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Polycomb and H3K27me3 chromatin maps in central brain tissue

We made Polycomb (PC) and histone H3 lysine 27 trimethylation (H3K27me3) chromatin maps using central brain tissue from 3rd instar larvae, allowing us to make a direct comparison to our 4C data. Here, we describe the validation of these two novel chromatin maps, demonstrating that our maps are highly similar and show hallmarks of PcG-bound chromatin.

We detected PC binding and H3K27me3 using two independent methods. First, we performed DamID in combination with microarray analyses to map PC binding in central brain tissue of larvae that express a PC-DNA Adenine Methyltransferase (Dam) fusion protein at very low levels (see methods) to avoid mistargeting [1,2]. Notably, we have successfully used the same PC-Dam fusion to map PC binding in an embryonic cell line [3]. Second, we mapped H3K27me3 levels with chromatin immunoprecipitations followed by microarray analyses (ChIP-chip). 


Previous reports have demonstrated that PC binding and H3K27me3 coincide in the D. melanogaster genome, and that they tend to form large contiguous chromatin domains that can cover multiple genes [3–7]. Indeed, we observed that PC and H3K27me3 occupy similar genomic regions in central brain tissue. For example, PC and H3K27me3 chromatin profiles are highly similar in the Homeotic gene clusters, Ptx1, and trachealess (trh) loci (Figures S2A-D). Notably, the enriched domains span more than 50 Kbp (Ptx1, and trh) or even more than 100 Kbp (BX-C, and ANT-C). In addition to these 4 loci, Polycomb (PcD) and H3K27me3 (K27D) domains co-occur throughout the genome in central brain tissue. Specifically, 74% of all PcDs and K27Ds occur at similar genomic positions (Figure S2E), which is significantly higher than coincidence based on random chance. In addition, when we aligned all borders of PcDs we observed an average increase of ~2-fold inside the boundaries of PcDs compared to genomic positions outside PcDs (Figure S2F). We observed a similar increase in PC binding inside K27Ds (Figure S2G). The median PcD size is 18 Kbp and 22 Kbp for K27Ds, but domains can cover more than 100 Kbp (Figure S2H), and more than 60% of all domains cover two or more genes (Figure S2I). Thus, in agreement with observations in cell lines, whole embryos or other larval tissues, PC binding and H3K27me3 occur as largely overlapping, multi-gene chromatin domains in larval brain tissue. 

Binding of PcG proteins to chromatin is globally linked to gene repression [3]. Indeed, the PcG target genes Antp and Abd-B genes are not expressed in central brain tissue (Figure S1). In addition, we compared PC binding patterns to genome-wide mRNA expression in central brain tissue. PC and H3K27m3 target genes (i.e. genes that are located inside domains) have slightly, but significantly reduced mRNA expression compared to other genes (Figure S2J). However, in Kc167 cells PC binding correlates much stronger with gene repression [3]. For example, we observe that Ptx1 and trh mRNA levels are relatively high in central brain tissue compared to Abd-B and Antp (Figure 3C). Central brain tissue consists of different cell types with heterogeneous expression patterns [8,9]. In line with heterogenous expression, Ptx1 protein is expressed in a small subset of larval central brain cells and absent in most cells (Figure S4). In addition, trh is expressed in trachea [10]. Central brain also contains a subset of cells that make up trachea [8], suggesting that the increased trh expression comes from these cells. Our microarray expression profile measures population-wide average expression and fails to detect heterogeneous expression patterns. Therefore, we think that gene repression by PcG is attenuated in this assay. Nevertheless, the global reduction in mRNA levels and (cell-type specific) lack of protein expression do suggest that in central brain tissue, like in other cell types, PC binding is globally associated with gene repression.

PcG proteins repress transcription of many key regulators of development, including genes that encode transcription factors and components of signal transduction pathways [3,7,11–13]. As expected, a systematic query of all gene annotation categories in the Gene Ontology database [14] revealed that central brain specific PcG targets are overrepresented in genes that encode regulators of development and transcription (data not shown). 


All together these results demonstrate that our PC and H3K27me3 maps are highly similar, and fit with previously identified hallmarks of PcG-bound chromatin, namely: PC and H3K27me3 co-occur in the genome as large contiguous domains that largely repress transcription of the underlying genes, which encode important regulators of development.

Supplemental methods

Fly stocks and handling

Flies were raised at 25 ˚C on standard cornmeal/molasses/agar medium. We used GAL4-driven RNAi [15] to knockdown the expression of the ph gene in central brian tissue. For this purpose, we crossed a ph dsRNA strain (w1118; P{GD17399}v50027; Vienna Drosophila Stock Center, Austria) to a neural specific GAL4 driver (w*; P{w+mC=GAL4-elav.L}3; Bloomington, USA). Larval offspring were collected and examined using immunofluorescence.

Immunofluorescence

We used a previously described immunostaining protocol [16] to detect Antp, Abd-B, and Ptx1 expression in larval central nervous system. We used the following antibodies: 8C11 (Antp), 1A2E9 (Abd-B), and anti-Ptx1 (Ptx1). Antp and Abd-B antibodies were obtained from the Developmental Studies Hybridoma Bank and anti-Ptx1 was a kind gift from Gerd Vorbrüggen (Göttingen, Germany) [17]. All antibodies were used in a 1:50 dilution.
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