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The principles of DNA genealogy have been developed
over the last decade and volumes can be written on each
approach.  The main principles (Nei, 1995; Karafet et
al., 1999; Underhill et al., 2000; Semino et al., 2000;
Weale, et al., 2001; Goldstein et al., 1995a; Goldstein et
al., 1995b; Zhivotovsky & Feldman, 1995;  Jobling &
Tyler-Smith, 1995; Takezaki & Nei, 1996; Heyer et al.,
1997; Skorecki et al., 1997; Thomas et al., 1998; Thom-
as et al., 2000; Nebel et al., 2000; Kayser et al., 2000;
Hammer et al., 2000; Nebel et al., 2001) are summa-
rized briefly below.
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- The  DNA marker values considered in this study
have nothing to do with genes.  In rare cases the absence
of a particular marker may be associated with an abnor-
mal health condition, but these arguable associations are
irrelevant in the context of this study.

- Copying of the Y chromosome from father to
son sometimes results in mutations and these can be of
two kinds, (1) single nucleotide polymorphisms (SNP),
which are certain changes in single bases, or insertions
or deletions, at particular points on the Y chromosome,
and (2) mutations in short tandem repeats (STR), which
make them shorter or longer by certain blocks of nucle-
otides.  A DNA Y-chromosome segment (DYS) contain-
ing an STR is called a locus, or a marker.  A combination
of certain markers is called a haplotype.

- All human males have a single common patrilin-
eal ancestor who lived by various estimates between

186



187Klyosov:  DNA genealogy, mutation rates, etc, Part I:  Basic principles and method

50,000 and 90,000 years ago.  This time is required to
explain variations of haplotypes in all tested males.

Haplotypes can be practically of any length.
Typically, the shortest haplotype considered in DNA
genealogy is a 6-marker haplotype (though an example
of a rather obsolete 5-marker haplotype is given in

 below).  The six-marker haplotype used to be the most
common in peer-reviewed publications on DNA geneal-
ogy several years ago, then it was gradually replaced
with 9-, 10-, and 11-marker haplotypes, and lately with
17-, 19- and 20-marker haplotypes, see .
Twelve-marker haplotypes are also often considered in
DNA genealogy; however, they are rather seldom pre-
sented in academic  publications.  For example, a com-
mon 12-marker haplotype is the “Atlantic Modal
Haplotype” (in  R1b1b2 and its subclades):

13-24-14-11-11-14-12-12-12-13-13-29

In this case, the order of markers is different when
compared with the 6-marker haplotypes (typically DYS
19, 388, 390, 391, 392, 393), and it corresponds to the
so-called FTDNA standard order: DYS 393, 390, 19,
391, 385a, 385b, 426, 388, 439, 389-1, 392, 389-2.

In a similar manner, 17-, 19-, 25-, 37-, 43- and 67-
marker haplotypes have been used in genetic genealogy.
On average, when large haplotype series are employed,
containing thousands and tens of thousands of alleles,
one mutation occurs once in about: 2,840 years in
6-marker haplotypes, shown above, 1,140 years in 12-
marker haplotypes, 740 years in 17-marker haplotypes
(Y-filer), 880 years in 19-marker haplotypes, 540 years
in 25-marker haplotypes, 280 years in 37-marker haplo-
types, and 170 years in 67-marker haplotypes, using the
mutation rates that we will derive later.  This gives a
general idea of a time scale in DNA genealogy.  Specific
examples are given below for large and small series of
haplotypes.

- The above times generally apply on average only
to a group of haplotypes, whereas a pair of individuals
may have large differences from these values.  One
cannot calculate an accurate time to a common ancestor
based upon just a pair of haplotypes, particularly short
haplotypes.  As it is shown below in this paper, one
mutation between two 12-marker haplotypes (of the
same haplogroup or a subclade) places their most recent
common ancestor any time between 1,140 ybp and the
present time (the 68% confidence interval) or between
1725 ybp and the present time (the 95% confidence
interval).  Even with four mutations between two 12-
marker haplotypes, their common ancestor can only be
placed – with 95% confidence – between 4575 ybp and
the present time, even when the mutation rate is deter-
mined with 5% accuracy.  On the other hand, as it will
be shown below, with as many as 1527 of 25-marker
haplotypes, collectively having almost 40 thousand al-

leles, the standard deviation (SD) of the average number
of mutations per marker is as low as ±1.1% at 3500
years to the common ancestor, and the uncertainty of
the time is determined only by uncertainty in the muta-
tion rate employed for the calculation.  Similarly, with
750 of the 19-marker haplotypes, collectively having
14,250 alleles, the SD for the average number of muta-
tions per marker equals to ±2.0% at 3600 years to the
common ancestor.

As one can see, mutations are ruled by statistics and can
best be analyzed statistically, using a large number of
haplotypes and particularly when a large number of
mutations in them.  The smaller the number of haplo-
types in a set and the smaller the number of mutations,
the less reliable the result.  A rule of thumb, supported
by mathematical statistics (see below) tells us that for
250 alleles (such as in ten 25-marker haplotypes, 40 of
the 6-marker haplotypes, or four 67-marker haplo-
types), randomly selected, a standard deviation of an
average number of mutations per marker in the haplo-
type series is around 15% (actually, between 11 and
22%), when its common ancestor lived 1,000 – 4,000
years before present.  The smaller the amount of mark-
ers, the higher the margin of error.

- An average number of STR mutations per haplo-
type can serve to calculate the time span lapse from the
common ancestor for all haplotypes in the set, assuming
they all derived from the same common ancestor and all
belong to the same clade.  That ancestor had a so-called
base, or ancestor (founder) haplotype.  However, very
often haplotypes in a given set are derived not from one
common ancestor from the same clade, but represent a
mix from ancestors from different clades.

Since this concept is very important for the following
theoretical and practical considerations in this work, it
should be emphasized that by a “common ancestor for
a series of haplotypes” we mean haplotypes directly
discernable from the most recent common ancestor.
Such series of haplotypes are called sometimes “a clus-
ter," or “a branch," or “a lineage." Each of them should
have a founding haplotype motif, and the founding
haplotype is called the base haplotype.  Each “cluster,"
or “branch," or a “uniform” series of haplotypes typi-
cally belong to the same haplogroup, marked by the
respective SNP (Single Nucleotide Polymorphism) tag,
and/or to its downstream SNP’s, or clades.

Granted, any given set of haplotypes has its common
ancestor, down to the “Chromosomal Adam." Howev-
er, when one tries to calculate a time span to a [most
recent] “common ancestor” for an assorted series of
haplotypes, which belong to different clades within one
designated haplogroup, or to different haplogroups, he
comes up with a “phantom common ancestor." This
“phantom common ancestor” can have practically any
time span separating it from the present time, and that
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“phantom time span” would depend on the particular
composition of the given haplotype set.

Since some descendants retain the base haplotype, which
is passed down along the lineage from father to son, and
mutations in haplotypes occur on average once in centu-
ries or even millennia, then even after 5000 years, some
descendants will still have the unchanged base
haplotype—for example 23% will retain the base haplo-
type after 5000 years in the case of 6-marker haplotypes.
In 12-marker haplotypes 23% of the descendants of the
founder will still have the base haplotype after 1,800
years.  These times are calculated from mutation rates
that are developed later in this article.

- The chronological unit employed in DNA gene-
alogy is commonly a generation.  The definition of a
generation in this study is an event that occurs four times
per century.  A “common” generation cannot be defined
precisely in years and floats in its duration in real life
and it depends on time in the past, on culture of the
given population, and on many other factors.  Generally,
a “common” generation in typical male lineages occurs
about three times per century in recent times, but may
be up to four times (or more) per century in the pre-
historic era.  Furthermore, generation times in specific
lineages may vary.

However, there is a reasonable escape from such a
conundrum.  A convenient factor in DNA genealogy is
the number of mutations in a given set of haplotypes per
marker.  In turn, this ratio equals to a product of the
mutation rate constant and a number of generations
passed since the common ancestor times.  Therefore, this
product can be determined experimentally.  Clearly, the
mutation rate constant is fixed per generation (as it
should be), but directly depends on a generation time.

This gives us two important opportunities: first, by
“arbitrarily” setting the generation time, we respectively
adjust the mutation rate constant; second, by using a
known timespan to a common ancestor, we can
“calibrate” the mutation rate constant.

Of course, we can restrict ourselves with using genera-
tions only, however, historical events are normally de-
scribed in years, not in generations passed since then.
Indeed, the basic quantity in DNA genealogy is genera-
tion, and the basic quantity in history is year, century,
and millennium.  In order to make the two disciplines
compatible, we have to firmly set – for the sake of that
compatibility – a number of years per generation.  In this
study 25 years per generation was employed

Since this issue is a very important for presentations of
results in DNA genealogy and their interpretation, I will
reiterate it in different terms, and give specific examples.
Again, many argue that a generation often is longer than
25 years, and point at 33-35 years.  However, it is

irrelevant in the presented context.  What actually mat-
ters in the calculations is the product (n·k), that is a
number of generations by the mutation rate.  If the
mutation rate is, say, 0.0020 mutations per 25 years (a
generation), then it is 0.0028 per 35 years (a generation),
or 0.0080 per 100 years (a “generation”).  The final
results in years will be the same.  A different amount of
years per generation would just require a recalculation
of the mutation rate constant for calibrated data.  The
“years in a generation” is a non-issue in this context, if
the mutation rates are calibrated as will be shown later
in this article.

- Particular haplotypes are often common in cer-
tain territories.  In ancient times, people commonly
migrated by tribes.  A tribe was a group of people
typically related to each other.  Their males shared the
same or similar haplotypes.  Sometimes a tribe popula-
tion was reduced to a few, or even to just one individual,
passing though a so-called population bottleneck.  If the
tribe survived, the remaining individual or group of
individuals having certain mutations in their haplotypes
passed their mutations to the offspring.  Many members
left the tribe voluntarily or by force as prisoners, escap-
ees, through journeys, or military expeditions.   Survi-
vors continued and perhaps initiated a new tribe in a
new territory or group.  As a result, a world DNA
genealogy map is rather spotty, with each spot demon-
strating its own prevailing haplotype, sometimes a mu-
tated haplotype, which deviated from the initial, base,
ancestral haplotype.  The most frequently occurring
haplotype in a territory is called a modal haplotype.  It
often, but not necessarily, represents the founder’s an-
cestral haplotype.

- The Y-chromosome lineages of human males can
be assigned to a family of Y chromosomes based on their
SNP’s, which in turn lead to their haplogroups and
sub-haplogroups—so-called clades.  SNP mutations are
practically permanent.  Once they appear, they remain,
and they are passed on to all of the descendants of the
carrier.  Theoretically, some other mutations can happen
at the same spot, in the same nucleotide, changing the
first one.  However, such an event is very unlikely.
There are more than three million known chromosomal
SNP’s in the human genome (The International Hap-
Map Consortium, 2007), and DNA genealogists have
employed a few hundreds of them.

Examples include Haplogroups A and B (African, the
oldest ones), Haplogroups C (Asian, as well as a signifi-
cant part of Native Americans, descendants of Asians),
Haplogroups J (Middle Eastern) with J1 (mainly Semit-
ic, including both Jews and Arabs), and J2
(predominantly Mediterranean, including also many
Turks, Armenians, Jews).  Others include Haplogroup N
(represented in many Siberian peoples and Chinese, as
well as in many Northern Europeans) and Haplogroup
R1b and its subgroups (observed primarily, but not
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exclusively, in Europe, Western Asia, and Northern
Africa).  Haplogroup R1a1 dominates in Eastern Europe
and Western Asia, with a minute percentage along the
Atlantic coast.  R1a1 represents close to 50% (and
higher) of the population in Russia, Ukraine, Poland,
and the rest of Eastern Europe, and 16% of the popula-
tion in India.  Haplogroup R1a1 also occurs in some
areas in Central Asia particularly in Kirgyzstan and
Tadzhikistan.

In other words, each male has a SNP from a certain set,
which assigns his patrilineal lineage to a certain ancient
family.

It is unnecessary to have hundreds or thousands
of different haplotypes in order to determine an ances-
tral (base) haplotype for a large population and calculate
a time span from its common ancestor to the present
time.  Alleles in haplotypes do not have random values.
Rather, they are typically restricted in rather narrow
ranges.  Then, after thousands of years descendants of
common ancestors for whole populations of the same
haplogroup have typically migrated far and wide.  In
Europe, for example, one can hardly find an enclave in
which people have stayed put in isolation for thousands
of years.  Last but not least, wherever bearers of haplo-
types are hiding, their mutations are “ticking” with the
same frequency as the mutations of anyone else.

For example, an ancestral (base) haplotype of the
Basques of Haplogroup R1b1b2, deduced from only 17
of their 25-marker haplotypes (see below) follows (in the
FTDNA order):

13-24-14-11-11-14-12-12-12-13-13-29-17-9-10-11-11-
25-14-18-29-15-15-17-17

This base haplotype is very close to a deduced haplotype
(Klyosov, 2008a) of a common ancestor of 184 individ-
uals, who belong to Haplogroup R1b1b2, subclade
U152:

13-24-14-11-11-14-12-12-12-13-13-29-17-9-10-11-11-
25- -29-15-15-17-17

Two alleles (in bold) differ between the two base haplo-
types and have average values of 14.53 and 18.35 in the
Basques, while in subclade U152 the average values are
14.86 and 18.91, respectively.  Adding the two differ-
ences we get 0.89 mutations total between the 25-mark-
er haplotypes.  This amount of difference between two
founding haplotypes would suggest only approximately
ten generations between them, using a method to be
presented shortly.  However, a margin of error will be
significantly higher when, e.g., 425 alleles are considered
(17 of 25-marker haplotypes) compared to 14,250 al-
leles (750 of 19-marker haplotypes), as in the following
example.

The 750 Iberian R1b1 19-marker haplotypes as pub-
lished in (Adams et al, 2008) apparently all descended
from the following base (ancestral) haplotype, shown
here in the same format as the above:

13-24-14-11-11-14-X-12-12-13-13-29

The base haplotype on the first 12 markers is exactly the
same, plus the only marker, DYS437, from the second
FTDNA panel, determined in the 19-marker haplotype
series, is also “15” in the base Iberian haplotype in both
25- and 19-marker formats.  As it will be shown below,
an average  number of mutations in these two series of
Basque haplotypes, seventeen 25- and seven hundred
fifty 19-markers ones, is also practically the same: 100
mutations in the first series and 2796 mutations in the
second series give, respectively, 0.257 and 0.262 after
normalizing for their average mutation rates (see

).  However, the margin of error is much lower in the
second case.  It will be considered in detail below.

This kind of a comparison would, however, be mislead-
ing when comparing haplotypes of two individuals on or
near the modal values of a haplogroup (Nordtvedt,
2008).  As it was stated above (section Fifth), mutations
are ruled by statistics and can best be analyzed statisti-
cally, using a number of haplotypes, not just two, as it
was demonstrated above using 17 Basque, 184 subclade
U152, and 750 Basque haplotypes from three different
series.

To further illustrate the example, consider 12,090 of
25-marker R1b haplotypes (including subclades) from
the YSearch database.  When combined, they have the
following modal (base) haplotype:

13-24-14-11-11-14-12-12-12-13-13-29-17-9-10-11-11-
25-15-19-29-15-15-17-17

This is exactly the same base haplotype as shown above
for R1b1b2-U152, and practically the same for that for
the Basques of Haplogroup R1b1b2.  Furthermore, as it
is shown below, common ancestors of the 17 Basques,
750 Basques, 184 bearers of U152 subclade, and 12,090
bearers of R1b haplogroup lived in about the same time
period, within less than a thousand years.

The power of DNA genealogy is not in large numbers,
though they are always welcomed and greatly reduce the
standard deviation of the TSCA, but in randomness of
haplotype selections.  Again, that power can be signifi-
cantly reduced when small haplotype series (with less
than 250 alleles collectively, see above) are employed.

Unlike languages, religion, cultural traditions,
anthropological features, which are often assimilated
over centuries and millennia by other languages, cul-
tures, or peoples, haplotypes and haplogroups cannot be
assimilated.  They can be physically exterminated,
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though, and haplotype trees very often point at extinct
lineages.  This non-assimilation makes haplogroups and
haplotypes practically priceless for archaeologists, lin-
guists, and historians, as well as geneticists.  They not
only stubbornly transcend other assimilations across
millennia, but also provide means for calculations of
when, and sometimes where, their common ancestors
lived.

We will discuss several methods for calculating time
spans to common ancestors (TSCA) for a given series of
haplotypes.  The underlying principles of the methods
are well established, and all are based on a degree of
microsatellite variability.  We will consider two main
classes of methods, (1) counting of mutations or
“genetic distances” and conducting a statistical evalua-
tion, and (2) using the fraction of a series of haplotypes
that still match the haplotype of the common ancestor
(CA)--those that have no mutations.

In principle, any of the methods may be used, and–
theoretically–they should yield approximately the same
result.  In reality, they do not, and results vary greatly,
often by factors of two or more, when used by different
researchers, even when practically the same populations
are under study.

The main reasons of such a discrepancy are typically as
follows: (a) different mutation rates employed by re-
searchers, (b) lack of calibration of mutation rates using
known genealogies or known historical events, or when
a time depth for known genealogies was insufficient to
get all principal loci involved, (c) mixed series of haplo-
types, which are often derived from different clades, and
in different proportions between those series, which
directly affect a number of mutations in the series, (d)
lack of corrections for reverse mutations (ASD-based
calculations [see below] do not need such a correction),
(e) lack of corrections for asymmetry of mutations in the
given series of haplotypes – in some cases.  All these
issues are addressed in this study.

In the present study we will make use of both of the
main classes of methods for calculating the TMRCA for
a series of haplotypes.  We will use both approaches and
then demand reasonable agreement between them.  We
will discuss first the “no-mutations” approach, and then
follow with a discussion of the mutation-counting
approaches.

At this point we will simply refer to  for the
mutation rates for different haplotypes.  The average
rate per marker is provided, along with the rate for the
whole haplotype.  Later in this article, we will explain
the origin of these rates.  It should be noted that the

reader is free to use a different rate--the method may still
be applied.

We first consider the approach to calculating the “age”
of a common ancestor that is based not on counting
mutations, but on base haplotypes remaining unmutated
in a series of haplotypes.  This method does not suffer
from “asymmetry” of mutations, or from multiple mu-
tations of the same marker, and does not consider which
mutations to include and which to neglect in a total
count of mutations, because it only considers unmutated
haplotypes.  Its principal limitation is that it requires an
appreciable number of base haplotypes in the series,
preferably more than ten.

Naturally, the longer the haplotypes (more markers) in
the series, the less of the base haplotypes the series will
retain.  However, for large haplotype series this not a
concern.  For example, the 19-marker haplotypes in the
750-haplotype Iberian R1b1 series contains 16 base
haplotypes, identical to that shown above.  A series of
857 English 12-marker haplotypes contains 79 base
haplotypes (Adamov and Klyosov, 2009b).  While a
series of 325 of Scandinavian I1 25-marker haplotypes
contained only two base haplotypes, the same series of
12-marker haplotypes contained as many as 26 base
haplotypes.

Probabilities of mutations, or mutation rates in haplo-
types can be considered from quite different angles, or
starting from different paradigms.  One of them assumes
that a discrete probability distribution of mutations in a
locus (or an average number of mutations in a multi-loci
haplotype), that is a probability of a number of indepen-
dent mutations occurring with a known average rate and
in a given period of time, is described by the Poisson
distribution

where:

P(m) =  probability of appearance of “m” mutations in
a marker (or haplotype),

m = a number of mutations in a marker (or haplotype),

k = average number of mutations per marker (or haplo-
type) per generation (or year),

t = time in generations (or years).

As an example, for k = 0.00088 mutations per 12-mark-
er haplotype per year, a 100-haplotype series will con-
tain on average 80 base (unchanged, identical)
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Haplotypes in the FTDNA Order Average mutation
rate per generation

Notes

Per Haplo-
type

Per
Marker

393-390-X-391-X-X-X-X-X-3891-X-3892 0.0108 0.00216 5-marker haplotype, e.g., in Cordaux et al. (2004)
393-X-19-X-X-X-X-388-X-3891-X-3892 0.0068 0.00135 5-marker haplotype, e.g., in Bittles et al, (2007)
393-390-19-391-X-X-X-388-X-X-392-X 0.0088 0.00147 6-marker haplotypes in the “old scientific” format:

19-388-390-391-392-393
393-390-19-391-X-X-X-X-X-3891-X-3892 0.0123 0.00205 6-marker haplotype, e.g., in Thanseem et al.

(2006)
393-390-19-391-X-X-X-X-X-3891-392-3892 0.013 0.00186 7-marker haplotypes, with missing markers 385a,

385b, 426, 388, 439
393-390-19-391-X-X-X-388-X-3891-392-3892 0.013 0.00163 8-marker haplotypes, with missing markers 385a,

385b, 426, 439

393-390-19-391-385a-385b-X-X-X-3891-X-3892 0.0168 0.0021 8-marker haplotype, with missing markers 426,
439, 388, 392, e.g. in Contu et al. (2008)

393-390-19-391-385a-385b-X-Y-Z-3891-392-3892 0.017 0.00189 9-marker haplotypes, with missing markers 426,
388, 439

393-390-19-391-X-Y-Z-388-439-3891-392-3892 0.018 0.002 9-marker haplotypes, with missing markers 385a,
385b, 426

393-390-19-391-385a-385b-X-388-Y-3891-392-3892 0.018 0.0018 10-marker haplotypes, with missing markers 426, 439
393-390-19-391-385a-385b-X-Y-439-3891-392-3892 0.022 0.0022 10-marker haplotypes, with missing markers 426, 388
393-390-19-391-X-Y-426-388-439-3891-392-3892 0.018 0.0018 10-marker haplotypes, with missing markers 385a, 385b

3891-392-3892-(…)- 461 0.018 0.0018 10-marker haplotype, e.g. in Sengupta et al. (2006)

413b-460-461-GATAA10-YCAIIa-YCAIIb
0.020 0.00182 11-marker haplotype, e.g. in Cruciani et al. (2007)

3891-392-3892-
(…)- 437-438

0.019 0.00176 11-marker haplotype, e.g. in Zalloua et al. (2008)

393-390-19-391-385a-385b-426-388-439-3891-392-3892 0.022 0.00183 12-marker haplotype in the FTDNA order
393-390-19-391-385a-385b-X-Y-439-3891-392-
3892-437-438

0.024 0.00197 12-marker haplotype, e.g. in Mertens (2007)

393-390-19-391-X-X-X-388-439-3891-392-3892-
(…)-YCAIIa-YCAIIb-460

0.024 0.00203 12-marker haplotype, e.g. in Fornarino et al.
(2009)

393-390-19-391-X-X-X-388-439-3891-392-3892-
(…)-YCAIIa-YCAIIb-461

0.021 0.00178 12- marker haplotype, e.g. in Chiaroni et al. (2009)

393-390-19-391-385a-385b-X-X-439-3891-392-
3892-458-(…)-437-448-GATAH4-456-438-635

0.034 0.002 17-marker haplotype (Yfiler, FBI/National Stan-
dards) in Mulero et al. (2006)

3891-392-3892-
(...)-434-435-436-437-438-460-451-462

0.024 0.00141 17- marker haplotype, e.g. in King et al. (2007)

393-390-19-391-426-388-439-3891-392-3892-458-
455-454- 447-437-448-438

0.032 0.00188 17- marker haplotype, e.g. in Hammer et al. (2009)

393-390-19-391-385a-385b-X-388-439-3891-392-
3892-(…)-434-435-436-437-438-460-461-462

0.0285 0.0015 19-marker haplotype, e.g. in Adams et al. (2008)

393-390-19-391-385a-385b-388-439-3891-392-3892-458-
(…)-437-448-GATAH4-YCAIIa-YCAIIb-456-438-635

0.050 0.0025 20-marker haplotype, e.g. in Tofanelli et al. (2009)

393-390-19-391-385a-385b-426-388-439-3891-392-
3892-458- 459a-459b-455-454- 447-437-448-449-438

0.047 0.00214 22- marker haplotype, e.g. in Hammer et al. (2009)

393-390-19-391-385a-385b-426-388-439-3891-
392-3892-458-459a-459b-455-454-447-437-448-
449-464a-464b-464c-464d

0.046 0.00184 25-marker haplotype in the FTDNA order

Standard 37-marker haplotype 0.090 0.00243 37-marker haplotype in the FTDNA order
Standard 67-marker haplotype 0.145 0.00216 67-marker haplotype in the FTDNA order
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haplotypes (m=0) after 250 years, since kt = 0.22 and
e-0.22 = 0.8.  One could also use an equivalent mutation
rate of .022 mutations per 12-marker haplotype per
generation, and an equivalent number of 10 generations
(both quantities assuming 25 years per generation), and
kt remains 0.22.

Another approach employs the binomial theorem, ac-
cording to which a fraction of haplotypes with a certain
number of mutations in a series equals

m
mt

q
mmt

ptmP
!)!(

!)(
)(

where:
m = a number of mutations,
q = probability of a mutation in the haplotype each year,
t = time in years (or generations),
p = 1-q

Similarly with the above example, for q = 0.00088
mutations per 12-marker haplotype per year, a 100-
haplotype series will contain 80 base (unchanged) hap-
lotypes (m=0) after 250 years, since 0.99912250 = 0.8.

The third approach, which I prefer to employ in this
work due to its simplicity and directness, is the
“logarithmic” approach.  It states that a transition of the
base haplotypes into mutated ones is described by the
first-order kinetics:

 B = Aekt,   (1)

that is,

 ln(B/A) = kt    (2)

where:

B = a total number of haplotypes in a set,
A = a number of unchanged (identical, not mutated)
base haplotypes in the set
k = an average mutation rate

For the example given above it shows that for a series of
100 12-marker haplotypes (the average mutation rate of
0.00088 mutations per haplotype per year),

 ln(100/80)/0.00088 = 250 years.

It is exactly the same number as those obtained by the
Poisson distribution and binomial theorem above.

Needless to say, all the above three approaches to the
unmutated haplotypes have the same mathematical ba-
sis, and, as it was said above, are simply presented from
three different points of view.

Note that the uncertainty in Equation (2) depends upon
the uncertainty in B (the number of unmutated haplo-
types), but after propagation of the uncertainty through
the logarithmic function, the uncertainty in the time is
much smaller.

Mutation-counting methods are all based on accumula-
tion of mutations in haplotypes over time, starting from
a base haplotype in a founder.  They can be subdivided
into three approaches:

(a) The “linear” method, in which a total number of
mutations in a set of haplotypes is counted, an average
number of mutations per marker is calculated, a correc-
tion for back mutations is introduced, either numerically
(see below) or using a handy table, such as  (see

), and a time span to a common ancestor is
calculated, either using the same , or applying
the respective mutation rate, taken from .  In
other words, it is described by the following equation

where n is a number of mutations in all N haplotypes in

rate per haplotype ( ), and t is the time back to the
common ancestor (in generations or years), which can
be corrected for back mutations ( ) .

(b) The “quadratic” method (ASD, see below), after a
base haplotype is identified in the haplotype set.

(c) The “permutation” method, in which a base haplo-
type is not directly considered (see below).

All the three approaches are based on the same princi-
ples, that is, taking a cumulative mutation distance (or a
square of it) between each allele in each haplotype and
the “base” (presumably ancestral) allele, or between
each allele in the haplotype set (permutation method),
and requires separation of a haplotype set into
“branches," or separate genealogical lineages, each with
its own nearest common ancestor.

Following the introduction of these methods, along with
dissection of haplotype trees into branches, or lineages,
and their separate analysis,  below is provided
that will make it possible to avoid most of the math that
is involved to make corrections for reverse mutations.

Either of the two methods – the logarithmic and the
mutation-counting methods for calculating a time to the
common ancestor may be used, but with one condition:
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they both should give approximately the same result.
This is important, since both of them are based on quite
different methodology.  If the two methods yield signifi-
cantly different results, for example, different by a factor
of 1.5, 2 or more, then the haplotype series probably
represents a mixed population, that is haplotypes of
different clades, clusters, lineages.  Or it might indicate
some other details of the genealogy or population dy-
namics, which is inconsistent with one lineage, and will
result in a “phantom common ancestor.” In this case it
will be necessary to divide the group appropriately into
two or more subgroups and to treat them separately.
Constructing a haplotype tree is proven to be very
effective in identifying separate lineages, as will be intro-
duced below and shown in more detail in the second
part of this two-part series of articles (Klyosov, 2009).

At this point we will simply refer to  for the
mutation rates for different haplotypes.  In this table, for
each haplotype, the average rate per marker is provided,
along with the rate for the whole haplotype.  Later in
this article, we will explain the origin of these rates.  It
should be noted that the reader is free to use a different
rate--the method may still be applied.

An important part of the method is to assess a haplo-
type set with both the logarithmic and linear methods
to make sure they give consistent results, which would
mean that the collection of haplotypes was an appro-
priate one for analysis as a cluster (descended from a
common ancestor).  We present here two brief example
to illustrate this important principle.

Let us consider two sets with 10 haplotypes in each:

Set 1                                                   Set 2
14-16-24-10-11-12      14-16-24-10-11-12
14-16-24-10-11-12      14-16-24-10-11-12
14-16-24-10-11-12      14-16-24-10-11-12
14-16-24-10-11-12      14-16-24-10-11-12
14-16-24-10-11-12      14-16-24-10-11-12
14-16-24-10-11-12      14-16-24-10-11-12
14-17-24-10-11-12      14-16-25-09-11-13
15-16-24-10-11-12      14-16-25-10-12-13
14-15-24-10-11-12      14-17-23-10-10-13
15-17-24-10-11-12      16-16-24-10-11-12

The first six haplotypes in each set are base (ancestral)
haplotypes.  They are identical to each other and are
presumed to represent the unmutated base haplotypes.
The other four are mutated base haplotypes or possibly
represent admixtures from descendant haplotypes of a
different common ancestor.  A number of mutations in
the two sets with respect to the base haplotypes are 5

and 12, respectively.  If to operate only with observed
mutations (the linear approach), the apparent number of
generations to a common ancestor in the two sets is,
according to Equation (3), equal to 5/10/0.0088 = 57
generations and 12/10/0.0088 = 136 generations, re-
spectively (without a correction for back mutations),
which represents a large difference.  However, in both
cases a ratio of base haplotypes in the logarithmic ap-
proach gives us a number of generations equal to
ln(10/6)/0.0088 = 58 generations.  Hence, only the first
set of haplotypes gave closely matching numbers of
generations (57 and 58) and represents a “clean” set,
having formally one common ancestor.  The second set
is “distorted," or “mixed," as it certainly includes de-
scendant haplotypes from apparently more than one
common ancestor.  Hence, this set cannot be used for
calculations of a number of generations to a common
ancestor.

As a second example  shows a haplotype tree of
the Clan Donald 25-marker haplotypes.  There are 84
haplotypes in the series, and 21 of them are identical to
each other and presumably the common ancestor.   We
find from  that the mutation rate for 25-marker
haplotypes is .046, hence, ln(84/21)/0.046 = 30 genera-
tions to a common ancestor.  All those 84 haplotypes
contain 109 mutations, so the linear method gives
109/84/0.046 = 28 generations to a common ancestor.
Since these results match closely, this haplotype series is
appropriate for analysis as a single cluster.

In this initial check on a set of haplotypes, it does not
matter which mutation rate is employed, as long as the
same rate is used for both parts of the check.

Hence, concerning the Donald haplotypes, the above
calculations give three pieces of evidence: (1) the consis-
tency of the calculations, (2) a proof of a single common
ancestor in the series of 84 haplotypes, (3) approximate-
ly 29 ± 4 generations to a common ancestor, using the
mutation rate of 0.046 mutations per 25-marker haplo-
type per generation.  This example will be considered in
more detail below.  However, it should be noticed here
that the uncertainty in the value 29±4 generations is
based on a standard deviation of 5.8% for the average
number of mutations per marker, and 5% for the stan-
dard deviation for the mutation rate, which when com-
bined by the square root of the sum of the squares of the
two standard deviations, we get 7.6% for the overall
standard deviation, or a result of 29 ± 4.  The theory
behind it is considered below.

Lately, four more mutated haplotypes were added to the
Donald Clan series.  21 base haplotypes stay the same,
and all 88 haplotypes contain 123 mutations.  This gives
ln(88/21)/0.046 = 31 generations, and 123/88/0.046 =
30 generations to a common ancestor.  It still holds the
preceding value of 29 ± 2 generations to a common
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ancestor without considering the “experimental” stan-
dard deviation, and 30 ± 4 generations with that consid-
eration.  In the last case, with the inclusion of four
additional haplotypes, the two standard deviations de-
scribed above became 9.0% and 13.5%, respectively.  It
will be explained below.

The application of the proposed method is to clusters of
haplotypes that all descend from a common ancestor.
However, in any such cluster, if the father-son mutation
rates are used, the TMRCA will tend to be underestimat-
ed.  What is needed are “effective rates” that will pro-

vide the correct TMRCA, and these are generally smaller
than the father-son rates.  If we calibrate the 12-marker
and 25-marker panels to the corresponding Clan Donald
haplotypes, we get effective rates very close to 0.0216
for the 12-marker panel and .045 for the 25-marker
panel.  When the 17-marker, 37-marker, and 67-marker
panels are calibrated to the Clan Donald dataset, values
of .034, .090, and .145 are obtained.  These rates are
reported directly in .  For the different kinds of
haplotypes that have been used in research studies,
representing many different combinations of the com-
mon markers, the relative rates of Chandler (2006) were
used along with a convenient overall panel rate to arrive,
first, at estimates of the needed individual marker rates,
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and finally, at the overall haplotype mutation rate as a
sum of individual rates (along with the average marker
rates for the haplotype).   A 25-year generation time was
assumed in these calculations.

Consider for a moment that we had assumed a different
number of years per generation when calibrating the
mutation rates to the Clan Donald data.  For example,
if there were actually 33.3 years per generation, then the
mutation rates obtained would have been higher by a
factor of 4/3 and then using this rate with any TMRCA
calculation would give a TSCA result lower by that
factor.  Therefore, a lower number of generations would
be obtained in , which when multiplied by 33.3
years per generation, would provide exactly the same
time in years that was obtained by the 25 years per
generation assumption.  So, there is no loss of generality
in using the 25-year generation assumption as we have
here.

The cluster examples we present in Part 1 (this article)
and in Part 2 will use the effective mutation rates we
have determined here and in previous studies, which
have been quite successful, but any user is free to substi-
tute a different mutation rate and still carry out our
method.  In fact, our approach always involves a scaling
to a different mutation rate (from that assumed in con-
structing ), and this different mutation rate can
be one of those we suggest in  or one of the user’s
own choosing.

 provides a computation aid for determining the
TMRCA.  For a given number of mutations per marker
per haplotype in the left-most column, the table provides
the number of generations to the common ancestor.  A
column of values that includes correction for back mu-
tations is also provided.  The table is normalized to a
mutation rate of 0.0020 mutations per generation per
marker so that only one such table will be needed.  If a
mutation rate different from 0.0020 is desired, due to
the kind of haplotype or the user’s own preferences, the
number of generations (or time) obtained from
should simply be multiplied by the ratio 0.0020 / (the
appropriate average rate per marker).

Our approach consists of rather simple steps that will
simplify a calculation of a timespan to a common ances-
tor for a given series of haplotypes.  Here are suggested
steps to follow:

 The
cluster began with the ancestral haplotype, which served
as a base for subsequent branching via mutations.  These
branchings have led to a series of haplotypes under

consideration.  In order to make sure that the series is
derived from a single “common ancestor," we can em-
ploy a few criteria.

The first criterion is to analyze a haplotype tree.  In case
of one common ancestor, the tree will ascend to one
“root” at the trunk of the tree.  If two or more separate
roots are present, each with separate branches, the con-
struction would point to separate “common ancestors."
All of them, if within one haplogroup, have their
“common ancestor."  This may occur within several
haplogroups as well.  However, a given haplotype series
should be treated separately, with one common ancestor
at a time.  Otherwise some “phantom common ances-
tor” will be numerically created, typically as a superpo-
sition of several of them.

A “base” haplotype can be equivalent to the ancestral
one, or it can be its approximation, particularly when it
is not present in multiple copies in the series of haplo-
types under consideration.  Hence, two different terms,
“ancestral haplotype” and “base haplotype” can be
utilized.  The simplest and the most reliable way to
identify an ancestral (base) haplotype is to find the most
frequently repeated copy in a given series of haplotypes.

The integrity of the series of haplotypes should be veri-
fied by using the “linear” and “logarithmic” models as
discussed above.  According to the linear model:

 n/N/µ = t                   (repeating Equation 3)

where n is a number of mutations in all N haplotypes in
the given series of haplotype, µ is an average mutation
rate per haplotype per generation (Table 1), and t is a
number of generations to a common ancestor.  Unlike
the “linear” model, the “logarithmic” one, as it was
described above, considers the number of base haplo-
types in the given series, and does not count mutations.
It employs Equation (2):

 ln(N/m)/µ = tln           (repeating Equation 2)

where m is the number of base (identical) haplotypes in
the given series of N haplotypes, tln is a number of
generations to a common ancestor.  If t = tln (within a
reasonable range, for example, within 10%), then the
series of haplotypes is derived from the same common
ancestor.  If t and tln are significantly different (for
example, by 50% or greater), the haplotype series is
certainly heterogeneous.  can be applied only
after any necessary separation of haplotypes into appro-
priate groups, each deriving from its own common
ancestor.  For that separation, the respective haplotype
tree can be used (Klyosov, 2008a, 2008b, 2008c; Adam-
ov & Klyosov, 2008a).

In other words, for a “homogeneous” series of haplo-
types that are derived from a single common ancestor, a
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number of mutations should be compatible with a num-
ber of base haplotypes remaining in the same series.

This number
should be counted with respect to the base (ancestral)
haplotype identified in the preceding step.  All mutations
should be counted, considering them as independent
ones.  This is justified below.

, as described in the preceding step.  For example, if
in 20 haplotypes, each with seven markers, there are 65
mutations, then the average number of mutations equals
to 65/20/7 = 0.464±0.057 mutations per marker per
haplotype, accumulated during a timespan from a com-
mon ancestor.  This value is obtained with the assump-
tion of a full symmetry of the mutations (see below).

Find the average per marker mutation rate for your
haplotypes in , or supply an average marker rate
of your own choosing.  Calculate the following ratio:

We can use this ratio to scale values obtained in Table A
from one average marker mutation rate to another,
allowing just one version of Table A to be compiled,
rather than 28 different tables, one for each rate.

Then note the corresponding number of generations
in column 3 of Table A.  This column contains a correc-
tion for back mutations (the second column does not).

  This step will
scale your result to the proper mutation rate for your
haplotypes.

For example, consider the series of 20 seven-marker
haplotypes discussed above.  In this series we calculate
an average number of accumulated mutations of
0.464±0.057 mutations per marker (Step 3 above).  We
then determine the Ratio from Step 4.  We first find the
average marker mutation rate for the seven-marker
haplotype in  and it is 0.00186.  Then the Ratio
= .002/.00186 = 1.075.  Next we look down column 1
of  until we find the row for 0.464, then look
across to column 3 and find the TMRCA (column 3 is
corrected for back mutations) in generations as 300 (or
the time as 7500 years).  Finally, the TMRCA is scaled

by the Ratio from Step 4, resulting in TMRCA = 1.075
x300 = 322.5 generations or 8060 years.

We can apply these factors to the uncertainties as well.
We have a basic quantity, .464 ±0.057, so we can add
and subtract the 0.057 value from .464 and follow those
two values through the same procedure, we get 376 and
274, or 322 ± 53 generations or 8060 ± 1,325 years to a
common ancestor.  The timespan in years is calculated
by assigning 25 years to a generation, as explained
above.

This process can be illustrated using the above Basques
and Iberian series of haplotypes.  In all 44 of the 12-
marker Basques haplotypes there are 122 mutations
from the base haplotype

13-24-14-11-11-14-12-12-12-13-13-29

Any other haplotype mistakenly assumed as the ances-
tral one (“base”) would give more mutations in the
haplotype series.  Hence, a “base” haplotype is defined
as that which produces a minimal number of mutations
in the haplotype series.  A search for the base haplotype
can be called a minimization of mutations in the given
haplotype series.  The average number of mutations per
marker in this Basques haplotype series is 0.231.  In fact,
it is 0.231±0.021, however, the calculation of error is
explained in the following section.

There are at least three ways for conversion of this
number to the number of generations or years:

(a) Using the mutation rate (0.00183 in this particular
case, ), followed by correction for back
mutation employing .  This gives
0.231/0.00183 = 126 generations, that is (see

, third column) 145 generations, corrected for
back mutations, or 3625 ybp.  In fact, it is 3625 ±
490 ybp (see below).

(b) Using the ratio of 0.00183 to the standard reference
value of 0.002 for the average mutation rate, based
on which the first column of  was created.
Practically, in this particular case 0.231x2/1.83 =
0.252 mutations per marker, which is a normalized
value for  (the first column).  0.252 in

 gives 126 generations without a correction for
back mutations (the second column), or 145 genera-
tions with the correction (the third column), or 3625
ybp (the last column).  It is the same result as that in
(a).

(c) Using a numerical method, explained in the sixth
step below, employing Equation (4), which includes
asymmetry of mutations in the haplotype series, or
its simplified form, Equation (6), which in this par-
ticular case gives us 0.261, which is  the actual (not
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observed, as 0.231) average number of mutations
per marker in this particular haplotype series (44 of
12-marker haplotypes).  “Actual” in this context
means corrected for back mutations.  Therefore,
0.261/0.00183 = 143 generations to a common
ancestor, or 3575 ybp.  In fact, it is 3575±480 ybp,
or well within the margin of error with the above
values.

Essentially the same values are obtained with the other
two haplotype series for the Basques and the Iberian
R1b1, as described below.

For the sake of consistency of the explanation, we will
continue with considerations of other aspects of the
calculations.

If only the linear model is employed, without a consid-
eration for reverse mutations, then 65 mutations in 20
of 7-marker haplotypes would lead one to an erroneous
conclusion.  The erred “result” would show only
65/20/0.013 = 250±40 generations (6,250±995 years) to
a common ancestor, versus the more correct 331±53
generations (8,275±1,320 years) to a common ancestor.
Formally, these two results are overlapping within their
margins of error, however, the lower one is still incor-
rect.

The same  considers contributions of reverse
mutations into results of the logarithmic model in which
reverse mutations are not included.  For example, if the
logarithmic model results in 250 generations to a com-
mon ancestor,  shows that it corresponds to 331
generations, corrected for reverse mutations.

In this study, haplotype trees were constructed using
PHYLIP, the Phylogeny Inference Package program
(Felsenstein, 2005).  A “comb” around the wheel, a
“trunk," in haplotype trees identifies base haplotypes,
identical to each other and carrying no mutations com-
pared to their ancestral haplotypes (see Fig. 2 below).
The farther the haplotypes lies from the wheel, the more
mutations they carry compared to the base haplotype
and the older the respective branch.

For more sophisticated researchers, three more steps in
haplogroup analysis are suggested below.

. A degree of asymmetry,
when significant, affects a calculated time span to a
common ancestor at the same number of mutations in
the haplotype series. Generally, the more asymmetrical
is the haplotype series (that is, mutations are predomi-
nantly one-sided, either “up” or “down” from the base
haplotype), the more overestimated is the TSCA. Specif-
ic examples are considered in the subsequent section.

The degree of asymmetry is calculated as a number of +1
or -1 mutations (whichever is higher) from the base
haplotype divided by a combined number of +1 and -1
mutations. For a symmetrical haplotype series the degree
of asymmetry is equal to 0.5, as in the East European
Slav R1a1 12- and 25-marker marker haplotypes (see
Part II).  For a moderately asymmetrical series the degree
of asymmetry is equal to about 0.65, as in the R1b1b2
Basque 12-marker haplotype series, though for the 19-
marker extended haplotype series of 750 haplotypes it is
equal to 0.56 (see below). For a significantly asymmetri-
cal series it is equal to 0.86, as in the N1c1 Yakut
haplotype series (Adamov and Klyosov, 2008b), or to
0.87, as with the English I1 extended haplotype series
(see below), and in extreme cases approaches to 1.0.

The degree of asymmetry (A) is useful for a correction of
an average number of mutations per marker ( ), which
in turn is used for calculations of a TSCA for the given
population (given series of haplotypes), using the follow-
ing three formulae (Adamov and Klyosov, 2009a):

where:
obs = observed average number of mutations per marker,

= average number of mutations per marker corrected
for reverse mutations,

 = degree of asymmetry ( = 0.5 for complete symmetry,  =
1.0 for complete asymmetry)

A = normalized degree of asymmetry (A = 0 for complete
symmetry, A = 1.0 for complete asymmetry)

For a completely asymetrical series of haplotypes,  = 1,
A = 1, A1 = 0.

For a completely symmetrical series of haplotypes,  = 0.5,
A = 0, A1 = 1.

Equations (4) - (6) can be used for calculations of aver-
age number of mutations per marker corrected for back
mutations and for an asymmetrical haplotype series

(4)

(6)
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using Equations (4) and (5), and for symmetrical series
using Equation (6).

For a case of fully asymmetrical haplotype series (with
respect to mutations) a “linear” and a “quadratic”
(ASD) calculation procedures give the same time span to
a common ancestor.

A degree of asymmetry of haplotype series also affects a
standard deviation for a calculated TSCA, as discussed
in the following paragraph.

.  The following formu-
la may be employed (Adamov and Klyosov, 2008):

Where,

= obs

 = a number of markers in the haplotype series under
consideration,

A = was defined above as a normalized degree of asym-
metry.

Specific examples of calculated standard deviations are
given in the subsequent section.

Equation (7) does not include a standard deviation for
the average mutation rate in haplotypes, but this will be
added separately.  As an example of the use of Equation
(7), consider ten 25-marker haplotypes (  = 250) and

obs = 0.276 (4,000 years to a common ancestor), and for
a symmetrical series of haplotypes, a standard deviation
equals 14% (13.7%, to be exact).  For 100 haplotypes
of the same kind a standard deviation will be 4% (4.3%,
to be exact).  For the set of 750 Iberian 19-marker
haplotypes the SD equals 2.0%.   Again, these standard
deviations do not include standard deviations for muta-
tions rates.  This is a subject for the subsequent para-
graph.

: Calculate the overall standard deviation for the
obtained time span to the common ancestor (TSCA),
including the uncertainty in the mutation rate.  General-
ly, margins of errors for average mutation rates are more
guesswork than science, at least in reality.  They proba-
bly vary between 5% and 15-20%.  For the most of
mutation rates employed in this work I estimated the
standard deviation as 5%, so that the 95% confidence
interval ("two sigma") was ±10%.  This estimate looks
very reasonable and is verified by many practical exam-
ples in this (Part I) and the subsequent Part II of the

article.  This margin of error means that at 3-5 thousand
years to a common ancestor it cannot be lower than
plus-minus 300-500 years, even for haplotype series of
thousands of haplotypes (see below and Part II).

The standard deviation (SD) for the time span to the
common ancestor is based on the standard deviations
for each of the two components, that is the SD for the
average number of mutations per marker (see above,
Item 7) and the SD for the average mutation rate for the
given series of haplotypes.  For example, for R1b1
Iberian haplotypes (see above) the SD for the TSCA
would be equal to the root-mean-square of the two
errors.  If we take the SD for the mutation rates in this
case (the 750 Iberian 19-marker haplotypes) to be ±5%
and the SD for the average mutations per marker to be
2%, then the overall SD equal to 5.4%.  In other words,
for such large series of haplotypes, the standard devia-
tion for a time span to a common ancestor is more
affected by the SD for the employed average mutation
rate than by the SD in the average number of mutations
per marker.  For a smaller series, both uncertainties
would contribute to the overall uncertainty.

The 95% confidence interval ("two sigma") for TSCA
for the same R1b1 Iberian haplotypes would be equal to
10.8%, or 3,625±390 years before present (see below).

Let us consider other examples, the first one is the
Basque R1b1b2 haplotype series in 12- and 25-marker
format,  the second one is the Iberian R1b1 19-marker
haplotypes, and the third one is the British Isles I1 12-
and 25-marker haplotype series. The Iberian and the
Isles haplotype series include hundreds of extended
haplotypes.

Basques, Haplogroup R1b1b2. 12- and 25-marker haplo-
types

The Basque DNA Project (Cervantes, 2008) lists 76
haplotypes which belong to Haplogroups E1b1a,
E3b1a, E3b1b2, G2, I, I1b, I2a, J1, J2, R1a and R1b1,
and their downstream haplogroups and subclades.  Of
this grouping of haplotypes, 44 haplotypes (or 58% of
total), belong to subclades R1b1 (one haplotype),
R1b1b2a (three haplotypes), and R1b1b2 (40 haplo-
types, or 91%).  The last one is often considered to be of
Western European origin, though it is more conjecture
than proven fact.  The origin of R1b1b2 will be the
subject of a forthcoming study (to be published).

Only 17 of those R1b1 Basque haplotypes were avail-
able in the 25-marker format (numbering is according to
the 44 12-marker haplotypes; the haplotypes are pre-
sented in the FTDNA order) in .  The respective
haplotype tree is given in .

(7)
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One can see from  that the tree stems from a
single mutation coming from a presumably common
ancestral haplotype for all 17 individuals in the haplo-
type set.  The base (ancestral) haplotype can be identi-
fied as follows:

13-24-14-11-11-14-12-12-12-13-13-29-17-9-10-11-11-
25-14-18-29-15-15-17-17

In fact, this is the haplotype 021 on the tree ( )
and in the list of haplotypes above. However, one base
haplotype is not enough to use the logarithmic ap-
proach.  A rule of thumb tells that there should be at
least 3-4 base haplotypes in a series in order to consider
the logarithmic method.

For the 12-marker haplotypes the Basque ancestral hap-
lotype is also identical to the so-called Atlantic Modal
Haplotype (Klyosov, 2008a, 2008b):

13-24-14-11-11-14-12-12-12-13-13-29

.  All 17 of 25-marker haplotypes
have 100 mutations from the above base haplotype
(DYS389-1 was subtracted from DYS389-2 and the
result used in place of DYS389-2), which gives 0.235
mutations per marker on average (the statistical treat-
ment of the data is given below).  Using

, one can calculate a time span to a common
ancestor of the Basques presented in the haplotype set,
which is equal to 147 generations, or 3,675 years.

Using the same approach for all 44 of 12-marker Basque
R1b1b2 haplotypes, one finds that all of them contain
122 mutations from the base haplotype

13-24-14-11-11-14-12-12-12-13-13-29

which corresponds to 0.231 mutations per marker on
average, resulting in 145 generations or 3,625 years to a
common ancestor.  It is practically equal to the findings
above of 3,675 years obtained from the 25-marker set of
haplotypes.  Note that it is only a statistical accident that
the two results are so close, as we will show below that
the uncertainties are much larger than this small differ-
ence.

However, these calculations are applicable only for
symmetrical mutations over the whole haplotype series,
which does not exactly apply in the considered case since
the mutations were asymmetrical: 65 of single mutations
were "up" and only 36 "down," all three double muta-
tions were up, and all five triple mutations were down.
The degree of asymmetry for 12-marker haplotypes
equals to 0.64, hence, A = 0.0784, A1 = 0.869, and an
average number of mutations per marker, corrected for

ID Basque 25-Marker Haplotypes (FTDNA order)
009 13 23 14 10 11 11 12 12 12 14 13 30 18 9 10 11 11 25 15 19 29 15 17 17 18

009 13 23 14 11 11 14 12 12 13 14 13 30 18 9 10 11 11 24 15 19 29 15 16 17 19

013  13 24 14 10 11 14 12 12 13 13 13 29 18 9 10 11 11 25 15 19 28 15 15 17 18
014  13 24 14 10 11 15 12 12 12 13 13 29 17 9 10 11 11 25 14 18 29 15 15 17 17
015  13 24 14 10 11 15 12 12 12 13 13 29 17 9 10 11 11 25 14 18 29 15 16 17 17
015   13 24 14 11 11 14 12 12 11 14 14  31 17  9   9   11 11 25 14 18 29 15 15 15 15
021 13 24 14 11 11 14 12 12 12 13 13 29 17 9 10 11 11 25 14 18 29 15 15 17 17
024 13 24 14 11 11 14 12 12 12 14 13 30 17 9 10 11 11 25 14 18 29 15 15 16 17
027 13 24 14 11 11 15 12 12 12 13 13 29 16 9 10 11 11 25 15 19 28 15 15 17 17
029  13 24 14 11 11 15 12 12 12 13 13 30 16 9 10 11 11 25 15 19 28 15 15 17 17
030  13 24 14 11 11 15 12 12 13 13 13 29 17 9 10 11 11 25 14 18 31 15 15 17 17
032 13 24 14 11 12 14 12 12 12 14 13 30 17 9 10 11 11 25 14 18 30 15 15 17 17
034 13 24 15 11 11 14 12 12 12 13 13 29 19 9 10 11 11 24 15 19 30 15 16 17 17
035 13 25 14 10 11 15 12 12 12 13 13 29 18 9 10 11 11 25 15 19 29 15 15 17 19
035 13 25 14 11 11 11 12 12 12 12 13 28 18 9 10 11 11 25 16 17 28 15 15 17 17
036 13 25 14 11 11 14 12 12 11 14 13 30 17 9 10 11 11 25 14 18 30 15 15 16 17
038 13 25 14 11 11 14 12 12 12 14 13 30 18 9 9   11 11 25 14 18 29 15 16 16 17
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reverse mutations, calculated by using Equation (4), is
equal to 0.257.

Thus, for the 12-marker haplotypes, the "linear" meth-
od gave us a result of obs = 0.231; the same method,
corrected for back mutations and assuming a symmetri-
cal pattern of mutations and using  gave us =
0.265; and corrected for back mutations and the asym-
metry of the mutations we got = 0.257; respectively.

For the two corrected values, this results in 145 and 140
generations, or 3625 and 3500 years to a common
ancestor.   Here, the degree of asymmetry of 0.64, that
is about two thirds of the mutations were “one-sided,"
resulted in a slightly decreased TSCA compared to the
value assuming symmetry.  The difference in this partic-
ular case was 5 generations, or 3.6% of the total.  The
TSCA is progressively overestimated without this cor-
rection for asymmetry, as the “age” of the common
ancestor increases.
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The standard deviation must also be corrected for the
asymmetry in the 12-marker haplotypes, calculated by
using Equation (7):

that is, 9.5%.  Assuming again an SD of 5% in the
mutation rate, we get the overall SD by root-mean-
square of 10.7%.  The 95% confidence interval would
then be ± 21% or ± 735 years.

Similar results are obtained for the 25-marker haplo-
types.

We can also illustrate the difference one will obtain if the
father-son mutation rates are blindly used instead of
effective rates.  The father-son rates of Kerchner (2008),
who also found that the 12-marker and 25-marker rates
were essentially the same, are .0025 and .0028 per
marker per generation.  Using these rates would result in
0.231/0.0025 = 92 generations and 0.235/0.0028 = 84
generations, for the 12- and 25-marker Basque series,
respectively, or 102 and 92 generations after correction
for back mutations.  For 25 years per generation this
would give 2550 - 2300 years to the Basque common
ancestor, which is an unbelievably recent time period.

We can also compare the obtained
timespan to a common ancestor using our methods, with
that provided by the average square distance (ASD)
method in its two principal variants– (a) employing a
base (ancestral) haplotype, and (b) without a base hap-
lotype, but employing permutations of all alleles
(Adamov & Klyosov, 2008b).  Both of the ASD methods
already correct for back mutations, but they are more
tedious otherwise, when used manually.  Besides, the
variant (a) is sensitive to asymmetry of mutations in the
series (Adamov & Klyosov, 2008b, 2009a), and partic-
ularly to even a small amount of extraneous haplotypes.
Both the ASD methods typically give a higher error
margin compared with the “linear” method, commonly
as a result of multiple (multi-step) mutations and acci-
dental admixtures of haplotypes from a different com-
mon ancestor (Adamov & Klyosov, 2009a).

 Since all
44 of 12-marker Basque haplotypes contain 101 single-
step mutations, three double mutations, and five triple
mutations, the sum of the squares of the differences from
the base haplotype (“actual” number of mutations esti-
mated to have occurred) in the 44-haplotype set is 101
+ 3x22 + 5x32 = 158.  The observed or apparent number
of mutations was 122 (see above), or 77% of the actual,
as the calculations showed.  Hence, an average number
of actual mutations per marker is 0.299±0.027

(compared to the observed 0.231±0.021, see above),
which (using our effective rates) corresponds to 163
generations or 4,075 years to a common ancestor.  It has
its own uncertainty, but it is still within the 3500 ± 735
ybp obtained with our methods.  It would be expected
that the ASD approach would be slightly higher due to
a higher sensitivity of the “quadratic” method to admix-
tures as well as to double and triple mutations (which
are counted as two or three successive single mutations)
in the haplotype series.  Note that if we had used the
father-son rates of Kerchner, we would have gotten 119
generations, and would again have an underestimate of
the number of generations.

:
We will illustrate this method using the 25-marker
haplotypes.  There are 17 alleles for each marker in the
haplotypes, and the method considers permutations
between each one of them, with squares of all the differ-
ences summed up for all the 25 markers.  For the 17
Basques haplotypes this value equals to 3728.  It should
be divided by 172 (all haplotypes squared), then by 25
(the number of markers in a haplotype) and by 2 (since
all permutations are doubled by virtue of the procedure).
This gives 0.258 as an average number of “actual”
mutations per marker, which corresponds to 141 gener-
ations to a common ancestor--quite close to the value
obtained with our method.

In order to further verify the approach, 750 of 19-
marker Iberian R1b1 haplotypes were considered.  The
haplotype tree, based on the published data (Adams et
al, 2008) is shown in , not to show the details,
but with a purpose to show that the tree is quite uni-
form, reasonably symmetrical, and does not contain
ancient, distinct branches.  All branches are of about the
same length.  This all indicates that the tree, with its
most or all of the 750 haplotypes, is derived from a
relatively recent common ancestor, who lived no more
than four or five thousand years ago.  It would be
impossible for the tree to be derived from a common
ancestor who lived some 10-15 thousand years ago,
much less 30 thousand years ago.  But, let us verify it.

First, the base haplotype for all the 750 entries, obtained
by a minimization of mutations, in the presented in the
same order as employed by the authors (Adams et al,
2008), DYS 19-388-3891-3892-390-391-392-393-434-
435-436-437-438-439-460-461-462-385a-385b, is as
follows:

14-12-13-16-24-11-13-13-11-11-12-15-12-12-11-12-11-11-14

In this format the Atlantic Modal Haplotype (AMH) is
as follows (Klyosov, 2008a):



202

14-12-13-16-24-11-13-13- X- X- Y- 15-12-12-11- X- X- 11-14

in which X replaces the alleles which are not part of the
37-marker FTDNA panel, and Y stands for DYS436
which is uncertain for the AMH.  The same haplotype is
the base one for the subclade R1b-M269 and R1b-U152
(Klyosov, 2008a).  Hence, the Iberian R1b1 haplotypes
are likely to have a rather recent origin.

All 750 haplotypes showed 2796 mutations with respect
to the above base haplotype, with a degree of asymmetry
of 0.56.  Therefore, the mutations are fairly symmetri-
cal, and a correction for the asymmetry would be a
minimal one.  The whole haplotype set contains 16 base
haplotypes.

An average mutation rate for the 19-marker haplotypes
is not available in the literature, as far as I am aware of,
and cannot be calculated using the Chandler's, Kerch-
ner's, or other similar data.  However, the Donald Clan

latest edition of 88 haplotypes contains 63 mutations in
the above 19 markers.  Taking into account the 26
generations to the Clan founder (see above), this results
in the mutation rate of 0.0015 mut/marker/gen and
0.0285 mut/haplotype/gen, listed in .

The logarithmic method gives ln(750/16)/0.0285 = 135
generations, and a correction for reverse mutations re-
sults in 156 generations (Table A), that is 3900 years to
a common ancestor of all the 750 Iberian 19-marker
haplotypes.  It corresponds well with 3500±480 ybp
value, obtained above for 12- and 25-marker Basque
haplotype series.  The "mutation count" method gives
2796/750/19 = 0.196±0.004 mutations per marker
(without a correction for back mutations, that is obs =
0.196±0.004), or after the correction it is 0.218 ± 0.004
mutations per marker, or 0.218/0.0015 = 145±15 gener-
ations, that is 3625±370 years to a common ancestor of
all 750 Iberian R1b1 haplotypes.
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We can also calculate this number of generations by
using .  If we begin with the value of 0.196 for
the number of mutations per haplotype per marker, then
adjust for the fact we need a mutation rate of 0.0015,
while Table A is normalized to a mutation rate of .0020,
we get an adjusted value of 0.196 x .0020/.0015 =
0.261.  The table entry for this value under the column
that accounts for back mutations is 149.

Considering the degree of asymmetry of 0.56, and using
Equation (4) we obtain:

In other words, at the degree of asymmetry of
0.56 the average number of mutations per marker,
0.217 ± 0.004, is practically equal to 0.218 ± 0.004 for
the fully symmetrical (å = 0.50) pattern of mutations in
the haplotype series.  It gives 145 ± 15 generations, that
is 3625 ± 370 years to a common ancestor.  Equation
(4) gives the standard deviation

that is 0.217±0.004 mut/marker, and for the 5% stan-
dard deviation for the mutation rate, the 95% confi-
dence interval for the time span to a common ancestor
with be equal to 10.2% (root-mean-square of the two
components).  This is how the above value of 3625 ±
370 ybp for the 750 Iberian 19-marker haplotypes was
calculated.  This value is practically equal to 3,500 ± 480
ybp for 12- and 25-marker Basque haplotypes.

857 of English 12-marker I1 haplotypes were considered
in (Adamov and Klyosov, 2009b).  They all contain 79
base haplotypes and 2171 mutations.  This gives
ln(857/79)/0.022 = 108 generations, or 121 generations
with a correction for back mutations, that is 3025 years
to a common ancestor (the statistical considerations are
given below).  By mutations, it gives 2171/857/12 =
0.211 ± 0.005 mut/marker (without a correction), or
0.238 ± 0.005 mut/marker (corrected for back muta-
tions), or 0.220 ± 0.005 (corrected for back mutations
and the asymmetry of mutations, which equal to 0.87 in
this particular case).  This results in 0.220/0.00183 =
120±12 generations to a common ancestor.  This is
practically equal to the 121 generations, obtained by the
logarithmic method.  Obviously, the logarithmic meth-
od, being irrelevant to asymmetry of mutations (since

only base, non-mutated haplotypes are considered), can
be preferred method in cases of high asymmetry of
mutations.  This results in 3,000 ± 300 years to a
common ancestor for all the 857 English 12-marker
haplotypes.

The asymmetry of mutations, which is rather high in this
particular case (0.87) adds 10 generations (250 years) to
the TSCA, corrected for reverse mutations.  This addi-
tion was properly corrected back in this particular case.

The same haplotypes, but in the 25-marker format,
contain 4863 mutations, which gives obs = 0.227 ± .003
and = .260 ± .004 (corrected for back mutations) and

= .251 ± .004 (corrected for both back mutations and
asymmetry).  This gives 0.251/0.0018 = 137±14 genera-
tions, that is 3,425±350 years to a common ancestor.

If we combine the above 857 English I1 haplotypes
with 366 Irish and 304 Scottish I1 haplotypes, the
combined set has 1527 haplotypes, each with 25 mark-
ers.  All of the haplotypes contain 8785 mutations, so

obs = 0.230 ± .002 and = .265 ± .003 (corrected for
back mutations) and = .255 ± .003 (corrected for
both back mutations and asymmetry).  This gives
0.255/0.0018 = 139±14 generations, that is 3,475±350
years to a common ancestor.  Again, in this combined
haplotype set the degree of asymmetry was higher for
12-marker haplotypes: 0.85, compared to 0.65 for 25-
marker haplotypes.  The result for the combined set is
essentially the same as for just the English set.

The standard deviations for the 1527 25-marker haplo-
type series were calculated using Equation (7) which
gives “two sigma” in this particular case as 1.1%, that
is the average number of mutations to be 0.255±0.003.
For the 5% standard deviation for the mutation rate, the
95% confidence interval for time span to a common
ancestor with be equal to 10.1%.  This gives 3475±350
ybp for the 1527 Isles 25-marker I1 haplotypes.

There are a number of typical questions and issues
addressed when the very basis of quantitative DNA
genealogy is considered.  Among them are the following
ones:

The underlying reason is that there is a potential prob-
lem of counting the same mutation multiple times.  For
example, in  one can see three branches, each
stemming from a supposedly one ancestral (base) haplo-
type.  The branch at the bottom of the figure contains
eight haplotypes with the distinct common DYS437 =
15, while all other branches contain 14 in that locus.

=
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Hence, the typical argument is that the common ances-
tor of this branch had DYS437 = 15, and this very
mutation (one step from the AMH) was counted eight
times (in fact, nine times, since 036 contains there 16).
Therefore, as opponents argue, one probably over-
counts the mutations, and obtains an erroneously high
number of generations to the common ancestor of the
entire haplotype set.

Generally, this consideration may be valid (see below),
but not in this particular case.  First, as it was shown
above, the same number of generations to the common
ancestor was obtained from both 12-marker haplotypes
(which do not include DYS437), using both the logarith-
mic and the “linear” methods, also from the 25-marker
haplotypes, and from a large series of 19-marker haplo-
types.  However, there is another way to examine the
obtained value, namely, to consider all the three branch-
es in .  The branch at the bottom contains eight
haplotypes, all contain 46 mutations from its common
ancestor of the branch, which gives 144±26 generations
from the common ancestor of the branch.  The five-
haplotype upper-right branch contains 16 mutations,
which gives 75±19 generations to its common ancestor.
The three-haplotype upper-left branch contains only 5
mutations from its base haplotype, which gives 39±17
generations to its common ancestor.  An average num-
ber of generations for all three branches is 86±21.
Certainly, these operations are very approximate ones,
and they aim at the semi-quantitative verification of the
concept.

Then we apply the same approach to those three base
haplotypes as described above.  They all have 8 muta-
tions between them from the base haplotype for the
entire haplotype series, which results in summarily 62±6
generations from the common ancestor for the whole
series to the “averaged” common ancestor of the sepa-
rate branches.  This gives (86±21)+(62±6) = 148±27
generations from the initial common ancestor to the
present time, .

This value is close to 147±21 generations obtained by
the “linear” method (see above).  Indeed, mutations in
haplotypes can be considered as practically independent
ones, and we can count them either for the entire haplo-
type series, provided that all haplotypes are derived
from one common ancestor, or analyze branches sepa-
rately, as it was shown above.

In many cases one indeed can over-count mutations,
particularly when they belong to different branches and
to different common ancestors.  For example, English
and Irish R1a1 haplotype series contain many DYS388
= 10 (in one particular haplotype series of 57 English
haplotypes there are 10 of them, and in 52 Irish haplo-
types there are 12 of them,  that is 18% and 23%,
respectively).  There are practically no such DYS388=10

alleles in Polish, Czech, Slovak, Hungarian, Russian,
Jewish and Indian R1a1 haplotypes, and very few
among Swedish and German haplotypes.  Incidentally,
there was not a single case of DYS388=10 in R1b1
haplotype series considered in the subsequent paper
(Part II), containing 750 Iberian, and 983 and 218 Irish
haplotypes.  DYS388 is an extremely slow marker, and
it is likely that all R1a1 haplotypes with DYS388=10
descended from the same, just one common ancestor.

When mutations in R1a1 haplotypes are counted assum-
ing that DYS388=10 is a common, random mutation,
without a consideration that those haplotypes are de-
rived from a different common ancestor, each DYS388
= 10 haplotype adds a double mutation, which is partic-
ularly damaging when the ASD method is employed.
On a haplotype tree of English and Irish R1a1 haplo-
types the DYS388 = 10 branches stand out quite dis-
tinctly (the trees are shown in the subsequent paper, Part
II).  If to count all those double mutations, without
separation the branches, the Irish “phantom” common
ancestor comes out as of 5000 ybp.  However, a sepa-
rate consideration of the branches results in 3575±450
ybp for the DYS388 = 10 common ancestor, and in
3850±460 ybp for the DYS388 = 12 common ancestor.
However, their 25-marker base haplotypes differ by six
mutations, which places their common ancestor at
5,700±600 years before present (see Part II).

Another remarkable example of a potential over-count
of mutations is related to haplotypes with DYS426 = 10
in Haplogroup J1.  It is known that DYS426 is an
extremely slow marker.  Those mutations are so infre-
quent that they are practically irreversible.  In haplo-
groups of an earlier origin, including C through O, a
great majority of people have DYS426 = 11.  Only in
“younger” Haplogroups, Q and R, a great majority of
people have DYS426 = 12.  For example, among all 343
haplotypes of Haplogroup J1 in YSearch, collected in
2008, only 23 had DYS426 = 10 or 12.  It turned out
that all of them derived from one common ancestor
each, and in fact the same mutation was carried through
practically all the generations in the respective lineage
over many thousand years.

 shows the 12-marker J1 haplotype tree with
mutated DYS426.  Haplotypes of all said 23 individuals
are shown there.  Of all the 23 haplotypes, eleven are
located in the vicinity of the “trunk” of the tree, and
eight of their bearers have Jewish surnames (haplotypes
002 through 006, 008, 010 and 011 in ).  They
have five base haplotypes and four mutations among
those eight, which gives ln(8/5)/0.022 = 21 generations,
and 4/8/0.022 = 23±12 generations, that is 550±200
years to their common ancestor, who lived, apparently,
around the 15th century, and had the following haplo-
type:
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12-24-13-10-12-19-10-15-13-12-11-29

Another eight individuals with DYS426 = 10 did not
have typical Jewish surnames.  They had the following
base haplotype:

12-24-13-10-12-19-10-15- -12-11-29

All those 8 haplotypes had 24 mutations, which brings
their common ancestor to 3950±1450 ybp.

Haplotypes of the remaining seven individuals had
DYS426 = 12, and form a distinct, obviously very an-
cient branch on the right-hand side in .  Most of
them have rather typical European surnames, along with
one Palestinian individual among them.  Their deduced
base haplotype:

12-24-14-10-12-14-12-13-12-13-11-29

All the seven haplotypes contained 46 mutations from
this base haplotype, which indicates that their common
ancestor lived 10600±1900 years ago.

The above and the “Jewish” J1 haplotypes differ by 12
mutations on 12-markers, which brings their common
ancestor to 760±135 generations ago, that is
19,000±3,400 ybp.  This is as close to the “bottom” of
J1 haplogroup as one gets.

These examples show that in order to avoid over-count
of mutations one should consider a haplotype tree,
separate branches, and calculate them separately.

Zhivotovsky “evolutionary” mutation rate of 0.00069
mutations per marker per generation was empirically
derived from three different populations and three dif-
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ferent kinds of haplotypes using a number of question-
able assumptions, and it was recommended for use not
in “genealogical" or “pedigree-based" studies, but in
“population” studies.  Criteria for determining when a
series of haplotypes represents a “population” and when
it represents a “genealogical” situation were not provid-
ed.  As a result, this mutation rate has been widely used
in the academic literature quite indiscriminately, often
(or always) resulting in time spans to common ancestors
some 200-300% greater compared to those obtained
with “genealogical” mutation rates.

In fact, it is easy to calculate from  that the
0.00069 mut/marker/gen mutation rate is applicable for
a time span equal to 2560 generations, that is 64,000
years ago.  For >64,000 ybp the actual mutation rate
will be lower than 0.00069, for <64,000 ybp the actual
mutation rate will be higher than 0.00069.  This is valid,
of course, if to suggest that the only factor which effec-
tively reduces the apparent mutation rate in progressive-
ly ancient times is progressively accumulated reverse
mutations.  In reality there may be many factors in
“population dynamics," such as genetic drift, extinc-
tions of lineages, etc., however, they would necessarily
result in appearance of branches on a haplotype tree.
Each of these branches should be considered and ana-
lyzed separately.  “Weights” of these branches should be
necessarily taken into consideration, since some branch-
es outweigh others, resulting in some phantom
“common ancestors." All of this make the “population
mutation rates” even less meaningful than those just
neglecting reverse mutations.  In other words, results of
calculations of timespans to “common ancestors” using
“population mutation rates” applied to a mass of haplo-
types without sorting them out into branches can be
substituted with a qualitative in kind expression: “it was
a long time ago."

 As it was shown in this study, the same muta-
tion rates are well applicable in the both cases, from as
recent times as a couple of centuries to 3625±370 ybp
(the Basques and R1b Iberian haplotypes), and to
16,300±3,300 years (Native Americans of Q-M3 haplo-
group, see the subsequent paper) and there is no reason
to believe that they cannot be applicable to a much
deeper time spans.  The most important requirement for
that is that the mutations are independent, hence, are
governed by statistics.  There has not been any proof to
the contrary.  All apparent deviations observed and
reported from time to time are easily explained by
multiple counting of inherited mutations, without sepa-
rations of the respective branches (see  with the
explanations above), by mixing separate genealogical
lineages (branches of the tree), and similar missteps in
data analysis.

An illustration can be provided from a recent publica-
tion (Tofanelli et al, 2009), in which the authors listed
282 of 20-marker haplotypes of Haplogroup J1-M267.
The authors gave an overall estimate of the “median
TMRCA” between 6643 and 47439 ybp.  Their list of
282 haplotypes showed a base haplotype (in the format
DYS 19-3891-3892-390-391-392-393-385a-385b-437-
438-439-456-458-635-GATAH4-YCAIIa-YCAIIb)

14-23-13-17-10-11-12-13-19-17-14-10-11-20-15-18-
21-11-22-22

From all the 282 haplotypes we have 2746 mutations
from that base haplotype, which gives the average num-
ber of mutations per marker of 0.487±0.009, and the
TSCA of 6,025±610 years bp.  In order to verify this
value, the haplotype tree, shown in  was subdi-
vided to seven major branches, and the TSCAs were
calculated to each of them.  Surprisingly, except the
“oldest” branch in the upper right area with the TSCA
of 5,300±600 years, all other branches are relatively
young, with the youngest one having TSCA of
1800±230 years.  Overall, the analysis of the branches
showed that the common ancestor of all of them lived
5,400±800 ybp.  Again, there is no reason to believe that
calculations of the TSCA work only at depths of no
more than a few hundred of years ago, even with rather
complicated haplotype trees.

Another support to this statement is provided with a
calculation of a time span to the common ancestor of a
few dozen haplotypes of Haplogroup A, which came out
as about 37,000 ybp (to be published).  There is nothing
unexpected in this result.  Clearly, in order to handle
such distant time spans the tree should be dissected to
separate branches, and corrections for back mutations
should be applied.

Such a general misconception is propagated mainly as a
result of a non-critical analysis of the well known paper
by Walsh (2001).  In his excellent paper Walsh consid-
ered pairs of haplotypes, since the main goal was to
provide a basis for forensic analysis.  Naturally, with
only two haplotypes an error margin would be huge, as
follows from Equation (7) above.  For example, for two
of 12-marker haplotypes having a common ancestor 600
years ago the formula in its simplified form (for a fully
asymmetrical mutations and fully symmetrical muta-
tions, respectively)
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gives the margin of errors of 100%.  The standard
deviation of the mutation rate will be added on top of it,
however, it will not add much.

The same results will be observed if two 12-marker
haplotypes (which belong to the same haplogroup or a
subclade) contain one mutation between them.  Then for
the 68% confidence interval the common ancestor of
these two haplotypes lived between 1,140 ybp and the
present time, and for the 95% confidence interval he
lived between 1,725 ybp and the present time.

A similar in kind situation will be observed for two,
three or four mutations between two 12-marker haplo-
types in the FTDNA format.  At the 95% confidence
level the common ancestor of the two individuals would
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have lived between 2,900 ybp, or 3625 ybp, or 4575
ybp, respectively, and the present time, even when the
mutation rate is determined with the 5% accuracy.

Only with five mutations between two 12-marker haplo-
types it is unlikely – with the 95% confidence level – that
the common ancestor lived within 12 generations, that
is 300 years before present.  He rather lived between
5500 ybp and 300 ybp.

Obviously, we have considered quite different situa-
tions, typically with multiple haplotype series, which
progressively reduce the standard deviations of a num-
ber of average mutations per marker, in some cases with
hundreds or even well over a thousand of 25-marker
haplotypes, down to 2.0% (with 750 of 19-marker
haplotypes) and 1.1% (with 1527 of 25-marker haplo-
types, collectively having almost 40 thousand alleles).  In
those cases the standard deviation of a time span to a
common ancestor is dominated by the standard devia-
tion of the mutation rate.  However, relative values of
TSCA’s will stay with a reasonably good accuracy.

The logarithmic method has a firm basis, as it is shown
above.  In this work it is applied to the number of
non-mutated, or base haplotypes, which disappear in
accord with the mutation rate.  The faster the mutation
rate, the faster base haplotypes disappear from the hap-
lotype series.  For 12-, 25-, 37- and 67-marker haplo-
types, half of base haplotypes will disappear (become
mutated) after 32, 15, 8, and 5 generations, respectively.
Clearly, for 37- and 67-marker haplotypes the logarith-
mic method is hardly applicable.  For large series of
25-marker haplotypes it can be quick and convenient.
For example, in a series of 200 of 25-marker haplotypes,
even after 65 generations, that is 1625 years, as many as
10 base haplotypes will still be present.  This can easily

be seen from ln(200/10)/0.046 = 65 generations.  For
12-marker haplotypes ln(200/10)/0.022 = 136, that is 10
base haplotypes in the series will still stay after about
3400 years.

To use the logarithmic method is not recommended
when less than 4-5 base haplotypes present in the haplo-
type series because of the large uncertainties.

A concern that a considerable data is discarded in order
to focus on unmutated haplotypes is a non-issue, since
this method is recommended to be applied along with
the traditional method of mutation counting.  Only
when the two methods give similar results (in terms of a
number of generations or years to the common ances-
tor), the results are justified.  If the results are signifi-
cantly different, such as by 1.4-2 times or higher, neither
of the results can be accepted.  A difference of 1.3-1.4
times is conditionally acceptable, however, results will
have a high margin of error.

This is a typical question which always arises – sooner
or later – in discussions on DNA genealogy.  An indirect
answer is – mixing of haplotypes in the population is
much more important than a number of haplotypes.

One example is given above.  It turned out that 17 of
25-marker haplotypes of the Basques (Haplogroup R1b1)
gave the same results as those for a series of 750 of
19-marker Iberian haplotypes.  The results were practical-
ly the same in terms of the base (ancestral) haplotype and
the timespan to a common ancestor of the 17 or 750
individuals - 3675±520 years bp and 3625±370 years bp,
respectively.  44 of 12-marker haplotypes gave 3625±490
years bp to a common ancestor.

Date Number of
haplotypes

Total number
of mutations

Timespan to a common
ancestor (years)

Reference

June 2008 26 178 4400 ± 550 Klyosov, 2008e
November 2008 44 326 4825 ± 550 Klyosov, 2008f
January 2009 58 423 4725 ± 520 This article, Part 2
March 2009 98 711 4700 ± 500
June 2009 110 804 4750 ± 500 This article
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One can see that the number of haplotypes in this case
merely decreases a margin or error, since it depends on
a number of mutations in a given series of haplotypes.

Another example can be given with the Slavic haplo-
types (Haplogroup R1a1) in Russia and Ukraine, shown
in .  In  is a short history of collection of
available 25-marker haplotypes from said region, from
YSearch database and directly from the individuals,
along with the results of analysis.

One can see that all five haplotype sets gave the same
dating within a margin of error.  All the five sets coales-
cent to the same base (ancestral) haplotype

13 25 16 10(11) 11 14 12 12 10 13 11 30 15 9 10 11 11
24 14 20 32 12 15 15 16

in which only the fourth allele (DYS391) fluctuates
between 10 and 11, and, actually, from 10.46 to 10.53,
on average.

The reason for such reproducibility is simple: all those
haplotypes were collected across all Russia and Ukraine,
from the Carpathian Mountains in the West to the
Pacific ocean in the East, and from the frozen tundra
North to the Iranian border South.  The selection is
certainly a representative one.

This phenomenon was considered in this study using a
number of specific examples.  It was shown that when
mutations are fairly symmetrical, that is both-sided (the
degree of asymmetry is around 0.5), no corrections to
the TSCA are needed.  The TSCA is typically calculated
as an average number of mutations per marker, divided
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by the appropriate average mutation rate (Table 1) and
corrected for back mutations using Table A.  Alterna-
tively, Equation (1) can be employed in its simplified
version (with a1 = 1 for a symmetrical pattern of muta-
tions).  Even when the degree of mutations reaches
about 0.66 (two-thirds of mutations in the haplotype
series are one-sided), the respective correction is not
significant and is typically within a corresponding mar-
gin of error (for the Basque R1b1b2 haplotypes it was of
5 generations, that was 3.6% of total).  For the degree
of asymmetry around 0.85 (as in the case of the Isles I1
haplotypes, considered above) the necessary correction
can be around 10-20 generations (250 years) on the
120-generation span, that is reach 8-16%, and further
increase with an “age” of the TSCA.  At a fully one-
sided mutation pattern (the degree of asymmetry equal
to 1), it completely nullifies the correction for reverse
mutations, hence, can increase the calculated TSCA by
750 years at 4000 years and by 1200 years at 5000 years
to the common ancestor, respectively, and continue to
grow.  This is, of course, the extreme case of asymmetry,
however, it should be taking into consideration.

Overall, this section has essentially shown how to make
calculations and interpret data extracted from a num-
ber of mutations and a number of base haplotypes in
haplotype sets.  The subsequent paper (Part II) will
follow with principal illustrations and conclusions,
without repeating the methodology.

I am indebted to Theresa M. Wubben and Dmitry Ada-
mov for valuable discussions.
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for back
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With
correction
for back

mutations

Without cor-
rection for
back muta-

tions

With
correction for

back muta-
tions

0.002 1 1 25 0.082 41 43 1075
0.004 2 2 50 0.084 42 44 1100
0.006 3 3 75 0.086 43 45 1125
0.008 4 4 100 0.088 44 46 1150
0.010 5 5 125 0.09 45 47 1175
0.012 6 6 150 0.092 46 48 1200
0.014 7 7 175 0.094 47 50 1250
0.016 8 8 200 0.096 48 51 1275
0.018 9 9 225 0.098 49 52 1300
0.020 10 10 250 0.1 50 53 1325
0.022 11 11 275 0.102 51 54 1350
0.024 12 12 300 0.104 52 55 1375
0.026 13 13 325 0.106 53 56 1400
0.028 14 14 350 0.108 54 57 1425
0.030 15 15 375 0.11 55 58 1450
0.032 16 16 400 0.112 56 60 1500
0.034 17 17 425 0.114 57 61 1525
0.036 18 18 450 0.116 58 62 1550
0.038 19 19 475 0.118 59 63 1575
0.040 20 20 500 0.12 60 64 1600
0.042 21 21 525 0.122 61 65 1625
0.044 22 22 550 0.124 62 66 1650
0.046 23 23 575 0.126 63 67 1675
0.048 24 25 625 0.128 64 68 1700
0.050 25 26 650 0.13 65 69 1725
0.052 26 27 675 0.132 66 71 1775
0.054 27 28 700 0.134 67 72 1800
0.056 28 29 725 0.136 68 73 1825
0.058 29 30 750 0.138 69 74 1850
0.060 30 31 775 0.14 70 75 1875
0.062 31 32 800 0.142 71 77 1925
0.064 32 33 825 0.144 72 78 1950
0.066 33 34 850 0.146 73 79 1975
0.068 34 35 875 0.148 74 80 2000
0.070 35 36 900 0.15 75 81 2025
0.072 36 37 925 0.152 76 83 2075
0.074 37 38 950 0.154 77 84 2100
0.076 38 40 1000 0.156 78 85 2125
0.078 39 41 1025 0.158 79 86 2150
0.080 40 42 1050 0.16 80 87 2175
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0.162 81 89 2225 0.252 126 145 3625
0.164 82 90 2250 0.254 127 146 3650
0.166 83 91 2275 0.256 128 147 3675
0.168 84 92 2300 0.258 129 148 3700
0.170 85 93 2325 0.260 130 149 3725
0.172 86 95 2375 0.262 131 150 3750
0.174 87 96 2400 0.264 132 152 3800
0.176 88 97 2425 0.266 133 154 3850
0.178 89 98 2450 0.268 134 155 3875
0.180 90 99 2475 0.270 135 156 3900
0.182 91 100 2500 0.272 136 158 3950
0.184 92 102 2550 0.274 137 159 3975
0.186 93 103 2575 0.276 138 161 4025
0.188 94 104 2600 0.278 139 162 4050
0.190 95 105 2625 0.280 140 163 4075
0.192 96 107 2675 0.282 141 164 4100
0.194 97 108 2700 0.284 142 166 4150
0.196 98 109 2725 0.286 143 167 4175
0.198 99 110 2750 0.288 144 168 4200
0.200 100 111 2775 0.290 145 169 4225
0.202 101 112 2800 0.292 146 170 4250
0.204 102 114 2850 0.294 147 172 4300
0.206 103 115 2875 0.296 148 174 4350
0.208 104 116 2900 0.298 149 175 4375
0.210 105 117 2925 0.300 150 176 4400
0.212 106 118 2950 0.302 151 178 4450
0.214 107 120 3000 0.304 152 179 4475
0.216 108 121 3025 0.306 153 180 4500
0.218 109 122 3050 0.308 154 182 4550
0.220 110 123 3075 0.310 155 183 4575
0.222 111 124 3100 0.312 156 184 4600
0.224 112 126 3150 0.314 157 186 4650
0.226 113 128 3200 0.316 158 187 4675
0.228 114 129 3225 0.318 159 188 4700
0.230 115 130 3250 0.320 160 190 4750
0.232 116 132 3300 0.322 161 192 4800
0.234 117 133 3325 0.324 162 193 4825
0.236 118 134 3350 0.326 162 195 4875
0.238 119 135 3375 0.328 164 196 4900
0.240 120 136 3400 0.330 165 197 4925
0.242 121 138 3450 0.332 166 198 4950
0.244 122 140 3500 0.334 167 200 5000
0.246 123 141 3525 0.336 168 202 5050
0.248 124 142 3550 0.338 169 203 5075
0.250 125 143 3575 0.340 170 204 5100
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0.342 171 206 5150 0.432 216 274 6850
0.344 172 208 5200 0.434 217 276 6900
0.346 173 210 5250 0.436 218 278 6950
0.348 174 211 5275 0.438 219 280 7000
0.35 175 212 5300 0.44 220 281 7025

0.352 176 214 5350 0.442 221 282 7050
0.354 177 216 5400 0.444 222 284 7100
0.356 178 217 5425 0.446 223 286 7150
0.358 179 218 5450 0.448 224 288 7200
0.36 180 219 5475 0.45 225 289 7225

0.362 181 220 5500 0.452 226 290 7250
0.364 182 222 5550 0.454 227 292 7300
0.366 183 224 5600 0.456 228 294 7350
0.368 184 225 5625 0.458 229 296 7400
0.37 185 226 5650 0.46 230 297 7425

0.372 186 228 5700 0.462 231 298 7450
0.374 187 229 5725 0.464 232 300 7500
0.376 188 230 5750 0.466 233 302 7550
0.378 189 232 5800 0.468 234 304 7600
0.38 190 234 5850 0.47 235 306 7650

0.382 191 236 5900 0.472 236 308 7700
0.384 192 238 5950 0.474 237 310 7750
0.386 193 239 5975 0.476 238 311 7775
0.388 194 240 6000 0.478 239 313 7825
0.39 195 241 6025 0.48 240 314 7850

0.392 196 242 6050 0.482 241 316 7900
0.394 197 244 6100 0.484 242 318 7950
0.396 198 246 6150 0.486 242 320 8000
0.398 199 248 6200 0.488 244 322 8050

0.4 200 249 6225 0.49 245 323 8075
0.402 201 250 6250 0.492 246 324 8100
0.404 202 252 6300 0.494 247 326 8150
0.406 203 254 6350 0.496 248 328 8200
0.408 204 256 6400 0.498 249 330 8250
0.41 205 257 6425 0.5 250 331 8275

0.412 206 258 6450 0.502 251 332 8300
0.414 207 260 6500 0.504 252 334 8350
0.416 208 262 6550 0.506 253 336 8400
0.418 209 264 6600 0.508 254 338 8450
0.42 210 265 6625 0.51 255 340 8500

0.422 211 266 6650 0.512 256 342 8550
0.424 212 268 6700 0.514 257 344 8600
0.426 213 270 6750 0.516 258 346 8650
0.428 214 272 6800 0.518 259 348 8700
0.43 215 273 6825 0.52 260 349 8725
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0.522 261 350 8750 0.612 306 436 10900
0.524 262 352 8800 0.614 307 438 10950
0.526 263 354 8850 0.616 308 440 11000
0.528 264 356 8900 0.618 309 442 11050
0.530 265 358 8950 0.620 310 444 11100
0.532 266 360 9000 0.622 311 446 11150
0.534 267 362 9050 0.624 312 448 11200
0.536 268 364 9100 0.626 313 450 11250
0.538 269 366 9150 0.628 314 452 11300
0.540 270 367 9175 0.630 315 454 11350
0.542 271 368 9200 0.632 316 456 11400
0.544 272 370 9250 0.634 317 458 11450
0.546 273 372 9300 0.636 318 460 11500
0.548 274 374 9350 0.638 319 462 11550
0.550 275 376 9400 0.640 320 464 11600
0.552 276 378 9450 0.642 321 466 11650
0.554 277 380 9500 0.644 322 468 11700
0.556 278 382 9550 0.646 323 470 11750
0.558 279 384 9600 0.648 324 472 11800
0.560 280 385 9625 0.650 325 474 11850
0.562 281 387 9675 0.652 326 476 11900
0.564 282 389 9725 0.654 327 478 11950
0.566 283 391 9775 0.656 328 480 12000
0.568 284 393 9825 0.658 329 482 12050
0.570 285 395 9875 0.660 330 485 12125
0.572 286 396 9900 0.662 331 487 12175
0.574 287 398 9950 0.664 332 490 12250
0.576 288 400 10000 0.666 333 492 12300
0.578 289 402 10050 0.668 334 494 12350
0.580 290 404 10100 0.670 335 496 12400
0.582 291 406 10150 0.672 336 498 12450
0.584 292 408 10200 0.674 337 500 12500
0.586 293 410 10250 0.676 338 502 12550
0.588 294 412 10300 0.678 339 504 12600
0.590 295 414 10350 0.680 340 506 12650
0.592 296 416 10400 0.682 341 508 12700
0.594 297 418 10450 0.684 342 510 12750
0.596 298 420 10500 0.686 343 512 12800
0.598 299 422 10550 0.688 344 514 12850
0.600 300 424 10600 0.690 345 517 12925
0.602 301 426 10650 0.692 346 519 12975
0.604 302 428 10700 0.694 347 522 13050
0.606 303 430 10750 0.696 348 524 13100
0.608 304 432 10800 0.698 349 526 13150
0.610 305 434 10850 0.70 350 528 13200
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0.704 352 533 13325 0.94 470 835 20875
0.708 354 537 13425 0.95 475 850 21250
0.712 356 542 13550 0.96 480 864 21600
0.716 358 546 13650 0.97 485 879 21975
0.720 360 551 13775 0.98 490 894 22350
0.724 362 556 13900 0.99 495 910 22750
0.728 364 560 14000 1.00 500 925 23125
0.732 366 565 14125 1.01 505 940 23500
0.736 368 570 14250 1.02 510 956 23900
0.740 370 574 14350 1.03 515 972 24300
0.744 372 578 14450 1.04 520 988 24700
0.748 374 582 14550 1.05 525 1004 25100
0.752 376 588 14700 1.06 530 1020 25500
0.756 378 592 14800 1.07 535 1037 25925
0.760 380 597 14925 1.08 540 1054 26350
0.764 382 602 15050 1.09 545 1070 26750
0.768 384 606 15150 1.10 550 1087 27175
0.772 386 611 15275 1.11 555 1104 27600
0.776 388 616 15400 1.12 560 1122 28050
0.780 391 624 15600 1.13 565 1139 28475
0.784 393 629 15725 1.14 570 1157 28925
0.788 395 634 15850 1.15 575 1174 29350
0.792 397 640 16000 1.16 580 1192 29800
0.796 399 644 16100 1.17 585 1210 30250
0.80 401 649 16225 1.18 590 1229 30725

0.815 403 655 16375 1.19 595 1247 31175
0.810 406 662 16550 1.20 600 1266 31650
0.815 408 668 16700 1.30 650 1460 36500
0.820 411 674 16850 1.40 700 1672 41800
0.825 413 680 17000 1.50 750 1900 47500
0.830 416 687 17175 1.60 800 2140 53500
0.835 418 693 17325 1.70 850 2400 60000
0.840 421 700 17500 1.80 900 2674 66850
0.845 423 706 17650 1.90 950 2960 74000
0.850 426 713 17825 2.00 1000 3280 82000
0.855 428 720 18000 2.10 1050 3600 90000
0.860 431 727 18100 2.20 1100 3920 98000
0.865 433 733 18835 2.30 1150 4280 107000
0.870 436 740 18500 2.40 1200 4640 116000
0.880 441 753 18825 2.50 1250 5040 126000
0.890 446 767 19100 2.60 1300 5440 136000
0.900 455 792 19800 2.70 1350 5840 146000
0.910 460 806 20150 2.80 1400 6280 157000
0.920 465 821 20525 2.90 1450 6720 168000
0.930 470 835 20875 3.00 1500 7200 180000


