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≤2 years
31%

3‐5 years
33%

6‐9 years
23%

≥10 years
13%

Years of Employment at CGF

Stability of CGF Staff



7
17

40

61

90

43

94

79

105

6

0

20

40

60

80

100

120

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Number of CGF-coauthored publications per year



Technology Assessment

• Collaboration with Academic and Commercial 
Laboratories
• Early Access
• Rapid Evaluation of Emerging Technologies

• 15 Projects

• Assist in DCEG PIs in Application& Study Design 
• Translation to Production Capacity
• Prevent Waste of Biospecimens and Resources



R & D Projects @ CGF

• WGA Kits
• Fluidigm

• Biomark
• Access Array

• Illumina  testing 
• Infinium/Omni
• Methylation

• Exome Capture
• Raindance
• Ion Torrent 

• ABI
• SNapShot, SNPlex
• DME Panels

• EPOCH
• Sequenom* (1st gen)
• 454‐ Exome
• Affymetrix*
• Illumina‐HiScan



Ion Torrent Technology
DNA  Ions  Sequence
– Nucleotides flow sequentially over Ion 

semiconductor chip
– One sensor per well per sequencing reaction
– Direct detection of natural DNA extension
– Millions of sequencing reactions per chip
– Fast cycle time, real time detection

6

Sensor Plate

Silicon Substrate
Drain SourceBulk

dNTP

To column 
receiver

∆ pH

∆ Q

∆ V

Sensing Layer

H+



•Confirmation of exome and targeted variant sequencing
•Reduced cost
•Rapid turnaround: 2 week total @ 12-18 chips/day
•Custom activities

1. Large amplicon / highly-multiplex sample studies
2. RNAseq studies

a. whole transcriptome
b. small RNA

3. Fixed or custom amplicon panels for preclinical 
sample and tumor profiling

4. FFPE sample sequencing
5. Rapid exome sequencing and supplementation
6. Methylseq (RainDance and/or Ion reagents)

Ion Torrent Investment:
‘Small Job Shop’



CGF Sequencing Workflows



CGF Bioinformatics & Scientific Operations

Sequencing
Informatics

2 staff

• Sequencing Data Analysis
• Working on development of 

standard analysis pipeline
• Feedback metrics and reports 

to the laboratory
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IBD Sharing
•Based on 3,277,154 
autosomal SNPs
– Biallelic, polymorphic, in 
dbSNP, Mendelian
consistent

•Methods
– Phasing: BEAGLE
– IBD sharing: Germline
– Plot: Circos Sibs

Cousin pair
Cousin pair
All 



DCEG GWAS Available on dbGaP
Shift from caBIG to dbGaP in 2009

GWAS Site # Approved 
Breast* 134
Prostate* 92
Pancreas 88
Lung 118
Bladder 16
Renal 15
UGI (China) 12
Imputation 7

*Previously on CGEMS Site with > 100 for each



PSCA

BNC2

ADH1B

C20orf54

FOXE1

NKX2-1

6p21.33

CTBP2

11p15THADA

EHBP1

ITGA6

3p12.1

EEFSEC
PDLIM5

TET2

SLC22A3

JAZF1

LMTK2

8p21

8q24.21(x5)

MSMB/
NCOA4

17q24.3

19q13.2

KLK2/
KLK3

BIK

NUDT10/
NUDT11

47 Prostateate

C2orf43

5p15

FOXP4
GPRC6A

13q22

10p14

11q23.1

BMP4

GREM1
CDH1

SMAD7

RHPN2 BMP2

EIF3H

8q24.21

13 Colorectal

PRKD2
15q21.3
15q23 16q24.1

11q24.1

2q13

FARP2

IRF4

8q24.21

CDKN2A/
CDKN2B

RTEL1

PHLDB1

TERT

CDKN2A/
CDKN2B

CCDC26

6  Glioma

1p36

1q42

KIF1B

TERT/
CLPTM1L

7q32

7  Basal Cell Carcinoma

TYR

ASIP

MC1R

CDKN2A/
CDKN2B

TYRPLCE1

ASIP

9  Melanoma

1q21.1

BARD1

3  Neuroblastoma

6p22

KLF5/
KLF12

ABO1q32.1

7  Pancreas

CLPTM1L

ITGA9

7 Nasopharyngeal

GABBR1
HLA-F
HLA-A

IKZF1

ARIDB5

CEBPE

CHRNA3/
CHRNA5

6p21.32

TERT/
CLPTM1L

6  Lung

SPRY4
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6  Testicular

GSTM1
deletion

11* Bladder

TACC3

NAT2
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MYC
FGFR2
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TOX3 COX11/
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2q35
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25* Breast

4  Pediatric Acute Lymphoblastic Leukemia 7  Esophageal Squamous

2  Thyroid 2  Non-Hodgkin 4  Ovary 3   Gastric

10   CLL

5 years of cancer GWAS – 216 signals for 24 cancer types 

ZNF365

10p15.1

10q22.3

DMRT1

ATF7IP

8 Multiple

1q22

1   Liver

2q31

19p13

12q13.13

3q26

1q41
TP63

GATA3
REL

3 Hodgkins

11q13 

22q13

CCNE1

2q37

HNF1B x 2

10q21.2
7q32

9q31.2

1q42.12

1q21.3

CASP8

ATM

MX2

LMO1

SLC14A1
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6p21

21q22

13q12.125
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3q13

EGFR

ALDH2

KRT5

KITLG

Chung & Chanock Hum Gen 2011



CANCER GWAS Hits for SURVIVAL or OUTCOME

0 SNPs…….

Challenge of actually finding low penetrance alleles
Overcome clinical heterogeneity

Time to diagnosis
Treatment differences
Data collection
Insufficient numbers



Genetic Predisposition to Breast Cancer
European Population
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Theoretical Limits of Risk Prediction 
Crohn’s Disease

Sibling relative-risk=20-35
Common cancers (Br or Pr)
Sibling relative risk=2-3

Random
Using known loci
Using all estimated loci
Ideal (if we could explain all heritability)

Park et al., Nat Genet ,2010

Park et al Nature Genetics 2010



Genome‐wide 
association studies

Relationship testingSex verification
Population genetics 

and ancestry

Quality Control



Genome‐wide 
association studies

Association testing

Biometrics Nutrient levelsBehavioral traits

Tobacco, Height, Weight, BMI, Vitamins D,B12
Caffeine, Menarche/Menopause Carotene, etc.
Alcohol Hair and eye color

DCEG & International Consortia (e.g., GIANT, SUNLIGHT)

…and much more!
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Really?

Pharmacogenet
Genomics. 2011 
Apr;21(4):231‐6.



Illumina GWAS Capacity

HUMAN OMNI (1K GENOMES)

Omni5= 
2.5+2.5S

Omni2.5
=X/1+1S

Omni1 
(1M) Quad

Express 
(720k) 
Duodec

HUMANHAP (HAPMAP)

1M 
Duo
660K 
Quad
610K 
Quad

550k
= 317k 
+ 240k

• Current capacity is ~432 Infinium arrays/week
• 1,728 samples/week for quad arrays (660k, Omni1, Omni5)
• 3,456 samples/week for octo arrays (Omni1S, 2.5, 2.5S)
• 5,184 samples/week for duodec arrays (iSelect/OmniX)



Populations
Illumina 
Array

Group
European 
American

African 
American African Asian H

ap
66
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ATBC 246 ✓ ✓ ✓

CPSII 227 ✓ ✓ ✓

PLCO 255 ✓ ✓ ✓

PLCO 98 ✓ ✓

SHNX 74 ✓ ✓

HapMap
CEU 116 ✓

CHB 44 ✓

JPT 44 ✓

TSI 86 ✓

YRI 59 ✓

Total 930 98 59 162

Samples included in Build 1 of DCEG Imputation Reference Set

Available in dbGaP in October 2011



Imputation accuracy for European‐American data 
with DCEG and public reference set

Allelic dosage based R2 > 0.8
MAF Improvement
10% 12%
5% 23%
3% 34%

3 sets of 60 samples using IMPUTE2 (Confirmed with BEAGLE)  
R2 (pearson) for correlation



Validation for 42 events: 100% Validation

Rodríguez-Santiago et al. Am J Hum Genet. 2010;87:129-38



Segment inherited identical by decent
(probably not de novo LOH)
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Genetic Mosaic Events



Frequency of mosaic events by 
type & location

gain loss cnloh mixed Total gain loss cnloh mixed Total
62 11 42 5 120 9.7 1.7 6.6 0.8 18.7
11 13 114 1 139 1.7 2.0 17.8 0.2 21.7
9 10 149 0 168 1.4 1.6 23.2 0.0 26.2
14 185 2 1 202 2.2 28.9 0.3 0.2 31.5
1 1 2 0 4 0.2 0.2 0.3 0.0 0.6
0 3 0 5 8 0.0 0.5 0.0 0.8 1.2

Total 97 223 309 12 641 15.1 34.8 48.2 1.9

interstitial
span centromere
complex

Mosaic Chromosome Count Mosaic Chromosome Frequency (%)
Event Location
chromosome
telomeric P
telomeric Q



Adjusted Analysis of Association Between 
Genetic Mosaicism and Cancer in 49 studies

All Cancer Cases Likely Untreated Possibly Treated

OR 95% CI P value OR 95% CI P value OR 95% CI P Value

Non‐heme Cancers 1.27 1.05‐1.52 0.012 1.45 1.18‐1.80 5.4E‐04 1.03 0.81‐1.30 0.804

Preliminary evidence for
Lung & kidney cancer



Early Detection of Hematological Cancers as Genetic Mosaicism

• For untreated leukemia vs. cancer‐free controls
• DNA collected at least one year prior to diagnosis
• OR=35.4 (14.7‐76.6 95% CI), p=3.8×10‐11

• DNA was obtained >5 years prior to diagnosis for 6 mosaic 
individuals, with the longest interval being 14 years

hematologic cancer 9 9 18 34 62 96 20.93 12.68 15.79
leukemia 9 8 17 34 11 45 20.93 42.11 27.42
lymphocytic 5 4 9 14 5 19 26.32 44.44 32.14
myeloid 3 4 7 16 5 21 15.79 44.44 25.00
other/nos 1 0 1 4 1 5 20.00 0.00 16.67

lymphoma 0 1 1 0 42 42 2.33 2.33
multiple myeloma 0 0 0 0 9 9 0.00 0.00

Site of first cancer
Likely 

Untreated
Possibly 
Treated Total

Likely 
Untreated

Possibly 
Treated Total

Likely 
Untreated

Possibly 
Treated Overall

Mosaic Counts Non‐Mosaic Counts Mosaic Frequency (%)


