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The Problem

* Low clinical utility

« Relatively expensive test:
— Referral rate too low for efficient batching
— Multiple PKD1 pseudogenes
— Large size
— GCrich exons
— Requirement for copy number variant (CNV) analysis

- Tolvaptan treatment option required a more cost-effective test
— Cheaper
— Require no additional staff
— Require no additional equipment
— Meet national reporting time guidelines
— Circumvent the problems associated with ADPKD genetic testing
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The Solution

Custom NGS panel from SOPHIA — ot el
GENETICS - 38 genes

High cancer referral rate promotes efficiency

In other services S

Single, simple workflow for multiple services S

SOPHIA DDM bioinformatics:

— Fast ol L
— Free

— Accurate

— User friendly
— CNV analysis
— Bioinformatic differentiation of PKD1 from its pseudogenes
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The Results

MLPA use decreased by over 95%
Sanger sequencing reduced
Over 900 hours of staff time saved per year
Cost of ADPKD testing significantly reduced 51 29
Greater laboratory efficiency
Faster Turnaround time for all services

2

Including a case with a PKD2 exon 13 deletion that would not have
been picked up by MLPA
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What is Pool-Seq? m

Manchester University

i ' ' ' ' ' ' ' NHS Foundation Trust

v

* Estimation of allele frequency
* Variant calling

= Challenges?
I
l’ e Technical artefacts

v
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Singleton Seq Pool-Seq
(proband) (x5 maternal, x5 paternal)




Pool-Seq allele frequency estimation

NHS

Manchester University
NHS Foundation Trust

Heterozygous candidate SNPs: Proband Mean frequency L Ranee
. Maternal pool Paternal pool Maternal pool Paternal pool
* Missense 1, 10.26 9.25 3.76-25.00 2.63-23.33
« Quality >20 2. 9.58 8.64 1.48-20.42 1.01-15.25
3. 9.45 9.27 4.92-19.34 4.25-25.83
° o) ()
GnomAD >0A) & <002A) 4, 9.31 8.94 4.18-14.47 3.13-14.37
* Read depth >50 5. 10.25 9.36 5.8-26 4.12-24.06
6. 9.09 9.00 4.23-17.45 3.76-17.61
7. 9.55 9.47 3.88-16.45 3.75-24.93
’
O SEQ 8. 9.46 9.65 1.88-22.67 3.57-25.22
9. 10.65 9.92 3.30-26.43 2.18-20.48
10. 8.71 9.50 5.39-12.94 2.5-17.24
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Findings and conclusions
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1. De novo findings in 2/10 of this cohort

2. Additional inheritance information identified candidate variants (X-linked & AR inheritance)
3. Time saving on parental cascades across all modes of inheritance.

4. Detected rare SNPs with a mean frequency of 8.64-10.65% in parental pools.

5. Cost analysis of parental Pool-Seq (5 parents pooled) - 47% saving per trio analysis

Acknowledgements: S. Ramsden, W. Newman, H. Schlecht, C. Kyle, R. Coates-Brown, R. Wright , D. Gokhale, L. Dutton, R. Lee, R. Mahood
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NHS

MRC Mitochondrial East Midlands

Biology Unit
The University of Manchester and East of England

NHS Genomic Laboratory Hub
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Mitochondrial m
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The University of Manchester and East of England
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Mitochondrial m
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WGS data from 23 individuals- NIHR Bioresource

Mitochondrial DNA Copy Number Single Nucleotide Variants

*  WAGS estimation compared to ddPCR * Long-range PCR followed by NGS
* No significant difference between datasets * High heteroplasmic and homoplasmic SNPs
007 across the mtDNA genome

“100% concordance between the two

350 -

methods (269 unique SNPs)

300 -

98.9% sensitivity (95%Cl)
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e  More work needed:
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P=131x9" other variant types

200 +

WGS mtDNA copy number

* |imit of detection with respect to low

150 -

level heteroplasmies

100 -

Genotype matches across the mtDNA Genome

@D o0 C0td €O OCCERID 00D DO @ CoOCIDO CIRmIED ¢ @D ED 0 2D CEmNTeD e De@I CIREDE@DOOIRINGD (2D @o® e
0 2 - 6 8 10 12 14 16

mtDNA position /kbp

—— —e mm g remea——

ACGS Summer Meeting



ACGS Alx

Association for Clinical Genomic Science

Whole genome sequencing in a series of
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Primary Ciliary Dyskinesia (PCD)

e Disorder of motile cilia

* ~40 genes associated with PCD

* WGS in 8 families (SGP)

— Variants filtered for PanelApp PCD genes (32 “green” genes)

Cilia<Z

Blausen.com (2014) WikiJournal of Medicine

Peripheral microtubule doublet

Quter Dynein Arm

Inner Dynein Arm

Nexin link

Radial spoke

Central microtubule pair

Leigh, 2012, Kendig and Chernick’s Disorders of the Respiratory Tract in Children



WGS in PCD

* Genetic diagnosis in 6 of 8 families
— DNAHS5 (3), DNAH11 (2), DNAAF4 (1)

3 have biallelic variants in DNAH5

— Case 1:

 Compound heterozygote

— Case 2:
* Singleton, phase unknown- investigating using ddPCR
* Static cilia

— Case 3:

 Compound heterozygote
e Quter dynein arm defect



Case 1 — DNAH5 compound het
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* WGS confirms paternity and enables structural variant identification
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Whole Genome Sequencing offers superior coverage

p Va r.l;'.mts even in comparison to Whole Exome Sequencing
identified by
the 100KGP The original test didn’t include the gene in which the

causal variant was found, or didn’t cover the whole gene.

where previous
testing was
negative

4 N ( ~
Example 1
Patient: Dev delay, hypotonia, Example 2
elbow contracture + motor delay. Patient: Female infant with brain abnormalities,

developmental regression and seizures.

Previously suspected: Died age 5 weeks.

DiGeorge or Freeman-Sheldon
Syndrome. Previously testing: Extensive mitochondrial disorder

testing, array-CGH and karyotyping on skin and blood.
Testing: Array-CGH,

Clinical Exome (virtual panels), 100KGP result:
22q11.2FISH, karyotype. Homozygous 45.5kb deletion involving SLC19A3.

This is the first causal 100KGP CNV confirmed in our GMC
100KGP result: UPD14.

J L J




Intronic variants outside of the splice regions All variants

were
identifiable in
the raw data
but not called

Variants missed due to poor read depth or QC

Causal variants missed as they weren’t on the
panel/s applied

I SNVs filtered out if they are the only SNV,
| in a recessive gene

Affected individuals on both sides

CNVs will not be called if they are below of the family can cause a dominant
GEL's 10kb cut off variant to be filtered out

— ]

8 Maternal Paternal Proteinuric
Example: Compou nd. heterozygous L S ronal

DNAAF4 variants: disease

1 SNV and 1 CNV pedigree

Both the nonsense mutation and the
3.5kb CNV were filtered out. Father

WRGL PCD gene panel found nonsense
mutation and further investigation
identified the CNV

*coL4As €.5055_5056delATinsC
p.(Ter1686AsnextTer70), heterozygous.




e 100,000 Genomes Project; success
cases and cautionary tales
IN SUMMARY...

-

N
Many cases

We must learn
solved

from missed

7, Many cases could \ variants to

probably have been develop better
solved by conventional filtering strategies

testing without whole
genome sequencing had

the patient been well
phenotyped and/or seen
by a clinical geneticist
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Exon-focussed targeted oligo-array design provides an increased diagnostic yield:
Data analysis of 27,756 patients from a consortium of UK diagnostic genomic centres

Traditional design Targeted design
CytoSure ISCA v2 oligo-array CytoSure Constitutional v3 oligo-array

883 96
V2

(5.25%) (3.37%)
(8.28%)

v3

(14.87%)

1730
(10.28%)

286

(10.05%) .
Benign
10389 (61.73%) 17E0(6081%) g | jkely benign
VOUS
Likely pathogenic

m Pathogenic

Total number Samples with % samples with Number of Reporting
of samples likely pathogenic likely pathogenic samples rate
or pathogenic CNV  or pathogenic CNV reported*
CytoSurev2 16830 2276 13.5% 4006 23.80% o
CytoSurevd 2845 519 18.24% 805 28.29% ‘ 4. 5 A)
Table 2: Reporting rate of CytoSure v3 and v2 oligo-arrays. increase for v3

* Number of samples classified as either VOUS, likely pathogenic or pathogenic. (p-value = 2.85e-07)



The v3 exon-focused array design shows a significant increase in intragenic CNVs per
sample when compared to the v2 array:

v3:0.73 CNVs per sample vs v2: 0.5 CNVs per sample (P < 2.2e-16)

64 cases

with pathogenic or likely pathogenic intragenic CNVs identified in the following
genes that would have been missed by the v2 array:

DDX3X
ANKRD11 STXBP1 NRXN1TCF4 ‘u’nipn[}ﬁ

USPIK DMD:wy, “42pme0
BCAP31PTHLH
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Summary

e OQOur results show that the v3 exon-focused array design
provides a powerful tool for detection of small pathogenic
intragenic deletions, providing a clinical answer for a
proportion of patients that would have remained
undiagnosed.

* At this time, targeted arrays offer a robust method of copy
number analysis to supplement NGS based tests.
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NHS

North West

HSST Innovation Project "

Detection of fetal microdeletion Syndromes by non-
invasive prenatal testing (NIPT)

Sequence to determine what deletions and
duplications can be detected at differing fetal fractions
and read depths

Statistical analysis of the results to determine the
likelihood that a sample is affected with a
microdeletion

Determining level of abnormality in relation to fetal
fraction

Potential to reduce the number of false positive results



NHS

North West

IVI et h O d NHS Genomic Laboratory Hub

Sourced abnormal cell lines from commercial suppliers for the common
microdeletion syndromes

Microarray — cell lines and ‘normal’ background

Combine these cell lines with a ‘normal’ background to different artificial
fetal fractions

— 5,10 and 15% ff’s

— 1p36, Wolf-Hirschhorn Syndrome, Cri du Chat Syndrome, Prader-
Willi/Angelman Syndrome, Di George Syndrome

Fragment
Size selection
Library Prep
Sequence

— Using lon Torrent
Analyse

— Using R



Wolf-Hirschhorn Syndrome — 11.0-11.1Mb deletion from 4p15.33 to 4pl6.3 — Interstitial

min 4p16.3 4p13.33 Pathogenic? LO35 -0.81 4
max 4p16.3 4p13.33 Pathogenic? LO3S -0.81 4

15

Chr. proportion & scaled depth of coverage (%)

Normalised against 1 ref. samples. Displayed on overall chr. ratio scale.

428 761 11,431,717 11,002,857 no 0.14
374 586 11,507,196 11,132,611 no 0.14

245 o
246 o

GC-corrected depth of coverage: raw, smoothed and mean: chr4

NHS

North West
NHS Genomic Laboratory Hub

100.00
100.00
Norm'd per 20kb block
LOESS.1
LOESS2
LOESS3
Mean for chr (R): 7.0705%
Ref: 7.1369%
Ref: Fetal dupe @ 10% FF
Ref: Fetal del @ 10% FF
Ref: Mat. dupe @ 10% FF
Ref: Mat. del @ 10% FF

Position (Mbp)

Kathryn Jones - kathryn.jones@Iwh.nhs.uk
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Primary Goal — To assess if low read depth Genome Sequencing
(GS) is a clinically feasible, cost effective alternative to
Chromosomal Microarray Analysis (CMA) for CNV detection

 Read depth?
e Resolution?

* Cost per sample?
 CNV-calling algorithms? WISECONDORX, Canvas, CNVSeq

Secondary Goal - Can GS provide a better quality result for tissue
samples with low-quality DNA?

* Products of Conception (POCs), Fetal Tissues (FT) and Stillbirths
* 30% of 1,144 miscarriage tissues achieved a sub-optimal
resolution result in 2017
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NHS Foundation Trust

e GS comparable to CMA

 WISECONDORX optimal of all algorithms tested

- Bin size 50,000 bp

- Carefully curated reference

e Shallow WGS detected all CNVs 300 kb and greater in size
(resolution may improve with further development)

* 500 kb CNV detected at 0.04X

* Seems to work equally well for poor quality DNA

 Sample preparation demonstrated to be feasible

 Reagent cost per sample as low as £75



