
• DNA
– Human genome: 3 billion base pairs 

(letters)

– 99.9 % similar among humans 99% similar 

between humans and chimpanzee

• Proteins
– Coded by ~ 20,000 genes

– 1% of the genome

Why Do Molecular Genetic 

Research?

• Defines the baseline risk of developing a disease

– Genomic variants Disease Risk

• Discovers the molecules/pathways underlying 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 < 10-5

– OR > 10 

Single Nucleotide Polymorphism 

(SNP)

Why Do Molecular Genetic 

Research?

• Defines the baseline risk of developing a disease

– Genomic variants Disease Risk

• Discovers the molecules/pathways underlying 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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Discovery of Causative Transcripts

Functional Studies

Disease Pathways 

Animal Models

New Therapeutics

Clinical Trials

Novel Treatments

Nanogenomic Technologies 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

– In common diseases, low risk variants with very low 

penetrance + environmental risk

Nanogenomic Technologies

• Whole genome genotyping

– Microchips covering > 2.5 x 106 SNPs

– Common Variants

• Next generation high throughput massively parallel 

sequencing

– Rare and very rare (common) variants

– Targeted, whole-exome and whole-genome sequencing

Whole genome genotyping

• SNP chips (>2,500,000) 

for genome-wide:

– Linkage analysis-

homozygozity mapping

– Copy number variation

detection

– Association analysis 

(GWAS)

• SNP chips

Whole genome genotyping

• SNP chips (>2,500,000) 

for genome-wide:

– Linkage analysis-

homozygozity mapping

– Copy number variation

detection

– Association analysis 

(GWAS)

• SNP chips

the proportion of any given chromosome
susceptible to CNV varies from 6% to 19%
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Whole genome genotyping

• SNP chips (>2,500,000) 

for genome-wide:

– Linkage analysis-

homozygozity mapping

– Copy number variation

detection

– Association analysis 

(GWAS)

• Brain aneurysms

• SNP chips

Intracranial Aneurysm (IA)

• balloon-like dilations of cerebral arteries 

• IA affects 2-5% of the population 
– ~500,000 hemorrhagic strokes worldwide annually

• rupture with devastating consequences:
– 45% of patients die within a month 

• 30% never make it to the hospital

– 50% of the survivors are left with severe neurological 
deficits requiring long term care {Bederson, 2000; Brisman, 2006}.  

• commonly occur between ages 40 and 60
– typically with no antecedent events or warning signs

• genetic risk factors
– common + rare variants

COMMON IA VARIANTS

Common Variants in IA

• Based on genome-wide SNP genotyping with 
microchips

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

• high population prevalence (~2% by age 60)

• substantial genetic contribution (λsib=4)

• a major strength of unbiased nature
– surveying the entire genome without preconceptions 
regarding disease pathophysiology {WTCCC, 2007}
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IA 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

IA GWAS

Aging

Nanogenomic Technologies

• Whole genome genotyping

– Microchips covering > 2.5 x 106 SNPs

– Common Variants

• 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

• ~ 20,000 genes
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Cost of DNA sequencing

(per million bases)

$10

$100

$1,000

$10,000

$100,000

454 ILLUMINA‘98 ‘99 ‘06

Illumina
Machine capacity: ~50 Gb/10d
(240 million 100 base paired end
Reads)

Cost: 1M base pairs ~ $0.25
Using today’s technology,

same production: 

1 machine x 1 week

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

Next Generation Re-sequencing

• New targeting strategies
– enrich any targeted region 100-1,000 fold

• Next generation parallel re-sequencing
– Massive capacity

• 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

• currently $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
– Common Variants
– 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

• Familial (Mendelian) genetics
– Disease gene discovery
– Exome sequencing

Chromosomal DNA

Shear DNA

Hybridize to 
array to 
select genes

Elute purified 
genes from
array

DNA sequencing
(60 million 75 base reads)

Selective sequencing 
of all the genes in the 
human genome

• Genes comprise ~1% of the genome but 
harbor ~90% of the mutations with large 
effect

• Selective sequencing of all the genes can 
reduce cost of mutation discovery by 10-
20 folds compared with whole genome 
sequencing 

• Applicable to discovery of disease genes, 
therapeutic targets and clinical diagnosis

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

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

New opportunities in Mendelian 

genetics
unmappable loci

• Recessive mutations that severely impair brain development

Malformations of Cortical 

Development (MCD)

• discovery of genes hampered by:

– phenotypic uncertainty

• pleiotropy

– significant locus and allelic heterogeneity

– small consanguineous families

• high early childhood mortality

• typically single affected child

• new genomic technologies

– genome vs exome sequencing

Microcephaly 
Group I MCD- Proliferation
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WDR62

A Novel Microcephaly gene

Occipital smooth brain

Tayfun Ozcelik

Huseyin Boyaci

Katja Doerschner 

NATIONAL MAGNETIC RESONANCE RESEARCH CENTER

IMAGINE Imaging analysis and genomics

Katja Doerschner 
Huseyin Boyaci

NATIONAL MAGNETIC RESONANCE RESEARCH CENTER

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 
variants

– 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 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

Lane 
Lane Yield 

(kbases) 

Clusters 

(raw)
Clusters (PF) 

1st Cycle Int 

(PF) 

% intensity 

after 20 

cycles (PF) 

% PF 

Clusters 
% Align (PF) 

Alignment 

Score (PF) 

% Error Rate 

(PF) 

3 1134080
139337 +/-

5057

124350 +/-

9414
304 +/- 10

76.23 +/-

5.70

89.25 +/-

6.25

88.65 +/-

1.98

263.69 +/-

7.39
0.50 +/- 0.13

5 1236775
153335 +/-

3957

135611 +/-

4544
292 +/- 7

75.13 +/-

1.45

88.44 +/-

1.74

88.84 +/-

0.19

263.58 +/-

1.94
0.50 +/- 0.03

6 1206980
149432 +/-

3924

132344 +/-

4824
287 +/- 6

76.33 +/-

1.48

88.55 +/-

1.66

88.86 +/-

0.17

264.04 +/-

1.73
0.49 +/- 0.03

7 1193888
147210 +/-

3562

130908 +/-

3115
279 +/- 7

76.82 +/-

1.79

88.93 +/-

1.15

88.93 +/-

0.12

265.15 +/-

1.67
0.47 +/- 0.02

8 1152607
145319 +/-

5868

126382 +/-

5490
231 +/- 6

75.76 +/-

1.66

86.99 +/-

2.31

88.70 +/-

0.24

260.71 +/-

4.41
0.50 +/- 0.03
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Data Analysis

In-house 
Algorithms:

•Coding Status

•Conservation
•Novelty Status

•Expression

Murim Choi
Rick Lifton
Shrikant Mane
Kaya Bilguvar

primary target region 38,997,741

number of captured intervals 68,863

target bases covered 28,631,138 (33,960,167)

% target bases covered 73.4 % (87.1%)

• 39 mbps on chromosomes 1 and 2

• 66 fold enrichment was obtained

• 5 lanes of sequencing performed at 75 bps read length (single end)

• Yields of 1.134 to 1.236  Gbs (A total of 5.924 Gbs)

Targeted Capture 

Ali Ozturk
Kaya Bilguvar

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

Eland Maq BWA 

≥ 5X 95.45% 95.50% 95.55%

≥ 10X 91.21% 91.30% 91.37%

≥ 20X 83.52% 83.61% 83.69%

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

% 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

Coverage
Targeted Interval

Number of Bases 

Matched Correctly

Number of Bases 

Mismatched

Error Ratio 

(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%

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

Error Rates
Targeted Interval

IA exomic sequencing 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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