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YTeHue u aHanus
reHeTUYeCKUX TeKCToB

MaHunynMpoBaHMe U3BECTHbIMM

U co3[1aHUEe HOBBbIX,

paHee He cyl,ecTBOBaBLUUX B NnpUpoje,
reHeTU4YeCKMUX TeKCTOB

Co3aaHue opraHoB U OpraHu3mMoB
C PYKOTBOPHbIMH
reHeTU4eCKUMHM nporpammamu



4YUCNOo OYKB Yyucyao OyKB B poMaHe
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4Yyucno OyKB 4YUCN0 OYKB B KHUrax
B UHAUBUAYA/IbHOM ouonuorteKku J1.H.Tonctoro
reHomMe 4yesjioBeKa B ficHou lNMongHe
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B munpe naet npouecc HakonJieHUsa reHeTUYeCKou
MHPopMauunn: AaHHble BUOBAHKOB yaBaMBaAOTCA B
obbeme, NnpumepHo, Kaxkable 7 mecaues. JlabopaTtopum
no pacwundposke AHK nonyyatotr HeckonbKo netabant
CEKBEHMPOBAHHbIX AaHHbIX B roa (1 Tepabant coaepKut
okono 1 TpaH cybbeanuuu, AHK).

Bo mHOrmx ctpaHax co3gaHme 6aHKOB bruonornyeckom
MHOPMALMUN BbIIMBAETCA B NPOEKTbl HALMOHANbHOIO
MmacwTaba, OHM CTAHOBATCA cMcTemMoobpasyroWmMmm ana
MMPOBON HAYKMW.



What is Bioinformatics?

Bioinformatics




Bioinformatics Related Fields

Computational biology
Computational molecular biology
Biomolecular informatics
Computational genomics



CocTaBHble YacTU BUOUHPOPMATUKMN

1D n 3D 6uonorus

Pa3paboTKa bnonormyeckmnx 6a3 AaHHbIX
[eHEeTUYEeCKMe cetTu U X UCNoNb30BaHUE
[eHOMMKA

[lpoTeoMMUKa



PeHTreHoCcTpyKTYpHbIM aHanm3 (PCA) Makpomonekyn

MHAMKATOPbl Ka4ecTBa MOAEN MAaKPOMONEKYbI,
NOCTPOEHHOW MO AaHHbIM PCA

ANropUTMbI BbIYMCNIEHNSA NOBEPXHOCTU MAaKPOMOJIEKY/ b

ANropuTMbl HaxoXxaeHnst rnapodobHOro sapa MoNeKynbl
6enka

ANropuTMbl HAXOXAEHUS CTPYKTYPHbIX JIOMEHOB 6€/1KOB

[1pOCTPaHCTBEHHOE BblPaBHMBAHWE CTPYKTYp 6en1KoB

CTpyKTYypHble knaccndukaumm aomeHos SCOP n CATH

MonekynspHas auHaMuka


https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%BE%D0%B5_%D0%B2%D1%8B%D1%80%D0%B0%D0%B2%D0%BD%D0%B8%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5

Biological Data

* Genomes
— DNA Sequences of A, T, C, G
— Annotated with function, “interesting” features

* Proteins

— Amino Acid Sequences
* Sequences of 20 letters

— Annotated with structure, function, etc.



Biological Data

Gene Expression

— Dynamic behavior of genes

Protein Expression

— Dynamic behavior of proteins

Structural Features
— RNA and proteins



Biological Data
Sus scrofa agouti-related protein gene

1 ggcacattct cctgttgagc caggctatgc tgaccacaat gttgctgagc tgtgccctac

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021

tgctggcaat
gaaggcttga
ggtggggctt
cttcccaatc
catctgtccc
aagaggctct
agggctgagg
agttgccact
tccccecggcecea
gactgtggct
tggaaaaaca
acactgcaga
tgaatgtgct
gcaaggcacg
taccatgctg
gccgcaagct
gtcg

gcccaccatg
ccaagccttg
ggacatcctc
ccaggcctgg
agatctaggc
gctgcagcag
ccacaagtct
gtggtacaac
gcacaagtgg
tggagctgat
aacatacaaa
ccatcccgtt
tttggaagtc
ctccccacgt
cgacccatgt
gggtactgcc

ctgggggccc
ttcccagaac

tggccacaaa
gaggtgggtg
ctgcagcccc
gccgaggcca
tgagtgggtg
gggattggcg
gttaaggatc
ctctgaccgg
acacctctac
cacgctccac
cttgtttccc
cgctgcgtaa
gctacatgct
acgaacccct

agataggctt
tccaaggtca
gtattctgct
ttttgtgcat
cactgaagag
aggccttggc
tgtcaagcat
gtgtcttggg
tggccttgcc
aagctccata
ctgcacttcc
ttccatcctg
aacccttgta
ggctgcacga
actgccgttt
gcagccgcac

ggcccccectg
gtgcgggcag
tgtatgagcc
gggtggttct
gacaactgca
agaggtaaca
caacctctat
agcgctggga
atcccttcag
tgctctgggg
tgaccccctce
ccttgatctg
ggtgctagat
atcctgtctg
cttcaacgcc
ctagctggcc

gagggtatcg
gagtgggttg
ctttcttccc
gccctcacat
gaacgggcag
gctcagggaa
ctgtgcttgg
cgtggtttca
cttaggctga
tgaccaaaaa
acccggggcyg
gcgcattcca
cctgaaggac
ggacaccagg
ttctgctact
agccaatgtc

13



[TMoHepbl BUONHPOPMATUKMN
1962

NanHyc lNonuHr

®  AHanU3 aMUHOKUCNOTHbIX

nocnenoBaTrenbHoOCTen rnobuHos
HECKONbKUX NO3BOHO4YHbIX

¢ [unoTe3a MONEKYNAPHLIX YacoB

Zuckerkandl, E., and L. Pauling. 1962. Molecular disease, evolution, and genic
heterogeneity. Horizons in Biochemistry, Academic Press, New York, 189-225.

Zuckerkandl, E., and L. Pauling. 1965. Evolutionary divergence and convergence
in proteins. Evolving Genes and Proteins, Academic Press, New York, 97-166.

14



[TnoHepbl BUOMHPOPMATUKU
1965

Maprapet enxodpd

e OAHOGYKBEHHbI KOA @MUHOKUCNOT
A,C,D,E,FGH...

® MaTpuubl aMUHOKUCNOTHLIX 3aMeH
PAM (Point Accepted Mutation)

ATtnac nocnepgoBartenibHOCTeN GeNnikoB N UX CTPYKTYp (1965)

15



CeKBeHUpoOBaHMe

v’ 1977 r. Maxam-Gilbert and Sanger Sequencing

v 2005 r. Next-Generation Sequencing

» Virus — 3222 (Bacteriophage phiX 174, 5386 nH — 1977 r.)
» Bacteria — 2289 (Haemophilus influenza, 1.8 x 10 nH— 1995 .)

» Eukarya — 168 (S. cerevisiae 1.2 x 107 nH — 1995 r; H. sapien, 3 x 10°
nH-2001r.)

» Archaea— 152 (Methanococcus jannaschi, 1.7 x 10® nt — 1996 r.)



1953 : Discovery of DNA structure by Watson and Crick

1973 : First sequence of 24 bp published

1977 : Sanger sequencing method published

1980 : Nobel Prize Wally Gilbert and Fred Sanger

1982 :"Genbank started

1983 : Development of PCR

1987 : 1°' automated sequencer : Applied Biosystems Prism 373

1996 : Capillary sequencer : ABI 310
— 1998 : Genome of Caenorhabditis elegans sequenced
2000 : Human '

1= 454 Life Sciences Next Generation Sequencing system : G
: 1% Solexa Next Generation Sequencer : Genome Analyzer

: 1° Applied Biosystems Next Generation Sequencer : SOLID

: 1% Helicos single molecule sequencer : Helicos Genetic Analyser System
: 1% lon Torrent Next Generation Sequencer : PGM

: 1* Pacific Biosciences single molecule sequencer : PacBio RS Systems

: Oxford Nanopore Technologies demonstrates ultra long single molec

ads




CTOMMOCTb CEKBEHMPOBAHUA C pa3BUTUEM
TexHonornm NGS

Date  Cost per Mb  Cost per Genome

Sep-01  $5,292.39 $95,263,072
Sep-02  $3,413.80 $61,448,422
Oct-03  $2,230.98 $40,157,554
Oct-04 $1,028.85 $18,519,312
Oct-05 $766.73 $13,801,124
Oct-06 $581.92 $10,474,556
Oct-07 $397.09 $7,147,571
Oct-08 $3.81 $342,502
Oct-09 $0.78 $70,333
Oct-10 50.32 $29,092

e - —— ———— e [ 50.09 57,743

ey 3Bk Je&h 356 o o BT 568 P e M1 N Rl OCt-lZ $0.07 $6,618

Jan-13 $0.06 $5,671



ObWwmm NnpuHLMM

[1HK Hape3aeTcs Ha dparmMeHTbl
onpeaeneHHou ANNHbI

K HUM nnrnpytotcs agantepbl

AmMnanduKauma KaXaoro otaeIbHoOro
dparmeHTa B U30/IMPOBAHHbIX OT APYrmX
YC/I0BUAX

AHanuns nocnenosaTe/IbHOCTU
amnandumnumnpoBaHHbIX KnoHos [IHK



A schematic of sequencing

Single-Stranded DNA

5' to be Sequenced 3 K

Larger

fragmenis
Add:; l =)
DNA Polymerase |
GATP o — Sothe
dCTP G+ sequence
dTTP [ empee

s limil s of strand is

plus limiting amounts o M T E R F S

flucrescently labelled

ddATP S @M EEE
ddCTP HEW @6
ddTTP MMEL@_B_, Smaller
fragmeants
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Laser Dye Based Sequencing

AL

CCD
CAMERA
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Four-Color Sequencing
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Automated Base Calling

@cmmmmmmmmmm CCA'mAAPC

e

[ ——————————————————————————————————
'CQZIT G[‘OZAGA C-KIZGAGTA&'I‘GPCATICA'ICCGGGG @CXZPCCG”’I'ICTGC@CT

oot




A Biology Lab?




Human Genome Project

|C:\Users\Korostin\Desktop‘\DN;

Minimal set of — = s— ——
overlapping N, =
BACs selected o T = e . Ty My

: - = == = = Whaaruonommg
from physical _* — —— e e e e
BAC shotgun = — ——= - i - - - including next-
reads e e | o i pmi e gen sequence
4x - prefinish

\ aS:Sqeur?]r;cI:; Combine overlapping whole-
. emam genome and BAC-derived reads
—— ' - ; ¢ Assemble clone

sequences to represent
chromosomes and
annotate using Ensembl
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Human Genome Sequencing
T iy

("% IERPRETATIN |




Genomic DNA

BAC library

Organized
mapped large
clone contigs

BAC to be
sequenced

Shotgun
clones

Shotgun
sequence

Assembly

Hierarchical shotgun sequencing

. ACCGTAAATGGGCTGATCATGCTTAAR

TGATCATGCTTAAACCCTGTGCATCCTACTG. ..

LACCGTAAATGGGCTGATCATGCTTAAACCCTGTGCATCCTACTG. .« .

27



A group of scientists were asked
to describe Bioinformatics...

Bioinformatics

is like a

= ‘P %
Bioinformatics

Biocinformatics is like a
i1s like a rope!
palm tree!
= W
I

Buoinformatics
is like a
fire hose!

Bicinformatics
smells like
Biocinformatics & A%!
s like &
tree trunk!

28 S5



Fundamental Problems in
Bioinformatics

Pairwise Sequence Alignment

Multiple Sequence Alignment
Phylogenetic Analysis

Sequence Based Database Searches
Gene Prediction

Structure Prediction (RNA and Protein)
Protein Classification

Gene Expression

Genetic nets



Kakune ObiBalOT BblpaBHUBAHUA"?

BbipaBHUBaHUSA

MNapHbIE MHO>XXECTBEHHDbIE

rmobanbHble  noKanbHblE rnobanbHble  nokanbHb



lloueMy HaM UHTepecyeT MnapHoe
CXOACTBO nocneaoBaTesibHOCTEN?

DOYHKLWUIO, CTPYKTYPY M MHOTME CBOUCTBA
6enka/AHK onpenensieT nocnenoBaTesbHOCTb

PoacTBeHHbIe 6enKkn MMEKT NoXoXxue
CBOMCTBA. MoneKkynbl, NOX0OXWe No CBOUCTBAM,
NOXOXXU MO NOC/Iea0BaTE/IbHOCTAM.

CBOMCBa MOXHO Npeacka3aTb, eCM Mbl HAUAEM
NnocneaoBaTeNbHOCTY NMOXOXNE HA AaHHY!IO.



Pairwise Sequence Alignment

* Given two DNA or AA sequences, find the best
way to “line them up”
— Biology allows for variation
— Gaps, mismatches, etc..

HEAGAWGHEE
PAWHEAE,

HEAGAWGHE-E HEAGAWGHE-E

b N
P-A--W-HEAL ——P-AW-HEAE



[TapHOe BbipaBHUBAHWE: BEC

[lBe nocnepgoBaTeNbHOCTYU: MapameTpbl:
>P1
ALGTEEIC * MaTpuua 3ameH
>P2 * WTpadbl 32 NPONYCKM

ALGTIAA

Anroputm

Anroputm
Cmuta — BatepmaHa

HupenbmaHa — ByHLwa

P1 ALGTEEIC =2, ARk
P2 ALGT

P2 ALGT--IAA

ONTUManbHOE NOMHOE BblpaBHUBAHUE OnNTUManbHoOe YacTUYHOE BblPaBHUBAHUE



>sp|P69905|HBA_HUMAN Hemoglobin subunit alpha OS=Homo sapiens GN=HBA1
PE=1 SV=2
MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKGHGKKVA
DALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTPAVHASLDKFLA
SVSTVLTSKYR

bata-2 cybbeamHuuen remornobuHa Rattus norvegicus (Cepas Kpbica).
hemoglobin subunit beta-2 [Rattus norvegicus]

Score = 115 bits (288), Expect = 1e-24, Method: Compositional matrix adjust.
Identities = 63/145 (44%), Positives = 87/145 (60%), Gaps = 8/145 (5%)

Query 3 LSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHF-DLSHGSA----- QV 56
L+ A+K V WGKV +A GAEAL R+ + +P T+ YF F DLS SA QV
Sbjct 4 LTDAEKATVSGLWGKV--NADNVGAEALGRLLVVYPWTQRYFSKFGDLSSASAIMGNPQV 61

Query 57 KGHGKKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPA 116
K HGKKV +A + + H+D++ + LS+LH KL VDP NF+LL + +++ L HL
Sbjct 62 KAHGKKVINAFNDGLKHLDNLKGTFAHLSELHCDKLHVDPENFRLLGNMIVIVLGHHLGK 121

Query 117 EFTPAVHASLDKFLASVSTVLTSKY 141
EFTP A+ K +A V++ L KY
Sbjct 122 EFTPCAQAAFQKVVAGVASALAHKY 1



Sequence Based Database Searches

e Keyword

— Find all sequences named “cytochrome c”

* Sequence

— Find all sequences similar to HEAGAWGHEE

— Remember, there are gigabytes to search, and I’'m not
about to wait two days for an answer!

* BLAST, FASTA, ...



Multiple Sequence Alignment

Extend pairwise problem to multiple sequences

gi|19823711|ref|NP_203523.2|
gi|12584951|gb|ARG59898. 1|
gi|1196793%|ref|NP_07185%. 1]
gi|10864065|ref|NP_067080.1]
gi|15387696 |emb |CACE9975.1|
gi|1538769%4 |emb |CACE9974.1|
gi|18859087 | ref|NP_571928.1]
ruler

gi|19923711|ref|NP_203523. 2|
gi|12584951|gb|ARG59898.1]|
gi|ll967929 | ref|NP_07185%.1|
gi|l0864065|ref|NP_067080.1]
gi|15387696 |emb |CACE9975.1|
gi|1l538769% |emb |CAC59974.1]|
gi|l8859087 |ref|NP_571928.1|
ruler

EIFEI IR PRI S

........ 60........70........8

L. ahEkkEEREE k. RERERE AL AL
SSPEDCLSSPERL :
SSPEDCLSS
SESPEDCLSSPER]

SSPEDCLSSPERL

oconnmn-a-dAAE

151
151
151
151
159
159
159
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[ANA Yyero CTPOAT MHOXXECTBEHHbIE BbIpaBHUBAHUA?

7N\

MNO3BOMAET OUEHUTb 3BOMHOUMOHHbIE OTHOLWEHWA

l

PEKOHCTPYKUUA
3BONHOLUU

no3BoadaeT HauTK obuee

v

MOTWBbI, MATTEPHbI, NpoduNK

¥ \
NOUCK
Wiiine <108 npefckasaHue

UeHTpa 3D-CTpyKTYpbI

Y1052_HABNI49-294
POCR_SALTYR47.292
URER_PROMU222.257
XYLR_HAEMN/340-334
XYLR_ECOLI240-385
YFF_BACSU/R44-288
GADX_ECOLI 96-241
ENVY _ECOLL200-245
GADW_SHFLNS0-235
VRF_SHFL212:257
— CFAD_ECOLIR15.260

8 FAPR_ECOLI205-250
S pERA_ECO27/219-263
CHER_ECOLINZE-273
ADAA_BACSIING4.199

MocTpoeHne MHOXeCTBeHHbIX BbipaBHUBaHUA — Heo6X0AMMbIN 3Tan
pelleHUa MHOTUX 3a4,a4 MOJIeKYyNApHo 6uonorumn




MHoXecTBeHHOe BblPdaBHUBdAHUE

MoXHO onpeaennTb BecC (XoTa cUTyauma co
WTpadom 3a NPONYCKU CNOXKHee)

Ho He cyLlecTByeT NpUeMNEMOro aAropuTMma,
rapaHTUPYIOLLLEro HaXxoXKAeHne ONTUMAIbHOTO Mo
NaHHOMY BeCY BblpaBHMBaAHMA

AHanor anroputma HuaenbmaHa — ByHwa nmeet npuemaemoe spems paboTbl
NULWb ANA OYeHb Maoro YMcaa nocneaosatenbHocTe (o 4-5)



[lporpammbl MHOXeCTBEHHOro
BblpaBHMBAHUA

« ClustalW — k HacToswemy BpemeHu ABHO ycTapena, HO NO-NpeXxHemy
O4Y€eHb NonynspHa

* Muscle — noxanyi, Ha TeKyLMI MOMEHT NMporpamma nepsoro ebibopa
* MAFFT — toxe o4eHb nonynapHasa nporpamma

* DiAlign

 T-Coffee

* Kalign

* ProbCons

Bcé 310 nporpammsbl NOJIHOTO BblIpaBHWUBAHUA

EAnHCTBEHHaA nonynapHaa nporpamma 4acTM4YHOIro MHOXECTBEHHOMO BblpaBHUBaHUA —
MEME (1weT 610KK, TO ecTb BbipaBHMBaHUA Be3 NponycKos)

39



Anroputm ClustalW — npumep 3spuctuyeckoro
NPOrpeccMBHOro aAropuTMa

Pykosopsaulee
Aepeso

O4yeBUAHbIE HEAOCTATKM :
* pe3y/bTaT 3aBUCUT OT NOPAAKA BbIPAaBHUBAHUN;

* «OAWH pa3 ran-— Hascerga ran»



Phylogenetic Analysis

e Study relationships between organisms
— Characteristic similarity
— Sequence similarity
— Whole genome comparison



Phylogenetic Analysis

S pyogenes

8. subiNs

Snsp MutS2

A aoolevs

ey

Snng
Dup caten

D. raodhwvans

8. urgdorten

S pyogenes

8. suonis

I ST

A. asolcus

D. radhadurans

5. burgdorter!

"

=B. Buergdorfert
51‘. pallidum
=D. radiodurans
=A. aeolicus
:]'.V. weniialium
jll-l pneumoniae
=S. Progenes
B5. subrilis

=S')w. sp
g/l pylari

.,.\’. gonorrhoeas

B, inflcenzae

-,[. col
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OETOJ’IOI’M — nocrnenoBaTtefibHOCTU, BO3HUKLLUE U3

oAHOro o6uiero npeawecTBeHHMKA B npouecce
BunaooobpaszoBaHusa. OpTtonoru, Kak npaBuso, UMerT OOHY

U Ty Xe PYHKUUIO
I"Iaganoru — nocnenoBaTeNbHOCTU, BO3HUKLLME U3

oAHoro obuiero npeglwecTBeHHUKa B pesynbraTte
aAynnuKkauuu ogHoro reHa B ogHoMm opraHuame. Mapanory,
Kak NnpaBuno, UMeroT pa3Hble PyHKUUMN.

frog chick mousc¢ mouse |3 chick3 frogl}

NS

-chain gene [-chain gene

\ gene duplication / Nom— |

o 1] MyShared

carly globin gene AL




Gene Prediction

* Does the following sequence contain a gene?

TTGTAATCTCCTCTGTGACTATAATGACTAGTCTCAGGCCTGCCTTCCCCAGAAACCTCTCTTTTGGCTATTTCTCTTTC
TAGTTCTCTGTTTAAACAAAATTTATTCTATATATCTATCTATCTGTCTATCTATCTATCTATCTATCTATCTATCTATC
TATCTATCTATCTATCATCTACTTATCATCTGTCTAGCCATTTGAAGCATCTTTGTGTTTTAGGTCCTGTTAGATTCTCC
TTTCAGCCAGTGGAGGATCTGGACAGAGCTATTTCTTAGCTTCCCCTAAGCCATGTTGTTAGAACGAATCCCCCACACCT
CCTCTGAGTGCTACGTCTCCGTCAAGAATTATGTATGTGGGATCCAGATGGCCCAGTGGATAAAACTGCAAGTGTCATGA
CCATGACCTGACTTCAAGGGATTGTGTAGAAAGGGAGTTATCACAGTGTGAGGGACAGGGCTAAGGACACTAACCCGTAT
GTTGAGGGGCACAGACGCTAGCAACAACAGTGAAGTGTTTAAAAAGGCAAAAATCATGTTTCTAGAAGTCAGGAAGAGCC
TAACTTGTGGACAAGGACCAACAGGCAGCAGTTGTAATGGGGCAGGGCAGAGGGAGAGCGGACACGCAGCTTTTGGCATC
AAACACACCCAGAGTGTGGATAGAGAGTAGGGAAATACTCTAGTCTCTGGCTAGGATACTCCCCTCTCTTTTTGACATTT
CTCATTGGCAGCCCCAAGTGGTCACTGGAGAGCCAGGAAGCCTAAAGGACACAGTTAGTAGCAGCCAGCTCCTTTGGTGG
AATTTTGGGGACATGGTGGGGTGACTTGGCTCTATCCAGGCCAGGGCTGGGTGTGAGTATACACTTAGTGACTGGCCTTC

* How many introns? Exons? Promoters? Other
features?



Genome annotation




Structure Prediction (RNA, Protein)

* From sequence, predict 2 and 3D structures.




Protein Classification

 From sequence, identify characteristics of a protein
— Active sites
— Families (e.g. globin)
— Blocks
— Domains
— Folds
— Motifs
— Etc.



tein engineering

A e =



Gene Expression

e Study of gene activity
under experimental
conditions

— Large scale studies with
microarrays
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Hurerpaunonnniii Mexaucuunannapubiii npoert CO PAH no
CHCTEMHOII KOMNbLIOTePHOii Ononornm

CoomHoweHue memabonuyeckol u pe2ynsimopHou
KOMMNOHeHM yuxna mpukapboHoebix kucnom E. Coli K-12:

Hcnoausiomas KOMNOHEHTa Peryasnropuas KOMIOHENTa
(meTaGoaniv) (ynpaBaenne MeTadoamzMom)
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[MepBbln “ODaHK AaHHbIX”

1965 -1978

ATLAS of
PROTEIN SEQUENCE

and STRUCTURE
ATnac 0enkoBblIX

nocnenoBaTenibHOCTEN U
NX CTPYKTYP

Margaret O. Dayhoff
Richard V. Eck

[MepBas Bepcusa aTnaca cogepkana onncaHme 65 ! nocnegoBaTenbHOCTEN
oenkos
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Genome Sizes

Species Genome Size

Bacteriophage MS2 3569 bp

Esherichia coli 4.7 million bp

Human 3.3 billion bp




Nucleotide Sequence Databases

* 3 main databases
— EMBL: www.ebi.ac.uk/embl
— GenBank: www.ncbi.nlm.nih.gov/GenBank
— DDBJ: www.ddbij.nig.ac.jp

The 3 databases are synchronized on a daily basis, and the
accession numbers are consistent.

There are no legal restriction in the usage of these databases.
However, there are some patented sequences in the
database
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Protein Sequence Databases

Swiss-Prot

Protein knowledgebase U n i P rOt

swmi3$m TrEMBL ) the universal protein resource
e COMmMputer-annotated supplement to Swiss-Prot

The UniProt Knowledgebase consists of:

« UniProtKB/Swiss-Prot; a curated protein sequence database which strives to provide a high level of annotation (such as the description of the function of a
protein, its domains structure, post-translational modifications, variants, etc.), a minimal level of redundancy and high level of integration with other
databases [More details / References / Linking to Swiss-Prot / User manual f Recent changes / Disclaimer].

« UniProtKB/TrEMBL,; a computer-annotated supplement of Swiss-Prot that contains all the translations of EMBL nuclectide sequence entries not yet
integrated in Swiss-Prot.

These databases are developed by the Swiss-Prot groups at SIB and at EBI.

UniProt Knowledgebase Release 6.5 consists of: . .
UniProtKB/Swiss-Prot Release 48.5 of 22-Nov-2005: 199607 entries (More statistics) "l : s“m'rd'h’i :;mg‘m categories (Read )
UniProtKB/TrEMBL Release 31.5 of 22-Nov-2005: 2406391 entries (More statistics) teg

The SWISS-PROT database has some legal restrictions: the entries are copyrighted,
but freely accessible by academic researchers.
Commercial companies must buy a license fee from SIB.

http://www.expasy.ch/sprot/ ”




AHanu3 6enkoBbliX
nocnenoBaTenbHOCTEen: Swiss-Prot

Swiss-Prot — oaHa 13 nepBbix 6a3 AaHHbIX
6enkoBbix nocnegosatenbHocTen, “gold
standard” 6enkoBoW aHHOTaUWUM.

AHHOTALMA BbINOJIHEHA BPYYHYIO rpynnom
npodeccnoHanbHbIX IKCNEPTOB HA OCHOBE
3KCNepUMeHTaNbHOM MHPOPMaLIUK,
OMUCAHHOM B HaY4YHbIX CTATbAX.

OpraHun3osaHa B 1986 roay —
SIB+EBI+PIR+GU = prof. Amos Bairoch

Ha ceroaHAWwHMN peHb — 556568
nocnenoBaTes/ibHOCTEMN
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UniProt DB

UniProt = Swiss-Prot + TrEMBL (Translated EMBL
sequence database)

TrEMBL—-107 427635 sequences

i EXPASy Home page | Site Map | Search ExPASy | Contact us Swiss-Prot

Notice: This page will be replaced with beta.uniprot.org. Please send us your feedback!

Search | Swiss-ProyTrEMBL v |far

A UniProtKB/Swiss-Prot
suwiisprot

UniProtBiSwiss-Frotis a manually annotated protein knowledgebase established in 1986 and maintained since 2003 by the UniProt Consortium, a collaboration between the
Swiss Institute of Bioinformatics (SIB) and the Department of Bioinformatics and Structural Biology of the Genewva University, the European Bioinformatics Institute (EBID and the
Georgetown University Medical Center's Protein Information Resource (FIR).

UniProtBiSwiss-Prot, together with UniProtk B TrEMBL | its computer-annotated supplement, constitutes the UniFrot Knowledgebase (UniFrotkB), a major project of the UniPr
consortium. UniFrotkBiSwiss-Frot and UniProtkBTrEMEL give access to all the publicly available protein sequences.

The UniFrot Knowledgebase consists of sequence entries. Sequence entries are composed of different line-types, each with their own format. For standardization purposes the
format of the UniProt Knowledgebase follows as closely as possible that of the EMEBL Mucleotide Sequence Database.

The UniProtk B/Swiss-Prot database distinguishes itself from other protein sequence databases by three distinct criteria;
1. Annotation
Diata integrated into UniFrotkKBfSwiss-Frot, including the protein sequence and current knowledge on each protein, are manually checked and continuousky updated. Eack

UniProtkBiSwiss-Prot entry contains core data (sequence data; bibliographical references and taxonomic data (description of the biological source of the protein)) and
annotation, which consists of the description of the following items:



[Monck 6enka B Swiss-Prot
(mo Ha3BaHMUIO)

%9 Search in UniProt Knowledgebase (Swiss-Prot and TrEMBL) for: Na(+)/K{+) ATPase - Mozilla Firefox

dafin Mpaeka Bua  HypHan  Zaknaakk  MHCTpyMeHTel  Cnpaeka

Ao (= P | 1 . .
R @J iy Gl http: /e, expasy orgfogi-bin/sprot-search-de?t 20MNal % 2% 2FK( % 2B)% 20ATPase | ‘
m Customize Links | | Free Hotmail | | ‘Windows Marketplace m Windows Media | | Windows

Swiss-Prot - Mouck: & Google ih Search in UniProt Knowledgebas... 03 * UniProtkB

| gtis EXPASy Home page | Site Map | Search ExPASy | Contact us Swiss-Prot

| Hosted by B SIB Switzerland | Mirror sites: | Australia | Brazil | Canada | China | Korea |

Notice: This page will be replaced with beta.uniprot.org. Please send us your feedback!

Search | Swiss-ProtTrEMBL v | for [Na(+)/K(+) ATPase

Search in UniProt Knowledgebase (Swiss-Projand TrEMBL) for: Na(+)/K(+)
ATPase

UniProtKB/Swiss-Prot Release 54.3 of 02-Oct-2007
UniProtKB/TrEMBL Release 37.3 of 02-Oct-2007

+ Mumber of sequences found in UniProt Knowledgebase (Swiss-Protuzy and TrEMEL oy 42
+ Mote that the selected sequences can be saved to afile to be later retrieved, to do so, Qo to the bottom of this page.
+ For more directed searches, you can use the Sequence Retrieval System SRS,

Search in UniProtKB/Swiss=Prot: There are matches to 42 out of 285335 entries

AT1AT_AMGAN (Q92030)
Sodiumfpotassium-transporting ATPase subunit alpha-1 precursor (EC 3 6 390 (Sodium pump subunit alpha- 17 (Nal+)yki{+) ATPase alpha-1 subunit), {GEMNE:
Mame=atp1al} - Anguilla anguilla (Furopean freshwater esl)

AT1A1_BOVIN (QDBDAT)
Sodiumipotassium-transporting ATPase subunit alpha-1 precursor (EC 3.6.3.9) (Sodium pump subunit alpha- 17 (Mal+)W(+) ATPase alpha-1 subunit). {EMNE:
Mame=ATFP141} - Bos taurus (Bovine)

AT1A1_BUFMA (P30714)
Sodiumfpotassium-transporting ATPase subunit alpha-1 precursor (EC 3 6 3.9) (Sodium pump subunit alpha- 13 (Nal+yki{+) ATFPase alpha-1 subunit), {SENE:
Mame=ATP141} - Bufo marinus (Giant toad) (Cane toad)

AT1AT_CANFA (P5099T7)

Sodiumipotassium-transporting ATPase subunit alpha-1 precursor (EC 3.6 3. 9) (Sodium pump subunit alpha- 1) (Mal+)(+) ATPase alpha-1 subunit). {GEMNE:
Mame=ATP1 411 _ Tanis familiarie (Tinm
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Advances search

A

SUJISS;!IE UniProt Knowledgebase (Swiss-Prot and TrEMBL) Advanced

Search

This search program uses SRS to perform queries. Simpler forms are available to search by description or by full text. Available connectors within a field are "&" (and), "|" (or) &
"I" (but not). You can prefix your search terms by | to specify "not" (this is not possible in SRS). Example queries:

o Toretrieve all AP1 complex proteins from mouse (AP151, AP1G1, etc. but not MIARP 1, IQGAR, ), specify Gene Mame: ap 1*, Organism. Mus, and deselect "Append ¢
prefix o guens ferms”.

+ Toretrieve the three human beta-adrenergic receptor proteins in UniProtKBiSwiss-Prot, but not the beta-adrenergic receptor kinases, specify
Dascription: beta&adrenargic&raceptoritinasa, Organism: Homo sapians, and select "Append and prefix * fo queny ftarms”.

Description ATPasi

AND v | Gene name

AND Organism or choose from the list. |+
M Append and prefix * to query terms \
detailed v [wiew Of | 100 v |results

[ 0TNpas|TeL 3anpoc ][ Capoc ]

This tool can be used to create links to UniProtB by using the URL of the results page.
The gory delails:

+ The description line is indexed as a series of words. If nowildcard (*) is present at the start of the query, it will only match entries where the query is the start of the



Biomolecule Structure Database

PDB: http://www.rcsb.org

SCOP: http://scop.berkeley.edu

CATH: http://biochem.ucl.ac.uk/bsm/CATH
ASTRAL.: http://astral.berkeley.edu

Interfaces to PDB:

— PDB at a glance
http://cmm.info.nih.gov/modeling/pdb at a glance.html

— Molecules to go http://molbio.info.nih.gov/cgi-bin/pdb/
— EBI interface: http://www.ebi.ac.uk/msd/
— PDBSum: http://www.ebi.ac.uk/thornton-srv/databases/pdbsum
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Serine-threonine and tyrosine protein kinases




Data flow in ASTRAL

The ASTRAL compendium provides databases and tools useful for analyzing
protein structures and their sequences
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YTO TaKoe reH-opneHTUpPoBaHHbIe Ha3bl
NAHHbIX?
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3KCNepMMeHTaibHaA nocaeaoBaTeIbHOCTb)
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KOHKPETHOMY FeHy, a He
“nocnenoBatesIbHOCTAM, OTHOCALLLMMCS KO
NAHHOMY KOHKPETHOMY reHy” — MHTEerpupytoT
BCE TaKMe 4acTun B eAnHOoe uenoe 3a Bac
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DUT reH yenoseka

[01: DUT dUTP pyrophosphatase [ Homo sapiens ]

GenelD: 1854

updated 05-Mowv-20

Summary
Official Symbol
Official Full Name

Primary source
See related
Gene type
RefSeq status
Organism

Lineage

Also known as

b2
DuUT

provided by HGHC

dUTP pyrophosphatase
provided by HGHMC

HGMC: 2072
Ensembl: ENSG00000128951; HPRD:03165; MIM:601266

protein coding

Rewviewed

Homo sapiens

Eukaryvota; Metazos, Chordata, Craniata; Vertebrata, Euteleostorni; Marmmnalia, Eutheria; Euarchontoglires;
Primates; Haplorrhini, Catarrhini; Horinidae, Homo

dUTPase; FLIZ0622

¥ Links

Summary This gene encodes an essential enzyme of nucleotide metabolism. The encoded protein forms a ubiquitous,
haomatetrameric enzyme that hydrolyzes dUTP to dUMP and pyrophosphate, This reaction serves two cellular
purposes: providing a precursor {(dUMP) for the synthesis of thymine nucleotides needed for DNA replication, and
limiting intracellular pools of dUTP. Elevated levels of dUTP lead to increased incorporation of uracil into DNa,
which induces extensive excision repair mediated by uracil glycosylase. This repair process, resulting in the
remowal and reincorporation of dUTP, is self-defeating and leads to DMA fragmentation and cell death.
alternative splicing of this gene leads to different isoforms that localize to either the mitochondrion ar nucleus, A
related pseudogene is located on chromosome 19,

Genomic regions, transcripts, and products &2
Go to reference seguence details
HC_00015.8
[ 46410915 p [ 46422562
5" 3

NA_001025245.1 | ¥ t H—E NP 00102041941 isoform 1 precursor CEO2S2251.1

NA_001025249.+1 ; L ¥ t H—E NP _001020420.1 isoform 3

WH_00 1 B [ ¥ } H—EE NF_001939.1 isoform 2

B - codina resion B - untransloted reaion

Genomic context t 2

chromosome: 15; Location: 15q15-g21.1

See DUT in MapWiewer

[ 45200461 [ 46805545 b

ELGE4AS
H/EF2

FLCi2A1 DT s FENL LOCE45405
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General gene information
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Additional Links
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Full text in PMC
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[lpoaonKeHune 3anncu:

Bibliography

— Related Articles in PubMed

— GeneRIFs: Gene References Into Function
Interactions
General gene information

— Markers

— Genotypes

— Pathways

— Homology
GeneOntology

General protein information (Names, ECs, ACs)

NCBI Reference Sequences (RefSeq)

— mRNAs and proteins

— Reference assembly + Alternate assembly: Genomic
Related Sequences (links between ACs of different types)
Additional Links (OMIM, PharmGKB, HRDP, UniGene)



[eHOMHble Ba3bl AaHHbIX

Ob6beKT — MNONHbIN TeHOM
BO3MOXHOCTb O4HOBPEMEHHO U3y4YaTb BCE reHbl 04HOro reHOMa

CpaBHEHMWE APYT C APYrOM LIENIbIX FEHOMOB — CPaBHUTENbHAA
reHOMMKa (comparative genomics)

NHTerpauma scem AOCTYNHON MHPOPMaLUM O AaHHOM reHoOMe
OcHoBHaa nMHdopmaLumna 0 reHax, HO B reHOMHOM KOHTEKCTe

[eHOMHble Bpay3epbl — rpadunyeckoe npeacTaBieHne BCEN
MHTErPUPOBAHHOMN MHPOPMaLUU

NCBI -> Genomic Biology
(http://www.ncbi.nlm.nih.gov/Genomes/)



http://www.ncbi.nlm.nih.gov/Genomes/
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Sequence Viewer

Display | Graph “ | Bhow | 1 | Sendto %

O1: MC 001722 Reports Human immunoedefic.. [g:9628880]

WView on mims strand Protem coding genes Hide Toolbar
CDE with gene and mEHNA

Search for gene Other features

[] Hide sequence

. 1 1 IK 2|K Sk 4k le EIK ?IK 8|K BIK 1 IIJ K 160 3’5 a

W

qag-po| = =HIVZgpd4 HIVZgph =t
gag polvprotein ==HI\ZgpZ
HIVZgpZ == =l 2gpS
HINZop m——

HIUZ gp 7 m—
primet_bind' 2
Legend:
= CDS-gxon === - geng - gther feature
1 = sequence fragment shown

— TF

2
3 'polvA_sighal

Sequence} ‘ ’

2581 GCTGCACCTC GAGCAGAGAS AGACACCTCA CAGAGAGGAG ACAGAGGACT TGCTGCACCT |
$ gag-po

A AR P RAER DTS @ RG DR GL AAFP

LHL E®@® R ETPFPH EEZE TETUIDI L L HL

2641 CAATTCTETC TTTGGAAAAG ACCAGTAGTC ACAGCGTACA TCGAGGATCA GCCGETAGAA
¥ gag-pol

& F 5 L W KR PV V¥ TAHY 1 E I 2 FP VE
M 5 L F G K I @
27l GTCTTACTAG ACACAGGGGC TGATGACTCR ATAGTAGCAG GRAATAGARTT AGGGGACART

gag—pal
Yy L L DTGA DDS I MA GIEL G D H

2761 TACACTCCAR ARATAGTAGE GGGAATAGEG GGATTTATAR ACACCARAGA ATACAARAAT |
$ gag-po

Yy T F K I VWG & I G G F I HTkKE ¥ KH
2821 GTAGARATAA ARGTACTARA TAARAGAGTA AGAGCCACCR TAATGACAGE AGATACCCCA

gag-pol
v EI KWYLMHN KRW RAT I NTOG I TF
2881 ATCAACATCT TTGGCAGARA TATTCTGACA GCCTTAGGCA TGTCATTARA TTTACCAGTT

gag-pol
I 1 FGRMH I LT ALG M S LH L PV
2341 GCCARGATAG ASCCAATARA AGTAACATTE ARGCCAGGGA ARGATGGACT ARGGCTGAAR

gag-pol
AK I EPI K WwWTL KPGEG KDGFP R L K
3881 CAATGGCCCC TRACARARGA GARRATAGAA GCACTAARAG AGATCTGTGA AARAATGGAA

79



Human

[1Ba 0CHOBHbIX bpay3epa:

Ensembl (http://www.ensembl.org) — EBI
& Sanger Institute, ucnonbsyet ceou IDs, 35
3YKapPUOTUYECKMX BUAOB

Human Genome Browser
(http://genome.ucsc.edu/) — UCSC, USA

ncnonbsyet GenBank IDs, 41
3YKAaPUOTUYECKUM BUL,



http://www.ensembl.org/
http://genome.ucsc.edu/

Hiuiman Genome Browser

Home Genomes Blat Tables Gene Sorter PCR Session FAQ Help

Human (Home sapiens) Genome Browser Gateway R efS e q I D
The UCHC Genome Browser was created by the Genome Bioinformatics Group of UC Santa Cruz. C h r B an d
HBoftware Copyright (2) The Regents of the University of Califorrda. Al rights reserved.
clade genome assembly posttion or search term infige width G e n e n am e
Vertebrate v || Human || Mar 2006 v ||chrX151.073,054-151,383.976 1000
Click here to reset the browser user interface sethngs to their defaults. C O O rd S

[ add custaom tracks ][ configure tracks and display ][ clear position ]

About the Human Mar. 2006 (hgl8) assembly (sequences)

The March 2006 human reference sequence (ITCBI Build 36.1) was produced by the International Human Genome Sequencing Consortium,
Sample position queries

A genome posttion can be specified by the accession number of a sequenced genomic clone, an mENA or EST or 2T3 marker, or a cytological band, a chromosomal coordinate range, or keyword
from the GenBanke description of an mEITA. The following list shows examples of valid position quenes for the human genome. See the User's Guide for more information.

Request: Genome Browser Response:
chr7 Displays all of chromosome 7
20p13 Displays region for band p13 on chr 20

chr3:1-1000000 Dizplays first million bases of chr 3, counting from p arm telomere
chr3:1000000+2000  Displays a region of chr3 that spans 2000 bases, starting with position 1000000

D1653046 Displays region around 3T3 marker D1633046 from the GenethonMlarshfield maps. Includes 100,000 bases on each side as well
EH1E2061,EHE0175  Displays region between 3T2 markers EH18061,RHE0175. This syntax may also be used for other range queries, such as between cytobands and uniquely- determined EZTs
mEI Az, refSeqs, etc.

AA205474 Displays region of EST with GenBanl accession AA8205474 m BRCAT cancer gene on chr 17
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DUT gene (dUTPAse)

Home Genomes Blat Tables Gene Sorter PCR DNA Convert Ensembl NCBI PDFIPS Session

UCSC Genome Browser on Human Mar. 2006 Assembly
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KakK 3To BbIrnaaunT?

UCSC Genome Browser on Human Mar. 2006 Assembly
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Different perspectives on
Bioinformatics

* Bioinformatics is a tool
— Biologists, biochemists, medical professionals, etc.
— Obtain meaningful and understandable results

e Bioinformatics is a discipline
— Informaticians, mathematicians, statisticians, etc.
— Generate meaningful and understandable results



Summary

e Bioinformatics is truly interdisciplinary

— Biology (natural sciences), informatics, mathematics &
statistics

e Databases

— Large, semistructured, incomplete, inaccurate

* Wide-range of problems

— Solutions employ knowledge from sciences with
algorithms and models from informatics, mathematics,
and statistics



Beb-cTpaHmua Ana Kypca
http://intbio.org/bioinf2018

CBA3b C NeKTopamu
bioinf2018@googlegroups.com

OHAManH onpoc
https://goo.gl/forms/ORDO3xnlgiotvFYz1
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