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Centromere Models 
The	
  repe55ve	
  nature	
  and	
  structural	
  complexity	
  of	
  centromeres	
  meant	
  that	
  	
  
These	
  important	
  biological	
  structures	
  were	
  represented	
  by	
  3	
  million	
  ‘N’s	
  in	
  	
  
Previous	
  assembly	
  versions.	
  Miga	
  et	
  al.	
  were	
  able	
  to	
  construct	
  graph-­‐based	
  	
  
models	
  of	
  the	
  alpha	
  satellite	
  sequences	
  in	
  the	
  HuRef	
  assembly	
  (Figure	
  6).	
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The	
  graphs	
  represent	
  a	
  model	
  of	
  the	
  	
  
rela5onship	
  between	
  alpha-­‐satellite	
  monomers.	
  
But	
  this	
  graph	
  like	
  structure	
  cannot	
  be	
  	
  
incorporated	
  into	
  the	
  reference	
  assembly.	
  To	
  do	
  	
  
this	
  the	
  graphs	
  had	
  to	
  be	
  linearized	
  into	
  	
  FASTA	
  
sequences	
  that	
  represents	
  the	
  average	
  of	
  both	
  	
  
autosomes	
  in	
  the	
  HuRef	
  genome.	
  The	
  FASTA	
  could	
  then	
  be	
  used	
  
to	
  construct	
  the	
  chromosome	
  sequences	
  that	
  help	
  make	
  up	
  GRCh38.	
  
Figure	
  c2	
  shows	
  an	
  example	
  of	
  this.	
  	
  

Figure	
  6.	
  Graphical	
  representa5ons	
  of	
  the	
  
centromere	
  graphs	
  constructed	
  by	
  Miga	
  et	
  al.	
  	
  

Of	
  note,	
  the	
  sequences	
  
of	
  some	
  chromosomes	
  could	
  not	
  be	
  separated	
  
	
  (chr5	
  and	
  chr19	
  collapse	
  into	
  one	
  model;	
  the	
  	
  
acrocentric	
  chromosomes	
  collapse	
  into	
  a	
  separate	
  	
  
model).	
  This	
  means	
  that	
  some	
  of	
  the	
  model	
  	
  
sequence	
  is	
  represented	
  more	
  than	
  one	
  5me	
  in	
  	
  
the	
  Primary	
  reference	
  assembly.	
  This	
  is	
  a	
  situa5on	
  	
  
that	
  is	
  similar	
  to	
  the	
  Pseudoautosomal	
  region	
  (PAR).	
  	
  	
  

Figure	
  7.	
  An	
  example	
  of	
  the	
  lineariza5on	
  and	
  integra5on	
  of	
  a	
  model	
  centromere	
  sequence	
  for	
  
GRCh38.	
  Of	
  interest	
  in	
  the	
  above	
  figure	
  is	
  the	
  inclusion	
  of	
  a	
  con5g	
  that	
  was	
  previously	
  	
  
unplaced	
  in	
  the	
  HuRef	
  assembly.	
  The	
  inclusion	
  of	
  these	
  sequences	
  are	
  oaen	
  supported	
  by	
  	
  
other	
  lines	
  of	
  mapping	
  evidence	
  and	
  show	
  addi5onal	
  u5lity	
  for	
  including	
  the	
  centromere	
  	
  
models.	
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The	
  inclusion	
  of	
  centromere	
  models	
  allows	
  for	
  improved	
  study	
  of	
  centromeric	
  
regions	
  and	
  should	
  improve	
  alignments	
  of	
  NGS	
  sequences	
  containing	
  alpha	
  
satellite.	
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Highly	
  diverse	
  regions	
  of	
  the	
  human	
  genome	
  cannot	
  be	
  assembled	
  into	
  a	
  	
  
single	
  consensus.	
  In	
  these	
  cases,	
  the	
  GRC	
  constructs	
  individual	
  sequences	
  and	
  	
  

incorporates	
  one	
  into	
  the	
  chromosome	
  while	
  any	
  other	
  sequences	
  are	
  scaffolds	
  
aligned	
  to	
  the	
  chromosome.	
  In	
  GRCh37,	
  	
  there	
  were	
  3	
  genomic	
  regions	
  containing	
  	
  

9	
  alternate	
  loci.	
  In	
  GRCh38,	
  there	
  are	
  178	
  regions	
  of	
  the	
  genome	
  containing	
  	
  
261	
  alternate	
  loci.	
  These	
  sequences	
  contain	
  genes	
  not	
  represented	
  on	
  the	
  	
  

chromosome	
  assembly.	
  Many	
  of	
  these	
  regions,	
  such	
  as	
  the	
  MHC,	
  LRC	
  and	
  the	
  17q21	
  	
  
region	
  are	
  biomedically	
  important.	
  Exclusion	
  of	
  these	
  regions	
  means	
  omigng	
  	
  

197	
  genes	
  from	
  your	
  analysis.	
  	
  	
  

MHC	
  Alternate	
  Locus	
  (SSTO)	
  

Genes	
  annotated	
  on	
  MHC	
  Alternate	
  Locus	
  (SSTO)	
  

Alignment	
  to	
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Figure	
  8.	
  Alignment	
  of	
  the	
  GRCh38	
  chromosome	
  6	
  sequence	
  to	
  one	
  of	
  the	
  	
  

alternate	
  loci	
  at	
  the	
  MCH	
  region.	
  The	
  top	
  2	
  tracks	
  are	
  the	
  alternate	
  sequence	
  and	
  
genes	
  annotated	
  on	
  this	
  in	
  NCBI	
  Homo	
  sapiens	
  annota5on	
  106.	
  	
  The	
  boDom	
  two	
  

tracks	
  show	
  the	
  alignment	
  to	
  chromosome	
  6	
  and	
  genes	
  annotated	
  there.	
  The	
  
green	
  box	
  highlights	
  gene	
  models	
  present	
  on	
  the	
  alternate	
  locus	
  that	
  are	
  not	
  on	
  

the	
  chromosome	
  assembly.	
  

Figure	
  9.	
  Dele5on	
  alternate	
  loci	
  are	
  rare,	
  but	
  this	
  example	
  on	
  chr22	
  shows	
  an	
  alternate	
  
locus	
  in	
  the	
  APOBEC	
  region.	
  The	
  dele5on	
  allele	
  creates	
  a	
  new	
  gene	
  that	
  is	
  a	
  combina5on	
  of	
  
the	
  APOBEC3A	
  and	
  APOBEC3B	
  genes.	
  The	
  dele5on	
  allele	
  shows	
  popula5on	
  stra5fica5on	
  as	
  
it	
  is	
  the	
  minor	
  allele	
  (or	
  never	
  seen)	
  in	
  some	
  popula5ons	
  but	
  the	
  major	
  allele	
  in	
  others.	
  	
  

Alternate	
  loci	
  add	
  gene	
  models	
  in	
  biomedically	
  important	
  regions.	
  

Gaps	
  

Alternate	
  Locus	
  Regions	
  

GRCh38	
  regions	
  with	
  no	
  reciprocal	
  best	
  hit	
  to	
  GRCh37	
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Human	
  specific	
  sequences	
  occur	
  due	
  to	
  genomic	
  duplica5on	
  that	
  has	
  occurred	
  only	
  in	
  
the	
  human	
  lineage.	
  These	
  sequences	
  show	
  a	
  high	
  degree	
  of	
  sequence	
  iden5ty	
  between	
  	
  

paralogs	
  and	
  are	
  difficult	
  to	
  sequence	
  and	
  assemble.	
  These	
  sequences	
  are	
  oaen	
  involved	
  
in	
  the	
  expansion	
  and	
  contrac5on	
  of	
  sequences	
  between	
  assembly	
  builds	
  However,	
  many	
  
	
  of	
  these	
  sequences	
  have	
  important	
  biological	
  func5ons	
  and	
  some	
  have	
  been	
  associated	
  

with	
  disease.	
  Missing	
  paralogs	
  may	
  lead	
  to	
  false	
  posi5ve	
  variant	
  iden5fica5on.	
  	
  

Alignment to paralog (99.4% id over 300Kb) 

Alignment to 16q22 in another assembly 

Figure	
  4.	
  The	
  Hydin	
  locus	
  at	
  16q22	
  has	
  	
  
been	
  associated	
  with	
  Primary	
  Ciliary	
  	
  

Dyskinesia	
  (OMIM:	
  610812).	
  There	
  has	
  	
  
been	
  a	
  human	
  specific	
  par5al	
  duplica5on	
  	
  

of	
  this	
  gene,	
  with	
  the	
  paralog	
  residing	
  	
  
in	
  1q21.	
  The	
  chromosome	
  1	
  and	
  	
  

chromosome	
  16	
  loci	
  share	
  99.4%	
  iden5ty	
  	
  
over	
  300	
  Kb.	
  In	
  earlier	
  versions	
  of	
  the	
  	
  
assembly,	
  some	
  of	
  the	
  chromosome	
  1	
  	
  

clones	
  were	
  used	
  to	
  construct	
  the	
  
	
  chromosome	
  16	
  locus.	
  These	
  clones	
  	
  

were	
  removed	
  and	
  the	
  Hydin2	
  paralog	
  	
  
was	
  not	
  in	
  the	
  assembly	
  un5l	
  GRCh37,	
  	
  

but	
  then	
  only	
  as	
  an	
  unlocalized	
  scaffold.	
  	
  
In	
  GRCh38,	
  Hydin	
  2	
  has	
  been	
  added	
  to	
  	
  

the	
  chromosome	
  1	
  assembly.	
  The	
  
figure	
  to	
  the	
  top	
  lea	
  shows	
  the	
  alignment	
  of	
  the	
  Hydin	
  locus	
  in	
  GRCh37	
  to	
  the	
  paralogous	
  sequence	
  on	
  chr1	
  	
  as	
  well	
  	
  

as	
  to	
  a	
  chr	
  16.	
  locus	
  from	
  another	
  assembly.	
  The	
  figure	
  to	
  the	
  right	
  shows	
  a	
  zoomed	
  in	
  view.	
  The	
  green	
  box	
  highlights	
  
a	
  paralogous	
  sequence	
  variant	
  (PSV)	
  that	
  overlaps	
  a	
  submiDed	
  SNP.	
  All	
  varia5on	
  in	
  this	
  region,	
  including	
  clinically	
  

associated	
  variants,	
  needs	
  to	
  be	
  reviewed	
  in	
  light	
  of	
  this	
  highly	
  related	
  paralog.	
  Allelic	
  varia5on	
  in	
  either	
  region	
  will	
  
be	
  difficult	
  to	
  iden5fy	
  with	
  current	
  sequencing	
  technologies.	
  	
  

Figure	
  5.	
  This	
  figure	
  shows	
  a	
  family	
  of	
  genes	
  known	
  as	
  the	
  SRGAPS.	
  Only	
  SRGAP2A	
  is	
  seen	
  in	
  other	
  
primates,	
  the	
  par5al	
  copies	
  are	
  human	
  specific.	
  No	
  member	
  of	
  this	
  gene	
  family	
  is	
  well	
  represented	
  in	
  
GRCh37,	
  but	
  are	
  all	
  fully	
  represented	
  in	
  GRCh38.	
  This	
  gene	
  family	
  is	
  involved	
  in	
  neuronal	
  outgrowth.	
  

GRCh38	
  adds	
  previously	
  missing	
  human	
  sequences	
  

References:	
  NCBI	
  EukaryoAc	
  AnnotaAon	
  Pipeline	
  

Robust	
  gene	
  representa5on	
  in	
  the	
  reference	
  assembly	
  is	
  a	
  cri5cal	
  aspect	
  for	
  analyzing	
  whole	
  genome	
  and	
  whole	
  	
  
exome	
  data.	
  Using	
  gene	
  annota5on	
  data	
  from	
  the	
  NCBI	
  eukaryo5c	
  annota5on	
  pipeline,	
  we	
  looked	
  at	
  Gene	
  IDs	
  	
  
that	
  are	
  not	
  represented	
  at	
  all	
  in	
  GRCh37	
  or	
  were	
  par5al	
  gene	
  annota5ons	
  in	
  GRCh37,	
  but	
  complete	
  in	
  GRCh38.	
  	
  

4,989	
   Gene	
  IDs	
  in	
  GRCh38	
  that	
  are	
  not	
  in	
  GRCh37	
  2,074	
  Gene	
  IDs	
  in	
  GRCh38	
  that	
  are	
  par5ally	
  in	
  GRCh37	
  

Figure	
  1.	
  KCNJ18	
  (muta5ons	
  in	
  this	
  gene	
  have	
  been	
  associated	
  with	
  thyrotoxic	
  	
  
hypokalemic	
  periodic	
  paralysis)	
  is	
  completely	
  missing	
  in	
  GRCh37,	
  but	
  present	
  in	
  	
  
GRCh38.	
  The	
  above	
  figure	
  shows	
  an	
  alignment	
  of	
  a	
  fix	
  patch	
  containing	
  KCNJ18	
  
that	
  is	
  now	
  part	
  of	
  GRCh38.	
  

PTPRQ	
  transcript	
  

Alignment	
  to	
  GRCh37	
  

Alignment	
  to	
  GRCh38	
  
Figure	
  2.	
  Some	
  gene	
  fixes	
  are	
  more	
  subtle.	
  PTPRQ,	
  associated	
  with	
  autosomal	
  recessive	
  
deafness,	
  contained	
  an	
  internal	
  dele5on	
  in	
  GRCh37	
  due	
  to	
  an	
  error	
  in	
  assembling	
  the	
  
underlying	
  clone	
  sequence.	
  This	
  has	
  been	
  fixed	
  in	
  GRCh38	
  by	
  inser5ng	
  a	
  small	
  piece	
  of	
  the	
  
HuRef	
  assembly.	
  The	
  green	
  box	
  highlights	
  the	
  discrepant	
  region.	
  

Thousands	
  of	
  genes	
  are	
  added,	
  
completed	
  or	
  beDer	
  represented	
  	
  
In	
  GRCh38	
  

Figure	
  3.	
  Global	
  assessment	
  of	
  collapsed	
  
sequence	
  in	
  GRCh37	
  and	
  GRCh38.	
  A	
  collapse	
  
occurs	
  when	
  different	
  paralogs	
  assembly	
  together	
  
due	
  to	
  their	
  sequence	
  iden5ty.	
  	
  Regions	
  of	
  
collapse	
  occur	
  in	
  GRCh38	
  when	
  ar5ficial	
  
duplica5on	
  was	
  removed	
  from	
  GRCh37.	
  

GRCh38 


