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“Chromosomal	  specia.on:”	  	  
Average	  conserved	  chromosomal	  length	  from	  moving	  human	  to	  mouse	  -‐-‐	  as	  derived	  by	  
linkage	  analysis	  -‐-‐	  is	  8.8	  cM,	  suggesBng	  about	  150	  major	  rearrangements	  (via	  breakage	  and	  
	  fusion)	  occurred	  along	  the	  human	  or	  mouse	  lines	  as	  they	  diverged	  from	  a	  common	  	  
ancestor	  that	  existed	  65	  million	  years	  ago.	  Note	  that	  despite	  rearrangement,	  most	  all	  	  
human	  genes	  have	  homologous	  mouse	  counterparts	  (located	  in	  rather	  large	  homologous	  	  
segments	  of	  mulBple	  linked	  genes),	  indicaBng	  an	  amazing	  conserva2on	  of	  genes.	  
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DYX2	  region	  

FOXP2	  
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KE	  family	  

InjecBon	  of	  RNAi	  into	  ventricle	  of	  externalized	  rat	  fetus,	  followed	  
by	  applicaBon	  of	  mild	  current	  to	  promote	  transfecBon	  into	  migraBng	  
Neurons.	  
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Ventral	  occipitotemporal	  
(middle	  temporal	  gyrus,	  middle	  	  
occipital	  gyrus)	  

Dorsal	  parietotemporal	  
(angular	  gyrus,	  supramarginal	  gyrus,	  	  
posterior	  superior	  temporal	  gyrus)	  

Wernicke’s	  area	  
(posterior	  superior	  temporal	  gyrus)	  

Broca’s	  area	  
(inferior	  frontal	  gyrus)	  

•Motor/ar.cula.on	  deficits	  

•Phonological	  processing/	  
	  	  	  	  phonemic	  awareness	  deficits	  

•Rapid	  auditory	  processing	  deficits	  

•Short	  term/working	  	  memory	  deficits	  

•Visuospa.al	  a@en.on	  deficits	  

(Auditory	  memory	  deficits)	  

(Phonological	  memory	  deficits)	  

Expressive/arBculaBon	  
deficits;	  SSD	  and/or	  SLI-‐E	  

Mixed	  deficits;	  SLI	  &	  	  
SLI	  +	  Dyslexia/RD	  
	  	  	  	  	  	  	  	  	  	  	  	  (phonologic	  dyslexia?)	  

Dyslexia/RD	  
(orthographic	  dyslexia?)	  

Core	  Underlying	  
	  Deficits	  
 

Developmental	  	  
Language	  Disabili.es	  

(Visual	  short	  term	  memory	  deficits)	  

SSD=	  speech	  sound	  disorder;	  SLI=specific	  language	  impairment;	  SLI-‐E=specific	  expressive	  language	  impairment;	  
RD=reading	  disability	  
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PLS.COMP%24 = 106.865 - .284 * ATP(4); R^2 = .538

INFANT AUDITORY TEMPORAL PROCESSING AT  MEAN AGE 7.5 mths 
AND LANGUAGE COMPREHENSION AT 24 mths

From	  Benasich	  et	  al.,	  Dev	  Psychobiol,	  2002	  

Measures	  of	  recep.ve	  processing	  

SPEAKER	  
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Radial	  arm	  delayed	  match	  to	  sample	  

Sample Trial                          Test Trial	  
S1	  

G	   G	  

S2	  

Session x 
 

One hour 
later 

     Next day	  	  

S2	  

S1	  

G	   G	  

Session x+1 
 

One hour 
later 

Measures	  of	  expressive	  output	  (vocaliza.ons)	  
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Shu	  et	  al.,	  2005,	  VocalizaBons	  in	  Foxp2	  KO	  mice	  (het	  and	  homozygous	  condiBonal	  forebrain	  

Thompson	  et	  al.,	  2013,	  Foxp2	  protein	  density	  	  in	  area	  “X”	  (basal	  ganglia	  song	  area),	  M	  zebra	  finch	  
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•  There	  is	  considerable	  overlap	  among	  the	  different	  forms	  of	  auBsm.	  The	  wide	  variaBon	  in	  symptoms	  among	  
children	  with	  auBsm,	  however,	  has	  led	  to	  the	  concept	  of	  au.sm	  spectrum	  disorder,	  or	  ASD.	  

•  ASDs	  affect	  one	  out	  of	  every	  88	  children	  in	  the	  U.S.	  They	  occur	  more	  ohen	  among	  boys	  than	  girls.	  While	  auBsm	  
appears	  to	  be	  on	  the	  rise,	  it's	  unclear	  whether	  the	  growing	  number	  of	  diagnoses	  shows	  a	  real	  increase	  or	  comes	  
from	  improved	  detecBon.	  

•  Signs	  of	  ASD:	  
•  Social	  interacBon	  
•  CommunicaBon	  -‐-‐	  both	  verbal	  and	  non	  verbal.	  
•  Behaviors	  and	  interests	  

•  Each	  child	  with	  an	  ASD	  will	  have	  his	  or	  her	  own	  pakern	  of	  auBsm.	  	  
•  SomeBmes,	  a	  child's	  development	  is	  delayed	  from	  birth.	  Some	  children	  seem	  to	  develop	  normally	  before	  they	  

suddenly	  lose	  social	  or	  language	  skills.	  Others	  show	  normal	  development	  unBl	  they	  have	  enough	  language	  to	  
demonstrate	  unusual	  thoughts	  and	  preoccupaBons.	  	  

•  In	  some	  children,	  a	  loss	  of	  language	  is	  the	  major	  impairment.	  In	  others,	  unusual	  behaviors	  (like	  spending	  hours	  
lining	  up	  toys)	  seem	  to	  to	  be	  the	  dominant	  factors.	  

•  UnBl	  recently,	  the	  types	  of	  ASD	  have	  been	  determined	  by	  guidelines	  in	  the	  diagnosBc	  manual	  (DSM	  -‐	  IV)	  of	  the	  
American	  Psychiatric	  AssociaBon.	  According	  to	  the	  CDC,	  the	  three	  main	  types	  of	  ASD	  are:	  

•  Asperger's	  syndrome	  
•  Pervasive	  developmental	  disorder,	  not	  otherwise	  specified	  (PDD-‐NOS)	  
•  AuBsBc	  disorder	  
•  The	  DSM	  -‐IV	  also	  included	  two	  rare	  but	  severe	  auBsBc-‐like	  condiBons	  -‐-‐	  Re@	  syndrome	  and	  childhood	  

disintegra.ve	  disorder	  (CDD).	  	  

•  The	  new	  diagnosBc	  manual	  has	  made	  some	  major	  changes	  in	  this	  list	  of	  disorders.	  It's	  unclear,	  though,	  how	  
these	  changes	  will	  affect	  the	  way	  health	  professionals	  define	  exactly	  what	  is	  an	  auBsBc	  spectrum	  disorder.	  

•  Fragile	  X	  Syndrome	  
•  This	  disorder	  is	  the	  most	  common	  inherited	  form	  of	  mental	  retardaBon.	  It	  

was	  so	  named	  because	  one	  part	  of	  the	  X	  chromosome	  has	  a	  defecBve	  
piece	  that	  appears	  pinched	  and	  fragile	  under	  a	  microscope.	  

•  5%	  of	  people	  with	  auBsm	  are	  affected	  by	  fragile	  X,	  and	  10%	  to	  15%	  of	  
those	  with	  fragile	  X	  show	  auBsBc	  traits.	  

•  Fragile	  X	  syndrome	  is	  characterized	  by	  moderate	  intellectual	  disability	  in	  
affected	  males	  and	  mild	  intellectual	  disability	  in	  affected	  females.	  
DisBncBve	  physical	  features	  are	  someBmes	  present	  in	  affected	  males	  
including	  a	  large	  head,	  long	  face,	  prominent	  forehead	  and	  chin,	  protruding	  
ears,	  loose	  joints	  and	  large	  testes,	  but	  these	  features	  develop	  over	  Bme	  
and	  may	  not	  be	  obvious	  unBl	  puberty.	  Motor	  and	  language	  delays	  are	  
usually	  present	  but	  also	  become	  more	  apparent	  over	  Bme.	  Behavioral	  
abnormaliBes	  including	  auBsBc	  behaviors	  are	  common.	  

•  Fragile	  X	  syndrome	  is	  caused	  by	  an	  abnormality	  (mutaBon)	  in	  the	  FMR1	  
gene.	  Affected	  individuals	  have	  an	  increased	  number	  of	  copies	  of	  a	  
porBon	  of	  the	  gene	  called	  CGG	  repeats.	  The	  greater	  the	  number	  of	  copies	  
of	  CGG,	  the	  more	  likely	  there	  will	  be	  increased	  severity	  of	  the	  disorder.	  
Fragile	  X	  syndrome	  occurs	  more	  ohen	  in	  males	  and	  results	  in	  more	  severe	  
disease	  in	  males.	  	  
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Re@	  syndrome	  
ASD	  that	  affects	  girls	  almost	  exclusively.	  It's	  rare	  -‐-‐	  about	  one	  in	  10,000	  to	  15,000.	  
In	  most	  cases	  of	  Rek	  syndrome,	  a	  child	  develops	  normally	  in	  early	  life.	  Between	  6	  and	  18	  
months	  of	  age,	  changes	  in	  the	  normal	  pakerns	  of	  mental	  and	  social	  development	  begin.	  
Although	  it's	  not	  always	  detected,	  a	  slowing	  of	  head	  growth	  is	  one	  of	  the	  first	  events	  in	  
Rek	  syndrome.	  Loss	  of	  muscle	  tone	  is	  also	  an	  iniBal	  symptom.	  Soon,	  the	  child	  loses	  any	  
purposeful	  use	  of	  her	  hands.	  Instead,	  she	  habitually	  wrings	  or	  rubs	  her	  hands	  together.	  
Around	  1	  to	  4	  years	  of	  age,	  social	  and	  language	  skills	  deteriorate	  in	  a	  girl	  with	  Rek	  
syndrome.	  She	  stops	  talking	  and	  develops	  extreme	  social	  anxiety	  and	  withdrawal	  or	  
disinterest	  in	  other	  people.	  
Rek	  syndrome	  also	  causes	  problems	  with	  muscles	  and	  coordinaBon.	  Walking	  becomes	  
awkward	  as	  girls	  develop	  a	  jerky,	  sBff-‐legged	  gait.	  A	  girl	  with	  Rek	  syndrome	  may	  also	  have	  
uncoordinated	  breathing	  and	  seizures.	  
Most	  children	  with	  Rek	  syndrome	  have	  a	  mutaBon	  in	  a	  parBcular	  gene	  on	  the	  X	  
chromosome.	  Exactly	  what	  this	  gene	  does,	  or	  how	  its	  mutaBon	  leads	  to	  Rek	  syndrome,	  
isn't	  clear.	  
Although	  Rek	  syndrome	  seems	  to	  be	  geneBc,	  the	  faulty	  gene	  is	  almost	  never	  inherited	  
from	  the	  parents.	  Rather,	  it's	  a	  chance	  mutaBon	  that	  happens	  in	  the	  girl's	  own	  DNA.	  No	  
Rek	  syndrome	  risk	  factors	  have	  been	  idenBfied,	  other	  than	  being	  female.	  There	  is	  no	  
known	  method	  for	  prevenBng	  Rek	  syndrome.	  
When	  boys	  develop	  the	  Rek	  syndrome	  mutaBon,	  they	  die	  shortly	  aher	  birth.	  Because	  
boys	  have	  only	  one	  X	  chromosome	  (instead	  of	  the	  two	  girls	  have),	  the	  disease	  is	  more	  
serious,	  and	  quickly	  fatal.	  


