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Supplementary Figure 1. Timing of gene expression from transfected DNA in 
U2OS cells.  
U2OS cells were transfected with a pEF1α-mRFP plasmid (0.5 μg/dish) using Effectene 
transfection reagent for 4 h. DNA was stained with Hoechst 33342 during transfection. 
Immediately after the transfection reagent was replaced with the culture medium, time-
lapse images for each wavelength were acquired at 10 min intervals (2 μm interval × 5 
z-stacks for each time point) for 18 h through an oil immersion objective lens UApo 
40× (NA = 1.35, Olympus) using the DeltaVision microscope in a temperature-
controlled room (37°C). The timing of gene expression from the transfected DNA was 
determined by the appearance of GFP signals. Time 0 represents the onset of 
chromosome segregation determined by Hoechst observation. The total number of cells 
tested was 113. The median time of gene expression was 150 min following the onset of 
mitotic chromosome segregation.  
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Supplementary Figure 2. Dynamic behavior of transfected DNA during mitosis. 
HeLa/GFP-LacI cells were transfected with pLacO-pEF1α-mRFP. DNA was stained 
with Hoechst 33342 during transfection. After the transfection reagent was replaced 
with the culture medium, time-lapse images for each wavelength were acquired at 10 
min intervals (1 μm interval × 7 z-stacks for each time point). Time 0 represents the 
onset of chromosome segregation. Black-and-white inverted images are shown for each 
wavelength. Merged images, DNA (Hoechst 33342, blue), GFP-LacI (green), and RFP 
(red). Bar, 10 μm. 
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a. A representative example of a cell showing dispersion of GFP-LacI puncta during 
mitosis. HeLa/GFP-LacI cells were transfected with pLacO-pEF1α-mRFP. DNA was 
stained with Hoechst 33342 during transfection. After the transfection reagent was 
replaced with the culture medium, time-lapse images for each wavelength were acquired 
at 10 min intervals (1 μm interval × 7 z-stacks for each time point). Time 0 represents 
the onset of chromosome segregation. Black-and-white inverted images are shown for 
each wavelength. Merged images, DNA (Hoechst 33342, blue), GFP-LacI (green), and 
RFP (red). Bar, 10 μm. RFP expression was observed 160 min after the onset of 
chromosome segregation. 
b. A representative example of a cell showing non-dispersion of GFP-LacI puncta 
during mitosis. HeLa/GFP-LacI cells were transfected with pLacO-pEF1α-mRFP. DNA 
was stained with Hoechst 33342 during transfection. After the transfection reagent was 
replaced with the culture medium, time-lapse images for each wavelength were acquired 
at 10 min intervals (1 μm interval × 7 z-stacks for each time point). Time 0 represents 
the onset of chromosome segregation. Black-and-white inverted images are shown for 
each wavelength. Merged images, DNA (Hoechst 33342, blue), GFP-LacI (green), and 
RFP (red). Bar, 10 μm. No RFP expression was observed until 280 min after the onset 
of chromosome segregation. 
c. Enlarged images of the lower panels in Fig. 2b. HeLa/GFP-LacI cells transfected with 
pLacO-pEF1α-mRFP, fixed, and immuno-stained using anti-emerin antibody. DNA was 
stained with DAPI. Left, GFP-LacI (black-and-white inversion). Right, merged images. 
GFP-Lac1 (green), emerin (red), and DAP1 (blue) in the merged image. Arrows, the 
small puncta of GFP-LacI. Bar, 10 μm. 
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Supplementary Figure 3. CLEM analysis of telophase cells. 
Overview images of the same cells shown in Figure 3f. Green and magenta represent 
GFP-LacI and DAPI signals, respectively. Arrows indicate the position of the small 
puncta of GFP-LacI.  
a-d: Type 1 (cytoplasmic circle) localization of transfected DNA. a. Fluorescence 
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image. b. Merged image of fluorescence micrograph and electron micrograph. Bar, 2 
μm. c. Enlarged electron microscopy image of (b). d. Higher magnification of the boxed 
region in (b) and (c). Bar, 500 nm. 
e-g: Type 2 (sandwich) localization of transfected DNA. e. Fluorescence image. f. 
Merged image of fluorescence image and electron micrograph. g. Electron micrograph 
of the boxed region in (e). Bar, 2 μm.  
h-k: Type 3 (membrane fusion) localization of transfected DNA. h. Merged image of 
fluorescence image and electron micrograph. Bar, 2 μm. i. Electron micrograph. j. 
Higher magnification of the boxed region in (h) and (i). Bar, 500 nm. k. Electron 
micrograph of (j). Bar, 500 nm. 
l-o: Type 4 (attached to the chromosome) localization of transfected DNA. l. 
Fluorescence image. m. Merged image of fluorescence image and electron micrographs. 
Bar, 5 μm. n. Electron micrograph of the boxed region in (l). o. Higher magnification of 
the boxed region in (n).  
p-s: Type 5 (inside the nucleus) localization of transfected DNA. p. Fluorescence image. 
q. Merged image of fluorescence image and electron micrograph in the boxed region in 
(p). r. Electron micrograph of the same region as (q). Bar, 2 μm. s. Higher magnification 
of the boxed region in (r). Bar, 1 μm.  
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Supplementary Figure 4. Immuno-CLEM analysis of telophase cells 
Immuno-CLEM imaging of telophase HeLa/GFP-LacI cells transfected with pLacO-
pEF1α-mRFP. Cells were fixed with a fixative, and subjected for immuno-CLEM. 
a-c: Representative example of Types 4 and 5 puncta. a. Fluorescence images of GFP-
LacI puncta in the chromosomal region. Merged images, DAPI (blue), GFP-LacI (green), 
and Alexa-nanogold (red) signals. Arrows, puncta where Alexa-nanogold are positive. b. 
Electron micrograph of the boxed region in (a). The yellow and red arrows indicate 
regions where the signals are concentrated. Bar, 2 μm. c. Magnified view of the red-boxed 
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region in (b). Nuc, and Cyt label nucleus, and cytoplasm, respectively. Bar, 500 nm. 
d-g: Another representative example of Type 5 puncta. d. Fluorescence images of GFP-
LacI puncta in the chromosomal region. Arrows indicate puncta where Alexa-nanogold 
are positive. Yellow and red arrows indicate the respective positions in (d)-(g). e. Electron 
micrograph of the boxed region in (d). Bar, 1 μm. f. Magnified view of the yellow-boxed 
region in (e). Bar, 500 nm. g. Magnified view of the red-boxed region in (e). Nuc, and 
Cyt label nucleus, and cytoplasm, respectively. Bar, 500 nm.  
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Supplementary Figure 5. Evaluation of the HeLa/mClover3-mAID-Lem2 cell line. 
a. Western blotting of lysates of parental HeLa cells (WT) and HeLa/mClover3-mAID-
Lem2 (AID). Leftmost panel shows Lem2 (WT) and mClover3-mAID-Lem2 (AID) 
detected by anti-Lem2 antibody (arrow). The same membrane was reproved with anti-
GFP-antibody to produce the next panel: mClover3-mAID-Lem2 detected with an anti-
GFP antibody, which recognizes mClover3 (asterisk). Anti-actin and amido black images 
are shown as loading controls in the right panels. 
b. Western blotting of lysates of HeLa/mClover3-mAID-Lem2 cells treated with IAA. 
Lysates were obtained from non-treated (Non-treat), mock-treated (+Mock), IAA-treated 
(+IAA) cells from the left. Time (h) treated with IAA or mock reagent were indicated in 
the figure. mClover3-mAID-Lem2 (asterisk) were detected by anti-Lem2 antibody (top 
panel). The same membrane was reproved with anti-GFP-antibody to detect mClover3. 
Anti-β-actin image is shown as loading controls. Molecular size markers are indicated in 
the right. 
c. Time-lapse images of AID-induced depletion of Lem2 in HeLa/mClover3-mAID-
Lem2 cells. DNA was stained with Hoechst 33342. Fluorescence images for each 
wavelength were captured every 1 min (2 μm × 5 z-stacks for each time point) using 
DeltaVision. Maximum intensity projection images of selected time points are shown. 
IAA was added to the culture medium during time-lapse imaging. Time 0 represents the 
time when IAA was added (arrow). mClover3-mAID-Lem2 (green) and Hoechst 33342 
(white). Bar, 10 μm.  
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Supplementary Figure 6. Depletion of BAF, but not emerin, delays plasmid gene 
expression. 
a. Western blotting of lysates of HeLa/GFP-BAF cell treated with siRNA targeting BANF 
(iBAF) and control siRNA (iLuc). Protein bands corresponding to endogenous BAF are 
shown. Anti-tubulin images are shown as loading controls.  
b. Timing of RFP expression in HeLa/GFP-BAF cells treated with iBAF and iLuc. Cells 
were treated with siRNA (iBAF or iLuc) and transfected with pEF1α-mRFP plasmid. 
DNA was stained with Hoechst 33342 during transfection. Immediately after removal of 
the transfection reagent, time-lapse images for each wavelength were acquired at 10-min 
intervals (2 μm × 5 z-stacks for a single time-point) using DeltaVision. Timing of RFP 
expression was determined for individual cells. Time 0 represents the onset of 
chromosome segregation. The total number of cells tested (n) and the median value of 
RFP expression timing are indicated in the graph. 
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c. Time-lapse images of transfected HeLa cells treated with siRNA targeting EMD 
(iemerin). HeLa cells were treated with siRNA (iemerin or iLuc), and then were 
transfected with pEF1α-mRFP plasmid. DNA was stained with Hoechst 33342 during 
transfection. Fluorescence images for each wavelength were captured every 10 min (2 
μm × 5 z-stacks for each time point). Maximum intensity projection images are shown. 
Hoechst 33342 (white) and RFP (magenta). Bar, 10 μm.  
d. Western blotting of lysates of HeLa cells treated with iemerin and iLuc. Anti-tubulin 
images are shown as loading controls.  
e. Timing of RFP expression in HeLa cells treated with iemerin and iLuc. Timing of RFP 
expression was determined for individual cells as described in panel c. Time 0 represents 
the onset of chromosome segregation. The total number of cells tested (n) and the median 
value of RFP expression timing are indicated in the graph. 
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Legends to Supplementary movies 

 

 

 
Supplementary Movie 1. Gene expression from transfected DNA imaged by 

DeltaVision.  

HeLa/GFP-LacI cells were transfected with pLacO-pEF1α-mRFP, and DNA was 
stained with Hoechst33342. Time-lapse images for each wavelength were taken every 
10 min (1 μm × 7 z-stacks for each time point) for DNA (blue), GFP-LacI 
(transfected DNA, green), and RFP (red) through an oil immersion lens UApo 40× 
(NA = 1.35, Olympus) using a DeltaVision microscope. Maximum intensity 
projection images are shown. The same cells are shown in Figure 1c. Bar, 10 μm. 
 

 

 

 
Supplementary Movie 2. Gene expression from transfected DNA imaged by 
LSM.  
HeLa/GFP-LacI cells were transfected with pLacO-pEF1α-mRFP. Time-lapse images 
for GFP-LacI (green) and RFP (red) were taken every 10 min (2 μm × 5 z-stacks for 
each time point) through a water immersion lens C-Apo 40× (NA = 1.2, Carl Zeiss) 
using a LSM880 confocal microscope. Tiling images were taken over an area of 1 
mm2. 
 

 



 13 

 
Supplementary Movie 3. Behavior of transfected DNA during mitosis.  

The same cells are shown in Fig. 2a. HeLa/GFP-LacI cells were transfected with 
pLacO-pEF1α-mRFP, and DNA (red) was stained with Hoechst 33342. Time-lapse 
images were taken every 10 min (1 μm × 7 z-stacks for each time point) for DNA 
(red) and GFP-LacI (green, transfected DNA) using a DeltaVision microscope 
equipped with an oil immersion lens UApo 40× (NA = 1.35, Olympus). The z-stack 
images were deconvoluted. Maximum intensity projection images for the 
deconvoluted z-stacks are shown. Dispersion of green puncta (GFP-LacI) during 
mitosis was observed. Bar, 10 μm. 
 

 

 

 
Supplementary Movie 4. Super-resolution three-dimensional images of a cell in 

metaphase. 

The same cells are shown in Figure 2d. HeLa/GFP-LacI cells were transfected with 
pLacO-pEF1α-mRFP. The cells were fixed with a mixture of 3.7% formaldehyde and 
0.2% glutaraldehyde, as described in the Methods section. Chromosomes were 
stained with DAPI. Three-dimensional images (0.2 μm step × 60 z-sections) were 
taken through an oil immersion Plan-Apochromat 63× lens (NA = 1.4) using an LSM 
880 Airyscan microscope. Super-resolution image processing was performed as 
described in the Methods section. GFP-LacI (transfected DNA, green) and DAPI 
(chromosomes, white). Bar, 5 μm.  
 

 



 14 

 
Supplementary Movie 5. AID-induced depletion of mClover3-mAID-Lem2. 
The observation field containing the same cell shown in Supplementary Figure 5c. Time-
lapse images of the AID-induced degradation of Lem2 in HeLa cells. The mClover3-
mAID-Lem2 gene was replaced with LEMD using CRISPR/Cas9. DNA was stained with 
Hoechst 33342. IAA was added to the culture medium at the beginning of the movie. 
Fluorescence images for mClover3-mAID-Lem2 (green) and Hoechst 33342 (magenta) 
were captured every 1 min (2 μm × 5 z-stacks for each time point) through an oil 
immersion lens UApo 340 (40×, NA = 1.35, Olympus) on DeltaVision. Maximum 
intensity projection images are shown. 
 


