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From	
  then	
  to	
  now…	
  	
  	
  
•  Rare,	
  serious	
  
•  Mendelian	
  
•  Highly	
  penetrant	
  
•  Few	
  geneIc	
  tests	
  
•  Based	
  on	
  FHx	
  or	
  

ethnicity	
  

•  Thousands	
  of	
  geneIc	
  tests	
  
•  TesIng	
  panels	
  
•  SIll	
  start	
  with	
  a	
  differenIal	
  dx,	
  triage	
  

tesIng	
  Ill	
  a	
  diagnosis	
  found	
  
•  PredicIve	
  tesIng	
  oNen	
  available	
  
•  Slow	
  clinical	
  incorporaIon	
  in	
  many	
  

areas	
  (e.g.	
  GWAs,	
  pharmacogenomics)	
  
d/t	
  limited	
  evidence	
  base	
  

•  Few	
  GCs	
  or	
  
geneIcists	
  

•  Mostly	
  
pracIcing	
  	
  in	
  
pediatrics	
  or	
  OB	
  

•  ~3700	
  GCs	
  and	
  1400	
  geneIcists	
  
cerIfied	
  in	
  US	
  since	
  1982	
  

•  Expanded	
  into	
  many	
  specialIes	
  
(oncology,	
  cardio,	
  neuro,	
  
psych,	
  etc.)	
  

•  Lab	
  and	
  Industry	
  GCs	
  
•  Growing	
  internaIonal	
  presence	
  

in	
  clinical	
  geneIcs	
  

•  WES/WGS	
  as	
  a	
  
technique	
  and	
  a	
  
test	
  

•  AnalyIc	
  and	
  
clinical	
  validity	
  

•  ONen	
  used	
  aNer	
  
other	
  tests	
  
negaIve	
  

•  ‘Incidental’	
  
findings	
  



6/9/16	
  

2	
  

Best	
  Inven)ons	
  of	
  2008	
  
The	
  Retail	
  DNA	
  Test	
  

DTC Genomic Testing What	
  if	
  your	
  ‘paIent’	
  is	
  Steve	
  Quake,	
  
and	
  he	
  sequences	
  his	
  own	
  genome?	
  

What	
  am	
  I	
  supposed	
  to	
  do	
  with	
  this?	
   NCBI’s	
  ClinVar	
  

10	
  

The	
  future:	
  	
  WGS	
  on	
  healthy	
  individuals	
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What	
  were	
  programs	
  teaching	
  in	
  
2011/2012?	
  

Ways	
  we	
  do	
  it	
  
•  Molecular	
  geneIcs	
  curriculum	
  

•  Informal	
  learning	
  (journal	
  clubs,	
  department	
  
talks,	
  grand	
  rounds)	
  

•  Role	
  modeling	
  involvement	
  

•  Variant	
  interpretaIon	
  rotaIon	
  –	
  required	
  

•  Research	
  project	
  focus	
  

TesIng	
  ‘Panels’	
  
•  Chip	
  based	
  approaches	
  to	
  

examine	
  a	
  range	
  of	
  genes	
  
–  Examine	
  common	
  mutaIons	
  	
  

vs.	
  	
  	
  
–  Sequencing	
  based	
  

technologies	
  

•  Especially	
  helpful	
  when	
  a	
  
disorder	
  has	
  significant	
  locus	
  
heterogeneity	
  that	
  cannot	
  be	
  
clinically	
  differen@ated	
  or	
  
have	
  significant	
  overlap	
  

•  Experienced	
  clinicians	
  may	
  
find	
  ordering	
  targeted	
  tes@ng	
  
more	
  sensi@ve	
  and	
  specific	
  

•  Currently	
  available	
  examples	
  
–  Nonsyndromic	
  hearing	
  loss	
  
–  Cardiology	
  (cardiomyopathy,	
  

arrhythmias,	
  other	
  CV	
  
disorders)	
  

–  RAS-­‐opathies	
  
–  Mitochondrial	
  disease	
  
–  Cancers	
  	
  
–  AuIsm	
  spectrum	
  
–  Severe	
  combined	
  

immunodeficiency	
  
–  X	
  linked	
  Intellectual	
  	
  

	
  	
  	
  	
  disability	
  
–  Carrier	
  tesIng	
  

Deleterious	
  mutaIons	
  in	
  disease	
  genes	
  related	
  
to	
  clinical	
  phenotype	
  

VUS	
  in	
  disease	
  genes	
  related	
  to	
  clinical	
  
phenotype	
  

Medically	
  acIonable	
  mutaIons	
  (or	
  even	
  VUS?)	
  in	
  
disease	
  genes	
  unrelated	
  to	
  clinical	
  phenotype	
  

Carrier	
  status	
  for	
  recessive	
  Mendelian	
  disorders	
  

PharmacogeneIc	
  results	
  

Variant	
  interpretaIon	
  

•  Required	
  since	
  graduaIng	
  class	
  of	
  2013	
  

•  Students	
  complete	
  20-­‐100	
  variants	
  
•  Learn	
  about	
  underlying	
  bioinformaIcs,	
  
databases	
  for	
  variant	
  interpretaIon	
  

•  ‘walk	
  through	
  a	
  genome’	
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Gelng	
  up	
  to	
  speed	
  interpreIng	
  
genomes	
  

•  Technology:	
  	
  	
  
–  LimitaIons	
  of	
  various	
  plamorms,	
  areas	
  of	
  the	
  genome	
  
–  General	
  principles:	
  	
  base	
  calling,	
  alignment,	
  error	
  rates	
  

•  Classic	
  concepts	
  of	
  inheritance	
  and	
  the	
  impact	
  of	
  
mutaIon	
  types	
  

•  BioinformaIcs	
  assumpIons	
  and	
  limitaIons	
  
–  ConservaIon	
  modeling	
  
–  Inheritance	
  modeling	
  
–  Pipeline	
  assumpIons	
  
–  Variant	
  and	
  splice	
  site	
  predictors	
  

•  Manual	
  processes	
  and	
  available	
  databases	
  
–  OMIM,	
  HGMD,	
  ClinVar,	
  dbSNP,	
  1000	
  genomes,	
  LOVD,	
  etc…	
  

•  	
  	
  
Hooker	
  et	
  al.	
  (JGC,	
  2014)	
  

‘RotaIon’	
  goals	
  
•  At	
  the	
  end	
  of	
  this	
  rota@on,	
  you	
  will	
  understand:	
  
•  The	
  different	
  contexts	
  in	
  which	
  WGS	
  and	
  WES	
  are	
  currently	
  being	
  applied	
  in	
  a	
  research	
  selng	
  
•  How	
  to	
  research	
  and	
  classify	
  potenIally	
  disease	
  causing	
  variants	
  found	
  through	
  sequencing	
  

technologies	
  
•  The	
  differences	
  in	
  approaches	
  to	
  variant	
  idenIficaIon	
  and	
  curaIon	
  for	
  healthy	
  individuals	
  as	
  

opposed	
  to	
  individuals	
  with	
  a	
  likely	
  geneIc	
  disease	
  
•  Ethical	
  and	
  counseling	
  issues	
  involved	
  in	
  whole-­‐genome	
  sequencing	
  including	
  special	
  

consideraIons	
  for	
  consent,	
  privacy,	
  informaIon	
  storage	
  and	
  updates,	
  genomic	
  literacy	
  and	
  return	
  
of	
  results	
  

•  	
  	
  
•  You	
  will	
  be	
  expected	
  to	
  be	
  able	
  to:	
  
•  Demonstrate	
  knowledge	
  of	
  genome	
  sequencing	
  technology	
  and	
  the	
  bioinformaIcs	
  pipelines	
  used	
  

to	
  call	
  and	
  classify	
  the	
  variants	
  
•  Develop	
  experIse	
  in	
  using	
  various	
  variant	
  annotaIon	
  genome	
  databases	
  including	
  NHLBI	
  ESP,	
  

ExAC,	
  1000Genomes,	
  ClinVar,	
  HGMD,	
  dbSNP,	
  UCSC,	
  Polyphen,	
  SIFT,	
  mutaIon	
  taster,	
  and	
  various	
  
locus	
  specific	
  databases	
  to	
  clinically	
  interpret	
  variants	
  

•  Demonstrate	
  knowledge	
  of	
  various	
  consideraIons	
  involved	
  in	
  consenIng	
  individuals	
  for	
  WES/WGS	
  
in	
  a	
  research	
  environment	
  

•  Go	
  through	
  the	
  process	
  of	
  analyzing	
  a	
  healthy	
  parIcipant	
  exome	
  for	
  variants	
  likely	
  to	
  be	
  medically	
  
relevant,	
  and	
  return	
  results	
  back	
  to	
  the	
  parIcipant	
  

Balancing	
  many	
  curricular	
  needs	
  

Genomics…?	
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