHOCTU

>First
CGTTCCCGGGTCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGCCG
GTGGAGTAACCATTTGGAGCTAGCCGTCGAAGGTGGG

>Third
CCTGCCTTAGGCGGCTGACTCCTATAAAGGTTATCCCACCGACTTTGGGCATTGCAGACTT
CCATGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACG



BblpaBHMBaHMe (beccmbicieHHOe)

>First

CGTTCCCGGGTCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGCCG

GTGGAGTAACCATTTGGAGCTAGCCGTCGAAGGTGGG
>Third

CCTGCCTTAGGCGGCTGACTCCTATAAAGGTTATCCCACCGACTTTGGGCATTGCAGACTT

CCATGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACG

First 1 ——-———mm oo CGTTCCCGGGT

[ Tee... LT
Third 1 CCTGCCTTAGGCGGCTGACTCCTATAAAGGTTATCCCACCGACTTTGGGC

First 12 CTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGCCG

e I e L S P S I I I O A
Third 51 ATTGCAGACTTCCATGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACG

11

50

6l

100



BeipaBHHBaHMeE [IOC/I€A0BATE/IbHOCTEN NIOTOMKOB
OTHOCHUTEJIbHO MpeJKa

[OMO/IOTUYHbIE HYKIEOTUAbI CTAaBUM APYr NOA APYrom

MPEAOK 1. TATGCGAATGCCCTGAA
CblIH 2. TATGCAAATGCCCTGAA 3ameHa



BeipaBHHBaHMeE [IOC/I€A0BATE/IbHOCTEN NIOTOMKOB
OTHOCHUTEJIbHO MpeJKa

[OMO/IOTUYHbIE HYK/IEOTUAbI CTaBUM APYr NoA APYrom

NMPEAOK 1. TATGCGAAT-GCCCTGAA

CbiH 2. TATGCAAAT-GCCCTGAA 3ameHa

BHYK 3. TATGCAAAT-GCTCTGAA 3ameHa
npaBHyK 4. TATGCAAATCGCTCGGAA BcCTaBkal n.H.



BeipaBHHBaHMeE [IOC/I€A0BATE/IbHOCTEN NIOTOMKOB
OTHOCHUTEJIbHO MpeJKa

[OMO/IOTUYHbIE HYK/IEOTUAbI CTaBUM APYr NoA APYrom

NMPEAOK 1. TATGCGAAT-GCCCTGAA
cbiH 2. TATGCAAAT-GCCCTGAA 3ameHa
BHYK 3. TATGCAAAT-GCTCTGAA 3ameHa
npaBHyK 4. TATGCAAATCGCTCGGAA BCTaBKa 1l n.H.
npanpaBsHyk 5. TATGCAAAACGCTCGGAA 3ameHa
npanpanpaBHyk 6. TATGCAAA-CGCTCGGAA peneuua 1n.H.



BeipaBHHBaHMeE [IOC/I€A0BATE/IbHOCTEN NIOTOMKOB
OTHOCHUTEJIbHO MpeJKa

[OMO/IOTUYHbIE HYK/IEOTUAbI CTaBUM APYr NoA APYrom

NMPEAOK 1. TAT--GCGAAT-GCCCTGAA
CblH 2. TAT--GCAAAT-GCCCTGAA 3ameHa
BHYK 3. TAT--GCAAAT-GCTCTGAA 3ameHa
npaBHyK 4. TAT--GCAAATCGCTCGGAA BCTaBKa 1l n.H.
npanpaBHyk 5. TAT--GCAAAACGCTCGGAA 3ameHa
npanpanpaBHyk 6. TAT--GCAAA-CGCTCGGAA peneuma 1n.H.

......... 7. TAT=--GCATA-CGCTCGGAA 3ameHa
........ 8. TAT--GCATA-CGC---GAA peneuma 3 n.H.
........ 9. TATATGCATA-CGC---GAA BCTaBKa 2 n.H.



BblpaBHMBaHME rEHOMOB ABYX MOTOMKOB 0OOLLEro
npegka mmkonnasm: M.capricolum v M.mycoides,

(ManeHbKUl copaemeHm)

2 da ataaa dalaaata ca da C

1116 [T A A ATAAA ATAAATA CA AA Cc
M.mycoides 1131 TG TA CACC C
1159 TATA CACC C
AAAAC AGC A ATCATCTAA AAAATCIT 1216
AAAAC AGC A ATCATCTAA AAAATCT 1244
M.mycoides 1217 ACAACAACAACT T ATCTAATAAA ATCTACAA A 1259
1245 ATAACAACAACA A TTCTAATAAA ATCAACAA A 1287
M.mycoides 1260 GAAC CAGAAAA CATA ACTAAATACATAA G AAT 1302
1288 GAAT CAGAAAA CATA ACTAAAAACATAT A AAC 1330

B cpeaHem 92% coBnagatowmx 6yKB Ha rOMOJIOrMYHbIX Y4aCTKaX

GA 1130
AA 1158

M.mycoides 1091

AAAAC CCA
AAAAC CCA

AAA
AAA

AAAA
AAAA

1173
1201

M.mycoides 1174
1202

18



[[eHOM

3 mnpga. 6ykB y yenosekKa

coaepXxut

0,5-10 mnH. 6ykB y 6akTepuis

[eHeTUYeCcKnin Koa

T(U)

TTT
TTC
TTA
TTG

CTT
CTC
CTA
CTG

ATT
ATC
ATA
ATG

=TT
GTC
GTA
GTG

FPhe
Fhe
Leu
Leu

Leu
Leu
Leu
Leu

Ile
Ile
Ile
Met

Val
Wal
Wal
Wal

TCT
TCC
TCA
TCG

CCT
CCC
CCA
CCG

ACT
ACC
ACH
ACG

GCT
GCC
GCA
GCGE

ser
ser
Ser
ser

Pro
Ero
Fro
Fro

Thr
Thr
Thr
Thr

Ala
Ala
Ala
Ala

JTHK 1 6enkn

KoaupyoT

Koanpywowmne yqyactTky === Benky

< 2% y yenoseka ~25 000 y yenoseka
~90% y 6akTepui 600-6000 y 6akTepui
A G
AMUHOKUcnomeoi
TET TyE TGT Cys A Ala Alanine ANaHHH
TAC Tyr TGC Cys B Arg Arginine AprHMHHH
N Asn Asparagine AcrHapalPHe
TAR StOp TGA StOp D Asp Aspartic Acid AcnaparMHOBas HHCNOTE
TAG Stop TG Trp ¢ Cys Cysteine IkcTeMH
2 5ln Glutamine I'oWTaMMHE
CAT His CGET :'-':\.]'_"g E &lu @lutamic Acid I'myTaMMHOEAA KMCIOTA
CAC His CGC Arg & Gly Glycine Tmrmum
CRAL Cln CEn ?l]fg H Hi=s Histidirlle THOTHIME
CAE cln CRE Afg I Ile Isnlnleuczl_ne HM=onedi My
L Leu Leucine JIeHIMH
K Lys Lysine usuH
ART ASn AGT 5Ser M Met Methionine MeTHoOHKH
AAC Asn AGC 5er F Phe Phenylalanine ¢eHMIalaHHH
ARA Lys AGR Arg P Pro Proline Iponun
AAG Lys AGG Arg 8 Her derine Cepuu
T Thr Threonine TpeoHHH
GAT ASp SET Gly’ g ;rp :hryp'ilznph;n TpunTodan
¥r Tyrosine THposSHH
Bt R0 Sl Gly V¥ Val Yaline Banum
GAA Glu GGA Gly "Ftop" B rabmnmue KRoga oSHadaeT
GAG Glu GGG Gly CTON-KOMOH — CHIHAJN OKOHYAHMA TPAHCIAIMH.



MyTaunm

gatcaacactacttgacttcaagacttaccataaagaaaac
' TOoOYeqyHad 3aMeHa

gatcaacactacttgacttcaaaacttaccataaagaaaac

gatcaacactacttgacttcaagacttaccataaagaaaac

' aerneuni

gatcaacactacttgacttcaacttaccataaagaaaac

gatcaacactacttgacttcaagacttaccataaagaaaac

' VHCE pU S

(BCTaBKa)
gatcaacactacttgacttcaagatacttaccataaagaaaac

20



Knaccupukanusa MyTanmuv B KOAUPYIOLIUX
nocjeaoBareabHOCTAX ITHK

CMHOHMMMUYECKaa NN Mon4awias: He MEHSET KO,EI,MpyeMbIVI
aMWHOKNCNOTHbLIN OCTaTOK

MucceHc (missense): MeHsIeT OCTaToK
HoHceHc (nonsense): 3aMeHsIeT KOAOH ocTaTka Ha CTOM-KOAO0H

Caosur pamku (frameshift): BctaBka unu geneuns pasmepa, He
KpaTHOro TPEM.

Pe3yanaT0M ABNAKOTCA COBCEM Apyrne aMMHOKUCIOTbI Nocsre Mmytaumn n, Kak
npaBuno, CTON-KOOOH CpaBHUTENBLHO Heganeko (B cpegHem vepes 21 Tpunnet
nocne myrtauum)



ToyedHbIe 3aMeEeHbI B IreHe

. AATCCGTCAAGTCTA..

Asn Pro Ser Ser Leu

1) “monyawan” {CMHOHUMKUHECKA A )My TaLLM A

AATCCGTCGAGTCTA...

Asn Pro Ser Ser Leu

2) 3ameHa octaTtka Ha BAM3KKUIKA No CBOUCTBaM

- AATCCGACAAGTCTA..

Asn Pro Thr Ser Leu

3} 3aMEeHa OCTaTKa Ha OCTaTOK C MHbIMK CBOWCTBAMM

AATCCGTCAAGACTA..

Asn Pro Ser Arg Leu

22



Cyabba myTaumnm

BakTepusa pasgenmnacb, Uy 04HOT0 U3 NOTOMKOB NPOM30LWaAa MyTaLms.
(owmnbKka pennmkaumnm, unu nospexaeHme JHK n ownbka penapauunn).

YTo ByaeT c NOTOMCTBOM MyTaHTa? YBUAMM M Mbl 3Ty MyTauumio, ecnm otcekBeHmpyem 1 000 000
H6aKTepui aToro wramma vyepes 10 net?



[ToTOMCTBO BaKkTepun

B 61aronpuATHbIX yc10BUAX BaKTePUA MOXKET AENNTLCA KaXKAbIN Yac.

CKonbko byaeT 6aKkTepuit yepes 24 yaca? A yepes roa????



[ToTOMCTBO BaKkTepun

B 6naronpuaTHbIX YCNOBUAX BaKTEpUA MOXKET AeNUTbCA KaXKabli Yac.
CKonbko byaeT 6aKkTepuit yepes 24 yaca? A yepes roa????

OTBET: NPUMEPHO CTOJIbKO Ke, CKO/IbKO ceinvac.



[ToTOMCTBO BaKkTepun

B 6naronpuaTHbIX YCNOBUAX BaKTEpUA MOXKET AeNUTbCA KaXKabli Yac.
CkonbKo byaeT 6akTepuii yepes 24 yaca? A yepes rog????

OTBET: NPUMEPHO CTOJIbKO Ke, CKO/IbKO ceinvac.

YncneHHOCTb NoaasaatoLero 60AblWMHCTBA NONYAALMA NOCTOAHHA (NO KpaliHel mepe Ha
OTpe3Kax BpeMeHU nopaaKka NeT) — normbaeT NPUMeEPHO CTONIbKO e, CKOJIbKO POoXKAaeTcs.
CospemeHHasA nonynayus Yes08eKka — UckarveHue!

Ecnaun yneHbl NoNynaumMmM reHeTUYECcKM MAEHTUYHbI, TO BEPOATHOCTb OCTaBUTb MOTOMCTBO A1 BCEX
OAWHAKOBa (TOYHEe, 3aBUCUT OT TOJIbKO OT BHELLIHUX GaKTOPOB).

Cnedcmeue: MamemamuyecKoe oxcuoaHue Yyucada nomomMKoe OOHOU
6akmepuu yepe3 0ocmamo4yHo 6oabwol NPomMmeXymoK epemeHU pasHo 1.



Cyabba HENTPANbHOM MyTaLNK

MpeanonoXnm, 4To MyTaLmMa HEUTPANbHA = HUKAK He B/IMSIET HA MaTOXMAaHME YMCa MOTOMKOB (TaKmnx
MyTaUWIA AOBOJIbHO MHOTO).

MyTaumus npomsoLuia U nepeaaérca NOTOMKam MyTaHTa. 3HauYKUT, B NONYAALUN NOABUICSA HOBbIN
nonmmopdusm. Y 4aHHOIo BapuaHTa KoAa ecTb YacToTa (CHayana o4eHb MasieHbKas).



Cyabba HENTPANbHOM MyTaLNK

MpeanonoXnm, 4To MyTaLmMa HEUTPANbHA = HUKAK He B/IMSIET HA MaTOXMAaHME YMCa MOTOMKOB (TaKmnx
MyTaUWIA AOBOJIbHO MHOTO).

MyTaumus npomsoLuia U nepeaaérca NOTOMKam MyTaHTa. 3HauYKUT, B NONYAALUN NOABUICSA HOBbIN
nonmmopdusm. Y 4aHHOro BapnaHTa reHoOMa ecTb YacToTa (CHayana oYeHb MasieHbKas).

YTO NPOM3OMNAET C YaCTOTOM Yepes Napy CYyTOK?



Cyabba HENTPANbHOM MyTaLNK

MpeanonoXnm, 4To MyTaLmMa HEUTPANbHA = HUKAK He B/IMSIET HA MaTOXMAaHME YMCa MOTOMKOB (TaKmnx
MyTaUWIA AOBOJIbHO MHOTO).

MyTaumus npomsoLuia U nepeaaérca NOTOMKam MyTaHTa. 3HauYKUT, B NONYAALUN NOABUICSA HOBbIN
nonmmopdusm. Y 4aHHOro BapnaHTa reHoOMa ecTb YacToTa (CHayana oYeHb MasieHbKas).

YTO NPOM3OMNAET C YaCTOTOM Yepes Napy CYyTOK?

OTBeT: YacTtoTa IMH60 HEMHOTO BO3PACTET, NIMBO HemMHoro ynaaér. To u agpyroe NpUMepHo
PaBHOBEPOATHO.



Cny4yamnHoe bayxaaHume

YacToTa ntoboro HenTpaabHOro noaMmopdurama NocToaHHO Konebnetca cnydanmHbim obpasom (3To
Ha3bIBAETCA «reHEeTUYECKN apend»).
MaTemaTnyeckana Mmoaeb TaKoro npoLecca HasblBaeTca «cayyvyanHoe bayxkaaHue.

Ha mpomyape cmoum nesHbIl U Kaxoblie 10 ceK. 0enaem waz nubo Harnpaso, nubo Haseso,
cay4yalHo 8blbupas HanpasnaeHue. Kak 0aneKko oH ylioém 3a spemsa T?

Omeem: 8 cpedHeM Ha paccMosAHuUe, MPONopyUoHasnbHoe V.



Cny4yanHoe bay»KgaHume ¢
nornoweHmnem

o 0nuHHOU 0ambe UuOém nbAHbLIU U € KaXObIM WA20M OMK/A0HAemMcAa Aubo Ha noamempa 8npaso,
nubo Ha nonmempa 8se80. Kak cKopo oH ceaanumcsa ¢ 0ambebi?
Omeem: cKopo...

Koraa yactoTta reHeTuyeckoro BapmaHTta gocturaet 100% nam 0%, npouecc eé
M3MEHEHUA NPeKpaLLaeTCcA.

3a UCTOPUUYECKU KOPOTKOE BpemsA Nt0bou HeTpanbHbIX BapuaHT Ainbo ucuesaer us
nonynauumn, nnbo 3akpennaerca B Heit!



3aKpenieHne MmyTaunm Kak pesyabtaT
reHeTn4yecKoro apenda

BepoATHOCTb 3aKpennTbca A1a HOBOM HENTPAJIbHOM MyTaLUM Oo4eHb Mana, Ho He 0.

OpraHM3moB B NONyiALUM MHOTO, MyTaLMn B HUX MPOUCXOANT TOXKE MHOTO
(npumepHo 1078 Ha N.H. Ha NOKOJIEHME — KaXKAaA coTas HOBOPOXAEHHAA BaKTepusa HeCET HOBYIO
MyTaLMI0). 3HaYUTENbHAA AONA MyTaUUiA HEUTPaNbHa.

NTOor: reHOMbl HE3aBUCUMDbIX I'IOI'IW'IFILI,VIVI HAa4YUHAOT Pa3qindaTbCA, Hem danblle, Tem 6onblue — B
HNX HE3AaBUCUMO HaKaN/JimBakoTCA Hel\/JITpa}'IbeIe MyTauunn.



A ecnm myTaumsa He HemTpaibHa?

Kaxkaomy BapMaHTy reHOMa MOXKHO COMOCTaBUTb €ro «NpPMUcnocobaeHHOCTbY f = MaToXXnaaHue Yncna
MOTOMKOB OpraHM3ma C TaKMM reHOMOM (4epe3 KaKoM-TO PUKCUPOBAHHbBIN MPOMEIKYTOK BPEMEHMN).

B nopgasnsatowem 601bLLIMHCTBE Cly4aeB HOBAs MyTaLMA NOPoXKAaeT MO0 HEUTPaNbHbIA BapUaHT
(f=1) nmbo BpeaHbIN (f < 1).

BpeAHblli BApUAHT TOXKe HauMHaeT «bayxaaTb», HO BEPOATHOCTb «Llara BBEPX» OKa3blBaeTCA MeHbLUe
BEPOATHOCTM «LlUara BHU3». ITO O4YE€Hb CUIbHO YMEHbLUIAET BEPOATHOCTb 3aKpenieHua — TemM CUJibHee,
Yyem MeHblle f, U Tem cunbHee, yem 6onblue NonyAALUUS.

ABNeHne HEBO3MOKHOCTM 3aKpeneHns BpeAHOoM MyTalumm Ha3blBAaeTcs CTabuansmpyrowmi
oT60p 1K Ke oTpulaTeNbHbIN OTHOP.



[TonoxutenbHbi OTOOP

Echn Bapyr f > 1, To BEPOATHOCTb 3aKpenseHnsa MyTauum BblpacTaeT BO MHOrO pas.
Mpouecc 3aKkpenneHua NosesHbIX MyTauuii Ha3biBaeTCA NONOXKUTENbHbIM 0OT6OpOM.

CO6CTBeHHO, NONE3HbIX N\yTaLI,Mﬁ TaK MaJ1o MMEHHO NOTOMY, 4YTO 60bLWNHCTBO BO3MOXHbIX
Nos1e3HbIX MyTaLI,Mﬁ yXKe 3aKpennaunceo.

O6bl4YHO NoNe3Hble MyTaLMN HAYMHALOT NOABAATLCA B 3aMETHOM KO/IMYECTBE TOJIbKO MpMU
N3MEHEHWNU YCIOBUI KU3HM OPraHM3MOB — Hanpumep Npu NOABIEHNUM HOBOIO MCTOYHMKA
NULWM NN HOBOW OMACHOCTM MM NONaAaHMKW YacTu NONyAsUMN B APYrON KANMaT...



JBOtOUMA DENKOB

MyTaunm BO3HUKAOT CAyYanHO.

KoHKpeTHana myTaumna MoKeT ObITb:
NeTaNIbHOWU;
BpeaHOMU;
cnabospegHou;
HEUTPaNbHOMW;
NONEe3HON.

MyTauus nopoxaaet noammopdusm gaHHoro 6enka B nonynauuu.

[lons Kaxa0ro BapuaHTa NoAsep:KeHa Cly4anmHbIM U3MeHeHMem (Moaenb: «caydaliHoe
61yXKAaHNE C NOMNOLWEHUEMD).

3a UCTOPUYECKU KOPOTKOE BPeMsi OAMH U3 BapMaHTOB (CTapblit UAKM HOBbIM) ncyesaeT. B nepsom
C/ly4yae roBopsAT, YTO MyTauuA 3aKpenuaaco.

KaK npaBuio, NpOCTPaHCTBEHHAA CTPYKTYpa 6enKa NoYTU He MEHSIeTCA NPU 3BONOLUN ero
nocnenoBaTe/ibHOCTU. B nepBoM NPUBIUMKEHNM BEPHO YTBEPXKAEHNE: FOMONOTUYHbIE 6eNKK
MMeEIOT NOYTU oguHaKoBble 3D-CTPYKTypbl.



MHOXecTBEHHOE BbipaBHMBAHME
OenKoB

M DODRRE ITRH 'WDDVWSSSF TDRREVA I VRAVEDDLEKHYPTSKALFERY K IDEFESGER
8 DRHEVLDNWKG IWSAEF TGREVA I GAQATFQELFALDPNAKGYEGRYNYVDKESEADWY
8 DRREVAQALWRS IWSAEDTGRRETL IGRLLFEELFE IDGATKGLEKEYMNYDD THSFEE
7T AR TKVRKQOUWAQYVY SVGES- -RTDRAITDVENNFERTHNPD -RSLENREYNGDMNY Y SPEF
9 QRLKVKQOUWAKAYGVGHE- -RVELG | ALWKSMEAQDNDARDLEKRERYHGEDYVHSFAR
8 EGLEKVKSEWGRAYGSGHD - -REAFSQA WRATEAQVPESRSLEKREYHGDD TSHRE AR
B QRFKVKHOWAEAFGTSHH- -RLDFGLKLWNS IFRDAFPE IRGLEKREYDGDMNAY SAER
T ARLKVKROWAEAYGSGND - - REEFGHF IWTHYVEKDARPSARDLEKREYRGDN | HTRAR

67 KSHLYREVMANGLDLL INLLDDTLVLQASHLGHLADQH | QRKGY TKEYFRG | GEAF A
64 KAHY |RY INGLDLAVNLLEDFKALQEELKHLARQHRERSGYKAVYFDEMEKALL
64 FAHYLEYMYNGLDTL IGYLGDSDTLNSL IDHLAEQHKARAGFKTYYEKEFGKALRM
60 KARMYEYFAGFD | LI SYLDDKRFPVLDOALARY AAFHKAF -GT | P- -FKAFGUTMF
63 EARMARYFNGLDRY I SSLTDERPVLNAQLERLRQAR I KL-G I TGHMEMNLMRETGL A
62 |ARAERYLGGLD | AT STLDARFATLKEELDRHLOVAREGR -K IFPDNYFDAFKTALL
60 EARAERYLGGLDMT I SLLDDQAAFDAQLARLKSQHAER-MN I KADYYGYEVNELL
61 RARATEYLGGLDMC I ALLDDEGVLNTULARLASQRHSSR-GYSAAQYDY VEHS VM

Mbl BUOUM TOSBbKO 3aKpenueLLUneca myTtaumm!

66
63
63
54
62
61
54
G0

120
117
117
110
1%
114
112
113



FomMoJi0rHsI - OGIHOCTDb NPOUCXO0K/AEHUSI

* [pn penanKauum NoYTU BCeraa Kaxabli HyKneoTua,
NOTOMKa NPOUCXOAUT OT onpeaeneHHOro HyK/1eotTmaa
npegka.

* B BbIpaBHMBaHUM TOMONOTMYHbIX MOCAeA0BaTENIbHOCTEN Y
Pa3HbIX MOTOMKOB O4HOIO M TOro e npejika roMoa0rnyHble
HYKN1€oTUAbI AONXKHbI CTOATb B OHOM KOJTOHKeE.

e Kak npaBuio, Ham U3BECTHbl FTEHOMbI TOJIbKO COBPEMEHHbIX
OpraHM3moB, 1 MOTOMY Y Hac HeT cnocoba NpoBepuUTb, Kakme
HYK/1eOTUAbl FOMONOTUYHDbI.

* [OMO/IOTNYHOCTb ﬂOCﬂeﬂ,OBaTeﬂbHOCTEIZ YaCTO MOXHO
YCTAHOBUTb dHa/IN3OM UX BblPpaBHMNBAHUA.

* [Mpobnema NOCTPOEHMS BbiPpaBHUBAHUA 0OCYXKAaeTCa HUXKe.,



BbipaBHMBaHWE NocieoBaTeNbHOCTEN KacaeTcA
Bcex ctyaeHtos MIY!

IHoaoxkeHnue 00 00eCIIeYeHUH CAMOCTOSATEILHOCTH BbINMOJIHECHUSA
nucbMeHHbIX pador B MI'Y umenu M.B.JlomoHOCOBa HA OCHOBE
CHCTEMbI KAHTHIIJIArUAT)

CaMOCTOSITEILHOE BBIMOJIHEHUE IMUCbMEHHBIX pPadO0T OO0ydaronuMucs B
MI'Y umenn M.B.JlomoHocoBa (manee — MI'Y) sBisieTcsi HEOOXOAUMBIM
yCci0BUEM d(P(HEKTUBHOCTH 3TUX padOT KaK 3JIEMEHTOB YYEOHOIO MpoIrecca,
Pa3BUTHS y 00YUYAIOIIMXCS HABBIKOB HAyYHOU paOOTHI.

K oOyyaromumcss B YHHBEPCUTETE OTHOCSTCS CTYACHTBI, ACIHPAHTHI,
JTOKTOPAHTHI, CyIIaTean u couckarenu (ct.cT. 123-128 YeraBa MI'Y).

www.msu.ru/projects/antiplagiat/antiplagiat.doc



[na naHHbIX ABYX NocieaoBaTenbHOCTEN
CYLLEeCTBYeT MHOIO Pa3HbIX BbipaBHUBAHUM

TGGAGTAACCAT-
TGGGATAACCTTG

—TGGAGTAACCAT
TGGGATAACCTTG

TGGA--GTAACCAT--
TGGGATAA---CCTTG

n
Bcero ans ABYyX nocrneanoBaTenbHOCTEN OANHAKOBOW ASIMHbI N UMEETCS OKOSo 2 pa3HbIX BblpaBHI/IBaHI/Iﬁ

BbunonHdpopmaTnyeckasa 3apgava: BbloOpaTb cpean MHOXecTBa
BblpaBHMBaHUU NMpaBUiibHOE



ANTOPUTM BblpaBHUBaAHWA peLuaeT
MaTeMaTUYeCcKyto 3a4a4y, a He BUONOrMYecKyto

MaTemaTunyeckas 3ad/4ad44d pa36V|BaETCFI Ha ABE:
* /llobomy BbIpaBHMBAHWIO CONOCTABUTb YNC/IO — €r0 BEC

e [1nA AaHHbIX NOC/eA0BaTE/IbHOCTEN MOCTPOUTL BblpaBHMBAHME C
HanbonbWMM BeCom



TpM NOHMMaHMUSI <INPABUJIBLHOI'O» BHPABHMBAHUS

OnmumanbHoe ebipaseHueaHue: Hanaydwee no secy

Ero nuwyt nporpammel.
OnmumasnbHoe 8bipasHUBAHUE cyuwecmayem 014 ntoboz2o Habopa
nocsnedosamesibHocmeu, 0axe He2o0Mos102U4YHbIx!

360ﬂl0uUOHHOe ebipasHuedaHue: 3afnncb, OTPpaxKarwLwaAa Xxo4 380/1H0UNN
He noanaetcs A0CTOBEPHOM PEKOHCTPYKLUMU B BONBLUMHCTBE peasibHbIX C/ly4aes;

MOXeET OT/INYaTbCA OT ONTUMAJIbHOTO BblPaBHUBAHUA.

ANropuTM BblYUC/IEHUA BECA CTapatoTCcA Bbl6paTb Tak, 4TO6bI MOXHO bbIN10 OXKMNAaaTb, YTO
93BO/TIOUMOHHOE BblpaBHUNBaHUNE 6y,£I,ET cpean HeCKOZIbKUX ONTUMAJIbHbIX.

,qflﬂ He2oMos102UYHbIX nocsedosamesibHocmelu 360/1IYUOHHOCO B8bIPpABHUBAHUA HE

cywecmsgyem!

@ ®yYyHKYUOHANbHOE 8bipasHUBAHUE: CONOCTaBleHne PYHKLMOHANbHO

MOEHTUYHDbIX yacten benkos nnu HYKN1ENHOBbLIX KUCNOT

O6bACHAET COXpPaHEeHMe B 3BONIOLIMM OAHUX YacTeln 6enKka n BapbupoBaHUE APYrux.
MockonbKy PyHKUMA 1 3D-CTPYKTYypa 6enka o4eHb TECHO CBA3aHbl, PYHKLMOHANbHO BbIPOBHEHHbIE
dMNHOKHUCNOTHbIE OCTAaTKU A0/1XKHbI UMETb NPUMEPHO OANHAKOBOE PaCnosoXeHUe B NPOCTPaHCTBE.

41



Bec MNapHOIO BblPaBHWUBdAHWNA

[MpocTenwnin BapmnaHT

3a KaXayto KOJIOHKY C coBnaaatowmmmn bykBamu npmbasnsem ymcno A
3a KaXayt KOIOHKY C pa3HbiMM BYKBaMK BblYUMTAEM YNCIO B
3a KaXAayto «4EPToUKy» (ran) BbiumTaem ymcno C



Bec MNapHOIO BblPaBHWUBdAHWNA

[MpocTenwnim BapmnaHT

3a KaXayto KOJIOHKY C coBnaaatowmmmn bykBamu npmbasnsem ymcno A
3a KaXayt KOIOHKY C pa3HbiMM BYKBaMK BblYUMTAEM YNCIO B
3a KaXAayto «4EPToUKy» (ran) BbiumTaem ymcno C

First TGGAGTAACCAT--TAGGAGCTAGCCG

NN N AR A
Second TGGGATAACCTTGATAGGAGTCAGCCG

3necb 20 coBnageHun, 5 HecosnaaeHui, Asa rana, 3Ha4ymT Bec 20A — 58 — 2C
Hanpumep, npn A =5, B =4, C = 6 Bec paBeH 68.
[MpoBepbTe, YTO HM Y KAKOro BbiPaBHMBAHMSA 3TUX NOCNE€A0BaTE/IbHOCTEN BEC He

byaetr 66nbWwWMM. 3TO BblpaBHUBAHWE ABNAETCA ONTMMANbHbIM NMPU AaHHbIX
napametpax A, B, C.
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Bec napHOro BbipaBHMBaHWA — BenKkn

Kakoe BbipaBHMBaHUE nmeeTt 6ObLIME WAHCbI OKAa3aTbCH I'IpE:'lBl/U'IbeIM—.I>

AFTGAHAYL AFTGAHAYL
AYS---AYM AY---5SAYM



Bec napHOro BbipaBHMBaHWA — BenKkn

06 NEZ
e CE1 |
061 vz "‘&. col
i ND4 HE

Serine CB Thresning L, I
" Histidine (|
Saror S Threr T i Jee

a

His er H

CepuH S TpeoHuH T fmctnamnH H

MyTauuns cepuHa B TPEOHMH 3aKpennseTcs ¢ ropa3ao bosbluei BepoATHOCTbIO MO
CPaBHEHUIO C MyTaLMeln cCepmHa B TMCTUANH.

[Mo3ToMy ec/in B OfIHOM KONOHKE BblpaBHMBAHUA OKa3anch BykBbl S 1 T, 3TO cKopee
apryMeHT 3a AaHHOE BblpaBHMBAHWE, YEM MPOTUB HEro. 3HaUMUT, 3@ TaKYH KOJIOHKY ayylle

yBEINYNBATDL BEC, HEM YMEHbLLLUATD.



MaTpuiita BE€COB aAMMHOKMCIIOTHBIX SaMeH

BLOSUM62

L VvV F Y W

I

cCc §$S T P A G NDE Q H R KM

ONEHEAUZOMRODN XS HAS L SNZ

— =
—
~ o =
— LMo
v g
T T
J
S Ok
o
- — M
Q [
S © — -5
s = (.
< > NEHMNNMONOM M
o N R I I T I
S T
(q) NHMNMOMN M X
x M I T T T I T
m AN AN T
([ T T T |
0
= HOMNNMMANO
o [ T T T |
W HANMONM N M E
O O I I |
o HMOMOSTOOMOMOS O
— [ O O O TR T Y
ONMMMMM NS S
| I I T TR O - |
LWOANNONNNMsrsrmoo D
(I T T U T O T T T T T
NI
| (I
NN AANNANOO NSO S O
I8 I I S e A R O T Y O T T T
R O
I R
. DlﬂﬂﬂddﬂlﬂiZ?ZﬂS
I [
N MOMOM TN A A A A NN D
[ I I O O O e T O O R T T T T
O qUIZORO0O DM EHAS LS

N3 paboTbl (Henikoff&Henikoff, 1992, PNAS)
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-0.5209

/data/blocks_5.0/blocks.dat
>= 62
0.6979, Expected =

MaTtpuua BLOSUMG2

S A A A A A e A
XOrmr AN A A A A A NOON - v
| | | | | | | | | | | | | | | | | | |

NHOO MmN NOMMerdere M e O M AN N <
I I | [ [ [ I

82134301103403320143341
| | | | [N | [ I | I R R
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* column uses minimum score

c
L1 AN NOHHON A dd NI OMANOMN —

# Matrix made by matblas from blosum62.11j
# BLOSUM Clustered Scoring Matrix in 1/2 Bit uUnits

# Cluster Percentage:

# Blocks Database

#
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A xxZOoOUOoOWUIHJAXSILOaoounkE=>>0mN



Bec napHOro BbipaBHMBaHWA — BenKkn

MocunTaem Beca BbipaBHUBAHMI, UCNOAb3YA maTpuuy BLOSUMG6G2

AFTGAHAYL AFTGAHAYL
AYS---AYM AY---5SAYM

O603Ha4yMM 3Ha4YeHMsa MaTpuubl Ha nepeceyeHnn cTpokn A n ctondua B yepes M(A,B)

Torp,a BeC J1eBOro BblipaBHNUBaAHNA paBEH:

M(A,A) + M(F,Y) + M(T,S) + M(A,A) +M(Y,Y) + M(L,M) — wrpad 3a ransi,
a NpaBoro:

M(A,A) + M(F,Y) + M(H,S) + M(A,A) +M(Y,Y) + M(L,M) — wTpad 3a ransi.

LLITpadobl 3a ranbl oanHaKoBbI, 3HAYUT Beca pasnuyatotcs cnaraemoiM M(T,S) cnesa
npotme M(H,S) cnpaea. Ho M(T,S) = 1, a M(H,S) = -1, noaTtomy Bec neBoro
BblpaBHMBaHUS Bonblue Ha 2.



Bec napHOro BbipaBHMBAHUA:
aPPUHHbIE WTPadbI 33 r3nbl

First TGGAGTAACCAT--TTGGAGCTAGCCG

R R R A e
Second TGGGATAACCTTTATAGGAGTCAGCCG

First TGGAGTAACCAT-TT-GGAGCTAGCCG

L S I S R O B I B R B I
Second TGGGATAACCTTTATAGGAGTCAGCCG

BbipaBHMBaHMe 1

BbipaBHuBaHue 2



Bec napHOro BbipaBHMBAHUA:
aPPUHHbIE WTPadbI 33 r3nbl

First TGGAGTAACCAT--TTGGAGCTAGCCG
R R R A e BbipaBHuBaHue 1
Second TGGGATAACCTTTATAGGAGTCAGCCG

First TGGAGTAACCAT-TT-GGAGCTAGCCG

L S I S R O B I B R B I
Second TGGGATAACCTTTATAGGAGTCAGCCG

BbipaBHuBaHue 2

BbipaBHMBaHMe 1 6Guonormyeckn 6onee BEPOATHO, YEM BbipaBHUBaAHUE 2
(noTomy uTO OAHa Aeneuma B ABe OYKBbI CIy4aeTCa Yallle, Yem ABe Aeneumn B ogHy bykBy)

Y106bI BbipaBHMBaHME 1 nmeno 6onblini BEC, YeM BbiPaBHMBaHME 2, WITpadbl 3a
ranbl A4eNat0T 3aBUCMMbIM OT YMCNa Noapaa naywmx ranos. CtaHAapTHbIN cnocob: 3a
NepBbIN raN BblYMTAETCA «WTPAd 33 OTKPbITUEY, 3@ KAaXKAbIM NOC/IEAYIOWMN —
MeHbLWKUN «WwTpad 3a yaIMHEHUE»



Tepl\/\l/lHOfIOI'I/lFII [3Mbl U HOAENU

OAWH 3HaK "—", 03HaYaloLWmMM OTCYTCTBME B IAHHOWU
nocnenoBaTeNbHOCTUM OAHOM OYKBbI, FOMOJIOTMYHOW APYIMM
bykBam AaHHOro ctonbua, mbl bygem Ha3biBaTb «ran»

COBOKYMHOCTb HECKO/IbKUX Noapaa MAYLIMX rN0B Mbl byaem
Ha3blBaTb «MHAENbY», OT UHCEpLUUa/aeneyms.

First TGGAGTAACCAT--TTGGAGCTAGCCG
e bl el el ] TyT ABa rana v oAnH MHAenkb

Second TGGGATAACCTTTATAGGAGTCAGCCG

K coxcaneHuro, mepmuHos02Us He 810sHe YCMOAAACL. B aumepamype u onucaHusx npo2pamm
8bl MOMeme scmpemume yriompebaeHue mepmMuHa «23mn» 0718 0603HaYeHUs UHOenA.



[TapHOe BblpaBHMBAHWE: NOKA/IbHOE U
rnobasbHoOe

Ha camom gene ato Ae popmanmsaumm OgHON 1 TOM e 3a4a4u: AaHbl
nocnenoBaTelbHOCTU ABYX 6€/1KOB, HAUTU FOMOJIOTMYHbIE aMUHOKUCIOTHbIE OCTaTKM.

3apava rnobanbHOro BblPpaBHUBAHNA: HaWUTU BblpaBHMBaAHWE C HanboNbLLINM BECOM.

Mpn BblMMCNEHUM BECOB YYMTbIBAlOTCA: MaTpuLa 3ameH (BLOSUMG62) n adpduHHble
WwTpadbl 3a ranol.

3afa4a NOKaNbHOIO BbipaBHMBAHUA: HANUTK

— YYaCTOK B NePBOM NOC/NeA0BaTE/IbHOCTY;

— YYaCTOK BO BTOPOW NOC/IeA0BaTENbHOCTY;

— BblpaBHMBaAHMeE BbIOPaHHbIX Y4aCTKOB;

Tak, YTobObl BEC BblpaBHUBAHMA OblA HaMbONbLIUM.

PasHuya 8 mom, ymo mernepo 6bl5qu€M Hé MOsibKO KAK eblpasHueams, Ho U Ymo.



,ﬂ,J'IFI CaAdMOCTOATE/IbHOTO O6,£I,yl\/\ bIBAHUNA

1. (popmanbHbiii Bonpoc). Ecnm He wTpadoBaTb ranbl 40 NEPBOro CONOCTaBAEHMUS
M nocne nocneaHero, 7o rnobanbHoe BbipaBHUBAHME CBEAETCA K TIOKA/IbHOMY.
NHaue roBops, 3a4a4y IOKaNbHOMO BbIPaBHMBAHMA MOXHO CPOPMYANPOBATb
TaK: HAUTU BblIpaBHUBAHWE C HAMDOONbLUMM BECOM, HO NPX 3TOM BEC CYUTAEM
XuTtpee: Wrpadyem TO/IbKO T ranbl, KOTOPbIE OKA3a/IMCb MEXKAY
conocTaB/ieHMAMN OYKB.

2. (copeprkaTenbHbiit Bonpoc). Moyemy noKanbHOE BblpaBHUBAHME A0BOJIbHO
4acTo umeeT 6oNbLKN BUONOTMYECKUIN CMbICN MO CPAaBHEHMUIO € rNobanbHbIM?



dopmaTbl XpaHEHUSA BbIPaBHUBAHUI

Fasta-popmar

>CHICK
MVGSSEAGGEAWRGRYYRLEEVOKHNNSOSTWIIVHHRIYDITKFLDEHPGGEEVLREQAGGDATENEFEDVG
HSTDARALSETFIIGELH-PDDRPKLOQK--PAETLITTVQOSNSSSWSN---WVIP-ATAATIVALMYRSYMS
E_

>HUMAN
——-MAEQSDEAVK--YYTLEEIQKHNHSKSTWLILHHKVYDLTKFLEEHPGGEEVLREQAGGDATENFEDVG
HSTDAREMSKTFIIGELH-PDDRPKLNK--PPETLITTIDSSSSWWIN---WVIP-AISAVAVALMYRLYMA
ED

>CUSRE

—————— MGGSKV--—--YSLAEVSEHSQPNDCWLVIGGKVYDVTKFLDDHPGGADVLLSSTAKDATDDFEDIG
HSSSARAMMDEMCVGDID-SSTIPTKTSYTPPKOPLYNQDKTPQFITIKLLOQFLVPLIILGVAVGIREFYKKQS
SD

Aln-dopmart (oH e Clustal)

CHICK MVGSSEAGGEAWRGRYYRLEEVOKHNNSOQSTWIIVHHRIYDITKFLDEHPGGEEVLREQA
HUMAN —-—-MAEQSDEAVK--YYTLEEIQKHNHSKSTWLILHHKVYDLTKFLEEHPGGEEVLREQA
CUSRE  —-=————- MGGSKV----YSLAEVSEHSQOPNDCWLVIGGKVYDVTKFLDDHPGGADVLLSST

CHICK GGDATENFEDVGHSTDARALSETFIIGELH-PDDRPKLOK--PAETLITTVQSNSSSWSN
HUMAN GGDATENFEDVGHSTDAREMSKTEFIIGELH-PDDRPKLNK--PPETLITTIDSSSSWWTN
CUSRE AKDATDDFEDIGHSSSARAMMDEMCVGDID-SSTIPTKTSYTPPKOPLYNODKTPQFIIK

CHICK —-—-WVIP-AIAATIVALMYRSYMSE-
HUMAN -———-WVIP-AISAVAVALMYRLYMAED
CUSRE LLOFLVPLIILGVAVGIRFYKKQSSD




[Tporpammesil

[MapHoe rnobanbHOE BbipaBHMUBAHUE:

B EMBOSS: needle, stretcher
[lapHOe IoKaibHOE BbiPaBHMBAHMUE:

B EMBOSS: water, matcher

npoune: naket BLAST (blastn ans HK, blastp ana 6enkos)
MHOKecTBeHHOe BblpaBHMUBAHUE:

B EMBOSS: emma, edialign

npoymne: Muscle, MAFFT, ClustalW, Pride, ...

PenakTtopbl BblpaBHMBaHMI: JalView, GeneDocg, ...



N3meHeHne popmaTa B EMBOSS

N3 fasta (nnn noboro apyroro) B clustal:

seqret alignment.fasta clustal::alignment.aln
13 ntoboro B fasta:

seqret alignment.aln fasta::alignment.fasta

Ba)xHO: popmaT 3a4aétca npedpurKcom Bnaa «popmar::», a He
pacwmpeHnem nmenmn damnal

Ecnu Bbl HanuweTe seqret one.fasta clustal::two.fasta,tos
danne two.fasta oKkaxketca BblpaBHMBaHMeE B popmarTe clustal, a He fasta
(Tak genatb He Haao, YToObI He 3anyTaTb cebs)

Cnucok popmatos: http://emboss.open-bio.org/html/use/ch05s04.html

Mporpammeol needle, water, stretcher, matcher no ymonyaHuio ncnonbsytot
cobcTBeHHble (He nepedpopmaTmpyemble) popmaTbl. 3aCTaBUTb UX BblAATb
BblpaBHMBAHWE B OAHOM M3 CTaHAAPTHbIX POPMATOB MOXKHO ONuUUen
—aformat <Ha3BaHue popmaTa>, Hanpumep —aformat fasta
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M3meHeHne popmaTta Yyepes BioPython

Ecnun y Bac yctaHoBneH BioPython:

from Bio import AlignIO

inh = open("input file.fasta", "r")
outh = open("output file.aln", "w")
alignment = AlignIO.parse(inh, "fasta")
AlignIO.write(alignment, "clustal")
inh.close()

outh.close()

Cnucok popmaToB cm. https://biopython.org/wiki/AlignlO (oH
BK/tovaeT popmartbl stockholm mn phylip-relaxed, koTopbix HeT B
EMBOSS)



https://biopython.org/wiki/AlignIO

Jalview

=) Jalview 2.10.5

File Tools Vamsas Help Window
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PEIB0E-456
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Sequence 1 ID: P37869 Residue: GLY (17)
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CnoBapuK

Alignment

Gap

Indel

Gap penalty

Gap opening penalty
Gap extension penalty
Score

Scoring matrix

BbipaBHMBaHMe

El

UHpenob

LUTpad 3a ranbl

LLTpad 3a OTKpbITME r3Na
LUTpad 3a yanmHeHue rana
Bec BbipaBHMBaAHUA

MaTtpuua 3ameH aMUHOKNCNOT



Bonpocbl 1 OTBETH

Yro Takoe romonormna?

OTBeT: 06WHOCTb NPOUCXOMKAEHUSA

(HETMPABU/IbHO 2o8opumsb «rocaedosamesibHOCMU 20MOs02UYHbI Ha 56%. MocnedosamensHocmu
Aubo ecomosnoeuyHsl, AUbO Hem)

Kak onpeaenntb, romonornyHbl am 6enku?

OT1BeT: B 60/1bLLUMHCTBE C/IY4a€eB eAUHCTBEHHbIN CNOCOO — BbIPOBHATb UX
nocneao0BaTeNbHOCTU U MOCMOTPETb Ha NPOLEHT coBnaaatowwmx 6yks. Ecam oH
NOCTAaTOYHO BeNUK, TO 6eNKn, BEPOATHO, FTOMOJIOTUYHbI. ECK HeT, ToO BCAKOoe MOXKeT ObITb.

Echn ana o6oux 6enKoB M3BECTHbI NPOCTPAHCTBEHHbIE CTPYKTYPbI, TO €CTb ropasao bonee
YYBCTBUTENbHbIN CNOCO6: CPAaBHUTL X0, NOANNENTUAHON Lenu B NPOCTPaHCTBE.

KaKkoi NnpoueHT UAEHTUUYHOCTU CAYXKUT HAAEXKHDLIM MPU3HAKOM FrOMOIOTUM?
OTBeT: ana 6benkoB 06bIYHO Honee 20—-25% Ha AOCTAaTOYHO AJIMHHOM Yy4yacTKe

(bonee TouHbIN OTBET OyAEeT AaH B cAeAyioWwmX NeKLUmsXx)
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