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Their Moon Shot and Ours

By THOMAS L. FRIEDMAN
China is doing moon shots. Yes, that’s plural. When I say “moon shots” I mean big, multibillion-
dollar, 25-year-horizon, game-changing investments. China has at least four going now: one is
building a network of ultramodern airports; another is building a web of high-speed trains
connecting major cities; a third is in bioscience, where the Beijing Genomics Institute this year

ordered 128 DNA sequencers — from America — giving China the largest number in the world
in one institute to launch its own stem cell/genetic engineering industry; and, finally, Beijing
Jjust announced that it was providing $15 billion in seed money for the country’s leading auto
and battery companies to create an electric car industry, starting in 20 pilot cities. In essence,
China Inc. just named its dream team of 16-state-owned enterprises to move China off oil and
into the next industrial growth engine: electric cars.

Not to worry. America today also has its own multibillion-dollar, 25-year-horizon, game-
changing moon shot: fixing Afghanistan.

* DNA * Proteins

— Coded by ~ 20,000 genes

— 1% of the genome

— Human genome: 3 billion base pairs
(letters)

= 99.9 % similar among humans 99% similar
between humans and chimpanzee

Why Do Molecular Genetic
Research?

* Defines the baseline risk of developing a disease
— Genomic variants <:> Disease Risk

* Discovers the molecules/pathways undetlying the
pathogenesis
— Identifies causative relationships between variants and

phenotypes
— mechanistic insight

— forms the basis for future hypothesis testing biology
experiments

— novel treatments

Genomic Variants

¢ Common (population frequency (PF) > 5%)
— Single Nucleotide Polymorphisms (SNPs)

— Effect size small
« Odds ratio (OR) < 1.2

* Rare PF < 5%
—OR>2

* Familial (Mendelian) PF < 10
- OR>10

Single Nucleotide Polymorphism
(SNP)
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Why Do Molecular Genetic
Research?

* Discovers the molecules/pathways undetlying the
pathogenesis

— Identifies causative relationships between variants and
phenotypes

— mechanistic insight

— forms the basis for future hypothesis testing biology
experiments

— novel treatments
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Nanogenomic Technologies
Discovery of Causative Transcripts
Functional Studies
Disease Pathways
Animal Models
New Therapeutics
Clinical Trials

Novel Treatments

Disease risk

* Complex interplay between genetic and
environmental risk
— In familial (Mendelian) disorders high risk genetic
variants with high penetrance, smaller input from
environmental risks

penetrance + environmental risk

— In common diseases, low risk variants with very low

Nanogenomic Technologies

* Whole genome genotyping
— Microchips covering > 2.5 x 10° SNPs

— Common Variants

Whole genome genotyping

* SNP chips (>2,500,000)
for genome-wide:

— Linkage analysis-
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ORIGINAL ARTICLE

Novel VLDLR microdeletion identified in two Turkish
siblings with pachygyria and pontocerebellar atrophy

Luis E. Kolb - Zulfikar Arlier - Cengiz Yalcinkaya « Ali K. Ozturk «

Jennifer A. Moliterno - Ozdem Erturk - Fatih Bayrakli - Baris Korkmaz -
* maps to 9p Michael L. DiLuna - Katsuhito Yasuno - Kaya Bilguvar - Tayfun Ozcelik -
Beyhan Tuysuz - Matthew W. State - Murat Gunel

Whole genome genotyping Intracranial Aneurysm (IA)
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Common Variants in IA

* Based on genome-wide SNP genotyping with
microchips

* Genome-wide Association Study (GWAS) to
identify common variants that influence the
occutrence and/or rupture of IA
— based on the evidence for

COMMON IA VARIANTS * high population prevalence (~2% by age 60)

* substantial genetic contribution (A;,=4)
* a major strength of unbiased nature

— surveying the entire genome without preconceptions
regarding disease pathophysiology {wrccc, 2007}

AEA - Applied Econometrics Association - 100th Conference
BILKENT University - october 2010
www.aea-eu.org/2010Ankara



Administrateur
Text box
AEA - Applied Econometrics Association - 100th Conference

BILKENT University - october 2010

www.aea-eu.org/2010Ankara

Edited by Foxit Reader
Copyright(C) by Foxit Corporation,2005-2009
For Evaluation Only.



Edited by Foxit Reader
Copyright(C) by Foxit Corporation,2005-2009
For Evaluation Only.

TA GWAS

* a total of 20,072 subjects
— 5,891 cases and 14,181 controls
— discovery cohort of 2,780 cases and 12,515 controls
— replication cohort of 3,111 cases and 1,666 controls
* SNP genotyping
— analyses on 831,529 SNPs (directly genotyped and
imputed)
* power to detect common variants (PFs = 5%) with
OR of 1.25 and 1.20, respectively

TA GWAS
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Aging
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Cellular Senescence in Cancer and Aging

Cell 130, July 27, 2007

Hayflick factors
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Call 130, July 27, 2007

Cellular Senescence in Cancer and Aging

Nanogenomic Technologies

* Next generation high throughput massively parallel
sequencing
— Rare and familial (very rare) variants

— Targeted, whole-exome and whole-genome sequencing

Human Genome Sequence

¢ Draft published 2001

¢ Complete finished
sequence deposited in
public databases
April ‘03

¢ 3.1 billion
bases/haploid

genome

e~ 20,000 genes
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so0000 | Cost of DNA sequencing
T (per million bases)

$10,000
T Illumina
1 Machine capacity: ~50 Gb/10d
$1,000 - (240 million 100 base paired end
4 Reads)
T Cost: 1M base pairs ~ $0.25
$100 —+
$10 +
- J—

98 99 O 454 ILLI U\HNA

Production sequencing for
the first human genome:
250 machines x 1 year

Using today’s technology,
same production:

1 machine x 1 week

Next Generation Re-sequencing

* New targeting strategies
— enrich any targeted region 100-1,000 fold
* Next generation parallel re-sequencing
— Massive capacity
e 1-2 x 10e9 (giga) base pair reads per run
* Allows whole-exome sequencing
— all coding regions (20,000 genes, ~196,000 exons) in the
genome
* Whole-genome sequencing
— Significant reduction in cost

* cutrently $50,000/genome
* expected to go as low as $1,000

DNA sequencing as a general-
purpose tool in genetics

* Genome analysis

* Transcriptome analysis
* Regulatory site analysis
* Disease gene discovery

Genomes sequenced, 2000-2010

* Viruses: 3029
¢ Archaea: 172
* Bacteria: 3252
* Fungi: 236
* Protists: 125
¢ Plants: 120
* Worms: 31
* Insects: 53
» Amphibians/reptiles: 2
* Fishes: 33
* Mammals: 129

Transcriptome analysis

* Northern blotting: 1977
* Microarrays: 1995
* Complete sequencing of transcriptomes: today

— Can capture rare transcripts, splice variants, accurate
quantitation

— Measure changes with:
- developmental stage
- physiologic perturbation

- mutation
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Gene Discovery in Disorders of
the Brain and its Vasculature

¢ Common diseases

— Rare Variants

* Common variants explain only small fraction of risk of most
common disease, < 10% for brain aneurysms

* Current evidence consistent with rare alleles with moderate effect
will explain large fraction of disease risk

— Sequencing of case-control cohorts

— Still prohibitively expensive
e Familial (Mendelian) genetics
— Disease gene discovery
— Exome sequencing

Chromosomal DNA

Selective sequencing
of all the genes in the
human genome

¢ Genes comprise ~1% of the genome but — =
harbor ~90% of the mutations with large . -
ffect Hybridize to
crrec array to

select genes
* Selective sequencing of all the genes can —_—— .
reduce cost of mutation discovery by 10- ——— w

20 folds compared with whole genome

sequencin,
g g Elute purified l
. . . genes from
¢ Applicable to discovery of disease genes,  array —
therapeutic targets and clinical diagnosis
DNA sequencing

(60 million 75 base reads)

Exome Sequencing

Time
* Make DNA from blood: 1 day
* Select genes from the genome
and make library for sequencing: 3 days
* Sequence all the genes 50 times
to ensure complete coverage
(2.8 billion total bases): 3.5 days
* Run informatics pipeline to
identify prioritized list of
rare mutations: 0.5 days
Total: 9 days

Cost: ~$3000

Informatics pipeline

Map each read to ‘reference’
human genome

|

Identify differences from
reference sequence; filter for
novel mutations

|

Determine effect of DNA
sequence change on
encoded protein

|

Determine likely effect of
mutation on protein function
from evolutionary constraint

New opportunities in Mendelian

genetics
unmappable loci

* Recessive mutations that severely impair brain development

s

w2000
wiL:1000i50
Segmenied

Malformations of Cortical
Development (MCD)

* discovery of genes hampered by:

— phenotypic uncertainty

* pleiotropy

— significant locus and allelic heterogeneity

Microcephaly

Group I MCD- Proliferation

— small consanguineous families
* high early childhood mortality
* typically single affected child

* new genomic technologies

— genome Vs exome sequencing
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WDRG62
A Novel Microcephaly gene
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LETTERS

Whole-exome sequencing identifies recessive
WDR62 mutations in severe brain malformations
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*These authors contributed equally o this work

Occipital smooth brain

Left Hemisphere Right Hemisphere

(&)
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Tayfun Ozcelik

Huseyin Boyaci
Katja Doerschner

IMAGINE Imaging analysis and genomics

NATIONAL MAGNETIC RESONANCE RESEARCH CENTER Katja Doerschner
Huseyin Boyaci

Impact of Nanogenomic
Technologies

* application of next generation genomic technologies have the
power to identify disease loci in settings in which traditional
methods have proved challenging:

— locus and allelic heterogeneity

— small pedigrees that cannot support independent statistical
evidence for linkage

— phenotypic uncertainty or pleiotropy

* defining genetic risk due to very-rare, rare or common
vatiants

— downstream analysis

* ultimately allowing for pre-clinical diagnosis, risk
prediction and new therapies
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Economic Impact

* Faster gene discovery
— Causal relationship between molecules and diseases
— New drug targets
— Rational drug design
* Application to clinical medicine- Personalized medicine
— People living longer-disease prediction
— Somatic mutations in primary, metastatic and resistant cancers

— Individualized medications for common diseases-hypertension,
asthma, cardiovascular disease...

— IVF, infectious diseases, newborn, etc

¢ The future...
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Genetic Risk

Rare to very rare,
high-risk alleles
Farnily studies

Do not exist
10.04
Rare, moderate-
risk alleles
Resequencing

2.04

Common, low-risk alleles
Genomewide association studies

Relative Risk

114  Too hard to find

T T T T
0.1 L0 100 300
Minor Allele Frequency (%)

Applications of genetics to
neuroscience

* Genetic tests with high predictive value for diagnosis
and therapeutic response

— Who should we sequence?

— When should this be done?

— How do we deal with incomplete understanding?
— How do we communicate results?

— Implications for education of health care
professionals, patients, health and social policy

Capture and Re-sequencing

* Large linkage interval
— >200 genes

* NimbleGen Sequence Capture 2.1M custom
arrays to capture the entire affected-only linkage
interval

* Genome Analyzer II by Solexa (Illumina)
— 75 bp single read sequencing

Shrikant Mane
Rick Lifton

Data Generation

* Current experimental yields from single read sequencing :
— 8 lanes per run
— ~ 130,000 clusters and ~17,500,000 reads per lane
— ~ 1.2 Giga bases per lane (now 2.0 Giga bases per lane)

Lane Info Tile Mean +/- SD for Lane
lone L2neYield clusters o st oycleint %a'f'::";";y %PE o ien (pr) AlBment % Error Rate
(kbases)  (raw) (PF) et Clusters Score (PF)
I T
5 136775 ISP WML gy g T3l BB B8 2S84 g504/-003
6 1206080 M BB gy, TEBel 8BS 88O 264004 0494/-003
7 1193888 1473251601’/' 130391011;’/' 279+/-7 75f§;/' ssfg/— ssgi;/- 25?257’/' 0.47 +/-0.02
I T N VR T
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Data Analysis

Targeted Capture

“NimbleGen

IS S SN ENe

LSS S
Image - Read Mignment g,y Functional ([ T— i
Analysis/Base to Reference Detection o
Calling Genome Annotation fimbloGen
Yy yyyyy. yy
IPAR/F liland T F LSS sSSS ¢
Cras e (i B2l CASAVA n-house
Crest i Algoﬂthms: e
i Mg e ——
+Conservation o — .
“Novelty Status
BWA “Hixpression primary target region 38,997,741
Bustard /Gerald g l . number of captured intervals 68,863
(i Pipeline) ) Samtools target bases covered 28,631,138 (33,960,167)
Bowtie % target b d 73.4% (87.1%)
* 39 mbps on chromosomes 1 and 2
Murim Choi * 66 fold enrichment was obtained
Rick Lifton * 5 lanes of sequencing performed at 75 bps read length (single end)
Shrikant Mane * Yields of 1.134 to 1.236 Gbs (A total of 5.924 Gbs) Ali Ozturk
Kaya Bilguvar Kaya Bilguvar
Coverage Error Rates

Targeted Interval

Over 95% of a total of 78,986,666 reads were mapped to human
genome. Approximately 44% were within the target region.

% Alignment to genome % Alignment to TR Coverage Depth

Eland 98.68% 45.43% (44.83%) 92.77X
Maq 94.23% 47.55% (44.80%) 92.72X
BWA 98.68% 45.30% (44.70%) 92.50X

Within the ~ 28.6 million base-pairs targeted, more than 95% of
bases were sequenced at least 5 times

Eland Magqg BWA

=5X 95.45% 95.50%  95.55%
= 10X 91.21% 91.30% 91.37%
= 20X 83.52% 83.61%  83.69%

Targeted Interval

« Average error rate is below 1%
« Maximum error rate peaks at last bases to 1.9%

Number of Bases Number of Bases Error Ratio

Matched Correctly Mismatched (Average)
Eland 2,812,340,952 11,811,832 0.42%
Maq 2,828,114,905 12,643,209 0.45%
BWA 2,820,837,778 9,202,131 0.56%

Error Ratio vs Base Position
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IA Formation/Rupture Risk

* Preclinical diagnosis

— common + (rare?) + very rare variants

* common variants: 4 to 7 fold increase in risk (explains ~10%
of genetic risk)

* contribution of rare variants

* GWAS-4: sub-phenotype analysis
— Genetic + Environmental + Hemodynamic Factors
— smoking + hypertension
— arterial flow patterns

* branching, asymmetry

* New Therapeutic Approaches
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