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to have a lower density of stable NL contacts than larger chromo-
somes. An exception to this rule is chr18, which harbors many
regions with high CFs. This contrasts in particular with chr19,
which only exhibits a few contact sites and very low CFs. This
matches previous chromosome painting studies that found
chr18 to be preferentially located at the nuclear periphery and
chr19 in the nuclear interior (Croft et al., 1999; Cremer et al.,

2001). An intriguing pattern is visible on chrX (Figure 3A, bottom
left). The distal arms of this chromosome have many stable NL
contacts, while the centromere-proximal!40Mb show only var-
iable contacts.
In order to confirm these CF patterns, we used an indepen-

dently derived KBM7 clone that also expresses Dam-LmnB1
and the Fucci system (clone #5.5) to generate a total of 168

(D–F) Multi-color 3D DNA FISH microscopy with probes for six genomic loci covering a broad range of average OE scores distributed on chr1 (n = 677) (D) and

chr17 (n = 973) (E). Graphs depict the distributions of radial probe positions, with zero corresponding to the nuclear edge and one to the centroid. Three

representative nuclei with three-color FISH signals are displayed below the graphs; DNA staining with DAPI is shown in gray. (F) Mean radial positions of the six

probes versus the mean DamID OE scores. Numbers 1–6 correspond to probe numbers in (D) and (E). The dotted line shows linear regression fit.

Figure 3. NL Contact Frequencies Are Linked to Developmental Dynamics, Gene Density, and Ploidy
(A) Estimated contact frequencymaps for all chromosomes in clone #14 cells. KBM7 cells carry a balanced translocation between chr9 and chr22 (Bürckstümmer

et al., 2013); vertical dotted lines mark the junctions. Centromeric regions are indicated by gray bars; telomeres are marked by black triangles. chr8 is not shown

because it is diploid.

(B) Cumulative histogram of genome-wide CF values.

(C) Distribution of genomic segments with indicated CFs over constitutive (c) and facultative (f) LADs and inter-LADs (iLADs).

(D) Average number of transcription start sites per 100-kb segment, plotted as a function of CF.

(E) Comparison ofCFs in diploid cells andpseudo-diploid cells. The latter are simulated by combining equal numbers of sequence reads frompairs of haploid cells.

See also Figure S2 and Table S1.
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to have a lower density of stable NL contacts than larger chromo-
somes. An exception to this rule is chr18, which harbors many
regions with high CFs. This contrasts in particular with chr19,
which only exhibits a few contact sites and very low CFs. This
matches previous chromosome painting studies that found
chr18 to be preferentially located at the nuclear periphery and
chr19 in the nuclear interior (Croft et al., 1999; Cremer et al.,

2001). An intriguing pattern is visible on chrX (Figure 3A, bottom
left). The distal arms of this chromosome have many stable NL
contacts, while the centromere-proximal!40Mb show only var-
iable contacts.
In order to confirm these CF patterns, we used an indepen-

dently derived KBM7 clone that also expresses Dam-LmnB1
and the Fucci system (clone #5.5) to generate a total of 168

(D–F) Multi-color 3D DNA FISH microscopy with probes for six genomic loci covering a broad range of average OE scores distributed on chr1 (n = 677) (D) and

chr17 (n = 973) (E). Graphs depict the distributions of radial probe positions, with zero corresponding to the nuclear edge and one to the centroid. Three

representative nuclei with three-color FISH signals are displayed below the graphs; DNA staining with DAPI is shown in gray. (F) Mean radial positions of the six

probes versus the mean DamID OE scores. Numbers 1–6 correspond to probe numbers in (D) and (E). The dotted line shows linear regression fit.

Figure 3. NL Contact Frequencies Are Linked to Developmental Dynamics, Gene Density, and Ploidy
(A) Estimated contact frequencymaps for all chromosomes in clone #14 cells. KBM7 cells carry a balanced translocation between chr9 and chr22 (Bürckstümmer

et al., 2013); vertical dotted lines mark the junctions. Centromeric regions are indicated by gray bars; telomeres are marked by black triangles. chr8 is not shown

because it is diploid.

(B) Cumulative histogram of genome-wide CF values.

(C) Distribution of genomic segments with indicated CFs over constitutive (c) and facultative (f) LADs and inter-LADs (iLADs).

(D) Average number of transcription start sites per 100-kb segment, plotted as a function of CF.

(E) Comparison ofCFs in diploid cells andpseudo-diploid cells. The latter are simulated by combining equal numbers of sequence reads frompairs of haploid cells.

See also Figure S2 and Table S1.

138 Cell 163, 134–147, September 24, 2015 ª2015 Elsevier Inc.

0	
  

100	
  

200	
  

Human,	
  chr.	
  2	
  
100	
  

0	
  

Fig.	
  S25	
  



0	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  100	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  200	
  

to have a lower density of stable NL contacts than larger chromo-
somes. An exception to this rule is chr18, which harbors many
regions with high CFs. This contrasts in particular with chr19,
which only exhibits a few contact sites and very low CFs. This
matches previous chromosome painting studies that found
chr18 to be preferentially located at the nuclear periphery and
chr19 in the nuclear interior (Croft et al., 1999; Cremer et al.,

2001). An intriguing pattern is visible on chrX (Figure 3A, bottom
left). The distal arms of this chromosome have many stable NL
contacts, while the centromere-proximal!40Mb show only var-
iable contacts.
In order to confirm these CF patterns, we used an indepen-

dently derived KBM7 clone that also expresses Dam-LmnB1
and the Fucci system (clone #5.5) to generate a total of 168

(D–F) Multi-color 3D DNA FISH microscopy with probes for six genomic loci covering a broad range of average OE scores distributed on chr1 (n = 677) (D) and

chr17 (n = 973) (E). Graphs depict the distributions of radial probe positions, with zero corresponding to the nuclear edge and one to the centroid. Three

representative nuclei with three-color FISH signals are displayed below the graphs; DNA staining with DAPI is shown in gray. (F) Mean radial positions of the six

probes versus the mean DamID OE scores. Numbers 1–6 correspond to probe numbers in (D) and (E). The dotted line shows linear regression fit.

Figure 3. NL Contact Frequencies Are Linked to Developmental Dynamics, Gene Density, and Ploidy
(A) Estimated contact frequencymaps for all chromosomes in clone #14 cells. KBM7 cells carry a balanced translocation between chr9 and chr22 (Bürckstümmer

et al., 2013); vertical dotted lines mark the junctions. Centromeric regions are indicated by gray bars; telomeres are marked by black triangles. chr8 is not shown

because it is diploid.

(B) Cumulative histogram of genome-wide CF values.

(C) Distribution of genomic segments with indicated CFs over constitutive (c) and facultative (f) LADs and inter-LADs (iLADs).

(D) Average number of transcription start sites per 100-kb segment, plotted as a function of CF.

(E) Comparison ofCFs in diploid cells andpseudo-diploid cells. The latter are simulated by combining equal numbers of sequence reads frompairs of haploid cells.

See also Figure S2 and Table S1.
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to have a lower density of stable NL contacts than larger chromo-
somes. An exception to this rule is chr18, which harbors many
regions with high CFs. This contrasts in particular with chr19,
which only exhibits a few contact sites and very low CFs. This
matches previous chromosome painting studies that found
chr18 to be preferentially located at the nuclear periphery and
chr19 in the nuclear interior (Croft et al., 1999; Cremer et al.,

2001). An intriguing pattern is visible on chrX (Figure 3A, bottom
left). The distal arms of this chromosome have many stable NL
contacts, while the centromere-proximal!40Mb show only var-
iable contacts.
In order to confirm these CF patterns, we used an indepen-

dently derived KBM7 clone that also expresses Dam-LmnB1
and the Fucci system (clone #5.5) to generate a total of 168

(D–F) Multi-color 3D DNA FISH microscopy with probes for six genomic loci covering a broad range of average OE scores distributed on chr1 (n = 677) (D) and

chr17 (n = 973) (E). Graphs depict the distributions of radial probe positions, with zero corresponding to the nuclear edge and one to the centroid. Three

representative nuclei with three-color FISH signals are displayed below the graphs; DNA staining with DAPI is shown in gray. (F) Mean radial positions of the six

probes versus the mean DamID OE scores. Numbers 1–6 correspond to probe numbers in (D) and (E). The dotted line shows linear regression fit.

Figure 3. NL Contact Frequencies Are Linked to Developmental Dynamics, Gene Density, and Ploidy
(A) Estimated contact frequencymaps for all chromosomes in clone #14 cells. KBM7 cells carry a balanced translocation between chr9 and chr22 (Bürckstümmer

et al., 2013); vertical dotted lines mark the junctions. Centromeric regions are indicated by gray bars; telomeres are marked by black triangles. chr8 is not shown

because it is diploid.

(B) Cumulative histogram of genome-wide CF values.

(C) Distribution of genomic segments with indicated CFs over constitutive (c) and facultative (f) LADs and inter-LADs (iLADs).

(D) Average number of transcription start sites per 100-kb segment, plotted as a function of CF.

(E) Comparison ofCFs in diploid cells andpseudo-diploid cells. The latter are simulated by combining equal numbers of sequence reads frompairs of haploid cells.

See also Figure S2 and Table S1.
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to have a lower density of stable NL contacts than larger chromo-
somes. An exception to this rule is chr18, which harbors many
regions with high CFs. This contrasts in particular with chr19,
which only exhibits a few contact sites and very low CFs. This
matches previous chromosome painting studies that found
chr18 to be preferentially located at the nuclear periphery and
chr19 in the nuclear interior (Croft et al., 1999; Cremer et al.,

2001). An intriguing pattern is visible on chrX (Figure 3A, bottom
left). The distal arms of this chromosome have many stable NL
contacts, while the centromere-proximal!40Mb show only var-
iable contacts.
In order to confirm these CF patterns, we used an indepen-

dently derived KBM7 clone that also expresses Dam-LmnB1
and the Fucci system (clone #5.5) to generate a total of 168

(D–F) Multi-color 3D DNA FISH microscopy with probes for six genomic loci covering a broad range of average OE scores distributed on chr1 (n = 677) (D) and

chr17 (n = 973) (E). Graphs depict the distributions of radial probe positions, with zero corresponding to the nuclear edge and one to the centroid. Three

representative nuclei with three-color FISH signals are displayed below the graphs; DNA staining with DAPI is shown in gray. (F) Mean radial positions of the six

probes versus the mean DamID OE scores. Numbers 1–6 correspond to probe numbers in (D) and (E). The dotted line shows linear regression fit.

Figure 3. NL Contact Frequencies Are Linked to Developmental Dynamics, Gene Density, and Ploidy
(A) Estimated contact frequencymaps for all chromosomes in clone #14 cells. KBM7 cells carry a balanced translocation between chr9 and chr22 (Bürckstümmer

et al., 2013); vertical dotted lines mark the junctions. Centromeric regions are indicated by gray bars; telomeres are marked by black triangles. chr8 is not shown

because it is diploid.

(B) Cumulative histogram of genome-wide CF values.

(C) Distribution of genomic segments with indicated CFs over constitutive (c) and facultative (f) LADs and inter-LADs (iLADs).

(D) Average number of transcription start sites per 100-kb segment, plotted as a function of CF.

(E) Comparison ofCFs in diploid cells andpseudo-diploid cells. The latter are simulated by combining equal numbers of sequence reads frompairs of haploid cells.

See also Figure S2 and Table S1.
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to have a lower density of stable NL contacts than larger chromo-
somes. An exception to this rule is chr18, which harbors many
regions with high CFs. This contrasts in particular with chr19,
which only exhibits a few contact sites and very low CFs. This
matches previous chromosome painting studies that found
chr18 to be preferentially located at the nuclear periphery and
chr19 in the nuclear interior (Croft et al., 1999; Cremer et al.,

2001). An intriguing pattern is visible on chrX (Figure 3A, bottom
left). The distal arms of this chromosome have many stable NL
contacts, while the centromere-proximal!40Mb show only var-
iable contacts.
In order to confirm these CF patterns, we used an indepen-

dently derived KBM7 clone that also expresses Dam-LmnB1
and the Fucci system (clone #5.5) to generate a total of 168

(D–F) Multi-color 3D DNA FISH microscopy with probes for six genomic loci covering a broad range of average OE scores distributed on chr1 (n = 677) (D) and

chr17 (n = 973) (E). Graphs depict the distributions of radial probe positions, with zero corresponding to the nuclear edge and one to the centroid. Three

representative nuclei with three-color FISH signals are displayed below the graphs; DNA staining with DAPI is shown in gray. (F) Mean radial positions of the six

probes versus the mean DamID OE scores. Numbers 1–6 correspond to probe numbers in (D) and (E). The dotted line shows linear regression fit.

Figure 3. NL Contact Frequencies Are Linked to Developmental Dynamics, Gene Density, and Ploidy
(A) Estimated contact frequencymaps for all chromosomes in clone #14 cells. KBM7 cells carry a balanced translocation between chr9 and chr22 (Bürckstümmer

et al., 2013); vertical dotted lines mark the junctions. Centromeric regions are indicated by gray bars; telomeres are marked by black triangles. chr8 is not shown

because it is diploid.

(B) Cumulative histogram of genome-wide CF values.

(C) Distribution of genomic segments with indicated CFs over constitutive (c) and facultative (f) LADs and inter-LADs (iLADs).

(D) Average number of transcription start sites per 100-kb segment, plotted as a function of CF.

(E) Comparison ofCFs in diploid cells andpseudo-diploid cells. The latter are simulated by combining equal numbers of sequence reads frompairs of haploid cells.

See also Figure S2 and Table S1.
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to have a lower density of stable NL contacts than larger chromo-
somes. An exception to this rule is chr18, which harbors many
regions with high CFs. This contrasts in particular with chr19,
which only exhibits a few contact sites and very low CFs. This
matches previous chromosome painting studies that found
chr18 to be preferentially located at the nuclear periphery and
chr19 in the nuclear interior (Croft et al., 1999; Cremer et al.,

2001). An intriguing pattern is visible on chrX (Figure 3A, bottom
left). The distal arms of this chromosome have many stable NL
contacts, while the centromere-proximal!40Mb show only var-
iable contacts.
In order to confirm these CF patterns, we used an indepen-

dently derived KBM7 clone that also expresses Dam-LmnB1
and the Fucci system (clone #5.5) to generate a total of 168

(D–F) Multi-color 3D DNA FISH microscopy with probes for six genomic loci covering a broad range of average OE scores distributed on chr1 (n = 677) (D) and

chr17 (n = 973) (E). Graphs depict the distributions of radial probe positions, with zero corresponding to the nuclear edge and one to the centroid. Three

representative nuclei with three-color FISH signals are displayed below the graphs; DNA staining with DAPI is shown in gray. (F) Mean radial positions of the six

probes versus the mean DamID OE scores. Numbers 1–6 correspond to probe numbers in (D) and (E). The dotted line shows linear regression fit.

Figure 3. NL Contact Frequencies Are Linked to Developmental Dynamics, Gene Density, and Ploidy
(A) Estimated contact frequencymaps for all chromosomes in clone #14 cells. KBM7 cells carry a balanced translocation between chr9 and chr22 (Bürckstümmer

et al., 2013); vertical dotted lines mark the junctions. Centromeric regions are indicated by gray bars; telomeres are marked by black triangles. chr8 is not shown

because it is diploid.

(B) Cumulative histogram of genome-wide CF values.

(C) Distribution of genomic segments with indicated CFs over constitutive (c) and facultative (f) LADs and inter-LADs (iLADs).

(D) Average number of transcription start sites per 100-kb segment, plotted as a function of CF.

(E) Comparison ofCFs in diploid cells andpseudo-diploid cells. The latter are simulated by combining equal numbers of sequence reads frompairs of haploid cells.

See also Figure S2 and Table S1.
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to have a lower density of stable NL contacts than larger chromo-
somes. An exception to this rule is chr18, which harbors many
regions with high CFs. This contrasts in particular with chr19,
which only exhibits a few contact sites and very low CFs. This
matches previous chromosome painting studies that found
chr18 to be preferentially located at the nuclear periphery and
chr19 in the nuclear interior (Croft et al., 1999; Cremer et al.,

2001). An intriguing pattern is visible on chrX (Figure 3A, bottom
left). The distal arms of this chromosome have many stable NL
contacts, while the centromere-proximal!40Mb show only var-
iable contacts.
In order to confirm these CF patterns, we used an indepen-

dently derived KBM7 clone that also expresses Dam-LmnB1
and the Fucci system (clone #5.5) to generate a total of 168

(D–F) Multi-color 3D DNA FISH microscopy with probes for six genomic loci covering a broad range of average OE scores distributed on chr1 (n = 677) (D) and

chr17 (n = 973) (E). Graphs depict the distributions of radial probe positions, with zero corresponding to the nuclear edge and one to the centroid. Three

representative nuclei with three-color FISH signals are displayed below the graphs; DNA staining with DAPI is shown in gray. (F) Mean radial positions of the six

probes versus the mean DamID OE scores. Numbers 1–6 correspond to probe numbers in (D) and (E). The dotted line shows linear regression fit.

Figure 3. NL Contact Frequencies Are Linked to Developmental Dynamics, Gene Density, and Ploidy
(A) Estimated contact frequencymaps for all chromosomes in clone #14 cells. KBM7 cells carry a balanced translocation between chr9 and chr22 (Bürckstümmer

et al., 2013); vertical dotted lines mark the junctions. Centromeric regions are indicated by gray bars; telomeres are marked by black triangles. chr8 is not shown

because it is diploid.

(B) Cumulative histogram of genome-wide CF values.

(C) Distribution of genomic segments with indicated CFs over constitutive (c) and facultative (f) LADs and inter-LADs (iLADs).

(D) Average number of transcription start sites per 100-kb segment, plotted as a function of CF.

(E) Comparison ofCFs in diploid cells andpseudo-diploid cells. The latter are simulated by combining equal numbers of sequence reads frompairs of haploid cells.

See also Figure S2 and Table S1.
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to have a lower density of stable NL contacts than larger chromo-
somes. An exception to this rule is chr18, which harbors many
regions with high CFs. This contrasts in particular with chr19,
which only exhibits a few contact sites and very low CFs. This
matches previous chromosome painting studies that found
chr18 to be preferentially located at the nuclear periphery and
chr19 in the nuclear interior (Croft et al., 1999; Cremer et al.,

2001). An intriguing pattern is visible on chrX (Figure 3A, bottom
left). The distal arms of this chromosome have many stable NL
contacts, while the centromere-proximal!40Mb show only var-
iable contacts.
In order to confirm these CF patterns, we used an indepen-

dently derived KBM7 clone that also expresses Dam-LmnB1
and the Fucci system (clone #5.5) to generate a total of 168

(D–F) Multi-color 3D DNA FISH microscopy with probes for six genomic loci covering a broad range of average OE scores distributed on chr1 (n = 677) (D) and

chr17 (n = 973) (E). Graphs depict the distributions of radial probe positions, with zero corresponding to the nuclear edge and one to the centroid. Three

representative nuclei with three-color FISH signals are displayed below the graphs; DNA staining with DAPI is shown in gray. (F) Mean radial positions of the six

probes versus the mean DamID OE scores. Numbers 1–6 correspond to probe numbers in (D) and (E). The dotted line shows linear regression fit.

Figure 3. NL Contact Frequencies Are Linked to Developmental Dynamics, Gene Density, and Ploidy
(A) Estimated contact frequencymaps for all chromosomes in clone #14 cells. KBM7 cells carry a balanced translocation between chr9 and chr22 (Bürckstümmer

et al., 2013); vertical dotted lines mark the junctions. Centromeric regions are indicated by gray bars; telomeres are marked by black triangles. chr8 is not shown

because it is diploid.

(B) Cumulative histogram of genome-wide CF values.

(C) Distribution of genomic segments with indicated CFs over constitutive (c) and facultative (f) LADs and inter-LADs (iLADs).

(D) Average number of transcription start sites per 100-kb segment, plotted as a function of CF.

(E) Comparison ofCFs in diploid cells andpseudo-diploid cells. The latter are simulated by combining equal numbers of sequence reads frompairs of haploid cells.

See also Figure S2 and Table S1.
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to have a lower density of stable NL contacts than larger chromo-
somes. An exception to this rule is chr18, which harbors many
regions with high CFs. This contrasts in particular with chr19,
which only exhibits a few contact sites and very low CFs. This
matches previous chromosome painting studies that found
chr18 to be preferentially located at the nuclear periphery and
chr19 in the nuclear interior (Croft et al., 1999; Cremer et al.,

2001). An intriguing pattern is visible on chrX (Figure 3A, bottom
left). The distal arms of this chromosome have many stable NL
contacts, while the centromere-proximal!40Mb show only var-
iable contacts.
In order to confirm these CF patterns, we used an indepen-

dently derived KBM7 clone that also expresses Dam-LmnB1
and the Fucci system (clone #5.5) to generate a total of 168

(D–F) Multi-color 3D DNA FISH microscopy with probes for six genomic loci covering a broad range of average OE scores distributed on chr1 (n = 677) (D) and

chr17 (n = 973) (E). Graphs depict the distributions of radial probe positions, with zero corresponding to the nuclear edge and one to the centroid. Three

representative nuclei with three-color FISH signals are displayed below the graphs; DNA staining with DAPI is shown in gray. (F) Mean radial positions of the six

probes versus the mean DamID OE scores. Numbers 1–6 correspond to probe numbers in (D) and (E). The dotted line shows linear regression fit.

Figure 3. NL Contact Frequencies Are Linked to Developmental Dynamics, Gene Density, and Ploidy
(A) Estimated contact frequencymaps for all chromosomes in clone #14 cells. KBM7 cells carry a balanced translocation between chr9 and chr22 (Bürckstümmer

et al., 2013); vertical dotted lines mark the junctions. Centromeric regions are indicated by gray bars; telomeres are marked by black triangles. chr8 is not shown

because it is diploid.

(B) Cumulative histogram of genome-wide CF values.

(C) Distribution of genomic segments with indicated CFs over constitutive (c) and facultative (f) LADs and inter-LADs (iLADs).

(D) Average number of transcription start sites per 100-kb segment, plotted as a function of CF.

(E) Comparison ofCFs in diploid cells andpseudo-diploid cells. The latter are simulated by combining equal numbers of sequence reads frompairs of haploid cells.

See also Figure S2 and Table S1.

138 Cell 163, 134–147, September 24, 2015 ª2015 Elsevier Inc.

100	
  

0	
  

Human,	
  chr.	
  11	
  

Fig.	
  S34	
  



0	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  100	
  

to have a lower density of stable NL contacts than larger chromo-
somes. An exception to this rule is chr18, which harbors many
regions with high CFs. This contrasts in particular with chr19,
which only exhibits a few contact sites and very low CFs. This
matches previous chromosome painting studies that found
chr18 to be preferentially located at the nuclear periphery and
chr19 in the nuclear interior (Croft et al., 1999; Cremer et al.,

2001). An intriguing pattern is visible on chrX (Figure 3A, bottom
left). The distal arms of this chromosome have many stable NL
contacts, while the centromere-proximal!40Mb show only var-
iable contacts.
In order to confirm these CF patterns, we used an indepen-

dently derived KBM7 clone that also expresses Dam-LmnB1
and the Fucci system (clone #5.5) to generate a total of 168

(D–F) Multi-color 3D DNA FISH microscopy with probes for six genomic loci covering a broad range of average OE scores distributed on chr1 (n = 677) (D) and

chr17 (n = 973) (E). Graphs depict the distributions of radial probe positions, with zero corresponding to the nuclear edge and one to the centroid. Three

representative nuclei with three-color FISH signals are displayed below the graphs; DNA staining with DAPI is shown in gray. (F) Mean radial positions of the six

probes versus the mean DamID OE scores. Numbers 1–6 correspond to probe numbers in (D) and (E). The dotted line shows linear regression fit.

Figure 3. NL Contact Frequencies Are Linked to Developmental Dynamics, Gene Density, and Ploidy
(A) Estimated contact frequencymaps for all chromosomes in clone #14 cells. KBM7 cells carry a balanced translocation between chr9 and chr22 (Bürckstümmer

et al., 2013); vertical dotted lines mark the junctions. Centromeric regions are indicated by gray bars; telomeres are marked by black triangles. chr8 is not shown

because it is diploid.

(B) Cumulative histogram of genome-wide CF values.

(C) Distribution of genomic segments with indicated CFs over constitutive (c) and facultative (f) LADs and inter-LADs (iLADs).

(D) Average number of transcription start sites per 100-kb segment, plotted as a function of CF.

(E) Comparison ofCFs in diploid cells andpseudo-diploid cells. The latter are simulated by combining equal numbers of sequence reads frompairs of haploid cells.

See also Figure S2 and Table S1.
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to have a lower density of stable NL contacts than larger chromo-
somes. An exception to this rule is chr18, which harbors many
regions with high CFs. This contrasts in particular with chr19,
which only exhibits a few contact sites and very low CFs. This
matches previous chromosome painting studies that found
chr18 to be preferentially located at the nuclear periphery and
chr19 in the nuclear interior (Croft et al., 1999; Cremer et al.,

2001). An intriguing pattern is visible on chrX (Figure 3A, bottom
left). The distal arms of this chromosome have many stable NL
contacts, while the centromere-proximal!40Mb show only var-
iable contacts.
In order to confirm these CF patterns, we used an indepen-

dently derived KBM7 clone that also expresses Dam-LmnB1
and the Fucci system (clone #5.5) to generate a total of 168

(D–F) Multi-color 3D DNA FISH microscopy with probes for six genomic loci covering a broad range of average OE scores distributed on chr1 (n = 677) (D) and

chr17 (n = 973) (E). Graphs depict the distributions of radial probe positions, with zero corresponding to the nuclear edge and one to the centroid. Three

representative nuclei with three-color FISH signals are displayed below the graphs; DNA staining with DAPI is shown in gray. (F) Mean radial positions of the six

probes versus the mean DamID OE scores. Numbers 1–6 correspond to probe numbers in (D) and (E). The dotted line shows linear regression fit.

Figure 3. NL Contact Frequencies Are Linked to Developmental Dynamics, Gene Density, and Ploidy
(A) Estimated contact frequencymaps for all chromosomes in clone #14 cells. KBM7 cells carry a balanced translocation between chr9 and chr22 (Bürckstümmer

et al., 2013); vertical dotted lines mark the junctions. Centromeric regions are indicated by gray bars; telomeres are marked by black triangles. chr8 is not shown

because it is diploid.

(B) Cumulative histogram of genome-wide CF values.

(C) Distribution of genomic segments with indicated CFs over constitutive (c) and facultative (f) LADs and inter-LADs (iLADs).

(D) Average number of transcription start sites per 100-kb segment, plotted as a function of CF.

(E) Comparison ofCFs in diploid cells andpseudo-diploid cells. The latter are simulated by combining equal numbers of sequence reads frompairs of haploid cells.

See also Figure S2 and Table S1.
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to have a lower density of stable NL contacts than larger chromo-
somes. An exception to this rule is chr18, which harbors many
regions with high CFs. This contrasts in particular with chr19,
which only exhibits a few contact sites and very low CFs. This
matches previous chromosome painting studies that found
chr18 to be preferentially located at the nuclear periphery and
chr19 in the nuclear interior (Croft et al., 1999; Cremer et al.,

2001). An intriguing pattern is visible on chrX (Figure 3A, bottom
left). The distal arms of this chromosome have many stable NL
contacts, while the centromere-proximal!40Mb show only var-
iable contacts.
In order to confirm these CF patterns, we used an indepen-

dently derived KBM7 clone that also expresses Dam-LmnB1
and the Fucci system (clone #5.5) to generate a total of 168

(D–F) Multi-color 3D DNA FISH microscopy with probes for six genomic loci covering a broad range of average OE scores distributed on chr1 (n = 677) (D) and

chr17 (n = 973) (E). Graphs depict the distributions of radial probe positions, with zero corresponding to the nuclear edge and one to the centroid. Three

representative nuclei with three-color FISH signals are displayed below the graphs; DNA staining with DAPI is shown in gray. (F) Mean radial positions of the six

probes versus the mean DamID OE scores. Numbers 1–6 correspond to probe numbers in (D) and (E). The dotted line shows linear regression fit.

Figure 3. NL Contact Frequencies Are Linked to Developmental Dynamics, Gene Density, and Ploidy
(A) Estimated contact frequencymaps for all chromosomes in clone #14 cells. KBM7 cells carry a balanced translocation between chr9 and chr22 (Bürckstümmer

et al., 2013); vertical dotted lines mark the junctions. Centromeric regions are indicated by gray bars; telomeres are marked by black triangles. chr8 is not shown

because it is diploid.

(B) Cumulative histogram of genome-wide CF values.

(C) Distribution of genomic segments with indicated CFs over constitutive (c) and facultative (f) LADs and inter-LADs (iLADs).

(D) Average number of transcription start sites per 100-kb segment, plotted as a function of CF.

(E) Comparison ofCFs in diploid cells andpseudo-diploid cells. The latter are simulated by combining equal numbers of sequence reads frompairs of haploid cells.

See also Figure S2 and Table S1.
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to have a lower density of stable NL contacts than larger chromo-
somes. An exception to this rule is chr18, which harbors many
regions with high CFs. This contrasts in particular with chr19,
which only exhibits a few contact sites and very low CFs. This
matches previous chromosome painting studies that found
chr18 to be preferentially located at the nuclear periphery and
chr19 in the nuclear interior (Croft et al., 1999; Cremer et al.,

2001). An intriguing pattern is visible on chrX (Figure 3A, bottom
left). The distal arms of this chromosome have many stable NL
contacts, while the centromere-proximal!40Mb show only var-
iable contacts.
In order to confirm these CF patterns, we used an indepen-

dently derived KBM7 clone that also expresses Dam-LmnB1
and the Fucci system (clone #5.5) to generate a total of 168

(D–F) Multi-color 3D DNA FISH microscopy with probes for six genomic loci covering a broad range of average OE scores distributed on chr1 (n = 677) (D) and

chr17 (n = 973) (E). Graphs depict the distributions of radial probe positions, with zero corresponding to the nuclear edge and one to the centroid. Three

representative nuclei with three-color FISH signals are displayed below the graphs; DNA staining with DAPI is shown in gray. (F) Mean radial positions of the six

probes versus the mean DamID OE scores. Numbers 1–6 correspond to probe numbers in (D) and (E). The dotted line shows linear regression fit.

Figure 3. NL Contact Frequencies Are Linked to Developmental Dynamics, Gene Density, and Ploidy
(A) Estimated contact frequencymaps for all chromosomes in clone #14 cells. KBM7 cells carry a balanced translocation between chr9 and chr22 (Bürckstümmer

et al., 2013); vertical dotted lines mark the junctions. Centromeric regions are indicated by gray bars; telomeres are marked by black triangles. chr8 is not shown

because it is diploid.

(B) Cumulative histogram of genome-wide CF values.

(C) Distribution of genomic segments with indicated CFs over constitutive (c) and facultative (f) LADs and inter-LADs (iLADs).

(D) Average number of transcription start sites per 100-kb segment, plotted as a function of CF.

(E) Comparison ofCFs in diploid cells andpseudo-diploid cells. The latter are simulated by combining equal numbers of sequence reads frompairs of haploid cells.

See also Figure S2 and Table S1.
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to have a lower density of stable NL contacts than larger chromo-
somes. An exception to this rule is chr18, which harbors many
regions with high CFs. This contrasts in particular with chr19,
which only exhibits a few contact sites and very low CFs. This
matches previous chromosome painting studies that found
chr18 to be preferentially located at the nuclear periphery and
chr19 in the nuclear interior (Croft et al., 1999; Cremer et al.,

2001). An intriguing pattern is visible on chrX (Figure 3A, bottom
left). The distal arms of this chromosome have many stable NL
contacts, while the centromere-proximal!40Mb show only var-
iable contacts.
In order to confirm these CF patterns, we used an indepen-

dently derived KBM7 clone that also expresses Dam-LmnB1
and the Fucci system (clone #5.5) to generate a total of 168

(D–F) Multi-color 3D DNA FISH microscopy with probes for six genomic loci covering a broad range of average OE scores distributed on chr1 (n = 677) (D) and

chr17 (n = 973) (E). Graphs depict the distributions of radial probe positions, with zero corresponding to the nuclear edge and one to the centroid. Three

representative nuclei with three-color FISH signals are displayed below the graphs; DNA staining with DAPI is shown in gray. (F) Mean radial positions of the six

probes versus the mean DamID OE scores. Numbers 1–6 correspond to probe numbers in (D) and (E). The dotted line shows linear regression fit.

Figure 3. NL Contact Frequencies Are Linked to Developmental Dynamics, Gene Density, and Ploidy
(A) Estimated contact frequencymaps for all chromosomes in clone #14 cells. KBM7 cells carry a balanced translocation between chr9 and chr22 (Bürckstümmer

et al., 2013); vertical dotted lines mark the junctions. Centromeric regions are indicated by gray bars; telomeres are marked by black triangles. chr8 is not shown

because it is diploid.

(B) Cumulative histogram of genome-wide CF values.

(C) Distribution of genomic segments with indicated CFs over constitutive (c) and facultative (f) LADs and inter-LADs (iLADs).

(D) Average number of transcription start sites per 100-kb segment, plotted as a function of CF.

(E) Comparison ofCFs in diploid cells andpseudo-diploid cells. The latter are simulated by combining equal numbers of sequence reads frompairs of haploid cells.

See also Figure S2 and Table S1.
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to have a lower density of stable NL contacts than larger chromo-
somes. An exception to this rule is chr18, which harbors many
regions with high CFs. This contrasts in particular with chr19,
which only exhibits a few contact sites and very low CFs. This
matches previous chromosome painting studies that found
chr18 to be preferentially located at the nuclear periphery and
chr19 in the nuclear interior (Croft et al., 1999; Cremer et al.,

2001). An intriguing pattern is visible on chrX (Figure 3A, bottom
left). The distal arms of this chromosome have many stable NL
contacts, while the centromere-proximal!40Mb show only var-
iable contacts.
In order to confirm these CF patterns, we used an indepen-

dently derived KBM7 clone that also expresses Dam-LmnB1
and the Fucci system (clone #5.5) to generate a total of 168

(D–F) Multi-color 3D DNA FISH microscopy with probes for six genomic loci covering a broad range of average OE scores distributed on chr1 (n = 677) (D) and

chr17 (n = 973) (E). Graphs depict the distributions of radial probe positions, with zero corresponding to the nuclear edge and one to the centroid. Three

representative nuclei with three-color FISH signals are displayed below the graphs; DNA staining with DAPI is shown in gray. (F) Mean radial positions of the six

probes versus the mean DamID OE scores. Numbers 1–6 correspond to probe numbers in (D) and (E). The dotted line shows linear regression fit.

Figure 3. NL Contact Frequencies Are Linked to Developmental Dynamics, Gene Density, and Ploidy
(A) Estimated contact frequencymaps for all chromosomes in clone #14 cells. KBM7 cells carry a balanced translocation between chr9 and chr22 (Bürckstümmer

et al., 2013); vertical dotted lines mark the junctions. Centromeric regions are indicated by gray bars; telomeres are marked by black triangles. chr8 is not shown

because it is diploid.

(B) Cumulative histogram of genome-wide CF values.

(C) Distribution of genomic segments with indicated CFs over constitutive (c) and facultative (f) LADs and inter-LADs (iLADs).

(D) Average number of transcription start sites per 100-kb segment, plotted as a function of CF.

(E) Comparison ofCFs in diploid cells andpseudo-diploid cells. The latter are simulated by combining equal numbers of sequence reads frompairs of haploid cells.

See also Figure S2 and Table S1.
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to have a lower density of stable NL contacts than larger chromo-
somes. An exception to this rule is chr18, which harbors many
regions with high CFs. This contrasts in particular with chr19,
which only exhibits a few contact sites and very low CFs. This
matches previous chromosome painting studies that found
chr18 to be preferentially located at the nuclear periphery and
chr19 in the nuclear interior (Croft et al., 1999; Cremer et al.,

2001). An intriguing pattern is visible on chrX (Figure 3A, bottom
left). The distal arms of this chromosome have many stable NL
contacts, while the centromere-proximal!40Mb show only var-
iable contacts.
In order to confirm these CF patterns, we used an indepen-

dently derived KBM7 clone that also expresses Dam-LmnB1
and the Fucci system (clone #5.5) to generate a total of 168

(D–F) Multi-color 3D DNA FISH microscopy with probes for six genomic loci covering a broad range of average OE scores distributed on chr1 (n = 677) (D) and

chr17 (n = 973) (E). Graphs depict the distributions of radial probe positions, with zero corresponding to the nuclear edge and one to the centroid. Three

representative nuclei with three-color FISH signals are displayed below the graphs; DNA staining with DAPI is shown in gray. (F) Mean radial positions of the six

probes versus the mean DamID OE scores. Numbers 1–6 correspond to probe numbers in (D) and (E). The dotted line shows linear regression fit.

Figure 3. NL Contact Frequencies Are Linked to Developmental Dynamics, Gene Density, and Ploidy
(A) Estimated contact frequencymaps for all chromosomes in clone #14 cells. KBM7 cells carry a balanced translocation between chr9 and chr22 (Bürckstümmer

et al., 2013); vertical dotted lines mark the junctions. Centromeric regions are indicated by gray bars; telomeres are marked by black triangles. chr8 is not shown

because it is diploid.

(B) Cumulative histogram of genome-wide CF values.

(C) Distribution of genomic segments with indicated CFs over constitutive (c) and facultative (f) LADs and inter-LADs (iLADs).

(D) Average number of transcription start sites per 100-kb segment, plotted as a function of CF.

(E) Comparison ofCFs in diploid cells andpseudo-diploid cells. The latter are simulated by combining equal numbers of sequence reads frompairs of haploid cells.

See also Figure S2 and Table S1.
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to have a lower density of stable NL contacts than larger chromo-
somes. An exception to this rule is chr18, which harbors many
regions with high CFs. This contrasts in particular with chr19,
which only exhibits a few contact sites and very low CFs. This
matches previous chromosome painting studies that found
chr18 to be preferentially located at the nuclear periphery and
chr19 in the nuclear interior (Croft et al., 1999; Cremer et al.,

2001). An intriguing pattern is visible on chrX (Figure 3A, bottom
left). The distal arms of this chromosome have many stable NL
contacts, while the centromere-proximal!40Mb show only var-
iable contacts.
In order to confirm these CF patterns, we used an indepen-

dently derived KBM7 clone that also expresses Dam-LmnB1
and the Fucci system (clone #5.5) to generate a total of 168

(D–F) Multi-color 3D DNA FISH microscopy with probes for six genomic loci covering a broad range of average OE scores distributed on chr1 (n = 677) (D) and

chr17 (n = 973) (E). Graphs depict the distributions of radial probe positions, with zero corresponding to the nuclear edge and one to the centroid. Three

representative nuclei with three-color FISH signals are displayed below the graphs; DNA staining with DAPI is shown in gray. (F) Mean radial positions of the six

probes versus the mean DamID OE scores. Numbers 1–6 correspond to probe numbers in (D) and (E). The dotted line shows linear regression fit.

Figure 3. NL Contact Frequencies Are Linked to Developmental Dynamics, Gene Density, and Ploidy
(A) Estimated contact frequencymaps for all chromosomes in clone #14 cells. KBM7 cells carry a balanced translocation between chr9 and chr22 (Bürckstümmer

et al., 2013); vertical dotted lines mark the junctions. Centromeric regions are indicated by gray bars; telomeres are marked by black triangles. chr8 is not shown

because it is diploid.

(B) Cumulative histogram of genome-wide CF values.

(C) Distribution of genomic segments with indicated CFs over constitutive (c) and facultative (f) LADs and inter-LADs (iLADs).

(D) Average number of transcription start sites per 100-kb segment, plotted as a function of CF.

(E) Comparison ofCFs in diploid cells andpseudo-diploid cells. The latter are simulated by combining equal numbers of sequence reads frompairs of haploid cells.

See also Figure S2 and Table S1.
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to have a lower density of stable NL contacts than larger chromo-
somes. An exception to this rule is chr18, which harbors many
regions with high CFs. This contrasts in particular with chr19,
which only exhibits a few contact sites and very low CFs. This
matches previous chromosome painting studies that found
chr18 to be preferentially located at the nuclear periphery and
chr19 in the nuclear interior (Croft et al., 1999; Cremer et al.,

2001). An intriguing pattern is visible on chrX (Figure 3A, bottom
left). The distal arms of this chromosome have many stable NL
contacts, while the centromere-proximal!40Mb show only var-
iable contacts.
In order to confirm these CF patterns, we used an indepen-

dently derived KBM7 clone that also expresses Dam-LmnB1
and the Fucci system (clone #5.5) to generate a total of 168

(D–F) Multi-color 3D DNA FISH microscopy with probes for six genomic loci covering a broad range of average OE scores distributed on chr1 (n = 677) (D) and

chr17 (n = 973) (E). Graphs depict the distributions of radial probe positions, with zero corresponding to the nuclear edge and one to the centroid. Three

representative nuclei with three-color FISH signals are displayed below the graphs; DNA staining with DAPI is shown in gray. (F) Mean radial positions of the six

probes versus the mean DamID OE scores. Numbers 1–6 correspond to probe numbers in (D) and (E). The dotted line shows linear regression fit.

Figure 3. NL Contact Frequencies Are Linked to Developmental Dynamics, Gene Density, and Ploidy
(A) Estimated contact frequencymaps for all chromosomes in clone #14 cells. KBM7 cells carry a balanced translocation between chr9 and chr22 (Bürckstümmer

et al., 2013); vertical dotted lines mark the junctions. Centromeric regions are indicated by gray bars; telomeres are marked by black triangles. chr8 is not shown

because it is diploid.

(B) Cumulative histogram of genome-wide CF values.

(C) Distribution of genomic segments with indicated CFs over constitutive (c) and facultative (f) LADs and inter-LADs (iLADs).

(D) Average number of transcription start sites per 100-kb segment, plotted as a function of CF.

(E) Comparison ofCFs in diploid cells andpseudo-diploid cells. The latter are simulated by combining equal numbers of sequence reads frompairs of haploid cells.

See also Figure S2 and Table S1.
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to have a lower density of stable NL contacts than larger chromo-
somes. An exception to this rule is chr18, which harbors many
regions with high CFs. This contrasts in particular with chr19,
which only exhibits a few contact sites and very low CFs. This
matches previous chromosome painting studies that found
chr18 to be preferentially located at the nuclear periphery and
chr19 in the nuclear interior (Croft et al., 1999; Cremer et al.,

2001). An intriguing pattern is visible on chrX (Figure 3A, bottom
left). The distal arms of this chromosome have many stable NL
contacts, while the centromere-proximal!40Mb show only var-
iable contacts.
In order to confirm these CF patterns, we used an indepen-

dently derived KBM7 clone that also expresses Dam-LmnB1
and the Fucci system (clone #5.5) to generate a total of 168

(D–F) Multi-color 3D DNA FISH microscopy with probes for six genomic loci covering a broad range of average OE scores distributed on chr1 (n = 677) (D) and

chr17 (n = 973) (E). Graphs depict the distributions of radial probe positions, with zero corresponding to the nuclear edge and one to the centroid. Three

representative nuclei with three-color FISH signals are displayed below the graphs; DNA staining with DAPI is shown in gray. (F) Mean radial positions of the six

probes versus the mean DamID OE scores. Numbers 1–6 correspond to probe numbers in (D) and (E). The dotted line shows linear regression fit.

Figure 3. NL Contact Frequencies Are Linked to Developmental Dynamics, Gene Density, and Ploidy
(A) Estimated contact frequencymaps for all chromosomes in clone #14 cells. KBM7 cells carry a balanced translocation between chr9 and chr22 (Bürckstümmer

et al., 2013); vertical dotted lines mark the junctions. Centromeric regions are indicated by gray bars; telomeres are marked by black triangles. chr8 is not shown

because it is diploid.

(B) Cumulative histogram of genome-wide CF values.

(C) Distribution of genomic segments with indicated CFs over constitutive (c) and facultative (f) LADs and inter-LADs (iLADs).

(D) Average number of transcription start sites per 100-kb segment, plotted as a function of CF.

(E) Comparison ofCFs in diploid cells andpseudo-diploid cells. The latter are simulated by combining equal numbers of sequence reads frompairs of haploid cells.

See also Figure S2 and Table S1.
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