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Kak Bce Ha4YMHanocCb?



YTO TAKOE TEHOM?

na 6buonora

1 ot oy | Loy | ALl | |
AbATATATTGCCTTTATCGGGATA
ATTTTTTTACTATCCCAATAAMTLE

AGAATTTATTCTTTTGGATCTAGG

J CATTGTTAATATTCAATTTTAGC
n ﬂ M ACTCTAAGAACTAGTATATTTATA
- CCTTadbATTTGAAATTGATTTCA

AGGTAAAAAAGCCAAATATTTATGTGTATCTGTGGT TATTCCCCCTAATCCTGEAAMATGETTAA NTGCC
GhbasTACTCCATGATTCTGCATGCCATCAAT AAAAGCTTCTACCATAAGCCCAATATTATAAGCAGAAT
ATCCCCCAAATETTCTATTTAGT AAAGGGGTAT TGO TATAAATTTTATGTCGECAACTGEAGCCATATT
ThbATTAATACCCAACCTACGCAATTCT TTAGCAAGAACTTCACCAATTTTATAGATAAGATGCAAATCT
TTGACATTCCCTACATACTCCATAGCCGEAAAA T TATAAACTCCCATTTTTTTATTTTCACTAGCTCTAC
TAACTATCCCTCCCTCTTCATCAATAGCAATAAAAATATCATGTCCAATATGACTTTTTATTGEGC TAAT
CAATCCTTTTGTTTGCTCAGCATCTTTTAAATTTTCTCTAAATAAAAT TATACCAATCGGATTAATCTTT
TTTATTCTATTAATATCATCGGCATTAAGTCCTTGAACATTTTTAAMATTTGT TAAATTTCTAATTCCAA
TAAATAATCTTCTATCTTTTAAAATAGT TTGAAAATCAAATTCACCTAAAAACCTAATTAAATCTACAAG
ATCTGATTTATCCTTAT T AAAATATTCATAATCTAT TTCTGOCAAAGATTCTATCGCAAATAMMTTT Ak
Cindrn i AGATAAAAGA T AAAGCTTTTAAAMAGCCCATCTACAACACCCAT TAAGCAATCCATAATCTTT
TGATAACAAAGTAGAAAGAGAACAATACAMATCTTTAGTAGCAT TAGAAT TACCAACTCTCTTTCTACAA
CAATATTTGTACCTATCTTCAAGATAATTACTATTAAGCAACATGTCGATAAATAACTTCGCAGGAAGGA
ATCTTTTACTTCTGTCAACCE T TAAAATCAAT AT TTTCCATTAATTTTAATACTTCCCACGTTATTTG
CTCAACCGAAATATATTTACCAACTTCTTTATCTTGCTCTATAATTCTAATGGECATTTTTTCTATTATT
TTATCAATGTTTTTTATCAAATATTCTAAATTAAAAAGCCCGOTAGCGCAAT TAMATAACAGCTTATTAC
CCTTATTCTCAAACTCTTCTATAATTTCTGAAGAAATACCTCCACCAATATCAACACAAGT TARACGATT
CTCACTATTTACTGCCAATACCCCTCCCTTAAAATCTGTCTTACTTTTAAAACT AAATTCAAATCCAGAA



] eHOMBI pa3HBIX OPraH3MMOB

Saccharomyces cerevisiae complete genome
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Good Quality DNA X-Ray images

* Mopwuc Ynnknuc n PoszannHg PpaHKANH

Rosalind Franklin Franklin’s X-ray diffraction
photograph of DNA



Nobel Prize in 1962
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PacwnoppoBaTb reHETUYECKNN KOA,

ALAAS T TAALTALT TLTUGA TLGLAA T TUUL T AAALASGA | A | A4 1 | AAAAALSLAN | LiAbAL | ALLTA]
AATTTACCATAAT TATATAAATCCTATCT T TTATAATGAAAACTATAAATATATTGCCTTTATCGGGATA
TTAACAGCTTATAATGAATGGATTCAAATACAGT TCAGTCCCATAAATTTTTTTACTATCCCAATALATC
AAGATTTTGT T TCAAATGCT TATTTTAATTTAGCTTTCACTATTTACATTGT TAAATATTCAATTTTAGE
CGATACACTTACTATAAMATTCTTTAT TOGAACCCAAGTCGATT TAACTCTAAGAACTAGTATATTTATA
GoAAAAACAACTAATGCATTTCTCTATCCAATCCTTCCCCTAAT TACCT TAAAATTTCAAATTGATTTCA
TACCTAATAACTATAGCATT TAC TATAMAT TATCAACTTCTTTTAAAGAATTTATTCTTTTGGATCTAGS
AATTTCTATATTTATACCATAAAAAATTTTASACATTTTTCTTCT TTTTCAAATATTT TAACAALAGACT
ATCCAATTGTCTAAATATAAAAAAT AL TAAACTGACAAAGACT ALASACAMATTTTTAAGCAATTTTACT
AAGGAATAAGAAC TATATTTATACCTGAACT TAAAGACTTTTTAATAGCATTTTCAATATTAGAAAAACT
TeTTGTAATTOCTC LA TAT TAT AAGAATCTGTTATCATAATACTAGTAATATTTAGATTTTCTCTTATA
ATATTAACAATACTTTTAGACATGCTAGTTATATCTTTAGAAAT T TTAGGAACATTTGCATGGCCAATCA
TEATAAATTTAGAAGTCTTOCCAAAAACAAACOGCACAALATTAT TTAACAT TAAAMAGCTTTTACTATA
AGGTAAAASAGCCAAATATTTATGTGTATCTGTGGTTATTCCCCCTAATCCTGGAAAATGLTTAATTGED
GAAAATACTCCATGAT TCTGCATGCCATCAA TAALAGC TTCTACCATAAGCCCAATATTATAAGCAGAAT
ATCCCCC AR ATGTTCTATTTAGT AAAGGGGTATGTGLTATAAAT T TTATGTCGECAACTGGAGCCATATT
TAAATTAATACCCAACCTACGCAATTOT TTAGCAAGAACT TCACCAATTTTATAAATAAGATGCAAATCT
TTGACATTCCCTACATACTCCATAGCCGGAAAATTATAAACTCCCATTTTTTTATTTTCACTAGCTCTAC
TAACTATCCCTOCCTCTTCATCAATAGCAAT AAAAATATCATGTCCAATATGACTTTTTATTGCGCTAAT
CAATCCTTTTGT T TG TCAGCATCTTTTAAATTTTCTCTAAATAAAATTATACCAATCGLATTAMTCTTT
TTTATTCTAT TAATATCATCGGCAT TAAGTCCTTGAACAT TTTTAAAATTTGT TAAATTTCTAATTCCAA
TAAATAATCTTCTATCTTTTAAAATAGT TTGAAAATCAAAT TCACCTAAAMACCTALTTAMATCTACAAG
ATCTGATTTATCCTTAT TAAAATATTCATAATCTATTTCTGECAAAGAT TCTATCGCAAATAAATTTAAL
CAAAAALAGATALAAGA TAAAGCTTTTAAAAAGCCCATCTACAACACCCATTAAGCAATCCATAMTCTTT
TEATAACASAGTAGAAAGAGAAC AATACAAATCTTTAGTAGCATTAGAATTACCAACTCTCTTTCTACAA
CAATATTTGTACCTATCTTCAAGATAATTACTAT TAAGCAACATOTCOATAAATAACT TCGLAGGAAGGA
ATCTTTTACTTCTGTCAACCGTTAAAATCAATGGATTTTCCATTAATTTTAATACTTCCCACGTTATTTG
LT A GAAATATAT TTACCAACT T TTTATCTTGCTCTATAAT TCTAATGGGCATTTTTTCTATTATT
TTATCAATGTTTTTTATCAAATATTCTAAAT TAAAAAGCCCGGTAGCGCAATTAAATAACAGCTTATTAC
CCTTATTCTCAAACTCTTOTATAATTTCTGAAGAAA TACCTCCACCAATATCAACACAAGTTAAACGATT
CTCACTATTTACTGCCAATACCCCTCOCTTAAMATCTGTCTTACT TTTAAAACTASAT TCAAATCCAGAS

1] SEES O F TET | YH_BRSH0kidhid L] alF SYATAGEEe alpna chaln [MyCoplasma conjuncti’

HTﬁkVVSILDVVLLAKGQYPWKEQQFF?IKNKPNIQ&VVIQAQQDQAVLLFNNQKGSVDINDELUELNDF
DEVETSEEFFGTIVDFSGTI IEPANQEYLMFLPHRSSAFATAASILGRENLDTOLYTGILSIDLFMPIGL
GOREL IVGDROTGKTHIGIMA L INQRDTNIKC [YWSVYGOKRONLSFYLKALRENNALDNT I IFHAPSTSP
FEQYLIPYFAMAHAEMLSYDSDMLIVFDDLSEHASMYREVALLTNOP I GEEAFPSDIFY THSKLLERSGE
FYGRHSITALPILOTVODDITSLISSNYISITOGOI ITSSALF AEGK IPAYNIGLIVSRTGSSMOARNYR
DVSKEISSIYYNYOROIKLSKELDYDLNOOTSOLLFEGSO IEQFLLOKGY SFYSPEVWLMGIK I TSWGLLE
NISEPSRVYDF INTLIEYDRFAKR IYOKYNONOFYDDELARMYFATAVNOFLEVMNSKERLE IELEFPET
SEKTISTIIAKLKKEGIGAR
MATNLMEYSLLIKDOIKKYANKIISDOKGYIITIGDGIVRVSGLODYLLNELYEFENGAYGIALNLEPNS
YEVYMLSDYYDLKEGSSYERTGEY I QAPYGDGLLGRY IDP IGLP IDGKGELKNI SGY AP TERLAYGYMOR
ESWYHOPLETGILAIDSMLPIGEGOREL L IGDROTGETTIALDT I INQK GENVNC T YA TGORNSSVYAQLT
RLLEETGAMAYTTINSATASELAALSY LAPFAGYT IGEEWHROGKDYLIYYDDLSKHANAYRALSLLLER
PPGREAYPGD IFYLHSRLLERAGKLSDELGAGSITALPIIETOAGDI SAYIPTNYISITOGOLFTTTSLF
NSGORPATHYGL SV SRVGSAAQLE S TR OQMSGSLELELAQYRELDTFSOF SSDLDAETE IVLEHGARWHEN
FEQPOAKPIDOTSEAVLLFGIENRFIEWIPTOHI IKFREF ILDK IROQDOY YK IEEKKAFDDEIEREL TA
FFKDWKK Y TSTLUDYNGSL YCDLKELE
MADELMEYYALIKTEIKEYSKE IFMNIEIGON I SVADG L ARMSGLENALLNEL T QFENNI QG IVLNLEQHT
MGIALFGDYSSLREGSTARRTHIMME TPYGDVHLGR IYNALGEA IDGRGD IKATEYDQIER IAPGYHMERE

SYNOPLETGILTIDALFPIGKGOREL INMGDROTGKTALAIDT I INOKDKDVYCA YA TGOKNSSYAQIYH

OLEYNDSHEY T TV CATASDSDSMYYLSPFTGI T IAEYWLKEGKDML IVFDDLSKHAYAYRETLSLLLERP
PGREAFPGDVFYLHSRLLERACKLMDENGGGS I TALP I IETOAGD ISAY IPTNYI SITDGOLFHYSSLFN
AGORPAINIGLSYSRYGSAANTKATKOOTGSLELELAQYSEL DSFSOF GSDLDENTKKYLEHGKRYHMEMT
KOPNGEPY SOWHEALFLFATNEAF IKF IPYDE IAKFKORI TEEFMGSHPLFKELSHKKEF TEDLESKTET
AFEMLYKRFISTLTDYDITKFGSIEELN

>Qi| 54626004 | ref | YP_1155658.1] FEF1 ATP synthaose subunit alpha [Mycoplasma hyopne

MHED INIAAL IKNE IENFEGK IONHD IGKM T IYGDGYALYSG I ERNKF GELYEFENNYLGTALNLEQDLI
GV IMASENSYFOGS IVRRTESYI ST TVGDOLLGRYYNALGIP IDGKAELDNSLK SATF TNAPSIHDRES
VDRGLETGILAIDSLYPIGKGORELT IGDROTGKTTIAIDA ILNOKGKNYYCYY YA TGORNSSMAQIVEL
LEKEGAFEYTTYILAGASEL SPLOYLAPYSGAA TAEYWHMNKEKDYL T IYDDLSKHALAYRTLSLLLRRPP
GREAFPGDIFYOHSYLLERSAQLSMDKGGGSITALPI IETOAGD ISAY IPTNYISITDGOIFLRDSLFNS
GOKPAIDIGLIYIRYGSAA0TNLMEWASISLELNLADYNELKAF AQFGSDLGPSSOL ILDRGNKIVEILK
QENOYPLTERQOIMLLILIRENLIDSLEQKSIPLFKSAFLEY CDSEPKFROKIEKMIYNRYLEPHHLAGT
LKDITDF IEKFHLGNYF
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PoxxaeHne 6MOMHOOPMATUKM
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MeTtoa cekBeHUpoBaHUA CaHrepa

1992 r Hobenesckaa npemua no xumum 1980 .

ATGC
¢y |

e 1977 ron,

Hayan ¢ nonyyeHmsa NnonHOM
aMUHOKMUC/IOTHOM
nocaeaoBaTelbHOCTU MHCY/IMHA B
1951-52

The Wellcome Trust Sanger Institute, 1992



[lepBbIN OTCEKBEHUPOBAHHbIN FEHOM

e 1995

bakTepua Haemophilus
influenzae —2emounsHasa
nas1I04Ka uau nasovKka

lpelichepa




[1pOeKT reHOMa YenoBekKa

e Started in 1990
* Finished 2001/2003
* Sanger Sequencing







Next Generation Sequencing,
or NextGenSeq,
or NGS
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Cost per Genome
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NextGen Sequencing Revolution

Human genome —
130 Volumes, double-sided,
4pt, ~ 43,000 chars per page

. X-chromosome — 7 volumes
" Y-chromosome — 1 volume
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Next Generation Sequencing

1. DNA Fragmentation and Adaptor Ligation 2. Surface Binding and Bridge Formation

DNA-seq S— e
RNA-seq \\/1 -
Chip-Seq \\\/
MNase-Seq 3. PCRAmplfication
Hi-C

Massive parallel sequencing

1 million to 43 billion short reads per instrument run



Cnon reHOMHOW KOAUPOBKU

ONAsequence | i

— Encoding into sequence: genes, exons, introns,
promoters (some), enhancers (unclear),
transcription factor binding sites
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INMUreHeTnKa

Levels of DNA Packaging in Eukaryotes

DNA double helix

ALY A
Nucleosome core of ¢ 6\@ p ﬂ\”'smnem

eight histone molecules
Chromatosome /‘

250-nm-wide fiber

WAL B e ——

700 nm

Fig_11-05 Genetics, Second Edition © 2005 W.H. Freeman and Company 1400 nm



Cnon reHOMHOW KOAUPOBKU

* DNA marks: EpigenOmiCS Hi-C, Hi-3C and more....

— Methylations, histone modifications, chromatine
packaging

Methylated Histone H3

di-methy! arginine

»‘~\ 5 : » . \\. (.‘\ ‘ / tri-methy! lysine
including methylation of Histone H3, acetylation
of Histone H4, and phosphorylation of Histone




BTopon cnom reHOMHOM aHHOTaLU UK

Methylated CpG DNA

These include methylation of the DNA on cytosine
bases, a modification that can further be




BTopon cnom reHOMHOM aHHOTaLU UK

Nucleosome

.
:
) 1

X ). . )
. ’ 1 ‘
TRBLE
..\‘.( 4\ [‘ ‘ e : \. ! octamer .
. oxidized, as well as modification of the histone
tails that emanate from the core of the nucleosome.




BTopon cnom reHOMHOM aHHOTaUUU

Acetylated Histone H4

Histone H3, acetylation
of Histone H4, and phosphorylation of Histone




BTopon cnom reHOMHOM aHHOTaUUU

Phosphorylated Histone H2B




TpeTnn cnon — cTpykTypbl AHK

A. A-DNA

B. B-DNA

C. Z-DNA

’

Twist = 33° Twist = 36° <Twist> = -30°
Rise = 2.56 A Rise = 3.38 A <Rise>=3.7 A
Roll = 6° Roll = 0° <Roll> = 0°
Inclin, = 21° Inclin. = -6.0° <Inclin> = -6.2°
x-Dis. =-45A x-Dis. =0.23 A <x-Dis>=30A
P-Tw = -7.5° P-Tw =-4.4° <P-Tw> = -4 4°

A. H-DNA | B. Holliday Junction| C. G-Quadruplex | D. i-Motif

Book chapter “DNA Structure: Alphabet Soup for the Cellular Soul ” by P. Shing Ho and Megan Carter



TpeTnn cnom reHoOMHOU KOANPOBKM

— CTpYKTYpbI AHK
* DNA structure
— quadruplexes, triplexes, Z-DNA, stem-loops,

cruciforms,

https://3dprint.nih.gov/discover/3DPX-010444



HaKonneHune AaHHbIX



ENCODE: Encyclopedia of
DNA Elements

MAKING A GENOME MANUAL

EXPERIMENTAL TARGETS

DNA methylation: regions
layered with chemical methyl|
groups, which regulate gene
expression.

Open chromatin: areas in
which the DNA and proteins
that make up chromatin are
accessible to regulatory pro-
teins.

RNA binding: positions
where regulatory proteins
attach to RNA.

RNA sequences: regions that
are transcribed into RNA.

ChlP-seq: technique that
reveals where proteins bind
to DNA.

Modified histones: histone
proteins, which package DNA
into chromosomes, modified
by chemical marks.

Transcription factors: pro-
teins that bind to DNA and
regulate transcription.

Methylation

CELL LINES
Tiers 1 and 2:
widely used cell
lines that were
given priority.
Tier 3: all other
cell types.

Every shaded box

represents at least
one genome-wide

experiment run on
a cell type.

Scientists in the Encyclopedia of DNA Elements Consortium have applied 24 experiment
types (across) to more than 150 cell lines (down) to assign functions to as many DNA
regions as possible — but the project is still far from complete.

RNA
Sequenceg

RNA

3
"

-

s O
e

a9 9

7 a7

a

So far, scientists have =+ 7 -,

examined 13 of about g
60 known histone L B
modifications and .

120 of about 1,800 kS
transcription factors.

TG
”

types are yet to be
interrogated.
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hidden layer

(= 15 neurons)

output layver
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A genomic code for nucleosome
positioning

Eran Segal’, Yvonne Fondufe-Mittendorf?, Lingyi Chen*, AnnChristine Thastrém?, Yair Field?, Irene K. Moore?,
Ji-Ping Z. Wang” & Jonathan Widom*

'\.l‘i\nkcr DNA

\

Nature 2006



Deciphering the splicing code

Yoseph Barash'“*, John A. Calarco*, Weijun Gao', Qun Pan?, Xinchen Wang'*, Ofer Shai', Benjamin J. Blencowe*
& Brendan J. Frey'**

Alternatively spliced exon

300 nt,, 300 nt 300 nt,, 300 nt
}‘ > < |"(— |

RMNA feature
extraction

Feature set
Predicted change in

exon inclusion

Tissue type —» Splicing code —» ' 1\-4( '
C 1]

Nature 2010




Epigenetic code

Discovery and characterization of chromatin states for
systematic annotation of the human genome

Jason Ernst!2 & Manolis Kellis!:2

L v A A6
- ' Activation Activation

Nucleosome
H2A



PAK



PAK

bone3sHb reHOMma

' AT
|’ MG w2 _
?i:‘ “m{‘ )!l lgl If( nﬂg(;gu E éﬁEhFué E:EE;;
=[5> 8 e
IIL TR YT R ¥ T :—_'J— =
M gt NIy }fc E
9 2 2 2 ney . . 9_+ .
fidtie 1960

[ 1 ° ° °

Next Generation’ sequencing instruments are
providing new opportunities for comprehensive
analyses of cancer genomes



Lessons learned

» Heterogeneity within and across tumor types

> MNepedpasmpya Havyano AHHbI KapeHeHoW:

Bce HOpmanbHble reHOMbI
NOXOXXU APYr Ha ApYra,
Ka*AblU PaKOBbIU reHOM
HeHOpPMaJZiIeH NO-CBOEMY.

>Challenge in Treating Cancer

Every tumor is different
Every cancer patient is different



THE CANCER GENOME ATLAS

National Cancer Institute |Searc
National Human Genome Research Institute

E m About Cancer Genomics Cancers Selected for Study Research Highlights Publicatic

Program Overview

. — Explore how The Cancer Genome Atlas
' '/ ‘ e \ works, the components of the TCGA

\ Research Network and TCGA's place in the

cancer genomics field in the Program
Overview.

T SN .
I '{ ; : ) l Learn More »

N ~
| (* s TCGA's Study \ Researcher Cancers ?ii_ About TCGA
| = "-;:«': of Esophageal ' Studies Own Selected for /’
[ Cancer 5 ME Cancer Study =



Active Tumor PrOjeCtS THE CANCER GENOME ATLAS @

Timeline to Completion of Comprehensive Analysis for Each Tumor Project

Colon (and rectal) - Head and Neck
- AML - Stomach . Kidney Papillary

l

- Kidney (Clear Cell) Thyroid

accomplished

| |

Mar-11  Jun-11 Sep-11 De¢-11 Mar-12 Jun-12 Sep-12 ec-1T Mar-13 Jun-13 Sep-13 Dec-13 Mar-14 Jun-14
LGG
Lung Adeno - Melanoma
- Breast (Ductal + Lobular)  Bladder Non Papillary - Lymphoma

- Lung Squamous - Prostate - Cervical



TCGA BY THE NUMBERS

TCGA produced over -, TCGA data describes -including

PETABYTES . DIFFERENT RARE

of data ‘ TUMOR TYPES CANCERS
..pased on paired tumor and normal tissue sets

To put this into perspective, 1 petabyte of data collected from

24 ll “I 11 0 0 0

212 000 PATIENTS

DVDs .using

7 DIFFERENT
DATA TYPES
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RESEARCH ARTICLE Open Access

Tissue-specific impact of stem-loops and

quadruplexes on cancer breakpoints -
formation
Kseniia Cheloshkina and Maria Poptsova ® BMC Cancer (2019) 19:434

487,425 breakpoints from 2234 samples covering 10 cancer types

stem-loop- based model best explains the blood, brain, liver, and prostate
cancer breakpoint hotspot profiles

quadruplex- based model has higher performance for the bone, breast, ovary,
pancreatic, and skin cancer.

For the overall cancer profile and uterus cancer the joint model shows the
highest performance.
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Fig. 1 a Number of breakpoint hotspots by chromosome and type of cancer for 0.1% labeling type. b Correlation between different
cancer profiles. ¢ Breakpoint density in general cancer profile across chromosome 17 (in Mb). d Number of breakpoints normalized by

chromosome length
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Comprehensive analysis of cancer
breakpoint hotspots with machine
learning models
* non-B DNA structures

* genomic regions
* chromatin structure

* transcription factor binding sites
* epigenetic markers
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Conclusions

* Non-B DNA structures are the major
contributors followed by transcription factor
binding sites and genomic regions.

* Contributions of individual features inside the
groups revealed G-quadruplexes and repeats
from non-B DNA group, CTCF, GABPA, RXRA,
SP1, MAX and NR2F2 from transcription
factors group and promoter and 5’UTR
regions.



Pan Kypuseunn

TexHuyvyecKul dupekmop Google
The future of the world: a forecast up to the year 2099




the

AW

of the
SINGULARITY

The following predictions were made by Ray Kurzweil
in his book The Singularity is Near.
Kurzweil, now the Director of Engineering at Google,
had made 147 predictions since the 1990’s and has maintained
an astonishing 86% accuracy rate.
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Computers are embedded
PR TR everywhere in our

Three-dimensional \ 2 R, ) -environment {furniture,
nanotube lattices are the 0, 5 jewelry, walls, etc]
"°:“"‘“" computing The digital world makes compu' Sk e dsarible
trat

I paper books and to total brainpower of the

documents almost human race =5

completely obsolete

®
B
2

N 4 Language translation
machines are now routinely
used in conversation

Creative Al is now capable y v
of making complex art Autonomous vehicles now

: dominate our roads
and music Humans begin to develop

deep relationships with Al




The manufacturing,
agricultural and
transportation sectors of
the economy are almost
entirely automated

2029-2039

Computers are now
capable of autonomously
learning and creating
new knowledge

Artificial intelligences
claim to be conscious
and openly petition

for recognition of this fact

A $1,000 USD personal
computer is now
1,000x more powerful
than the human brain

VR eyeglasses and
heaphones are replaced
with computer implants

Advanced brain mapping
leads to hundreds

of distinct subregions in

the brain being identified



* 2020 - NepcoHanbHble KOMNbOTEPDI

AOCTUTHYT BblYMUCINTENBHOM MOLLUHOCTWN,
CpBBHVIMOVI c HesqopeyeCKMM MO3TOM.

* 2028 — ConHeyHan saHeprua ctaHeT

HACTOJ/IbKO AELLEBON U PACMPOCTPAHEHHOMN,
4yTto byaeT yAOBAETBOPATb BCEM CYMMAPHOM
3HepreTU4ecKkom notTpebHOCTM YesnioBeYyecTBa.

* 2033 - Camoynpasnsemble aBToMO6UAU
3anoNHAT AOPOrMW.



* 2036 - Mcnonb3ysa noaxoa K 6uonorum, Kak K
NPOrpaMMMpPOBaHUIO, Ye/1I0BEYEeCTBY BMepBble
yAaCTCA 3aNporpaMMmMpPOBaThb KNETKU ANS
neyeHua bonesHen, a ucnonbsosaHme 3D-
NPMHTEPOB MO3BOJIUT BbIPALLMBATL HOBbIE TKAHU U
OpraHbi.

e 2037 — MMraHTCcKunit NpopbIB B NOHMMaHUM TalHbl
YyenoBeyeckoro mosra. Hekotopble U3 aArOPUTMOB
byayT pacwmndposaHbl U BKNKOUYEHbDI B
HEeMPOHHbDbIE CeTU KOMMNbIOTEPOB.



HobenescKaa npemusa no
dU3NoN0OrMn U meanumnHe

*203X O[] - 3a oTKpbITHE

aNropnuTMmoB paboTbl reHoMa

¢ 203X o — 3a

NporpamMmMmmMpoBaHmNE KIeToK






C © & https://www.hse.ru/ma/adbm/

Visited @ Getting Started

B HaumonanbHbIi uccneaosarenbckuil yHuBepeuteT «Bhiciuan wkona akoHoMukny — ObpasoearensHbie NporpamMmmMbl MarMcTpaTyphl
(Mockaea) — ®akynkTeT KOMNbIOTEPHLIX HayK — Maructepckas nporpamMma «AHanu3 faHHbIX B Guonorvmu u meauumHe»

MarucTtepckas nporpamma

AHanu3 aaHHbIX B BMONOrMn n meauumHe

Marucrparypa npeHasHa4yeHa 1 6akasiaBpoB B 00/1aCTH IPUKJIAHOM
MaTeMaTHKH ¥/ WIN aHAIN3a AaHHBIX U CIIEUANHCTOB, paboTaomux B 0671acTH
HayK O JXH3HU M JXeJIal0NUX TPUoOpEeCcTH WK YCOBEPIICHCTBOBATh HABBIKHA
MAaTEeMaTHIECKOr0 MOJECTMPOBAHNA U aHAIM3a MEAMUKO-0M0IOriYecKnX JaHHbIX.

ITporpamma Hamne/ieHa Ha MOATOTOBKY OyAynuX JMAepoB OHOMHMOPMATUIECKHAX
HCCJIEIOBAHIMA, 00J1aaI0IMX KOMIIETEHIIUAME /1151 pa3paboTKy ¥ MpUMEHeHHS Ha
IMPAKTHKE BEIYUCTUTEIHHBIX METOZOB € LELI0 PEIIeHU 3a/1a4 B Pa3/IMYHbBIX
o0s1acTax 6MONIOrMHE ¥ METHIIMHEL.

[ 3apaTh BONpOC O nporpaMme ]

AKageMu4ecKuid
PYKOBOOMTEND
Menndang Muxaun

Cepreeevy



Hay4yHo-y4yeOHasn nabopartopus
ononHdopmaTUKn

&« ¢ o @ @& https:/fcs.hse.ru/big-data/bicinform/ Bl | e 7 O HYN BuouHdopMaTHKM

{fr Mast Visited @ Getting Started

O nabopaTtopuu

MpoexT

MyGnukawmm

Jlaboparopus obuasnser Habop

[T — craxépos-uccnepoearenei!

CemuHaps no
GuoukHdopmaTHKe

HayuHble cemuHapbl

" Kowg - CoapnaHa B 2018 rogy Ans pa3suTa HanpasneHws GuouHdopMatuki Ha OKH. Bnarogaps

PEBOMIOLUMK B BLICOKO-NOTOUHbLIX TEXHONOMMAX CEKBEHUPOBaHUA BuonHbopMaTHKa cTana Haykoi
Cemunap no 0 BonblWWX AaHHLIX reHoMWKK. OCHOBHLIMK HaNpaBneHWsAMK 06pa3oBaTENLHON U HAYYHOR
murn ; JesTensHoCTH naGopatopun SensTeA QyHAAMEHTaNEHbIE UCCNEA0BaHWS PONKM BTOPUYHBIX
gmﬂ;:p:nmm cTpykTyp OHK B thyHKUWMOHMpOBaHUK reHOoMa, opraHu3aumrn xpomatuHa v JJHK-6enkosbix

B3auMogelcTeni. [poxoas CTaXWPOBKY B nabopaTopuy, CTYAEHTbI CMOMYT NOrpy3nTLCA B
aKTUBHYIO Hay4HYIO AEATENbHOCTL Ha paHHUX cTanusax obydyeHus. JlabopaTopus COTPYOHUYAET C
BeaywMMi naopatopusMy BUOVHOPMaTUKKN MUPOBOro YPOBHS.

PyxoBogMTeN:
naGopaTopum

®KH nposen nepsyio MeXxayHapOAHYIO LLKOAY NO
MAWwmnHHOMY 0ByueHuio B BuonHpopmarmke

GepreaaHa

Ten.: +7(962) 909-51-53
mpoptsova@hse.ru
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