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ARTICLE INFO ABSTRACT

Although autosomal DNA testing has been available for a number of years, its use to reconstruct genetic profiles
of people that lived centuries in the past is relatively recent and there are no published cases where it was
employed to verify a kinship relation, likely to be an alleged paternity, that occurred one and a half century ago.

DNA testing has already been employed to study the ancestry and posterity of Joseph Smith Jr., founder of the
Latter-day Saint (Mormon) movement. Thanks to information found on the paternally inherited Y chromosome,
a number of alleged paternities have been disproved, but obviously this analysis is not effective for alleged
daughters. Likewise, his reconstructed mitogenome sequence, reported here for the first time, provides in-
formation about his maternal ancestry, but is useless in any paternity questions due to the strict maternal in-
heritance. Among all the children attributed to Joseph Smith Jr., Josephine Lyon, born in 1844, is perhaps the
most frequently mentioned.

In the current study, 56 individuals, mostly direct descendants of Joseph Smith Jr. and Josephine Lyon, had
their autosomal DNA tested to verify Josephine’s biological paternity. Nearly 600,000 autosomal SNPs from each
subject were typed and detailed genealogical data were compiled. The absence of shared DNA between
Josephine’s grandson and Joseph Smith Jr.’s five great-grandchildren together with various amounts of auto-
somal DNA shared by the same individual with four other relatives of Windsor Lyon is a clear indication that
Josephine was not related to the Smith, but to the Lyon’s family. These inferences were also verified using
kinship analyses and likelihood ratio calculations.
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and additional marker sets are used in cases when those classical
markers cannot be analyzed or do not suffice [10-12]. Autosomal SNPs,

1. Introduction

Kinship testing in forensic casework is commonly performed ana-
lyzing autosomal STR data of the involved individuals (over few gen-
erations) and/or haploid lineage markers, mitochondrial (mt)DNA and
Y-chromosome, when direct maternal or paternal lines, even spanning
multiple generations, are investigated. Kinship investigations on “his-
toric” individuals have successfully been performed using (a combina-
tion of) autosomal STRs and haploid markers [1-7]. However, such
analyses depend on the availability and quality of the individuals’ DNA
and are often restricted by the informativeness of STRs only in pedi-
grees spanning few generations [8], and of haploid markers only in
direct maternal or paternal lines (to extant individuals) [9]. Alternative
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which are routinely typed in forensic genetics for individualization,
phenotyping and investigating biogeographic ancestry [13] have shown
to add value in kinship testing and to establish also distant relations
[8,14-18]. Moreover, the validity and usefulness of combined genea-
logical and genetic data to reconstruct the history of populations and
individuals is continually expanding, as demonstrated by recent studies
[19-23].

In the past few years, DNA testing has also been employed to study
the ancestry and posterity of Joseph Smith Jr. (1805-1844), founder of
the Latter-day Saint (Mormon) movement. Among other teachings,
Smith introduced the practice of plural marriage as part of his newly
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founded faith [24,25]. However, many of his initial unions were not
publicly known and it is possible that some of them were actual full-
scale marriages, while others might have had a more spiritual or eternal
nature void of physical intimacy. Consequently, before the advent of
genetics, it has been difficult to determine whether some of the children
born of women with ties to Joseph Smith Jr. were biologically his.

Joseph Smith Jr.’s Y-chromosome haplotype has been already ana-
lyzed [26,27] and was helpful in falsifying a number of paternities in-
volving sons ascribed to Joseph Smith Jr. other than those born to his
first recorded wife, Emma Hale (1804-1879) [28,29].

An unresolved genealogical question involving Joseph Smith Jr.
deals with the paternity of Josephine Lyon, born on February 8, 1844.
Josephine’s mother, Sylvia Sessions (1818-1892), has been recorded as
being married to Joseph Smith Jr. on 8 February 1842 in Nauvoo,
Hancock County, Illinois, albeit she was already legally married to, but
likely separated from, Windsor Lyon (1809-1849). Details about
Sylvia’s unions to both men (polyandry), particularly to Smith, are
highly debated among Mormon historians [30]. However, among all
the children attributed to Joseph Smith Jr. other than those born to
Emma Hale, Josephine is perhaps the most frequently mentioned. This
high interest is caused by an affidavit she signed in 1915 in which she
stated:

Just prior to my mother’s (Sylvia Sessions) death in 1882 she called me
to her bedside and told me that her days on earth were about numbered and
before she passed away from mortality she desired to tell me something
which she had kept as an entire secret from me and from others, but which
she now desired to communicate to me. She then told me that I was the
daughter of the Prophet Joseph Smith Jr. [30].

For more than a century, scholars have been debating on the ac-
curacy and real meaning of these words and whether Josephine was
literally the biological daughter of Joseph Smith Jr.

In this study, we shed light on the biological paternity of Josephine
Lyon through the analysis of autosomal DNA markers from distant re-
latives (descendants beyond the second degree) of Josephine Lyon,
Joseph Smith Jr., and Windsor Lyon. This specific historic paternity
case of obvious religious and historiographic interest also constitutes an
unprecedented example of a forensic paternity investigation in a well-
documented pedigree applying a genomic approach [31-34]. Since
autosomal STRs and uniparental lineage markers would not be in-
formative enough, the paternity event is clarified using SNP genetic
information from second- to fifth-degree-relatives two centuries apart.

2. Methods and materials
2.1. Ethics statement

All experimental procedures and individual written informed con-
sent, obtained from all donors, were reviewed and approved by the
Western Institutional Review Board, Olympia, Washington (USA). Each
participant was also informed about the purpose of the research and the
use of GEDmatch for the analysis. Submission to GEDmatch was
anonymous, with the use of alias, a generic e-mail address and with
limited access from the public to their data (i.e. they were not included
in the SNP SHARING POOL option and the samples were uploaded
using the ‘RESEARCH’ option, which, according to their website, will
prevent them from showing in comparison results with other kits).

2.2. Sample collection and genetic profiling

The majority of samples (n = 52) collected for this study were
processed by 23andMe, a commercial company offering direct-to-con-
sumer (DTC) autosomal genetic tests [35,36] with a customized chip
produced by Illumina, covering 610,545 SNPs: 585,541 on autosomes,
2129 on the Y chromosome, 19,588 on the X chromosome, 3287 on the
mitochondrial DNA. A small number of samples were processed at Fa-
mily Tree DNA (N = 1), covering 716,007 SNPs (698,194 on
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autosomes, 17,813 on the X chromosome), and Ancestry.com (N = 3),
covering 668,942 SNPs (666,531 on autosomes, 1691 on the Y chro-
mosome, 525 on the X chromosome, 195 on mitochondrial DNA). We
extrapolated these values from the raw data obtained from the three
companies employed only for data production purposes.

2.3. Genealogical relationships and reference genetic distance

The autosomal DNA proportion shared with a given ancestor, in
theory, halves with every interject generation. Thus, autosomal DNA
testing for genealogical purposes is limited to investigate family re-
lationships within the last five or six generations. Beyond that, genetic
segments become too small and eventually disappear due to chance
[15]. This means that although we can be genealogically related to all
our ancestors, we might carry a clear genetic signature for relatively
few of them. Centimorgan (cM) is a genetic unit for measuring genetic
linkage (in terms of recombination frequency). In humans, one cM (i.e.
a recombination frequency of 1% between two loci) roughly corre-
sponds to about 1 million base pairs on average [37]. Because we in-
herit 50% of autosomal DNA from each of our parents and consequently
we pass 50% of our DNA to our children, we can utilize these averages
to calculate approximately how much DNA we would expect to observe
between two closely related individuals [38]. For this study, a
minimum threshold > 6 cMs was used as a reliable proof of biological
relationships [33], because shorter segments could be the results of
chance (identical by state or IBS) and not necessarily the result of a
genealogical relationship (identical by descent or IBD).

The observed values of shared IBD in centimorgans were estimated
using GEDmatch, an open-source database that provides DNA and
genealogical analysis tools for researchers and genealogists, with the
aim to compare the observed shared DNA values calculated on our
dataset with the amount expected calculating a linear decrement of
shared DNA through generations or observed in about 25,000 pairs of
relatives in “The Shared cM Project 3.0 tool v4” [33,39]. For every SNP,
it records half or full match among pairs of individuals and considers a
true signal of IBD only if an uninterrupted match longer than a specific
threshold is observed (> 6 cMs in our analyses).

The investigation presented in this study was quite timely, as the
questioned paternity event occurred in 1844, which means that the
future posterity of Joseph Smith Jr., Josephine and Windsor Lyon might
not carry enough autosomal DNA to resolve the question of their al-
leged biological relationship.

A total of 56 participants agreed to take part in the current study
and their relationships are depicted in Fig. 1. These individuals were
selected based on their relationship to either Joseph Smith Jr. or to
Josephine Lyon, with the final objective to obtain two balanced datasets
for genetic comparison. Particular attention during the selection criteria
was placed on the number of generations separating the living des-
cendant to the ancestor of interest (a vertical pedigree approach, for
example a great-grandchild was preferred over a great-great-grand-
child), and on the spread or degree of separation that these descendants
shared among themselves. A horizontal pedigree approach was also
adopted, for example second- or third-degree cousins were chosen over
first degree relationships. Naturally, these criteria could only be applied
based on the availability of living descendants who consented to be
tested. During the recruiting process, a few additional individuals re-
lated to either family volunteered to be included even if their genetic
contribution was likely not as fundamental to the success of the study as
those meeting the selection criteria. The main objective in following
these principles was to build a dataset of individuals carrying as much
autosomal DNA from either Joseph Smith Jr. or Josephine Lyon to
ensure that any DNA segments that the two families might have in
common was indeed from their two ancestors.

If the alleged paternity would be supported, the six candidates ex-
pected to carry the largest amount of autosomal DNA are those closer in
number of generations to Joseph Smith Jr. and Josephine Lyon (Fig. 2).
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Fig. 1. Genealogical data. The two pedigrees encompass the 56 individuals that had their autosomal DNA tested to verify Josephine Lyon’s paternity. Names of
participants were replaced with anonymous IDs for privacy purposes. Samples with framed IDs are the most informative ones, as summarized in Fig. 2. See Text S1 for
more genealogy details. (Photographs courtesy Community of Christ and Clark Layton).

Joseph Smith Jr. begat nine biological children with his first wife,
Emma Hale [30]. Four sons lived to adulthood, but only two of them,
Joseph Smith III and Alexander Hale Smith, have known living biolo-
gical posterity. All children and grandchildren of Joseph Smith Jr. were
deceased at time of sampling. Five great-grandchildren were still alive
and agreed to contribute a DNA sample (M652395, T177361,
M298807, M309701 and M265410, expectedly carrying about 12.5% of
Joseph Smith Jr.’s autosomal DNA). Josephine Lyon gave birth to ten
children, with seven surviving to adulthood. Descendants from six
children donated DNA samples to the current study, including the only
grandchild that was still alive at time of sampling (M885071, with
expected "25% of Josephine autosomal DNA). Under the assumption
that Joseph Smith Jr. was the biological father of Josephine Lyon, her
grandson M885071 would share an expected 1.563% of autosomal DNA
(or approximately 106.25 cMs, Table 1) with Joseph Smith Jr.’s great
grandchildren included in this study. Given the number of generations
separating these individuals, it is unlikely that we can confirm a bio-
logical paternity, but we should find strong evidence to either support
or exclude it.

2.4. Kinship analysis

PLINKv1.9 [40] was used to merge and convert the data from the
UCSC build37 reference genome. A total of 227,200 SNPs were retained
to compare all 56 individuals, after filtering for missing data
(threshold = 0.01). It is worth mentioning that similar results (data not

Windsor Lyon Sylvia Sessions

)

Joseph Smith Jr.

shown) were obtained when considering only 23andMe data, 52 sam-
ples and 501,495 filtered SNPs.

The kinship coefficient, defined as the probability that two ran-
domly chosen alleles are identical by descent (IBD), provides an esti-
mate of the relatedness between pairs of individuals; this coefficient can
be measured using different algorithms implemented in several soft-
ware. Here, the kinship coefficient was estimated in KING v1.4 96
(—kinship and —ibs flags), which allows checking for pair-wise relation-
ships by assuming the existence of a population structure [41]. Dif-
ferent ranges of the estimated kinship coefficients, ie. [ > 0.354],
[0.177, 0.354], [0.0884, 0.177] and [0.0442, 0.0884], were used to
infer different degrees of relationships, i.e. a duplicate sample, 1 st
degree, 2nd degree and 3rd degree, respectively. Eventually, the kin-
ship values were used first to build an UPGMA (Unweighted Pair Group
Method with Arithmetic Mean) tree (based on Euclidean distances)
using the hclust() function in R and then to create an heatmap with the
pheatmap package [42].

The pairwise proportion of IBD was also investigated using the
—genome flag in PLINKv1.9 and the results were plotted using ggplot2
package in R. We took into consideration the IBD score (or PI_HAT) in
the form p(IBD = 2) + 0.5*p(IBD = 1).

2.5. Pairwise likelihood ratio calculations

Pairwise Likelihood Ratios (LRs) were computed using SNP ana-
lyzer, a software package that performs kinship calculations using large
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Table 1

Comparison between the Josephine Lyon’s grandson and five great grand-children of Joseph Smith Jr. (alleged father).
Josephine Lyon’s Joseph Smith Jr.’s great- Alleged Relationship”  Average Expected Avgs and ranges observed in Shared cM Project  Actual cMs
grandson grandchildren cMs (v. 3.0)
M885071 T177361 Half 2C* 106.25 117 (9-397) 0
M885071 M298807 Half 2C 106.25 117 (9-397) 0
M885071 M265410 Half 2C 106.25 117 (9-397) 0
M885071 M309701 Half 2C 106.25 117 (9-397) 0
M885071 M652395 Half 2C 106.25 117 (9-397) 0
2 Half2C: half second cousin.

Table 2

Comparison between the Josephine Lyon’s grandson and five relatives of Windsor Lyon (biological father).
Josephine Lyon’s grandson ~ Windsor Lyon’s relative ~ Alleged Relationship”  Average Expected cMs  Avgs and ranges observed in Shared cM Project (v. 3.0)  Actual cMs
M885071 M277648 Half 2C1R 53.13 73 (0-341) 117.4
M885071 M958130 Half 2C1R 53.13 73 (0-341) 84.2
M885071 M186496 3C1R 26.56 48 (0-173) 30.1
M885071 M267975 Half 2C1R 53.13 73 (0-341) 19.7
M885071 M535447 Half 2C1R 53.13 73 (0-341) 0

2 Half 2C1R: half second cousin once removed; 3C1R: third cousin once removed.

sets of SNPs [43]. LRs assess the probability of observing the genetic
data under two competing hypotheses about the relatedness between
two individuals and are calculated from IBD patterns within pedigrees.
They are provided in several degrees of thinning (or pruning), choosing
a minimum distance of 0.1-8 cM's between the SNPs considered for
calculations. This naive method aims to select enough markers but
mitigating the possible effect of linkage disequilibrium (LD) [18].
Summary statistics were calculated from the ~300,000 overlapping
markers between the person of interest and the reference population.
Population frequency data from Utah residents, with Northern and
Western European ancestry, from the 1000 Genomes project [44] were
chosen as assumedly closest. Default settings were used (no genotyping
error; minimum allele frequency = 0.4). A total of 162 calculations
were performed on the 27 individuals considered to be the most in-
formative to solve the paternity case.

3. Results and discussion
3.1. Confirming the genetic relationships within the two families

We started by comparing Joseph Smith Jr.’s five grandchildren
(M652395, T177361, M298807, M309701 and M265410) and
Josephine’s grandson (M885071) to all other individuals in their re-
spective tree (Figs. 1 and 2 and Table S1). The degrees of relationship
range from parent/child all the way to third cousins twice removed
(3C2R). A positive linear correlation is observed as closer Smiths and
Lyons relatives show higher amounts of cMs shared respectively and
vice versa. Naturally, in a few of the more distant familial relations, the
observed amount of shared cMs was less than the minimum threshold of
6 cM. These results support the correctness of the genealogical in-
formation, thus demonstrating that these six samples are indeed related
to everyone that participated in the study within each respective family
group (Smith and Lyon, Fig. 1).

3.2. Verifying the biological paternity of Josephine Lyon

Once the genealogical information on the two families was con-
firmed, the next step was a comparison between Josephine Lyon’s only
surviving grandson with each of Joseph Smith Jr.’s great-grandchildren
(Table 1). None of the five Smith’s shared any amount of autosomal
DNA with Josephine’s grandchild, while at the half second-degree
cousin relationship, which the five descendants of Joseph Smith Jr.
would allegedly share with Josephine’s grandchild, it is expected to

observe an average of 106.25 cMs (based on a linear decrement) or 117
(9-397) cMs (based on The Shared cM Project, v. 3.0). As a positive
control, the observed range for a similar relationship within each family
was 27.7-177.5 cM's (twenty occurrences in the Smith family). There-
fore, the observed absence of shared autosomal DNA between Jose-
phine’s grandson and Joseph Smith Jr.’s five great-grandchildren in-
dicates that the five Smiths are probably not biologically related within
the alleged relationship degree.

In order to test the paternity of Windsor Lyon, we checked the au-
tosomal DNA from Josephine Lyon’s grandson shared with five in-
dividuals related to Josephine through her mother Sylvia Sessions or
through Windsor Lyon’s family, but bearing no apparent close re-
lationship to the Smith family (Table 2). Even if one of them (M535447)
did not share any cMs, which is a likely possibility at those distant
degrees of relationship (Half 2C1R), four individuals (M277648,
M958130, M186496, and M267975) shared autosomal DNA with Jo-
sephine’s grandson, ranging from 19.8 to 117.5 cMs. The closeness of
Josephine’s descendant M885071 with the Lyon family rather than the
Smith pedigree was also confirmed by the average proportion of IBD
fragments shared with Windsor Lyon’s that is significantly higher
(Wilcoxon p-value < 0.05) than with the Joseph Smith Jr.’s descendants
(Fig. S1).

The overall results are well summarized by the UPGMA genetic tree
based on kinship values showing a well-defined separation between
Smiths and Lyons (Fig. 3). Notably, all the Josephine’s great and grand-
sons fall in the group of Lyon family among the previously mentioned
descendants of Sylvia Sessions (A281469, A004825) and Windsor Lyon
(M535447, M267975, M958130, M277648 and M186496). The loca-
tion of these samples in the UPGMA clustering tree, together with the
relationship highlighted in the heatmap, further supports the relation-
ship between Josephine and the Lyons. Moreover, genetic data are
consistent with the genealogical relationships reported in Fig. 1 for both
families, with one notable exception. In fact, sample M307597, which
belongs to the Smith family, clusters with the Lyon family (the only
pink square among the blue ones). A possible explanation is the distant
relationship M307597 shares with Joseph Smith Jr., as he is a des-
cendant of Joseph’s brother Hyrum through his first wife Jerusha
Barden. According to the genealogical data provided, his closest Joseph
Smith Jr.’s descendants tested in the current study would be his third
cousin twice removed (3C2R). Table S1 shows that M307597 has ex-
tremely little or no DNA in common with the five Joseph Smith Sr.’s
great grandchildren included in the current study. As both Hyrum
Smith and Josephine Lyon’s descendants relocated and settled in the
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of this article).

state of Utah, it is likely (although it has not been verified yet) that
M307597 could have some common, more recent ancestors with the
Lyons. This hypothesis would explain why M307597 clusters with the
Lyon and not with the Smith family in Fig. 3.

3.3. Supporting our results with Pairwise LR

To corroborate our inferences, a total of 162 Pairwise LR compar-
isons were also performed to test the genetic relationships between the
most informative offspring pairs.

We started by comparing the 18 most informative descendants of
Josephine Lyon (i.e. her grandson M885071, and her 17 great grand-
children processed with 23andMe: M477183, M369031, M338915,
MO035925, M798210, M754500, M819905, M474845, M627809,
M376930, M157517, M246659, M765786, M700418, M877227,
M498236, M672512; Fig. 1) and the five most informative descendants
of Joseph Smith Jr. and Emma Hale (i.e. their five great grandchildren

M652395, M309701, M265410, T177361, M298807; Fig. 2). None of
the 90 pairwise comparisons supported the hypothesized genetic re-
lationships of half second cousin (half 2C, for M885071) or half second
cousin once removed (half 2C1R, for all others, respectively). Results
were largely inconclusive and provided limited support (LR < < 10)
[45] for either hypothesis with all marker selections, which may in-
dicate that even more markers would be necessary to resolve this case
[18]. Thus, there is no evidence for the paternity of Joseph Smith Jr.
Exceedance probability simulations have shown that high LR results
are possible in very distant true relations of individuals [18]. This is
demonstrated in the second batch of analyses. In fact, the LR results for
the denser marker set favor genetic relations of the 18 descendants of
Josephine Lyon (see above) to the four available descendants of
Windsor Lyon and Suzanne E. Gee (ie. their four great great-grand-
children M535447, M267975, M958130, M277648) (Fig. 1). Among
the 72 pairwise comparisons performed, assuming half second cousin
once removed (half 2C1R) relations for M885071 and half third cousin
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(half 3C) relations for all others, respectively, 40 yielded LR results >
1,000, which is considered very strong support [45]. In general, high
LRs were yielded in comparisons including all the individuals, except
for only three individuals related to Josephine Lyon through three of
her children that showed no indication for the investigated relationship
with the chosen markers. The results indicate strong evidence for re-
latedness between individuals through Windsor Lyon, thus also for the
paternity hypothesis.

The proportion of pairwise comparisons between Josephine Lyon’s
and Windsor Lyon’s descendants that did not yield high LR in favor of
the putative relation were dispersed among individuals that yielded
extremely high LRs with other individuals in the same tree, which likely
pinpoints the variation in the small amount of shared cMs between very
distantly related individuals. False rates, indicating the percentage of
unrelated pairs that is falsely concluded as related (LR > 1000) [43]
were very low (< 0.02) (data not shown). In this context, it appears
highly unlikely that the negative kinship results from all 90 pairwise
comparisons between Josephine Lyon’s and Joseph Smith Jr.’s des-
cendants (that, in addition, were putatively closer related than Windsor
Lyon’s descendants) would be caused by this effect.

3.4. Completing the genetic profile of Joseph Smith Jr. with his mitogenome

In order to completely investigate the genetic profile of Joseph
Smith Jr. we have also reconstructed his maternal lineage by sequen-
cing the entire mitochondrial DNA (using the previously described
protocol [46]) from a descendant of Katherine Smith, one of Joseph
Smith Jr.'s sisters (Fig. S2). His maternal line is characterized by the
haplotype 152C 263G 315.1C 750G 1438 G 2706 G 4769 G 7028 T
8860 G 9039A 14180C 15,326 G 16519C relative to the rCRS [47]. It
belongs to haplogroup HV18 [48], a rare lineage (five samples in
EMPOP v4/R12, https://empop.online/) [49,50] that has been defined
for the first time by analyzing modern Iranians [51] and that is
nowadays present in Western Europe and the Middle East. It has been
recently identified also in an ancient Iron Age from the South Baltic
region [52].

4. Conclusion

In this project, a total of 56 individuals representing both Joseph
Smith Jr.’s and Josephine Lyon’s families, including controls from other
relatives, contributed samples for autosomal DNA testing to solve the
highly debated question of the Joseph Smith Jr.’s alleged paternity of
Josephine Lyon. Using pedigrees may be a pitfall, because they are
necessarily assumptions from historical/genealogical data, which might
lead to a plethora of possible errors, ranging from typos during pedigree
transcriptions to possible extra-pair paternity or maternity events
[9,23]. Actually, this was an issue when preliminary genetic data from a
small number of descendants (three Smiths and six Lyons) were pub-
lished [28]. DNA sharing between the Smith/Lyon family member pairs
was observed, but it was quickly determined that it could have been the
result of additional intermarriages and not necessarily from a Joseph
and Sylvia alleged offspring. Here, a much larger number of individuals
were tested and the reconstructed pedigrees were concordant with the
results from autosomal SNPs, thus strengthening the genetic outcome.

Although a reconstruction of Joseph Smith Jr. and Josephine Lyon’s
DNA through their descendants separated by three or more generations
will never provide the same level of accuracy as a paternity test with
DNA obtained directly from Joseph and Josephine, data presented in
this study was consistent and offered the strongest evidence to date
toward clarifying their alleged father/daughter relationship. Based on
this analysis, it appears that Josephine did not share a biological tie
with the founder of Mormonism and that perhaps what Sylvia Sessions
told her daughter would mean something other than the biological
relationship many historians have perceived. This is certainly an ad-
ditional piece of genetic evidence in future researches on the subject of
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Joseph Smith Jr.’s practice of polygamy.

This study confirms that autosomal DNA testing is providing the
opportunity to address many genealogical questions that could not be
answered by analysis of autosomal STRs or the uniparental Y-chromo-
some and mitochondrial molecules. The weak signal of genetic in-
heritance of shared cM segments is here strengthened by the high
number of individuals available from the well documented pedigrees,
the high number of markers and the use of three methods in-
dependently. Errors could always be introduced in these types of studies
by incorrectly transcribing genealogical records, lab errors or even il-
legitimacies. However, when a considerable number of individuals are
carefully selected and tested for the same family history case, the
strength of both the results and the study conclusions increase. This
study proves that a considerable number of individuals carefully se-
lected and tested for the same family history case might enable a result
even when the “actual” individuals are not available.

Data availability

Mitogenome sequence has been deposited in GenBank (xxxxx)

To access the genotyped data, researchers should send a signed
letter to A.A. containing the following text: (a) I will not distribute the
data outside my collaboration; (b) I will not post the data publicly;(c) I
will make no attempt to connect the genetic data to personal identifiers
for the samples; (d) I will not use the data for any selection studies; (e) I
will not use the data for medical or disease-related analyses; (f) I will
not use the data for commercial purposes.’
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