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Current and Future Direction of Genomic Testing 
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Presenter
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.



WGS Improves Diagnostic Yield 



 
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  

 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. 
looking 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/



A single test: 
Clinical WGS 

 >98% of the 22,000 genes in the exome covered at >=20X 
 
 Complete coverage of over 5900+ disease-causing genes 
 
 Coverage of entire genomic sequence of a gene 
 
 Mean coverage of >30X throughout the genome 
 
 Reliable detection of genomic copy number variants (CNVs)  

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 smileposterior cricoid gap - ring-shaped cartilage of the larynx.



PerkinElmer Genomics – A Global Laboratory 

Atlanta, GA     
• Clinical Genomics Interpretation Center 
• 4000 sq ft, 14 FTE 
• 8 ABMG Certified Directors 

Chennai, India 
• 24,000 sq ft, 60 FTE  
• >151,000 samples per year 
• Prenatal & Newborn Screening 
• Cytogenetics (FISH, Karyotyping, BOB) 
• Molecular Diagnostics 

Taichang, China 
• 17,000 sq ft, 35 FTE 
• >241,000 samples per year  
•Molecular Cytogenetics  
• Newborn Screening 
• Next Generation Sequencing 

Pittsburgh, PA (HQ) 
• World leader in comprehensive screening DBS card assays 
• Biochem NBS, 2nd tier molecular testing 
• 30,000 sq ft, 63 FTE  
•>350,000 samples per year 
• 5 NovaSeq, 2 MiSeq 

- Future sample collection/aggregation sites 

Branford, CT     
• Sequencing Center of Excellence 
• 15,000 sq ft, 16 FTE  
• ~ 24,000 samples per year 
• 5 NovaSeq, 3 HiSeq 
• 1 PB data storage, Edico Dragen 

Kuala Lumpur, 
Malaysia 
• 8,000 sq ft, 53 FTE 
• ~ 55,000 samples per year  
• NIPS 
• PGD/PGS 
• Molecular Cytogenetics  
• Women’s Health 

Chengdu, 
China 
• ~24,000 sq ft, 2 FTE 
• New 2019 
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Developing a Continuum of Care Model 

From Prenatal Testing, NBS to WGS 
Utilizing Biochemical and Sequencing Data 

NBS 
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Molecular  

Profiles 
AnyPanel™ 
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WGS (5X and 30X) Methodology (Assay) 

Easy and efficient workflow to generate 5X WGS data for CNGnome™ 



WGS (5X and 30X) Methodology (Assay) 

Easy and efficient workflow to generate 5X WGS data for CNGnome™ 

PerkinElmer Automation 
Tools 



WGS (5X and 30X) Methodology (Assay) 

PerkinElmer Automation 
Tools 

 
S2 Flow Cell 
• 8 30X WGS 
• 48 CNGnomes 
 
S4 Flow Cell 
• 24 30X WGS 
• 144 CNGnomes 

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



Bioinformatics 

ODIN 

LIMS Accessioning Report delivery and external data share 

Sample batching Workflow management Experiment tracking Web-lab quality control 

Alignment Variant calling Annotation 

Gene/variant knowledgebase 
Phenotype assisted analysis 

Variant classification by ACMG guideline 
Incidental findings (ACMG 59 genes) 

Report creation 
GC review/deliver 

Sample Tracking 

Illumina DRAGEN Platform 
BioDisocovery NxClinical Platform 
BWA/GATK Pipeline 

SNV 
Small indel 
CNV 

WGS   WES   Panel 
CNGnome 
Mito Genome 

HPC computing cluster 
1.3PB on-site storage 
AWS cloud archival storage  

Integration with lab data management 
Configurable workflow 

Orthogonal confirmatory methods 
Sanger Breakpoint PCR  MLPA  qPCR 

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

Integration of multiple databases 
HGMD  OMIM  ClinVar  gnomAD/ExAC and others 

Elasticsearch analytics engine 
Variant refining filter 

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

Electronic submission 
Interface to integrate with other systems 

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

PKIG Applications External Applications 

FASTQ creation 

Commercially Licensed Resources 

Variant Analyst review 
ABMGG-certified director review 
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PKIG- WGS Sample tracking and workflow management 

Data upload to 
servers 

Electronic 
report delivery 

to 
Coordinating 

Center 

Variant 
submission to 

ClinVar 

ODIN 

Clinical Validation Laboratory 

Variant 
Classification 

•Automated 
ACMG Scoring 

•PKIG gene / 
disease/ variant 
knowledgebase 

•PGx 
knowledgebase 

Clinical 
Interpretation 

•Automated 
interpretation 

•ABMGG-
certified 
director review 

•  gene-
disease-
variant 
curation 

Report 
Generation 

•Clinician 
resource guide 

•Gene-disease 
information 

•Pre-scripted 
variant 
templates 

•Recommendat
ion 
 

Automated validation requests based on 
data concordance, pre-classification of 

variants, and variant prioritization scores 

Variant data 

Genetic Counseling Resource 
Center 

Biobank 

Sample 
Accessioning 

•PKIG LIMS 
Data Entry 

•Demographic
s verification 

Wet-Lab 

•DNA Quality/ 
Quantity 
Evaluation 

•Automated 
WGS PCR 
Free library 
preparation 

FASTQ 
Creation 

• Illumina 
DRAGEN & 
BioDiscovery 
NxClinical 
Platforms 

•BWA/GATK 
pipeline 

Variant 
Calling 

•Alignment 
•SNV 
• Indels 
•CNV 
•Mitochondria 
 

Variant 
Annotation 

•WGS/WES 
•  NMD Panel 
•CNGnomeTM 

•Mito Genome 

Data QC 

•HPC 
computing 
cluster 

•1.3PB on-site 
storage 

•Cloud 
archival 
storage 
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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.



Sanger Sequencing 

Digital droplet PCR /  MLPA/qPCR 

Pre - designed Primer bank for all  
NMD, PgX and ACMG genes   

Automated primer design for  
- Other  genes 

Variant Type 
TAT :   24  hours 

TAT :   24-96 hours  

Sequence  
Analysis with  

Mutation  
Surveyor 

Variant analysis and reporting using DyNAmic 

Sample processing and workflow management for clinical validation .  

Data  
analysis with  
QuantaSoft 
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for all recurrent CNVs 
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for novel CNVs 
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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. 



 
 
 

Phenotype-related Findings 

 
 

 
                Incidental Findings 

Bioinformatics 
phenotyping tool VCF data 

Internal filters and 
phenotyPKIG data 

PhenotyPKIG 
variant short list 

In-house scripts 

          Filters: 
• ≥ 30x coverage 
• ≤ 1%  frequency 
• ≤ 5% frequency at(Laboratory 

decided threshold) 

Variant short list: Missesnse/Nonsense/Frameshift/ 
Indels /Splice site/Deep intronic/intergenic/ CNVs 

Evaluate based on 
patient 

phenotyPKIG 

PhenotyPKIG
-related 

Known 
pathogenic 

Novel 
pathogenic 

Novel 
missense 

Insufficient 
Data 

Report as 
VUS 

Non-phenotyPKIG-
related 

Pathogenic Variant 

Autosomal 
Dominant 

Autosomal 
Recessive 

 
Report as diagnostic, not related to 
phenotyPKIG  
 
       Secondary findings 
- Childhood onset 
- Adult onset actionable 
- Adult onset non-actionable. 

 

Report as 
carrier 

Pharmacogenetic 
variants  

(CPIC guidelines  
Class 1A) 

Report as 
pathogenic 

FASTQ/BAM 

Pseudogene 
piPKIGline  

CNV 
piPKIGline  

ExAC /  
gnomAD 

Genome 

Intragenic (exon 
level  del/dup)  

WHOLE GENOME SEQUENCING (WGS) 
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ODIN 
(Ordered Data Interpretation Network) 

Presenter
Presentation Notes
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.



Landing page 

Presenter
Presentation Notes
Green flag: negative cases; red flag: positive cases, white flag: variants need classificationCan include parents and up to two siblings in one analysis



Variant Table 
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Presentation Notes
“Hidden variants” are low priority variants selected by lab directors



Variant Detail 



Variant Filter 



Genome Browser 



Clinical Whole Genome Sequencing (WGS) 

Diagnostic 
Clinically “Affected” Individuals 

Screening 
Apparently “Healthy” Individuals 

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 
 

CNGnome™ 
• “Low Pass” WGS 

coverage (5x) 
• Detection of 

cytogenetic CNVs 
• Replaces 

Constitutional 
Microarray 

WGS 
• Full WGS (30x) for 

diagnostic purposes 
• Inclusive of genomic 

and  intragenic CNVs 
• Mitochondrial genome 
• Deep Intronic changes 
• Trinucleotide Repeats* 
*coming soon 

Clinical Whole Genome Sequencing  
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WGSFull WGS (30x) for diagnostic purposesInclusive of genomic and  intragenic CNVsMitochondrial genomeDeep Intronic changesTrinucleotide Repeats**coming soon



  

WGS (30X)- 
Complete 
Genomic 
Solution 



Experience from first 150 WGS cases 



Increase in 
Diagnostic  
Yield 



WGS case 1 

 7-year-old male with history of 
vomiting for 24 hours develops:  
• Progressive encephalopathy  
•  Acute hyperammonemia  
 

Previous Testing: 
•  Biochemical analysis consistent 

with OTC deficiency  
• Negative OTC molecular studies  

Presenter
Presentation Notes
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.



WGS Case 1 Results  
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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.



WGS Case 1: 
Finding in the  5’ Untranslated Region 

From Alamut Visual 

Start Codon c.106C>A 
5’ UTR Exon 1 

c.106C>A Start Codon 

5’ UTR Exon 1 

Presenter
Presentation Notes
Regular sequencing does not go so far upstream; WES may not either



WGS Case 1:  
Finding in the  5’ Untranslated Region 

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



WGS Case 2 

   

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



Clinical Whole Genome Sequencing (WGS) 

Diagnostic 
Clinically “Affected” Individuals 

Screening 
Apparently “Healthy” Individuals 

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 
 

CNGnome™ 
• “Low Pass” WGS 

coverage (5x) 
• Detection of 

cytogenetic CNVs 
• Replaces 

Constitutional 
Microarray 

WGS 
• Full WGS (30x) for 

diagnostic purposes 
• Inclusive of genomic 

and  intragenic CNVs 
• Mitochondrial genome 
• Deep Intronic changes 
• Trinucleotide Repeats* 
*coming soon 

Clinical Whole Genome Sequencing  

Presenter
Presentation Notes
WGSFull WGS (30x) for diagnostic purposesInclusive of genomic and  intragenic CNVsMitochondrial genomeDeep Intronic changesTrinucleotide Repeats**coming soon



 
Genome#$ 

 

Newborn Adult 

Healthy Sick 

Pediatric 
only** Diagnostic * 

Healthy Sick 

All* All * 

*consent form 
# DBS, Saliva, Whole blood- Validation included 
Coriell samples (GAIB), 60 known positive 
controls, All three sample types from same 
individual 
$ Validated on TruSeq, NovaSeq and 
supplemented with ancillary methods 

**ViaCord- Phase 1 – 386,000 units (300,000 
unique families) 
 
Phase II- Live recruitment- 25,000-30,000 



Newborn  
Genome Sequencing 

Neonatal 
 

NICU/PICU 

STAT 
- Biochem 
  (48-72 hrs) 
- Genome  
      (7-10 days) 

≤18 yrs 

Pediatric disease + 
Pharmacogenetics 

(~2300) 

Reconsent 
 

carrier 
 adult onset 
(actionable;  
  non-
actionable) 

Re-interrogate & reanalyze  

Pediatric 



Consent form driven 
- Diagnostic 
- Carrier 
- Actionable 
- Non-actionable 

Adult  
genome sequencing  

≤18 yrs 

Re-interrogate & reanalyze  



UPD 1 
(isodisomy) in 
healthy male 

48 yr old healthy Caucasian male. No clinical information  
Diagnostic genomic finding- UPD1 
Chromosome 1: non-imprinted 
UPD1: reported with unmasking of AR disorders in literature 
 



UPD may or may not cause 
phenotypic consequences 



What after Genomics? 
Complimenting Genomics 
results with other “OMIC” profiles 



PerkinElmer Genomics Global Team 

Dr Madhuri Hegde 
VP & CSO Global Labs 

Dr Alice Tanner 
Director, Laboratory Testing & 
 Clinical Education 

Dr Alka Chaubey 
Head of Cytogenomics 

Dr Joseph Quashnock 
Laboratory Director 

Dr Zeq Ma 
Director Clinical Informatics 

Dr Taraka Donti 
Laboratory Director 

Dr Raghu Basiboina 
Director, Dx Lab Services 

Nicky Xu 
General Manager ICL 

Calvin Thien 
Director Lab Services 

PJ Borandi 
Site Leader 

Dr Yang Wang 
Laboratory Director 

Dr Zhili Lin 
Laboratory Director 

Dr Akanchha Kesari 
Laboratory Director 

Dr Christin Collins 
Laboratory Director Justin Leighton 

Director of Genomic Marketing 

Dr Jing Xie 
Laboratory Director 

Jason Priar 
Head of Global 
Sales &  
Marketing 

Adam Bennett 
Business Development Leader 

Dr Ramesh Nallamilli 
Laboratory Director 



  
www.PerkinElmerGenomics.com 

 

Genomics@Perkinelmer.com 

 

Questions? 
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