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buonorna 1 maremaTuka

oor Biolagicts! Stalistical g
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HOpMarnbHOEe pa3BUTUE ECTECTBEHHOW Mathematrics...
HayKu NoAapasymeBaeT yBenMyeHne
KONMMYECTBEHHbIX MOAENEW

onucartesibHada ctagnd — Hay4dHble
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MoZenn — UHXeHepus
6uonorusa nsderana 3Toro o4eHb Aonro!

' ,,;-’/ TRISoLIvM
CASTANEUM|

e p ™,
L
s




CnocobeH nu buonor NoYNHUTL Pagno?

“Can biologist fix a radio - Or, what | have learnt while
studying apoptosis”, by Yury Lazebnik i




IBOMOUNSA MaTEMATUKN B DmMosnorum

nobas onucartensHada
Hayka TpebyeT 3HaHUS
CTaTUCTUKN
CTaTUCTUYECKUN aHanmn3 -
MOLLHENLINN NHCTPYMEHT
BO BCEX Haykax, rage
NOCTPOEHNE TOYHbIX
Moaenewn 3atpygHeHo

P (parental) & Cross-
generation w i fertilize
Purple White

Fy generation Self-fertilize

F, generation

| Purple Purple PurpleI White
|
3 : 1




3HA4YNMMOCTb pe3yrbTaToB

pa3smMep BbIOOPKU N apdekTa UMEET peLlatoLiee 3Ha4YeHne B
NHTEepnpeTaummn noboro Kofim4eCTBEHHOIO 3KCNEPUMEHTA

a Impact of sample size on power b Impact of effect size on power

: o
s = 0,05

hm____, 12345678910

;e 002
— 0.01
.-+ 0.005
1 2 3
8 10 12 14 n 8 10 12 14 d
Average expression Average expression

https://www.nature.com/collections/qghhgm/pointsofsignificance



https://www.nature.com/collections/qghhqm/pointsofsignificance

IS \T SAFE

Size oF ONE.

#DataDoodle by @WholeWhale




CTtaTtuctmka n KOTUKU

Marno KTo nobuT ctaTUCTUKY, 3aTO BCE NODAT KOTUKOB (C)
https://stepik.org/course/OCHOBbLI-CTATUCTUKN-/6

X1

' OCHOBbI CTaTUCTUKMU
' Bioinformatics Institute
e

4.9 27K



https://stepik.org/course/%D0%9E%D1%81%D0%BD%D0%BE%D0%B2%D1%8B-%D1%81%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D0%BA%D0%B8-76

MaLlinHHoe oby4yeHune

Krnaccudoukaumnsa

perpeccus

Knacrtepusauyus
YMeHbLUEeHNne pa3MepHOCTU
HEWPOCETH

NOUCK aHOManuu




IBonouUna “ononHdopmMaTUK

MaTemaTtudeckas bumonorus

* anddepeHunanbHble YypaBHEHUS, KAHETUYECKME MOOENN, U T.A4.
CTPYKTYpHasi bBuonHdopmaTnka

* aka bnodmsuka

* poCT cBsA3aH ¢ 6ymom Kpuctannorpadum npotenHoB B 90-e
reHoMHasi bBuonHdopmaTmKa

* pOCT cBdA3aH ¢ 6ByMOM CekBEHNPOBAHNA
cucTtemHasi bnosnorums

* rpadebl (ceTn), banecoBckMe MoaeNn, aHanus NOTOKOB, U T.4.

*  MOMbITKW NUHTErPMPOBATb Pa3fNYHbIE JaHHbIE



CTpyKTypHasa dbmonHdpopmaTuka

npenckasaHne n onanHr HEM3BECTHbLIX CTPYKTYp 6erkos
cumynsuua nosegeHnsa 6enkoB 1 komnrnekcoB 6enok-AHK
“KPYNHO3EpPHUCTbIE” cUMYyNALMK BONbLUMX BMONOrM4YecKnx
00OBLEKTOB (OpraHenn, BUPYCOB, KNETOK, y4aCcTKOB MeMbpaHbl)
OOKMHI MariblX MOJSIeKys (nekapcTs)



Kpuctannorpaduma npoTeENHOB

Gl

MOHOKpUCTanmn npoTemHa
obnyyaeTcsi pEHTTEHOBCKUMU
nyyamm

andppakumMoHHas KapTuHa
NO3BONSAET BOCCTAHOBUTDb
No3nunn nHaOnBMayanbHbIX
aTOMOB C BbICOKOM
OOCTOBEPHOCTLIO



CTpYyKTYypbl, NOTpsAcatoLme BoobpaxxeHune




-EM

He TpebyeT

o
O
| -
S
m
o
I
©
=
O
)
=
I
@
=
Q
Q
(o]
@©
a

()
=
J
>
=
(D)
&)
(1]

Kpuctannunsaumu!

Cryo

x
=
=i
=
<
T
O
=
®
™
o
T

o
o
¥ @©
Wp
2
C3
R ©
Wp
mm

@)
MHH
Q 3
= 2
O O

@©
x
=
™M
©
O
>
Q
=
m
Q.
)
=
=
o
=
@©
T



MOJ'IeKyJ'IFIpHaFI ANHAMUKaA

peLueHune
HbFOTOHOBCKNX

andopepeHuUmanbHbIX
ypaBHEHUN OBUMXEHUSA

Give atoms initial positions F~%_ choose short af

!

Get forces F=-V Vir') and a = F’m

Move atoms: AU = AL + 158 AR+

J

Mowve time forward: =1+ Al

!

Repeat as long as you need MakeAGIF.com




Cumynaumm MUnminoHoOB aTOMOB




donanHr npoTeNHOB

oTnMyaeTcs OT
MOJEKYNAPHON AMHAMUKN
Llenbio 1 noaxoaamm
MOJeKynsipHas AuHaMunka
MOXET MCMoNb30BaTbCA OIS
OanbHeNLero ynyyleHus

CTPYKTYpbl



LOKMHI ManbIX MOMEKYI

BOSIbLLUNHCTBO COBPEMEHHLIX NEKAPCTB MHIMBUPYIOT
depMeHThbI, 6r1I0KMPYA aKTUBHbBIW LEHTP
npeackasaHne akTUBHbIX MOSIEKY MOXET CUMNbHO
CHU3UTb LleHY pa3paboTkn HOBbIX NIEKapPCTB

Ligand Molecular Docking




[ eHOMHasa bronHdopmaTuKa

Nporpecc ced3aH Cc NPOorpeccom B CeKBeHMpoBaHUA
CeKkBeHUpoBaHue - onpegeneHue nocnegosaternibHocTu (OHK,
PHK, npoTtenHa)
3agauu:
*  MOWCK HYKNEOTUAHbIX N NPOTEMHOBLIX NOCeN0BaTENbHOCTEN B
6asax gaHHbIX (blast)
« cbopka reHomoB de novo (De Bruijn graphs)
* BblpaBHMBaHME Ha cOOpaHHbIE TEHOMbI U TPAHCKPUNTOMbI
(FM-index, Burrows-Wheeler transform)



[TpoeKT “reHom 4yernoBeka”
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YHuBepcutethl vs. Celera Genomics

Francis Collins Eric Lander Craig Venter



CopeBHOBaHME CTpaTeErnm

HIERARCHICAL SHOTGUN

= = Genome

Random Reads

l, Assembly
-F-I- --FI-I
T I "
: 1 ' : : 1 1 1 :
i Lo I [ 1
! i b :E Anchoring
]
n
= = Genome Assembly

Public (Universities)
1990-2001 (2003)
3 billion dollars

WHOLE-GENOME SHOTGUN

Celera Corporation
1999-2001 (2003)
300 million dollars



Bo3MOXXHO nn?

COMHEHME B BO3MOXXHOCTM COOPKM KOPOTKUX NPOYTEHUIA B FEHOM
TpyAHOCTM — NOBTOPBI, NIIOX0Ee NOKPbITUE

b
a
T | =

‘ - ‘
T %
| | | | I | N ) |

Sequence coverage gaps

==

Satellite-associated gaps

Segmental duplication-associated gaps

Muted gaps



CekBeHunpoBaHue: pesontoumna 2000-x

CekBeHnpoBaHue reHomMa 4yeroseka ynano B ueHe ot 100
MunnnoHos oo ~1000 $

(€ Cost per human genome sequence
$100 000 000 -

$10 000 000 -
$1 000 000
$100 000 -
$10 000 A

$1000

$100 A

$10 -




Tun 1: Hensy4veHHble BUAbI (COopKa)

e (Cbopka reHomoB (de-novo genome assembly)
e (COopka TpaHckpuntomoB (de-novo transcriptome assembly)

Genome
Reads
Contigs

Scaffolds



Tun 2: YTOYHEHMeE nocrnegoBaTeibHOCTHU

(BblpaBHMBAHNE)

PecekBeHMpoBaHNE reHOMOB
e PecekBeHnpoBaHue yacten reHoma

— i ———
— i e e e e e S i S B S B 22
| = i o ————— ————— — o ——— -
— . ————— ——————

— o e e e o e e e ] e s




Tun 3: KonnyectBeHHbIN aHanm3
(BblpaBHMBaHME) s
N

1)
o
3
T
™
(N

Isolation

\

2. Nlumina
Sequencing

i

e TpaHckpuntom (RNA-seq)
e [lo3numoHHbIK (ChiIP-seq,
genome footprinting)

Sample 1 Sample 2

\
/

3. Align Sequences
against Genome

[Nl
THINT
VTN
I
1!

N
o
3
[
=

Gene Gene A

N

4. Generate Sequence Counts
for all Genes in Genome

30
10
Gene B: 1?0 = 2 fold change

Gene A; = 3 fold change

Gene B



UTO (M KOro) Mbl CEKBEHUPYEM?

[1nasmunabl U KOHCTPYKTbI QyKapunoTbl
Bupycel * HOBblE
e HOBbLIE *  MOAESbHbIE XXUBOTHbLIE
* KONnn4ecTBO (BUpYCHas Harpyska) JNroan
* BapuaHThbl (LUTAMMbI) *  MauneHThl
[MpokapunoThbl e uccnenoBaHWe 340POBbIX
e HOBbLIE BOJTIOHTEPOB

* BapuaHThbl (LUTAMMbI)



[Tpumepbl npumeHeHna NGS

nccrnenosaHue Bapuauum B reHoMe 4YernoBeka
ornpeaeneHne NpMCyTCTBYOWMX opraHn3moB (“6apkoaunHr”)
aHanus3 guddoepeHumanbHON 3KCMPeccumn - CpaBHUTL Te Xe
TKaHW y 6ONbHbIX N 300POBbLIX JOAEN

nonck yvyactkoB [JHK, akTUBHbIX B onpeaeneHHbIX TKaHAX U

YCITOBUSX



BapnatnBHOCTb B reHOMax

SNP (SNV) - Single Nucleotide Polymorphism (Variant)
MoxkeT ObITb reTepo/roMO3uUroTHbLIN

DNA molecujg SNP

—

::,/N\\ - |

) <l CeTGTcClIG TCTTA Maternal chrom.

Paternal chrom.
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Paternal chrom.

G a'T &G e GTCTTA Maternal chrom.
G G F G F 4 GTCTT A Paternal chrom.

B

SNP



Tunel OAOHOHYKIT€OTUAHbIX 3aM€EH

AP eKT 3aMmeHbl paanKkanbHO 3aBUCUT OT ee Tuna

Point mutations

No mutation ~ |
Silent Nonsense Missense
conservative non-conservative
DNA level TTC TTT ATC TCC TGC
MRNA level AAG AAA UAG AGG ACG
protein level Lys Lys STOP Arg Thr

HN MH

H;‘J HZCTOH

basic
polar

HL" MH,"



BapnatnBHOCTb B reHOMax

“‘UNHpensl” - tHCEPUUK
n geneunn

KpynHble CTPYKTYpHbIE
Bapuaumu

Indel examples

wild-type segquence
ATCTTCAGCCATARAAGATGAAGTT
3 bp deletim}
ATCTTCAGCCAAAGATGARAGTT

4 bp insertion (orange)

ATCTTCAGCCATATGTGARAGATGAAGTT

reference

sample

reference

sample

reference

sample

reference

sample

Deletion

Pr—

Interspersed duplication

,

Inversion

complex

reference

sample

reference

sample

reference

sample

reference

sample

Novel sequence Insertion

,

Tandem duplication

}

Translocation

complex




MeguunHckum NGS

recurrence risk: 25%, horizontal transmission,
both sex are similarly affected

e Okono 7000 peaKnx B = carrier
3abonesaHui, 80% ] =symptoms
A = dominant allele (wt)
reHeTn4YeCKunx a =recessive allele (mut)
e OOwaga yacroTa - 5 |

okono 10% Y
e MeHOeneBckue \H A | AA | A8
(0]
oone3Hn - ot 2 0o 5% a | 8 [ aa
genotype: 1:2:1

phenotype: 1:3

Cornelia Schubert, Institute of Human Genetics, Goettingen




YHacToTa n BnmaHne BapnaHToOB

BonbLUMHCTBO
CUNbHO-NATOreHHbIX
BapWaHTOB - pegkme
O PEKT YacTbIx
BapuaHTOB, KaK
npaBuUnNo, oO4eHb Man

Effect size

Low

Rare variants
of small effect

(very hard to identify
&enetic means)

o

Very rare

0.001 0005 ([EESESSwEREN 005

Allele frequency




[ eHbl B reHoOMe 4yenoBekKa

KoaupyoLwme nocnegoBaTenbHOCTM cocTaBnaoT Bcero 1.5%
oT Bcero reHoma (45 M6 n3 3 o)

main components of the human genome

LTR retrotransposons 8%
DNA transposons 3% SINEs 13%

simple sequence repeats B%J'

segmental
duplications 5%

miscellaneous LINEs 20%

heterochromatin 8%

protein coding
genes 1.5%

miscellaneous
unique sequences 12%

introns 26%



UTto Takoe 3Kk3om?

POKYC TONbKO HA KOOAUPYIOLLUMX pernoHax (ak3oHax)

[0- 138]
T0-130]
[0-84]

[0-153]
10 - 266]
[0-151]
10-233]
[0-219]
[0-138]
T0-184]
T0-130]
10- 149]

[0-133] -

chr16
55,880 kb 55,890 kb 55,900 kb 55,910 kb
L i i I P S 2 P | b
L L A L P M
\ i i ' " & & 4 i [ e W
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OoboraweHne AHK

BbloenaiTca TONbKO HYXKHble HaM oparMeHThI
Habop pparMeHTOB MOXET ObITb NpakTU4eckn nobbim!

GENEA &

§§§'°§L’LJZZ"

GENEB &

g , ) F ,

= %g_ iy, Gnhcac

GENEC & “AdGeer

Genomic DNA Library Preparation: Hybridization Capture and Amplification Sequencing
Fragmentation Washing and QC

and adapter ligation



PecekBeHunpoBaHune HK

TapreTtHasa naHenb (1-500 reHoB)
KnnHndeckuin aksom (5000 BaXKHbIX
reHoB) - CES

[MTonHbIN 9k30M (20000 reHos) -
WES

[TonHbIn reHom - WGS

AsnsaTCca HEOOBXOAMMOCTbLIO U Ae
doaKkTo cTaHgapToM npu
reHeTn4Yeckux (Hacrnegyemblx)
3aboneBaHUsX




16S-cekBeHMpoBaHue

Purify DNA from biofilm

282

|-

<m
PCR amplify 165 rRNAgene
==}
e——m
e

Sequence PCR product

\ 4

Compare sequence to database

O

Identify bactenal species

CeKBeHI/IpOBaHI/Ie AMITJTMKOHAa

E 100 ' P ® @0
Q X ) ) e’
8 98 | ‘ .s ‘~.. ! '
2 o' ® % ® b
> 96
o0 [ 1 ] .
§ ; .r::. .
T 9Fe ® .’. ®
< 92 .. ] ® o
=
[a' @ o e v
ren ap L ® species common
w [ boundaries
[(e]
— 88 I' ° | % i |
0 20 40 60 80

DNA-DNA similarity percent

P

100



Oh My Gut!

Co6pano 278%
oT HeobxogMMoro BlopxeTa

-~ 1390 150 py6.

271

YHICTHH K

24000

dakTor
o fakTepuax

anropuTMoR
peKoMeHaaLui

BUTaMUHDB
npebuothkoe

13

BuonHpopMaTHkos

HayyHbIX cTaTel

NpogyKTa NMATaHAR




CekBeHnpoBaHMe TpaHCKpUnToma

De novo - ecnu c6opka reHomMa

CITMLLUKOM TpyAHa, Uin Hy>XKHa Sample RNA cDNA

RNA fragments fragments reads
pasHuLa MeXAay TKaHSMM — L -
Ha xopoLLo aHHOTUPOBaHHbIX ———— e ST T
T |:‘, p _ - - _tz, = |:“ > GGAAANAAGACCCTGTTGAGC
OpraHM3MaX = CBH3b C '*-‘-‘_—'== E CCCOGNGATCCGCTGGGACAA
¢eHOTMHOM MJ-IM ndOBMHMM —_ -‘:-‘-.::; = CTAGCTACGCGTACGCGATCG
R = == = = CATCTAGCATCGCGTTGCGTT
Ll,eﬂl/l: - A T e ) ='_= E_-: CCCGCGCGCTTAGGCTACTCG
o = 52 == =‘: TCACACATCTCTAGCTAGCAT
 KonunyecTtBeHHbIV aHanus3 "=a CATGCTAGCTATGCCTATCTA

aKkcnpeccum = -

0

« [lonck HOBbIX TPAHCKPUMNTOB



XpoMaTuH B ayKapuoTtax

chromatin fiber

Tpn ypoBHA YNakoBKW:
« "DyCbl HAQ HNTKE” - HYKIeOoCOMbI
* 30 HM dmnbpuna
« [lnoTHO ynakoBaHHas CTPYKTypa
- reTepoxpomaTuH
Hykrneocombl cogepXaTt rMCTOHHbIE
NPOTENHDI
OnnHa OHK hs - okono 2 m, pasmep
KNeTKn - nopsaaka MUKPOMETPOB




Genome footprinting

CwMmbIcn: nonmMmaTb Hamboree “pa3BepHyTble” y4acTKM XpomaTuHa
DNase-seq, FAIRE-seq, ATAC-seq

MMMMM

DDDDD




ChlP-Seq

CMbIC: nonMaTb y4acTKu
[NHK, cBsA3aHHbIe C
onpeaeneHHbIM NPOTENHOM
[lenaeTcsa ¢ NOMOLLbIO
CEneKTUBHbIX aHTUTenN

Antigens

Antibody

Add formaldehyde to chemically
bind proteins and DNA

O

Break DNA into small fragments
(usually ultrasound)

O

Precipitate fragments with
the target protein
using selective antibody

O

Amplify the DNA
using PCR
and sequence it

:
:

%%
¥

%

WA YR
WO Y



Kyoa nogatbcs OMonHopmaTunky?

bronHdopmaTmka - KpamHe BbICTPO pacTyLNK PLIHOK
B TOM 4ducne n B Poccuu
BONbLLWMHCTBO NOTpebuUTenen ycnyr - B MegmuuHe 1 Hayke

FRONT ALL RANDOM ASKREDDIT FUNNY VIDES NEWS PICS GAMING WORLDNEWS GIFS MOVIES TODATILEARNED AWW SHOWERTHOUGHTS MILDLYINTE]
. COMMENTS ‘

An Explosion Of Bioinformatics Careers

s s aMablc SCK B ACWE e By Alaina G. Levine | Jun. 13, 2014, 2:00 PM

( Deciding if i snu-u\d study this or not. | have a Masters Degree in Biology. | want to find a way to convert it to a useful career in ]
| Canada Potato english ‘ @
all 40 comments Big data is pouring out of life sciences research, creating ample
el opportunities for scientists with computer science expertise.

[ 0 points 1 year ago
Very. My lab trainees gets jobs easily in both academics and industry




TunndHbin NGS-3KCnepmuMeHT

(A)

Fragmentation Adapter addition
\/‘
dparmeHTayms OHK —> T —>
e ~ T~
nvrauma agantepos o

BbIOOp dpparMeHTOB
HY>KHOro pasmepa
amnnmdukayms
CeKkBeHMpoBaHune

Size selection PCR

(B)  Read1lseq primer Multiplex seq primer

—> —

Insert

Read2 seq primer



bnonHdopmaTuka IRL

[MpakTn4yeckn pabota buonHpopmatnka ~ NGS
Pabota ¢ NGS ~ quality control (QC)
[1ntoc, rpaMmoTHOE NpMMEHEHNe nNoaxoadaLnx nannianHoB

It’s about
finding defects




[MocTtagnnHbin QC

QC akcnepmmMmeHTa 1 NPUroToBNeHnsa dndnnoTekn
- bunonorndeckne HabnogeHUs (KUBbI€ KIETKU, FOMOreHHOCTb)
- KauectBo akcTpakunm OHK/PHK, ee cocTtosiHne
- PacnpeneneHue doparmeHTOB No pasmepy - Bioanalyzer
- PCR Ha HyXHble doparmeHTbl (0O CEKBEHNPOBaHUS)
QC cekBeHaTopa
- Ha lllumina - nnoTHOCTb KNactepos, basecalls, cocTtosiHue
npmnbopa
QC nony4yeHHbIX NPOYTEHNN
QC nocne cbopku N BblpaBHMBAHUS



TunmnyHble paHHKe Npobrnemebl

400 -

300-

35-

150 -

PHK vnn OHK gerpagmpoBan
UpeamepHas/HegocTaTouHass COHMKauus unm gpodneHne sH3nmMmom
OWwmnbKn B KONUYECTBAX PeakTUBOB (MSIOXME peakTMBbI)

BubnunoTeka “HM3KOW CrOXHOCTU” (Mano YHUKarbHbIX pparMeHTOB)
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@Adapter Content
llurnina Universal Adapter

[Mpumep 1
100
llumina Small RMA 3' Adapter

a0 Murnina Small RMA 5' Adapter

Mextera Transposase Seguence
SOLID Small RNA Adapter

Cnuwkom &
KOpPOTKME 2
doparMeHThI 60
CekBeHUpoBaHue =
OOXO0OMUT OO0 KOHUa ao
N NgeT B aganTep s

10

1234587869 1213 18-19 24-25 30-31 35-37 42-43 48-49 34-55 60-61 68-87 72-73 78-78 B4-85
Fosition in read {bp)
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[MpnMepbl XXM3HEHHbIX Heyaau

»  QCFail: https://sequencing.qgcfail.com/

s QCFATL.com

Explaining your errors




HenoHaTHbIe
NPOYTEHUS

BLAST - NOHATb, Kakow
ononormnyecknn suna
MeToauka - YToObl MOHATD,
OTKyJa OHW B3SNUCb

LS. National Library of Medicine NCBI National Center for Biotechnology Information

BLAST® » blastn suite

J blastn | blastp | blastx | tblastn | tblastx |

Enter Query Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &

From

To

Or, upload file

| Choose File | No file chosen ]
Job Title
Enter a descriptive ifle for your BLAST search @

Align two or more sequences &

Choose Search Set

Database Human genomic + transcript *-'Mouse genomic + transcript '® Others (nr etc. )
Nucleotide collection (nrint) T|@
Organism
Optional Exclude &
Enter organism commaon name, binomial, or tax id. Only 20 top taxa will be shown g
Exclude Models (XM/XP) || Uncultured/environmental sample sequences
Optional
Limit to Sequences from type material
Optional )
Entrez Query Youll} Create custom database
Optional Enter an Entrez query to limit search &)
Program Selection
Optimize for * Highly similar sequences (megablast)
More dissimilar sequences (discontiguous megablast)
Somewhat similar sequences (blastn)
Choose a BLAST algorithm &
: BU\ST :’. Search datal Nucleotid llection (nrint) using Megablast (Optimize for highly similar sequences)
e

Show results in a new window

(%) Algorithm parameters




Uem 3aHMMaeTcs mea-onomnHdopmaTuk?

obLleHne ¢ Bpa4oM-reHETUKOM
KOHTPOJSIb KayecTBa 0OpasLoB, aHanus3 rnoKpbITUA, KAaHAUAATLI
aHanms n npvopurtesaumna mytauum

Pe48L/S [ PesaL
L622H
Number of SNVs 502511 677 689 756

22344 Total variants

Excludeif in dbSNP ——> |

Exclude if in control 204 1

exomes/genomes —> ¥ b MLH1

1156 Rare variants

L550P L749P

Exclude non-functional

variants —> ¥
485 Rare variants changing
Exclude heterozygous PRV SROUECE
variants e
26 Homozygous, rare,
. . functional variants
Exclude if not in areas
Y —
of homozygosity Homozygous, rare,
24 functional variants in

autozygousregion
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AdaHHbl€ B LEJIOCTHYIO /" CELLULAR i
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KapTUHY s =

MOnbITKMA NOCTPOUTL . o

NETWORKS

6onee To4Hble S
MaTemaTuyeckue

mMoaenu

INDIVIDUAL

SOCIAL NETWORKS



VIHTerpaumna OMUKCHbLIX TEXHOOIMNI

reHOMWMKa

TPaHCKPUNTOMMKA

npoTeoMumKa
MeTabosiomMmumka

o

©)

JamMnnaomMumnKa
MWUKOMUWKa

Amino Acids

@
oxoproline ® . .
trans-4-hydroxyproline cysteine-glycine
@ . [}
citrulling - @ Peline N-acetylglycine
glutamine rinor o
asparagine
glutamine ® @ iminodiacetic acid
glutamic acid L ] methionine sulfoxide
arginine/ornithing @ e, @ vl
lysine. aspartic acid @ methioning
cysfine @
. isdldUcine = insifyiisning @ cysteine
Aromatics - et -
valine glycine
leucine &
@ ® aragne glycocyamine
" hippuric acid r .
Inddiepacobein . . . aminomalanic acid LI p i d S
kynurenine _ tyrosin . @
indole-3-lactate AR ] pl‘leny\alanm: h é serine gamma-tocopherol
2-phenylpropancl @ yHroR erguate Kl tocobheral aipha  holesterol @
phenol @  salicylic acid pyrophosphate locopherol alpha Kifieteco

5-methoxytryptamine

- beta-tocopherol
phosphoric acid . A stigmasterol

benzoic acid @ el ricine " hydroxymethil-2-furoic acid
salicylaldehyde urcine methylhexadecanoic acid
UDP-glucuronic acid

@ dihydro-3-coumaric acid
hydrocinnamic acid 9 nine

@ 2-hydroxybutangic acid behenic acid @
dithicthraitol . i ydroxy| 2,5-furandicarboxylic acid = launic acid .
’m*e <t ® Q paimitic acid @ isalinolsic acid
glycerol-alpl a—phosphalel d alyceric Ec?éhydmx e acéqyco\lca d Honocemat!:"ld .I i @
© S © 2-tydroxyvalede acid stearic agid @  PIargontc 2k - ;
arabitol S, ® h_:merylhronic agid lactone @ 2-ketoisocaproic acid_ o] arachidic acid JECIRRREIRIE -glvceride
ecxyem.r- . i O 5 3 dihydroxy: glutaric'acid @ @® R
xylitol @ : i s butanoic acid adipic-acid capricacid @y " palmitoleic acid
ribitol. gy mannitol 1%“ acid.” @ : faciivacid . A e
mye-inositel._arythrital - @ o 1 'som.m'”cﬁﬁﬂj,mﬂluws: o iR ketoglliayic atkd montanic acid
threitol TUCEEP gt
, Z. 'rel el @isccitric acid i caprylic acid oleic acid
1,5-anhy: mglucﬁu? xylose LA 9 ; HiCoseihamnose — PITHVICE! ° lincleic acid
conoTLiOHESt il ® 2-deoxytetronic acid cricBoid
%ywcr-sgalactos\de . prﬂpane—l.z.a-tacarboxylale
@ glucose succinic acid

mallose
levoglucosan.. . glucose-1-phosphate

e Carbohydrates and Organic Acids

glucuronic acid



Fatal Familial Insomnia (FFI)

ayTOCOMHO-AOMMHAHTHOE NMPUOHHOE 3aboneBaHne
N3BECTHO BCero 25 cemeu

3HaMmeHunTasa cembsi 3 BeHeTo, cTpagaroLwasa ot
3abonesanuga yxe 6onee 200 ner!

The Familv That
Couldn’t Hh-t‘]}




icTopua gpyron cembi

MaTtb ymepna oT gemeHuun B 52 roga
[lo4yb okasanacb HOCUTENeM MyTaunu
O6a 6pocunu ceoun kapbepsl (B 2013-m
rogy) v obinn NPUHATLI B aCrMpaHTypy
Broad Institute

cureFFl.org

CureFFl .org About  Archives  Contact

Does this mean ['ll definitely get the disease?

Jan 20, 2016 « ericminikel « Cambridge, MA

| am excited to announce today the publication of our new study, “Quantifying prion disease penetrance using
large population control cohorts™ [full text, PDF, perspective piece by Robert Green]. | wanted to write a blog post
to announce it and to offer up the comments section (bottom of this post) as a place for post-publication peer
review. | also wanted to take this opportunity to tell the history of this study, a profoundly personal endeavor that
has grown and taken shape over the entire four year course of my re-training as a scientist.




Ha oaHHbIK MOMEHT

OpraHunzoBanu HebonbLUyto nabopaTtoputo B Broad Institute
Cobpanu aeHbrn Ha KNnUHNYeCcKkne UCnbiTaHus
Ycnenu ewe o4eHb MHOIMO BCAKOro!

Can anle138b delay the onset of $17 217
genetic prion disease? Pledged
Sonia Vallabh & Eric Minikel g

Massachusetts General Hospital 215% $16,800
Funded Next Goal

| a | Open Access




Cnacunbo 3a BHMMaHue!



