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Opr. BONpOCHI

« Canrt http://intbio.org/bioinf2019-2020

BBEAEHWE B BUOUNHDOOPMATUKY
Nekunn Ne2-3

MoHsiTe nHcbopmaLmm. Crocobbl namepermst nHcpopmaLn. HK kak umdposoit
HocuTenb MHchopmaLmn. CUCTEMbI CHMCTIEHUS. Teopusi MHcopMaLm.
WhdpopmaLvoHHas aHTponms. Cxxatue nHchopmaumn. Teopema KotenbHukosa.
Teopema LLleHHoHa-XapTnu. LLinchposarme nHopmaLwmmn. XpaHeHve MHgopMaLmmn.
McTouHWiiv BornbLLmnx AaHHble B GromeavumHe. Mpobnemb! nepeaaqn GorbLumnx
[D@HHBIX.

Anexkcent KoHcTaHTuHOBWY LLanTaH, K.dp.-M.H.

Cawt kypca: http://intbio.org/bioinf2019-2020

13 ceHT6pst 2019

* B pesynirarte urpok nonyyaet 0.67 6uta nHcpopmaumm

+ Ecnu 6bl BEOyLLWIA OTKPLIN ABEPb B CAMOM Hayare — TOrNbKo
0.58 6uta nHcpopmauum

httos./enwikipedia.org/wiki/Monty. Hall problem

Mpupoaa nHpopmaLmm



http://intbio.org/bioinf2019-2020
http://intbio.org/bioinf2019-2020
https://en.wikipedia.org/wiki/Monty_Hall_problem
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NHpopmauyms

MHO®OPMALUA, 1. CBeaeHusi 06 okpyxaiowem Mupe n
npoTeKkalLmx B HeM npoLieccax, BOCIpUHNMaeMble
4YernoBeKOM WMy creumanbHbIM YCTPOWCTBOM.

... YHUBEepcanbHOro onpeaeneHusa
I/IHqJOpMaLlI/IVI He TONMbKO HET, HO 1 BbITb He
MOXeT M3-3a LWMPOTbl 3TONO NOHATUA.

H.H. Mowncees

Information is information, not
matter or energy.

Norbert Wiener

17

NHpopmayms

aD

iPhone 7 Plus CepeGpucrsiit Ewmxocts

Tenepb BblIbepuUTE EMKOCTD.

325 128 e’

Docraska: wa cknane Nocraska: Ha cknane

HKuBble cuctembl U UnppoBbIe

TeXHO/10MnK
AHanorosble LindopoBble
TEXHONOormn TEXHONOrnn
M

1010101

OHK — undposon koa

INFOGRAPHICS

FeHeTUYecKuit Kog,

The human genome

— [eHom yenoseka
7 3 MNpA HYKNeoTMaos
262 TbIC CTpaHuL

3 [GanTa

[etom kuuieyHol
nanoyku
4.6 MINH
HYKNeoTuaoB
400 cTpaHuy,
4.6 M6ant



http://www.aselibrary.ru/press_center/journal/irr/2007/number_3/number_3_6/number_3_6571/
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1 bit

[o[1o[1To[]1]0] ATGC
N
1 byte = 8 bits

[BOVYHBIN KOO YeTBepTUYHbIN Kop,

Koa MoXeT ObiTb MO3ULMOHHBLIN UM HEMO3ULIMOHHBLIN

|-|O3MLI,MOHHI:If;1 KO, aKTUBHO UCMNO/1Ib3yeTCA B
cUucTtemax cHucneHua

Llenoe 4ucno 6e3 3Haka T B b-M4HOI CUCTEME CHUCNEHUA NPEACTABNAGTCA B
BUAIe KOHEUHOI NIMHEITHOV KOMGMHaLMK cTeneHeit uucna bl'):

n-1

z= Z arb®, rae aj — 970 Uenbie umcna, HasbiBaEMbIe LMdPamMK,
=

ynosneTeopsatowme HepaseHctey 0 < ap < b — 1.

SCIENCE

The First Book To Be Encoded in DNA

Two Harvard scientists have produced 70 billion copies of a book in DNA code --and it's
'smaller than the size of your thumbnail.

REGENESIS

GEORGE CHURCH AN

N3mepeHune nHpopmaumnm
1 bit

[o[1o[1o[T1]0]

1 byte = 8 bits

WamepeHua B Gaitrax Decimal Binary

rOCT 8.417—2002 MpucTasku CU 0 0000

Of CreneHb Crenexb 1 0001

Gaitt 5 100 - 100 2 0010

KAnoGaiT  KGaiiT 10° o~ 103 3 0011

MeraGaiiT  M6aiit 10°  mera- 108 4 0100
ruraGaiit reair 10°  rura- 109

. ; 2 1 5 0101

Tepabaiit T6aiiT 10 Tepa- 10

neraGaiit  M6aiT 10'S  nera- 101° 6 110

aKcabaiiT 36aiit 10'® okca- 1018 7 o111

serrabair  36air 102" gerra- 102! 8 1000

voTTaGaiit  VGaiiT 1024 yorra- 1024 9 1001
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BepositHoCTb TOrO,
YTO MalLMHa 3a 1/3 1/3 1/3
9TOM ABEPbIO:

» CkonbKo MHopmaummn HyxHo, 4Tobbl 3aKogupoBaTh
NOMNOXEHUN MaLLUUHBI?

1.5849625007211563... 6uT

Teopua nHbopmaunm
“the father of information theory"

Claude Elwood Shannon
(April 30, 1916 — February 24, 2001)

httos//voutu be/z2Whi nloxd

Teopwus nHopmauum

Science Ashort history of equations

Without Claude Shannon's The q
Guardian

information theory there would have
B wei_rlna-m accouwr o 2
B

been no internet

It showed how to make communications faster and take up less
space on a hard disk, making the intemet possible

BeeneHa mepa nHdopmaumn(!)

Kr, MeTp, cekyHaa + BAT

NHbOopMaLMOHHAnA aHTpoNKMA

Knoa LlleHHOH NpeAnonoxXun, Y4To NpupocT HopMaLuu paBeH
yTpa4eHHoON HeonpeaenéHHoCTyH, U 3aAan TpeboBaHus kK e€ U3MepeHuio:

1.Mmepa fonkHa BbiTb HENPEPbLIBHOW; TO €CTh U3MEHEHWE 3HaYeHus
BESIMYMHbI BEPOSITHOCTY Ha Masnyio BENUUNHY AOMKHO Bbl3blBaTh Manoe
pesynbTupyloLiee U3MeHeHne hyHKLUK;

2.8 cnyyae, Koraa Bce BapuaHTbl (ByKkBbl B NpuBeA&HHOM Npumepe)
paBHOBEPOSATHbI, YBENUYEHNE KonnyecTsa BapnaHToB (BykB) JOMKHO
BCEerAa yBenuunBaTth 3Ha4YeHne yHKLuY;

3.a0mkHa 6bITb BO3MOXHOCTL cAenath BbiGop (B Hawewm npumepe GykBs) B

[Ba wWwara, B KOTOPbIX 3HaYEHNe YHKLIMN KOHEYHOrO peaynbTaTa [AOMmKHO
ABNATLCA CYMMOW (hYHKLIMIA NPOMEXYTOUHBIX PE3yNbTaToB.

|
| H= ) rdtear®)]



https://en.wikipedia.org/wiki/Information_theory
https://youtu.be/z2Whj_nL-x8
https://www.khanacademy.org/computing/computer-science/informationtheory/info-theory/v/intro-information-theory
https://ru.wikipedia.org/wiki/%D0%A8%D0%B5%D0%BD%D0%BD%D0%BE%D0%BD,_%D0%9A%D0%BB%D0%BE%D0%B4_%D0%AD%D0%BB%D0%B2%D1%83%D0%B4
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CxKatne nHpopmauymm

Tom 1 2.txt 1.5 MB
Modified: Today, 4:01 PM

JLH. TOJICTOM

BOMHA VI
| Kind: Plain Text Document
MuUupP Size: 1,473,547 bytes (1.5 MB on disk)

§ Tom12.txt.zip 602 KB
Modified: Today, 4:02 PM

¥ General:
Kind: ZIP archive
Size: 602,098 bytes (602 KB on disk)
EyKBa B TEKCTe He He3aBUCUMbIl — OQHWN BCTPEYaloTCA Yalle
Opyrnx B pasHbIX KOHTEKCTax.

Ckatne nHpopmauymm

KoxupoBaHue JUIMH cCEpUi

MocunTaem KONMYECTBO NOBTOPAIOWMXCA CUMBONOB:
12 cumsonos «W»;

1 cumson «Br;

12 cumBonos «W»;

. 3 cumeona «Bx;

24 cumsona «W»;

. 1 cumBon «Bn;

No o s N

. 14 cumBoNOB «Wn.
WToro HaiineHo 7 cepuit. 3aMeH1M CepuM Ha YMCNO NOBTOPOB U CaM NOBTOPAIOWMIACA CHMBON:

12W1B12W3B24W1B14W

NHbOopMaUMOHHan aHTponuA

|
H= —ZF@ Logpt|
|
— N-ull- 1 1 1 1 1 1 1
£y B SO S PO S 3 SN Y PO
- S H = 310;/_3 3[1)[/33 31(1;]_)3 Iug_>3
£

1.5849625007211563... 6ut

JHTpoNuA

WHdpopmaLumoHHas 1 dmanyeckas sHTponum
VMEIOT MyBVHHYIO0 CBA3b

HY / P(In P) d*v = (In P)

B IepMoavHamuke v kuHeTuyecko Teopun, H -

Heo6paTuMbIx npoleccax,

vcxoas 13 ypashenna BonbumMang.

S _ NkH,

Ludwig Eduard Boltzmann

Teopema, nonyyerxas boneumatioy 81872 roy,
| 2HTDONIY MAEANLHOIO (333

B

hitos:/ru.wikioedia.org/wiki/H-Teopena



https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%B4%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%B4%D0%BB%D0%B8%D0%BD_%D1%81%D0%B5%D1%80%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/H-%D1%82%D0%B5%D0%BE%D1%80%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BA%D0%B8%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D0%BB%D1%8C%D1%86%D0%BC%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/1872_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D1%82%D1%80%D0%BE%D0%BF%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%98%D0%B4%D0%B5%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%B3%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%A3%D1%80%D0%B0%D0%B2%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5_%D0%91%D0%BE%D0%BB%D1%8C%D1%86%D0%BC%D0%B0%D0%BD%D0%B0
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Husble cuctembl 1 uMppoBble
TEXHO/IOTUW - aHANOTUN

OT nporpammupoBaHuA
KOMMbIOTEPOB K
NPOrPaMMMPOBAHUIO }KUBbIX CUCTEM

YKvBble cuCTEMbI N LM POBbLIE TEXHOMOMMN

J[HK — undbpoBoii kof

Ludposnie
IeXHONor

[eHeTnyecknn Koa

-

The human genome

INFOGRAPHICS

3 MNpA HyKNeoTuaos
262 TbiC CTpaHWL
3 lGaiita

4.6 MIH HykneoTuaoB
400 cTpanuvy
4.6 MGaut

CekBeHupoBaHune HK (meton CaHrepa)

Sanger Sequencing

I
|
11
>4>>>>>>040005r000044n0>

GCAT

ncing uses dANTPs (dideoxynucieotide triphosphates) which do not have a free 3' OH mixed
rase inci addNTP it won't be able to add any other nucleotides
the

used o s

https://www.youtube.com/watch?v=593zWZNwbJI

=

in with dNTPs
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TexHonoruu YteHnsa u 3anucu OHK Cuntes HK

aligonucieotide-synthesis.htmi

YnelweBneHne cMHTe3a D'HK or nporpaMmmMmpoBaHnAa KOMMNbIOTEPOB K NporpamMmMmmnpoBaHnio
XKU3HU

Price Per Base of ONA Sequencing and Synthesis

Rt Carion, Maeh 2314, wew ayrhesi &

W 5iap0 OC Linux
~100 M6

us Dot
&
¢
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AHarnormm KoMnblOTEPOB U XMBbIX KITETOK

« Software boots into hardware
« Genetic code boots into cells

2010 Mycoplasma
mycoides JCVI-syn1.0

Eschorcia ol (025tra)
smio

Myoptasmagentatum® 525
smi0 «

MepBbI UCKYCCTBEHHDBIN
reHom (~$40 mnH)

Craig Venter

2016 Syn3.0

MuHUManbHbIA reHoM

OT nporpaMmmMpoBaH1s KOMMbIOTEPOB K MPOrPamMM1POBaHII0
HKUSHM

Bl 3
f\r‘z_zjm'.

g ( 2
. AS
g iy
£ e

~100 mnpa. (1071) HelpoHoB
Kaxabln HelpoH nmeet
~7000 cuHanTU4ecknx ceasen

=

LS

\

X,

23 mMnpa. YCTPOMCTB
TNOAKITIO4YEHHBIX K MIHTEPHETY

CnoxHble NHXEeHEepPHble CUCTEMDbI

Boeing 747 =
Boeing 777

~2500 net 6 MnH yacTeit
A.H.3. MepBbIn camonet
CMPOEKTUPOBAHHbIN

MOMHOCTbLIO Ha
KOMMbloTEPE

Intel Xeon Phi
CPU

8*10"9
TPaH3MCTOPOB

Mepepaya nHpopmaLmm




MNepepayva MHGopmaLnm

« KomnnekcHas obnacTb: TeopeTuyeckue,
npakTuyeckme, prsnveCKMe acnekTbl

» Bonpocbl cxaTtusi AaHHbIX

« Bonpocbl HagexHocTH

« Bonpocbl wudpoBaHus U 3aWmUTLI JAHHbIX
(ocobeHHo B MeauumHe 1 Guonorum)

S\BBB 0050 00,

Yy f{\,
Y Yy

pann

https:/en.wikipedia.org/wiki/The_Imitation_Game

Kak
KOHBEPTNPOBaTbL?

Mepepaya nHpopmaumm

CBsi3b YacCTOTbI CUrHamna 1 NPonyckHoOM cNocoGHOCTU

Bragumnp Anexcanapoet 5
KoTenwHukos Harry Nyquist

1908 - 2005 1889 —71976

Teopema KotenbHukoBa-(HakBucTta-
LWeHoHa) 44 1 kl'y — yactota
«nobyto dyHkuuio F(t), cocTosiwyto us yactot ot 0 ,CI.I/ICerTI/I3aLlVII/I
Ao f, MOXHO HenpepbIBHO NepefaBaTh ¢ N6on
TOYHOCTbIO MPU NOMOLYM YMCEN, CRIeAYIoWUX APYT 3a npwn 3anncu 3eykKa
Apyrom vepes 1/(2f) cekyna

httos/ru.wikipedia.org/wiki/Teopenma KoreneHikosa

/" BBEAEHWE B PSifibl ®YPbE

s
L] Lasingy  © UETBIPE CHHYCOMALI S0

© CMIOXEHWE WX AAET HOBbIAl CHIHAN
P Asin(bt)

(8) = Asin(at) + Asin(bt) + Asin(ct) + Asin(dt)
»Asin(ct)

\/’ \L/ VA - Asin(dt)

peus ———

© MOXHO Nt 3T0 OBOBWNTL?
14 nepuoga (¥) ——— sin(a) copepauT ocHoBNYIO wacTOTY
sin(bt), sin(ct) u sin(d) copepwar kpatHuie il wacToTa

o
x)= ZA eIk
k=.®

, - ocHoBNAA uacTOTA

K- KpatHoCTS (o rapwona) sod vacrorst  /

FoBopa wwpe, Teopema K y
BUAE WHTEPNONALMOHHOO PRAA:

P L uTO it curHan z(t) MOXHO NPEACTABUTL B

O =3 z(kA)sine[ (¢ - ka)],
z(t) kz‘x( mc[A )]

rae sinc(z) = sin(z)/z — dyHxkumn sinc. v, PRET Orp:

1
0<A< F MrHOBEHHBIE 3HAYEHWUA NAHHOTO PAAA ECTL AMCKPETHBIe OTCUETHI curHana z(kA)



https://ru.wikipedia.org/wiki/1908_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/2005_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B5%D0%BC%D0%B0_%D0%9A%D0%BE%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%B8%D0%BA%D0%BE%D0%B2%D0%B0
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MNepepaya nHbopmaumnm

CBsi3b YaCTOTbI CUrHarna 1 NPonyckHom cnoco6HOCTH

Ralph Hartley
S
C:Blogg(l+ﬁ s
> rae
C' — nponyckHaa cnocoBHOCTb Kanana, buT/c;
B — nonoca nponyckaHuA Kakana, I'u;
S — NonHaA MOWHOCTb CUTHANa Hag, NONOCOIA NPONYCKaHuA, BT unu B2;
N — nonvan Haa nonocomn BT unm B2
S/ N — oTHowWeHe MOWHOCTY curHana K wymy (SNR).

Teopema LLeHHoHa-XapTtnn

MNepepava nHbopmauunm

YnbTpaduonetossie ayun

10nR - Kanansi CBY |

wabens

Tonocoson

Ananason

KaHanbl cBA3MU

ALoEmia e ]
R

BRAZIL

KapTa nogBogHbIx kabenew

https:/habrahabru/company/rootwelt/blog/305634/

LLndpoBaHue nHpopmaumnm

10


https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B5%D0%BC%D0%B0_%D0%A8%D0%B5%D0%BD%D0%BD%D0%BE%D0%BD%D0%B0_%E2%80%94_%D0%A5%D0%B0%D1%80%D1%82%D0%BB%D0%B8
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D1%8F%D0%B7%D1%8C_%D1%81_%D0%BF%D0%BE%D0%B4%D0%B2%D0%BE%D0%B4%D0%BD%D1%8B%D0%BC%D0%B8_%D0%BB%D0%BE%D0%B4%D0%BA%D0%B0%D0%BC%D0%B8
https://habrahabr.ru/company/rootwelt/blog/305634/
https://en.wikipedia.org/wiki/Public-key_cryptography
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Kpunrocucremsl C OTKPBITBIM
K/II0YOM

Bob

e O=7r

Alice's
public key

Heobpatnmas Xaww dyHKUmns

mbptb:~ alexsha$ md5 -s 'Hello world!!!"
MD5 ("Hello world!!!") = 87ee732d831690f45b8606b1547bd@%e

hitps://en. wikipedia.org/wiki/Public-kev_cryvptography

XpaHeHne nHpopmaymu

XpaHeHune nHpopmaumm

d

Global Information Storage Capacity **” 4.2
in optimally compressed bytes ”

cle

- 1 DIGITAL @
DIGTAL —
|

I STORAGE
0.02 exabytes \ —

2002:
“beginning
of the digital age”

DIGITAL
L. 0exabpes

11


https://en.wikipedia.org/wiki/Public-key_cryptography
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BonbluMe AaHHble B BUOMeanLnHe NCTOYHMKM BONbLINX AaHHbIX B BUOMeaAnLMUHE

* OMUKCHblEe TEXHOMOMMM
+ CeKBEHVPOBaHWE, FEHOMMKA, TPAHCKPUNTOMMKA,

npoTeoMuKka, MeTabonomMumka u T.0.
NIH Big Data to

Potabytos

Knowledge (BD2K) ¢ KoHHekTOM Mo3ra
2013-2021
* MepguumHckas nHdopmaums
SCIENCEINTHE ~$400 MnH ANy chopwmal

Y * OneKTpoHHble MEOVLIMHCKWE KapTbl, pesyrsTaTbl

PETABYTEERA yrymy
) KIMMHNYECKUX nccnegoBaHnm U T.4.

Table 1. Four domaing of Big Ineachofthe proi o data

feeres » MeauuuHckue nsobpaxerusi, MPT u T.4.
Data Phase  Astronomy Twitter YouTube Genomics
Acquisition 25 zema byles'year 0.5-15 bilion 500-900 milion hours'year 1 z0tta Dasesyoar
— -~ = — » CTpykTypHasi buornorusi 1 MmogenvpoBaHue
R e e e Topic nd . cata and anaysis « [aHHble ¢ na3epoB Ha cBOBOAHbIX anekTpoHax (XFEL)
saraenart i
Roaktimo processng Motadata analysis Vadant caliog. -2 villon cental * MogenupoBaHue CTPyKTypbl U AUHAMUKN BENKOB.
processing unit (CPU) hours
Massive volumes All-pairs genome alignments, -10,000

trillon CPU hours

Distribution  Dedicated lines from antennae Sl units of Major component of modem user's  Many small (10 MB/s) and fewer massive
10 server (600 TB/S) distribuon bandwidth (10 MB/s) (10 TB's) data movement

Big Data: Astronomical or Genomical?, PLOS 2015

[laHHble ceKBEHMPOBAHUA, NpUMep LieHTpanu3oBaHHble Peno3uTopun OMUKCHBIX AaHHbIX
FeHOMbI paKoBbIX ONyxosei
i International [eHom yenoseka ~ 3.3 Gb -, National E M B L *2 CN_ZBIEII;‘SSMI
'\ ; Cancer Genome x100 cekBeHUpoBaHue ~300Gb S ot i %, DDBJ O — ExEmE
NCBI  Information E B | : ._/_’

::f::\" ‘-Lymmm - o Data accumulation by type I"E x g EI
25000 o6pa3LioB onyxone :

Me)K,quaponglVl NPOEeKT, AaHHble pacnpeneneHbl No Mrupy ) = Sequence

000000

European Bioinformatics Institute

12
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Genomes en masse

AstraZeneca launches project to sequence 2
million genomes

5 years ~ 100 000
genomes

sas0ciated with cisease
Heich Lador

2 a0 2018

CHINESE DATABASE

SEARCH FOR INTEREST

EXER

== China
National

CNGB GeneBank

ﬁ@%gzri

n
U

CTpykTypHasi G1uonorusi 1 MogenupoBaHue

Mepenaya 60nbLWMX AaHHbIX

BbigeneHHble HayyHo-obpasoBatenbHble cetn 100Gbit/s

INTERNET.

MporpamMmHble peLueHunst

2 aspera

an IBM® company

Figure 1: Asia Pacific Ring (APR)

globus
0 toolkit

ba3bl gaHHbIX

13
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ba3bl AaHHbIX PenAaunoHHble 6a3bl AaHHbIX
Kruserm Tosaz
° PenHU'MOHHbIe 6asbl AaHHbIX, 06beKTHO- Id s | ®aoouma | Hus Oruecrno 1d_vom | Hawmanme
Opu1eHTMpoBaHHble, RDF 15 T T [T— | Ulxad
» Cuctembl yrnpasneHus 6azamu aaHHbIx CYB[ 16 Terpos | Tlerp Terpossen | |2 Cay
* Asbikn n ctangapTel SQL, SPARQL, RDF 17 Hiesowen | Hinonadt | Hiocosesaer 3 Croa
Jexss
Oracle Corporation Id_sax | Kxnenr | Tovap | Tava Koamectno
i , 15 ] 5092003 | 1
Larry Ellison OR Cl_e ® 1 1509
A 2 17 [ 17.092003 | 2
1 < 3 15 > 20.092003 | 12
‘- R /Y
: SQL LienocTHOCTb TpaH3akuum CooTBeTcTBUE
AaHHbIX . TP ACID|
ATOMapHOCTb
N30nmMpoBaHHOCTL
Larry Ellison in 2016 HapexHocTtb
https://aws.amazon.com/ru/relational-database/

Resource Description Framework

Asbik SPARQL
Descripti (RDF, «cpena pecypca»!'l) — 310 paspaGoTanHan KoHcopumymMOM
BcemupHoi NayTuHbLI MOAeNb ANA AaHHbIX, B n— 12, RDF

YTBEPXAEHMA O PECYPCax B BUAE, MPUrOAHOM ANA MALWMHHOI 06pa6oTku. RDF ABNAETCA YacTbio KOHLeNuu1

CeMaHTUYECKOi naymm:
_ Buonornyeckmne 6asbl AaHHbIX

‘Your SPARQL query

e — Select all human UniProt
oy e e, entries with a sequence
= S e, variant that leads to a 'loss
S B e of function'
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Biology is a data-intensive science!

* HyXHO yMeTb XpaHWUTb AaHHble

* HyxHo ymeTb 06pabaTtbiBaTh AaHHbIE

* HyxHO ymeTb 06MeHMBaTLCA AaHHLIMU

* [aHHble formkHbI BbITb MakCUManbHO OTKPbITbI
1 JOCTYMHbI HAY4YHOMY COOBLLECTBY.

+ Data provenance ("npoucxoxaeHvne aHHbIX")

Data provenance [edit]

Scientific research is generally held to be of good provenance when it is documented in detail sufficient to allow
reproducibility.271128] Scientific workflow systems assist scientists and programmers with tracking their data through all
, analyses, and interpi ions. Data sets are reliable when the process used to create them are

* Kpusnc Bocnpon3BoanMocTu pesynsraTtoB B Hayke!?

Basbl gaHHbIX Ana 6Guonoruu

¢ Ha gaHHbI MOMEHT KONMUYECTBO HE BO3MOXHO
cocuMTaTb — 04EHb MHOMO — BaXXHO He 3aryTaTbCsl U He
NoTEPSITLCS NPU UX UCMONb30BaHUM

* HapgexHble NCTOYHMKM MHGopMaLmMm 0 6a3ax AaHHbIX —
Hayu4Hble XXypHaribl

Nucleic Acids
Research

Annual Database Issue — nHdopmauusi o ~200 B kaxgpin rog.

DATABASE

Basbl gaHHbIX gna buonorum

» BbecnnartHble vs lNnaTtHble (Mo nognucke)

» CBoboaHO AOCTYMNHble Vs OrpaHN4eHHO JOCTYMHbIe

» Bonbme pecypceel (NCBI, EBI/EMBL, etc.)
VHTErpupyoLme MHorve 6asbl AaHHbIX -
NOAAEPXVBAKOTCS roCcyAapcToM

» Konnabopauwv mexay yHuBepcutetamu (Hanp. PDB)

» Kommepueckue koMmnaHum

* JlokanbHble 6a3bl AaHHbIX, MOAAEePXMBaEMbIE CUnamm
Hay4HbIX rpynn

» basa gaHHbIX vs Web Server — rpaHnua pasmbiTa.

» Xopotume B[] - nHbopMaLMOHHbIE pecypchbl C
BO3MOXHOCTSMI CMOXHOIO Moucka 1 MOAenpoBaHUS.

KpynHble ueHTpbl buonormyecknx b/l

<

NCBI

ey

National
Center for
Biotechnology
Information

» Bethesda, MD USA
» Bonee 60 b skntovasi PubMed, GenBank, DBGap, SRA

B T oy

EMBL-EBI

+ European Bioinformatics Institute, Cambridge, UK +

Switzerland

15
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Y10 XpaHuUTbCA?

« B[ craren, abcTpakToB, NaTeHTOB

« TMocnenosatenbHocTy OHK

« [locnenoBartenbHOCTU Genkos

« 3D cTpyKTypbl MONeKyr

» [eHombl

« [aHHble akcnpeccumn

+ Cblpble faHHbIe C CEKBEHATOpOB

* VHdopmaumsi 0 XMUYECKMX COEANHEHUSAX U UX
aKTUBHOCTMN

* WMHdopmaums o 6onesHsix, MHpopMaums o0 naumeHTax

* WMHdopmaums o Buaax XmBbIX OpraHM3MoB

* VHdopmaumsi o MeTabonmueckmnx 1 CUrHanbHbIX NyTsX

* MHdopmaumsi o B3aumogencTaum mMonekyn

* MHoro nponsBoaHow uHgopmaLmm: 6asbl FOMONOrMYHBLIX
nocrenoBaTernbHOCTeW, aHHOTaLMst OTAENbHBIX KIaccoB
6enkoB n T.4.

MnaH

+ Bubnuorpadmyeckue/pecepaTnBHblie 6a3bl JaHHbIX
NUTepaTypHbIX UCTOYHUKOB (CTaTbW, TE3UCHI,
naTeHTbl, MaTepuarnbl KOHdepeHUMn 1 T.4.)

» Ba3sbl gaHHbIX nocnepoBatensHocTen OHK

» Bas3bl gaHHbIX NocneaoBaTenbHoCTelN 6enkoB

+ Basbl AaHHbIX 3D CTPYKTYp

* Bas3bl 4aHHbIX XUM. COEAMHEHWI

» Ba3bl 4aHHbIX FEHOMOB 1 aHHOTaLMIA

+ bBasbl AaHHbIX Bapyaumin reHoma

+ bBasbl AaHHbIX reHoM-heHOTUN

» Ba3bl 4aHHbIX B3aMoaencTBun

+ bBasbl AaHHbIX CUrHaMbHbIX MyTen

 Ba3bl AaHHbIX CEKBEHNPOBaHMSI

» Bas3bl AaHHbIX 3a00neBaHnin 1 MeOULIMHCKON
nHdopmaLmm

+ bBasbl AaHHbIX MO IKCNPeccum reHoB/rMCToNorMm

* Basbl AaHHbIX MO TaKCOHOMUM

PedepaTtnBHble 6a3bl AaHHbIX
Clinical/Biomedical

PubMed — US National Library of Medicine database (Medline);
refers to >25M articles from 5600 biomedical
journals, 1940s to present, with some older items, in medicine,
nursing, dentistry, veterinary medicine, allied

health & pre-clinical sciences

- bibliographic database with author-provided abstracts, added
indexing terms from MeSH (Medical

Subject Headings) thesaurus, & links to other resources

www.pubmed.gov

(0)

N L
LIBRARY OF
MEDICINE FREE

PedepaTtnsHble 6a3bl 4aHHbIX
Clinical/Biomedical

Embase — European based, includes all of Medline (database
behind PubMed) and more; >29M records, >8,500 journals,
1940s to present; includes coverage of more basic science
journals & pre-clinical topics - especially useful for drug pipeline
information, biotechnology, medical devices, conference
coverage, toxicology, health policy/management, &
alternative/complementary medicine

EMTREE thesaurus includes almost twice as many terms as
PubMed

https://www.elsevier.com/solutions/embase-biomedical-research

ELSEVIER PAID
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PedepatusHble 6a3bl 4aHHbIX

Cited Reference Searching

Traditional search Clted reference search
2004 003

X

e Temgt
2001 i .?OO oot

1582 paper 1982
v
paper 1%

paper paper

PedepatunsHble 6a3bl AaHHbIX

ObLeHayyHble 6a3bl AaHHbIX LMTUPOBaHWI

Web of Science - covers >12,000 journals from 1900 to present;
useful for cited reference, conference
information & affiliations (institutions) =

THOMSON PAI
https://webofknowledge.com/ REUTERS

Scopus — covers >18,500 journals from 1823 to present, complete
citation counts for indexed articles 1996 to

present; a general science database, not a specialized database —
useful for cited reference, conference
information & affiliations (institutions)

https://www.scopus.com/ @Q
ELSEVIER paID

PedepaTtnBHble 6a3bl AaHHbIX
ObLeHayYHble 6a3bl aHHBIX LUTUPOBAHWI

HAYYHAR 3NEKTPOHHAS BUBNMOTEKA

cLIBRARY.RU

Elibrary.ru/PUHL|

PedepaTtnsHble 6a3bl 4aHHbIX
O6LeHayyHble 6a3bl AaHHbBIX LIMTUPOBaHWIN

Google Scholar

® Articles Case law
Recommended articles
Exploring DNA dynamics within olig with coarse-grained si
SIRAH force field extension for protein-DNA complexes
A Brandner, A Schiiller, F Melo, S Pantano - Biochemical and biophysical research 2017
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Basbl gaHHbIX guccepTaumii

Open DOAR http://www.opendoar.org/index.html ;

OpenThesis http://www.openthesis.org/ ;
BASE - Bielefeld Academic Search Engine -
http://www.base-search.net/

> refine search result > document type > theses

ProQuest Dissertations & Theses
Database http://www.proquest.com/products-

services/pgdt.html - from 1743
to present; some fulltext since 1990; fee with some

free search capability

ba3bl 4aHHbIX NATEHTOB

LENS.ORG

Free, Open and Private Inr Cartography

.-.u. ——

The Lens serves global patentand scholarly knowledge a3  public good to nform
- science- and technology-enabled problem solvi —~

k)

http://www.lens.org/lens/biological _search — nonck
OHK nocnegosatensHocTemn

Google

Patents

O Include non-patent literature (Google Scholar)

Search and read the full text of patents from around the world.

Mnan

Bubnuorpagmyeckune/pedepatmBHbie 6asbl AaHHbIX
nMTEepaTypHbIX MCTOYHUKOB (CTaTbW, TE3UCHI, NATEHTbI,
Matepuarnbl KOHPepeHUMA 1 T.4.)

Ba3bl gaHHbIX nocnegoBaTtenbHocTen JHK
Ba3bl gaHHbIX nocnegoBaTensHOCTEN 6enkoB

Basbl gaHHbIX 3D CTpyKTYp

Basbl AaHHbIX XUM. COEAUHEHUI

Ba3sbl JaHHbIX reHOMOB W @HHOTaLMIA

Ba3bl faHHbIX Bapuaumin reHoma

Ba3bl faHHbIX reHoM-chbeHoTHN

Basbl 4aHHbIX B3aUMOOENCTBIN

Ba3sbl faHHbIX CUrHanbHbIX NyTen

Ba3bl gaHHbIX CEKBEHMPOBAHUS

Basbl AaHHbIX 3aboneBaHuin U MeQULIMHCKOW
nHcpopmaLmm

Ba3bl faHHbIX N0 3KCNpeccum reHoB/rMcTonorum
Ba3bl faHHbIX MO TaKCOHOMUM

basbl JaHHbIX HYKNEOTUAHbIX I'IOCﬂeﬂ,OBaTeﬂbHOCTeVI

HykneotnaHble B — 370 Xp , Mp oLme A ble OT HAay4HOro coobLecTsa
NPe/CTaBAIOWME MX LIMPOKOW OBLIECTBEHHOCTU. PasnnuHbie BJl oTauvalotca no
MCTOYHUKY NOCNEA0BATENbHOCTEN, UX HAAEKHOCTY, WMPOTE aHHOTUPOBaHWA U T.4. B
vaeane B[l fonkHa coaepaThb BCe U3BECTHbIE NOCNEA0BATENBHOCTY.

The International Nucleotide Sequence Database Collaboration — coBmecTHbIi npoext
EMBL-Bank B Esponeiickom WHcTutyTe BuonHpopmatukm (EBI), AnoHckoro 6aHka
fAaHHbix [IHK (DDBJ) 8 LeHtpe MHdpopmaumonHoit Buonorum (CIB) u GenBank B
HaumoHanbHom LieHTpe BuotexHonornyeckoi UHdopmavumm (NCBI).

DDB] =Nl | nsE
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basa gaHHbIx GenBank

OTKpbITan B/l HYKNEOTUAHBIX NOCNEA0BaTENbHOCTEN, yupexaeHa B 1982 .
2017: > 300 000 opraHuamos, ~ 203 M/IH. NocnefoBaTeNbHOCTEN,
~ 240 mnpA. nap OCHOBaHMA

Bl Resources ) How &
GenBank Nucleotide %
GonBank ~  Submit ~ Genomes ~ WGS v Metagenomes ~ TPA v TSA ~ INSOC v Oter ~

Sample GenBank Record

This page presents an annotated sample GenBank record (accession number U49845) in s GenBank Flat File format. You can see
he. g live record for U49845, and see exampies of ofher records that show a range of biclogical features.

scusssas 5028 be  omA BLa 21-Jun-1999
gene, partial cds, and Ax12p
(AXL2) and Revw7p (REV7) genes, complete cds.

vassss

U49845.1 GIi1293613

souURCE Saccharomyces cerevisiae (baker's yeast)
ORGANISM Saccharomyces cerevisise
: Fungi:

1 (bases 1 to 5028)

AUTHORS  Torpey,L.E., Gibbs,P.E., Nelson,J. and Lawrence,C.

TITLE Cloning and sequence of REV7, a gene whome function is required for
oxa 5 5

€11), 1503-1509 (1994)

1 to soz8)

Ax12p, a novel

JOURNAL  Genes Dev. 10 (7), 777-793 (1996)

FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
XX

basa gaHHbix GenBank. CTpykTypa daiina

/translation="MGQPGNGSAFLLAPNGSHAPDHDVTQQRDEVWVVGMGIVMSLIVL
AIVFGNVLVITAIAKFERLQTVTNYFITSLACADLVMGLAVVPFGAAHILMKMWTFGNF
WCEFWTSIDVLCVTASIETLCVIAVDRYFAITSPFKYQSLLTKNKARVIILMVWIVSGL
TSFLPIQMHWYRATHQEAINCYANETCCDFFTNQAYAIASSIVSFYVPLVIMVFVYSRV
FQEAKRQLQKIDKSEGRFHVQNLSQVEQDGRTGHGLRRSSKFCLKEHKALKTLGIIMGT
FTLCWLPFFIVNIVHVIQDNLIRKEVYILLNWIGYVNSGFNPLIYCRSPDFRIAFQELL
CLRRSSLKAYGNGYSSNGNTGEQSGYHVEQEKENKLLCEDLPGTEDFVGHQGTVPSDNI
DSQGRNCSTNDSLL«
FESSETEE 16
/gene="ADRB2«
/replace="a«

/note="Arglé to Gly polymorphism«

ruman  seas9ls P “
Bba3sa aaHHbIx GenBank. CTpykTypa daiina Bases
10,000,000,00...
S0 Sequence 1242 BP; 275 A; 331 C; 326 G; 310 T; 0 other;
atggggcaac ccgggaacgy cagegecttc ttgetggeac ccaatggaag ccatgegeeg 60 1,000,000,000....
gaccacgacg tcacgcagca aagggacgag gtgtgggtgg tgggcatggg catcgtcatg 120
tctctcatcg tcctggecat cgtgtttgge aatgtgetgg tcatcacage cattgecaag 180 100,000,000,000
ttcgagegtc tgcagacggt caccaactac ttcatcactt cactggcctg tgctgatctg 240
gtcatgggee tggcagtggt gocctttggg gecgcecata ttcttatgaa aatgtggact 300 10,000,000,000
tttggcaact tctggtgega gttttggact tccattgatg tgctgtgegt cacggccage 360
attgagaccc tgtgcgtgat cgeagtggat cgctactttg ccattacttc acctttcaag 420 1,000,000,000
taccagagce tgctgaccaa gaataaggec cgggtgatca ttctgatggt gtggattgtg 480
tcaggectta cctecttett geccattcag atgcactggt accgggccac ccaccaggaa 540
gccatcaact gctatgccaa tgagacctge tgtgacttct tcacgaacca agectatgecce 600 100,000,000
attgcctctt ccatcgtgte cttctacgtt cccctggtga tcatggtett cgtctactee 660
agggtctttc aggaggccaa aaggcagctc cagaagattg acaaatctga gggccgette 720 10,000,000
catgtccaga accttagcca ggtggagcag gatgggegga cggggcatgg actccgeaga 780
tcttccaagt tctgottgaa ggagcacaaa gecctcaaga cgttaggeat catcatggge 840 1,000,000
actttcacce tctgotgget geecttcttc atcgttaaca ttgtgeatgt gatccaggat 900
aacctcatcc gtaaggaagt ttacatcctc ctaaattgga taggctatgt caattctggt 960 1985 1990 1995 2000 2005 2010 2
ttcaatccce ttatctactg ccggagecca gatttcagga ttgecttcca ggagettctg 1020
tgcctgegea ggtettcttt gaaggectat gggaatgget actccageaa cggcaacaca 1080 .
ggggagcaga gtggatatca cgtggaacag gagaaagaaa ataaactgct gtgtgaagac 1140 GenBank and WGS Statistics
ctcccaggea cggaagactt tgtgggecat caaggtactg tgcctagega taacattgat 1200
teacaaggga ggaattgtag tacaaatgac teactgetgt aa 1242 https://www.ncbi.nlm.nih.gov/genbank/statistics/
/7
75
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Genbank — is an archive! Contains everything.

Nicotiana tabacum chloroplast JLA region, sequence 2

GenBank: Z71230.1
FASTA  Graphics

FEATURES Location/Qualifiers
source 1..124
/organis cotiana tabacum"

/organel. lastid:chloroplast”

Castro’
/db_xref="taxon:4097"

RefSeq — is a reference sequence database!

“2 NCBI  Resources ) How Tc

RefSeq

Using RefSeq

About RefSeq

fuman Reference Genome

RefSeq — is a reference sequence database!

Sign.in to NCBI

RefSeq v m

RefSeq: NCBI Reference Sequence
Database

A compre non-re t, well-an

reference sequences including genomic, transcript, and protein.

RefSeq Access RefSeq projects

Human Genome Resources and
Download

Consansus CDS (CCDS)

RefSeq Functional Elements

Ecnu HyxeH cnmcok nocrnegoBaTenbHOCTEN BCEX
reHoB YernoBeka — 310 Bonpoc k RefSeq, a He
GenBank!

Mnan

» Bubnuorpaduueckme/pedepatnBHble 6a3bl AaHHLIX
NMTEepaTypHbIX MCTOYHUKOB (CTaTbW, TE3UCHI, NATEHTbI,
Marepuarnsl KOHPepeHUMA 1 T.4.)

* Bbasbl 4aHHbIX nocnegosarenbHocTen JHK

» Bas3bl AaHHbIX NocnegoBaTenbLHOCTeN 6GenkoB

» Basbl AaHHbIX 3D CTPYKTYp

* Basbl 4aHHbIX XUM. COEAUHEHUI

» Basbl 4aHHbIX reHOMOB 1 aHHOTaLMI

» Basbl 4aHHbIX Bapuaumn reHoma

» Basbl 4aHHbIX reHoM-heHoTMN

* basbl 4aHHbIX B3aUMOOENCTBIN

» Basbl 4aHHbIX cUrHanbHbIX NyTen

» Basbl 4aHHbIX CekBeHMpOBaHUS

* Basbl 4aHHbIX 3aboneBaHuin 1 MeQULIMHCKOW
nHcpopmaLmm

» Basbl 4aHHbIX MO 3KCMpeccun reHoB/rMcTonornn

» Basbl 4aHHbIX MO TaKCOHOMUM

GenBank/RefSeq is nucleotide centric, but

FT /translation="MGQPGNGSAFLLAPNGSHAPDHDVTQQRDEVWVVGMGIVMSLIVL
FT AIVEGNVLVITAIAKFERLQTVINYFITSLACADLVMGLAVVPFGARHILMKMWTEGNF
FT WCEFWTSIDVLCVTASIETLCVIAVDRYFAITSPFKYQSLLTKNKARVIILMVWIVSG
FT TSFLPIQMHWYRATHQEAINCYANETCCDFFTNQAYAIASSIVSFYVPLVIMVFVYSRY
FT FOEAKRQLQKIDK FHVQNLSQVEQDGRTGHGLRRSSKFCLKEHKALKTLGIIMGT
FT FTLCWLPFFIVNI QDNLIRKEVYILLNWIGYVNSGFNPLIYCRSPDFRIAFQELL
FT CLRRSSLKAYGNGYSSNGNTGEQSGYHVEQEKENKLLCEDLPGTEDFVGHQGTVPSDNI
FT DSQGRNCSTNDSLL«

FT gariation 46

FT /gene="ADRB2«

FT /replace="a«

FT /note="Argl6 to Gly polymorphism«

XX

Protein sequences are annotate within GB recordsm
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Protein Centric Sequence Databases Protein Centric Sequence Databases

Al CONSORTIUM MEMBER

Protein Information Resource

ATLAS of
PROTEIN SEQUENG
and STRUCTURE

http://pir.georgetown.edu

In 2002, PIR along with its international partners, EBI (European Bioinformatics Institute) and

MargaFEt Oakley DayhOff SIB (Swiss Institute of Bioinformatics), were awarded a grant from NIH to create UniProt, a
1925-1983 single worldwide database of protein sequence and function, by unifying the PIR-PSD, Swiss-
Prot, and TrEMBL databases. As of 2010, PIR offers a wide variety of resources mainly oriented
Margaret Dayhoff, a founder of the field of bioinformatics to assist the pr ion and star ization of protein annotation: PIRSF,®l iProClass, and

iProLINK.

Invented one-letter amino acid code, substitution matrices, etc.
The Protein Ontology (PRO) is another popular database released by the Protein Information

https://en.wikipedia.org/wiki/Margaret Oakley Dayhoff Resource.?l10]

Benkosble 6a3bl AaHHbIX

benkoBsble 6a3bl AaHHbIX

Prot

Nunber of entries in UniProtkB/Swiss-Prot

608k T T T T T T T

500k : L B . News (@lv] ]3]
B/l nocneposatenbHocTel (nepsuyHas) (2002) S———

00k - Ha nionk 2012:

ss0k |- 036 789 nocnegosatensHocTeii s 12 838 naos

208k

108k

L s L L L L

° i
1985 1988 1991 1994 1997 2000 2003 2006 2009 2012 2015

KauecTBeHHO aHHOTVMPOBaHHYH MHAOPMALIMIO O Gernkax

UniProt — Haubonee Bceobbemniowmnii Katanor ¢ o 6enkax, 06b! B Hy)KHO nucKkaTb B UanrotKB
cebe gaHHble n3 UniProtKB/Swiss-Prot, UniProtkB/TrEMBL v PIR.
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MnaH

Bubnuorpaduyeckue/pedepatviBHble 6a3bl AaHHbIX
NUTEpaTypHbIX UCTOMHMKOB (CTaTbK, TE€3UChI, NATEHTHI,
mMatepuarnsl KOHPEepeHUMA 1 T.4.)

Ba3bl gaHHbIX nocnegoBatensHocten JHK

Basbl AaHHbIX NocnefoBaTernibHoCcTelN 6enkoB
Ba3bl gaHHbIX 3D cTpyKTYp

Basbl 4aHHbIX XUM. COEAUHEHMI

Basbl 4aHHbIX FEHOMOB 1 @HHOTaLMI

Ba3bl gaHHbIX Bapuaumn reHoma

Basbl AaHHbIX reHoM-heHoTUN

Ba3bl 4aHHbIX B3aumoaencTBui

Ba3sbl 4aHHbIX CUrHanbHbIX NyTen

Ba3bl gaHHbIX cekBeHMpOBaHUS

Ba3bl gaHHbIX 3abonesaHuin 1 MeQULMHCKOM
nHcpopmaLmm

Ba3bl 4aHHbIX MO 3KCMpeccum reHoB/rmcTonorum
Ba3bl 4aHHbIX MO TaKCOHOMUM

CTpYKTYpHble 6a3bl AaHHbIX

An Information Portal to | Macromolecular Structures

Blological
e A5 of Twrsday Oct 12, 2010 #t 3 P FDT thace are 68562 Structures 0 @ | POB Statistics ©

. A Resource for Studying Biological
Macromolecules

* New Festures  Hido

Improved Domain Disptey
on Sequence Tab

Wetots Fatleace Archare 3]
+ RCSB PDB News  Hide

Weskly | Qusrtary { Yearty |

Categorized Views of
Statecule of the Mesth

i (“ﬂ@

| 1te Wetcome Message

u oatered Molocebes  (rav Catezory e / Prviess
Faamarnns st | 951)

e (RS
i ‘ | & Medecule of the Meath:
| |

PDB — cOAep*nT MHGOPMALMIO 06 SKCMEPUMEHTANIbHO ONPeaeNeHHbIX CTPYKTypax
6€/1KOB, HYKNEUHOBbIX KUCNOT U Pa3ANYHBIX KOMMAEKCOB. 86

CTpYKTypHble 6a3bl JaHHbIX

PROTEIN DATA BANK

Ha despanb 2016: 116 085 cTpyKTyp

O

1o

—— o A 02 o Seama $8 Pt ars 4t 4 P

ASI CLOMEP 0L 1047 20NCINLE?

CTPYKTypHble 6a3bl faHHbIX

POTASSIUM CHANNEL KCSA IN COMPLEX WITH TETRABUTYLAMMONIUM IN HIGH K

]
T . T O (TN S (T (R

POTASSIUM CHANNEL KCSA TN COMPLEX WITH

SIS TETRABUTYLAMMONIUM IN HIGH K

DoLI0.ZTIO/NEIN
Comprands Rovess  navel HYGPAOR Siding Sas »
Lomomi ML, Tl B, Wogeer, 1.5, Gromn . {

| | soemmati o0 rttined .
ok Pkt

P
| 4 noeotwoncesm e ] ,4‘:
VAL

Welght 2120007

(S i e T35
Lengthe 213

Lot 203

& View ie st 54

Longthe 136

ctogcal assantly generated by FSA
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CTpYKTypHble 6a3bl AaHHbIX Basa gaHHbix PDB. CTpyKkTypa daiina

HEADER IMMUNE SYSTEM/METAL TRANSPORT 15-AUG-08  2JK5
POTASSIUM CHANNEL KCSA IN COMPLEX WITH TETRABUTYLAMMONIUM IN HIGH K TITLE POTASSIUM CHANNEL KCSA IN COMPLEX WITH TETRABUTYLAMMONIUM
TITLE 2 IN HIGH K
T COMPND MOL_ID: 1;
COMPND 2 MOLECULE: ANTIBODY FAB FRAGMENT LIGHT CHAIN;
COMPND 3 CHAIN: A;
COMPND 4 ENGINEERED: YES;
COMPND 5 MOL_ID: 2;
KEYWDS IMMUNE SYSTEM METAL TRANSPORT COMPLEX, QUATERNARY AMMONIUM,
EXPDTA X-RAY DIFFRACTION
- AUTHOR M.J.LENAEUS,P.J.FOCIA,T.WAGNER, A.GROSS
REVDAT 1  17-NOV-09 2JK5 0
JRNL AUTH  M.J.LENAEUS,P.J.FOCIA,T.WAGNER,A.GROSS
JRNL TITL  STRUCTURE OF A POTASSIUM CHANNEL IN COMPLEX WITH
JRNL TITL 2 SYMMETRICAL QUATERNARY AMMONIUM COMPOUNDS REVEALS
PR ~ = — JRNL TITL 3 A NOVEL HYDROPHOBIC BINDING SITE
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CTpyKTYpHble 6a3bl faHHbIX

99¢ 9 Cambridge Crystallographic Data Centre
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Fiee Services
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MnaH

« Bubnuorpaduryeckne/pedepatnBHblie 6a3bl AaHHbIX
NMTEPATYPHBIX UCTOYHWKOB (CTaTbM, TE3UCHI, NATEHTHI,
mMaTepuvanbl KoHdepeHumn 1 T.4.)

« Basbl faHHbIX nocnegosatensHocTen JHK

« Basbl gaHHbIX NocnenoBaTenbHOCTEN OEnkoB

« Bas3bl gaHHbIX 3D CTpyKTYp

* Ba3bl 4aHHbIX XMM. COeOUHEHUN

* Basbl 4aHHbIX rEHOMOB W aHHOTaLWIA

« Basbl gaHHbIX Bapuaumn reHoma

« Bas3bl 4aHHbIX reHoM-eHoTUN

* Basbl AaHHbIX B3aUMOAENCTBUI

« Ba3bl 4aHHbIX cUrHanbHbIX NyTen

» Basbl 4aHHbIX CEKBEHUPOBAHUS

* Basbl gaHHbIX 3a6oneBaHnin U MEAULIMHCKON
nHdpopmaLmm

« Basbl 4aHHbIX MO 3KCMPeccum reHoB/rMcTonornn

» Ba3bl gaHHbIX MO TAKCOHOMUM

ba3sbl 4aHHbIX XMMUYECKUX COG,CI,MHeHVII\/'I
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Ba3bl 4aHHbIX XMMUYECKUX COG,D,VIHEHMI‘;I
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ba3bl AaHHbIX XUMUYECKUX COE,CI,MHEHMI‘;I
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properties and chemical reaction data faster
than any other solution.
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MnaH

» Bubnuorpaduueckme/pedepatnBHblie 6a3bl AaHHLIX
NMTEPaTYPHBIX UCTOYHWKOB (CTaTbM, TE3UChI, NATEHTHI,
Marepuarnsl KoOHepeHUn 1 T.4..)

* Bba3sbl gaHHbIX nocnenosarenbHocTen JHK

« Ba3sbl JaHHbIX nocrenoBaTenbHoCTeN GenkoB

» Basbl gaHHbIX 3D CTPYKTYp

* Ba3sbl JaHHbIX XUM. COEANHEHUIA

« Ba3bl JaHHbIX reHOMOB U aHHOTaUUNn

» Basbl 4aHHbIX Bapuaumn reHoma

» Basbl 4aHHbIX reHoM-dheHoTMN

« Ba3sbl JaHHbIX B3aUMOAENCTBUIN

» Basbl 4aHHbIX cUrHanbHbIX NyTen

» Ba3bl 4aHHbIX CEKBEHNPOBAHMS

« Ba3sbl 4aHHbIX 3a00neBaHnin U MEAULIMHCKON
nHopMaLm

» Ba3bl 4aHHbIX MO 3KCnpeccun reHoB/rmcTonornn

» Basbl gaHHbIX MO TaKCOHOMUM

| |

Using Genome

Custom resources

Yuman Geroma

Other Resources

BLAST/BLAT | BioMart | Tools

Search: [(AN species 3] for gl What's New in Ensembl

Release 91 (December 2017)

.. BRCA2 o rat 5:62797383-63627669 or rs699 or o New Primate Species
coronary heart disease
* Update of cat assembly and

genebuild to Fells_catus_8.0

 Mouse: update to Ensembl-
Havana GENCODE gene set

* New and updated probe
mapping data for primates

Browse a Genome

Eind a Data Display

* Microarray Probe Mapping
Update

Eull ¢

Tow e Cowricacs Wy Outn

€e1.11,102837-11. 267,747 184,911 b5,

EIE R R e—

Vs b Abou

UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly
MOV e s« e s ZOOMN A N e e Z0OMOA A b e e

» Requeat onsite merkahoos
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MnaH

» Bubnuorpaduueckme/pedepatnBHblie 6a3bl AaHHLIX
NMTEPaTYPHBIX UCTOYHWKOB (CTaTbM, TE3UChI, NATEHTHI,
Marepuarnsl KoOHepeHUn 1 T.4..)

* Bba3sbl gaHHbIX nocnenosarenbHocTen JHK

« Ba3sbl JaHHbIX nocrenoBaTenbHoCTeN GenkoB

» Basbl gaHHbIX 3D CTPYKTYp

* Ba3sbl JaHHbIX XUM. COEANHEHUIA

« Ba3sbl JaHHbIX FEHOMOB W aHHOTaLWIA

» Ba3bl AaHHbIX Bapyauui reHomMa

» Basbl 4aHHbIX reHoM-dheHoTMN

« Ba3sbl JaHHbIX B3aUMOAENCTBUIN

» Basbl 4aHHbIX cUrHanbHbIX NyTen

» Ba3bl 4aHHbIX CEKBEHNPOBAHMS

« Ba3sbl 4aHHbIX 3a00neBaHnin U MEAULIMHCKON
nHopMaLm

» Ba3bl 4aHHbIX MO 3KCnpeccun reHoB/rmcTonornn

» Basbl gaHHbIX MO TaKCOHOMUM

dbSNP
Short Genetic Variations

ClinVar PubMed Nucleotide Protein
Search small variations in dbSNP or large structural variations in dbVar

Search Entrez for & oo
ANNOUNCEMENT £J

dbSNP and dbVar no longer accept submissions
for non-human organism data. Please read more
here.

SENERAL
RSS Feedb)
ontact Us
Organism Data
dbSNP Homepage

ISearch by IDs on All Assemblies

= NCBI  Resources (© How To &) Siga.in to NCB!
dbVar dbVar + [ Soarch |
Advanced Help

I's database of human genomic structural variation —

sertions, del d tions, inve O nents, and

Getting Started Accessing Data Other NCBI Resources

Ovenview of Structural Variation Structural Variation Data Hub dbSNP

S NCBI  Resources & How To @

oMM

ompendium of human g
ble and updated daily. OMIM is

f Genetic Medicine,
he direction of Dr. Ada

ited at the McKusick
Johns Hopkins University School of

Using OMIM OMIM tools Related Resources
Getting Started OMIM API ClinVar
FAQ Gene

GIR

MedGen
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MnaH

» Bubnuorpaduyeckme/pedepaTmHblie 6asbl AaHHbIX
nMTEepaTypHbIX MCTOYHUKOB (CTaTbW, TE3UCHI, NaTEHTHI,
matepuanbl KOHPEpeHLUMA 1 T.4.)

« Basbl gaHHbIX nocnegoBartensHocTen AHK

» Ba3sbl faHHbIX nocrnenoBaTenbHOCTEN 6enkoB

» Basbl agaHHbIX 3D CTPyKTYp

« Basbl JaHHbIX XUM. COEANHEHNI

T » Ba3sbl 4aHHbIX FeHOMOB ¥ @aHHOTaLMIA
T T e « Basbl gaHHbIX Bapuaumn reHoma
soaeCane comanators e Bacortos ot ks P, « Ba3bl gaHHbIX reHoM-theHOTUN
e " e « bBasbl JaHHbIX B3aMMOAENCTBUN
wa e veigen » Basbl AaHHbIX CUTHAsbHbIX NyTen
Conmect Us _ oMM e
Fop—— Clncl R Seo smacton ot FlSactures » Basbl 4aHHbIX CEKBEHUPOBAHUS
—— ~ o
o e » Ba3bl AaHHbIX 3a60neBaHnin U MEeAULIMHCKOM
nHpopmMaLmm
« Basbl 4aHHbIX MO 3KCMPeccum reHoB/rmcTonornn
» Ba3sbl 4aHHbIX N0 TaKCOHOMMU
(L ==ty (s
(" =
Al dbgap =
———Q o o | rocscsaon
In to dbGa?
— 1CGC Goal: To cbtain & comprehensive
description of genomic, transcriptomic and
dbGaP Data Download dbGaP Data Browser - View Only
The mansgemer ot s 4 ol i e i . o . ICGC Cancer Genome Projects e o e S T e
Ok hee 10 fogin 10 the dbGaP contrelied-access pertal and 1o begin & project request. for -y Committed peojects 1o date: 90 socketal Importance across he giobe.
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MnaH

» Bubnuorpaduueckme/pedepatnBHble 6a3bl AaHHLIX
NMTEPaTYPHBIX UCTOYHWKOB (CTaTbM, TE3UChI, NATEHTHI,
Marepuarnsl KOHepeHUun 1 T.4..)

* Bbasbl gaHHbIX nocnenosarenbHocTen JHK

« Ba3sbl JaHHbIX NnocrnenoBaTernbHoCcTeN GenkoB

» Bas3bl gaHHbIX 3D CTPYKTYp

* Ba3sbl JaHHbIX XUM. COEANHEHUIA

« Ba3sbl JaHHbIX FEHOMOB W aHHOTaLWIA

» Basbl 4aHHbIX Bapuaumn reHoma

» Basbl gaHHbIX reHoM-dheHoTMN

« Ba3sbl gaHHbIX B3aMmMoaencTenm

» Ba3bl 4aHHbIX cUrHanbHbIX NyTen

» Ba3bl 4aHHbIX CEKBEHNPOBAHMS

« Ba3sbl 4aHHbIX 3a00neBaHnin U MEAULIMHCKON
nHdopMaLm

» Ba3bl 4aHHbIX MO 3KCnpeccun reHoB/rmcTonornn

» Basbl gaHHbIX MO TaKCOHOMUM

Ba3bl gaHHbIX B3aMMOAENCTBUM

N -

& STRING

114

Ba3bl 4aHHbIX B3aMMOAENCTBUMN

SMINT Home Search Statistics Downlosd Administration  Contacts/Links About MINT

P62158,095259

hveshon ) ) ()

Ba3bl 4aHHbIX B3aMMOAENCTBUM
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Basbl AaHHbIX XMUMUYECKUX COeUHEHUI

@RUGBANK

WHAT ARE YOU LOOKING FOR?

Tylenol

@ orugs (@ Targets ) (@ Pathways ) (@) indications

@RUGBANK

MnaH
Bubnuorpadmyeckune/pedepatmBHble 6a3bl 4aHHbIX
NMTEPATYPHBIX UCTOYHWKOB (CTaTbM, TE3UCHI, NATEHTHI,
mMaTtepuvanbl KoHdepeHumn 1 T.4.)

Basbl faHHbIX nocnegosatensHocTen JHK
Basbl 4aHHbIX NocneaoBaTenibHocTeln 6enkos
Ba3bl gaHHbIX 3D CTpyKTYp

Ba3bl 4aHHbIX XUM. COEAMHEHUI

Ba3bl 4aHHbIX FEHOMOB 1 aHHOTaLMIA

Ba3sbl gaHHbIX Bapuaumin reHoma

Ba3sbl 4aHHbIX reHoM-theHoTVN

Ba3bl AaHHbIX B3aMoaencTBun

Ba3bl gaHHbIX CUrHanbHbIX/MeTabonuyeckmx nyTemn
Ba3bl AaHHbIX CEKBEHMPOBaHUS

Ba3bl AaHHbIX 3a0onesaHnin U MeOULIMHCKON
nHdpopmaLmm

Ba3sbl 4aHHbIX MO 3KCNPEeCccuy reHoB/rMCToNorm
Basbl 4aHHbIX MO TAKCOHOMUM

KEGG PATHWAY Database

Wiring diagrams of molecular interactions, reactions and relations

Menu PATHWAY BRITE MODULE KO GENES LIGAND NETWORK DISEASE DRUG DBGET

Select prefix Enter keywords
map  Organism Go  Help

[ New pathway maps | Update history ]
Pathway Maps

KEGG PATHWAY |5 a collection of manually drawn pathway maps representing our knowledge on the
molecular interaction, reaction and relation networks for:

1. Metabolism
Global/overview Carbohydrate Energy Lipkd Nucleotide Amino acid Other amino Glycan
Cofactor/vitamin Terpenoid/PK Other secondary metabolite Xenobiotics Chemical structure
Gen nfor Processing

3.
4. Cellular Processes
5. Organismal Systems
6. Human Diseases

7. Drug Development

KEGG PATHWAY is & reference database for Pathway Mapping.

Metacore
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Ingenuity Pathway Analysis
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MnaH

» Bubnuorpaduueckme/pedepatnBHble 6a3bl AaHHLIX
nUTEepaTypHbIX MCTOYHMKOB (CTaTby, TE3WChI, NATEHTHI,
Marepuarnsl KOHPepeHUMA 1 T.4.)

* Bbasbl 4aHHbIX nocnegosarenbHocTen JHK

» Basbl gaHHbIX NocnenoBaTensHoCcTeN 6enkoB

» Basbl gaHHbIX 3D CTpyKTYp

» Basbl 4aHHbIX XMM. coeauHeHnn

» Ba3bl aHHbIX FEHOMOB ¥ @aHHOTaLWI

» Basbl 4aHHbIX Bapuaumn reHoma

» Basbl 4aHHbIX reHoM-heHoTMN

» Basbl 4aHHbIX B3aumoaencTeui

» Basbl 4aHHbIX cUrHanbHbIX NyTen

» Ba3bl AaHHbIX CEKBEHMPOBaHUsI

» Basbl gaHHbIX 3a6oneBaHUi N MeQULMHCKOM
MHopMaLm

» Ba3bl 4aHHbIX N0 3KCNPECCUU reHOB/TUCTONOTN

» Ba3bl aHHbIX N0 TaKCOHOMMN

= NCBI Resources (%) How To &

Sign in 1o NC8I
SRA Seurch
Advanced Help

Getting Started

Tools and Software Related Resources

How to Submit Download SRA Toolkit Submission Portal
Logiin to SRA (for updating and SRA Teolkit Documentation Trace Archive
troublesheoting submissons) SRA-BLAST GaP

Log.in to Submission Portal (for submitting SRA Run Browser BioProiect

sequence data)
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MnaH

Bubnuorpadguyeckue/pedepatnBHbie 6a3bl AaHHbIX
NMTEPaTYPHBIX UCTOYHWKOB (CTaTbM, TE3UChI, NATEHTHI,
Marepuarnsl KoOHepeHUn 1 T.4..)

Basbl gaHHbIX nocnenosatenbHocTen JHK

Basbl AaHHbIX nocneaoBaTernibHOCTEN 6enkos

Ba3bl gaHHbIX 3D CTPYKTYp

Basbl 4aHHbIX XUM. COEOUHEHWI

Basbl 4aHHbIX FEHOMOB 1 aHHOTaLMI

Ba3bl gaHHbIX Bapuaumn reHoma

Ba3bl gaHHbIX reHoM-thbeHoTVN

Basbl AaHHbIX B3aMOaencTBui

Ba3sbl 4aHHbIX CUrHanbHbIX NyTen

Basbl AaHHbIX CEKBEHMPOBaHUS

Ba3bl AaHHbIX KNIMHUYECKUX UccreaoBaHUn u
rnekapcTe

Ba3bl 4aHHbIX MO 3KCMpeccum reHoB/rmcTonorum
Ba3bl AaHHbIX MO TAKCOHOMUM

D) .5. Nstonsi Library of Medicine

ClinicalTrials.gov

Find Studies v About Studies v Submit Studies v Resources v About Site v

ClinicalTrials.gov is a database of privately and

publicly funded clinical studies conducted around
the world.

Pharma intelligence |

Pharmaprojects: track
pharma R&D e

© Druj RED landscape

End-to-end tracking of the global pharma R&D pipeline from bench to patient,
including compary development trends, global development status, and therapeutic © Historicol trends
closs status.

MNnaH

* Bubnuorpadmyeckne/pedepatnBHblie 6a3bl AaHHbIX
NUTEPaTYPHbLIX UCTOYHUKOB (CTaTbW, TE3UCHI, NaTEHTHI,
mMaTepuvanbl KoHdepeHumin 1 T.4.)

« Basbl faHHbIX nocnegosatensHocTen JHK

« Basbl faHHbIX NocnepoBaTensHocTeln benkos

» Ba3sbl gaHHbIX 3D cTpyKTYp

« Basbl JaHHbIX XUM. COEANHEHUI

« Basbl JaHHbIX FrEHOMOB W aHHOTaLMIN

« Bas3sbl gaHHbIX Bapuaumin reHoma

« Bas3bl faHHbIX reHoM-beHoTMN

« Ba3sbl JaHHbIX B3anMoaencTBni

* Ba3sbl faHHbIX CUrHasnbHbIX NyTen

* Bas3sbl gaHHbIX CEKBEHMPOBAHUSI

« Basbl JaHHbIX 3a60neBaHnn 1 MEOULIMHCKON
nHopmMaLmm

* Bas3bl AaHHbIX NO 3KCNpeccun reHoB/rncTonornm

« Basbl JaHHble MO TAaKCOHOMUU
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ba3bl 4aHHbIX 9KCNpeccumn reHos

@ Expression Atlas —TI—

Release nates | FAQs | Downioad | Help  About

Steand-specific RNA-seq of nine chicken tissues

& DU TR

ba3bl 4aHHbIX SKCNpeccumn reHos

Gene Expression Omnibus

GEO is a public functional genomics data repository supporting MIAME-

“2 NCBI Resources ) How To $Sign.in to NCBI
GEOHome Documentation v  Query & Browse v  Emad GEO

C38)

Gene Expression Omaibus

Gane quary

¥ Exact match

Organisms part

Exprossion level cutoff

04 Aoply

‘compliant data submissions. Array- and sequence-based data are
accepted. Tools are provided to help users query and download
and curated g¢ profiles.

Showing 1 ¢f 1 genes found:

Getting Started
Overview

FAQ

About GEO DataSets

About GEO Profiles

Tools
Search for Studies at GEO DataSets

Search for Gene Expression at GEO
Profiles

Search GEO Documentation

Browse Content

Repository Browser

DataSets: 4348
Series: L 94968
Platforms: 18150

Search

130

HUMAN PROTEIN ATLA§"

=MENU  HELP NI

SEARCH

0. RBM3, insulin, CD36

ol S S
s

CELL ATLAS

MnaH

* Bubnuorpaduryeckue/pedepatnBHblie 6a3bl AaHHBLIX
nuTepaTypHbIX MCTOYHWKOB (CTaTbW, TE3WCHI, MATEHTHI,
martepwuanbl KOHDEepeHLUMIA 1 T.4.)

« Basbl faHHbIX nocnegosatensHocTen JHK

« Basbl faHHbIX NocnegoBaTensHocTeln 6enkos

* Basbl gaHHbIx 3D cTpyKTYp

* Basbl gaHHbIX X1M. coeauHeHN

» Basbl 4aHHbIX reHOMOB ¥ @aHHOTaLMI

* Basbl gaHHbIX Bapuauwmmn reHoma

« Basbl faHHbIX reHoM-heHoTHN

» Basbl 4aHHbIX B3anmoaencTenin

* Ba3sbl 4aHHbIX CUrHanbHbIX NyTen

» Basbl 4aHHbIX CEKBEHMPOBAHUS

* Basbl faHHbIX 3abonesaHUi N MEOULIMHCKOM
nHcpopmaLmm

» Basbl A4aHHbIX MO 3KCNPECCHUN reHOB/TUCTONOorK

» Ba3bl AaHHbIX MO TaKCOHOMUM
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TakcoHOomMUYecKume 6asbl AaHHbIX

T - Tas TaKCOHOMMuecKan B[, MMmelowWwan nepapxuieckyo
CTPYKTYPY, OCHOBAHHYIO Ha aHa/NW3e NOCNefoBaTeNbHOCTEN U MPU3BaHHaA YNOPAAOYUTL
KNacCUUKALMIO OPraHM3MOB, AIA KOTOPbIX M3BECTHA XOTA Bbl OAHA NOC/EA0BATENLHOCTD
[HK nnv 6enka.

P Taxonomy
- Bro e

As| compiese nsme =] otk Go | Clear
The NCBI Taxonomy Homepage

These are direct links to some of the organisms commonly used in molecular research projects:

Buaosble 6a3bl AaHHbIX

CopaepxKaT TaKCOHOMMYECKylo, BuBanorpaduyeckyto, reorpadmyeckyio, BU3yanbHYl W

npoYyto MHGOpMaLIo

AlgaeBase content

143,152 species and infrasp names are in the database

Haematococecus pluvialis Flotow

Status of name

rems, 314,920 distributional records

Classification
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