Supplementary Discussion 2

Dating the movements of the pseudoautosomal boundary within the XAR that generated evolutionary strata S4 and S5
We assume that immediately after the pseudoautosomal boundary (PAB) moves towards the telomere, the X and Y copies of the previously pseudoautosomal sequences start to diverge from one another. If we know the rate of sequence divergence, we can estimate the date at which the X and Y copies started to diverge (and hence the movement of the PAB) from the present level of sequence identity between them.

In estimating the rate of sequence divergence using data from the literature, we take account of the recent slow-down in evolutionary rates on the hominoid lineage1 by assuming a two-rate model. Before the Hominoid/Old World Monkey (OWM) common ancestor (catarrhine) (>23 MYA) we assume that the rate of sequence evolution was equal to the mammalian average rate, whereas after the catarrhine common ancestor (<23 MYA) the rate of sequence evolution was at a slower, hominoid-specific rate.

We do not presently have accurate estimates of the rate of evolution of the X and Y chromosomes in different mammalian lineages. Much more is known about the rate of autosomal evolution. Therefore, we use these more accurate autosomal rate estimates, but with a correction factor to take into account the unusual evolutionary dynamics of the sex chromosomes.

Because of the different mutation rates in the male and female germlines, the rate of XY sequence divergence is not the same as the rate of divergence of an autosomal duplication. However, these two divergence rates can be related by the male driven mutation rate ((), which is the ratio of the male and female germline mutation rates.

Autosomal (A) sequences are inherited through the male germline half of the time, Y chromosomal sequences are inherited through the male germline all the time, and X chromosome sequences are inherited through the male germline one third of the time. Consequently, if the mutation rate in the female germline is µ, then the evolutionary rates of the different chromosomes are:

A: (((+1)/2)µ

X: ((2+()/3)µ

Y: (µ

Therefore the rate at which homologous autosomal sequences diverge is:

(((+1)/2)µ + (((+1)/2)µ = ((+1)µ

and the rate at which homologous X and Y sequences diverge is:

((2+()/3)µ + (µ = ((2+4()/3)µ

The ratio (() of the rates of XY sequence evolution and autosomal sequence evolution (AA) is:

( (XY/AA) = ((2+4()/3)µ / ((+1)µ = (2+4()/(3+3()

Thus by taking a range of plausible values for ( (2-6) from the literature we can estimate the rate of XY sequence divergence from the rate of autosomal divergence.
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The average rate of mammalian autosomal sequence evolution has been estimated to be 2.22x10-9 per base pair per year calibrated using time estimates based on molecular data, or 2.61x10-9 per base pair per year calibrated using time estimates based on fossil data2.

The average rate of autosomal sequence evolution in hominoids and OWM has been estimated to be 1.5x10-9 per base pair per year1. However, this is the average rate for hominoids and OWM combined, and it is known that the rate in OWM is 30% higher than in the hominoid lineage1,3. Correcting for this difference yields a hominoid-specific evolutionary rate of 1.33x10-9 per base pair per year.
The level of observed sequence divergence between X and Y copies of each X evolutionary stratum is calculated from the average sequence divergence between aligned blocks of XY homology within that stratum (shown in Figure 7). Jukes-Cantor distances (DXY) are then calculated for each stratum to correct for multiple mutations at the same site.

We assume that:

· The OWM/hominoid lineages split (t1) at 23 MYA4
· The autosomal evolutionary rate before the split (µm) was either 2.22x10-9 per base pair per year or 2.61x10-9 per base pair per year.
· The autosomal evolutionary rate since the split (µh) was 1.33x10-9 per base pair per year.
The PAB movement is older than t1 for both strata (DXY > 2t1(µh), so the age of the PAB movement (T) can be estimated by the equation:

T = t1 + (DXY - 2t1(µh)/2(µm

See table below for estimates of T.
	Stratum
	DXY
	
	
	m
	h
	t1
	T (MYA)

	5
	0.114
	2
	1.11
	2.22E-09
	1.33E-09
	2.3E+07
	32

	5
	0.114
	3
	1.17
	2.22E-09
	1.33E-09
	2.3E+07
	31

	5
	0.114
	4
	1.20
	2.22E-09
	1.33E-09
	2.3E+07
	31

	5
	0.114
	5
	1.22
	2.22E-09
	1.33E-09
	2.3E+07
	30

	5
	0.114
	6
	1.24
	2.22E-09
	1.33E-09
	2.3E+07
	30

	
	
	
	
	
	
	
	

	5
	0.114
	2
	1.11
	2.61E-09
	1.33E-09
	2.3E+07
	31

	5
	0.114
	3
	1.17
	2.61E-09
	1.33E-09
	2.3E+07
	30

	5
	0.114
	4
	1.20
	2.61E-09
	1.33E-09
	2.3E+07
	30

	5
	0.114
	5
	1.22
	2.61E-09
	1.33E-09
	2.3E+07
	29

	5
	0.114
	6
	1.24
	2.61E-09
	1.33E-09
	2.3E+07
	29

	
	
	
	
	
	
	
	

	4
	0.173
	2
	1.11
	2.22E-09
	1.33E-09
	2.3E+07
	44

	4
	0.173
	3
	1.17
	2.22E-09
	1.33E-09
	2.3E+07
	43

	4
	0.173
	4
	1.20
	2.22E-09
	1.33E-09
	2.3E+07
	42

	4
	0.173
	5
	1.22
	2.22E-09
	1.33E-09
	2.3E+07
	41

	4
	0.173
	6
	1.24
	2.22E-09
	1.33E-09
	2.3E+07
	41

	
	
	
	
	
	
	
	

	4
	0.173
	2
	1.11
	2.61E-09
	1.33E-09
	2.3E+07
	41

	4
	0.173
	3
	1.17
	2.61E-09
	1.33E-09
	2.3E+07
	40

	4
	0.173
	4
	1.20
	2.61E-09
	1.33E-09
	2.3E+07
	39

	4
	0.173
	5
	1.22
	2.61E-09
	1.33E-09
	2.3E+07
	38

	4
	0.173
	6
	1.24
	2.61E-09
	1.33E-09
	2.3E+07
	38
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