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Measuring steady state mRNA levelMeasuring steady state mRNA level
Extracted RNA/mRNA

Hybridization - solid - Northern blot
- slot blot

- solution - S1 nuclease protection
- RNase protection
- primer extension

RT-PCR - semi-quantitative
- RT-PCR (reverse-transc)
- RT-PCR ELISA

- quantitative
- RT-PCR
- RT-PCR ELISA
- real-time PCR

In tissues or cells - in situ hybridization
- in situ RT-PCR

PCRPCR

1. Template DNA1. Template DNA
2. Nucleoside Tri2. Nucleoside Tri--phosphatesphosphates
3. Primers3. Primers
4. 4. TaqTaq DNA PolymeraseDNA Polymerase

Isolated from Isolated from ThermusThermus aquaticusaquaticus, a bacterium, a bacterium
found in a hot spring.found in a hot spring.
Catalyzes the synthesis of DNACatalyzes the synthesis of DNA
Stable at nearStable at near--boiling temperaturesboiling temperatures

PCRPCR
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PCRPCR PCR animationsPCR animations

•• http://http://www.dnalc.org/resources/BiologyAnimationLibrary.htmwww.dnalc.org/resources/BiologyAnimationLibrary.htm
•• http://http://www.bio.davidson.edu/courses/Immunology/Flash/RT_PCR.htmlwww.bio.davidson.edu/courses/Immunology/Flash/RT_PCR.html

“Real-Time” PCR
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1. Taq Polymerase “finds”
The primer

2.  Laser excites 
fluorescent 

tag on primer.

3.  Fluorescence is 
absorbed 

by quencher 
molecule

4. Detector registers “no reaction”.
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5.  Primer is extended by Taq Polymerase

“Real-Time” PCR
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6.  Extension continues until the Polymerase
Meets the fluorescent molecule.

7.  The polymerase breaks down
the tagged primer.  The fluorescent 
tag and quencher molecule become
separated.

“Real-Time” PCRF
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F8.  As PCR continues, the tagged primers
are degraded and “free” fluorescent 
molecules accumulate.  

9.  The detector records fluorescence as a 
measure of amplification progress.
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Isolate mRNA andIsolate mRNA and
reverse transcribereverse transcribe
Into Into cDNAcDNA

Clone Clone cDNAcDNA into a vectorinto a vector
to make a to make a cDNAcDNA librarylibrary

Pick individual clonesPick individual clones

cDNAcDNA

vectorvector

cDNAcDNA

vectorvector

cDNAcDNA

vectorvector

cDNAcDNA

vectorvector

cDNAcDNA

vectorvector

Sequence theSequence the
5` and 3` ends of5` and 3` ends of
cDNAcDNA insertinsert

DepositeDeposite thethe
EST seq. EST seq. 

Tissue or Cell lineTissue or Cell line

5`EST5`EST 3`EST3`EST

ESTEST

EST, subtractive hybridization, EST, subtractive hybridization, 
Differential displayDifferential display

•• Can study unknown sequencesCan study unknown sequences
•• Limited number of targets analyzable at a Limited number of targets analyzable at a 

timetime

Subtractive hybridization & Subtractive hybridization & 
Differential displayDifferential display

SAGESAGE

•• EST * 30EST * 30
•• Technical Technical sofistisofisti--

catednesscatedness
•• SingleSingle--cell SAGEcell SAGE
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MicroarrayMicroarray GeneChipGeneChip

GeneChipGeneChip GeneChipGeneChip

GeneChipGeneChip GeneChipGeneChip
The old algorithm by MAS4.0The old algorithm by MAS4.0
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FISHFISH

(Fluorescent(Fluorescent
in situin situ
hybridization)hybridization)

BAC/YACBAC/YAC
genomicgenomic
DNA chipDNA chip

FISHFISH

DNA probes specific to regions of particular chromosomes are attached to 
fluorescent markers and hybridized with a chromosome spread. The picture 
shows a computer-generated "False Colour" image in which small variations 
in fluorescence wavelength among probes are enhanced as distinct primary 
colours. The combination of probes that hybridize to a particular chromosome 
produces a unique pattern for each chromosome. 
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Comparative Genomic HybridizationComparative Genomic Hybridization Comparative Genomic HybridizationComparative Genomic Hybridization
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Comparative Genomic HybridizationComparative Genomic Hybridization Array CGHArray CGH

Array CGHArray CGH Array CGHArray CGH
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HighHigh--throughput molecular biologythroughput molecular biology

•• Gene disruptionGene disruption
•• MutagenesisMutagenesis
•• TransgenicsTransgenics

•• …… well,.. you may all know thesewell,.. you may all know these
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RNA interferenceRNA interference

RNA interferenceRNA interference
•• Introduction of Introduction of dsds--RNA into a cell inhibits gene RNA into a cell inhibits gene 

expression in a sequenceexpression in a sequence--dependent fashiondependent fashion
•• Observed in Observed in 

DrosophilaDrosophila
NematodesNematodes
FungiFungi
plantsplants

•• Speculated function of Speculated function of 
AntiAnti--viral defense? viral defense? 
Modulation of Modulation of transposontransposon activity?activity?
Regulation of gene expression?Regulation of gene expression?

•• RNAaseIIIRNAaseIII--type enzyme (or dicer, CAF)type enzyme (or dicer, CAF)
•• RISC (RNA induced silencing complex)RISC (RNA induced silencing complex)

Genomic technologiesGenomic technologies

•• From Northern blot to From Northern blot to ““real timereal time””--PCRPCR
•• EST, differential display, SAGEEST, differential display, SAGE
•• MicroarrayMicroarray
•• FISH and physical mappingFISH and physical mapping
•• CGH and array CGHCGH and array CGH
•• Gene disruption, mutagenesis, & Gene disruption, mutagenesis, & transgenicstransgenics
•• RNAiRNAi interferenceinterference
•• Yeast two hybridYeast two hybrid
•• dsds--DNA chipDNA chip
•• chIPchIP and and chIPchIP--inin--chipchip

Yeast twoYeast two--hybridhybrid Genomic technologiesGenomic technologies

•• From Northern blot to From Northern blot to ““real timereal time””--PCRPCR
•• EST, differential display, SAGEEST, differential display, SAGE
•• MicroarrayMicroarray
•• FISH and physical mappingFISH and physical mapping
•• CGH and array CGHCGH and array CGH
•• Gene disruption, mutagenesis, & Gene disruption, mutagenesis, & transgenicstransgenics
•• RNAiRNAi interferenceinterference
•• Yeast two hybridYeast two hybrid
•• dsds--DNA chipDNA chip
•• chIPchIP and and chIPchIP--inin--chipchip



8

For real expressionistFor real expressionist
ChIPChIP

DNA-binding proteins are 
crosslinked to DNA with 
formaldehyde in vivo.

Isolate the chromatin. Shear 
DNA along with bound 
proteins into small fragments.

Bind antibodies specific to 
the DNA-binding protein to 
isolate the complex by 
precipitation. Reverse the 
cross-linking to release the 
DNA and digest the proteins.

Use PCR to amplify specific 
DNA sequences to see if they 
were precipitated with the 
antibody.

ChIPChIP--chipchip ChIPChIP--chipchip

ProteinProtein--genome interactiongenome interaction
ProteinProtein--
genome genome 
interactioninteraction
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Combinatorial arrayCombinatorial array
Phycoerythrin
- 2º IgG

Combinatorial 
DNA-binding 

protein domains

ds-DNA 
array

Martha Bulyk et al

Phage


