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NHS Genomic Medicine Service ςlaunched October 2018

ÅDelivery of genetic tests is organised through a 
network of laboratories divided into 7 contracted 
regions

ÅTests are provided through a national test 
directory, covering both rare disease and cancer

Å!ƴ ŜƴǾƛǊƻƴƳŜƴǘ ǘƘŀǘΩǎ ŦƻŎǳǎǎŜŘ ƻƴ ōƻǘƘ ǎŜǊǾƛŎŜ 
delivery and improving diagnostic capability



Clinical sequencing 

Despite high Q scores, read length can be a limiting factor



Next generation solutions ς10X Genomics

10X Chromium

100K

Linked reads

ÅPartition DNA fragments and create barcoded 
reads prior to Illumina short-read sequencing

ÅResolve haplotypes and improve alignments



Next generation solutions ς10X Genomics

PMS2 PMS2CL(Ex 9, 11-15)

100 kb

700 kb

Unique sequence

Analyse reads from 
fragments anchored within 

the "unique" region
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Next generation solutions ς10X Genomics

PMS2 PMS2CL(Ex 9, 11-15)

700 kb

Reads from 
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Next generation solutions ςPacific Biosciences

SMRT Cell
Ligated
hairpin

Ligated
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DNA insert

Sequel (I/II)



Next generation solutions ςPacific Biosciences

Sequel (I/II)
ÅMolecules are structurally linear but topologically circular

ÅHigh accuracy consensusreads, cf. workflow considerations



Next generation solutions ςOxford NanoporeTechnologies

Å"Analysis of any living thing, by 
anyone, anywhere"

ÅDecentralised technology

ÅLow barrier to entry (re: cost)

ÅHighly scalable (re: throughput)

- Workforce upskilling

ÅReal-time



Nanopore sequencing



ÅTranslocation partner identification

ÅDirectly sequence repeat expansions (C9orf72, FRAX)

ÅDetermination of long haplotypes (HLA typing)

ÅParental origin of de novovariants

ÅNative analysis of methylation status

ÅVariant detection at pseudogene loci

ÅCharacterisation of copy number variants at nucleotide resolution

Clinically relevant long-read applications



Short read sequencing of LR-PCR amplified BRCA1targets
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MinIONsequencing of LR-PCR amplified BRCA1targets

Clinical utility:Breakpoint determination, confirming deletion variants at nucleotide 
resolution Ą PCR assay (cascade testing)
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Nanoporeread length is limited by DNA fragment size

Target enrichment using a PCR-free approach
To overcome:

maximum amplicon size
amplification of high GC% regions
repetitive regions
chimeric products

To preserve methylation status

To provide genomic context

Challenges
Require a large mass of DNA (typically micrograms)

Technical difficulties w.r.t avoiding DNA shearing

CRISPR-Cassystem as a tool for PCR-free target enrichment



CRISPR-Cas9 system
Bacterial system that responds to invading viruses -- double stranded cleavage ƻŦ ǘƘŜ ǇŀǘƘƻƎŜƴΩǎ 5b!
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Using PCR amplification products as a Cas9 RNP substrate

BRCA1 <  <  <  <  <  <  <  <  <  <  <  <  <  <  <  <  <  <  <  <  <  <  <<  <  <  <  <  <  <  <  <  <  <  <  <  <  <  <  <  <  < 

7.6 kb
LR-PCR 
product

Cas9
crRNAs

2

crRNA 1
ID: CD.Cas9.YKRF8800.AB
Seq: TCTGGCTGCACAACCACAAT
PAM site: TGG
Strand: +

crRNA 2
ID: CD.Cas9.YKRF8800.AD
Seq: AAGTGTCAAAGTAGGACTAC
PAM site: TGG
Strand: +

crRNA 3
ID: CD.Cas9.GZHZ4560.AE
Seq: ACTTTGGTATAGTGGAAACC 
PAM site: AGG
Strand: -

crRNA 4
ID: CD.Cas9.GZHZ4560.AD
Seq: ACTGCTATAAAGCTTACCTC 
PAM site: TGG
Strand: -



Expected 
sizes (bp)
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Assessing crRNA efficiency
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Cas9 cleavage of genomic DNA (redundant probes)
[0-150]
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Cas9 cleavage of genomic DNA (redundant probes)
[0-150]

MinION
alignments

BRCA1

Partial digests (single cut)

Read origin Read origin
Ψ-Ω ǎǘǊŀƴŘ ŀƭƛƎƴƳŜƴǘ

9,232 bp read
ΨҌΩ ǎǘǊŀƴŘ ŀƭƛƎƴƳŜƴǘ

5,976 bp read

Read origin
ΨҌΩ ǎǘǊŀƴŘ ŀƭƛƎƴƳŜƴǘ

7,978 bp read

Background reads from 
άǇǊƻǘŜŎǘŜŘέ ŎƭŜŀǾŀƎŜ ǎƛǘŜǎ

Ψ-Ω ǎǘǊŀƴŘ ŀƭƛƎƴƳŜƴǘ
4,527 bp read Read origin

Key
ҔҔҔ Υ ΨҌΩ ǎǘǊŀƴŘ
ғғғ Υ Ψ-Ω ǎǘǊŀƴŘ
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