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NEW ERA OF GENOMICS



Current and Future Direction of Genomic Testing
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Presentation Notes
Growing genomic complexity changing the fundamentals: Fundamental genomic understanding is evolving as knowledge of the complexities of the human genome increases. The initial concept that one gene causes one disorder has given way to the idea that one gene can affect many disorders and that one disorder can result from multigenic effects. We now know that gene-gene interactions in the same or different pathways can cause a gene to be associated with an otherwise unrelated disease. Inheritance patterns are also much more complex than originally thought. For example, one disorder can be inherited autosomal dominantly (AD) or autosomal recessively (AR) or can be X linked (XL). Studies have uncovered digenic and multigenic inheritance of various diseases, and new evidence is pointing toward synergistic effects of heterozygous variants in different genes that may affect disease phenotypes. In addition, next-generation sequencing, exome sequencing, and genome sequencing are revealing an increasing number of de novo mutations that are associated with diseases such as cancer, broadening our understanding of genomic complexities and the opportunities to discover biomarkers and therapeutic targets.
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WGS Improves Diagnostic Yield

Ottt joumal o e Americn Collge of e sencis nd seroric ORIGINAAL RESEARCH ARTICLE

Open

Genetics

Improved diagnostic yield compared with targeted gene
sequencing panels suggests a role for whole-genome

sequencing as a flrst-tler genetlc test
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Whole-genome sequendng (W L—"*}] prm ides a t:amprchmsnt thtmg
platform that has the potential to streamline genetic assessments, but
there are limited comparative data to guide its clinical use.
Methods: We prospectively recruited 103 patients from pediatric
non-genetic subspecialty clinics, each with a clinical phenotype
suggestive of an underlying genetic disorder, and compared the
diagnostic yield and coverage of WGS with those of conventional
genetic testing.

Results: WGS identified diagnostic variants in 41% of individuals,
representing a significant increase over conventional testing

results (24%; P = 0.01). Genes clinically sequenced in the cohort

inMedicine

(n = 1,226) were well covered by WGS, with a median exonic
coverage of 40x+8x (mean +5SD). All the molecular diag-
noses made by conventional methods were captured by WGS. The
18 new diagnoses made with WGS included structural and non-
exonic sequence variants not detectable with whole-exome sequen-
cingl and confirmed recent disease associations with the genes
PIGG, RNU4ATAC, TRIO, and UNCI3A.

Conclusion: WGS as a primary clinical test provided a higher
diagnostic yield than conventional genetic testing in a clinically
heterogeneous cohort.

Genet Med advance online publication 3 August 2017

Key Words: copy number variation; next-generation sequencing;
noncoding; diagnostics; whole-genome sequencing



Benefits of Clinical WGS

Unbiased Sequencing (compared to WES)

New disease-causing genes discovered
frequently—on average 12 per month

Previously unknown genes may be identified as
contributing to a disease state.

Traditional genetic testing looks only at the
common “troublemaker” genes

Ability to store and re-analyze genetic
information over time to find new genetic
causes

I

For >50% of all Mendelian disease genes, there
IS an indicated intervention

Beneficial to detect thousands of individual
conditions at an early stage rather than
waiting until they become clinically apparent

Creating personalized plans to treat
disease
may be possible based not only on the

mutant genes causing a disease, but also
other genes in the patient’'s genome

Shortening or preventing the diagnostic
odyssey
Look at the entire picture with WGS vs.
Iotokltr_\g at a single gene (or group of genes)
at a time
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Mol Syndromol 2015;6:108–109; The Benefits of Whole-Genome Sequencing Now and in the Future 
Genetics in medicine | Volume 17 | Number 12 | December 2015; (doi:10.1038/gim.2015.21)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4702011/




>98% of the 22,000 genes in the exome covered at >=20X

A SI ng Ie teSt Complete coverage of over 5900+ disease-causing genes
Clinical WGS

Coverage of entire genomic sequence of a gene

Mean coverage of >30X throughout the genome

Reliable detection of genomic copy number variants (CNVSs)
with exon level resolution (smaller CNVs can be detected but
follow-up confirmation strongly recommended)

Replaces microarray

Mitochondrial Genome
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distinctive facial features including mild hypertelorism, thin vermillion to his upper lip, and broad smile
posterior cricoid gap - ring-shaped cartilage of the larynx.


Branford, CT
« Sequencing Center of Excellence
+ 15,000 sq ft, 16 FTE
. * ~ 24,000 samples per year
Pittsbu rg h, PA (HQ) _ « 5 NovaSeq, SpHiSepq !
+ World leader in comprehensive screening DBS card assays « 1 PB data storage, Edico Dragen
« Biochem NBS, 2" tier molecular testing ’ Taichang, China
+ 30,000 5q ft, 63 FTE ’
+>350,000 samples per year . 1700001, 35 FTE
o s sts Chimas ok S
Ina :

« ~24,000sq ft, 2 FTE :mewtbgrnScrte,enigg ,
« New 2019 ext Generation Sequencing

Atlanta, GA
+ Clinical Genomics Interpretation Center
« 4000 sq ft, 14 FTE Kuala Lumpur,

* 8 ABMG Certified Directors Malaysia
+ 8,000 sq ft, 53 FTE

Chen nai, India : NISPSS,OOO samples per year
* 24,000 sq ft, 60 FTE « PGD/PGS

* >151,000 samples per year * Molecular Cytogenetics

+ Prenatal & Newborn Screening « Women's Health

+ Cytogenetics (FISH, Karyotyping, BOB)

* Molecular Diagnostics

®- Future sample collection/aggregation sites
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Breaking the mold of testing laboratories being regional players only – PKI truly global 


Developing a Continuum of Care Model

Prenatal

BN HCP Genetic

Counseling

Support
Metabolic
Profiles

2nd Tier
Molecular
Profiles

AnyPanel™ CNGnhome™

From Prenatal Testing, NBS to WGS

* Coming Soon Utilizing Biochemical and Sequencing Data




WGS (56X and 30X) Methodology (Assay)

Software
Analysis
DNA Automated
Sample Whole Blood SampleQC Library QC
Coriell - '
' ) Cell Line - —3

Perkintime
For the Better Chemaglc 360 LabChip® GX JANUSG3 LabChip® GX
Workstation Nucleic Acid NGS Express Nucleic Acid
Analyzer Automated Analyzer
Workstations
\—

NovaSeq 6000

Easy and efficient workflow to generate 5X WGS data for CNGnome™
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WGS (56X and 30X) Methodology (Assay)

Software
Analysis
PerkinElmer Automation
Tools
DNA Automated .
Sample Whole Blood Extraction SampleQC Library QC
Coriell - —_
, ) Cell Line —3

JANUSG3 LabChip® GX

NGS Express Nucleic Acid
Automated Analyzer

Workstations

Perkin-Imer’

For the Better

chemagic™ 360 LabChip® GX
Workstation Nucleic Acid
Analyzer

NovaSeq 6000

Easy and efficient workflow to generate 5X WGS data for CNGnome™
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WGS (56X and 30X) Methodology (Assay)

Software
Analysis

PerkinElmer Automation
Analysis

Whole Blood DNA Sample QC Automated

Extraction Library Prep

Coriell ) __§ S2 Flow Cell
, > Cell Line ' o C 7 .‘ e 830X WGS

PerkintIimer’ — . ™ « 48 CNGnomes
For the Better chemagic™ 360 LabChip® GX JANUSG3 LabChip® GX
Workstation Nucleic Acid NGS Express Nucleic Acid
Analyzer Automated Analyzer S4 Flow Cell
Workstations

e 24 30X WGS
NovaSeq 6000 e 144 CNGnomes

*DNA extraction validated from Blood, Saliva, Dried blood spot card, amnio/CVS
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Bioinformatics

o

Accessioning

» Sample Tracking

—> Report delivery and external data share

Electronic submission
Interface to integrate with other systems

End-to-end sample tracking
Client and customer care management

External client data delivery options
Web portal/Email/Fax/sFTP/online share

!

|

Workflow management——» Sample batching———> Experiment trackihg——> Web-lab quality control

Integration with lab data management

Sample process tracking and quality control
Manage NGS, Sanger and gPCR workflows

Configurable workflow

FASTQ creation——» Alignment ———» Variant calling——» Annotation ——— Data quality control

lllumina DRAGEN Platform SNV WGS WES Panel HPC computing cluster

BioDisocovery NxClinical Platform Small indel CNGnome 1.3PB on-site storage

BWA/GATK Pipeline CNV Mito Genome AWS cloud archival storage
Genel/variant knowledgebase Variant classification by ACMG guideline Variant Analyst review Report creation

Phenotype assisted analysis 7 Incidental findings (ACMG 59 genes)

ABMGG-certified director review GC review/deliver

Integration of multiple databases

HEMB OMIM Clinvar gnomAD/EXAC and others

Elasticsearch analytics engine
Variant refining filter

Orthogonal confirmatory methods
Sanger Breakpoint PCR MLPA gPCR

Audits

Version Control

Quality Assurance

PKIG Applications

External Applications

Commercially Licensed Resources




</ GENOMICS
>
PKIG- WGS  Sample tracking and workflow management ODIN
Variant Clinical Report
T FASTQ e e Classification Interpretation Generation
i i
Accessioning R Creation Calling Annotation DElEe * Automated e Automated «Clinician
ACMG Scoring interpretation resource guide
*PKIG LIMS *DNA Quality/  elllumina * Alignment *WGS/WES *HPC *PKIG gene / *ABMGG- *Gene-disease
Data Entry Quantity DRAGEN & «SNV « NMD Panel computing disease/ variant certified information
«Demographic Evaluation BioDisgovery «Indels «CNGnome™ cluster knowledgebase director review *Pre-scripted
s verification ~ «Automated NxClinical «CNV «Mito Genome _ *1.3PB on-site *PGXx * gene- variant
WGS PCR Platforms «Mitochondri storage knowledgebase disease- templates
Free library *BWA/GATK ltochondnia «Cloud variant *Recommendat
preparation pipeline archival curation ion Data upload to
storage Servers
Variant data Variant
o - . submission to
Clinical Validation Laboratory ClinVar
Automated validation requests based on
data concordance, pre-classification of Electronic
variants, and variant prioritization scores report delivery
to
Coordinating
Center

Biobank Genetic Counseling Resource

Center
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Figure 1: PKIG pipeline from sample accessioning to clinical reporting for Genotyping and Whole Genome Sequencing (WGS): The CAG -Genotyping and PKIG- WGS, CLIA/CAP Laboratories will receive DNA samples from the AoU BioBank. The samples will be accessioned in the CAG and PKIG laboratories LIMS systems with the demographic information and consent forms as provided by the AoU project. The respective pipelines will assess the DNA samples for quality and quantity and deem them suitable for wet lab processing. Both CAG and PKIG laboratories have the capacity to immediately start processing samples. In year 1 of the project all WGS will be performed at PKIG lab, followed by 2/3-1/3 split in WGS between CAG and PKIG. CAG will use identical WGS sequencing procedures to PKIG. For Genotyping data processing from genotype calling, CNV calling and annotation and QC will be performed by CAG, For WGS , both laboratories will use the EDICO and Biodiscovery platform for primary data analysis and subsequently jointly perform genotyping and WGS secondary and tertiary analysis in ODIN. The Clinical Validation laboratory (CVL) will be at CAG and will perform clinical validation of the Genotyping/WGS results which will result in generation of a CLIA/CAP recommended reporting elements clinical report for ACMG 59 and Pharmacogenetic (PGx) CPIC level 1 targets. The clinical reports will be transferred to the AoU identified Genetic Counseling Resource Centers for release.
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Quality Management and Compliance

Variant analysis and reporting using DyNAmic

lsanger sequencing T y

NGS Validation Request I Pre-designed Primer bank for all S I
. . equence
NMD, PgX and ACMG genes Target QC Template \ Big Dye Capillary \ oc Anal(;‘/sis with| —
| 'I Amplificatiory Review 7 Purification Sequencing ) Electro- - JReviewf " \1itation |

Reaction horesis
Automated primer design for P Surveyor
| -Other genes

SNVs/
Indels

L - _ _ _ _ __________ AT 2nows Confirmation Sign-out by
—»< Variant Type; Reports board-
transferred to certified lab

- " — — Director in

i-DlgltaI droplet PCR/ MLPA/GPCR _i ODIN e

CNVs I Pre-designed Primer/probe bank I
. . for all recurrent CNVs Quantify P QC Data
Genotyping Validation Request ‘_> Sample QC. PCR =~ Digital : . L
yping 9 I Generation /Review /Amplificatio E%Rducts Readout / Review aSaWStlSSWl%th I
uantaSo
Automated primer/probe design
| for novel CNVs |
L TAT: 24-96 hours |
\ 4

Sample processing and workflow management for clinical validation
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Figure 5: The Clinical Validation Laboratory will be located in CAG. This workflow takes advantage of pre-developed custom assays for the genes/variants outlined in the All of Us Study and has pre-developed custom reporting text for the variants and genes ensuring timely and efficient reporting of results. The pipeline for Sanger confirmation of novel variants includes automated primer design pipeline to rapidly design and order primers to facilitate efficient sequencing with a rapid turn around time. PCR amplification is automated on robotics and is performed using 75ng of DNA and using Qiagen’s standardized universal mastermix. Sequencing is performed daily using automation on PCR products amplified from the patient’s genomic DNA. Copy number validation can be performed using three of the clinically validated assays including MLPA, digital droplet PCR and qPCR. Specimen processing and variant reporting is performed under dedicated clinically LIMS and LIS systems. 


I

PerkinElmer

PerkinElmer

GENOMICS

| WHOLE GENOME SEQUENCING (WGS) |
v

| FAsTQBAM |

Bioinformatics
[ phenotyping tool ]< VCF data
Internal filters and [ In-house scripts ] ExXAC /
phenotyPKIG data
| : Pseudogene
Filters: . g
l «  230x coverage PiPKIGline

*  =5% frequency at(Laboratory
decided threshold

[ Variant short list: Missesnse/Nonsense/Frameshift/ ]

variant short list CNV

[ PhenotyPKIG
piPKIGline

] e =1% frequency

Indels /Splice site/Deep intronic/intergenic/ CNVs

v

Intragenic (exon
level del/dup)

PhenotyPKIG Evalu?)t;it;ﬁed on ] >[ Non-phenotyPKIG- ]
-related phenotyPKIG J related
"4

3 7 (o

Known Novel Novel Insufficient ]
pathogenic pathogenic missense Data * L4
Autosomal Autosomal
Dominant Recessive

Report as Report as Report as diagnostic, not related to
pathogenic vUS phenotyPKIG

Secondary findings
Childhood onset

v

Report as Pharmacogenetic
X variants

carrier (CPIC guidelines
Class 1A)

Phenotype-related Findings  ASuonactachonabe e Incidental Findings

| PerkinElmer
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ODIN

(Ordered Data Interpretation Network)
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A lot of WGS results may be VOUS now but be suspicious – as more genomes are done, will be able to interpret more, just as we now can with WES VOUS.
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ODIN  Analyses

Master Variant Table

List of Analyses (Total:34571)
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19CT030656_19CTO306...
19CT030656-76398054
19CT030657-87292833
19CT030659-77732306

19CT027899_19CT0278...
18CT027900_19CT0279...
19CT026623_19CT0266...
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Folder Name
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Master Gene Table

User Management
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Clinical Report Management
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MOTHER
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Released
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Ready to review
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Green flag: negative cases; red flag: positive cases, white flag: variants need classification
Can include parents and up to two siblings in one analysis


Variant Table

' > ODIN Analyses Master Variant Table Master Gene Table User Management Clinical Report Management Miscellaneous Zegiang Ma 2

PerkinEime:

Analysis Variants  Hidden Variants

19CT029104_ST18-00595 (Total Variants: 1183 )
® GCD GOUs Other Genes ® NonUTR UTR Neon Coding Deep Intren () Mito No Filter v Refining Filter Default Filter v
Gene cDNA Protein Alt% Exon  Inheritance OMIMP  Mom Dad PKI Cl EmVClass HGMD ( Clir Cover gnomAD!| gnomAl gnomAl gnomAl
- - - - - - - - - - - - - - - - - - Pri
- - T n v - M - - - M PKI Count - M - M - - - - r‘|0| Filte Sange Holdl Sange [

c.484A=G p.Lys162Glu 54.17 5 Hetero... 3/34570 192 1.077 154 1+ v
ADAMTS1 c.165G=A p.Glu55Glu 100.0 1 ?le.165...  Hetero... 3/34570 374 0.035 9 + v
ADAMTS10 c.629G>A p.Arg210GIn 48.5 6 AR Weill-... Hetero... 2/34570 334 0.007 1 + v
ADAMTS18 c.3321A-G p.Glu1107Glu 50.32 21 AR Micro...  Hetero.. 2/34570 157 0.161 36 + v
ADAMTSL2 c.2313A=G p.Val771Val 100.0 16 AR Geleo... Hetero.. Homoz... Like.. 725/345.. 564 1+ v
ADAMTSL2 c.2022C>T p.Pro674Pro 47.39 14 AR Geleo.. Hetero... 177/345... 249 1+ v
ADAMTSL2 c.2613G=A p.Valg71val 52.88 18 AR Geleo.. Hetero... 169/345... V.. 363 + v
ADARB1 c.1397-8delT 85.71 7 ?le.139 ?lc.139 369/345 14 4 b
ADCY10 c.254-6delT 55.81 3 Hetero... Hetero... 268/345... 43 + 1Y
ADCY2 c.2094+6_2094+... 100.0 16 ?lc.209... Homoz... 26/34570 35 1+ v
ADRAZB c.894_902dupAG... p.Glu299_Glu301... 46.97 1 AD Epilep... Homoz... Hetero... 984/345.. 396 +* v
ADTRP c.401A=G p.Lys134Arg 45.05 4 Hetero... 3/34570 a1 0.549 84 +* v
ADTRP c.186C=T p.Tyr62Tyr 31.25 2 Hetero... 2/34570 64 0.342 26 + v
AFF2 c.2509C=T p.Arg837Cys 43.33 ih XLR Ment... Hemiz... 2/34570 DM 180 0.006 5 2 + v
AFG3L2 c.498C=T p.Ser166Ser 441 5 AR; AD Spast... Hetero... 18/34570 li.. 195 1.498 461 4 + v

“ <« 183 45 » 15 |~
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“Hidden variants” are low priority variants selected by lab directors


Variant Detall

Selected Variant is : ACADM ¢.985A=G(p.Lys329Glu)

Details JBrowse Other Analyses

CLINICAL REPORT DATA| (1

Notes

Select Variant Interpretation

Select Template
Template:

B I U x, x* ;= :Z| Font ~ | Size -

The ¢.985A>G (p.Lys329Glu) missense variant results in the
substitution of the lysine codon at amino acid pesition 329
with a glutamic acid codon. This variant is a common ACADM
pathogenic variant in individuals of northern European
ancestry (previously referred to as p.Lys304Glu) (PMID:

PKI Classification:

Pathogenic
Frequent Artifact:
ACMG Calculator:
Status: Edited

Last Modification:
Maodified by:
Internal Comments

6-Dec-2018 10:43:21
Yang Wang
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VARIANT

Chromosome:
Position:

Ref:

Alt:

Ref(%):

Ak(%):

Read Depth (DP):
Type:

Filter:

Call Quality:
Genotype Quality (gq):
dbSNP ID:
Zygosity:

Sanger Notes

1
76226846-76226846
A

G

50.5%

49.5%

103

snv

PASS

1429.54

99.0

rs77931234

Heterozygous

VARIANT ANNOTATIONS

Transcript:
HGVS.c:

HGVS.p:

Mother:

Father:

Sibling 1:

Sibling 2:

SnpEff Type:
1000Genomes AF:

gnomAD AF|AC:
ExAC AF|AC:

GME AF|AC:
dbSNP AF:
PolyPhen-2:
SIFT:

Mutation Taster:
EmVYClass:
HGMD:

NM_000016.4
- Gene Symbol:
c.085A>
cO85A-6 Strand:
p.Lys329Glu ENSEMBL ID:
Heterozygous|c.985A>G .
Inheritance:

OMIM Phenotype:

missense_variant

All=0.229%

PopMax:0.626%|699 | NFE

SAMPLE NOTES
All=0.331%|402

0.05% 11985

PB,BBE

TTTTT

DDDDD
Pathogenic,Pathogenic
DM

Add Variant Create Clinical Report

GENE ANNOTATIONS

ACADM
+
ACADM
AR

Acyl-Coh dehydrogenase, medium chain,
deficiency of




Variant Filter

[] lises Master Variant Table Masier Gene Table User Manaagement Clinical Renort Manaaement Miscellaneous

Filter Name * @ Refining Filter ) Sample level filter

SP
ra Confidence +1
i Population Frequencies 4
< lEil
Name: Population Frequency
é adoﬂ Keep = All ~ variants that are observed in any - of these populations with an allele frequency of |
3524 . = .
[l 1000 Genomes Database Atleast ~ |3 -|in Al -
73971
] ExAc Database Atleast ~|3 % +|in All - E|
‘:| gnomAD Database Atleast -3 % «|in|All -
440 ] GME Database Atleast ~|3 (% -
19561
19864
| Clinical Classification +1
1431
. Phenotype 4
44861
Genes of interest L & .

| PerkinElmer

S04 GENOMICS

,) ‘

PerkinElm




Genome Browser

Selected Variant is : APC c.5465T>A(p.Val1822Asp) Add Variant Create Clinical Report

Details JBrowse Other Analyses

Available Tracks

AKfilter tracks
~ 18PA005761_ELABOS710

Coverage in 18PA005761_ELABO5710
[¥] Mutations in 18PA005761_ELABOS710
Read alignments for 18PA005761_ELAB05710

* Annotations

Reference sequence
Refseq annotations
[ SNPs from ClinVar
[C]5NPs from dbSNP

| PerkinElmer

Genome  Track View Help
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Read alignments for 18PA005761_ELABO5710
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Clinical Whole Genome Sequencing

Clinical Whole Genome Sequencing (WGS)

Diagnostic
Clinically “Affected” Individuals

/

CNGnome™
“Low Pass” WGS
coverage (5x)
Detection of
cytogenetic CNVs
Replaces
Constitutional
Microarray

>

)

N\

(¥

WGS
Full WGS (30x) for
diagnostic purposes
Inclusive of genomic
and intragenic CNVs
Mitochondrial genome
Deep Intronic changes
Trinucleotide Repeats*

*coming soon

)

Screening

Apparently “Healthy” Individuals

/

(U

GenePrism

Introductory healthy
screening test
Helix marketplace

)

“Healthy WGS”

* Full WGS w/ access to
all secondary finding
categories

* Ancestry*

» Polygenic risk scores*

* Nutrition report*

* Viacord

*coming soon
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Experience from first 150 WGS cases

I

PerkinElmer
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All clinical/diagnostic cases were subjected to 30x WGS assay
(aligned to human reference genome hg19).

79 (53%) cases were classified with known pathogenic SNV / CNVs
of clinical significance.

35 cases were NICU and 115 cases were pediatric.

Pathogenic variants, SNV and CNV detected in 81 genes and two
or more cases in WDR45 and KCNQ1 genes.

Dual Mendelian Diagnoses: 2 cases with dual clinical diagnoses
resulting from 2 pathogenic CNVs were identified.
Mitochondrial pathogenic variant identified in one case.

CNV identified in 4 cases- In addition, two cases of Trisomy 21.
Two deep intronic pathogenic variants identified.

T | PerkinElmer
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Increase In
Diagnostic
Yield
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Clinical Diagnostic Rate Comparison
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Diagnostic Yield (%)
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L

0

“15%*

Microarray

* Based on accepted industry averages
** Based on internal PerkinElmer Genomics data

~30%*

WES

53%**

WGS




WGS case 1

/-year-old male with history of Previous Testing:

vomiting for 24 hours develops: Biochemical analysis consistent
Progressive encephalopathy with OTC deficiency
Acute hyperammonemia Negative OTC molecular studies

I
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WGS Case 1 Results

I
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Test Performed: Whole Genome Sequencing, Proband only

TEST RESULT SUMMARY

A hemizygous c.-106C>A OTC variant of unknown significance was identified in this sample.
Clinical and biochemical correlation is required.

Diagnostic findings:

/~

Gene Associated Disease Exon/ . Protein . e e

OMIM (Inheritance) / Intron \\ DNA Change Change Zygosity Classification
oTC Ornithine transcarbamylase deficien o’-untranslated ) ) : Variant of Unknown

300461 (XLR) region ¢-106C>A Hemizygous Significance

XLR= X-linked recessive
* Sanger confirmation is pending.

T | PerkinElmer
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WGS Case 1.
Finding in the 5’ Untranslated Region

5 UTR l—Exon T
c.106C>A Start Codon

¥ J Genome - chrX:38,211,812-38,211,991 (GR!
1810 3t 0 0 3 B4 0 0 38! 0 3¢
VGGAAGCTGAAGGGTGATATTACCTTTGCTCCCTCACTGCAACTGAACACATTTCTTAGTTTTTAGGTGGCCCCCGCTGGCTAACTTGC
[CCTTCGACTTCCCACTATAATGGAAACGAGGGAGTGACGTTGACTTGTGTAAAGAATCAAAAATCCACCGGGGGCGACCGATTGAACG

¥ Nucleotide Conservation

00 10 20 3¢ 3 0 P 3¢ 960 g70 3¢
GTGGAGTTTTCAAGGGCATAGAATCGTCCTTTACACAATTAAAAGAAGATGCTGTTTAATCTGAGGATCCTGTTAAACA]
CACCTCAAAAGTTCCCGTATCTTAGCAGGAAATGTGTTAATTTTCTTCTACGACAAAT TAGACTCCTAGGACAATTTGT

=T

¥4J4 NM_000531.5: Homo sapiens ornithine ca < ‘erase (OTC), nuclear gene encoding mitochondrial protein, mRNA. (,__.)g;}

Del/Delins

Subst

Ins/Dup C. 4 C. {1} .-100 c.-50 c.-80 c.-70 [ - 0 o C i} c c.l c.10 c.20 c.3(]

\GGAAGCTGAAGGGTGATATTACCTT CAACTGAACACATTTCTTAGTTTTTAGGTGGCCCCCGCTGGCTAACTTGCTGTGGAGTT TTCAAGGGCATAGAATCGTCCTTTACACAATTAAAAGAAGATGCTGTTTAATCTGAGGATCCT T»’-\AACi
L N [ v o]l o]n]

¥4 ¥ dbSNP Short Variations | SwissProt Variants ([) 553
VWGGAAGCTGAAGGGTGATATTACCTTTGCTCCCTCACTGCAACTGAACACATTTCTTAGT TTTTAGGTGGCCCCCGCTGGCTAACTTGCIBTGGAGTTTTCAAGGGCATAGAATCGTCCTTTACACAATTAAAAGAAGATGCTGTTTAATCTGAGGATCCTGTTAAACA ]
r a < -] A E 6 TA I psg A A GCAG £€s 8 S

T

v N T

c.106C>A Start Codon
5 UTR T —Exon 1=

From Alamut Visual
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WGS Case 1.
Finding in the 5’ Untranslated Region

The c-106C>A change in the OTC gene is a substitution of an A for a C 106 nucleotides prior to the start codon. This
change is located in the 5" untranslated region of the OTC gene. In general, sequences in the 5" untranslated region may
be part of promoter or enhancer elements. Changes in this region have the potential to regulate DNA transcription and
mRMNA processing. To our knowledge, the c-106C=A variant has not been reported in individuals with OTC deficiency,
and it is rare in the general population with the minor allele frequency at about 0.03% in 1000 Genomes'. An OTC
alteration upstream of the c.-106C>A variant has been reported in a female individual with signs of OTC deficiency;
functional studies indicated that this change disrupted the interaction of the promoter with the enhancer®. There is

currently insufficient evidence to determine the pathogenicity of this variant; the c-106C=A OTC vanant is therefore
classified as a variant of unknown significance. Clinical and biochemical correlation is required.

1. hitpsMhevnwe. nebionimonih.gowSHP/snp_ref ogittype=rs&re=rs749743052
2. Lukson et al, Huom Mutat, 2010 Apr,31(4-E1294-303. doi: 10.1002Mumu. 21215.

» Previous molecular testing likely negative because sequencing didn’t go this far into 5’ UTR

| PerkinElmer
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WGS Case 2

Proband with mild lateral and
ventricular dilation suggestive of
diffuse atrophy (de novo
duplication)

I

PerkinElmer

T | PerkinElmer
S04 GENOMICS

TEST RESULT SUMMARY

Preliminary Report: A duplication of SETDS including exons 3-14 was identified in this

sample. Clinical and biochemical correlation is required.

Diagnostic findings:

Gene Associated Disease Location of Most 5' Abnormal Location of Most 3' Abnormal Classification
oMM (Inheritance) Probe® Probe®

SETDS Mental retardation, autosomal 0.9470573 0.9439001 Variant of Unknown
615761 dominant 23 (AD) c.-50 (5'UTR) €. 1782+10 (intren 14) Significance

AD=autosomal dominant
a. Probe location does not indicate precise breakpoint.

p253

9,435 Wb 9.440 Mb 0.445 b 9.450 Wb 9.455 Wb 9,480 Mb 0.485 Wb 0.470 Wb 2,475 Wb 9.420 Wb 0.485 Wb
0 1 v ' ' ' 0 ' v 0 '

P THUMPD3-AS1

9.480 Wb 2.405 Wb
' i

T T T T T T
9.435 Mb 9.445 Mb 9.455 Mb 9.475 Mb 9.480 Mb 9.485 Mb

T T
9.490 Mb 9.495 Mb




Clinical Whole Genome Sequencing

Clinical Whole Genome Sequencing (WGS)

Diagnostic
Clinically “Affected” Individuals

/N
- N [ N

WGS
CNGnhome™ = o
- e  Full WGS (30x) f
e “Low Pass” WGS . (30x) for

diagnostic purposes
c[:)overa_ge (5fX) « Inclusive of genomic
* Detection o and intragenic CNVs

cRytolgenetlc CNVs « Mitochondrial genome

g Cep aces I  Deep Intronic changes

onstitutiona « Trinucleotide Repeats*
Microarray

*coming soon

(U AN /

I

PerkinElmer


Presenter
Presentation Notes
WGS
Full WGS (30x) for diagnostic purposes
Inclusive of genomic and  intragenic CNVs
Mitochondrial genome
Deep Intronic changes
Trinucleotide Repeats*
*coming soon


g

[
|

= I

[ Healthy J [ Sick J Healthy J [ Sick J
{ Pediatric } { Diagnostic * } All* J [ Al J
only N

) ) *consent form
**ViaCord- Phase 1 — 386,000 units (300,000 4 pgs saliva, Whole blood- Validation included

unique families) Coriell samples (GAIB), 60 known positive
controls, All three sample types from same
Phase II- Live recruitment- 25,000-30,000 individual

$ Validated on TruSeq, NovaSeq and
supplemented with ancillary methods

I

PerkinElmer &1 GENOMICS
For the Retter ¥



Pediatric disease + ,)

Newborn Pharmacogenetics i
Genome Sequencing (~2300)
) A
(
B @ | |
Neonatal Pediatric <
vV Reconsent
NICU/PICU 18 yrs .
) —> carrier
Y ——> adult onset
STAT (actionable;
- Biochem non-
(48-72 hrs) actionable)
- Genome
(7-10 days)
T Re-interrogate & reanalyze [

I

.- | PerkinElmer
PerkinElmer 54 GENOMICS
For the Retter J



g

Perkin=Imer’
For the Better

Adult
genome sequencing

Consent form driven
<18 yrs - Diagnostic
- Carrier
- Actionable
- Non-actionable

Re-interrogate & reanalyze
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48 yr old healthy Caucasian male. No clinical information
Diagnostic genomic finding- UPD1

U P D 1 Chromosome 1: non-imprinted
" : . UPD1: reported with unmasking of AR disorders in literature
(Isodisomy) In

healthy male
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New Results

Characterization of prevalence and health consequences of uniparental disomy in
four million individuals from the general population

Joanna L Mountain, Sohini Ramachandran, Fah Sathirapongsasuti
doi: https://doi.org/10.1101/540955
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Comment on this paper

Priyanka Nakka, Samuel Pattillo Smith, Anne H O'Donnell-Luria, Kimberly F McManus, 23andMe Research Team,

A

UPD may or may not cause
phenotypic consequences

Phenotypic Consequences of UPD

JRxiv preprint first posted online Feb. 5, 2019; doi: hitp://dx.doi.org/10.1101/540955. The copyright holder for this preprint (which

was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

UPD can cause phenotypic consequences in multiple ways, including 1) disrupting imprinting
and 2) uncovering recessive alleles in blocks of isodisomy. We tested for phenotypic
associations between UPD of each of the 23 chromosomes in true positives in the 23andMe

dataset and 206 phenotypes across five categories (cognitive, personality, morphology, obesity

nd metabolic traits) obtained from self-reported survey answers. We found 23 nominally
significant (p-value < 0.01) phenotype associations with UPD of chromosomes 1, 3, 6, 7, 8, 15,
16, 21 and 22 (Supplementary Table 2). While some of these 23 associations were driven by a

single UPD case, three associations had multiple cases (or multiple measurements, in the case
of quantitative traits), representing a more robust signal: we found that UPD6 is associated with
lower weight (p-value = 0.0038) and shorter height (p-value = 0.0055), and UPD22 is associated
with a higher risk for autism (p-value = 2.557 x 10°) (Table 1).



What after Genomics?

/ Genome
Epigenome \
/ ~.

Transcriptome

. . . — (MRNA, miRNA, isoforms, edits)
Complimenting Genomics T s i
\“ Cytokines - grmml‘lcl;:

Metabolome

—_
\ Autoantibody-ome /

Microbiome (Gut, Urine,
Nasal, Tongue, Skin)

results with other “OMIC” profiles

Advantages of integrating metabolomics and whole-genome sequencing

O = [
’ = /\\
- ww - -—
Interpret WGS-based findings Newborn screening Catalogue comprehensive Assess molecular
Metabolomics + adult sequencing: Metabolomics + WGS for metabolic effects response to exposures
test molecular effects of rare newborns: molecular readout of Deep assessment of the molecular Track impact of mutations
mutations, including phenotype liprd, carbohydrate and amino umpact of mutations, e.g n response to diet and other
penetrance and overall burden of acid disorders such as familial loss-of-function variants that challenges.
multiple mutations. hypercholesteremia. are not fully penetrant.
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