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Abstract

] Mutations and non-paternities are two of the most influential factors that
may bias conclusions in Y-chromosome (y-ch) population genetic and
lineage studies. Previous studies have determined locus specific mutation
rates for 12 y-ch loci. Herein, we characterize mutation rates of 36 STR loci
based on 500 individuals separated by between 1-13 meioses, including
eight previously reported loci for comparison to published rates. Non-
paternity rates have been shown to vary among certain demographies, age

Mutation Rates

] Complete characterization of several Y-chromosome loci is an important task, the results of which impact a variety of research areas: evolution, speciation, forensics,

genealogy, and others. A fundamental property of a Y-chromosome locus is its mutation rate. Individual locus mutation rate estimates are important to accurately calculate

both deep-rooted and father/son pedigrees.

] Mutation rates for 36 Short Tandem Repeat (STR) loc1 were calculated based on 135 multigenerational pedigrees and 73 father/son pairs (see Table 2). Individual samples
represent 18 world populations, predominately originating from European countries and the continental United States.

groups, and time periods. To account for all of these factors, the present

study reports a non-paternity rate for samples collected from over 100

different families that vary in age group, culture, country of origin and the

Non-Paternity Rates

] Accurate non-paternity rates are critical for population and family based studies and for the accurate reconstruction of recent genealogies.
Systematic studies of non-paternity rates are limited (M. A. Jobling 2004). Early reports by Maclntyre and Sooman (1991) report rates between 1 to
20%. More recently a study in Switzerland found a rate >1% (Sasse 1994). A study from Mexico established a rate of 12% (Cerda-Flores 1999).
Several factors that increase the difficulty in determining an accurate non-paternity rate include variations in demographics, culture, and age groups
(Cerda-Flores 1999, Jobling 2004, MaclIntyre and Sooman 1991). It is also suggested that rates will vary over different time periods, with the rate
decreasing back in time. Recently AABB accredited laboratories reported 28.70% of their cases as non-paternities (AABB Annual Report Summary
for Testing 1n 2002). However, it 1s expected that this rate 1s considerably higher than the non-paternity rate in the general population due to

number of meioses separating them.

sampling bias.

] In the present study, the derived rates result from samples collected from families that vary in age group, culture, country of origin (see Figure 1)
and the number of meioses separating them (see Table 1). It 1s presumed that the resulting rates represent an average for all of these factors. In
addition, no selection for suspected non-paternity has occurred. To preclude the necessity of obtaining a sample from both parents, Y-chromosome
(Y-ch) testing was applied in determining non-paternity rates in purported paternal lines. [

| Pedigree information was collected from each participant. The paternal line was extended using the Ancestral File database (see Family Search
website). Only individuals without known non-paternal event were included in our analysis. Individuals shown to share a common ancestor along
their strict paternal line were grouped into Common Lines (CL) and the number of meiotic events were counted. Equation 19b (Walsh 2001) was

Country of Origin of Deepest Ancestor

Figure 1

Conclusions

'] An accurate non-paternity
rate 1s important for population
studies, recombination estimates,
and estimating transmission
probabilities of genetic disorders
(Cerda-Flores 1999). Here we
report a non-paternity rate that 1s
lower than the previous estimate
from Cerda-Flores et al.
However, some recent studies
have also detected lower rates,
such as the Sasse et al >1% )
and Sykes 2000
(1.3%/generation) studies. Our
rate was calculated based on
samples originating in 18 world
populations, predominately from
European countries and the
continental United States.
Individuals that had known non-
paternities, or adoptions in their
pedigree were exclude from this
study. Thus, the 1.27% proposed
rate describes a non-paternity
rate for individuals that have no
knowledge of a non-paternity
event 1n their ancestry and 1t may
be lower than that of the general
population. These rates were
calculated based on
multigenerational pedigrees and
73 father/son pairs.

] We report locus specific
mutation rates for 36 Y-ch STR
loci, the largest number of loci to
date. We compared our mutation
rates to those previously
published by Heyer et al and
Kayser et al. Our rate estimates
are comparable to the 9 loci
previously published. We
estimate rates for an additional
27 loci not previously published.
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used to calculate the Most Recent Common Ancestor (MRCA) for each CL
using the infinite alleles model and individual mutation rates (not based on
pedigrees) from Hutchison (in prep). The cumulative likelihood (cum) was
calculated for the expected CA that was indicated by the genealogy (see
Table 1). This was converted to an Odds Ratio: OR=(1- cum)/(cum). The
odds ratio 1s the likelithood of a more distant vs. more recent CA than
indicated by the genealogy. For example CL 77 has two mutations in two
meiotic events. The cumulative likelihood is 0.007 which converts to odds
of 146:1 that there 1s a more distant common ancestor than 2 meioses
separating these individuals. The cut off point of 35:1 was determined by a
threshold between 1 and 2 mutations in 1 to 2 meioses. Observing two
mutations in two meioses 1s unlikely and the CL was determined to have a
non-paternity. The non-paternity rate was calculated by dividing the
number of pairs with a non-paternity by the average number of meiotic
events between all pairs of individuals. The rate was determined to be,
1.27% . For our calculations, we assumed only one non-paternity event
per non-paternity pair. It 1s also assumed that incorrect genealogical data,
either from Ancestral File or mistakes submitted from the participant are
incorporated in our non-paternity rate. It 1s difficult to determine the exact
generation in which a non-paternity occurs, therefore this frequency
reflects an average over all generations separating the samples.

Individual Locus Mutation Rates

relatedness between individuals 1n populations. Previous studies have determined locus specific mutation rates for 12 Y-ch loci (Kayser 2000, Heyer 1997). Heyer et al
calculated mutation rates using deep rooted pedigrees, while Kayser et al calculated rates based on father/son relationships. We report mutation rate estimates calculated from

Table 1  Determination of Non-paternities
Common | Mutations| # Missing # of Cumulative| Odds Common | Mutations | # Missing # of Cumulative| Odds
Line in CL loci Meioses | Likelihood | Ratio* Line in CL loci Meioses | Likelihood | Ratio*
174 0 0 13 0.8944387| 0.11802 &5 0 0 1 0.2674637 | 2.738825
209 0 0 13 0.8944387( 0.11802 63 0 0 1 0.2674637 | 2.738825
104 0 0 12 0.8759447 0.141625 70 0 0 1 0.2674637 | 2.738825
158 0 0 12 0.8759447 1 0.141625 71 0 0 1 0.2674637 | 2.738825
192 0 0 12 0.8759447 1 0.141625 72 0 0 1 0.2674637 | 2.738825
157 0 0 11 0.8542107 0.170671 86 0 0 1 0.2674637 | 2.738825
173 0 0 11 0.8542107 0.170671 87 0 0 1 0.2674637 | 2.738825
150 0 0 10 0.828669 | 0.206754 88 0 0 1 0.2674637 | 2.738825
151 0 0 10 0.828669 | 0.206754 98 0 0 1 0.2674637 | 2.738825
34 0 0 9 0.7986525 [ 0.252109 101 0 0 1 0.2674637 | 2.738825
160 0 0 9 0.7986525 [ 0.252109 103 0 0 1 0.2674637 | 2.738825
228 0 0 9 0.7986525 [ 0.252109 106 0 0 1 0.2674637 | 2.738825
168 0 0 8 0.7633771 0.309968 113 0 0 1 0.2674637 | 2.738825
183 0 0 8 0.7633771 0.309968 115 0 0 1 0.2674637 | 2.738825
197 0 0 8 0.7633771 0.309968 125 0 0 1 0.2674637 | 2.738825
205 0 0 8 0.7633771 0.309968 126 0 0 1 0.2674637 | 2.738825
214 0 0 8 0.76337711 0.309968 135 0 0 1 0.2674637 | 2.738825
218 0 0 8 0.7633771 0.309968 138 0 0 1 0.2674637 | 2.738825
222 0 0 8 0.7633771 0.309968 142 0 0 1 0.2674637 | 2.738825
226 0 0 8 0.7633771 0.309968 146 0 0 1 0.2674637 | 2.738825
18 0 7 10 0.7536032| 0.326958 147 0 0 1 0.2674637 | 2.738825
21 0 2 8 0.7436718| 0.344679 148 0 0 1 0.2674637 | 2.738825
164 0 0 7 0.72192171 0.385192 172 0 0 1 0.2674637 | 2.738825
167 0 0 7 0.7219217 0.385192 176 0 0 1 0.2674637 | 2.738825
181 0 0 7 0.7219217 0.385192 182 0 0 1 0.2674637 | 2.738825
211 0 0 7 0.7219217 0.385192 184 0 0 1 0.2674637 | 2.738825
156 0 0 6 0.6732035 [ 0.485435 190 0 0 1 0.2674637 | 2.738825
186 0 0 6 0.6732035 [ 0.485435 198 0 0 1 0.2674637 | 2.738825
199 0 0 6 0.6732035 [ 0.485435 201 0 0 1 0.2674637 | 2.738825
202 0 0 6 0.6732035 | 0.485435 216 0 0 1 0.2674637 | 2.738825
20 0 1 6 0.666108 | 0.501258 219 0 0 1 0.2674637 | 2.738825
85 0 1 6 0.666108 | 0.501258 220 0 0 1 0.2674637 | 2.738825
54 0 3 6 0.6452275| 0.549841 223 0 0 1 0.2674637 | 2.738825
8 0 6 7 0.6449687 | 0.550463 225 0 0 1 0.2674637 | 2.738825
74 0 4 6 0.6260594 | 0.597292 60 0 1 1 0.264198 | 2.78504
96 0 5 6 0.6162723 | 0.622659 91 0 1 1 0.264198 | 2.78504
133 0 0 5 0.61595 | 0.623508 66 0 1 1 0.2634589 | 2.795658
165 0 0 5 0.61595 | 0.623508 111 0 1 1 0.2634589 | 2.795658
203 0 0 5 0.61595 | 0.623508 13 0 1 1 0.2631769 | 2.799726
195 2 0 20 0.61531471 0.625185 15 0 1 1 0.2631769 | 2.799726
56 0 1 5 0.6088373 [ 0.642475 50 0 1 1 0.2631769 | 2.799726
82 0 2 5 0.6020694 [ 0.660938 61 0 1 1 0.2631769 | 2.799726
129 0 0 4 0.548666 | 0.822603 119 0 1 1 0.2631769 | 2.799726
130 0 0 4 0.548666 | 0.822603 110 0 2 1 0.2601717 | 2.843616
137 0 0 4 0.548666 | 0.822603 37 0 1 1 0.2596983 | 2.850622
177 0 0 4 0.548666 | 0.822603 42 0 1 1 0.2596983 | 2.850622
194 0 0 4 0.548666 | 0.822603 107 0 3 1 0.2594061| 2.85496
38 0 1 4 0.5417432| 0.845893 112 0 8 1 0.2594061| 2.85496
204 0 1 4 0.5417432| 0.845893 98 0 2 1 0.2591438 | 2.858861
79 1 4 11 0.5081756 | 0.967824 24 0 2 1 0.2555175| 2.913626
40 0 0 3 0.469594 | 1.129499 17 0 2 1 0.2553566 | 2.916092
127 0 0 3 0.469594 | 1.129499 25 0 2 1 0.2553566 | 2.916092
132 0 0 3 0.469594 | 1.129499 26 0 3 1 0.2517705| 2.971872
136 0 0 3 0.469594 | 1.129499 92 0 2 1 0.2516858 | 2.973209
189 0 0 3 0.469594 | 1.129499 95 0 3 1 0.2509144 | 2.985423
193 0 0 3 0.469594 | 1.129499 4 0 3 1 0.2479377| 3.033272
196 0 0 3 0.469594 | 1.129499 90 0 3 1 0.2475766 | 3.039154
14 0 1 3 0.4631409| 1.15917 120 0 4 1 0.2431488| 3.112707
80 0 2 3 0.4581655( 1.182618 31 0 4 1 0.2400864 | 3.165167
36 1 0 9 0.4502378 [ 1.221049 51 0 4 1 0.2400864 | 3.165167
208 1 0 9 0.4395649 | 1.274977 67 0 4 1 0.2400864 | 3.165167
27 1 1 9 0.4364332| 1.291301 185 1 0 5 0.2289263 | 3.368219
100 0 7 3 0.4145905| 1.412019 5 1 0 5 0.2264916 | 3.415174
122 1 0 8 0.3960654 | 1.524836 114 0 7 1 0.2200876 | 3.543646
153 1 0 8 0.3929477 | 1.544868 206 1 0 5 0.2198696 | 3.548151
99 1 0 8 0.3895538 [ 1.567039 7 1 12 7 0.2119269 | 3.718609
152 1 0 8 0.3883057 | 1.57529 102 1 1 5 0.2112083 | 3.734662
191 1 0 8 0.3883057| 1.57529 45 3 1 15 0.2018096 | 3.955165
46 1 1 8 0.378632 | 1.641087 108 0 12 1 0.198926 | 4.026994
44 0 0 2 0.3766689 | 1.654852 43 2 3 10 0.195759 | 4.108322
109 0 0 2 0.3766689 | 1.654852 41 2 2 10 0.1956447 1 4.111306
124 0 0 2 0.3766689 | 1.654852 29 2 1 9 0.1852344 | 4.398564
139 0 0 2 0.3766689 [ 1.654852 187 2 0 9 0.1811778 | 4.519441
140 0 0 2 0.3766689 [ 1.654852 75 1 9 6 0.1784309 | 4.604412
144 0 0 2 0.3766689 | 1.654852 171 2 0 9 0.1737435| 4.75561
155 0 0 2 0.3766689 [ 1.654852 145 1 0 4 0.1710664 | 4.845682
169 0 0 2 0.3766689 [ 1.654852 224 1 0 4 0.166369 | 5.010737
180 0 0 2 0.3766689 [ 1.654852 12 0 16 1 0.1555655| 5.42816
200 0 0 2 0.3766689 [ 1.654852 166 2 0 8 0.1449789| 5.897554
210 0 0 2 0.3766689 [ 1.654852 175 2 0 8 0.1437323| 5.95738
213 0 0 2 0.3766689 [ 1.654852 143 1 0 3 0.1154827 | 7.659303
217 0 0 2 0.3766689 | 1.654852 117 1 0 3 0.1143196 | 7.747405
227 0 0 2 0.3766689 | 1.654852 207 2 0 7 0.1099486 | 8.095157
23 0 1 2 0.3710563 | 1.695009 28 2 1 7 0.1073279| 8.317245
81 0 1 2 0.3710563 | 1.695009 162 2 0 6 0.07617111 12.12834
93 0 12 3 0.3621041| 1.761636 89 1 0 2 0.07057211 13.16992
19 0 2 2 0.3607783[ 1.771786 84 3 2 10 0.0698889 | 13.30842
1 0 3 2 0.3509815( 1.849153 163 1 0 2 0.0691826 | 13.45449
170 2 0 13 0.3469513 | 1.882249 33 2 3 6 0.0687306 | 13.54955
159 1 0 7 0.3440949| 1.906175 215 1 0 2 0.0685714 | 13.58335
37 0 4 2 0.3405652 | 1.936296 105 1 0 2 0.0666864 | 13.99557
83 0 4 2 0.3405652 [ 1.936296 188 1 0 2 0.0666864 | 13.99557
47 1 0 7 0.3398507 | 1.942468 49 1 1 2 0.0659423 | 14.16478
121 1 0 7 0.3398507 [ 1.942468 178 1 0 1 0.0327961 | 29.49146
3 1 5 8 0.33789 | 1.959543 68 1 0 1 0.0315861 | 30.65953
212 1 0 7 0.3311749| 2.019553 116 1 1 1 0.0313658 | 30.88191
94 1 1 7 0.3311743| 2.019558 64 1 1 1 0.0306468 | 31.62979
Sl 1 1 7 0.3274299| 2.054089 16 1 4 1 0.0285595| 34.0146
58 1 1 7 0.3224635| 2.101126 161 3 0 7 0.0261867 | 37.18735
76 1 2 7 0.31757811 2.148832 149 2 0 3 0.0179629 | 54.67032
48 0 2 7 0.3175614 [ 2.148997 131 3 0 6 0.0177393| 55.37214
123 1 0 6 0.2841458 | 2.51932 221 4 0 9 0.0141452 | 69.69521
73 1 0 6 0.2836689 | 2.525237 128 3 0 5 0.0100507 | 98.49511
134 1 0 6 0.2825382 | 2.539344 77 2 1 2 0.0067942 | 146.1842
118 1 4 7 0.2779984 | 2.597143 22 13 9 6 1.252E-15| 7.99E+14
2 0 0 1 0.2674637 | 2.738825 78 22 4 22 1.676E-18 | 5.97E+17
6 0 0 1 0.2674637 | 2.738825 141 18 0 8 3.847E-19| 2.6E+18
30 0 0 1 0.2674637 | 2.738825 154 29 0 6 3.79E-41 | 2.64E+40
35 0 0 1 0.2674637 | 2.738825 32 29 1 4 1.908E-48 | 5.24E+47

* Odds Ratio of more distant Vs. more recent C.A.indicated by the genealogy.

References

Table 2
# of # of # of Mutation | Heyer (213 | Kayser (btwn
Locus Mutations| Meioses | families rates gens)* | 240-996 gens)
DYS385 ** 3 888 206 0.003378 | 0.0047 0.0021
DYS388 0 888 206 0 - -
DYS389 1 888 206 0.001126 0.0094 0.00235
DYS389Il 1 888 206 0.001126 ' 0.00471
DYS390 3 888 206 0.003378 0 0.00858
DYS391 1 888 206 0.001126 0 0.00482
DYS392 2 888 206 0.002252 | 0.0047 0
DYS393 2 889 207 0.00225 0 0
DYS19/394 0 889 207 0 0 0.00201
DYS426 0 858 199 0 - -
DYS437 0 889 207 0 - -
DYS438 0 888 206 0 - -
DYS439 6 888 206 0.006757 - -
DYS441 1 820 190 0.00122 - -
DYS442 4 816 188 0.004902 - -
DYS444 1 805 186 0.001242 - -
DYS445 2 845 196 0.002367 - -
DYS446 6 799 182 0.007509 - -
DYS447 2 858 199 0.002331 - -
DYS448 1 888 206 0.001126 - -
DYS449 11 889 207 0.012373 : -
DYS452 0 664 151 0 - -
DYS454 0 889 207 0 - -
DYS455 0 851 198 0 - -
DYS456 / 845 196 0.008284 - -
DYS458 8 889 207 0.008999 - -
DYS459 ** 0 889 207 0 - -
DYS460 2 878 205 0.002278 - -
DYS461 0 889 207 0 - -
DYS462 1 889 207 0.001125 - -
DYS463 2 800 186 0.0025 - -
GGAAT1B0O7 1 889 207 0.001125 - -
YCAII 0 858 199 0 - 0.00204
YGATAA10 1 889 207 0.001125 : -
YGATACA4 4 889 207 0.004499 - -
YGATAH4 3 888 206 0.003378 - -
average | 2.111111 | 864.806]200.6944| 0.002438 | 0.0021 0.0028

* Heyer's most conservative mutation rate in his 1997 paper.

** combined values for the mutation rate and gene diversity are given for DY S385, DYS459, and

YCAII because they are duplicated loci and'€an not be distinguished.
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