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An emerging medical discipline that  
involves using an individual’s genomic  
information as part of their clinical care  

Genomic Medicine 



New NHGRI Vision for Genomics Published  
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Five Domains of Genomics Research 



~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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  ~6B nucleotides 
 

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

 
  ~10-20K structural variants 

 
 

  ~100 ‘disruptive’ variants in genes 
 

  ~20 completely inactivated genes (both copies) 
 
 

Your Genome: By the Numbers 



Genomic Architecture of Genetic Diseases 

Rare, Simple, Monogenic,  
Mendelian… 

Common, Complex, Multigenic,  
Non-Mendelian… 

Mostly Coding Mutations Mostly Non-Coding Mutations 



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 





Genomics and the Economy 

• From 1988-2012, genomic activities  
 generated $965 billion in economic output 

• In 2012, genomic activities generated $65 
 billion in economic output 

• Genomics has a remarkable demonstrated 
 return-on-investment 
 





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 



‘Hot Areas’ in Genomic Medicine 
Cancer Genomics 



Genome Sequencing: Cancer 
 

Cancer Genomics 

http://r20.rs6.net/tn.jsp?llr=hpcar9cab&et=1104115363705&s=50874&e=001LUJ0b4OdtgpwSoBQXMr75nb1uibcBJO_d_JqdP1L3FHEmTKkc-ujTr55uavcXyemZswDy_vX_q_Rsq28dv1WARtlcSAAMluK74Mf2ss2KTOnbQ80K9hMjj-srGZSx6KHsZDqwWd1FlYNph1wbffkoarQFi2FvS-B


Pharmacogenomics 

‘Hot Areas’ in Genomic Medicine 
Cancer Genomics 



All patients with same disease 

No  
response Bad 

side effects 

Good response 
without any  
side effects 



Pharmacogenomics 

‘Hot Areas’ in Genomic Medicine 

Rare & Common  
Genetic Diseases 

Cancer Genomics 



Genomic Basis  
Known (~4800) 

Genomic Basis  
Unknown (~1800) 

Suspected Mendelian  
Disease/Trait (~1900) 

Mendelian Diseases/Traits 

Genome Sequencing: Rare Diseases 
 

http://r20.rs6.net/tn.jsp?llr=hpcar9cab&et=1104115363705&s=50874&e=001LUJ0b4OdtgpwSoBQXMr75nb1uibcBJO_d_JqdP1L3FHEmTKkc-ujTr55uavcXyemZswDy_vX_q_Rsq28dv1WARtlcSAAMluK74Mf2ss2KTOnbQ80K9hMjj-srGZSx6KHsZDqwWd1FlYNph1wbffkoarQFi2FvS-B


Complex Diseases/Traits 

Genome Sequencing: Common Diseases 
 

http://r20.rs6.net/tn.jsp?llr=hpcar9cab&et=1104115363705&s=50874&e=001LUJ0b4OdtgpwSoBQXMr75nb1uibcBJO_d_JqdP1L3FHEmTKkc-ujTr55uavcXyemZswDy_vX_q_Rsq28dv1WARtlcSAAMluK74Mf2ss2KTOnbQ80K9hMjj-srGZSx6KHsZDqwWd1FlYNph1wbffkoarQFi2FvS-B


Pharmacogenomics 

‘Hot Areas’ in Genomic Medicine 

Rare & Common  
Genetic Diseases 

Prenatal & Newborn 
Genomic Analysis 

Clinical Genomics 
Information Systems 

Cancer Genomics 



Clinical Genomic 
Information Systems 



Pharmacogenomics 

‘Hot Areas’ in Genomic Medicine 

Rare & Common  
Genetic Diseases 

Prenatal & Newborn 
Genomic Analysis 

Clinical Genomics 
Information Systems 

Genomic Medicine 
‘Test Drive’ Programs 

Cancer Genomics 



Bringing Genomic Medicine into Focus 

~1990 ~2003 ~2011 ~2020 



 

  A pessimist sees the difficulty in every opportunity. 
 

  An optimist sees the opportunity in every difficulty.  
 
   --Winston Churchill  
 



 

Advancing human health  
through genomics research 
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