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Functional annotation of sequence
variants from 1,092 genomes
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Many studies have now linked disease SNPs to

regulatory regions
Visel et al, Nature, 2009; Maurano et al, Science, 2012



Functional genomic elements

o DNasel Functional
hépersensitive g genomic
= elements

. Transcription-factor

binding sites
A
Transcriptiol Transcription
{/ facto machine
' Long-range . Promoter " Protein-coding
regulatory . architecture and non-coding
elements transcripts

Nature, News and Views, 2012



Steps in annotation of non-coding
regions

Functional analysis
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Steps in annotation of non-coding

Functional analysis
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Signal processing of raw
experimental data:

» Removing artefacts
» Normalization
» Window smoothing
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Segmentation of processed
data into active regions:

» Binding sites

» Transcriptionally active
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Group active regions into
larger annotation blocks
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Further analysis:
Building regulatory networks
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Distal binding Proximal binding

Identification of potential
enhancers using chromatin
features and transcription factor
binding
Yip et al, Gen Res (2012)

Ernst et al, Nat Biotech (2012)
Hoffman et al, Nat Methods (2012)

Alexander et al, Nat Rev Gen, 2010




Annotation choices for 1000 Genomes

variants
* Protein-coding genes
* Non-coding RNAs, UTRs and 0.14% ~0.33% I
pseudogenes from M -
GencodeV7 1.46% )" 15.60% W Coding
* Transcription factor (TF) 1.30% A UTRs
“ ncRNA

peaks of 119 factors from 5

ENCODE cell lines and “ Pseudogenes
higher resolution motifs TF peaks

* Enhancer annotations

* Resource for researchers to

pinpoint potential
functional roles of variants




Data details

e Variant annotations for integrated Phase | release
(SNPs, Indels and SVs) provided in VCF files

* Tags such as TFpeak, TFMotif, miRNA, Enhancer
etc provided in VCF files

e Coordinates of functional elements provided in
separate BED files

e Link:
http://ftp.1000genomes.ebi.ac.uk/voll/ftp/phasel/
analysis_results/functional annotation/



Purifying selection in various

functional categories

Enrichment of rare SNPs
shows most functional
categories are under
selection relative to
pseudogenes

Coding exons under
stronger selection than
non-coding regulatory
regions

Transcription factor
motifs within peaks
under stronger selection
than the entire peak
region

probability density(log scale)

100

10

0.1

0.01

(ierived allele fre(i

prematureStop

E > — spliceOverlap
F G —— nonsyn
- o0 — removedStop
i = syn
= z snoRNA
| a snRNA
E S — UTR
= = TFMotif

= — TFPeak

= — rRNA

S Enhancer
- 2 — lincRNA
R — 0 0.05 miRNA 3
- E derived allele freq Pseudogene l:
- ; (R
L =
| e My e S |_|—'_| —

R =] o [
Bam———— e ——
pi=———y
. | | | L

0 02 04 0.8




Purifying selection amongst humans vs
evolutionary conservation
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Diversity (st x 1,000)

Information

Fraction of SNP

Information content
SNP diversity
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Selection constraints in CTCF binding

Mean GERP score

Average diversity (x10°)
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Average number of potentially
functional variants per individual

Table 2 | Per-individual variant load at conserved sites

Variant type Number of derived variant sites per individual

Derived allele frequency across sample

<0.5% 05-5% >5%

All sites 30-150K 120-680 K 3.6-39M
Synonymous* 29-120 82-420 1.3-1.4K
Non-synonymous* 130-400 240-910 23-2.7K
Stop-gain* 3.9-10 5.3-19 24-28
Stop-loss 1.0-1.2 1.0-1.9 21-28
HGMD-DM* 25-5.1 4.8-17 11-18
COSMIC* 1.3-20 1.8-5.1 5.2-10
Indel frameshift 1.0-1.3 11-24 60-66
Indel non-frameshift 2.1-23 9.5-24 67-71
Splice site donor 1.7-36 24-7.2 26-5.2
Splice site acceptor 1.5-29 1.5-4.0 2146
UTR* 120-430 300-1,400 35-4.0K
Non-coding RNA* 3.9-17 14-70 180-200
Motif gain in TF peak* 4.7-14 23-59 170-180
Motif loss in TF peak* 18-69 71-300 580-650
Other conserved* 2.0-99K 7.1-39K 120-130K
Total conserved 2.3-11K 7.742K 130-150K

* Sites with GERP>2
1000 Genomes Consortium,

Nature, 2012



Future

* More non-coding annotations, Ensembl
Regulatory build

* Functional impact of structural variants

* Relationship of eQTLs with functional
annotation and purifying selection
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