chromocenters. The black square in the 2-cell schematic depicts the imaged area. Bleach
regions are represented by a red circle. Scale bars, 8um.

(C) Recovery curves of H3.1-mRFP in the specified regions. The individual points are the
mean+SEM. The curve is a double exponential fit of all individual points for each region.

(D) MeantSEM of the estimated H3.1-mRFP mobile fraction from fitting a double
exponential to each individual FRAP experiment.

(E) Mean+SEM of estimated H3.1 fast recovery kinetics from fitting a double exponential to
each individual FRAP experiment.

(F) Experimental design, mobile fraction and fast recovery kinetics of H3.1-mRFP in the
nucleoplasm or at pericentromeric heterochromatin after 1,6-Hexanediol treatment,
measured by FRAP.

(G) Experimental design and representative images of major satellite DNA FISH after 1,6-
Hexanediol treatment at the 2-cell stage. The panels show the DAPI and the major satellite
channels, a merge of both channels and an inset with a higher magnification of one of the
two nuclei in the major satellite channel. White dashed lines demarcate the nuclear
membrane. Scale bars, 5um.

(H) Experimental design and still images from live imaging of pericentromeric
heterochromatin with 1,6-Hexanediol. Images show the major satellite and H2B channels at
the corresponding timepoints in minutes. The black square in the 2-cell schematic depicts
the imaged area. Scale bars, 15um.

(I Experimental design and still images from live imaging of nucleolar-like bodies (NLB) with
1,6-Hexanediol. Images show the merge of the NPM2 and H2B channels at the
corresponding timepoints in minutes. The black square in the 2-cell schematic depicts the
imaged area. Scale bars, 15um.

(J) Experimental design and results of quantification of major satellite transcripts by RNA
FISH after 1,6-Hexanediol treatment. Mean, intensity, volume and number of FISH foci per
nucleus are shown.

(K) RT-gPCR analysis of major satellite transcripts after 1,6-Hexanediol treatment. Data are

normalized against Gapdh mRNA and shown as log2 fold change to controls.

Fig. 3. Liquid-like dependent ATRX recruitment to pericentromeric chromatin
mediates chromocenter maturation.

(A) Representative confocal section of ATRX immunostaining in zygotes and late 2-cell
stage embryos.

(B) Experimental design for the analysis of pericentromeric heterochromatin in live embryos

after ATRX depletion by Trim-Away. LOESS curves for the z-score of sphericity and volume



of pericentromeric domains per nucleus across the 2-cell stage for control IgG and ATRX
knockdown conditions.

(C) Experimental design and quantification of fast recovery kinetics of H3.1-mRFP in the in
the specified regions after ATRX Trim-Away, measured by FRAP in late 2-cell stage
embryos.

(D) Experimental design and representative confocal section of ATRX immunostaining after
1,6-Hexanediol treatment. The panels show the results of untreated embryos and 2 types of
phenotypes observed after 1,6-Hexanediol treatment and their frequency.

Scale bars, 10um.

Fig. 4 Model summarizing our findings on the phase state transition of embryonic
heterochromatin and the role of ATRX in this process. Pericentromeric heterochromatin
transitions from a liquid-like to a more solid or gel-like state during the process of
chromocenter formation. ATRX is required for chromocenter formation but not for the initial

heterochromatin phase transition.

Supplementary Figure Legends

Fig. S1. Live imaging protocol and pipeline to study the dynamics and biophysical
properties of pericentromeric heterochromatin in mouse embryos.

(A) Experimental design and representative bright-field images of embryos 3 days after
microinjection with H2B-tdiRFP, TALEMajSat-mClover and mRuby-NPM2 mRNA. Scale
bars, 100um.

(B) Proportion of embryos that reached the blastocyst stage after 3 days of culture.

(C) Representative images of 3D-reconstructions of Z-stacks acquired during live imaging of
a 2-cell stage embryo in the major satellite and H2B channels at the corresponding time in
minutes. The black square in the 2-cell schematic depicts the imaged area. Scale bars,
15um.

(D) Diagram of the image analysis pipeline developed to calculate the volume and sphericity
of 3D-reconstructed pericentromeric heterochromatin domains and nucleolar-like bodies
(NLBs) from live imaging. The major satellite channel is denoised with the Rudin-Osher-
Fatemi algorithm and subsequently segmentation and calculation of volume and sphericity
for major satellites and NPM2 was performed using Imaris software. The black square in the

2-cell schematic depicts the imaged area.



(E) Representative images of 3D-reconstructions of Z-stacks acquired from live imaging of a
2-cell stage embryo in the NPM2 and H2B channels at the corresponding time in minutes.

The black square in the 2-cell schematic depicts the imaged area. Scale bars, 15um.

Fig. S2. Changes in volume and sphericity of heterochromatin domains are specific to
the 2-cell stage.

(A) Mean sphericity of pericentromeric regions per nucleus over time, as determined using
live imaging in the late 2-cell stage plotted as in Fig. 1D.

(B) Volume analysis of pericentromeric heterochromatin per nucleus over time, as
determined based on live imaging at the late 2-cell stage plotted as in Fig. 1E.

(C) Sphericity of individual pericentromeric heterochromatin regions at the corresponding
timepoints, quantified using superresolution microscopy of major satellite DNA FISH with
stimulated emission depletion microscopy (STED).

(D) Volume of individual pericentromeric heterochromatin regions at the corresponding
timepoints, calculated from major satellite DNA FISH imaged with STED.

(E) Mean sphericity of pericentromeric heterochromatin domains per nucleus from live
imaging in 4-cell stage embryos plotted as in Fig.1D.

(F) Volume of pericentromeric heterochromatin per nucleus, calculated from live imaging
during the 4-cell stage plotted as in Fig. 1E.

(G) Density plot showing the sphericity and volume of individual pericentromeric domains
across 4 different time windows during the 4-cell stage. The small schematic shows the
expected position of small spherical versus large irregular objects.

(H) Sphericity of nucleolar-like bodies (NLBs) and pericentromeric heterochromatin obtained

from live imaging in 2-cell stage.

Fig. S3. The liquid properties of pericentromeric heterochromatin resemble those of
nucleolar-like bodies and are specific to the 2-cell stage.

(A) Representative confocal section of a single nucleus of a late 2-cell stage embryo after
immunostaining for SNAP-H3.1 and H3K9me3 after Triton X-100 pre-extraction to detect
chromatin bound H3.1. Scale bar, 10pum.

(B) SNAP-H3.1 concentration at nucleoplasm (Nuc.) and at pericentromeric heterochromatin
(MajSat) at the 2-cell stage as measured by RICS. Mean+SEM is 1.17x10°+1.19 x107 in the
nucleoplasm and 1.35 x10°+9.41 x10°® at pericentromeric domain.

(C) Experimental design and FRAP recovery curves of H3.1-mRFP at the 4-cell stage in the
specified regions. The individual points are the meant SEM. The curve is a double

exponential fit of all individual points for each region.
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(D) Mean+SEM of estimated H3.1 mobile fractions from fitting a double exponential to each
individual FRAP experiment at the 4-cell stage.

(E) MeantSEM of estimated H3.1 fast recovery kinetics from fitting a double exponential to
each individual FRAP experiment at the 4-cell stage.

(F) Experimental design and still images of FRAP for NPM2 in the nucleolar-like bodies
(NLBs) at the 2-cell stage. Bleach region is represented by a red circle. The black square in
the 2-cell schematic depicts the imaged area. Scale bar, 8um.

(G) Mean+SEM of NPM2 mobile fraction and recovery kinetics at the 2-cell stage.

(H) Experimental design and still images of photoconversion experiments for NPM2 in
nucleolar-like bodies at the 2-cell stage. The black square in the 2-cell schematic depicts the
imaged area. Scale bars, 8um.

All statistical analysis was performed using the two-sided Mann—-Whitney U-test.

Fig. S4. Conditions for 1,6-Hexanediol at the 2-cell stage and effect of 1,6-Hexanediol
on pericentromeric heterochromatin localization at the 4-cell stage.

(A) Experimental design to determine the effective concentration of 1,6-Hexanediol in mouse
embryos. Embryos were treated at the indicated concentrations of 1,6-Hexanediol, fixed and
the number of nucleolar-like bodies was determined using confocal imaging of DAPI-stained
embryos. The left SINA plot shows the number of nucleolar-like bodies per embryo under
different 1,6-Hexanediol concentrations. The right SINA plot shows the area of the pronuclei,
measured in the Z-section of their maximal diameter, after incubation with the indicated 1,6-
Hexanediol concentrations.

(B) Experimental design and representative images of major satellite DNA FISH after 1,6-
Hexanediol treatment at the 4-cell stage. White dashed lines demarcate the nuclear
membrane. Scale bars, 10um.

(C) RT-gPCR analysis of Actb transcripts after 1,6-Hexanediol treatment. Data are

normalized against Gapdh mRNA and shown as log2 fold change to controls.
Fig. S5. ATRX is efficiently degraded by Trim-Away at the 2-cell stage.

Representative single confocal section of an embryo immunostained for ATRX after Trim-

Away with anti-ATRX antibody or IgG control. Scale bars, 10um.
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Material and Methods

Plasmid construction and mRNA production

The TALEMajSat-mClover, H2B-tdiRFP and mGFP plasmids were previously characterised
and are available in Addgene (12, 42); 47878, 47884). For the mRuby-NPM2 and mEOS3.2-
NPM2 plasmids, we replaced eGFP for either mRuby or mEOS3.2, which was amplified
from a plasmid obtained from the Burtscher lab (43) in a eGFP-NPM2 construct kindly
provided by F. Aoki (75). The mCherry-Trim21 plasmid was obtained from Addgene
(105522,(37)) and the pRN3P.Trim21 plasmid was generated by removing the mCherry
sequence. The H3.1 plasmid was constructed from the pRN3P.H3.1.GFP plasmid (79) by
replacing the GFP sequence by mRFP. The SNAP-H3.1 plasmid contains an N-terminal
SNAP tag sequence. mRNAs were transcribed in vitro using eithera T3 ora T7
MMESSAGE mMACHINE kit (Ambion) or mMMESSAGE mMACHINE ultra kit (Ambion).

Embryo collection, microinjection and culture

Animal experiments were carried out in compliance with local regulations (Government of
Upper Bavaria). For the ATRX immunostainings, CD1 female mice (4—-8 weeks old) were
mated with CD1 male mice (3—6 months old), and zygotes and 2-cell stage embryos were
collected at 17h and 40h post-coitum, respectively. For all other experiments, embryos were
collected from 5-6-week-old F1 (C57BL/6JxCBA/H) females mated with F1 males (3—-6
months old) after hormonal induction with pregnant mare serum gonadotropin (Intervet, 5 1U)
and human chorionic gonadotropin (hCG; Intervet, 7.5 1U) 46—48-h later. Embryos were
collected at the following time points after hCG injection: zygotes were collected between
18h and 21h post-hCG except for Fig. 3.A when it was collected at 25h post-hCG; 2-cell
stage embryos were collected at 48h post-hCG for Fig. 3A. Zygotes were microinjected with
1-2pl of the indicated mMRNA or antibody. Embryos were cultured in K-modified simplex
optimized medium (KSOM) microdrops under paraffin oil at 37 °C, 5% CO.. For the analysis
of H3.1 localization in Fig. S3A, in vitro-transcribed mRNA of SNAP tagged H3.1 (50ng/uL)
was injected into zygotes at 17-18hphCG. Injected embryos were cultured until 47.5hphCG
and treated with 5uM SNAP-Cell Oregon Green (NEB, S9104S) for 30 min in KSOM.
Embryos were subject to triton pre-extraction to detect incorporated SNAP tagged H3.1 (44).

Immunostaining and confocal microscopy

Embryos were fixed as previously described (45). Briefly, the zona pellucida was removed
with Acid Tyrode solution, followed by two washes in PBS and fixation for 20 min in 4%
paraformaldehyde, 0.04% Triton, 0.3% Tween-20, 0.2% sucrose at 37 °C. Embryos were
then washed with PBS and permeabilized with 0.05% Triton X-100 for 20min. After
permeabilization, embryos were washed three times in PBST (0.1% Tween 20 in PBS),

quenched in 2.6mg/ml freshly prepared ammonium chloride, washed three times in PBST,
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blocked for 3—4h at 4 °C in blocking solution (3% BSA in PBST) and incubated with primary
antibodies in blocking solution. Antibodies used were as follows: anti-ATRX (Cell Signaling,
8729, 1:250 dilution). After overnight incubation at 4 °C, embryos were washed three times
in PBST, blocked and incubated for 3h at room temperature in blocking solution containing
secondary antibodies labelled with Alexa-488 fluorophore (Invitrogen A32731, 1:500
dilution). After washing, embryos were mounted in Vectashield (Vector Laboratories)
containing DAPI. Confocal microscopy was performed using a plan-Apo 63x NA 1.4 oil
immersion objective on a TCS SP8 inverted confocal microscope (Leica). Z-sections were
taken every 0.5—-1um. Image analysis was performed using FIJI (46). For all experiments,
acquisition parameters were set to obtain fluorescence intensity signals in the linear range of
hybrid detectors. These detectors have negligible detector noise and linearly amplify
incoming photons into photoelectrons, thereby allowing the counting of measured photons,
provided the detector is not saturated. Hence, given identical acquisition settings, the

recovered fluorescence signal accurately reflects the level of antigen present in the sample.

Live imaging of Major Satellite (MajSat) regions and Nucleolar-Like Bodies (NLBs)

For live imaging, embryos were microinjected with 1-2pl of the following combinations of
mRNAs: 1) 600 ng/ul of TALEMajSat-mClover mRNA and 200 ng/pl of H2B-tdiRFP mRNA
for MajSat visualization; 2) 600 ng/ul of TALEMajSat-mClover mRNA, 200 ng/pl of H2B-
tdiRFP mRNA and 100 ng/ul of mRuby-NPM2 mRNA for imaging NLBs. Embryos were
cultured in microdrops of KSOM until the start of the live imaging, when they were
transferred to an imaging chamber containing micrometric wells with 1mL of in KSOM
covered with 1mL of paraffin oil prior the beginning of the live imaging. We used either a
custom-made chamber (for most imaging experiments) or the Embryo Immobilisation Chip
(Dolomite Microfluidics). Each of our custom-made chamber consists of two functional
elements: a layer with wells for single embryo isolation and imaging; a wall around the wells,
which allows media keeping and exchange. The layer with wells was made as a sandwich of
a coverslip and a layer of Ostemer 322 (Mercene Labs AB, Sweden) with holes, which was
bonded on top of the coverslip. The holes in Ostemer 322 were formed using a
polydimethylsiloxane (PDMS) master mold, which was produced using standard soft
lithography. Briefly, a master mold for replication in PDMS was fabricated from SU-8
photoresist (MicroChem, USA) spin-coated on a Si wafer. The SU-8 master mold was then
used to produce the PDMS master mold from Sylgard 184 (Dow Corning, USA). In total,
there are 361 wells with 200 um diameter and 110 um height in each chamber. The wall was
3D printed from High Temp Resin (Formlabs, USA) using 3D printer Form 2 (Formlabs,
USA). The outer diameter of the wall is 35 mm, the inner area is 16x16 mm, and the height

is 10 mm. The layer with wells and the wall were centered to have the wells within the inner
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area of the wall and then bonded to each other using Ostemer 322. Each chamber was
extensively washed in distilled water and under sonication to remove residual non-cross-
linked materials. Live imaging experiments were performed using a plan-Apo 100x NA 1.35
silicon oil immersion objective on a dragonfly 304 spinning disc system attached to a Nikon
Ti-2microscope. Images were acquired on a Andor iXon 888 live EMCCD camera.
Temperature was maintained at 37 °C with a microscope enclosure incubator (Ololab, Italy)
and 5% CO.was supplied by a gas mixer into a stage-top chamber with magnetic holder for
35 mm dishes (Okolab, Italy). For imaging of MajSat and NPM2 in early and late 2-cell
stage embryos, live imaging was started between 40 and 42 h or 48h post-hCG respectively.
For the 4-cell stage imaging live imaging was started between 54 and 55h post-hCG. Note
that live imaging procedure may result in some developmental delay and therefore the post-
hCG timepoints should be considered relative. To generate the 2-cell and 4-cell stage
datasets, Z-sections were taken every 3um and for live imaging of NPM2, Z-sections were
taken every 8.33um. For all the live imaging experiments images were taken every 20

minutes.

Image Analysis and Processing

The MajSat channel was first denoised using the Rudin-Osher-Fatemi algorithm (47, 48)
with a denoising weight of 10. The NPM2 or MajSat channel was then segmented using
Imaris software (Bitplane). For segmentation a smoothing parameter of 0.4um was applied
and a size threshold of 0.674um? for the MajSat channel and of 10um? for the NPM2
channel. The values of sphericity and volume of the different segmented objects were

selected from Imaris. All statistical analysis was done using Rstudio.

Fluorescence Recovery After Photobleaching (FRAP) and Photoconversion

For H3.1 FRAP at MajSat regions, zygotes were microinjected with 600ng/ul of
TALEMajSat-mClover and 300ngpl of H3.1-mRFP mRNAs. For FRAP and photoconversion
of NPM2 at the NLBs, zygotes were microinjected with 100ng/pl of mRuby-NPM2 or
100ng/ul of MEOS3.2-NPM2 mRNAs, respectively. FRAP and photoconversion was
performed on a Nikon Ti-e microscope equipped with a Bruker Opterra 2 confocal system
using a plan-Apo 100x NA 1.4 oil immersion objective. Images were acquired on a
Photometrics EVO EMCCD camera. Temperature was maintained with a microscope
enclosure incubator adjusted to 37°C at the sample (In Vivo Scientific). Embryos were
placed in drops of KSOM medium on a glass-bottom dish covered with paraffin oil. A circular
region of interest of 2.28um?was selected either in the nucleoplasm or in the region
comprising the MajSat domains as determined by the TALEMajSat-mClover signal, or inside

the NLBs as determined using the NPM2 signal, and was subjected to FRAP or
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photoconversion. Acquisition was started with images taken every 0.1s for 4s during which
bleach was performed. Subsequently, images were acquired every 1s for 10s and then

every 5s for 50s.

FRAP curve fitting and statistical analysis

The FRAP raw data were processed with FIJI (ImageJ). All analyses were done on
background-subtracted values, which were normalized by the average H3.1 or total NPM2
fluorescence intensity in the nucleus or NLB respectively. The curves obtained were
normalized using the full-scale normalization method so that the first post-bleach frame was
set to 0. Normalized curves were then subjected to curve fitting. Experimentally obtained
and normalized recovery curves were fit using Rstudio. A two-phase exponential association
equation, Y=Ymax1 x [1 — e(- K1 x X)] + Ymax2 x [1 — e(- K2 x X)], was used to obtain
mobile fractions and reaction rates of H3.1, as this has been previously described to be
appropriate for nuclear proteins (20, 49). A single exponential association equation Y =
Ymax x [1 — e(- K x X)] was used to obtain the mobile fraction and reaction rate of NPM2.
Unpaired wilcoxon-tests were used for statistical comparisons. Ymax2 values were used for
mobile fraction estimation of H3.1, as they reflect the steady-state protein pool, unless

otherwise stated.

DNA and RNA FISH

DNA FISH was performed as previously described (50), using a protocol that preserves the
nuclear 3D structure of embryos. Briefly, the zona pellucida was removed with Acid Tyrode
solution, followed by two washes in PBS and fixation in 4% paraformaldehyde, 0.05% Triton-
X at RT for 15 min. Embryos were then permeabilised in 0.5% Triton-X 100, 0,02% RNAseA
for 1h at RT and treated with HCI solution (0.1N HCI, 0.7 Triton-X 100 and 1 mg/ml PVP in
water) for 3min at RT. Embryos were washed into prehybridization buffer (50% formamide,
2x SSC, 10% Dextran, 1 mg/ml PVP, 0.05% TritonX, 0.5 mg/ml BSA) and incubated at 55 °C
for 3 h. Embryos were then incubated 10 min at 80 °C and transferred into drops of 0.2 pl
hybridization buffer containing the MajSat probe (4) at 5 ng/ul, which was previously
denatured at 80 °C for 10 min. After overnight hybridization at 42 °C, embryos were washed
once in 2x SSC at room temperature followed by washing three times 10 min in in 0.1x SSC
at 42 °C and transferred in drops of Vectashield containing DAPI. Super resolution STED
microscopy was performed using a plan-Apo 100x NA 1.4 oil immersion objective on a TCS
SP8 inverted confocal microscope (Leica). STED was performed with a 775 nm pulsed
laser. Z-sections were taken every 0.1um. For RNA FISH, the zona pellucida was removed
with Acid Tyrode solution, followed by two washes in PBS and fixation in 4%

paraformaldehyde, 0.05% Triton-X at RT for 15 min. Embryos were then permeabilised in
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0.5% Triton-X 100 for 1h at RT. Embryos were washed into prehybridization buffer (50%
formamide, 2x SSC, 10% Dextran, 1 mg/ml PVP, 0.05% TritonX, 0.5 mg/ml BSA) and
incubated at 55 °C for 3 h before being transferred into drops of 0.2 pl hybridization buffer
containing the MajSat probe at 5 ng/pl, which was previously denatured at 80 °C for 10 min
under oil. After overnight hybridization at 42 °C, embryos were washed once in 2x SSC at
room temperature followed by washing three times 10 min in in 0.1x SSC at 42 °C and
mounted in Vectashield (Vector Laboratories) containing DAPI. Confocal microscopy was
performed using a plan-Apo 63x NA 1.4 oil immersion objective on a TCS SP8 inverted
confocal microscope (Leica). Z-sections were taken every 0.5-1um. DNA and RNA FISH
signals were analysed using Imaris software (Bitplane). The nucleus was first segmented
based on the DAPI channel with a smoothing parameter of 0.6. The MajSat signal was then
segmented with a smoothing parameter of 0.2 and a size threshold of 0.674pym?®. The values
of sphericity, volume and intensity of the different segmented objects were obtained from

Imaris. Statistical analyses were performed using Rstudio.

Raster Image Correlation Spectroscopy (RICS)

Zygotes were microinjected with 600ngul of TALEMajSat-mClover and 20ngul of SNAP-H3.1
mRNA. Embryos were cultured in microdrops of KSOM until the start of the SNAP tagging,
at 44 h post-hCG, at which time embryos were first incubated with a tagging medium
(100nM of SNAP-tagcell647 in KSOM) for 30 minutes followed by 2 washes and a 30 min
incubation in KSOM without dye. Embryos were then washed 3 times in M2 medium (Sigma)
and then transferred to an imaging chamber containing micrometric wells with 1mL of M2
covered with 1mL of paraffin oil. RICS measurements were performed at 37 °C on a home-
built confocal laser scanning microscope (CLSM), as described elsewhere (57). 470 nm and
635 nm pulsed diode lasers (LDH-P-C-470 and LDH-P-C-635M, PicoQuant) were used for
the pulsed-interleaved excitation (52) of TALEMajSat-mClover and H3.1-SNAP-647-SiR at a
laser power of 10 yW before the objective. A 100x oil immersion objective (Apo-TIRF 100x
Oil/NA 1.49, Nikon) was used for all measurements. The descanned fluorescence emission
was separated from the excitation pathway with a quad-line 405/488/561/635 beamsplitter
(Semrock). The fluorescence emission of TALEMajSat-mClover and H3.1-SNAP-647-SiR
was then separated with a 565DCXR beamsplitter (AHF) and spectrally filtered with 420/40
nm bandpass (Chroma) and 635 nm longpass (AHF) emission filters respectively before
being detected with avalanche photodiode detectors (Count® Blue and Count® Series,
Laser Components).The alignment of the system was routinely checked by measuring an
aqueous mixture of ATTO488-COOH and ATTO655-COOH with fluorescence correlation
spectroscopy. Per each embryo, 300 frames of 12x12 ym, divided into 300 lines, were

acquired with a frame time of 11=1 s, line time, 1= 3.33 ms, pixel dwell time 1,=11.11 s,
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and pixel size dr=40 nm. Image calculation from raw photon data and subsequent analyses
were performed with PIE Analysis in MATLAB (PAM)(63). The RICS measurements were
corrected for slow fluctuation and cellular movement by applying a moving average
correction prior to image correlation (57). To analyse H3.1-SNAP-647-SiR fluctuations in
different cellular regions we selected arbitrary ROI based on the TALEMajSat-mClover
signal, to distinguish between inside and outside the chromocenters. Subsequently the
correlation functions were determined using the Arbitrary RICS (ARICS) algorithm (718). The
spatial autocorrelation functions (SACFs) were fitted with a one-component free diffusion

model assuming a 3D Gaussian focal shape:
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in which ¢ and y indicate the spatial lags in pixels along the fast and slow scanning axes,
respectively, and w: and w; represent the lateral and axial focus sizes, respectively. The
shape factor y is 2732 for a 3D Gaussian. D represents the diffusion coefficient and N the
average number of fluorescent particles in the observation volume. The correlation at zero
lag time was omitted from analysis due to the contribution of uncorrelated shot noise. The

concentration (C) of H3.1 was calculated according to the equation:

1
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With Gg being the correlation amplitude and equal to y/N, NA the Avogadro number and Vs

the effective detection volume (54), equal to:

3
Verr = Ym2wiw,

1,6-Hexanediol Treatment

To determine the effective concentration of 1,6-Hexanediol (Alfa Aesar, A12439) zygotes
were incubated for 1h with 0.01% to 3.5% of 1,6-Hexanediol in KSOM prior to fixing and
staining with DAPI. The number of NLBs and the pronuclear area was calculated in 3D using
Imaris (Bitmap). For the DNA and RNA FISH experiments, embryos were incubated 1 hour
in 3.5% 1,6-Hexanediol in KSOM prior to fixation. For the experiments in which embryos
were analysed under live imaging, embryos were put in the imaging chamber containing
micrometric wells with 1mL of 3.5% 1,6-Hexanediol in KSOM covered in oil and imaged
directly. For FRAP, embryos were incubated for 10 minutes in 3.5% 1,6-Hexanediol in

KSOM and then photobleached. For all the experiments at the 2-cell and 4-cell stage,
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embryos were incubated in KSOM until 48h and 54h post-hCG, respectively, prior to 1,6-

Hexanediol treatment.

Trim away for ATRX

For FRAP, zygotes were first microinjected with 1 mg/ml of either ATRX or IgG antibodies
with 0.33% of Cascade blue (Invitrogen, D1976) or rhodamine B dextran (Invitrogen,
D1841), to monitor the success of injection, at 18h pHCG. After 4 h, zygotes were
microinjected a second time with the following mRNAs: 130 ng/ml Trim21 with 600ngul of
TALEMajSat-mClover and 300ngul of H3.1-mRFP. Embryos were placed in a 37 °C and
5%CO: incubator until the beginning of the experiment at the 2-cell stage. For live imaging,
the same procedure was followed, except that the second microinjection was done with the
following mRNAs: 200 ng/ml mCherry-Trim21 with 600ngpul of TALEMajSat-mClover and 200
ng/ul of H2B-tdiRFP. For the RNA FISH and qPCR experiments, the second microinjection
included 200 ng/ml mCherry-Trim21 and 200 ng/ml mRNA for mGFP as a positive control for

microinjection.

Quantitative RT-qPCR

Single embryo RTgPCR was performed as previously described (55). Control, 1,6-
Hexanediol treated or ATRX and IgG Trim-away embryos were washed in PBS and snap
frozen in 5 pl of 2x reaction buffer at -80°C (CellsDirect One-Step gRT-PCR kit, 11753100,
ThermoFisher) at 49 h post-hCG. TagMan Gene Expression assays (20x Applied
Biosystems), were pooled to a final concentration of 0.2x for each of the 3 assays. To each
of the single-cell samples in 2x reaction buffer, 2.5 pl of 0.2x assay pool, 0.5 yl RT/Taq
enzyme (CellsDirect One-Step qRT-PCR kit, 11753100, ThermoFisher) and 2.3 ul of water
were added. Cell lysis and sequence-specific reverse transcription were performed at 50 °C
for 20 min. The reverse transcriptase was inactivated by heating to 95 °C for 2 min. The
resulting cDNA was diluted tenfold before analysis with Universal PCR Master Mix and 1x
TagMan Gene Expression assays (Applied Biosystems). qPCR analysis was carried out with
an initial denaturing at 95 °C for 5 min followed by 45 cycles of denaturing at 95 °C for 15s
and then annealing and amplification at 60 °C for 1 min. All raw Ct values were normalised to
Gapdh for all conditions. The delta-delta Ct and then fold change were calculated compared
to the mean of the control for the 1,6-Hexanediol experiment and to the mean of the IgG
Trim-away for the Atrx Trim-away experiments. Box plots of the resulting dataset were

generated using the ggplot2 R package.

Statistical Analysis
Statistical significance based on the two-sided Mann—-Whitney U-test was performed for all

the analysis except for the RICS experiment where a two-sided Wilcoxon signed-rank test
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was performed. All data derive from at least 3 independent biological experiments. All
boxplots show the median and interquartile range; whiskers span the range of the data,
while extending no further than 1.5x the interquartile range. N corresponds to the number of
independent experiments and n to the total number of embryos analyzed. P values are
designated as *P < 0.05, **P < 0.01, and ***P < 0.001. Non-significant values are indicated

as n.s.
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Table S1. Estimated fractions and recovery kinetics of H3.1-mRFP obtained by FRAP in

different conditions and compartments

E;’;i:i' Treatment Localization Ymax1 Ymax2 K1 K2
Nucleoplasm 56.27 + 1.42 26.60 + 1.50 6.70 £ 0.72 0.519 + 0.061
2-cell CTL MajSat; chromocenters 51.98 + 1.59 29.21+1.72 5.50+1.10 0.338 + 0.042
MajSat; NLBs 52.21 +£1.95 28.64 + 1.58 3.97+0.34 0.1.87 + 0.023
d-cell CTL Nucleoplasm 46.62 *+ 2.56 26.05 + 2.04 12.02 + 2.01 0.646 + 0.107
MajSat 41.11 £ 2.47 27.05 + 2.91 11.68 + 2.47 0.481 £ 0.100
CTL Nucleoplasm 51.36 + 3.08 29.93 + 3.14 10.80 + 3.34 0.478 £ 0.138
2-cell after MajSat 45.34 + 3.98 26.19 £5.32 6.26 + 1.63 0.443 £ 0.125
1,6-HD Hex Nucleoplasm 51.81 + 3.03 28.25 + 2.65 7.85 + 1.88 0.463 + 0.133
MajSat 43.35+4.17 33.89 £ 5.32 7.73 +2.44 0.376 £ 0.117
Nucleoplasm 58.16 £ 2.29 23.91 1+ 2.60 6.05 + 0.50 0.385 £ 0.071
19G MajSat; chromocenters 46.72 + 4.25 28.84 + 5.21 5.74 +0.73 0.353 +0.110
2_cell after MajSat; NLBs 49.73 £ 3.24 29.90 + 3.59 5.22 +1.07 0.329 £ 0.087
Trim-Away Nucleoplasm 56.99 + 1.96 24.77 £ 1.96 6.11 + 0.68 0.375 + 0.073
ATRX MajSat; chromocenters 4574 +2.20 27.79 £ 1.77 6.47 £1.00 0.324 £ 0.057
MajSat; NLBs 48.06 £ 2.10 31.22+2.54 5.14 +0.85 0.294 £ 0.054

Mean + SEM of the diffusive fraction (Ymax1), the mobile fraction (Ymax2), the fast kinetics (K1) and

slow kinetics (K2) of H3.1-mRFP. The different experiments shown correspond to the FRAP

experiments shown in Figs. 2B-E (2-cell), Figs.S3C-E (4-cell), Fig.2F (2-cell after 1,6-Hexanediol)
and Fig.3C (2-cell After Trim-Away).




