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Supplemental Experimental Procedures 
 
Generation of Monoclonal Antibodies 
All immunoprecipitations except for the Drd1 and Drd2 lines, which used the Goat Anti-
EGFP described in the accompanying paper (Heiman et al., 2008), were done using two 
monoclonal anti-EGFP antibodies (clones 19C8 and 19F7) specifically generated for this 
purpose at the Monoclonal Antibody Core Facility at Memorial Sloan-Kettering cancer 
center. Mice were immunized with purified GST-EGFP fusion protein and several rounds 
of screening were performed to identify clones which functioned well in 
immunoprecipitation assays. Initially, monoclonal supernatants were tested by ELISA 
using 96 well plates coated with EGFP purified from transiently transfected 293T cells. 
Next, positive clones were screened in immunoprecipitation assays, again using the 
EGFP purified from transfected 293T cells. Finally, we identified four positive clones 
which strongly immunoprecipitated EGFP from cerebellar lysates from a transgenic 
mouse line expressing EGFP under the Pcp2 BAC driver.  
 
Quantification of laminar position of cortical pyramidal cells. 
Anti-EGFP immunohistochemistry with DAB was performed on 20 micron sagittal 
sections from the Etv1 TS88, Glt25d2 DU9, and Ntsr1 TS16 bacTRAP lines as 
described (Gong et al), and images were acquired as above. Corresponding digital 
images of the adult sagital sections were downloaded from gensat.org for lines 
expressing EGFP from the same BACs. Sections containing motor cortex 
(corresponding to Paxinos section 111) (Paxinos and Franklin, 2001) were imported into 
ImageJ (rsb.info.nih.gov/ij).  The distance from the apical tip of the soma to the pial 
surface was measured using the ‘straight line selection’ tool.  The apical tip was defined 
as the site at which the apical dendrite and the cell body converge.  Only cells with a 
clearly visible apical dendrite and a uniformly stained soma were measured. At least 50 
cells were measured from each image. All measurements were then converted from 
pixels to microns using the following scale: 1 pixel = 1.33 micons. 
 
Microarray Normalization and Analysis 
MIAME compliant raw data are available from GEO.  Analyzed data are available in 
Table S5. 

Replicate array samples were normalized within groups with quantile 
normalization (GCRMA), and between groups by global normalization to Affymetrix 
biotinylated spike-in controls.  Data were filtered to remove those probesets with low 
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signal (<50) from analysis, as well as those probesets identified as monoclonal 
background (Table S2), and replicate samples were averaged.  Each IP was then 
compared to the unbound samples from the same tissue to calculate a ratio of IP/UB as 
a measure of ‘enrichment’.  UB samples generally show little or no depletion of cell-
specific RNA following IP, and UB samples from several different IPs from the same 
tissue were averaged for each comparison.  UB samples from corpus striatum (Chat 
line) and neostriatum (Drd1 and Drd2 lines) were normalized together. IPs were globally 
normalized to UBs using the Affymetrix biotinylated spike in controls, to correct for any 
broad biases in scanning and hybridization.  For each cell type, Table S5 contains the 
IP/UB values for all genes with fold change >2 and p < .05 by Welch’s t-Test, with 
Benjamini and Hochberg FDR multiple testing correction, as calculated by Genespring 
GX version 7.3 (Agilent). 

    For three cell populations, we calculated a further ‘corrected enrichment’.  For 
the Bergmann glial line, Sept4, which also shows low level expression in mature 
oligodendrocytes, the corrected enrichment is the intersection of the IP/UB analysis 
described above with a comparison of the Bergman Glial line with the mature 
oligodendrocyte line, Cmtm5, using the same fold change and statistical criteria applied 
above. For unipolar brush cell line Grp, which also shows expression in some Bergmann 
glia, the corrected enrichment is the intersection of the IP/UB enrichment described 
above with a comparison of Grp with the Bergman glial line, using the same criteria.   
Finally, a substantial proportion of the RNA in the cerebellum is generated by granule 
cells, and thus the UB samples are highly enriched in granule cell RNA. Therefore, to 
identify granule cell genes, we calculated ‘corrected enrichment’ by comparing granule 
cell IP to the average of all other cerebellar cell type IPs, using the same criteria as 
above.    

Hierarchical clustering was performed in Genespring using the ‘condition tree’ 
function with a smoothed correlation metric on the GCRMA normalized data for the 20% 
of probesets with the highest coefficient of variation.   

Shannon entropy was calculated in excel from GCRMA normalized values with 
the following procedure: After excluding probesets with no signal > 100 in at least one 
sample, normalized expression measurements for each data set were categorized into 5 
bins by log base 10 values (1-9, 10-99, 100-999, 1000-9999, 10000-99999), and 
Shannon entropy was calculated for each gene across 1) just the IP samples, 2) just the 
UB samples, and 3) across all samples using the following formula (Schneider, 2007). 
                M 
H = - Σ Pi log2 Pi 
               i=1 
The 10% of probesets with the highest and lowest entropy across all samples were 
analyzed using the BINGO plugin for the cytoscape software, using the full mouse Gene 
Ontologies, a p threshold of .01 on hypergeometic tests with Benjamin Hochberg FDR 
correction for multiple testing (Ashburner et al., 2000; Maere et al., 2005).  Results from 
this analysis are substantially similar to those obtained using the EASE online 
implementation of Gene Ontologies and EASE statistic (Dennis et al., 2003).   
 Pearson’s correlation with MBP was calculated in Genespring.   
 Comparative anlaysis of all cell types, and heatmaps (Figure 7), were generated 
with the R stastistical software.  Data were normalized as above.  Then, for each cell 
type the total probeset list was filtered to remove those probesets with signal less than 
50, or IP/UB values less than the average plus two standard deviations of the IP/UB 
values of the relevant negative control genes, or 1, whichever was lesser.   Then, with 
this filtered list of genes, a fold change was calculated for this cell type versus all other 
samples, iteratively.  For each comparison, the fold changes were ranked from highest 
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to lowest, and these ranks were averaged across comparisons for a cell type.  The top 
one hundred probesets from this average ranking were selected for further analysis.  
 To assess if the ribosomal immunoprecipitation is biased towards longer 
transcripts, we plotted signal intensity versus transcript length for all probesets as 
described in Heiman et al. (Figure S7). No positive correlation between signal intensity 
and length was detected for any sample.  
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Figure S1. Immunofluorescent characterization of glial cell lines. 
bacTRAP lines were created to examine the translational profile of the three major 
classes of glia across the CNS. A) Astrocytes were targeted using a BAC for the gene 
Aldh1l1 that has previously been described as astrocyte specific (Anthony and Heintz, 
2007; Cahoy et al., 2008), and all Aldh1l1 positive cells express the EGPP-L10a 
transgene (Row 1). EGFP-L10a was detected in both Gfap+ (reactive) and Gfap- 
astrocytes (Row 2), as well as Bergmann glia (not shown). It was not found in Ng2+ 
oligodendrocyte progenitors (Row 3), nor in Cnp+ myelinating oligodendrocytes (not 
shown). B) The Olig2  line directed transgene expression in all cells with Olig2 positive 
nuclei (Row 1) and specifically into both the Ng2+ progenitors, also called synantocytes 
or polydendrocytes, (Butt et al., 2005), and Cnp+ mature  oligodendrocyte lineage cells. 
(Row 2). C) In contrast, the Cmtm5  line expressed the transgene specifically, albeit 
weakly, in mature (Cnp+) oligodendrocytes, but not Ng2+ progenitors.  Nuclei 
counterstained with DAPI (blue)  in A and B. 
 
 
 
 
 
 

 
 
Figure S2.  Transgenic EGFP and EGFP-L10a cortical pyramidal cell lines have 
same laminar distribution.  
A) Graph (mean +/- SE) of the distance of EGFP+ cell somas from the pial surface for 
the bacTRAP EGFP-L10a and GENSAT EGFP lines for each pyramidal cell BAC driver.  
The depth of the cells was consistent between both lines for each driver.  B) The 
percentage of cells in 100 micron bins is shown as a histogram of the distribution of cell 
depths for each line in A.  The EGFP-L10a line and EGFP line for each driver had 
overlapping distributions of cell depths. 
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Figure S3. The TRAP methodology can consistently purify RNA efficiently from 
rare and common cell types. 
A) Western blot for EGFP from S20 fraction, flow through (UB), and immunoprecipitate 
from rare (unipolar brush cells), common (Purkinje cells) and extremely common 
(granule cells) cell types of cerebellum.  Note that even when protein is undetectable, 
there is sufficient good quality RNA for microarray amplification.  B) Yield of RNA is 
consistent across replicates within each line.  C) Total RNA is of good quality for all three 
cell types, with intact 18s and 28s bands, as well as mRNA which can be amplified and 
fragmented following standard protocols. 
 



Cell, Volume 135 

 7

 
Figure S4. TRAP microarray data are highly reproducible and cell-type specific. 
A) Scatterplots of microarray data reveal high reproducibility between replicate 
immunoprecipitations across three representative cell types of the cerebellum.  Grey 
lines show positions of 0.5, 1, and 2 fold change cut offs.  B) Scatterplots of same cell 
types compared to microarray data from whole cerebellum reveal thousands of 
probesets enriched in each cell type.  Dot colors match C.  C) Venn diagram of top 1000 
enriched probesets (with signal value cutoff >100) for each cell type reveal that each cell 
type has a unique pattern of enriched genes.  D)  Separate BAC transgenic lines made 
with same driver show similar degree of reproducibility as IPs from the same line, thus 
location of BAC integration in the genome does not significantly perturb gene expression 
or immunoprecipitation.  Scatterplots on Log base 10 scale. 
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Figure S5.  Selected Motor Neuron enriched 
and expressed receptors, ligands, and 
transcription factors.  
Listed are a selection of additional known and 
novel receptors detected in MNs (upper panel) as 
well as selected ligands and transmitter-related 
genes enriched or relatively specific to MNs 
(middle panel). Evident are the genes related to 
acetylcholine neurotransmission, as well as 
known MN ligands Fgf1, and Calca, Calcb.  
Homeobox transcription factors expressed in MN 
are also shown (lower panel). Rostral Hox genes 
are not detected, while some caudal Hox genes 
known to drive differentiation of various motor 
pools remain expressed into adulthood. Known 
MN specific transcription factors, such as Hlxb9 
and Isl2, are detected as such with the TRAP 
methodology.   
IP/UB: Fold change versus whole spinal cord for expressed genes. 
RF: Expression data from published rodent literature. 1 (Mendelsohn 
et al., 1984), 2  (Wang et al., 2005), 3 (Oppenheim et al., 1995), 4 
(Bjèorklund et al., 1984), 5 (Navaratnam and Lewis, 1970), 6 
(Arvidsson et al., 1997), 7 (Gibson et al., 1984), 8 (Elde et al., 1991), 
9 (Vult von Steyern et al., 1999) 7 (Nishi et al., 2001), 8 (Berthele et 
al., 1999), 9 (Towers et al., 2000), 10 (Akin and Nazarali, 2005), 11 
(Jessell, 2000). 
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Figure S6.  Higher transgene expression yields better signal to noise. 
A) DAB immunohistochemistry for EGFP-L10a reveals differential intensity of transgene 
expression in two bacTRAP lines targeting the same cell population.  B) Quality of TRAP 
microarray data, as assessed by average IP/UB fold change for positive and negative 
controls, is better for the line with higher transgene expression.    



Cell, Volume 135 

 10

 



Cell, Volume 135 

 11

 
Figure S7.  Microarray signal intensity does not increase with transcript length. 
A-DD) To assess whether longer mRNA’s were more efficiently immunoprecipitated than 
shorter transcripts, transcript length (Y-axis, log base 2), was plotted versus GCRMA 
normalized signal intensity (X-axis, log base 2) for all 30 samples. None of the 
immunoprecipitated nor the unbound (whole tissue RNA) samples show positive 
correlations between length and signal.   
 
 
 
 
 
  
 

 
 
Table S1. List of BACs utilized for transgenesis 
Included are the list of abbreviations used throughout the paper for each gene, and the 
ID for the BAC clone that was modified. 
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Table S2. List of Probesets excluded from analysis 
To identify mRNAs which interact with monoclonal antibodies or protein G dynabeads in 
the absence of EGFP, the TRAP protocol was performed on a wildtype mouse brain and 
compared to unbound whole brain RNA.   The excluded probesets listed here are those 
for genes found to be highly enriched (>6 fold) in the wildtype IP/UB  as well as enriched 
in multiple IPs from diverse regions and cell types. 
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Table S3. List of plasmids for in situ hybridization studies 
ISH was conducted on 11 genes enriched in either Grm2 positive granule cell layer 
interneurons, or Pnoc positive neurons of cortex, using plasmids ordered from Open 
Biosystems.  Plasmids were sequenced to confirm the accuracy and orientation of the 
ESTs.  Plasmids were linearized with either Sal I or Eco RI and Dig labeled RNA was 
transcribed with either T3 or T7 polymerase to create anti-sense cRNA probe. 
 
 
 
 

 
Table S4. List of qRT-PCR primers 
qRT-PCR primer sequences were mostly from PrimerBank (Wang and Seed, 2003) or 
literature (Overbergh et al., 1999).  All are listed in 5’ to 3’ direction. 
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Table S6. Genes correlating with myelin basic protein 
Correlation of genes with a Mbp probeset (1419646_a_at) identifies known and putative 
novel myelination genes.  Four of the first eleven genes correlated with Mbp represent 
genes for the known myelin components Mal, Plp, Mobp, and Mog.  This coexpression 
suggests that novel genes highly correlated with Mbp (C11orf9, A330104H05Rik, Bcas1) 
may also be involved in myelination.  Pearson’s correlation.  Only the first probeset for 
each gene is shown for those genes with multiple probesets on the array. In yellow are 
genes identified in an independent proteomic screen of myelin components (Vanrobaeys 
et al., 2005). 
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Table S7. Antibodies used for immunohistochemistry 
A list of antibodies, product numbers, and sources used in this paper. 
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