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Abstract

Pedigree-based mutation rates act as an independent test of the young-earth creation and evolutionary
timescales. Currently, evolutionists use published Y chromosome pedigree-based mutation rates to argue
for an ancient origin of humanity. However, their published studies rely on low-coverage sequence runs. We
show that pedigree-based mutation rates from high-coverage sequence runs are hidden in the evolutionary
literature, and we demonstrate that these rates confirm a 4,500-year history for human paternal ancestry.
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Introduction

On the timescale of human origins, the young-earth
creation (YEC) and evolutionary models contrast
by orders of magnitude. According to Scripture, the
first humans—Adam and Eve—lived only about
6,000 year ago (Hardy and Carter 2014). Current
evolutionary thought puts the origin of modern Homo
sapiens upward of 200,000 to 300,000 years ago (e.g.,
see Karmin et al. 2015). Scientifically, this difference
in orders of magnitude should be easily resolvable
in multiple scientific fields, especially in the field of
human genetics.

Historically, the genetic timescale of human
origins has been dominated by circular evolutionary
arguments. In theory, to calculate the timescale
of human origins, investigators must employ a
version of the equation D=RT, where D represents
genetic differences, R represents the mutation rate,
and T represents the time of origin. However, in
decades past, biologists have had data only for D
in this equation. Nonetheless, absent an empirical
measurement of human mutation rates, evolutionists
calculated R by dividing known human genetic
diversity into the evolutionary-geology-based time of
origin of Homo sapiens—and referred to the result as
the “molecular clock.” Obviously, this method derives
values for R by first assuming a model-specific value
for T—which represents a circular argument, if the
goal of the argument is to empirically determine a
value for T.

False starts aside, in the last few decades pedigree-
based mutation rates have provided an independent
test of the YEC and evolutionary timescales—a test
free of circular evolutionary assumptions.

Specifically, pedigree-based human mutation rates
have directly tested the timescale of human origins

in the realm of human mitochondrial DNA (mtDNA)
differences. For example, multiple studies over the
last two decades have revealed an average mtDNA
mutation rate that explains global human mtDNA
differences within 6,000 years (Jeanson 2013, 2015,
2016; see also the following exchange: Frello 2017a,
2017b; Jeanson 2017a, 2017b).

In the realm of nuclear DNA differences, pedigree-
based human mutation rates have indirectly
tested the timescale of human origins. Because YE
creationists explain the vast majority of autosomal
differences by heterozygosity created in Adam and
Eve (Jeanson and Lisle 2016; Sanford et al. 2018),
and not via mutations since Creation, a direct
molecular clock comparison is not possible for most
nuclear DNA differences. However, the YEC model
successfully explains the rare autosomal differences
by post-Creation mutation (Jeanson and Lisle 2016).
Conversely, since evolution explains all autosomal
differences by mutation, evolutionists see the rare
autosomal differences as stemming from the recent
surge in human population growth (Coventry et al.
2010; Fu et al. 2013; Keinan and Clark 2012; Nelson
et al. 2012; Tennessen et al. 2012). Consequently,
at present, molecular clock analyses of rare human
autosomal differences test—and appear to fit—both
YEC and evolution.

The one human genetic compartment that has not
received as much attention by all sides in the origins
debate 1s the Y chromosome. For YE creationists,
their expectations for Y chromosome differences
today are easy to derive. Because males are XY and
females XX, Adam would have been created XY, and
Eve, XX. Therefore, a single Y chromosome would
have been present at Creation. Consequently, unless
God created Adam’s gametes with Y chromosome
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differences (Carter, Lee, and Sanford 2018; Sanford
et al. 2018), all modern Y chromosome differences
would be the result of mutations since mankind’s
origin. Conversely, evolutionary expectations are
also easy to derive. Because evolutionists explain all
genetic differences ultimately by mutation, they also
explain all Y chromosome differences by mutation.
Thus, in theory, the Y chromosome differences and
mutation rates could represent another direct test of
the YEC and evolutionary timescales.

To date, two published studies explicitly attempt
to obtain the pedigree-based per-generation mutation
rate for the Y chromosome (Helgason et al. 2015; Xue
et al. 2009). Both studies have reported results to be
consistent with the evolutionary timescale.

Taken at face value, these Y chromosome results
together with the mtDNA results create a scientific
dilemma for both the YEC and evolutionary models.
On one hand, the mtDNA pedigree-based mutation
rates are consistent with the YEC model. On the
other hand, the Y chromosome rates would seem
to be consistent with the evolutionary model. Thus,
each origins model must explain the contrary data in
one genetic compartment, without compromising the
supporting data in the other genetic compartment.

A recent observation suggests a path forward.
Among evolutionists, it 1is well-known that
low coverage sequencing misses many real Y
chromosome differences. For example, Poznik et al.
(2016) compared low coverage versus high coverage
sequences in 143 individuals. They discovered that
missing DNA variants are found throughout the
Y chromosome tree. From Supplementary Figure
1 of Poznik et al. 2016, around 36 (i.e., 19+17=36)
Y chromosome variants were missing in nearly
all samples examined (i.e., the “140” and “141”
columns). Since these variants are found in nearly all
samples, they would occupy, by definition, the deep
branches on the Y chromosome tree. Conversely,
on average, about 23 Y chromosome singleton
variants per individual (see the “1” column; 3,343
variants/143 individuals =23 variants per individual)
were missing in low coverage sequences. Again, by
definition, singletons are variants at the tips of the Y
chromosome tree.

These missing variants at the tips of the tree have
the most relevance to our question of pedigree-based
mutation rate studies. By definition, comparisons of
living fathers and sons represent the most recent time
points on the Y chromosome tree—the tips of the tree.
Therefore, low coverage studies would likely miss
several real Y chromosome (mutational) variants.
Since the total number of mutations between fathers
and sons 1s already low/is already a rare event, a
discovery of even 10 additional mutations via high
coverage sequencing could have a dramatic impact on
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the per-generation mutation rate—and the creation/
evolution debate.

Of the two published Y chromosome pedigree-
based studies, both Xue et al. 2009 and Helgason
et al. 2015 obtained Y chromosome mutation rates
from low-coverage sequencing runs (i.e., 11X to 20x
coverage). In contrast, whole genome sequencing of
mtDNA in human pedigrees relies on high coverage
sequencing runs [i.e., 40% (see S3 table in Ding et al.
2015) to >1000% (see main text of Guo et al. 2013,
and main text of Rebolledo-Jaramillo et al. 2014)].
This contrast immediately suggests an explanation
for the discrepancy in pedigree-based mutation rates
for mtDNA versus the Y chromosome: discrepancies
in the level of sequencing coverage. This hypothesis
is testable.

However, to test this hypothesis, a second aspect
of Y chromosome sequence quality must also be
considered. Regardless of the level of coverage, raw
or unfiltered sequencing reads from Y chromosome
sequencing runs are not useful for pedigree-based
mutation rate analyses. Compared to autosomes,
the Y chromosome has an exceptional amount of
sequences classes that make sequence read mapping
especially challenging for reads derived from next-
generation (i.e., short read) sequencing technology.
Palindromic sequences, repetitive sequences, and
sequences that easily map (i.e., with 99% identity) to
the X chromosome lead to high levels of ambiguity
in sequence read placement (Helgason et al. 2015;
Poznik et al. 2013; Skaletsky et al. 2003). Thus,
any study that attempts to analyze the results of Y
chromosome sequencing runs must account for this
mapping challenge.

Historically, several strategies have been
employed to circumvent this mapping hurdle. For
example, in the Xue et al. (2009) pedigree-based
mutation rate study, the authors explicitly filtered
out difficult-to-map regions of the Y chromosome.
While they did not provide specific coordinates, they
reported reducing the useful Y chromosome sequence
from a euchromatic size of 24 megabases (Mb) to
just 10.15Mb (page 1454)—a reduction of over 50%.
Conversely, in the Helgason et al. (2015) pedigree-
based mutation rate study, the authors performed
a type of filtration on candidate mutations. Rather
than exclude mutations found in certain types of
sequences classes, the authors weighed more heavily
those mutations found in reliably mapping regions,
and they decreased the weight of mutations found in
ambiguously mapping regions.

With respect to other types of Y chromosome
sequencing studies, such as large-scale mapping of
the Y chromosome tree, similar filtering strategies
have been employed. Some studies (Francalacci et al.
2013; Wei et al. 2013) have focused just on 8.97Mb of
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the “X degenerate region” (XDG), a region known to be
different enough from the X chromosome—and free
enough of repetitive and palindromic sequences—to
make straightforward the process of sequence read
mapping. Other studies have empirically inferred
regions of the Y chromosome that map uniquely, and
these results tend to include the XDG plus scattered
chunks from other sequence classes, resulting in
a total of around 10.3 to 10.45Mb of callable Y
chromosome sequence (Poznik et al. 2013, 2016)—
similar to the Xue et al. (2009) sequence size.

To date, two high coverage Y chromosome
sequencing studies have been published in which
pedigree-based mutation rate data are available
(Karmin et al. 2015; Maretty et al. 2017). Both
studies filtered their sequencing data via versions
of previously published filters. Maretty et al. (2017)
published a Y chromosome tree based on the sequence
differences found on the XDG region of their male
participants. Karmin et al. (2015) utilized a variety
of filters, one of which (“filter ¢”) was explicitly based
on the filters utilized by Wei et al. (2013) and Poznik
et al. (2013). In this paper, we examine the pedigree-
based mutation rates in high-coverage Y chromosome
sequencing studies and explore the implications of
these results for the Y chromosome molecular clock.

Materials and Methods
High coverage datasets
Karmin et al. (2015) dataset

From Karmin et al. (2015), we obtained the results
of their high coverage sequencing runs on 24 Dutch
father-son pairs, 6 Estonian father-son pairs, and 1
Estonian brother-brother pair from Table S2, column
“FS” (i.e., Father-Son). We explored the Karmin et al.
(2015) sequence filters that were reported in the text
of the Supplementary Information.

Specifically, we focused on filter “c”, which was
based on the previously published filters of Wei
et al. (2013) and Poznik et al. (2013). Filter “¢”
reduced the mappable Y chromosome sequence to
10.79Mb. We also focused on the preferred filter of
Karmin et al. (2015)—filter combination “a+b+d”.
Filter “a” effectively eliminated regions where
individuals had low coverage. Filter “b” effectively
eliminated Y chromosome regions that also mapped
to the X chromosome. Neither of these two filters in
isolation reduced the callable region below 12Mb.
However, filter “d” alone reduced the callable region
to 9.8Mb. This filter—the “re-mapping filter’—was
one in which the authors “applied extrapolated
information on next generation sequencing read
mismapping areas, obtained from modelled Illumina
datasets. These masks eliminate additional areas of
low mappability on a short read level, inherent to
genomic areas of frequent repeats as well as high
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sequence homology content” (page 7 of Supplemental
Text). For this filter, the authors provided little to no
measures of sensitivity and specificity. However, in
combination with filter “a” and filter ‘b”, the filter
“a+b+d” combination reduced the callable region to
8.8Mb.

With respect to sequence coverage, the authors
reported in the main text of the paper that “the Dutch
father-son pairs were blood samples sequenced at
>80x coverage” (page 463), but did not give specific
information on the Estonian pairs. However, they
stated that “sequencing of the whole genome was
performed at Complete Genomics (Mountain View,
California) at standard (>40x) coverage for blood- and
high coverage (>80X%) for saliva-based DNA samples”
(page 463). We conservatively adopted 40x as the
sequence coverage value for the Estonian samples.

Because of the pairing of the Y chromosome with
the X chromosome, the Y chromosome exists in an
effectively haploid state. Consequently, to calculate
sequence coverage for the Y chromosome, we took
the reported whole-genome sequencing coverage and
divided it by 2.

To calculate the average Y chromosome sequence
coverage for the entire Karmin study (i.e., Dutch +
Estonian samples), we weighed each Y chromosome
coverage value by the number of representatives
present in the study. For example, for the Dutch:

( 80 x coverage )( 24 Dutch pairs

; =30.97
2 31 pairs total )

For the Estonians:

( 40x coverage )(7 Estonian pairs

)= 4.52
2

31 pairs total

Total weighing scheme:
30.97 + 4.52 = 35.5X average coverage

Maretty et al. (2017) dataset

While Maretty et al. (2017) reported a per-
generation Y chromosome structural variant
mutation rate, they did not explicitly report a per-
generation Y chromosome single nucleotide mutation
rate. However, Skov et al. (2017) utilized the Maretty
et al. (2017) Y chromosome data; Skov et al. reported
the existence in the Maretty et al. (2017) dataset of
62 males—including 17 father-son pairs—whose Y
chromosome were assembled to high quality. Yet, like
Maretty et al., Skov et al. also failed to report a per-
generation Y chromosome single nucleotide mutation
rate. Instead, Skov et al. (2017) relied on the low-
coverage results of Helgason et al. (2015) to calibrate
their data. Nevertheless, Maretty et al. (2017)
published in Figure 4c of their paper a Y chromosome



396

tree consisting of 62 males—likely the 62 males to
which Skov et al. refer. In the Extended Data under
the “Y-chromosome analysis” section, Maretty et
al. detailed the construction of the tree: “The SNVs
called using GATK above were used to construct
the neighbour-joining tree. The SNVs were required
to have a filter status of PASS, not be recurrent,
and needed to be in the X-degenerate region. The
neighbour-joining tree was constructed using
MEGAG6 (ref. 53) using the number of substitutions
as the model and pairwise deletion as missing data
treatment. It was run with 500 bootstrap replicates.”

We extracted the father-son SNV differences
from the Figure 4c¢ Y chromosome tree of Maretty et
al. (2017) as follows: First, a screenshot was taken
from the published pdf containing Figure 4c, and
the screenshot included the associated scale bar of
“50 mutations” (see Supplemental fig. 1). (The raw
sequence data for the Y chromosomes is restricted
access.) After electronically expanding the screenshot
to a large size (while keeping the proportions
constant), we located the 17 pairs with the shortest
distances between them, to identify the 17 father-
son pairs. Then we used the scale bar to visually and
electronically estimate the nucleotide differences
between each father-son pair (see Supplemental fig.
1 and Supplemental table 1).

These 17 nucleotide differences we then
statistically tested for normality using the statistical
software SPSS—both as raw values, and as results
rounded to the nearest ones place. Both groups of
data were a modest fit to a normal distribution based
on visual inspection of histograms and Q-Q plots
(Supplemental fig. 2) and based on statistical tests
for normality (Kolmogorov-Smirnov and Shapiro-
Wilk; see Supplemental table 2). Given these results,
we calculated 95% confidence intervals using the
t-distribution, and 95% confidence intervals based
on bootstrapped analyses (see Supplemental tables
1 and 2), with 1,000 replications. We chose to use the
t-distribution confidence interval since it was wider,
and thus more conservative, than the bootstrapped
confidence interval. Since mutations occur as whole
units and not as decimals or fractions, we used the
rounded values for further analyses.

We divided these numbers into the size of the
sequence (“X-degenerate region”) analyzed—8.628
megabases (Mb)—to obtain a Y chromosome
mutation rate in units of mutations per base pair
per generation. Though Maretty et al. (2017) do not
explicitly state the size of the X-degenerate region,
they cite Helgason et al. (2015) when calibrating
their mutation rates, and Helgason et al. specify
a length of 8.6Mb for the X-degenerate region.
Also, Skov et al. (2017) imply in Figure 1a that the
X-degenerate region is 8.628Mb in size (obtained by
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adding the values from the “total length” column for
the 8 “X-deg” regions). We adopted the latter for our
calculations.

The reported sequence coverage for Maretty et al.
(2017) was 78x (page 87). Divided by 2, this would
translate to a 39%. Skov et al. (2017) reported 40x
coverage for the Y chromosomes in the dataset. We
adopted the latter for our analyses.

Low coverage datasets
Xue et al. (2009) dataset

The reported sequencing coverage for each male
in their two-person, 17-generation pedigree was 11X
and 20X (page 1455). We averaged these values to
15.5%.

Helgason et al. (2015) dataset

The authors stated the average sequence
coverage for the Y chromosomes to be 12.4X over the
X-degenerate (XDG) regions.

For the identified mutations, their weights and
the sequence classes to which they belonged were
extracted from the Helgason et al. (2015) Table S4
and quantified in Excel (Supplemental table 3). The
Y chromosome coordinates for these mutations were
updated from NCBI36/hg18 values to GRCh38/hg38
values with the Lift Genome Annotations (LGA)
tool  (https://genome.ucsc.edu/cgi-bin/hgLiftOver).
Since single positions do not update well, each
individual mutation was assigned a coordinate pair
that spanned 3 base pairs (the -1 and +1 positions
surrounding the coordinate for the mutation, plus
the mutation coordinate itself). These artificial
coordinates were then updated with the LGA tool,
and then the updated coordinate pairs (i.e., 3 base
pair length) were converted back to single mutation
coordinates (Supplemental table 4).

We tested the abilities of the Karmin et al. (2015)
filters “c” and “a+b+d” (see above) to capture the
various weights of these Helgason et al. (2015)
mutations in several steps. First, we converted the
coordinate positions for filters “c” and “a+b+d”
to GRCh38/hg38 values with the LGA tool (see
Supplemental tables 5-6 for conversion details,
and for which regions were deleted/modified in
the GRCh38/hg38 genome build). Second, the new
coordinates for these filters were tested in Excel
against the Helgason et al. (2015) mutations (with
their respective GRCh38/hg38 coordinates) to see
which Helgason et al. (2015) mutations were captured
or rejected (see Supplemental tables 7—8 for details).

Mutation accumulation calculations

Mutation  accumulation  calculations  (see
Supplemental table 9) were performed by multiplying
the derived high coverage (see above) Y chromosome
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single base pair mutation rate by the appropriate,
model-specific time of origin. We did so by first
converting these per-generation mutation rates to
per-year rates, assuming a range of generation times
(see Supplemental table 9). For the upper mutation
rate value for our calculations, we used the upper
bound of the t-distribution 95% confidence interval
derived from Maretty et al. (2017) data. For the lower
value for our calculations, we used the single value
reported in the Karmin et al. (2015) dataset filter “c”
column (they did not report a 95% confidence interval
for this mutation rate).

We then applied the models-specific time of
origin. Following Karmin et al. (2015), we adopted
250,000 years ago as the evolutionary time of origin
for modern Homo sapiens. Conversely, for the YEC
timescale, we adopted the post-Flood timescale.
Because Genesis 9:18-19 indicates that all people
alive today trace their ancestry back to the three sons
of Noah, the Flood is a key time stamp for any genetic
investigation. However, with respect to paternal
inheritance of the Y chromosome, the Flood is the
earliest time point accessible to us at present. Since
Shem, Ham, and Japheth would have inherited their
Y chromosomes from Noah, Noah’s Y chromosome
is the earliest time point our studies could address,
apart from pre-Flood fossil-derived Y chromosomes.
Since no such fossil Y chromosome sequences are
currently known, the earliest time point we can hope
to model with our data is Noah'’s birth.

For this date, we derived our temporal parameters
from the details in Hardy and Carter (2014).
Specifically, we adopted the Masoretic chronologies,
but without taking a position on the debate on the
length of the sojourn in Egypt. For our minimum
age estimate, we used the Masoretic, Short Sojourn,
Lunar Minimum dates; for the maximum age
estimate, we use the Masoretic, Long Sojourn,
Maximum dates supplied. We used these numbers to
derive 2256B.C. as the minimum date for the Flood,
and 2646B.C. as the maximum date for the Flood.

Technically, since Noah was born 600 years before
the Flood (Genesis 7:11), we could have added 600
years to each of these dates, resulting in a minimum
date of 2856B.C. and a maximum date of 3246B.C.
However, in our calculations, we converted our
per-generation mutation rate estimates to per-year
estimates, using a range of average generation times.
Noah’s age when we fathered his 3 sons (he was at
least 500 years old; see Genesis 5:32) falls far outside
this range. Hence, we simply adopted 2256B.C. and
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2646B.C. as our minimum and maximum start dates,
respectively, for the post-Flood timescale.

To fully round out our YEC time frame, we
needed a “stop” date—the birth dates of the men in
the Karmin et al. (2015) and Maretty et al. (2017)
studies, from whom Y chromosome sequences were
obtained. These dates were not given. However,
we drew an analogy to the 1000 Genomes Project
(“1KGR”), since the 1KG-based Y chromosome paper
(Poznik et al. 2016) was published around the same
time as Karmin et al. (2015) and Maretty et al.
(2017). The 1KG Project reported a minimum age
for their participants as 18 years old,! and indicated
completion of the project by 2008.2 This implied a
“stop” date of 1990 (i.e., AD.2008-18 years=A.D.1990).
Hence, we adopted AD.1990 as the maximum. To
account for the fact that some men may have been
young men while others may have been grandfathers,
we also used A.D.1950 as the minimum stop date (i.e.,
if we assume 1990 as the birth dates for the younger
men, then 40 years earlier represents the 58 year old
men—a rough surrogate value for the grandparental
generation).

We compared these mutation accumulation
predictions to the branch lengths derived from the
data in Karmin et al. (2015). Since the published
tree in Karmin et al. was given in time units rather
than in units of base pairs, we redrew a tree from
the Karmin et al. data. First, we converted the
online supplied VCF file? to FASTA format with
PGDSpider software,* after applying appropriate
sample names and labels to each individual based on
the online metadata (see Supplemental Table 10 for
details of relabeling).® Though the tree in the main
text of Karmin et al. contains over 300 individuals,
the metadata file contains labels for only 297. Then
we drew a midpoint-rooted neighbor-joining tree
(see Supplemental fig. 3 for rectangular display,
Supplemental fig. 4 for topology-only display) with
MEGA7 (Kumar, Stecher, and Tamura 2016)
software, selecting the “Pairwise deletion” option for
treatment of gaps/missing data. Branch lengths were
extracted manually from the tree and deposited in
Supplemental table 11).

We calculated the average and standard deviation
for the branch lengths based on two different root
positions. The first root (“Evo”) used the leftmost
(Supplemental fig. 3-4; Supplemental table 11)
split position as the root of the tree. As per the
accompanying dJeanson (2019) paper, we also
tested branch lengths based on the “Alpha” root—

! https://www.internationalgenome.org/faq/can-i-get-phenotype-gender-and-family-relationship-information-samples/.

2 https://www.internationalgenome.org/about.

3 Le., the <Karmin_et_al 2015_chrY_454samples_CGplusllluminaAO00Q_filtered1l_noAustralians.vef> file found at <https://evolbio.

ut.ee/chrY/PLINKandVCF/>.

*Version 2.1.1.5 was downloaded for Windows on September 18, 2019 from <http://www.cmpg.unibe.ch/software/PGDSpider/>.
® ILe., from the <Y_data_metainfo.xlsx> file found at <https://evolbio.ut.ee/chrY/>.
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which we defined in Supplemental figs. 3—4 and in
Supplemental Table 11 as the point halfway (.e., 62
base pairs, or half of 124 base pairs) between nodes
483 and 511.

Results
High coverage sequencing increases
pedigree-based mutation rate

From the Karmin et al. 2015 and Maretty et al.
2017 datasets, we extracted the per-generation
pedigree-based mutation rates using standard
filtering criteria. For the Karmin et al. study, several
filter options were supplied, and we chose filter
“c” since it corresponded to previously published
criteria. Consistent with what is already known
from comparisons of low coverage and high coverage
sequencing runs (Poznik et al. 2016), the two
high coverage datasets revealed a per-generation
mutation rate that was, on average, 10- to 17-times
faster (table 1) than the previously published (i.e.,
Xue et al. 2009; Helgason et al. 2015) low coverage
studies. This suggested that the real per-generation
Y chromosome single nucleotide mutation rate was
much higher than previously determined. In fact, it
suggested that, in the future, sequence runs at even
higher coverage values might further increase this
value.

Table 1. Y chromosome mutation rate by study.

Sequence coverage
(given in units of
fold-coverage)

Average mutations per
base pair per
generation

3.02E-07

2.85E-8to
3.16E-8

8.9E-9to
7.0E-8
Failure of counter-explanations

Counter-explanations for these results came from
only one of these two studies. With respect to Maretty
et al. (2017) [and the corresponding study in Skov et
al. (2017)], the authors appeared to possess the raw
data indicating a high per-generation Y chromosome
mutation rate. However, no comment on these rates
were made.

In contrast, Karmin et al. (2015) attempted to
explain the unusually high mutation rate that they
discovered by employing additional filtration steps to
the Y chromosome sequence reads. However, rather
than strengthen their counter-explanations, their
attempts strengthened the original implications of
their findings.

Two lines of evidence supported this contention.
First, Karmin et al. (2015) employed a logically

3.5E-07 to
6.4E-07

95% confidence
interval

(not given)
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circular argument to explain away the high mutation
rate. In the Supplemental Text, they explained that
their rationale for explaining away the high rate was
not a new discovery about the ambiguity of sequence
read mapping. Rather, they stated that “we initially
applied a combination of regional filters previously
defined on the basis of analyses of Illumina HiSeq
data (Poznik et al. 2013; Wei et al. 2013a), resulting
in ten regions of Chr Y sequence, altogether
capturing 10.8 Mb (filter ¢, Table S2). However, the
application of the regional filters led only to a modest
reduction of false positive calls judged by the number
of father-son/brother-brother (FS) differences and
the count of recurrent mutations (Table S2)” (page
4). (A higher mutation rate would also lead to more
recurrent mutations; thus, attempts to reduce father-
son/brother-brother mutation rates and the number
of recurrent mutations are, essentially, two forms of
achieving the same goal.) In other words, the Karmin
et al. test for false positives was an evolutionarily-
defined low mutation rate.

This was made even more clear in how Karmin
et al. (2015) defined the accuracy of their filtering
strategy: “The number of FS [i.e., Father-Son]
differences was approximately 10- fold higher
than the expected number of de novo mutations
considering the range of published Chr Y mutation
rates (Xue et al. 2009; Francalacci et al. 2013;
Mendez et al. 2013; Poznik et al. 2013). This finding
prompted us to explore additional filters” (page 4
of the Supplementary Information). Of the four
studies they cited—Xue et al. 2009; Francalacci et
al. 2013; Mendez et al. 2013; Poznik et al. 2013—
only the Xue et al. study represented a pedigree-
based Y chromosome mutation rate. The other three
studies derived a mutation rate via the historically
circular evolutionary geology-based molecular clock
method—see Introduction—or by extrapolating the
autosomal mutation rate onto the Y chromosome.

Second, independent tests of the specificity and
sensitivity of the Karmin et al. (2015) extra filtration
steps revealed a slight gain in specificity at the
expense of a large loss in sensitivity. Unfortunately,
in the Karmin et al. (2015) description of their
uniquely defined 8.8Mb filter “a+b+d’—the filter
combination that achieved a lower Y chromosome
mutation rate—the authors reported no results
on the specificity and sensitivity of their filtration
strategy. Aside from their circular attempts to reduce
the father-son mutation rate to a value in line with
what their evolutionary expectations defined, the
authors provided no checks and balances on their
methods.

However, shortly after the Karmin et al. (2015)
paper appeared in print, Helgason et al. (2015)
reported their pedigree-based mutation rate (based
on low coverage sequencing runs) that happened to
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fall in line with evolutionary expectations, and also
fell in line with the previously published low coverage
results from Xue et al. (2009). In principle, we might
expect the authors of Karmin et al. (2015) to endorse
the Helgason et al. (2015) results and conclusions.
Thus, we can use the Helgason et al. (2015) results
to test the Karmin et al. (2015) filters for sensitivity
and specificity.

Since Helgason et al. weighed their mutation
results based on mapping—rather than based
on some evolutionary-defined endpoint—we can
evaluate the Karmin et al. filters based on their
ability to reproduce the Helgason et al. results. To
test for specificity, we can examine which Karmin et
al. filters call the least number mutations to which
Helgason et al. assigned a low weight. To test for
sensitivity, we can examine which Karmin et al.
filters capture the most mutations to which Helgason
et al. assigned a full weight.

We found that both filter “c” and filter “a+b+d”
from Karmin et al. (2015) rejected—filtered out—the
vast majority of the low weight Helgason et al. (2015)
mutations (table 2). As expected, the more stringent
filter “a+b+d” rejected more mutations than filter
“c.” However, neither filter captured all of the high
weight Helgason et al. (2015) mutations (table 2).
Nevertheless, filter “c” retained many more high
weight mutations than filter “a+b+d.”

Table 2. Mutation retention and rejection by Helgason
filters.

. Weighted
Filter Unweighted (unreliable)
(reliable) mutations .
mutations
(None—original
Helgason et al. 2015 1015 1035
data)
Karmin et al. 2015
filter ¢ 718 15
Karmin et al. 2015
filter abd 593 3

Quantifying these results in terms of percentages,
we found that both filters rejected >98% of the low
weight mutations—with the difference between
filter “a+b+d” and filter “c” being just 1.2% of the
low weight mutations (table 3). Conversely, filter
“c” retained 70.7% of the high weight Helgason et
al. mutations, whereas filter “a+b+d” retained only
58.4%—a loss of 12.3% of the high weight mutations.
Thus, by the independent test of the filtering strategy
of Helgason et al. (2015), the Karmin et al. filter
“a+b+d” is more stringent that the more commonly
used filter “c”, yet the gain in specificity is offset by
the large loss in sensitivity. This fact demonstrated
that the Karmin et al. filter “a+b+d” was excessively
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stringent and that it artificially reduced the mutation
rate to a value less than it is.

Table 3. Sensitivity and specificity of Helgason filters.

Sensitivity (% of Specificity (% of
Filter reliable Iceland data| unreliable Iceland
retained) retained)
Karmln'et al. 2015 70.7 14
filter ¢
Karmin et al. 2015
filter abd 58.4 03
Loss/Gain -12.3 1.2

Subsequent Y chromosome sequencing efforts
from other investigators did not employ the Karmin
et al. (2015) filter “a+b+d.” For example, to date,
one of the largest global analyses of human paternal
genetic history is the 1000 Genomes Project. From
the 1,244 Y chromosome sequences in this project,
a tree was constructed using the mapping-based
10.3Mb filter (Poznik et al. 2016)—not the 8.8 Mb
filter “a+b+d.”

Together, these results strengthened the original
implications (i.e., a higher mutation rate than
previous studies had found) of Karmin et al.’s high
coverage sequencing results.

High coverage mutation rate explains
Y chromosome differences in 4,500 years

We found that the mutation rates from the high
coverage studies explained the branch lengths of the
Y chromosome tree within just a few thousand years
(fig. 1). We also found that these rates rejected the
evolutionary time of origin for the first modern Homo
sapiens (fig. 2). For simplicity, when measuring total
branch lengths, we began by simply adopting the
typical evolutionary root position. Conversely, based
on the results of the accompanying paper (Jeanson
2019), we also explored an alternative, better-
supported (see Jeanson 2019) root position, and we
found that the high coverage Y chromosome mutation
rate explained all but the most divergent haplogroup
A branch lengths in about 4,500 years (fig. 3).

These latter results predicted a higher per-
generation mutation rate for the most divergent
AO00 individuals. In addition, because this same root
position shows a gradient of branch lengths (fig. 3),
Fig. 3 implied a gradient of per-generation mutation
rates, depending on exactly which root position
(i.e., Gamma, Epislon, or Alpha—or somewhere in
between; see Jeanson 2019) turned out to be correct.

Finally, these results made indirect predictions
about the relationship between the history of
civilization and the structure of the Y chromosome
tree. Since phylogenetic trees record changes in
population size (e.g., see Karmin et al. 2015), the
current Y chromosome tree must have also recorded
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Fig. 1. Mutation accumulation in the Y chromosome over the young-earth creation (YEC) timescale, evolutionary
root. The derived Y chromosome pedigree-based mutation rates from high coverage sequencing runs were converted
to units of mutations per year and multiplied over the YEC timescale. These predictions were compared to the
branch lengths derived from Karmin et al. (2015) data, based on the typical evolutionary root position, and these

predictions captured the branch length values.

changes in past human population size. However,
since our results implied that the entire tree was
only a few thousand years old, our results predicted
that known recent (i.e., with in the last few thousand
years) changes in population size would be stamped
throughout the tree in a manner consistent with the
recent origin of the tree. In other words, the deeper
roots of the Y chromosome tree should record not
changes in population size from 200,000 years ago
but changes in population size from the recent past
(see accompanying Jeanson 2019 paper).

Discussion

A 4,500-year-old Y chromosome molecular clock
Our results demonstrate that a Y chromosome

molecular clock exists, and that it specifies about

4,500 years in total for human paternal history

(figs. 1, 3). Rather than being an anomaly, these
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results fall in line with the expectations derived from
comparisons of low coverage and high coverage Y
chromosome sequences (Poznik et al. 2016). Since
high coverage sequencing is known to increase
the tree tip length over the lengths derived from
low coverage sequencing, and since father-son
relationships among the living represent the most
terminal aspect of any tree, our empirical results
match precisely what previous results had predicted.

Conversely, our results also strongly challenge the
evolutionary timescale (fig. 2). Rather than confirm
a history for humanity that stretches back hundreds
of thousands of years, these results reject this
hypothesis. If men have been around for hundreds
of thousands of years, they should have accumulated
mutations 8- to 59-times the amount currently
observed. Instead, we observe only a few thousand
years’ worth of mutation accumulation.

Actual, Evolutionary Root

Fig. 2. Mutation accumulation in the Y chromosome over the evolutionary timescale, evolutionary root. The derived
Y chromosome pedigree-based mutation rates from high coverage sequencing runs were converted to units of
mutations per year and multiplied over the evolutionary timescale. These predictions were compared to the branch
lengths derived from Karmin et al. (2015) data, based on the typical evolutionary root position. The evolutionary
predictions over-predicted the branch length values by 8- to 59-fold.
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Fig. 3. Mutation accumulation in the Y chromosome over the young-earth creation (YEC) timescale, alternate root.
The derived Y chromosome pedigree-based mutation rates from high coverage sequencing runs were converted
to units of mutations per year and multiplied over the YEC timescale. These predictions were compared to the
branch lengths derived from Karmin et al. (2015) data, based on the Alpha (Jeanson 2019) root position, and these
predictions captured all but the A0O branch length values.

Furthermore, the combined results from mtDNA
(i.e., Jeanson 2013, 2015, 2016) and Y chromosome
(i.e., this paper) analyses represent two independent
lines of evidence—maternal ancestry and paternal
ancestry—that reject the evolutionary timescale for
the origin of humans. Together, these two datasets
falsify the current evolutionary model for humanity.

How might the evolutionary model adapt to
these contrary data? With respect to pedigree-
based analyses, evolutionists might invoke natural
selection—a mechanism by which a high mutation
rate could be converted to a lower substitution
rate. Alternatively, evolutionists might hypothesize
that the mutation rate has recently sped up—that
it was much slower in times past. Either way, for
these hypotheses to be scientific they must make
testable predictions. For example, can any of these
evolutionary hypotheses predict the pedigree-based
mutation rate for AOO individuals? Or African
individuals in general (since no African father-son
pedigrees were part of the Karmin et al. 2015 and
Maretty et al. 2017 studies)? Or Asian individuals,
or Native American individuals (none of whom were
part of these same father-son pedigree studies)?
Unless the evolutionary hypotheses can meet this
standard (i.e., the standard to which evolutionists
have held creationists for many years; see Eldredge
1982 and Futuyma 2013), then these hypotheses
cannot be considered scientific.

In contrast, our YEC-confirming results led
to several testable predictions. These testable
predictions add scientific weight to the YEC
conclusions found in this paper.

Other Ways to Rescue the Evolutionary Model?
One finding reported in Karmin et al. (2015) could
give pause to the conclusions reached in this paper.

In the Supplemental Text, Karmin et al. report
that they “validated with Sanger sequencing SNPs
between three fathers and their six sons and between
two brothers in one case where father’s genome failed
QC. We compared altogether seven pairs from four
Estonian families. At first we applied VQHIGH, 95%
call-rate, custom filter combination (a+b+d) and
excluded all individual N-s from comparisons. This
filtering scheme revealed within these seven pairs
in total 6 differences. All these occurred within two
families and in 4 unique positions. These were 1) two
positions where both fathers had each one position
where they were in derived state but their two
sons in reference state, thus implicating a possible
sequencing error (or back mutation); 2) two unique
positions where one father had two sons carrying one
derived allele each, implicating possible mutation
between generations. To see the effect of different
filtering we also used only filters b+d which revealed
that both sons from the family already carrying
four differences have each one additional derived
allele. For these six SNV-s we were able to design
Chr Y specific primers and to get homozygous Chr
Y sequence calls for five of these positions. Sanger
sequencing revealed that all of the studied positions
were false positives” (page 7). In other words, these
false positives might imply that the high mutation
rate under filter “c” was an artifact, not a real finding.

However, in this particular example, the authors
once again failed to address questions of sensitivity
and specificity. In this case, let’s indirectly examine
these metrics by exploring other statements that
the authors made about their own work. For
example, they stated in the main text that “Data
quality assessment by evaluating SNP differences
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between father-son pairs resulted in an average of
approximately one mutation per pair, indicating a low
false-positive rate” (page 461). This conclusion refers
to Table S2 of their paper, which shows a father-son
mutation rate of 0.62 mutations per generation. Yet
their Sanger sequencing results implied that, in the
father-son pairs that they examined, the mutation
rate was less than 1 mutation every 7 generations,
not 1 every 1.6 generations (i.e., 0.62 mutations per
generation). The authors do not seem to perform
consistent or comprehensive quality control on their
samples.

Perhaps this is because the results would have
been too stringent even for the ancient evolutionary
timescale. Extrapolated to the rest of the father-
son pairs, the Sanger sequencing results imply
that all father-son differences were false positives,
which would produce a mutation rate less than 1
mutation every 31 generations—10 times lower than
expectations based on a model which puts the first
male ancestor about 250,000 years ago.

The authors’ “false positive” findings raise even
more questions about the reliability of their entire
tree. In other words, given the authors’ stated
motivation for reducing the father-son rate—namely,
bringing the results into alignment with evolutionary
expectations, what happens to their results when we
apply their quality control logic across the entire tree
(1.e., across the tree albeit free of circular evolutionary
reasoning)? If the only father-son variants that they
tested by rigorous quality control methods were false
positives, how do we know that any variants in the
tree were real? That is, aside from invoking evolution
as the answer, what consistent, comprehensive
quality control measures did the authors employ to
give us confidence that their entire tree was reliable?

In short, the Karmin et al. (2015) attempts to
identify positive controls via Sanger sequencing add
little of scientific value to our discussion. They raise
more questions than they answer, and they cannot
be explored further until these larger questions are
addressed.

Conversely, one other reason for pause stems from
the methodologies we employed with the Maretty et
al. (2017) data. Since our mutation rate was derived
from inferring branch lengths from their published
tree, it will be important to confirm these results with
the raw (i.e., pairwise alignment-based rather than
phylogenetic tree-based) Y chromosome sequences
from the father-son pairs. We anticipate little
deviation from the results we described here.

Conclusion

Together, the results in this paper and in the
accompanying paper (Jeanson 2019) present a
compelling case for the origin of the most recent,

Nathaniel T. Jeanson and Ashley D. Holland

globally common human male ancestor within the
last 4,500 years. Combined with the previously
published results from mtDNA (Jeanson 2016), our
data also make the YEC origin of the most recent
common male and female ancestors a difficult
conclusion to refute.
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