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 I.    Historical Context for Genomics 

   
 II.   Major Achievements since the Human Genome Project 
   
 III.  The Human Genomics Landscape: 2014 and Beyond 

 

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

 

Mendel 

1865 

Miescher 

1871 

Avery 

1944 

 Watson  
& Crick 

1953 

Foundational Milestones in Genetics & Genomics 
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April, 1953 

Discovery of Double-Helical Structure of DNA 

The Genetic Code 

1960’s 1980’s 

DNA Cloning 
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The Origin of “Genomics”: 1987 

J Natl Cancer Inst (1998) 

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.  
 

Human Genome Project Begins 

October, 1990 

Human 
Genome  
Project 
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Human Genome Project Ends 

April, 2003 

Myriad Applications of Genomics 

Health, Disease, & Medicine 
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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 

Genomic Medicine 
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The Path to Genomic Medicine!

? !

     ?  
Human!

Genome !
Project!

Realization of 
Genomic !
Medicine!

“Fulfilling the Promise” 

Nature 

2003 

Nature 

2011 
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New NHGRI Vision for Genomics Published  

February, 2011 

Five Domains of Genomics Research 
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Function of the Human  
Genome Sequence 

Mapping  
the Human Genome 

Sequencing  
the Human Genome 

~1990 to ~2000 

~1998 to ~2003 

Interpreting  
the Human Genome  

Sequence 
~2003 to ??? 

The Human  
Genome Project 

Beyond 
The Human  

Genome Project 
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~3,000 bp (0.0001%) of Human Genome Sequence 
TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATATACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGCAAACGTAACAG 
GAACCCGACTAGGATCATCGGGAAAAGGAGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGGTCCTGGGTCTGGCGGACCCTGA 
CGCGAAGGAGGGTCTAGGAAGCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTCTTCTGTCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGG 
CCGCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGAGGCTGGGAGTC 
AGAATCGGGAAAGGGAGGTGCGGGGCGGCGAGGGAGCGAAGGAGGAGAGGAGGAAGGAGCGGGAGGGGTGCTGGCGGGGGTGCGTAGTGGGTGGA 
GAAAGCCGCTAGAGCAAATTTGGGGCCGGACCAGGCAGCACTCGGCTTTTAACCTGGGCAGTGAAGGCGGGGGAAAGAGCAAAAGGAAGGGGTGG 
TGTGCGGAGTAGGGGTGGGTGGGGGGAATTGGAAGCAAATGACATCACAGCAGGTCAGAGAAAAAGGGTTGAGCGGCAGGCACCCAGAGTAGTAG 
GTCTTTGGCATTAGGAGCTTGAGCCCAGACGGCCCTAGCAGGGACCCCAGCGCCCGAGAGACCATGCAGAGGTCGCCTCTGGAAAAGGCCAGCGT 
TGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAACCGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGAGGGCGTGTGTATGGGTTGGGTT 
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) 

The Genetic Code 
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~3,000 bp (0.0001%) of Human Genome Sequence 
TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATATACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGCAAACGTAACAG 
GAACCCGACTAGGATCATCGGGAAAAGGAGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGGTCCTGGGTCTGGCGGACCCTGA 
CGCGAAGGAGGGTCTAGGAAGCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTCTTCTGTCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGG 
CCGCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGAGGCTGGGAGTC 
AGAATCGGGAAAGGGAGGTGCGGGGCGGCGAGGGAGCGAAGGAGGAGAGGAGGAAGGAGCGGGAGGGGTGCTGGCGGGGGTGCGTAGTGGGTGGA 
GAAAGCCGCTAGAGCAAATTTGGGGCCGGACCAGGCAGCACTCGGCTTTTAACCTGGGCAGTGAAGGCGGGGGAAAGAGCAAAAGGAAGGGGTGG 
TGTGCGGAGTAGGGGTGGGTGGGGGGAATTGGAAGCAAATGACATCACAGCAGGTCAGAGAAAAAGGGTTGAGCGGCAGGCACCCAGAGTAGTAG 
GTCTTTGGCATTAGGAGCTTGAGCCCAGACGGCCCTAGCAGGGACCCCAGCGCCCGAGAGACCATGCAGAGGTCGCCTCTGGAAAAGGCCAGCGT 
TGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAACCGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGAGGGCGTGTGTATGGGTTGGGTT 
TGGGGTAAAGGAATAAGCAGTTTTTAAAAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAAAGCATTA 
AGAAGAGATGGAAGAATGAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAACTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACT 
ATGCACTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTTAATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATGCCTTGG 
ACACTTGATTGTCTTCTTGGCACATACAGGTGCCATGCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAATTCAGCCAACAAAAATT 
TTGGGGTAGGTAGAAAATATATGCTTAAAGTATTTATTGTTATGAGACTGGATATATCTAGTATTTGTCACAGGTAAATGATTCTTCAAAAATTG 
AAAGCAAATTTGTTGAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAATTTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAA 
CTGACATTTAATAAATTGTATTCATAGCCTAATGTGATGAGCCACAGAAGCTTGCAAACTTTAATGAGATTTTTTAAAATAGCATCTAAGTTCGG 
AATCTTAGGCAAAGTGTTGTTAGATGTAGCACTTCATATTTGAAGTGTTCTTTGGATATTGCATCTACTTTGTTCCTGTTATTATACTGGTGTGA 
ATGAATGAATAGGTACTGCTCTCTCTTGGGACATTACTTGACACATAATTACCCAATGAATAAGCATACTGAGGTATCAAAAAAGTCAAATATGT 
TATAAATAGCTCATATATGTGTGTAGGGGGGAAGGAATTTAGCTTTCACATCTCTCTTATGTTTAGTTCTCTGCATGTGCAGTTAATCCTGGAAC 
TCCGGTGCTAAGGAGAGACTGTTGGCCCTTGAAGGAGAGCTCCTCCCTGTGGATGAGAGAGAAGGACTTTACTCTTTGGAATTATCTTTTTGTGT 
TGATGTTATCCACCTTTTGTTACTCCACCTATAAAATCGGCTTATCTATTGATCTGTTTTCCTAGTCCTTATAAAGTCAAAATGTTAATTGGCAT 
AAATTATAGACTTTTTTTAGCAGAGAACTTTGAGGAACCTAAATGCCAACCAGTCTAAAAATGCAGTTTTCAGAAGAATGAATATTTCATGGATA 
GTTCTAAATACTAATGAACTTTAAAATAGCTTACTATTGATCTGTCAAAGTGGGTTTTTATATAATTTTCTTTTTACAAATCACCTGACACATTT 
AATATAGGTTAAAAAATGCTATCAGGCTGGTTTGCAAAGAAAATGTATTACAAAGGCTGCTAAGTGTGTTAAGAGCATACTCATTTCTGTTCTCC 
AAAATATTTCATAAGGTGCTTTAAGAATAGGTATGTTTTTAAAAGTTAAGTTCCTACTATTTATAGGAACTGACAATCACCTAAAATACCAATGA 
TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA 
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG 
TGTGACTTGACCTTTAAAATTTGGAGACTGTCATAGGGGTTAATCCCTTGAGAAAATGAATGTGAAAAGTTAGCCTAATGTTAACTGCTATTATT 
ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATATAAGATGCTCAATTCATCTTTGAGTATAATTTTGTGACTCTCAAT 
CTGGATATGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTGTGTTTCACATGGCCTTACCAGATATACAGGAAACACGTCACATG 
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGATCCCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATTATGGTAT  

Darwin 

1859 

Mendel 

1865 

Miescher 

1871 

Avery 

1944 

 Watson  
& Crick 

1953 

Foundational Milestones in Genetics & Genomics 
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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." 

Charles Darwin (1809-1882) 

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

     Eric Lander 

(Attributed to Darwin) 

Comparative Genome Sequencing 

Meredith et al. 
Science (2011) 
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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 
CGCGAAGGAGGGTCTAGGAAGCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTCTTCTGTCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGG 
CCGCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGAGGCTGGGAGTC 
AGAATCGGGAAAGGGAGGTGCGGGGCGGCGAGGGAGCGAAGGAGGAGAGGAGGAAGGAGCGGGAGGGGTGCTGGCGGGGGTGCGTAGTGGGTGGA 
GAAAGCCGCTAGAGCAAATTTGGGGCCGGACCAGGCAGCACTCGGCTTTTAACCTGGGCAGTGAAGGCGGGGGAAAGAGCAAAAGGAAGGGGTGG 
TGTGCGGAGTAGGGGTGGGTGGGGGGAATTGGAAGCAAATGACATCACAGCAGGTCAGAGAAAAAGGGTTGAGCGGCAGGCACCCAGAGTAGTAG 
GTCTTTGGCATTAGGAGCTTGAGCCCAGACGGCCCTAGCAGGGACCCCAGCGCCCGAGAGACCATGCAGAGGTCGCCTCTGGAAAAGGCCAGCGT 
TGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAACCGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGAGGGCGTGTGTATGGGTTGGGTT 
TGGGGTAAAGGAATAAGCAGTTTTTAAAAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAAAGCATTA 
AGAAGAGATGGAAGAATGAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAACTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACT 
ATGCACTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTTAATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATGCCTTGG 
ACACTTGATTGTCTTCTTGGCACATACAGGTGCCATGCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAATTCAGCCAACAAAAATT 
TTGGGGTAGGTAGAAAATATATGCTTAAAGTATTTATTGTTATGAGACTGGATATATCTAGTATTTGTCACAGGTAAATGATTCTTCAAAAATTG 
AAAGCAAATTTGTTGAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAATTTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAA 
CTGACATTTAATAAATTGTATTCATAGCCTAATGTGATGAGCCACAGAAGCTTGCAAACTTTAATGAGATTTTTTAAAATAGCATCTAAGTTCGG 
AATCTTAGGCAAAGTGTTGTTAGATGTAGCACTTCATATTTGAAGTGTTCTTTGGATATTGCATCTACTTTGTTCCTGTTATTATACTGGTGTGA 
ATGAATGAATAGGTACTGCTCTCTCTTGGGACATTACTTGACACATAATTACCCAATGAATAAGCATACTGAGGTATCAAAAAAGTCAAATATGT 
TATAAATAGCTCATATATGTGTGTAGGGGGGAAGGAATTTAGCTTTCACATCTCTCTTATGTTTAGTTCTCTGCATGTGCAGTTAATCCTGGAAC 
TCCGGTGCTAAGGAGAGACTGTTGGCCCTTGAAGGAGAGCTCCTCCCTGTGGATGAGAGAGAAGGACTTTACTCTTTGGAATTATCTTTTTGTGT 
TGATGTTATCCACCTTTTGTTACTCCACCTATAAAATCGGCTTATCTATTGATCTGTTTTCCTAGTCCTTATAAAGTCAAAATGTTAATTGGCAT 
AAATTATAGACTTTTTTTAGCAGAGAACTTTGAGGAACCTAAATGCCAACCAGTCTAAAAATGCAGTTTTCAGAAGAATGAATATTTCATGGATA 
GTTCTAAATACTAATGAACTTTAAAATAGCTTACTATTGATCTGTCAAAGTGGGTTTTTATATAATTTTCTTTTTACAAATCACCTGACACATTT 
AATATAGGTTAAAAAATGCTATCAGGCTGGTTTGCAAAGAAAATGTATTACAAAGGCTGCTAAGTGTGTTAAGAGCATACTCATTTCTGTTCTCC 
AAAATATTTCATAAGGTGCTTTAAGAATAGGTATGTTTTTAAAAGTTAAGTTCCTACTATTTATAGGAACTGACAATCACCTAAAATACCAATGA 
TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA 
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG 
TGTGACTTGACCTTTAAAATTTGGAGACTGTCATAGGGGTTAATCCCTTGAGAAAATGAATGTGAAAAGTTAGCCTAATGTTAACTGCTATTATT 
ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATATAAGATGCTCAATTCATCTTTGAGTATAATTTTGTGACTCTCAAT 
CTGGATATGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTGTGTTTCACATGGCCTTACCAGATATACAGGAAACACGTCACATG 
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGATCCCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATTATGGTAT  
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+
+ ++

+ - - 

Non-Coding Functional Sequences 

Gene  
Regulation 

Chromosome  
Replication 

Chromosome  
Segregation 

Chromosome 
Packaging 

Non-Coding  
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!) 
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The Epigenomic Landscape 

Nature (2012) 
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The ENCODE Portfolio 
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Nature (2011) 

TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATAT
ACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGC
AAACGTAACAGGAACCCGACTAGGATCATCGGGAAAAGGAGG
AGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGG
TCCTGGGTCTGGCGGACCCTGACGCGAAGGAGGGTCTAGGAA
GCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTCTTCTGT
CCTCCAGCGTTGCCAACTGGACCTAAAGAGAGGCCGCGACTG
TCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGAC
ACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGAGGCTGGGAG
TCAGAATCGGGAAAGGGAGGTGCGGGGCGGCGAGGGAGCGAA
GGAGGAGAGGAGGAAGGAGCGGGAGGGGTGCTGGCGGGGGTG
CGTAGTGGGTGGAGAAAGCCGCTAGAGCAAATTTGGGGCCGG
ACCAGGCAGCACTCGGCTTTTAACCTGGGCAGTGAAGGCGGG
GGAAAGAGCAAAAGGAAGGGGTGGTGTGCGGAGTAGGGGTGG
GTGGGGGGAATTGGAAGCAAATGACATCACAGCAGGTCAGAG
AAAAAGGGTTGAGCGGCAGGCACCCAGAGTAGTAGGTCTTTG
GCATTAGGAGCTTGAGCCCAGACGGCCCTAGCAGGGACCCCA
GCGCCCGAGAGACCATGCAGAGGTCGCCTCTGGAAAAGGCCA
GCGTTGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAAC
CGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGAGGGCGTG
TGTATGGGTTGGGTTTGGGGTAAAGGAATAAGCAGTTTTTAA
AAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGT
ATTGTAGAATAAAACAGAAAGCATTAAGAAGAGATGGAAGAA
TGAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAA
CTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACTATGCA
CTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTT
AATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATG
CCTTGGACACTTGATTGTCTTCTTGGCACATACAGGTGCCAT
GCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAA
TTCAGCCAACAAAAATTTTGGGGTAGGTAGAAAATATATGCT
TAAAGTATTTATTGTTATGAGACTGGATATATCTAGTATTTG
TCACAGGTAAATGATTCTTCAAAAATTGAAAGCAAATTTGTT
GAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAAT
TTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAACTG
ACATTTA 

 

The Human  
Genome Sequence 
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The Genomics of Human Evolution 

Human Genomic 
Variation 
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V V

V
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2005 

2007 

2010 
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Nature (2010) 

Nature (2012) 
EUROPE 

AMERICAS 

AFRICA SOUTH ASIA 

LWK MSL ESN YRI GIH BEB STU ITU PJL 

ASW 

MXL 

PUR 

CLM 

PEL 

EAST ASIA 

CHB 

JPT 

CHS 

CDX 

KHV 

TSI IBS GBR FIN 

Spain 

Finland 

Beijing,  

China Tokyo, Japan 

Yunnan,  

China 

Vietnam 

Hunan & Fujian, China 

Los Angeles,  

USA 

Puerto Rico 

Medellín, Colombia 

Lima, Peru 

Pakistan 

Bangladesh 

Great  

Britain 

Italy 

ACB 
Barbados 

Colorado, USA  

Southwest, USA  

Houston, USA  

The Gambia 

Sierra, Leone 

 Kenya 
 Nigeria 

GWD 

CEU 

Utah, USA 

2535 Humans, 26 Populations 

   ~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) 

Your Genome: By the Numbers 
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Genomic Basis for 
Human Diseases 

Genomic Architecture of Genetic Diseases 

Rare, Simple, Monogenic,  
Mendelian… 

Common, Complex, Multigenic,  
Non-Mendelian… 

Manolio et al., J Clin Invest (2008) 



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

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

22	  

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

Genome Analysis  
Technologies 

Environmental Monitoring  
Technologies >>> 

Monogenic Diseases/Traits   

Year 
Source: Online Mendelian Inheritance in Man (www.omim.org) 

0 
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Human Genome  
Project Begins 

(n= ~61) 
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Genomic Basis  
Known (~5100) 

Genomic Basis  
Unknown (~1600) 

Suspected Mendelian  
Disease/Trait (~1700) 

Source: Online Mendelian Inheritance in Man (www.omim.org) 

Monogenic Diseases/Traits  

Genome-Wide Association Studies (GWAS) 
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The First GWAS Success Story: 
Age-Related Macular Degeneration 

Science (2005) 

NHGRI GWA Catalog 
www.genome.gov/GWAStudies 
www.ebi.ac.uk/fgpt/gwas/  
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Genomic Architecture of Genetic Diseases 

Rare, Simple, Monogenic,  
Mendelian… 

Common, Complex, Multigenic,  
Non-Mendelian… 

Mostly Coding Mutations Mostly Non-Coding Mutations 

Routine Whole- 
Genome Sequencing 
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Nature, April 2003 

 

“…‘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 “The $1000 Genome” 

~$1,000,000,000 
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Cost per Sequenced Human Genome 

Sequencing a Human Genome 

HGP 
(1st Sequence) Today 

~6-8 years ~2-3 days 

~$1B ~$4-6K 

Immediate 
Post-HGP 

~3-4 months 

~$10-50M 
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And Yet Newer Technologies… 

Genome Sequencing as a ‘Commodity’ 
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Routine Analysis of 
Genome Sequences 

The Largest Current Bottleneck in Genomics… 
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The Data Analysis Bottleneck 
TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATATACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGCAAACGTAACAG 
GAACCCGACTAGGATCATCGGGAAAAGGAGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGGTCCTGGGTCTGGCGGACCCTGA 
CGCGAAGGAGGGTCTAGGAAGCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTCTTCTGTCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGG 
CCGCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGAGGCTGGGAGTC 
AGAATCGGGAAAGGGAGGTGCGGGGCGGCGAGGGAGCGAAGGAGGAGAGGAGGAAGGAGCGGGAGGGGTGCTGGCGGGGGTGCGTAGTGGGTGGA 
GAAAGCCGCTAGAGCAAATTTGGGGCCGGACCAGGCAGCACTCGGCTTTTAACCTGGGCAGTGAAGGCGGGGGAAAGAGCAAAAGGAAGGGGTGG 
TGTGCGGAGTAGGGGTGGGTGGGGGGAATTGGAAGCAAATGACATCACAGCAGGTCAGAGAAAAAGGGTTGAGCGGCAGGCACCCAGAGTAGTAG 
GTCTTTGGCATTAGGAGCTTGAGCCCAGACGGCCCTAGCAGGGACCCCAGCGCCCGAGAGACCATGCAGAGGTCGCCTCTGGAAAAGGCCAGCGT 
TGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAACCGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGAGGGCGTGTGTATGGGTTGGGTT 
TGGGGTAAAGGAATAAGCAGTTTTTAAAAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAAAGCATTA 
AGAAGAGATGGAAGAATGAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAACTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACT 
ATGCACTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTTAATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATGCCTTGG 
ACACTTGATTGTCTTCTTGGCACATACAGGTGCCATGCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAATTCAGCCAACAAAAATT 
TTGGGGTAGGTAGAAAATATATGCTTAAAGTATTTATTGTTATGAGACTGGATATATCTAGTATTTGTCACAGGTAAATGATTCTTCAAAAATTG 
AAAGCAAATTTGTTGAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAATTTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAA 
CTGACATTTAATAAATTGTATTCATAGCCTAATGTGATGAGCCACAGAAGCTTGCAAACTTTAATGAGATTTTTTAAAATAGCATCTAAGTTCGG 
AATCTTAGGCAAAGTGTTGTTAGATGTAGCACTTCATATTTGAAGTGTTCTTTGGATATTGCATCTACTTTGTTCCTGTTATTATACTGGTGTGA 
ATGAATGAATAGGTACTGCTCTCTCTTGGGACATTACTTGACACATAATTACCCAATGAATAAGCATACTGAGGTATCAAAAAAGTCAAATATGT 
TATAAATAGCTCATATATGTGTGTAGGGGGGAAGGAATTTAGCTTTCACATCTCTCTTATGTTTAGTTCTCTGCATGTGCAGTTAATCCTGGAAC 
TCCGGTGCTAAGGAGAGACTGTTGGCCCTTGAAGGAGAGCTCCTCCCTGTGGATGAGAGAGAAGGACTTTACTCTTTGGAATTATCTTTTTGTGT 
TGATGTTATCCACCTTTTGTTACTCCACCTATAAAATCGGCTTATCTATTGATCTGTTTTCCTAGTCCTTATAAAGTCAAAATGTTAATTGGCAT 
AAATTATAGACTTTTTTTAGCAGAGAACTTTGAGGAACCTAAATGCCAACCAGTCTAAAAATGCAGTTTTCAGAAGAATGAATATTTCATGGATA 
GTTCTAAATACTAATGAACTTTAAAATAGCTTACTATTGATCTGTCAAAGTGGGTTTTTATATAATTTTCTTTTTACAAATCACCTGACACATTT 
AATATAGGTTAAAAAATGCTATCAGGCTGGTTTGCAAAGAAAATGTATTACAAAGGCTGCTAAGTGTGTTAAGAGCATACTCATTTCTGTTCTCC 
AAAATATTTCATAAGGTGCTTTAAGAATAGGTATGTTTTTAAAAGTTAAGTTCCTACTATTTATAGGAACTGACAATCACCTAAAATACCAATGA 
TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA 
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG 
TGTGACTTGACCTTTAAAATTTGGAGACTGTCATAGGGGTTAATCCCTTGAGAAAATGAATGTGAAAAGTTAGCCTAATGTT-----CTATTATT 
ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATATAAGATGCTCAATTCATCTTTGAGTATAATTTTGTGACTCTCAAT 
CTGGATATGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTGTGTTTCACATGGCCTTACCAGATATACAGGAAACACGTCACATG 
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGATCCCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATTATGGTAT 
TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA 
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG  

??? 
??? 
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Technology Advances Drive Science 
 

Astronomy 

Cell Biology 

Radiology 

Genomics 
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Understanding 
the Structure of 

Genomes 

Understanding 
the Biology of 

Genomes 

Understanding 
the Biology of 

Disease 

Advancing 
the Science of 

Medicine 

Improving the 
Effectiveness 
of Healthcare 

1990-2003 
Human Genome Project 

2004-2010 

Genomic Accomplishments Across Domains 

2011-2020 

Beyond 2020 

The Future: Genome Sequencing 
 

Genomic Basis  
Known (~5100) 

Genomic Basis  
Unknown (~1600) 

Suspected Mendelian  
Disease/Trait (~1700) 

Mendelian Diseases/Traits 
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Centers for Mendelian Genomics 

www.mendelian.org 

Am J Med Genet (2012) 

The Future: Genome Sequencing 
 

Complex Diseases/Traits 
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Cancer is a Disease of the Genome 
 

Normal 

Tumor 

It Takes Several Mutations To Make a Cell Malignant 

The Future: Genome Sequencing 
 

Cancer Genomics 
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Microbiome 

The Future: Genome Sequencing 
 

Understanding 
the Structure of 

Genomes 

Understanding 
the Biology of 

Genomes 

Understanding 
the Biology of 

Disease 

Advancing 
the Science of 

Medicine 

Improving the 
Effectiveness 
of Healthcare 

1990-2003 
Human Genome Project 

2004-2010 

Genomic Accomplishments Across Domains 

2011-2020 

Beyond 2020 

Genomic Medicine 
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Genomic Medicine Comes Into Focus 

Cancer Genomics 

‘Hot Areas’ in Genomic Medicine 
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Routine Clinical Diagnostic Tools 
Radiographic 

Imaging 
Cancer Genome  

Sequencing 

Now 

Future 

Genomic Medicine: Cancer Diagnostics 
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Cancer Genomics: Here and Now 

www.cancercenter.com 

Pharmacogenomics 

Cancer Genomics 

‘Hot Areas’ in Genomic Medicine 
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Pharmacogenomics 

Genomic Medicine 
‘Test Drive’ Programs 

Cancer Genomics 

‘Hot Areas’ in Genomic Medicine 

cser-consortium.org 

Clinical Sequencing Exploratory Research (CSER) 
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Implementing Genomics into  
Clinical Practice Network (IGNITE) 

genome.gov/27554264 
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Pharmacogenomics 

Genomic Medicine 
‘Test Drive’ Programs 

Cancer Genomics 

‘Hot Areas’ in Genomic Medicine 

Prenatal & Newborn 
Genomic Analysis 

Noninvasive Prenatal Genome Sequencing 

Nat Biotechnol (2013) 

NEJM (2013) 
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Genomic Sequencing in Newborns (NSIGHT) 

Nature (2013) 

genome.gov 

Pharmacogenomics 

Clinical Genomics 
Information Systems 

Genomic Medicine 
‘Test Drive’ Programs 

Cancer Genomics 

‘Hot Areas’ in Genomic Medicine 

Prenatal & Newborn 
Genomic Analysis 
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Clinical Genomics 
Information Systems 
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Clinical Genome Resource (ClinGen) 

genome.gov 

Pharmacogenomics 

Clinical Genomics 
Information Systems 

Genomic Medicine 
‘Test Drive’ Programs 

Cancer Genomics 

Ultra-Rare Genetic  
Disease Diagnostics 

‘Hot Areas’ in Genomic Medicine 

Prenatal & Newborn 
Genomic Analysis 
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Ann Neurol (2012) 

Ultra-Rare Genetic Disease Diagnostics  

J Med Genet (2012) NEJM (2013) 

NEJM (2013) 

Sci Transl Med (2013) 

Undiagnosed Diseases Network (UDN) 
 

  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 

Biomedical Researchers Healthcare Professionals 

Patients (and Friends & Relatives of Patients) 

Genomics and Society 
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NHGRI-Smithsonian Genome Exhibition 

Smithsonian Exhibition: Website 
 	  

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

Advancing human health  
through genomics research 


