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The world’s largest
taxi company, owns
no vehicles.

The world’s most
popular media owner,
creates no content.

The most valuable
retailer, has no inventory.

The world's largest
accommodation provider,
owns no real estate,

TOM GOODWIN
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exploration and recovery

* Renewable energy
Advanced robotics

Autonomous and near- - by McKinsey Global
autonomous vehicles Institute, May, 2013
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Kk Kk ok

make your stuff available on the Web (whatever format) under an
open licensel

make it available as structured data (e.g., Excel instead of image
scan of a table)2

use non-proprietary formats (e.g., CSV instead of Excel)3

use URISs to denote things, WO W

so that people can point at your stuff4

link your data to v e
. I

other data to provide

contexts .

III:H'L'-T.B"

o ror B
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http://5stardata.info/
http://5stardata.info/
http://5stardata.info/
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Sri Lanka will be the first country in the
world to have universal Internet coverage.

http://www.sciencealert.com/google-s-internet-balloons-
will-soon-connect-all-of-sri-lanka-with-wi-fi
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work « Advanced materials
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(4~ 75 4) exploration and recovery

* Renewable energy
Advanced robotics

Autonomous and near- - by McKinsey Global
autonomous vehicles Institute, May, 2013
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glucose tablet dispansing
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o Story of Walmart in ’90
— Put beer and diaper together on the shelf
— Wil increase sales, especially on Friday

o Story of Target in 2012 (NY Times)

— Angry father: why do you mail coupon for
baby-related merchandize to my daughter, who
IS not 18 yet.

— Grateful father: thank you for telling me my
daughter is probably pregnant
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* Energy store

e Automation of knowledge ¢ 3D printing
work « Advanced materials
e Advanced oil and gas
e Cloud technology exploration and recovery
(Z = B i) « Renewable energy
e Advanced robotics
e Autonomous and near- - by McKinsey Global

autonomous vehicles Institute, May, 2013
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A smart power grid

Power transmission

3 generation

.Srnartgrid l‘_.I'I'III'I'I. :
operation/management

HrrLC
cwer transmission {Power Line Communication)

gl
=) I
To smart grid

= network e

ransmission

RFiZigBee
(IEEEBD2.15.4)
BElectic vehicle
{incorporating
_rechargeable batteries)
— Green power e —
==, generation =

owWer transmission

http://sg.renesas.com/ecology/eco_society/smart_grid/



Automation of knowledge
work

Advanced robotics

Autonomous and near-
autonomous vehicles

Next generation genomics
(FT8 * Z_R)

Energy store
3D printing
Advanced materials

Advanced oil and gas
exploration and recovery

Renewable energy

- by McKinsey Global

Institute, May, 2013
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Angelina Jolie and genetic testing

Company Technology Cost
23andMe [llumina HumanHap550+ BeadChip, oligonucleotide bead $399
arrays in microwells on bundled optical fibers for detecting
550,000 SNPs plus 30,000 additional SNPs selected by
23andMe
deCODEme Illumina Human1lM BeadChip, for detecting >1 million SNPs $985 introductory price
Knome lllumina genome sequencing platform $350,000
Life Code Undisclosed SNP genotyping arrays €1,200 to €2,400
Navigenics  Affymetrix Genome-Wide Human SNP Array 6.0, a $2,500 plus $250 per year
photolithographically synthesized oligonucleotide chip for “for continuous service”
detecting 600,000 SNPs

Fox, J.L., Nat Biotechnol, 2008. 26(10): p. 1105-8.

http://www.nytimes.com/2013/05/14/
opinion/my-medical-choice.html? _r=0
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Moore’s Law

Need only 1,000 USD

to sequence a human
genome by the end of
2012.

Il\llllmmmllﬂ” National Human

||||I ‘Illl Genome Research
Institute

genome.gov/sequencingcosts

$1K Wﬁ—ﬁ?—ﬁﬁ—r

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

http://www.genome.gov/sequencingcosts/
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T e N MAM2 _l p53 —> formation
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o
©

Bond GL, Levine AJ. (2007) A single nucleotide polymorphism in the p53
pathway interacts with gender, environmental stresses and tumor genetics to
influence cancer in humans. Oncogene. 26, 1317-23. Review

Crystall ball picture was taken from http://www.tuaw.com/images/2005/07/crystal_ball2.jpg
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Breast cancer

(55 patients)

Plotted based on the data described in
Science, 314, 268-74 (2006)
Science 318, 1108-13 (2007)
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Mobile internet (#

- B g =% T By Y R

The internet of things (4~ 25 %)

- R R SRR OES >F B T HEEAKR
(evidence-based decision making) |

Cloud technology (Z 4 # i)

— HREERE gop B =>4 P r‘}ﬁﬁiEfE{—‘éJ
Next generation genomics (#7+  Z_5)
— B R R ORI E o A A E x fga

27



LA T E ARG R
3 enfEdr R S tg 3 4

. i i LA - < RO e - d b H - DDEJ;;H:‘@HT
Left and middle figures: http://www.samogden. QLA Qi

com/Human_Genome_Project.html

Right figure: http://www.sciencemag.org/
cgi/content/full/291/5507/1221/F1
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The genomes S ——
Encyclopedia of DNA elements Eroconcina
(ENCODE) - S

The cancer genome atlas (TCGA) o v |+

cells _»_C-Mycbinding site

Library of Integrated Network-based ™= R T —
cellular signatures (LINCS)

Stem Cell database (StemDB)
.., etc.

P S

HEPG2_MYC_BAX_trt_cp

National health insurance research
database

Taiwan biobank LTt
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Mational Health Insurance Research Database

MEW greammaes i

) 3F i 57 B R ) |
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(SR 25880 - BE (HiHE
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Copyright 2003 Mational Health Research Institutes. All rights reserved.

http://w3.nhri.org.tw/nhird/ 32



Meaningful Use Criteria — Stage 1

Using information to track
Electronically capture ! . key clinical conditions and

health informationin a .- communicating the information
structured format for care coordination

Reporting clinical quality
measures

Implementing clinical
decision support tools

Stage 1

http://www.cntit.com/healthcare-solutions-practice-
management-emr-government-emr-incentives.htm 33
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# # i & (mobile health, mHealth)

77—

SR\
TR m

Therapy Fields That Offer the Best Market Potential for mHealth

Solutions

Survey participants’ perception of market potential

Diabetes

Obesity
Hypertension
CHD™

Asthma

CoPD**
Depression
Chronic pain
Sleep disorders
Alzheimer's disease
Cancer

Multiple sclerosis

Other=*=

* CHD refersto coronary heart disease. %

Source-research2guidance Global mHealth developer survey , n= 231; OECD, WHO data.

research2guidance

Share of Respondents
COPD refersto chronic obstructive pulmonary diszase
**% Other chronic diseases such as HIV, Aids, epilepsy, infectious diseases, other less seriousillnesses

Number of CD patients globally

220 million
400 millien (1.6 billion overweight)
“1 hillion

15 million p.a. have a stroke

300 million
210 million
121 million
35.6 million

7.4 million p.a. die

300,000 in U5

http://www.research2guidance.com/global-survey-results-220-million-diabetes-
patients-are-the-main-target-for-mhealth-app-developers-in-the-next-5-years/

35


http://www.research2guidance.com/wp-content/uploads/2011/01/Market-potential-for-mHealth-blog-image.jpg
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http://www.ithome.com.tw/itadm/article.php?c=77236, 2012-11-14
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e Hundreds of intimate pictures of female celebrities,
Including Oscar-winning actor Jennifer Lawrence, were
leaked overnight after being stolen from their private
collections and posted on infamous web forum 4chan.

 Final Destination actress Mary Elizabeth Winstead -
another of the hacking victims - claimed that she had
deleted her intimate shots years earlier, suggesting that
fully removing i1Cloud images may be more complicated
than previously understood, or that the hacker had been
compiling the images for some time.

http://www.newsweek.com/hundreds-intimate-celebrity-
pictures-leaked-online-following-suspected-icloud-267851 31
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oA AR A P TR R 3 s Taiwan view
oo B4 A TR AR B

“" English | A3
) t
% »z f.l Taiwan|Biobank
® -
- m

S
ey BNG VA T B EETE ol e T
- December, 2012 : ' Genome Scre I a3 a0l 2, JOE e
TaiwanView database et E———
2.0 now available.

Database Information
Version: 2.0
Subject: 1802

Source: healthy controls
Update: 2012112117

http://taiwanview.twbiobank.org.tw/taiwanview/twbinfo.do# 43
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(Clinical Informatics & Management System)

({ﬂ} 5% % 45§ CSIS
@ omagon Sv4em JREER
(%/l # s Unique Identifier)
Patient Clinical information H;j S
e

BWERLT
STAMS % % 1% % PTMS Informed consent

Survival %
04 0.6

(Specimen (Protocol Tracking —
Tracking & . - and Management .
Management System) - 27 —
System) « 3 " %-C?g o o e .w = year
] 1} PPPPP ‘ _!;:;? Fe Analysis
B http://www.cims.tw/
Specimen High throughput data
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http://tc2.ntu.edu.tw/en

Lol et

Lung Cancer Clinical Trial

Consortium

ErTHEFRmNBE

Oncology Phase | Consortium

EHEEREBE

Gynecologic Oncology Group

DiEF &SR

Consortium of Lipid and

Atherosclerosis

EHEEEEHAEE

COPD consortium

RSB

Fediatric Infectous Diseases

Alkzance

\/

\/

\/

\/

EAFcRFEEFRBBE

Taiwan LiverMet Consortium

\/

EXSEEsEEfEEERe
WEE

Taiwan Gastrointesiinal Disease
and Helicobacter Cu:-nﬁn:ur.ium\/

IEEFRNMEIERE

Breast Cancer Consortium

()

EDEfAMEmNBEE

Consortium of Hypertension

associsied Cardiac Dissase \/

EhhEEmRBE

Fabry Disease Consortium

\/

EnsmErmuEE

Consortium for Mental Disorders

\/47
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Pedigree data Logic checking
from an interview & data freezing 48
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Epithelial-mesenchymal transition (EMT)

bload vessels tumor cells tumor cells undergoing EMT

Reactive stroma

" inflammatory cells:
imacrophages (green),neutrophils
(blue), mast cells (orange))
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= EMT picture was taken from

w http://www.cli-online.com/
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End of genome Concept of precision medicine
proj.2003 National Research Council, 2011
Reorganization of NIH translational
genome proj 2000 medicine 2004
Next

Obama’s precision

Celera generatign medicine initiative
Genome proj 1998 sequencing 2015
began 1990 2007

e |

NIH Big Data to
American Recovery and Knowledge (BD2K)
Reinvestment (ARRA) Act &  Initiative, 2012
Health Information Technology

for Economic and Clinical

Health (HITECH) Act, 2009 -



~ Py 3] 73 (Big Data to
Knowledge, BD2K)

UCSD is inviting Taiwan to establish
a “‘data discovery index” jointly

Dear Prof. Yang,

.. NIH is calling for the establishment of a consortium to create
a ""Data Discovery Index" to facilitate sharing and reuse of
biomedical data.

.. Please let me know if you are interested. We sincerely hope
that you can join this consortium and we think your support
Is crucial to the approval from NIH. Also, it would be great if
you can help us reach out to other Asian countries, like
Japan, China, Hong Kong, and South Korea.
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Total bases sequenced 10,773,734 Kb 10,177,251 Kb

Raw heterozy gous variants (number) 165,125 156,440

Common heterozygous variants é é’ $TO Q—H <5 35,953
A

Rank ICN

1 S100A6
Variants not in dbSNP or 1000 genomes database é :[fé?[_t;) ?li;‘ 8,102 > KCNN3

3 NGF
Variants not found in other 10 non-SCA patients’ exome data 5715 4 KCNA2

5 KCNC4

c 6 KCND3

Variants resulting in amino acid sequence changes 489 KCNA3

8 SPTAT
Variants present in the linked region (1p21-q23) 11 9 HIST2H2BE

10 SHCT
Variants completely segregating with disease phenotype in the pedigree 1

Hsu et al (2011) Prioritizing disease candidate genes by a gene interconnectedness-based approach. BMC Genomics, 12: S25
Lee et al (2012) Mutations in KCND3 cause spinocerebellar ataxia type 22. Ann. Neurol. doi: 10.1002/ana.23701 62



Nature Reviews Neurology 8,472 (2012

; published online 14 August 2012; doi:10.1038/nrneurol. 2012, 165

RESEARCH HIGHLIGHTS

Mutations in KCND3 linked to spinocerebellar ataxias

The efforts of five independent research
groups have identified mutations in the
KCND3 gene that cause spinocerebellar
ataxia (SCA) type 19 and type 22. The
groups used a combination of genetic
linkage analysis in affected family
pedigrees and exome sequencing to
identify mutations in KCND3, which
encodes voltage-gated potassium channel
K 4.3 subunit—a protein that is important
in membrane repolarization.

€& . mutations in KCND3 ...
might underlie ... SCA19 and
SCA22 %%

“We screened through numerous
candidate genes without success,” explains
Bing-wen Soong, who led one of the teams,
“until we performed exome sequencing to
pinpoint a defect in ... KCND3, which is
implicated in cardiac arrhythmia but not
known to cause neurological diseases.”

SCAs are a hetereogenous group of
neurodegenerative disorders characterized
by extrapyramidal and peripheral nervous
system involvement and autosomal
dominant inheritance. The disease loci
fop SE/AL2 and SCA19 were previously

mapped to chromosome 1p21-q21 by
linkage analysis in large Chinese and
Dutch kindreds, respectively. SCA19
and SCA22 disease loci overlap, and the
disease-causing mutations were previously
thought to be allelic.

Rare disorders such as the SCAs
often occur in small pedigrees, in which
traditional genetic analysis cannot identify

Wild-type K 4.3 protein is associated
with the plasma membrane, whereas
the mutated protein found in patients is
retained in the endoplasmic reticulum.
Electrophysiological studies showed
that mutations in KCND3 impair both
channel function and neuronal excitability,
suggesting these changes might underlie
the slowly progressive cerebellar

Kthnmwwm gister,

W
I+ v

»—
7,

mutations in the KCND3 gene in the
original SCA19 and SCA22 families.
Burmeister’s group and Giovanni
Stevanin’s group also identified new
mutations in two other families. Three
further mutations in KCND3 were
identified in Japanese SCA22 kindreds by
Shoji Tsuji's group. Notably, none of the
mutations identified in SCA19 and SCA22
tamilies was found in healthy controls.
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without a family history of SCA—still the
majority of patients with ataxia.

Ellen Bible

Original articles Lee, ¥-C. et al. Mutations in KCND.3
cause spinocercbellar ataxa type 22, Ann. Neurol
doi:10.1002/ana.23701 | Duari, & et &l Mutations in
potassium channel KENDZ cause spinocerebellar ataxia 6
type 19, Ann. Newrol doi: 10,1002/ ana.23 700
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Thirty-one legged race
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Glutamate

Postsynaptic

Recent evidence indicates that
enhancing N-methyl-d-aspartate
(NMDA) neurotransmission with the
treatment of NMDA/glycine site
agonists, such as d-serine, or a
glycine transporter-1 (GlyT-1)
antagonist, N-methylglycine
(sarcosine), can improve symptoms
of schizophrenia.

GlyT-1 inhibitor i1s more efficacious
than the NMDA/glycine site agonist
in treatment for schizophrenia,
including life quality and global
function, at the dosages tested.

Hsu et al (2008) A protein
interaction-based model for
schizophrenia. BMC
Bioinformatics

Lane HY, Lin CH, Huang YJ, Liao
CH, Chang YC, Tsai GE. (2009)
Int J Neuropsychopharmacol. 4, 1-10.
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Toward Precision
Medicine: Building a
Knowledge Network for
Biomedical Research
and a New Taxonomy of
Disease.

An expert consensus
report prepared by the
Committee on a
Framework for
Developing a New
Taxonomy of Disease

© 2011 The National
Academy of Sciences
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A New Initiative on Precision Medicine
Francis S. Collins, M.D., Ph.D., and Harold Varmus, M.D.

Collins, F.S. and Varmus, H. (2015) A New Initiative on Precision Medicine.
The New England journal of medicine.

http://www.nih.gov/precisionmedicine >
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 Precision medicine is an emerging approach for
disease prevention and treatment that takes into
account people’s individual variations in genes,
environment, and lifestype.

* The precision medicine initive will generate the
scientific evidence needed to move the concept of
precision medicine into clinical practice.

— Revised from http://www.nih. gov/precisionmedicine
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— Innovative clinical trials of targeted drugs for adult and
pediatric cancers

— Use of combination therapies

— Knowledge to overcome drug resistance

+ P % — Jc § A7 3 ¥ % ¥ (cohort)

— Create a research cohort of over 1 million American
volunteers who will share genetic data, biological
samples, and diet/lifestyle information. All linked to
their electronic health records if they choose.

— Pioneer a new model for doing science that emphasizes
engaged participants, responsible data sharing, and
privacy protection. 71
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Advance pharmacogenomics, the right durg for
the right patient at the right dose

Identify new targets for treatment and prevention

Test whether mobile devices can encourage
healthy behaviors

Lay scientific foundation for precision medicine
for many diseases

— Revised from http://www.nih.gov/precisionmedicine
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