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The	100,000	Genomes	Project		



Goals	of	the	Genomics	England	project	
•  Sequence	100,000	genomes	

•  Cancer	and	rare	gene4c	disease	

•  Capture	data	delivered	
electronically,	store	it	securely	and	
analyse	it		
within	an	English	data	centre	
(reading	library)	

•  Combine	genomes	with	extracted	
clinical	informa4on	for	analysis,	
interpreta4on,	and	aggrega4on	

•  Create	capacity,	capability	and	
legacy	in	personalised	medicine	for	
the	UK	

1.	To	bring	
benefit	to	NHS	
pa4ents	

2.	To	enable	
new	scien4fic	
discovery	and	
medical	insights	
			

3.	To	kickstart	
the	
development	
of	a	UK	
genomics	
industry	
	

4.	To	create	an	
ethical	and	
transparent	
programme	
based	on	
consent	



Organisa?on	of	the	100,000	Genomes	Project	
	

																	13	NHS	Genomic	Medicine	Centres	
Rare	diseases,	cancers	and	pathogens	

Broad	consent,	characteris4cs,	molecular	pathology	and	samples	
	

MRC	£24m	Research	Data	Infrastructure		
Sequen?al	builds	of	de-iden?fied	data	and	WGS	

Safe	haven-	Reading	library	

	
Refreshable	iden?fiable	
Clinical	Data		
Life-course	registry	
	
Linked	to	anonymised		
Whole	Genome	Sequence	

	
	

Sequencing	Centre	
Wellcome	Trust	£27m	
Illumina	Partnership	

NIHR	Biosample	Centre	
DNA	&	mul4-omics	

Repository	

NHS	Digital	
Primary	Care	

Hospital	episodes	
Cancer	Registries	
Rare	Registries	

Infec4ous	Disease	
Mortality	data	
Pa4ent	entry	

Annota4on	&	QC	
SME	Product	
comparison	

Clinicians	&	
Academics	

Industry	
GENE	

Consor4um	

£25m	in	Training		
700	person	years	

Fire	wall	
	
	
Only	processed		
results	pass	outside	



Genomics	England	Clinical	
Interpreta?on	Partnerships	
(GeCIPs)	

17 yrs ?3 yrs 

Start 2014 

The standard way The GeCIP way 



Genomics	England	Clinical	Interpreta?on	Partnership	
•  2,500	prospec4ve	GeCIP	domain	members	
•  300	ins4tu4ons,	24	countries	
	

Ins?tu?on	 Count	

UK	Academic	 1744	

NHS	Trust	 634	

Interna4onal	Academic	 198	

Other	 333	



Rare																																					Cancer 	 	Func4onal	

•  Cardiovascular 		
•  Endocrine	and	Metabolism	
•  Gastroenterology	and	
Hepatology	

•  Hearing	and	Sight 		
•  Immunology	and	
Haematology	

•  Inherited	Cancer	
Predisposi4on	

•  Musculoskeletal 		
•  Neurological 		
•  Paediatric	Sepsis 		
•  Paediatrics 		
•  Renal 		
•  Respiratory 		
•  Skin	

•  Adult	Glioma	
•  Bladder		
•  Breast	 		
•  Colorectal	&	upper			
•  Lung	 		
•  Melanoma	
•  Renal	Cell	 		
•  Sarcoma 		
•  Tes4s	
•  Ovarian			
•  Prostate	 		
•  Childhood	Solid	Cancers	
•  Haematological	Malignancy	
•  Pan	Cancer	
•  (Ca	of)	Unknown	primary	

•  Electronic	Health	Records 		
•  Valida4on	and	Feedback 		
•  Ethics	and	Social	Science 		
•  Func4onal	Effects 		
•  Health	Economics 		
•  Machine	Learning,	Quan4ta4ve	
Methods	and	Func4onal	
Genomics	

•  Popula4on	Genomics 		
•  Enabling	Rare	Disease	
Transla4onal	Genomics	via	
Advanced	Analy4cs	and	
Interna4onal	Interoperability	

•  Func4onal	Cross	Cueng 		
•  Educa4on	and	Training	
•  Stra4fied	Medicine	&	
Pharmacogenomics	

GeCIP	Domains		



Industry	Consor?um	and	Partners	

•  13	pharma/diagnos4cs/SMEs	
•  Precompe44ve	consor4a	
• Work	together	on	5000	WGS	to		
shape	data	centre	

•  Individual	company	interac4ons	

•  Inward	investment	from	Illumina		
£50m	in	new	HQ	in	Cambridge		

•  AbbVie	
•  Alexion	Pharmaceu4cals	
•  AstraZeneca	
•  Biogen	
•  Dimension	Therapeu4cs	
•  GSK	
•  Helomics	
•  Roche	
•  Takeda	
•  Berg	
•  Boehringer	Ingelheim	
•  UCB	
•  Intellia	
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Consent	&	
Sample	
collec4on	

DNA	
extrac4on	

Biorepository	

Sequencing	

Variant	
Calling	

Interpreta4on	

Valida4on	

Feedback	

Treatment	

Clinical	
Data	

•  Treatment	cycle	for	just	one	
pa4ent	requires	a	complex	chain	
of	opera4ons	

•  Most	of	these	opera4ons	have	
not	been	designed	or	op4mised	
for	the	purposes	of	Genomic	
Medicine.	
	

•  So	the	task	is	one	of	catalysing	a	
Transforma?on	in	Medical	
Prac4ce,	par4cularly	rela4ng	to	
rou4ne	use	of	coordinated	data.	

•  To	achieve	this	one	needs	to	
develop/adopt	standards	across	
the	system		

Genomics	England	is	about	helping	
complete	the	cycle	
	



Capturing,	analysing	and	sharing	
clinical	data	is	hard	

•  Mul?ple	data	types	required	
•  Family	structures	
•  Phenotypic	data:	evalua4ons,	inves4ga4ons,	treatments	
	

•  No	“rou?ne”	clinical	data	collec?on	models		
•  Data	collec4on	model	is	almost	unique	to	each	rare	disease	
•  Oien	mul4system	disorder	->	many	terms	required	
•  Many	clinicians	involved	in	pa4ent	care	
	

•  Implementa?on	within	rou?ne	health	care	seUng	
•  Time	
•  IT	structures	
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Rare	disease	data	models	

“The	set	of	clinical	features	&	test	results	required	to	
interpret	WGS	data	given	recruitment	to	a	specific	
disorder”	
	

•  Define	what	data	we	want	to	collect	
•  By	“interpret”	we	mean	more	than	sufficient	for	a	
diagnosis	

•  For	an	individual	phenotyping	may	be	excessive	in	some	
cases,	but	insufficient	in	others	

•  Aim	to	ensure	data	is	deep,	relevant	and	consistent	

	

	
	



Development	of	models	

Contact	
proposer	–	
get	an	
exis4ng	
model	

Convert	to	
HPO	

Revision	by	
proposer	

Review	by	
GMC/GeCIP	

Implement	
in	Data	
Model	

Catalogue	

Review	and	
revise	



Get	an	exis?ng	model	

Could	also	be:	
•  A	project	case	report	
form	

•  Database	schema	
•  A	published	disease	
descrip4on	

•  An	OMIM	model	
•  A	list	developed	by	the	
clinical	expert,	
possibly	using	
Phenomizer	or	
Pheno4ps	



Revision	
•  Clinical	revision	is	vital	
• We	are	aiming	to	keep	models	below	around	40	terms	
• We	also	wish	to	present	terms	in	a	clinically	logical	
order	

•  One	method	of	keeping	models	shorter	is	replace	
terms	in	a	sibling	rela4onship	with	a	common	parent,	
or	reduce	terms	in	parent/child	rela4onships	to	one	
parent	term	

Parent	
term	

Child	term	
A	

Child	term	
B	

Child	term	
C	

Term	

Sub-term	

Sub-sub-
term	



Implement	in	the	Data	Model	
Catalogue	
•  This	is	a	seman4cally	enabled	on-line	catalogue	which	
allows	hierarchical	models	to	be	built	and	cross-linked	

•  This	ensures	that	classes	and	value	domains	remain	
independent	

•  It	allows	independent	version	control	of	models	and	
ontologies	



Conclusions	from	model	
development	
•  Revision	has	been	extensive…the	models	are	evolving	
•  HPO	has	proved	comprehensive	but	some	revision	is	needed	
•  There	is	a	need	to	choose	between	qualita4ve	and	
quan4ta4ve	representa4on	of	data	–	this	seems	to	be	a	
case-by-case	decision	

•  Some	models	cover	more	than	one	disease	or	set	of	
features,	and	common	observa4ons	can	be	separated	out,	
but	many	diseases	have	required	their	own	specific	model	

•  Clinical	test	data	is	oien	used	by	more	than	one	model,	and	
can	be	cross	mapped	to	exis4ng	standards	in	some	cases	



Some	other	terminologies	in	
GEL	clinical	data	

• HES	data	includes	ICD-10	diagnoses	and	OPCS-4	
codes	for	procedures	

•  Submiqed	cancer	tumour	data	includes	SNOMED	
and	ICD-O-3	topography	and	morphology	codes	

• Diagnos4c	Imaging	Dataset	includes	SNOMED	and	
NICIP	codes	for	imaging,	regions,	modali4es,	
systems	and	morphology	
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Developing	a	clinical	data	capture	system	
for	RD	genome	diagnos?cs	
1.  Standardised	clinical	data	ques4onnaire	forms	

•  OpenClinica	or	their	own	systems	expor4ng	in	XML	schemas	
•  Defined	HPO	terms	for	each	disease	category;	collect	posi4ve	and	
nega4ve	and	addi4onal	terms	

•  Standardised	system	for	(automa4c)	acquisi4on	of	ongoing	imaging/
lab	test	results	

2.  Automated	pedigree	soiware	to	ease	data	entry	and	prevent	errors	
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Empowering	recrui?ng	clinicians	to	
direct	the	analysis	
3.  Presented	with	a	summary	of	data	entered	
4.  Op4on	to	‘control’	the	genome	analysis	such	as	selec4ng	gene	

panels	etc	

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.
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The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.

PanelAssigner	
Recovers	more	
than	50%	of	the	
diagnoses	located	
outside	clinically	
selected	panels.	
	



Scalable	rare	disease	diagnos?cs	

24	

Pa4ent/		
family	

Phenotypes	
&	Pedigree	DNA	

Interpreta4on	
companies	

MDT	
system	

Clinical	
assessment	 GeCIP(s)	

Exomiser	+	
Genomiser	

Genome	
sequence	

Annotated	
VCFs	

Gene	panel	
4ering	



First	families	diagnosed	
•  Jessica	(aged	4)	has	a	rare	condi4on	which	causes	

epilepsy,	affects	her	movement	and	developmental	
delay.	Standard	gene4cs	tests	nega4ve.	

•  De	novo	dele4on	in	SLC2A1	iden4fied	as	the	cause	of	
her	Glut	1	deficiency	syndrome	

•  Now	being	successfully	treated	with	a	a	ketogenic,	
low-carb	diet	

•  Low	risk	for	future	pregnancies	



Rare	disease	pilot	results	

•  ~4800	par4cipants	for	170	different	condi4ons		
•  Standardising	eligibility	&	phenotyping	using	Human	
Phenotype	Ontology	

•  12,966	posi4ve	annota4ons	-	presence	of	a	feature	
•  43,088	nega4ve	annota4ons	-	absence	of	a	feature	

•  250,000	hospital	episodes	associated	with	par4cipants	
•  Likely	diagnos4c	rate	20-25%		
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Diagnos?c	rate	for	trios	

Number	of	HPO	terms	 Number	of	HPO	terms	

N
um

be
r	o

f	c
as
es
	

Pr
op

or
4o

n	
di
ag
no

se
d	

1-5	 6-10	 11-15	 16-20	 21-25	 26-30	 1-5	 6-10	 11-15	 16-20	 21-25	 26-30	
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Interpreta?on	ecosystem	

GeL	genomes	
and	clinical	

data	

Interpreta4on	
Request(s)	

Interpreted	
Genome(s)	

Automated	variant	priori4sa4on	pipelines	

NHS	GMCs	and	
GeCIP	experts	

3rd	party	MDT	tool	
providers	

GeL	
knowledgebase	
of	disease-
variant	

associa4ons	

Tiering	 Exomiser	 Company	1	

Company	1	

Company	2	

Company	3	

Company	2	



Precision fuzzy phenotype matching 



Combining G2P data for variant prioritization 

Whole	exome	

Remove	off-target	and	
common	variants	

Variant	score	from	allele		
freq	and	pathogenicity	

Phenotype	score	from	phenotypic	similarity	

PHIVE	score	to	give	final	candidates	

Mendelian	filters	



Exomiser	soZware	suite	

•  How-To	guide:	Smedley	D	et	al	Nature	Protocols	2015	10(12):2004-15			
	
•  PHIVE:	Robinson	PN	et	al.	Genome	Research	2014.	24(2):340-8.		
•  hiPHIVE:	Bone	W	et	al.	Gene9cs	in	Medicine	2015.	
•  Genomiser:	Smedley	D	et	al.	Am	J	Hum	Genet.	2016.	99(3):595-606.	
•  PhenIX:	Zemojtel	T	et	al.	Science	Transla9onal	Medicine	2014.	6(252).	
•  ExomeWalker:	Smedley	D	et	al.	Bioinforma9cs	2014	30(22):3215.	

•  BOQA	–	Bayesian	algorithm	
•  Likelihood	scoring	algorithm	



Diagnoses	by	Exomiser	and	?ering	

0	

0.1	

0.2	

0.3	

0.4	

0.5	

0.6	

0.7	

0.8	

0.9	

1	

Tier	1+2	 Exomiser	top	5	 Tier	1+2	AND	Exomiser	top	5	

Recall/Sensi?vity	 Precision	

•  Recovers	65%	of	the	4er	3	diagnoses	
•  Recovers	57%	of	the	un4ered	diagnoses	



Addi?on	diagnoses	from	phenotypes	

•  Rare,	frameshii	dele4on	in	SORD	for	a	pa4ent	with	congenital	cataracts	
•  Not	in	our	panel	as	limited	evidence	in	OMIM	and	literature	

•  Highlighted	by	Omicia’s	clinical	team	and	top	5	Exomiser	match	based	on	
exis4ng	mouse	(spontaneous	muta4on	removing	all	func4onal	protein)	
used	as	a	model	of	cataract	development	in	diabetes	



Research	candidates	

•  Likely	to	have	10-15k	rare	disease	cases	without	a	
clear	diagnosis	from	standard	pipeline	

•  Exomiser	and	Genomiser	candidates,	especially	those	
based	on	model	organism	phenotypes	cri?cal	for	
new	disease	gene	discovery	

•  Interac4ons	with	GeCIP	communi4es	to	validate	
•  Transcriptomics	
• Crispr/Cas9	precision	animal	models	for	func?onal	
valida?on	and	ul?mately	improved	treatment	
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Clinical	Variant	Archive	(CVA)	



Challenges	represen4ng	data	
	
•  The	ontology	problem!	Linking	evidences	by	
phenotype,	disease,	panel	name,	…	non	normalised	
vocabulary.	We	cannot	link	together	lines	of	evidence.	

•  Storing	normalised	texts	(lower	case,	no	special	characters,	
etc.)	and	using	regex	is	not	enough	

•  Monarch	Disease	Ontology	(MonDO)	-	
hqps://github.com/monarch-ini4a4ve/monarch-disease-
ontology	mapping	Orphanet,	DO,	MESH,	OMIM,	…	MedGen	to	
come.	

•  Map	phenotypes	to	diseases.	Resources	provided	by	HPO	
(
hqp://human-phenotype-ontology.github.io/
downloads.html).	

•  Other	approaches…	



Variant	classifica?on	
Variant	classifica?on	is	not	standardised	
•  ACMG	classifica4on	is	the	standard	de	facto	for	clinical	relevance,	but	it	misses	

other	dimensions	of	variant	classifica4on.	
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