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òCalling something junk just because we don't understand what it does strikes me as narrow-

minded.  I suggest replacing this designation with 'funk' - functionally unknown DNA.  I would 

prefer to think of our genome as funky rather than junky.ó

-Gregory Petsko, Genome Biology,  2003
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Start Finish



- Catalog and Genotype

Human Brain Abnormalities

- Linkage Analysis for large

Pedigrees

- Bioinformatics work to discern

brain-specific genetic elements

-Large Patient Cohorts

Neurogenetics
Program of Yale

Matthew State, M.D., Ph.D.
Murat Gunel, M.D.

Yale Center for 
Genomics and 
Proteomics & 
Keck Facility

1. Genotyping and CNVs

2. Targeted Resequencing

3. cDNA Sequencing

4. ChIP-Seq

5. Promoter-Seq

6. Translate to 

Model Systems



P (NG-1) Family Pedigree

Early Onset Parkinsonõs

Bayrakli, Bilguvar, Mason et al, 2007



Illumina Genotyping ðFamily P

SNP call rate in homozygous deleted region drops <10%, 

log R ratio shows deletion, SNP Score drops to zero

P1-affected P2-affected P3-affected P50-affected P4-unaffected



Illumina ðFamily P

Confirmed homozygous deletion not found in unaffected (bottom)

chr6:162,420,000-162,550,000
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Nimblegen Arrays also show deletion



Fine-mapped the deletion with PCR



Our task will not always be this easy, due to

The Composition of the Human Genome

Mason, State, and Moldin, Kaplan & {ŀŘƻŎƪΩǎComprehensive Textbook of Psychiatry



Massive Small and Large -scale Variation in 
the Human Genome

-

First Sequences of single humans complete!

Average:

- 4.1 million total variants (1.2m are new)

- 3.2 million SNPs

- 292,000 heterozygous indels (1-321 bp)

- 559,000 homozygous indels (1-82,711 bp)

- 20% of genes have non -synonymous SNPs

- Humans are 99.5% similar, not 99.9% 

(Levy et al., 2007, Wheeler et al, 2008, Wang et al., 2008).



Better annotation = better research

Bilguvar, et al, 2008

GWAS

CNVs

Intergenic SNPs

Development and differentiation, mutation burden, pop. genetics, systems biology, 

allele-specific expression, gene regulation, gene therapy, miRNA targets, etc. 



What do we have now?

Only 1.2 million sequence reads

üCurrently limited amount of    
EST info at NCBI

üEST data is expensive, time-
consuming (cloning), and 
ŜȄƘƛōƛǘǎ оΩ ōƛŀǎΦ 

üMuch EST and cDNA data is 
for whole brains, and few 
libraries exist with region-
specific data.

How can sequencing help?



Validation of known Gene Boundaries
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Find Longer Isoforms
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Find Other Genes
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Examine a Complicated Spliceome

exon1, 

exon2, 

exon3.

exon1-exon2

exon1-exon3

exon2-exon3

exon1-exon2-exon3

6 63 15

7 127 21

8 255 28

3 7 3

4 15 6

5 31 10

1 1 0

2 3 1

Exons Variants Junctions

2n-1

Exon 1 Exon 2 Exon 3

Exon 1 Exon 2 Exon 3

n(n-1)

2



Possible Transcript Combinations (n exons):

8x1083 theoretical combinations

8x1080 atoms in the universe

(159 atoms/star, 1 11 stars/galaxy, 1 10 galaxies)

However, not as many junction combinationsé

# Two-Exon Junctions (r) for a Gene with (n) Exons:

3.7 million junctions total

(using ENSEMBL annotation)

what need all corners

2n-1

Examine a Complicated Spliceome



Table 1: Number of Genes vs. Genome Size

organism genes Base pairs

Plant ~50,000 100,000,000,000       

Human, mouse or rat 25,000 3,000,000,000           

Honey bee 15,000 300,000,000              

Fruit Fly 13,767 130,000,000              

Worm 19,000 97,000,000                

Fungus 6,000 13,000,000                

Bacterium 3,000 5,000,000                  

Mycoplasma genitalium 500 580,000                     

DNA virus 10ï900 50,000                       

RNA virus 1ï25 10,000                       

Viroid 0ï1 500                            
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Microarrays vs. RNA-Seq

Marioni and Mason, Genome Research, 2008

RNA-Seq: An assessment of technical reproducibility and 

comparison with gene expression arrays



Experimental Design: 
Liver vs. Kidney



ClonalSingle Molecule Sequencing

Homogenize 
sample

Extract total 
RNA & gDNA
eliminator 

column
& DNAase

2X
Oligo-dT
Isolate 

polyARNA

Fragment 
RNA

1st and 2nd

strand cDNA
synthesis

Ligate
adaptors to 

DNA

AAAA

AAAA

AAAA
AAAA

HybDNA to 
surface, 

Bridge-PCR

G
A

T

C

1. Add terminators,  
primers,  polymerase.  
2. Take picture.  
3. wŜƳƻǾŜ  оΩ 
terminus. 
4. Repeat.

Millions of reads



ÅRNA samples from the liver and kidneyof 
the same individual were extracted and 
processed to obtain a library of cDNA 
molecules suitable for sequencing

L1 L2 L3 L4 L5 L6 L7 L8

Run 1

Run 2

Control

Experimental Design



Non-Aligned & Multi-Hits 
Represent Errors, Splice Variants, Repeats

Known Splice Forms
Using known ENSEMBLs transcripts

AATCTGCTTTAGGATAGATCGATA 

TCTGCTTTAGGATAGATCGATAGC 

CTGCTTTAGGATAGATCGATAGCT

New  Splice Forms from Novel 
Transcripts

Perl-based Exon-exon database
(Genome Research, 2008)

AATCTGCTTTAGGATAGA 

TCTGCTTTAGGATAGATC

TAGGATAGATCGATAGCT

AATCTGCTTT

AGGATAGATC

GATCTAGGAC

BioInformatics Pipeline: 
Alignments of sequences and splice forms

AATCTGCTTTAGGATAGATCGATAGCTAGTTC

ATCTGCTTTAGGATAGATCGATAGCTAGTTCA

TCTGCTTTAGGATAGATCGATAGCTAGTTCAT   

CTGCTTTAGGATAGATCGATAGCTAGTTCATC

TCTGCTTTAGGATAGATCGATAGCTAGTTCAT

AATCTGCTTTAGGATAGATCGATAGCTAGTTC

AATCTGCTTTAGGATAGATCGATA 

TCTGCTTTAGGATAGATCGATAGC 

CTGCTTTAGGATAGATCGATAGCT

Aligned Reads (ELAND)
1. Annotation algorithm
mapping exonsand introns
2. Normalize reads, build 

coverage map
3. Gene Expression Data

All Data
Use ELAND to align to genome



AnnoSplice: Detection of Splice Forms

N (32-N)

рΩ оΩ

Create Database 
ƻŦ !ƭƭ 9Ȅƻƴǎ Ψ 

Beginnings and 
Ends (32bp)

2 3 41Exon # :

Disassemble Read (Ri ):
Ri = RiA = (Rid + RiB), 

where A = (N), B = (32-N), N>=10

A B

Read (Ri)

N++

Genex =

Genex+1=

Genex+2=

Exon-Edge 
Database (EEDB)

GenȄΧƴ=

ReadƛΧƳ=



Summary of GA data

ÅOf these, 83% were located in genic regions

ÅOf those outsideé





Comparing Between lanes and samples
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Comparing GA and arrays

ÅWe hybridized the same liver and kidney samples 
(in triplicate) to AffymetrixU133 Plus 2.0 arrays

ÅWe found 17,708 probe sets that mapped uniquely 
to 17,708 Ensemblgenes  

ÅOf these 17,708 genes/probe sets, 8,113 were 
called as differentially expressed (MAS) at an FDR of 
0.1%

ÅFurther, 81% of these were also identified using 
Solexa



Comparing GA and Affy arrays
Kidney Liver

Log2 Affymetrix Intensities
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