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The technology drives the change

MOORE’S LAW
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Data Output

As of October 
2015

We project 4,500 Tb in 2016 (based on 
current installed base and yield)
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THE COST AND SPEED OF GENOME SEQUENCING 
IS NO LONGER THE PROBLEM

MOORE’S LAW
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Reference database

Metabolomics

DNA and RNA sequencing

Imaging

Functional imaging

Metabolome

Lifestyle database

Family history
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Tietojen käsittelyn muutos,

onko lääketiede samassa
murroksessa?
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Genome data and other 
trends
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Global IT companies interested in 
health applications

10/30/2015
1
0

Google

will spend up to $1.5 billion 
to develop treatments 
for age-related diseases.
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Sensors, >10,000 health apps

10/30/2015
1
1

Quantified Self

o Daily profiles

o Deep 
wellness

o HRV

Heart rate

Temperature

Oxygen levels

Blood pressure

ECG

Distance

Duration

Steps

Calories
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Geenit ja ympäristö
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Elämäntavat

Kuntoilu

Ruokavalio

Sairausriski
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Shared genes behind immune 
mediated diseases
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Technology driving and supporting

Individual 
organ group 

approach

Systems 
approach

Change in 
disease 

classification

Effect on ICD classification?
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The opportunity
• An explosion of genomic information from individuals with 

known clinical characteristics and disease outcomes

• Learning from these data, we should accelerate progress 
in:

• Understanding the basis of inherited disease
• Cancer outcomes and targeted therapy
• Identifying targets for drug development
• Infectious disease

• Clinical interpretation of individual genome sequences

David Altshuler, Global Alliance
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The challenge: we can write down genomes, 
but we don’t yet know how to read them
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To learn, we must compare

vs

Normal
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EACH GENE VARIANT HAS A SMALL EFFECT

REFERENCE DATABASE

LIKE

REFERENCE VALUES 

IN CLINICAL CHEMISTRY
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PHARMA R&D SPEND
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HIGH COSTS THROUGHOUT 
THE DRUG DEVELOPMENT PROCESS
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COULD GENOMICS HELP TO CONTROL 
THE RISING COSTS
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LEVERAGING BIG DATA TO CONTROL 
HEALTHCARE COST INCREASE

Imaging files

Published research

EHR / EMR

Claims data

Genomic data

mHealth apps

Biometric sensors

Social media

Clinician notes

Photos, video

Microbiomic
data

Metabolomic 
data

Remote monitoring Email, text 
messages

COLLECTING, 
COMBINING 

AND ANALYZING

PATIENT
ENGAGEMENT

COST 
MANAGEMENT

CUES TO 
INTERVENE
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ACADEMIC RESEARCH INDUSTRY

TOWARDS NEW INNOVATIONS

+
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Biobanks

Gene 
information

Extensive 
health 
records

From biobanks to personalized medicine

Modeling
Data storage 
and integration

Implementation in Health Care
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NATIONAL REGISTERS
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EXAMPLE OF HEALTH HISTORIES FROM TWO PERSONS FROM 
THE NATIONAL BIOBANKS WITH A 40 YEAR FOLLOW-UP
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Type 2 Diabetes

> 10 000 individuals

High Blood pressure

Severe mental health:

- schizophrenia, depression

- > 5000 individuals

Migraine

15 000 individuals

Old age dementia, 

~ 5000 individuals
Cancer

> 10 000 cases

Life style and socio-economic data

- education, economic state, smoking 

Cardiovascular events
stroke, CHD

25  000 individuals

Life course events

Prescription medication data

18 000 statin users

20 000 estrogen substitution th

Cause of death data

Cardiovascular risk factor data

100 000 individuals

National Biobank

201 858 individuals

National Biobanks Finland portal 
130 000 individuals from population cohorts
70 000 individuals from disease collections

Social security numberREGISTROMICS



100K Genome project

$215 million Precision 
Medicine Project

€360 million Personalized 
Medicine Initiative
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GENETIC ISOLATION
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TARGET EVALUATION

POPULATION 
ISOLATE

HEALTH
REGISTERS

BIOBANKS GENOME DATA

+ + +
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EARLY SETTLEMENT 
• 2000-10 000 years ago
• South and Coast

LATE SETTLEMENT
• 16th century
• multiple bottle necks

EXPANSION 
• 18th century – population 250 000
• Today – population 5.4 million

EARLY
SETTLEMENT

LATE
SETTLEMENT
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What are the unique opportunities in 
a bottlenecked population?

• Recessive lethal alleles can 
exist at or above 1%

• Alleles with OR of 2-5 can 
exist at low frequencies

• Both of these types of 
variation are incredibly 
unlikely to reach even .001 
frequency in broader 
European sample

Subset of .1-10% alleles 
are 5-20x more frequent
in Finns than all other 
worldwide populations
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THE 200K
Genome wide genotype data

73 000

Genome or exome sequences
>26 000

NATIONAL
BIOBANK

Extensive health, 
phenotype, 

metabolomic data

Population cohorts

Disease specific 
collections

200 000 individuals
4% of the population

REFERENCE DATABASE

POPULATION SPECIFIC CHIP/GENOTYPING

IMPUTATION

SISU-PROJECT 
SEQUENCING INITIATIVE SUOMI (FINLAND)
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TARGET EVALUATION

POPULATION 
ISOLATE

HEALTH
REGISTERS

BIOBANKS GENOME DATA

+ ++



Y O U R T E S T B E D F O R N E X T G E N E R A T I O N R E A S E A R C H & I N N O V A T I O N



Y O U R T E S T B E D F O R N E X T G E N E R A T I O N R E A S E A R C H & I N N O V A T I O N



Y O U R T E S T B E D F O R N E X T G E N E R A T I O N R E A S E A R C H & I N N O V A T I O N



Y O U R T E S T B E D F O R N E X T G E N E R A T I O N R E A S E A R C H & I N N O V A T I O N

PROTECTIVE GENE VARIANTS



Truncating mutations in 
SLC30A8 seen 3x more 
often in healthy controls 
than diabetics

STRONG protection 
against diabetes !!!
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There are proportionally more 
LoF variants in Finns 

Effects of 
Bottleneck

1. Extremely rare 
variation is depleted:

Most rare variants do not 
make it through

2. Increase in low 
frequency damaging 
variants:

Surviving rare variants 
get a big frequency boost 
to (0.5-5%) in FINs.

3. Boosted variants are 
more damaging:

And bottleneck is recent 
enough that selection has 
not eliminated them* FINs have significantly 

more variants than NFEs

*

*

Lim and Daly 
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Targeted LoF genotyping pilot in 35,000 Finns

LoF SNVs and indels

83 LoF variants

35,000 population cohort

w/ 73 medically relevant 
quantitative traitsLim et al, PLoS Genetics, 2014
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Traits studied include:                With reach through into complete medical records:

LDL

HDL

TG

BMI

SBP

DBP

CRP

HGF

FGF

VEGF

GALECTIN3

VitB12

G_CSF

IL4, IL6, IL10, …

D_DIMER

Pilot study in 35,000 Finns
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Two LPA LoF variants

LoF variant Frequency in Finns Frequency in non Finns
LPA1(4974) 2.8% 0.47%
LPA2(4289) 4.8% 3.6%

227 Finns LoF homozygotes
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Two LPA LoF variants
LoF variant Frequency in Finns Frequency in non Finns
LPA1(4974) 2.8% 0.47%
LPA2(4289) 4.8% 3.6%

227 Finns LoF homozygotes

Linking to National Health Records

No sign of increased morbidity, 

protection for coronary heart disease
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Traditional classifications need re-
thinking

Bipolar disease

Schizophrenia

Epilepsy

Cognitive impairment

Migraine

Major depression

Shared cellular pathways

Comorbidity
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Type 2 Diabetes

> 10 000 individuals

High Blood pressure

Severe mental health:

- schizophrenia, depression

- > 5000 individuals

Migraine

15 000 individuals

Old age dementia, 

~ 5000 individuals
Cancer

> 10 000 cases

Life style and socio-economic data

- education, economic state, smoking 

Cardiovascular events
stroke, CHD

25  000 individuals

Life course events

Prescription medication data

18 000 statin users

20 000 estrogen substitution th

Cause of death data

Cardiovascular risk factor data

100 000 individuals

National Biobank

201 858 individuals

National Biobanks Finland portal 
130 000 individuals from population cohorts
70 000 individuals from disease collections

Social security numberRegistromics
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Nordic population 
opportunities more generally

National biobank and registry 
solutions in Finland and Denmark
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The Danish Civil 
Registration System

Unique person identifier used across 
all records from birth to death or 

emigration

The National 
Patient Register

The Register of 
Causes of Death

The Medical 
Birth Register

The Psychiatric 
Central Register

Redeemed 
prescriptions

First degree relatives, 
Current and past 

spouses, residences in 
Denmark, immigration 

and emigration

Life events and 
stressors as 

unemployment, 
criminal records, 

custodial care etc. etc.

All data available for 
cases, controls/general 

population and 
relatives/spouses

Social factors including 
income, wealth,  

education, household 
crowding, marital status, 

type of job
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Total dynamic population of Denmark

App 8 million. Can all be followed up in registers

Danish population born since 1955

Can be linked to first degree relatives, 

Allowing construction of individual and familial medical 

and social history over decades, etc.

Danish Neonatal Screening Biobank
All individuals born in Denmark since 1981. 2 million persons. 

Can be linked to first degree relatives, and in many cases also

grandparents, uncles and aunts and cousins. 

The neonatal blood spots allow GWAS, sequencing, epigenetics, 

gene expression, metabolomics, IgG measurement, etc. 

>15,000 diagnosed cases of autism
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Different strengths
• Finland

– Targeted case collection 
can be costly 

– Recontacting permitted
– Broad set of registry data 

available for analysis
– Targeted phenotyping

possible

• Denmark
– Targeted case collection 

straightforward
– No recontacting
– Broad set of registry data 

available for analysis
– Only existing registry and 

clinical phenotyping
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Population isolate

Bottleneck effect
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SISU-project
Sequencing Initiative Suomi (Finland)

National

Biobank

Population specific 
chip/genotyping

Extensive health, 
phenotype, 

metabolomic data

Population cohorts

Disease specific 
collections

Genome wide genotype data

73 000

Genome exome sequences

>26 000

200 000 individuals

4% of the population

Imputation

The 200K

Reference database
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Human gene knockouts
Need for human models
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Human gene knockouts
Need for human models
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Population isolates

Bottle neck effect and genetic drift
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Nordic countries

• Similar health care systems
• Similar traditions in epidemiological 

studies
• Similar health registers
• Similar regulations
• Biobanks
• Positive attitude for resarch
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Nordic countries

• Similar boarders between public service 
sectors

• Similar protectionism within each 
governmental institution

• Similar worries
• “It cannot/should not be done” attitude, 

hardwired in Finns…….
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What is quickly needed

• Developing pan-Nordic principals for 
data sharing

• Resolving unnecessary regulatory 
hurdles

• Changing the attitude of registry 
agencies

• Getting the IRB process updated
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The train moves persistently

• Do we want to miss the train?
• Would we like to capitalize on your past investments in 

biobanks and eHealth?
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Clustering of the Finnish mutation in a Botnia 
village around the town of Jakobstad

Flannick J et al, Nat Genet 46,357,2014
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Traits studied include:                With reachthrough into complete medical records:

LDL

HDL

TG

BMI

SBP

DBP

CRP

HGF

FGF

VEGF

GALECTIN3

VitB12

G_CSF

IL4, IL6, IL10, …

D_DIMER

Pilot study in 35,000 Finns

Novel associations to:

* Reduced Lp(A) levels – and through this cardioprotection and, 
oddly, increased diabetes risk

• Galectin3 levels

• Triglyceride levels

• Systolic blood pressure and several immune markers

• D_DIMER levels
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Data on cardioprotective LoF in LPA

8
0

Elevated Lp(a) levels known to associate with 

elevated CHD risk

(Bennel JAMA In Med 2008)

Newly identified protective LoF, 5.5x enriched 
in Finland (MAF=2.8%)

1) Lower Lp(a) levels (p=3*10-58)

2) Lower CHD risk (p=0.01) 

Lim et al PLoS Genetics, 2014
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Similar effect in several study 
samples (heterozygote)
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Technology driving and supporting

Individual 
organ group 

approach

Systems 
approach

Change in 
disease 

classification

http://www.fimm.fi/en/
http://www.fimm.fi/en/
http://www.google.fi/url?sa=i&rct=j&q=&source=images&cd=&cad=rja&docid=qcNYfy4-H-HBYM&tbnid=6j9LBq8-XoVRgM:&ved=0CAUQjRw&url=http://maggiecardiacile.blogspot.com/&ei=-Ma4UdnxE8m3O6L3gZgM&bvm=bv.47810305,d.bGE&psig=AFQjCNGU-iXwik8kkzxYsOlpdm4utTffyQ&ust=1371150431074980
http://www.google.fi/url?sa=i&rct=j&q=&source=images&cd=&cad=rja&docid=qcNYfy4-H-HBYM&tbnid=6j9LBq8-XoVRgM:&ved=0CAUQjRw&url=http://maggiecardiacile.blogspot.com/&ei=-Ma4UdnxE8m3O6L3gZgM&bvm=bv.47810305,d.bGE&psig=AFQjCNGU-iXwik8kkzxYsOlpdm4utTffyQ&ust=1371150431074980


Dramatic increase in scale
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In October, we produced 1,350 human genomes (213 Tb total)!

One human genome every 32 minutes  
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The change is inevitable
• Special opportunities for the Nordic countries

• An opportunity for better stratified medicine

• An opportunity for improved cost efficiency and 
better use of resources

• An opportunity for new innovations and 
commercialization
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THE COST AND SPEED OF GENOME SEQUENCING 
IS NO LONGER THE PROBLEM

MOORE’S LAW
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Example of health histories from two persons from 
the national biobanks with a 40 year follow-up

8
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30/10/2015
8
8

Each gene variant has a small effect

Reference database

like

Reference values 

in clinical chemistry
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National Genome Strategy

The Biobank act
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“Internet of genomics and health”

Distributing and sharing data globally

Common data formats

Connecting parties globally

150 members worldwide 
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An alternative view for research ethics, 
moving from the shadow of World War II to the next step

• In particular, it highlights, and is guided by, Article 27 of 
the 1948 Universal Declaration of Human Rights. Article 
27 guarantees the rights of every individual in the world 
“to share in scientific advancement and its benefits” 
(including to freely engage in responsible scientific 
inquiry), and at the same time “to the protection of the 
moral and material interests resulting from any 
scientific…production of which [a person] is the author”. 
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Biobanks

Genomes

Implementation in 
health care

SISu
Sequencing Initiative Suomi

Finnish Genome Strategy

Ministry of Health and Sitra
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Biobank

Genome data

✓

Implementation in 
health care

Implementation pilots
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