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rare disease cohorts
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The NIHR National BioResource is a collaboration between seven NIHR Biomedical Research Centres and Units, working
together to create a unique resource of patients and healthy volunteers willing to participate in biomedical research.
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Main Rare Disease COhOI’tS mH\ National Institute for

NIHR Bio Health Research

Resource
Diseases

e 15 projects in total covering a variety of
Rare Diseases

 >10,000 Patients & Relatives

* Each project has a Pl and (usually) a Chief
Analyst to identify causal variants

Projects Targeted organ/state
BPD Bleeding and platelets Blood, coagulation etc.
PAH Pulmonary Arterial Hypertension Lung blood vessel
PID Primary Immune Disorders Immunity

SPEED Retinal dystrophy + neurological disorders Retinal, neurological




The NHS 100,000 Genome Project

NIHR BioResource
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WGS Data QC NIHR BioResource Health Research

Data is checked/annotated for:

* Errorsintroduced during data transfer (md5 checksum)
* Create smaller cram files to archive at EGA (EBI) without raw
data loss
* WGS quality metrics
* Genetic gender vs manifest gender
* Relatedness
Check family structure as reported
ldentity unknown family recruitments
Detect duplicates and/or identical twins
|dentify subset of unrelated individuals for unbiased
allele frequency calculation
e Ethnicity



YAutoRatio

Genomic Gender from
X/Y vs Autosome Coverage
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Coverage
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NIHR BioResource

Overall Genome Coverage

10th Percentile
Mean

O N

100bp 125bp 150bp

Frequency density in each batch

Coverage is the average
number of reads
representing a given
nucleotide in the
reconstructed sequence

For detection of SNPs and
rearrangements,
publications recommend
from 10x to 30x depth of
coverage

More than 90% of the
genome has 25x coverage



NIHR BioResource

Genomes versus Exomes
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Example WGS]_OK Coverage VS WES mH\ National Institute for
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Batch Data, SNVs per Person SRR,
p mhm National Instit%

and Ethni Clty NIHR BioResource Health Research

Rare Diseases

Average 3.9 Million SNVs per person
Average 3.6 Million post QC filtering
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55M Unique Variants in 7,204 Genomes

most are in the non-coding space requlating transcription and translation

Intergenic SNVs Genic SNVs
27,092,648 26,118,493
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Example of CNV Detection for "1
Genome and Exome Data
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Example of Two Large Overlapping
Deletions in WGS Data
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llumina’

Sequencing

<

Bioinformatics filtering

8 @ 8 Interpretation @ For the record

Communit Phenotypes (HPO) Variant list Patient information (NO PID)
\< (VCF format) Bioinformatics parameters
Gene list Alignment files
(BAM format)

_________________________________________________________________________________________________________________

KnO\.Nn \.lariant.DBs "|'|l:lu|‘|u SAPIENTIA
‘White list’ variant ; ‘ BY CONGENICA
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MDT meetings Research report




MDTs

* Multi-Disciplinary Team meetings
— 2 clinician/clinical geneticist, 1 chairing
— Project coordinator
— Pertinent Finding team member
— Analyst
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Reporting Across the Cohorts

. Cases reviewed | Diagnostic
Pre-screening at MDT vield %

BPD — Extensive 1162 10 %
Bleeding and Platelet Disorders

PAH — Pulmonary Arterial Moderate 781 18 %
Hypertension

PID — Extensive 720 9 %
Primary Immunodeficiency

SPEED RD - Moderate 284 63 %
Retinal Dystrophy

SPEED neuro — Limited 243 32%
Paediatric Neurodevelopmental

Novel variants: ~50%
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NIHR BioResource - Rare Diseases

Rare Disease/Condition

Acronym/
Approved in
month/year

Lead Investigator

Capacity allocated

VN s I B National Institute for
Health Research

Samples sent for
sequencing

WGS10K Samples
received at the HPC

Bleeding and Platelet Disorders BPD Prof Willem Ouwehand 1250 839 (127 WES) 759
12/12

Cerebral small vessel CSVD Prof Hugh Markus 250 125 110
04/14

Ehler-Danlos Syndrome EDS Prof Tim Aitman 400 90* WES 0
07/13

Genomics England pilot GEL Pilot Prof Mark Caulfield 2000 (+ 3000) 4092 (10 dups) 2000
11/13

Hypertrophic Cardiomyopathy HCM Prof Hugh Watkins 300 146 134
05/12

Intrahepatic Cholestasis of ICP Prof Catherine Williams 270 90 76

Pregnancy 01/14

Multiple Primary Malignant MPMT Prof Eamonn Maher 700 297 263

Tumours 11/13

Neuropathic Pain Disorders NPD Prof Geoff Woods 250 41 39
10/14

Primary Immune Disorders PID Prof Ken Smith 1250 1119 (26 WES) 1080
12/12

Primary Membranoproliferative PMG Dr Danny Gale 213 97 97

Glomerulonephritis 05/13

Pulmonary Arterial Hypertension PAH Prof Nick Morrell 1250 789 751
12/12

Specialist Pathology SPEED Prof Lucy Raymond 1250 1065 (188 WES) 1043
12/12

Stem Cell and Myeloid Disorders SMD Prof Irene Roberts 600 94 63
10/14

Steroid Resistant Nephrotic SRNS Dr Ania Koziell 250 93 84

Syndrome 03/13

Leber Resistant Nephrotic LHON Prof Patrick Chinnery 70 0 0

Syndrome



UK Biobank — 0.5 Million Genotyped Volunteers

biobank

Imprgweng T BTy O AT Gave A

Enrolment across the UK from 2006-10
w = 100,000 males *: 100,000 females Age at enrolment between 40-69 yrs

Linkage to NHS GP and Hospital records




BAM-150-200 GB
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NIHR BioResource — The Process % National Institute for

NIHR BioResource Health Research

Rare Diseases

QC, WGS,
Data QC

Phenotyping




PHASE |

Fastq files SEQUENCING QC
from CRI - Fastqgc software
v -> QC reports
] -> haempipe

Cardiogen
(backup) y passed
W ALIGNMENTS
HPC - BWA software
. -> * bam files
(processing) V
LIBRARY QC

PREPARE FILES
- Replace IDs

- Coverage, contamination

passed

. - BWA software
- Rename files S * b i
- md5checkums etc. ~> -bamacies
-> haempipe
/1
/|
/g
COV. PLOT 4
Coverage plots (€ |
REPORT 1
1
]
I
I’ #
/ [
/
CNV !’
CNV - ExomeDepth '(i N
REPORT | -> *.vcf files 3
\

Bioinformatics Pipeline
03-2017 - v1

PHASE II

VARIANT CALLING
- GATK HapCaller

- Single Sample

-> multiple vcf files

v

HARD FILTERING
Rm low quality variants
-> multiple vcf files

v

MERGE VCF

-> per batch date,
generally 4 SLX
-> single vcf file

S

ANNOTATE VCF

LN
S _| - EXAC, SnpEff, PRIORITISATION
\ ,/’ = | - fix ploidy + dbNS notation
\ 7 -> single vcf file
/
i
/
v v
ETHNICITY FOR.CONGENICA
- GENDER - split VCF
-> multiple vcf files

-> ForCongenica/SNP-INDEL

-> FVL report for MDT

-> CNV report for MDT

-> PRIORITISATION report for MDT

FVL, CNV, PRIO

SAMPLE SUMMARY FILE
(relatedness)

REPORTS




1,400 genes for clinical reporting
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[ ) (3 total) ‘.‘ CVSD
. HCM (16 total)
PAH (14 total)
(9 total) “
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BPD
(80 total)

SMD
(150 total)

RETIN
(79 total)

NPD “

(22 total) NEURO

(981 total)

pmc 0
(9 total)



Research report

Patient

Patient name
Date of birth
Lab ID

Age at the initial presentation
Clinicians responsiblefreferring

Hospital name
Declared Ethnicity
Sex

Mother is

Father is

Phenotype summary

HPO terms
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RESEARCH REPORT SUMMARY

Clark Kent
1933

KRIPOO1

HP:0004846 'Prolonged bleeding after surgery, HP:001184
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APPENDIX: LITERATURE
TBXA2R Flagged 2015-07-02 10:06:08 by llenia Simeoni

Arg60 to Leu mutation of the human thromboxane A2 receptor in a
dominantly inherited bleeding disorder.

Hirata T, Kakizuka A, Ushikubi F, Fuse |, Okuma M, Narumiya S

The J | of clinical i igation (1994)

Pubmed 1D: 7929844
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APPENDIX: VERSION SUMMARY

platelet function’, HP:0011884 Impaired thromboxane A2 ag  Feature Version
platelet aggregation’, HP.0011870 Impaired arachidonic acid-n{  Assembly GRCh37
aggregation’ HPO 24 February 2015
BWA MEM version:0.7.10-4789
Gene TBXA2R oAk Faslotpcaler 3
VEP Ensembi 78
" Mode of inheritance | Aulosomal recessive, Autosomal dominant Ensembl 75
' Condition | Thromboxana A2 receptor defect HGMD Pro 2015.1
HGVSc NM_201636.2:c.179G>A ExAC v0.3 (hipifexac. broadinstitute crg/downloads)
HGVSp  NP_863298.2:p.Arg60His Added: 2015-07-G2 10:16:38 by lonis § 1000 Genomes Phase 1 cata
Zygosity | Heterozygous Tnis specific variant has not previously| UK10K UK10K TWINS release
Pathogenicity | Likely to be pathogenic nomozygesity for RB0L has been | EVSESP ESPE500SI-V2 (hitp-fievs.gs. washinglon.eduwEVS)
Contribution to Partial association with & similar phenctypa. H Sequencing Exens, UTRs ang 10000p upstream regions of the genes listed in version TG1.0
phenotype for REOH would be consistent with of the ThromboGenomics cataset were sequenced using ROCHE Nimblegen
laboratory abrormalities but is unlikely SeqCap EZ Choice capture protocol
the cinical phenotype. This is o OMIM July 2015
co-segregation siudies in this pecigree Gene Panel 1 G20




