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Figure 3. PcG proteins and lamin A/C interact endogenously. (A, left) Chromatin fractionation experiments of C2C12 cells transfected with indicated siR-
NAs and collected as MBs or MTs at MT1 or MT2. Sequential protein extractions were performed to isolate soluble proteins (S1 fraction), DNase-sensitive
proteins (S2 fraction), DNase-resistant proteins (S3 fraction), and nuclear matrix associated proteins (S4 fraction). Equal amounts of each fraction were
immunoblotted and hybridized with indicated antibodies. Loading controls: a-tubulin (S1), histone H3 (S2 and S3), and lamin B (S4). (right) Quanti cation
of indicated proteins in S4 fraction, normalized to lamin B. Data points represent the mean of at least three biological replicates. Two-tailed t test was
applied for statistical analysis. SEM is indicated. Statistically relevant differences (« = 0.05): *, P < 0.05; ***, P < 0.001. (B) Representative confocal
microscopy images of C2C12 MBs RNA immunostained using the indicated antibodies (green, Alexa Fluor 488; red, Alexa Fluor 594) and DAPI (left),
with relative PLA experiments (right). Bar, 10 m. Each uorescent dot represents the colocalization between the indicated antibodies. Data shown are from

a single representative experiment of two repeats. IF, immuno uorescence.

by immunostaining C2C12 cells with antibodies against Ezh2l.amin A/C—depleted cells did not show the same effect (Fig.
indicating that lamin A/C affects foci organization of PcG S4 E), and analysis of PcG foci afteimin B depletion did
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proteins belonging to both PRC1 and PRC2 (Fig. S4 D). Imnot show a decrease in number or area of PcG foci (Fig. S4 F),

portantly, analysis of heterochromatin protein 1 (HP1) foci inindicating a speci c role of lamin A/C in PcG foci maintenance



B S Figure 4. Lamin A/C surrounds PcG foci. (A,

C, E, and G, left) Mid z-section and the rela-
tive orthogonal projections of C2C12 nuclei
stained for lamin A/C and Bmil (A); lamin B
and Ringlb (C); lamin B and lamin A/C (E);
and RNAPolll and lamin A/C (G) and acquired
with N-SIM superresolution system. Bar, 4 m.
middle: 3D reconstruction of the entire nuclear
volume. Bar, 4 um. (right) 3D surface render-
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and ruling out the possibility that the observed changes could I&trikingly, in Lamin A/C—depleted cells, Bmil-associated
caused by general defects in NL or heterochromatin compactioparticles lose their proper localization, spreading through the
To further characterize PcG foci lmumin A/C—depleted cells, whole nucleus, including nucleoli interiors, euchromatin, and
we estimated their volume by assembling the segmented imageterochromatin (Fig. 6 C, right panels), suggesting an aberrant
stacks and using the 3D Object Counter ImageJ plugin (Fig. 5 EBroad diffusion of the Bmil protein. Importantly, EM images
Bolte and Cordelieres, 2006), nding even more signi cant dif did not show decondensation of heterochromatitinin A/C—
ferences in class distributions. To con rm these data, we usedepleted cells (Fig. 6 C), indicating that the obserkeaiin
muscle satellite cells isolated from the LamiB-11 knockout A/C KD—dependent phenotypes are not caused by broad alter
mouse (Sullivan et al., 1999; Jahn et al., 2012), showing fewextions of chromatin structures from a damaged nuclear scaffold.
and smaller PcG foci in the mutant cells compared with satellite
cells derived from their wild-type littermates (Fig. 5 F).

To understand whethdiumin A/C depletion affects the
correct assembly of Polycomb (PC) complexes, we used the PLA
assay between two components of PRC1 (Bmil and Ringl@po test whether the functional relationship between PcG protein
Fig. 6 A). Bmil depletion was also performed to validate the re and A-type lamins is conserved throughout evolution, we in
sults. Intriguingly, we observed an increased number of “blobsVestigated their interplay iDrosophila melanogaster, a model
in Lamin A/C—depleted cells compared with control-transfectedsystem in which PcG protein functions have been extensively
cells (Fig. 6 B). These data indicate tliainin A/C depletion  characterized (Delest et al., 2012).vvsophila, there are two
does not alter PRC1 complex assembly, but suggests rather themin genesiamin C andiamin Dm0, which have been classed as
upon Lamin A/C KD, PRC1 complexes are more diffused andA- and B-type lamins, respectively, on the basis of their expres

no longer centered in single PcG foci. To further analyze the esion patterns (Gruenbaum et al., 1988; Riemer and Weber, 1994).

fect of Lamin A/C depletion on PcG protein nuclear distribution, Flies lacking A-type lamin or ectopically expressing a mutated
we performed EM analysis with Bmil antibodies (Fig. 6 C).form of human lamin A show nuclear envelope defects similar
In line with previous evidence (Satijn et al., 1997; Cmarko eto those observed in human laminopathies (Mufioz-Alarcon et
al., 2003;Smigové et al., 2011), although we could not visu al., 2007; Beard et al., 2008; Dialynas et al., 2012; Zwerger et
alize PcG foci by EM, we found a specic signal for Bmil al., 2013), suggesting an evolutionarily conserved function for
that localizes in discrete nuclear areas. In the nucleoplasm:-type lamin proteins (Schulze et al., 2009). We usedophila
Bmil localized at the nucleoli borders, where nucleoplasmiembryonic S2 cells as a model, in which the homeotic genes
lamina-associated domains were also found (Kind and van-Steeof Bithorax complex (BX-C) are silenced by PcG proteins
sel, 2014), and at the euchromatin—heterochromatin junctionf_anzuolo et al., 200Fig. S5 A, and we investigated the role
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Figure 5. PcG foci integrity is dependent on lamin A/C. (A) Representative confocal microscopy images of C2C12 MBs transfected with indicated siRNAs.
(B) Contour of nuclei, selected regions, and PcG foci in segmentation analysis. Segmentation was performed as indicated in Image analysis. Bar, 10 m.
(C and D) 2D analysis of PcG foci of C2C12 MBs transfected as indicated in A. (C) Distribution of number of PcG foci per nucleus among the cellular
population. (D) Distribution of PcG foci area (measured in  m?). n > 244 from three independent experiments. (E) 3D reconstruction of single nuclei from
C2C12 MBs transfected as indicated in A. Bar, 10 m. right: 3D analysis of PcG foci. Distribution of number of PcG foci (top) and PcG foci volumes
(bottom; measured in m?) among the cellular population. n > 316 from three independent experiments. (F) 2D analysis of PcG foci of satellite myoblast
cells extracted by FACS from homozygous Lamin A8 11 mice (LamA/C mut) and their wild-type (wt) littermates. Bar, 10 m. (right) Distribution of number
of PcG foci per nucleus (top) and PcG foci area (bottom; measured in  m2) among the cellular population. n > 100 from two independent experiments.
Mann Whitney two-tailed test was applied for statistical analysis. Statistically relevant differences (a = 0.05): *, P < 0.05; **, P < 0.01; ***, P < 0.001.
Green, Alexa Fluor 488; red, Alexa Fluor 594.

of lamin C in the regulation of PcG protein—dependent epigen To test if PcG protein recruitment on chromatin was in
etic signatures through RNAI experiments. As already found inuenced by Lamin C depletion, we performed ChIP analysis
mouse C2C12 cells, although PC dfd) total levels were not on the minimal promoters dfbx andabdA genes and their
altered (Fig. 7 A and Fig. S5 B), chromatin fractionation experiregulatory Polycomb response elements (PREg)andmcp,
ments inLamin C—depleted cells revealed that the amount of PCnding that PC binding was signi cantly reduced on PREs
andE(z) consistently decreased in matrix fraction S4 (Fig. 7 B),(Fig. 7 C). To understand whether the observed differences of
further indicating that the role of lamin A/C in favoring PcG-pro PC binding were limited to minimal PcG protein binding sites
tein localization at the nuclear matrix is evolutionarily conservedor spread along the chromatin ber, we extended the analy
Of note, none of the observed differences were in uenced by thsis to regions surrounding PREs and promoters. As shown in
growth potential or mortality of depleted cells (Fig. S5 C). Fig. S5 D, we found a decrease of PC only on and around
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Figure 6. Lamin A/C depletion leads to Bmil delocalization and PRC intranuclear diffusion. (A) Representative confocal microscopy images of C2C12
MBs transfected with indicated siRNAs and immunostained using Bmil, Ringlb antibodies, and DAPI (left), with the relative PLA experiments (right). Bar,
10 m. Each uorescent dot represents the colocalization of Bmil and Ring1b within the cells (B). n > 191 from four independent experiments. Two-tailed
t test was applied for statistical analysis. SEM is indicated. Green, Alexa Fluor 488; red, Alexa Fluor 594. (C, left) Representative EM images of anti-Bmil
immunogold labeling in C2C12 MBs transfected with indicated siRNAs (three different magni cations are shown). In the control, anti-Bmil antibody is
speci cally localized to condensed regions of heterochromatin (HE), whereas euchromatic regions (EU) are unlabeled. The gold particles are present at the
border of the nucleolus (*). In lamin A/C depleted C2C12 MBs, a signi cant increase of the labeling is diffused in the nucleus over HE and EU regions.
Intranucleolar label (arrowheads) is also present. A few gold particles are randomly scattered in the cytoplasm (arrows). (right) Quanti cation of Bmil
dot distribution in C2C12 cells transfected with siRNAs against lamin A/C or control. (top) Percentage of dots localized in the junction between heteroch-
romatin and euchromatin (Het/Eu) or aberrantly localized in euchromatin (Eu). (bottom) Percentage of dots localized on the edge of nucleoli (outside) or
aberrantly localized in nucleoli (inside) are shown. n > 84 from two independent experiments. Two-way analysis of variance was applied for statistical
analysis. Statistically relevant differences (x = 0.05): *, P < 0.05; ***, P < 0.001. N, nucleus; NU, nucleolus; cy, cytoplasm; IF, immuno uorescence.

PREs. Analysis of BX-C homeotic genes displayed unalteredn double-strand RNA (dsRNA)-transfected cells (Fig. S5 H).

transcriptional levels aftefamin C depletion (Fig. S5 E), As observed in C2C12 cell&amin C—depleted S2 cells ex

in line with what we observed for the mammalian homeotichibited few and smaller PcG foci and 3D nuclei reconstruction

geneHoxD9 (Fig. S2 B). We thus monitored the dynamics further con rmed this nding (Fig. 7 E). IDrosophila, PcG

of homeotic gene reactivation after PC reduction in the abproteins mediate DNA-DNA interactions among their targets,
sence of lamin C. We found that Rv—lamin C double mu including PREs and core promoters, generating the forma
tants, homeotic gene de-repression was consistently highdon of chromosome loops (Lanzuolo et al., 2007; Bantignies
compared with singléc depletion (Fig. 7 D and Fig. S5, F et al., 2011; Tolhuis et al., 2011). To investigate whether PcG
and G). Notablypw, a heterochromatic gene not controlled protein—mediated BX-C higher-order structures were affected
by PcG proteins (Paro and Zink, 1993), was not reactivated byy Lamin C depletion, we used chromosome conformation
Lamin C reduction (Fig. 7 D). capture (3C) analysis, monitoring PRE promoters and PRE-
To further characterize PcG protein intranuclear distribu PRE interactions. Comparison of cross-linking frequencies
tion in Lamin C—depleted cells, we performed PcG foci analysisin depleted versus control cells revealed that, although the
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transcription kit (Qiagen) and ampli ed in 20-pl reaction mixtures in the Chromatin fractionation

presence of 10 pl 2x QuantiTect SYBR Green master mix (Qiagen) andigh-salt chromatin fractionation was performed essentially as de
0.5 uM corresponding primers. Real-time PCR was performed usingcribed (He et al., 1990), with minor adaptation. 35 million S2 cells
DNA Engine Opticon 2 (MJ Research) or 7900HT (Applied Biesys or 8 million C2C12 cells were washed in PBS 1x and extracted in cy
tems). Copy number was determined using the cross-point value, whitbskeleton (CSK) buffer (10 mM Pipes, pH 6.8, 100 mM NacCl, 1 mM
is automatically calculated by Opticon Monitor 2 software (M3 Re EGTA, 300 mM sucrose, 3 mM MggI1x protease inhibitors [Roche
search) or SDS v2.3 software (7900HT). Mouse primer sequences usBiagnostics], and 1 mM PMSF) supplemented with 1 mM DTT and

for transcriptional analyses were as follows: MRTGadgbATGTCG
TGGAGTCTACTGG-3, 5-TCGTGGTTCACACCCATCAC-3 mRT
MyoG 5-GTACATTGAGCGCCTACASG-3, 5-ACCGAACTCCAGT
GCATTGC-3; mRTMCK 5-GCTTCACTCTGGACGATGTC-3,
5-CCTTGAAGACCGTGTAGGAC-3 mRTMyHC 5-TCAGGAAC
CTTCGGAACACC-3, 5-TCGATCTCAGCCTGCATCAG-3 mRF
Mybph 3-AGGCCAGCATTGACATCCTG-3, 5-TTGTCTGCCTTCT
GTACTGTG-3; mRTLamA/C  B3-CAATGGTGCCTGAGAGGC
AG-3, 5-GGCTTGACCTTCTCAGTCATC-3 mRTEzh2 5TGA
TAAAGAAACTTGCCCACCT-3, 5-CTTTGCTCCCTCTGAACA
GAT-3; mRTDesmin 5GTATTGACCTGGAGCGCAG-3, 5-CTG
TGAGGTCCGGCTTGGA-3 mRTNeuroG 5ACCTGTCCAGCTT
CCTCAC-3, 5-CACCGGGAACATTCGATGC-3 mRTHoxD9 53-
TGAAGGAGGAGGAGAAGCAG-3, 5-TCCTTCTCCAGCTCTAGC
GT-3; mRTLambl 5AGTGGATTTGGAGAATCGCTG-3 5-GTA
CTCATACTCAATCTGACGC-3; and mRTPax7 'SGTCTCCAA
GATTCTGTGCCGA-3, 5-GGTCCCGGATTTCCCAGC-3 Human

0.5% Triton X-100. After 5 min at 4°C, the cytoskeletal frameworks
were separated from soluble proteins by centrifugation at 3,000 rpm
for 3 min, and the supernatant was designated the S1 fraction. The pel
lets were washed with an additional volume of extraction CSK buffer.
Chromatin was solubilized by DNA digestion with 25 U RNase-free
DNase (Invitrogen) in CSK buffer for 30 min at 37°C. Ammonium
sulfate was added in CSK buffer to a nal concentration of 250 mM.
After 5 min at 4°C, samples were pelleted again at 5,000 rpm for
3 min at 4°C, and the supernatant was designated the S2 fraction.
After a wash in CSK buffer, the pellet was further extracted with 2M
NaCl in CSK buffer for 5 min at 4°C and centrifuged at 5,000 rpm
for 3 min at 4°C; the supernatant was designated the S3 fraction. This
treatment removed all the DNA and histones from the nucleus, as
shown by SDS-PAGE. After two washes in NaCl 2M CSK, the pellets
were solubilized in 8M urea buffer and were considered the nuclear
matrix—containing fraction (S4). Supernatants from each extraction
step were quanti ed and analyzed by SDS-PAGE and immunoblot

primer sequences used for transcriptional analyses were as followssng. For DNA analysis, each fraction was diluted in Tris-EDTA 1x

hRTGadph  5TCTGGTAAAGTGGATATTGTTGCC-3  5-CAA
GCTTCCCGTTCTCAGCC-3 hRTMyoG 3-TCAACCAGGAGGA
GCGTGAC-3, 5-TGTAGGGTCAGCCGTGAGCA-3 hRTMCK 5-
GACAGGAGTGGACAACCCAG-3 5-CGAGATGATGGGGTCAAA
GAGTT-3; hRTMyH2 53-GGACCAACTGAGTGAACTGAAA-3, 5-
TTGCCTCTTGATAACTGAGACAC-3; hRTLamA/C B3-GCTCTCAT
CAACTCCACTGG-3, 5-GGTCATCTCCATCCTCATCC-3 and
hRTPax7 5GCACTGTGCCCTCAGGTT-3 5-CCTCCTTCTTGTC

(10 mM Tris-HCI, pH 8, and 1 mM EDTA), treated with 10 mg/ml
RNase for 90 min at 37°C, digested with 20 mg/ml proteinase K for
150 min at 55°C, extracted by standard phenol/chloroform extraction,
precipitated, and resuspended in 100 pl of water. DNA was quanti ed
with a Qubit Fluorometer (Life Technologies), and gPCR reactions
were performed in triplicate on equal amounts of DNA from distinct
fractions using QuantiTect SYBR Green master mix on a Rotor gene
6000. Cycle threshold (Ct) values were calculated by appropriate

CGCTTC-3. Drosophila primer sequences used for transcriptional software. Fraction-speci c relative enrichment was calculated as a

analyses were as follows: dRTGapdhPAAGGGAATCCTGGGCTAC
AC-3, 5-ACCGAACTCGTTGTCGTAC-3; dRTPc 5TTCAAGAC

TCAAGTGCTGCC-3 5-CCATGGGAAATAAGCAGGAG-3; dRTEz
5-CTGTGGCTGAGATCAACTCC-3 5-GACAGGTCTTGGT
CAGCATG-3; dRTUbx 3-AGTGTCAGCGGCGGCAAC-3 5-AGT

CTGGTAGAAGTGAGCCCG-3; dRTabdA 3CAAATACAACGCA

ACCCGAGAC-3, 5-AGCGATCGTGTTGCTGCTG-3dRTLamC 5

AACTCGATGCGATCGGTGC-3 5-TACTGGGCGTGCCACTGC-
3; dRTLamDmO0 5TGGGAGGAGAACGAGGAGC-3, 5-ATC

GGCGTTGGCCTGGTTG-3 and dRThw 5TCGCTGTGCCTCG
AGTGG-3, 5-AATCGCCGCCAGCAGCG-3

RNA sequencing

percentage with respect to S1 + S2 + S3.

Protein extraction and Western blot analyses

Total proteins were prepared by resuspending 2 $2@ells or 500,000
C2C12 cells in extraction buffer (50 mM Tris HCI, pH 7.6, 0.15 M
NaCl, 5 mM EDTA, 1x protease Inhibitors, and 1% Triton X-100).
Three pulses of 10-s sonication at 30% amplitude were performed to
allow dissociation of protein from chromatin and solubilization: Ex
tracts were analyzed by SDS-PAGE using a 12% gel for histones and
an 8-10% gel (37.5:1 acryl/bis acrylamide) for the remaining proteins.

colP
colP on nuclear extracts was performed using standard procedures. In

For high-throughput sequencing, cDNA libraries were prepared fronbrief, nuclear extracts were prepared after cytosolic extraction with cy
total RNA and extracted with Trizol, according to the manufacturer'stosolic lysis buffer (10 mM Hepes, pH 7.5, 1.5 mM MgCIl0 mM
instructions (lllumina). cDNA fragments 6£300 bp were puried  KCI, 10% glycerol, 0.2% NP-40, 1 mM DTT, and protease inhibitors)
from each library and were sequenced for 100 bp with an Illumindor 10 min on ice and a 3/8-in syringe with a 25G needle. Nuclei pellets
HiSeq2500 instrument according to the manufacturer’s instructionswere then lysed in nuclei lysis buffer (10 mM Hepes, pH 7.5, 1.5 mM
The analysis was performed using fastqc to check the sequences’ quilgCl,, 300 mM KCI, 10% glycerol, 0.2% NP-40, 1 mM DTT, and{ro

ity (Andrews, 2015); trim_galore for quality-based trimming; tophat2tease inhibitors) for 30 min at 4°C. 0.5 to 1 mg of nuclear extract was
for alignment; and cufinks, cuffmerge, and cuffdiff for expression immunoprecipitated overnight at 4°C with 5 pg corresponding antibod
guanti cation (Trapnell et al., 2012). Deregulated genes were-deteries at a nal concentration of 150 mM KCI in nuclei lysis buffer. Immu
mined to a P value lower than the false discovery rate after Benjanoprecipitates were incubated with magnetic protein G beads (10004D;
mini—Hochberg correction for multiple testing. We used fold change®ynabeads; Invitrogen) for 2 h at 4°C. Beads were extensively washed
to lter and select differentially expressed genes with vennt (foldwith wash buffer (10 mM Hepes, pH 7.5, 1.5 mM Mg@50 mM KClI,
change R1.2). The hypergeometric distribution was computed usin@.2% NP-40, and 10% glycerol) and eluted in Tris-EDTA 1x. Finally,
R software. GO analysis was performed with DB\Bioinformatics beads were resuspended in Laemmli buffer and boiled at 95°C for 5
Resources (Huang et al., 2009). min, and the supernatant was analyzed by Western blot.
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were dehydrated in an ethanol series and embedded in EPON resfanctional controls the evolution of the cuWdy means of three terms
Thin sections were collected on nickel grids, preincubated with 5%veighted by positive parameterse, andg, respectively. The rst term
normal goat serum, incubated with anti—-Bmi-1 antibody (05-637%; Mil is the regularization term measuring the perimetér(@fternal forces).
lipore) diluted 1:10 in TBS overnight at 4°C, and incubated with goafThe second two terms represent the edge-detector (external forces) that
anti-mouse antibody conjugated with 10 nm colloidal gold, dilutedattracts the curve toward the nuclei boundaries. The second term is the
1:10 in TBS, for 1 h at RT; some grids underwent colloidal gold ampli sum of the intensity variances of the regiong iofside and outsid€,
cation with a Silver Enhancer kit. The controls consisted of samplegespectively, whergis the lamin B or DAPI image argandc, are the
not incubated with the primary antibody. Grids containing ultrathinmean intensity values of regionsiohside and outsid€, respectively.
sections were stained with uranyl-acetate and lead citrate and observEde third term, different from the one used in Wang et al. (2010), en
with a Jeol Jem-1011 transmission electron microscope at 100 kV. THerces the contrast between the nuclei regions and image background by
experiment was repeated twice with similar results. incorporating statistical information on both lamin B or DAPI and Bmi1,
3D-SIM acquisition and quantification. Fixed samples were pre Ezh2, or PC images. In fadt:, from which we subtract the original
pared by treatment with 4% platelet-activating factor for 10 min at RTJamin B or DAPI image, is obtained as the sum, () andg,(I¢), where
followed by permeabilization (10 min in PBS and 0.5% Triton X-100) andg, is the averaging convolution operator wittk window, and¢ is the
primary antibody staining for 2 h at RT in PBS and 1% BSA. After sev Bmil, Ezh2, or PC uorescence image. This term represents the sum
eral washes in PBT, samples were hybridized with the Alexa Fluor 488ef the intensity variances of the regions of the composite ifagd
and 568—conjugated secondary antibodies for 1 h at RT. Superresolutiotside and outsid€, respectively, wheré, andd, are the mean intensity
imaging on prepared samples was performed with an N-SIM microscopelues of * — I inside and outsid€, respectively. The edge-detector acts
system (Nikon) equipped with a CFl Apo TIRF 100x 1.49 N.A. oil immer by adaptively balancing the intensity variances of the nuclei regions and
sion objective and a 897EMID Andor camera. 3D-SIM image stacks image background. The evolution@§tops when an optimal partition of
were acquired with adistance of 0.24 mm, covering a range of 5.76 mmthe image into two regions is achieved. Mathematically, this is equivalent
(25 stacks/nucleus) using laser power setting 25% and 100-ms-expog nding the minimum of the function@“V(c,, ¢,, d,, d,, C). The mini
tion time. With this setting, 15 raw images per plane were acquired anaization problem is usually solved by means of level set methods, where
computationally reconstructed using the reconstruction slice system frothe curveC is represented by the zero level set of a Lipschitz function
NIS-Elements AR software (version 4.20.01; Nikon). Minimal distancede ned on the image domai@, with values in the set of real numbers
measurements were performed using Volocity (Perkin EImer) with the ndsuch thatC = [(x,y) in € such thatp(x,y) = 0]; inside() = [(x,y) in 2
spot function, which allowed us to identify the brightest spots within asuch thag(x,y) < 0]; and outsidel) = [(x,y) in £ such tha(x,y) > 0].
0.05-mm radius in each channel. After the measurement of minimal dis The expression of the function&McV in terms of functionp

tance, the results were analyzed by plotting their distribution. is analogous to the one of the functiofat” described in Wang et
al. (2010), whereLength(C) = [,6.¢(x,y)|V(x,y)|dxdy, ands, is a
Image analysis smoothed version of the one-dimensional Dirac function. The- func

Fluorescent images were taken of xed samples at RT with a Nikorional EX€V is minimized by computing the Euler—Lagrange equation
Eclipse 90i microscope (100x objective) that was equipped with-a digand then solving the resulting partial differential equation (PDE) by
ital camera (Nikon Coolpix 990) and NIS Element software or with athe gradient ux method. Unlike in Wang et al. (2010) where an ex
confocal Leica SP5 (63x objective) supported by LAS-AF software. Fluplicit scheme is used, we used a time-dependent semi-implicit scheme
orochromes are indicated in the gure legends. Magni cation of the obto discretize Euler—-Lagrange equations. Although the use of an im
jective is 63x. Fluorescence quanti cation was done by determining thelicit time discretization scheme requires greater computational effort
intranuclear mean uorescence intensity using Cell Pro ler 2.0 (Carpenthan an explicit one, it is compensated for by the unconditional-stabil
ter et al., 2006) that computes area, form factor (Russ, 2011), integratég of the numerical algorithm. Furthermore, usually segmentation of
intensity, and mean intensity. PLA blob quanti cation was performedhigh-dimensional images (such as uorescence images) requires many
using Cell Proler 2.0. Nuclei were detected using the Otsu methodterations to converge to a numerical solution. By adopting an implicit
with a global two-class threshold strategy, and foci were detected usirsgheme, we can reduce the number of iterations, allowing the choice of
the Otsu method with a per-object three-class threshold strategy (Otdarger time steps. To recall the usual notations for the nite difference
1979). PcG foci quanti cation was performed with an automated- pipemethods: let: be the space steg, be the time step, and,,(y,) = (A,

line that executes the following steps: loads images with DAPI- or lamiridr) be the grid points for X i, j < M. Let ¢, = ¢(ndt, x;, y;) be an
B—stained nuclei and PcG protein immuno uorescence, converts imagegproximation of(z, x, y) with n > 0, ¢° = ¢, and we have the fol

to grayscale, performs segmentation with the IdentifyPrimaryObject allowing time-dependent PDE:

gorithm using a two-class Otsu global threshold method (Otsu, 1979),

locates nuclei regions on DAPI or lamin B images, discards partial nuclei By i B
at the image borders, and measures PcG protein—stained image intensity, ae 2 e ?
size, and shape of nuclei. Confocal image size is 1,024 x 1,024 pixels, ¥@+( Ty ()
and the number of stack planes onzlaeis varies between 24 and 36. i B il
The software proposed for the segmentation of uorescenee im i aE 2 QB °
ages, written in C, relies on two novel algorithms and works on two ¥@+( T) +(TJ)
image stacks that include the staining for lamin B or DAPI and Bmil, g1 iR (B h2 B, g
Ezh2, or PC. The rst algorithm, modi ed Chan-Vese (MCV), provides a - k) + ve 2 ge ? '
image contours as curves that match the object’s edges, producing a two- ¥G * (" h) * (")
phase partition of images: nuclei regions and background. We adopted a L B g
modi ed version of the local Chan-Vese Active Contour model proposed e NE 2 gE 2
in Wang et al. (2010), described by the following functiof#k"(c;, ¥G+( hy ()
¢ dy, dy, C) = Length(C) + a [ 3ysiaucy W = c1PP dxdy + [ounsiaeqey W = c2l? ). 2

;" ;i oy 2 _
dxdy] + B [ fosiao I = I~ dsPdxdy + [y II¥ — 1~ dop dudy]. The 1l T el B+ ol = e B)

00OI0IOIO00000O000000I00000000O000I00010000000I00I000 ] 547
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