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CME	
  Disclosures	
  

  I am fired up about genetics ! 

Gregor	
  Mendel	
  (1822	
  –	
  1884)	
  

 	
  Fascina2on	
  with	
  varia2on	
  
	
  and	
  its	
  rela2onship	
  to	
  the	
  
	
  heritable	
  	
  material	
  

 	
  Making	
  “the	
  connec2on”	
  

“factors”	
  

The	
  Fascina2on:	
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TH	
  Morgan	
  and	
  the	
  origins	
  of	
  fly	
  geneAcs	
  

……�

Science,	
  32:	
  120,	
  1910	
  

The	
  Excitement:	
  

The	
  Burden	
  of	
  Mendelian	
  Disorders	
  
  	
  About	
  8,000	
  Mendelian	
  disorders	
  now	
  known	
  

  	
  Inheritance	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
   	
  	
  

  ~	
  65%	
  autosomal	
  dominant	
  	
  

  ~	
  30%	
  autosomal	
  recessive	
  

  ~	
  6%	
  X-­‐linked	
  disorders	
  

  Most	
  present	
  in	
  the	
  pediatric	
  age	
  range	
  

  Incidence	
  ~0.4%	
  liveborn	
  infants	
  
  Account	
  for	
  6	
  -­‐	
  10%	
  hospitalized	
  children	
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Genomics	
  11:	
  931,	
  1991	
  

Biochemistry	
  24:	
  556,	
  1985	
  

Pre-­‐Human	
  Genome	
  Project:	
  	
  
Disease	
  gene	
  idenAficaAon	
  a	
  slow	
  process	
  

2-­‐3	
  years/	
  disease	
  gene	
  

CFTR	
  as	
  an	
  
example	
  

Control	
   	
  	
  	
  	
  CF	
  	
  	
  	
  	
  

Science	
  245:	
  1066,	
  1989	
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�
�
  Conceived in the "

"mid 1980’s�
  Debated and argued�
  Oct 1, 1990 start "

"date�
  “Draft genome” 

"complete in 2000�
  High quality “reference 

"genome” complete in 
"2003 �

Human Genome Project�

An inconvenient reality: each of us 
varies from the “reference 
sequence” by about 3 million SNPs 
plus a large and variable number of 
CNVs; how can we filter the neutral 
variants away to find the causative 
variant?? 



NHGRI Current Topics in Genome Analysis 2014 
Week 9 – The Search for Mendelian Disease Genes:  
Opportunities Afforded, Lessons Learned 

April 30, 2014 
David Valle, M.D. 

6 

Both	



NS,	
  ns	
  cSNP;	
  SS,	
  splice	
  site	
  variant;	
  I,	
  indel	
  

Freeman-­‐	
  Sheldon	
  syndrome	
  
muta2ons	
  in	
  MYH3	
  

Nat	
  Genet	
  Sept	
  09	
  

I	
  

II	
  

III	
  

IV	
  

V	
  

1	
   2	
   3	
   4	
   5	
   6	
   7	
   8	
   9	
   10	
  

1	
   2	
  

1	
   2	
   3	
   4	
   5	
  

2	
   3	
   4	
   5	
   6	
   7	
   8	
   9	
  

1	
   2	
  

  WGS	
  proband	
  	
  
  Genotype	
  12	
  

individuals	
  	
  

PLoS Genetics 6:1, 2010	



Metachondromatosis,	
  OMIM	
  156250	
  

* 

* 

* * * * * * 

* * * * 

*	
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Updated	
  8	
  April	
  2014	
  

Current	
  status	
  

 	
  Mendelian	
  phenotypes	
  -­‐-­‐ 	
  ~8,700	
  

 	
  Disease	
  genes	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐-­‐	
  	
  	
  3,181	
  (~14%	
  of	
  total)	
  
 	
  Explained	
  phenotypes	
  -­‐-­‐-­‐ 	
  	
  	
  5,181	
  

 	
  Unexplained	
  phenotypes	
  -­‐-­‐-­‐	
  	
  ~3,600	
  	
  

OMIM.org	
  

N
um

be
r	
  o

f	
  d
is
ea
se
	
  g
en

es
	
  

Year	
  

Increase	
  in	
  IdenAfied	
  Disease	
  Genes	
  over	
  Time	
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Increase	
  in	
  IdenAfied	
  Disease	
  Genes	
  over	
  Time*	
  

NGS	
  &	
  Strategy	
  

*Boycoe	
  et	
  al,	
  NRG,	
  2013	
  

Finding	
  disease	
  genes:	
  	
  
Some	
  immediate	
  consequences	
  

 	
  Connects	
  genes	
  to	
  phenotypes	
  

 	
  Connects	
  phenotype	
  to	
  biological	
  system,	
  normal	
  
	
  and	
  perturbed	
  

 	
  Unravels	
  locus	
  heterogeneity	
  

 	
  Enables	
  precise	
  diagnosis	
  and	
  counseling	
  

 	
  First	
  step	
  in	
  path	
  towards	
  informed	
  treatment	
  

 	
  Research	
  s2mulus,	
  bench	
  to	
  bedside	
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Marfan	
  syndrome	
  and	
  related	
  disorders	
  
Hal	
  Dietz	
  and	
  colleagues	
  

NEJM,	
  2008	
  

Add	
  slide	
  re	
  Mendelian	
  
predic2on	
  of	
  drugable	
  
targets	
  

DISORDER GENE Rx Diseases 

FH LDLR Statins Common varieties of 
hypercholesterolemia 

Marfan syndrome FBN1 Losartan MFS, sarcopenia, etc 

Familial amyloidosis TTR Tafamidis Other disorders of 
protein folding? 

CF CFTR Kalydeco 
VX809 

CF, other disorders of 
protein folding? 

Narcolepsy HCRT Suvorexant Sleep disorders, 
appetite disorders 

Mendelian	
  diseases	
  predict	
  drugable	
  	
  
nodes	
  in	
  biologic	
  systems	
  	
  	
  

PNAS	
  2013	
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Nat	
  Genet	
  2	
  March	
  2014	
  

What	
  ques2ons	
  could	
  we	
  ask	
  if	
  we	
  had	
  
phenotypes	
  for	
  >	
  50%	
  of	
  our	
  gene	
  
complement	
  ??	
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Genes	
  and	
  phenotypes:	
  

Disease	
  genes	
  =	
  2779	
  
Phenotypes	
  =	
  4631	
  
Phenos/dz	
  gene	
  =	
  1.67	
  

Genes	
  and	
  phenotypes:	
  

 	
  	
  One	
  gene	
  /	
  many	
  variants	
  /	
  one	
  phenotype?	
  

 	
  Many	
  inborn	
  errors	
  of	
  metabolism	
  

 	
  Is	
  this	
  biology	
  or	
  more	
  precise	
  diagnos2c	
  
	
  methods?	
  

 	
  	
  One	
  gene	
  /	
  many	
  variants	
  /	
  many	
  phenotypes?	
  

 	
  LAMA	
  with	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
13	
  “discrete”	
  phenotypes	
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Marfan	
  Syndrome	
  and	
  SAff	
  Skin	
  Syndrome:	
  
Allelic	
  Disorders	
  at	
  FBN1	
  locus	
  	
  

  Short stature 
  Progressive fibrosis 
  Joint contractures 
  FBN1 missense muts 

in 4th 8 Cys domain  

  Tall stature 
  Long limbs 
  Joint hyper-

 extensibility 
  FBN1 LOF muts 

Loeys, Gerber et al Sci Trans Med, 2010 

Phenotypic	
  “expansion”	
  

 	
  Adding	
  addi2onal	
  features	
  to	
  a	
  known	
  phenotype	
  or	
  
	
  adding	
  addi2onal	
  phenotypes	
  to	
  a	
  known	
  disease	
  
	
  gene	
  

 	
  History	
  shows	
  we	
  find	
  the	
  phenotypes	
  that	
  we	
  know	
  

 	
  New	
  technologies,	
  new	
  ways	
  of	
  looking	
  expands	
  the	
  
	
  “classical”	
  phenotype	
  

 	
  New	
  understanding	
  from	
  a	
  gene	
  based	
  view	
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Expanding	
  
phenotypes	
  

 	
  2	
  mo	
  female	
  with	
  dilated	
  
	
  cardiomyopathy	
  

 	
  FHx	
  posi2ve	
  for	
  sib	
  who	
  died	
  of	
  
	
  DCM	
  at	
  8	
  mo	
  

 	
  Neg	
  molecular	
  work	
  up	
  for	
  DCM	
  
	
  panel	
  

 	
  Cardiac	
  transplant	
  at	
  7	
  mo	
  

 	
  	
  WES	
  –	
  cpd	
  het	
  for	
  ALMS1	
  LOF	
  
	
  muts	
  

 	
  Diagnosis:	
  Alstrom	
  syndrome	
  Phenotype	
  expansion:	
  	
  
early	
  cardiomyopathy	
  in	
  Alstrom	
  synd	
  

Sclerocornea	
  and	
  the	
  	
  
van	
  den	
  Ende-­‐Gupta	
  syndrome	
  (OMIM	
  600920)	
  	
  

A B C	
  

D E	
  

I 

II 

1 2 

1 2 3 

SCARF2	
  LOF	
  mutaAons	
  
Phenotype	
  expansion:	
  	
  
Sclerocornea	
  as	
  part	
  of	
  VDEG	
  synd	
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Biological	
  networks	
  and	
  disease:	
  some	
  quesAons	
  

 	
  	
  Are	
  all	
  networks	
  equally	
  vulnerable;	
  if	
  not	
  what	
  are	
  
	
  the	
  rules?	
  

 	
  Are	
  all	
  components	
  of	
  a	
  system	
  equally	
  vulnerable;	
  
	
  if	
  not	
  what	
  are	
  the	
  rules?	
  	
  

 	
  Can	
  we	
  predict	
  the	
  consequences	
  of	
  varia2on	
  in	
  
	
  one	
  component	
  on	
  the	
  behavior	
  of	
  a	
  system?	
  

Are	
  all	
  components	
  equally	
  vulnerable?	
  

~30	
  genes	
  
1-­‐2	
  phenotypes	
  
~65%	
  PEX1	
  

~30	
  genes	
  
>15	
  phenotypes	
  
No	
  one	
  gene	
  predominates	
  

Ras/MAPK	
   Peroxisome	
  biogenesis	
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PNAS,	
  2007	
  

See	
  also,	
  Feldman	
  et	
  al,	
  
PNAS,	
  2008	
  

Are	
  there	
  unappreciated	
  principles	
  
of	
  disease	
  and,	
  if	
  so,	
  what	
  are	
  they	
  
and	
  what	
  do	
  they	
  mean	
  for	
  how	
  we	
  
think	
  about	
  disease	
  ?	
  

Disease	
  gene	
  network	
  

 	
  Defined	
  system	
  

 	
  Easily	
  recognized	
  phenotype	
  –	
  
	
  loss	
  of	
  visual	
  func2on	
  secondary	
  
	
  to	
  loss	
  +/or	
  dysfunc2on	
  of	
  
	
  photoreceptors	
  	
  

 	
  184	
  loci,	
  146	
  iden2fied	
  at	
  the	
  
	
  2me	
  of	
  this	
  review	
  	
  

Nat	
  Rev	
  Genet,	
  11:	
  273,	
  2010	
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Cellular	
  funcAon,	
  	
  	
  	
  
146	
  PR	
  degen	
  genes	
  *	
  

 	
  Encoded	
  proteins	
  
	
  involved	
  in	
  nearly	
  
	
  all	
  aspects	
  of	
  
	
  cellular	
  func2on	
  

 	
  Most	
  show	
  widespread	
  rather	
  than	
  PR	
  specific	
  expression	
  

 	
  Most,	
  but	
  not	
  all,	
  Mendelian	
  alleles	
  rare	
  (MAF	
  <	
  0.01)	
  	
  

 	
  The	
  locus	
  and	
  allelic	
  spectra	
  quite	
  different	
  for	
  Mendelian	
  vs.	
  
	
  complex	
  trait	
  (AMD	
  )	
  forms	
  

*	
  Wright	
  et	
  al.,	
  2010	
  

Photoreceptor	
  death	
  follows	
  an	
  exponenAal	
  decay	
  model	
  

Wright	
  et	
  al.,	
  2010	
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 	
  3,284	
  tumors	
  WES	
  sequenced	
  

 	
  18,	
  306	
  genes	
  with	
  soma2c	
  muts	
  

 	
  125	
  “driver”	
  muta2ons:	
  71	
  tumor	
  
	
  suppressors,	
  54	
  oncogenes	
  

 	
  Only	
  12	
  pathways	
  regula2ng	
  3	
  
	
  cellular	
  processes	
  	
  

Science	
  339:	
  1546,	
  2013	
  

ContribuAon	
  of	
  rare	
  Mendelian	
  	
  
disease	
  to	
  common	
  complex	
  traits	
  

 	
  +	
  FHx/linkage	
  

 	
  Early	
  onset	
  

 	
  Extremes	
  of	
  	
  	
  	
  	
  	
  	
  
	
  distribu2ons	
  

AJHG,	
  1974	
  

JCI,	
  1973	
  

Science,	
  2004	
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 	
  Surveyed	
  110	
  M	
  medical	
  records	
  looking	
  for	
  
	
  connec2ons	
  between	
  Mendelian	
  disorders	
  and	
  
	
  complex	
  traits	
  	
  

 	
  Do	
  genes	
  responsible	
  for	
  	
  Mendelian	
  disorders	
  interact	
  
	
  with	
  one	
  another	
  to	
  contribute	
  to	
  common	
  complex	
  
	
  traits?	
  

CELL,	
  2013	
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NHGRI,	
  NHLBI	
  

gmendel@mendelian.org	
   BHCMG	
  
mendeliangenomics.org	
  

CMGs:	
  Some	
  goals	
  

 	
  Iden2fy	
  Mendelian	
  phenotypes	
  associated	
  by	
  
	
  >50%	
  of	
  our	
  genes	
  

 	
  Improve	
  diagnosis;	
  inform	
  pathophysiology	
  

 	
  Increase	
  opportuni2es	
  for	
  informed	
  treatment	
  

 	
  Increase	
  our	
  understanding	
  of	
  disease	
  principles	
  

 	
  Educa2on	
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CMGs:	
  Searching	
  for	
  disease	
  genes	
  

Poland:	
  36	
  	
  

Netherlands:	
  200	
  	
  

Turkey:	
  250	
  
USA:	
  2535	
  

Norway:	
  50	
  

Brazil:	
  49	
  

Lebanon:	
  1	
  

Ghana:	
  1	
   Italy:	
  10	
  

Germany:	
  26	
  

Mexico:	
  7	
  

BHCMG: Sample recruitment 

Australia:	
  46	
  	
  
Oman:	
  3	
  	
  

March	
  2013,	
  N	
  =	
  3199	
  total	
  	
  

Colombia:	
  1	
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CMGs:	
  Overall	
  strategy	
  
  Find	
  well-­‐phenotyped	
  cases	
  and	
  families	
  

 Perform	
  whole	
  exome	
  sequencing	
  on	
  relevant	
  
family	
  members	
  

 Use	
  family	
  rela2onships,	
  allele	
  frequency	
  data,	
  
func2onal	
  predic2ons,	
  model	
  organism	
  results	
  
and	
  func2onal	
  studies	
  to	
  iden2fy	
  the	
  
responsible	
  genes	
  and	
  variants	
  

 Return	
  the	
  informa2on	
  to	
  submieer	
  for	
  
publica2on	
   BHCMG	
  

mendeliangenomics.org	
  

mendeliangenomics.org	
  

Hum	
  Mut	
  34:561,	
  2013	
  

  Rapid	
  and	
  efficient	
  entry	
  of	
  families	
  or	
  cohorts	
  
  Provides	
  unique	
  iden2fiers	
  
  Clinical	
  features	
  based	
  on	
  OMIM	
  Clinical	
  Synopses	
  
  Accepts	
  image	
  data	
  
  Searchable	
  
  Organizes	
  phenotypic	
  features	
  in	
  standard	
  format	
  for	
  easy	
  review	
  
  Added	
  and	
  Analysis	
  module	
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PhenoDb	
  SubmiWer	
   PRC	
  

ELSI	
  

CNV	
  screen	
  
&	
  

sequencing	
  
Local	
  

analysis	
  

SAC	
  

BHCMG	
  
Analysis	
  

CommiWee	
  

dbGaP	
  

BHCMG: Pipeline 

SACs: 
Corinne Boehm, MS 
Samantha Penny, MS 

BHCMG:	
  PhenoDb	
  –	
  Submieer	
  view	
  

mendeliangenomics.org	
  

So	
  far,	
  accounts	
  from	
  users	
  
in	
  >35	
  countries	
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Analysis	
  
 A	
  work	
  in	
  progress	
  

 Requires	
  individual	
  aeen2on,	
  family	
  by	
  family	
  

  Success	
  depends	
  on	
  mode	
  of	
  inheritance,	
  
samples	
  available	
  and	
  other	
  variables	
  

 Deeper	
  and	
  smarter	
  levels	
  of	
  data	
  mining	
  will	
  
improve	
  success	
  rate	
  

 Analysis	
  tool	
  now	
  built	
  for	
  PhenoDB	
  (Sobreira)	
  

Analysis example 
  CIDR Anovar file on an ~51 MB capture 

  Filtering variants: AR, cpd het model, proband only 
  All -        ~85 K 
  Only heterozygotes     ~54 K 
  Coding & Splice Sites     ~12 K 
  Exclude synonymous      ~6 K 
  Exclude DbSNP 126, 129, 131     ~750 
  Exclude MAF > 0.01 in EVS, 1KG     ~450 
  Exclude CIDR db        ~260 
  Genes with 2 hits            ~20 
  Links to OMIM, MGI, PubMed, Expression, Networks 
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Mendelian disease: Burden of proof 

  Value	
  of	
  another	
  unrelated	
  case	
  
  Iden2fy	
  another	
  family	
  
  Literature	
  

  Sta2s2cal	
  approaches	
  –	
  1KG,	
  dbSNP,	
  EVS,	
  Genic	
  
	
  tolerance,	
  etc…..	
  

  Biological	
  studies	
  

  Variant	
  may	
  perturb	
  func2on	
  of	
  protein	
  product	
  but	
  
	
  does	
  this	
  really	
  explain	
  the	
  phenotype?	
  

BHCG:	
  Two	
  year	
  scorecard 

  4326 samples collected 

  609 probands with complete analysis 

  Newly recognized disease genes   189 

  Known disease genes      121 

  Known disease genes,                                           
 phenotype expansion       85 
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Explaining	
  Principles	
  of	
  Mendelian	
  disease	
  

  Pleiotropy – one variant, multiple, apparently 
 unrelated, phenotypic consequences  

  Penetrance – the probability that someone with 
 the genotype will manifest the phenotype  

  Variable expressivity – affected individuals with 
 same genotype show different manifestations  

2 yrs old 

PredicAve	
  power	
  of	
  Mendelian	
  disease	
  
  Spondylometaphyseal	
  dysplasia	
  –	
  cone/rod	
  dystrophy	
  

»  Postnatal	
  short	
  stature	
  and	
  loss	
  of	
  visual	
  func2on	
  

»  Rare	
  autosomal	
  recessive	
  trait	
  	
  

Excavated 
macular lesion 
with RPE changes 

12 yrs old 

* Julie Hoover-Fong, Nara Sobreira, Julie Juergens et al 



NHGRI Current Topics in Genome Analysis 2014 
Week 9 – The Search for Mendelian Disease Genes:  
Opportunities Afforded, Lessons Learned 

April 30, 2014 
David Valle, M.D. 

26 

PCYT1A and SMD-CRD 

  Three unrelated SMD-CRD pedigrees segregating two 
missense mutations, A99V and P150A, in PCYT1A at 
3q29 

  Encodes Phosphocholine cytidylytransferase  

  Both residues conserved to fish 

  Catalyzes synthesis of phosphatidylcholine, a major 
membrane structural lipid 

CTP Choline phosphate CDP-choline PPi + + 

Pathophysiology	
  
Phosphatidylcholine 
biosynthesis 
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Linking	
  metaphysis	
  and	
  reAna?	
  

Thanks	
  for	
  your	
  aeenAon!	
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