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Figure S1. Cell lines used in this study.

Figure S2. Detailed replication profiles of the active and inactive X chromosomes.
[bookmark: _GoBack]The active (red) and inactive (blue) X chromosome copies are shown for the three female cell lines. Vertical green shaded areas are regions in which we have increased the read coverage to 4-11 fold per allele in order to provide higher resolution replication profiles. The replication patterns at the regions with increased read coverage were consistent with those seen for the rest of the X chromosome, i.e. consistent replication timing among females for the Xa but random, inconsistent replication of the Xi (with the exception of the 8Mb region on the distal short arm). The correlations between Xa replication timing of the different females for the non-pseudoautosomal high coverage regions was on average r=0.72, while the correlations for the Xi were significantly lower, r=0.44 on average, and the average correlations between the Xa and Xi were r=0.49. 

Figure S3. Statistical analysis of the replication properties of evolutionary strata. 

Mean and standard errors of the data from Figure1D are shown for each stratum. The PAR2 region is too short (<0.3Mb) to derive any conclusions regarding its replication time or structure on the Xi relative to the Xa (see Figures 1D and S2). Our observation of variability of Xi replication among individuals may explain previously contradictory findings regarding whether the XIST locus is replicated earlier on the Xi (from which it is exclusively expressed; Boggs and Chinault, 1994; Torchia and Migeon, 1995) or the Xa (Gartler et al., 1999; Xiong et al., 1998); indeed, in our data XIST replicated earlier on the Xi in one of the cell lines but not the others (Figure 1D). No other regions beyond the 8Mb distal short arm region, including other regions of escaping genes, showed any indication of organized replication or of earlier replication on the Xi relative to the Xa. 


Figure S4. The gradual increase in replication randomness along S phase can explain the random replication of the Xi. 

We specifically looked at autosomal autocorrelation (as in Figure 3) for the time range that parallels the time when the Xi replicates, and for an equal amount of data centered on the mean Xa replication time. The difference between these two time ranges was similar to the differences between the Xa and Xi (see Figure 2B). Data for the YRI samples were less reliable due to an overall lower read depth (Koren et al., 2012).  

Table S1. Number of reads available for the X chromosome in each sample.
	
	G1 paternal
	G1 maternal
	S paternal
	S maternal

	NA19240
	113800
	135261
	99895
	140470

	NA12878
	63716
	69583
	114006
	142934

	NA12892
	59476
	60068
	111877
	120698



Note: for NA12892, the numbers in the ‘paternal’ columns refer to the transmitted copy of the chromosome, and the numbers in the ‘maternal’ columns to the non-transmitted copy of the chromosome. 
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