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deCODE genetics

• Founded in 1998

• Iceland = 360,000 inhabitants

• Population approach:

– Sample a large fraction of one population to study 
the genetics of human diversity

– Data collected independently of questions

– Can be mined systematically in a model-independent 
approach



Advantages of Iceland for genetic research

• Accessible health care data
– Single payer health care system

– All health care data linked to a unique personal identifier (kennitala)

• Population structure conducive for genetic research
– Founder effects

– Homogeneous population which reduces population stratification issues

• Genealogy database (Book of Icelanders) linking 750,000 Icelanders over several 
centuries
– Allows the application of familial analysis

– Allows determination of parent of origin



Parent-of-origin specific analysis of single variants

Variants with parent-of-origin 
specific effects detected in 
association analysis

In one case both the paternally 
transmitted and the maternally 
transmitted alleles associate with 
type 2 diabetes but with an opposite 
effect 



deCODE facilities

The identity protection service
Provides a communication channel between researchers at deCODE and outside 
collaborators in Iceland while maintaining privacy for research participants

The Recruitment CenterThe Research Center



Sources of phenotype data in the Icelandic health care system

• Landspitali – The National University Hospital

• Regional hospitals

• Imaging centers

• Blood laboratories

• Register of primary health care contacts

• Register of contacts with medical specialists in 
private practice

• Birth register

• Causes of death register

• Cancer register

• Prescription medicines register



Phenotype data extracted from the Icelandic health care system

• International Classification of Diseases (ICD) codes

• Procedure codes

• Medication prescriptions

• Measurements: height, weight, blood pressure, heart rate etc.

• Clinical biological traits routinely measured in blood, urine

• Clinical test data such as electrocardiogram data, hearing tests results etc

• Imaging test results and actual imaging data, including CTs, MRIs

• The data span decades (electronic and paper data)
• Many longitudinal data points



Complicated phenotypes

Resistant hypertension

Persons who filled ≥3 antihypertensive 

medications, including one diuretic, for 

overlapping periods lasting more than six months

and for those taking 3 drugs:

documentation of SBP or DBP >130/90 mmHg 

after initiation of the determining drug treatment 

combination (BP measurement taken after the 

date of prescription of the third drug)

Controlled hypertension

Persons who filled 1 or 2antihypertensive 

medications, for overlapping periods lasting more 

than six months

and 

documentation of SBP or DBP <130/90 mmHg 

within 30 days of drugs being dispensed

vs

Exclusion criteria: sleep apnea (ICD-10 code G47.3) 30, chronic kidney disease (CKD) 31 (determined as two 

independent estimated glomerular filtration rate (eGFR) values below 60 ml/min/1.73 m2 in a 3-month period), secondary 

hypertension (ICD-10 code I15.*), hyperaldosteronism (ICD-10 code E26), adrenal gland neoplasms (ICD-10 codes C74.0, 

C79.7), pulmonary heart disease (ICD-10 code I27.*) and coarctation of aorta (ICD-10 code Q25.1



Complicated phenotypes

Resistant hypertension

Persons who filled ≥3 antihypertensive 

medications, including one diuretic, for 
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• Longitudinal drug prescription data with dates
• Longitudinal blood pressure data with dates
• Longitudinal ICD-code data with dates
• Genotypes

Data requirement



Complicated phenotypes

17,027 rHTN vs 12,316 cHTN

deCODE GWAS

5,294 rHTN vs 11,467 cHTN

UK Biobank GWAS

1,187 rHTN vs 610 cHTN

eMERGE GWAS

Meta-analysis

23,508 rHTN vs 24,393 cHTN

24 rHTN variants in 20 loci

7 genome-wide 
significant variants

17 blood pressure 
variants associating with 
rHTN with FDR q<0.005

and

Submitted



Extraction of information from imaging data by machine learning

Example: Liver fat

• MR allows interrogation of water and fat contribution.

• Deep learning model used to locate the liver in MRIs.

• Enables automatic liver fat fraction, iron content and T1-mapping (measures 
inflammation) extraction. 

Submitted



The deCODE health study and other recall studies

The Recruitment Center



A splice-donor variant in PRPH – encoding peripherin - associates 

with risk of peripheral neuropathy



A novel deletion in LDLR

5’ UTR exons introns 3’ UTR
Normal LDLR

3’UTR with deletion

polyadenylation site

2.5 kb

deletion

• Reported LOF in LDLR associate with higher LDL

• Novel 2.5kb deletion in the 3’ UTR that associates with lower LDL



Icelandic family with LDLR - Gain of function 

• 7 carriers: oldest reached 84

• De novo mutation

• Carriers have 74% lower LDL; P = 1.1 × 10-11

• Lowering similar to that of PCSK9-inhibitors 

• Lifelong very low LDL appears to be well tolerated

Age (y)
Mean LDL-C
LDL-C percentile

carrier

non-carrier

2021



Core laboratories

Genotyping lab
• Infinium array genotyping
• >1,3M samples genotyped
• OmniExpress24 or GSA

Biological materials facility
• Sample registration
• DNA/RNA isolation 
• Clinical chemistry
• Hematology
Sample storage – robotic freezers 
• Hamilton Verso -25°C
• Hamilton BiOS -80°C

Genome sequencing lab
Whole genome / whole exome /RNA
Illumina
• 18 NovaSeq6000
• 6 MiSeq
• Throughput 14K WGS samples/month
Oxford Nanopore (ONT)
• 3 PromethION P48



Sample accumulation at deCODE
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Accumulated chip typed 
individuals
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Whole genome sequencing of UK Biobank genomes



Current main data flow

Sequencing
Joint variant 

calling

Imputation

Association, 
meta-analysis

Sample 
preparation

Phenotype 
management

Chip 
genotyping

Results
Phenotype 
collection

Long range 
phasing

Sequence 
alignment



Sequence diversity in Iceland 2015

• 2015: 2,636 genomes

• The majority of sequenced variants are rare

• More pronounced for protein altering variants

• Fraction of rare increases with N sequenced individuals 

• By 2022: 330K WGS including 65K Icelanders



Disruption of sarcomere integrity in atrial fibrillation

Eur Heart J, Volume 38, Issue 1, 1 January 2017, Pages 35–37, https://doi.org/10.1093/eurheartj/ehw457

 Rare frameshift deletion (c.234delC) in 

MYL4 causes early-onset atrial fibrillation 

(P=1.7×10-14)

 Fully penetrant in the homozygous state

 MYL4 dysfunction might lead to electrical 

dysfunction and arrhythmias via impaired 

contractility and disruption of sarcomere 

integrity, with loss of co-ordination of 

contractile, structural, and signaling 

proteins leading to dramatic electrical 

consequences 

• Causal variants / genes
• Syndromes within common diseases

3



Many associations between atrial fibrillation and coding variants in 

structural genes

Causal variants / genes

- also the most significant atrial fibrillation variant in the Icelandic data

Encodes plectin, a cytoskeletal 
linking protein with a role in 
maintaining tissue integrity in 
the heart 

Encodes a component of the 
intercalated discs, a highly 
specialized cell–cell contact 
structure that enables 
communication between 
cardiomyocytes

Ribosomal protein, expressed 
exclusively in skeletal muscle 
and heart; may be a negative 
regulator of muscle growth

Myosin heavy chain-α, major 
contractile protein, predominantly 
expressed in the atria

4



Understanding the processes that generate sequence diversity in 

the human genome

• Recombinations

• Gene conversions

• De novo mutations

Diversity
in the

sequence

Diversity
in 

phenotypes

Changes
in diversity

in the
sequence



deCODE genetic map: 2002



Recombination, gene conversion



De novo mutations



RNA sequencing at deCODE (transcriptomics)

• Whole blood (n=17,848) – 88% of individuals have WGS data

• Adipose (n=770)

• Lymphoblast (n=235)

• Heart (n=182)

• Cell sorted whole blood (n=935 individuals, n=557 with all subtypes)
– CD4+ T-cells (n=837)

– CD8+ T-cells (n=807)

– B cells (n=758)

– Neutrophils (n=730)

– Monocytes (n=884)



Molecular phenotypes from RNA-sequencing

• Phenotypes from RNA-seq reads

• Expression (eQTLs): How much RNA is 
observed for each gene

• Splicing (sQTLs): What is the fraction of 
reads that use a specific junction

Total expression = 15 reads

Red junction = 1/8
Green junction 3/8
Blue junction = 4/8

exon exon

Transcript 1

Transcript 2

Gene

reads

spliced reads



Proteomics



Integration of genomic, transcriptomic, and proteomic data



FLT3 stop mutation increases FLT3 ligand level and risk of 

autoimmune thyroid disease 

Nature 2020, Saedis Saevarsdottir

• FLT3 intron variant rs76428106-C (AF 1.4%) associates 

with AITD

• The variant also associates with other autoimmune 

diseases (SLE, RF/anti-CCP+, celiac disease)

• RNA sequencing data demonstrated that the variant 

creates a novel splice site that generates a truncated 

protein (loss of function effect)

• The variant is is associated with higher plasma levels 

of the FLT3 ligand (effect=0.49 SD, P=3.8×10-47), seen 

in Somascan data and replicated with ELISA



Proteins for prediction



Clinical sequencing at deCODE

• Benefits from ongoing research at deCODE
– Large normative set

• 1200 families of rare disease cases referrals received
– Clinical whole genome sequencing (30𝗑)

– WGS of trios (affected offspring + both parents)

• Solved 1/3 of cases: Half de novo, half recessive 

• Clinical sequencing report 
– Detailed interpretation (extensive report)

– Detection of pathogenic/likely pathogenic variants for the relevant condition 
Adapted from Science, 2012



Homozygous for LOF in CYBC1

2018

• Stop-gained Tyr2Ter in CYBC1
– Associates with risk of inflammatory bowel disease (IBD) 

under recessive model in Iceland

– Novel cause of chronic granulomatous disease (colitis + 
infections)

• CYBC1
– An uncharacterized gene in humans at the time

– Homozygous knockout mice die from infections

Gene Position (hg38) Mutation AF Iceland Phenotype P-value (recessive) OR/effect (recessive)

CYBC1 Chr17:82449249 P.Tyr2Ter 0.76% IBD 8.3 × 10-8 67.6



Eight homozygous Icelanders

• Phenotyping of homozygous Icelanders identified from genotype 
dataset allows:

– Collection of samples to confirm abnormal burst test 

– Deep phenotyping

colitis colitis colitis colitiscolitis

infections

abnormal 
burst test

infections infections infectionsinfections

Two brothers

infectionsinfections

abnormal 
burst test

abnormal 
burst test

Other homozygotes



• Coding or splice variants from 57,933 
WGS Icelanders

• Individual inspection of variants in 73 
genes (ACMG)

• Manual curation and classification

• 1 in 25 WGS Icelanders (4%) carry an 
actionable genotype

Medically actionable genotypes in Iceland

Submitted



The Icelandic BRCA2 founder mutation

Return of results of actionable findings

• One founder mutation in BRCA2 -
999del5 has reached a high 
frequency in Iceland

• 1 in 140 Icelanders

• Returning genotype since 2018

• Confirmed by two genotyping 
methods

• More request from women than men

Age Women Neg Women Pos Men Neg Men Pos

20-29 1703 27 405 15

30-39 5818 50 1559 32

40-49 6976 77 2079 38

50-59 6502 34 1999 45

60-69 4938 26 1755 45

70-79 1595 11 914 20

80+ 141 1 130 2

Total 27.673 226 8.841 197

Positive 423

Total 37 K 



39



Genetics of cardiovascular disease at deCODE for 25 years

DISEASES

Hypertension

Resistant hypertension

Type 2 diabetes

Coronary artery disease

Atrial fibrillation

Heart failure

Abdominal aortic aneurysm

Ischemic stroke

Intracranial aneurysm

Aortic stenosis

Venous thromboembolism

Sick sinus syndrome

Hypertrophic cardiomyopathy

Dilated cardiomyopathy

Familial hypercholesterolemia

Coarctation of the aorta

Sudden cardiac death

TRAITS

Systolic pressure

Diastolic pressure

Blood sugar

Non-HDL-C

LDL-C

Triglycerides

HDL-C

Plant sterols

Lp(a)

Heart rate

PR traits

QRS traits

QT interval

BMI

Lean mass

Fat mass

Fat distribution

Smoking

Common rare diseases

Common rare variants

Causal variants / genes

Causal relationships between traits

Causal components

Disease correlations

New syndromes

Syndromes within common diseases

Interaction with the environment

Clinical versus research approach

True penetrance

2



Genetic data suggest that both dietary cholesterol and dietary 

phytosterol contribute directly to atherogenesis 

Helgadottir et al, European Heart Journal 2020
18



Understanding the behaviour of SARS-CoV-2



Symptoms, physical measures and cognitive tests after SARS-CoV-2 

infection in a large population-based case-control study



Symptoms, physical measures and cognitive tests after SARS-CoV-2 

infection in a large population-based case-control study

Cases were more likely than controls to have 

• measured impairment in smell and taste

• lower grip strength

• poorer immediate and delayed memory recall

Subjective measures Objective measures





Thank you



Deficit of homozygous loss-of-function genotypes

• A deficit of homozygous genotypes will appear if 
associated with:

– Incompatibility with early embryonic development 
(early miscarriage)

– Incompatibility with late embryonic/fetal 
development (late miscarriage, stillbirth)

– A severe condition (early death; severe disease)



• 1.5 M genotyped individuals in 6 countries 

• 25 genes for lethality of homozygotes

• Including 13 not known for recessive condition

• Genes with deficit of homozygosity are over-

represented among genes

• Essential for growth of human cell lines

• Orthologous to mouse genes affecting viability 

Submitted 2022

Deficit of homozygosity among 1.5 million individuals and causes of 

recessive lethality

2015


