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I. Historical Context for Genomics

Il. Major Achievements since the Human Genome Project

lll. The Human Genomics Landscape: 2014 and Beyond

>> Goal: Place Future Speakers into a Broader Context <<

Foundational Milestones in Genetics & Genomics
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The Origin of “Genomics”: 1987

EDITORIAL

A New Discipline, A New Name, A New Journal

Genomics (1987)

For the newly developing discipline of
[genome] mapping/sequencing (including the
analysis of the information), we have adopted
the term GENOMICS... The new discipline is

born from a marriage of molecular and cell
biology with classical genetics and is fostered
by computational science.

October, 1990

Expedition
of the 2|k Century

e =y |\
c The Lewis ad Clark 4

Human Genome Project Begins
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April, 2003

Human Genome Project Ends

Myriad Applications of Genomics
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D<|Genome Medicine
Genomic Medicine e eroemescin

Genomic and Personalized
Medicine

Personal Genomics

0 Essentialﬁ,lufa_ iy
personalized Medicine G € |Casl

Genomic Medicine

An emerging medical discipline that involves using
genomic information about an individual as part of their
clinical care (e.g., for diagnostic or therapeutic decision-

making) and the other implications of that clinical use
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A vision for the future of
genomics research

Nature

PERSPECTIVE

Charting a course for genomic medicine
from base pairs to bedside

Nature
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the Human Genome
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Genome Project
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~3,000 bp (0.0001%) of Human Genome Sequence

TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATATACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGCAAACGTAACAG
GAACCCGACTAGGATCATCGGGAAAAGGAGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGGTCCTGGGTCTGGCGGACCCTGA
CGCGAAGGAGGGTCTAGGAAGCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTCTTCTGTCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGG
CCGCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGA TGGGAGTC
AGAATCGGGAAAGGGAGGTGCGGGGCGGCGAGGGAGCGAAGGAGGAGAGGAGGAAGGA TGCTGGCGGGGGTGCGTAGTGGGTGGA
GAAAGCCGCTAGAGCAAATTTGGGGCCGGACCAGGCAGCACTCGGCTTTTAACCTGGGCAGTGAAGGCGGGGGAAAGAGCAAAAGGAAGGGGTGG
TGTGCGGAGTAGGGGTGGGTGGGGGGAATTGGAAGCAAATGACATCACAGCAGGTCAGAGAAAAAGGGTTGAGCGGCAGGCACCCAGAGTAGTAG
GTCTTTGGCATTAGGAGCTTGAGCCCAGACGGCCCTAGCAGGGACCCCAGCGCCCGAGAGACCATGCAGAGGTCGCCTCTGGAAAAGGCCAGCGT
TGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAACCGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGA! GTGTGTATGGGTTGGGTT
TGGGGTAAAGGAATAAGCAGTTTTTAAAAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAAAGCATTA
AGAAGAGATGGAAGAATGAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAACTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACT
ATGCACTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTTAATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATGCCTTGG
ACACTTGATTGTCTTCTTGGCACATACAGGTGCCATGCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAATTCAGCCAACAAAAATT
TTGGGGTAGGTAGAAAATATATGCTTAAAGTATTTATTGTTATGAGACTGGATATATCTAGTATTTGTCACAGGTAAATGATTCTTCAAAAATTG
AAAGCAAATTTGTTGAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAATTTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAA
CTGACATTTAATAAATTGTATTCATAGCCTAATGTGATGAGCCACAGAAGCTTGCAAACTTTAATGAGATTTTTTAAAATAGCATCTAAGTTCGG
AATCTTAGGCAAAGTGTTGTTAGATGTAGCACTTCATATTTGAAGTGTTCTTTGGATATTGCATCTACTTTGTTCCTGTTATTATACTGGTGTGA
ATGAATGAATAGGTACTGCTCTCTCTTGGGACATTACTTGACACATAATTACCCAATGAATAAGCATACTGAGGTATCAAAAAAGTCAAATATGT
TATAAATAGCTCATATATGTGTGTAGGGGGGAAGGAATTTAGCTTTCACATCTCTCTTATGTTTAGTTCTCTGCATGTGCAGTTAATCCTGGAAC
TCCGGTGCTAAGGAGAGACTGTTGGCCCTTGAAGGAGAGCTCCTCCCTGTGGATGAGAGAGAAGGACTTTACTCTTTGGAATTATCTTTTTGTGT
TGATGTTATCCACCTTTTGTTACTCCACCTATAAAATCGGCTTATCTATTGATCTGTTTTCCTAGTCCTTATAAAGTCAAAATGTTAATTGGCAT
AAATTATAGACTTTTTTTAGCAGAGAACTTTGAGGAACCTAAATGCCAACCAGTCTAAAAATGCAGTTTTCAGAAGAATGAATATTTCATGGATA
GTTCTAAATACTAATGAACTTTAAAATAGCTTACTATTGATCTGTCAAAGTGGGTTTTTATATAATTTTCTTTTTACAAATCACCTGACACATTT
AATATAGGTTAAAAAATGCTATCAGGCTGGTTTGCAAAGAAAATGTATTACAAAGGCTGCTAAGTGTGTTAAGAGCATACTCATTTCTGTTCTCC
AAAATATTTCATAAGGTGCTTTAAGAATAGGTATGTTTTTAAAAGTTAAGTTCCTACTATTTATAGGAACTGACAATCACCTAAAATACCAATGA
TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG
TGTGACTTGACCTTTAAAATTTGGAGACTGTCATAGGGGTTAATCCCTTGAGAAAATGAATGTGAAAAGTTAGCCTAATGTTAACTGCTATTATT
ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATATAAGATGCTCAATTCATCTTTGAGTATAATTTTGTGACTCTCAAT
CTGGATATGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTGTGTTTCACATGGCCTTACCAGATATACAGGAAACACGTCACATG
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGATCCCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATTATGGTAT

Coding Sequences (i.e., Genes)
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~3,000 bp (0.0001%) of Human Genome Sequence

TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATATACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGCAAACGTAACAG
GAACCCGACTAGGATCATCGGGAAAAGGAGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGGTCCTGGGTCTGGCGGACCCTGA
CGCGAAGGAGGGTCTAGGAAGCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTCTTCTGTCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGG
CCGCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGA TGGGAGTC
AGAATCGGGAAAGGGAGGTGCGGGGCGGCGAGGGAGCGAAGGAGGAGAGGAGGAAGGA TGCTGGCGGGGGTGCGTAGTGGGTGGA
GAAAGCCGCTAGAGCAAATTTGGGGCCGGACCAGGCAGCACTCGGCTTTTAACCTGGGCAGTGAAGGCGGGGGAAAGAGCAAAAGGAAGGGGTGG
TGTGCGGAGTAGGGGTGGGTGGGGGGAATTGGAAGCAAATGACATCACAGCAGGTCAGAGAAAAAGGGTTGAGCGGCAGGCACCCAGAGTAGTAG
GTCTTTGGCATTAGGAGCTTGAGCCCAGACGGCCCTAGCAGGGACCCCAGCGCCCGAGAGACCATGCAGAGGTCGCCTCTGGAAAAGGCCAGCGT
TGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAACCGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGA! GTGTGTATGGGTTGGGTT
TGGGGTAAAGGAATAAGCAGTTTTTAAAAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAAAGCATTA
AGAAGAGATGGAAGAATGAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAACTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACT
ATGCACTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTTAATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATGCCTTGG
ACACTTGATTGTCTTCTTGGCACATACAGGTGCCATGCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAATTCAGCCAACAAAAATT
TTGGGGTAGGTAGAAAATATATGCTTAAAGTATTTATTGTTATGAGACTGGATATATCTAGTATTTGTCACAGGTAAATGATTCTTCAAAAATTG
AAAGCAAATTTGTTGAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAATTTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAA
CTGACATTTAATAAATTGTATTCATAGCCTAATGTGATGAGCCACAGAAGCTTGCAAACTTTAATGAGATTTTTTAAAATAGCATCTAAGTTCGG
AATCTTAGGCAAAGTGTTGTTAGATGTAGCACTTCATATTTGAAGTGTTCTTTGGATATTGCATCTACTTTGTTCCTGTTATTATACTGGTGTGA
ATGAATGAATAGGTACTGCTCTCTCTTGGGACATTACTTGACACATAATTACCCAATGAATAAGCATACTGAGGTATCAAAAAAGTCAAATATGT
TATAAATAGCTCATATATGTGTGTAGGGGGGAAGGAATTTAGCTTTCACATCTCTCTTATGTTTAGTTCTCTGCATGTGCAGTTAATCCTGGAAC
TCCGGTGCTAAGGAGAGACTGTTGGCCCTTGAAGGAGAGCTCCTCCCTGTGGATGAGAGAGAAGGACTTTACTCTTTGGAATTATCTTTTTGTGT
TGATGTTATCCACCTTTTGTTACTCCACCTATAAAATCGGCTTATCTATTGATCTGTTTTCCTAGTCCTTATAAAGTCAAAATGTTAATTGGCAT
AAATTATAGACTTTTTTTAGCAGAGAACTTTGAGGAACCTAAATGCCAACCAGTCTAAAAATGCAGTTTTCAGAAGAATGAATATTTCATGGATA
GTTCTAAATACTAATGAACTTTAAAATAGCTTACTATTGATCTGTCAAAGTGGGTTTTTATATAATTTTCTTTTTACAAATCACCTGACACATTT
AATATAGGTTAAAAAATGCTATCAGGCTGGTTTGCAAAGAAAATGTATTACAAAGGCTGCTAAGTGTGTTAAGAGCATACTCATTTCTGTTCTCC
AAAATATTTCATAAGGTGCTTTAAGAATAGGTATGTTTTTAAAAGTTAAGTTCCTACTATTTATAGGAACTGACAATCACCTAAAATACCAATGA
TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG
TGTGACTTGACCTTTAAAATTTGGAGACTGTCATAGGGGTTAATCCCTTGAGAAAATGAATGTGAAAAGTTAGCCTAATGTTAACTGCTATTATT
ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATATAAGATGCTCAATTCATCTTTGAGTATAATTTTGTGACTCTCAAT
CTGGATATGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTGTGTTTCACATGGCCTTACCAGATATACAGGAAACACGTCACATG
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGATCCCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATTATGGTAT

Foundational Milestones in Genetics & Genomics

THE ORIGIN OF SPECIES
\ (T — e AT NATURE
MOLECULAR STRUCTURE OF

CLeC ACIDS

Darwin Mendel  Miescher Avery Watson
& Crick

1859 1865 1871 1944 1953
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"It is not the strongest of the species that
survives, nor the most intelligent that
survives. It is the one that is the most

adaptable to change.”
(Attributed to Darwin)

Charles Darwin (1809-1882)

“For the last three and a half billion years,
evolution has been taking notes.”
-- Eric Lander

Comparative Genome Sequencing
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The Human Genome: By the Numbers

~5% of Human Genome Sequence is Constrained
Across Mammals (and Presumed Functional)

5% of 3B Bases = ~150M Bases
Lower Bound for the Amount that is Functional

~1.5% Encodes for Protein (Genes)

Corresponds to ~18-22K Genes
Many More than ~22K Different Proteins

~3,000 bp (0.0001%) of Human Genome Sequence

TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATATACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGCAAACGTAACAG
GAACCCGACTAGGATCATCGGGAAAAGGAGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGGTCCTGGGTCTGGCGGACCCTGA
CGCGAAGGA( TCTAGGAAGCTCTCC! CGGTTCTCCCGCCGGTGGCTTCTTCTGTCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGG
CCGCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGACACGGACCTGGAAGGAGCGCGCGC A A TGGGAGTC
AGAATCGGGAAAGGGAGGTGCGGGGCGGC AGCGAAGGAGGAGAGGAGGAAGGA TGCTGGCGGGGGTGCGTAGTGGGTGGA
GAAAGCCGCTAGAGCAAATTTGGGGCCGGACCAGGCAGCACTCGGCTTTTAACCTGGGCAGTGAAGGCGGGCCGAAAGAGCAAAAGGAAGGGGTGG
TGTGCGGAGTAGGGGTGGGT ATTGGAAGCAAATGACATCACAGCAGGTCAGAGAARAAAGGGTTGAGCGGCAGGCACCCAGAGTAGTAG
GTCTTTGGCATTAGGAGCTTGAGCCCAGACGGCCCTAGCAGGGACCCCAGCGCCCGAGAGACCATGCAGAGGTCGCCTCTGGAAAAGGCCAGCGT
TGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAACCGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGAGGGCGTGTGTATGGGTTGGGTT
TGGGGTAAAGGAATAAGCAGTTTTTAAAAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAAAGCATTA
AGAAGAGATGGAAGAATGAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAACTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACT
ATGCACTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTTAATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATGCCTTGG
ACACTTGATTGTCTTCTTGGCACATACAGGTGCCATGCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAATTCAGCCAACAAAAATT
TTGGGGTAGGTAGAAAATATATGCTTAAAGTATTTATTGTTATGAGACTGGATATATCTAGTATTTGTCACAGGTAAATGATTCTTCAAAAATTG
AAAGCAAATTTGTTGAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAATTTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAA
CTGACATTTAATAAATTGTATTCATAGCCTAATGTGATGAGCCACAGAAGCTTGCAAACTTTAATGAGATTTTTTAAAATAGCATCTAAGTTCGG
AATCTTAGGCAAAGTGTTGTTAGATGTAGCACTTCATATTTGAAGTGTTCTTTGGATATTGCATCTACTTTGTTCCTGTTATTATACTGGTGTGA
ATGAATGAATAGGTACTGCTCTCTCTTGGGACATTACTTGACACATAATTACCCAATGAATAAGCATACTGAGGTATCAAAAAAGTCAAATATGT
TATAAATAGCTCATATATGTGTGTAGGGGGGAAGGAATTTAGCTTTCACATCTCTCTTATGTTTAGTTCTCTGCATGTGCAGTTAATCCTGGAAC
TCCGGTGCTAAGGAGAGACTGTTGGCCCTTGAAGGAGAGCTCCTCCCTGTGGATGAGAGAGAAGGACTTTACTCTTTGGAATTATCTTTTTGTGT
TGATGTTATCCACCTTTTGTTACTCCACCTATAAAATCGGCTTATCTATTGATCTGTTTTCCTAGTCCTTATAAAGTCAAAATGTTAATTGGCAT
AAATTATAGACTTTTTTTAGCAGAGAACTTTGAGGAACCTAAATGCCAACCAGTCTAAAAATGCAGTTTTCAGAAGAATGAATATTTCATGGATA
GTTCTAAATACTAATGAACTTTAAAATAGCTTACTATTGATCTGTCAAAGTGGGTTTTTATATAATTTTCTTTTTACAAATCACCTGACACATTT
AATATAGGTTAAAAAATGCTATCAGGCTGGTTTGCAAAGAAAATGTATTACAAAGGCTGCTAAGTGTGTTAAGAGCATACTCATTTCTGTTCTCC
AAAATATTTCATAAGGTGCTTTAAGAATAGGTATGTTTTTAAAAGTTAAGTTCCTACTATTTATAGGAACTGACAATCACCTAAAATACCAATGA
TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG
TGTGACTTGACCTTTAAAATTT GACTGTCATAGGGGTTAATCCCTTGAGAAAATGAATGTGAAAAGTTAGCCTAATGTTAACTGCTATTATT
ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATATAAGATGCTCAATTCATCTTTGAGTATAATTTTGTGACTCTCAAT
CTGGATATGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTGTGTTTCACATGGCCTTACCAGATATACAGGAAACACGTCACATG
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGATCCCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATTATGGTAT
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Non-Coding Functional Sequences
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Chromosome Chromosome Chromosome Non-Coding
Packaging Segregation Replication RNAs

The Human Genome: By the Numbers

~5% of Human Genome Sequence is Constrained
Across Mammals (and Presumed Functional)

5% of 3B Bases = ~150M Bases
Do NOT Yet Know the Position of these ~150M Functional Bases
Lower Bound for the Amount that is Functional

~1.5% Encodes for Protein (Genes)

Corresponds to ~18-22K Genes
Many More than ~22K Different Proteins

~3.5% Functional But Non-Coding

Gene Regulatory Elements
Chromosomal Functional Elements
Undiscovered Functional Elements (NOT Yet in Textbooks!)

14
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The Epigenomic Landscape

P

— Science

of the epigenetic code

DNA methylation
Methyl marks added to certain
DNA bases repress gene activity.

Epigenetics @

Histone tails > CANCER
A \ " S BEHAVIOR & MEMORY
Histone modification AL 1 . PLANT FLOWERING
A combination of different ] L) GENE IMPRINTING
molecules can attach to the “tails’ PLURIPOTENCY
Histones of proteins called histones. These TESTING A TENET
alter the activity of the DNA
wrapped around them.

Chromosome

BEST PLACES
TO WORK FOR
POSTDOCS

ADING THE SECOND
GENOMIC CODE

Nature (2012)

DNA methylation () ) Epigenetic factor

Histone talls . 23 pairs of
chromosomes packed
Into the nuckeus
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The ENCODE Portfolio

7l
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ENCODE
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GENOMES IN THREE
DIMENSIONS

A DNA sequenceisn’t enough; to understand the workings of

the genome, we must study chromosome structure.

Nature (2011)

TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATAT
ACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGC
AAACGTAACAGGAACCCGACTAGGATCATCGGGAAAAGGAGG
AGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGG
TCCTGGGTCTGGCGGACCCTGACGCGAAGGAGGGTCTAGGAA
GCTCTCCH CGGTTCTCCCGCCGGTGGCTTCTTCTGT
CCTCCAGCGTTGCCAACTGGACCTAAAGAGAGGCCGCGACTG
TCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGAC
ACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGA TGGGAG
TCAGAATCGGGAAAGGGAGGTGCGGGGCGGCGAGGGAGCGAA
GGAGGAGAGGAGGAAGGA rGCTGGCGGGGETG
CGTAGTGGGTGGAGAAAGCCGCTAGAGCAAATTTGGGGCCGG
ACCAGGCAGCACTCGGCTTTTAACCTGGGCAGTGAAGGCGGG
GGAAAGAGCAAAAGGAAGGGGTGGTGTGCGGAGTAGGGGTGG
GTGGGGGGAATTGGAAGCAAATGACATCACAGCAGGTCAGAG
AAAAAGGGTTGAGCGGCAGGCACCCAGAGTAGTAGGTCTTTG
GCATTAGGAGCTTGAGCCCAGACGGCCCTAGCAGGGACCCCA
GCGCCCGAGAGACCATGCAGAGGTCGCCTCTGGAAAAGGCCA
GCGTTGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAAC
CGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGAGGGCGTG
TGTATGGGTTGGGTTTGGGGTAAAGGAATAAGCAGTTTTTAA
AAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGT
ATTGTAGAATAAAACAGAAAGCATTAAGAAGAGATGGAAGAA
TGAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAA
CTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACTATGCA
CTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTT
AATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATG
CCTTGGACACTTGATTGTCTTCTTGGCACATACAGGTGCCAT
GCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAA
TTCAGCCAACAAAAATTTTGGGGTAGGTAGAAAATATATGCT
TAAAGTATTTATTGTTATGAGACTGGATATATCTAGTATTTG
TCACAGGTAAATGATTCTTCAAAAATTGAAAGCAAATTTGTT
GAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAAT
TTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAACTG
ACATTTA

J

SPARKNOTES

TODAY’S MOST POPULAR STUDY GUIDES

4

The Human
Genome Sequence

SMARTER BETTER FASTER
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ANDREW SULLIVAN ON BLIND FAITH = LEO & JACK & MATT &

The Genomics of Human Evolution

ANOTECHNOLOGY

alculating the risk
EARTHQUAKE RUPTURE
[Where will it

JAVIAN INFLUENZA VIRUS

NEANDERTHAL

Genomes

Understanding Understanding
the Structure of the Biology of

Genomes

Understanding Advancing Improving the
the Biology of the Science of Effectiveness of
Disease Medicine Healthcare

Human Genomic
Variation
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A haplotype map of the human genome

The International HapMap Consortium®

i 2005
"_ iy
A second generation human haplotype
map of over 3.1 million SNPs
The International HapMap Consertium®
= 2007
"' OPTOELECTRONICS —
Germanium boost for
silicon chips itlrent uncon, iy
LAW OF THE JUNGLE ficacy of natural selection between populations.
Il Don'taska chimpanzee ’
; for help —~ ‘
= WDarwinand Ensten — R"llm Integrating common and rare genetic
o e . variation in diverse human populations
PROJECT e R Erimes 2010
Chapter and verse on W s St ot er s
human genetic variation “l%l I‘
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1000 Genomes

\e
A Deep Catalog of Human Genetic Variation y

nature ARTICLE

An integrated map of genetic variation
from 1,092 human genomes

»‘,

05 l- l‘
/ ,Q.OJG-..,,.W:Q

A THOUSHND GENONES

Nature (2012)

Lomo ]
THE RECURRING
UNIVERSE

Nature (2010)

2535 Humans, 26 Populations

Your Genome By the Numbers

> ~6B nucleotides

» ~3-5M single-nucleotide variants
~150K not in databases
~60 not in either parent

» ~100 ‘disruptive’ variants in genes

» ~20 completely inactivated genes (both copies)
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Understanding Understanding Understanding Advancing Improving the
the Structure of the Biology of the Biology of the Science of Effectiveness of
Genomes Genomes Disease

Medicine Healthcare

TV A TNAT A A

Genomic Basis for
Human Diseases

Rare, Simple, Monogenic, Common, Complex, Multigenic,
Mendelian... Non-Mendelian...

Manolio et al., J Clin Invest (2008)
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Genome Analysis

The Role of Both the Genome and
the Environment in Human Disease

\ 4 A 4

>>>

Technologies Technologies

Environmental Monitoring

5000

4000

3000

2000

1000

Genomic Basis Known (No.)

0

Monogenic Diseases/Traits

Human Genome
Project Begins
{n= ~61

!

ST N I O O A O O N O
O O O O O O’ O O O & N NN
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Year

D DO P NP> PP P
GRS S G S S S S P S
70T QT QT T T T T T RT T

Source: Online Mendelian Inheritance in Man (www.omim.org)
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Eric Green, M.D., Ph.D.
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The First GWAS Success Story:
Age-Related Macular Degeneration

Complement Factor H Polymorphism in Age-Related Macular Degeneration

Robert J. Klein,' Caroline Zeiss,”” Emily Y. Chew.” Jen-Yue Tsai,* Richard S. Sackler,' Chad Haynes,'
Alice K. Henning,* John Paul SanGiovanni.* Shrikant M. Mane ® Susan T. Mayne,” Michael B. Bracken,”
Frederick L. Ferris,? Jurg Ott,' Colin Barnstable, Josephine Hoh”"

Science (2005)

AYAAAS

80004
% 8

T Ty ¥y,

NHGRI GWA Catalog
www.genome.gov/GWAStudies
“mgzu Nationat Human - WWW. ebi.ac.uk/fgpt/gwas/

© Response to drug
@ Biokogical process.

Genome Research
Institute

EMBL-EBI
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Genomic Architecture of Genetic Diseases

Rare, Simple, Monogenic, Common, Complex, Multigenic,
Mendelian... Non-Mendelian...

Mostly Coding Mutations = Mostly Non-Coding Mutations

Understanding Understanding Understanding Advancing Improving the
the Structure of the Biology of the Biology of the Science of Effectiveness of
Genomes Disease Healthcare

Genomes

Medicine

/'Z?TGCA

Routine Whole-
Genome Sequencing
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feature
A vision for the future of
genomics research

Ablueprint for t

“_..‘technological leaps’ that seem so far off
as to be almost fictional but which, if they
could be achieved, would revolutionize

biomedical research and clinical practice.

[For example,]...the ability to sequence DNA
at costs that are lower by four to five orders
of magnitude than the current cost, allowing
a human genome to be sequenced for $1,000
or less.”

Human Genome Sequence

~$1,000,000,000

!
!
!
!

~$1,000 “The $1000 Genome”
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Cost per Sequenced Human Genome

Cost per Genome

Moore's Law

N | H National Human Genome
Research Institute

genome.gov/sequencingcosts

T T T | A T R TR ST

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Sequencing a Human Genome

HGP Immediate
(15t Sequence) Post-HGP

x

~6-8 years ~3-4 months ~2-3 days

~$1B ~$10-50M ~$4-6K
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And Yet Newer Technologies...

CACCATLCTCCOTC CTT
COATGCTCCOTC CITCAACACCATTCGETC
CTTGAACACCATTGGCACGATGCTCCOTC
CACCATTCOCACLATECTCCLTC CT
CACGATGCTCCOTC CTTCAACACCATICGETC
COATGCTCCETC CITCAACACCATICGETC
CACGATGCTCCOTC
CACCATGCTCCOTC CT
CACCATTELOTC

CTTGAACACCATT

CACCATT
CACGATGCTCCOTC "l
COATGCTCCOTC CTTCAACACCATTCGETC

CTTCAACACCATICGCACGATGCTCCLTC

CACCATTCOCACCATCCTCCLTC CT

RCACCATCLICCCTC CHCALCACCATICCGTC

Genome Sequencing as a ‘Commodity’

CACCATIGOOTCGAGGAAACTT
cicdl
1c

o

CACCATT

IC
CT

CACCATT

IC
CIT

CACCATT

CACH

CACH
CACCH

CACH
CACCH
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Understanding Understanding
the Structure of the Biology of
Genomes Genomes

Understanding Advancing
the Biology of the Science of
Disease Medicine

Improving the
Effectiveness of
Healthcare

/730 TGCAT

Routine Analysis of
Genome Sequences
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Eric Green, M.D., Ph.D.
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The Data AnaIyS|s Bottleneck

TCCTTCCCTTT LLAAAATGCACCTTGCAAACGT@G
AAGCTGGTGGCAGCGGGTCCTGGGTCTGGCGGACCCTGA

TGCCGCG(
GAACCC o
CGCG. :
CCGCGAC]
AGAATCG(
GAAAGCC(
TGTGCGGA

TCCGGTGCTAAGGAGAG
TGATGTTATCCACCTTT]

AATATAGGTTAAAAAATGCT:
AAAATATTTCATAAGGTGCT!
TTACAAACTTCCTTCTGGCC
GTGGTAGGCTTTGGAGTCAGA
TGTGACTTGACCTTTAAAATTT
ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATATA
CTGGAT: TGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTG
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGAT(
TTACAAACTTCCTICTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAA(
GTGGTAGGCTT1@6TCAGATTATTTTGATTCAGATCCTACATCTACTGT

(RZCATCTCTGTG

Understanding Understanding Understanding Advancing Improving the
the Structure of the Biology of the Biology of the Science of Effectiveness of
Genomes Genomes Disease Med icine Healthcare

/™

T/ A T/AMT A AR

February 26, 2014

Eric Green, M.D., Ph.D.
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The Future

NEXT EXIT N

Technology Advances Drive Science

- Astronomy

Cell Biology

 ——

Radiology

Genomics

February 26, 2014

Eric Green, M.D., Ph.D.
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Genomic Accomplishments Across Domains

Understanding  Understanding  Understanding Advancing Improving the
the Structure of the Biology of  the Biology of  the Science of  Effectiveness
Genomes Genomes Disease Medicine of Healthcare

>

R
- A q
: )

1990-2003

Human Genome Project |

2004-2010

2011-2020

Beyond 2020

-2
IR 0

Mendelian Diseases/Traits

February 26, 2014

Eric Green, M.D., Ph.D.
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Centers for Mendelian Genomics

ONE GOAL

MANY PEOPLE
INFINITE POSSIBILITIES

Understanding the genetic basis of M

Program Rationale

Centers for Mendelian Genomics

lendelian conditions.

www.mendelian.org

The Centers for Mendelian Genomics:
A New Large-Scale Initiative to Identify the
Genes Underlying Rare Mendelian Conditions

Michael J. Bamshad,*>* Jay A. Shendure,” David Valle,* Ada Hamosh,* James R. Lupski,**”*®
Richard A. Gibbs,>® Eric Boerwinkle,®® Richard P. Lifton,'® Mark Gerstein,'* Murat Gunel,*%*?
Shrikant Mane,w and Deborah A. Nickerson?

on behalf of the Centers for Mendelian Genomics

Am J Med Genet (2012)

The Future: Genome Sequencing
=
¥ s 1
_:::._é" o%ﬁ %%“:’_Q oo Jﬁ‘nr" —aoeo
e B e A
- g 2 TN - S R
% %R §“ e Rt ]
N - :
g F R g g s
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55 24 LA
e
RCANT 0 . .
Complex Diseases/Traits
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Cancer is a Disease of the Genome

Normal

Understanding genomics
The Cancer Genome Atlas &) yrdersiondng genomic o
earc
Cancers Selected for Study Research Highlights Publications

m About Cancer Genomics

News Releases and
Announcements

28 l#] The TCGA Research Network has completed

j two new characterization studies on acute

Mie myeloid leukemia (AML) and endometrial
W) 8 cancer. Read the press releases here

Learn More »

Cancers
Selected for
Study

Two New
TCGA
Publications

About TCGA
5/

ﬂ Case Study | %
N

I i|| 1]
o Cancer Genomics
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The Future: Genome Sequencing

Microbiome

Genomic Accomplishments Across Domains

Understanding  Understanding  Understanding Advancing Improving the
the Structure of  the Biology of  the Biology of  the Science of  Effectiveness
Genomes Genomes Disease Medicine of Healthcare

mmm
TRATECATGUTAGEN
GETIGETECIN

P
(=

1990-2003

Human Genome Project

2004-2010

2011-2020

Beyond 2020
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Genomic Medicine Comes Into Focus
s

EE Y

GENOMIC

Genome Medical Futures

‘Hot Areas’ in Genomic Medicine

Cancer Genomics ! |
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O

-

LN
1
Hi{I)

37



NHGRI Current Topics in Genome Analysis 2014
Week 1: The Genomics Landscape circa 2014

February 26, 2014
Eric Green, M.D., Ph.D.

Radiographic
Imaging

Routine Clinical Diagnostic Tools

Cancer Genome
Sequencing
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Cancer Genomics: Here and Now

&.uhm Treatment We're available 24/7 to discuss treatment options
¢ Centers of America

. Call anytime (800) 615-3055 ¥ ®, Chat online now ¥

HOW WE TREAT CANCER ~ OUR HOSPITALS ~ COMMUNITY & SUPPORT ¥

Q

Genomic testing is the
future of cancer treatment.”

Dr. Shayma Kazmi, Medical Oncologist
(Cancer Treatment Centers of America

ersonalized treatment

www.cancercenter.com

‘Hot Areas’ in Genomic Medicine

Cancer Genomics

Pharmacogenomics |

[phrhihy!

)
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Because Everyone Responds Differently.

All of these work.

Just not for everyone.

Perlegen may be able to help you sort out
which medicine helps which patient.

Working with you, we can comprehensively
analyze the DNA from thousands of patients
taking your drug. Out of the millions of
genetic variations between patients, we may
be able to help you identify the ones that are
associated with strong efficacy, poor efficacy,
or side effects.

Perlegen’s exceptional coverage of the
genome and experienced team of analysts
could help you get clinically relevant
answers, not just data, in a matter of months.

We partner with the top pharmaceutical
companies around the world. We also
license late-stage drugs. If you have a drug

that can benefit from our approach, please
contact us.
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‘Hot Areas’ in Genomic Medicine

Cancer Genomics

)

Pharmacogenomics

- 3

Genomic Medicine
‘Test Drive’ Programs

)

Clinical Sequencing Exploratory Research (CSER)

cser

Clinical Sequencing
\ Exploratory Research

cser-consortium.org
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Implementing Genomics into
Clinical Practice Network (IGNITE)

Implementing Genomics in Practice (IGNITE) €3 share (&) ot

Overview

Findi from the g ics field have slowly started to find
applications in clinical care. The field of "genomic medicine" could
potentially improve patient health and treatment strategies or better
predict the likelihood of disease.

The Implementing Genomics in Practice (IGNITE) consortium (RFA-HG-
12-006, RFA-HG-12-007 and RFA-HG-13-004) was created to enhance
the use of genomic medicine by supporting the development of methods
for incorporating genomic information into clinical care and exploration of
the methods for effective implementation, diffusion and sustainability in
diverse clinical settings.

These demonstration projects will incorporate genomic information into
the electronic medical record (EMR) and provide clinical decision support
(CDS) for implementation of appropriate interventions or clinical advice.
The sites will work together to develop new methods and projects and disseminate their findings to the public. Dissemination

of these methods and developing best practices for implementation is a key goal so that the information generated from the

program will contribute to the growing knowledge base of using genomic information in patient care.

genome.gov/27554264

he NEW ENGLAND JOURNALVo'fMEDICINE

First FDA Authorization for Next-Generation Sequencer
Francis S. Collins, M.D., Ph.D., and Margaret A. Hamburg, M.D.
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Cancer Genomics !

)

Pharmacogenomics

- 3

Genomic Medicine
‘Test Drive’ Programs

)

Prenatal & Newborn
Genomic Analvsis

IO

/2
L \

THHNN
(NN
Wi

‘Hot Areas’ in Genomic Medicine

Noninvasive Prenatal Genome Sequencing

The next big thing in pregnancy: Sequencing your baby's
genome

S T0BREAKTHROUGH
2 TECHNOLOGIES 201

Prenatal DNA Sequencing
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Genomic Sequencing in Newborns (NSIGHT)

NIH program explores the use of genomic sequencing in newborn healthcare

_('v'f " Bethesda, Md., Wed., Sept. 4, 2013 - Can sequencing of newborns' genomes provide useful medical
information beyond what current newborn screening already provides? Pilot projects to examine this
important question are being funded by the Eunice Kennedy Shriver National Institute of Child Health
and Human Development (NICHD) and the National Human Genome Research Institute (NHGRI), both
parts of the National Institutes of Health. Awards of $5 milion to four grantees have been made in fiscal

year 2013 under the Genomic Sequencing and Newborn Screening Disorders research program. The
program will be funded at $25 million over five years, as funds are made available

*Genomic sequencing has potential to diagnose a vast array of disorders and conditions at the very start
of life," said Alan E. Guttmacher, M.D., director of NICHD. *But the ability to decipher an individual's
genetic code rapidly also brings with it a host of clinical and ethical issues, which is why it is important
that this program explores the trio of technical, clinical, and ethical aspects of genomics research in the
newbomn period.*

The awards will fund studies on the potential for genome and exome sequencing to expand and improve
newbomn health care. Genomic sequencing examines the complete DNA blueprint of the cells, and exome
sequencing is a strategy to selectively sequence exons, the short stretches of DNA within our genomes that code for proteins

genome.gov

Sequenced from the start

Four US studies are set to explore how genomic data can best help healthy and illnewborns.
They must also settle some questions of ethics.

g has erful tool for | plans togive the raw genetic d s amilies, even though

teams will sequence the exom
the genome — or the

s super ga o types and Phenotypes. The
screening methods, which ch der As researchers explore these q

Nature (2013)

‘Hot Areas’ in Genomic Medicine

Cancer Genomics

—

Pharmacogenomics

—

Genomic Medicine
‘Test Drive’ Programs

—

Prenatal & Newborn
Genomic Analvsis

Clinical Genomics

Information Systems

)
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Clinical Genome Resource (ClinGen)

New NIH-funded resource focuses on use of genomic variants in medical care

Bethesda, Md., Wed., Sept. 25, 2013 - Three grants totaling more than $25 million over four
years will help three research groups to develop authoritative information on the millions of
genomic variants relevant to human disease and the hundreds that are expected to be useful
for clinical practice. The awards are from the National Institutes of Health.

More and more medical and research centers are sequencing the DNA of whole genomes (the
body's entire genetic blueprint) or exomes (the genome's protein-coding region) of patients.
Each time, millions of DNA differences in genes and the regions between the genes are
detected. But doctors struggle to know which of those differences, called variants, are relevant
to disease and for a patient’s medical care. As a result, information on few genomic variants is
used in clinical practice.

The grants will support a consortium of research groups to develop the Clinical Genome
Resource (ClinGen). The investigators will design and implement a framework for evaluating
which variants play a role in disease and those that are relevant to patient care, and will work closely with the National Center for Biotechnology Information

(NCBI) of the National Library of Medicine (NLM), which will distribute this information through its Clinvar database. The grants are funded by the National
Human Genome Research Institute (NHGRI) and the Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD), which, along
with NCBI and NLM, are part of NIH. ClinGen was developed from NHGRI's Clinically Relevant Variants Resource program.

genome.gov

—

Ittty
i

‘Hot Areas’ in Genomic Medicine

Cancer Genomics

Pharmacogenomics |
Genomic Medicine
‘Test Drive’ Programs

—

Prenatal & Newborn
Genomic Analvsis

Clinical Genomics
Information Systems

)

Ultra-Rare Genetic
Disesase Diagnostics

)
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Ultra-Rare Genetic Disease Diagnostics

Exome Sequencing: Dual Role as a
Discovery and Diagnostic Tool

chee s Clinical application of exome sequencing in
undiagnosed genetic conditions

/2“”_3 S‘ Next-Generation Sequencing for Clinical Diagnostics |
evin

Clinical Whole-Exome Sequencing
for the Diagnosis of Mendelian Disorders

v.Genomics in Clinical Practice:
.. Lessons from the Front Lines

" r»L Howard J. Jacob,*¢" Kelly Abrams,? David P. Bick,">'° Kent Brodie,’ David
P. Dimmock,"*'® Michael Farrell,?> Jennifer Geurts,"” Jeremy Harris,"* Daniel
Helbling,'* Barbara J. Joers,'? Robert Kliegman,® George Kowalski,' Jozef
Lazar,"? David A. Margolis,® Paula North,**"" Jill Northup," Altheia
Roquemore-Goins,'' Gunter Scharer,"*'® Mary Shimoyama,'’ Kimberly
Strong,'® Bradley Taylor," Shirng-Wern Tsaih,' Michael R. Tschannen,’ Regan
L. Veith,"'° Jaime Wendt-Andrae,’ Brandon Wilk,* Elizabeth A. Worthey'**

Sci Transl Med (2013)

Undiagnosed Diseases Network (UDN)
UNDIAGNOSED -

* Build upon the successful experience with the
NIH Undiagnosed Diseases Program to
improve the diagnosis and care of patients
with undiagnosed diseases

* Facilitate research into the etiology of
undiagnosed diseases

* Create a highly collaborative research community
to identify best practices for the diagnosis and
management of undiagnosed diseases
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The Relevance of Genomics
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GENOME

UNLOCKING!|
I LIFE'S
CODEIN

National Human Genome
Research Institute

Y . .
‘% < Smithsonian

NHGRI-Smithsonian Genome EXxhibition

4" National Museum of Natural History

Exhibition Opening June 14, 2013

M
GENOME 4
UNLOCKING
1T UFE'S i
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unlockinglifescode.org

Smithsonian Exhibition: Website
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Y [ "R I
the NHGRI Director

February 4, 2014

For this second month of 2014, | hope you enjoy reading about the new trans-NIH Big Data to Knowledge (BD2K)
Initiative, the centerpiece of NIH’s efforts to address the ‘Big Data’ problem facing biomedical research. And
while parts of the country continue to suffer the chilling effects of a polar vortex, | am relieved to report that
Washington, D.C. shows some signs of a thaw with regard to the budget battles. The politicians in our nation’s

To subscribe, follow link from:
genome.gov/Director

,"”‘w"w““, NATIONAL HUMAN GENOME
JlU RESEARCH INSTITUTE
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