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Appendix A: The expectation of NRY type frequencies in the won nto´ and duy of the Nso´.

Within the main text we state:

Assuming a) the Y chromosome of the fon can be distinguished from those of non-patrilineal descendents of a fon, b) almost equal numbers of males and females throughout each generation, c) won nto´ females do not marry patrilineal descendents of a fon and d) Royal Social Status Rule A has been followed, we would expect 33.4% - 46.7% of won nto´ males that we sample from the Nso´ to share identical NRY types while this same NRY type would be expected asymptotically to approach a frequency of 12.5% in  won nto´-descended-duy, depending on the number of generations since the original fon. However, if Royal Social Status Rule B has been followed, we would expect that only 1.0% - 24.1% of sampled won nto´ males would share the same NRY type. We would expect this same NRY type at a frequency of 12.5% in the won nto´-descended-duy, irrespective of the number of generations of descent from a fon.

Below we describe how we arrive at these conclusions.
Assumptions:

For the expected frequencies in the won nto´:

(a) All fons with paternal descent from the first fon will share the same NRY type.
(b) Male and female births and survival rates are similar.
(c) Generations do not overlap.
(d) Female won nto´ marry males who are not patrilineal descendants of the first fon.

Royal Social Status Rule A:

Royal Social Status Rule A can be described as: individuals are assigned won nto´ status if either for up to four generations they are descendants of a fon along agnatic lines (interpreted to mean, when expressed unambiguously, as ‘an exclusively paternal line of inheritance’) or for up to three generations they are descendants of a fon along uterine connexions (mixed gender or strictly matrilineal lineages).

Ignoring duy status acquired by other means, individuals are duy if either they are descendants of a fon along agnatic lines of not less than five generations or are descendants of a fon for not less than four generations along lines with uterine connexions. Inheritance of duy status is thereafter patrilineal.

The geneaology of the won nto´ descendants of a fon over four generations is illustrated below (Fig A1).

Fig A1: Lineage tree showing the relationship of won nto´ individuals under Royal Social Status Rule A. (M = male offspring, F = female offspring, * = this individual inherits the same NRY type as a fon).
won nto´ males of the current generation are a summation of the following: 

a) sons of the current fon.

b) grandsons of the previous fon.

c) great grandsons of the second previous fon.
d) great great grandsons of the third previous fon through exclusively paternal descent.
Fig A2: Diagram showing the relative contributions of different won nto´ lineages to the won nto´ under Royal Social Status Rule A. Only the last four fons are considered here as descendants of older fons can only form the duy social class.
If every fon has an equal number of sons and daughters (the total of which can be any even number) as well as one extra son who becomes the next fon, while all other individuals have only one son and one daughter, then, as can be seen in figure A2, the relative proportions of a)-d) individuals in the current generation of male won nto´ would be: a) 0.125, b) 0.25, c) 0.5 and d) 0.125.

The percentage of males in a)-d) who would share the same NRY type (*) of a fon would be: a) 100%, b) 50%, c) 25% and d) 100%.

Therefore the relative proportions of a)-d) individuals in the current generation of male won nto´ who posses the NRY* type would be:

a) 100%
*
0.125
=
0.125

b) 50%
*
0.25
=
0.125

c) 25%
*
0.5
=
0.125

d) 100%
*
0.125
=
0.125

The proportion of males in the current generation who would share the NRY* type is the sum of the above i.e. 0.5. Therefore in any one generation we would expect half of won nto´ males to share the same NRY type. However, since it is not reasonable to assume that won nto´ have only two children and we do not sample individuals who are the brother, father, son or paternal line cousin of an individual from whom a buccal swab has already been collected the expectation is different (as we now describe).
If we assume a) that we are sampling from both the most recent and second most recent generation of adult won nto´ males and that the third most recent generation are not sampled, b) that we do not sample individuals who are the brother, father, son or paternal line cousin of another subject, c) the number of children a fon has (excluding his heir) is ‘2n’ (‘n’ of whom are males) and d) that the number of children a non-fon won nto´ has is ‘2y’ (‘y’ of whom are males), the proportion of males who possess a fon’s NRY type that we expect to sample if rule A has been followed is:
( 1 / ( y + 1 ) ) ( n ( 1 + y )2 + 1) + 1
( 1 / ( y + 1 ) ) ( 3n ( 1 + y )2 + 1 ) + 1

The above expression assesses the probability of sampling the different individual lineages included in figure A3 given our sampling strategy (see Table A1 for probabilities). To assist understanding of the approach adopted we describe below how we calculated the proportions of individuals belonging to a specific lineage.

The proportions of individuals of lineage representative (LR) 2 in Fig A3 from whom buccal swabs are taken is calculated as follows: calculate the probability of sampling individuals of LR 2 in the population rather than their sons (LR 3). This is a function of the relative contributions of LRs 2 and 3 combined to the total population. The contribution of LR 2 will be, starting from Fon4 and working down the lineage, ‘n’ * ‘y’ * ‘y’ or ny2. Similarly the contribution of LR 3 will be ny3. Therefore the probability of sampling from LR 2 rather than LR 3 will be the contribution of LR 2 divided by the contribution of the sum of LR 2 and LR 3 i.e. ny2 / (ny2 + ny3). As expressed in b) above we only sample one individual of LR 2 among all that share the same father and paternal grandfather. Consequently the maximum number of LR 2 we can sample is ‘n’. The number of males that can be sampled of LR 2 is therefore ‘n’ multiplied by ny2 / (ny2 + ny3), as shown in the second row of Table A1, while the number for LR 3 is ‘ny’ multiplied by ny3 / (ny2 + ny3) as shown in the third row of Table A1.

The process is repeated for each lineage in Figure A3 and summed to yield the total number of won nto´ sampled. Some of the lineages are patrilineal with an origin in a fon and will therefore have the same NRY type as the fon. These lineages have a probability of having a fon NRY of ‘1’ as shown in column 3 of Table A1. Summating all the lineages yields the total number of individuals who share the fon’s NRY type we expect to sample. This figure is divided by the total number of samples (described above) to calculate the proportion of won nto´ expected to share the fon’s NRY. The expression above is an algebraic simplification performed following summation.
Given a range of different combinations of ‘n’ and ‘y’ extending from 1 to 25 (to take account of uncertainty concerning the real values of ‘n’ and ‘y’) and applying the above expression we observe that, under Royal Social Status Rule A and our sampling strategy, 33.4% - 46.7% of won nto´ males tested will possess a fon’s NRY type.
Fig A3: Lineage tree showing the relationship of won nto´ individuals under Royal Social Status Rule A for the two most recent adult generations of won nto´ males. (M = male offspring, F = female offspring, * = this individual inherits the same NRY type as a fon. Numbers refer to specific Lineage Representatives).
For the expected frequencies in the duy:

All the assumptions above apply as well as:

(a) We only consider duy who descend from the first fon; we do not consider those individuals who acquire duy status in other ways e.g. because of claimed royal descent originating in other ethnic groups incorporated into the Nso´ empire.

(b) duy status once acquired is inherited in a strictly patrilineal manner.

(c) duy do not marry won nto´ that have paternal line descent from a fon.

Figure A4 illustrates the transition of a fon’s descendants from won nto´ to duy.
Fig A4: Lineage tree showing the transition of won nto´ to duy under Royal Social Status Rule A. (M = male offspring, F = female offspring, * = this individual inherits the same NRY type as a fon). Duy are shown in red.
In figure A4 there are eight male duy of the present generation, only one of whom possesses a fon’s NRY. All things being equal, every fon should contribute the same number of male duy individuals, 12.5% of whom possess a fon’s NRY. However, when sampling from the most recent generation the present and three previous fons will not have had sufficient descendant generations to contribute any duy while the fon of four generations ago will have contributed seven of the eight males. Nethertheless he would not have produced the one duy with a fon’s NRY. If we sample from the most recent generation, the frequency of male duy with a fon’s NRY will approach 12.5% but never reach it. The more fons there have been since the first fon, the closer the proportion approaches 0.125. Note that 12.5% is independent of both ‘n’ and ‘y’ and our sampling strategy.
Royal Social Status Rule B:

Royal Social Status Rule B can be described as: a person is a member of won nto´ (down to the fourth generation (if a man) and third generation (if a woman)) if she or he is both a child of a won nto´ and a descendant of a fon.
The geneaology of the won nto´ descendants of a fon over four generations is illustrated below (Fig A5).

Fig A5: Lineage tree showing the relationship of won nto´ individuals under Royal Social Status Rule B. (M = male offspring, F = female offspring, * = this individual inherits the same NRY type as a fon).
won nto´ males of the current generation are a summation of the following: 

a) sons of the current fon.

b) grandsons of the previous fon.

c) great grandsons of the second previous fon.

d) great great grandsons of the third previous fon. 

Fig A6: Diagram showing the relative contributions of different won nto´ lineages to the won nto´ under Royal Social Status Rule B. Only the last four fons are considered here as descendants of older fons can only form the duy social class.
If every fon has an equal number of sons and daughters (the total of whom can be any even number) as well as one extra son who becomes the next fon, and all other individuals have only one son and one daughter, then, as can be seen in figure A6, the relative proportions of a)-d) individuals in the current population of male won nto´ would be: a) 0.067, b) 0.133, c) 0.267 and d) 0.533.

The percentage of males in a)-d) who would share the same NRY type (*) of a fon would be: a) 100%, b) 50%, c) 25% and d) 12.5%.

Therefore the relative proportions of a)-d) individuals in the current population of male won nto´ who posses the NRY* type would be:

a) 100%
*
0.067
=
0.067

b) 50%
*
0.133
=
0.067

c) 25%
*
0.267
=
0.067

d) 12.5%
*
0.533
=
0.067

The proportion of males in the current population who would share the NRY* type is the sum of the above i.e. 0.27. Therefore in any one generation we would expect just over one quarter of won nto´ males to share the same NRY type. However, since it is not reasonable to assume that won nto´ have only two children and we do not sample individuals who are the brother, father, son or paternal line cousin of an individual from whom a buccal swab has already been collected the expectation is different (as we now describe).
If we assume a) that we are sampling from both the most recent and second most recent generation of adult won nto´ males and that the third most recent generation are not sampled, b) that we do not sample individuals who are the brother, father, son or paternal line cousin of another subject, c) the number of children a fon has (excluding his heir) is ‘2n’ (‘n’ of whom are males) and d) that the number of children a non-fon won nto´ has is ‘2y’ (‘y’ of whom are males), the proportion of males who possess a fon’s NRY type that we expect to sample if rule B has been followed is:

( 1 / ( y + 1 ) ) ( n ( 1 + y )2 + 1) + 1

( 1 / ( y + 1 ) ) ( 4 n y3 + 10 n y2 +9 n y +3 n + 1 ) + 1

The above expression assesses the probability of sampling the different individual lineages included in figure A7 given our sampling strategy (see Table A2 for probabilities and Royal Social Status Rule A for how these probabilities are calculated). Given a range of different combinations of ‘n’ and ‘y’ extending from 1 to 25 (to take account of uncertainty concerning the real values of ‘n’ and ‘y’) and applying the above expression we observe that, under Royal Social Status Rule B and our sampling strategy, 1.0% - 24.1% of won nto´ males tested will possess a fon’s NRY type.

Fig A7: Lineage tree showing the relationship of won nto´ individuals under Royal Social Status Rule B for the two most recent adult generations of won nto´ males. (M = male offspring, F = female offspring, * = this individual inherits the same NRY type as a fon. Numbers refer to specific Lineage Representatives).
For the expected frequencies in the duy:

All the assumptions above apply as well as:

(a) We only consider duy who descend from the first fon; we do not consider those individuals who acquire duy status in other ways e.g. because of claimed royal descent originating in other ethnic groups incorporated into the Nso´ empire.

(b) duy status once acquired is inherited in a strictly patrilineal manner.


(c) duy do not marry won nto´ that have paternal line descent from a fon.

Figure A8 illustrates the transition of a fon’s descendants from won nto´ to duy.
Fig A8: Lineage tree showing the transition of won nto´ to duy under Royal Social Status Rule B. (M = male offspring, F = female offspring, * = this individual inherits the same NRY type as a fon). Duy are shown in red.

In figure A8 there are eight male duy of the present generation, only one of whom possesses a fon’s NRY. All things being equal, every fon should contribute the same number of male duy individuals, 12.5% of whom possess a fon’s NRY. When we sample from the present generation, the overall frequency of male duy with a fon’s NRY will be 12.5% (unlike Royal Social Status Rule A which will approach but never reach 12.5%). Note that 12.5% is independent of both ‘n’ and ‘y’ and our sampling strategy.
Royal Social Status Rule C and D
In Appendix F we consider two additional Royal Social Status Rules, based on a possible patrilineal bias to attaining won nto’ status.  The expectations for the proposed Royal Social Status Rules C and D are generated in similar manner to Royal Social Status Rules A and B by assessing the probabilities of sampling the individual lineages included in figures A9 and A10 (see Tables A3 and A4 for probabilities).

Fig A9: Lineage tree showing the relationship of won nto´ individuals under Royal Social Status Rule C for the two most recent adult generations of won nto´ males. (M = male offspring, F = female offspring, * = this individual inherits the same NRY type as a fon. Numbers refer to specific Lineage Representatives).

Fig A10: Lineage tree showing the relationship of won nto´ individuals under Royal Social Status Rule D for the two most recent adult generations of won nto´ males. (M = male offspring, F = female offspring, * = this individual inherits the same NRY type as a fon. Numbers refer to specific Lineage Representatives).

The implications of won nto´ women marrying a) won nto´ men and b) non- won nto´ men carrying the fon’s NRY type
Table 3 shows one case of a marriage between a won nto´ man and a won nto´ woman. In evaluating the effect of our sampling strategy we assumed that exclusively won nto´ marriages do not occur. Such marriages could affect our expectation since each lineage might no longer be discrete. Correcting for this assumption is complicated given the ways lineages may interact. We have not done so since approximate calculations indicate that at realistic levels of family size the effect would be small and most probably increase the proportion of fon NRY types in the won nto´. Furthermore any such small increase in our expectation for the incidence of fon NRY types should not affect the conclusions set out above.

We have however made the relatively simple correction to take account of fon NRY types entering the won nto´ class as a consequence of won nto´ women marrying non-won nto´ men carrying the fon NRY type. The correction requires assumptions concerning (a) the expected proportion of marriages of won nto´ women with men of a different class or ethnicity and (b) the proportion of men in other groups carrying the fon NRY type. We assume (a) based on the proportion of men sampled of each class/ethnicity included in our survey (the correction applies the survey proportions after allowing for unions with non-Nso men; see Table 3 which contains one case out of 18 of a marriage between a non- Nso´ and a member of the won nto´) Therefore we reduce the proportion of marriages to each of the Nso classes by 17/18 to take into account non-Nso´ males marrying won nto´ females and assume none of the non- Nso´ males carry the fon NRY type). Since (b) was estimated by later typing the correction is post-hoc and consequently is not included in the principle manuscript. 

If a1 is the adjusted expected number of sampled fon NRY types, a0 is the initial expected number of sampled fon NRY and xi are the three non-won nto´ classes and non-Nso´ ethnicities, the correction is:

a1 = a0 + [(1-a0)*∑((proportion of fon NRY types in non-won nto´ group xi * (17/18)) * proportion of sampled xi males in Nso´)].

Applying this correction for Royal Social Status Rule A, a Pearson’s Chi Square test demonstrates greater support for the rule, with neither the new upper limit (upper limit expectation of 52.8%: P = 0.82, X2= 0.05, df = 1) or lower limit (lower limit expectation of 41.0%: P = 0.17, X2 = 1.86, df = 1) significantly different from the observed data. For Royal Social Status Rule B both the adjusted upper limit (upper limit expectation of 32.8%): P = 0.017, X2=5.68, df = 1) and lower limit (lower limit expectation  of 12.3%: P = 1e-13, X2 = 54.76, df = 1) expectations deviated significantly from the observed data. Therefore Royal Social Status Rule A still appears the more likely scenario for won nto´ social practice. The conclusions drawn from analysis of Royal Social Status Rules C and D are unchanged despite applying the correction described above (Royal Social Status Rule C [upper limit expectation of 59.1%: P = 0.78, X2 = 0.08, df = 1; lower limit expectation  of 47.5%: P = 0.48, X2 = 0.49, df = 1], Royal Social Status Rule D [lower limit expectation of 56.4%: P = 0.95, X2 = 0.004, df = 1]).

Appendix B: Methods

Sample Collection Procedure. 

Buccal swabs were collected randomly in public gathering places and thoroughfares from males over eighteen years old in the Cameroonian town of Kumbo (n=151). In addition, buccal swabs were collected in four other western Grassfields towns (Bafut (n=103), Foumban (n=117), Nkambe (n=82) and Wum (n=116)), seven towns or villages on the Tikar plain (Atta (n=29), Bankim (n=73), Magba (n=96), Nyamboya (n=98), Sabongari (n=94), Somie (n=100) and Songkolong (n=43)) and one town north of the Tikar plain (Mayo Darle (n=111)) (see Figure 1). All samples were collected anonymously with informed consent. Individuals were recruited in a fashion blinded to social class (any individual around the collection location had the opportunity to be sampled and only if it was established that they fell into one of the categories (a, b and c) described below would a sample not be taken) and a local resident assisted in ensuring that only one in each of the following sets participated: a) brothers, b) father and sons, c) grandfather and paternal line grandsons. The practice of not sampling individuals who are brothers, fathers, sons or paternal line cousins of participants was adopted for ethical reasons and to ensure consistency with other DNA sample collections at The Centre for Genetic Anthropology (TCGA). Sociological data was also collected from each individual including age, current residence, birthplace, self-declared cultural identity (and Nso´ social class) and religion for the individual and the individual’s father, mother, paternal grandfather and maternal grandmother.

Y-chromosome typing. 

Standard phenol-chloroform DNA extractions were performed on all samples. Standard TCGA kits were used to characterise six microsatellites (DYS19, DYS388, DYS390, DYS391, DYS392, DYS393) and eleven biallelic Unique Event Polymorphism (UEP) markers (92R7, M9, M13, M17, M20, SRY1465, SRY4064, SRY10831, sY81, Tat, YAP), as described by Thomas et al.(1999: 577-581). Microsatellite repeat sizes were assigned according to the nomenclature of Kayser et al.(1997: 125-129). NRY Haplogroups were defined by the eleven UEP markers according to the nomenclature proposed by the Y Chromosome Consortium (2002: 339-348) (see Figure B1 for the genealogical relationships of the NRY UEP markers used to define haplogroups in this study).

Figure B1: Genealogical relationships of UEP markers used in this study to define NRY haplogroups

To characterise NRY lineages potentially associated with populations replaced by the EBSP as proposed by Underhill et al.(2001: 43-62) we analysed the samples described above (given a group label of  ‘Grassfields of Cameroon’ (n=1213)), and unpublished data (n=8072) held in The Centre for Genetic Anthropology database consisting of sample sets collected from populations in sub-Saharan Africa: northern Cameroon (n=778), southern Cameroon (n=174), Ethiopia (43 different locations covering most of the country) (n=3368), north eastern Ghana (n=258), north western Ghana (n=471), south eastern Ghana (n=161), south western Ghana (n=206), central Malawi (n=207), northern Malawi (n=56), Mozambique (n=86), Cross River Region-Nigeria (n=1247), southern Senegal (n=95), western Senegal (n=90), Pretoria-South Africa (n=96), Sudan (n=647), Tanzania (n=45), Uganda (n=36) and Zimbabwe (n=51).
mtDNA typing. 

The mtDNA HVS-1 region of all samples collected from Kumbo was sequenced as described by Thomas et al.(2002: 1411-1420) except that primers conL1-mod, conL2 and conH3 were replaced by conL849 (CTA TCT CCC TAA TTG AAA ACA AAA TA), conL884 (TGT CCT TGT AGT ATA A) and conHmt3 (CCA GAT GTC GGA TAC AGT TC) respectively. HVS-1 Variable Site Only (VSO) haplotypes were determined for all samples with sequence data covering a minimum of nucleotides 16020-16400 by comparison to the Cambridge Reference Sequence (Anderson et al 1981: 457-465), with haplotypes consisting of the nucleotide positions where substitutions, insertions or deletions occurred as well as the actual base change.

Statistical and Population Genetic Analysis. 

The Pearson's chi-square goodness of fit test with Yates' correction was performed within the R programming environment. Significant population differentiation was assessed using Raymond and Rousset’s Exact Test for Population Differentiation (Raymond and Rousset 1995: 1280-1283). Genetic diversity, h was estimated from unbiased formulae given by Nei (1987). Pairwise genetic distance values, FST, were estimated from analysis of molecular variance (AMOVA) (ST values (Reynolds et al 1983: 767-779; Excoffier et al 1992: 479-491) using Arlequin software (Schneider et al 2000) (URL: http://anthropologie.unige.ch/arlequin). Confidence intervals for these statistics were constructed using bootstrap estimates of standard errors, based on resampling haplotypes according to observed population frequencies. Principal Coordinates Analysis (PCO) was performed, using Genstat 5 software, on pairwise similarity matrices calculated as one minus genetic distance (FST). Values along the main diagonal, representing the similarity of each population sample to itself, were calculated from the estimated genetic distance between two copies of the same sample. For AMOVA-based FST distances, the resulting similarity of a sample to itself simplifies to 1/(n–1). The TMRCA and confidence intervals were estimated using Y-time software (Behar et al 2003: 768-779) (URL: http://www.ucl.ac.uk/tcga/software/index.html). TMRCA calculations were also repeated without DYS388 because of uncertainty in its mutational behaviour. Genealogy comparisons were performed using adapted Y-time routines recoded in Python (Code available on request from Krishna Veeramah).
Appendix C: Y*(xBR,A3b2) may have been replaced by E3a during the EBSP 
To see whether it is credible that Y*(xBR,A3b2) is one of the NRY lineages replaced by the EBSP as proposed by Underhill et al.(2001: 43-62) we analysed samples from the Cameroon Grassfields, including the Nso´, (total n=1213) and unpublished data held in The Centre for Genetic Anthropology database (available for inspection on request) consisting of sample sets collected from across sub-Saharan Africa, including from the region of the EBSP (n=8072) (see Appendix B). We compared the frequencies of E3a and Y*(xBR,A3b2) NRYs (again characterised by a battery of eleven UEPs and six microsatellites). Consistent with the suggestion of Underhill et al (2001: 43-62) E3a was the most common haplogroup within each population (lowest population frequency= 46.3%, mean=80.2%, standard deviation=0.149), except in Ethiopia, Sudan and the Lake Chad region of northern Cameroon where the EBSP is not believed to have had a major impact, while the frequency of Y*(xBR,A3b2) never exceeded 14%. In eight of the populations examined (northern Cameroon, north eastern Ghana, Mozambique, western Senegal, Sudan, Tanzania, Uganda and Zimbabwe) Y*(xBR,A3b2) was not represented. Y*(xBR,A3b2) was represented, however, in eleven other, widely distributed, populations (southern Cameroon*, Grassfields of Cameroon*, Ethiopia*, north western Ghana, south eastern Ghana, south western Ghana*, central Malawi, northern Malawi, Pretoria-South Africa, Cross River Region-Nigeria and southern Senegal*). In the five populations in which the Y*(xBR,A3b2) count was greater than 10 (indicated by an asterisk in the list above) the modal haplogroup E3a had an among group variance, assessed using AMOVA (Excoffier et al 1992: 479-491; Michalakis and Excoffier 1996: 1061-1064), of 1.97%, a low figure (relative to other haplogroups) which is consistent with either a recent common origin or high inter-group gene flow and low effective population size. The putative replaced Y*(xBR,A3b2), on the other hand, had a high among group variance of 87.31% which is consistent with inter-group isolation
. In previous publications Y*(xBR,A3b2) has been reported at 20-45% (Scozzari et al 1999: 829-846; Hammer et al 1998: 427-441; Underhill et al 2001: 43-62) in Khoisan groups, which have origins that pre-date the EBSP. This distribution therefore suggests that Y*(xBR,A3b2) could be common in indigenous populations that predate the EBSP. 

Appendix D: Y-time parameters and results
Y-time (Behar et al 2003: 768-779) was used to estimate the TMRCA, as well as its associated confidence intervals, of the Y*(xBR,A3b2)  NRYs identified in the Nso´ under three schemes; 

(Scheme A) the TMRCA for all duy sampled who possess Y*(xBR,A3b2);

(Scheme B) the TMRCA for all nshiylav and mtaar sampled who possess Y*(xBR,A3b2); and (Scheme C) the TMRCA for all won nto´ and duy sampled who possess Y*(xBR,A3b2).
The analysis utilised six microsatellites, DYS19, DYS388, DYS390, DYS391, DYS392 and DYS393. Due to uncertainty in its mutation behaviour the analysis was also repeated without DYS388.

Y-time Parameters

The Y-time parameters used, with their corresponding Y-time code given in parenthesis, are listed below:

Ancestral haplotype (anc) = ‘14  20  11  14  13’ or ‘14  12  20  11  14  13’, number of chromosomes (n) = Various (see below), number of microsatellite loci (nloci) = 5 or 6, mutation rate per generation under Simple Stepwise Mutation Model (mua) = 0.001925752 (Behar et al 2003: 768-779), mua under Linear Length Dependent Stepwise Mutation Model (mua) =  -0.004758677 (see Y-time user guide), mub under Linear Length Dependent Stepwise Mutation Model (mub) = 4.46E-04 (see Y-time user guide), lower and upper boundary for equal-tailed 95% confidence limits (q) = 0.025-0.975, upper boundary for one-tailed 95% confidence limits (q) = 0.05 or 0.95, the number of simulations to perform at each value of T (MCruns) = 1000 and population growth model (Rgrowth) =Various (see below).

The ancestral haplotype was chosen based on its status as the modal haplotype in Schemes A, B and C. Our analysis does not take into account error in the choice of ancestral haplotype.
Population Growth Models

Various population growth models (Rgrowth) were tested for Schemes A, B and C. Below we describe the rationale for selecting the various growth models.


Star Genealogy

When a simple microsatellite network of all Y*(xBR, A3b2) Y chromosomes in the Nso′ is drawn, the network strongly resembles a Star genealogy. However, the likely genealogies of the samples used in Schemes A, B and C will probably be highly correlated, resulting in an underestimation of confidence intervals.
Rgrowth=0

This setting results in an assumed genealogy of constant size, which, except in the case of an extreme bottleneck, should take into account any uncertainty in the genealogy with respect to the level of tree correlation. A consequence of this is that confidence intervals are likely to be overestimated so this approach is conservative.
Other Rgrowth
When not assigned ‘STAR’ or ‘0’, Rgrowth is determined by two other independent parameters, N and r, and are related by the following equation:


Rgrowth = N * r
where N = the current effective population size and r = instantaneous growth rate. Separate values for N and r were considered (including r=0.05-see below) for Schemes A, B and C respectively and are discussed below.

r = 0.05

r=0.05 as a suitable value for a lower boundary for the growth rate in a sub-Saharan African population was adopted as a rough estimate having regard to calculations of population sizes in sub-Saharan Africa during the period 400BC-1970AD (Cavalli-Sforza et al 1994).
Scheme A
N=682
An effective population size (N) for Nso′ duy individuals with a Y*(xBR, A3b2) NRY was estimated on the basis that (a) all males with Y*(xBR, A3b2) Y-chromosomes in the Nso´ duy are paternal line descendants of the first fon, and no males with other Y-chromosomes are descendants of the first fon, (b) there are 200,000 Nso′ (according to the latest census (Second general census of population and housing of Cameroon. Volume 3:preliminary analysis 1987)) and half of the Nso′ are male, (c) 51/132 of Nso′ males are duy (estimated from our survey), (d) effective population size is typically taken as 1/10th of the census population size, (e) samples were collected randomly from members of the four classes and (f) nine chromosomes out of 51 duy were Y*(xBR, A3b2). Therefore the effective population size (N) was calculated as:

200,000 * 0.5 * 9
=682
    132 * 10


r = 0.252 and 0.706
We calculated, based on features of the oral history, two other estimates for the instantaneous growth rate using the continuous population growth model:

lnx = lnx0 + rt
where x = current actual population size, x0 = initial actual population size, t = time in generations and r = instantaneous growth rate
As we are interested in the TMRCA from the first fon, x0 = 1, while x = 200,000 * 0.5 * (9/132) (as above) = 6818. Two different estimates of r were calculated using upper and lower boundaries for the date of origin taken from alternative accounts of the oral tradition (Mzeka 1990: 6-7,44).

The lower boundary for the time of origin of the Nso´ from oral history is 700 years, or 35 generations at 20 years per generation. The lower boundary for the instantaneous growth rate using the oral history is therefore:

r(lower) = (ln(6818) - ln(1))/35 = 0.252
The upper boundary for the time of origin of the Nso´ from oral history is 250 years, or 12.5 generations at 20 years per generation. The upper boundary for the instantaneous growth rate using the oral history is therefore:
r(upper) = (ln(6818) - ln(1))/12.5 = 0.706
Scheme B
N=833
An effective population size (N) for Nso′ nshiylav and mtaar individuals with a Y*(xBR, A3b2) NRY was estimated on the basis that (a) all males with Y*(xBR, A3b2) Y-chromosomes in the Nso´ nshiylav and mtaar are paternal line descendants of the Visale, and no males with other Y-chromosomes are descendants of the Visale, (b) there are 200,000 Nso′ (according to the latest census (Second general census of population and housing of Cameroon. Volume 3:preliminary analysis 1987)) and half of the Nso′ are male, (c) 63/132 of Nso′ males are either nshiylav or mtaar (estimated from our survey), (d) effective population size is typically taken as 1/10th of the census population size, (e) samples were collected randomly from members of the four classes and (f) eleven chromosomes out of 63 nshiylav and mtaar were Y*(xBR, A3b2). Therefore the effective population size (N) was calculated as:

200,000 * 0.5 * 11
= 833
  132 * 10


r = 0.161 and 0.450
We calculated, based on features of the oral history, two other estimates for the instantaneous growth rate using the continuous population growth model:
lnx = lnx0 + rt
where x = current actual population size, x0 = initial actual population size, t = time in generations and r = instantaneous growth rate
According to oral tradition, there were 30 Visali males when Princess Ngonnso′ encountered the Visale (x0 = 30) while x = 200,000  * 0.5 * (11/132) (as above) = 8333.Two different estimates of r were calculated using upper and lower boundaries for the date of origin taken from alternative accounts of the oral tradition(Mzeka 1990: 6-7,44).

The lower boundary for the time of origin of the Nso´ from oral history is 700 years, or 35 generations at 20 years per generation. The lower boundary for the instantaneous growth rate using the oral history is therefore:

r(lower) = (ln(8333) - ln(30))/35 = 0.161
The upper boundary for the time of origin of the Nso´ from oral history is 250 years, or 12.5 generations at 20 years per generation. The upper boundary for the instantaneous growth rate using the oral history is therefore:
r(upper) = (ln(8333) - ln(30))/12.5 = 0.450
Scheme C
N=1439
An effective population size (N) for Nso′ won nto´ and duy individuals with a Y*(xBR, A3b2) NRY was estimated on the basis that (a) all males with Y*(xBR, A3b2) Y-chromosomes in the Nso´ won nto´ and duy are paternal line descendants of the first fon, and no males with other Y-chromosomes are descendants of the first fon, (b) there are 200,000 Nso′ (according to the latest census (Second general census of population and housing of Cameroon. Volume 3:preliminary analysis 1987)) and half of the Nso′ are male, (c) 69/132 of Nso′ males are either won nto or duy (estimated from our survey), (d) effective population size is typically taken as 1/10th of the census population size, (e) samples were collected randomly from members of the four classes and (f) 19 chromosomes out of 69 won nto and duy were Y*(xBR, A3b2). Therefore the effective population size (N) was calculated as:

200,000* 0.5 * 19
=1439
132 * 10


r = 0.274 and 0.766
We calculated, based on features of the oral history, two other estimates for the instantaneous growth rate using the continuous population growth model:

lnx = lnx0 + rt
where x = current actual population size, x0 = initial actual population size, t = time in generations and r = instantaneous growth rate
As we are interested in the TMRCA from the first fon, x0 = 1, while x = 200,000 * 0.5 * (19/132) (as above) = 14394. Two different estimates of r were calculated using upper and lower boundaries for the date of origin taken from alternative accounts of the oral tradition(Mzeka 1990: 6-7,44).

The lower boundary for the time of origin of the Nso´ from oral history is 700 years, or 35 generations at 20 years per generation. The lower boundary for the instantaneous growth rate using the oral history is therefore:

r(lower) = (ln(14394) - ln(1))/35 = 0.274
The upper boundary for the time of origin of the Nso´ from oral history is 250 years, or 12.5 generations at 20 years per generation. The upper boundary for the instantaneous growth rate using the oral history is therefore:
r(upper) = (ln(14394) - ln(1))/12.5 = 0.766
Y-time results

It should be noted that as all samples collected were unrelated at the paternal grandfather level all TMRCA estimates were effectively that of the sample’s paternal grandfathers. Consequently after all TMRCA point estimates and confidence intervals were calculated they were increased by two generations or 40 years to allow for the effect of our sampling strategy.

For the duy the estimated Average Squared Distance (oASD) with and without DYS388 was 0.0. For the nshiylav and mtaar the estimate of oASD with DYS388 was 0.1212 and without DYS388 was 0.1091.Using a generation time of 20 years under the Simple Stepwise Mutation Model (SSM) the nshiylav and mtaar Y*(xBR,A3b2) TMRCA with DYS388 was calculated as 64.94 generations or 1299 years and without DYS388 was calculated as 58.65 generations or 1173 years. Under the Linear Length Dependent Stepwise Mutation Model (L-SSM) the TMRCA with DYS388 was 83.606 generations or 1672 years and without DYS388 was 67.57 generations or 1351 years. The estimate for the won nto´ and duy oASD with and without DYS388 was 0.0. See Table D1 for associated confidence intervals.
Appendix E-duy vs nshiylav and mtaar genealogy comparison

In order to establish whether the nshiylav and mtaar Y*(xBR,A3b2) genealogy was deeper than that of the duy, we estimated how likely it was that we would observe results equal to or more extreme than the difference calculated between a) duy and b) nshiylav and mtaar assuming the two groups were from the same genealogy. This analysis is described below.

The duy and nshiylav and mtaar Y*(xBR,A3b2) NRYs were grouped together (n=20) and the Average Squared Distance for these samples calculated (ASD=0.0667 (0.06 without using DYS388)). Trees were then simulated under this ASD value and the two mutation and four demographic criteria described below.

For each simulated tree the 20 samples at the tips of the tree were randomly assigned to either a group of final size n=9 (representing the duy) or a group of final size n=11 (representing the nshiylav and mtaar). The ASD was then calculated for each group. If the ASD of the group with n=9 was equal to 0.0 (the ASD of the original duy) the pair of ASD results were recorded. If the ASD of the group with n=9 was greater than 0.0 the results were discarded. This process was repeated until 10,000 pairs of ASD values were recorded where the group with n=9 had an ASD of 0.0.

A P-value was estimated by calculating the number of pairs of ASD values where the difference between the two pairs was equal to or greater than 0.1212 (the ASD of the original nshiylav and mtaar (0.1091 without using DYS388)) with P<0.05 taken as the level of significance.
This analysis was performed for four demographic models and two mutation models, a Simple Stepwise Mutation Model and a Linear Length Dependent Stepwise Mutation Model.

The four demographic models used were:

a) ‘Star’

b) Rgrowth=0

c) Rgrowth= 754.5041
d) Rgrowth=10,000,000

a) and b) were used as the these are the two most extreme demographic scenarios possible. 

c) was used as this is a more realistic demographic model and was calculated in a similar manner as parameters described in Appendix C. Here N=1515 and r=0.498.

d) was used as it was an unfeasibly large growth model that was still not as extreme as a ‘Star’ demography

Under all demographic and mutation models we obtained significantly low P-values (P<0.05), except under a star genealogy where the P-value was approaching significance (P=0.093) (See table E1 for results). As a star genealogy is not a particularly realistic demographic model in this case we find it reasonable to reject the hypothesis that a) and b) share the same MRCA and therefore assert that the nshiylav and the mtaar have a significantly older genealogy than the duy. 
Appendix F: Possible Evolution of a relaxed patrilineal system of descent for the won nto´
Examination of the sociological data collected along with the DNA of Nso´ males (see Appendix B) shows that 15 of 18 males (83.3%) inherited won nto´ status through their father and paternal grandfather (one further won nto´ male had a won nto´ father but no won nto´ grandfather) while their mothers and paternal grandmothers were of other social classes (see Table F1). The two remaining won nto´ males appear to have inherited their won nto´ status through the matrilineal line. Given that our sampling strategy (described in full in Appendix B) under records the proportion of fon NRY types, the elevated frequency of the WMH is striking as is the extremely large number of individuals claiming won nto´ membership through paternal inheritance compared to those with affiliations through a uterine connection. One possible explanation is that the Nso´ royal family may have evolved or is evolving into a more patrilineally defined group. An almost strictly patrilineal model of won nto´ status inheritance, where non patrilineally inherited membership of the won nto´ is restricted to children of a fon's daughter, was called by us Royal Social Status Rule C (see Appendix A). This rule generates an expected range of 50.7%-93.1% for fon NRY types given our sampling strategy. While the lower limit of 50.7% appears a reasonable fit (P = 0.68, X2 = 0.17, df =1) to our observed data the upper limit (93.1%) shows a significant deviation (P=0.019, X2 = 5.45, df = 1). A more relaxed model, Royal Social Status Rule D (see Appendix A), where won nto´ membership is restricted to paternal line inheritance plus inheritance through a line of three generations containing only one female, generates an expected range of 40.7%-53.9% for the percentage of males with a fon’s NRY that may be expected to be sampled. In this case neither the upper nor lower limit can be rejected using a Pearson’s Chi Square test (Upper limit: P = 0.89, X2=0.02, df = 1; Lower limit: P = 0.16, X2 = 1.95, df = 1). Given the above it is possible that the Nso´ royal inheritance system may in practice be more patrilineal than previously described.  However, because of the additional variance that may be introduced into the observed frequency of fon NRY types from unequal reproductive success of non-Fon won nto’ males, it is not possible for our data to clearly distinguish among Rules A, C, and D. Clearly further field work may establish whether this is in fact the case. The limited exploration of the rules of won nto´ affiliation undertaken with Nso´ elders described above suggests that continuing development of the rules of won nto´ membership is a possibility.
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