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Bulk vs cell-specific mRNA analyses

Limitations in studies on bulk mRNA from whole tissue/organ:

- Upregulation of a transcript in a cell type can be masked
by downregulation in a different cell type

- Changes in rare cell types are difficult to detect

— Changes in specific cell types are not analysed



Cell-specific mRNA analysis: current approaches

In situ hybridization:

Near ubiquitous Neuron-enriched Oligodendrocyte-enriched Astrocyte-enriched
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- ldentity of cells expressing the transcript not always evident
- Genome-wide studies are difficult and restricted to
reference samples (Allen Brain Atlas, Eurexpress)
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Cell-specific mRNA analysis: current approaches

Laser capture microdissection
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Limitations:

Fixation required
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Cell projections not captured
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MRNA tagging in C. elegans
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BAC Transgenic mice and the GENSAT Database
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TRAP strategy: screens for ribosome tagging

Screening of candidate
ribosomal proteins:
—>L10a

EGFP

Screening of affinity tags
- EGFP

EGFP-L10a g

Anti-EGFP-Coated
Magnetic Bead




Generation of BAC-TRAP transgenic mouse lines
Drd2 bac-TRAP line Drdl1a bac-TRAP line

EGFP enkephalin EGFP en\ep\an merge

Striatopallidal neurons: Striatonigral neurons:

- Dorsal and ventral striatum Dorsal and ventral striatum
- Olfactory tubercle Olfactory tubercle

- Hippocampus Olfactory bulbe

- Substantia nigra pars compacta Cortical layers 5 and 6

- Ventral tegmental area




Protein and mRNA purification from bac-TRAP lines

Optimization of purification protocol:

D1 D1 D1 WT WT WT
IN uB IP IP uB IN

Rapid homogenization of fresh
EGFP-L10a tissue

- Mg?*and cycloheximide in lysis

buffer
28S

185 - Inhibition of endogenous Rnase
@ “Marker
% o - Solubilization of RER-bound
5 polysomes
E - High-affinity anti-EGFP antibodies

24 EGFP-L10a

L_ o WT
o | - - High-salt washes after

T T T T T T T T T
=] 30 33 40 45 S0 5 60 65

Time (s)



Translational profiling with TRAP
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Drd2 bac-TRAP line (striatopallidal neurons)

1 2 3 4 5
Drd1a bac-TRAP line (striatonigral neurons)

Replication of known enriched transcript (in blue)
|dentification of =70 striatopallidal and =150 striatonigral-enriched transcripts



Generalization of TRAP methodology

Chat bac-TRAP line Pcp2 bac-TRAP line
A C

0 . o ..
EGFP chat merge EGFP calbindin merge
Cholinergic motor neurons: Purkinje neurons:
- Dorsal and ventral striatum - Cerebellum
- Basal forebrain
- Brain stem
- Spinal chord

- Medial habenula
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Generalization of TRAP methodology
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Summary

- Establishment and proof-of-principle of TRAP technology
- Generation of 4 bac-TRAP lines
- ldentification of novel physiological differences between

striatopallidal and striatonigral neurons, at steady state and
after cocaine treatment (not shown)
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Generation of novel bac-TRAP lines

BAC
Q°° Region Driver
Cerebellum  |Pcp2
Cerebellum  |Pcp2
Cerebellum NeuroD1
Cerebellum  |Grm2
Cerebellum  |Lypd6
5 [Cerebellum |G
Cerebellum  |Olig2
Cerebellum Cmtm5
Cerebellum  |Sept4
9 |Cerebellum Aldh1L1
10|Spinal Cord Chat
11|Striatum Drd1
12|Striatum Drd2
13|Corpus Striatum|Chat
14|Basal Chat
Forebrain
15|Brain Stem  |Chat
16| Cortex Ntsr1
17|Cortex Glt25d2
18|Cortex Etv1
19|Cortex Pnoc
Cortex Cort
21|Cortex Aldh1L1
22| Cortex Aldh1L1
3|Cortex Olig2
4|Cortex Cmtm5
5|Cortex Cck




In depth-characterization of bac-TRAP lines

B GFP-Pcp2 ini D GFP-Lypd6 Stellate & Basket Cells

.

GFP-Neurod1 GFP-Grm2 Golgi Neurons




Measurement of mMRNA enrichment by TRAP
/
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Identification of known cell-specific markers
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Identification of novel cell-specific markers by TRAP
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Validation of quantitative aspects of TRAP
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Comparative analysis of TRAP microarray data

A Hierarchical clustering of cell types and tissue samples.
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Summary

- Confirmation and extension of TRAP technology

- Generation of 12 additional bac-TRAP lines (16 in total)

- Comparative microarray analysis of different CNS cell types (incl. data not shown)
— All plasmids and mouse lines are available upon request

Advantages:

- In situ, avoiding artefacts from dissociation or tissue fixation

- EGFP tagging allows visualization of cells under study (e.g. electrophysiology)
- Translatome, rather than transcriptome

- Relatively rapid

- Does not require special instruments or reagents (besides bac-TRAP lines)

Limitations:

- A genetic element to drive cell-type specific expression of TRAP transgene is needed
- Specific bac-TRAP lines for the cell of interest have to be generated

- Low mRNA yield

- Translatome, rather than transcriptome



TRAP strategy

I
bacTRAP

transgenic
mouse brain
Dissection of brain
region of interest
containing cells
expressing EGFP-tagged
L10a ribosomal protein

Tissue Lysis
Stabilization of ribosome/mRNA
complexes with cycloheximide

Ribosome/mRNA
complexes (polysomes)
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Generation of a Cre-activated TRAP mouse line
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Ubiquitous Cre-mediated activation of TRAP transgene

Rosa26CAG-TRAP adult mice
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Cardiomyocyte-restricted activation of TRAP transgene
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Endothelial cell-restricted activation of TRAP transgene
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Summary

- Establishment and proof-of-principle of Cre-conditional
TRAP transgene

- Study of endothelial-cell enriched/specific genes in heart

- Study of translational modifications in cardiomyocytes after
aortic banding (not shown)

— R0osa265™RAP and Rosa26CAG-TRAP |ines are available at JAX
laboratories
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Sox2Cre+/-;
R26-mCherry-Rpl10a+/-

Cdh5CreERT2+/-;
R26-mCherry-Rpli10a+/-

Generation of a Cre-activated TRAP mouse line
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Summary

- Establishment and proof-of-principle of an additional Cre-
conditional TRAP transgene

- Study of endothelial-cell enriched/specific genes in brain
and kidney (data not shown)

- Study of differences in transcriptome and translatome in
different organs (not shown)
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Cell type-specific mRNA purification by translating
ribosome affinity purification (TRAP)

Myriam Heiman!?, Ruth Kulicke!-?, Robert J Fenster!»3, Paul Greengard! & Nathaniel Heintz?

- Improved protocol, yielding higher RNA amount upon
TRAP purification

- Two days from sample preparation to RNA purification

- Freshly isolated samples give higher RNA yields

- Compatible with Northern blotting, gPCR, microarray and
RNA-Seq



Summary

- Allows cell-specific studies of translatome

Advantages:

- In situ, avoiding artefacts from dissociation or tissue fixation

- EGFP or mCherry tagging allows visualization of cells under study (e.g.
electrophysiology)

- Translatome, rather than transcriptome

- Relatively rapid

- Does not require special instruments or reagents (besides bac-TRAP or conditional
TRAP lines)

Limitations:

- A genetic element to drive cell-type specific expression of TRAP transgene is needed
- Limited temporal control of TRAP transgene expression

- Translatome, rather than transcriptome



