Lecture 13: High throughput analyses of
gene expression

A. RNA expression pattern
Northern

gRT-PCR

FISH and RNA in situ
Reporter

B. Analyses of transcriptome
I. cDNA microarrays
IT. Oligonucleotide arrays

C. Protein expression pattern
Immunohistochemistry
Western blot

Mass spectrometry




Functional classification of expressed genes

Cell division/
DNA synthesis

RNA synthesis/
\ Protein synthesis/

processing/ turnover ;
processing/ turnover

Cell structure/

motility sy

Metabolism

Unclassified

/

Cell signaling/
communication

Cell/ organism
defense and
homeostasis

Fig. 12.17



Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

(a) 1. Tissue 1 Tissue 2 Tissue 3 Tissue 4 4. Wash away unhybridized probe. Make autoradiograph.
{ovary) (testes) {lung) (blood) ¢ B 8 4 E
X 3 3 ) i al _—
p—
—
Tissue-specific ———- e _
transcript
A
—
(b) & &@
D
2. Load RNA I ! 2 87 Ar > Oéléﬂ\f
- L0 samples | O OO O S I
in wells of a gel. e 24 Northern blots

1.4

kb

0.2

3. Separate RMNA samples by gel electrophoresis.
Blot onto filter, Expose filter to labeled hybridization probe.

Actin

Label

Testes-determining factor (TDF)

Fig. 11.20




RT-PCR: measuring mRNA level
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Quantitative Real Time PCR (or QRT-PCR)
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Fig. 106 (7.21) FISH: Fluorescent In Situ Hybridization
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RNA in situ hybridization
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Reporter genes reports gene expression level and patterns
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Reporter genes reports gene expression level and patterns
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Summary of reporter genes

Name Source Substrate Visual

6US (B-glucuronidase) E.coli 5-bromo-4-chloro 3-indoyl- Blue
1 -glucuronide (X-gluc)

LacZ (B-galactosidase) E. coli X-gal breakdown” Blue
LUC (Luciferase) Firefly luciferin & ATP emitting light
GFP Jelly fish none Green

(6reen Flourescent Protein)




High throughput analyses of the transcriptome

Documenting gene expression on a genome wide scale

Transcriptome: complete set of transcripts and
their relative expression levels in a particular cell
or tissue under defined conditions



I. cDNA microarrays
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Use of DNA microarrays (chips)

— DNA chip
Sample | Sample 2
1 mRNA | mRNA
(control) (experiment)

Green Reverss Red

fluorescent  transcriptase fluorescent
nucleotide ‘ nucleotide

Mix Hybridization
probes and washing

Confocal microscope
fluorescence scanning

Gene A Gene B Gene C
equally
expressed expressed

sample 2

expressed
sample 2

In sample 2, relative to sample 1,
Gene D moderately overexpressed
Gene E equally expressed

Gene F moderately underexpressed

highly under- highly over-

Fluorescently tagged
cDNA probes are
hybridized to DNA spots
in the microarray for
studying
differential expression of
thousands of genes at a
time in two mRNA
samples

Fig. 12-21



"2l AER AR SRR E RN R N BN NN
. % s "
g = 1 ..

1= B




IT. Oligonucleotide microarrays (Affymetrix GeneChip)
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Sporulation gene expression profile in budding yeast
Chu et al., (1998) Science 282, 699-705
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Patterns of transcriptional regulation

Minutes before or
after the four-cell
stage of the embryo
(same for all plots).

Relative transcript
abundance

(logarithmic scale,
same for all plots).

of about 2500 genes

Similar expression
profiles are in
adjacent plots.

Width of line is proportional to
the logarithm of the number of
transcripts showing each profile.
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Number of
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showing each
expression profile.

Error bars include
68% of all
transcripts
included in each
expression profile.

These 20 plots include about 80% of 3157 genes showing
significant changes in transcript abundance in the first
165 minutes after the four-cell stage in development.
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Western blot




Fig. 19.27

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

(a) Asymmetric neuroblast stem cell divisions

MNeuroblast Meuroblast
—- S e
Repeat
aMC v @
/ MNeurons

(b) Asymmetric distribution of Prospero protein

Early anaphase

Presumptive
neurcblast

Late anaphase

Presumptive

GMC

14



Copyright & The McGraw-Hill Companies, Inc, Permission required for reproduction or display.

Fig. 10.29
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