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This analysis will analyze several sets of data to estimate the TMRCA of the data set.  The basic equation for this analysis was derived by Montgomery Slatkin in a paper published in Genetics, 139,457(1995).  He derived that the variance, V = 2MT, where M = the mutation rate and T = TMRCA.  I have omitted a factor, sigma^2, which accounts for multistep mutations.  At the present time the value of that factor is unknown.  Subsequently, Goldstein and Stumpf in a paper in Science,2 March 2001, Vol 291, extended the analysis to ASD = MT.  ASD is the average square distance of the allele values of a dys loci.  Basically, the square distance is an estimate of the number of mutations since the founder.  Since there are multistep mutations not accounted for, the estimate will be higher than the true number of mutations.  The ASD is easily computed for a set of data given the distribution of allele values for each dys loci.  At this point we need one more input.  I chose to use the effective mutation rate derived by Zhivotovsky, et. al. as published in the Journal of Hum. Gen., January 2004.  It is a number which represented inputs derived from population movements, father-son trials and the information available, re: mutation rates, at that time.  Zhivotovsky estimates an average effective mutation rate across 9 of the first 12 FtDNA dys loci (393,390,19,391,388,439, 389i,392,389ii)  of 6.9 X 10^minus 5 per 25 year generation.  Given this equation and knowing the ASD for these 9 dys loci, one can then compute an estimated TMRCA for the data set.
Results:

1. TMRCA to the clan founder of the MacGregors is estimated to result in a birth date c. 1325 AD.  Note for this analysis I used 30 years per generation vice 25 which, I believe, is more consistent with more modern life spans and the age of males at the birth of their first male child.  This estimate is in accord with Clan history.




2. Two data sets developed by Robert L. Tarin, Jr., a data set comprised of entries from Iberia and and non-iberian data set.  Both sets include only R1b entries.  I found the TMRCA for the Iberian data set to be 11,600 BP and 9300 BP for the non-iberian.



3. A set of R1a entries from the Border Reivers website.  I estimate a TMRCA = 10,500 BP.




4. The Gordon Hamilton I1a data set at World Families Network.  I estimate a TMRCA – 8600 BP.




5. The S116+ FtDNA website.  I estimate a TMRCA =10,600 BP.




6. The S21+ FtDNa website.  I estimate a TMRCA = 9300 BP.

Finally, I also estimated when the R1a and R1b split occurred.  I estimate about 22,500 – 23,500 BP.

I believe these data support the supporting evidence from other fields of study that there was a time of emergence and growth beginning at the end of the last Ice Age as the climate moderated in the Northern Hemisphere.

SAMPLE CALCULATION
I will provide a sample calculation to show how easy it is to use this approach.  From the above:  ASD = MT for each dys loci, where M is the mutation rate and T is the time to the most recent common ancestor.  From Zhivotovsky, expressed in years, we have that M = 2.8 X 10^-5 per year.  Also, from Goldstein, we have that ASD = (1/N) X Sum  (lsubi – lsubm)^2; where N = the number of Y chromosomes, lsubi is the allele value and lsubm is the modal value.  The squared difference is an estimate of the number of mutations which have occurred from the common ancestor.  Consider the s116+ data set of 73 entries.  The equation therefore becomes:  T = (ASD (over all 9 dys loci))/(9) X (100,000/2.8).
Computing the ASD for the 9 dys loci.  For each dys loci use the modal allele value and subtract from each allele value.  For example: for 393 we have 4 X 1^2 + 5 + 1^2 = 9 for the mutation count.  For 390, we have 2 allele values 2 steps from the modal, by the ASD rule we have multiply each by 4 (2^2).  For 390 we therefore get a mutation count estimate of 23.  Summing all 9 dys loci we an estimate of 195 mutations.  Plugging into the equation we get 10,600 BP as our TMRCA estimate.

Note: I do have a concern about the fact that ASD weighs more distant mutations from the modal value.  It is in fact more probable to have a two step mutation than two single step mutations.  Fortunately, for this set of rather slow dys loci, most of the calculations only involve 1 step mutations.  I have tried other counting techniques, specifically a minimum number of mutations model, i.e.,  I assume that any mutation more than one-step from the modal value was a multi-step mutation.  I also tried a model with the rule that all mutations are one-step jumps away from the modal value (in either direction).  Neither of these recognizes reverse steps.  In order of number of mutations, ASD counts the highest and the multi-step the least.  Some combination of the above is probably the real truth, however ASD is considered the preferred model in the literature.
