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Seth	
   Laura	
  Abby	
  

Newborn	
  Screening	
  

Diagnos:c	
  

Prenatal	
  

Preconcep:onal	
  

Presymptoma:c	
  

Predispositonal	
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Newborn	
  Screening	
  

Shortly	
  aRer	
  birth,	
  blood	
  is	
  
taken	
  from	
  Laura’s	
  heel	
  and	
  
sent	
  to	
  the	
  State	
  Newborn	
  
Screening	
  Laboratory.	
  	
  Her	
  
parents	
  are	
  told	
  that	
  this	
  is	
  a	
  
rou:ne	
  test.	
  	
  No	
  problems	
  
are	
  found,	
  and	
  no	
  follow-­‐up	
  
is	
  needed.	
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Newborn	
  Screening	
  by	
  DNA	
  
Sequencing?	
  

“We	
  found	
  an	
  unexpectedly	
  high	
  propor:on	
  of	
  
literature-­‐annotated	
  disease	
  muta:ons	
  that	
  were	
  
incorrect,	
  incomplete,	
  or	
  common	
  polymorphisms.”	
  

Diagnos:c	
  Tes:ng	
  

Laura	
  is	
  now	
  3	
  and	
  her	
  brother	
  
Seth	
  is	
  5.	
  	
  Seth	
  has	
  been	
  
experiencing	
  developmental	
  
problems,	
  and	
  is	
  diagnosed	
  as	
  
having	
  au:sm	
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Gene:c	
  Evalua:on	
  in	
  Au:sm	
  

Clinical	
  
problem	
  

Differen:al	
  
diagnosis	
  

Gene:c	
  
tes:ng	
  

Interpreta:on	
  

Try	
  again	
  

The	
  Diagnos:c	
  Odyssey	
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Genome	
  Annota:on	
  

Secondary	
  Findings	
  !

!

 
 
 
Figure 1:  Number of conditions/genes out of a total of 72 (excluding repeat expansion, chromosomal, 
and deletion conditions, and conditions caused by a single known mutation) that each of 16 specialists 
chose for incidental return in an adult patient (1A) and in a child (1B), by category of variant 
 
 
 

Green	
  R,	
  et	
  al.	
  Gene&cs	
  in	
  Medicine	
  (2012)	
  14,	
  405–410	
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Preconcep:onal	
  Tes:ng	
  

Laura	
  is	
  now	
  married.	
  	
  She	
  
and	
  her	
  husband	
  are	
  
considering	
  star:ng	
  a	
  family	
  
and	
  meet	
  with	
  her	
  
obstetrician-­‐gynecologist.	
  	
  
They	
  are	
  both	
  of	
  Northern	
  
European	
  ancestry	
  and	
  are	
  
offered	
  carrier	
  tes:ng	
  for	
  
cys:c	
  fibrosis.	
  

CF	
  Carrier	
  Screening	
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Ashkenzi	
  
Jewish	
  

Tay-­‐Sachs	
  disease	
  

Cys:c	
  fibrosis	
  

Canavan	
  disease	
  

Familial	
  dysautonomia	
  

Inquire:	
  

• Mucolipidosis	
  IV	
  
• Niemann-­‐Pick	
  A	
  
• Fanconi	
  anemia	
  C	
  
• Bloom	
  syndrome	
  
• Gaucher	
  disease	
  

African/Asian/
Mediterranean	
  

Hemoglobinopathies	
  

Panethnic	
  

Cys:c	
  fibrosis	
  

Spinal	
  muscular	
  
atrophy	
  

Genomic	
  Carrier	
  Tes:ng	
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Prenatal	
  Tes:ng	
  

Laura	
  and	
  her	
  Tom	
  are	
  
indeed	
  found	
  to	
  both	
  be	
  
cys:c	
  fibrosis	
  carriers.	
  	
  They	
  
elect	
  to	
  have	
  prenatal	
  
diagnosis	
  by	
  amniocentesis	
  
at	
  16	
  weeks	
  of	
  pregnancy.	
  	
  
The	
  fetus	
  is	
  found	
  to	
  be	
  a	
  CF	
  
carrier.	
  

Prenatal	
  Diagnosis	
  

amniocentesis	
   chorionic	
  villus	
  biopsy	
   preimplanta:on	
  diagnosis	
  

Dorland's	
  Medical	
  Dic:onary	
  for	
  Health	
  Consumers.	
  ©	
  2007	
  
by	
  Saunders,	
  an	
  imprint	
  of	
  Elsevier,	
  Inc.	
  All	
  rights	
  reserved.	
  

www.daviddarling.info/encyclopedia/C/chorionic_villus_sampling.html	
  

www.repromed.ca/pgd_toronto.html	
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Next	
  Genera:on	
  Prenatal	
  Screening	
  

Genomic	
  Prenatal	
  Diagnosis	
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Presymptoma:c	
  Tes:ng	
  

Laura	
  is	
  now	
  45.	
  	
  She	
  has	
  just	
  
learned	
  that	
  her	
  older	
  sister	
  
Abby,	
  age	
  49,	
  has	
  been	
  
diagnosed	
  as	
  having	
  breast	
  
cancer.	
  	
  She	
  is	
  concerned	
  
about	
  her	
  own	
  risks,	
  given	
  
that	
  there	
  is	
  a	
  family	
  history	
  
of	
  others	
  with	
  breast	
  cancer.	
  

=	
  Breast	
  

=	
  Ovarian	
  

=	
  Lung	
  

=	
  Leukemia	
  

=	
  Prostate	
  

BRCA1+	
   BRCA1-­‐	
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Breast	
  Cancer	
  Preven:on	
  

Therapeu:cs	
  

Nature	
  Reviews	
  Molecular	
  Cell	
  
Biology	
  2,	
  127-­‐137	
  (2001)	
  	
  

BRAF	
  V600E	
  in	
  Melanoma	
  Hercep:n	
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The	
  Redactome	
  

Predisposi:onal	
  Tes:ng	
  

Laura	
  is	
  now	
  60	
  years	
  old.	
  	
  
She	
  has	
  been	
  in	
  good	
  health.	
  	
  
She	
  and	
  her	
  husband	
  have	
  
heard	
  about	
  the	
  possibility	
  of	
  
having	
  genomic	
  tes:ng,	
  and	
  
explore	
  the	
  possibili:es	
  on	
  
the	
  internet.	
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Genome-­‐Wide	
  Associa:on	
  Studies	
  

Recombina:on	
  hot	
  spot	
  

Tag	
  
SNP	
  

Gene	
   Symbol	
  

Interleukin	
   IL-­‐4,	
  IL-­‐13	
  

Cluster	
  of	
  differen:a:on	
   CD14	
  

β2-­‐Adrenergic	
  receptor	
   B2AR	
  

Human	
  leukocyte	
  an:gen	
  
DRB1,	
  DQB1	
  

HLA-­‐DRB1,	
  
HLA-­‐DQB1	
  

Tumor	
  necrosis	
  factor	
   TNF	
  

High-­‐affinity	
  IgE	
  receptor	
  β	

 FCER1B	
  

Interleukin-­‐4	
  receptor	
   IL4RA	
  

Disintegrin	
  and	
  
metalloproteinase	
  domain	
  33	
  

ADAM33	
  

Bierbaum,	
  S.,	
  Heinzmann,	
  A.	
  	
  Resp	
  Med	
  
doi:10.1016/j.rmed.2007.01.018	
  

Birth	
  

gene:c	
  
liability	
  

environmental	
  	
  
factors	
  

}prenatal	
  

presymptoma:c	
  

disease	
  

Time	
  

Paradigm	
  of	
  Gene:c	
  Preven:on	
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Direct	
  to	
  Consumer	
  Genomic	
  Tes:ng	
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Pharmacogene:cs	
  

Vitamin K
oxidized

Vitamin K
reduced

NADH NAD+

VKORC1

S-Warfarin

CYP2C9

7-hydroxywarfarin

activated clotting factors

excretion

Personal	
  Genomics:	
  A	
  Disrup:ve	
  
Technology?	
  

Time	
  

Pe
rf
or
m
an
ce
	
  

Modified	
  from	
  Christensen	
  et.	
  al.	
  The	
  Innovator’s	
  Prescrip:on	
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Personal	
  Genomics:	
  A	
  Disrup:ve	
  
Technology?	
  

Time	
  

Pe
rf
or
m
an
ce
	
  

Modified	
  from	
  Christensen	
  et.	
  al.	
  The	
  Innovator’s	
  Prescrip:on	
  

Physician/Counselor	
  
One	
  gene	
  at	
  a	
  :me	
  

Consumer-­‐driven	
  
Genomic	
  tes:ng	
  

Genomics	
  and	
  Epigenomics	
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Personalized	
  Genomics	
  

Chen	
  R	
  et	
  al.	
  	
  Cell	
  2012;148:1293-­‐1307.	
  

Sir	
  Luke	
  Fildes	
  –	
  The	
  Doctor	
  (1887)	
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Medicine	
  in	
  Transforma:on	
  
Two	
  Convergent	
  Forces	
  

Informa:on	
  Technology	
   Gene:cs	
  &	
  Genomics	
  

Where	
  Will	
  Personal	
  Genomes	
  Live?	
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GDRB	
  2002	
  

• Educa:on	
  of	
  physicians	
  and	
  the	
  general	
  public	
  

• Access	
  to	
  informa:on	
  

• Tools	
  for	
  screening,	
  educa:on	
  
• 	
  Protec:on	
  of	
  individual	
  rights	
  and	
  privacy	
  
• 	
  Knowledge	
  of	
  outcomes	
  

• 	
  Development	
  of	
  new	
  preven:on	
  strategies	
  and	
  treatments	
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Alan	
  Kay	
  
	
  Computer	
  Scien:st	
  


