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Abstract—Surnames are traditionally used in population genetics as “ quasi-genetic” markers (i.e., analogs of
genes) when studying the structure of the gene pool and the factors of its microevolution. In this study, spatial
variation of Russian surnames was anayzed with the use of computer-based gene geography. Gene geography
of surnames was demonstrated to be promising for population studies on the total Russian gene pool. Frequen-
cies of surnames were studied in 64 sel’sovets (rural communities; atotal of 33 thousand persons) of 52 raions
(districts) of 22 oblasts (regions) of the European part of Russia. For each of 75 widespread surnames, an elec-
tronic map of its frequency was constructed. Summary maps of principal components were drawn based on all
maps of individual surnames. The first 5 of 75 principal components accounted for half of the total variance,
which indicates high resolving power of surnames. The map of the first principal component exhibits a trend
directed from the northwestern to the eastern regions of the area studied. The trend of the second component
was directed from the southwestern to the northern regions of the area studied, i.e., it was close to latitudinal.
This trend almost coincided with the latitudinal trend of principal components for three sets of data (genetic,
anthropological, and dermatoglyphical). Therefore, the latitudinal trend may be considered the main direction
of variation of the Russian gene pool. The similarity between the main scenarios for the genetic and quasi-
genetic markers demonstrates the effectiveness of the use of surnames for analysis of the Russian gene pool. In
view of the dispute between R. Sokal and L.L. Cavalli-Sforza about the effects of false correlations, the maps
of principal components of Russian surnames were constructed by two methods: through analysis of maps and
through direct analysis of original data on the frequencies of surnames. An almost complete coincidence of
these maps (correlation coefficient p = 0.96) indicates that, taking into account the reliability of the data, the

resultant maps of principal components have no errors of false correlations.

INTRODUCTION

The method of the use of surnames as analogs of
genetic markers was developed in detail by Crow and
Mange [1]. It has been further developed and widely
used by Russian researchers. Yu.G. Rychkov, A.A. Reva-
zov, E.K. Ginter, their coworkers, and many other
researchers used surnames as quasi-genetic markers
(the term coined by A.A. Revazov). Direct comparison
of the results obtained with the use of two types of
markers, genetic and quasi-genetic, demonstrated that
the use of surnames for studying the gene-pool struc-
ture can yield reliable results. The estimates of inter-
population diversity with respect to genes (Fqp % 10?)
and surnames (f, x 10%) were close to each other. For
example, in Adygeans, Fq; = 0.69 and f, = 0.60; in
Lithuanians, Fyr = 1.24 and f, = 1.41; in Primorye pop-
ulations, Fqp = 5.73 and £, = 5.85; in Armenians, Fyr =
6.16 andf, = 6.00; inAltaians, Fy; = 6.59 and f, = 7.51;
in Nivkhs, Fgr = 6.73 and f, = 5.88; and in Evenks,
Fygr =829 and f, = 8.95 [2, 3]. Surnames (or clan affil-
iation as their analog) were successfully used when
studying the genetic structure of Evenk, Lithuanian,
Armenian, Altaian, Udegeian, Nivkh, Russian, Adygean,
Mari, Central Asian, and other populations (see [3] for
review and [4-12]). Three main methods were used to

study the structure of the gene pool based on the data
on surnames: the estimations of inbreeding and genetic
distances and analysis of principal components.

We combined these three methods with two new
powerful methods, namely, computer-based mapping
and analysis of spatial-temporal dynamics in succes-
sive generations, to obtain a comprehensive gene-geo-
graphic technique of analysis of quasi-genetic markers.
This approach was tested on the Adygean gene pool,
which was an ideal model for studying the population
structure. Indeed, the Adygeans constitute a subdivided
population with a distinct hierarchical structure and
pronounced endogamy, their gene pool has been com-
prehensively studied (there were the data on all sur-
names in all villages where the Adygeans lived com-
pactly), six-generation pedigrees had been obtained,
etc. Theresults demonstrated that cartographic analysis
of surnames was effective for studying the gene-pool
structure[2, 13-15]. Thisalowed usto tackle the gene-
geographic analysis of Russian surnames, which are a
more complex object of study.

The frequencies of Russian surnames were used
when studying the spatial variation of inbreeding and
the burden of hereditary pathology in some raions of
the Arkhangel’sk, Kostroma, Kirov, and Kursk oblasts
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(see, eq., [6-9, 16]). However, the anaysis was
restricted to individual raions or oblasts, because the
“hypervariability” of Russian surnames indicated that
their analysis is only applicable to studying the gene
pools of relatively small population groups [11, 12].
Only recently, 75 prevalent surnames were studied in
the total Russian population [17]. Thisanalysis demon-
strated that the geographic variation of prevalent Rus-
sian surnames reflected not only the events that had
occurred at the district level, but also the ethnic history
of the entire Russian population: the zones of accumu-
lation of certain surnames have been found to be asso-
ciated with the main anthropological types of the Rus-
sians [17]. The successful qualitative analysis of Rus-
sian surnames (the presence or absence of the given
surname in the given region) allows us to do the next
step and quantitatively analyze the variation of the fre-
quencies of the same 75 surnames in the geographic
area of the Russian ethnic group using electronic maps.
The gene-geographic approach that proved to be effec-
tive when studying the Adygean gene pool will help us
to determine the actual possibilities and restrictions of
using Russian surnames for studies on the entire Rus-
sian gene pool.

In the framework of anthroponimics (the branch of
onomastics dealing with human names), some patterns
of the development of surnames have been found,
including their originin certain social groups, an earlier
appearance of surnames in economically developed
regions, etc. Development of surnames takes a long
time. Russian surnames formed during several hundred
years. The surnames of princes originated from the
names of their principalities as early asin the 14th cen-
tury. Later, the surnames of both princes and boyars
were formed from their patronymics. The majority of
surnames of the Russian nobility appeared in the 16th
and 17th centuries. Most clergy received surnames in
the late 18th century, the earliest originating from the
names of churches. The first surnames of “noble mer-
chants’ are dated to the 16th century. However, the
majority of Russians had, since ancient times, the so-
called “street” surnames (in addition to family names
and Chrigtian names). The street surnames were not
officially regulated, because they were not compulso-
rily registered; however, they were transmitted in gen-
erations. Many people had complex, compound sur-
names consisting of derivatives from the family name
(e.g., Tolstoy [stout]), patronymic (e.g., lvanov [son of
Ivan]), and street surname (e.g., Korobeinikov [of the
family of peddlers]). In 1861, a law was adopted on
assigning surnames to the entire population of Russia.
In the case of peasants, street surnames, surnames
derived from patronymics, or landlords’ surnames usu-
ally becametheir official surnames. However, peasants
surnameswere being officially registered until the early
20th century, and the process was only accomplished
when all Russian citizens were given passports.

The spread and geographic distribution of Russian
surnames have been extensively studied. Usually, the
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zone of accumulation or origin of a surname was inter-
preted in terms of dialectology. In some cases, the areas
where surnames originating from dialect words were
found coincided with the geographic areas of the corre-
sponding dialects. Groups of surnames with common
finals were also analyzed. For example, surnames end-
ing in “-ochkin” are more frequent in southwestern
regions, surnames ending in “-ykh” or “-ikh” are typi-
cal of northern and southern regions of Russia but are
absent in central regions, etc. Note that the geographic
areas of some surnames and their groups coincide with
the territories of the former Russian principalities.
Apparently, having once emerged, surnames spread
within communities of administrative regions [18-20].

However, there is another method of studying sur-
names. According to this method, mass samples of sur-
names are simultaneously studied over large areas by
means of mapping, instead of studying arbitrarily cho-
sen surnames or their groups. This study was a variant
of such a“mass’ analysis of modern Russian surnames
with the use of new computer-based gene-geographic
methods, namely, continuous mapping generalized car-
tographic analysis.

In summary, two questions should be clarified
before studying the Russian gene pool based on the
data on surnames: (1) whether it is possible, in princi-
ple, to the study the gene-pool structure (inbreeding,
spatial patterns, and differentiation) based on the data
on surnames and (2) how suitable Russian surnamesare
for studying the Russian gene pool. All the aforemen-
tioned data demonstrate that we may answer positively
to the first question (applicability of surnames in gen-
eral). Some studies have aso demonstrated that Rus-
sian surnames can be effectively used for analysis of
small populations. We believe that the results of this
study demonstrate that Russian surnames can aso be
used for analysis of the Russian gene pool as a whole.
To solve this task, we first had to demonstrate that the
spatial distribution of Russian surnames is regular,
rather than random or mosaic. Putting it in genetic
terms, we may say that this distribution is determined
by their spread due to drift and migration rather than by
“mutations.” Second, we had to prove the existence of
common patterns of distribution for al surnames,
because such patterns might only be determined by the
history of the population and should be absent if the
surname frequencies were random. Third, it was advis-
ableto compare the information on the gene-pool struc-
ture obtained based on surname distribution with the
result of similar analysis using genetic markers. If the
results were to be similar, this would prove the ade-
guacy of the use of surnameto study the structure of the
gene pool.

Thus, the methodological purpose of our study was
to estimate the suitability of Russian surnames for
studying the structure of the gene pool. However, the
main goa was to obtain (based on the data on sur-
names) new information on the structure of the Russian
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Abramov Efimov Kotov Noskov Sokolov
Afanas ev Egorov Kovalev Novikov Solov’ev
Aleksandrov Ershov Kozlov Osipov Stepanov
Alekseev Fedorov Krotov Pavlov Tarasov
Andreev Filippov Krylov Pestov Tikhonov
Anokhin Golubev Kudryashov Petrov Timofeev
Antonov Gorbachev Kurochkin Polyakov Trifonov
Balashov Grigor'ev Kuz'min Popov Tsvetkov
Belov Gulyaev Kuznetsov Prokof’ ev Vasil'ev
Borisov Gusev Lebedev Romanov Veselov
Bykov II"in Makarov Savel’ev Vinogradov
Chernov Ivanov Mikhailov Semenov Volkov
Chistyakov Kalinin Morozov Shcherbakov Vorob'ev
Denisov Kiselev Nikitin Sidorov Voronin
Druzhinin Kosterov Nikolaev Smirnov Y akovlev

gene pool, the degree of itsdifferentiation, and themain
trends of its variation.

MATERIALS AND METHODS

The data used in this study have been collected by
A.P. Buzhilovafor many years and were partly supple-
mented by other authors of this study. We mapped the
data on the frequencies of surnames in 64 sel’sovets
(rural communities; atotal of 33 thousand persons). We
studied indigenous Russian populations of 52 raions
(districts) belonging to 22 oblasts (regions) of the Euro-
pean part of Russia.

The geography of the populations studied followed
the main route of the Russian Anthropological Expedi-
tion [21], which studied the Russian population in the
“ethnic zone of formation of the Russian population in
the 11th through 14th centuries’ [21, p. 24] still
remains an exemplar of population studies. At this
stage, we did not study the Russian populations that
were separated from the main area and, according to
V.V. Bunak, “became fixedly inhabited by Russiansin
the epoch when the Russian ethnic type had already
been formed. Although al of these territories ... are
undoubtedly interesting anthropologically, they are not
of decisiveimportance...” [21, p. 24]. Analysisof genetic
markers[22, 23] has demonstrated that the gene pool s of
these popul ations reflected the characteristics of recent
migrations; it will be more correct to study these
regions after the variation patterns of the main core of
the Russian ethnos have been determined. Thus, the
study evenly encompasses the main area of formation
and “indigenous’ spread of the Russians. The corre-
sponding popul ations are indigenous and have not been
significantly affected by migrations during the past cen-
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tury. In our maps, the popul ations studied are indicated
by asterisks.

For the study, we chose the surnames that were
found in more than two populations (in contrast to the
studies [11, 12], where the surname frequency served
as aselection criterion). Hereinafter, these 75 surnames
arereferred to as widespread Russian surnames (table);
we do not indicate their frequencies because the vol-
ume of dataistoo large. Classification of Russian sur-
names and their detailed analysisin terms of population
migrations were performed by A.P. Buzhilova and
described in [17]. We used computer-based gene-geo-
graphic methods to draw 75 maps of the frequencies of
the widespread surnamesin the studied geographic area
of the Russian ethnos. The methods of gene-geographic
mapping are described in [24-27]. The electronic map
is a homogenous grid covering the area studied. The
frequency of each given surname was calculated for
each node of the grid by means of interpolation using
orthogonal polynomials of zero power. When calculat-
ing the surname frequency at a given node of the map,
we used the data on all population studied within adis-
tance of 2000 km from this node; however, the weight
coefficient of the surname frequency in each population
wasinversely proportional to the sixth power of the dis-
tance between the popul ation and the node. A reliability
map, which ranked the grid nodes according to the sta-
tistical significance of the frequency values at these
nodes, helped us to estimate the reliability of the inter-
polation. The reliability map was constructed at a sig-
nificancelevel of a = 0.5; the nodeswith the prabability
of correct prediction of P > 0.95 were used for carto-
graphic analysis. For all maps of surnames, we used a
unified homogenous scale of surname frequencies with
the following borders of intervals: < 0.001, 0.011,
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0.021, > 0.021. Since all frequencies are mapped using
the same scale, the maps are easily comparable with
one another. The minimum (MIN), maximum (MAX),
and mean (MEAN) frequencies of the surnames in the
areastudied areindicated in the statistical inset of each
map. We used all of the 75 maps of individual surnames
to calculate and map principal components, i.e., hew
generalized parameters reflecting the most genera
characteristics of the spatial variation of the entire set of
surnames studied. For this purpose, we calculated a
correlation matrix, eigenvalues, and eigenvectors based
on the original 75 maps (d.f. = 74). We only used the
frequency values from reliable regions of the maps
(P > 0.95). Afterwards, we cal culated principal compo-
nents for al node of the homogenous grid to obtain
maps of principal components. The correlation matrix
of the maps was used for the calculations (i.e., the
mapped valueswere normalized for variances and devi-
ations from the mean values); the variance the principal
components was normalized, and the solution was opti-
mized [26]. Important characteristics of principal com-
ponents are an absence of correl ation between them and
the fact that first principal components describe the
major part of variation of the entire set of maps.

RESULTS AND DISCUSSION

Themain goal of the study wasto analyze the archi-
tectonics of the Russian gene pool based on the data on
all of the widespread Russian surnames. However, first
we had to estimate the informativeness of the map of an
individual surname. It was necessary to find out
whether the map of a given surname revealed any pat-
terns of the spatial variation of itsfrequency, or maps of
individual surnames were so mosaic that only analysis
of general parameters (principal components, genetic
distances, etc.) of all maps could revea the elements
that formed the structure of the Russian gene pool.
These questions were caused by a“hypervariability” of
surnames. In terms of genetics, surnames may be
regarded as one locus with a large number of alleles
characterized by high mutation rates. The mean fre-
guencies of most aleles are even lower than 1% poly-
morphism level. For example, the frequency of even the
most common surname (lvanov) wasonly p=0.0095in
a sample of 200 000 of St. Petersburg citizensin 1910;
the least frequent of the widespread surnameswas Nau-
mov (p = 0.0006) [20]. In our study, rural communities
with the mean population size of only 500 persons
served as elementary populations, therefore, we
expected sharp fluctuations of surname frequencies.
Even neighboring communities could considerably dif-
fer with respect to the frequencies of surnames, and
each oblast was represented, on average, by three rura
communitiesin our study. Therefore, amosaic distribu-
tion of the frequency of each surname was the most
probable. This must not decrease the effectiveness of
the generalized analysis. For example, genes of heredi-
tary diseases usually have low frequencies, however,
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their cartographic analysis has proved to be effective
[28]. If, notwithstanding the sampling errors, the areas
of surnames were not to be mosaic, this would directly
indicate that Russian surnames are suitable for analysis
of the gene pool. Indeed, the absence of mosaic pattern
would confirm that the variation of surnames largely
depended on the same microevolutionary factors as the
variation of genes, i.e., the ratio between drift and
migrations.

Cartographic Analysis of Individual Surnames

To estimate the informativeness of individual sur-
names, consider the maps of distribution of six sur-
names chosen at random (Figs. 1-6). According to the
available data on the frequencies of surnames[20], two
of these surnames (Ivanov and Petrov) rank first and
third, respectively, with respect to their frequency inthe
Russian population, Grigor'ev is on the 14th place,
Nikitin and Kuznetsov share the 23d place, and Kova
lev does not fall within 100 most frequent Russian sur-
names [20]. Thus, the surnames chosen considerably
differ from one another in their frequencies.

Figure 1 shows the geographic distribution of the
surname Nikitin. The distribution of this surname was
restricted by the southern parts of the Pskov and
Novgorod oblasts. Thus, the surname Nikitin had adis-
tinct geographic location. This was also true for some
other surnames.

For example, the distribution of the surname Kova
lev was strikingly compact, being restricted to the Bry-
ansk and Smolensk oblasts (Fig. 2). We may hypothe-
size that the surname Kovalev has emerged within this
zone. Note that the compact distribution of this surname
was not found until its frequency was mapped [17].

Figure 3 shows the distribution of the surname Kuz-
netsov. In this case, we did not find a distinct geo-
graphic pattern. Zones of accumulation of this surname
alternated with zones of its complete absence. Compar-
ison of the latter two mapsisinteresting in terms of the
origin of Russian surnames. The surnames Kovalev and
Kuznetsov are generally assumed to be alternative
(both of them originate from the words that mean
“smith” in different dialects). However, the mapping
demonstrated that the areas of these surnames partly
overlapped: the southwestern maximum of the fre-
guency of the surname “ Kuznetsov” was located within
the main zone of the digtribution of the surname Kovalev.

The surname Ivanov (Fig. 4) is of special interest
because thisisthe most frequent Russian surname. The
name loann (a dated form of Ivan) isfound 79 timesin
the Russian Orthodox Church calendar and used to be
the most frequent man’s name in Russia (with an aver-
age frequency of 15%): between the 17th and mid-20th
century, it was more than twice as frequent as the next
most frequent name, Vasilii (calculated from the data
reported in [29]). It was natural to expect that the most
frequent and polyphyletic surname (i.e., a surname that
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The map of the geographic distribution of the surname Nikitin

E 10° 20° 30° 40° 50° 60° 70°
Distribution of mapped values (%)
70° 86.92 \‘
0 11.5 0.85 0.73 b 70°
| | :
0 0.001 0.011
R i 3

60°

50°

N=1644

60°

1500

MIN =0
40°| MAX =0.027
MEAN = 0.001 0
30° 40° S50°
Laboratory of Genetic Epidemiology, 1: 20000000

Medical Genetic Research Center;
Russian Academy of Medical Sciences
December 3, 2000

200 0 200 400 600 8001000 km

Fig. 1. Geographic distribution of the surname Nikitin. The interval inset: the first interval (<0), low-reliability zones; the second
interval (0-0.001), zones where the surnameis almost absent; the third interval (0.001-0.011), zones with the surname frequencies
lower than 1%; thefourthinterval (0.011-0.021), zoneswith the surname frequenciesfrom 1 to 2%; thefifthinterval (>0.021), zones
with the surname frequencies higher than 2%; the proportion of the total area corresponding to the given interval isindicated above
each interval in the histogram. The statistical inset: K, the number of the popul ations mapped; N, the number of grid nodes in the
high-reliability zones; MIN, MAX, and MEAN, the minimum, maximum, and mean gene frequencies, respectively.

independently originated from the most frequent Chris-
tian name at many sites throughout the area) would not
exhibit any geographic pattern. It is al the more sur-
prising that the surname lvanov is amost absent in
some regions on the map. The zones of high frequen-
cies are located in the northwest and (with somewhat
lower frequencies) in the northeast. In the southern
regions, the only “islet” of this surnameislocated near
Kursk.

RUSSIAN JOURNAL OF GENETICS Vol. 37 No. 7

Figure 5 shows two zones of the highest frequencies
of the surname Grigor’ ev. The major zone encompasses
the northwestern regions of Russia, and the minor zone
is located in the Nizhni Novgorod oblast. The major
zone is amost continuous, with alow frequency being
found only in apart of the Tver oblast.

Figure 6 shows the vast zone of distribution of the
surname Petrov in the northwestern part of Russia
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The map of the geographic distribution of the surname Kovalev
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Fig. 2. Geographic distribution of the surname Kovalev (see Fig. 1 and the text for designations)

However, the surname Petrov is aimost absent in the
Tver oblast and neighboring regions, i.e., in the center
of this zone. Thus, the area of this surname is ring-
shaped and has maximums near Moscow and near
Vologda.

The main conclusion that we may draw from the
analysis of the maps of randomly chosen surnames is
that each Russian surname has its typical geographic
location. Some surnames exhibited extremely distinct
geographic distributions, whereas none of the surnames
studied was ubiquitous, i.e., hone of them exhibited a
mosaic or homogenous distribution throughout the area.

RUSSIAN JOURNAL OF GENETICS Vol. 37

The results of our analysis, including the “accumu-
lation zones’ found in this study, are certainly prelimi-
nary and require further study and refinement. To cor-
rectly assess the areas of distribution of each Russian
surname, it is necessary to use more data sources and to
increase the total sample size by an order of magnitude.
Taking into account that the population samples used in
this study were insufficient, it seemed improbable to
find any accumulation zones encompassing several
neighboring populations. The fact that we have never-
theless found some geographic patterns of distribution
of individual surnames indicates that surnames are
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The map of the geographic distribution of the surname Kuznetsov
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Fig. 3. Geographic distribution of the surname Kuznetsov (see Fig. 1 and the text for designations).

more appropriate for studying the Russian gene pool,
including its history, than it was expected. It is of fun-
damental importance that the mapping of surname fre-
guencies allowed usto objectively estimate their spatia
variation. In the given case, amap is indispensable and
often the only tool at the researcher’s disposal.

Thus, the cartographic analysis of individual sur-
names revealed geographic patterns of their variation,
which demonstrated that quasi-genetic markers were
sufficiently informative when studying the spatia
structure of the Russian gene pool. This allowed us to
turnto the main goal of the study and to reveal the gene-

RUSSIAN JOURNAL OF GENETICS Vol. 37 No. 7

pool structure through the generalized cartographic
analysis of the entire set of surnames studied.

Analysis of Principal Components

For this purpose, we analyzed the principal compo-
nents of the variation of the widespread surnames. The
gene-geographic maps of principa components are
maps of new generalized parameters that describe the
major portion of the diversity of all surnames and cor-
respond to the main scenarios of their variation. Since
the origina set of data consisted of 75 maps of sur-
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The map of the geographic distribution of the surname lvanov

E 10° 20° 30° 40° 50° 60° 70°
Distribution of mapped values (%)
70° 47.57

19.83

11.25

0.001 0.011

70°

60°

/ﬁ )

Q)
S\ =< Tver

Mosc

50° [

60°

50°

N =1644 '

1

MIN =0 1

1

- AN,
40° MAX =0.143 ‘ e br

MEAN = 0.011 40
T ¢ ]
'g'"":':f.‘:.\” & ;‘"‘J
30° 40° 50°
Laboratory of Genetic Epidemiology, 1: 20000000

Medical Genetic Research Center;
Russian Academy of Medical Sciences
December 3, 2000

200 0 200 400 600 8001000 km

Fig. 4. Geographic distribution of the surname Ivanov (see Fig. 1 and the text for designations).

names, we constructed 75 maps of principal compo-
nents. The effectiveness of the method may be esti-
mated if we compare all componentswith respect to the
proportion of variation described by each of them (S;).
If the next component describes a considerably lower
proportion of thetotal variance than the preceding com-
ponent, and the accumulated variance rapidly
increases, then the method is effective. If the propor-
tions of the variance of the consecutive components
only dlightly differ from one another (in our case, by
about /74 or 1.3%), this means that the original char-
acters are distributed chaotically, and we cannot distin-

RUSSIAN JOURNAL OF GENETICS Vol. 37

guish the main vectors of the gene-pool variation. If
this were the case, the new 75 generalized parameters
would not differ fundamentally from the original data,
and the method of principal components would not be
informative.

Figure 7 shows the variance that is described by the
first ten components. The percentages of the total vari-
ance accounted for by each component (S,) are shown
in the histogram and indicated on the | eft ordinate axis.
The accumulated variance () S, in percents) is

described by the curve, and its values are shown on the

No. 7 2001



THE RUSSIAN GENE POOL: GENE GEOGRAPHY OF SURNAMES

815

The map of the geographic distribution of the surname Grigor’ ev

E 10° 20° 30° 40° 50° 60° 70°
Distribution of mapped values (%)
70° 79.99
0 | 1582 4.08 0.12 n_N70°
| ?A.iA
0 0001 0011 0021 ﬂ\
T I < o
7 y ' i

60°

60°

50° ot 5

: 50°

K=58

N =1644

MIN =0
40°

MAX = 0022 400

MEAN =0.002

30°

Laboratory of Genetic Epidemiology,
Medica Genetic Research Center;
Russian Academy of Medical Sciences
December 3, 2000

1: 20000000

200 0 200 400 600 800 1000 km

Fig. 5. Geographic distribution of the surname Grigor’ev (see Fig. 1 and the text for designations).

right ordinate axis. Asis seen from the graph, the accu-
mulated variance quickly reaches the plateau: the first
two principal components account for as much as 30%
of thetotal variation (instead of 3% expected inthe case
of ineffectiveness of the method); the first five compo-
nents, amost half of the total variation (instead of 7%
for an ineffective method); and the first ten compo-
nents, two thirds of the total variation of 75 characters;
so that the remaining 65 principal componentsadd little
information. The results obtained indicate that the
method of principal components is highly effective for
analysis of Russian surnames.
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The map of the first principal component (Fig. 8)
shows the main trend of the gene-pool geographic vari-
ation, which is close to longitudinal; it is directed from
the northwestern to the eastern regions of the area stud-
ied. This trend exhibits the strongest correlations with
the surnames Vasil’ev, Mikhailov, Fedorov, Aleksan-
drov, Andreev, and II'in. Notethat all of these surnames
are“calendar,” i.e., they originate from Christian names
contained in the church calendar.

The map of the second principal component (the
second most important “scenario” of the gene-pool
geographic variation) is characterized by latitudina
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The map of the geographic distribution of the surname Petrov
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Fig. 6. Geographic distribution of the surname

variation directed from the southwestern to the north-
ern regions of the area studied. This trend exhibits the
strongest correlations with the surnames Denisov,
Novikov, Kovaev, Kozlov, Anokhin, and Chistyakov
(note that only one of them isa“calendar” name).

Before weturn to interpretation of the maps of prin-
cipal components, note that a polysystemic approach
(comparison of the maps of different systems of char-
acters) is fundamentally important when analyzing the
gene-pool structure [30-33]. If different systems of
characters reveal a unified structure of the gene pool
(although some characters may be studied better than

RUSSIAN JOURNAL OF GENETICS Vol. 37
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Petrov (see Fig. 1 and the text for designations).

others, sample sizes may be different, the characters
themselves may differ in informativeness, etc.), then
we may postulate that we have found the actual archi-
tectonics of the gene pool, whose features have forced
their way through all the imperfectness of our studies
[30-33].

In the given case, we had the rare possibility to carry
out such a polysystemic study, because the maps of
principal components for three important systems of
characters (immunobiochemical genetic markers, der-
matoglyphical traits, and anthropological traits) had
already been drawn for the Russian genepool [30, 32, 34].
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Fig. 7. Distribution of the total variance of Russian surnames among the first ten principal components. The histogram and the left
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Thefirst principal component of “widespread” Russian surnames (FON = 9)
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The second principal component of “widespread” Russian surnames (FON = 15)
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Fig. 9. The map of the second principal component of the variation of Russian surnames

Comparison of the generalized maps demonstrated that
the first principal components of all of the three sys-
tems are strongly correlated and exhibit the same (lati-
tudinal) variation trend. The map of the second princi-
pal component of the variation of surname frequencies
aso fitsthis pattern. Thismap (Fig. 9) isenough to con-
ceive the main trend of the variation of the Russian
gene pool reflected by all of the four so different sys-
tems of characters. The maps of these four systemsonly
differ from one another with respect to two elements:
(2) the relative position of the southern core (which is
located in some maps farther to the east or west thanin

RUSSIAN JOURNAL OF GENETICS Vol. 37

others; in some maps, there are both southwestern and
southeastern cores) and (2) either more or less pro-
nounced the northern or “Pomor” core (it is especialy
marked in the map of surnames).

The similarity of maps of four systems of characters
(genetic, dermatoglyphical, anthropological, and anthrop-
onymical) indicates that the latitudinal variation with a
specia position of the northernmost population group
isthe true main structure of the Russian gene pool. This
latitudinal variation of the Russian gene pool agrees
with another fundamentally important systems of char-
acters, namely, thelinguistic system. Thisisasystem of
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The second principal component of “widespread” Russian surnames
(direct calculation, FON = 15)
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Fig. 10. Themap of the second principa component of the variation of Russian surnames constructed by direct calculation, i.e., from

the original data on the surname frequenciesin rural populations.

various Russian dialects, the main groups of which are
southern, central, and northern dialects (see, e.g., [39]).

In addition, we should emphasize the specificity of
the Russian gene pool. In contrast to the Russian gene
pool, the total Eastern European gene pool exhibits a
longitudinal (west—east) variation trend of the systems
of immunobiochemical markers, DNA markers, der-
matoglyphical traits, and anthropological traits [32, 33,
36, 37].

Thus, analysis of various sets of data has confirmed
that thelatitudinal variation that is displayed by the sec-
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ond principal component of the surname frequenciesis
atrue variation pattern of the Russian gene pool. This
isadditional evidence for the effectiveness of surnames
asamodel character for studying the gene-pool spatial
structure.

Regarding thefirst principal component of surname
variation, note that its trend is different from the trends
of the first and second principal components for other
systems of characters [30]. The map (Fig. 8) demon-
strates that, judging by quasi-genetic markers, the
northwestern region isamost isolated, which isconsid-
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erably less pronounced in the maps of other characters
[31]. Possibly, the northwestern core has been deter-
mined by the criterion for widespread surnamesused in
our study (the presence of the surname in at least two
populations), because this region was characterized by
the smallest spectrum of surnames. Therefore, agreater
proportion of “northwestern” surnames might have
beenincluded in thelist of widespread surnames. How-
ever, it is possible that the distribution of surnames
reflects not only common trends, but also other pat-
terns, which are not reflected by anthropological and
genetic characters (asisthe case with dermatoglyphical
characteristics in Eastern Europe) [33]. Additional
studies on larger sets of surnames and populations are
required to determine whether the distribution of the
first principal component of the surname distribution
actually reflects the true gene-geographic trend.

The Problem of False Correlation

In conclusion, consider an important methodical
guestion concerning the mapping of principal compo-
nents. Soka and Cavali-Sforza raised this question in
their discussion on the effect of false correlations [38-40]
caused by the interpolation procedure during mapping.

The number of population studied is always lower
than the number of nodes on the map; therefore, data
interpolation is necessary for constructing the carto-
graphic model. Sokal notes that this procedure may
lead to fal se correl ations between maps. Since principal
components are calculated from the matrix of correla-
tions between maps, then the principal components will
also be distorted due to the false-correlation error.
According to Sokal, if the principal components were
calculated directly from the origina data (without
maps) and the map of principal components were con-
structed based on these values, we would avoid the
false-correlation error. However, Sokal agrees that this
method of calculation is only possiblein the rare cases
when the entire set of characters is comprehensively
studied in al populations.

Although we agree with Sokal in general, we think
that the solution proposed by him (a rejection of the
maps of principal components) is an extreme measure.
This problem should be theoretically and experimen-
tally studied in more detail. This experiment cannot be
performed with genetic markers, because different sets
of markers have been studied in different populations
(the matrix issingular) and, hence, the matrix of princi-
pal components cannot be calculated directly. In con-
trast, all quasi-genetic markers were studied in al pop-
ulations, which allowed usto test the effect of false cor-
relations experimentally.

For this purpose, we constructed two variants of the
map of principal components, calculated directly and
from the surname maps, respectively. Figure 9 shows
the result of calculation from the maps, i.e., construc-
tion of the maps of individual characters and calcula-
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tion of principal components based on the resultant
maps, the correctness of which was questioned by R.
Sokal. Figure 10 showsthe map of the same component
obtained by direct calculation from the original data.
This map serves as the correctness standard.

Comparison of these maps demonstrated their close
similarity: the correlation coefficient was 0.963. In
other words, the estimation of principal components
based on maps of characters and through direct calcu-
lation yielded the same results. Thus, the experiment
demonstrated that calculation of principal components
from interpolated data did not lead to the false-correla-
tion error. Note that we used a specia technique for
assessment of the reliability of mapping to select the
regions with highly reliable prognosis (P > 0.95), and
only data on these regions were used when calculating
the principal components. The use of only “reliable”
regions guaranteed the absence of false correlations.

Undoubtedly, intense research is required to esti-
mate the limits of applicability of the principal-compo-
nent method in the general case. However, the aimost
compl ete coincidence of the maps shownin Figs. 9 and
10 indicates that the resultant maps are free from false-
correlation errors (provided that the reliability of infor-
mation is taken into account). Therefore, the maps of
principal component presented in thisstudy areentirely
correct and reflect the actual spatial variation of the
Russian gene pool.
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