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Disclosures and objectives 

§  Disclosure: I am enthusiastic about genetics! 

§   Objectives: 

ü  Some features of Mendelian disease 

ü  Review the rapidly evolving field of clinical DNA 
sequencing 

ü  Disease gene discovery and the Baylor-Hopkins 
Center for Mendelian Genomics 

NEJM: Mendelian disease 
this month 
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Increasing prominence of Mendelian Disease  

§  Human genome project provides a reference human 
 genome sequence 

§  Availability of sequencing technology that 
 dramatically decreases cost and increases 
 throughput 

§  Appreciation of the extent of “normal” human 
 genetic variation 

§  Development of genomic and genetic strategies to 
 identify responsible variants and genes   

When to think of Mendelian disease 

§  Phenotype often includes multiple systems 
 not usually co-occurring  

§  Relatively early onset 

§  Consanguinity 

§  Multiple affected sibs      
 and/or generations 
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Case 1: 34 yr old male 

§  10 day history of fever and pharyngitis Rx’ed with 
antibiotics and steroids; 2 day history of confusion 

§  Outside hospital ER: NH4 of 280 µM; mild respiratory 
alkalosis 

§  JHH MICU – Coma with cerebral edema; NH4 = 420 µM 
§  Family history – “negative”  

* * 

Dx: OTC deficiency  Hans	
  Bjornsson	
  

Case 2:  54 yr old male 

§  Severe DCM (EF ~20%), early dementia 

§  Labs include mild elevation homocystine (Hyc), 
methylmalonic acid (MMA) 

§  Partial response to hydroxycobalamin 

§  Gene sequencing – compound heterozygote for 2 LOF 
mutations in Cbl C gene 

§  Dx: CblC form of                                                      
Methylmalonic Acidemia 

? ? 
Tracy	
  Fehr	
  
Stuart	
  Russell	
  
Hilary	
  Vernon	
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Finding the responsible variants 
and genes






Finding the responsible variants and genes







Nat Genet, Sept 09

PLoS Genetics 6:1, 2010
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The rise of clinical DNA 
sequencing






Some types of sequencing by target  

§  Single disease gene  

§  Disease gene panel – a collection of genes each 
 known to be responsible for a particular disease   

§  Whole exome sequencing (WES) – sequencing the 
 entire exome together with the splice sites 
 flanking each exon; ~85% of Mendelian variants 

§  Whole genome sequencing (WGS) – sequencing the 
 entire genome; exons, introns, regulatory 
 sequences 
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Clinical vs. research whole exome sequencing (WES)  

§  Research WES 
ü  Diagnosis +/-; molecular basis unknown 
ü  Typically done in multiple members of a family or in a large 

 cohort; speed not critical 
ü  Surveys all 21,000 protein coding genes 
ü  Requires validation, segregation, functional studies for 

 confirmation 

§  Clinical WES 
ü  Diagnosis not known 
ü  Patient +/- immediate family 

ü  Depends on known disease genes 

Some unanticipated consequences of 
DNA sequencing 

§  Variants of unknown significance (VUS) 

§  Incidental findings of medical 
consequence 
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Characteristics of current sequencing approaches 

TYPE e.g. COST ($) COMMENTS 

Single gene BRCA1 100s – 1000s Less expensive if 
correct; fewer VUS; 
no incidental 
findings 

Panel Cardiomyopathy 
(~25 proven 

cardiomyopathy 
genes) 

100s – 1000s Broader net; less 
expensive; more 
VUS; no incidental 
findings 

WES A “Clinical WES” 5000 - 8000 Much broader net; a 
bargain; many VUS; 
incidental findings  

WGS Largely a research 
tool at this time 

5000 - 15000 Broader still; harder 
to interpret; VUS 
and incidental 
findings galore 

Clinical WES: BCM first 2000 samples* 

§  2000 consecutive patient samples, June 2012- Aug 2014 

§  88% pediatric age range 

§  Molecular diagnosis in 504 (25.2%), with 58% of the 
 diagnostic mutations not previously reported 

§  Inheritance pattern of solved cases 
ü   AD – 53% 

ü   AR – 34% 

ü   X-linked – 12% 

ü   mtDNA – 0.2% 

§  23 of the patients (4.6%) had blended phenotypes from 2 
Mendelian disorders 

* Yang et al., JAMA 2014 

~30%	
  of	
  diagnoses	
  involved	
  
a	
  disease	
  gene	
  iden?fied	
  in	
  
last	
  3	
  years	
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Clinical WES: GeneDx first 3528 probands* 
§  3040 consecutive probands, 2013- 2015 

§  Nearly all in pediatric age range 

§  Molecular diagnosis in 851(28.8%) 

§  28 of the patients (3.3%) had 2 or 3 Mendelian disorders 

Test yield by primary indication 

* Retterer et al., 2015 

§  486 consecutive adult probands  

§  Molecular diagnosis in 85 (17.5%); 6 (7%) with 2 disorders 

Clinical WES: BCM first 486 adult patients* 

Diagnostic rate declines 
with age of patient 

Overall diagnostic rate of 17.5% 

* Posey et al., 2015 
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The Value of a Precise Diagnosis 

§  Short cuts the diagnostic work up 

§  Ends the uncertainty of the “diagnostic odyssey” 

§  Provides a biological explanation for the problem 

§  Focuses patient management 

§  Informs family of recurrence risk  

The value of a diagnosis 

§   39 yr old male followed by me  for 36 yr 

§   Recurrent episodes of lactic acidosis 

§   Intellectual disability (IQ 65) with 

 cortical atrophy 

§   Cardiomyopathy 

§   Autonomic dysfunction 

Age	
  37:	
  Homozygous	
  nonsense	
  muta?on	
  in	
  
FBXL4;	
  mtDNA	
  deple?on	
  syndrome,	
  	
  	
  	
  	
  	
  
type	
  13	
  (OMIM	
  605654)	
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§  119 infants considered; 80 participated 

§  2,830 genes evaluated by single clinical WES 

§  122 genes with late onset phenotypes excluded 

§  46 infants (57.5%) had a molecular diagnosis 

§  Of these, 32% had a change in management 

§  28 couples (61%) received a high (25%, 50%) recurrence 
 rate  

Stark et al, GIM, 2016 

NHGRI,	
  NHLBI	
  

gmendel@mendelian.org	
   BHCMG	
  
mendeliangenomics.org	
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Mendelian disease: current scorecard 

§  Mendelian phenotypes  ~7,500 

§  “Disease” genes  ~3,543 (~18% of total) 

§  Explained phenotypes  ~5,722 

§  Unexplained phenotypes ~1,800 

Updated	
  11	
  April	
  2016	
  
OMIM.org 

~300/yr 

How many Mendelian disease genes ? 

§  Those	
  genes	
  in	
  which	
  some	
  frac?on	
  of	
  variants	
  
produce	
  highly	
  penetrant	
  phenotypes	
  

§  How	
  many	
  phenotypes?	
  

ü  OMIM	
  currently	
  lists	
  ~7,500	
  total	
  with	
  ~1.8	
  
phenotypes/disease	
  gene;	
  1,800	
  unexplained	
  
predicts	
  ~	
  900	
  more	
  disease	
  genes	
  	
  

ü  But	
  many	
  phenotypes	
  are	
  condi?onal	
  on	
  
environmental	
  variables,	
  e.g.	
  G6PD	
  deficiency	
  

ü  Vast	
  number	
  of	
  unrecognized	
  phenotypes;	
  ~300	
  
“new”	
  phenotypes	
  in	
  OMIM/year	
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Fraction of genes  
with phenotype-producing variants 

If the fraction of Mendelian genes is large, 
why are they difficult to identify ? 
§  Unrecognized	
  developmental	
  lethals	
  

ü  High	
  frequency	
  of	
  spontaneous	
  1st	
  trimester	
  
spontaneous	
  abor?ons;	
  how	
  many	
  Mendelian?	
  

ü  ~30%	
  mouse	
  knockouts	
  	
  

§  Incomplete	
  and/or	
  insensi?ve	
  phenotyping	
  
ü  Rou?ne	
  or	
  uninformed	
  vs.	
  directed	
  or	
  itera?ve	
  	
  
ü  Technological	
  limita?ons;	
  what	
  can	
  we	
  measure?	
  

§  Condi?onal	
  nature	
  of	
  some	
  phenotypes	
  

§  Buffering,	
  robustness	
  and	
  redundancy	
  of	
  biological	
  
systems	
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Fraction of genes  
with phenotype-producing variants 

§  Mouse experience - 8,793 genes ko’ed 

ü  19% lethal E0 - E18.5 

ü  11% lethal E18.5 – P1 

ü  96.6% targeted viable mice show one or 
more phenotypic features*  

§  Other model systems 
* MGI per J Eppig 

Developmental lethals 

§  At	
  any	
  locus	
  there	
  is	
  a	
  collec?on	
  of	
  variants	
  with	
  a	
  
spectrum	
  of	
  func?onal	
  consequences	
  from	
  null	
  to	
  GOF	
  

§  Examples:	
  
ü  LBR	
  	
  muta?ons	
  

§  Solu?on	
  –	
  Cast	
  a	
  wide	
  net,	
  including	
  sequencing	
  
spontaneous	
  abortuses	
  and/or	
  their	
  parents	
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Incomplete phenotyping: Olfaction 

§  Cursorily addressed in history and physical exam 

§  Humans have 500-1000 olfactory receptor genes 

§  A few “inborn errors” are known * 

* See Logan DW, Biochem Soc Trans 42:861, 2014  

“Conditional” Phenotypes  

§  The	
  example	
  of	
  MCAD	
  deficiency	
  

§  Seizures,	
  hypoglycemia,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
hyperammonemia,	
  36	
  hours	
  in	
  to	
  an	
  
episode	
  of	
  	
  viral	
  gastroenteri?s	
  in	
  an	
  
18	
  month	
  old	
  

§  Can	
  we	
  learn	
  from	
  the	
  UDN	
  
program	
  and	
  KOMP	
  ?	
  

§  Value	
  of	
  educa?on	
  
§  Many	
  other	
  examples:	
  	
  

ü  G6PD	
  deficiency	
  
ü  Deficiency	
  of	
  urate	
  oxidase	
  (gout);	
  ascorbate	
  oxidase	
  (scurvy)	
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Buffering and systems biology 

§  Develop	
  the	
  mind	
  set	
  of	
  developmental	
  and	
  homeosta?c	
  
vulnerabili?es	
  
ü  Disease	
  =	
  exceeding	
  a	
  limited	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

homeosta?c	
  capacity:	
  
ü  The	
  example	
  of	
  adult-­‐onset	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

OTC	
  deficiency	
  

§  Improved	
  methods	
  for	
  controlled	
  stress	
  
ü  In	
  pa?ents	
  
ü  In	
  model	
  organisms	
  with	
  subsequent	
  transla?on	
  to	
  

humans	
  
ü  In	
  cellular	
  systems	
  

How many Mendelian genes? 

If we look carefully and across large 
populations, nearly all in our genome…. 

Hypothesis: 
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CMGs:	
  Overall	
  strategy	
  
§  Find	
  well-­‐phenotyped	
  cases	
  and	
  families	
  

§ Perform	
  whole	
  exome	
  sequencing	
  on	
  relevant	
  
family	
  members	
  

§ Use	
  family	
  rela?onships,	
  allele	
  frequency	
  data,	
  
func?onal	
  predic?ons,	
  model	
  organism	
  results	
  
and	
  func?onal	
  studies	
  to	
  iden?fy	
  the	
  
responsible	
  genes	
  and	
  variants	
  

§ Return	
  the	
  informa?on	
  to	
  submimer	
  for	
  
publica?on	
   BHCMG	
  

mendeliangenomics.org	
  

CMGs:	
  Searching	
  for	
  disease	
  genes	
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Poland:	
  455	
  	
  

NL:	
  200	
  	
  

Turkey:	
  644	
  
USA:	
  6,827	
  

Norway:101	
  

Lebanon:	
  1	
  Brazil:	
  110	
  
Italy:	
  12	
  

Germany:	
  28	
  

Mexico:	
  11	
  

BHCMG WES 
01 April 2016 

Australia:	
  107	
  

Consented Samples: 9032  

Colombia:	
  1	
  

UK:	
  74	
  

S.	
  Arabia:	
  59	
  

Belgium:	
  280	
  	
  

Israel:	
  15	
  ArgenPna:	
  18	
  

Ecuador:	
  23	
  

France:	
  1	
  

Pakistan:	
  1	
  

Peru:	
  3	
  

Chile:	
  8	
  

Macedonia:	
  4	
  Canada:	
  30	
  

UAE:	
  15	
  

Oman:	
  1	
  

Institutes: 159 
Investigators: 403 
Countries: 29 

India:	
  1	
  	
  

Taiwan:	
  1	
  	
  

NZ:	
  1	
  

Hum Mut 34:561, 2013 

Hum Mut 36:425, 2015 

http://phenodbresearch.net   
http://phenodb.org 
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BHCMG:	
  PhenoDb	
  –	
  SubmiFer	
  view	
  

mendeliangenomics.org	
  

So	
  far,	
  accounts	
  from	
  users	
  
in	
  >35	
  countries	
  

§  Data	
  on	
  4,426	
  projects	
  including	
  53	
  cohorts	
  ranging	
  
from	
  5-­‐295	
  subjects/cohort	
  

§  Phenotypic	
  data	
  from	
  more	
  than	
  10,284	
  individuals	
  

§ WES	
  VCF	
  and	
  ANNOVAR	
  files	
  on	
  >	
  6,225	
  samples	
  

§  Analysis	
  performed	
  with	
  PhenoDB	
  analysis	
  tool	
  

§  Con?nually	
  adding	
  enhancements	
  

§  PhenoDB	
  has	
  been	
  downloaded	
  by	
  more	
  than	
  367	
  
centers	
  	
  

	
  	
  

PhenoDB	
  Status	
  for	
  BHCMG*	
  

www.mendeliangenomics.org * 
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PhenoDB	
  Variant	
  Analysis	
  Tool	
  

§  ANNOVAR	
  files	
  are	
  created	
  as	
  VCFs	
  are	
  uploaded,	
  and	
  3	
  
standard	
  analyses	
  (AD,	
  AR	
  homozyg,	
  AR	
  cpd	
  het)	
  are	
  generated	
  

§  Automa?cally	
  creates	
  a	
  file	
  for	
  pathogenic	
  or	
  likely	
  pathogenic	
  
incidental	
  findings	
  in	
  the	
  ACMG	
  56	
  genes	
  

§  	
  U?lizes	
  phenotypic	
  info	
  and	
  OMIM	
  algorithm	
  to	
  suggest	
  
possible	
  diagnoses	
  and	
  to	
  flag	
  relevant	
  known	
  Mendelian	
  
disease	
  genes	
  in	
  the	
  candidate	
  gene	
  list	
  

§  An	
  API	
  allows	
  transfer	
  of	
  final	
  results	
  (gene	
  names,	
  genomic	
  
coordinates,	
  features)	
  from	
  PhenoDB	
  to	
  GeneMatcher	
  	
  	
  	
  	
  	
  

PhenoDB	
  Features	
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PhenoDB	
  Features	
  (conNnued)	
  

§  Proband	
  informa?on	
  fully	
  searchable	
  including:	
  

ü One	
  or	
  a	
  combina?on	
  of	
  clinical	
  features	
  

ü Phenotypic	
  features	
  algorithm	
  iden?fies	
  other	
  probands	
  
with	
  similar	
  features	
  

ü  	
  Selected	
  by	
  shared	
  variants,	
  genes,	
  genomic	
  coordinates	
  

§  VCFs,	
  analysis	
  results	
  files,	
  final	
  results	
  files	
  all	
  searchable	
  by	
  
genes	
  or	
  variants	
  	
  	
  	
  

http://genematcher.org 

GeneMatcher	
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GeneMatcher	
  Overview	
  

§  Designed	
  to	
  connect	
  inves?gators	
  (clinicians,	
  basic	
  scien?sts)	
  
with	
  an	
  interest	
  in	
  the	
  same	
  gene	
  

§  All	
  data	
  de-­‐iden?fied	
  so	
  IRB	
  not	
  required	
  

§  Automated	
  and	
  con?nuous	
  matching	
  

§  Submimers	
  connected	
  by	
  a	
  match	
  can	
  choose	
  to	
  collaborate	
  at	
  
their	
  own	
  discre?on	
  

§  	
  Matching	
  on	
  phenotypic	
  features	
  added	
  on	
  1	
  Oct	
  2015	
  

§  Connected	
  to	
  MME	
  	
  

GeneMatcher:	
  Matching	
  OpNons	
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GeneMatcher:	
  Growth	
  in	
  Genes	
  &	
  Matches	
  	
  
N
um

be
r	
  

Time	
  

0	
  

500	
  

1000	
  

1500	
  

2000	
  

2500	
  

3000	
  

3500	
  

4000	
  

4500	
  

Gene	
  Count	
   Match	
  Count	
  

2221	
  

4247	
  

§  1521	
  submimers	
  
§  51	
  countries	
  
§  2,	
  221	
  matches	
  

US	
  

UK	
  

Canada	
  

As	
  of	
  April	
  1st	
  2016	
  
GeneMatcher	
  has:	
  
▪  	
  81	
  matches	
  with	
  

PhenomeCentral	
  
▪  	
  74	
  matches	
  with	
  

DECIPHER	
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Category Number 

Consented samples 9032 

Phenotypes ( 56% novel)          776 

Exomes 6769 

Disease genes -- total 468 * 

          Novel 222 

          Known (55% with pheno exp) 246 

Publications 124 

BHCMG	
  Summary	
  Data	
  at	
  4	
  Years	
  

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 stimulus, bench to bedside 
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Finding disease genes:  
Some long term consequences 

§  Suppose we had phenotypes for > 50% of the 
 genes in our genome…… 

§  What questions could we ask? 

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	
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Biological	
  networks	
  and	
  disease:	
  some	
  quesNons	
  

§ 	
  	
  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	
  varia?on	
  in	
  
	
  one	
  component	
  on	
  the	
  behavior	
  of	
  a	
  system?	
  

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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Some examples of short and long 
term consequences of disease 
gene identification






2 yrs old 

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

»  Postnatal	
  short	
  stature	
  and	
  loss	
  of	
  visual	
  func?on	
  

»  Rare	
  autosomal	
  recessive	
  trait	
  	
  

Excavated 
macular lesion 
with RPE changes 

12 yrs old 

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

B	
  

I 

II 

Family 3 
1 2 

1 

p.Pro260Leu 
p.Arg609His 

p.Pro260Leu/+ p.Arg609His/+ 

p.Asp720Val 
IVS16+1G>A, p.Gln172X 

Family 4 

IVS16+1G>A, 
p.Gln172X/+ 

1 2 

1 

p.Asp720Val/+ p.Cys367Phe/+ p.Val766Met/+ 

Family 2 

p.Cys367Phe 
p.Val766Met 

1 2 

2 1 3 3 

p.Cys367Phe 
p. Asp720Val 

1 2 4 

p.Cys367Phe/+ p.Asp720Val/+ 

Family 1 
1 2 

p.Cys367Phe 
p.Asp720Val  

p.Cys367Phe 
p. Asp720Val 

§  Severe ID 
§  Seizures 
§  Abnormalities of the great vessels ? 

TELO2:	
  Pedigrees	
  and	
  Clinical	
  Features*	
  

* Jing You 

Identifying new systems: 



NHGRI Current Topics in Genome Analysis 2016 
Week 8: Discovering the Genetic Bases of Mendelian Disorders 

April 13, 2016 
David Valle, M.D. 

29 

TELO2	
  and	
  the	
  TTT	
  Complex	
  	
  

TELO2	
  

CK2	
  

P	
  
P	
  

TTI2	
  TTI1	
  

Lovejoy	
  CA	
  et	
  al.,	
  2009;	
  Hořejší	
  et	
  al.,2010;	
  Takai	
  et	
  al.,2007	
  

PhosphaPdylinositol	
  3-­‐kinase-­‐related	
  protein	
  kinases	
  (PIKKs)	
  

Assembly	
  and	
  maturaPon	
  

TRRAP	
  ATM	
   PRKDC	
   mTOR	
   SMG1	
  ATR	
  

DNA	
  
DSB	
  
repair	
  

DNA	
  DSB	
  
repair	
  

Cell	
  	
  
growth	
  
control	
  

ReplicaPon	
  
stress	
  

Nonsense	
  
mediated	
  decay	
  

Gene	
  
expression	
  
control	
  

Ataxia	
  
Telangiectasia	
  

Seckel	
  	
  
syndrome	
  I	
  
	
  

R2TP	
  
complex	
  

Hsp90	
   Hsp90	
  
TTT 

Neuron	
  88:	
  499-­‐513	
   expression, annotation, 
  and pathway analysis 
  of known and  
  candidate brain genes 

Ender Karaca Tamar Harel 
       Zeynep  
Coban Akdemir 
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Suggested	
  Correla?on	
  among	
  Neurodevelopmental	
  Stage,	
  
Representa?ve	
  Process,	
  Strong	
  Candidate	
  Genes,	
  and	
  

Phenotype	
  

Highlights: 
 
    •WES of a neuropathy cohort identifies causal variants in ∼45% of patients 
    •Three candidate peripheral neuropathy disease genes 
              (PMP2, DNAJB5, SPTLC3) proposed 
    •Evidence for genetic mutation burden found in two independent cohorts 
    •Variant combinatorial effects may contribute to  
              clinical variability and expressivity 

Gonzaga-Jauregui, et al (2015)  
     Cell Reports 12: 1169-1183 



NHGRI Current Topics in Genome Analysis 2016 
Week 8: Discovering the Genetic Bases of Mendelian Disorders 

April 13, 2016 
David Valle, M.D. 

31 

37 unrelated families CMT-like  
 peripheral neuropathy  
 refractory to molecular Dx  
 
WES, study rare vrnts in  
 neuropathy genes in  
 subjects vs cntrls 
evidence for burden NA cohort 
 replicate in 2nd (Turkish) pt pop 

Combinatorial effect of 
  rare variants contributes 
  to Dz burden & variable  
  expression of Dz 

Gonzaga-Jauregui, Harel, et al. 
 (2015) Cell Reports 12:1169-1183 
       Gibbs, Battaloglu, Boerwinkle,  
          Katsanis & Lupski Labs 

Tamar 
 Harel 

Claudia 
Gonzaga- 
Jauregui 

+	
 =	

phenotype	


XXX

Sub-optimal dose 
 morpholino A2	


Sub-optimal dose 
 morpholino A1	
 Model genetic interactions in zebrafish 

Mutation burden & Dz 

Some	
  unexpected	
  emerging	
  ideas*	
  

§ 	
  	
  The	
  extent	
  and	
  distribu?on	
  of	
  gene?c	
  varia?on	
  
§ 	
  Extent	
  of	
  locus	
  heterogeneity	
  
§ 	
  The	
  many	
  examples	
  of	
  phenotypic	
  expansion	
  

§ 	
  Unexpectedly	
  large	
  role	
  for	
  CNVs	
  and	
  de	
  novo	
  
	
  muta?ons	
  

§ 	
  Rela?vely	
  high	
  frequency	
  of	
  2	
  diseases	
  occurring	
  in	
  
	
  the	
  same,	
  difficult	
  to	
  diagnose,	
  individual	
  

§ 	
  Gene?c	
  architecture	
  and	
  burden	
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AJHG,	
  2015	
  

Thanks	
  for	
  your	
  aFenNon	
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