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Population isolates

Bottle neck effect and genetic drift



• Small Number of Founders
• No Immigration
• Isolation

– Geographical
– Linguistic, cultural

• Rapid Expansion

Population History



Expansion
• 18th century -

population 250 000
• Today -

population 5.3 million

Late
Settlement

Late Settlement
• 16th century
• multiple bottle necks

Early Settlement 
• 2000-10 000 years ago
• South and Coast

Early
Settlement



1670 40 families 
1750 1208 inhabitants 
1800 3059 inhabitants 
1910 10 599 inhabitants 
1995 18 281 inhabitants 
 
immigration negligible

Internal Isolates: 
Kuusamo



GRACILE (death in infancy) 
LAAHD (intrauterine death) 
FSH-RO (fertility disturbance)

EPMR (progressive retardation) 
PEHO (progressive retardation) 
TMD (muscle disease) dominant

RAPADILINO (growth disturbance with malformations)
LCCS (intrauterine death) 
IOSCA, OHAHA (progressive retardation)  

CHS (progressive retardation)  
vLINCL (progressive retardation)

HYDROLET (intrauterine death) 
SALLA (progressive retardation)  

MKS (intrauterine death) 
MEB (severe retardation) 

TCD, CHM (eye disease), X -recessive
INCL (progressive retardation) 
HOGA (eye disease)

DTD (growth disturbance)
JNCL (progressive retardation) 
CHH (growth disturbance) 

MUL (growth disturbance) 
FAF (eye, nerve and skin disease) dominant 

USH3 (ear and eye disease) 
PLOSL (progressive retardation)

AGU (progressive retardation)
CLD (watery diarrhea) 

NKH (severe retardation)
LPI (metabolic disease) 
CCD (watery diarrhea)

APECED (autoimmune polyendocrinopathy)
RESCH, RS (eye disease), X- recessive

PME (neurological disease) 
SMB12 (anemia) 

CNA2 (eye disease) 
CNF (kidney disease)
56... 58... 60... 62... 64... 66... 68... 70... 72... 74... 76... 78... 80... 82... 84 ...86... 88... 90... 92... 94... 96... 98

Finland: population history = 
advantage for genetics

Gene identified-
Mutation known



*:$�EDVHG�UHODWLRQVKLSV�RI�(XURSHDQV



6DPSOH�VL]H�QHHGHG�WR�FRQVWUXFW�SDUHQWDO�
KDSORW\SHV�

$GYDQWDJH�IRU�,PSXWDWLRQ

.LPPR 3DOLQ�DQG�5LFKDUG�'XUELQ������

Kuusamo

Orkney

Northern Finland

Finland

UK





The Effect of Population
Bottlenecks to Disease Alleles

Rare

alleles

1:70

Common

alleles

1:7
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Imputation accurracy (chromosome 17)

MAF in FINRISK CoreExome data, N=5339
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1000 Genomes Phase I integrated variant set
1000 Genomes + Finnish reference panel

UK with UK10 + 
1000G panels

UK with 1000G
Panel 

Imputation accuracy of SNP with MAF <= 1% in FINRISK HumanCoreExome
sample set using two different imputation reference panels. Singletons, 
doubletons and SNPs with ”info” < 0.4 and were filtered out. 

Finns with 1900 Finrisk/H2000 
panel +1000G 

Finns with 
1000G panel 

NL with GoNL + 
1000G panels

Sarin and Ripatti



Finrisk
92, 97, 02, 07

Chronic disease trait survey
29 273 participants

Health 2000
Public health examination

8 800 participants

Twin cohort
70 000 individuals

Northern Finnish Birth cohort
1966, 1986

10 000 individuals

Helsinki Birth cohort
Born in 1933-1944
12 300 individuals

Young Finns cohort
LASERI

3300 participants

•Causes-of-Death Register

•Hospital Discharge Register

•Drug Reimbursement Register

•Cancer Register

Follow-up using:

•Several recontacts to participants

•Causes-of-Death Register

•Hospital Discharge Register

•Drug Reimbursement Register

•Cancer Register

>6000
Cardiovascular
endpoints

Population cohorts



Biobanks

Gene 
information

Extensive 
health 
records

From biobanks to personalized and stratified medicine

Modeling
Data storage 
and integration

Implementation in Health Care
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http://www.nationalbiobanks.fi



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

1DWLRQDO�%LREDQNV )LQODQG
��������LQGLYLGXDOV�IURP�SRSXODWLRQ�FRKRUWV
�������LQGLYLGXDOV�IURP�GLVHDVH�FROOHFWLRQV

Social security number
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Rare and low frequency vs. common variants

17

Single rare variant dominating the 
risk (>5㽢risk)

Multiple genetic and other risk
factors contributing (>2㽢risk)

Courtesy of Emmi Tikkanen



Saccular Intracranial Aneurysm

• The rupture of saccular intracranial 
aneurysm (sIA) is a major cause of 
subarachnoid hemorrhage (sIA-SAH) 

• 2-3% of population carry sIA, most of 
which never rupture

• Complex disease affected by female sex, 
excess alcohol, smoking, hypertension 

• ~10% of the cases have 1st degree 
relative with sIA (familial) 



JP: 3111 cases, 1666 controls  
REPLICATION

FI: cases 808, controls 4393

NE: 708, 3954

DE: 789, 2228

@neurist: 475, 1940

DISCOVERY

TOTAL 2780, 12515

Saccular Intracranial Aneurysm
(common variants)



FI: 760, 2513

DISCOVERY

FI: 858, 4048

REPLICATION

DE: 717, 4048

COMPARISON

Saccular Intracranial Aneurysm
(low frequency variants)

Kurki et al, in press

1000g imputation

(includes 90 Finns)
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Individuals carrying CNVs
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165 CNV regions     



)URP�*HQRW\SH�WR�3KHQRW\SH��
VWUHQJWK�RI�SRSXODWLRQ�FRKRUWV

Selection based

on phenotype

Phenotype
Selection based on

genotype

Genotype



/DUJH�GHOHWLRQV�FRQIHU�ULVN�WR�FRJQLWLYH�
SHUIRUPDQFH

Number of 
”affected”

>500 kb deletion 
(160)

No CNV 
(4381) P-value OR (95 %- CI)

Low IQ (IQ<86) 74 8 (5.0%) 60 (1.4%) 0.002 3.79 (1.54-8.14)

Repeated grades in school 205 16 (10.0%) 173  (3.9%) 0.0009 2.70 (1.47-4.67)

Psychosis 102 4 (2.5%) 88 (2.0%)a 0.57 1.25 (0.33-3.38)

Epilepsy 79 3 (19%) 70 (1.6%) 0.74 1.18 (0.23-3.65)
Cerebral palsy and/or 

perinatal brain damage 66 2 (1.3%) 56 (1.3%) 1 0.98 (0.11-3.76)

Neonatal Convulsions 216 6 (3.8%) 197 (4.5%) 0.84 0.83 (0.3-1.88)

Impaired hearing 173 10 (6.3%) 141 (3.2%) 0.002 2.72 (1..38-4.95)

• 12 % of all cognitive defects occur together with a large deletion

• 8.5 % of redos of a grade in school occur together with a large   deletion

Pietilainen et al 2011



Schizophrenia risk Intellectual disability



'HOHWLRQ�HQULFKHG�LQ�WKH�.XXVDPR
SRSXODWLRQ�DQG�LQ�VFKL]RSKUHQLFV�IURP�

.XXVDPR

22q11.22 Deletion
Frequency OR (95%-CI) p-value

0.03 1.84 (1.05-3.23) 0.031

•174�schizophrenia�patients

•747�Controls

Internal

Isolate

Stoll, Pietilainen et al 2013



��LQGLYLGXDOV�ZLWK�
KRPR]\JRXV�GHOHWLRQ�RQ�

��T�����

Stoll and Pietilainen et al Nature Neuroscience 2013



The�TOP3B gene�is�deleted�and�down�regulated



'HOHWLRQ�RQ���T������LV�DVVRFLDWHG�
ZLWK�VFKL]RSKUHQLD

22q11.22 Deletion
Sample cases CTRLs Frequency OR (95%-CI) p-value
Finland, Isolate 185 747 0.03 1.84 (1.05-3.23) 0.031
Finland, non-isolate 467 11124 0.003 2.63 (1.28-5.59) 0.0065
ISC and Sweden 9176 9529 0.0005 2.17 (0.81-5.80) 0.12
Combined 9828 21400 0.002 1.84 (1.18-2.87) 0.0074

Stoll and Pietilainen et al 2013



��T������GHOHWLRQ�LV�DVVRFLDWHG�ZLWK�
LPSDLUHG�FRJQLWLYH�IXQFWLRQ�LQ�QRQ�

VFKL]RSKUHQLFV�
Frequency 22q11�deletion�alleles**

Phenotype Affected Unaffected Affected Unaffected OR
P�

(Fisher)
Psychosis* 0.02 0.004974 0/1/24 1/46/4778 4.082 0.2242
Intellectual�deficit 0.02174 0.004811 1/1/67 0/46/4735 4.597 0.03227

Repeated�grades�in�school 0.01777 0.004513 1/5/191 0/42/4611 3.99 0.00339

Epilepsy 0 0.005132 0/0/76 1/47/4726 0 1
Neonatal�convulsions 0.002392 0.005171 0/1/208 1/46/4594 0.4613 0.7239
Cerebral�palsy�and/or�perinatal�brain�
damage 0.008475 0.005009 0/1/58 1/46/4744 1.698 0.4519
Impaired�Hearing�at�14�years�old 0.005814 0.005024 0/2/170 1/45/4632 1.158 0.6927

*Excluding�schizophrenia
**Homozygous�carriers/heterozygous�carriers/�nonͲcarriers

When�59�schizophrenia�patients�included:
•ID:�p�0.003,�OR�5.4
•Repeated�grades:�0.0008�OR:�4.3

Stoll and Pietilainen et al 2013

NFBC66



7RS�%�IRUPV�D�FRPSOH[�ZLWK�7'5'��DQG�)053��)5$;�SURWHLQ�

7RS�%�LQYROYHG�LQ�UHJXODWLRQ�RI�
WUDQVODWLRQ

EJC=exon junction complex Stoll et al Nature Neuroscience 2013
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How about enriched SNP variants?

34

Single rare variant dominating the 
risk (>5㽢risk)

Multiple genetic and other risk
factors contributing (>2㽢risk)

Courtesy of Emmi Tikkanen



6,68�SURMHFW
6HTXHQFLQJ�,QLWLDWLYH�6XRPL �)LQODQG�

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

>16 000

200 000 individuals

4% of the population

Imputation

The 200K

Reference database



3URGXFWLRQ�VLWHV

Whole genomes (4-5x)
(Finrisk, H2000)

Whole exomes

Whole genomes (30x)

Whole genomes  4-5x (T2D)

Whole genomes (30x)

Whole exomes Whole exomes

Joint calling

SISu repository

On site calling On site calling On site calling





Peter WurtzElaine Lim



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 



7DUJHWHG�/R) JHQRW\SLQJ�SLORW�LQ��������)LQQV

LoF SNVs�and�indels

83�LoF variants

35,000�population�cohort

w/�73�medically�relevant�
quantitative�traitsLim et al, PLoS Genetics, 2014



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

3LORW�VWXG\�LQ��������)LQQV



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

3LORW�VWXG\�LQ��������)LQQV

Novel associations to: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



7ZR�/3$�/R) YDULDQWV

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



'DWD�RQ�FDUGLRSURWHFWLYH /R) LQ�/3$

4
4

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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7ZR�/3$�/R) YDULDQWV

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
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92 000 exomes

15 352 LoF p<0.05 256 LoF
Enriched in Finland

Autism
Schizophrenia

Cognitive impairment

(QULFKHG�/R)V DQG�1HXURSV\FKLDWULF�WUDLWV

7 728 exomes

Mitja KurkiKonrad Karcewski

Monkol Lek



Personal

biobanks

Option to

order 

Genome

tests &

biomarkersReference

data on

health

Elements to empower individuals to
manage their health

Health care

system

Individual at the center

Mobile health advice

(genome-enhanced)




