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UK	Biobank Overview

Age at recruitment

Mean 56.5 years (S.D. 8.1)

Participant gender

• Prospective	cohort	of	502,620	participants
• Recruited	across	the	UK	2006-2010
• Healthy	volunteer	effect	- healthier,	leaner,	smoke	less	than	population	

average

Fry et al, Am J Epi, 21 June 2017



Phenotyping

• Self-reported	demographics (500,00),	diet	and	exercise	habits	
(211,000)

• Physical	(500,00)	and	cognitive	measurements	(190,000)
• Imaging	of	brain,	heart,	abdomen	(1,000	- 13,700)
• Blood,	saliva	and	urine	assays	(500,00)	
• Medical	records	(392,00) and	cancer	registers	(80,000)



Data	Showcase	http://biobank.ctsu.ox.ac.uk/crystal/



Data	Showcase	http://biobank.ctsu.ox.ac.uk/crystal/



Genotypic	Data

825,000	markers	genotyped

Imputation	to	HRC
Plus	1KG	+	UK10K	in	works
96	million	variants

Bycroft et	al.	on	biorxiv



How	did	we	do	it?

Genome-wide	association	
analysis	of	2,400	traits!
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Scalability



Scalability

1hr



Scalability

1.1 hr



Creating	a	Resource	of	GWAS	Results

• Enhance the	value	of	UK	
Biobank

• Public and	easily	accessible
– www.nealelab.is/blog

• Blog	posts	and	code available	
on	GitHub
– Remove	time	lag	seen	with	

publication	
– Better	reflect	updates and	

developments
– Share	how	we	performed	analyses
– Publish	on	novel	methods	and	

downstream	analyses



Association	results	for	
taking	cholesterol	lowering	meds

GLGC Nat Genet



Online resources



HLA Map

Genetic parameters page



IFIH1 PheWAS

“PheWAS” page

PheWAS page



Rare variant aggregate analysis

Rare variant aggregate analysis



Goals of Annotation
• Annotate the genome comprehensively to 

• Boost the power of rare variant association analysis
• Assist with fine mapping to identify possible causal variants
• Study population genetics
• Improve the interpretability of whole-genome data. 

• Annotations at different levels:  SNV, SV, Indel, gene
• Annotate CCDG and CMG data, e.g. CCDG Freeze 1 
data (n=24K)



GSP and TOPMed Collaboration on Annotation

• GSP Annotation WG (ACs, CCDGs, CMGs)

• TOPMed Annotation Interest WG

• Collaboration between GSP and TOPMed , with the goal of 
consistent annotations across both data sets. 

• NHLBI RFI on Strategically Critical Resources or Infrastructures 
Using R24/U24 

• Make annotation resources to the whole GSP community, as well 
as the general research community, .e.g., the NIH Data Commons 
Use Cases.



Types of Raw Annotation Useful for Disease 
Mapping in WGS

• MAFs
• Variant types 

• VEP annotation using Genecode, e.g., LOF, missense, 
synonymous, 5”, 3”

• Promoters using FANTOM5
• Enhancers using GeneHancer

• Protein scores (coding variants only), e.g., Polyphen and SIFT
• Evolutionary/conservation scores, e.g, Priphylop, GerpN, GerpS
• Epigenetic scores (ENCODE, ROADMAP)(cell specific), e.g. 

H3AK27ac,  H3K4me1
• ChromHMM States 



Types of Raw Annotation Useful for Disease 
Mapping in WGS: Continues

• LD/heritability-related	scores,	e.g.,		bStatistics,	recombination	rates
• Higher-order	chromatin	interactions,	e.g.,	Hi-C	
• Transcpriptome scores	(eQTLs)	(GTEx,	n	too	small	for	rare	variant	
eQTLs)	
•Methylation	scores	(mQTLs)
• Post-translational/protein	(pQTL)	scores (UniProt)
• Phenotype-specific	heritability	
• Structural	Variant	and	Indel annotation



Composite Annotation Scores
• Existing	(mainly	driven	by	conservation	scores	for	non-coding	variants)
• CADD/EIGEN	(similar)
• LINSIGHT	(not	defined	for	coding	variants)
• FATHMM-XF
• GenoCanyon and	GenoSkyline (cell/tissue	specific)

• Newer	scores
• PINES	(epigenetic-score	based)
• LACE	(two	dimension	scores:	epigenetics	and	conservation)
• Annotation	PCs



Population Genetics annotation
• Variant level - additional population and evolutionary scores 

(i.e. Fst; recurrent mutations; allele age estimates) 

• Locus level - local ancestry inference; local IBD inference; 
local recombination rate; haplotype selection scores (i.e. B-
statistics)


• Individual level - self-reported ancestry, global genetic 
ancestry, inbreeding coefficient


• Population level - global genetic ancestry; IBD community; 
Founder effects (IBDNe, ROH), admixture; 


