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Future of Genomics

Green, Guyer & NHGRI, Nature 470, 204–213 (2011) 



‣ “I want the country that eliminated polio and mapped the 
human genome to lead a new era of medicine — one that 
delivers the right treatment at the right time. In some 
patients with cystic fibrosis, this approach has reversed a 
disease once thought unstoppable. Tonight, I'm launching a 
new Precision Medicine Initiative to bring us closer to curing

2015: Precision Medicine 
Initiative

diseases like cancer and 
diabetes —  and to give all of 
us access to the personalized 
information we need to keep 
ourselves and our families 
healthier.” President Barak 
Obama, State of the Union, 
2015



Precision Medicine Initiative

http://www.nih.gov/news-events/multimedia-nih-framework-points-way-forward-building-
national-large-scale-research-cohort Credit: NIH

1 million participant research

http://www.nih.gov/news-events/multimedia-nih-framework-points-way-forward-building-national-large-scale-research-cohort


Precision Medicine Initiative

https://www.nih.gov/precision-medicine-initiative-cohort-program/scale-scope

• Develop ways to measure risk for a range of diseases based on 
environmental exposures, genetic factors and interactions between the 
two;

• Identify the causes of individual differences in response to commonly 
used drugs (commonly referred to as pharmacogenomics);

• Discover biological markers that signal increased or decreased risk of 
developing common diseases;

• Use mobile health (mHealth) technologies to correlate activity, 
physiological measures and environmental exposures with health 
outcomes;

• Develop new disease classifications and relationships;
• Empower study participants with data and information to improve their 

own health; and
• Create a platform to enable trials of targeted therapies.

https://www.nih.gov/precision-medicine-initiative-cohort-program/scale-scope


Wetterstrand KA. DNA Sequencing Costs: Data from the NHGRI Genome Sequencing Program (GSP) Available at: 
www.genome.gov/sequencingcosts. Accessed 3/25/16.

Cost of Sequencing

http://www.ncbi.nlm.nih.gov/genome/browse/ (3/26/2016)



Complete Genome Information

Song & Snyder, Molecular Systems Biology 9:640 (2013)
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GWAS

]http://www.ebi.ac.uk/gwas/diagram (4/2016)

SNP-trait associations with

p-value ≤ 5.0 × 10-8,in GWAS Catalog

http://www.ebi.ac.uk/gwas/diagram


GWAS

http://www.ebi.ac.uk/gwas/diagram (4/2016)

http://www.ebi.ac.uk/gwas/diagram


Genetic Screening
• When?
• Pre-conception 
• Pre-natal testing 
• Newborns 
• Predictive Diagnostic screening (before symptoms?) 
• Predisposition Screening

• What for?
• Disease risk 
• Carriers 
• Diagnosis 
• Treatment 
• Pharmacogenomics

• Patient rights to know
• Genetic Counseling 
• Family Considerations 
• Confusion 
• Changing Information  
• What is actionable? 
• Who owns the data?

• Protection of Subjects
• Discrimination 
• Genetic Information Non-

discrimination Act (GINA, 
2009) 

• Personal Information 
• Who owns the data?



Pharmacogenomics

https://www.pharmgkb.org/page/overview 
Whirl-Carrillo et al. Clinical Pharmacology & Therapeutics 92(4): 414-417 (2012) 

• Pharmacogene = a gene involved in the response to a drug 
• Pharmacogenetics = the study of genetic influence on drug response, 

typically one or only a few genes involved 
• Pharmacogenomics = the study of how genomic variation influences drug 

response, looking at variation across the genome

https://www.pharmgkb.org/page/overview


Pharmacogenomics

https://www.pharmgkb.org/page/overview

PharmGKB offers different information
• VA Variant Annotations (Research-level annotations of individual 

publications describing the relationship between genetic variants 
and drugs; these are created on a paper-by-paper basis) 

• PW Drug-Centered Pathway 
• VIP Very Important Pharmacogene Summaries 
• CA Clinical Annotations (Genotype-based pharmacogenomic 

relationships summarizing all variant annotations regarding the 
same genetic variant-drug association)  

• DG Pharmacogenomics-Based Drug-Dosing Guidelines 
• DL Drug Labels with Pharmacogenomic Information

https://www.pharmgkb.org/page/overview


Pharmacogenomics

https://www.pharmgkb.org/page/overview

• pharmacokinetic (PK) 
pathways 
‣ what the body does to 

the drug 
• absorption 
• distribution 
• metabolism 
• elimination  

• pharmacodynamic (PD) 
pathways  
‣ what the drug does to 

the body

https://www.pharmgkb.org/page/overview


Pharmacogenomics
• Widely used anticoagulant drug 
• Highly effective at antagonising 

the vitamin K dependent 
clotting pathway  

• Used for a wide range of 
diseases and conditions 
‣ Atrial fibrillation  
‣ Heart valve replacement.

https://www.pharmgkb.org/page/overview 
Whirl-Carrillo et al. Clinical Pharmacology & Therapeutics 92(4): 414-417 (2012) 
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Pharmacogenomics
• Narrow therapeutic window and 
• Wide inter-individual variability  
• Under-anticoagulation can 

result in thrombosis  
• Over-anticoagulation can result 

in dangerous bleeding 
episodes.  

• Dosing  
‣ determined empirically 
‣ often based on age 
‣ underlying condition  
‣ genetics

https://www.pharmgkb.org/page/overview 
Whirl-Carrillo et al. Clinical Pharmacology & Therapeutics 92(4): 414-417 (2012) 
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Pharmacogenomics

https://www.pharmgkb.org/page/overview 
Whirl-Carrillo et al. Clinical Pharmacology & Therapeutics 92(4): 414-417 (2012) 
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Pharmacogenomics
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Pharmacogenomics

https://www.pharmgkb.org/page/overview 
Whirl-Carrillo et al. Clinical Pharmacology & Therapeutics 92(4): 414-417 (2012) 
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Direct to Consumer 
Personalized Genomics

23andme.com

http://23andme.com


Direct to Consumer 
Personalized Genomics

23andme.com

http://23andme.com


23andme.com

Direct to Consumer 
Personalized Genomics

http://23andme.com


Direct to Consumer 
Personalized Genomics

23andme.com

http://23andme.com


Direct to Consumer 
Personalized Genomics

23andme.com (Older style reports pre FDA)

http://23andme.com


Direct to Consumer 
Personalized Genomics

23andme.com (Older style reports pre FDA)

http://23andme.com


Direct to Consumer 
Personalized Genomics

23andme.com (Older style reports pre FDA)

http://23andme.com


Direct to Consumer 
Personalized Genomics

23andme.com (Older style reports pre FDA)

http://23andme.com


Direct to Consumer 
Personalized Genomics

23andme.com (Older style reports pre FDA)

http://23andme.com


23andme.com (Older style reports pre FDA)

Direct to Consumer 
Personalized Genomics

http://23andme.com


23andme.com (Older style reports pre FDA)

Direct to Consumer 
Personalized Genomics

http://23andme.com
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Direct to Consumer 
Personalized Genomics

DNA Relatives
Global Similarity

http://23andme.com
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Personalized 
 Medicine

• Personalized 

• Determine risks 

• Monitor 

• Integrate
Gas or Liquid 

Chromatography Mass 
Spectrometry Profiling

(GC/LC-MS) 

Align Mass and Retention 
Time Data 

XCMS, SIEVE, Matlab, 
MassHunter Profiler, MzMine

QC
Retention Time Filtering,

 Average Replicates,
Id Missing data

Converted to .mzML
for open source

 MSConvert

Annotation
PubChem, KEGG, 
Metlin, MetaCyc, 

Reactome
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(LC-MS/MS)
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Data e.g. .fastq 
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e.g. FastQC, 
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Mapping of reads 
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Mias and Snyder, Quantitative 
Biology 1(1) p. 71 (2013).



Integrative Personal Omics Profiling (iPOP)

Chen*, Mias*, Li-Pook-Than*, Jiang* et al Cell 148,1293 (2012).



• Whole Genome Sequencing  
‣ Illumina (120-fold coverage) 
‣ Complete Genomics (150-fold coverage) 
‣ Exome Sequencing (Nimblegen, Agilent 

and Illumina) (80-100-fold coverage) 
• Variants identified   
‣ ~ 3.3 x 106 Single Nucleotide Variants 

(SNVs) 
‣ ~ 2 x 105  Small insertions and deletions 

(InDels) 
‣ Structural variants (SVs > 1Kb changes)

I. Genome Sequencing

Chen*, Mias*, Li-Pook-Than*, Jiang* et al Cell 148,1293 (2012).



I. Genome Sequencing
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Stroke                             4

Asthma                            13

Obesity                           11
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I. Genome Sequencing

Rong Chen, Atul Butte

Ashley et al. Lancet 375, 1525-1535 (2010)

HNF1B rs4430796 GG

MTNR1B rs10830963 CC

 rs17036101 GG

 rs4607103 CC

THADA rs7578597 TT

 rs1153188 TA

 rs12779790 AG

 rs5945326 AA

TP53INP1 rs896854 TC

EPO rs1617640 AA

WFS1 rs10010131 GG

 rs9300039 CC

RBMS1 rs1020731 GA

JAZF1 rs864745 TC

ARAP1 rs1552224 AA

KCNQ1 rs231362 GG

 rs4457053 GG

 rs7578326 AA

PPARGC1A rs2970847 TC

 rs1111875 TT

KCNJ11 rs5219 TT

IGF2BP2 rs4402960 GT

SLC30A8 rs13266634 CT

CDKAL1 rs7754840 GG

FTO rs8050136 CC

KCNQ1 rs2237892 CT

 rs10811661 TC

TCF7L2 rs7903146 CT

Prevalence
Genotype Test

  1.13       1   11320         46%

  0.94       1   16061         43%

  1.02       1   89920         44%

  1.04       1   89920         44%

  1.03       1   89920         43%

  0.96       1   89920         42%

  1.06       1   89920         43%

  1.09       1   94337         42%

  1.01       1   94337         40%

  1.48       2    4011         39%

  1.07       2   30248         31%

  1.05       2   42170         29%

  0.95       2   84605         28%

  1.00       2   89920         29%

  1.03       2   94337         29%

  1.07       2   94337         29%

  1.12       3   94337         27%

  1.07       3   94337         25%

  1.31       4    5558         24%

  0.88       6   93188         19%

  1.15       7   87066         21%

  1.06       8  104401         19%

  0.94       9  145718         18%

  0.91      10   51327         19%

  0.87      10   63470         20%

  0.80      13    6570         23%

  0.85      18  154141         27%

  1.18      49  140717         30%

                               27%
    LR Studies Samples Probability

Type 2 diabetes

10% 50% 100%

Sum over likelihood ratios for disease risk  - probabilistic 
VariMed curated database
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Data Timeline:



Data Timeline:
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‣ Timeline Events 
• Human Rhinovirus (HRV) 
• Respiratory Syncytial Virus (RSV) 
• High Glucose (Type II Diabetes - as per physician)

Chen*, Mias*, Li-Pook-Than*, Jiang* et al Cell 148,1293 (2012).



Data Timeline: Infections
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0 200 250 300 350 400 450 500 550

100
120
140
160

-150G
lu

c
o

s
e

 (
m

g
/d

L
)

DayHRV RSV

Lifestyle Change

Glycated HbA1c (%)

(Day)

6.4

(329)

6.7

(369)

4.9

(496)

Chen*, Mias*, Li-Pook-Than*, Jiang* et al Cell 148,1293 (2012).

Data Timeline: Glucose Levels



• ProtoArrays (Invitrogen)

532 nm channel example

Data Timeline: Autoantibody-ome



ANGPTL7, APOA1BP, ARRDC3, CCL4, CCNL1, CCS, 
CDIPT, DEFB4A, DOK6, EIF2C2, EIF3E, EMP3, 
ENTPD1, FAM36A, FBXL7, GPM6B, GRIA4, KRT16, 
LAMP3, MAP3K9, MAPK10, MS4A6A, MS4A6E, 
MUCL1, NIPA1, NR1H3, PAQR4, PI4KB, PIAS4, PIGC, 
PLEKHG5, RICTOR, RPL11, SERAC1, SHISA4, SLN, 
SQSTM1, STK3, TBCB, TM2D1, TP63, VKORC1L1, 
WBSCR28, [GOSR1, BTK, ASPA]

Blue intersect with RNA expression 
Yellow insulin related 
Red observed in insulin-resistant groups,  
Winer et al. Nat Med. 17 p610 (2011).

Higher in Test Subject Vs. 
Healthy Group (40pts)

Data Timeline: Autoantibody-ome

• ARRDC3  arrestin domain containing 3 
• EIF3E   eukaryotic translation initiation factor 3 
• PAQR4  progestin and adipoQ receptor family member I 
• DOK6  docking protein 6 (insulin receptor docking) 
• GOSR1 golgi SNAP receptor complex member 1 
• BTK Bruton agammaglobulinemia tyrosine kinase 
• ASPA aspartoacylase

Chen*, Mias*, Li-Pook-Than*, Jiang* et al Cell 148,1293 (2012). 
Mias & Snyder, Quantitative Biology 1(1) p. 71 (2013).



II. Dynamics:Data Analysis Framework

‣ Transcriptome ‣ Proteome ‣ Metabolome
❖ Integration of Dynamic Omics

1. Preprocessing 
2. Common Classification Scheme 

i. Overall trends (autocorrelation) 
ii. Spikes at specific timepoints 

3. Clustering and Enrichment Analysis

Chen*, Mias*, Li-Pook-Than*, Jiang* et al Cell 148,1293 (2012).



II. Dynamics:Data Analysis Framework
Data Preprocessing:
QC, Normalization, 

Statistical Simulation

Raw Datasets:
Transcriptome

Proteome
Metabolome

Clustering and 
Enrichment Analysis

Fourier Space 
Common Framework; 

data Classification: 
Autocorrelated (I) and 
Spike Sets (II) & (III)

Chen*, Mias*, Li-Pook-Than*, Jiang* et al Cell 148,1293 (2012).

1. Preprocessing 
2. Common Classification Scheme 

i. Overall trends (autocorrelation) 
ii. Spikes (maxima) at specific timepoints 
iii. Spikes (minima) 

3. Clustering and Enrichment Analysis
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• (1) Data Preprocessing: Transcriptome

Isoforms per Gene at Each Time Point (FPKM >5)

Isoforms per Gene

II. Dynamics:Data Analysis Framework

Chen*, Mias*, Li-Pook-Than*, Jiang* et al Cell 148,1293 (2012).



Tracking Different Timepoints with Chemical Labeling (TMT 6plex)

{ { {

Mass reporter
Ion

Mass normalizer Reactive Group

Cleavable linker

http://www.thermo.com

II. Dynamics:Data Analysis Framework
• (1) Data Preprocessing: Proteome

http://www.thermo.com


Tracking Different Timepoints with Chemical Labeling (TMT 6plex)

II. Dynamics:Data Analysis Framework
• (1) Data Preprocessing: Proteome

• Common reference ratio 
‣ Reproducible 
‣ Sets can be combined:  3,731 proteins followed over 14 timepoints

Set 1 Vs Set 2
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Chen*, Mias*, Li-Pook-Than*, Jiang* et al Cell 148,1293 (2012).



II. Dynamics:Data Analysis Framework
• (1) Data Preprocessing: Proteome

Chen*, Mias*, Li-Pook-Than*, Jiang* et al Cell 148,1293 (2012).

Serum Proteins

PBMC: RSVPBMC: HRV

432

9812071
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2564

2146



• (2) Common Framework Data Classification

Transcriptome
(HRV+RSV)

Proteome
(RSV) Metabolome (RSV)

Total 19714 3731 4228

Autocorr 4922 257 475

Spike Max 3718 1240 577

Spike Min 7891 1194 884

II. Dynamics:Data Analysis Framework

Chen*, Mias*, Li-Pook-Than*, Jiang* et al Cell 148,1293 (2012).



Data Preprocessing:
QC, Normalization, 

Statistical Simulation

Raw Datasets:
Transcriptome

Proteome
Metabolome

Clustering and 
Enrichment Analysis

Fourier Space 
Common Framework; 

data Classification: 
Autocorrelated (I) and 
Spike Sets (II) & (III)

Clustering and 
Enrichment Analysis

II. Dynamics:Data Analysis Framework

Cluster Selection 
based on fusion 

coefficient analysis 
Mathematica

Classified Data 
Clustering

Clustering and Enrichment 
Analysis per  Data Set

per Cluster Data 
Visualization and 
Cytoscape Data 

Integration

Known Reactome FI 
pathway analysis

BiNGO GO enrichment 
analysis: MF, BP, CC

Gene-based 
Annotation (RefSeq + 

Uniprot). 
Metabolite KEGG 

annotation

Chen*, Mias*, Li-Pook-Than*, Jiang* et al Cell 148,1293 (2012).



• (3) Clustering and Enrichment Analysis

Days after HRV infection
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E.g. Pathway: Influenza life cycle
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III. Dynamics:Transcriptome

Chen*, Mias*, Li-Pook-Than*, Jiang* et al Cell 148,1293 (2012).



• (3) Clustering and Enrichment Analysis

(II) Spike Maxima Data Clusters
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Gene Ontology analysis,
7x10-3 > p > 5x10-12

antigen processing and presentation
immune system process 
immune response  
antigen processing & presentation of 
peptide or polysaccharide antigen via 
MHC class II defense response
inflammatory response

E.g. Pathway analysis,
FDR < 1x10-3

Allograft rejection(K) 
Intestinal immune network for IgA 
production(K) Graft-versus-host 
disease(K) 
Type I diabetes mellitus(K) 
Phagosome(K) 
Asthma(K) 
Autoimmune thyroid disease(K) 
Viral myocarditis(K) 
Endocytosis(K) 
Fc gamma R-mediated phagocytosis(K)

III. Dynamics:Transcriptome

Chen*, Mias*, Li-Pook-Than*, Jiang* et al Cell 148,1293 (2012).



• (3) Clustering and Enrichment Analysis

(III) Spike Minima Data Clusters
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E.g. Pathway analysis, FDR < 1x10-3

TCR signaling in naive CD4+ T cells(N)
Signalling by NGF(R)
TRAIL signaling pathway(N)
p75(NTR)-mediated signaling(N)
TNF receptor signaling pathway(N)
Glypican pathway(N)
Neurotrophin signaling pathway(K)
IL1-mediated signaling events(N)
T cell receptor signaling pathway(K)
TCR signaling in naive CD8+ T cells(N)
Plasma membrane estrogen receptor signaling(N)
Proteogylcan syndecan-mediated signaling events(N)
EphrinB-EPHB pathwayN)
Trk receptor signaling mediated by PI3K and PLC-gamma(N)
BMP receptor signaling(N)
Regulation of cytoplasmic and nuclear SMAD2/3(N)
TGF-beta receptor signaling(N)
Neurotrophic factor-mediated Trk receptor signaling(N)
Insulin signaling pathway(K)
IFN-gamma pathway(N)
p38 signaling mediated by MAPKAP kinases(N)
BCR signaling pathway(N)

DGKA

SRC

STAT6

FYN

TGIF1

PRKAB1

CTBP1

VDR

BAX

CABIN1

PTGES2

RCAN1 SKI

AKT1
MAPK14 

DDIT3

SMAD7

RAF1

MAPKAPK2 CREM

MAPK3

ARRB2

PPP1CA

MAPK9
CDKN1A 

MYBL1

YWHAZ

RAP1A

SP1

CREB1

MAP3K7 

CDC25B

SLC9A1

LSP1

CCM2

CAMK2D 

SMURF1

PAK1

MYC

MAPK13 

LCK

INPP5D SHC1

IL4R

MAP3K12 

CTDSPL

NFATC1

CSNK2A1 

FOXO4

TSC2

SLC3A2

TAOK2

E.g. Pathway:
  IFN-gamma 

Grou
p0 4 21 116 185 186 255 289 290 292 294 297 301 307 311 322 329 369 380 400

� 1.

0

0.74

III. Dynamics:Transcriptome

Chen*, Mias*, Li-Pook-Than*, Jiang* et al Cell 148,1293 (2012).



• (3) Clustering and Enrichment Analysis

Days after RSV infection
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• (3) Clustering and Enrichment Analysis

Days after RSV infection
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