
Supplementary RESULTS 

 

Genechip performance and quality controls 

The scanning and normalization was performed with standard parameters suggested by 

Affymetrix (see Materials and Methods). The analysis of the internal quality controls (QC) 

reveals the high reproducibility and performances of the arrays from all samples 

(Supplementary Table 2). MOE430A genechips (used in this study) comprise 22.690 probe 

sets, representing roughly 15.000 different genes (www.affymetrix.com). The number of 

probe sets detected (assigned with a ‘P-call’) in the MAS5.0 analysis ranges from 44% for the 

EYFP positive cortical cells (Y+MCx an Y+SSCx) up to 60% for the brain samples, 

corresponding to approximately 10.000 or 13.000 probe sets, respectively (Suppl. Figure 2B 

and Suppl. Table 1). With the samples obtained from the cortical micro-regions, 50% and 

53% probe sets were called present for the layer V restricted (Cx V) and all layers comprising 

targets (Cx I-VI). These values most likely reflect real differences in detectable gene 

expression profiles and may not be caused by amplification biases (see below). For the other 

cell type specific targets, the pooled Purkinje cells, in average 52% probe sets were detected, 

which is close to the 53% obtained with the cerebellar cortex samples. Thus, single cell 

targets do not yield in lower numbers of present called probe sets per se. 

 

It is well known that the number of present calls and the 3’5’ and 3’M ratios - as determined 

with the β-Actin and GAPDH control probe sets - are biased by the amount of the input RNA 

(see www.affymetrix.com ‘Small Sample Target Labeling Assay Version II’ and Wilson et 

al., 2004). In addition, input RNA quality is another important factor contributing to the 

overall performance of microarray analysis. Comparing our data to published genechip 

experiments performed with laser microdissected and/or diluted input RNA, we find that our 

isolation and amplification procedures yield in QC values comparable to standard RNA 

preparations (Baugh et al., 2001; Klur et al., 2004; Wilson et al., 2004) (and see also ‘Small 

Sample Target Labeling Assay Version II’). Analyzing all QC parameter and taking the 

replicate signal intensity based statistics into account (see Materials and Methods and Figure 

3C), we can order targets into ‘input groups’ (from the least to the most demanding samples):  

(I) the brain and kidney samples,  

(II) LMD isolated micro-regions (Cbx, M(SS)Cx V, M(SS)Cx I-VI) and  

(III) the single isolated cells (PC400, M(SS)Y+Cx).  



Considering published results, the data of this study and of a pilot study, we conclude that a 

maximal ‘bias-free’ comparison is only possible within groups of similar input amount and 

quality; optimally when prepared in one batch. Whenever we compared samples in this study 

not corresponding to the same ‘input group’, we increased the stringency for the selection cut-

off (see Results and Materials and Methods). However, we did not compare input group III 

(cells) to I (brain), since the average slope differences measured for all probe sets were too 

divergent (see additional online material at http://www.em.mpg.de/user/rossner/tync/). The 

high reproducibility of independent replicates within all ‘input groups’ and the statistical 

analysis revealed that the confidence we obtain with comparable targets isolated with 

microdissection is high and compares well with standard preparations (see SD values in 

Suppl. Table 2; see also the high replicate correlation coefficients (usually r>0.99) for all 

replicate groups, listed in Figure 5A).  

 

As an independent measure for the comparability and quality of the microarray data, we 

determined the confidence level at a given signal intensity, averaged for all present called 

probe sets for all samples (see Supplementary Methods and Figure below).  

 
The confidence decreases only marginally for the microdissected samples; as expected, this is 

more pronounced at lower expression levels. To evaluate the proportion of genes detected at 

different expression levels, we plotted the average signal intensities of the replicates in 

intensity groups (bins) versus the number of probe sets found in a particular expression range 

(Figure 4A-C). The overall distribution of genes expressed at low, middle or high levels was 

nearly identical for all samples. This indicates that no technically introduced bias concerning 

the range of gene expression levels in the microdissected samples was detectable. In addition, 



we plotted the signal intensities of selected replicate pairs from each sample group as scatter 

graphs (Figure 4D-I). The dynamic range of genes detected as present spans for all samples 

approximately over three orders of magnitude, including the single isolated cell pool, the 

scatter does not increase for the microdissected samples. 

 

Moreover, some mRNAs (mainly those coding for ribosomal proteins) are rather small in size 

(between 0.5 and 1 kb), which could potentially bias their amplification. To rule out 

systematic biases that may have occurred during the amplification procedure for small 

mRNAs caused by the reduced 3’5’ ratios observed for the single cell targets, we used dChip 

and DMT and inspected and compared the signal intensities of all single probes (11) 

comprising selected ribosomal (and mitochondrial) probe sets. We could not detect any 5’ or 

3’ directed bias for the individual probes as determined by single probe ratios (data not 

shown, Supplementary Table 2). The average slope calculated for all probe sets was highly 

similar within all ‘input groups’, but differed between ‘input groups’ (see additional online 

material at http://www.em.mpg.de/user/rossner/tync/). 

 
Averaged expression profiles 

We determined the average pairwise Pearson’s correlation coefficients (r) for all replicates of 

selected cellular complex and cell type specific samples (Figure 5A). All replicate 

comparisons show an r value >0.98, indicating the high degree of technical reproducibility, 

even for the targets obtained from pooled single cell samples (r ≥ 0.99). We observed a 

quenching or averaging effect with samples consisting of heterogeneous cell types when we 

analyzed the correlation of targets with increasing cellular complexity to highly divergent 

samples as total brain or kidney. The r value comparing single isolated Purkinje cells (PC400) 

and cerebellar cortex (Cbx) is 0.89, but drops to 0.80 for PC400 versus total brain. With Cbx 

versus brain, r increases to 0.88, indicating that the overall detected gene expression patterns 

are more similar, demonstrating the averaging effect of complex tissue samples. The same 

effect can be observed when comparing the genechip data obtained from targets of the YFP 

positive cells from layer V of either motor or somato-sensory cortex (Y+MCx and Y+SSCX, 

collectively termed Y+Cx cells) to those obtained from areas comprising cortical layer V only 

or encompassing layers I to VI (MCx V, SSCx V and MCx I-VI, SSCx I-VI, collectively 

termed Cx V and Cx I-VI, respectively). When comparing equally complex samples from 

motor with somato-sensory cortex (Y+MCx versus Y+SSCx, MCx V versus SSCx V and 

MCx I-VI versus SSCx I-VI), we can not detect a difference at the level of the correlation 

analysis. All r values are between 0.98 and 0.99. Therefore, the gene expression profiles in the 



adult motor versus somato-sensory cortices, when comparing similar cell types or regions, are 

highly similar. Comparing e.g. the Y+MCx samples to MCx V (0.94), MCx I-VI (0.92), Brain 

(0.82) or Kidney (0.56), it becomes again obvious that increasing the cellular diversity leads 

to a lower r value. The strong averaging effect of a sample with a higher cellular complexity 

can be observed when analyzing the cortical area comprising only layer V, which is exactly 

the region where the YFP positive cells were isolated from (see Figure 2). With the MCx V 

targets, the r values compared to MCx I-VI (0.98), to Brain (0.88) and to Kidney (0.61) are 

substantially higher (0.04-0.05) than those observed for the appropriate comparisons with the 

Y+Cx samples. In particular, the high r value (0.98) between the Cx V and Cx I-VI samples 

indicates the highly similar ‘averaged’ expression profiles obtained from these overlapping 

but definitively cellular distinct samples. 

 

Cell-type specific gene expression profiles 

How many differentially expressed genes are lost when performing microarrays with cellular 

complex samples? To address this question, we analyzed defined cell types and the 

corresponding micro-regions with each other and focussed on the following comparisons: (I) 

Comparing the EYFP positive layer V projection neurons (Y+Cx) with the Purkinje cells 

(PC400) and the appropriate microregions from cortex layer V (Cx V) with the cerebellar 

cortex (Cbx). (II) Comparing the Y+Cx samples with the cellular complex cortical samples 

Cx V and Cx I-VI and the PC400 samples with the cerebellar cortex (Cbx).  

(I) Y+Cx versus PC400 and  Cx V versus Cbx 

The correlation analysis showed a strong averaging effect with the cellular complex samples; 

r of 0.82 with Y+Cx versus PC400 compared to an much higher r value of 0.92 with Cx V or 

Cx I-VI versus Cbx (Figure 5A). Using a very stringent cut-off for the selection of 

differentially regulated genes between the samples (fold change ≥9 or ≤-9), we find that more 

than two thirds of differentially expressed genes are lost when performing the analysis not 

restricted to defined cell types (Figure 5C). This comparison is as ‘unbiased’ as possible, 

since performed only with samples from similar ‘input groups’ (see above). The loss of ‘cell 

type specific’ information is mainly restricted to genes with an overall weaker expression 

level in the cell types (data not shown). Those genes differentially expressed between Cx V 

and Cbx that are not found in the Y+Cx versus PC400 comparison represent most likely 

mRNAs specific to other cell types in the respective microregions (see also Supplementary 

Figure 4).  

(II) Y+Cx versus Cx V/ Cx I-VI and PC400 versus Cbx 



Y+Cx and PC enriched genes 

Large pyramidal projection neurons are the dominating cell type in layer V of the cortex 

(Weimann et al., 1999). Thus, it was not surprising that the loss of cell-type specific gene 

expression observed in the Y+Cx versus Cx V comparison was not as pronounced as that 

observed in the PC400 versus Cbx comparison (see below). Nonetheless, with a cut-off as 

used by Barlow and co-workers for identifying regionally expressed genes in the brain (SLR 

≥1.4 or ≤-1.4, 66% change calls) (Sandberg et al., 2000), we found 68 probe sets to be 

enriched in the Y+Cx and 196 probe sets enriched in the Cx V samples, when comparing 

these groups (Figure 5B). The strong averaging effect with cellular complex samples, that was 

already detected at the global correlation level (see above, and Figure 5), becomes strikingly 

obvious when comparing either the Y+Cx and the Cx V to the Cx I-VI samples. In the Y+Cx 

versus Cx I-VI comparison, 111 probe sets are detected as Y+Cx enriched and 365 as Cx I-VI 

enriched. In contrast, not one probe set was detected as enriched in the layer V samples and 

only 6 were found to be enriched in the Cx I-VI samples when analyzing -with the same 

selection cut-off- the Cx V versus the Cx I-VI samples. These results approve the high 

average r value of >0.98±0.01 for the Cx V and Cx I-VI pairwise comparisons (see Figure 

5A,B). 

 

A closer inspection of the genes found to be differentially expressed between the Y+Cx and 

Cx V or Cx I-VI samples revealed no gene with Y+Cx restricted detection (absent calls in all 

other samples); although three probe sets called present in the Y+Cx samples were called 

absent in the Cx V, Cx I-VI and total brain samples (probe sets for Nischarin (Nisch), G-

Substrate-1 (Gsbs1) and for the presynaptic adaptor protein Doc2b (Doc2b), see 

Supplementary Figure 4B,C). Nischarin, with a rather low expression level in Y+Cx cells 

(signal intensity 339±130), was also detected in Purkinje cells (199±55) but was absent in all 

other samples. Particularly interesting is the expression profile of G-substrate-1 (Gsbs1) in our 

samples. Although Gsbs1 is expressed almost 5-fold higher in Y+Cx cells over the Cx V 

samples (183±43 versus 30±10, respectively) and therefore selected as a Y+Cx vs Cx V 

enriched gene, it belongs to the highest expressed genes in the Purkinje cells (15556±1444, 

85-fold higher (SLR of 6.4) than in Y+Cx samples). Gsbs1 is related to a class of inhibitors of 

phosphatases (PP1c) and its high expression in Purkinje cells was already shown by in-situ 

hybridization (Hall et al., 1999). Gsbs1 is a specific substrate of the cGMP-dependent protein 

kinase 1 (Prkg1) and the high level of Gsbs1 mRNAs in Purkinje cells most likely reflect its 

role in the Purkinje cell specific cGMP-regulated long term depression. It is thus not 



surprising that Prgk1 was detected also at high expression levels in Purkinje cells. Another 

interesting expression profile was obtained for Calbindin-1 (Calb1). Calb1 is a member of a 

family of calcium-binding proteins and mainly known as the respective marker for a subclass 

of interneurons (Maccaferri and Lacaille, 2003). The only Calb1 positive cells in the 

cerebellar cortex are likely Purkinje cells, supporting the high expression level that we 

observed in the PC400 samples (4695± 1409) (Bastianelli, 2003). The lower expression 

observed in the Cbx samples (458±19) might potentially reflect solely the contribution of the 

Purkinje cell expression within the cellular complex cerebellar cortex isolates that contained 

the Purkinje cells. Although we cannot completely rule out a possible contamination of 

cellular material derived from Calb1 positive interneurons during the isolation of the YFP 

positive cells with laser microdissection, we consider this as rather unlikely as Calb1 positive 

cells are found very sparsely in the cortex and since we pooled 100 single isolated Y+ 

principal neurons for the analysis. Nonetheless, we have performed additional controls with a 

new set of isolated cortical Y+ cells (100) and a cortical layer I-VI microregion (Cx I-VI) 

from the cortex. We used quantitative SYBR green assays in a relative quantification assay 

standardized against beta-actin to measure the mRNA abundances of two interneuronal 

marker (Parvalbumin (Parv) and Calbindin-1 (Calb-1)) and an additional marker of principal 

neurons (neuron specific enolase (Eno2)). We could not detect Parv or Calb message in the 

Y+ samples, whereas Eno2 was robustly detected. All messages were detected in the cortical 

area (see Supplementary METHODS and data not shown). We like to emphasize that this 

analysis was performed with a new independent set of non-amplified cDNAs that were not 

identical to those used for the initial marker gene analysis. Therefore, we can not formally 

rule out that slight experimental variations may exist that could account for the calbindin 

signals in the Y+Cx samples that have been hybridized to the arrays. We can also not rule out 

that the Calb1 signal obtained after two-round amplifications may (at least partially) be biased 

by a potential cross-hybridization effect becoming obvious only at a lower level of expression 

and may thus indicate a classical false positive finding. 

 

For two Y+Cx enriched genes (Siat7e and Nrp) and for a gene expressed at higher levels in 

Cx V over the Y+Cx samples (Ccni), we verified the expression level by northern blotting 

(Supplementary Figure 3D). The Gapdh normalized signal intensities obtained by northern 

blotting correlated well with the genechip-based relative intensities. The northern blot signal 

of one gene with an overall low expression level (Naalad) was below the detection limit of 

the phosphoimager and could not be quantified. Nonetheless, the weak signals obtained in the 



northern blot proofed the dynamic range of signal intensities which can be detected with the 

genechips. 

 

The analysis of Cbx or Purkinje cell enriched genes revealed once more the strong averaging 

effect of cellular complex samples (Supplementary Figure 4A). In contrast to the Y+ cortical 

cells, we can detect two genes, Prkg1 and B230208H17Rik, as being expressed selectively in 

Purkinje cells –with absent calls in all other samples- (see Supplementary Figure 4B,D and 

Supplementary Table 2). Other genes with high expression levels in Purkinje cells versus all 

other samples are the transcription factors Ebf1-2/Olf1-2. The Purkinje cell-restricted 

expression in the cerebellum has been demonstrated already, as well as the more pronounced 

expression of Ebf1 over Ebf2 (Wang et al., 1997). Using northern blotting, we verified the 

high expression level found in Purkinje cells (Supplementary Figure 4F,G). Mef2C, a MADS 

box containing transcription factor, was also found to be a Purkinje cell-enriched gene 

(Supplementary Figure 4). In the study by Sandberg et al. Mef2C was described as a cortex 

restricted gene. The high level of expression in Purkinje cells was not detectable in the gross 

dissected cerebellum samples (Sandberg et al., 2000). Using northern blotting, we verified the 

high expression levels of Ebf1 and Mef2c in Purkinje cells (Supplementary Figure 4). 

Cbx enriched genes 

In the cerebellar cortex samples, one gene (Eif2s1) was found with a Cbx restricted expression 

(not detected as present in all other samples). Since the granular cells are the dominating cell 

type in the cerebellar cortex, Eif2s1 may represent a marker for granular cells. However, the 

low expression level detected in the Cbx samples (128±40) could as well represent the 

quenched expression in a different cell type within the cerebellar cortex. For nine probe sets 

detected as highly enriched in the Cbx versus PC400 samples (Fold change >9, 

Supplementary Figure 4C and online material), a non-neuronal origin is highly likely. Three 

myelin/oligodendrocyte associated genes (Mal, Mog and Mag) and four blood cell-derived 

probe sets (Hba-a1, Hbb-y, Alas2, Vwf) were found among the Cbx enriched genes. The exact 

cellular origin of the other genes enriched in the Cbx samples is not known, but could 

potentially be determined by double labeling in situ hybridizations. These non-neuronal 

‘contaminations’ underscore the value of cell type-restricted sampling strategies. 

 

Regional differences in cortical expression profiles 

Although we are not aware of any systematic study of global gene expression in subregions of 

the adult neocortex, we found several genes for which a regionally-restricted expression in the 



cortex has been described before. For example, the Lim domain containing transcriptional co-

factor Limo4 is differentially expressed in postnatal motor and somato-sensory cortex and also 

unequally in the left and right cortical hemispheres (Bulchand et al., 2003; Sun et al., 2005). 

Since Limo4 expression is more pronounced in outer cortical layers, it is not surprising to find 

Limo4 only enriched in the MCxI-VI sample (see online material). We also found probe sets 

for two Eph receptors (A4 and B6) as being differentially expressed between microareas of 

the motor and somato-sensory cortex. Most of the probe sets coding for other Eph-ligands or -

receptors were not detected in this complex sample (data not shown), in accordance with a 

study showing attenuation of Eph expression for various family members in the postnatal 

cortex, except for Eph receptor A4 (Liebl et al., 2003). Eph receptor B6 was not analyzed in 

this study. Using genechips to detect layer-specific gene expression in mouse cortex, the 

MADS box transcription factor Mef2c was found enriched in upper layers (Funatsu et al., 

2004). Although it was not our aim to determine layer-specific genes, we observed a higher 

expression level of Mef2c in samples comprising all layers (CxI-VI; 1226±310) as compared 

to layer V restricted samples (CxV; 814±108). A regional difference for Mef2c was not 

observed, in line with published in situ hybridization data (Funatsu et al., 2004). A systematic 

analysis of our data set for probe sets enriched in either CxV or Cx I-VI samples may lead to 

the identification of additional genes with layer-specific expression patterns (the data files of 

all our genechips are accessible online at http://www.em.mpg.de/user/rossner/tync/). The 

detection of haemoglobin Y mRNA (Hbb-y) was elevated in the complex motor cortex 

samples, which is intriguing. Expression of this probe set (1417184_s_at) is much higher in 

cortical areas (that include blood vessels) than single isolated cells (MCxI-VI, 4966±220; 

MCxV, 3772±515; Y+MCx, 654±160). Whether detection of this transcript in Y+Cx samples 

indicates cross hybridization or hemoglobin expression by neurons remains to be determined. 

It has been reported that the brain expresses genes of the globin family (Ohyagi, 1994 

#146;Burmester, 2004 #196}. 

 

On average, gene expression levels and fold-changes were comparable between all groups. 

We only found one probe set (1455913_x_at; corresponding to the mRNA of transthyretin 

(Ttr)) that was restricted to a Y+ sample. Ttr was detected only in the Y+MCx cells and was 

called absent in all other samples; the observed enrichment in the Y+MCx over the Y+SSCx 

was high with a SLR>4 (Supplementary Table 3). A second overlapping probe set 

corresponding to Ttr (1454608_x_at) showed the same Y+MCx specific expression profile 

((1455913_x_at 47±27 and 1454608_x_at 121±22). Most likely due to the extremely low 



expression level of Ttr in the Y+MCx neurons we could not establish a robust qRT-PCR to 

independently verify these changes. Nonetheless, the very similar expression profiles of the 

two overlapping but not identical probe sets argue against a false positive finding. Ttr is a 

sectreted protein known to bind thyroxine and expressed at high levels in the choroid plexus 

(Dickson et al., 1986). Increased Ttr mRNA expression in the brain has been described in the 

choroid plexus after estrogen treatment and in the amygdala upon fear conditioning (Stork et 

al., 2001; Tang et al., 2004). The enriched expression of Ttr in Y+MCx neurons may reflect 

an altered state of activity or activation in comparison to Y+SSCx neurons. 
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