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The NIHR National Biosample Centre

a highly automated and scalable sample handling, testing and archiving facility
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Whole Genome Sequencing (WGS) results

mean minimum percentage of genome covered

~2% covered <15x 1,789 samples
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Whole Genome (WGS) vs Whole Exome Sequencing (WES)

first 10 Mb of chromosome 10

8,479 kb
nnnnnnnnnnnnnnnnnnnnnnnnnn

TUJEE"‘“W LAH;E !‘!\‘H!Lﬁﬂjﬂ_h@ﬁ' UNCLOTOO k Pu! KLlFE LINCtﬂmﬂ I;KJ!E:H FI UJI!;I ” ASul‘FF@!EH !M? J!!Cj UNCFOTOT !ME_T! \m M!ﬂsl

Coverage

WES




Whole Genome (WGS) vs Whole Exome Sequencing (WES)

first 10 Mb of chromosome 10

8,479 kb
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WES vs WGS

comparison of results in Rare Diseases pilot

Genotyping Number of of  All variants Rare coding % increase

Method Samples (in M) variants in

<1:1000 * sensitivity

WES 737 S 129,394 100
WGS 736 45.3 176,592 136

* Calculated over 64 Mb of coding space



Biomedical Research Centres/Units & NHS Foundation Trusts Supporting
the NIHR BioResource - Rare Diseases

| Bleeding & Platelet Disorders
| Stem Cells & Myelold Disorders

@ Primary Immune Disorders

._{ Pulmonary Arterial Hypertension

.J Cerebral Small Vessel Diseases

@ Ehlers Danlos Syndrome
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| Paediatric Neurology & Retinal Disease
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Platelets

A150 71 400 x 109L
ACirculate as discoid cells




Imbalance between damage and repair
Is the Number 1 killer in Western society
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Three gene discovery stories

with three new messages, one about biology and two about genetic architecture
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A mutation from both parents

Grey Platelets &
defective alpha granules
NBEAL2
Albers, Nat Genet 2011

4 )

A Known since 1970

A ~50 cases worldwide

A Moderate bleeding

A Large and low number of platelets
A Absence of a-granules in platelets
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Studies in Grey Platelet Syndrome (GPS) mice

shows roles of platelets outside their classic territory of blood clot formation

Faithful phenocopy

Scarring of the blood stem cell niche

and a pro-inflammatory state
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Studies in Grey Platelet Syndrome (GPS) mice

shows roles of platelets outside their classic territory of blood clot formation

Faithful phenocopy No metastasis of melanoma cells to the lungs

Control Nbeal2”"

Scarring of the blood stem cell niche
and a pro-inflammatory state
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A deletion from one parent & not-so-rare
regulatory SNP from the other parent

VEL group &
new genetic mechanism
SMIM1
Cvejic, Nat Genet 2013

rs1175550 SMIMT
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TAR &
new genetic mechanism
RBMS8A
Albers, Nat Genet 2012
Albers, Curr Op Gen 2013
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Chromatin marks and epigenetic regions

drive differentiation programs and confer cellular identity and functional phenotypes
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Changing goals of pature Epigenctic rok in inim: nrml!

comcrvation ;¥ dr\rlopm ‘

IMMUNOLOGY

A
'} Metabolic shift
& .,,,,;‘ may train

- immune cells

BLUEPRINT project
studies epigenetics of
~. various blood cells

The drought
you can’t see

IMMUNOGENETICS

Transcriptional diversity during
lineage commitment of human
blood progenitors
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mTOR- and HIF-1o-mediated
aerobic glycolysis as metabolic
basis for trained immunity
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The genetic basis of all blood groups has been resolved

except for one rare group which is absent in 1 in 4000 individuals

There are 32 red cell
blood group systems
of man

UN NOUVEAU FACTEUR SANGUIN]| « VEL »
s Lton N. SUSSMAN, M.D. et EowaRD B, MILLER, M.D.

u cours de Pétude sérologique d'une réaclion' lransfusionnel}e ‘
A sévére, une agglutine non encore décrite a ¢i¢ rencontrée. Dix

mille spécimens de sang de groupe 0, pris au hasard: furent
testés, dont 4 seulement me furent pas agglutines. Cc,lte {rgqueilce
inhabituelle (99,96 %) caractérise ce facteur comme Pagglutinogene
le plus souvent présent dans la population blanche, surpassant les
tacteurs Cellano (99,8 %) [1], et hr” (e) (97 %) [2]'. 4

Le nom de ce facteur mon décrit jusqu'ici a ¢té choisi de fagon

i étre en accord avec la nomenclature existante, I.e nom du malade
a favorisé ce- dessein, et le facteur fut désigné comme ¢ facleur
Vel », son anticorps comme anti-Vel.




The genetic basis of all blood groups has been resolved

except for one rare group which is absent in 1 in 4000 individuals

ARTICLE

doi:10.1038/naturel 1677

Seventy-five genetic loci influencing the
human red blood cell
Harst et al, Nature 2012,492:69-375 deletion

SMIM1

rs1175550
AF=77%

Vel status

600
2

== negative
abs/el weak
== weak

== positive

Count

SMIM1 whole blood
gene expression level (AU)

AA(N=767) AG(422) GG(51)
rs1175550 genotype

Mean fluorescence intensity anti-VEL (au)

Cvejic et al, Nat Genetics, 2013



Thrombocytopenia with Absent Radii (TAR)

selective block of platelet formation and skeletal abnormalities
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TAR T deletion of ~12 genes on one haplotype and

a rather common (1 in 30) regulatory SNP on the other haplotype

|

RBEBM8A
| chr1:145507765 intronic G/C |

chr1:145507646 chr1: 145508476 T/TAGCG chr1:145509173

5'UTR G/A frameshift insertion Ccn uu
a0
| ' ‘ . n I megakaryocyte RNA-Seq
e . 7 cell-types H3K4Me1
* : 7 cell-types H3K4Me3

an

megakaryocyte FAIRE-Seq
o
ctggTGGGaagclg/c] RBPJ/ICGTGGGAA . L
gc[G/C)GGGaaggt MZF1/AGTGGGGA predicted transcription factor
cagac[G/AJAGAtctcgatc

binding sites
EVI1/CAAGATAA

The5 6 UT R afdNHe intronic SNP lie in a regulatory element
active in megakaryocytes and modify transcription factor binding

Albers et al, Nat Genetics, 2012



Inherited bleeding and platelet disorders (BPD)

864 rare cases enrolled across 12 clinical referral centres

Inclusion
A Abnormality of platelet
A count/ volume
A morphology
A function
A Bleeding of unknown aetiology
A Likelihood of being genetic

Exclusion

A Acquired causes
A Known inherited disorders

Phenotype

Genotype
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The need to phenotype deeply

in order to reduce case heterogeneity and maintain power

Inclusion
A Abnormality of platelet
A count/ volume
A morphology
A function
A Bleeding of unknown aetiology
A Likelihood of being genetic

Exclusion
A Acquired causes
A Known inherited disorders

Phenotype

Genotype
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Human Phenotype Ontology annotation to cluster cases
cases have been HPO coded by 12 clinical centres in the UK and overseas

HP:0011875 HP:0011873 HP:0011876
Abnormal platelet morphology Abnormal platelet count Abnormal platelet volume
) 0) )

HP:0003540 HP:0011883 HP:0011877
Impaired platelet aggregation Abnormal platelet granules Increased mean platelet volume
2 (3)

HP:00
Impaired ristocetin-ind:
(1




Human Phenotype Ontology annotation to cluster cases
cases have been HPO coded by 12 clinical centres in the UK and overseas

HP:0011875 HP:0011873 HP:0011876
Abnormal platelet morphology Abnormal platelet count Abnormal platelet volume
) ) )

HP:0003540 HP:0011883 HP:0011877
Impaired platelet aggregation Abnormal platelet granules Increased mean platelet volume
2 &)




HPO coding enabled us to capture the phenotypic complexity of BPD cases

neurological, immunological and skeletal disorders are highly over-represented
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Computer based HPO-driven clustering of BPD cases across centres

it is hoped that this will maintain power of gene discovery

Phenotype Similarity
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WES vs WGS
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Inherited bleeding and platelet disorders (BPD)

modern genomics added 11 genes since 2010
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1. Pilot projects have been essential to
develop systems to achieve national
scalability in 2015 for the 100,000 genomes

2. WGS provides excellent coverage of the
virtual WES space and the regulome

3. Rare and common SNPs in regulatory
elements are causative of rare conditions
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