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GWASIZ H [T Hgene-gene interaction® B Y) 1A &
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— Correlated SNPs (Ayers and Cordell, 2010)

— More power while having a lower false-discovery rate
(FDR) (He and Lin, 2011)

— PathwaylZ& =N TWVASNPETZ ITHE/ERAZZEH S

(Lu, Latourelle 2013)

EEFRIR A7 74 ILADIGFE
— Biomarker (ZEMRERIRETF) b\EﬂﬁEﬂ:

FRED DI R /S— X IEAE
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Deep LearninglZ &k %
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Deep learning : BIENSDEE

Bl 7 8 S K

— FEH144F, $92000EM ($1.7B) OEH
— HmEtIN-FEORD

— BIZECEDOTHM - aX FEER LWL

Kaggle (popular data science contest site), recently hosted the

Merck Molecular Activity Challenge (2012).

— to create a predictive model for the biological activity of different

molecules from a collection of 15 data sets.

— Winning model used deep learning in developing their model

Google in collaboration with Standford (2015)

— recently released a study in collaboration with
Pande Lab at Stanford University

— demonstrating the effectiveness of
deep learning as a virtual drug screening tool.

— "Massively Multitask Networks for Drug
Discovery"

Softmax nodes, one per dataset

P

Hidden layers
1-4 layers with 50-3000 nodes
Fully connected to layer below, rectified linear activation

Imput Layer
1024 binary nodes

Massively Multitask Networks
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Deep learning & Z A& L Layh

Greedy Layer-wise Training (2006, Hinton) D12 =
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5) BREOBMNEBETENE. BRI EEBTHIRET S
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Artificial Intelligence & Bl Z&

o EBERMSFEREZIMREE
— WYL D FIERDER
. Virtual screening &1EiR ¢
~ WIS T 59 T AHIE
— BFZEH - ChEMBLIZ %9 % deep learning
- 1I3M L&Y E (ECFP12), 1.3M L&), 5k EHFIZR
- Ligand-based 1ZF A, 778D FAl;E & AUCEEER
- Deep learning: SVM, k-nearest nb, logisticEl )&% &4
- DLTHBEMERESET 5 e |
- BEEOHE. EEEEAD N ’
- )— F&iE1k N g
DR T LI A Y
-y IV REFLY ORIEBE < o -7 |
- DR T L~NOFEE S BUER) L L

_________________________________________

Figure  Hierarchical nature of fingerprint features: by combining the ECFP features we can build
reactive centers. By pooling specific reactive centers together we obtain a pharmacophore that en-

codes a specific pharmacological effect.
1IVLDJOVU
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University of Cambridge and Manchestrer

Artificially-intelligent Robot Scientist for new drugs

— library screening, hit-confirmation, lead
generation’: £ D EHE1E

— Quantitative structure activity relationship
(QSAR) FEZERET S

— Deal with &%/, FEADDHFR

(b FOEELRTTER - EFIMME) %

BHICLTHEE, MlRZaREDFERE

- MEHEBRERF IhAK) ZDRIZMHZ -

— ILIflIzart T FK (“root: assay triple screen”7i &) Robot scientist Eve at work

standardized synthetic
baology assays robal scientist
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2005~ NGSZ15 (454 Life sci)
2007~ —ir o R Bdn
- ' ; - MCW NicEREAFHABEEER WES . —
2010| | “mmwesoem v XIAPOERFITE - & BT e
_ ;EnfﬁllPG o),fi# W » Vanderbilt preemptive PG BRIR > —7 2 241451
XD A (PREDICTHE) Bt RELRA 2139 b
- . BaylorEEF X% y
£ 1t - Earlg#aﬁdopter Mayo Clinic7s &
< I~H &ﬁﬁﬁgﬁ
v -
- - : - Ew 4 NIH “Big Data to Knowledge” &t1E (2012/13)
20]; zl{_l%%i‘?ﬁtzt?\?ﬂ%? = Z ACGM incidental finding list 56 genes (2013)
Bij f ) R JmetvE e NACHGR report “Future is here” (2013)
il i Z7h D#EZ | | cPIC guideline, EGAPP guideline 2013.14
= 0 % - E R BR/£EConsortium
B HA
N R - —
! 7/ LAy REE T TIC yﬂ‘l‘@[f‘?ﬁ
2015 FNATRGE FRAE ft6E% TGIOEEM RIED B EER R E
Precision Medicine initiative
BERDORE

NIH “BD2K "COE in Data Science, DDI (2014)
ASCO “CancerLinQ”, Cancer Common
“Precision Medicine (Obama)” 1 M genomic cohoft TNMIDU
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e T — 20084
R e | 2005~ NGS £15(454) | | |
i :/Aggi’%ggo%;ﬁ i | 2007(Solexa,SoLiD)~ | i },ﬁ%ﬁﬂ"ﬁ’f’ﬁ i
i Hapmap & 5 L ol milias = : | |
owaHEEE | e LBcca 00s) | | 20097
TR Undiagnosed TR RERE
RAIRBEROS AT Genetic Disease®) el 20104
DF A -BEFAHILTTE & E&EFPOCH5E Cancer Driver
& *Preemptive PGx MCW /) 1B 5 e GeneMDEIFE L

Vanderbilt X 22 5% bt MAELER 20114
Dana Faber CC

I FAIVIORER 20134
iE

uuﬁfgﬁéﬁ(clinical implementation)
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B LA 3 v 5 RAEFEHSERED B SRR

Wisconsin K& RE
- FRERAFBEDEEREEDEZE
Vanderbilt X & ZPREDICTETE
- ERRKBBROZEM
Mayo ClinicQEgKR 7/ L —r R
- AABLUVIERICHRLECHRERIZER
- 105 A%/ LDB
T, BRIZHDELDIZZHDRAERE
DFEHREEREROMEZEHNELT
MET—FINR—X
« Mofit Cancer Center (Oracle HRI )
. BIELS R Merk & RO 24y

NHGRI Working Group® ') X k

Major Projects Major Projects

MC Wisconsin Using whole genome sequencing to establish diagnosis in patients Alabama Planning stages for projects in risk assessment, pharmacogenetic

with currently undi d genetic disord analysis, identification of families for further research

Mount Sinal . OYP2C19 ina f platel Baylor Whole exome and whole genome sequencing in Mendelian

u ¢ Festmg for antiplatelet rx post percutaneous coronary disorders tolmprove dlagnasis .
intervention * Selection for gastric bypass surgery vs other wt loss means based
* Personalized decision support for CVD risk management on genetic variants predictive of long-term benefit from surgery
incorporating genetic risk info * 1L28B variants and response to hepatitis C treatment
Northwestern Using pharmacogenomics evidence (from GWA genotyping) to guide ; * KRAS and BRAF mutational analysis in thyroid cancer patients
prescriptions in primary care and assess risk for other conditions Ohio State * Personalized geno‘rmc med study of CHF and HTN pts randomized
such as HFE/hemochromatosis to genetic counseling ys usual care
— = = * CYP2C19 testing in inter i cardi for

Cleveland Clinic | Tumor-based screening for Lynch syndrome, endometrial cancer el

ucsb * Screening for actionable mutations in malignant gliomas and Harvard Whole genome sequencing with integration in EMR and CDS; pilot of
glioblastomas for biomarker based RCTs 3 patients to start

* Targeted rx (such as RET inhibitor) of metastatic solid tumors UPenn ing for of Ml risk in ive C
based on tumor mutation status program
Moreh = . 1200 AT Amen St. Jude’s Pre-emptive PGx genotyping in children
Qrehose E!‘.?m.@ set’uencmg a P llﬂ?rw onslet Severe Airican American Vanderbilt Pre-emptive PGx genotyping for clopidogrel, warfarin, or high-dose
ypertension cases an controls ! ;

Duke * Computer-based family hx collection and CDS tool with 1-yr follow- U Maryland Develop and apply evidence-based gene/drug guidelines that allow
up for perceptions, attitudes, behaviors related to thrombosis and clinicians to translate genetic test results into actionable medication
breast, ovarian, and colon cancer prescribing decisions

Mayo * PGx driven selection/dosing of antidepressants

* SLCO1B1°*5 genotyping and statin adherence
* Effect of genetic risk info on anxiety and adherence in T2DM

* CYP2C19 ing for x post PCI

Tumor-based screening for Lynch syndrome
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- HEM D FIFHR (Genome/Omics)
~ 7/ L F 2y 9 XEH;., multi-omics
- FRIKIRIEZRIZE! (Phenotyping)
— eMERGE-I, PheKB, EWAS
- FN#FE R X 7L (Data Science)
— Data-mining, Knowledge Discovery, A LXNgE

ZEEOHITHAEY Y T—4
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CancerLIiQ

ASCO(KEERKEF=

The ASCO CancerLinQ initiative

— “Learning Health System”# 4 LM "Rapid Learning” D #E =
NAUBEDEWNWTERT B,

— T—ANNINTDREZTHRE. £51t
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I35, #HertEE,. —a—0Oxy FEERFELTEE,
BigDatalZH 1T 5FE VAT LDAARE

20134 (2, CancerLinQd) 70 k&2 A4 %5/, 1085 AL

FDEMNAZER. TEREABRRESES

TMDU
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K EHFEHER L IBM Watson

Learning system® A~ eI X 1£: IBM Watson
- BAREBLE, RKET—IN—XIFER. BEEMEZTMHEE: Deep QAL X T L (jeopardy)
— MITOSTARTEFIEN DA V54 VBREEQAVRT L BREE LV ITIVGEMICHE
—  CMU®MOpen Advancement of Question-Answering Initiative (OAQA) L A T LM EE
— %Eﬂ(ﬁ?;’ﬁ;l&:%%ﬁﬂlﬁv‘#x FERZEEFET HHBRILETILIY XL, TFRX MO HBZEE
—  KRFEFEREE. BXER. MNEERICEYVREDFERENZ AT LO— BB IFERIRICEH
- BAEBEMBICKASINIMHAENZETE R BIAIEL, h—RILE) HER
Memorial Sloan-Kettering Cancer Center (MSKCC)
— The Oncology Expert Adviser software (OEA)
~ IBMT bV UDFREBERNDELIVBEASELERM L. MSKCCOHEF->TWAERKRME (9F - 47
JLT—3 . NARBOERGIURD F)RE) ZHAaEHLE. FHLGZHERCEEDERE
zRET
New York Genome Center
— PABRMEMARBICHLTIYRBOENT7EIRETELLS3XETHY—ILELTY/
LHEEFERIZCTH A v Ehf-WatsonDEHES X T L
—  [XFEE Dglioblastoma (7'Y) 7 H#lifalE) xR, 7/ LESI L ERFR. EFEXXEH o @ERIE
AERTIRE
Z DD WatsonD i FH
— Cleveland Clinic
- MERRANEEIOIS L, REMEGEKRYI2L—23 2005 T, WatsonZ X EERIICFIA L
TIHEFIZ 7 H. WatsonDHEAiTZFAL-EREDEEHETY—IL
— MDA Anderson
— JRERICEYIGEE T 2R IFEHD 5ER(clinical trial) TMDU
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ZHIHFEMESGRTFHIR (Drug-induced
SDE)

— CMAP : Connectivity Map

HRREICKHEGFRERBEIO77/4IILDEL

- K[E Broad Institute,13091t &%), MCF7,PC57% £5 i A
IS4, 7000 BEFHEREBEITOT7M4IL

- Signature Bz FFHIRZIE : ZEMRITEEF)
Signature of Differential gene Expression
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ISieEmERR
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associated SDE)

— GEO (gene expression omnibus),
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Drug Repositioning
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(Goh,Barabasi et al.)
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