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Fig. S1 Preparation of lamin B1 KO cell lines.

(A) STORM image and wide-field image of lamin B1 in MDA-MB-231 cells. Scale
bar: 5 um. Magnified image of the boxed area shows that lamin B1 almost has no
presence in nucleoplasm. Scale bar: 1 pm.

(B) Immunofluorescence of the chosen lamin B1-KO clone with lamin B1 and lamin
A/C antibody. WT MDA-MB-231 cell line is used as positive control. The result
indicates that lamin B1 is totally knocked out in the chosen KO clone, while lamin



A/C is unaffected. The lamin B1 images are shown under the same intensity threshold
between WT and lamin B1-KO cells.

(C) Western blot of the chosen lamin B1 KO clone with lamin B1 antibody. Actin is
used as loading control. WT MDA-MB-231 cell line functions as positive control.

(D) Percentage of cells in G1, S, and G2/M phase in 3 independent experiments.

(E) A representative karyotyping analysis of the WT and lamin B1-KO cell lines used
in this study.

(F) The statistics of chromosome number in WT and lamin B1-KO cells. Unpaired t
test.

(G) Averaged fluorescence intensity profiles along the nuclear diameter in WT (n=27)
and lamin B1-KO (n=29) cells immunostained with antibodies against H3K27me3.

(H) Each nucleus is divided into 5 shells with equal area form the nuclear periphery to
interior.
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Fig. S2 Quantification of lamin B1 KO cells.

(A) Normalized 3D projection nuclear area of the counted cells in Fig. 1D. Statistical
analysis shows nuclear area stays consistent in WT and lamin B1-KO cells. Paired
t-test. 2 independent experiments.



(B) Normalized total fluorescence intensity of immunostaining signals of H3K27me3.
Statistical analysis shows the level of H3K27me3 stays consistent. Unpaired-t test. 2
independent experiments.

(C) Quantification of nuclear volume based on DAPI staining in WT (n=18) and
lamin B1-KO (n=16) cells. Mean =SE.
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Fig. S3 Reproducibility analysis of Hi-C data.

(A) Pearson correlation coefficients of the whole genome interaction matrices
(resolution: 500 kb) of WT and lamin B1-KO replicates.

(B) Hi-C interaction frequency as a function of genomic linear distance for WT and
lamin B1-KO replicates.

(C) Normalized Hi-C trans-interaction matrices for chromosome 2 and 18 in WT and
lamin B1-KO samples.

(D) Trans-interaction ratios of chromosome 2 and 18 in 2 WT replicates and lamin
B1- KO replicates. Interaction numbers of chromosome 2 and 18 are normalized by
the total interactions of the whole genome in each sample. * p<0.05, t-test.

(E) Pearson correlation coefficients of the whole genome PC1 values between WT
replicates (r=0.991), lamin B1-KO replicates (r=0.991), WT and lamin B1-KO
samples (r=0.951).



(F) Percentage of the whole genome A/B compartment transition between WT
replicates, lamin B1-KO replicates, WT and lamin B1-KO samples.

A o~ o~ Lamin B1 KO
r=0.984 r=0.987 = .
— = (E — -
o)
Fo- % o
o
= £
] E 71
-
o~ . N -
IR T T T T h T T T T ]
-2 -1 0 1 2 -2 -1 0 1 2 s
WT-r1 Lamin B1 KO-r1 = S
N =
r=0.969 E g
[— a
o 7
™4
I =
0 o4 =
c =
€ =
[ ==
- 1 n
N
! T T T T Ll
-2 -1 0 1 2
WT
C D
WT Lamin B1 KO
o
3 58
oo_ i N
> e Distance 5
e 9 (number of @
g e 40-kb bins): 8
=2 =
9] g. 4 | =2 S
i m 2 3
N (= | 0 5]
o ) H - i >_‘<‘
o | & % =
o T 1 o
o ) i
& &
& P & IS W /\-\/\
Q/(\ Q’Q/(\\Q,Q Q}\ {__O /\
Q,‘SAQ’ Q)éé\_o @\e e 60 Mb Chromosome 2 90 Mb 60 Mb Chromosome 2 90 Mb
Q 4 Q)Q\’,z@(\ — TAD boundary pairs, distance = 3 40-kb bins
— TAD boundary pairs, distance = 2 40-kb bins
E F G
o 94 © 4
s 7| " " & R S — WT
g 4 T T - 0°1 T + T A < — KO
c o | e} i 2
: BE =[=]
S < T ! ! [a]
o o ] £ L ~ B -
£ < e ! o] 4 1 4+ 4+
! + - S ! ; ; : o4
T T T T T T T T T T 1 T 1 1
o 1 2 =2 PRER U N 0.0 0.4 0.8
Distance (number of 40-kb bins) é\ é\ {-o {9 TAD score

Fig. S4 TAD analysis

(A) Scatter plots of the whole genome insulation scores of WT replicates (Pearson
correlation coefficient r=0.984), lamin B1-KO replicates (Pearson correlation
coefficient r=0.987), WT and lamin B1-KO samples (Pearson correlation coefficient
r=0.969).



(B) Heatmaps of insulation score around TAD boundaries in WT and lamin B1-KO
cells. Heatmaps are organized according to the sum of insulation score around each
boundary (500 kb).

(C) Histogram of distance frequency of the most adjacent TAD boundary pairs
between WT and lamin B1-KO cells, as well as between replicates of WT and lamin
B1-KO-cells (40 kb bin).

(D) Example of two most adjacent TAD boundary pairs in WT and lamin B1
KO-cells, with the distance of 3 (purple) and 2 (green) 40-kb bins.

(E) Boxplot of mean insulation scores of most adjacent TAD boundary pairs in WT
and lamin B1-KO cells at a distance of indicated numbers. Together with Fig. S3D,
the insulation score valleys at identical boundary pairs are lower and sharper than the
changed ones, indicating that shifted TAD boundaries are due to variance upon
calculation.

(F) Boxplot of TAD scores of WT and lamin B1-KO replicates. TAD
score=intra-TAD interactions / (intra- + inter-TAD interactions).

(G) TAD score distribution of WT and lamin B1-KO samples.
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Fig. S5 Construction of SunTag stable cell line, comparison between 2D and 3D
images and description of lamin B1 truncation.

(A) Fluorescence images of the SunTag cell line under 10X magnification with Dox
induction. BFP and bright field (BF) are also shown. All cells display similar
expression level of both dCas9-(GCN4) X24 and scFv-GCN4-sfGFP. Scale bars: 100
pm.

(B) Fluorescence images of the SunTag cell line under 100X magnification with Dox
induction. BFP and BF are also shown. The absence of fluorescent signal of both blue
and green channel in nucleoli indicates that this method is superior to the



conventional dCas9-GFP labeling method which shows severe nucleoli aggregation.
Scale bars: 10 um.

(C) Quantification of distance from three genomic loci on chromosome 2 to nucleoli
or nuclear periphery in reconstructed 3D images. 2 independent experiments.

(D) Nucleoli and nuclear periphery localized frequency of 3 genomic loci on
chromosome 2 from 2D and 3D images. Each locus is assigned to this localization
according to the rule that the minimum distance to nucleoli or nuclear envelope is less
than 4 pixels (~ 640 nm).

(E) Quantification of distance from 1 Mb locus on chromosome 2 to nucleoli or
nuclear periphery in WT and lamin B1-KO cells in reconstructed 3D images. 2
independent experiments.

(F) Nucleoli and nuclear periphery localized frequency of 1 Mb locus on chromosome
2 from 2D and 3D images. Each locus is assigned to this localization according to the
rule that the minimum distance to nucleoli or nuclear envelope is less than 4 pixels (~
640 nm).

(G) Diagram of lamin B1 and binding sites of interaction partners. The Ig-like domain
of lamin B1 mediates direct and indirect interaction between lamin B1 and chromatin
through DNA and other proteins.

(H) Lamin B1 (1-433) truncation without Ig-like domain localizes at the nuclear
periphery when expressed in lamin B1-KO cells. Red: Lamin B1 (1-433) truncation
fused with mCherry. Blue: DAPI staining. Scale bars, 5 pm.
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Fig. S6 Dynamic changes of 1Mb loci on chromosome 2 at the nuclear periphery

and nucleoplasm.

(A) MSD curves of 1Mb loci on chromosome 2 localized at the nuclear periphery and
nucleoplasm of WT and lamin B1-KO cells, separately. Mean =+ SE. Depletion of
lamin B1 increases 1Mb loci dynamics in both periphery and nucleoplasm. 3
independent experiments.

(B) MSD curves of 1Mb loci on chromosome 2 localized at the nuclear periphery and
nucleoplasm of DMSO-treated control and TSA-treated cells, separately. Mean +SE.
TSA treatment increases 1Mb loci dynamics in both nuclear periphery and

Time (s)

nucleoplasm. 3 independent experiments.
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Fig. S7 Knock-down of lamin B1 increased the dynamics of chromatin

(A) Western blot showing decreased levels of LMNB1 in 2 independent RNAI
experiments. Tubulin provided a loading control.

(B) MSD curves of 1Mb loci on chromosome 2 in negative control (NC) (n=18) and
lamin B1 knock-down (n=44) cells. Mean +SE.

(C) The diffusion coefficient of 1Mb loci in NC (n=18) and lamin B1 knock-down
(n=44) cells. Mean = SD. *** p < 0.001, Mann-Whitney test. 2 independent
experiments.
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Fig. S8 Phenotypes of chromosome 19 upon lamin B1 depletion

(A) Representative 3D-projection chromosome painting images of chromosome 2 and
19. Green: FISH signal of chromosome 2. Red: FISH signal of chromosome 19. Blue:
DAPI staining. The maximum intensity projections of nuclear Z stacks are displayed.
Scale bars, 5 pm.

(B) Quantification of the overlap frequency between chromosome 2 and chromosome
19 territories. The ratio of cells presenting territory interaction between chromosome
2 and chromosome 19 in WT cells is significantly smaller than that in lamin B1-KO
cells. *** p <0.001, Fisher’s exact test. 2 independent experiments.



(C) Quantification of the nuclear localization of chromosomes based on their relative
distances from the chromosome mass center to the nuclear mass center. This distance
is normalized by the cubic root of the nuclear volume. Mean = SD. *** p < 0.001,

Mann-Whitney test. 2 independent experiments.

(D) Quantification of the volumes occupied by chromosome 2 and 19 relative to the
nuclear volume. Chromosomes in lamin B1-KO cells show significantly larger
relative volumes than WT cells. Mean £SD. *** p < 0.001, Mann-Whitney test. 2

independent experiments.

(E) MSD curves of 59 Mb loci on chromosome 19 in WT (n=30)
(n=30) cells. Mean £SE. 3 independent experiments.
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Fig. S9 RNA-seq analysis

(A) GO analysis of down-regulated genes upon lamin B1 depletion.
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(B) Expression levels in regions with four types of LAD status. Non-LAD are regions
that are non-LAD in both WT and lamin B1 KO cells, and LAD are regions that are
LAD in both WT and lamin B1 KO cells. Student’s t test.
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Table S1 Quality control statistics for lamin A ChlP-seq data processing.

WT-rl WT-r2 WT-r3 WT-input
Raw Reads 13,282,558 13,159,405 16,918,646 21,972,529
Cut adapter 13,278,333 13,155,291 16,913,689 21,969,306
Mapping Rate 97.11% 97.30% 96.97% 96.45%
rm duplicates 11,437,609 11,339,059 14,303,429 18,954,709
rm LowMAPQ 10,209,282 10,170,347 12,685,977 15,976,666
KO-r1 KO-r2 KO-r3 KO-input
Raw Reads 16,354,928 11,908,170 17,430,764 20,086,104
Cut adapter 16,349,893 11,903,514 17,425,796 20,082,833
Mapping Rate 96.87% 96.11% 96.94% 96.39%
rm duplicates 13,957,698 10,481,812 14,659,780 17,239,813
rm LowMAPQ 12,330,442 9,163,410 12,946,388 14,833,466

Remaining read pairs after each filtering step.

Table S2 LAD coverage on each chromosome in WT and lamin B1-KO cells.

Chromosome WT (%) Lamin B1 KO (%)
chrl 41 26
chr2 51 34
chr3 63 35
chr4 76 35
chrb 58 34
chré 49 25
chr7 46 33
chr8 53 36
chr9 37 22
chrl0 33 31
chrll 52 35
chri2 46 30
chrl3 50 21
chrl4 37 23
chril5 21 23
chrl6 20 30
chrl7 11 13
chril8 53 37
chrl9 1 9
chr20 26 26
chr2l 33 15
chr22 0 5

chrx 66 48




Table S3 Diagram of different classes of LADs.

LAD (1) or non-LAD (0)

Constitutive Facultative
cLAD CiLAD fLAD fiLAD
MDA-MB-231 0 1
hESC 0
HT1080 0 <=2
Tig3 0
Total size (Mb) 612 1011 774

Table S4 Quality control statistics for Hi-C data processing.

WT-rl WT-r2 Lamin B1 KO-rl Lamin B1 KO-r2
Total read pairs”! 138,193,618 223,885,207 250,362,318 253,024,668
. . . 108,155,179 172,561,205 182,642,642 194,536,722
Uniquely aligned read pairs

78.26% 77.08% 72.95% 76.88%

Valid interaction 95,264,155 152,469,233 148,123,567 166,884,723
88.08% 88.36% 81.10% 85.79%
Self-Circle® 123,564 178,371 520,046 222,818
0.11% 0.10% 0.28% 0.11%

Dangling-end® 2,726,851 4,213,273 13,818,685 6,521,973
2.52% 2.44% 7.57% 3.35%

valid i . 6] 79,041,927 131,026,015 129,693,005 134,947,244

alid interaction rmdup

73.08% 75.93% 71.01% 69.37%

Trans interactiont 7,834,781 13,603,317 15,747,086 16,307,003
- 9.91% 10.38% 12.14% 12.08%

Cis interaction® 71,207,146 117,422,698 113,945,919 118,640,241
- 90.09% 89.62% 87.86% 87.92%

Cis_shortRange® 22,113,855 34,770,742 37,869,246 39,050,597
- 31.06% 29.61% 33.23% 32.92%

Cis_longRange!™ 49,093,291 82,651,956 76,076,673 79,589,644
- 68.94% 70.39% 66.77% 67.08%

The percentage denominators of [2] are the read pair numbers in [1]; the percentage
denominators of [3][4][5][6] are the uniquely aligned read pair numbers in [2]; the
percentage denominators of [7][8] are in [6]; and the percentage denominators of

[9][10] are in [8].



Table S5 Design of sgRNASs

) Compartment LAD Repeat
Genome coordinates Sequence of sgRNAs
WT KO WT KO  number
Chr2: B B Yes Yes
GAGGUGCUGGAUCGCUGUAGAGG 100
1218818-1227201
Chr2: B B Yes Yes
AGCGUCACCGUUCACUGCGGCGG/GGG 23
6378242-6379050
Chr2: AUAUCUAUCUAUCGAUACAUAGG/GGG B B Yes Yes 24
36410123-36411725 GUAUAUAUCUAUAUCUAUCUAUGG
Chr2: NA NA No No
GAUACCCUGAGCUCAUGACUCAGAGG 40
114408189-114411271
Chr2: B B No Yes
GACAGACCCCGAGAACUGUGCUGG 60
135364479-135367491
Chr2: A A No No
GCAGUGGGAGUAGGGAGGCAGUGGG 65
235554023-235558288
Chri1s: B A No No
GCUCAGGAAUGUUAAUAAUCAGG 63
13673058-13676522
Chri1s: A A No No
GUGGAAAGGCACAGUGUGGUGG 23
44926826-44929361
Chri1s: A A No No
GGGCCCAUAACGUGGAGUGUGG 27
77567735-77569657
Chr19: A A No No
GAAGGGGACAGCAGAGCUCACGGG/AGG 36
1627737-1629139
Chr19: CUGUCUGAGGAGGGAAGCAGGG A A No No 69

59050388-59054262

Firstly, the human genome sequence of chromosome 2 (GRCh37/hgl9 Assembly)
was downloaded from the UCSC genome browser. Secondly, the undetermined
regions “Ns” were replaced by randomly generated nucleotides “A”, “T”, “G”, or “C”.
Thirdly, the modified sequence was inputted to the Tandem Repeat Finder
bioinformatics tool to identify tandem repeats. Lastly, the results were summarized.
Highly conserved repeats with less mutation and proper repeat unit length and repeat
number were selected as candidates for live cell imaging.

Table S6 Statistics of LAD status alterations in WT and lamin B1 KO cells

non-LAD LAD Non-LAD to LAD LAD to non-LAD
Total size (Mb) 1,401 821 74 565
Gene # 20,142 2,878 508 2,768
Gene density (#/Mb) 14.38 3.51 6.86 4.90
Upregulated gene # 336 11 1 11

Downregulated gene # 399 8 4 82




