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Overview: Importance of Gene Expression 

•  All aspects of biology affect gene expression 

•  Gene expression controls phenotype 

•  Changes in gene expression are the best way to find candidate proteins 

for a specific function 

The methods will be discussed with a historical perspective 



RNA Polymerase I:  
•  Synthesizes rRNA 
•  rDNA repeats throughout genome 
•  75-80% of all RNA transcripts 

RNA Polymerase III:  
•  Synthesizes tRNA 
•  ~15% of all RNA transcripts 

RNA Polymerase II:  
•  Synthesizes mRNA, miRNA, lncRNA 
•  5-10% of all RNA transcripts 

mRNA 



mRNA 

How do you detect mRNA in a sea of rRNA and tRNA? 

Hybridize with a probe specific for the mRNA, often binding to 
the coding sequence 
This will detect individual mRNAs 
If bound to a matrix, then this will purify the individual mRNA 



mRNA 

How do you detect mRNA in a sea of rRNA and tRNA? 

Hybridize with oligo-dT bound to a column 
This will purify all mRNAs 
 
Using oligo-dT as a primer for reverse transcriptase will copy the 
mRNA into cDNA 

TTTTTTTT 



mRNA 

How do you detect mRNA in a sea of rRNA and tRNA? 

Purify via a cap-binding protein to purify all mRNAs 



mRNA 

How do you detect mRNA in a sea of rRNA and tRNA? 

Purify from all rRNA and tRNA by hybridizing DNAs specific to 
rRNA and tRNA on a matrix, and all that is left in solution is 
mRNA. 



Methods:  Northern Blot 

One gene at a time 
Maybe re-probe ~10 times » 10 genes 



Methods:  Northern Blot 

One gene at a time 
Maybe re-probe ~10 times » 10 genes 

This is what 
an RNA gel 
really looks 
like with 3 
prominent 
rRNAs and a 
faint smear of 
10,000’s of 
mRNAs 



Methods:  Nuclear Run-ons 

What is being measured: RNAP density on the DNA »» pause sites 



Methods:  Nuclear Run-ons 



Methods:  RNAse protection 

Good quantitation, one gene at a time 



Method:  cDNA libraries 

Companies used to market special cDNA libraries, and scientists would 
find their genes one by one using hybridization – how do you design a 
probe when you do not know the gene sequence? 



Methods:  Subtractive DNA libraries 

This was big since it could get you cell type-specific gene expression, 
but there is no quantitation 



Expressed Sequence Tags (ESTs) 

In practice, cDNA libraries 
were purchased and each 
clone was sequenced (Sanger 
sequencing) and each gene 
was patented. 
 
Not quantitative, biased to the 
3’ end of the gene, but filled 
out the early genome 
information 



Human Genome Project 
Started 1990, declared complete in 2003 (50th anniversary) 
 
During this time, sequences became available, many ESTs 



Methods:  SAGE 
Serial Analysis of 
Gene Expression 

Thousands of genes at one experiment, great quantitation 
http://www.sciencemag.org/content/270/5235/484  
 



Methods:  PCR 



Methods:  qRT-PCR 

Great quantitation, can multiplex, still low number of genes can be analyzed 



Methods:  Microarrays 



Methods:  Microarrays 

Very difficult!  Must maintain a 
“library” of bacteria that were 
grown in multiple 384 well 
plates, grow in plates, PCR 
with universal primers (amine-
coupled), robotically spotted 
onto glass slides. 
Problems: many steps, 
spotting of PCR product not 
quantitative, hybridization 
conditions different for each 
cDNA (Tm could have wide 
range), some spots made rings 
and others discs. 



Methods:  Microarrays (Oligo) 

Affymetrix	  made	  microarrays	  
lots	  easier.	  	  Mul4ple	  oligo	  
probes	  per	  gene,	  control	  of	  Tm	  
for	  each	  oligo	  chosen,	  
mismatch	  oligos	  as	  controls,	  
be=er	  fluid	  control	  



Modern	  chips	  hold	  1.3	  million	  probes	  for	  47,000	  transcripts	  

http://media.affymetrix.com/support/downloads/package_inserts/gene_profiling_array_insert.pdf 



Nanostring	  nCounter	  

Use	  on	  pathology	  samples	  (formalin-‐fixed	  and	  paraffin-‐embedded	  FFPE)	  
Cartridges	  hold	  up	  to	  1000	  genes	  
Prefabricated	  miRNA	  panels	  





RNA-‐Seq	  



RNA-‐Seq	  



RNA-‐Seq	  



RNA-‐Seq	  

The	  new	  gold	  standard	  in	  RNA	  analysis	  (though	  Affymetrix	  disagrees)	  
Discover	  all	  possible	  RNAs,	  not	  just	  those	  on	  the	  array	  
Find	  splice	  junc4ons,	  alterna4ve	  splicing	  
Unannotated	  RNAs	  

	  lncRNAs	  (long	  non-‐coding	  RNAs)	  are	  an	  important	  newly	  discovered	  RNA	  
species	  that	  regulates	  mRNA	  produc4on	  
	  eRNAs	  (enhancer	  RNAs)	  are	  transcripts	  from	  distal	  enhancers	  that	  
regulate	  mRNA	  produc4on	  

Must	  purify	  RNA	  
	  remove	  rRNA	  (poly-‐A	  select	  or	  specific	  PCR	  primers	  select	  against	  rRNA)	  
	  size	  select	  (microRNA)	  
	  combine	  with	  cell	  frac4ona4on:	  polyribosomal	  mRNA	  will	  have	  ac4vely	  
transcribed	  genes	  



RNA-‐Seq	  

Informatic problems with RNA-Seq 
•  100 million reads in a typical dataset  
•  The alignment problem.  Must map sequences on to the reference 

human genome – world’s worst jigsaw puzzle.  (This takes many 
hours on big parallel processors) 

•  Barcodes to separate samples if multiplexed 
•  Data storage – huge files that cannot be stored except to fill up a 

hard drive 
•  Comparisons to other datasets 



The	  Normaliza4on	  Problem	  

•  Major issue since it can have huge impact on results 
•  What is a “normal” RNA? 

•  Normalize to rRNA (like measuring your height by standing next 
to a skyscraper) 

•  Normalize to GAPDH – it is also highly expressed, and 
sometimes its concentration changes 

•  Normalize to a tubulin, same problems as above 
•  Don’t normalize, just rank all the RNAs 
•  RPKM: Reads Per Kilobase of exons per Millions of fragments 

mapped 
•  Batch effects:  experiments done at the same time on the same 

machine often are very different from the same sample done at 
another time on another machine.  Be wary of overestimating the 
definitive nature of the approach. 

 



Protein	  Analysis	  

Western blots 

SDS-PAGE 

1.  Transfer to nylon membrane 
2.  Block non-specific binding 
3.  Apply primary antibody that 

is specific to the protein of 
interest 

4.  Wash, wash, wash 
5.  Apply secondary antibody – 

usually “anti-rabbit” fused 
to horse-radish-peroxidase 

6.  Wash, wash, wash 
7.  Develop by 

chemiluminescence  



Protein	  Analysis	  

Far-Western blots 

SDS-PAGE 

1.  Transfer to nylon membrane 
2.  Block non-specific binding 
3.  Apply a ligand – this can be 

a protein that is bound or a 
chemical.  Usually it is 
labeled. 

4.  Wash, wash, wash 
5.  Develop Probe could be 35S-

labeled Cdk4 



Protein	  Analysis	  

South-Western blots 

SDS-PAGE 

1.  Transfer to nylon membrane 
2.  Block non-specific binding 
3.  Apply a labeled DNA that is 

bound by a given 
transcription factor 

4.  Wash, wash, wash 
5.  Develop If probe is 

ATGCAAAT, then this 
protein could be the 
Oct1 TF 



Protein	  Analysis	  

Mass spectrometry: 
 
1.  Purify a protein complex (column chromatography or an IP) 
2.  Run SDS-PAGE 
3.  Cut out bands 
4.  Trypsinize (Trypsin cuts at lysine and arginine) 
5.  Sequence peptides (with modifications) 

 
Alternative: MudPIT 
 
1.  Purify a protein complex 
2.  Trypsinize entire mix 
3.  Isolate and sequence every peptide in the mix 



Regulators	  of	  transcrip4on:	  DNA	  binding	  proteins	  and	  chroma4n	  



Regulators	  of	  transcrip4on:	  DNA	  binding	  proteins	  and	  chroma4n	  



DNA-‐protein	  binding	  assays:	  Filter	  Binding	  Assay	  



DNA-‐protein	  binding	  assays:	  Electrophore4c	  Mobility	  ShiY	  Assay	  
EMSA	  



DNA-‐protein	  binding	  assays:	  DNase	  Footprin4ng	  

*	  



DNA-‐protein	  binding	  assays:	  ChIP	  

Hecht A, Strahl-Bolsinger S, Grunstein M  
(1996) Nature 383:92–96. 

One	  gene	  at	  a	  4me	  
Maps	  a	  protein	  to	  a	  DNA	  element	  



DNA-‐protein	  binding	  assays:	  ChIP-‐Seq	  

ChIP-seq obtains a map of all sites in the genome 
bound by a protein 



DNA-‐protein	  binding	  assays:	  ChIP-‐Seq	  

Correlate ChIP-seq with gene annotations and with 
gene expression levels (e.g. from microarrays) 



DNA-‐protein	  binding	  assays:	  ChIP-‐Seq	  

Correlate ChIP-seq with other ChIP-seq results 



Gene	  co-‐expression	  networks	  

Genes	  that	  are	  co-‐expressed	  tend	  to	  encode	  proteins	  that	  func4on	  together	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Pujana	  et	  al	  (h=p://www.nature.com/ng/journal/v39/n11/full/ng.2007.2.html)	  	  	  



From	  microarray	  datasets,	  you	  can	  now	  derive	  network	  diagrams	  



Useful	  databases	  

•  Gene	  Expression	  Omnibus	  (GEO)	  
•  All	  published	  gene	  expression	  results	  in	  US	  must	  be	  uploaded	  to	  GEO	  
•  RNA-‐seq,	  ChIP-‐seq	  now	  in	  GEO	  
•  Some4mes	  the	  experiment	  you	  are	  planning	  has	  already	  been	  done	  
•  Website:	  access	  via	  Pubmed	  (h=p://www.ncbi.nlm.nih.gov/pubmed/)	  

or	  h=p://www.ncbi.nlm.nih.gov/geo/	  	  
•  Oncomine	  

•  Collected	  microarray	  results	  informa4ve	  of	  cancer	  
•  UCSC	  Genome	  Browser	  

•  ENCODE	  data	  
•  h$p://genome.ucsc.edu/	  	  

•  cBio	  Portal	  (TCGA	  data)	  (h=p://www.cbioportal.org/public-‐portal/)	  	  
•  Human	  Protein	  Reference	  Database	  (h=p://www.hprd.org/)	  	  
•  KEGG	  pathways	  (h=p://www.genome.jp/kegg/)	  	  



Concluding remarks 

•  Broad overview of the methods used to measure and analyze gene 
expression 

•  The rest of this course will go into finer depth and explain how this 
information is analyzed and interpreted 


