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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 

Coverage        
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Single sample 

1,789 samples 
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Coverage 

~2% covered <15x 



Whole Genome (WGS) vs Whole Exome Sequencing (WES) 
first 10 Mb of chromosome 10 
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WGS 



Genotyping 

Method 

Number of of 

Samples 

All variants 

 (in M) 

Rare coding 

variants 

<1:1000 * 

% increase 

in 

sensitivity 

WES 737 3.3 129,394 100 

WGS 736 45.3 176,592 136 

WES vs WGS  
comparison of results in Rare Diseases pilot  

* Calculated over 64 Mb of coding space 





Platelets 
Å 150 ï 400 x 109/L 

Å Circulate as discoid cells 

1mm 



Imbalance between damage and repair 
is the Number 1 killer in Western society 





Three gene discovery stories  
with three new messages, one about biology and two about genetic architecture 



A mutation from both parents 

Grey Platelets & 

defective alpha granules 

NBEAL2 

Albers, Nat Genet 2011 

Å Known since 1970 

Å ~50 cases worldwide 

Å Moderate bleeding 

Å Large and low number of platelets 

Å Absence of a-granules in platelets 



Guerrero et al. Blood 2014 

 

Scarring of the blood stem cell niche 

and a pro-inflammatory state 

Faithful phenocopy 

Studies in Grey Platelet Syndrome (GPS) mice 
shows roles of platelets outside their classic territory of blood clot formation 



Guerrero et al. Blood 2014 

 

Scarring of the blood stem cell niche 

and a pro-inflammatory state 

Faithful phenocopy 

Lack of a-granules has the most profound 

effect ever observed in this model 

No metastasis of melanoma cells to the lungs 

Studies in Grey Platelet Syndrome (GPS) mice 
shows roles of platelets outside their classic territory of blood clot formation 



TAR &  

new genetic mechanism 

RBM8A 

Albers, Nat Genet 2012  

Albers, Curr Op Gen 2013 

A deletion from one parent & not-so-rare 

regulatory SNP from the other parent 

 

VEL group &  

new genetic mechanism 

SMIM1 

Cvejic, Nat Genet 2013 

 



Chromatin marks and epigenetic regions 
drive differentiation programs and confer cellular identity and functional phenotypes 

 





There are 32 red cell 

blood group systems  

of man  

The genetic basis of all blood groups has been resolved 
except for one rare group which is absent in 1 in 4000 individuals  



rs1175550 

AF = 77% 

Harst et al, Nature 2012,492:69-375  deletion  

The genetic basis of all blood groups has been resolved 
except for one rare group which is absent in 1 in 4000 individuals  

Cvejic et al, Nat Genetics, 2013 

SMIM1 



Bleeding because of low platelets 

 

Missing radii and club hands 

 

Shortened humerus and ulnae 

 

Small shoulder girdle 

Thrombocytopenia with Absent Radii (TAR) 
selective block of platelet formation and skeletal abnormalities 

Platelets 

Yes 

Platelets 

No 

Platelet progenitors in 

bone marrow 



The 5óUTR SNP and the intronic SNP lie in a regulatory element 

active in megakaryocytes and modify transcription factor binding 

TAR ï deletion of ~12 genes on one haplotype and  
a rather common (1 in 30) regulatory SNP on the other haplotype 

Albers et al, Nat Genetics, 2012 



Inherited bleeding and platelet disorders (BPD) 
864 rare cases enrolled across 12 clinical referral centres 

Phenotype 
 

 

 

 

 

 

Genotype 

Heterogeneity 

Inclusion 
Å Abnormality of platelet 

Å count / volume 

Å morphology 

Å function 

Å Bleeding of unknown aetiology 

Å Likelihood of being genetic 

Exclusion 
Å Acquired causes  

Å Known inherited disorders 
 

 

 



Inherited bleeding and platelet disorders (BPD) 
864 rare cases enrolled across 12 clinical referral centres 

Phenotype 
 

 

 

 

 

 

Genotype 

Heterogeneity 

Inclusion 
Å Abnormality of platelet 

Å count / volume 

Å morphology 

Å function 

Å Bleeding of unknown aetiology 

Å Likelihood of being genetic 

The need to phenotype deeply 
in order to reduce case heterogeneity and maintain power 

Exclusion 
Å Acquired causes  

Å Known inherited disorders 
 

 

 



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



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



HPO coding enabled us to capture the phenotypic complexity of BPD cases 
neurological, immunological and skeletal disorders are highly over-represented 

Westbury et al. 2014 (submitted) 



Computer based HPO-driven clustering of BPD cases across centres 
it is hoped that this will maintain power of gene discovery 

Westbury et al. 2014 (submitted) 



WES vs WGS  
HPS case identified by HPO clustering tested negative by WES but positive by WGS 
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WES

WGS

Hermansky Pudlak Syndrome 6 gene 



Inherited bleeding and platelet disorders (BPD) 
modern genomics added 11 genes since 2010  
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