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•  The	  Human	  Genome	  
•  The	  Genome	  Reference	  Consor+um	  
•  What’s	  new	  in	  GRCh38?	  
•  What	  next	  for	  the	  human	  genome	  reference?	  
•  File	  Formats	  Overview	  
	  

Overview	  



A	  Very	  Brief	  History	  of	  
the	  Human	  Genome	  

•  Reference	  genomes	  trace	  their	  origins	  to	  gene	  
maps,	  first	  seen	  around	  1911	  
	  

•  In	  1998	  C.	  elegans	  became	  the	  first	  mul+	  cellular	  
organism	  with	  a	  fully	  assembled	  reference	  
genome	  	  

	  
•  In	  February	  2001	  the	  Human	  Genome	  Project	  

published	  its	  first	  results	  

•  As	  of	  February	  2014	  there	  were	  38	  major	  
updates	  to	  the	  human	  genome	  

Alfred	  Sturtevant	  

Caenorhabdi+s	  elegans	  



•  Breaking	  news:	  the	  human	  genome	  isn’t	  really	  
complete!	  

•  Instead	  most	  of	  the	  human	  genome	  is	  
assembled	  

•  New	  itera+ons	  are	  released	  periodically	  by	  
Genome	  Reference	  Consor+um	  

•  The	  most	  recent	  is	  GRCh38	  

The	  Human	  Genome	  



Who	  are	  the	  GRC?	  

•  Make	  changes	  to	  the	  genomes	  in	  two	  phases	  
– Minor	  release:	  coordinate	  unchanged	  
– Major	  release:	  coordinates	  changed	  



•  Alternate	  Sequences:	  
– Some	  parts	  of	  the	  genome	  can’t	  be	  represented	  
by	  a	  single	  sequence	  

– GRCh38	  includes	  261	  alterna+ve	  loci	  
•  Centromere	  Modeling:	  
– Centromeres	  are	  highly	  repe++ve	  regions	  
– GRCh38	  a^empts	  to	  model	  regions	  in	  order	  to	  
a^ract	  centrosome	  reads	  and	  reduce	  noise	  

What’s	  new	  in	  GRCh38?	  



•  Mitochondrial	  genome:	  
– Updated	  to	  reflect	  most	  recent	  work	  done	  by	  
MITOMAP	  

•  Sequence	  Error	  Correc+on:	  
– Data	  from	  1000	  genome	  project	  used	  to	  correct	  
errors	  in	  previous	  release	  

– 6183	  SNVs,	  489	  Inser+ons,	  910	  dele+ons	  

What’s	  new	  in	  GRCh38?	  



•  No	  more	  “major	  releases”	  
– As	  aligners	  become	  more	  competent	  with	  
alternate	  loci	  the	  need	  for	  full	  scale	  revisions	  
lessons	  

•  A	  greater	  range	  of	  human	  assemblies	  
– CHM1	  
– NA12878	  

•  More	  patches	  
– First	  patch	  for	  GRCh38	  released	  Sept	  2014	  

What	  next	  for	  the	  Human	  Genome	  
reference?	  



When	  we	  conduct	  a	  whole	  genome	  sequencing	  experiment	  we	  align	  “reads”	  back	  to	  
the	  reference.	  

How	  is	  the	  reference	  used	  by	  
bioinforma+cians?	  

DNA	   Sequencing	  Reads	  PCR	  Amplified	  
Fragmented	  DNA	  

Sequencing	  	  
the	  fragments	  

Reads	  aligned	  to	  the	  reference:	  



•  Used	  for:	  DNA	  Sequences	  
•  FASTA	  looks	  like	  this:	  

	  
	  
	  
	  
	  
	  

	  

•  FASTQ	  Looks	  like	  this:	  	  
	  
	  
	  

	  

FASTA	  and	  FASTQ	  



BAM	  and	  SAM	  •  Used	  for:	  Aligned	  Sequences	  
•  They	  look	  like	  this:	  

	  
	  
	  
	  

•  In	  IGV	  they	  look	  like	  this:	  	  
	  
	  
	  

	  



BED	  Files	  +	  
Big	  BED	  

•  Used	  for:	  Specifying	  Regions	  
•  They	  look	  like	  this:	  

	  
	  
	  
	  

•  In	  IGV	  they	  look	  like	  this:	  	  
	  
	  
	  

	  



•  Displaying	  dense	  genomic	  data	  in	  density	  format	  
•  Wig	  files	  look	  like	  this:	  

	  
	  
	  

Wig	  and	  BigWig	  



•  Used	  for	  specifying	  variants	  (SNPs,SNVs	  and	  Indels)	  
•  VCF	  files	  look	  like	  this:	  

	  

VCF	  



•  Used	  to	  display	  genomic	  features	  
•  GFF	  files	  look	  like	  this:	  

	  

GFF3	  
(GTF)	  



Thanks	  for	  listening…	  
…now	  for	  something	  more	  interes+ng!	  


