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SUPPLEMENTAL EXPERIMENTAL PROCEDURES 
 
 
 
Cell Culture 

Hippocampal neurons from E18 Long-Evans rats were isolated as previously 

described (Xia et al., 1996).  Neurons were maintained in Neurobasal Medium 

(Invitrogen, Gaithersburg, MD) containing B27 Supplement (2%; Invitrogen), penicillin-

streptomycin (50 µg/ml penicillin, 50 U/mL streptomycin; Sigma, St. Louis, MO) and 

glutamine (1mM; Sigma).  Neurons were infected with lentiviral vectors at DIV3-4 by 

incubating neurons for 6 hours in Basal Medium Eagle (BME; Invitrogen) containing 

10% fetal bovine serum (FBS), penicillin-streptomycin, glutamine, polybrene (0.6 

µg/mL; Sigma) and concentrated viral particles.  After infection, neurons were rinsed 

several times in fresh Neurobasal medium before adding back the original culture media 

to the cells.  Concentrated lentiviral particles were produced and the titer was analyzed as 

previously described (Lois et al., 2002). For KCl depolarization of neurons, TTX (1 µM; 

Calbiochem, La Jolla, CA) and AP5 (100 µM; Tocris, Ellisville, MO) were added prior to 

stimulation to reduce basal neuronal activity and neurons were depolarized by adding 

31% depolarization buffer (170 mM KCl, 2 mM CaCl2, 1 mM MgCl2, 10 mM HEPES) to 

the culture media for the indicated amounts of time. Additional pharmacological agents 

were applied at the following concentrations: EGTA, 2mM; H89, 10 uM; Nimodipine, 1 

uM. 

 
 



Plasmids 
 

MEF2A and MEF2D shRNA constructs were purchased from Cellogenetics 

(Baltimore, MD) and were previously described (Flavell et al., 2006).  To produce 

lentiviral vectors for MEF2ΔDBD-VP16-ER and MEF2-VP16-ER expression, the 

cDNAs encoding these fusion proteins, which have been previously described (Flavell et 

al., 2006), were cloned into the pFUIGW vector (Zhou et al., 2006).  To generate 

luciferase reporter plasmids for bdnf promoter I, a genomic fragment surrounding the 

mouse bdnf gene (-6143 to +179 relative to the first annotated transcriptional start site) 

was cloned into the pGL3 Basic vector, which initially lacked any other promoter or 

enhancer.  The enhancer deletion construct contained a deletion so that it only spanned 

from -4501 to +179.  The MREmut construct had point mutations at the MRE found at 

the -4859 position that altered the sequence from 5′ – CCTATTTATAGTA – 3′ to 5′ – 

CGATGTTGTGGTA – 3′, but was otherwise identical to the full-length bdnf promoter I 

luciferase reporter construct. 

 

Exposure of rats to novel environment 

Six week old, male Long-Evans rats were housed each in individual cages for 

several days prior to the novel environment exposure.  Cages were not changed the 

morning of the experiment.  Several animals (control) were not moved from their cage, 

while several other animals (novel environment) were moved together into a cage 

containing numerous objects of different colors and sizes (PETCO).  Objects were 

exchanged for new novel objects several times throughout the three-hour period.  After 

three hours, both control and novel environment animals were euthanized and RNA from 



their forebrains was isolated using Trizol (Invitrogen) followed by RNA cleanup with 

RNeasy Mini kit (Qiagen).   

 

Mouse visual cortex stimulation 

Eight- to twelve-week old adult mice reared in a 12-hour:12-hour light:dark cycle 

were transferred and maintained in constant darkness for 14 days.  Animals in the 

“unstimulated (control)” condition were killed and their eyes enucleated in the dark, prior 

to bringing the body into light to dissect the brain.  Animals in the “visual stimulation” 

condition were exposed to ambient light for 90 minutes.  Visual cortex was isolated based 

on anatomical landmarks and immediately homogenized into Trizol reagent (Invitrogen) 

for RNA isolation. 

 

mRNA profiling microarray analyses 

Total RNA was collected from cultured rat hippocampal neurons or rat forebrains 

using the RNeasy Mini or Micro Kit (Qiagen, Valencia, CA).  Equal amounts of RNA 

from each sample were reverse transcribed to make cDNA, which was then in vitro 

transcribed into labeled cRNA using standard methods.  cRNA was hybridized to 

Affymetrix RAE230.2 microarrays and all microarrays passed standard Affymetrix 

quality control tests.  Preparation of cRNA from total RNA and hybridization of cRNA to 

microarrays was conducted in the Molecular Genetics Core Facility at Children’s 

Hospital Boston.  For expression profiling of cultured neurons, three biological replicates 

of each experiment were performed.  For the novel environment experiment, RNA was 

collected from six animals for each experimental condition.  Arrays from all experimental 



conditions (and all replicates) of a given experiment were normalized to one another 

using the robust multichip averaging method (RMAexpress; (Bolstad et al., 2003)).  After 

normalization, all subsequent analyses were conducted using GeneSpring GX software 

(Agilent, Santa Clara, CA).  Probe sets were only considered for analysis if the Flags for 

that probe set on the Affymetrix microarray were “Present” in all replicates of the 

experiment (at least within the experimental condition where the probe set was 

hypothesized to be most highly expressed; ~55% of the probe sets passed this criterion in 

each experiment).  After this filter, probe sets were considered to display an expression 

change and included on the lists described in Fig. 1A-C if they met at least one of these 

two criteria: (1) showed at least an x-fold change in expression (where x=1.25 for MEF2-

VP16-ER and RNAi analyses and 1.5 for KCl analyses) in three out of three biological 

replicates of the experiment or (2) showed at least a y-fold average fold change (where 

y=1.5 for MEF2-VP16-ER and RNAi analyses and 2.0 for KCl analyses) between 

experimental conditions and a p-value less than 0.05 across the biological replicates of 

the experiment (i.e., a Volcano Plot analysis).   The rationale for performing both of these 

tests was that the first analysis captured all reliable expression changes across the 

biological replicates of the experiment, while the second analysis allowed for lower 

reliability as long as the fold-change was sufficiently robust and the p-value across 

biological replicates was still sufficiently low.  For the novel environment experiment, 

only a Volcano plot analysis (cutoff of 1.25-fold change and p<0.05) was employed since 

no animals could be paired like was done in the tissue culture experiments.  These 

methods for selecting probe sets as “regulated” were validated by the RT-qPCR 

experiments shown in Figs. S1-S4.  The six gene sets that were generated from 



expression profiling of cultured hippocampal neurons (up- or down-regulated by either 

(a) KCl depolarization (b) MEF2 RNAi or (c) MEF2-VP16-ER induction) were 

compared to one another to assess whether the probe sets that were identified in any 

given gene set overlapped with the probe sets in another.  Fisher exact tests were 

performed to make this determination, where the total population of available probe sets 

was the probe sets that passed the initial flag “Present” call criterion within both of the 

experiments being compared (since we were only interested in genes identified by more 

than one of these criteria, the number of probe sets identified, as reported within this 

paper, only includes probe sets that were “Present” within at least two of these 

experiments; the genes that were only “Present” and identified as “regulated” in one 

isolated experiment were a tiny fraction of the total genes and were excluded from our 

analysis).  Because 12 comparisons were performed, Bonferroni-Dunn p-value correction 

(on an initial p-value of 0.01) was performed.  All microarray data have been deposited in 

the gene expression omnibus (GEO; accession numbers GSE13537, GSE13538 and 

GSE13539). 

All of the genes discussed in the main text were identified in at least two of three 

of these gene sets, except for c3orf58, ube3a and synGAP, which were only identified as 

downregulated by MEF2 RNAi within our microarray experiments.  These genes were 

included in the discussion because more detailed analyses of these genes (for synGAP, 

see Flavell et al., 2006; for ube3a, see P.L.G. and M.E.G., Science, submitted; for 

c3orf58, see (Morrow et al., 2008)) indicate that they are activity-regulated MEF2 target 

genes in hippocampal neurons. 

 



 

Identification of multiple probe sets mapping to individual genes 

To identify cases where multiple probe sets mapping to the same gene showed 

different expression profiles (see Fig. 4), we began with the list of probe sets that were 

found to be upregulated by KCl depolarization (643 probe sets, Fig. 1A).  From this list 

of probe sets, we identified additional probe sets on the RAE230.2 microarray that map to 

genes with identical names.  To ensure that these multiple probe sets truly mapped to the 

same gene and not to multiple genes with similar names, we checked each group of probe 

sets and ensured that the sequences of the probe sets mapped to the same strand of the 

same genomic locus.  We then identified all cases where the additional probe sets that we 

had pulled out (i.e. not the 643 original KCl upregulated probe sets) had “Present” flags 

in all three replicates of the experiment and were not upregulated upon KCl 

depolarization more than 1.25-fold (versus a minimal 1.5-fold change for the original 

KCl upregulated probe sets).  The cases where the activity-regulated probe set mapped 5′ 

to the non-activity-regulated probe set within the given gene are listed in Table 2.  Other 

microarray data were analyzed in an almost identical fashion, including normalization of 

raw microarray data (.CEL files).  These data included EGF treatment of astrocytes 

(Accession number GSE5282; both 4 and 12 hour timepoints were analyzed; (Liu et al., 

2006)), interleukin-2 treatment of the T cell line CTLL-2 (Accession number GSE6085; 

only the 6 hour timepoint was analyzed; (Zhang et al., 2007)) and anti-IgM and CpG co-

treatment of the B cell line (Accession number GSE6674; (Busconi et al., 2007)). 

 



Statistical Analyses and Comparisons 

To investigate the expression of the 182 MEF2-regulated genes within the GNF 

Atlas 2 data (Su et al., 2004), we identified the human orthologs of 178 of these 182 

genes (we were unable to confidently assign human orthologs to the remaining four 

genes).  We used the NetAffx website to identify all the probe sets that were included in 

the GNF Atlas 2 analysis that mapped to these genes.  GNF Atlas 2 expression data were 

downloaded from the UCSC genome browser as log2(expression value for tissue/median 

expression value among all 79 tissues) scores.  To determine if the MEF2-regulated gene 

set was enriched or de-enriched in a given tissue, we compared the log2 expression 

scores for the MEF2-regulated gene set to the log2 expression scores of all of the probe 

sets on the microarray using the Mann-Whitney test.  Because 79 different tests were 

conducted, Bonferroni-Dunn p-value correction (on an initial p-value of 0.01) was 

performed.  Results from this analysis are shown in Table S2. 

All statistics from Ingenuity Pathway Analysis were conducted with the default 

settings for this software.  Briefly, an analysis was performed using the MEF2 target gene 

list (182 genes) as the input list.  Statistical enrichment of genes pertaining to different 

“Functions and Diseases” gene ontology categories were analyzed and reported within 

the text of the paper. 

 

Reverse Transcription-quantitative PCR (RT-qPCR) 

All RT-qPCR experiments were performed essentially as previously described 

(Flavell et al., 2006).  Briefly, RNA was extracted from cultured hippocampal neurons or 

rat forebrains using the RNeasy Mini or Micro Kit (Qiagen, Valencia, CA).  Reverse 



transcription reactions were performed on equal amounts of RNA using Superscript III 

reverse transcriptase (Invitrogen, Gaithersburg, MD).  All qPCR reactions were 

performed on cDNA using Power SYBR (Applied Biosystems, Foster City, CA).  For 

each primer set, standard curves consisting of several 10-fold dilutions of cDNA were 

conducted in order to ensure that PCR amplification was reliable and exponential.  All 

samples were measured in triplicate and a No-Reverse-Transcriptase control reaction was 

included within each experiment to ensure that observed PCR products were amplified 

from cDNA rather than from residual genomic DNA.  If any notable signal was detected 

with the No-RT control, the cDNA samples were discarded and not considered in our 

analyses.  Expression values obtained for genes of interest were normalized to expression 

values measured for beta-3-tubulin.  To pick 15 genes for microarray validation (Figs. 

S1-S3), we first ensured that the genes selected would have fold changes that would be 

roughly representative of the fold changes within the MEF2-regulated gene set (so that 

genes with fold changes ranging as low as 1.25-fold were investigated, as these genes 

were the least likely to validate).  Beyond this, the genes were selected randomly using 

the Microsoft Excel random number generator.  A similar approach was used to select 

genes for validation of the novel environment microarray experiment.  Primer sequences 

are available upon request.  

 

Luciferase Assays 

To perform luciferase assays, all bdnf promoter I reporter plasmid maxipreps were 

prepared in parallel and similar results were obtained from independent sets of 

maxipreps.  These plasmids were transfected into hippocampal neurons at E18+5-6DIV 



along with the control TK-pRL reporter plasmid (Promega, Madison, WI) to allow for 

normalization. Transfections for each experimental data point were carried out in 

triplicate within each experiment.  The following day, neurons were depolarized as 

described above and lysed in passive lysis buffer (Promega).  20 μL of the 100 μL lysate 

was assayed using the dual luciferase reporter assay (Promega).  Firefly luciferase 

activity levels were divided by renilla luciferase activity levels to normalize for 

transfection efficiency. 

 

Antibodies 

For MEF2D ChIP-chip analysis, we used a MEF2D-specific antibody that was 

first shown to immunoprecipitate MEF2D in a previous study (Flavell et al.,2006).  To 

generate this antibody, a peptide encompassing amino acids 123-134 in rat MEF2D 

(ELDGLFRRYGSS) was conjugated to KLH, injected into rabbits and antibodies were 

affinity purified against the peptide antigen.  This antibody did not cross react with any of 

the other MEF2 proteins highly expressed in the brain (MEF2A or MEF2C; data not 

shown).  For RNA Polymerase II ChIP-chip, we used a commercially available RNA 

Polymerase II monoclonal antibody (clone 8WG16, Covance, Berkeley, CA).  For ChIP 

experiments investigating elongating RNA polymerase II, we used a commercially 

available monoclonal antibody (clone 4H8, Abcam, Cambridge, MA).  Western blots on 

MEF2D immunoprecipitates were performed with a monoclonal MEF2D antibody 

(1:1000, BD Biosciences, San Jose, CA). 

 



Chromatin-immunoprecipitation (ChIP)  

Typically 20-40 million hippocampal neurons were used for a single ChIP 

experiment. To cross-link protein-DNA complexes, media was removed from neuronal 

cultures and crosslinking-buffer (0.1 M NaCl, 1 mM EDTA, 0.5 mM EGTA, 25 mM 

Hepes-KOH, pH 8.0) containing 1% paraformaldehyde was added for 10 minutes at room 

temperature. Cross-linking was quenched by adding 125 mM glycine for 5 minutes at 

RT. Cells were then rinsed 3 times in ice-cold PBS containing complete protease 

inhibitor cocktail tablets (Roche Diagnostics, Mannheim, Germany) and collected by 

scraping. Cells were pelleted and either stored at -80 oC until use or immediately 

processed. Cell pellets were lysed by 20 cell pellet volumes (CPVs) of L1 buffer (50 mM 

Hepes-KOH, pH 7.5, 140 mM NaCl, 1 mM EDTA, pH 8.0, 10 % Glycerol, 0.5 % NP-40, 

0.25 % Triton X-100, complete protease inhibitor cocktail) for 10 min at 4 oC.  Nuclei 

were then pelleted by centrifugation at 3000 rpm for 10 min at 4 oC. The isolated nuclei 

were rinsed with 20 CPVs of L2 buffer (200 mM NaCl, 1 mM EDTA, pH 8.0, 0.5 mM 

EGTA, pH 8.0, 10 mM Tris-HCl, pH 8.0, complete protease inhibitor cocktail) for 10 

min at RT and re-pelleted.  Next, 4 CPVs of L3 buffer (1 mM EDTA, pH 8.0, 0.5 mM 

EGTA, pH 8.0, 10 mM Tris-HCl, pH 8.0, complete protease inhibitor cocktail) were 

added to the nuclei and sonication was carried out using a Misonix 3000 Sonicator 

(Misonix, Farmingdale, NY) set at a power setting of 7.5 (equivalent to 24 watts). 16 

pulses of 15 seconds each were delivered at this setting, which resulted in genomic DNA 

fragments with sizes ranging from 200 bp to 2 kb. Insoluble materials were removed by 

centrifugation at 20,000 relative centrifugal force for 10 min at 4 oC. The supernatant was 

transferred to a new tube and the final volume of the resulting nuclear lysate was adjusted 



to 1 mL by adding L3 buffer supplemented with 0.3 M NaCl, 1 % Triton X-100, 0.1 % 

Deoxycholate. The lysate was pre-cleared by adding 100 ul of pre-rinsed Protein A 

Agarose (Sigma) per 1 ml of the lysate and incubating for 1 hr at 4 oC. After pre-clearing, 

0.1 volume of the ChIP sample (50 ul from 500 ul lysate) was saved for use as input 

material. The rest of the lysate was incubated with the indicated antibody for 

immunoprecipitation.  

For each MEF2D and RNA Polymerase II ChIP experiment performed using 20 

million neurons, 4 ug of affinity-purified antibody was used. As a negative control for 

MEF2D ChIP, 16 ug of antigen peptide was first incubated with the 4 ug of MEF2D 

antibody for 2 hrs at 4 oC to block the antibody and then added to the lysate. The 

antibody incubation was carried out overnight at 4 oC. The next day, 30 ul of pre-rinsed 

Protein A/G PLUS Agarose (Santa Cruz Biotechnology, Inc, Santa Cruz, CA) was added 

to each ChIP reaction and further incubated for 1 hr at 4 oC. The beads bound by 

immune-complexes were pelleted and washed twice with each of the following buffers: 

low salt buffer (0.1% SDS, 1% Triton X-100, 2mM EDTA, 20mM Tris-HCl, pH 8.1, 

150mM NaCl), high salt buffer (0.1% SDS, 1% Triton X-100, 2mM EDTA, 20mM Tris-

HCl, pH 8.1, 500mM NaCl) and LiCl buffer (0.25M LiCl, 1% IGEPAL CA630, 1% 

deoxycholic acid (sodium salt), 1mM EDTA, 10mM Tris, pH 8.1). In each wash, the 

beads were incubated with wash buffer for 10 min at 4 oC. The washed beads were then 

rinsed once with 1x TE (10 mM Tris-HCl, pH 8.0, 1 mM EDTA). The 

immunoprecipitated materials were eluted from the beads twice by adding 100 ul of 

elution buffer (10 mM Tris-HCl, pH 8.0, 1 mM EDTA, pH 8.0, 1 % SDS) to each ChIP 

reaction and incubating the sample at 65 oC for 10 min with brief vortexing every 2 min. 



150 ul of elution buffer was also added to the saved input material (50 ul) and this sample 

was processed together with the ChIP samples. The eluates were combined and 

crosslinking was reversed by incubation at 65 oC overnight. To each eluate (200 ul), 150 

ul of Proteinase K Mix [140 ul of 1x TE, 3 ul of Glycoblue (15 mg/ml; Ambion, Austin, 

TX), 7 ul of Proteinase K (20 mg/ml; New England Biolabs, Ipswich, MA)] was added 

and incubated for 2 hrs at 42 oC. The immunoprecipitated genomic DNA fragments were 

extracted twice with Buffer-saturated Phenol (Invitrogen) and then once with 

Chloroform:Isoamyl Alcohol (24:1, v/v). The extracted DNA fragments were then 

pelleted by ethanol precipitation, followed by a 70 % ethanol wash. The air-dried pellet 

was resuspended in 30 ul of RNase A solution [RNase A (0.33 mg/ml; Qiagen) in dH2O] 

and incubated 1 hr at 37 oC. The resulting genomic DNA fragments were then purified 

using the QIAquick PCR purification kit (Qiagen) and DNA fragments were eluted in 90 

ul of 10 mM Tris-HCl, pH 8.5.  

 

Quantitative-PCR (qPCR) using ChIP samples 

For each primer set, standard curves and melting curves were analyzed to 

examine the quality of the primer set. All qPCR reactions were performed in a 20 ul 

reaction volume [10 ul of POWER SYBR Green PCR master mix (Applied Biosystems), 

1 ul of primer set (5 pmoles each), 3 ul of template DNA fragment, 6 ul of dH2O]. The 

input DNA was sequentially diluted (1:80, 1:400, 1:2000) and 3 ul from each diluted 

input was used as a template in the qPCR standard curve. For the ChIP samples, 3 ul of 

each ChIP sample was directly used as a template.  For ChIP-chip validation by ChIP-

qPCR (Fig. S6), input and ChIP samples were amplified using ligation mediated (LM)-



PCR, as described below for ChIP-chip sample preparation.  qPCR analysis of these 

samples was conducted using 0.75 ng of template per 20 ul qPCR reaction.  For all of 

these qPCR analyses, samples were measured in duplicate.  Primer sequences are 

available upon request. 

 

ChIP-Western 

To assess the ability of the MEF2D antibody to immunoprecipitate endogenous 

MEF2D under ChIP conditions, the washed beads containing MEF2D immune 

complexes from a single ChIP experiment were mixed with 30 ul of 2x Laemmli Sample 

Buffer and boiled at 100 oC for 15 min. The resulting denatured/reverse-crosslinked 

samples were separated by SDS-PAGE and MEF2D proteins were visualized with 

standard immunoblotting methods using a monoclonal anti-MEF2D antibody (1:1000; 

BD Biosciences). 

 

ChIP-chip 

The arrays used for ChIP-chip were manufactured by Nimblegen Systems, Inc 

(Madison, WI). Two different arrays were used in the study. One is a pre-manufactured 

rat genome tiling array (RN3Tiling Set 19) covering the genomic regions in rat chr 7: 

117,228,031-143,002,625 and chr 8: 3,406-46,729,790 [based on Rat Nov. 2004 (rn4) 

assembly from the UCSC rat genome database]. The other is a custom-designed rat 

genome tiling array. This array contains probes that represent the following rat genomic 

regions: 182 genes identified by mRNA profiling experiments (see main text for details), 

86 genes whose expression was decreased by both KCl-mediated depolarization and 



MEF2 RNAi, and 40 control genes whose expression was not altered by MEF2 RNAi or 

MEF2-VP16-ER. The array not only covers the entire gene regions but also contains 

probes that correspond to the 40 kb 5′and 3′ to each gene.  Repeatmasking was conducted 

by Nimblegen to ensure that repetitive elements were not tiled on the microarray.  Probe 

length and spacing between the probes were 50-75mer and 50 bp, respectively.  

We performed two biological replicates of each ChIP-chip experiment, which 

included three different stimulation conditions (unstimulated, 20 and 140 min after KCl 

depolarization, which was conducted as described above). Furthermore, each ChIP 

experiment was paired with a negative control ChIP reaction that was performed with a 

negative control antibody so that a total of 12 ChIP-chip microarrays were conducted in a 

single analysis.  For MEF2D ChIP, the negative control antibody was a MEF2D antibody 

that was pre-blocked with antigen peptide. For RNA Polymerase II ChIP, mouse IgG mix 

(Santa Cruz Biotechnology, Inc) was used as a negative control. 

Each ChIP sample was prepared from rat hippocampal neurons (50 million, 

DIV7-8) and amplified by ligation-mediated PCR (LM-PCR) according to the 

manufacturer’s instruction with a few modifications. Briefly, the enriched genomic DNA 

fragments obtained from ChIP experiments were blunt-ended and then phosphorylated at 

the 5′ ends of each DNA fragment in a single step using the DNATerminator End Repair 

Kit (Lucigen, Middleton, WI) according to the manufacturer’s instruction. The resulting 

end-repaired DNA fragments were extracted once by Phenol:Chloroform:isoamylalcohol 

(25:24:1) and pelleted by ethanol precipitation. The linker-ligation and LM-PCR were 

carried out exactly according to Nimblegen’s instructions except that 24 cycles of PCR 

were used. 3 ug of each LM-PCR sample was used for subsequent dye labeling and 



hybridization to the array.  All microarray data have been deposited in the GEO 

(accession number GSE13551). 

 

ChIP-chip data analysis 

Signal intensity data was extracted from the scanned images of each array using 

NimbleScan, NimbleGen’s data extraction software. Subsequently, scaled log2-ratio 

values from each probe were obtained (log2[ChIP signal intensity/input signal intensity]). 

The log2-ratio was computed and scaled to center these values around zero. Scaling was 

performed by subtracting the bi-weight mean for the log2-ratio values for all features on 

the array from each log2-ratio value. We then identified regions of MEF2D and RNA 

polymerase II occupancy using a custom-written ChIP-chip data analysis program that 

was implemented using the R language and is composed of three parts that are described 

below.   

 

Peak finding. The input data consisted of gff-formatted scaled log2 ratio values 

provided by Nimblegen (described above). As a first step, we applied a fixed percentile-

cutoff to isolate all the probes in the array whose log2-ratio values were higher than a 

given percentile-cutoff value (99% for MEF2D ChIP-chip and 92.5% for RNA 

polymerase II ChIP-chip).  For MEF2D ChIP-chip, the 99% percentile-cutoff value 

corresponded to log2-ratio cutoff values ranging from 0.79 to 1.56 for individual arrays 

(though log2-ratio values ranged as high as 5.58 on some arrays).  These percentile-cutoff 

values were chosen empirically by progressively decreasing the percentile-cutoff and 

examining how many specific peaks in the ChIP experiment were also identified in the 



negative control ChIP.  The percentile-cutoff values were further validated by the ChIP-

qPCR validation experiments shown in Fig. S6.  Since genomic DNA fragments were 

randomly fragmented to an average length of 500 base pairs by sonication during our 

ChIP procedure, genomic regions corresponding to factor binding sites that are enriched 

by ChIP should have several consecutive probes on the tiling microarray with high log2-

ratio values. Therefore a factor binding site (a “peak”) was called only in a genomic 

region where a minimum of 4 consecutive probes (350-450 base pair in length of 

genomic region) displayed log2 ratio values higher than the percentile-cutoff value. This 

minimum consecutive probe requirement likely screened out a significant number of false 

positive signals arising from hybridization artifacts that affect individual probes.  

Replicate finding. The reproducibility of each peak identified in one replicate (as 

described above) was analyzed in a second biological replicate by a random sampling 

method. Random sampling of a defined window size given by the width of each 

individual peak in the first biological replicate was iterated five thousand times on the 

second replicate and the mean log2 ratio values from the probes within each sampled 

locus was calculated. A false discovery rate (FDR) threshold (1%) was applied for each 

experimental or control chip for a peak to be counted as a replicate. The wilcoxon signed-

rank test (with a p-value cutoff of 0.01) was also performed to identify the peaks in the 

ChIP experiment that were significantly higher than the negative control ChIP 

experiment.  This negative control ChIP was important in identifying the correct 

percentile-cutoff value and in removing peaks that were likely false positives arising from 

non-specificity. 



Identification of genes nearby MEF2 binding sites. A list of MEF2D target 

genes that harbor at least one peak either between their RefSeq transcriptional start and 

stop sites or within 10 kb 5′ or 3′ to these sites was created. The entire list of all RefSeq 

genes and their genomic coordinates were downloaded from NCBI genome database. The 

distances between the center of each peak and all the RefSeq genes were first calculated 

and then, if there was a peak within a gene or within 10 kb of a gene, we listed the gene 

as a potential target of MEF2.  

 

Bioinformatic analysis of genomic regions of MEF2D occupancy and genomic 

regions of activity-dependent polyadenylation 

PhastCons scores for all nucleotides of interest were downloaded from the UCSC 

Genome Browser.  These scores, which range from zero to one, are provided for 

individual nucleotides and reflect the degree of evolutionary conservation for that 

nucleotide in a 9-vertebrate alignment based on rn4.  To analyze the overall distribution 

of phastCons scores over the tiling microarray and MEF2D-bound portions of the 

microarray, we only considered nucleotides for which a phastCons score was available.  

Histograms (with 20 bins) of these distributions are shown in Fig. 2E.  Because the 

distributions are non-Gaussian, the statistical comparison of these two distributions was 

performed using a Chi-Square test.  Similar results were obtained using the Monte Carlo 

random sampling method.   

To identify potential nucleotide motifs of interest within the regions of MEF2D 

occupancy, we first filtered these regions so that we only considered evolutionarily 

conserved portions of these peaks.  Thus, for motif analysis, we only considered stretches 



of six nucleotides or more where the minimum phastCons scores were 0.05.  These 

evolutionarily conserved stretches were subject to unbiased motif identification using 

Multiple Em for Motif Elicitation (MEME; Bailey et al., 2006).  MEME analysis (version 

3.5.4) was performed using the default background, which is a 0-order background file 

where the G/C content is set to match the G/C content of the nucleotides that were 

analyzed.  The motif that is presented in Fig. 2F was the first of 30 motifs that were 

identified and had an e-value of 3.5 x 10-133.   The logo in Fig. 2F was created using 

WebLogo (weblogo.berkeley.edu); input sequences used to generate the logo were those 

that were identified by MEME.  A qualitatively similar motif was also identified by 

performing MEME analysis with an 8-order background file based on the rat genome and 

by performing MEME analysis on the genomic regions of MEF2D occupancy that were 

not filtered based on evolutionary conservation.   

To plot the evolutionary conservation of every instance of this motif within the 

regions of MEF2D occupancy or elsewhere (as negative controls), we converted the 

position weight matrix isolated through MEME analysis to the FASTA sequence 

BTWTWTHWDDH and isolated every instance of this motif as well as the 200 

nucleotides 5′ and 3′ to each motif occurrence.  Because MEF2D binding sites were 

located both 5′ and 3′ to genes, we plotted the mean phastCons scores for every 

nucleotide position, where the BTWTWTHWDDH sequence was constrained to lie in the 

middle of the plot and the surrounding nucleotides in both the 5′ and 3′ directions were 

averaged and plotted symmetrically (Fig. 2G).   

To identify motifs in the polyA site regions that displayed activity-dependent use, 

Weeder (Pavesi et al., 2004) was implemented to search for nucleotide motifs that were 



statistically enriched in the areas surrounding 19 polyA sites that in depth analyses 

indicated were high-confidence sites of polyadenylation.  One motif (Fig. 5B) was 

identified as significantly enriched in a search for motifs in the -100 to 0 region relative 

to the polyA site.  Search was restricted to the transcribed (sense) strand in these 

analyses. While this motif was found in 8 of the 19 regions that were investigated 

(predominantly in the -100 to -50 area), it was only found in 2 of the 19 full-length polyA 

regions at these same genes.  Moreover, the motif was only identified in 8 of 100 

randomly selected polyA regions that were also investigated.  This motif also appears to 

be enriched within these specific polyA regions compared to the rat genome as a whole 

since comparisons to an 8-order rat genome background file still identified the motif as 

significantly enriched within these regions.  A second motif (data not shown) that is 

qualitatively similar (though not identical) was identified in a search of the -150 to 0 

region (relative to the polyA site).  This motif was found in 7 of the 19 regions, but in 0 

of the 19 corresponding full-length polyA regions and 21 of the 100 randomly selected 

polyA regions.  Together, at least one of these two motifs is found in 13 of the 19 polyA 

regions investigated. 
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