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SUPPLEMENTAL INFORMATION 
 
MATERIALS & METHODS 
 
Cell lines and growth conditions 
ES cells were grown in regular ES+LIF medium (500 ml DMEM with the addition of 1 ml 

of β-mercaptoethanol, 6 ml of MEM NEAA, 25 ml of 7.5% NaHCO3, 6 ml of GlutaMAX-1, 

15 ml of 1M HEPES, 90 ml of FBS, 300 μl of LIF, 6 ml of PEN/STREP) on irradiated 

feeders. To differentiate mESCs and allow them to undergo X-inactivation, mESCs were 

harvested by trypsinization and quenched in ES medium without LIF. Feeders were 

removed by adding the cell suspension to tissue culture plates for 45 minutes at 37°C. 

Differentiating embryoid bodies were cultured for 4 days on low-adherence plates in ES 

medium without LIF. On the 4th day, the embryoid bodies were plated onto gelatinized 

tissue culture plates and allowed to attach. ES cells for experiments were harvested by 

extensive trypsinization to detach them from the plates. Unless otherwise noted, all 

experiments were performed after 10 days of differentiation.  

 Fibroblasts were grown on un-gelatinized tissue culture plates in MEF media 

(500 ml DMEM with the addition of 1 ml of β-mercaptoethanol, 6 ml of MEM NEAA, 25 

ml of 7.5% NaHCO3, 6 ml of GlutaMAX-1, 15 ml of 1M HEPES, 60 ml of FBS, 300 μl of 

LIF, 6 ml of PEN/STREP). 

 

Generation of Dxz4 and Firre deletion cell lines 
Oligos encoding gRNAs flanking either Dxz4 or Firre were cloned into wild-type 

Cas9+GFP plasmid PX4581 by first linearizing the plasmid with BbsI, purifying the 

plasmid using the Qiagen PCR Purification Kit, then ligating annealed and 

phosphorylated oligos into the plasmid using T4 DNA ligase for 1 hour at room 

temperature, then transforming into OneShot Top10 chemically competent E. coli. gRNA 

plasmid DNA was prepared using the Qiagen Miniprep Kit and gRNA sequences were 

verified by Sanger Sequencing. To delete Dxz4 or Firre, pairs of gRNAs flanking either 

Dxz4 or Firre were transfected into mESCs using Lipofectamine LTX. Briefly, for each 

transfection, 50 uL of OptiMEM media was added to 2.5 uL LTX reagent and 50 uL 

OptiMEM was added to 0.5 uL PLUS reagent. The OptiMEM+PLUS mix was added to a 

mixture of 250 ng of each gRNA, then the OptiMEM+LTX mix was added and incubated 

at room temperature for 5 minutes to generate the transfection mixture. Meanwhile, 
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2x105 mESCs were harvested by trypsinization and brought to a volume of 900 uL 

ES+LIF media. Once the transfection mixture was ready, the mESCs were layered 

dropwise on top of it and allowed to incubate for 20 minutes at room temperature. 

Following incubation, the entire transfection mixture was added to one well of a 12-well 

dish containing feeders and 1 mL ES+LIF media. The transfected cells were allowed to 

grow for 16-48 hours.  

To screen for Cas9-transfected cells, the transfected cells were harvested with 

trypsin, washed 2X in PBS and resuspended in 300 uL FACS media (1X Leibowitz’s+5% 

FBS) and passed through a cell strainer. The GFP-positive cells were isolated by FACS 

selection and plated on 10 cm feeder plates (~2000-10,000 GFP+ cells/plate). The 

FACS-sorted GFP positive cells were allowed to grow into large colonies, typically after 

about 6-8 days of growth. 192 colonies were manually picked and transferred to 96 well 

plates covered in feeders. Once the 96 well plates were nearly confluent, they were 

passaged onto 3 new gelatinized plates (no feeders). Freezing media (MEF media+ final 

concentration 10% DMSO) was added to two plates and they were left at -80°C for 

storage. The third plate was grown until most wells were fully confluent. 

We used a PCR screen to identify Dxz4 or Firre deletion clones. Genomic DNA 

was prepared from the colonies by incubating them overnight in Laird buffer+proteinase 

K (50 uL buffer per well) at 55°C. The genomic DNA was transferred to a new 96 well 

plate and diluted it 1:10 in H2O, then heated at 95°C for 10 minutes to denature it and 

inactivate the proteinase K. Next, PCR reactions using primers flanking Dxz4 or Firre 

were prepared in 96 well plates using 20 uL PCR mix+2 uL denature genomic DNA. 40 

cycles of amplication were used, and the PCR reactions were run on 2% agarose gels 

and visualized by ethidium bromide staining. Deletion clones were identified by PCR 

reactions that produced a band at the expected size. Deletion clones were thawed onto 

12-well plates with feeders, and deletions were verified by Sanger sequencing the PCR 

product, performing DNA FISH using a fosmid probe entirely within the deleted region, 

and examining reads over the deleted regions from our genomics experiments.  

To generate Xa-specific and homozygous Firre deletions, we employed a 

restriction assay to determine whether clones carried a deletion on the Xa or Xi (or both). 

We took advantage of a cas- (Xa-) specific polymorphism that creates a new TaqI 

restriction site within the Firre deletion PCR product to screen clones for deletions on 

particular alleles. We performed PCR amplification as before, but then added 30 uL of 
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1X Cutsmart buffer+10U TaqI (NEB) to each PCR reaction, then incubated the reactions 

at 65°C for 45 minutes before running the reactions on a 2% agarose gel.  

 

Preparation of high molecular weight DNA 
Briefly, 500 mL cultures of E. coli containing either Xist+P or RP23-161K4 were grown 

and spun at 4000 rpm for 15 minutes. Alkaline lysis was performed by re-supsending in 

20 mL Buffer 1, aliquoting the cell suspension into two Oak Ridge polypropylene 

centrifuge tubes, adding 10 mL of Buffer 2 to each tube and inverting 20 times to mix, 

then adding 12 mL buffer 3 and inverting 20 times and incubating on ice for 5-10 

minutes. Protein and genomic contaminants were removed by centrifugation at 10,000 

rpm in a JA-20 rotor at 4°C. DNA was precipitated by adding 35 mL isopropanol to 15 

mL centrifuged lysate in a 50 mL Falcon tube, incubating 20 minutes at room 

temperature, then spinning at 3500 rcf for 20 minutes at 4°C. Pellets were resuspended 

in 500 uL TE+1%SDS and 15 uL 20 mg/mL Proteinase K was added and the DNA 

mixture was incubated at 55°C for 1.5 hours to remove protein contaminants. The DNA 

was phenol:choloroform extracted by adding phenol:cholorform:isoamyl alchohol and 

shaking by hand for 20 seconds, then the DNA was precipitated with 40 uL 3M NaOAc 

and 1 mL isopropanol per 500 uL DNA mixture for 10 minutes at -20°C. At this time, the 

precipitated DNA formed a stringy white mass, the excess liquid was removed from this 

mass and 1 mL 70% ethanol was added to the DNA. The DNA was centrifuged for 5 

minutes at 16300 g, the supernatant removed and 1 mL 70% ethanol was added to the 

pellet and the pellet was spun again for 5 minutes at 16300 g. Supernatant was removed 

and excess ethanol was allowed to evaporate for 5 minutes, then the DNA pellet was 

resuspended in 200 uL 10 mM Tris by gentle pipetting with a cut tip.  

 

Generation of a Xist+Dxz4 transgene 

To generate an autosomal Xist+Dxz4 transgene, we co-transfected a doxycycline-

inducible Xist construct and a BAC containing mouse Dxz4 into male fibroblasts 

containing rtTA2. First, we prepared DNA from our “Xist+P” construct and the Dxz4-

containing BAC RP23-161K4 using a custom high-molecular weight purification protocol. 

DNA for transfection was only used if it gave the expected digest pattern with either 

XhoI+BamHI for Xist+P of XhoI for RP23-161K4 and was not excessively smeared. To 

co-transfect Xist+P and RP23-161K4 into fibroblasts, 2x106 fibroblasts were harvested, 

washed twice in 1X PBS and resuspended in 700 uL 1X PBS. We then added 5 ug 
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Xist+P and 20 ug RP23-161K4 to the cell suspension and electroporated in a 1 mm 

cuvette at 200V, 1050 uF using a Bio-RAD Xcell GenePulser electroporation system. 

Electroporated cells were plated onto 3 10 cm dishes in MEF media made with tet-free 

FBS and grown for one day. The Xist+P construct contains a hygromycin selectable 

marker, and to select for Xist transgenes, starting one day after transfection, we added 

200 ug/mL hygromycin to the media and changed the media every day for 10 days. 

Once colonies were grown, we manually picked them and transferred them to 96-well 

plate. We only obtained about 10 hygromycin resistant colonies. Once confluent, we split 

colonies onto 3 wells of a 24-well plate. One well was kept for maintenance, the other 

two were used for screening.  

 To screen for transgenic lines with both inducible Xist and Dxz4 inserted at the 

same ectopic site, we used the following strategy. We induced each clone with 1000 

ug/mL doxycycline overnight and performed Xist RNA FISH to test if Xist could be 

induced. We also performed Xist RNA FISH in the same clones without dox induction to 

ensure Xist expression is insducible. We kept clones that could induce robust Xist RNA 

FISH clouds. We then used DNA FISH to check whether the Xist+P construct inserted at 

the same site as the Dxz4-containing BAC. We simultaneously performed DNA FISH 

using an Xist probe, a probe within the Xist construct backbone, and a fosmid probe 

against Dxz4. We obtained one clone where all 3 probes co-localize at one spot, 

indicating co-insertion of Xist and Dxz4 into an autosome. We then used 4C to localize 

the candidate insertion site into Stc1 on chr14. We then performed DNA FISH using a 

fosmid probe overlapping Stc1 combined with a Dxz4 fosmid and a probe overlapping 

the backbone of the Xist transgenic construct to confirm co-localization of Xist, Dxz4 and 

Stc1 at one spot. 

 

 

DNA FISH 
BAC or fosmid DNA was prepared using the high molecular weight DNA preparation 

procedure. Probes were labeled using the Roche Nick Translation kit. 75,000-150,000 

cells were cytospun onto slides for 5 minutes at 1000 rpm. Cells were pre-extracted and 

fixed by passing the slides through CSK-T for 3 minutes at 4°C, CSK for 3 minutes at 

4°C, 1X PBS+4% formaldehyde for 10 minutes at room temperature. RNA was removed 

by digestion with 0.1 mg/mL RnaseA in 1X PBS for 1 hr at 37 degrees. Slides were 

dehydrated by passage through 70%, 90%, 100% ethanol for two minutes at each 
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concentration, then allowed to dry. Probe was added to hybridization mix (50% 

formamide, 2X SSC, 10% dextran sulfate, 0.1 mg/mL mouse Cot-1 DNA) and added 

directly to the slides. Slides were denatured at 92°C for 10 minutes on a PCR block, then 

incubated in a humid chamber at 37°C overnight. Slides were washed once in 2X SSC, 

once in 2X SSC+Hoechst 33342 and once in 2X SSC. Mounting media was added and 

the slides were imaged.  

 

RNA FISH 
Slides were prepared for RNA FISH using the same protocol as for DNA FISH but with 

the RnaseA treatment omitted. Xist RNA FISH was performed using a mixture of Cy3-

labeled DNA oligos covering Repeats A, B and C within Xist. The RNA FISH protocol 

was the same as the DNA FISH protocol, except that the denaturing step was omitted 

and the hybridization buffer+probe mixture was heated at 92°C for 5 minutes then 37°C 

for 5 minutes and then added directly to the slides. Slides were incubated at 42°C for 4-8 

hours and then were washed once in 2X SSC, once in 2X SSC+Hoechst 33342 and 

once in 2X SSC. Mounting media was added and the slides were imaged.  

 

Immunofluoresence 
75,000-150,000 cells were cytospun onto slides for 5 minutes at 1000 rpm. Slides were 

washed once with 1X PBS, then 1X PBS+4% formaldehyde was added for 10 minutes at 

room temperature, then 1X PBS+0.5% Triton-X 100 for 10 minutes at room temperature 

to remove un-crosslinked proteins. Slides were washed once in 1X PBS, excess buffer 

was removed from cell spots and 1% BSA in 1X PBS was added for 45 minutes. Block 

solution was removed and a 1:200 dilution of H3K27me3 antibody (Active Motif 39155) 

in 1X PBS+1% BSA was added for 1 hour. Slides were washed 3X in 1X PBS+0.02% 

Tween-20. Excess liquid was removed and a 1:2000 dilution of goat-Anti-Rabbit Alexa 

555 conjugated antibody (ThermoFisher) was added for 1 hour in the dark. Slides were 

washed once in 1X PBS+0.02% Tween-20, then twice in 1X PBS and then imaged.  

 

ImmunoFISH 
Slides were prepared the same way as for immunofluorescence; with 0.5 U/uL Protector 

RNase Inhibitor (Sigma) added to the blocking buffer. To visualize the nucleolus, we 

used a 1:200 dilution of Nucleophosmin antibody (abcam 10530) in blocking solution as 

the primary antibody. After immunofluorescence, we post-fixed the slides for 10 minutes 
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in 4% formaldehyde+PBS, and then Xist RNA FISH was performed starting at the 

dehydration step.  

 

Metaphase immunofluorescence 
 We added 50 ng/mL Karyomax to the media of day 10 differentiating embryoid bodies 

for 4 hours to arrest cells in metaphase. We harvested the cells via trypsinization, and 

trypsin was quenched by addition of media. We spun the cells at 1000 rpm for 5 

minutes, aspirated the media, then washed twice in 1X PBS. Cells were then 

resuspended to a concentration of 5x105 cell/mL in 75 mM KCl, and placed at 37°C for 

10 minutes for swelling. 1x105 cells were then cytospun onto a microscope slide at 1000 

rpm for 5 minutes. The cells were fixed in PFA and immunofluorescence was performed 

as described for interphase cells. We stained H3K27me3 with a 1:200 dilution of Active 

Motif 39535 and H3K27ac with a 1:200 dilution of Cell Signaling D5E4. 

 
Hi-C library preparation 
We used the in situ Hi-C method of Rao et al.3 to prepare all libraries, using 5-10 million 

cells. Importantly, we sequenced 20-40 million reads per library. This is a lower 

sequencing depth than many published Hi-Cs, however since the megadomains are 

large and prominent feature of the organization of the Xi, this depth is appropriate for 

detecting the megadomains efficiently and economically. We performed a timecourse of 

Hi-C experiments at 4 timepoints during differentiation (days 0, 3, 7 & 10). To test 

whether megadomains form in the absence of Dxz4 or Firre, we differentiated cells for 

10 days and performed Hi-C in wild-type, Dxz4∆/∆, FirreXi∆/+ or Dxz4∆/∆:FirreXi∆/+. Finally, to 

test whether megadomains can form on an autosome with Xist and Dxz4 ectopically 

inserted, we performed Hi-C in the Xist+Dxz4 transgene line after 2 days of induction 

with 1000 ng/mL dox, as well as an Xist+P only transgene line after 2 days of induction 

with 1000 ng/mL dox and the parental male XY rtTA line (no induction).  

 

Hi-C analysis 
Hi-C alignment to mm9 was performed according to the method of Minajigi & Froberg et 

al.4 The allele-specific Hi-C reads were filtered for quality and uniqueness with HOMER. 

Custom scripts were used to convert HOMER tag directories into the format accecpted 

by Juicebox; contact maps were generated using the Juicer tools ‘pre’ command. All Hi-
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C contact maps visualized in this study are KR-normalized contact maps generated by 

Juicebox.  

 The first principal component of the Hi-C correlation matrix has been used as a 

quantitative measure of the presence or absence of megadomains5. We used R to 

generate the Pearson correlation of 1Mb KR-normalized allele-specific chrX Hi-C 

matrices, and we plot the first principal component as a function of position along the X-

chromosome. Hi-C matrices with a megadomain exhibit a sharp transition in the first 

principal component score at the bin containing Dxz4.  

 

Hi-C mixing experiment 
We mixed together aligned reads from the day 0 and day 10 Hi-C libraries such that 0%, 

10%, 25%, 50%, 75% and 100% of reads were from the day 10 Hi-C. We the generated 

HOMER tag directories and normalized contact maps in Juicebox as described for the 

Hi-C experiments. We plotted PC1 scores across the Xi at 1Mb resolution, and defined 

the PC1 slope at Dxz4 as the PC1 score @ bin 74 – PC1 score @ bin 72.  

 
HYbrid Capture Hi-C (Hi-C2) 
HYbrid Capture Hi-C (Hi-C2) probes were designed and hybridization to in-situ Hi-C 

libraries carried out as described previously6. Probe sets were designed to enrich 

interactions in two regions of interest: chrX:70,370,161-71,832,975 and 

chrX:71,832,976-73,511,687 (mm9). Briefly, 120 bp probes were designed around the 

MboI restriction sites of the regions of interest as previously described 6 and custom 

synthesized pools of single stranded oligodeoxynucleotides ordered from CustomArray, 

Inc. (Bothell, WA). Single stranded DNA oligos were amplified and biotinylated in a 

MAXIScript T7 transcription reaction (Ambion). The resulting biotinylated RNA probes 

were hybridized to 250-300 ng of in situ Hi-C libraries for 24 hours at 65C. DNA 

hybridized to the RNA probes was pulled down by streptavidin beads (Dynabeads 

MyOne Streptavidin C1, Life Technologies), washed, and eluted as described 6. The 

resulting DNA was desalted using a 1X SPRI cleanup and amplified with Illumina 

primers for 18 cycles to prepare for sequencing. 

 

Hi-C2 libraries were sequenced to a depth of 8-15 million 50 bp paired-end reads. Reads 

were trimmed using cutadapt with the options --adapter=GATCGATC (MboI ligation 

junction) and --minimum-length=20. Reads of each pair were individually mapped to the 
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mus and cas reference genomes using novoalign and merged into Hi-C summary files 

and filtered using HOMER as previously described 4. For the chrX:70,370,161-

71,832,975 captures, 3-4% of mapped and paired reads fell within the target region 

(0.05% expected based on size of capture region versus genome) and for the 

chrX:71,832,976-73,511,687 captures, 1-2% of mapped and paired reads fell within the 

target region (0.06% expected based on size of capture region versus genome). To 

avoid computational complexities arising from normalization of sparse, non-enriched 

regions in the Hi-C contact map, only Hi-C interactions falling within the capture region 

were analyzed further. For each capture, a custom script was used to pull out the filtered 

Hi-C interactions falling within the target region from the HOMER tag directories. Hi-C 

contact maps of the capture regions were then generated from these HOMER tags using 

the ‘pre’ command of Juicer tools 7. The resulting Hi-C contact maps in .hic format were 

visualized and normalized with the ‘Coverage (Sqrt)’ option in Juicebox8. 

 

Insulation score analysis with Hi-C2 data 
We computed insulation score across the Mecp2 and Dxz4 regions to quantitatively 

measure changes in domain organization during the timecourse of X-inactivation. To do 

this, we output the ‘Coverage (Sqrt)’ normalized Hi-C contact maps at 25 kb resolution 

across either the Mecp2 or Dxz4 regions using Juicer tools ‘dump’ command. We used 

custom shell and R scripts to convert the densematrix format output from Juicer into the 

full matrix format accepted by the cworld suite of Hi-C tools 

(https://github.com/dekkerlab/cworld-dekker). We computed insulation scores across the 

captured regions using the cworld perl script ‘matrix2insulation.pl’ using the parameters 

‘-v --is 125000 --ids 75000 –im sum’. This set of options uses a smaller number of bins 

to calculate insulation scores, which we found to be optimal for analyzing insulation over 

small regions with just a few dozen bins. We plotted the distribution of insulation scores 

across each region and each timepoint. We evaluated changes in insulation across 

regions by testing whether there was a difference in the variance of insulation scores 

between timepoints or between the Xa and the Xi using the F-test. This is appropriate as 

a loss of insulation by definition is a decrease in the variance of insulation across a 

region 9, which can be visualized as a “flatter” insulation score curve. To generate violin 

plots and calculate F-test p-values, we excluded the 6 bins on the left and right edges of 

each Hi-C2 region because the windows used to calculate insulation score at these loci 
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fall partially outside the region covered by Hi-C2 probes and have far less read coverage 

than the regions covered by the probes.  

 
4C library preparation and analysis 
We previously developed a modified 4C protocol10  to examine chromatin conformation 

from repetitive viewpoints. Our protocol has several advantages over existing 4C 

profiles: 1.) It sequences the genomic region amplified by the 4C primers, ensuring that 

on-target priming events can be identified and filtered from numerous off-target priming 

events 2.) Sequencing the viewpoint allows every read to be assigned to a particular 

allele if the viewpoint is near a variant, 3.) We use a random barcode to identify PCR 

duplicates, which previously has not been possible in 4C experiments. We performed 

our modified 4C using the protocol and analysis pipeline previously described for 

viewpoints within PAR-TERRA repeats10. We used it for several viewpoints within Firre 

and Dxz4. Some viewpoints were in the core tandem repeats. For these viewpoints, we 

use the read outside the viewpoint for allelic determination. Others were in unique 

regions near the tandem repeats; for these we could use known variants to assign every 

read to the Xa or the Xi. We performed our analysis in two fibroblast lines, one where the 

mus X is inactive (mus Xi cas Xa), the other where the cas X is inactive (mus Xa cas Xi).  

 
Assay for Transposase-Accessible Chromatin with high-throughput sequencing 

50,000 cells were washed in cold PBS and lysed in cold lysis buffer (10 mM Tris-HCl, pH 

7.4, 10 mM NaCl, 3 mM MgCl2, 0.1% IGEPAL CA-630) containing proteinase inhibitor 

cocktail (Roche). Nuclei were resuspended in 1X TD Buffer (Illumina FC-121-1030) and 

2.5uL of Tn5 Transposase (Illumina FC-121-1030) were added. Transposition reaction 

was performed at 37°C for 30min, and DNA was purified using a Qiagen MinElute Kit. 

DNA libraries were amplified for a total of 8 cycles. Libraries were assessed for quality 

control on the BioAnalyzer 2100 (Aglient) to ensure nucleosomal phasing and 

complexity. Sequencing was performed on the HiSeq 2500 (Illumina), using 50 bp 

paired-end reads. 

 

ATAC-seq analysis 

Attack seq alignment to mm9 was performed exactly as ChIP-seq alignment was 

performed in Minajigi & Froberg et al. 4. Peaks were called using macs2 with default 

parameters. Biallelic peaks were identified as peaks with at least 10 alleleic reads in a 
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sample and an Xi:Xa ratio greater than 1/3. Xi-specific peaks were defined as peaks with 

at least 10 allelic reads and a Xi:Xa ratio less than 1/3. To test whether Xi-specific peaks 

in wild-type are “restored” (that is: acquire appreciable accessibility on the Xi) in either 

the Dxz4 or Firre deletion, we plot the wild-type Xa reads on the x-axis and the deletion 

Xi reads on the y-axis and identify peaks where the deletion Xi/wild-type Xa ratio is 

greater than ½ (these are peaks where the deletion accessibility level reaches at least 

half the wild-type accessibility ratio). We also examine the biallelic peaks and plot the 

wild-type Xi reads on the x-axis and the deletion Xi reads on the y-axis to determine 

whether the accessibility on the Xi changes for the peaks that are bi-allelic in wild-type.  

 

RNA-seq library preparation 
Total RNA was isolated from 2-5 million trypsinized cells using trizol extraction. polyA+ 

mRNA was isolated using the NEBNext NEBNext® Poly(A) mRNA Magnetic Isolation 

Module using 5 ug of total RNA as input. Isolated mRNA was reverse-transcribed using 

Superscript III and actinomycin D to inhibit template switching. Second-strand synthesis 

was performed using the NEBNext Ultra Directional RNA Second Strand Synthesis 

Module. Library preparation and NEBNext® ChIP-Seq Library Prep Master Mix Set for 

Illumina. A USER enzyme treatment was performed following adaptor ligation to 

specifically degrade the second strand and allow a stranded analysis. Libraries were 

amplified for 10-15 cycles of PCR using Q5 polymerase and NEBNext multiplex oligos.  

 

RNA-seq analysis 
RNA-seq reads were aligned to the cas (Xa) and mus (Xi) genomes allele-specifically 

using a previously published pipeline 4,11-13. Following alignment, gene expression levels 

for each gene were defined using HOMER. Differential expression and fold changes 

between conditions were calculated using DESeq2. We plotted the cumulative 

distributions of fold changes for autosomal and X-linked genes and evaluated the 

significance of any differences between the distributions of the fold changes using the 

Kolmogorov-Smirnov (KS) test. To examine allele-specific expression from the Xa and 

the Xi, we summed together allelic reads across both biological replicates and filtered for 

genes with at least 12 allelic reads in both wild-type and Dxz4∆/∆:FirreXi∆/+and fpm > 0 in 

all replicates. We also used RNA-seq done in pure hybrid mus or cas fibroblasts to 

identify and eliminate genes that have incorrect SNP information. We defined escapee 

genes in a particular condition as genes where at least 10% of allelic reads came from 
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the Xi in either replicate of that condition. We plotted the distribution of expression levels 

from the Xi (Xi/(Xi+Xa) read counts) for all genes passing our filtered for each replicate. 

We evaluated the significance in differences of the mean expression level from the Xi 

using the Wilcoxon Signed Rank Test with Bonferroni correction for multiple hypothesis 

testing.   

 

qRT-PCR 
Total RNA was isolated from cells using trizol extraction. 500 ng RNA was heated at 70 

degrees C for 10 minutes then cooled to 4 degrees in the presence of 50 ng random 

primers in 5 uL total volume. The RNA was reverse-transcribed in a 10 uL reaction 

containing 1X First Strand buffer, 10 mM DTT, 500 uM dNTPs, 6U Protector RNase 

inhibitor and 100U Superscript III. The reaction was incubated for 5 minutes at 25 

degrees, then 1 hr at 50 degrees and 15 minutes at 85 degrees. Reverse transcription 

reactions were diluted to 100 uL with water before qPCR. 500 ng RNA was added to 100 

uL water as a -RT control. 1 uL template was used per 15 uL qPCR reaction prepared 

with 1X Taq UniverSYBR Green (BioRad) master mix and 200 nM primers, and 

reactions were performed in triplicate. All qPCR primers were run using an annealing 

temperature of 55 degrees.  
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