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Origin of peoplesin a context of DNA genealogy is an assignment of them to
aparticular tribe (all members of which belong to a certain haplogroup) or
itsbranch (alineage), initiated in a genealogical sense by a common ancestor
and an estimation of a time span between the common ancestor and its
current descendants. We have developed an approach to kinetics of
haplotype mutations in non-recombinant segments of the Y -chromosome
and illustrated it with a number of haplotype seriesrelated to various
populations (timespansto common ancestor s shown asyear s before the
present): Basques R1b1b2 (4,050), near thirty of European countries Rlal
(between 4,100 and 4,825), India R1al (3,675), the Arabian Peninsula R1al
(3,750), South India Chenchu R1al (3,200 and 350, two lineages), bear er s of
so-called Cohen M odal Haplotype (CMH) J1 (4,000 and 1,050, two lineages),
and CMH J2 (1,400), Arabian CMH J1 (9,000), Bulgarian and Croatian

GypsiesH1 (575 and 1,125, respectively), Polynesians C2 (800), South



African Lemba (625), the oldest Balkan R1al population (11,600), and
Native Americans Q (16,000). Some of these findings ar e supported by

independent estimates.
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I ntroduction

Origin of peoplesin a context of DNA genealogy is an assignment of each of
them to a particular tribe or its branch (lineage) initiated in a genealogical sense
by a particular ancestor who had a base (“ancestral”) haplotype. Thisalso
includes an estimation of atime span between the common ancestor and its
current descendants. If information obtained this way can be presented in a
historical context and supported, even arguably, by other independent
archeological, linguistic, historical, ethnographic, anthropological and other
related considerations, this can be called a success. Thefirst step is to understand

our rootsin the historical and genealogical context’>.

Principles of DNA genealogy have been developed over the last decade and
volumes can be written on each of them. The main principles are summarized

briefly below*®:

First- Fragments of DNA (haplotypes) considered in this study have nothing to
do with genes. Technically, some of them can be associated with gene fragments.

However, those arguabl e associations are irrelevant in context of this study.



Second- Copying of the Y chromosome from father to son results in mutations of
two kinds, single nucleotide polymorphisms (SNP) which are certain inserts and
deletionsin Y chromosomes and mutations in short tandem repeats (STR), which
make them shorter or longer by certain blocks of nucleotides. A DNA

Y -chromosome segment (DY S) containing an STR is called alocus, or a marker.

A combination of certain markersis called a haplotype.

Third- All people have a single common ancestor who lived by various estimates
between 80,000 and 200,000 years ago. Thistimeis required to explain variations

of haplotypesin all tested humans.

Fourth- Haplotypes can be practically of any length. Typically, the shortest

hapl otype considered in DNA genealogy is a 6-marker haplotype. It is the most
common in peer-review publications on DNA genealogy (along with 7-, 9-, 10-
and lately 17-marker haplotypes). For example, atypica 6-marker haplotype
found in haplogroups J1 and J2 is 14-16-23-10-11-12. Thisisalso called the
“Cohen Modal Haplotype” (CMH). It shows a number of tandem repeats as
alelesin markers of DY'S, numbered as DY S 19, 388, 390, 391, 392, and 393.
When this or any other haplotype is transmitted from father to son, amutation in
it can occur with a probability of about 1/2100 (one mutation per hundred births)

for a 6-marker haplotype.



Twelve-marker haplotypes are also often considered in DNA geneal ogy;
however, they are rather seldom presented in professional publications. For
example, acommon 12-marker isthe “Atlantic Modal Haplotype” (in haplogroup

R1b1b2 and its subclades):

13-24-14-11-11-14-12-12-12-13-13-2

In this case, the order of markers is different when compared with the above 6-
marker haplotypes, and it corresponds to the so-called FTDNA standard notation:

DY S 393, 390, 19, 391, 385a, 385b, 426, 388, 439, 389-1, 392, 389-2.

In asimilar manner, 17-, 25-, 37-, 43- and 67-marker haplotypes are considered
in DNA genealogy. If to operate with an excessive precision, one mutation occurs
on average once in: 2,840 yearsin 6-marker haplotypes, 1,140 years in 12-marker
haplotype, 540 years in 25-marker haplotypes, 280 yearsin 37-marker
haplotypes, and 170 yearsin 67-marker haplotypes. This gives ageneral idea of a

time scale of operationsin DNA genealogy.

However, these considerations generally apply only to series of haplotypes, not to

pairs of individuals, as supported below.



Fifth- One cannot calculate time to a common ancestor based upon just a pair of
hapl otypes, particularly short haplotypes. Mutations are ruled by statistics and
can be analyzed quantitatively, often semi-quantitatively, using numerous
haplotypes. The smaller the number of haplotypesin a set, the lessreliable the
result. With a pair of haplotypes, one or two mutations can appear in arecent
generation. This may mistakenly lead to an addition or subtraction of athousand
years compared with just one generation. In alarge set of haplotypes recent

mutations are balanced by statistics across all mutations, both recent and old.

Sixth- An average number of STR mutations per haplotype can serve to calculate
the time span lapse from the common ancestor for all haplotypesin the set,
assuming they all derived from the same common ancestor. That ancestor had a
so-called base, or ancestor haplotype. However, very often haplotypesin a set are
derived not from one common ancestor, but represent a mix from different

ancestors, as theorized below.

Since descendants retain the base haplotype, which is relayed along the lineage
from father to son, and mutations in haplotypes occur on average once in

centuries or even millennia, then even after 5000 years, descendants retain 23%



of the base, ancestral, unchanged 6-marker haplotype. In 12-marker haplotypes,

23% of them will still serve as base ones after 72 generations or 1,800 years.

Seventh- Haplotypes are often bound to certain 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 population was reduced to afew, or even to just one
individual, passing though a bottleneck. If the tribe survived, the remaining
individual or multiple tribes’ people having certain mutationsin their haplotypes
passed their mutations to the offspring. Many members left the tribe voluntarily
or by force as prisoners, escapees, through journeys, or military expeditions.
Survivors continued and perhaps initiated a new tribe in anew territory. Asa
result, aworld DNA genealogy map is rather spotty, with each spot
demonstrating its own prevailing haplotype, sometimes a mutated haplotype,
which deviated from the initial, base, ancestral haplotype. The most popular
haplotype in aterritory is called amodal haplotype. It often, but not necessarily,

represents the ancestor’ s haplotype.

SNP mutations are practically permanent. Once they appear, they remain.
Theoretically, some other mutations can happen at the same spot, in the same

nucleotide, changing the first one. However, with millions of nucleotides such an



event is very unlikely. There are more than three million chromosomal SNP's™,

and DNA geneal ogists have employed afew hundreds of them.

Eighth- People can be assigned to their original tribes of their ancestors not only
based on their haplotypes, but based on their SNP's, which in turn lead to their
hapl ogroups and sub-haplogroups, so-called clades. Examplesinclude
haplogroups A and B (African, the oldest ones), haplogroups C (mongoloid, as
well as asignificant part of Native Americans, descendants of mongoloids),
haplogroups J (Middle Eastern) with J1 (mainly Jewish and Arabic), and J2
(predominantly Mediterranean including many Jews). Othersinclude
haplogroups N (represented in many Siberian peoples, Northern Europeans, as
well as some Native Americans who have originated from Siberians) and
haplogroup R1b and its subgroups are observed primarily, but not exclusively, in
Western Europe, Asia, and Africa. Haplogroup R1al dominatesin Eastern
Europe and Asia, with aminute percentage in the Atlantics, close to 50% (and
higher) in Russiaand 16% of the population in India. Haplogroup R1al also

marks some areas in Central Asia particularly in Kirgizstan and Tadzhikistan.

In other words, each male has a SNP from a certain set, recognized by DNA

genealogy, which assigns him to a certain ancient tribe. SNP's, typically range



from 40 to 80 thousand yearsfor “old” SNP sto 10 to15 thousand years for

“young” ones.

Ninth- The chronological unit employed in DNA genealogy is commonly a
generation. A generation in the context of DNA genealogy 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. Hence, 25 years defines a generation
and represents the time span used for the calibration of mutation ratesin this

study.

Tenth- It isunnecessary to have hundreds or thousands of different haplotypesin
order to determine an ancestral (base) haplotype for alarge population and
calculate a time span from its common ancestor to present time. Allelesin
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 popul ations of the same haplogroup have typically mixed up
across their territory. In Europe, for example, one can hardly find an enclavein
which people have stayed put in isolation for thousands of years. Evenif thiswas
the case, they hardly made a noticeable input with their haplotypes into databases.
Last but not least, wherever bearers of haplotypes 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 follows (in the FTDNA

notation):

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

It is very close to a deduced haplotype of a common ancestor of 184 individuals,

who belong to haplogroup R1b1b2, subclade U152:

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

Two different alleles (in bold) are equal (as an average in the 17 Basques) to
14.53 and 18.35, respectively, while in subclade U152 they are 14.86 and 18.91,
respectively. These two differencesin 0.89 mutations total in 25-marker
haplotypes point at only approximately ten generations between them.
Furthermore, Y Search database contains 12,090 of 25-marker R1b haplotypes
(including subclades), which when combined have a minimum of mutational

difference with the following 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
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It is exactly the same base haplotype as shown above for R1b1b2-U152, and

practically the same for that for the Basques of haplogroup R1b1b2.

It is noteworthy that a common ancestor of the Basques 17 haplotypes lived 4,050
years bp, of 184 haplotypes of U152 subclade lived 4,375 years bp, and of all
12,090 haplotypes of R1b lived 4,500 years bp (0.254, 0.269 and 0.275 mutations

per marker in 25-marker haplotypes).

Hence, 17 haplotypes lead to approximately the same results in terms of ancestral
haplotypes and times when they lived, as more than 12 thousand haplotypes do.
The power of DNA genealogy is not in large numbers, though they are always

welcomed, but in randomness of haplotype selections.

Eleventh- Unlike languages, religion, cultural traditions, anthropological
features, which are often assimilated over centuries and millennia by other
languages, cultures, or peoples, haplotypes and haplogroups cannot be
assimilated. They can be physically exterminated, but this does not happen often
for whole populations. This non-assimilation makes haplogroups and haplotypes

practically priceless for archaeol ogists, linguists, and historians. They not only
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stubbornly transcend other assimilations across millennia, but also provide means

for calculations of when, and sometimes where, their common ancestors lived.

Twelfth- When possible, the following two calculations should be used to
determine estimates of time span to a common ancestor within a reasonable
margin of error: (1) anumber of mutationsin a set of haplotype with respect to
the base haplotype, and (2) afraction of the base haplotypes in the whole set,

despite a number of mutationsin the set.

If the two numbers are principally different (often by 2-3 times), the set of
hapl otypes should be dissected by constructing atree of haplotypes and
identifying separate branches of the tree, for example. The same two calculations

should be applied.
An explanation of this principleis provided in the Supplementary Information. It
also contains Tables 1 and 2, showing average mutation rates per haplotype and

per marker for haplotypes of various lengths, and corrections for reverse

mutations®® %3, Haplotype trees are constructed as described in ref.?*

Basques, haplogroup R1b1b2
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Basque DNA Project® lists 76 haplotypes which belong to five major
haplogroups (E, G, I, Jand R) and their downstream haplogroups and subclades.
More than half of them belong to haplogroup R1b1b2 (M269), whichis
considered to be of Western European origin, though it is more conjecture than

proven fact.

Only 17 of those R1b1 Basgue haplotypes were presented in the 25-marker
format (Supplementary Information), and the respective haplotype treeisgivenin

Fig. 1.

One can see that the tree stems from a single mutation coming from a presumably
common ancestor of al 17 individuals in the haplotype set. The base (ancestral)

haplotype can be identified 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

All 17 haplotypes have 108 mutations from the above base (ancestral) haplotype,
which gives 0.254 mutations per marker on average. Using Tables 1 and 2 of the
Supplementary Information, one can calcul ate a time span to a common ancestor
of the Basgues presented in the haplotype set, which is equal to 162 generations,

or 4,050 years. A consideration of a series of 44 of 12-marker haplotypes of the
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Basques gives 0.259 mutations per marker on average and 4,150 yearsto a
common ancestor. That is practically the same time span despite two different
series of haplotypes employed for calculations (17 of 25-marker haplotypes and

44 of 12-marker haplotypes).

The Basgue ancestral haplotype is also identical to the so-called Atlantic Modal

Haplotypein its 12-marker format®?";

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

The data shown in this section suggests that of the R1b1b2 Basques who
participated in the Basque Project, their common ancestor was apparently derived
from the R1b1b2-M 269 subclade (4,450 ybp), and/or R1b1b2-U152 subclade
(4,375 ybp), and lived about 4,050 ybp (all the three figures were obtained using
25-marker haplotypes). Since all the tree figures might be considered as being
within an error margin, they may represent the same common ancestor. The
principal conclusion isthat the male Basgues living today have rather recent roots
of around four thousand years, contrary to legend that proposes they lived
approximately 30 thousand years ago. Despite the ancient language, it is very
likely that the present day Basgues represent arather recent population, in terms

of genealogy. It isvery likely that their ancestors had not encountered
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Neanderthals in Europe, had not been associated with the Aurignacian culture
(34,000-23,000 years bp), nor did they make sophisticated cave paintingsin
South of France, Spain, and Portugal. Those people were likely bearers of

haplogroup 12. However, this theory remains to be proven.

This section (along with the Supplementary Information) has essentially shown
how to make calculations and interpret data extracted from a number of mutations
and a number of base haplotypes in haplotype sets. The following section will
follow with principal illustrations and conclusions, without repeating the

methodology.

“Eurasian” haplogroup R1al from the Atlanticsto Russia, India,
and the Pacific Ocean, and from Scandinavia to the Arabian

Peninsula

The “mapping” of the enormous territory outlined in this heading revealsthat it is
all marked with practically the same ancestral haplotype, which is about 4,500 +
400 years “old”. In other words, a common ancestor of the Eurasian R1al

hapl otype lived between 4,100 and 4,900 years ago. An exception is presented

only in the Balkans (Serbia, Kosovo, Macedonia, Bosnia), where acommon
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ancestor is significantly more ancient, about 11,500 years bp. Thiswill be

explored below in this section.

The entire map of base (ancestral) haplotypes and their mutations, as well as
“ages’ of common ancestors of R1al haplotypes in Europe, Asia, and the Middle
East show that approximately six thousand years ago bearers of R1al haplogroup
started to migrate from the Balkans in al directions, spreading their haplotypes.
Their closeness should not be surprising, since a recent excavation of 4,600 year-
old R1al haplotypes®® revealed their most exact closeness to present-day Rlal

haplotypes, asit is shown below.

England and Ireland R1al haplotypes

As aresult of that spread across Europe, R1al haplotypes sampled on the British

Isles point at their common ancestor who lived 4,250 + 150 years ago. His base

(ancestral) haplotype follows for England:

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

and for Ireland:
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13-25-15-11-11-14-12-12-10-13-11-30-15-9-10-11-11-23-14-20-32-12-15-15-16

Their 25-marker haplotypes totaling 50 for England and 40 for Ireland (refer to
Supplementary Information) have on average 0.270 and 0.260 mutations per
marker, which trandates to 4,350 years and 4,150 years to their common

ancestors, respectively.

An apparent difference in two alleles between the British and Irish ancestral
haplotypesisin fact too insignificant, since the respective aleles are equal to
10.48 and 10.73, and 23.98 and 23.55, respectively. Hence, their ancestral

haplotypes are practically the same, within one mutational difference.

“English” and “Irish” R1al haplotype trees are shown in Fig. 2 and Fig. 1S

(Supplementary Information), respectively.

A branch at the bottom of the tree in Fig. 2, containing seven haplotypes, consists

of haplotypeswith DY S388=10 and is analyzed separately below.

A DYS388=10 subfamily of North-Western European R1al haplotypes
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About 20% of both English and Irish haplotypes have a mutated allele in eighth
position (DY S388=12->10), with a common ancestor of that population who
lived 3,600 years ago. This mutation is observed only in northern and western
Europe, mainly in England, Ireland, Norway, and to alesser degree in Sweden,
Denmark, Netherlands and Germany. In areas further east and south that

mutation is rarely observed.

A common ancestor of both DY S388=12 and DY S388=10 populations lived

about 5,625 years before the present in another location, presumably in the

Balkans, more than athousand years before bearers of that mutation arrived to

northern and western Europe. This mutation was passed over the generations up

to the present time. Refer to the Supplementary Information for calculations.

Scotland R1al haplotypes

Rl1lal haplotypes in Scotland have the same ancestral haplotype as those in

England and Ireland:

13-25-15-11-11-14-12-12-10-13-11-30-15-9-10-11-11-24-14-20-32-12-15-15-16
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and the “ Scottish” R1al common ancestor lived 4,300 years before present (0.265

mutations per marker in 31 of 25-marker haplotypes).

Germany Rlal haplotypes

A 67-haplotype sample in Germany revealed the following ancestral haplotype:

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

There is an apparent mutation in the third alele from the left (in bold) compared
with the Isles ancestral haplotypes, however, it equalsto 15.48 for England, 15.33
for Ireland, 15.26 for Scotland, and 15.84 for Germany. All 67 25-marker

hapl otypes contain 488 mutations, that is 0.291 mutations per marker on average.

It corresponds to 4,700 years from a common ancestor in the German territory.

These results are supported by the very recent data on excavation of R1a (SNP
SRY 10831.2) and presumably R1al haplotypes near Eulau, Germany?®. The
4,600 old haplotypes follow with dating performed using strontium isotope

anaysis.

13(14)-25-16-11-11-14-X-Y-10-13-Z-30-15
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These very closely resemble the above R1al ancestral haplotype in Germany both

in the structure and in the dating (4,700 and 4,600 ybp).

Norway and Sweden R1al haplotypes

Norwegian and Swedish ancestral R1al haplotypes are principally the same, and
both look exactly as the German 25-marker ancestral haplotype. Their 21-and 20-
haplotype sets contain 0.265 and 0.262 mutations per marker, respectively, which
gives 4,300 and 4,250 years to their common ancestors. This, of course, is the

same time span within an error margin.

The Swedish haplotype tree (not shown) reveals a separate, “younger” branch,
which contains only 0.165 mutations per marker, resulting in 2,475 years from

the common ancestor, who, in theory, lived not long before the beginning of AD.

Poland, Czech, and Slovak R1al haplotypes

These ancestral haplotypes are very similar to each other, having only
insignificant deviation in DY $439 (9™ marker from the left), which is 10.43 in

the Polish base haplotype of 44 haplotypes total.
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13-25-16-10-11-14-12-12-10-13-11-30-16-9-10-11-11-23-14-20-32-12-15-15-16

and 10.63 in Czech and Slovakian combined base haplotype of 27 haplotypes

total.

13-25-16-10-11-14-12-12-11-13-11-30-16-9-10-11-11-23-14-20-32-12-15-15-16

The difference in these markersis 0.2 mutations only, the alleles are just rounded

up in opposite directions.

These haplotypes have 0.282 and 0.259 mutations per marker on averagein their

25-marker haplotypes, which resultsin 4,550 and 4,100 years from their common

ancestors, respectively.

The European R1al haplogroup (small haplotype sets across Europe)

Many countries are represented with just a few haplotypes in data bases. | have

collected 36 of 25-marker R1al haplotypes provided into Y Search database by

residents of Denmark, Netherlands, Switzerland, Iceland, Belgium, France, Italy,

21



Lithuania, Romania, Albania, Montenegro, Slovenia, Croatia, Spain, Greece,

Bulgariaand Moldavia. (refer to Fig. 2S in Supplementary Information).

The tree does not show any noticeable anomalies and points at just one common

ancestor for all 36 individuals, who had the following base haplotype:

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

The ancestral haplotype match is exactly the same as those in Germany, Russia
(see below), and has quite insignificant deviations from all other ancestral

hapl otypes considered above, within fractions of mutational differences. All the
36 individuals have 248 mutations in their 25-marker haplotypes, which gives
0.276 mutations per marker on average and corresponds to 4,450 yearsto a

common ancestor. Thisis quite acommon value for European R1al population.

Russia and Ukraine R1al haplotypes

The haplotype tree containing 44 of 25-marker haplotypes collected over 10 time

zones from the Western Ukraine to the Pacific Ocean and from the northern

tundrato Central Asia (Tadzhikistan and Kirgizstan) is shownin Fig. 3.
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The ancestral (base) haplotype for the haplotype treeis

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

It is exactly the same ancestral haplotype as that in Germany, and it has only one
insignificant deviation from the ancestral haplotype in England, which has the
third alele (DY S19) 15.48, which in Russig/Ukraine it is 15.89. There are similar
insignificant deviations with the Polish and Czechoslovakian base haplotypes, at
13" and 18" markers (DY $458 and DY $447, respectively), within 0.2-0.5
mutations. This points at a chronological difference between their common

ancestors of only several generations.

All 44 haplotypes contain 326 mutations from the base haplotype, that is 0.296

mutations per marker or 4,825 years from a common ancestor.

R1al haplotypes of individuals who considered themselves of Ukrainian and
Russian origin, present a practically random mix in the haplotype tree. The

hapl otype tree contains two local Central Asian haplotypes (a Tadzhik and a
Kyrgyz, haplotypes 133 and 127, respectively), aswell asalocal of a Caucasian

Mountains Karachaev tribe (haplotype 166). They did not show any unusual
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deviations from other R1al haplotypes. Apparently, they are derived from the

same common ancestor as are all other individuals of the set.

India R1al haplotypes

The Y Search database contains 15 R1al haplotypes from India. Their ancestral

haplotype follows:

13-25-16-10-11-14-12-12-10-13-11-31-15-9-10-11-11-24-14-20-32-12-15-15-16

The only one apparent deviation in DY S389-2 (shown in bold) isrelated to an
average aleles equal to 30.67 in Indian haplotypes, and 29.84 in Russian ones. In
another accepted format, these alleles are equal to 17.40 and 16.77, respectively

that is within one mutational unit. 1f rounded, they both would be equal to 17.

All 15 Indian R1al haplotypes contain 88 mutations, that is 0.235 mutations per
marker. It is significantly less than 0.296 mutations per marker in the Russian
haplotypes and corresponds to 3,675 years from a common ancestor. Thisis

amost 1,150 years “younger” compared to the Russian one.
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Archaeological studies have been conducted since the 1990’ s in the South Ural’s
Arkaim settlement and have revealed that the settlement was abandoned 3,600
years ago. The population apparently moved to Northern India. That population
belonged to Andronovo archaeological culture. Excavations of some sites of
Andronovo culture showed that eight inhabitants out of nine shared R1al

haplogroup and haplotypes™ as follows, dating between 5,500 and 1,800 years

bp:

13-25-16-11-11-14-X-Y -Z-14-11-32

In this example, alleles which have not been deciphered are replaced with letters.
One can see that the ancient R1al haplotype closely resembles the Russian (as

well as the other R1al) ancestral haplotypes.

This provides rather strong evidence that the R1al tribe migrated from Europe to
the East between 5,000 and 3,600 years bp. The pattern of this migration is
exhibited as follows. 1) the descendants who live today share a common ancestor
of 4,825 yearsprior, 2) the Andronovo archaeological complex of culturesin
North Kazakhstan and South and Western Siberia dates 4,300 to 3,500 years bp,
3) the reach to South Ural some 4,000 years bp, is where they built Arkaim,

Sintashta (contemporary names) and the so-called “a country of towns’ on South
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Ural around 3,800 ybp, 4) by 3,600 ybp they abandoned the area and moved to
India under the name of Aryans. There they have “ established” a common
ancestor of R1al Indians 3,675 years bp, which chronologically correspondsto

the events on the South Ural.

Rlal haplotypes, the Arabian peninsula

Sixteen R1al 10-marker haplotypes from Qatar and United Arab Emirates have

been recently published®. They split into two branches, with base haplotypes

13-25-15-11-11-14-X-Y -10-13-11-30

13-25-16-11-11-14-X-Y-10-13-11-31

which differ by only one mutation, marked in bold. The first haplotype is the base
one for seven haplotypes with 13 mutations in them, on average 0.186 mutations
per marker, which gives 2,300 years to a common ancestor in the 3 century BC.
The second haplotype is the base one for nine haplotypes with 26 mutations in
them, an average 0.289 mutations per marker or 3,750 years to a common

ancestor. Since a common ancestor of R1al haplotypes in Armenia and Anatolia
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lived 4,525 and 4,050 years bp, respectively®, it corresponds well with 3,750

years bp in the Arabian peninsula.

The Balkan ancient branch: the oldest trace of R1al haplogroup?

A series of 67 haplotypes of haplogroup R1al from the Balkans was published®
% They were presented in a 9-marker format only (Fig. 4), which is acommon
case in research publications by population geneticists. One can see aremarkable
branch on the lower |eft side of the tree which stands out as an “extended and
fluffy” one. These are typically features of avery old branch compared with
others on the same tree. Also, acommon feature of old haplotype treesis that

they are typically “heterogeneous’ ones and consist of a number of branches.

An analysis of the main branches of the tree in Fig. 4 is given in Supplementary
Information, where thirteen haplotypes of the most extended and fluffy branch
are listed. Those haplotypes collected in Serbia, Kosovo, Bosnia, and

Macedonia®*>* produced the following base haplotype:

13-24-15-10-12-15-X-Y -Z-13-11-29

27



Some deviations from typical ancestral (base) East-European haplotypes are
shown in bold, however, the third allele (DY S19) is the same as that in the
Atlantic and Scandinavian R1al base haplotypes. A mutational analysis resultsin
11,425 years from a common ancestor, obtained using the “linear method” with
correction for reverse mutations, 11,650 years using the quadratic method and an
averaged base haplotype, and 11,650 years using the all-permutation quadratic

method.

The obtained data suggest that the first bearers of R1al haplogroup lived in the
Balkans (Serbia, Kosovo, Bosnia, Macedonia) about 11,600 years bp. Itis
unknown whether R1al appeared in the Balkans presumably from R1 or R1aor
arrived from ayet unknown location. It was found?” that haplogroup R1b

appeared from R1 about 16,000 years bp apparently in Asia.

The data shown above suggests that only about 6,000-5,000 years bp bearers of
R1al began to mobilize and migrate to the west toward the Atlantics, to the north
toward the Baltic Sea and Scandinavia, to the east to the Russian plains and
steppes, to the south to Asia Minor, the Middle East, and far south to the Arabian
Sea. All of those local R1al haplotypes point at their common ancestors who
lived from 4,800 to 4,000 years bp. On their way through the Russian plains and

steppes the R1al tribe presumably sat up the Kurgan archaeological culture,
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apparently domesticated the horse, advanced to Central Asiaand left the “ Aryan
population” which dated to 4,500 years bp. They then moved to the Ural
mountains about 4,000 years bp and migrated to India as the Aryans circa 3,600-
3,500 years bp. Presently, 16% of the male Indian population, or approximately
100 million people, bear R1al haplogroup’s SNP mutation, with their common
ancestor of 3,675 years bp. The current Indian R1al haplotypes are practically
indistinguishable from Russian, Ukrainian, and Central Asian R1al haplotypes,
as well as from many West and Central European R1al haplotypes. They

correspond closely to the Indo-European language family.

The next section points at some trails of R1al in India, an “Aryan trail”.

The Chenchu R1al haplotypes

The Chenchus, an australoid tribal group from southern India, bear R1al
haplogroup in 11 of 41 individuals tested (or 27%).% It istempting to associate
this with the Aryan influx into India which allegedly occurred some 3,600-3,500
years bp. However, questionable calculations of time spans to a common ancestor
of Rlal in India®>" using methods of population genetics rather than those of
DNA genealogy have precluded an objective and balanced discussion of the

events and their consequences.
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Eleven R1al haplotypes of the Chenchus™ do not provide good statistics;
however, they can allow areasonable estimate of atime span to acommon
ancestor for these 11 individuals. Logically, if these haplotypes are more or less
identical, with just afew mutations in them, a common ancestor lived within a
thousand of yearsbp. Conversely, if these haplotypes are all mutated, and there
Is no base (ancestral) haplotype among them, a common ancestor lived thousands
years bp. Even two base (identical) haplotypes among 11 would tentetively give
In(11/2)/0.0088 = 194 generations, which, corrected to back mutations, would
result in 240 generations, or 6,000 years to a common ancestor. If eleven of the 6-
marker haplotypes are all mutated, it means that a common ancestor lived earlier
than 6 thousand years bp. Hence, even with such a poor set of haplotypes one can

obtain useful and meaningful information.
Eleven Chenchu haplotypes have as many as seven identical (base) 6-marker
hapl otypes (in the format of DY S 19-388-290-391-392-393, commonly employed

in scientific publications):

16-12-24-11-11-13
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They are practically the same as those common East European ancestral
haplotypes considered above, if presented in the same 6-marker format:

16-12-25-11(10)-11-13

Actualy, the author of this study, himself a Slav (haplotype Rlal) has the

“Chenchu” base 6-marker haplotype.

Data in Supplementary Information demonstrates that the Chenchu R1al

hapl otypes represent two lineages, one 3,200 years old and the other only 350
years old, starting from the 17" century AD. Considering that the Aryan (R1al)
wave to northern India took place about 3,600-3,500 years bp, it is quite plausible

to refer the appearance of R1al in the Chenchu by 3,200 ybp to the Aryans.

The origins of the influx of Chenchu R1al haplotypes in the 17" century are
found in this passage excerpted from ref.*: “Chenchus were first described as shy

hunter-gatherers by the Mohammedan army in 1694”.

Native Americans haplotypes of haplogroup Q

L et us consider much more distant time periods to further examine and justify the

timing methods of DNA genealogy developed in this study. One hundred
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seventeen haplotypes of Native American Indians, haplogroup Q-M3, were
published®, and a haplotype tree, shown in Fig. 5, was devel oped based upon

their data.

Thetree contains 31 identical (base) haplotypes and 273 mutations from that
“base” haplotype. It is obvious that the haplotypes in the tree descended from
different common ancestors, since 31 base haplotypes out of 117 total would give
In(117/31)/0.0088 =151 generations to a common ancestor, though 273 mutations
in al 117 haplotypes would give 265 generations (without corrections for back

mutations).

Indeed, the haplotype tree points to at |least six different common ancestors for
the 117 individuals. Four of them turned out to be quite recent ancestors, who
lived within the last thousand years (the analysisis provided in Supplementary
Information). The “oldest” brunch turned out to be one in the upper right area,
containing 11 haplotypes. Their common ancestor lived 12,125 years bp.
Furthermore, a common ancestor for the whole haplotype tree lived 16,300 years

bp (Supplementary Information).

Hence, a common ancestor of several groups of individuals among Native

Americans of haplogroup Q-M3 and having largely varied haplotypes, lived
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approximately 16 thousand years bp. This dating isin line with many independent
data of archaeological, climatological, and genome study origins. Some
researchers refer the peopling of the Americas to the end of the last glacial
maximum, approximately 23,000 to 19,000 years ago and suggest a strong
population expansion started approximately 18,000 and finished 15,000 years
bp.%* Others refer to archaeology data of Paleo-Indian people between 11,000 to
approximately 18-22,000 years bp*>*. At any rate, the time span of 16,000 years

ago corresponds well with those estimates.

The Cohen Modal Haplotype of haplogroups J1 and J2 (the

Jewish and Arabic haplotypes)

-- CMH, Haplogroup J1

The “Cohen Modal Haplotype” (CMH) was introduced™® ten years ago to

designate the following 6-marker haplotype:

14-16-23-10-11-12
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Further research showed that this haplotype presents in both J1 and J2
haplogroups. In haplogroup J1 it splitsinto two principal lineages®, with base

(ancestral) haplotypes:

12-23-14-10-13-15-11-16-12-13-11-30
and

12-23-14-10-13-17-11-16-11-13-11-31

which differ from each other by four mutations (shown in bold).

In haplogroup J2 the “ Cohen Modal Haplotype”, if to follow its 6-marker

notation, has the following 12-marker base haplotype:®

12-23-14-10-13-17-11-16-11-13-11-30

It differs from both J1 CMHs by three and one mutations.

It isstill unknown to what extent each of the three 12-marker haplotypes can be
attributable to actual cohens (cohanim) or higher priests. An answer may be
obtained in principle only, taking into account complex history of cohensin the

Jewish society. However, DNA genealogy can answer when a common ancestor
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of each of the family of haplotypes (shown as base haplotypes) lived, and how
different those haplotypes expressed when their extended formats are considered,
such as 25-, 37- and 67-marker haplotypes (analysis and haplotype trees are

presented in Supplementary Information).

In short, when only haplotypes from individuals of the Jewish descent are
analyzed, the J1 “ Cohen Modal Haplotype” exists as two different lineages, a
“recent CMH”, with acommon ancestor 1,400 years bp, and another “ older
CMH?”, with acommon ancestor 2,400 years bp. A common ancestor of these

two lineage lived 4,225 years bp (refer to Supplementary Information).

In order to detail this information, as many as 85 of 37-marker “Cohen”
haplotypes were collected from both Jewish and non-Jewish descendants, and 33
haplotypes among them contained as many as 67 markers. Fig. 6 shows a 37-
marker haplotype tree, in which all haplotypes belong to the CMH series, that is
all of them have the 14-16-23-10-11-12 string in their haplotypes (shown here in
the 6-marker format). The left-hand side represents the “recent CMH”, the branch

at the lower right represents the “older CMH” haplotypes.

The“older CMH” 22-hapl otype branch contains 126 mutations in 25-marker

format and 243 mutationsin 37-marker format, which gives 0.229 and 0.299
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mutations per marker, respectively. Thirty seven-marker trees include a number
of “fast” markers, hence, the higher figure. Thisresultsin 3,575 and 3,525 years
from a common ancestor, respectively, on average 3,550 * 25 years. However,
such high precision is coincidental. A realistic error margin should be within 200

to 300 years.

The “recent CMH” branch contains 0.069 mutations and 0.110 mutations per
marker in 25- and 37-marker haplotypes, which corresponds to 975 and 1175

years to a common ancestor, respectively, on average 1,075 + 100 years bp.

Maximum high resolution CMH haplotypes are shown on the 67-haplotype tree
(Fig 3S, Supplementary Information). The tree splits into two quite distinct
branches: a recent one on the right and an older one on the left. Again, these are
two principal “Cohen Moda Haplotype” branches, each one with its own
common ancestor, who lived 3,000 years apart. A common ancestor of the “older
CMH”, caculated from the two branches in Fig. 3S, however using 25- and 37-
marker haplotypes for calculations, lived 4,150 and 3,875 years bp, on average
4,000 £ 200 years bp. A common ancestor of the “recent CMH”, calculated from
25- and 37-marker haplotypes, lived 950 and 1,150 years to a common ancestor,
respectively, on average 1,050 + 150 years bp, in the 9" to the11™ century. This

coincides with the Khazarian times; however, it would be a stretch to claim so.
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According to data provided in databases, two-thirds of bearers of the “older
CMH” (10 individuals of the 16) in the respective 67-marker branch denied
Jewish heritage. They are descendants of people who lived in Italy, Cuba,

L ebanon, Puerto-Rico, Spain, England, and France (Basgue). That may explain
why the “older CMH” haplotype differsin three alleles in the first 25 markers
from the Jewish oCMH, shown earlier. On the contrary, 16 out of 17 haplotypes
in the recent CMH branch claimed their Jewish heritage, and several claimed
themselves to be descendants of Cohens. Their base haplotype is identical with

the Jewish rCMH shown earlier.

To verify this concept, three haplotypes of inhabitants of the Arabian Peninsula
with typical Arabic names, having the “CMH” haplotypes (see Supplementary
Information) were added to a set of haplotypes shown in Fig. 6. A source of these
haplotypes is described in the next Section. All three Arabic haplotypes joined the
lower branch on the right which is predominantly non-Jewish (Fig. 6). All 25
haplotypes in the branch contained 162 mutations, which gives 4,125 years to a
common ancestor for a collection of 88 Jewish and non-Jewish haplotypes, all of
them belonging to the “CMH” family of haplotypes. Thistime is close to that of
the legendary Biblical split into the Jewish and the Arabic lineages, whether it is

applicable or not to the results of this study.
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The following Section demonstrates that the “CMH” in fact appeared as long as
9,000 years bp or earlier on the Arabian Peninsula. The above time span of about
4,100 and 1,000 years bp was generated as aresult of drifts of haplotype bearers
from the Arabian Peninsula to the Middle East and further to the north. We can
neither prove nor disprove as yet that the “recent CMH” appeared in the Khazar
Kaganat between 9" and 11" centuries. At any rate, the bearer of the base
“recent CMH” became a common ancestor to perhaps millions of present-day

bearers of this lineage.

-- The Arabic “CMH”, the Arabian Peninsula

Obvioudly, the name “Cohen Modal Haplotype” was a misleading one. Though,
by the end of the 1990’ s it had certainly attracted attention to DNA genealogy.
Even asa“modal” haplotypeit is not exclusively associated with a Jewish
population. A haplotype tree of Arabs from the Arabic Peninsulais shownin
Supplementary Information (Fig. 4S). The tree was composed from 19 of 37-
marker haplotypes of haplogroup J1 listed in the “ Arabian Peninsula’Y DNA

Project” . *
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There are two branches of one tree, one having the “ Cohen Modal Haplotype” (in

its 6-marker format) as an ancestral (base) haplotype:

12-23-14-10-12-18-11-16-11-13-11-30-18-8-9-11-11-25-14-20-26-12-13-
15-16-

10-10-19-22-15-14-18-18-33-35-12-10

Seventy three mutations in the 6-hapl otype branch, or 0.532 mutations per marker

on average, gives 9,000 years to a common ancestor.

The second, a 7-haplotype branch (Fig. 4S5), is certainly a younger one, with an
average number of 0.154 mutations per marker, which gives 2,300 yearsto a
common ancestor. It turns out to be a direct descendant of the older common

ancestor (Supplementary Information).

It seems that the “ Cohen Modal Haplotype” was likely an ancestral haplotype
some 9,000 years bp for both historical inhabitants of the Arabian Peninsula and
the Jews, along with the Arabs of the Middle East. About 4,000 years ago the
establishing Jewish population carried this “modal haplotype” athoughitisa
dlightly drifted structure, which was coined as the “older CMH". By the 7"

century AD, the “recent CMH” split from the “older CMH” and became the
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ancestral haplotype for a separate Jewish lineage within haplogroup J1. If to
consider only “CMH” haplotypes within this population, acommon ancestor can

be identified who lived about 1,000 years bp.

-- CMH, Haplogroup J2

The “Cohen Modal Haplotype” of haplogroup J2 represents arather compact
group of haplotypes with arecent ancestor who lived 1,450 years bp (see

Supplementary Information).

The compact group of ten haplotypes sitting rather close to the trunk of the tree
(see Fig. 5S), which indicates their “younger age”, represents the J22-CMH. Their

37-marker base haplotypeis as follows:

12-23-14-10-13-17-11-16-11-13-11-30-18-9-9-11-11-26-15-20-29-12- 14-15-16-

10-11-19-22-15-13-19-17-35-39-12-9

All 10 haplotypes contain 25 and 44 mutations in the 25- and 37-marker format,

respectively. Thisgives 1,450 and 1,300 years to a common ancestor or 1,375 +

100 years bp on average who lived between the 6™ and 8" centuries.
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The J2-CMH base haplotype differs from J1 “recent” and “older” base (ancestral)
hapl otypes by 29 and 25 mutations, respectively, in their 37-marker hapl otypes.
This corresponds to 11,800 and 9,600 years of mutational difference,
respectively. Clearly, J1- and J2-CMH represent quite distant lineages. After al,

they belong to two different haplogroups.

The South African Lemba haplotypes

Lembais a South African tribe whose people live in Limpopo Province,
Zimbabwe, Malawi, and Mozambique. A list of 136 Lemba haplotypes was
published™, and the authors alluded that some Lemba belong to the CMH Jewish

lineage. We will demonstrate that it is very unlikely.

Forty one of the tested Lemba individuals had typical “Bantu” haplotypes

belonging to the E3a halpogroup (by the author’ s definition) with a base

haplotype:

15-12-21-10-11-13

All 41 haplotypes contains 91 mutations from the above haplotype, that is 0.370

mutations per marker or 8,300 years from a common ancestor.
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Another 23 Lemba who were tested had the following base haplotype (a
haplogroup was not identified, as well as of any haplogroups for the published

haplotypes™):

14-12-23-10-15-14

All 23 haplotypes had only 16 mutations, which gives 2,150 years to a common

ancestor for these individuals.

There were afew scattered L emba haplotypes, apparently from different
unidentified haplogroups, and finally there were 57 haplotypes of apparently
haplogroup J, which in turn split into three different branches (Fig. 7). Three base

haplotypes, one for each branch, are shown below:

14-16-24-10-13-12
14-15-24-10-11-12

14-16-23-10-11-12

The first one represents 16 identical haplotypes (the upper right areain Fig. 7),

which obviously came from a very recent common ancestor. As one can see from

42



the haplotype tree, none of these haplotypes is mutated. 1ts common ancestor

should have lived no more than afew centuries ago.

The second one, being a base haplotype for a 26-haplotype branch on the left-
hand sidein Fig. 7, isarather common haplotype in the Arabic world, and
belongs likely to haplogroups J and J2. The branch contains 21 mutations, which
gives 2,550 years to a common ancestor, who most likely lived in the middle of
the first millennia BC. It is clearly not the “ Cohen Modal Haplotype” and differs

from the last by two mutations.

The third base haplotype, which isthe CMH in its 6-marker format, supports a
branch of 15 haplotypes on the lower right-hand side. Twelve of those CMH

hapl otypes are identical to each other and form aflat branch. There are no
mutations in them, and they must have come from a very recent ancestor of only
afew centuries ago. From afraction of the base haplotype, their common
ancestor lived only In (15/12)/0.0088 = 25 generations ago, or about 625 years bp

in the 14™ century.

The three mutated haplotypes in this series are quite different from the CMH, and
apparently do not belong to the same group of haplotypes. All of them have two

or four mutations from the CMH:



14-23-14-10-11-12
14-23-14-10-11-12

16-24-14-10-11-12

Unfortunately, more extended haplotypes are not available. It isvery likely that
they are rather typical mutated Arabic haplotypes. Besides, it is not known to

which haplogroup they belong, J1 or J2.

Obvioudly, to call the Lemba haplotypes the “ Cohen haplotype” is a stretch. They
could have been Jewish and originated just afew centuries ago, or they could
have been Arabic. Hence, the so-called “ Cohen Modal Haplotype” in the “Black
Jews of Southern Africa’ has nothing to do with an ancient history of either the

Lemba or the Jewish people. It is arather recent acquirement.

A conclusion

This paper and its Supplemental Information present arather consistent concept
of dating both recent and distant common ancestors based upon appearance of
haplotype trees, verify a haplotype set in terms of a singular common ancestor for
the set or amultiplicity of them applying the “logarithmic method”, and calculate

atime span to a common ancestor corrected for reverse mutations. Obviously,



time spans to common ancestors refer to those ancestors whose descendants
survived and present their haplotypes and haplogroups for testing in the present.
Naturally, their tribes themselves could have appeared earlier, sinceit isvery

likely that in many cases offspring and/or descendants did not survive.

Amazing asitis, all of itiswritteninthe DNA of each of us, the survivors. Itisa
scribble on the cuff of the DNA. Though there is a deeper meaning to these
scribbles. If welook at them for asingle individual, without comparisons to
others, they do not say much. They represent just a string of numbers. However,
when compared with those in other people, these scribbles start to tell a story.
These collective stories are about origins of mankind, appearances of tribes, their
migrations, about our ancestors, and their contributions to current populations.

This study advances quantitative descriptionsin the field of DNA geneal ogy.
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Figure Legends

Figure 1. The 25-marker haplotypetreefor Basque R1b1l (mainly R1b1b2)
haplotypes. The 17-haplotype tree was composed according to data of the

Basque DNA Project®™.

Figure 2. The 25-marker haplotypetreefor England, haplogroup R1al. The
57-haplotype tree was composed from data of Y Search database. A seven-

hapl otype branch at the bottom (between 035 and 043) is afamily of haplotypes
with DY S388=10 (all other mostly have DY S388=12, in one case =14, haplotype

031).

Figure 3. The 25-marker haplotypetreefor Russia and Ukraine, haplogroup

R1al. The 44-haplotype tree was composed from data of Y Search database and

private sources.
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Figure4. The9-marker haplotypetreefor the Balkans, haplogroup Rilal.

The 67-haplotype tree was composed from data of Barac et a****

Figure 5. The 6-marker haplotypetreefor the Native Americans,
haplogroup Q-M 3. The 117-haplotype tree was composed from data of Bortolini

Figure 6. The 37-marker haplotypetreefor the“ Cohen Modal Haplotypes’,
haplogroup J1. The 85 haplotype tree was composed of haplotypes collected in
Y Search database® and private “ Cohen Haplotype” projects, and provided by Dr.

Alberto Aburto.

Figure 7. The Lemba 6-marker haplotype tree, apparently of haplogroup J.

The 57 haplotype tree was composed of data published in **.
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