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Pa#ent	
   Eyes	
   Other	
   Gene	
   Muta#on	
   Zygosity	
  

Female	
   Microphthalmia	
   Vascular	
  ring	
   STRA6	
   p.Arg399Glu	
   Het.	
  

Male	
   Microphthalmia	
   -­‐	
  	
   STRA6	
   Splice/p.Tyr18fs*	
   Het./Het.	
  

Male	
   Anophthalmia	
   	
  -­‐	
   GDF6	
   p.Ala249Glu	
   Het.	
  (de	
  novo)	
  

Female	
   Cataracts	
   See	
  case	
  report	
   GCNT2	
   p.Tyr347Cys	
   Hom.	
  

Male	
   Choriore@nal	
  defect	
   See	
  case	
  report	
   PNPT1	
   Splice/p.Ala507Ser	
   Het./Het.	
  

Female	
   Cataracts	
   See	
  case	
  report	
   COL4A1	
   p.Gly773Arg	
   Het.	
  (de	
  novo)	
  

Introduc#on	
  
Anophthalmia	
  (absent	
  eyes)/microphthalmia	
  (small	
  eyes)	
  (A/M)	
  
is	
  found	
  in	
  3	
  per	
  10,000	
  live	
  births	
  and	
  is	
  a	
  clinically	
  
heterogeneous	
  birth	
  defect	
  for	
  which	
  the	
  gene@c	
  e@ology	
  
remains	
  incompletely	
  understood.	
  A/M	
  can	
  occur	
  as	
  an	
  isolated	
  
malforma@on	
  (simplex	
  A/M),	
  or	
  with	
  addi@onal	
  ocular	
  
abnormali@es	
  affec@ng	
  the	
  anterior	
  or	
  posterior	
  segments	
  of	
  the	
  
eye	
  (complex	
  A/M).	
  Complex	
  A/M	
  can	
  include	
  defects	
  such	
  as	
  
coloboma,	
  or	
  failure	
  of	
  the	
  op@c	
  fissure	
  to	
  close,	
  cataracts	
  and	
  
anterior	
  segment	
  dysgenesis	
  (ASD),	
  an	
  eye	
  defect	
  with	
  
maldevelopment	
  of	
  the	
  anterior	
  ocular	
  structures	
  behind	
  the	
  
cornea	
  and	
  in	
  front	
  of	
  the	
  lens,	
  including	
  the	
  iris,	
  ciliary	
  body	
  and	
  
trabecular	
  meshwork.	
  	
  
	
  

Case	
  Reports	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Materials	
  and	
  Methods	
  
We	
  used	
  the	
  ACE	
  ExomeTM	
  (Personalis,	
  Inc.)	
  to	
  sequence	
  20	
  
children	
  with	
  A/M	
  or	
  other	
  developmental	
  eye	
  defects	
  for	
  
muta@ons	
  in	
  causa@ve	
  genes,	
  both	
  known	
  and	
  novel.	
  Five	
  
pa@ents	
  were	
  ascertained	
  through	
  UCSF	
  and	
  15	
  through	
  the	
  
Interna@onal	
  Children’s	
  Anophthalmia	
  Network	
  (ICAN).	
  The	
  
majority	
  had	
  complex	
  A/M	
  with	
  varied	
  extraocular	
  findings	
  (13	
  
pa@ents),	
  two	
  had	
  coloboma,	
  two	
  had	
  cataracts	
  and	
  single	
  
pa@ents	
  each	
  had	
  simplex	
  A/M,	
  anterior	
  segment	
  dysgenesis	
  or	
  
a	
  choriore@nal	
  defect.	
  Short	
  clinical	
  descrip@ons	
  have	
  been	
  
provided	
  for	
  3	
  muta@on	
  posi@ve	
  pa@ents	
  (see	
  case	
  reports).	
  
	
  
The	
  ACE	
  ExomeTM	
  cons@tutes	
  an	
  exome	
  sequencing	
  plaeorm	
  in	
  
which	
  coverage	
  is	
  enhanced	
  for	
  >7800	
  biomedically	
  relevant	
  
genes.	
  	
  The	
  plaeorm	
  also	
  incorporates	
  genome-­‐wide	
  structural	
  
variant	
  detec@on.	
  	
  	
  
	
  
Results	
  
We	
  found	
  clearly	
  causa@ve	
  muta@ons	
  in	
  5/20	
  (25%)	
  pa@ents	
  
(two	
  pa@ents	
  had	
  muta@ons	
  in	
  STRA6,	
  one	
  had	
  a	
  previously	
  
reported	
  muta@on	
  in	
  GDF6,	
  one	
  had	
  2	
  muta@ons	
  in	
  PNPT1	
  and	
  
one	
  was	
  homozygous	
  for	
  a	
  muta@on	
  in	
  GCNT2)	
  (Table	
  1).	
  	
  Two	
  
addi@onal	
  pa@ents	
  had	
  plausible	
  muta@ons	
  in	
  genes	
  with	
  
phenotypic	
  spectra	
  that	
  were	
  previously	
  more	
  narrowly	
  defined	
  
(COL4A1	
  and	
  SKI).	
  	
  	
  
	
  	
  	
  	
  	
  	
  

Conclusion	
  
Our	
  results	
  illustrate	
  significant	
  gene@c	
  heterogeneity	
  for	
  eye	
  
defects	
  and	
  demonstrate	
  the	
  u@lity	
  of	
  exome	
  sequencing	
  in	
  birth	
  
defects	
  for	
  iden@fying	
  rare	
  sequence	
  variants	
  that	
  would	
  likely	
  
have	
  remained	
  uniden@fied	
  using	
  previous	
  technologies.	
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Discussion	
  
In	
  PNPT1,	
  we	
  found	
  a	
  maternally	
  inherited	
  splice	
  site	
  muta@on	
  
and	
  a	
  paternally	
  inherited	
  missense	
  muta@on,	
  p.Ala507Ser,	
  in	
  a	
  
pa@ent	
  with	
  a	
  choriore@nal	
  defect.	
  PNPT1	
  is	
  cri@cal	
  for	
  mRNA	
  
import	
  into	
  mitochondria	
  and	
  had	
  not	
  previously	
  been	
  
associated	
  with	
  ocular	
  findings.	
  Two	
  papers	
  have	
  previously	
  
reported	
  muta@ons	
  in	
  this	
  gene	
  associated	
  with	
  severe	
  bilateral	
  
hearing	
  impairment	
  and	
  respiratory	
  chain	
  deficiency	
  (Vedrenne	
  
et	
  al.,	
  2012;	
  Von	
  Ameln	
  et	
  al.,	
  2012).	
  Our	
  pa@ent	
  has	
  clinical	
  
findings	
  that	
  are	
  consistent	
  with	
  a	
  mitochondrial	
  presenta@on	
  
(see	
  case	
  report).	
  	
  

	
  Two	
  female	
  siblings	
  with	
  bilateral	
  congenital	
  cataracts	
  
were	
  both	
  found	
  to	
  be	
  homozygous	
  for	
  p.Tyr347Cys	
  in	
  GCNT2	
  
(see	
  case	
  report).	
  This	
  gene	
  has	
  previously	
  been	
  associated	
  with	
  
cataracts	
  and	
  failure	
  to	
  replace	
  the	
  i	
  an@gen	
  with	
  the	
  I	
  an@gen	
  
on	
  red	
  blood	
  cells.	
  	
  The	
  previously	
  reported	
  microarray	
  finding	
  
was	
  determined	
  to	
  be	
  present	
  in	
  the	
  unaffected	
  mother	
  during	
  
the	
  course	
  of	
  this	
  study,	
  contextualizing	
  it	
  as	
  a	
  likely	
  benign	
  
variant.	
  

	
  A	
  female	
  with	
  cataracts	
  and	
  cardiomyopathy	
  had	
  a	
  de	
  novo	
  
muta@on	
  in	
  COL4A1,	
  p.Gly773Arg	
  (see	
  case	
  report).	
  Cataracts,	
  
microcornea	
  and	
  anterior	
  segment	
  dysgenesis	
  have	
  previously	
  
been	
  associated	
  with	
  COL4A1	
  muta@ons,	
  but	
  the	
  finding	
  of	
  
cardiomyopathy	
  is	
  new,	
  although	
  valvular	
  heart	
  disease	
  has	
  
been	
  described	
  (Kuo	
  et	
  al.,	
  2012	
  ).	
  

	
  Finally,	
  a	
  female	
  with	
  anophthalmia,	
  clek	
  lip/palate	
  and	
  
features	
  of	
  Goldenhar	
  syndrome	
  had	
  a	
  de	
  novo	
  missense	
  
muta@on	
  in	
  SKI,	
  p.Arg216Leu.	
  	
  The	
  significance	
  of	
  this	
  altera@on	
  
is,	
  however,	
  unknown	
  and	
  some	
  of	
  the	
  predic@ve	
  sokware	
  
programs	
  have	
  classified	
  it	
  as	
  likely	
  to	
  be	
  benign.	
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Child	
  with	
  PNPT1	
  muta@ons:	
  	
  
-  13	
  month	
  old	
  male	
  	
  
-  Prenatal	
  onset	
  growth	
  retarda@on	
  (weight	
  1900g	
  at	
  35	
  

wks)	
  
-  Severe	
  developmental	
  delays	
  
-  Cor@cal	
  visual	
  impairment	
  with	
  choriore@nal	
  defect	
  of	
  L	
  

eye	
  and	
  op@c	
  atrophy;	
  ERG	
  showed	
  a	
  mild	
  reduc@on	
  in	
  
outer	
  re@nal	
  func@on	
  affec@ng	
  rods.	
  

-  Daily	
  seizures	
  described	
  as	
  myoclonic	
  epilepsy	
  
-  EEG	
  showed	
  infan@le	
  spasms	
  and	
  hypsarrhythmia	
  
-  Examina@on	
  revealed	
  microcephaly	
  (OFC	
  39	
  cm;	
  50th	
  

cen@le	
  for	
  2-­‐3	
  mths)	
  and	
  truncal	
  hypotonia	
  
-  Metabolic	
  inves@ga@ons	
  and	
  an	
  array	
  were	
  normal	
  
-  MRI	
  of	
  the	
  brain:	
  diminished	
  white	
  maper,	
  simplified	
  gyri,	
  

a	
  thin	
  corpus	
  callosum	
  and	
  thinning	
  of	
  the	
  op@c	
  tracts	
  
 

Child	
  with	
  COL4A1	
  muta@on:	
  
-  IUGR	
  noted	
  from	
  28	
  wks;	
  C-­‐sec@on	
  at	
  34	
  wks	
  
-  5	
  wk	
  NICU	
  stay	
  complicated	
  by	
  apnea	
  and	
  bradycardia	
  
-  Red	
  reflex	
  absent;	
  bilateral	
  cataracts	
  diagnosed	
  at	
  5	
  wks	
  
-  Baby	
  arrested	
  with	
  ventricular	
  fibrilla@on	
  and	
  asystole	
  

during	
  lensectomies	
  
-  Ini@al	
  ECHO	
  showed	
  good	
  ventricular	
  func@on	
  
-  Subsequent	
  ECHO	
  showed	
  hypertrophic	
  cardiomyopathy	
  
-  Baby	
  was	
  resuscitated	
  with	
  ECMO	
  
-  Developed	
  seizures	
  and	
  mul@organ	
  failure	
  and	
  the	
  

parents	
  opted	
  for	
  pallia@ve	
  care	
  
-  Autopsy	
  confirmed	
  cataracts	
  and	
  cardiomyopathy	
  and	
  

muscle	
  pathology	
  was	
  consistent	
  with	
  a	
  mitochondrial	
  
myopathy	
  

-  A	
  diagnosis	
  of	
  Senger	
  syndrome	
  was	
  suggested,	
  but	
  
sequencing	
  of	
  the	
  AGK	
  gene	
  was	
  nega@ve	
  

	
  

Child	
  with	
  GCNT2	
  muta@ons:	
  
-  Baby	
  born	
  aker	
  a	
  normal	
  pregnancy	
  
-  Bilateral	
  cataracts	
  were	
  diagnosed	
  aker	
  absent	
  red	
  reflex	
  
-  Required	
  surgical	
  and	
  medical	
  treatment	
  
-  Also	
  had	
  R	
  micro@a	
  with	
  an	
  absent	
  auditory	
  canal	
  and	
  R	
  

conduc@ve	
  deafness	
  
-  Previously	
  reported	
  array	
  finding	
  of	
  1q41	
  copy	
  gain	
  

containing	
  DISP1,	
  TLR5,	
  SUSD4.	
  	
  Significance	
  unknown.	
  
-  3	
  yr	
  old	
  sister	
  had	
  bilateral	
  cataracts	
  and	
  aphakic	
  

glaucoma	
  
-  Parents	
  were	
  of	
  Hispanic	
  ethnicity	
  and	
  there	
  was	
  no	
  

known	
  consanguinity	
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Table	
  1:	
  	
  Phenotypic	
  Features	
  and	
  Muta#ons	
  in	
  Selected	
  A/M	
  Pa#ents 
(n=20,	
  5	
  pa@ents	
  in	
  which	
  causa@ve	
  variant(s)	
  were	
  found	
  and	
  1	
  with	
  
plausible	
  variant	
  are	
  highlighted	
  below) 
	
  

(n=20,	
  2	
  pa@ents	
  in	
  which	
  causa@ve	
  variant(s)	
  were	
  found	
  and	
  1	
  with	
  
plausible	
  variant	
  are	
  highlighted	
  below) 
	
  


