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Supplemental Table and Figure Legends

Table S1. H3K27me3 domains are enriched for developmental genes. H3K27me3 domains were
determined by ChlIP-seq in Drosophila Kc cells, and ultimately compared with publicly available
H3K27me3 ChlP-seq data in late embryos and the requirement of overlapping Polycomb signal
obtained from publicly available ChIP-chip data in Drosophila Kc cells (Celniker et al. 2009).
GO analysis was performed by submitting domain-containing genes to DAVID using all

annotated Drosophila Flybase gene 1Ds as background.

Table S2. Knockdown of insulator proteins has no effect on gene expression at genes flanking
the even skipped gene. RNAI knockdown of insulator proteins results in moderate changes in

expression for CG12134, even skipped, and TER94.

Table S3. List of primers used for gRT-PCR including sequential ChIP experiments (Figure S2)

and H3K27me3 level analyses in insulator knockdowns (Figure 6).

Table S4. List of primers used for RNAI against insulator proteins CP190, dCTCF, SU(HW),
and BEAF-32. Multiple amplicons targeting each gene for knockdown were used with the

exception of BEAF-32, which only used one.

Table S5. List of H3K27me3 domains called in Drosophila Kc cells by comparing H3K27me3
ChlP-seq data with publicly available Polycomb data (Celniker et al. 2009). A total of 127

domains were found with an average size of ~ 87 Kb.

Figure S1. ChlP-seq reveals previously published consensus sequences and novel dCTCF
secondary sequences. (A-C) Position weight matrices for ACTCF, BEAF-32, and SU(HW),

respectively. Consensus sequences determined by MEME-ChIP (Machanick and Bailey 2011)



using previously reported ChiP-seq data (Wood et al., 2011). Enrichment for secondary dCTCF
motif identified by removing dCTCEF sites containing primary sequence, and independently
confirmed using Weeder 1.3 (Pavesi et al., 2004). (D) Previously reported dCTCF consensus
sequences in humans and D. melanogaster (Holohan et al., 2007). (E-F) Previously reported

BEAF-32 and SU(HW) consensus sequence in D. melanogaster (Negre et al., 2010).

Figure S2. dCTCF tandemly aligns with BEAF-32 and SU(HW) in individual cells. (A) ChlP-
seq profile for insulator proteins dCTCF (black), BEAF-32 (blue), and SU(HW) (green) at sites
where dCTCF aligns with either BEAF-32, SU(HW), or both. (B) Sequential ChIP-PCR:

primary ChIP for dCTCF was subsequently re-chromatin immunoprecipitated for either BEAF-
32 (blue) or SU(HW) (green), or pre-immune sera (grey). Enriched signal for insulator proteins

suggests these insulators bind concurrently.

Figure S3. dCTCF motifs 2 and 3 represent low occupancy binding sites compared to the
conserved core consensus. (A) Heatmap for dCTCF sites containing motifs 1, 2, or 3 sorted from
highest to lowest read intensity. (B) Average read intensities for dACTCF at motifs 1, 2, and 3

reveal lower occupancies at motifs 2 and 3, suggesting these represent lower affinity target sites.

Figure S4. dCTCF sites are enriched for motif 2 when aligned with BEAF-32, or BEAF-32 and
SU(HW). Represented as percentage of dCTCF sites with motifs 1, 2, and 3 when independent,

aligned with BEAF-32, aligned with SU(HW), or aligned with both BEAF-32 and SU(HW).

Figure S5. dCTCF and BEAF-32 co-localize with MOD(MDG4) isoforms different than
MOD(MDG4)2.2. (A) Heatmap and average read intensities for MOD(MDG4) and
MOD(MDG4)2.2 at SU(HW) sites. Strong enrichment for MOD(MDG4)2.2 is observed as

expected. (B-C) Heatmap and average read intensities for MOD(MDG4) and MOD(MDG4)2.2



at BEAF-32 and dCTCEF sites respectively. Enrichments are reversed, with stronger read
intensities for MOD(MDG4), consistent with strong co-localization to sites where

MOD(MDG4), but not MOD(MDG4)2.2, is present (Figure 3).

Figure S6. dCTCF aligns with BEAF-32 and/or SU(HW) at H3K27me3 domain borders. (A)
Percentage of dCTCF sites aligned with BEAF-32 (blue), SU(HW) (green), and both (black) at
all aligned dCTCEF sites. (B) Percentage of dCTCF sites aligned with BEAF-32 (blue), SU(HW)

(green), and both (black) within 5 Kb of H3K27me3 domain borders.

Figure S7. Efficacy of insulator knockdown. (A) Western blot probing for CP190 in repeated
knockdown experiments. a-H3 was used as a loading control. (B) Western blot probing for
dCTCF in repeated knockdown experiments. (C) Western blot probing for dCTCF/SU(HW) and
dCTCF/BEAF-32 in repeated combinatorial knockdown experiments. (D) Western blot probing
for MOD(MDG4) and MOD(MDG4)/CP190 in repeated combinatorial knockdown experiments.

(E) Western blot probing for H3K27me3 levels in each knockdown condition.

Figure S8. H3K27me3 levels and gene expression in response to insulator knockdown. (A)
H3K27me3 levels are specifically reduced in Pc domains containing dCTCF when dCTCF is
knockdown. Average read intensities for H3K27me3 in WT Drosophila Kc cells (black),
compared to cells in which dCTCF is knockdown (red) at Pc domain borders. Comparison of
H3K27me3 reduction in Pc domains containing dCTCF to those without dCTCF. (B) Gene
expression within H3K27me3 is largely unaffected by insulator knockdown. Percentage of genes
up- or down-regulated by >2 fold under each insulator condition. Comparison between genome-

wide average (black) and H3K27me3 containing genes (red) in each condition.



Figure S9. The even skipped gene provides a model locus for insulator alignment, localization to
H3K27me3 domain borders, and H3K27me3 depletion in insulator knockdown experiments.
ChlP-seq profiles for insulator proteins dCTCF, BEAF-32, SU(HW), CP190, MOD(MDG4),
L(3)MBT, Chromator, and histone H3K27me3 surrounding the even skipped gene. H3K27me3
levels are depleted after dCTCF knockdown, though even skipped expression remains low (Table
S2). These results suggest insulators do not align simply to form a robust barrier, as H3K27me3

does not spread, nor is the expression of domain flanking genes affected (Table S2).
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Table S1. Gene ontology analysis for biological processes of genes within H3K27me3 domains

P-value
Regulation of metabolic process 1.5E-33
Multicellular organismal development 1.5E-24
Anatomical structure development 1.1 E-23
Embryonic development 2.7E-23
Pattern specification process 5.0 E-21
Anatomical structure morphogenesis 45E-17
Cellular developmental process 1.4E-10
Post-embryonic development 42E-10

Anatomical structure formation involved in morphogenesis 4.6 E-07
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Table S2. Effect of insulator knockdown on gene expression (fold change) at eve locus

knockdown:
CP190 dCTCF BEAF-32 Su(Hw) dCTCF +CP190 | BEAF-32 +CP190 , Su(Hw)+ CP190 dCTCF + BEAF-32




Table S3. List of primers used for gRT-PCR experiments

Sequential ChIP (Fig. S1)

chr2L F | TTCTTTTTCCGAAACGAAGC
R | GATCCACAGATTCAGCCACA
chrX F | AAAAGCACGCCAATAGTTGA
R | CTCTCGCAGCTTCAGCTTTC
chr2R F | GCGAGCATAGCCAAGTTAGG
R | GCTGGAAATCGGCACTTTTA
H3K27me3 levels (Fig. 7)
1| F | ATATCACCTCGTTGCGGTTC
R | CTCCTCGCACTCGTAGCTCT
2| F | TCTAGCCATCGCCATCTTCT
R | CCCTAATCCCTTCGACATCA
3| F | GACCTGCCGCATTGTTATCT
R | AGATCGCGCAGATTCTTGAT
4 | F | GTTGCGAAACTAGGGCAAAC
R | CCGGAAAATTGTATCCTCCA
5| F | TAGGCCGCGAATGTTTTTAG
R | AATGGCATAAGCGGAAACTG
6| F | GCCACTCGGAGAGTCTTCTG
R | TCACCGACTCCCTGATTCTC
7 | F | GAAGGGATGGAATGGTGCTA
R | GCCGATCCCATCTTATCTGA
8| F | TACTTGTGACGGAGCGTCTG
R | CCTTCATGTCGAAGGGGTTA
9| F | AATGTGGGCTATGGCTTGTC
R | TCTGTATCCGTGCTGCTGTC
10 | F | CCGGAATTCCCCCTATTTTA
R | GAGAGCGGGTAGATTGTTGC
11 | F | CGAGTTCCTAATCCGAAACG
R | CTGGTGGGCAGCTAGGTACT
12 | F | GTGTTCGCCATTCTTTCCAT
R | GCACACTCGATCTGAAACCA




Table S4. List of primers used for RNAI

B-gal-la

B-gal-1b

B-gal-2a

B-gal-2b

SuHw-A3'

SuHw-AS5'

SuHw-B3'

SuHw-B5’

CP190-A5'

CP190-A3'

CP190-B3'

CP190-B5'

CP190
RNAI

CP190
RNAI
CTCF-AS'

CTCF-A3'

Primer

B-gal genomic forward

B-gal genomic reverse

B-gal genomic forward

B-gal genomic reverse

SuHw genomic reverse

SuHw genomic forward

SuHw genomic reverse

SuHw genomic forward

CP190 genomic

forward

CP190 genomic
reverse

CP190 genomic
reverse

CP190 genomic
forward

fromel R

fromel S

CTCF genomic forward

CTCF genomic reverse

Sequence (T7 - gene specific target)

taatacgactcactataggg-ggtttccgcgaggt

taatacgactcactataggg-gtcgcacagcgtgtac

taatacgactcactataggg-agcgaaaacggtctg

taatacgactcactataggg-gctcagetggteeg

taatacgactcactataggg-
aaacaacaacggtcatcaatg

taatacgactcactataggg-
ctacatgattcttccaaattatct

taatacgactcactataggg-
aactgtggccacgacctaac

taatacgactcactataggg-
tgtgcggtaattgtacgcat

taatacgactcactataggg-
cctggctgtgectgaga

taatacgactcactataggg-
ctggtagacttatgtccgaaa

taatacgactcactataggg-
gaatgcggaattggtgaatc

taatacgactcactataggg-
agccgcgagatgacttagt

TAATACGACTCACTATAGGGAG )
AGTAAACGGACGACCCATTAGC
ATTC

TAATACGACTCACTATAGGGAG
AGTCTGCTCTGGTTCCTGCTC

taatacgactcactataggg- »
GAGCCCGACATCAGTTCAAT

taatacgactcactataggg- )

Length | GC
34 50

36 50

35 45.72
34 52.95
41 39.03
44 34.1
40 47.5
40 42.5
37 51.36
41 41.47
40 42.5
40 45

74.12

73.87

72.03

74.32

73.86

70.84

74.78

74.05

76.7

72.47

75.48

74.55



CTCF-B5'

CTCF-B3'

BEAF-32

BEAF-32

CTCF genomic forward
one off target

CTCF genomic reverse
one off target

BEAF genomic forward

BEAF genomic reverse

GAGCACTTGAAGGATGGCTC

taatacgactcactataggg-
CCTACGCATCGCAGGAC

taatacgactcactataggg-
TTCTGGTGGCTGATACTCTT

taatacgactcactataggg-
AGGGTCGTGTTAG

taatacgactcactataggg-
GAAAAGAAATCAG



Table S5. List of H3K27me3 domains in Drosophila Kc cells
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Genome-wide H3K27me3 Domain Borders
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