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CGR at NCI Shady Grove Campus
Colocalization drives Innovation 

CGR moves to  CRL @ Shady Grove in  summer 2020 

2001 to 2020: Genetic Odyssey
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Seamless integration within DCEG
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CGR Organization Dr. Yeager shifted to advisory role in 2022
Program Director, Biomedical Science at 

Hood College
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CGR…by the numbers (as of July 2023)

Variant Detection

766,852 GWAS Infinium/iSelect

1,395,525 Targeted Genotyping

52,892 Targeted Sequencing

32,442 Germline Exome

7,588 Somatic Exome

2,711 PacBio Sequencing

734 Whole Genome Sequencing

Functional Assessment

29,773 Methylation Arrays

30,952 Telomere length

5,226 mRNA Sequencing

1,832 miRNA Sequencing

568 Functional Sequencing

Non-human

27,237 HPV Sequencing

54,128 HPV typing

24,582 16S rRNA sequencing

489 Metagenomic Sequencing
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▪ High Impact (IF>10): ~400 +
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Subcontract Coordination with Center for Cancer 
Genomics (CCG)

Leverage CCG Subcontract to supplement key research in DCEG

Study Nationwide Broad - WGS

Tumor Normal Tumor Normal Germline

Sherlock Lung 1770 1371 1532 617 934

Chernobyl Thyroid 618 541 451 378 251

Hong Kong Breast 186 186 96 92 49

EAGLE Italian Lung 1171 163 150 19 40

Italian Kidney 218 97 95 22 7

Chernobyl Trios . . . . 340

Italian Melanoma . . . . 213

PLCO Colorectal 138 4 . . .

Many thanks to L Staudt et al
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CGR
Integrally involved in DCEG from planning to publication

Technology Development, LIMS, 
Project Management, Quality 

Management, IT, Administration

Genotyping Sequencing

Sample 
Aliquoting, 
Extraction, 

QC, Staging

MDPL 
Histopathology

Functional 
Support

Bioinformatics
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Management of all work through CGR LIMS
▪ CGR LIMS (LabVantage Sapphire) came online in 2003 and tracks all processes

▪ CGR LIMS shares via API sample inventory and image metadata between BSI and HALO

▪ Investment from DCEG key to support (4 staff for CGR LIMS) and allows LIMS to grow 

alongside technology and support organization

▪ CGR LIMS critical to quality management, inventory management, SOPs

▪ CGR LIMS Team recipient of 2023 FNL Outstanding Achievement Award
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Coordination with NCI – Frederick Biorepository

▪ Central Repository houses over 15M biospecimens

▪ DCEG has over 12.5 M biospecimens (50+ types)

▪ BSI:CGR-LIMS real-time updates critical for traceability
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CGR Dedication to Quality Management- ‘4Ms’

▪ High throughput and high quality not easy to obtain and maintain

▪ Continual improvement via active SOP system and Deviation/CAPA

▪ Documentation (Teams, LIMS, FogBugz, Github, Jupyter)

▪ Benchmarking and Controls for all new wet lab and analytical pipelines

Laboratory Information Management Systems
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▪ CGR and DCEG leading GWAS studies since 2006

▪ Robust pipelines, automation key to high quality and throughput

▪ Larger consortia efforts key to detect smaller effect variants

CGR Genotyping Chips (Illumina)
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>1400 GWAS Signals

70% include CGR data

For > 30 “cancers”

Rare to Common

Ancestral 

~85% whites

~14% East Asia

~1 % African Ancestry

~15% Pleiotropy

(shared between cancers)

~10% Pleiotropy with other 

chronic diseases
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Leveraging Sequencing Technology:
From chemistry to analytical pipelines  

▪ Exome sequencing for family studies

▪ Population based exome studies

▪ Early adoption of long read PacBio applications
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High Throughput Sample Management

▪ CGR build out of dedicated sample logistics unit

▪ High throughput germline sample extraction methods

▪ Support for extractions from FFPE tissues

▪ Standardized QC, sample staging protocols



17

Leveraging CGR Aliquoting Capabilities for new FNLCR/NCI Efforts

▪ Automated and manual aliquoting available

▪ Thaw time configured for study aims

▪ Samples maintained at +4C or less

▪ Fully integrated mechanical chillers 

▪ BSI used to track all child vials, 

shipments, and residual returns

▪ Enhanced BSL2+ safety capabilities
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Expansion: Molecular and Digital Pathology
Enabling somatic studies

▪ Pathologist review, scoring, annotation support

▪ Tissue sectioning, tumor/cell enrichment 

through macro/microdissection

▪ H&E, chromogenic IHC, multiplex IF

▪ Tissue microarray construction

▪ Support for spatial biology approaches
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Digital Pathology at CGR: Creating an NCI Resource

▪ Established at DCEG by CGR/MDPL in 2018

▪ Expanded to an NCI-wide resource in 2020

▪ Enables large scale digital pathology

image management and analysis

▪ Allows NCI and DCEG scientists to combine

datasets across multiple cohorts

▪ Supports AI-enabled trained algorithms

▪ PLCO Image repository

▪ Effort recognized by 2023 NCI Directors OD Award
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Close Engagement with LTG/LGS drives discovery

▪ Support functional validation or characterization

of findings derived from GWAS/sequencing

▪ CGR contributed to 100 papers from LTG/LGS

▪ Understand how genetic variations cause 

cancer susceptibility and outcome

▪ Evaluate the functional consequence of the 

genomic/epigenetic alterations

▪ Determine the pathogenesis of cancer using

genomic, functional, and cell-based assays

▪ Support training of students/fellows
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Survivorship

Research

Sherlock-Lung (NCI Directors Award Recipient 2023)

▪ Ongoing mutational signature analyses in >2000 

non-smoking lung adenocarcinoma 

▪ Integrated analysis of WGS, histology and radiology data 

▪ CGR manages work at NCH, Broad, generates RNA, methylation 

data, supports digital pathology efforts  



Participate in a

Breast Cancer 

Genetics Consortium 

What Studies Can Participate

Data and Sample Request to Participate

How to Participate

• Invasive or in situ breast cancer cases (female or male)

• Genome-wide genotyping data or germline DNA for genotyping

• Ethics approval and consent for germline genetic testing

• Germline DNA (blood or buccal): 500-1000ng by dsDNA quantif cation (e.g. PicoGreen)

• Genotype/sequencing data: genome-wide or mutation testing (if available)

• Phenotype data: age, pathology, treatment/toxicity, risk factors (if available)

• T rough collaborating Consortia (see next page) OR

• Collaborating directly with the NCI Coordinating Center at DCEG

Confluence is an international research project—a consortium of consortia—that aims  

build a large collaborative platform for germline genetic studies of breast cancer through 

the conf uence of existing and new genome-wide genotyping data. It is funded by the U.S. 

National Cancer Institute (NCI), and coordinated by the Division of Cancer Epidemiology 

and Genetics (DCEG) at NCI.

• Discover variants for breast cancer risk overall and by subtype

• Develop multi-ancestry polygenic risk scores for personalized risk assessment

• Discover variants for breast cancer survival, pharmacogenomics, and second cancers

Goals

Target Size

>300,000

Breast Cancer Cases
>300,000

Controls

Case-control, case series, or clinical trials with:

Conduct a large, multi-ancestry genome-wide association study (GWAS) to:

Confluence: Mapping Breast Cancer Susceptibility in the Cloud

• Breast Cancer Association Consortium (BCAC)

• Consortium of Investigators of Modifiers of 
BRCA1/2 (CIMBA)

• African-Ancestry Breast Cancer Genetic Study 
(AABCGS)

• Asia Breast Cancer Consortium (ABCC)

• Latin America Genomics Breast Cancer 
Consortium (LAGENO-BC)

Target: 350,000 cases and >350,000 controls
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▪ CGR Scientists worked with a large consortia 

to design custom content to accelerate breast 

cancer research on the Illumina Global Screening 

and Global Diversity Arrays

▪ Collaborative genotyping and support 

@ Cambridge University (D Easton)

▪ CGR• 118,588 samples received

• 109,226 samples scanned

▪ CGR instrumental in developing 

Cloud-based resource for study
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Critical Role of CGR in Follow-up Studies of 
Chornobyl Accident

▪ Comprehensive Genomic Characterization of Radiation-

Related-Thyroid Cancer in Ukraine (Morton et al Science 2021)

▪ Hosting of Chornobyl Tissue Bank- An international 

resource

▪ Family Study of Possible Transgenerational Effects of 

Adults Exposed to Radiation following the Chernobyl 

Accident – (Yeager* et al Science 2021)



• No increase in DeNovo Mutations in relation to dose exposure

• Adequate power to detect elevated rates in adult children (survivor bias)

• No evidence of radiation-induced single base mutation or epigenetic 

signature 

• Extended gonadal doses

• Alter the balance between new gonadal DNMs and 

DNA repair

Yeager et al. Science 2021

Study of Possible Transgenerational Effect due to 
Protracted Radiation Following Chernobyl:



April 26, 1986

Thyroid cancer

Genomic landscape

analysis

according to radiation

dose

DNA

double-strand

break

(DSB)

Radiation dose

D
N

A
 D

S
B

Morton et al. Science 2021

Distinct Opportunity to Investigate the Intersection of Discrete Radiation 

Exposure, Epidemiology & Landscape Genomic Analysis
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Microbiome Studies at DCEG/CGR

▪ Close collaboration with focus on methodological work

▪ Establish best cost-effective methods for collecting fecal and

oral samples for prospective studies

▪ Estimate sample size requirements for shotgun 

sequencing  studies

▪ Develop quality control standards to evaluate reproducibility

▪ Investigate long-term stability of the microbiome in freezer

▪ Standardize methods across microbiome pipeline

▪ DNA extraction, sequencing, bioinformatics 
Microbiome 

program

Microbiome  
and cancer

Microbial 
metabolites 
and cancer

Methods Cohorts
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N=1,011 SMRT/PacBio 
genomes/epigenomes
• Non-atrophic gastritis: 606
• Advanced intestinal metaplasia: 172
• Gastric cancer: 233

H. pylori Genome Project (HpGP)

▪ Characterize the spectrum of genomic 

and epigenomic variations of H. pylori 

strains isolated from patients with 

various stages of the carcinogenesis 

process

▪ Identify molecular features that may 

contribute to pathologic effects

▪ Establish a repository of 

multidimensional data and well-

characterized strains for utilization by 

the scientific community

▪ CGR Staff presenting recent results at 

the European Helicobacter and 

Microbiota Study Group - EHMSG 

2023
Nature 2023 in Review
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Human Genetics & COVID-19 in DCEG/CGR

▪ NCI COVID-19 in Cancer Patients Study (NCCAPS): Prospective 

Study of COVID-19 in Cancer Patients

▪ COVIDcode Study: NIH Clinical Center IRB approved study of 2,500 

cases

▪ Collaboration between investigators in NHGRI, NCI, and NIAID

▪ COVNET: a large-scale study of the germline genetics of COVID-19 

susceptibility and manifestations

▪ ~30,000 GWAS & 5,000 Whole Genome Sequencing (WGS) of COVID-

19 cases
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Leveraging CGR Expertise in HPV Assay Development

▪ High throughput, low-cost 50+ HPV Typing

▪ TypeSeq1, TypeSeq2

▪ Critical for epi studies, vaccine trials

▪ Methylation

▪ Key biomarker for progression from 

infection to precancer

▪ Screenfire optimization for HPV high risk 

screening in LMIC environments

▪ Temp stable reagents

▪ Low-cost instrumentation

▪ Screening for high-risk types only
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DCEG and NCI investment in HPV Research
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Establishing Resource within CGR for HPV Typing

▪ Leveraging existing resources and expertise

▪ High throughput sample management, extraction, analysis

▪ Established project management, LIMS tracking, quality management

▪ Laboratory staff embedded within existing structure to run HPV 

genomic typing assays

▪ Allows for 75-100K tests per year with minimal additions

▪ Future capacity available after completion of vaccine trials

▪ ESCUDDO, PRIMAVERA, PRISMA
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Transferring Technology to the Community

▪ Transfer HPV typing to Costa Rica to support

NCI vaccine trials (escuddo, primavera, prisma) 

▪ Engagement with FNLCR Technical 

Services Program
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CGR and DCEG drive and support FAIR principles
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Downstream Analysis & Embedded Support

▪ Pipeline optimization and migration (Biowulf, Cloud/Strides, NIDAP) to enable 

reuse, reproducibility and improvement by NCI community

▪ Deposition of code in GitHub

▪ Support for investigator driven analyses for functional and biological insights

▪ Development of support for new applications for single cell, spatial biology and 

AI based applications

▪ Dedicated bioinformatics staff (6) embedded in DCEG branches

▪ Active coordination with DCEG Bioinformatics Virtual Core (W Wong director)
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“This is not a ‘core’. This is the Department of Human Genetics of DCEG and is 
critical to its important mission.”

David Botstein during 2011 Evaluation

CGR-DCEG Credo
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Roche454 for fine 
mapping, mosaicism

2011-2013: Illumina, 
Ion PGM, Proton 
sequencing, add 
DESL, rename to 

CGR

2014: Research group for HPV 
genomics, functional applications, 

Chernobyl studies

2015-2017: telomere 
length, 16S microbial 

sequencing, 
population scale 
WES, 1M sample 

mark

2018: MDPL 
established, HALO 
digital pathology, 

TypeSeq1 published

2019-2021: 
Automated sample 

store, CGR moves to 
CRL, digital spatial 

pathology

2022-current: 
Validation of 

TypeSeq2, PLCO 
Atlas, Confluence, 2M 

sample mark

CGR Milestones
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Primary Analysis Support

•Project-based QC reports

•Study-level support (imputation, meta-analysis, association 
analysis)

•Publication support

Genotyping/GWAS

•QC, SNP/indel/SV variant calling, annotation

•Delivery of richly annotated .vcf files 

•Germline, de novo and somatic pipelines

•Bulk and targeted (Nanostring) RNA Sequencing

Sequencing

•Analysis for array data

•Project-based QC reports

•Normalization via minfi
Methylation

•Mothur and QIIME2 pipelines; delivery of OTU tables, alpha and beta 
diversity matrices  

•Support for metagenomics
Microbiome

•Mosaicism/CNV

•Data transfer support (Globus, Cloud, sftp)

•Data posting to dbGaP, SRA, GEO, GDC

•TGS, Atlas, Github

Other Support
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Current CGR Sequencing Capabilities

Sequencing History at CGR (Active)

ABI 3730xl DNA Analyzer

Roche 454 Genome Sequencer FLX

Illumina Hi-Scan

Illumina HiSeq 2000

Illumina MiSeq

Ion Torrent Personal Genome 

Machine

Illumina HiSeq 2500

Illumina NextSeq 500

Ion Proton System

PacBio Sequel

Illumina HiSeq 4000

Ion S5 Sequencer

Illumina iSeq 100

Illumina NovaSeq 6000

PacBio Sequel IIe

What’s Next...to be determined
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Summary of Laboratory Applications Available at CGR

Logistics and Quality 
Management

• International shipping support

• Provision of sample collection 
kits and barcode labels

• Reagent and supplies 
inventory management

• SOP development and 
maintenance

• Equipment maintenance

• Staff training program

• Deviation and 
CAPA/continual improvement 
support

Sample Aliquoting, Extraction 
and QC

•Extraction of DNA and RNA 
from germline blood, saliva

•Dual extraction from FFPE 
tissue samples

•Extraction for microbiome 
studies (fecal, oral, tissue)

•Pathology assessment of 
nuclear cell count/tissue area 
to guide extraction activities

•Qualitative and quantitative 
assessment of RNA/DNA via 
multiple methods

•High throughput temperature 
controlled biospecimen 
aliquoting

•High throughput sample 
normalization and sample 
rearray

•High throughput assay plating 
based on mass and/or 
volume

Molecular and Digital 
Pathology Support

• Pathology review for Dx 
confirmation, tissue quality, 
tumor annotation

• Support for H&E staining and 
pathology review

• Tissue fixation/embedding/re-
embedding for archival 
specimens

• Sectioning of blocks for all 
downstream applications

• Hand macrodissection and 
laser capture microdissection

• Chromogenic IHC and 
multiplex 
immunofluorescence assay 
support

• Tissue microarray 
construction

• Digital whole slide scanning 
and high-capacity image 
management

• Digital pathology support for 
data analysis

• Digital spatial pathology 
support via GeoMX

Genotyping

• TaqMan targeted genotyping

• Targeted CNV relative 
telomere length by qPCR

• Illumina GWAS (all array 
types supported)

• Methylation analysis via 
Illumina EPIC array

• HPV methylation

• HPV genotyping

Sequencing

• Sanger sequencing (multiple 
applications)

• Targeted human sequencing 
via AmpliSeq (Ion Torrent), 
Illumina, PacBio

• Human whole exome, whole 
genome sequencing

• Microbial targeted 16s RNA 
and metagenomic sequencing

• Microbial denovo assembly 
with long read PacBio 
sequencing

• wtRNA sequencing

• miRNA sequencing

• Targeted RNA expression by 
Nanostring

• 10X single cell RNA and 
ATAC-Seq

• Whole genome HPV 
sequencing



Collaborations with LTG

Mila Prokunina-
Olsson

Laufey Amundadottir Kevin Brown Mike Dean Jiyeon Choi

Investigating the biological underpinnings of common functional genetic variants associated with cancer risk 

Established 2008
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Future Directions
Measured and sustainable growth to support new research areas
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Single Cell and Spatial Biology

▪ Leveraging established capabilities of CGR laboratory

▪ Rich DCEG biospecimen resources with key scientific questions
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Maintaining currency on sequencing applications

▪ Enabling cost-effective WGS studies; population scale via short read 

sequencing, targeted studies for long read 

▪ Proteomics studies via Olink/Illumina

▪ Liquid biopsy applications requires 

highly accurate sequencing


