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Homework	
  assignment	
  2	
  
•  Given	
  the	
  publica=on	
  

h>p://www.ncbi.nlm.nih.gov/pubmed/19723656,	
  find	
  GEO	
  
datasets	
  that	
  are	
  associated	
  with	
  the	
  paper.	
  

•  Choose	
  the	
  first	
  data	
  series	
  and	
  perform	
  a	
  GEO2R	
  analysis	
  

•  Find	
  the	
  top	
  two	
  differen=ally	
  expressed	
  genes	
  and	
  search	
  their	
  
gene	
  symbol	
  at	
  Gene	
  database	
  and	
  explain	
  what	
  they	
  are	
  

	
  
•  Write	
  a	
  report	
  (in	
  word	
  or	
  ppt)	
  to	
  include	
  all	
  the	
  opera=ons	
  and	
  

screen	
  shots	
  	
  
	
  	
  Due	
  on	
  9/25	
  (send	
  by	
  email	
  or	
  bring	
  printed	
  hard	
  copy	
  to	
  class)	
  	
  

Office	
  hour:	
  	
  
Tue,	
  Thu	
  and	
  Fri	
  2-­‐4pm,	
  MO325A	
  
Or	
  email:	
  yyin@niu.edu	
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GEO	
  is	
  an	
  interna=onal	
  public	
  repository	
  that	
  archives	
  and	
  freely	
  distributes	
  
microarray,	
  next-­‐genera=on	
  sequencing,	
  and	
  other	
  forms	
  of	
  high-­‐throughput	
  
func=onal	
  genomics	
  data	
  submi>ed	
  by	
  the	
  research	
  community.	
  
	
  
The	
  three	
  main	
  goals	
  of	
  GEO	
  are	
  to:	
  
	
  
Provide	
  a	
  robust,	
  versa=le	
  database	
  in	
  which	
  to	
  efficiently	
  store	
  high-­‐throughput	
  
func=onal	
  genomic	
  data	
  
	
  
Offer	
  simple	
  submission	
  procedures	
  and	
  formats	
  that	
  support	
  complete	
  and	
  
well-­‐annotated	
  data	
  deposits	
  from	
  the	
  research	
  community	
  
	
  
Provide	
  user-­‐friendly	
  mechanisms	
  that	
  allow	
  users	
  to	
  query,	
  locate,	
  review	
  and	
  
download	
  studies	
  and	
  gene	
  expression	
  profiles	
  of	
  interest	
  (Query	
  and	
  analysis)	
  

Gene	
  Expression	
  Omnibus	
  (GEO)	
  
h>p://www.ncbi.nlm.nih.gov/geo/	
  
	
  

3	
  



Gene expression 
•  Genome analysis tells us what genes are present, but 

before we can determine the organism’s phenotype, we 
need to know how those genes are expressed: under 
what conditions, in what tissues, how much gene product 
is made, etc. 
–  Also, understanding and curing diseases is tied to the 

analysis of what genes are expressed in disease 
states.  

•  There is some progress in deciphering gene control 
signals, but right now it is more profitable to do 
experiments and use bioinformatics tools to analyze their 
results.  Later, with some luck, we will be able to make 
better predictions about gene expression just from 
sequence data.  
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Gene	
  Expression	
  and	
  Regula=on	
  
	
  	
  

Genes	
  are	
  differen=ally	
  expressed	
  in...	
  
• Different	
  cell	
  types	
  (e.g.	
  muscle	
  cells,	
  fibroblasts)	
  
• Environmental	
  condi=ons	
  (e.g.	
  heat	
  shock,	
  nutrient	
  depriva=on)	
  
• Developmental	
  phases	
  (e.g.	
  embryonic	
  day	
  10)	
  
• Cell-­‐cycle	
  stages	
  (e.g.	
  G1	
  phase)	
  
• Disease	
  states	
  (e.g.	
  tumor	
  cells,	
  virus-­‐infected	
  cells)	
  

Gene	
  expression	
  is	
  primarily	
  regulated	
  at	
  the	
  level	
  of	
  transcrip=on	
  	
  
Hence,	
  the	
  number	
  of	
  mRNA	
  copies	
  in	
  a	
  cell	
  for	
  a	
  par=cular	
  gene	
  is	
  a	
  good	
  indicator	
  
of	
  that	
  gene’s	
  expression	
  (number	
  of	
  proteins)	
  	
  
	
  
Dynamic	
  range	
  of	
  mRNA	
  levels:	
  
• Highly	
  expressed	
  genes	
  can	
  have	
  up	
  to	
  9400	
  mRNA	
  copies	
  per	
  cell	
  
• Poorly	
  expressed	
  genes	
  can	
  have	
  <	
  1	
  mRNA	
  copies	
  per	
  cell	
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•  Gene	
  expression	
  is	
  the	
  process	
  by	
  which	
  informa=on	
  from	
  a	
  gene	
  is	
  used	
  in	
  
the	
  synthesis	
  of	
  a	
  func=onal	
  gene	
  product.	
  	
  

•  The	
  most	
  fundamental	
  process	
  through	
  which	
  the	
  genotype	
  gives	
  rise	
  to	
  the	
  
phenotype.	
  	
  

•  For	
  a	
  specific	
  cell	
  at	
  a	
  specific	
  =me,	
  only	
  a	
  subset	
  of	
  the	
  genes	
  coded	
  in	
  the	
  
genome	
  are	
  expressed.	
  	
  

•  Measure	
  of	
  mRNA	
  expression	
  level	
  can	
  	
  
•  Provide	
  a	
  good	
  indicator	
  of	
  corresponding	
  protein	
  expression	
  level	
  	
  
•  Provide	
  insight	
  on	
  the	
  mechanisms	
  of	
  transcrip=onal	
  and	
  post-­‐

transcrip=onal	
  regula=on	
  	
  
•  Shed	
  light	
  on	
  disease	
  mechanisms	
  and	
  treatments	
  	
  

•  Transcriptome:	
  The	
  complete	
  set	
  of	
  messenger	
  RNA	
  (mRNA)	
  and	
  noncoding	
  
RNA	
  (ncRNA)	
  transcripts	
  produced	
  by	
  a	
  par=cular	
  cell,	
  cell	
  type,	
  or	
  organism.	
  

What Gene Expression Can Do? 
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•  Hybridiza=on	
  based	
  approaches:	
  incuba=ng	
  fluorescently	
  labeled	
  
cDNA	
  with	
  microarrays.	
  Hybridiza=on	
  signal	
  is	
  measured.	
  	
  

•  Hybridiza=on:	
  the	
  process	
  of	
  establishing	
  a	
  sequence-­‐specific	
  interac=on	
  
between	
  two	
  strands	
  of	
  nucleic	
  acids	
  through	
  complementary	
  hydrogen	
  
bonding	
  between	
  nucleobases.	
  	
  

•  Printed	
  arrays	
  (cDNA	
  microarray)	
  	
  
•  Synthesized	
  arrays	
  (High	
  density	
  oligo	
  arrays)	
  	
  

•  Sequencing	
  based	
  approaches:	
  directly	
  determine	
  the	
  cDNA/
mRNA	
  sequence.	
  Count	
  is	
  measured.	
  	
  

•  Sanger	
  sequencing-­‐based	
  approaches	
  	
  
•  EST	
  sequencing	
  	
  
•  Serial	
  Analysis	
  of	
  Gene	
  Expression	
  (SAGE)	
  	
  

•  High-­‐throughput	
  sequencing-­‐based	
  approach	
  	
  
•  RNA-­‐Seq	
  

High-­‐throughput	
  transcriptome	
  profiling	
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Expressed	
  sequence	
  tag	
  (EST):	
  a	
  single-­‐pass	
  sequencing	
  read	
  from	
  the	
  3ʹ′	
  or	
  5ʹ′	
  end	
  of	
  a	
  cDNA	
  
clone.	
  In	
  contrast,	
  full-­‐length	
  cDNA	
  (FLcDNA)	
  sequencing	
  involves	
  genera=on	
  and	
  assembly	
  of	
  
sequencing	
  reads	
  spanning	
  the	
  full	
  length	
  of	
  cDNA	
  clones	
  
 

Gene	
  expression	
  profiling:	
  the	
  simultaneous	
  assessment	
  of	
  the	
  expression	
  level	
  of	
  a	
  large	
  
number	
  of	
  genes,	
  ohen	
  an	
  en=re	
  genome,	
  to	
  obtain	
  a	
  global	
  snapshot	
  of	
  the	
  complete	
  
mRNA	
  component	
  of	
  the	
  cell	
  at	
  a	
  given	
  =me;	
  helps	
  to	
  dis=nguish	
  between	
  different	
  cell	
  
types,	
  different	
  disease	
  states,	
  and	
  different	
  =me	
  points	
  during	
  development	
  

Microarray:	
  a	
  method	
  for	
  high-­‐throughput	
  gene	
  expression	
  profiling	
  involving	
  hybridiza=on	
  
of	
  mRNA	
  to	
  an	
  array	
  of	
  complementary	
  DNA	
  probes	
  corresponding	
  to	
  genes	
  of	
  interest.	
  
Hybridiza=on	
  intensity	
  to	
  a	
  par=cular	
  probe	
  is	
  related	
  to	
  the	
  expression	
  level	
  of	
  the	
  
corresponding	
  transcript.	
  The	
  microarray	
  method	
  has	
  dominated	
  expression	
  profiling	
  
research	
  for	
  the	
  past	
  decade	
  

Concepts 
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Resequencing:	
  sequencing	
  of	
  the	
  genome	
  or	
  transcriptome	
  of	
  an	
  individual	
  of	
  a	
  species	
  
for	
  which	
  a	
  reference	
  genome	
  sequence	
  is	
  available.	
  In	
  contrast,	
  sequencing	
  and	
  assembly	
  
of	
  the	
  reference	
  genome	
  itself	
  is	
  termed	
  de	
  novo	
  sequencing.	
  Resequencing	
  is	
  commonly	
  
conducted	
  to	
  gauge	
  sequence	
  diversity	
  within	
  the	
  species	
  

Serial	
  Analysis	
  of	
  Gene	
  Expression	
  (SAGE):	
  the	
  first	
  sequencing-­‐based	
  method	
  for	
  high-­‐
throughput	
  gene	
  expression	
  profiling.	
  SAGE	
  involves	
  the	
  genera=on	
  of	
  short	
  sequence	
  tags	
  
from	
  3ʹ′	
  ends	
  of	
  mRNA	
  transcripts.	
  The	
  tags	
  are	
  then	
  concatenated,	
  sequenced,	
  and	
  
counted	
  providing	
  es=mates	
  of	
  transcript	
  abundance	
  

Sequencing	
  depth:	
  the	
  total	
  number	
  of	
  sequencing	
  reads	
  generated	
  from	
  a	
  sequencing	
  
library.	
  The	
  higher	
  the	
  sequencing	
  depth	
  the	
  higher	
  the	
  chance	
  of	
  detec=ng	
  rare	
  
transcripts	
  and	
  sequence	
  variants	
  present	
  in	
  the	
  cell	
  

More concepts 
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DNA	
  microarray:	
  a	
  solid	
  support	
  (glass	
  slide,	
  silicon	
  chip,	
  etc)	
  on	
  which	
  DNA	
  of	
  known	
  
sequence	
  is	
  deposited	
  in	
  a	
  regular	
  grid-­‐like	
  array.	
  	
  
	
  
•  SpoBed	
  or	
  printed	
  arrays	
  (aka	
  cDNA	
  array):	
  DNA	
  feature	
  physically	
  transferred	
  

from	
  a	
  plate	
  or	
  reservoir	
  to	
  a	
  solid	
  support,	
  typically	
  a	
  chemically	
  modified	
  glass	
  
microscope	
  slide.	
  (Agilent,	
  GE,	
  ABI)	
  	
  

•  Synthesized	
  arrays	
  (aka	
  oligonucleoEde	
  array):	
  DNA	
  features	
  chemically	
  
synthesized	
  in-­‐situ	
  on	
  the	
  substrate.	
  (Affymetrix,	
  NimbleGen,	
  Combimatrix)	
  	
  

DNA	
  microarrays	
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1.  Prepare	
  or	
  purchase	
  DNA	
  microarray	
  	
  

2.  Isolate	
  mRNA	
  from	
  cell	
  cultures	
  or	
  =ssue	
  samples	
  	
  

3.  Reverse	
  transcribe	
  mRNA	
  into	
  cDNA	
  	
  

4.  Label	
  cDNA	
  by	
  incorpora=ng	
  fluorescently-­‐labeled	
  nucleo=des	
  	
  

5.  Hybridize	
  labeled	
  cDNA	
  to	
  DNA	
  microarray	
  	
  

6. Wash	
  and	
  scan	
  microarray	
  in	
  scanner	
  	
  

7.  Analyze	
  data	
  	
  

A	
  simplified	
  protocol	
  for	
  DNA	
  
microarray	
  experiment	
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Basic	
  intro	
  to	
  microarray	
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Cyanine	
  



Wang et al. Nature Rev Genet, 10:57, 2009 

Technology Tiling microarray EST sequencing RNA-Seq 

Technology specifications 

Principle Hybridization Sanger sequencing High-throughput 
sequencing 

Resolution From several to 100 bp Single base Single base 

Throughput High Low High 

Reliance on genomic sequence Yes No In some cases 

Background noise High Low Low 

Practical issues 

Required amount of RNA High High Low 
Cost for mapping transcriptomes 
of large genomes 

High High Relatively low 

Application 
Dynamic range to quantify gene 
expression level 

Up to a few hundred-
fold 

Not practical >,8000-fold 

Simultaneously map transcribed 
regions and gene expression 

Yes Limited for gene 
expression 

Yes 

Ability to distinguish different 
isoforms 

Limited Yes Yes 

Ability to distinguish allelic 
expression 

Limited Yes Yes 
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People	
  are	
  moving	
  from	
  microarray	
  to	
  high	
  
throughput	
  sequencing 



Sequences targeted by different sequencing-based approaches 

Morozova et al. Annu Rev Genom Human Genet, 2009 
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RNA-Seq 
•  RNA-Seq: the use of next generation 

sequencing technologies to 
sequence cDNA in order to get 
information about a sample's RNA 
content. 

•  A RNA fraction of interest is selected, 
fragmented and reverse transcribed. 

•  Resulting cDNA are sequenced using 
one of the next generation 
sequencing technologies to obtain 
ten to a hundred million reads. 

•  The reads are mapped back onto the 
genome and analyzed to calculate 
expression levels. Pepke et al. Nature Methods 6:S22 - S32, 

2009 
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What	
  data	
  does	
  GEO	
  have?	
  

•  Submi>er	
  supplied:	
  Plamorm,	
  Sample,	
  Series	
  

•  NCBI	
  curated:	
  DataSets	
  and	
  Profiles	
  

•  Tools:	
  GEO	
  BLAST	
  and	
  GEO2R	
  

h>p://www.ncbi.nlm.nih.gov/geo/	
  
	
  

Omics	
  data:	
  
	
  
Genomics	
  
Transcriptomics	
  
Epigenomics	
  
Proteomics	
  
…	
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GEO	
  accession	
  number	
  (GPLxxx)	
  
GSMxxx	
  

GSExxx	
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Microarray	
  

NGS	
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Expression	
  

Genome	
  varia=on	
  

DNA-­‐binding	
  

Methyla=on/	
  
Epigenomics	
  

Protein	
  array	
  

ncRNAs	
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Plamorm,	
  Sample,	
  Series	
  

Experiment	
  centric	
  
Data	
  of	
  a	
  GEO	
  Series	
  are	
  reassembled	
  by	
  GEO	
  
staff	
  into	
  GEO	
  Dataset	
  records	
  (GDSxxx).	
  
	
  
A	
  DataSet	
  represents	
  a	
  curated	
  collec=on	
  of	
  
biologically	
  and	
  sta=s=cally	
  comparable	
  GEO	
  
Samples	
  and	
  forms	
  the	
  basis	
  of	
  GEO's	
  suite	
  of	
  
data	
  display	
  and	
  analysis	
  tools.	
  
	
  Not	
  all	
  submi>ed	
  data	
  are	
  suitable	
  for	
  DataSet	
  
assembly,	
  so	
  not	
  all	
  Series	
  have	
  corresponding	
  
DataSet	
  record(s).	
  

Profiles	
  are	
  derived	
  from	
  DataSets	
  
	
  
A	
  Profile	
  consists	
  of	
  the	
  expression	
  
measurements	
  for	
  an	
  individual	
  gene	
  
across	
  all	
  Samples	
  in	
  a	
  DataSet.	
  

Gene	
  centric	
  

h>p://www.ncbi.nlm.nih.gov/geo/info/overview.html	
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Hands	
  on	
  exercise	
  1	
  

GEO	
  browse	
  and	
  query	
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24	
  

h>p://www.ncbi.nlm.nih.gov/geo/	
  



Try:	
  	
  
cancer	
  
colon	
  cancer	
  
arabidopsis	
  
ecoli 

These	
  are	
  only	
  DataSets	
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Type	
  the	
  keyword	
  in	
  the	
  search	
  box	
  and	
  click	
  search	
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stem	
  development	
  AND	
  arabidopsis[organism]	
  

term	
  [field]	
  OPERATOR	
  term	
  [field] Construct	
  queries	
  to	
  narrow	
  down	
  the	
  results	
  



term	
  [field]	
  OPERATOR	
  term	
  [field] 
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h>p://www.ncbi.nlm.nih.gov/geo/info/qqtutorial.html	
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Hands	
  on	
  exercise	
  2	
  

GEO	
  gene	
  profiles	
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Search	
  for	
  a	
  gene:	
  GAUT1	
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32	
  

Click	
  here	
  

Scroll	
  down	
  to	
  find	
  record	
  17	
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Profile	
  neighbors:	
  what	
  
are	
  the	
  co-­‐expressed	
  
genes	
  sharing	
  similar	
  
expression	
  profiles?	
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Go	
  back	
  to	
  result	
  page	
  



Chromosome	
  neighbors:	
  
are	
  neighboring	
  genes	
  
co-­‐expressed?	
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Hands	
  on	
  exercise	
  3	
  

GEO	
  DataSets	
  analysis	
  tool	
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37	
  

Click	
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Click	
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We	
  want	
  to	
  use	
  this	
  DataSet	
  to	
  iden=fy	
  differen=ally	
  expressed	
  genes	
  in	
  stem	
  development	
  
How:	
  define	
  two	
  groups	
  of	
  samples	
  and	
  run	
  two	
  sample	
  t	
  test	
  

Click	
  on	
  step	
  2	
  to	
  define	
  two	
  groups	
  of	
  samples	
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Click	
  samples	
  to	
  select	
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Step	
  1:	
  you	
  can	
  choose	
  different	
  sta=s=cal	
  methods	
  for	
  analysis	
  

Step	
  3	
  to	
  perform	
  analysis	
  



42	
  

Group	
  1	
  
Group	
  2	
  

Result	
  page	
  is	
  a	
  list	
  of	
  genes	
  with	
  significantly	
  different	
  expression	
  between	
  
two	
  groups	
  of	
  samples	
  



GEO2R:	
  differen=ally	
  expressed	
  genes	
  

h>p://www.youtube.com/watch?v=EUPmGWS8ik0	
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“Analyze	
  DataSet”	
  is	
  for	
  GEO	
  DataSets	
  
“GEO2R”	
  is	
  for	
  GEO	
  Series	
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Go	
  to	
  taxonomy	
  page,	
  and	
  put	
  the	
  species	
  name	
  you	
  want	
  to	
  search	
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Go	
  to	
  GEO	
  datasets	
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Let’s	
  try	
  the	
  second	
  one	
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Plamorm	
  and	
  sample	
  data	
  

Click	
  here	
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Click	
  on	
  Define	
  groups	
  and	
  type	
  in	
  group	
  names	
  
Select	
  samples	
  from	
  the	
  table	
  and	
  click	
  on	
  the	
  defined	
  group	
  to	
  assign	
  to	
  the	
  group	
  
Click	
  on	
  Top	
  250	
  in	
  the	
  bo>om	
  of	
  the	
  page	
  to	
  run	
  the	
  job	
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The	
  result	
  page,	
  click	
  on	
  the	
  ID	
  will	
  give	
  the	
  graph	
  

The	
  2	
  groups	
  have	
  different	
  profiles	
  
for	
  each	
  gene	
  

You	
  may	
  check	
  the	
  detailed	
  info	
  of	
  the	
  gene	
  in	
  GPL	
  table	
  



FTP	
  stands	
  for	
  File	
  Transfer	
  Protocol.	
  
HTTP	
  stands	
  for	
  Hyper	
  Text	
  Transfer	
  Protocol.	
  
	
  
	
  
When	
  hp	
  appears	
  in	
  a	
  URL	
  it	
  means	
  that	
  the	
  user	
  is	
  
connec=ng	
  to	
  a	
  file	
  server	
  and	
  not	
  a	
  Web	
  server	
  and	
  that	
  
some	
  form	
  of	
  file	
  transfer	
  is	
  going	
  to	
  take	
  place.	
  	
  
	
  
When	
  h>p	
  appears	
  in	
  a	
  URL	
  it	
  means	
  that	
  the	
  user	
  is	
  
connec=ng	
  to	
  a	
  Web	
  server	
  and	
  not	
  a	
  file	
  server.	
  The	
  files	
  
are	
  transferred	
  but	
  not	
  downloaded,	
  therefore	
  not	
  
copied	
  into	
  the	
  memory	
  of	
  the	
  receiving	
  device.	
  	
  

h>p://wiki.answers.com/Q/What_is_the_difference_between_FTP_and_HTTP	
  

hp	
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hp	
  server	
  of	
  NCBI	
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hp	
  resources	
  

•  Refseq	
  genomes,	
  proteins,	
  mRNAs	
  
•  Microbial	
  genomes	
  
•  Plant	
  genomes	
  
•  Fungal	
  genomes	
  
•  Blast	
  database	
  folder	
  
•  Sra	
  reads	
  
•  Geo	
  datasets	
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Next	
  lecture:	
  EBI resources I 
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